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Glossary 
32 Mile tailings dumps n. the site located southeast of Namtu smelter complex adjacent to Namtu Camp where 

tailings from the Namtu pre-war concentrator plant site were stored and are being reprocessed. The site is 
located on the Namtu concession. 

32 Mile facility n. the Namtu pre-war concentrator plant site which is located adjacent to the 32-Mile point of the 
railway. The site is located on the Namtu concession. 

A 

access road n. primary transport route to, from and within the project area. 

acid mine drainage (AMD) n. outflow of acidic and often metallic water from the mine, ore or mine waste 
(tailings and waste rock). 

adit n. horizontal tunnel into a mine for access or drainage. 

airshed n. an air mass within a defined geographic area that behaves consistently with respect to the dispersion 
of emissions. 

anthropogenic adj. relating to, or resulting from, human activity.  

apron feeder n. a mechanical piece of equipment used in material handing operations to transfer material to other 
equipment or extract material (ore/rock) from storage stockpiles, bins or hoppers at a controlled rate of speed. 

aquatic ecology n. the biological system comprising plants and animals living or found in or near water. 

aquifer n. an underground layer of water-bearing permeable rock, rock fractures or unconsolidated materials 
(gravel, sand, or silt). 

artisanal mining v. the mining of minerals by an independent individual (not associated with a mine or mining 
company). 

B 

batter n. the inclined section of the open-pit wall, which comprises a series of benches and batters. 

Bawdwin concentrator plant n. the concentrator plant located adjacent to the Bawdwin open pit mine and 
opposite the Marmion Shaft. 

Bawdwin mine n. the underground mine, open pit mine and associated infrastructure located at Bawdwin, 
currently not operating. 

Bawdwin area n. includes Bawdwin mine villages and infrastructure, Wallah Gorge and Tiger Camp.  

Bawdwin concession n. the concession covering the Bawdwin mine, Wallah Gorge and Tiger Tunnel. 

Bawdwin open pit n. the open cut mine located adjacent to the Marmion Shaft. 

Bawdwin underground mine n. the underground workings of the Bawdwin mine comprising eleven levels. 

Bawdwin village n. the ward containing the Bawdwin mine villages which are located upstream (Bawdwin upper 
village) and downstream (Bawdwin lower village) of the mine site and include Tiger Camp. 

bench n. working surface of an open pit mine that is progressively reduced to a narrow permanent feature of the 
open pit wall as each level is developed. 

BJV n. joint venture operating agreement between Win Myint Mo Industries Co., Ltd. (WMM), Myanmar Metals 
Limited (MYL) and East Asia Power Global Mining Co., Ltd. (EAP) who have committed to redeveloping the 
Bawdwin mine. 

biodiversity n. the variety among all living things including the different plants, animals and microorganisms, the 
genetic information they contain, and the ecosystems that they form. 

blasting v. the use of explosives to break rock. 
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bund n. an earth, rock, or concrete embankment constructed to prevent the migration of liquids or the transmission 
of noise. 

C 

catchment n. the area from which water drains to a specific watercourse or waterbody. 

Chin Lode n. the small copper-rich orebody located north of the Shan Lode. 

China Lode n. the main orebody developed by the Bawdwin underground mine and more recently the Bawdwin 
open pit mine. 

concentrate n. a mixed assemblage of ore minerals that is a saleable product of the project. The project will 
produce lead-silver concentrate and zinc concentrate. 

concentrator plant n. a processing plant that uses crushing, grinding, floatation and chemicals to separate 
minerals from ore to produce a mineral concentrate. 

confluence n. the area where two or more rivers meet, such as where a tributary meets a major river. 

D 

decommissioning v. the process of preparing a mine for closure. It begins at the end of mining and involves 
demolition and disposal of all unwanted infrastructure and services. 

diamond drilling v. form of drilling which uses a rotary drill with a diamond drill bit attached to create holes and 
allow a core sample to be extracted. 

displacement v. physical displacement (relocation or loss of shelter) and economic displacement (loss of assets 
or access to assets that leads to loss of income sources or other means of livelihood) as a result of project-
related land acquisition and/or restrictions on land use (IFC, 2012). 

disturbance v. the disruption of existing features or conditions.  

E 

earthworks v. engineering works created through the moving or processing of parts of the earth's surface 
involving quantities of soil or unformed rock. 

easement n. a right to cross or otherwise use someone else's land for a specified purpose. 

ecosystem n. an interacting system of animals, plants, other organisms and non-living parts of the environment.  

ecosystem services n. benefits to humans provided by the natural environment and from healthy ecosystems. For 
example, food and water; flood and disease control; spiritual, recreational, and cultural benefits; and 
supporting services such as nutrient cycling that maintain the conditions for life on Earth. 

ecotoxicity n. the potential for biological, chemical or physical stressors to affect ecosystems. 

effluent n. waste material that may be discharged into the environment. 

embankment n. an area of material used to support a roadway or to hold back water. 

endemic adj. native to a certain area. 

ER valley n. the valley located southeast of Bawdwin open pit mine into which waste rock has been dumped. The 
watercourse draining the valley is a tributary of Nam Pangyun stream. 

ER valley waste rock dump n. the waste rock dump in ER valley that is actively eroding. 

F 

feed hopper n. a funnel shaped piece of equipment which feeds material into the next section of the grinding 
circuit. 

flume n. a manmade channel for transport and redirection of water. 
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fractured rock aquifer n. where groundwater is stored in the fractures, joints, bedding planes and cavities of the 
rock mass and water availability is largely dependent on the nature of the fractures and their interconnection. 

fugitive dust n. very small particles suspended in the air from the physical movement of soil, vehicle movements, 
heavy machinery operation and wind. 

G 

Gossan Quarry n. open pit mine within the Bawdwin concession that was operated from the early 1980s until 
2009 to access lower grade ore.  

grizzly n. a metal grid/screen used to remove rocks over a certain size. 

ground penetrating radar n. a non-destructive method of detecting subsurface structures using electromagnetic 
radiation. 

groundwater n. water stored in rock and soil below the land surface. 

groundwater dependent ecosystem n. ecological community that rely on groundwater to meet some or all of 
their requirements. 

H 

halo zone n. the area of lower-grade ore located surrounding the main ore body. 

haul road n. a road used to transport material within the project area. 

hazardous material/waste n. any solid, liquid or contained gaseous substance with properties that make it 
potentially dangerous or harmful to human health, safety and/or the environment. 

headwaters n. the origin or source of a stream or river. 

high density polyethylene n. a strong, corrosion resistant material used to construct pipes and liners. 

hydraulic conductivity n. a measure of the ability of water to pass through soil or rock. 

hydraulic connectivity n. a measure of hydraulic interaction between aquifers, between different parts of the 
same aquifer, and between groundwater and surface water systems. 

hydraulic loading n. added pressure on groundwater in a water-bearing unit beneath and surrounding a water-
filled structure, such as a dam. 

I 

indicated (mineral resource classification) adj. available drillhole and channel sampling data and geological 
interpretation are sufficient to reasonably estimate the geological and grade continuity of a mineral resource. 

inferred (mineral resource classification) adj. available drillhole and channel sampling data and geological 
interpretation are sufficient to imply but not verify geological and grade continuity of a mineral resource. 

intangible heritage n. the practices, representations, expressions, knowledge, skills – as well as the instruments, 
objects, artefacts and cultural spaces associated therewith – that communities, groups and, in some cases, 
individuals recognise as part of their cultural heritage and transmit from generation to generation. 

International Finance Corporation n. an international financial institution that is a member of the World Bank 
Group that offers investment, advisory, and asset-management services to encourage private-sector 
development in less developed countries.  

J 

jaw crusher n. a crusher which reduces the size of rocks by compression. 

JORC Code n. The Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves 
is a professional code of practice that sets minimum standards for public reporting of minerals exploration 
results, mineral resources and ore reserves according to the levels of confidence in geological knowledge and 
technical and economic considerations. 
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K  

Karst n. landscape features (including caves) within limestone which form as a result of the limestone being 
dissolved. 

L 

lithology n. general physical characteristics of a rock or the rocks in a particular area. 

lode n. deposit of metalliferous ore that fills or is embedded in a fissure (or crack) in a rock formation or a vein 
of ore that is deposited or embedded between layers of rock. 

M 

Marmion Shaft n. the vertical shaft constructed to develop the Bawdwin underground mine in the early 20th 
century. 

Meingtha Lode n. the orebody located southeast of the China Lode beneath ER valley. 

milling operations n. process of reducing materials to a powder of fine or very fine size. 

mineral resource n. concentration of material of economic interest in or on the earth's crust. 

mineralisation n. the chemical alteration, replacement, and enrichment of minerals. 

mounding v. locally raised groundwater levels normally as result of concentrated groundwater recharge. 

Myitnge River n. the major watercourse flowing generally southerly through Namtu. Also referred to as Namtu 
River. 

N 

Nam La n. the watercourse flowing parallel to Nam Pangyun stream through Namtu and discharging to the Namtu 
River upstream of the Namtu smelter complex. 

Nam La catchment n. area where water is collected by the natural landscape and feeds the Nam La. 

Nam Pangyun catchment n. area where water is collected by the natural landscape and feeds the Nam Pangyun. 

Nam Pangyun Reservoir n. existing reservoir at the headwaters of a tributary of the Nam Pangyun, north of the 
mine, that was established to provide water for historic mine activities. 

Nam Pangyun n. the watercourse flowing through the Bawdwin mine site and discharging to the Namtu River 
downstream of the Namtu smelter complex. 

nameplate capacity n. intended full-load sustained output of a facility. 

Namtu n. the town located west of Lashio on the Namtu River and comprising two parts, Namtu Camp located 
south of the river and Panghai north of the river. 

Namtu-Bawdwin n. the area encompassing the Bawdwin mine site, Bawdwin village, Wallah Gorge, Tiger 
Camp, Tiger Tunnel, and Namtu. 

Namtu concession n. the concession covering Namtu smelter complex, Namtu Town and 32 Mile facilities. 

Namtu pre-war concentrator plant n. the concentrator plant ruins located at 32 Mile, adjacent to the tailings 
dumps. 

Namtu River n. the major watercourse flowing generally southerly through Namtu. Also referred to as Myitnge 
River. 

Namtu smelter complex n. the Namtu concentrator plant, smelter and refinery and associated infrastructure. 

NEQ Guidelines n.  National Environmental Quality (Emission) Guidelines. 

non-hazardous waste n. any unwanted or unusable solid, liquid or gaseous substance that does not pose an 
immediate hazard to human health, safety and/or the environment. 

O 
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ore n. a naturally occurring material which is rich in a metal(s) or valuable mineral that can be extracted. 

ore body n. the mass of naturally occurring ore material. 

open-pit mining adj. the process of excavating rock or minerals from the earth by their removal from an open 
pit. 

overburden n. rock or soil overlying an ore body. 

P 

perennial adj. lasting for a long or infinite time. 

phytotoxic adj. toxic to plants. 

PM2.5 n. particulates with a diameter less than 2.5 µm. 

PM10 n. particulates with a diameter less than 10 µm. 

polymetallic adj. containing more than metal, usually used in reference to a mine or ore in which multiple metals 
can be economically recovered. 

processing infrastructure n. a new process plant and associated infrastructure including laboratory, reagents 
storage, water supply, workshop, warehouse and tailings storage facilities. 

project footprint n. the area of land disturbed or occupied by the proposed activities or facilities (e.g., mine pit, 
tailings storage facilities, waste rock dump, haul roads). 

R 

reagent n. in ore processing this is a chemical added during the mineral concentration process to cause/aid a 
chemical reaction 

recharge v. water inflow to aquifers. 

refine v. to process mineral to its pure state. 

regolith. n. unconsolidated material overlying the bedrock and beneath the subsoil layer. 

rehabilitation n. the process of stabilising and revegetating disturbed areas (for example, mine batters) to create 
a stable, non-polluting landform and self-sustaining vegetation. 

resettlement n. defined as a process of planning and implementing activities that manage the effects of 
displacement.  

resource n. in the context of minerals, a concentration of minerals reasonably well known by its location, quantity, 
grade and continuity, which has a reasonable prospect of economic extraction. 

reverse circulation drilling v. a method of drilling in which the drilled material is continuously transported to 
the surface as drilling occurs. 

revegetation n. the process of preparing disturbed land to establish the right conditions to encourage a new 
vegetative cover by natural processes such as plant colonisation and succession, or manmade/active 
accelerated processes such as direct seeding or seed propagation and planting. 

riparian vegetation n. plants and vegetation along the edges of a watercourse. 

S 

saprolite aquifer n. an aquifer within a chemically weathered rock that forms in the lower zones of soil horizons 
and represents deep weathering of the bedrock surface.  

sedimentation n. the process in which sediment settles or is deposited. 

sedimentation basin/pond n. a dedicated pond/site that captures sediment by allowing it to settle from water. 

Shan Lode n. the orebody located northwest of the China Lode in the Nam Pangyun stream valley. 

sidecast v. reject waste material that has been excavated and dumped to or over the side, rather than hauling it 
away. 
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significance assessment n. values-based approach that assesses the potential significance of impacts by 
considering the sensitivity of values to change, and the magnitude of change that they are predicted to 
experience as a result of project related activities. 

slag n. glass-like by-product left over after a desired metal has been separated from its raw ore. Slag is usually a 
mixture of metal oxides and silicon dioxide. 

smelter n. a processing plant for smelting a metal from its ore. 

smelting v. an extractive metallurgical process of applying extreme heat to ore in order to extract a base metal 
such as silver, iron, lead and copper. 

spillway n. structure used to provide the controlled release of overflows from a dam into a downstream area. 

stope n. an excavation in a mine working or quarry in the form of a step or notch. 

supernatant n. the liquid overlying a deposit of settled or precipitated material. 

T 

tailings n. the unrecoverable and uneconomic metals, minerals, chemicals, organics and process water that are 
left over after the process of separating the valuable fraction from the uneconomic fraction (gangue) of an ore. 

tailings storage facility n. a dam constructed to store tailings. 

tangible heritage n. the sites, places, structures/buildings and artefacts that form part of the cultural heritage of 
communities or groups.  

terrestrial ecosystem n. land-based community of organisms and the interactions of biotic and abiotic 
components in an area. 

Tiger Camp n. the settlements (collectively) located adjacent to Wallah Gorge. 

Tiger Tunnel n. the adit constructed from Wallah Gorge to Level 6 in the Bawdwin underground mine. 

trash screen n. protective screen for removing detritus from the pulp stream ahead of a processing unit. 

trommel n. a cylindrical gridded screen which separates large particles from the SAG mill discharge.   

V 

village tract n. an administrative area within a township comprising several villages. 

W 

Wallah Gorge n. the site adjacent to Tiger Tunnel portal that contains the historical rail sidings, ore wagon 
dumper, ore bins and 360-degree spiral railway downstream of the ore bins. 

ward n. an administrative area within a larger village. 

waste rock n. all material, other than ore, excavated from a mine in order to recover the ore. 

waste rock dump n. constructed landform for the disposal of overburden and waste rock. 

watercourse n. a creek, stream, river or other water channel, either natural or man-made, temporary or permanent. 

weightometer n. a device installed on a conveyer belt to continuously weigh material. 

weir n. a dam or barrier which alters the flow of a watercourse. 

Abbreviations and acronyms 
Abbreviations and 
acronyms 

Full term/name 

µm micrometre 

AC acid consuming 
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Abbreviations and 
acronyms 

Full term/name 

ACL added contaminant limit 

ADB Asian Development Bank 

Ag silver 

AMD acid mine drainage 

AMSL above mean sea level 

ASL above sea level 

ANC acid neutralising capacity 

ANCOLD Australian National Committee on Large Dams 

ANZ Australia and New Zealand (referring to ambient water quality guidelines) 

ARI average recurrence interval 

ASX Australian Stock Exchange 

BMMC Base Metal Mining Co Ltd 

BJV Bawdwin Joint Venture 

BMR Bright Mountain Resources Myanmar Ltd 

CBO community based organisation 

CDIV construction versus design intent verification 

CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora 

CSA CSA Global Pty Ltd 

Cu copper 

dB decibel 

dBA A-weighted decibel 

DFS definitive feasibility study 

DGSE Department of Geological Survey and Mineral Exploration 

DGV default guideline value 

DOH Department of Health 

DoM Department of Mines 

DZGD Dry Zone Greening Department 

EAO ethnic armed organization 

EAP East Asia Power Global Mining Co., Ltd. 

EC electrical conductivity 

ECC environmental compliance certificate 

ECD Environment and Conservation Department, Ministry of Natural Resources and 
Environmental Conservation 

EIA environmental impact assessment 

EIL ecological investigation level 

EITI Extractive Industries Transparency Initiative 
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Abbreviations and 
acronyms 

Full term/name 

EMP environmental management plan 

EPCM engineering, procurement and construction management 

ERP emergency response plan 

ESH environmental safety and health 

ESMF environmental and social management framework 

ESMP environmental and social management plan 

FD Forest Department 

FE finite element 

FoS factor of safety 

FPNCC Federal Political Negotiations and Consultative Committee 

ft feet 

GAD General Administration Department 

GDE groundwater dependent ecosystem 

GDP gross domestic product 

GV-high upper guideline value (of ANZ ambient water quality guidelines) 

ha hectares 

HCI hydrochloric acid 

HDPE high density polyethylene 

IBC intermediate bulk containers 

ICMM International Council of Mining and Metals 

ICOMOS International Council on Monuments and Sites 

IEE initial environmental examination 

IFC International Finance Corporation 

ISO International Organization for Standardization 

IUCN International Union for Conservation of Nature 

IWL integrated waste landform 

JORC Joint Ore Reserves Committee 

KBA key biodiversity area 

KIA Kachin Independence Army 

km kilometres 

ktpa kilotonnes per annum 

kV kilovolts 

ME-1 No.1 Mining Enterprise, Ministry of Natural Resources and Environmental 
Conservation 

MED Merlin Diamonds Ltd 

MIC Myanmar Investment Commission 
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Abbreviations and 
acronyms 

Full term/name 

MNDAA Myanmar National Democratic Alliance Army 

MONREC Ministry of Natural Resources and Environmental Conservation 

MPA maximum potential acidity 

MSA mining services area 

MSDP Myanmar Sustainable Development Plan 

Mt million tonnes 

Mtpa million tonnes per annum 

MYL Myanmar Metals Limited 

NAF non-acid forming 

NAG net acid generation 

NAPP net acid producing potential 

NCA Nationwide Ceasefire Agreement 

NDWQ 
Guidelines 

National Drinking Water Quality Guidelines 

NEPM National Environmental Protection Measure 

NEQ Guidelines National Environmental Quality (Emission) Guidelines 

NGO non-governmental organisation 

NIHC National Infrastructure Holdings Company Limited 

NIOS National Institute for Occupational Safety and Health 

NSW New South Wales, Australia 

OMS operations, maintenance and surveillance 

OSA on-stream analysis 

PAP project-affected persons 

PAF potentially acid forming 

Pb lead 

PFS prefeasibility study 

PMF probable maximum flood 

PMP probable maximum precipitation 

ppv peak particle velocity 

PS IFC Performance Standard 

PSC Production Sharing Contract 

ppm parts per million 

QAQC quality assurance and quality control 

RC reverse circulation 

RCSS Restoration Council of Shan State 

RHC rural health centre 
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Abbreviations and 
acronyms 

Full term/name 

RL reduced level 

RO reverse osmosis 

ROM run-of-mine 

SAG semi-autogenous grinding 

SAZ Self-Administered Zone 

SHEC Safety, Health, Environment and Communities 

SOE State-Owned Enterprises 

SSA Shan State Army 

STP sewage treatment plant 

TCEQ Texas Commission on Environmental Quality 

TICCIH The International Committee for the Conservation of the Industrial Heritage 

TDS total dissolved solids 

TNLA Ta’ang National Liberation Army 

TSF tailings storage facility 

TSS total suspended solids 

UNESCO United Nations Educational, Scientific and Cultural Organisation 

USEPA United States Environmental Protection Authority 

UWSA United Wa State Army 

UXO unexploded ordnance 

VMS volcanogenic massive sulfide 

W/VTA Ward or Village-Tract Administrator 

WAD weak acid dissociable (of cyanide) 

WGS World Geodetic System 

WHO World Health Organisation 

WMM Win Myint Mo Industries Company Limited 

WRD waste rock dump 

XRF x-ray fluorescence 

Zn zinc 
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Disclaimer 
 
This report has been prepared within the terms of references (TOR) adopted for this report and 
those of the contract with the client according to the prevailing active Laws, Rules, Regulations, 
and Procedures within the framework of Myanmar Environmental Impact Assessment 
Procedure 2015. We do not assume any responsibility or liability in regard with any matters 
beyond the scope of the TOR and the contract. 
 
Data analysis, impact assessment, devising mitigation measures and report formulation were 
carried out based on the information/plan/processes provided by the project proponent, 
available secondary data and information, and onsite observation and measurement of E 
Guard’s environmental study team in line with the relevant national and international 
guidelines and standards. While we do take effort to ensure that the information contained in 
this report is reliable and accurate, we disclaim no responsibility for errors and omissions which 
might occur despites of our reasonable skill and care. 
 
Drawings, sketches, maps, and other illustrative figures used for demonstrative and/or 
descriptive purposes in this report are not to be considered as neither approved boundary nor 
accepted territory not recognized properties extend of any kind. In case of dual or multiple 
meanings of the wordings, it is advisable to take the most relevant meaning within the context 
of the concerned areas discussed in this report. 
 
The personal, organizational, and commercial data and information contained in this report 
were included solely upon the demand and requirements of concerned authority, and we have 
no intention of breaching the privacy or disclosing the trade secrets whatsoever. 
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Executive summary 

Introduction 

Win Myint Mo Industries Company Limited propose to redevelop the 600-year old Bawdwin 
mine (the ‘Bawdwin project’), a lead-zinc-silver mine in northern Shan State, Myanmar. The 
Bawdwin project is located approximately 385 kilometres (km) northeast of the capital of 
Myanmar and approximately 11 km east of Namtu, which is 40 km east of Lashio, the capital 
of Shan State, as shown in Figure ES.1. 

The existing Bawdwin mine has an open pit, underground workings and associated processing 
infrastructure. The Bawdwin project will involve expanding the existing open pit and 
construction of new mineral processing and supporting infrastructure. The project has a 13-
year mine life and will process ore at a rate of up to 3.0 million tonnes (Mt) per annum to 
produce lead-silver and zinc concentrates. There is the potential for further expansion of the 
mine, which could extend the life of the mine up to 50 years. The lead, silver and zinc mineral 
resource at Bawdwin is estimated at approximately 100 Mt. 

WMM contracted Coffey Myanmar Limited and Valentis Services Limited (Coffey & 
Valentis) to prepare the Environmental Impact Assessment in accordance with the 
Environmental Impact Assessment Procedure legislated by the Myanmar Environmental 
Conservation Law 2012. Although Coffey & Valentis prepared the draft EIA report for 
Bawdwin project, they can’t continue report preparation in current situation. So WMM 
contacted E Guard Environmental Services in May 2023 for EIA report revising of Bawdwin 
project. E Guard environmental Services started report preparation on 1st June 2023. 

Background 

The Bawdwin mine is one of the longest operating and most important base metal mines in the 
world with a history of mining dating back to the beginning of the fifteenth century. The history 
of the Bawdwin mine can be separated into five broad phases: 

 The early discovery and possible working of the ore interpreted from the archaeological 
record. 

 Chinese mining commencing in 1412 and continuing until 1868. During this phase silver 
was mined in the Nam Pangyun and ER valleys. Ore was smelted onsite, with the lead-rich 
slag dumped within the Nam Pangyun Valley. Plates ES.1 and ES.2 show evidence of 
Chinese mining in the Bawdwin area.  

 Limited minor workings by the Kachin and Shan people between 1868 to 1901. 

 British colonial period and post-colonial period from 1901 until the nationalisation of the 
mine in 1962. This period commenced with reprocessing of the lead-rich slag in the early 
1900s and developed into open cut and underground mining. The period between 1928 and 
1938 were the most stable and productive years of the mine, when production reached its 
peak of approximately 500,000 tons of ore being processed each year. Plate ES.3 shows a 
probably British drive adjacent to Chinese workings. 
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 Nationalised period of the mine from 1962 to 2009. Mining continued on a small scale and 
ceased in 2009. 

Number 1 Mining Enterprise (ME-1), a State-owned mining enterprise under the Ministry of 
Natural Resources and Environmental Conservation (MONREC), entered into a production 
sharing contract with Win Myint Mo Industries Co., Ltd. (WMM) on December 31, 2009. Since 
that time, the mine and processing facilities have been in care and maintenance. The workforce 
has been retained under the production sharing permit and contract conditions, and conduct 
care and maintenance activities.  

In late 2020, WMM commenced construction of a haul road to support a small-scale mining 
operation to develop the oxide resources of the existing pit ahead of the Bawdwin project. 

 

 
Figure ES.1 Project location 
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Plate ES.1 Nam Pangyun valley at Bawdwin in 1907 with ruins of Chinese stone huts 

in the right foreground and slag heaps along the valley sides 

 

 
Plate ES.2 Chinese underground workings in Goldhole Valley 
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Plate ES.3 Probable British drive in Goldhole Valley, immediately adjacent to Chinese 
workings 

Oxide mining and crushing by WMM is expected to commence in mid-2021 and will continue 
until the Bawdwin project commences ore mining. The oxide mining operation is being 
undertaken under existing licencing and approvals and is outside the scope of this EIA. 

Plates ES.4 to ES.6 depict the existing environment at Bawdwin mine, including the steep 
terrain and Nam Pangyun valley, the open pit and supporting infrastructure of historic value. 

Project proponent 

The project proponent is Win Myint Mo Industries Company Limited. WMM holds a 
production sharing permit and contract with ME-1 of MONREC to undertake production of 
lead, silver and zinc at the Bawdwin Mine. The contract was entered into in December 2009. 
WMM is part of National Infrastructure Holdings Company Limited, which is a Myanmar 
investment group focused on infrastructure-related projects and employs over 4,000 people. 
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Plate ES.4 Steep terrain near Bawdwin 

 

 
Plate ES.5 Nam Pangyun valley facing Bawdwin upper village and the open pit 
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Plate ES.6 Marmion Shaft headframe and winding house 
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Policy, legal and institutional framework  

The mining sector is regulated by MONREC principally through the Department of Mines and 
Department of Geological Survey and Mineral Exploration along with four mining State-
Owned Enterprises, with ME-1 being the most relevant to the project.  

Rights to conduct work and produce mineral products at the Bawdwin concession is currently 
governed by the Production Sharing Contract between ME-1 and WMM. Redevelopment of 
the Bawdwin mine will require an extension to the large-scale production permit, as it is a 
significant economic deposit, requires substantial investment in complex technology, and has 
a mine life of 13 years, with the potential to extend up to 50 years if underground mining is 
found to be economically feasible. 

Under the Myanmar Investment Law 2016, major and/or sensitive projects, including proposed 
large-scale mineral production projects, require prior investment approvals from the Myanmar 
Investment Commission (MIC), a government body comprised of a number of key government 
representatives. This includes a requirement for MIC approval of foreign investment in the 
production project, sought be way of an application based on the financial, technical and related 
projections of the proposed project. Given the foreign investment, its size and significance of 
the Bawdwin mine a MIC permit will be required. The permit outlines key project requirements 
and sets out any investment concessions an investor may receive for a project.  

Negotiations are underway to vary the Production Sharing Contract to extend its term and 
adjust share allocations based on the resource defined in WMM’s feasibility study.  

The project will be undertaken in line with relevant laws, rules and guidelines including:  

 Myanmar Mines Law 1994. 

 Environmental Conservation Law 2012. 

 Environmental Conservation Rules 2014. 

 National Environmental Quality (Emission) Guidelines 2015. 

 Environmental Impact Assessment Procedure 2015. 

A range of cross-sectoral laws and rules are also applicable to the project, requiring additional 
approvals. 

The Environmental Conservation Law and Environmental Conservation Rules establish a 
requirement for EIA. In accordance with sub-section (b) of Section 42 of the Environmental 
Conservation Law, the EIA Procedure was issued in 2015 to provide guidance for 
environmental impact assessment for the development of projects that may have an adverse 
impact.  

The EIA Procedure outlines the required level of assessment, which depends on the nature and 
scale of the development. All new projects and project expansions having the potential to cause 
adverse impacts are required to submit an EIA and obtain approval in the form of an 
Environmental Compliance Certificate (ECC) which sets out the conditions on which a project 
is approved. 
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Section 23 of the EIA Procedure outlines the initial steps for the environmental and social 
approvals process. The main steps include: 

 The project proponent submits a project proposal to MONREC for initial screening. The 
project proposal was submitted by WMM to ME-1 for the Bawdwin project was submitted 
in October 2018 and resubmitted in March 2019 following advice from the Environmental 
Conservation Department (ECD). 

 MONREC (in association with relevant statutory authorities) assesses the project proposal 
and determines the need for and level of environmental assessment with consideration of 
EIA Procedure Annex 1 Categorization of Economic Activities for Assessment Purposes. 

 The Ministry then designates the project as either an EIA Type Economic Activity, an 
Initial Environmental Examination report Type Economic Activity, or neither and therefore 
not requiring an EIA. In May 2019, the General Manager on behalf of the Managing 
Director designated the project as an EIA Type Economic Activity.  

 The project proponent submits details of the environmental consultant that will conduct the 
EIA (third party confirmation from ECD). In August 2019, the Director on behalf of the 
Director General (MONREC) approved the third-party application for Coffey & Valentis 
to act as the EIA consultants for the project.  

 Although Coffey & Valentis started preparation EIA scoping report for Bawdwin project, 
they can’t continue report preparation in current situation. So, the project proponent 
submits the other third party selection form that will continue conducting EIA report. In 
19th May 2023, the Director on behalf of the Director General (MONREC) approved the 
third-party application for E Guard Environmental Services to act as the EIA consultants 
for this project.  

An overview of the approvals process for an EIA Type Economic Activity is shown in 
Error! Reference source not found.. 

Section 62 to 63 of the EIA Procedure outline the required content of the EIA Report and the 
Environmental Management Plan. This report has considered these requirements as well as 
the 2018 draft Myanmar Mining EIA Guidelines and international standards in developing 
the EIA and ESMP structure and content. 
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Figure ES.2 Myanmar’s EIA approvals process  
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Project alternatives 

The assessment of project alternatives has been progressively refined over the duration of 
scoping, pre-feasibility and feasibility studies between 2018 and 2020. Key constraints 
considered in the assessment of project alternatives included:  

 Economic constraints that are driven by factors including the nature of the mineral deposits, 
project expenditure, and the need to extract and process the ore in a profitable manner. 

 Physical constraints including the location of the mineral deposits, a lack of enabling 
infrastructure and the climatic, topographic and geotechnical constraints imposed by the 
landscape. 

 Environmental constraints including environmental values and sensitivities focussing on 
water (surface water and groundwater), land (including biodiversity and soils) and air. 

 Social constraints including economic, social, health and cultural heritage components, and 
the location of existing communities. 

Project alternatives that have been assessed include: 

 Expanding the existing open pit or developing an underground mine. 

 Options for mineral processing including upgrading existing infrastructure or building new 
infrastructure. 

 Options for the location and type of tailings storage facilities and waste rock dump.  

 Where clean water is sourced from. 

 The power supply including upgrading the existing hydropower station, connecting to the 
national grid or building a new power station. 

 Site access and export routes including using the existing access road to Bawdwin or 
building a new access road from Namtu. 

The option of not proceeding with the project (i.e., no project option) was also considered. 
Under this scenario: 

 There would be no social and economic benefits that would come from the project, such as 
wages, royalties, training and work experience, community infrastructure, business 
development, and community development. 

 There would be no health or environmental benefits that would occur from the project by 
attempting to address some of the impact of previous mine activities. 

 The biophysical and social impacts described in this EIA associated with the project would 
not occur. 
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Project description 

The Bawdwin mineral deposit is a world-class deposit in terms of its size and grade. 
Exploration conducted by WMM has resulted in an increase in the mineral resource estimate 
of the Bawdwin deposit and it now ranks among the largest polymetallic resources globally. 
The Bawdwin project has been defined through scoping, pre-feasibility and feasibility studies 
between 2018 and 2020. The ore reserve estimate on which the project is based was produced 
in June 2020, in accordance with the guidelines in the JORC Code (2012 Edition) and is shown 
in Table ES.1. 

Table ES.1 Ore reserves estimate as at 15 June 2020 

Classification Tonnage (Mt) Pb (%) Ag (%) Zn (%) 

Proved - - - - 

Probable 32.0  4.6  113 2.5 

Total 32.0  4.6  113 2.5 

The ore reserve is contained within an open pit containing 163.9 Mt of waste material resulting 
in a waste to ore (tonnes) strip ratio of 5.2:1. The total mass of rock to be removed from the 
open pit is 195.9 Mt.  

Figure ES.3 shows both a plan view and oblique long section of the Bawdwin lead block model 
for the Shan, China and Meingtha lodes.  

The project will produce two products from the process plant: lead-silver concentrate and a 
zinc concentrate. The forward outlook for both silver and lead is strong.  

The Bawdwin project will lay strong foundations for future expansion enabling a long-life 
mining operation. Following the initial 13-year mine life, the project will target the un-mined 
mineral resources of the China, Shan and Meingtha Lodes. Broader mine expansion studies 
will continue in parallel with the construction and operation of the project. 

As Myanmar pursues political and economic renewal, investment in the mining sector is 
anticipated to grow dramatically. At the national level there is increased appetite to kick-start 
development and investment in the minerals sector. It is anticipated that once Bawdwin is 
developed, this will result in a potential significant shift in GDP contribution from the mining 
industry.  

WMM proposes to redevelop the existing Bawdwin mine into a larger, modern mining 
operation. The redevelopment will involve demolition of much of the existing infrastructure 
and construction of new infrastructure to support mining and processing activities. 

Table ES.2 describes the key project components and the conceptual layout of the project is 
presented in Figure ES.4. A three-dimensional view of the project layout is shown in Figure 
ES.5.  

The project schedule is dependent upon project financing and granting of all necessary project 
approvals including resettlement agreements with the residents of Bawdwin and Tiger Camp 
villages. The timeframe for redevelopment of the Bawdwin mine is set out in Figure ES.6 and 
is based on a 22-month design, construction, and commissioning timeframe. 
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A conceptual closure and rehabilitation plan has been prepared for the project. WMM has 
identified preliminary closure objectives and land uses. The primary goal for closure is to 
rehabilitate disturbed areas in a manner that, where possible, will support self-sustaining 
vegetation that is consistent with that of surrounding natural areas, limits post-closure 
contamination of the host environment and leaves a lasting positive legacy for impacted 
communities in the form of transferred skills and self-sustaining community development 
programs. 
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Figure ES.3 Lead (Pb) block model of the Shan, China and Meingtha lodes 
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Table ES.2 Key project components 

Component Description 

Mining method  Large-scale conventional open-pit mining.  

 Mining method will use drill rigs, excavators and/or front-end 
loaders and articulated haul trucks.  

 Ore and overburden will be loosened by blasting.  

Open-pit 
dimensions 

 The existing open pit will be expanded and deepened, growing in 
size from approximately 54.0 acres to at least 242.7 acres (21.9 
hectares (ha) to 98.2 ha). 

Construction 
timeframe 

 The design, construction and commissioning timeframe is 22 
months. 

Mine life  The planned expansion of the open pit will result in a 13-year mine 
life.  

 Exploration is proposed and has the potential to extend the life of the 
mine for up to 50 years. 

Mine waste rock 
management 

 163.9 million tonne (Mt) of waste rock will be produced by the 
project. 

 Waste rock will be disposed in a waste rock dump to be constructed 
in the Wallah Valley and some will be used in the TSF construction.  

 The Wallah waste rock dump will be an engineered structure 
comprising benches and embankments.  

 Geochemical investigations indicate that the leachate or drainage 
from the waste rock material is likely to contain elevated levels of 
metals. Additionally, a very small percentage of waste rock may be 
acid forming.  

 The metalliferous drainage and management of potentially acid 
forming waste rock requires good management and design to reduce 
risks to the environment. 

 A series of three sediment basins will be constructed downstream of 
the waste rock dump to collect seepage and run off and allow water 
treatment prior to discharge if required.  

Processing 
method 

 A new process plant will be constructed in the Bawdwin concession. 

 Ore will be processed at a rate up to 3 Mt per annum (Mtpa).  

 Processing of the ore will involve crushing and grinding followed by 
separate lead-sliver and zinc flotation.  

 Several reagents (chemicals) will be used during the various stages 
of the mineral processing circuit.  

 The lead-silver and zinc concentrates will be thickened, filtered and 
stockpiled for loading into concentrate containers for export.  
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Component Description 

Tailing 
management 

 32.2 Mt of tailings will be produced as a waste product by the 
process plant.  

 Tailings will comprise fine silts, sands and clay and process water. 

 Tailings will be piped to one of three, cross valley, tailings storage 
facilities (TSFs). 

 The TSF sites are all located in the headwaters of the Nam Pangyun 
River, upstream of the open pit.  

 The total footprint of the three TSFs is approximately 308.9 acres.   

 The TSFs have been designed in accordance with international best 
practice guidelines and include decant and underdrainage systems to 
remove excess water, and collect seepage, respectively. 

Concentrate 
production 

 Approximately 193 ktpa of lead-silver concentrate. 

 Approximately 102 ktpa of zinc concentrate. 

 Concentrates will be loaded into covered 20 ft half height containers 
by the front end loaders.  There will be an average of 27 containers 
per day in each direction will need to be moved by road transport. 

Processing 
infrastructure 

 Processing infrastructure will include construction of a new process 
plant and associated infrastructure including laboratory, reagents 
storage, water supply, workshop, warehouse and TSFs. 

Water supply 
and management 

 The project will require raw water for the process plant, mining 
services area (MSA) and accommodation camp and potable water 
supply.  

 The raw water requirements total 150.9 m3/hr at steady state 
operations. 

 The project water supply will use a combination of stream flow from 
the Nam Pangyun and Nam La streams primarily in the wet season 
and storage of water in holding dams; and recycling decant water 
from the TSFs. 

Export route and 
facilities 

 Concentrate will be exported from Bawdwin via new private access 
roads to Namtu. From there trucks will travel to Lashio on public 
roads and then onwards for export to international markets.  

 A central warehouse and logistics hub for the project will be 
constructed in Lashio. Concentrate containers will be transported to 
the hub and then loaded onto trucks for onward transport. 
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Component Description 

Mine access  The public Namtu-Manton Road currently provides access to 
Bawdwin, but will not provide the main access for the project. This 
road will be used to a limited extent during construction.  

 A new access road from Namtu to Tiger Camp is proposed to be 
constructed within the existing rail easement (referred to as Namtu-
Tiger Camp access road). Access to this road will be provided to 
residents of Tiger Camp village and Bawdwin lower village, prior to 
their resettlement. 

 A new road from Tiger Camp to the process plant (referred to as 
plant access road) is proposed to provide site access. 

 Other new access roads will provide access to project components 
including the accommodation camp, TSFs and Nam La water 
harvesting facility.  

 A new double lane haul road will connect the open pit to the process 
plant and waste rock dump. 

  The project will generate additional heavy vehicle traffic. During 
steady state operations there will be between 60 and 90 journeys per 
day by concentrate transport trucks on the public road between 
Lashio and Namtu. 

Accommodation  An accommodation camp will be constructed for the project capable 
of accommodating approximately 1,400 people.  

 The accommodation camp will be used during construction and 
operation of the project.  

 The local workforce will reside in their homes and be transported to 
site daily. 

Employment  Up to 2,285 people during construction.  

 Up to 1,115 people during operations.  

 WMM will seek to maximise the proportion of available jobs that 
are allocated to members of local communities, through its 
Preferential Employment Policy. 

 WMM will develop and implement an employment and training plan 
to develop workforce readiness of locals. 

 

Decommissioning will commence after mining operations have ceased and is expected to take 
two to three years. It will involve the removal of infrastructure, facilities, equipment and 
services, unless otherwise agreed with stakeholders. Disturbed areas will be stabilised and 
revegetated. It is planned that the open pit will be flooded to become a permanent pit lake. The 
waste rock dump and TSFs will be covered with soil and revegetated with grasses.  

Further scientific studies are proposed to develop the detailed closure concepts and 
rehabilitation plans. 
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Figure ES.4 Proposed project layout  
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Figure ES.5 Three-dimensional topography of the Bawdwin area with proposed 

development from the Northwest 

 
Figure ES.6 Project Schedule 
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Existing environment 

The existing physical, biological, socio-economic and cultural environment of the project 
area and surrounds has been informed a program of data collection activities that has included 
both desktop and onsite investigations (baseline studies and surveys). 

Physical existing environment  

Geology, landform and soils existing environment 

The majority of the project is situated in the steep and mountainous catchment of the Nam 
Pangyun stream, which includes the Nam Pangyun valley, ER valley, Wallah Gorge and 
associated tributaries. The majority of the terrain slopes are in excess of 20% with many areas 
sloping more than 30% (BJV, 2019). Some limited infrastructure elements of the project also 
occur in the neighbouring catchment to the northeast, which is called the Nam La catchment. 
In the northern and western corners of the study area there are areas of undulating hills and 
valleys that are less steep than the rest of the study area. 

The soils present in the study area reflect the underlying geology of the region, primarily 
comprised of completely weathered tuff (rock made from volcanic ash) and sandstone material, 
as well as localised alluvial and colluvial deposits on valley floors. Soils in the Bawdwin area 
have elevated concentrations of metals, which can be attributed to both naturally occurring 
metals associated with the regional mineralogy, and legacy environmental issues from 
centuries of mining, ore processing and disposal of waste material. High concentrations of 
arsenic, lead and zinc were found around the open pit, downslope to the east, and in the Tiger 
Camp area.  

Groundwater existing environment 

Within the project area, groundwater is stored in two hydrogeological units: a fractured rock 
aquifer and a saprolite (weathered rock) aquifer. The saprolite aquifer is present in localised 
areas of the Bawdwin area, typically thicker on ridges and upper slopes, and absent on valley 
floors. Several springs in the area are surface expressions of the saprolite aquifer, discharging 
groundwater and feeding surface water features, and providing a source of potable water for 
communities.  

Groundwater level monitoring indicated that groundwater levels range from less than 2 m 
below ground level to approximately 150 m below ground level, with levels typically within 
the fractured rock over much of the study area. Current on-going dewatering from the existing 
underground mine has lowered groundwater levels surrounding the existing mine pit.  

Whilst naturally elevated concentrations of some metals are expected in groundwater at 
Bawdwin, extensive historical mining activities have led to groundwater contamination of salts 
and dissolved metals at elevated concentrations.  Groundwater monitoring of water from the 
fractured rock aquifer identified elevated concentrations of total aluminium, antimony, arsenic, 
cadmium, iron, lead, manganese, nickel and zinc, all of which exceeded either aesthetic or 
health-based drinking water guidelines. The saprolite aquifer had concentrations of total and 
dissolved lead, total iron, total manganese and sulphate exceeding the adopted drinking water 
criteria. 

Surface water existing environment 
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The primary watercourses in the study area are the Nam Pangyun and Nam La streams, which 
both discharge into the Myitnge River near Namtu. Surface water quality of these watercourses 
reflects the natural water quality and impacts from both current human usage of surrounding 
land and legacy environmental issues associated with extensive historic mining.  

The Nam Pangyun flows through the Nam Pangyun valley, and is characterised by elevated 
levels of heavy metals, particularly downstream of the existing mine pit and in the lower 
catchment as a result of groundwater discharge from Tiger Tunnel.  This contamination limits 
beneficial uses of the stream for downstream communities and has significantly degraded the 
watercourse and aquatic ecosystems. The Nam Pangyun rapidly responds to rainfall, causing 
sediment runoff and subsequent elevated total suspended solids (TSS) and turbidity. 

The Nam La is characterised by low concentrations of most metals and evidence of 
waste/sewage. A weir has been constructed upstream of its confluence with Myitnge River, 
associated with the intake for the Nam La Flume. The flume is a gravity-fed channel which 
supports the supply of potable water for the northern districts of Namtu. 

A summary of the baseline water quality monitoring is shown in Figure ES.7. Water quality of 
the Myitnge River reflects the discharge from the Nam Pangyun and Nam La streams and 
leaching and runoff contaminated from historical ore processing activities near Namtu, 
including smelting on the northern bank of the river, and ore concentration and tailings disposal 
on the southern bank. Metal concentrations are low upstream of Namtu, increasing downstream 
through Namtu and the confluence with the Nam La, with a significant increase in metal 
concentrations, TSS and turbidity around the confluence with the Nam Pangyun.  

Meteorology existing environment 

The climate of the Bawdwin region is monsoonal, with three main seasons: the cool, relatively 
dry northeast monsoon between late October and mid-February; the hot, dry inter-monsoonal 
season between mid-February and mid-May; and the rainy southwest monsoon between mid-
May and late October. Average annual rainfall is 1,569 mm, with the heaviest rainfall usually 
occurring in the southwest monsoon.  

In Bawdwin between 2000 and 2018, the lowest monthly mean temperatures were during the 
northeast monsoon season, with the monthly mean minimum lowest in December and January 
at 11°C degrees. The highest monthly mean temperatures were during the inter-monsoonal 
season and southwest monsoon season, with the monthly mean minimum highest from June to 
September at 22°C degrees, and the monthly mean maximum highest in April and May at 34°C 
degrees. 

Static temperature inversions can occur where a cool layer of air develops below a warm air 
layer as a result of ground cooling at night combined with little air movement. These are 
common at Namtu where static atmospheric conditions occur, however anecdotally do not 
occur at Bawdwin due to the steep terrain and free air movement. 

Wind patterns at Bawdwin are strongly influenced by the surrounding topography, with 
monitoring occurring between September 2019 and May 2020. South-southwesterly winds 
prevailed during this period, with wind speeds ranging from calm to a light breeze (0 m/s to 
2.4 m/s).  At Namtu, the annual prevailing wind direction is southerly, with the monsoon 
creates steady strong winds from December to April, and calm winds from June to September. 
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Air quality existing environment 

Factors influencing air quality in the project area include roads (unsealed and sealed) around 
Bawdwin and Namtu, vehicle emissions, industrial activity, erosion of cleared areas, and 
vegetation burning. The quality of particulate matter may reflect legacy environmental issues 
associated with historical mining.  

Monitoring of air quality during baseline studies determined air quality in the Bawdwin and 
Namtu airsheds was moderate to poor in terms of particulate matter (quality and quantity), with 
generally low concentrations of gaseous emissions (SO2 and NO2). Total suspended particles 
(TSP) and PM10 concentrations during 24-hour monitoring peaked in the morning and 
afternoon, likely associated with commuter traffic on unsealed roads. TSP was generally 
highest at Bawdwin and lowest at Tiger Camp, and also lower during the wet season. Dust 
deposition at all monitoring sites was above the adopted guideline value, except for one site 
near Bawdwin village. 

 
Figure ES.7 Dissolved cobalt, cadmium, lead and zinc concentrations, turbidity and 

total suspended solids in the study area over the monitoring period 
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The concentrations of metals in dust collected during 24-hour TSP and PM10 monitoring and 
from deposited dust had elevated concentrations of lead and chromium, with average values 
exceeding adopted guidelines at some locations in Bawdwin, Tiger Camp and Namtu. This 
may reflect the generation of dust from areas contaminated by historic mining activities. 

Noise and vibration existing environment 

Noise in the project area is typically associated with residential/village activities, vehicles and 
commercial activities. Monitoring of noise levels during baseline studies recorded the greatest 
average levels of noise were in the morning (between 5:00 am and 9:00 am), associated with 
normal village activities and traffic. The highest average noise levels were at the Bawdwin 
upper village, likely associated with normal village activities. 

Noise levels at several sites in the project area were compared to the National Environmental 
Quality (Emission) Guidelines. These guidelines outline the maximum noise level permissible 
at the nearest sensitive residential, industrial or educational receptor, and nearest sensitive 
industrial or commercial receptor to a project. The LAeq (equivalent to the total sound energy 
measured over a given period of time) during the day at residential sites monitored in the project 
area were greater than the guideline level which should not be exceeded at the nearest sensitive 
receptor to a project. The measurements at commercial sites during the day and night were 
largely below the emission guidelines, however, can be classified as ‘moderate to loud’. 

No baseline investigations of vibration have been conducted. However, the potential sources 
of significant vibration were anticipated to be minor and limited to heavy vehicle traffic, 
operation of limited plant for maintenance purposes, earthmoving to support exploration 
activities and drilling activities.  

Biological existing environment 

The biological environment in the project area has been heavily influenced and modified by 
deforestation, historical mining and processing activities, and agricultural activities and 
seasonal burning. The concession area primarily comprises grasslands and bamboo forest 
habitats, with sub-tropical mixed hill forest found in the northwestern extent of the concession 
area and beyond (Plates ES.7 to ES.9). The grassland and bamboo forests were classified as 
modified or degraded vegetation communities. Forest clearance dates back to the early Chinese 
mining years, with the grassland and bamboo forest representing regrowth and secondary 
forest. Areas of grassland and bamboo forest had relatively low flora and fauna diversity, with 
predominantly generalist, resilient and common species. The highest diversity of plant species 
was found in more intact sub-tropical mixed hill forest beyond the mine.  

Two plant species of conservation significance were recorded in areas of sub-tropical mixed 
hill forest. These were Cycas pectinata, which is considered vulnerable on the IUCN Red List 
and Burmese black wood (Dalbergia cultrate), which is considered Near Threatened. During 
baseline studies of terrestrial fauna, hunters reported four species of conservation significance 
as being historically present in the last decades in the region. This included one Critically 
Endangered species, the Chinese pangolin (Manis pentadactyla); one Endangered species, 
dhole (Cuon alpinus); and two Vulnerable species, Asian black bear (Ursust thibetanus) and 
hog badger (Arctonyx collaris). However, the presence of these species in the project area, was 
assessed to be unlikely given the degraded habitats there. In 2020, the vulnerable king cobra 
(Ophiophagus hannah) was observed near the mine.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Executive Summary E Guard Environmental Services | ES-23

 

The aquatic ecosystems present in the project area are heavily influenced by the quality of the 
watercourses. The highly degraded and contaminated Nam Pangyun has a degraded ecosystem, 
with a depauperate community of generalist, adaptable and resilient macroinvertebrates and 
fish species recorded during biodiversity surveys.  The Nam La has a higher quality aquatic 
habitat, with more intact vegetation along the stream and presence of species that are sensitive 
to water pollution and absent from the Nam Pangyun. The Myitnge River supports a range of 
aquatic plants and trees which line the river and provide habitat for aquatic fauna. 

 

 
Plate ES.7 Bamboo forest 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Executive Summary E Guard Environmental Services | ES-24

 

 
Plate ES.8 Grassland forest 

 
Plate ES.9 Sub-tropical mixed hill forest 
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Cultural heritage existing environment 

The cultural environment in Bawdwin is complex due to the long history of mining by Chinese, 
British and during the modern period. Mining at Bawdwin began in the early 15th century.  The 
tangible elements (sites, places, structures and artefacts) associated with this history have 
associated intangible cultural value, which can be aesthetic, historic, scientific, technological, 
social and spiritual. The cultural heritage features in the project area are shown in Figure ES.8. 

During Chinese occupation and mining, a ring of hillforts and ridge defences lines were built 
on the ridges surrounding the mine. These were used to defend the mine, and potentially 
observe mine operations and settlements within the valley. Artefacts and evidence of Chinese 
occupation can also be found in the Nam Pangyun valley, along with Chinese workings and 
smelting furnaces. These are evidence of mining and smelting from this period and are valued 
for the insights they provide on early mineral exchange and mining in southeast Asia. 

Cultural heritage features associated with the British mining period are predominantly mining 
infrastructure and buildings. The Marmion shaft and winding house, which are still operating, 
are an excellent and rare example of a complete British 20th century winding plant, representing 
a key period at Bawdwin where the mine first became successful. The Namtu to Bawdwin 
railway and central Bawdwin and Tiger Camp precincts are key structures from the period, 
with the precincts including the mine office, Dead Chinaman tunnel, Bawdwin timberyard and 
Tiger Tunnel. 

The area has several graveyards associated with various periods of occupation. Graveyards 
have bioarchaeological, social and spiritual value. Many are located in prominent positions of 
the landscape. There are also several religious sites which have social and spiritual significance 
and are valued by local communities. 

Socio-economic existing environment 

Bawdwin village tract has a population of 3,499 and is comprised of Bawdwin upper and lower 
villages and Tiger Camp. There are four wards in each of the Bawdwin villages, and two in 
Tiger Camp, with a total population of 3,499. Namtu town comprises Pang Hai Ward, Har Lin 
Village and Tha Ta La Ward, which is made up of seven wards and was established to 
accommodate people involved in mine operations at Bawdwin. The population of Tha Ta La 
wards and Har Lin village is 5,699. The organisational structure of Bawdwin is largely 
influenced by the operation of the Bawdwin mine (e.g., land tenure, house ownership etc). 

The mining sector is highly important for livelihoods as it is a main source of employment and 
income for people in the Bawdwin and Namtu study areas, and provides an opportunity for 
subsidised housing. Namtu has greater access to alternative employment and income 
opportunities. The surrounding communities including the Hu Hsar, Hin Poke and Kyu Hsawt 
village tracts rely on agriculture, and have limited economic connectivity to Bawdwin. 
Residents of the Nam Pangyun valley rely on artisanal mining for income and livelihoods 

There are 9 schools in Bawdwin and 11 in Namtu, with survey results indicate education levels 
in the Bawdwin and Namtu areas are higher than the average for Shan State. Less than 8% of 
community members in Bawdwin and Namtu surveyed reported having no education, as 
opposed to 45% in Shan State. The majority of community members in the Bawdwin and 
Namtu study areas are Bamar, and practice Buddhism. There are 12 religious facilities in 
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Bawdwin and 11 in Namtu, some of which also service the nearby Hu Hsar, Hin Poke and Kyu 
Hsawt village tracts.  

Most houses in the Bawdwin and Namtu study areas are basic. Most households in the 
Bawdwin and Namtu study areas have ready access to water distribution systems. Water is 
treated by most households in Bawdwin and Namtu and sources may be substituted during 
periods of rain due to turbidity in the streams from which reticulated water is sourced. Houses 
in Namtu are generally larger than those in Bawdwin and have their own toilets. Toilets in 
Bawdwin are more commonly shared (public) and discharge to local rivers or streams. 
Waste/rubbish management facilities in Bawdwin and Namtu are lacking, and the populations 
dispose of most waste by uncontrolled dumping and burning. Transport in Bawdwin and Namtu 
is typically by motorcycle and walking, with narrow roads shared by vehicles and pedestrians.  

 

 
Figure ES.8 Locations of cultural heritage features with respect to project footprint
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Community health existing environment 

There are limited healthcare facilities in the Bawdwin and Namtu areas, with a small 
government hospital and a private clinic for mining employees (operated by WMM) in 
Bawdwin, a sub healthcare centre in Tiger Camp, and a hospital in Namtu. Lashio General 
Hospital, located approximately 50 km from Bawdwin, is the only tertiary public hospital in 
the region that delivers multi-specialty services. Despite the limited access to healthcare 
facilities and doctors, most survey respondents in the health baseline indicated they were in 
good health. Overall, the population of Bawdwin and Namtu seems to be in good health with 
low numbers of chronic disease, infectious disease and vector-borne disease 

As a result of extensive historical mining and the poor waste management practices in place in 
Bawdwin and Namtu communities, there is a range of hazardous environmental health 
exposure pathways in the study area. These primarily relate to inhalation, ingestion or dermal 
contact with dust, metals (mainly lead) and bacteria (E. coli). The levels of lead measured in 
environmental media in Bawdwin indicates that residents are potentially exposed to elevated 
lead (and other metals) via multiple media and exposure pathways. There is a significantly high 
potential these exposures may pose a serious health risk to the population in this study area. 

Separate to EIA health investigations, WMM undertook an occupational health investigation 
of the blood lead levels in current workers at Bawdwin between April and June 2020. The 
investigation was completed for a sample of local employees and also a sample of recently 
engaged contract personnel who were not residents locally and were therefore considered a 
control group. All of the permanent workers had blood lead levels over the level of 10 µg/dL 
where adverse effects are expected, compared with 48% of the contract workers. Over 65% of 
permanent workers measured blood lead levels greater than 40 µg/dL, and over 18% measured 
levels at 65 µg/dL. As 65 µg/dL is the maximum level measurable by the LeadCare ll 
instrument, some of these workers may have blood lead levels exceeding this. 
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Impact assessment  

Approach to impact assessment 

The impact assessment method used in the EIA is a ‘significance assessment’. This is a 
values-based approach that assesses the potential significance of impacts by considering the 
sensitivity of values to change, and the magnitude of change that they are predicted to 
experience as a result of project-related activities. This framework is consistent with current 
international environmental and social impact assessments for resource development projects, 
and reflects the approach described in Environmental Impact Assessment Guidelines for the 
Mining Sector in Myanmar. 

Assessment of potential impacts is based on specialist judgement and technical assessment 
supported by baseline field data, experience of other mining projects in similar environments, 
stakeholder feedback and scientific literature. The EIA describes the rationale, justification and 
any limitations and uncertainties of the assessment. The assessment of the significance of 
impacts involves the following: 

 Consideration of the sensitivity of defined environmental or social values or receptors, 
which may be affected by the project. Sensitivity was defined by assessing the importance 
of each value or receptor, its vulnerability to change, and its resilience or ability to recover.  

 Consideration of potential, credible effects associated with all phases of the project, 
mechanisms and pathways that may lead to these effects, and the resulting impacts in the 
context of the existing conditions.  

 Development of management measures, where the measures described are technically and 
economically feasible within the context of the project and reflect WMM’s commitments.  

 Assessing the magnitude of change the environmental or social value or receptor 
experiences as a result of the project following implementation of proposed management 
measures. 

 Assessing the significance of the residual impact. The residual impact is the impact that is 
predicted to occur following successful implementation of avoidance and management 
measures that address that impact.  

Impacts can either be positive (beneficial) or negative. The impact magnitude (very low, low, 
medium, high or very high) was determined considering the amount and type of change based 
on the following aspects: 

 Spatial extent or the scale of the effect or impact. 

 Severity or intensity, which considers the scale or degree of change from the existing 
conditions as a result of the impact; severity can also be considered in terms of the intensity 
of the impact.  

 Duration or frequency, which considers the timescale or frequency of the impact, i.e., if it 
is temporary, short-term or long-term.  

The significance (very low, low, moderate, high or major) of residual impacts was rated using 
a matrix approach, by multiplying the sensitivity of the value or aspect and the magnitude of 
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the impact to that value or aspect. The matrix of residual impact significance is shown in Error! 
Reference source not found.. 

Table Error! No text of specified style in document..1 Matrix of residual impact 
significance 

Magnitude of 
Impact 

Sensitivity of Receptor 
Very low Low Medium High Very High 

Positive 

Very 
high 

Moderate High Major Major Major 

High Low Moderate High Major Major 

Mediu
m 

Low Low Moderate High High 

Low Very low Low Low Moderate Moderate 

Very 
low 

Very low Very low Very low Low Moderate 

Negative 

Very 
low 

Very low Very low Very low Low Moderate 

Low Very low Low Low Moderate Moderate 

Mediu
m 

Low Low Moderate High High 

High Low Moderate High Major Major 

Very 
high 

Moderate High Major Major Major 

 

The uncertainty associated with the significance assessment is noted for each impact. The level 
of uncertainty relates to the available information, level of assumptions, certainty of predictions 
and confidence in the accuracy of the inputs that produce the significance rating. 

Benefits 

Positive impacts of the Bawdwin project include employment and training; opportunities to 
supply goods and services to the project; generation of economic activity across the local 
region; reduced exposure to environmental hazards; and improved living conditions for the 
Bawdwin concession communities that are resettled.   

The project will directly benefit the Myanmar economy in a number of ways. These include:  

 Direct financial benefits including royalties and dead rent paid to the Union of Myanmar 
(dead rent is the amount that has to be paid by the lessee to the lessor whether or not he has 
derived benefit from the asset).  

 Corporate income taxes paid to the Union of Myanmar by WMM  

 Indirect taxes paid to the Union of Myanmar including, commercial tax; withholding tax; 
customs duties and personal income tax.  

 An additional profit share tax as governed by the amended Production Sharing Contract or 
agreement.  
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 Contributions to national mineral export revenue, total export revenue and gross domestic 
product.  

The project may result in local and regional economic stimulus associated with the procurement 
of goods and materials and employment opportunities. Local businesses (existing and new) 
will be supported through preferential procurement policies for local goods and services. Other 
goods and materials will be procured from within Shan State and elsewhere in Myanmar, where 
practicable. This will aim to support, as far as practicable, the establishment of local businesses 
that are sustainable in the longer term. Additionally, there will be strategic community-level 
investments by WMM in services, infrastructure, local business and livelihood development. 

The project workforce will include up to 2,285 people during construction and up to 1,115 
people during operations. WMM will seek to maximise the proportion of for members of local 
communities, through its Preferential Employment Policy. The project will contribute to the 
training, employment and capacity of both local and Myanmar workers, benefitting the 
economy and providing workers with an income.  

There is an opportunity for the project to improve community health in the Bawdwin 
communities by resettling communities away from areas currently impacted by legacy 
environmental issues to lower risk locations. Reduced exposure to environmental hazards after 
resettlement is predicted to be a major significance positive impact to the community health of 
Bawdwin concession communities. Resettlement may also provide additional benefits in the 
form of improved access to employment opportunities in Namtu, essential services and 
resources (clean water, electricity, sanitation) and housing conditions.  

Predicted impacts 

A summary of the key impacts of the Bawdwin project presented by relevant environmental 
and social aspect is provided below.  

Landform and soil impacts 

The construction and operation of the project will involve significant changes to the landforms 
and movement of large volumes of soil and mine waste materials within the Bawdwin 
concession. 

The open pit, TSFs and Wallah waste rock dump will represent large, permanent landform 
features. The TSFs and waste rock dump will be designed for long-term stability and reduced 
erosion potential. The existing pit void will be expanded and become a pit lake post-closure of 
the operations. The changes to landforms are shown in Figure ES.9. 

Soil excavation, stockpiling and handling measures will include covering exposed soils from 
weathering, measures for correct segregation and reinstatement of soil and subsoil profile, and 
measures to reduce surface compaction. Of particular importance will be limiting side-casting 
of soil during construction, progressive rehabilitation of land and reinstating the soil profile to 
promote successful revegetation and land stability. 

Key measures to reduce mixing of contaminated soils include identifying areas of contaminated 
soil and avoiding using these soils for rehabilitation, burying soils of lower level contamination 
deeper in the soil profile below the soil root zone and capped with uncontaminated soil, and 
treating and/or disposing highly contaminated soils. 
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The key impacts (those with a high significance or above) to landform and soils will be: 

 Changes to landform due to formation and operation of the open pit, construction of the 
tailings storage facilities (TSFs) and waste rock dump – a high significance impact for the 
pit void across all terrain units and high to moderate significance impact for the TSFs and 
waste rock dump depending on the terrain unit. 

 Reduced capacity to support ecosystems and beneficial land uses due to loss of topsoil due 
to increased erosion or poor soil management – a high significance impact for the steep 
mountain terrain land unit.  

Areas of uncertainty relating to the assessment of impact of landform and soils include details 
of construction methods and detailed designs, closure designs, material balances for 
rehabilitation and closure, and extent of existing contamination from historic mining activities.  

Groundwater impacts 

The project will interact with groundwater in a number of ways: there will be facilities placed 
over existing springs where groundwater currently discharges; there will be extraction of 
groundwater through pit dewatering (both via in pit sumps and the existing pumping via Tiger 
Tunnel); and there will be increased inputs to groundwater from seepage from water storages, 
TSFs, the waste rock dump and the open pit (post closure when it becomes a pit lake). Seepage 
is likely to contain elevated metals and sulphate, and seepage from the TSF may have residual 
processing reagents. The seepage has the potential to reduce the quality of groundwater in the 
local area.   
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Figure ES.9 Existing landform and predicted project changes to landform  

Design and management measures relating to groundwater include the design, construction and 
operation of the TSFs and Wallah waste dump to minimise seepage of poor water quality. The 
facilities will have underdrainage installed to minimise seepage and enable water collection, 
re-use and treatment prior to discharge. Other key mitigation and management measures 
include the resettlement of the Bawdwin and Tiger Camp communities that currently use 
groundwater fed water sources, lining of TSF embankment zones, water management on 
facilities and closure designs and strategies for the TSFs, waste rock dump and open pit to 
minimise potential for seepage of poor quality water.  

The key impacts (those with a high significance or above) to groundwater will be: 

 Loss of capability to support aquatic ecosystems and beneficial uses due to direct loss of 
springs from placement of project facilities over springs – a high significance impact that 
will affect 6 of the 16 known springs on the Bawdwin concession. 

 Contamination of groundwater in the saprolite and fractured rock aquifers due to seepage 
from the TSFs – a major significance impact for the saprolite aquifers of the Nam Pangyun 
and Nam La and also the springs; a high significance impact for the fractured rock aquifers 
of the Nam Pangyun and Nam La.  

 Contamination of groundwater in the saprolite and fractured rock aquifers in the Nam 
Pangyun catchment due to seepage from the waste rock dump – a major significance impact 
for the saprolite aquifer and a moderate to high significance impact for the fractured rock 
aquifer. Contaminated groundwater is expected to report to surface water features down 
gradient in the Wallah Valley. 

Areas of uncertainty relating to the assessment of impacts to groundwater include the absence 
of groundwater modelling, predicted quality and rate of seepage, absence of geochemical 
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modelling, the behaviour of groundwater flow (e.g. changes in flow, groundwater mounding) 
and the existing and predicted water quality of the fractured rock aquifer. 

Surface water impacts 

The majority of the direct project interactions with surface water will occur in the Nam 
Pangyun catchment, however there are also interactions that affect the Nam La catchment. The 
Nam Pangyun and Nam La are both tributaries to the Myitnge River.  

The project will cause direct physical disturbance to watercourses by construction of project 
infrastructure construction of roads, watercourse crossings, river diversions and dams resulting 
in direct loss of surface water features, stream erosion and sediment deposition and 
aggradation. Changes to surface water flow will occur as a result of stream diversions, water 
abstraction, dewatering and landform and drainage changes, and may include changes to flood 
risk. Changes to water quality will occur as a result of runoff from disturbed areas, discharge 
of project effluents and dewatering water, discharge of groundwater and surface water from 
the waste rock dump and TSFs which is predicted to become enriched with metals, particularly 
lead and surface water will also be high in suspended sediments. The bed sediment quality in 
downstream surface waters may also change due to mobilisation of sediments and 
contaminated soils containing high metals concentrations. 

Key design and management measures that will be used to minimise impacts to surface water 
include using: sediment dams to reduce the level of suspended sediments in surface water 
runoff prior to discharge; underdrainage systems in the TSFs and waste rock dump to capture 
the bulk of the seepage and allow this water to be treated prior to discharge; and treating mine 
dewatering water prior to discharge. WMM intend to treat all effluent streams to the Myanmar 
effluent standard.  

Water abstraction from the Nam Pangyun, which will be partly offset by the discharge of 
groundwater from the pit dewatering system. To minimise potential impact of reduced flows 
on downstream users including Namtu, water will be extracted from the Nam La primarily 
during the wet season when flows are high, with the water being stored for use during the dry 
season. WMM will also ensure compensatory flows are released to ensure sufficient water is 
provided to Namtu and that water abstraction does not cause material impacts to downstream 
users.  

To minimise construction impacts WMM will conduct the bulk of earthworks during the dry 
season, minimise the volume of water coming into contact with disturbed mine areas, and 
implement erosion and sediment control measures.  

The key impacts (those with a high significance or above) to surface water will be: 

 Physical disturbance of habitat due to direct removal of instream and riparian habitat 
affecting the ability to support ecosystems and beneficial uses – a high significance impact 
for the upper Nam Pangyun catchment which has higher quality water and aquatic habitat 
than the mid and lower sections of the catchment. This includes a 3 km section of the Nam 
Pangyun that will be converted to an underdrain and will result in permanent loss of 
instream and riparian habitat. 
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 Changes to surface water flow due to water abstraction during operations impacting the 
ability to support ecosystems and beneficial uses – a high significance impact for the upper 
section of the Nam La during dry periods throughout operations. 

 Altered flood risk from project infrastructure – a potential high significance impact for the 
Nam La and an area that requires further investigation since flood modelling has not been 
undertaken.  

 Reduced water quality due to contamination from project sources around the mine and 
runoff from the TSFs impacting the ability to support ecosystems and beneficial uses – a 
high significance impact for the upper Nam Pangyun. 

 Reduced water quality due to increased TSS, turbidity and possibly metals concentrations 
impacting the ability to support ecosystems and beneficial uses – a high significance impact 
for the Nam La which will receive runoff from TSF A and B once they are closed.  

Areas of uncertainty relating to the assessment of impacts to surface water include the lack of 
quantitative prediction and modelling of downstream water quality and flow changes, lack of 
sediment transport and deposition modelling, uncertainty surrounding water balance modelling 
and flood risk. 

Air quality impacts and greenhouse gas emissions 

Sources of impacts to air quality include dust emissions and deposition, and gaseous emissions. 
Dust emissions can result in airborne particulate matter and dust deposition. While there has 
not been modelling to quantify the likely severity and extent of impacts to air quality and to 
enable comparison with regulatory compliance, it is predicted that there will be an increase in 
airborne dust in some areas within and surrounding the project.  

Most dust deposition during operations will occur in proximity to the open pit, stockpiles, waste 
rock dump, major construction areas, and to a lesser extent along haul roads. Sources of dust 
during operations will mainly be from mining, drilling, blasting in the open pit, movement of 
ore and waste rock and potentially the tailings as they dry.  

The main gaseous emissions from the project will be in the form of sulphur dioxide and 
nitrogen dioxide from the power station and from vehicles. The emitted concentrations of these 
gases from the power station are predicted to be below the Myanmar criteria discharge limits 
for power stations, with the exception of nitrogen. In addition, there will be exhaust emissions 
from project vehicles and trucks that may reduce the air quality along roads used by these 
vehicles, including the export route. 

Annual emissions of GHG (Scope 1 emissions) from project construction, operation and 
decommissioning are estimated to be on average 133.50 kt CO2-e / annum, generating a total 
of 2,269.50 kt CO2-e over the life of the project. Most of the GHG emissions will occur during 
the mine’s operational period (13 years). The power station is expected to comprise 
approximately 66% of the total project emissions across all project phases. The second highest 
emissions contribution will come from vehicles, these will make up 33% of project related 
emissions. Explosives and waste will each comprise 0.3% of total emissions. 

The key receptor groups considered in the assessment of air quality impacts are shown in Figure 
ES.10, ES.11 and ES.12. 
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A key measure to avoid air quality impacts to human receptors will be the resettlement of 
communities that are located in proximity to the project area where the greatest potential 
impacts to air quality will occur. The various receptors will be resettled at different times 
depending on their location with respect to project activities. The military base is not scheduled 
for resettlement at this stage, however resettlement will be decided in consultation with the 
army. The Bawdwin military base is the only receptor that will not be moved by the proponent 
and may remain on the Bawdwin concession area. 

Other design and management measures to minimise impacts to air quality include use of 
modern and well maintained plant, vehicles and equipment, use of dust suppression measures 
(e.g., spraying unsealed roads with water), measures to limit dust generation including 
revegetation and rehabilitation measures and erosion and sediment control measures. 

The key impacts (those with a high significance or above) to air quality will be: 

 Reduced air quality due to increased airborne particulate matter and increased dust 
deposition during construction – a high significance impact for the Bawdwin upper village 
airshed (prior to their resettlement after 7 to 9 months) and for the Tiger Camp village 
airshed; and a major significance impact for the Military base and Bawdwin lower village 
airshed. 

 Reduced air quality due to increased airborne particulate matter and increased dust 
deposition during operations – a major significance impact for the Military base and 
Bawdwin lower village airshed (prior to their resettlement 30 to 32 months after 
commencement of construction).  

 Reduced air quality due to increased airborne particulate matter and increased dust 
deposition during active closure activities – a high significance impact for the Military base.  

 Reduced air quality due to gaseous pollutants during operation of power station– a major 
significance impact for the Military base which will be located around 400 m from the 
source.  

Areas of uncertainty relating to the assessment of impacts to air quality include the lack of 
predictive modelling of gas and dust emissions and deposition and uncertainty on how metal 
concentrations vary with dust particle size. 
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Figure ES.10 Key receptor groups considered in assessment of air, noise, vibration and 

health assessment and baseline monitoring locations 

 

 
Figure ES.11 Regional village receptor groups considered in assessment of potential air 

quality and health impacts 
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Figure ES.12 Export corridor receptor groups considered in assessment of potential air 

quality, noise, vibration and health impacts   
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Noise and vibration impacts 

Project activities will result in noise and vibration emissions. However, with community 
resettlement from the highest intensity noise areas, the potential for severe impacts to health 
and amenity will be limited. The key receptor groups considered in the assessment of noise and 
vibration quality impacts are shown in Figure ES.10 and ES.12. 

The primary impact avoidance measure will be the resettlement of communities that are located 
in proximity to the project area. Additional management measures will be implemented to limit 
the adverse impacts associated with noise and vibration including use of good practice blast 
management procedures. 

The key noise and vibration impacts (those with a high significance or above) will be: 

 Increased noise and vibration levels due to construction of process plant, power station, 
TSF-B and TSB-C embankments and haul road – a high significance impact for the Military 
base. 

 Increased noise and vibration levels due to construction of roads and facilities and 
construction-related traffic - a high significance impact to the Nam La farms receptor (prior 
to their relocation after 7 to 9 months after commencement of the project).  

 Increased noise and vibration levels due to mining activity – a high significance impact for 
the Bawdwin lower village (prior to their resettlement 30 to 32 months after 
commencement of construction).  

Areas of uncertainty relating to the assessment of noise impacts include the lack of noise 
emission predictions and modelling of vibration emissions. 

Biodiversity impacts 

Impacts to biodiversity vales include loss or degradation of habitat and reduced abundance 
and/or diversity of flora and fauna species. The project will result in the removal of vegetation 
to expand the existing mine pit and construct infrastructure, including the TSFs, waste rock 
dump, water reservoir and roads. Most of the habitat removed will be modified grassland and 
bamboo, which is a low sensitivity vegetation type owing to it supporting common and 
generalist species.  

Impacts to flora and fauna may occur due to habitat loss and degradation, accidental collision 
with project vehicles and machinery, introduction and spread of pests and weeds, and 
disturbance to fauna from project noise and dust. While there are a number of threatened flora 
and fauna that occur regionally the project area is not predicted to support key populations and 
therefore impacts to these species are not predicted. 

Impacts to aquatic ecosystems in the Nam Pangyun are predicted to be low given the existing 
high levels of existing sedimentation and contamination in that catchment from hundreds of 
years of mining. Sedimentation and changes to flow in the Nam La represent more significant 
impacts compared to those to the Nam Pangyun, given its higher ecological importance.  

Design and management measures to minimise biodiversity impacts include minimising 
clearance, erosion and sediment control, progressive rehabilitation and revegetation and 
measures to maintain flows (particularly during dry periods) for the Nam La.  
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The key biological impact (with a high significance or above) will be: 

 Habitat loss and degradation due to vegetation clearance, contamination and introduction 
of invasive species - a high significance impact for the sub-tropical mixed hill forest habitat, 
which has a higher diversity of flora and fauna compared to other vegetation types in the 
project area. Approximately 12 ha of this habitat will be lost.  

Areas of uncertainty relating to the assessment of biological impacts include limitations in the 
baseline survey data due to security-related access constraints, water quality and water quantity 
impacts, and mine closure and rehabilitation details. 

Cultural heritage impacts 

As a result of continuous human occupancy over six centuries, the Bawdwin area has a rich 
and complex history associated with mining activity. Much of the cultural heritage value of 
Bawdwin relates to the historical mining operations in addition to sites of importance to 
residents such as religious sites and grave sites. 

The construction of the project would see the mining legacy of the Bawdwin deposits continued 
in the modern era, but as a consequence will impact some of the existing infrastructure and 
construction of new infrastructure at Bawdwin to support mining and processing activities. 
This will fundamentally alter the existing historical mining context, but provides an opportunity 
to document, research and conserve aspects of the past operations.  

Sources of potential impact to cultural heritage include: disturbance or loss through project 
construction; restriction of access; and modification of the surrounding landscape character.  

Proposed management measures are aimed to minimising impacts to known cultural heritage 
sites, and where avoidance is not possible putting in measures to comprehensively document 
and preserve key items to highlight and display the history of the Bawdwin mine into the future. 

To manage impacts to cultural heritage features, a cultural heritage management plan will be 
implemented for the retrieval, dismantling and storage of features. The cultural heritage 
management plan will include measures for preservation of key components of the features in 
a dedicated mining museum. For graves and other sensitive archaeological features, a process 
for the inspection, exhumation, archiving and relocation will be established with qualified 
archaeologists, regulators, the community and appropriate religious and/or community leaders. 
It is expected that those graveyards that have strong cultural ties or active community use with 
the local community will be re-established/relocated as part of the community resettlement 
plan. Known graveyards and religious sites may be lost from their current locations, however 
these will probably be relocated rather than destroyed.  

The cultural heritage management plan will also outline procedures for ensuring that the project 
personnel are made aware of the cultural heritage values and the importance of complying with 
the management measures. This will involve a combination of measures such as incorporating 
requirements into contracts, workforce induction, cultural awareness training, workforce 
training, education and awareness, compliance audits and monitoring. Cultural heritage 
features that are relocated or stored will have appropriate management plans in place to ensure 
that they have the necessary levels of safeguard and care and maintenance. Sites that are 
relocated within the Bawdwin concession will have appropriate ‘no-go’ zones established 
around the features. 
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The key impacts (with a high significance or above) to cultural heritage will be: 

 Direct loss of sites and values due to earthworks and mining – a major significance impact 
for the known Chinese era mining and smelting evidence sites, Chinese stone bridge 
foundation and Chinese bazaar buildings and larger/rarer artefacts and evidence of Chinese 
occupation; a high significance impact for graveyards, any unknown Chinese era smelting 
evidence and the smaller, widespread artefacts and evidence of Chinese occupation. Figure 
ES.8 shows the locations of cultural heritage features with respect to Project footprint. 

 Loss due to sites or objects being decommissioned and removed from project footprint – a 
major significance impact for the Colonial-period infrastructure (Marmion shaft and 
winding house) and the Namtu to Bawdwin railway. 

 Disturbance (rather than loss) of sites and values due to earthworks and mining – a high 
significance impact for larger/rarer artefacts and evidence of Chinese occupation. 

 Reduced heritage values due to modification of surrounding landscape – a high significance 
impact for Chinese hillforts and defended ridges, and those graveyards located on 
prominent ridges and crests. 

Areas of uncertainty relating to the assessment of cultural heritage impacts include the location 
of possible subsurface heritage features and artefacts (only a surface inspection has been 
conducted), exact age and value of some cultural heritage features, community feedback on 
particular management measures and significance of some items.  

Social impacts 

The project has the potential to impact a range of social and socio-economic aspects at differing 
spatial scales. To assess social impacts three key aspects were defined as well as relevant 
supporting values. These covered: 

 Local economies, livelihoods and land use.  

 Living conditions, social cohesion and security. 

 Access to health, education and other services.  

Social impact areas have been broadly defined through consideration of: community location 
(including watershed boundaries; village tract boundaries; and proximity to the project’s 
footprint; lease boundaries and logistics support corridors); and the type of project activity that 
may occur in proximity to villages. 

Six social impact zone were defined. These are shown on Figures ES.13 and ES.14, and 
include: 

 Zone 1 – Bawdwin communities consisting of upper and lower Bawdwin villages and Tiger 
Camp (and Nam La village and scattered hamlets and houses within the south and eastern 
portions of the Bawdwin concession but outside of the village settlements). 

 Zone 2 – villages in village tracts adjoining the Bawdwin concession area (and the Loi Mi 
village and associated farms that use land within the Bawdwin concession).  

 Zone 3 – Namtu Town. 
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 Zone 4 – the corridor along the Nam Pangyun valley that includes scattered farming hamlets 
and periodic presence of artisanal miners. 

 Zone 5 – villages along the road between Namtu and Lashio that will be used by the project. 

 Zone 6 – Lashio. 

 
Figure ES.13 Local social impact zones 
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Figure ES.14 Regional social impact zones  
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The Bawdwin project has a substantially larger footprint than the historical Bawdwin mining 
operation. The total footprint area is approximately 470 hectares (ha). Although the Bawdwin 
project is still contained in the Bawdwin concession, it will result in more land being directly 
and indirectly disturbed by the mining operations than has occurred in previous mining periods. 
This will require resettlement of the existing communities within the Bawdwin concession.  

The project will also result in increased use of some public infrastructure (e.g., roads) and 
creation of new infrastructure to support the projects. Socio-economic impacts associated with 
large mining projects can be broad ranging, relating to employment opportunities, supply of 
goods and services to the project, increased immigration to the project area, changes to social 
cohesion and changed amenity for communities (e.g., visual, air, noise etc.)  

WMM will implement social management plans aimed at maximising project benefits and 
minimising potential negative impacts. Resettlement of the Bawdwin concession communities 
is both a social impact and also a mitigation and management measure to minimise the exposure 
of the community to environmental hazards and risks associated with the development of the 
mine. WMM has committed to providing the same or improved access to education, health 
services and religious institutions at the new resettlement village and there is likely to be 
improved access to markets, shops and other services if the communities are resettled to near 
Namtu. 

The key impacts (with a high significance or above) to social aspects will be: 

 Mining related employment opportunities - a major positive significant impact for the 
concession villages (Zone 1). 

 Loss of access to land/resources for livelihood purposes – a high significance impact for 
the Bawdwin farm communities (Zone 1b), Loi Mi community (Zone 1c)  which will lose 
access to productive agricultural land and scavenging sites,  

 Adverse physical living conditions as a result of project construction activities – a high 
significance impact for the Tiger Camp Village and surrounding rural farms, Bawdwin 
Lower Village and surrounding farms prior to resettlement. 

 Improved physical living conditions for resettled Bawdwin communities – a major positive 
significant impact for the Bawdwin communities (Zone 1) following resettlement. 

 Altered social cohesion and a loss or reduction of social identity as a result of the 
resettlement for the project – a high significance impact for resettled Bawdwin concession 
communities (Zone 1).  

 Impaired access to religious institutions and support for resident villages surrounding the 
Bawdwin concession from closure of places of worship – a high significance impact for 
surrounding villages to the concession (Zone 2). 

Areas of uncertainty relating to the assessment of social impacts include resettlement planning 
(including location and potential livelihood restoration), the socioeconomic environment of 
some receptor groups, perceptions of communities to visual changes, the potential extent of in-
migration, and lack of modelling to support air quality, noise and vibration impacts. 

Health impacts 
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Project-related activities may directly, indirectly, and even cumulatively change community 
exposures to environment-based health risks, such as exposure to hazardous materials or 
conditions and traffic accidents like the socio-economic, health impacts differ depending on 
the people’s location as well as the type of exposure pathway. The key receptor groups 
considered in the assessment of health impacts are shown in Figure ES.10 to ES.12. 

Based on available data evaluation of metals in soil, water, air and food, there are multiple 
pathways by which Bawdwin and Namtu communities are currently exposed to health hazards. 
While community interviews of health indicators, anthropometric measurements, and non-
invasive clinical examinations did not demonstrate any clear relationships between exposure 
of contaminants such as lead known to be present in both study areas, blood sampling of 
employees for occupational health testing showed that they all had high concentrations of lead 
in their blood.   

The project construction will generate a number of health exposure pathways or exacerbate the 
current conditions by increasing dust, exposing soils, and reducing the quality of water. These 
have the potential to further expose these communities to hazardous conditions for their health.  
In addition, having the presence of a large workforce has the potential to introduce and spread 
disease. 

Prior to resettlement Bawdwin lower and Tiger Camp villages and the nearby surrounding 
residences will continue to be exposed to emissions of dust containing metals such as lead. 
Depending on the location of residences these have the potential to be inhaled or ingested.  This 
is likely to increase existing already high levels of lead within people’s bodies. Additionally, 
several of these groups use surface water and groundwater resources which may become 
impacted.  

Resettlement of communities from the Bawdwin area will result in people being moved away 
from hazardous areas, where soils and waters are contaminated with high concentrations of 
heavy metals such as lead. With resettlement of the Bawdwin communities and the construction 
of a new villages with essential services including clean water and modern sanitation systems, 
the project is expected to reduce exposure to environmental hazards and have a positive effect 
on the health of these resettled communities. Resettlement of villages will also lower risks to 
community safety during operations, including for example, removal from areas of impact from 
blasting. 

The key impacts (with a high significance or above) to health will be: 

 Exposure to environmental hazards (contaminated dust and water) as a result of the project 
–impact to Bawdwin upper village (prior to resettlement during the construction period) 
and Tiger camp village and Tiger Camp farms (not located along plant access road) (prior 
to resettlement) and residents of the Nam Pangyun valley; and a major significant impact 
to Bawdwin lower village during construction and operations (prior to resettlement) and to 
the military base during construction and operations. 

 Reduced exposure to environmental hazards (contaminated dust and water) as a result of 
the project once communities are resettled – a high significance positive impact for 
Bawdwin lower village farms, Tiger Camp farms (not located along plant access road) and 
Nam La farms; a major significance positive impact for Bawdwin upper village, Bawdwin 
lower village and Tiger Camp village.  
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 Changes in sanitation and access to clean, non-contaminated water - a moderate to high 
significance positive impact for the communities within the Bawdwin concession area. 

Areas of uncertainty relating to the assessment of social impacts include community blood lead 
levels, environmental baseline data for some receptor groups (e.g., Nam Pangyun valley along 
rail corridor), resettlement location and baseline contaminant exposure levels and uncertainties 
related to other aspects that impact on health (e.g., air quality, noise and vibration, surface 
water and groundwater).  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Executive Summary E Guard Environmental Services | ES-46

 

Assessment of hazard and risk 

In addition to the potential impacts caused by the planned or known events associated with the 
project, there is the potential for impacts to occur due to unplanned events which are unlikely 
or very unlikely to occur. These unplanned events include natural hazards and disasters and 
industrial mining hazards, and can have consequences that may impact the success of the 
project and increase the magnitude of project impact on the surrounding environment.  

Natural hazards 

Natural events may cause an environmental or safety incident at the mine such as infrastructure 
failure, which in turn can have environmental and social impacts. Earthquakes, landslides, 
storms and/or floods have the potential to damage project facilities, potentially resulting in 
failure of the TSFs, waste rock dump, water storage dams and open pit wall, or resulting in 
uncontrolled release of contaminated materials into the environment, posing a risk to the 
environment and human health. 

The project lies within an area of moderate seismic activity within the Bawdwin Fault Zone 
and is therefore at risk of being affected by earthquakes. Landslides may occur as a result of 
sustained heavy rainfall, earthquakes and slope instability. Climate change has the potential to 
exacerbate certain natural hazards, including storms, flooding and droughts, and precipitation 
and temperature are both predicted to increase in Myanmar over coming decades. 

Drought may reduce availability of water for the project, which requires 150.0 m3/hr or 2.8 M 
m3 at steady state operations. Collected in wet season and used year-round. Abnormally dry 
wet seasons may not provide sufficient water. Abstraction of water from the Nam La during 
dry periods may reduce flows and reduce the amount of water available for communities and 
putting pressure on water resources. 

Hazards 

Additional hazards assessed in the hazard and risk assessment include: 

 Mining industrial hazards (e.g., vehicles accidents, failure of TSFs, pit wall failure and 
fires).  

 Occupational and community health and safety hazards.  

 Civil unrest and conflict were assessed. 

 Failure of the TSFs or waste rock dump are key risks associated with the project and have 
the potential to cause contamination which may impact people and/or the environment 
downstream, should they eventuate. 

Management measures and design controls to reduce the likelihood and/or minimise the 
consequences of the event include designing infrastructure with consideration of the probable 
maximum food (PMF), probable maximum precipitation (PMP), maximum credible 
earthquake (MCE), relevant standards and modelling results where possible. 

No events are assessed as having major risk. The consequences of events assessed as being 
high risk are: 
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 Potential fatalities and/or severe injuries (unlikely) due to vehicle accidents; TSF failure; 
fire and/or explosions; electrical failures, equipment malfunction and mechanical failure; 
building failure; blasting and fly rock; falls from heights; and civil unrest and conflict. 

 Major effects to environment and nearby communities due to fire and/or explosions. 
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Cumulative impacts 

The cumulative impact assessment considers potential impacts of other operating, approved or 
proposed developments within the area of influence of this project and assesses the potential 
combined impacts from these projects and the Bawdwin project on key environmental, social, 
health and cultural values.  

The location of projects that could contribute to cumulative impacts are shown in Figure ES.15. 
These projects include mineral projects, exploration projects, electricity and power projects 
and highway and railway projects. 

Landforms and soil 

At a broader landscape scale, all of the mining and exploration projects will probably to locally 
impact landforms and soil in the region due ground disturbance and erosion. The construction 
activities associated with the electricity and power projects as well as the railway and road 
projects will probably impact landforms and soils. The number of mining and exploration 
projects represent a further (cumulative) threat to landforms and soil quality in Northern Shan 
State.  

Air quality 

Material impacts of the Bawdwin project are limited to the airsheds in proximity to mine area 
and minimal cumulative impacts may occur due to oxide mining, which will conclude at or 
very shortly after the commencement of mining by the Bawdwin project. Some cumulative air 
quality impacts may occur due to dust generation from construction of the Bawdwin project, 
alongside oxide mining. All other identified projects do not fall within the Bawdwin project 
area of influence relevant to air quality, however, are expected to have cumulative impacts to 
air quality (along with the Bawdwin project) in Northern Shan State, albeit in separate airsheds 
apart from the projects mentioned above at Bawdwin and Namtu.  

Surface water 

Several projects are located along or may discharge to the Myitnge River, including zinc 
production from slag in Namtu by Myanmar Apex Mining Company Limited (operational) and 
the processing of oxide ore at the existing 32-Mile concentrator plant by WMM (in 
development). Collectively, these projects may impact the water quality and beneficial uses of 
Myitnge River.  

The Namtu (Hsipaw) Dam Project by NCEH (proposed) and Upper Yeywa Dam for Hydro 
Power headed by the MEPE (in construction) may impact hydrological regimes, flood risks 
and cause inundation as well as construction related impacts to water quality. While these 
impacts will potentially affect the same river (Myitnge), the impacts will probably occur in 
separate areas of the Myitnge to the area of influence of the Bawdwin project.  

Groundwater 

The Bawdwin project’s primary impacts to groundwater will stem from contamination of 
groundwater within Nam Pangyun catchment and potentially the Nam La catchments due to 
seepage from the TSFs and Wallah waste rock dump which is likely to contain elevated metals 
and sulphate, and residual processing reagents (in the case of TSF seepage). There may be 
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some groundwater-related cumulative impacts if exploration projects proceed to large scale 
mining and development. However, these range from around 16 km to 365 km from the 
Bawdwin project, and are therefore not likely to impact the saprolite or fractured rock aquifers 
within the Nam Pangyun and Nam La catchments.  

 

 
Figure ES.15 Location of projects that could contribute to cumulative impacts 
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Biological 

Material impacts to the biological environment due to the Bawdwin project identified by the 
EIA were limited to habitat loss and degradation of the sub-tropical mixed hill forest habitat. 
All of the other proposed projects are expected to impact the biological environment to some 
extent, resulting in cumulative impacts at a broader landscape scale. The impacts will depend 
on the exact location of projects and their impacts on vegetation, habitats and flora and fauna. 

Cultural heritage 

Given most of the significance and uniqueness of cultural heritage at the Bawdwin mine is 
related to the history of the mine itself, it is not expected that there will be any cumulative 
impacts to cultural heritage features within the Bawdwin concession and along the existing 
railway corridor related to the other proposed projects. It is noted that the Muse-Mandalay 
Railway Project is still in early stage of feasibility and information on its alignment is uncertain. 

Noise and vibration 

Material noise and vibration impacts from the Bawdwin project are limited to the receptor 
groups residing within the Bawdwin concession, who may experience cumulative impact 
during the temporal overlap between oxide mining and construction of the Bawdwin project. 
Given the location of the other proposed projects, cumulative impacts related to noise and 
vibration are not expected. 

Socio-economic 

Impacts from the Bawdwin Project will overlap with the oxide mining within the Bawdwin 
concession which is expected to reduce amenity and increase traffic and road use during the 
Bawdwin project construction period.  

Projects that are located in Namtu may lead to cumulative socio-economic impacts with the 
Bawdwin project. Particularly, if the Bawdwin concession villages are resettled to a location 
near Namtu, including impacts to convenience and liveability associated with potential in-
migration from all projects and altered social cohesion. There may also be positive cumulative 
impacts of all the projects associated with increased local employment and procurement.  

Human health 

Cumulative human health impacts may result during the temporal overlap between operation 
of the oxide mining project and construction of the Bawdwin project from inhalation, ingestion 
or dermal contact of dust emissions with elevated metals. Following resettlement, the 
communities will face significantly lower exposures from the Bawdwin project. However, if 
resettled to a location near Namtu they may be impacted by reduced air quality resulting from 
the processing projects in the area including oxide ore processing by WMM (proposed) and 
zinc processing from slag by Myanmar Apex Mining Company Limited (operational).  
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Public participation 

A Public Participation Plan has been prepared by WMM to guide consultation and disclosure 
of project information, feedback and disclosure for the project EIA.  

Identification of stakeholders 

Stakeholder identification is the process of determining who the project stakeholders and 
interested parties are, the particular interests held by those groups, and the influence they may 
have on the project. A stakeholder identification process has been undertaken and continually 
reviewed and updated. 

Categories of stakeholders and project affected persons (PAP) identified include: 

 Communities. 

 Community leaders. 

 Religious groups. 

 Ethnic groups. 

 Vulnerable groups. 

 Government. 

 Non-government organisations. 

 Existing workforce. 

 Ethnic armed organisations. 

 Railway corridor communities. 

 Export route communities. 

 Contractors, suppliers and service providers. 

 Media. 

 Owners and investors. 

Consultation methods 

Tailored stakeholder communication and consultation methods were used to engage with each 
stakeholder group based on their interest and understanding of the project, how they may be 
affected by the project and their language and literacy skills. Consultation activities including 
seeking views and input and general project awareness.  

The methods used to seek views and input included: 

 Three rounds of formal public consultation with PAPs and stakeholders. 

 Informal, ad hoc community meetings and updates with Bawdwin, Namtu and Tiger Camp 
communities and members of WMM management. 

 Stakeholder meetings and one-on-one briefings. 
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 Community information centres in Bawdwin and Tiger Camp villages. 

 Liaison officer in communities. 

 Community newsletters and publications, including presentations, newsletters and fact 
sheets. 

 EIA baseline surveys, including the socio-economic survey, community meetings and 
engagement with surrounding villages. 

 Workforce presentations and meetings. 

 The methods used for general project awareness included: 

 Project videos. 

 WMM website. 

 Myanmar Metals ASX announcements. 

 Media interviews. 

 Community development projects. 

 

Formal public consultation 

Consultation meetings as part of the first round of public participation were held with a cross 
section of project-affected persons and other stakeholders including Union, Shan and Township 
Governments and NGOs. The meetings took place in January and February 2019. This first 
round of public participation intended to disclose project and provide high level information 
on the Project Proposal.  

The second round of public consultation was made challenging by the outbreak of the 
COVID19 pandemic. The second formal round of public consultation was organized in close 
collaboration with the Namtu General Administration Department and adhered to COVID19 
prevention protocols. This round was held with a cross section of project-affected persons and 
other stakeholders including local communities, Union, State and Township Governments, 
NGOs and the military. Separate meetings were held with female community members via 
meetings organised by the Women’s Affairs Federation. Stakeholders were given the 
opportunity to raise their concerns, suggestions and recommendations.  

During each of the meetings in round one and two, a presentation was provided which was 
followed by questions and answers. Plates ES.10, ES.11 and ES.12 show meetings with 
Bawdwin and Namtu community members and the Monks Association. 

The third round of consultation was made challenging by the significant spread of the 
COVID19 virus and the lockdown placed on Yangon residents by the Ministry of Health and 
Sports. To enable the consultation to continue, a process of digital consultation was established 
in accordance with ECD’s notification relating to consultation guidelines during Covid19.  A 
series of videos were created to provide updated project information to the communities and 
distributed via memory stick widely in Bawdwin and Namtu and through the WMM website 
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to other stakeholders. Questions from the community were communicated via household 
leaders to the EIA consultant and answered by WMM. 

Results of consultation 

Round 1 

Key areas of interest and issues raised in the first round of consultation included: 

 Project development, infrastructure requirements, layout and planning, including queries 
regarding waste management, maintenance and current stage of the study. 

 Resettlement and compensation. 

 Local development and improvement of living standards, education, health, infrastructure 
and economy. 

 Employment. 

 Public consultation importance, accessibility (availability in multiple languages) and 
inclusion of minorities. 

 Benefits to the local community and Myanmar, and importance of the project to regional 
development. 

 Mine closure. 

 Project proponent background and ownership structure. 

 Transparency and disclosure. 

Round 2 

Key areas of interest and issues raised in the second round of consultation included: 

 Resettlement, including location, internally displaced persons, compensation, 
accountability, provision of burial grounds, and accessibility to services, community 
infrastructure and land. 

 Peace, security and Ethnic Armed Organisations (EAO). 

 Public consultation including importance, inclusion of minorities, understanding local 
community needs and incorporation of consultation findings in EIA. 

 Transparency and disclosure 

 Employment, in-migration, skills/training and livelihoods 

 Project development, existing contamination, alternatives, scoping, timing, infrastructure 
requirements, layout and planning, including queries regarding waste and water 
management, future mining plans and Free, Prior and Informed Consent of the community 

 Health impacts 

 Local businesses and regional development 

 Preservation of cultural heritage and destruction of buildings in accordance with religious 
belief and practice. 
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 Access to education and health services for surrounding communities. 

 Ensure clear understanding of Government expectations for environmental /community 
funds management. 

Round 3 

<<To come once communication of EIA has been completed. It was not possible to complete 
the third round of public consultation due to COVID-19 restrictions and civil unrest related to 
the political situation in Myanmar. The third round of public consultation was commenced, 
however the component which addressed impact assessment findings was not able to be 
delivered due to reasons outlined above. >> 
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Plate ES.10 Bawdwin community meeting 

 
Plate ES.11 Namtu community meeting 
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Plate ES.12 Monks Association meeting   
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Environmental and social management framework 

Environmental and social management framework 

The environmental and social management framework (ESMF) provides the project with a 
system for designating roles/responsibilities, management measures and performance 
outcomes so that legislative, stakeholder and good practice requirements are addressed in the 
environmental and social management plan (ESMP) and to allow ongoing monitoring of 
performance so that improvements are made where identified. The framework is implemented 
through the overarching ESMP (Attachment 4).  

The ESMF is applicable to all project phases: pre-construction (planning and approvals); 
construction (implementation); operations (mining and production); decommissioning and 
closure; and post-closure. The ESMF guides the implementation of environmental, social and 
cultural management through integrating WMM policies and procedures with Myanmar 
legislation, guidelines and standards as well as adopted international guidelines and standards. 
The ESMF and ESMP align with WMM policies and procedures regarding the environment, 
communities and cultural heritage. 

Environmental and social management plan 

The ESMP (see Attachment 4) outlines the integrated management, monitoring, auditing and 
reporting processes and requirements for specific environmental, social and cultural aspects 
during all phases of the project. This ESMP includes the following components:  

 Project phases. 

 The policy and regulatory framework for the management of environmental, social, health 
and cultural heritage. 

 Responsibilities of personnel implementing the ESMP. 

 A summary of the impacts and hazards associated with the project and mitigation measures. 

 Overall budget for implementation of the ESMP. 

 The monitoring and reporting regime that will be implemented. 

 Sub-plans to address specific mitigation and management requirements for different 
environmental, social, health and cultural heritage aspects. 

Figure ES.16 provides an overview of the environmental and social management framework 
and associated management plans. 

The approach taken towards environmental and social management will involve monitoring, 
auditing, recording and reporting results of monitoring and compliance with commitments and 
regulatory obligations. This will be undertaken to measure impacts and verify the predictions 
made in this EIA, determine the effectiveness of management measures and demonstrate 
compliance with permits and regulations.  
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Figure ES.16 Environmental and social management framework 
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အစီရင်ခံစာအကျဉ်းချuပ် 

နိဒါန်း 

ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်းကုမဏီလီမိတက်သည ်ြမန်မာိုင်င ံရှမ်းြပည်နယ်ေြမာက်ပိုင်းရှိ ေငွ၊ ခဲ၊ သွပ် 
ထွက်ရှိသည့် ှစ်ေပါင်း ၆၀၀ သကတ်မ်းရှိေသာ ေဘာ်တွင်းသတတွင်း (ေဘာ်တွင်းစီမံကိန်း)ကို 
ြပန်လည်ဖွံဖိးေအာင ်ေဆာင်ရွက်ိုင်ရန ်အဆိုြပထားပါသည်။ ေဘာ်တွင်းစီမံကိန်း၏ တည်ေနရာမှာ 
ြမန်မာိုင်ငံမိေတာ်၏ အေရှေြမာက ်၃၈၅ ကီလိုမီတာခန်တွင ်တည်ရှိပီး နမတူမိ၏ အေရှဘက် 
၁၁ ကီလိုမီတာ အကွာအေဝးခန်ှင့် ရှမ်းြပည်နယ်၏ မိကီးတစ်ခုအပါအဝင်ြဖစ်ေသာ လားိးမိ၏ 
အေရှဘက ်၄၀ ကီလိုမိတာခန်အကွာအေဝးတွင ်တည်ရိှပါသည်။ တည်ေနရာြပေြမပံုအား (ES-1) ၌ 
ေဖာ်ြပထားပါသည်။ 

လက်ရှိအချနိ်ကာလ၌ ေဘာ်တွင်းသတတွင်းကီးသည ် ဟငး်လင်းပွင့ ် တူးေဖာ်ထားမ တစ်ခု၊ 
ေြမေအာက်သတ တူးေဖာ်ေနြခင်းှင့ ်သတသန်စင်ြခင်းဆိုင်ရာ အေြခခံအေဆာက်အအံုများရှိသည်။ 
ေဘာ်တွင်းစီမံကိန်းတွင ်ယခင ်တူးေဖာ်ခဲ့သည့် ဟင်းလင်းပွင့ ်သတတွင်းအား တိုးချဲကာ ဆက်လက် 
တူးေဖာ်ြခင်း၊ သတသန်စင်ြခင်းလုပ်ငန်းစ ် အသစ်အတွက ် အေထာက်အကူြပ အေြခခံ 
အေဆာက်အအံုများ တည်ေဆာက်ြခင်းတို ပါဝင်သည်။  စီမံကိန်းလုပ်ငန်းသည် ၁၃ ှစ်ကာခန ်
တူးေဖာ်ိုင်မည်ြဖစ်ပီး ေငွ၊ ခဲ၊ သွပ် ပါဝင်ေသာ သတများအား တစ်ှစ်လင ် သတသန်စင်ိုင်မ 
ခန်မှန်းေြခ တန်ချနိ်ေပါင်း ၃.၀ သန်းခန် ထုတ်လုပ်မည် ြဖစ်ပါသည်။ ထိုအြပင ် သတတွင်းအား 
ဆက်လက်တိုးချဲိုင်မည့် အလားအလာရှိပီး သတတွင်း သက်တမ်းှစ်ေပါင်း ၅၀ ခန်အထိ 
ထုတ်လုပ်သွားိုင်မည်ြဖစ်သည်။ ေဘာ်တွင်းသတတွင်း၌ ခဲ၊ ေင ွ ှင့် သွပ် သတသယံဇာတ 
အရင်းအြမစ ်တန်ချနိ် ၁၀၀ သန်းခန်ရှိိုင်မည်ဟ ုခန်မှန်းထားပါသည်။ 

ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်းကုမဏီလီမိတက်သည ် ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဥပေဒ (၂၀၁၂) ခုှစ် 
အရ ထုတ်ြပန်ထားေသာ ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်းှင့်အညီ 
ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းေဆာင်ရွက်ိုင်ရန ် Coffeey Myanmar Limited ှင့် Valentis 
Services Limted (Coffeey & Valentis) တိုအား အပ်ှံခဲ့ပါသည်။ Coffeey & Valentis တိုသည် 
ေဘာ်တွင်းစီမံကိန်းအတွက ် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်း အစီရင်ခံစာ မူကမ်းအား 
ြပင်ဆင်ခဲ့ေသာ်လည်း လက်ရှိအရပ်ရပ်ေသာ အေြခအေနများအရ အစီရင်ခံစာ ြပင်ဆင်ြခင်း 
လုပ်ငန်းစအ်ား ဆက်လက်ေဆာင်ရွက်ိုင်ြခင်း မရိှခ့ဲပါ။ ထိုေကာင့ ် ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း 
ကုမဏီလီမိတက်သည ် အီးဂတ်ပတ်ဝန်းကျင်ဆိုင်ရာ ဝန်ေဆာင်မ လုပ်ငန်းအား ေဘာ်တွင်း 
စီမံကိန်းအတွက ် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းအစီရင်ခံစာကို ြပန်လည် ြပင်ဆင်ြခင်း 
လုပ်ငန်းစ်များ ဆက်လက်ေဆာင်ရွက်ိုင်ရန ် ေမလ၊ ၂၀၂၃ ခုှစ်တွင ် ဆက်သွယ်ခဲ့ပါသည်။ 
ထိုေနာက ်အီးဂတ်ပတ်ဝန်းကျင်ဆိုင်ရာဝန်ေဆာင်မလုပ်ငန်းသည ်၂၀၂၃ ခုစှ်၊ ဇွန်လ၊ ၁ ရက်ေနတွင် 
အစီရင်ခံစာြပင်ဆင်ြခင်းလုပ်ငန်းစ်များကို စတင်ေလ့လာမများ ြပလုပ်ခဲ့ပါသည်။ 
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ေနာက်ခံအေြကာင်းအရာ 

ေဘာ်တွင်း သတတွင်းသည ် သတတူးေဖာ်ြခင်းများ စတင်ခဲ့သည့် ၁၅ ရာစုမှစ၍ ကမာေပတွင် 
ှစ်အကာဆံုးှင့် အေရးပါဆံုးေသာ အေြခခံသတများ ထုတ်လုပ်ေသာ သတတွင်းကီးတစ်ခု 
ြဖစ်ပါသည်။ ေဘာ်တွင်းသတတွင်း၏ ေနာက်ခံသမိုင်းအေကာင်းအရာကို အဆင့် (၅) ဆင့် 
ခွဲြခားိုင်ပါသည်။ 

 ေရှးေဟာင်းသုေတသန မှတ်တမ်းများအရ ြဖစ်ိုင်ေြခရှိေသာ သတိုင်းများကို အေစာဆံုး 

ရှာေဖွေတွရှိြခင်းဟ ုဆုိုိင်သည်။  

 တုတ်ုိင်ငံ၏ သတတွင်းလုပ်ငန်းတစ်ခုသည် ေဘာ်တွင်း သတတွင်း၌ ၁၄၁၂ ခုှစ်မှ စတင်၍ 

၁၈၆၈ ခုှစ် အထိ လုပ်ကုိင်ေဆာင်ရွက်ခ့ဲသည်။ ဤအဆင့်တွင် ER ချိင့်ဝှမ်းှင့် နနပ်န်ယွန်းတုိ၌ 

ေငွသတအမျိးအစားကုိသာ တူးေဖာ်ခဲ့ပါသည်။ သတိုင်းများကို လုပ်ငန်းတည်ရှိရာ 

ေနရာ၌ပင ် အရည်ကျိပီး ခဲသတကွယ်ဝေသာ စွန်ပစ်အစုိင်အခဲများကုိ နန်ပန်ယွန်း 

ချိင့်ဝှမ်း၌ပင် စုပုံထားရိှခ့ဲပါသည်။ Plates  ES 1ှင့် ES-2 တုိတွင် ေဘာ်တွင်း ဧရိယာအတွင်း 

တုတ်ုိင်ငံ၏ သတတွင်းလုပ်ငန်းတစ်ခု ေဆာင်ရွက်ခ့ဲသည့် အေထာက်အထားကုိ 

ေတွုိင်သည်။ 

 ကချင်ြပည်နယ်ှင့် ရှမ်းြပည်နယ်ရှိ ေဒသခံများ၏ အကန်အသတ်ြဖင့် အေသးစား 

လုပ်ကိုင်ေသာ သတလုပ်ငန်းများကို ၁၈၆၈ ခုှစ်မှ ၁၉၀၁ ခုှစ်အထိ ေတွရသည်။ 

 ၁၉၀၁ ခုှစ်၊ ဗိတိသ ကိုလိုနီေခတ်ှင့် ကိုလိုနီေခတ ် လွန်ကာလမ ှ ၁၉၆၂ ခုှစ် 

အများြပည်သူပိုင်အြဖစ ် မသိမ်းဆည်းခင်ကာလ အထိ၊ ၁၉ ရာစ ု အေစာပိုင်းှစ်များတွင် 

ခဲဓာတ်ကွယ်ဝေသာ ေချာေချး (ေဘာ်ေကျာက)် များကို ြပန်လညသ်န်စင်ြခင်း လုပ်ငန်းများကို 

စတင်ခဲ့ပီး ဟင်းလင်းဖွင့် တူးေဖာ်ြခင်းှင့ ် ေြမေအာက်တူးေဖာ်ြခင်း လုပ်ငန်းများကို 

ေဆာင်ရွက်ခဲ့သည်။ ၁၉၂၈ ခုှစ်၊ ၁၉၃၈ ခုှစ ် ကာလများသည် သတတွင်းလုပ်ငန်း၏ 

ထုတ်လုပ်ိုင်မ အတည်ငိမ်ဆံုးှင့် ထုတ်လုပ်ိုင်မ အေကာင်းဆံုး ှစ်ကာလများြဖစ်ခဲ့ပီး 

အြမင့်ဆံုး ထုတ်လုပ်ိုင်မမှာ ခန်မှန်းေြခအားြဖင့် တစ်ှစ်လင ်သတိုင်းပမာဏ တန်ချနိ် ၅ 

သိန်းအထ ိ အများဆံုးထုတ်လုပ်ိုင်ခဲ့သည်။ Plate အမှတ် (ES-3) တွင ် ခန်မှန်းမ အားြဖင့် 

ဗိတိသလူမျိးများှင့် တုတ်လူမျိးများ လုပ်ငန်းများေဆာင်ရွက်ေနသည်ကို 

ေဖာ်ြပထားသည်။ 
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 သတတွင်းလုပ်ငန်းကို ၁၉၆၂ ခုှစ်မှ ၂၀၀၉ ခုှစအ်ထ ိ အများြပည်သူပိုင်အြဖစ် 

သိမ်းဆည်းခဲ့သည့် ကာလြဖစသ်ည်။ အေသးစား သတတူးေဖာ်မလုပ်ငန်းများကို 

ဆက်လက်လုပ်ကိုင်ခဲ့ေသာ်လည်း ၂၀၀၉ ခုှစ်တွင ်ပိတ်သိမ်းခဲ့သည်။ 

ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်းကုမဏီလီမိတက်သည ်သယံဇာတှင့ ်သဘာဝပတ်ဝန်းကျင ်ထိန်းသိမ်းေရး 
ဝန်ကီးဌာနေအာက်ရှိ အစိုးရသတတွင်းလုပ်ငန်း၊ အမှတ် (၁) သတတွင်းလုပ်ငန်း (ME-1)ှင့် 
ထုတ်လုပ်မအေပ ခွဲေဝသည့ ် စနစ်ြဖင့် ၂၀၀၉ ခုှစ်၊ ဒီဇငဘ်ာလ ၃၁ ရက်ေနတွင ် သေဘာတူ 
စာချပ်ချပ်ဆိုထားခဲ့ပီး ထိုစ်ကတည်းကပင ် ထုတ်လုပ်မအေပ ခွဲေဝသည့် စနစ်ြဖင့ ် ခွင့်ြပမိန်ှင့် 
စာချပ်ပါ စည်းကမ်းများအတိုင်း သတတွင်းှင့် သတသန်စင်ြခင်းဆိုင်ရာ အေထာက်အကူြပ ပစည်း 
များအား ြပြပင်ထိန်းသိမ်းေစာင့်ေရှာက်သည့် လုပ်ငန်းများကို ြပန်လည်ေဆာင်ရွက်ခဲ့သည်။ 
၂၀၂၀ ြပည့်ှစ ် ေှာင်းပိုင်းတွင ် ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း ကုမဏီလီမိတက်သည ် ယခင် 
ဟင်းလင်းပွင့ ် သတတွင်းရှိ ေအာက်ဆိုဒ်သတိုင်းများ ထုတ်လုပ်ေနသည့် အေသးစား သတတွင်း 
လုပ်ငန်းများအတွက ် အေထာက်အကူြပေစရန ် ယာ်ယရားများြဖင့် သယ်ယူပိုေဆာင်ိုင်မည့် 
လမ်းတစ်ခုကို ေဖာက်လုပ်ေပးခဲ့သည်။  

 
Figure ES.1 Project location 
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Plate ES.1 Nam Pangyun valley at Bawdwin in 1907 with ruins of Chinese stone huts in 

the right foreground and slag heaps along the valley sides 

 

 
Plate ES.2 Chinese underground workings in Goldhole Valley 
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Plate ES.3 Probable British drive in Goldhole Valley, immediately adjacent to Chinese 

workings 
ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း ကုမဏီလီမိတက်သည ် ေအာက်ဆိုဒ်သတိုင်းများ တူးေဖာ်ြခင်းှင့် 
ကိတ်ခွဲြခင်းတိုကို ၂၀၂၁ ခုှစ်၊ ှစ်လယ်ပိုင်းတွင ် စတင်ေဆာင်ရွက်ိုင်ရန ် ရည်မှန်းထားပီး 
ေဘာ်တွင်းစီမံကိန်းအတွက ် သတိုင်းများကို စတငတ်းူေဖာ်ချနိအ်ထ ိ လုပ်ကိုင်သွားမည်ြဖစ်သည်။ 
အတည်ြပရရှိထားပီးသည့် ခွင့်ြပမိန ် လိုင်စင်များအတိုင်း ေအာက်ဆိုဒ်သတိုင်းများကို 
တူးေဖာ်ထုတ်လုပ်လျက်ရှိပီး ယင်းေဆာင်ရွက်မသည ် ဤပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်း၏ 
နယ်ပယ်အတိုင်းအတာှင့် သက်ဆိုင်ြခင်းမရှိသည်ဟ ုဆိုိုင်သည်။ 
 ES.4 မှ ES.6 အထိ၌ ေြမမျက်ှာသွင်ြပင ် အနိမ့်အြမင့်၊ နမ့်ပန်ယွန်းချိင့်ဝှမ်း၊ 
ဟင်းလင်းပွင့်သတတွင်းှင့် သမိုင်းတွင်ကျန်သည့် အေထာက်အကူြပအေဆာက်အအံုများအပါအဝင် 
ေဘာ်တွင်းသတတွင်း၏ လက်ရှိပတ်ဝန်းကျင ်အေြခအေနများကို ေဖာ်ြပထားသည်။ 

စီမံကိန်းအဆိုြပuသ ူ

ဤစီမံကိန်းအဆိုြပသူသည ် ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း ကုမဏီလီမိတက်ြဖစ်ပီး သယံဇာတှင့် 
သဘာဝပတ်ဝန်းကျင ် ထိန်းသိမ်းေရးဝန်ကီးဌာန၊ အမှတ် (၁) သတတွင်းလုပ်ငန်းှင့် ေဘာ်တွင်း 
သတတွင်းရှိ ခဲ၊ ေငွှင့် သွပ်များ ထုတ်လုပ်ြခင်းလုပ်ငန်းအတွက ် ထုတ်လုပ်မအေပ 
ခွဲေဝသည့်စနစ်ြဖင့် စာချပ်ချပ်ဆိုထားပီး ခွင့်ြပမိန်ကိုလည်း ရရှိထားပီးြဖစ်သည်။ ယင်းစာချပ်ကို 
၂၀၀၉ ခုစှ်၊ ဒီဇင်ဘာလတွင် စတင်ချပ်ဆိုခဲ့ြခင်းြဖစ်ပါသည်။ ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း 
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ကုမဏီလီမိတက်သည ် ြမန်မာိုင်ငံရှိ အေြခခံအေဆာက်အအံုများဆိုင်ရာ စမီံကိန်းများကို 
အဓိကထား ရင်းှီးြမပ်ှံေနသည့် အဖွဲတစ်ခုြဖစ်ေသာ အမျိးသား အေြခခံအေဆာက်အအံုဆိုင်ရာ 
ဟိုးဒင်း ကုမဏီလီမိတက ် (National Infrastructure Holdings Company Limited) ၏ ကုမဏီခွဲ 
တစ်ခုြဖစ်ပီး လက်ရှိတွင ်စုစုေပါင်း ဝန်ထမ်း ၄,၀၀၀ ေကျာ ်ခန်အပ်ထားိုင်ခဲ့ပီြဖစ်သည်။ 

 

 
Plate ES.4 Steep terrain near Bawdwin 
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Plate ES.5 Nam Pangyun valley facing Bawdwin upper village and the open pit 

 
Plate ES.6 Marmion Shaft headframe and winding house 
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မူဝါဒ၊ စည်းမျဉ်းဥပေဒများနှင့် အဖွဲ့အစည်းဆိုင်ရာ မူေဘာင်များ 

သတတူးေဖာ်ြခင်း လုပင်န်းကကိ ု အေြခခံအားြဖင့် သယံဇာတှင့် သဘာဝပတ်ဝန်းကျင် 
ထိန်းသိမ်းေရး ဝန်ကီးဌာန၏ သတတွင်းဦးစီးဌာန၊ ဘူမိေဗဒေလ့လာေရးှင့ ်ဓာတ်သတရှာေဖွေရး 
ဦးစီးဌာနများမှတဆင့် ိုင်ငံေတာ်ပိုင ်သတတွင်းလုပ်ငန်း (၄) ခုြဖင့် ကီးကပ်စီမံေဆာင်ရွက်ပီး ဤ 
စီမံကိန်းအတွက ် အဓိက ပူးေပါင်းေဆာင်ရွက်ရေသာ ိုင်ငံေတာ်ပိုင်လုပ်ငန်းမှာ အမှတ် (၁) 
သတတွင်းလုပ်ငန်း ြဖစပ်ါသည်။ 
ေဘာ်တွင်းသတတွင်း၌ လုပ်ငန်းများေဆာင်ရွက်ခွင့်ှင့် ဓာတ်သတထုတ်လုပ်ခွင့်များကို အမှတ် (၁) 
သတတွင်းလုပ်ငန်းှင့် ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်း ကုမဏီလီမိတက်တိုအကား ထုတ်လုပ်မအေပ 
ခွဲေဝသည့် စာချပ်စနစ်ြဖင့် လက်ရှိတွင ် တရားဝင ် ေဆာင်ရွက်ေနြခင်း ြဖစ်ပါသည်။ ေဘာ်တွင်း 
သတတွင်းအား ြပန်လည ် အေကာင်အထည်ေဖာ ် ေဆာင်ရွက်ြခင်းတွင ် အကျိးအြမတ်ရရှိေစမည့် 
စီးပွားေရးတစ်ခ ု ြဖစ်ေစရန ် အကီးစားထုတ်လုပ်မ ခွင့်ြပမိန ် သက်တမ်းတိုးြမင့်ြခင်း၊ 
သတတွင်းတူးေဖာ်မ သက်တမ်း (၁၃) ှစ ် ကာလအတွင်း ေခတ်မီနည်းပညာများအတွက် 
ရင်းှီးြမပ်ှံြခင်းှင့် ေြမေအာက်တူးေဖာ်ြခင်းလုပ်ငန်းြဖင့် စီးပွားြဖစ ် ေဆာင်ရွက်ိုင်ပါက ှစ်ေပါင်း 
၅၀ အထ ိတူးေဖာ်ခွင့် ရရှိရန်လိုအပ်ပါသည်။ 
ြမန်မာိုင်င ံ ရင်းှီးြမပ်ှံမဥပေဒ (၂၀၁၆) ခုှစ်အရ အကီးစား ဓာတ်သတထုတ်လုပ်ြခင်း 
အဆိုြပစီမံကိန်းများ အပါအဝင် အဓိက ှင့်/ သုိမဟုတ် အေရးပါေသာ စီမံကိန်းလုပ်ငန်းများသည် 
ြမန်မာိုင်င ံ ရင်းှီးြမပ်ှံမေကာ်မရှင ် (MIC) ှင့် အြခားသက်ဆိုင်သည့် အစိုးရဌာနများ၏ 
ကိတင်ခွင့်ြပချက်ရရှိရန်လိုအပ်မည် ြဖစ်သည်။ ယင်းတွင ် ိုင်ငံြခားသားရင်းှီးြမပ်ှံသည့် 
ထုတ်လုပ်မစီမံကိန်းများ၏ ြမန်မာိုင်ငံရင်းှီးြမပ်ှံမ ေကာ်မရှင ်အတည်ြပချက်၊ အဆိုြပစီမံကိန်း၏ 
ဘာေရး၊ နည်းပညာှင့် ထုတ်လုပ်မဆိုင်ရာ ေမာ်မှန်းချက်များပါဝင်ေသာ ေလာက်လာများလည်း 
ပါဝင်သည်။ ေဘာ်တွင်းသတတွင်း၏ အရွယ်အစားှင့် အေရးပါမတိုေကာင့် ိုင်ငံြခားသား 
ရင်းှီးြမပ်ှံမြဖင့် ေဆာင်ရွက်ရာတွင ် ြမန်မာိုင်ငံရင်းှီးြမပ်ှံမ ေကာ်မရှင်၏ ခွင့်ြပမိန် ရရှိရန် 
လိုအပ်မည်ြဖစ်သည်။ ဤခွင့်ြပမိန်တွင ် စီမံကိန်းလုပ်ငန်းတစ်ခုအတွက ် စီမံကိန်းဆိုင်ရာ အဓိက 
လိုအပ်ချက်များှင့် မည်သည့် စီမံကိန်းအမျိးအစားအတွက်မဆို သတ်မှတ်ထားသည့် အာမခံမကို 
ရင်းှီးြမပ်ှံသူတစ်ဦးမ ှရရှိမည်ြဖစ်သည်။ 
 
ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်းကုမဏီလီမိတက်၏ ြဖစ်ေြမာက်ိုင်စွမ်းအရ ေလ့လာထားရှိေသာ 
အရင်းအြမစ်ဆိုင်ရာ သတ်မှတ်ချက်ကို အေြခခ၍ံ ထုတ်လုပ်မအေပ ခွဲေဝသည့် စာချပ်ပါ 
အချက်အလက်များှင့် ခွဲေဝရရှိိုင်ခွင့်များကို ချနိ်ညိ၊ တိုးြမင့်ြခင်းများ ေဆာင်ရွက်ိုင်ရန် 
ေဆွးေွးညိိင်းမများ ေဆာင်ရွက်လျက်ရှိသည်။  
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စီမံကိန်းလုပ်ငန်းသည် ေအာက်ေဖာ်ြပပါ ဥပေဒများအပါအဝင် စီမံကိန်းှင့် သက်ဆိုင်သည့် ဥပေဒ၊ 
နည်းဥပေဒများှင့ ်စည်းမျ်းစည်းကမ်းများအတိုင်း ေဆာင်ရွက်သွားမည်ြဖစ်သည ်-  

 ြမန်မာ ့သတတွင်း ဥပေဒ (၁၉၉၄) 

 ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဥပေဒ (၂၀၁၂) 

 ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးနည်းဥပေဒများ (၂၀၁၄) 

 အမျိးသားပတ်ဝန်းကျင်ဆိုင်ရာ အရည်အေသွး (ထုတ်လတ်မ) လမ်းန်ချက်များ (၂၀၁၅) 

 ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်း (၂၀၁၅) 

ထပ်မံလုပ်အပ်မည့် အတည်ြပခွင့်များအတွက ် ကေပါင်းစံုမ ှ ဥပေဒ၊ နည်းဥပေဒများလည်း 
ဤစီမံကိန်းမ ှလိုက်နာ ေဆာင်ရွက်ရမည်ြဖစ်သည်။ 
ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းအတွက ်လိုအပ်ချက်များကို ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဥပေဒှင့ ်
နည်းဥပေဒများတွင ်ချမှတ်ထားသည်။ ထိခိုက်သက်ေရာက်မရှိိုင်ေသာ ဖွံဖိးတိုးတက်ေရး စီမံကိန်း 
များအတွက် ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းလုပ်ငန်းစ်များ အေထာက်အက ူ ြပေစိုင်ရန် 
ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်းအား ပတ်ဝန်းကျင်ထိန်းသိမ်းေရး ဥပေဒ၊ 
ပုဒ်မ ၄၂၊ ပုဒ်မခွဲ (ခ) အရ ၂၀၁၅ ခုှစ်တွင် ထုတ်ြပန်ခဲ့သည်။  
ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်းများတွင ် ဖွံဖိးတိုးတက်မ အတိုင်း 
အတာ၊ သေဘာသဘာဝတိုအေပ အေြခခံ၍ ဆန်းစစ်မြပလုပ်ရန ် လိုအပ်သည့် အဆင့်များကို 
ထုတ်ုတ်ေဖာ်ြပထားသည်။ အသစ်ေဆာင်ရွက်မည့် စီမံကိန်းလုပ်ငန်းများအားလံုးှင့် ထပ်မံ 
တုိးချဲမည့် စီမံကိန်းလုပ်ငန်းများသည် ထိခိုက်သက်ေရာက်မရှိေစိုင်ေသာေကာင့် ပတ်ဝန်းကျင် 
ထိခိုက်မဆန်းစစ်ြခင်း အစရီင်ခံစာကိ ုတင်သွင်းရန ်လိုအပ်ပီး အတည်ြပချက်ရရှိထားသည့် စီမံကိန်း 
တစ်ခုအတွက ်သတ်မှတ်ထားေသာ စည်းမျ်းစည်းကမ်းများပါဝင်ေသာ ပတ်ဝန်းကျင ်ထိန်းသိမ်းေရး 
ဆိုင်ရာ လိုက်နာေဆာင်ရွက်မ သက်ေသခံလက်မှတ ် (ECC) ၏ ပံုစံြဖင့် အတည်ြပချက ် ရရှိမည် 
ြဖစ်သည်။ 
ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်း (၂၀၁၅) ၏ အပိုဒ ် (၂၃) ၌ 
ပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ အတည်ြပချက်လုပ်ငန်းစ်များအတွက ် စိစစ်ြခင်းအဆင့်များကို 
ေဖာ်ြပထားပါသည်။ အဆုိပါ ေဖာ်ြပချက်များတွင ်အဓိကအားြဖင့် -  

 စီမံကိန်းအဆိုြပသူသည ်စီမံကိန်းအဆိုြပလာအြပည့်အစံုကို ပဏမ စိစစရ်န ်သယံဇာတှင့် 

သဘာဝ ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဝန်ကီးဌာန သို တင်သွင်းရမည်ြဖစ်သည်။ ေဘာ်တွင်း 

စီမံကိန်းအတွက ် စီမံကိန်း အဆိုြပလာအြပည့်အစံုကို ဝင်းြမင့်မိုရ ် စက်မလုပ်ငန်း 

ကုမဏီလီမိတက်မ ှအမှတ် (၁) သတတွင်း လုပ်ငန်းသို ၂၀၁၈ ခုှစ်၊ ေအာက်တိုဘာလတွင် 
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တင်သွင်းခဲ့ပီး ပတ်ဝန်းကျင်ထိန်းသိမ်းေရး ဦးစီးဌာနမှ ြပန်လည ် ြပင်ဆင်ရန်ေပးပိုခဲ့သည့် 

သေဘာထားမှတ်ချက်များကို ၂၀၁၉ ခုှစ ် မတ်လတွင ် ြပန်လည်ြပင်ဆင်ပီး 

တင်သွင်းခဲ့ပါသည်။ 

 သယံဇာတှင့ ် သဘာဝပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဝန်ကီးဌာန (စီမံကိန်းလုပ်ငန်းှင့် 

သက်ဆိုင်သည့် အာဏာပုိင်များ) သည် စီမံကိန်းအဆုိြပလာအား စိစစ်ြခင်းှင့်   ပတ်ဝန်းကျင် 

ထိခုိက်မဆန်းစစ်ြခင်းဆုိင်ရာ လုပ်ထုံး လုပ်နည်း၊ ေနာက်ဆက်တဲွ (က) ှင့်အညီ ရင်းီှးြမပ်ံှမ 

စီမံကိန်းအမျိးအစားများအလုိက် ပတ်ဝန်းကျင် ထိခုိက်မ ဆန်းစစ်ြခင်းေဆာင်ရွက်ရန် 

လုိအပ်သည့် စီမံကိန်းအမျိးအစားများကုိ သတ်မှတ်ြခင်းတုိကုိ ေဆာင်ရွက် ုိင်သည်။ 

  ဝန်ကီးဌာနသည် စီမံကိန်းအမျိးအစား အေပမူတည်၍  ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်း 

ြပလုပ်ရန ် လိုအပ်သည့် စီမံကိန်းအမျိးအစား သိုမဟုတ် ကနဦးပတ်ဝန်းကျင်ဆန်းစစ်ြခင်း 

ြပလုပ်ရန ်လိုအပ်သည့် စီမံကိန်း အမျိးအစား သိုမဟုတ် မည်သည့် ဆန်းစစ်ြခင်းမ ှြပလုပ်ရန် 

မလိုအပ်သည့် စီမံကိန်းအမျိးအစားများ ကို ေရွးချယ်သတ်မှတ်ိုင်သည်။ ေမလ၊ ၂၀၁၉ 

ခုှစ်တွင ် ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်း ြပလုပ်ရန ် လိုအပ်သည့် စီမံကိန်း အမျိး 

အစားများကို ဦးေဆာင်န်ကားေရးမှး ကိုယ်စား အေထွေထွမန်ေနဂျာမ ှေရွးချယ်မ ြပလုပ် 

ခဲ့သည်။ 

 စီမံကိန်းအဆိုြပသူသည ် ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းလုပ်ငန်းစ်များ ေဆာင်ရွက်ရန် 

(ပတ်ဝန်းကျင ် ထိန်းသိမး်ေရးဦးစီးဌာနမ ှ အတည်ြပထားသည့် တတိယအဖွဲအစည်းများ) 

ပတ်ဝန်းကျင်ဆိုင်ရာ အြကံေပး များ၏ အေသးစိတ ် အေကာင်းအရာေဖာ်ြပချက်များကို 

တင်သွင်းရမည်ြဖစ်သည်။ အဆိုြပ စီမံကိန်းအတွက ် ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်း 

ေဆာင်ရွက်မည့် Coffey & Valentis သည ် န်ကားေရးမှးချပ် (သယံဇာတှင့် 

သဘာဝပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဝန်ကီးဌာန) ကိုယ်စား န်ကားေရးမှးမှ 

တတိယအဖွဲအစည်းအြဖစ ်ဩဂုတ်လ၊ ၂၀၁၉ ခုှစ်တွင် အတည်ြပေပးပီးြဖစ်သည်။ 

 Coffey & Valentis သည ်ေဘာ်တွင်းစီမံကိန်းအတွက ်ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်း၏ 

နယ်ပယ်အတိုင်း အတာသတ်မှတ်ြခင်း အစီရင်ခံစာအား စတင်ြပင်ဆင်ခဲ့ေသာ်လည်း လက်ရှိ 

အေြခအေနများေကာင့ ် အစီရင်ခံစာအား ဆက်လက်ေဆာင်ရွက်ိုင်ြခင်းမရှိပါ။ ထိုေကာင့် 

စီမံကိန်းအဆိုြပသူသည ် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်း အစီရင်ခံစာအား ဆက်လက် 

ေဆာင်ရွက်ိုင်ရန ်အြခားတတိယအဖွဲအစည်းအား ေရွးချယ်ြခင်းဆိုင်ရာ ပံုစံကို တင်သွင်းခဲ့ 

ပါသည်။ အဆိုြပ စီမံကိန်းလုပ်ငန်းအတွက ်ပတ်ဝန်းကျင်ဆိုင်ရာ အြကံေပးပုဂိလ ်သိုမဟုတ် 
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အဖွဲအစည်းအြဖစ ် ေဆာင်ရွက်ရန ် အီးဂတ် ပတ်ဝန်းကျင်ဆိုင်ရာ ဝန်ဆာင်မအား  

န်ကားေရးမှးချပ ် (သယံဇာတှင့ ် သဘာဝပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဝန်ကီးဌာန) 

ကိုယ်စား န်ကားေရးမှးမ ှ၁၉ - ၀၅ - ၂၀၂၃ ခုှစ်တွင် အတည်ြပေပးခ့ဲပါသည်။ 

 ပတ်ဝန်းကျင်ထိခုိက်မဆန်းစစ်ြခင်းေဆာင်ရွက်ရန် လုိအပ်သည့် စီမံကိန်းအမျိးအစားများအတွက် 

အတည်ြပြခင်း ဆိုင်ရာ ြခံငံု သိရှိိုင်မည့် လုပ်ငန်းစ်များကို ES-2 တွင ်ေဖာ်ြပထားပါသည်။ 

 ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ လုပ်ထံုးလုပ်နည်း၊ အပိုဒ ် ၆၂ မှ ၆၃ အထိ 

ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းှင့ ် ပတ်ဝန်းကျင်စီမံခန်ခွဲမအစီအစ်များတွင် 

ပါဝင်ရမည့် အေကာင်းအရာများကို ေဖာ်ြပထား သည်။ ဤ အစီရင်ခံစာတွင ် ြမန်မာိုင်ငံ 

သတတွင်း လုပ်ငန်းများအတွက ်ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစြ်ခင်း ဆိုင်ရာ လမ်းန်ချက် 

(၂၀၁၈) မူကမ်းပါ ထည့်သွင်းေဖာ်ြပရမည့် အချက်များှင့် ိုင်ငံတကာတွင ် ေဆာင်ရွက် 

လျက်ရှိသည့် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်း၊ ပတ်ဝန်းကျင်ှင့်လူမေရးဆိုင်ရာ 

စီံမံခန်ခွဲမအစီအစ်များ၏ အေကာင်းအရာများှင့် စံချနိ်စံန်းများကို ထည့်သွင်း စ်းစား၍ 

ေဖာ်ြပထားသည်။ 
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Figure ES.2 Myanmar’s EIA approvals process  
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အြခားေဆာင်ရွက်နိုင်ေသာ နည်းလမ်းများ 

စီမံကိန်းလုပ်ငန်းှင့်စပ်လျ်း၍ အြခားေဆာင်ရွက်ိုင်ေသာ နည်းလမ်းများကို နယ်ပယ်အတိုင်းအတာ 
သတ်မှတ်ြခင်း၊ အကိ ြဖစ်ိုင်ေြခများကို ေလ့လာဆန်းစစ်ြခငး်၊ ြဖစ်ိုင်ေြခများကို 
ေလ့လာဆန်းစစ်ြခင်းများ ေဆာင်ရွက်ခဲ့သည့် ၂၀၁၈ ခုှစ်မှ ၂၀၂၀ ြပည့်ှစ်အထ ိအဆင့်ဆင့် ြပန်လည် 
သံုးသပ ် ြပင်ဆင်ထားပါသည်။ စီမံကိန်းလုပ်ငန်းှင့်စပ်လျ်း၍ အြခားေဆာင်ရွက်ိုင်ေသာ 
နည်းလမ်းများအေပ အကဲြဖတ်ြခင်းအား ေအာကေ်ဖာ်ြပပါ အဓိကအချက်များကို ထည့်သွင်း၍ 
စ်းစားခဲ့ပါသည် -  

 သတသိုက်များ၏ သေဘာသဘာဝ၊ စီမံကိန်းမှ ကျခံိုင်မည့် အသံုးစရိတ်၊ သတိုင်းများမှ 

အကျိးအြမတ်ြဖစ်ထွန်းေစရန ် ထုတ်လုပ် သန်စင်ိုင်မ အစရှိသည့် စီးပွားြဖစ်ထွန်းမဆိုင်ရာ  

ကန်သတ်ချက်များကို ထည့်သွင်းစ်းစားြခင်း၊ 

 သတသိုက်များ၏ တည်ေနရာ သိုမဟုတ် တည်ရိှမ၊ အေြခခံအေဆာက်အအံုများ 

လံုေလာက်မ အပါအဝင် ုပ်ဝတပိုင်းဆိုင်ရာ ကန်သတ်ချက်များ၊ ရာသီဥတု၊ ေြမယာခင်းှင့်် 

ေြမမျက်ှာသွင်ြပင်အပါအဝင ် ပထဝီဝင်ဆိုင်ရာ ကန်သတ်ချက်များကို 

ထည့်သွင်းစ်းစားြခင်း၊ 

 ပတ်ဝန်းကျင်ဆိုင်ရာ အရည်အေသွးများှင့် အေလးထားရမည့် ေရထုအရည်အေသွး 

(ေြမေပေရ အရည်အေသွးှင့် ေြမေအာက်ေရ အရည်အေသွး)၊ ေြမယာ 

(ဇီဝမျိးစံုမျိးကွဲများှင့် ေြမဆီလာများ အပါအဝင)် ှင့ ် ေလအရည်အေသွးများကို 

ထည့်သွင်းစ်းစားြခင်း၊ 

 စီးပွားေရး၊ လူမေရး၊ ကျန်းမာေရးှင့ ် ယ်ေကျးမ အေမွအှစ ် အစိတ်အပိုင်းများှင့် 

အနီးဝန်းကျင်ရှိ လူမအသိုက်အဝန်းများ၏ တည်ရှိမများအပါအဝင် လူမေရးဆိုင်ရာ 

ကန်သတ်ချက်များကို ထည့်သွင်း စ်းစားြခင်း၊ 

စီမံကိန်းမှ အြခားေဆာင်ရွက်ိုင်ေသာ နည်းလမ်းများအား အကဲြဖတ်ဆန်းစစ်ရာတွင ်-  
 လက်ရှ ိ ဟငး်လင်းပွင့ ် တူးေဖာ်မအား တိုးချဲြခင်း သိုမဟုတ် ေြမေအာက်သတတူးေဖာ်မ 

ေဆာင်ရွက်ြခင်း၊ 

 လက်ရှ ိ အေြခခ ံ အေဆာက်အအံုများကို အဆင့်ြမင့် ြပြပင်ြခင်း သိုမဟုတ် 

အေဆာက်အအံုအသစ်များ တည်ေဆာက်ြခင်းများအပါအဝင် သတသန်စင်ြပြပင်ြခင်း 

လုပ်ငန်းစ်များအတွက ်ေရွးချယ်ြခင်း၊ 

 ေရေကာင်းေရသန်ရရှိိုင်မည့် အရင်းအြမစ်၊ 
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 ဓာတ်အားလပ်စစ ် အလံုအေလာက်ရရှိေစိုင်ရန ် လက်ရှိလည်ပတ်ေနသည့် ေရအား 

လပ်စစ်အား အဆင့်ြမင့်တင်ြခင်း၊ မဟာဓာတ်အားလိုင်းြဖင့် သွယ်တန်းြခင်း သိုမဟုတ် 

ဓာတ်အားလပ်စစ ်အသစ်တပ်ဆင်ြခင်းတိုကို ေရွးချယ်ေဆာင်ရွက်ြခင်း၊ 

 ေဘာ်တွင်းသို သွားေရာက်ိုင်ရန ် လက်ရှ ိ ေဖာက်လုပ်ထားပီးသား လမ်းများ၊ 

ပတ်လမ်းများကို အသံုးြပြခင်း သိုမဟုတ် နမတူမှ သွားေရာက်ိုင်မည့် လမ်းအသစ်အား 

ေဖာက်လုပ်ြခင်း၊ 

စီမံကိန်းလုပ်ငန်းအား ဆက်လက်လုပ်ကိုင်ြခင်း မရှိသည့် ေရွးချယ်မ (ဥပမာ - စီမံကိန်း ေဆာင်ရွက်မ 
မရှိြခင်း) တိုကိုလည်း ထည့်သွင်းစ်းစားခဲ့သည်။ ယင်းတွင် -  

 စီမံကိန်းလုပ်ငန်းေဆာင်ရွက်ြခင်း မရိှပါက စီမံကိန်းမ ှ ရရှိလာမည့် လုပ်ခလစာ၊ 

ေလ့ကျင့်သင်ကားေပးမများ၊ လပု်ငန်းခွင ် အေတွအြကံ၊ လူထအုေြခြပ 

အေြခခံအေဆာက်အအံု၊ စီးပွားေရးှင့် လူမအသိုက်အဝန်း ဖွံဖိးမများကဲ့သို  လူမ 

စီးပွားေရးဆိုင်ရာ အကျိးအြမတ်များလည်း ရရိှုိင်မည် မဟုတ်ပါ။ 

 စီမံကိန်းလုပ်ငန်းေဆာင်ရွက်ြခင်း မရိှပါက ယခင်က ေဆာင်ရွက်ခဲ့သည့် သတတွင်း 

လုပ်ငန်းများေကာင့် ပတ်ဝန်းကျင ် သိုမဟုတ ် ကျန်းမာေရးတိုအေပ ြဖစ်ေပခဲ့ေသာ 

သက်ေရာက်မများကို  ေလာ့ချေဆာင်ရွက်ိုင်မည့် နည်းလမ်းများလည်း ရရှိိုင်မည် 

မဟုတ်ပါ။ 

 ဤပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်း အစီရင်ခံစာတွင ် ေဖာ်ြပထားသည့် စီမံကိန်းှင့် 

စပ်လျ်းသည့် ဇီဝ ုပ်ပုိင်းဆုိင်ရာ လူမေရးဆိုင်ရာ သက်ေရာက်မများလည်း ရှိမည် 

မဟုတ်ပါ။ 
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စီမံကိန်းအေြကာင်းအရာေဖာ်ြပချက ်

ေဘာ်တွင်းသတတွင်းသည ် ၎င်း၏အရည်အေသွးှင့ ် အရွယ်အစားအရ ကမာ့အဆင့် သတတွင်း 
တစ်တွင်း ြဖစ်ပါသည်။ ဝင်းြမင့်မိုရ်မ ှေဆာင်ရွက်ေနေသာ ရှာေဖွတူးေဖာ်ြခင်းရလဒ်အရ ခန်မှန်းသတ 
အရင်းအြမစ်များတွင ် တိုးတက်လာသည့် ရလာဒ်များ ရရှိခဲ့ပီး ယခုအခါ တစ်ကမာလံုးဆိုင်ရာ 
အကီးဆံုးသတအရင်းအြမစ်များထဲများတွင ် စာရင်းဝင်ေနပါသည်။ ေဘာ်တွင်းစီမံကိန်းအတွက် 
၂၀၁၈ ခုနစ်ှင့် ၂၀၂၀ ခုနစ်ကားထဲတွင ်နယ်ပယ်အတိုင်းအတာသတ်မှတ်ြခင်း၊ ကိတင်ြဖစ်ိုင်ေချ 
ှင့် ြဖစ်ိုင်ေချများ ေလ့လာြခင်းများကိ ု ေဆာင်ရွက်ခဲ့ပါသည်။ JORC Code (2012 Edition) ထဲရှိ 
လမ်းန်းချက်များှင့် အညီ ဇွန်လ ၂၀၂၀ြပည့်ှစ်တွင ် စီမံကိန်းအေပ အေြခခံ၍ 
တွက်ချက်ထားေသာ အရံသတိုင်းများကို ထုတ်လုပ်ခဲ့ပီး ဇယား ES.1 တွင်ေဖာ်ြပထားပါသည်။  

၂၀၂၀ ြပည့်နှစ်၊ ဇွန်လ ၁၅ ရက်ေန့ရှ ိအရံသတ္တuရိုင်းတွက်ချက်မုြပဇယား ES.1 

အမျuိးစားခွဲြခားြခင်း တန်ချနိ် ( 
သန်းေပါင်း) 

ခဲ(ရာခိုင်နုန်း) ေင(ွရာခုိင်နုန်း) သွပ်(ရာခိုင်နုန်း) 

လက်ေတွတွက်ချက်မ - - - - 
ြဖစ်ိုင်ေချတွက်ချက်မ ၃၂.၀ ၄.၆ ၁၁၃ ၂.၅ 
စုစုေပါင်း ၃၂.၀ ၄.၆ ၁၁၃ ၂.၅ 

ဟင်းလင်းပွင့်တူးေဖာ်ြခင်းအတွင်း စွနပ်စ်ပစည်းများ၏ ၁၆၃.၉ သန်းတန်တွင ် စွန်ပစ်စည်းများမှ 
သန်စင်ရရှိေသာ သတိုင်း အချိး ၅.၂း၁ ရှေိသာ အရံသတိုင်းကို ရရှိပါသည်။ ဟင်းလင်း 
ပွင့်တူးေဖာ်ြခင်းမ ှဖယ်ရှားရေသာ ေကျာက်၏ စုစုေပါင်းအေလးချနိ်သည ်တန်ချနိ် သန်းေပါင်း ၁၉၅.၉ 
ရှိပါသည်။  

ပုံES.3သည ်ရှမ်း၊ တုတ်ှင့် Meingtha lodes အတွက ်ေဘာ်တွင်းသတတွင်း၏ အေပမှ ြမင်ရေသာ 
အေနအထားှင့် အလျားလိုက်ြဖတ်၍ ြမင်ရေသာ အေနအထားှစ်ခုလံုးကိ ုြပထားပါသည်။.  

စီမံကိန်းသည် ခဲှင့်ေင ွ ပါဝင်သည့် ထုတ်ကုန်ှင့် သွပ် ပါဝင်သည့် ထုတ်ကုန ် ှစ်မျိးကို လည်ပတ် 
ေနသည့် စက်ံုမ ှထုတ်လုပ်ပါမည်။ ေငွှင့်ခဲအတွက ်ေရှဆက်ထုတ်လုပ်ိုင်သည့် အလားအလာသည် 
ပိုမိုေကာင်းမွန်ပါသည်။ 

ေဘာ်တွင်းသတတွင်းစီမံကိန်းသည ်အနာဂတ်တွင ်ကျယ်ြပန်စွာ ေရရှည ်သတေဖာ်လည်ပတ်ိုင်ေရး 
အတွက ် ခိုင်မာေသာ အေြခခံအုတ်ြမစ်များ ချမှတ်ထားပါမည်။ ေအာက်ေဖာ်ြပပါ ကနဦး ၁၃ှစ် 
သတတွင်း သက်တမ်းတွင ်တုတ်၊ ရှမ်း ှင့် Meingtha Lodes များ၏ မတူးေဖာ်ရေသးေသာ သတ 
အရင်းအြမစ်များကို ဦးစားေပးတူးေဖာ်ပါမည်။ မိုင်းနယ်နိမိတ်ချဲထွင်တူးေဖာ်ေလ့လာြခင်းကို 
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စီမံကိန်း၏ ေဆာက်လုပ်ချနိ်ှင့ ် လည်ပတ်ချနိ်များတွင် တပိင်နက်ဆက်လက ် လုပ်ေဆာင် 
သွားပါမည်။ 

ြမန်မာိုင်ငံ၏ ိုင်ငံေရးှင့် စီးပွားအသစ ် ြပန်လည်ထူေထာင်ေရးများေကာင့် သတတူးေဖာ်ေရး 
အခန်းကတွင ် ရင်းှီးြမပ်ှံမအေနြဖင့် ချက်ချင်းသိသိသာသာ တိုးတက်လာရန ် ေမာ်လင့်ထား 
ပါသည်။ ိုင်ငံေတာ်အဆင့်တွင ် သတတူးေဖာ်ေရးအခန်း ကအေနြဖင့်  ဖွံဖိးတိုးတက်မှင့် 
ရင်းှီးြမပ်ှံမတိုသည ်တဟုန်ထိုးတိုးတက်လာပါသည်။ ေဘာ်တွင်းသတတွင်းတိုးတက်လာသည့်ှင့် 
တစ်ပိင်နက ်သတတူးေဖာ်ြခင်းနယ်ပယ်မ ှ GDP ပူးေပါင်းပါဝင်မတွင ်အလားအလာရှိေသာ သိသာ 
ထင်ရှားသည့ ်အေြပာင်းအလဲများ ရှိလာလိမ့်မည်ဟ ုေမာ်မှန်းရပါသည်။  

ဝင်းြမင့်မိုရ်သည ် အခုလက်ရှိေဘာ်တွင်းမိုင်းတွင်းကို ပို၍ကီးမားပီး ေခတ်မီေသာ မိုင်းတွင်းလုပ်ငန်း 
အြဖစ ် ြပန်လည်ဖွံဖိးလာေစရန ် ရည်ရွယ်ထားပါသည်။ ြပန်လည်ဖွံဖိးေရးလုပ်ငန်းတွင ်အခုလက်ရှိ 
အေြခခံအေဆာက်အဦများကို ဖိဖျက်ြခင်း၊ မိုင်းတွင်းတူးေဖာ်ြခင်းှင့် လပု်ေဆာင်ေနဆဲ 
လုပ်ငန်းများကို အေထာက်အပံ့ြဖစ်ေစရန ် အေြခခံအေဆာက်အအံုအသစ်များကို တည်ေဆာက်ြခင်း 
များ ပါဝင်ပါမည်။ 

ဇယား ES.2 သည ် စီမံကိန်းတွင ် ပါဝင်ေသာ အစိတ်အပိုင်းအချက်အလက်များကို ေဖာ်ြပထားပီး 
စီမံကိန်း၏ ေနရာချထားမပံုစံကို ပုံ ES.4 တွင ် တင်ြပထားပါသည်။ စီမကံိန်း အြပင်အဆင်၏ 
သံုးဘက်ြမင ်ြမင်ကွင်းကို ပုံ ES.5 တွင ်ေဖာ်ြပထားပါသည်။ 

စီမံကိန်းကာလသည ် ေဘာ်တွင်းှင့် ကျားစခန်းေကျးရွာရှိ ေနထိုင်သူများ အတွက ် ြပန်လည်ေနရာ 
ချထားြခင်းဆိုင်ရာ သေဘာတူညီချက်များအပါအဝင ်လိုအပ်သည့် စီမံကိန်းဆိုင်ရာ ခွင့်ြပချက်များကို 
ရယူေလာက်ထားြခင်းှင့ ် စီမံကိန်း၏ ဘာေငွတိုအေပတွင ် မူတည်ပါသည်။ ေဘာ်တွင်း သတ 
တွင်း၏ ြပန်လည်ဖွံဖိးေရးအတွက ် အချနိ်ကာလသတ်မှတ်ချက်ကိ ု ပုံ ES. 6 တွင ် သတ်မှတ် 
ေဖာ်ြပထားပီး ၂၂လကာ ဒီဇိုင်းပံုစံ၊ ေဆာက်လုပ်ြခင်းှင့် အစီအစ်ေပတွင ်အေြခခံထားပါသည်။ 

စီမံကိန်းအတွက ် ပိတ်သိမ်းြခင်းှင့် ြပန်လည်ေနရာချထားြခင်း အစီအစ်များကို ြပင်ဆင်ထား 
ပါသည်။ ဝင်းြမင့်မိုရ်သည ်ပဏာမ ပိတ်သိမ်းြခင်းအတွက ်ရည်ရွယ်ချက်များှင့ ်ေြမအသံုးချမများကို 
ေဖာ်ထုတ်ခဲ့ပါသည်။ လုပ်ငန်းပိတ်သိမ်းြခင်း၏ မူလရည်ရွယ်ချက်သည ် ပိတ်သိမ်းပီးေနာက ်
စီမံကိန်းရှိ ပတ်ဝန်းကျင်၏ ညစ်ညမ်းမများကို ကန်သတ်ြခငး်၊ သဘာဝပတ်ဝန်းကျင်ဧရိယာှင့် 
လိုက်ေလျာညီေထွမရှိသည့် သဘာဝနည်းလမ်းအားြဖင့် ရှင်သန်ိုင်ေသာ အပင်များ ေထာက်ပံ့ြခင်း၊ 
အကျိးသက်ေရာက်မရှိေသာ ရပ်ရွာအတွက ် လက်ဆင့်ကမ်းလဲေြပာင်းြခင်း ပံုစံြဖင့် ကျန်ရှိေနေသာ 
ေကာင်းမွန်သည့် အေမွအှစ်များှင့် ကိုယ်ထူကိုယ်ထနည်းအားြဖင့် ရပ်တည်ိုင်ေသာ ရပ်ရွာဖွံဖိး 
တိုးတက်ေရးအတွက ် အစီအစ်များ  ထားရှိေပးြခင်း အစရိှသည့် ြဖစ်ိုင်ေချရှိေသာ နည်းလမ်းကို 
ထိခိုက်ပျက်စီးသွားသည့် ဧရိယာများတွင ်ြပန်လည်ေနရာချထားရန ်ြဖစ်ပါသည်။  
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Figure ES.3 Lead (Pb) block model of the Shan, China and Meingtha lodes 
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ဇယား ES.2 စီမံကိန်းအစိတ်အပိုင်းအချက်အလက်များ 

အစိတ်အပိုင်း ေဖာ်ြပချက ်

သတတူးေဖာ်ေရးနည်းလမ်း  သမားိုးကျအကီးစား ေြမေပဟင်းလင်းပွင့်မိုင်းတူးေဖာ်ြခင်း 
 သတတူးေဖာ်ေရးနည်းလမ်းတွင ်ေြမသယ်ကားများ၊ 

ဘူဒိုဇာများ၊ ေဆာက်လုပ်ေရးလုပ်ငန်းတွင်သံုးေသာ 
ကိရိယာများှင့ ်တူးစင်များကို အသံုးြပပါမည ် 

 သတိုင်းှင့် ဝန်ပိုများကို ေဖာက်ခွဲြခင်းနည်းြဖင့် ေလျာ ့
ချပါမည် 

ဟင်းလင်းပွင့်တူးေဖာ်ြခင်း 
အတိုင်းအတာများ 

 အခုလက်ရှ ိေြမေပဟင်းလင်းပွင့် တူးေဖာ်ထားေသာ မိုင်းကို 
အနက်ှင့် အကျယ်ကို ခန်မှန်းေချ ၅၄.၀ ဧကမှ အနည်း ဆုံး 
၂၄၂.၇ ဧကအထိ (၂၁.၉ ဟက်တာမှ ၉၈.၂ ဟကတ်ာ) အထ ိ
တိုးချဲ သွားပါမည် 

ေဆာက်လုပ်ေရးအချနိ်ကာလ  ဒီဇိုင်းပံုစံေရးဆွဲြခင်း၊ ေဆာက်လုပ်ြခင်းှင့် တာဝန် 
ေပးအပ်ြခင်း အချနိ်ကာလမှာ ၂၂ လ ြဖစ်ပါသည်။ 

မိုင်းသက်တမ်း  စီစ်ေရးဆွဲချဲထွင်ထားေသာ သတ ေြမေပ ဟင်းလင်းပွင့် 
တူးေဖာ်ြခင်း၏ သက်တမ်းမှာ ၁၃ ှစ်ြဖစ ်ပါသည်။ 

 စူးစမ်းရှာေဖွြခင်းကို အဆိုြပတင်သွင်းထားပီး မိုင်းတွင်း 
သက်တမ်းကို ှစ ်၅၀ အထ ိတိုးရန ်အလားအလာရှိပါ သည်။ 
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မိုင်းတွင်း စွန်ပစ် 
ေကျာက်တံုးများ စီမံခန်ခွဲြခင်း 

 ၁၆၃.၉ သန်း တန်ချနိ်ရှိေသာ စွန်ပစ်ေကျာက်ခဲများကို 
စီမံကိန်းမ ှထွက်ရှိပါသည် 

 စွန်ပစ် ေကျာက်ခဲများကို ေဝါလက်ချိင့်ဝှမ်းတွင ်             
တည် ေဆာကမ်ည့် စွန်ပစ်ေကျာက်ခဲစုပံုေနရာတွင ်
စွန်ပစ်မည်ြဖစ်ပီး အချိကို TSF တည်ေဆာက်ရန ်
အသံုးြပသွားမည ်ြဖစ်ပါသည်။ 

 ေဝါလက်စွန်ပစ်ေကျာက်ခဲစုပံုထားရာေနရာကို Benches များ၊ 
ေြမထိန်းနံရံများ ပါဝင်သည့် ပံုစံြဖင့် တည် ေဆာကပ်ါမည်။ 

 ဘူမိဓာတုစံုစမ်းစစ်ေဆးြခင်းသည ်စွန်ပစ်ပစည်းများ (သို) 
ေရုတ်ေြမာင်းမ ှစွန်ပစ်အစိုင်အခဲပစည်းများတွင ်
အဆင့်ြမင့်မားေသာ သတများ ပါဝင်ိုင်ေချများသည်ကို 
ေဖာ်န်းပါသည်။ ထိုအြပင ်အနည်းငယ်ေသာ 
စွန်ပစ်ေကျာက်များတွင ်
အက်ဆစ်ဓါတ်ေပေပါက်ိုင်ေချရှိပါသည်။ 

 စွန်ပစ်ေကျာက်ခဲများစုဖွဲြခင်းမ ှြဖစ်ိုင်ေချရှိေသာ           
အက်စစ်များ စီမံခန်ခွဲြခင်းှင့် သံသတပါဝင်မများအတွက ်
ပတ်ဝန်းကျင်ကို အရာယ်ြဖစ်ေစိုင်မကို ေလျာ့ကျေစသည့် 
ဒီဇိုင်းများှင့် ေကာင်းမွန်ေသာ စီမံခန်ခွဲြခင်းတိုအား 
လုိအပ်ပါသည်။ 

 စိမ့်ထွက်လာေသာ အနည်များှင့် စီးဆင်းလာေသာ 
အနည်များကို စုေဆာင်းရန်ှင့် လိုအပ်လင ် 
ေရသန်စင်ြခင်းကို ကိတင်ြပလုပ်ိုင်ရန်အတွက ်
စွန်ပစ်ေကျာက်ခဲပံု၏ ေအာက်ေြခဘက်တွင ်အနည်အှစ် 
ုန်းစစ်ကနသ်ံုးခုကို အတွဲလိုက ်ေဆာက်လုပ်ထားပါမည်။ 
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ဆင့်တက်ြပြပင်ြခင်း  စက်ံုအသစ်ကို ေဘာ်တွင်းသတတွင်း ဧရိယာထဲတွင ်
ေဆာက်လုပ်သွားပါမည် 

 သတိုင်းကို တစ်ှစ်လင ်၃ မက်ထရစတ်န်န်းအထ ိ
တိုးြမင့်ထုတ်လုပ်ပါမည ် 

 သတိုင်းထုတ်လုပ်ြခင်းတွင ်ကိတ်ခွဲကိတ်ေြခြခင်းများှင့်  
ခဲ-ေင ွှင့် သပွ ်တိုအား ခွဲြခားြခင်းတို ပါဝငပ်ါသည်။ 

 များစွာေသာ ဓာတ်ြပပစည်း (ဓာတုပစည်း) များကို 
ဓာတ်သတထုတ်လုပ ်ြခင်းလုပ်ငန်းစ်အတွင်း အသံုးြပပါ 
မည်။ 

 ခွဲြခားထားေသာ ခဲ - ေင ွှင့် သွပ်သတများကို အခဲအြဖစ ်
ြပလုပ်ကာ စစ်ထုတ်ပီးေနာက ်သိုေလှာင်ထားပီး ြပည်ပသို 
တင်ပိုရန ်အတွက ်ကွန်တိန်နာများအေပ တင်ပိုြခင်းများကို 
ြပလုပ်ပါမည် 
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အကွင်းအကျန်များကို 
စီမံခန်ခွဲြခင်း 

 ၃၂.၂ မက်ထရစ်တန်ရှိေသာ သတအကွင်းအကျန်များကို 
လည်ပတ်ေနသည့်စက်ံုမ ှစွန်ပစ်ထုတက်ုန်အေနြဖင့် 
ထွက်ရှိမည ်ြဖစ်ပါသည်။ 

 သတအကွင်းအကျန်များတွင ်ုန်းများ၊ သဲများ၊ ရွံများှင့် 
လုပ်ငန်းသံုးေရများ ပါဝင်ပါမည်။ 

 အကွင်းအကျန်များအား ေတာင်ကားချိင့်ဝှမ်းရှ ိTailings 
Storage Facilities သံုးခုအနက ်တစ်ခုစီသို ပိုက်လိုင်းြဖင့် 
ပိုေဆာင ်ပါမည်။ 

 Tailings Storage Facilities အားလံုးသည ်
ဟင်းလင်းပွင့်သတတူးေဖာ်ြခင်းအေပပုိင်းတွင ်တည်ရှိသည့် 
နန်ပန်ကန်း ြမစ်ဖျားပုိင်းတွင် တည်ရိှပါသည်။ 

 အကွင်းအကျန်သိုေလှာင်ံုသံုးခု၏ ေယဘုယျ  
အကျယ်အဝန်းသည ်၃၀၈.၉ ဧက ရှိပါသည်။ 

 Tailings Storage Facilitiesများကို ိုင်ငံတကာ 
အေကာင်းဆံုး လမ်းန ်ချက်များ အညီ 
ေရပိုများကိုဖယ်ရှားရန်ှင့် စိမ့်ထွက်လာ ေရများကို 
အသီးသီးစုေဆာင်းရန ်ေရေြမာင်းစနစ်များ ပါဝင်သည့် ဒီဇိုင်း 
များြပလုပ်ထားပါသည်။ 

သတသန်စင်ထုတ်လုပ်ြခင်း  ခဲ ေင ွအနည်အှစ်၏ ၁၉၃ ktpa နီးပါး 
 သွပ် အနည်အှစ်၏ ၁၀၂ ktpa နီးပါး  
 အနည်အှစ်များကို ဘူဒိုဇာြဖင့် သိုေလှာင်ံု၏အြမင့် တဝက ်

ေပ၂၀ အထ ိဖံုးလမ်းသွား သည်အထ ိြဖည့်တင်း ပါမည်။ 

အေြခခံအေဆာက်အဦများ 
စီမံေဆာင်ရွက်ြခင်း 

 အေြခခံအေဆာက်အဦများစီမံေဆာင်ရွက်ြခင်းတွင ်
စက်ံုအသစ်တည်ေဆာက်ြခင်းှင့် Tailings Storage 
Facilities၊ အလုပ်ံု၊ ေရသိုေလှာင်ကန်၊ 
ဓာတ်ပစည်းသိုေလှာင်ံု၊ ဓာတ်ခွဲခန်း တိုပါဝင်သည့် 
သက်ဆိုင်ေသာ အေြခခံအေဆာက်အအံုများ ပါဝင်ပါမည်။ 
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ေရေထာက်ပံြခင်းှင့် 
စီမံခန်ခွဲြခင်း 

 စီမံကိန်းတွင ်ေသာက်သံုးေရ၊ တည်းခိုစခန်း၊ 
မိုင်းတူးေဖာ်ေနေသာ ဧရိယာှင့် စက်ံု လည်ပတ်ြခင်း 
အတွက်မိုးေရ၊ြမစ်ေရ၊ေချာင်းေရတိုကို လုိအပ်ပါသည်။   

 ပံုမှန်လုပ်ငန်းလည်ပတ်ေနသည့် အေြခအေနတွင ်
လုပ်ငန်းသံုးေရလိုအပ်သည့် စုစုေပါင်းပမာဏသည ်
တစ်နာရီလင ်၁၅၀.၉ ကုဗမီတာ ရှိပါသည်။.  

 စီမံကိန်းအတွက ်လိုအပ်ေသာေရကို စိုစွတ်ေသာရာသီဥတုတွင ်
မူလ နမ့်လ ေချာင်းှင့် နမ့်ပန်ကန်းေချာင်းမှ ေပါင်း၍ 
စီးဆင်းလာေသာ ေရစီးေကာင်းှင့် တာတမံအတွင်းရှိ 
သိုေလှာင်ထားေသာ ေရ အသံုးြပြခင်း၊ Tailing Storage 
Facilities မှ စစ်ထုတ်ထားေသာ ေရများကို ြပန်လည ်
အသံုးြပပါမည်။ 

ပိုကုန်လမ်းေကာင်းှင့် 
ေထာက်ပံ့ေရးလမ်းေကာင်း 

 သန်စင်ပီးသတများကို ေဘာ်တွင်း 
သီးသန်လမ်းေကာင်းအသစ်မှ နမတူသို ပိုေဆာင်ပါမည်။ ထိုမ ှ
တဆင့် ကုန်တင်ကားများသည ်အများြပည်သူသံုးလမ်းြဖင့် 
လားိးသို ပုိေဆာင်ပီး ိုင်ငံတကာ ေဈးကွက်ထဲသို 
ြဖန်ြဖးပါမည်။ 

 စီမံကိန်းအတွက ်ဗဟိုသိုေလှာင်ံုှင့် 
အဓိကပိုေဆာင်ေရးလမ်းေကာင်းကို လားိးမိတွင ်
တည်ေဆာက်ထားပါမည်။ သတကွန်တိန်နာများကို 
အဓိကလမ်းေကာင်းသို ပိုေဆာင်ပီးေနာက ်ကုန်တင်ကားများ 
ေပတင်ပီး ဆက်လက်ပိုေဆာင်သွားပါမည်။ 
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မိုင်းတွင်းအဝင်လမ်း  အများသံုး နမတူ - မန်တံုလမ်းသည် ေဘာ်တွင်းသို အဝင် 
လမ်းေကာင်းကို လက်ရှိေထာက်ပံ့ေပးပီး စီမံကိန်းအတွက် 
အဓိကလမ်းေကာင်းကိုမ ူ ေထာက်ပံ့ေပးြခင်း မရှိပါ။ 
ဤလမ်းေကာင်းကိ ု ေဆာက်လုပ်ေရး ကာလအတွင်း 
သတ်မှတ်ထားသည့် အချနိ်ကာလ တစ်ခုထိသာ 
အသံုးြပသွားပါမည်။ 

 နမတူမှ ကျားစခန်းသို လမ်းေကာင်းသစ်ကို နမတူမှ 
ကျားစခန်းသို ေဖာက်လုပ်ပီးေသာ ရထားလမ်းကုိ 
ဖယ်ရှားေနစ်အတွင်း ေဆာက်လုပ်သွားရန ် ရည်ရွယ် 
ထားပါသည်။ 

 ကျားစခန်းမ ှစက်ံုသွားရာ လမ်းအသစ ်(စက်ံုသွားလမ်း) ကို 
ဆိုက်ထဲသို သွားလာရလွယ်ကူေစရန ်ရည်ရွယ ်ထားပါသည်။ 

 အြခားအဝင်လမ်းသစ်များသည ်နမ့်လ ေရသိုေလှာင်ကန်၊ 
TSFs၊ တည်းခိုစခန်းရှိေသာ စီမံကိန်းေနရာများသို 
သွားလာိုင်ေစရန် ေထာက်ပံ့ေပးပါမည်။ 

 ဟင်းလင်းပွင့်တူးေဖာ်ထားေသာမိုင်းတွင်းကို စက်ံုှင့် စွန်ပစ် 
သတပံု ထားေသာေနရာသို ဆက်သွယ်ရန ်
ှစ်လမ်းသွားကားလမ်းသစ်အား ေဖာက်လုပ်ထားပါမည်။ 

 စီမံကိန်းတွင ်အကီးစားယာ်အသွားအလာများရှိပါမည်။ 
လားိးှင့် နမတူကား အများြပည်သူသံုးလမ်းမကီးေပ 
သတတင်ေဆာင်လာေသာ ကုန်တင်ကားများသည ်
တစ်ရက်လင ်အေခါက်ေရ ၆၀ှင့် ၉၀ ကားရှိပါမည်။ 

အိမ်ရာများ  လူေပါင်း ၁၄၀၀နီးပါး ေနထိုင်ိုင်ေသာ ဝန်ထမ်းအိမ်ရာများကို 
ေဆာက်လုပ်သွားပါမည်။ 

 စီမံကိန်းတည်ေဆာက်စ်ှင့် လည်ပတ်စ်ကာလများအတွင်း 
ဝန်ထမ်း အိမ်ရာများကို အသံုးြပ သွားပါမည်။  

 ေဒသခ ံလုပ်သားြပည်သူများသည ်သူတို၏အိမ်တွင်သာ 
ေနထိုင်ကပီး ဆိုက်ထဲသို ေနစ်ကိပိုေပးပါမည်။ 
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အစိတ်အပိုင်း ေဖာ်ြပချက ်

အလုပ်အကိုင်အခွင့်အလမ်း  ေဆာက်လုပ်ေရးကာလအတွင်း ဝန်ထမ်းေပါင်း ၂,၂၈၅ 
ေယာက်ထ ိ 

 လုပ်ငန်းလည်ပတ်စ်ကာလအတွင်း ဝန်ထမ်းေပါင်း ၁,၁၁၅ထ ိ
 ဝင်းြမင့်မိုရ်သည ် ဦးစားေပး အလုပ်အကိုင်မူဝါဒအရ ေဒသခံ 

အဖွဲအစည်းများ၏ အဖွဲဝင်များကို ခွဲေဝေပး၍ ရရှိိုင်မည့် 
အလုပ်အချိးအစားများကို အများဆုံး ြဖစ်လာေစရန ်
ရှာေဖွသွားပါမည်။ 

 ဝင်းြမင့်မိုရ်သည ်ေဒသခ ံလုပ်သားြပည်သူများ၏ လုပ်အားများ 
ဖွံဖိးတိုးတက်လာေစရန ် အလုပ်အကိုင်ှင့်ေလ့ကျင့်ေရး 
အစီအစ်များကို အေကာင်အထည်ေဖာ ်ေဆာင်ရွက်သွားမည်။ 

 

ဖျက်သိမ်းြခင်းအဆင့်သည ် မိုင်းတူးေဖာ်ေရး ရပ်စဲပီးေနာက်တွင ် စတင်ပီး အချနိ်၂ ှစ်မှ ၃ှစ်ထိ 
ယူရန ် ေမာ်မှန်းထားပါသည်။ ၎င်းအဆင့်တွင ် အေြခံအေဆာက်အဦများ၊ လိုအပ်သည့် အ ေထာက် 
အပံ့တိုက်ခန်းများ၊ စက်ပစည်းကိရိယာများှင့် ဝန်ေဆာင်မများကိ ု ပျက်ဖျက်ြခင်းများပါဝင်ပါမည်။ 
ပျက်စီးသွား သည့်ဧရိယာများ ြပန်လည ် ြပြပင်ထိန်းသိမ်းပီး စိုက်ပျိးသွားပါမည်။ ေြမေပဟင်းလင်း 
ပွင့်တူးေဖာ်ထားေသာ တွင်းကိုလည်း ေရြဖည့်ပီး အတည်အကျ တွင်းေရကန်ြဖစ်ေပလာေစရန် 
ရည်ရွယ်ထားပါသည်။ စွန်ပစ်သတများ ပံုထားေသာ ေနရာှင့် သတအကွင်းအကျန်များထားရှိေသာ 
Tailings Storage Facilities ေနရာများကို ေြမကီးြဖင့် ဖံုးထားပီး ြမက်များ ြပန်လည်   
စိုက်ပျိးထားပါမည်။ 

ေနာက်ထပ် သိပံနည်းကျ ေလ့လာမများကို အေသးစိတ်ပိတ်သိမ်းြခင်း သေဘာတရားှင့် 
ြပန်လည်ဖွံဖိးေရးအစီအစ်များကို ဖွံဖိးလာေစရန ်လုပ်ေဆာင်သွားပါမည်။ 
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Figure ES.4 Proposed project layout  
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Figure ES.5 Three-dimensional topography of the Bawdwin area with proposed 

development from the Northwest 

 
Figure ES.6 Project Schedule 
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လက်ရှိသဘာဝပတ်ဝန်းကျင်အေြခအေန 

စီမံကိန်းဧရိယာှင့် အနီးပတ်ဝန်းကျင်၏ လက်ရှိုပ်ပိုင်းဆိုင်ရာ၊ ဇီဝေဗဒဆိုင်ရာ၊ လူမစီးပွားှင့် 
ယ်ေကျးမဆိုင်ရာ ပတ်ဝန်းကျင်အေြခအေနများကို စာေတွ ှင့် လက်ေတွကွင်းဆင်း 
စံုစမ်းစစ်ေဆးမများ (အေြခခံအချက်အလက်များ ေလ့လာမများှင့် ကွင်းဆင်း စစ်တမ်း 
ေကာက်ယူမများ) အေပ အေြခခံ၍ သတင်းအချက ်အလက ်များကို စုစည်းပီး ေဖာ်ြပထားပါသည်။  

လက်ရှိရုပ်ပိုင်းဆိုင်ရာ ပတ်ဝန်းကျင်အေြခအေန 

လက်ရှိ ဘူမေိဗဒ၊ ကုန်းေြမပံုသာန ်နှင့် ေြမဆီလွှာ 

စီမံကိန်းအများစုသည ် နမ့်ပန်ကန်းချိင့်ဝှမ်း၊ ER ချိင့်ဝှမ်း၊ ဝါးလားေတာင်ကား  ှင့် 
ဆက်စပ်ြမစ်လက်တက်များ အပါအဝင ် နမ့်ပန်ကန်းေချာင်း၏ မတ်ေစာက်ပီး ေတာင်တန်း 
ထူထပ်ေသာ ေရေဝေရလဲေဒသတွင ် တည်ရှိသည်။ ေတာင်ေစာင်းေြမမျက်ှာသွင်ြပင ် အများစု၏ 
၂၀% ေကျာ်သည ်၃၀ % ေကျာ ်ေလာ်ေစာင်းရှိေသာ ဧရိယာများြဖစ်သည ်(WMM၊ 2019)။ စီမံကိန်း၏ 
အချိေသာ အေြခခံအေဆာက်အအံုအနည်းအကျ်းကိုလည်း အေရှေြမာက်ဘက်ရှိ နမ့်လေရေဝ 
ေရလဲေဒသဟ ု ေခတွင်ေသာ အနီးနားေဒသတွင ် ေတွရသည်။ ေလ့လာမနယ်ပယ်၏ 
ေြမာက်ဘက်ှင့် အေနာက်ဘက်ေထာင့်များတွင ် ကျန်ရှိေနေသာ ေနရာများေအာက ် အနည်းငယ် 
မတ်ေစာက်ေသာ လိင်းထေနေသာ ေတာင်ကုန်းများှင့် ချိင့်ဝှမ်းဧရိယာများရှိသည်။ 

ေလ့လာမဧရိယာတွင်ရှိေသာ ေြမဆီလာများသည ် အဓိကအားြဖင့် ချိင့်ဝှမ်းကမ်းြပင်များေပရှိ 
ေဒသအလိုက ်ုန်းေြမ ှင့် ေကျာက်ေြမ အနည်အှစ်များအြပင် ရာသီဥတုဒဏ်ခ ံေချာ်မန်ေကျာက် 
(မီးေတာင်ြပာများမ ှ ြပလုပ်ထားေသာ ေကျာက်) ှင့် သဲေကျာက်များတိုြဖင ် ဖွဲစည်းထားပီး 
ေဒသတွင်း ဘူမိေဗဒကို ထင်ဟပ်ေစသည်။ ေဘာ်တွင်းေဒသရှိ ေြမဆီလာများတွင ် သတပါဝင်မ 
ြမင့်မားသည်ကို ေတွရပီး ရာစုှစမ်ျားစွာ သတတွင်း တူးေဖာ်ြခင်း၊ သတိုင်း ြပြပင်ြခင်း 
လုပ်ငန်းစ်များ ှင့် စနွ်ပစ်ပစည်းများ စွန်ပစ်ြခင်းေကာင့ ် ပတ်ဝန်းကျင်ဆိုင်ရာ အေမွအှစ် 
ကိစရပ်များှင့် ေဒသတွင်း တွင်းထွက်ဓာတ်သတပညာှင့် ဆက်ယ်ေနေသာ သဘာဝအေလျာက် 
ြဖစ်ေပေနသည့် သတများ စသည်တိုေကာင့် ြဖစ်သည်ဟ ု ယူဆိုင်သည်။ ဟင်းလင်းြပင်ပွင့်များ၊ 
အေရှဘက် ေတာင်ေစာင်းှင့် ကျားစခန်း ဧရိယာများတွင် အာဆင်းနစ်၊ ခဲှင့် သွပ် ပါဝင်မ 
ြမင့်မားသည်ကို ေတွရှိရသည်။ 

ေြမေအာက်ေရအေြခအေန 

စီမံကိန်းဧရိယာအတွင်း ေြမေအာက်ေရကို ဇလဘူမိေဗဒဆိုင်ရာ အစိတ်အပိုင်း ှစ်ခုြဖစ်သည့် 
အက်ေကာင်းရှိ ေကျာက်ေဆာင်အတွင်း ေရေအာင်းလာ ှင့် saprolite ( ရာသီဥတုဒဏ်ခ ံ
အက်မွေနေသာ ေကျာက်ေဆာင်း) ေရေအာင်းလာတိုတွင ်သိုေလှာင်ထားသည်။ Saprolite Aquifer 
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သည ် ပံုမှန်အားြဖင့် ေတာင်ေကာများှင့် အထက်ဆင်ေြခေလာများတွင် ပိုထူပီး 
ေဘာ်တွင်းသတတွင်း၏ ေဒသတွင်း ေနရာများတွင ် ေတွရပီး ချိင့်ဝှမ်းကမ်းြပင်များေပတွင ်
ေတွရှိြခင်းမရှိေပ။ ထိုေဒသရှ ိ စိမ့်စမ်းေရအများအြပားသည ် saprolite aquifer ၏ 
မျက်ှာြပင်အလာြဖစ်ပီး ေြမေအာက်ေရကို စွန်ထုတ်ြခင်း၊ ေြမေပေရအဂါရပ်များအရ စီးဝင်ြခင်းှင့် 
ရပ်ရွာလူထုအတွက ်ေသာက်သံုးိုင်ေသာေရအရင်းအြမစ်ကို ေထာက်ပံ့ေပးြခင်း ြဖစ်သည်။ 

ေြမေအာက်ေရမျက်ှာြပင်ကို ေစာင့်ကည့်ေလ့လာရာတွင ် ေြမေအာက်ေရမျက်ှာြပင် သည် 
ေြမမျက်ှာြပင်ေအာက ် ၂ မီတာေအာက်မ ှ ခန်မှန်းေြခ ၁၅၀ မီတာ ခန်အထ ိ ရှိပီး၊ 
ေလ့လာမဧရိယာအများစုအတွင်း ပံုမှန်အားြဖင့် အက်ေကာင်းရှိ ေကျာက်ေဆာင်များအတွင်း 
ြဖစ်ေကာင်း န်ြပေနသည်။ လက်ရှိ ေြမေအာက်မိုင်းတွင်းမ ှ လုပ်ေဆာင်ေနဆဲြဖစ်ေသာ 
ေြမေအာက်ေရများ ဖယ်ထုတ်ြခင်းသည ် မိုင်းတွင်းအနီးတစ်ဝိုက်ရှိ ေြမေအာက်ေရမျက်ှာြပင်ကို 
နိမ့်ဆင်းလာေစပါသည်။ 

ေဘာ်တွင်းေဒသရှ ိ ေြမေအာက်ေရတွင ် သဘာဝအတိုင်း သတအချိပါဝင်မ ြမင့်မားေနသည်ဟု 
ေမာ်လင့်ထားေသာ်လည်း ကျယ်ြပန်ေသာ သမိုင်းေကာင်းအရ သတတူးေဖာ်ေရး လုပ်ငန်း 
စ်များသည် ဆားများှင့် သတေပျာ်ဝင်မ ပမာဏြမင့်မားေစပီး ေြမေအာက်ေရ ညစ်ညမ်းြခင်းကို 
ြဖစ်ေစပါသည်။ အက်ေကာင်းရှိေကျာက်ေဆာင်အတွင်း ေရေအာင်းလာမ ှ ေြမေအာက်ေရကို 
ေစာင့်ကည့်စစ်ေဆးြခင်းရာတွင ် ဒန်၊ ခေနာက်စမိ်း၊ အာဆင်းနစ်၊ ကက်မယီမ်၊ သံ၊ ခဲ၊ မန်းဂနိစ်၊ 
နီကယ်ှင့် သွပ် တုိ စုစုေပါင်းပါဝင်မ ြမင့်မားေနသည်ကို ေဖာ်ထုတ်ေတွရှိခဲ့ပီး ယင်းတိုသည် 
အလှအပဆိုင်ရာ သိုမဟုတ် ကျန်းမာေရးဆိုင်ရာအေြခခ ံ ေသာက်သံုးေရလမ်းန်ချက်များထက် 
ေကျာ်လွန်ေနသည်ကို ေတွရိှရပါသည်။ Saprolite Aquifer တွင ် ခဲ၊ သံ၊ မန်းဂနိစ်ှင့် ဆာလဖိတ် 
ေပျာ်ဝင်မပမာဏသည ် ိင်းယှ်ထားေသာ ေသာက်သံုးေရအရည်အေသွးသတ်မှတ်ချက်ထက ်
ေကျာ်လွန်ေနပါသည်။ 

ေြမေပါ်ေရအေြခအေန 

ေလ့လာမဧရိယာရှိ အဓိကေရစီးလမ်းေကာင်းများမှာ နမ့်ပန်ကန်း ေချာင်းှင့် နမ့်လေချာင်း 
များြဖစ်ပီး နမတူမိ အနီးရှိ ြမစ်ငယ်ြမစ်အတွင်းသို စီးဆင်းသွားကသည်။ ဤေရစီးလမ်း 
ေကာင်းများ၏ ေြမေပေရအရည်အေသွးသည ် သဘာဝေရအရည်အေသွးကို ထင်ဟပ်ေစံုသာမက 
လက်ရှိေဒသခံများ အနီးပတ်ဝန်းကျင်ေြမယာများကို အသံုးြပြခင်း ှင့် ကျယ်ြပန်ေသာ 
သမိုင်းေကာင်းအရ သတတူးေဖာ်မများှင့် ဆက်စပ်ေနေသာ ပတ်ဝန်းကျင်ဆိုင်ရာ အေမွအှစ် 
ြပဿနာှစ်ရပ်လံုးမှ သက်ေရာက်မများကိုပါ ထင်ဟပ်ေစသည်။ 

နမ့်ပန်ကန်းေချာင်းသည် နမ့်ပန်ကန်းချိင့်ဝှမ်းကို ြဖတ်သန်းစီးဆင်းေနပီး  ကျားတူးေြမာင်း မှ 
ေြမေအာက်ေရထုတ်လတ်မေကာင့် အထူးသြဖင့ ် လက်ရှိမိုင်းတွင်း၏ ေရစုန်ေဒသှင့် ေအာက်ပုိင်း 
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ေရေဝေရလဲေဒသများတွင ် အရာယ်ြဖစ်ေစိုင်သည့် သတအဆင့် ြမင့်မားသည်ဟ ု သတ်မှတ် 
ထားသည်။ ဤညစည်မ်းမသည် ြမစ်ေအာက်ပိုင်းရပ်ရွာများအတွက် ေချာင်း၏ အကျိးရှိစွာ 
အသံုးြပိုင်စွမ်းကို ကန်သတ်ထားပီး ေရလမ်းေကာင်းှင့် ေရေနေဂဟစနစ်များကိုလည်း 
သိသိသာသာ ပျက်စီးေစပါသည်။ နမ့်ပန်ကန်းသည် မိုးရွာသွန်းမကို လျင်ြမန်စွာ တံုြပန်ိုင်ပီး 
အနည်အှစ်များ စီးဆင်းြခင်းြဖစ်ေပေစပီး ေနာက်ဆက်တွဲအေနြဖင့် ေရထဲတွင်ပါဝင်ေသာ 
အမန်အမားစုစုေပါင်းပမာဏ  total suspended solids (TSS) ကိုြမင့်တက်ေစြခင်း ှင့် 
ညစ်ေထးေနာက်ကျမိ ကို ြဖစ်ေစသည်။  

နမ့်လေချာင်းတွင ် သတအများစုပါဝင်မနည်းပီး စွန်ပစ်ပစည်း/ မိလာအညစ်အေကး ပါဝင်မကို 
ေတွရသည်။ နမ့်လေရသွယ်ေလာက်အတွက ် ဝင်ေပါက်ှင့် ဆက်ယ်ေနေသာ ြမစ်ငယ်ြမစ် ှင့် 
ေပါင်းဆံုရာ အထက်ပိုင်းတွင ် ေရလဲဆည်တစ်ခုကို တည်ေဆာက်ခဲ့သည်။ အဆိုပါ 
ေရသွယ်ေလာက်သည ် နမတူေြမာက်ပိုင်းခိုင်အတွက ် ေသာက်သံုးေရရရှိေရး ပံ့ပိုးေပးသည့် 
ေြမဆွဲငင်အားြဖင့် စီးဆင်းေနေသာ တူးေြမာင်းြဖစ်သည်။ 

အေြခခ ံ ေရအရည်အေသွး ေစာင့်ကည့်ြခင်း အကျ်းချပ်ကို ပုံ ES 7 တွင ် ေဖာ်ြပထားပါသည်။ 
ြမစ်ငယ်ြမစ်၏ ေရအရည်အေသွးသည ် နမ့်ပန်ကန်းေချာင်း ှင့် နမ့်လေချာင်းတိုမှ 
ထွက်ရှိလာသည်များေပမူတည်ပီး  ေြမာက်ဘက်ြမစ်ကမ်းပါးေပတွင ် သမိုင်းဝင်သတိုင်းများ 
အရည်ကျိြခင်းလုပ်ငန်းှင့်  ေတာင်ဘက်ြမစ်ကမ်းပါးေပတွင ်သတိုင်းများစုပံုလာပီး ဓာတ်သတ 
တူးေဖာ်ရာမှ ထွက်လာေသာစွန်ပစ်ပစည်းများ စွန်ပစ်ြခင်းအပါအဝင ် နမတူအနီးရှိ သမိုင်းဝင် 
သတိုင်းများ အရည်ကျိြခင်းလုပ်ငန်းစ်များမ ှ ညစ်ညမ်းမများေပျာ်ဝင်စီးဆင်းလာမ   
တိုေကာင့်လည်း ေြပာင်းလဲေစပါသည်။ သတပါဝင်မသည ် နမတူြမစ်အထက်ပိုင်းတွင ် နည်းပါးပီး 
နမတူမှတဆင့် ြမစ်ေအာက်ပိုင်းှင့် နမ့်လြမစ်ဆံုရာတွင ် သတပါဝင်မြမင့်မားလာပီး နမ့်ပန်ကန်း 
ြမစ်ဆံုတဝိုက်တွင်လည်း သတပါဝင်မ၊ ေရထဲတွင်ပါဝင်ေသာ အမန်အမား စုစုေပါင်းပမာဏ (TSS) 
ှင့် ညစ်ေထးမများ သိသိသာသာ များြပားလာပါသည်။ 

မိုးေလဝသအေြခအေန 

ေဘာ်တွင်းေဒသ၏ ရာသီဥတုသည် အဓိကဥတုသံုးပါးရှိေသာ မုတ်သံုရာသီြဖစ်ပီး ေအာက်တိုဘာလ 
ေှာင်းပိုင်းှင့် ေဖေဖာ်ဝါရီလလယ်အကား ေအးြမပီး အေတာ်ေလးေြခာက်ေသွေသာ အေရှေြမာက် 
မုတ်သံုေလြဖစ်၍ ေဖေဖာ်ဝါရီလလယ်ှင့် ေမလလယ်အကားသည ် ပူြပင်း ေြခာက်ေသွေသာ 
မုတ်သံုရာသီြဖစ်ကာ ေမလလယ်ှင့် ေအာက်တိုဘာလေှာင်းပိုင်းအကား အေနာက်ေတာင် 
မုတ်သံုေလသည ် မိုးရွာသွန်းမကို ြဖစ်ေစိုင်သည်။ ှစ်စပ်ျမ်းမ မိုးေရချနိ်လက်မသည ် ၁,၅၆၉ 
မီလီမီတာြဖစ်ပီး အများအားြဖင့် အေနာက်ေတာင ် မုတ်သံုေလှင့်အတူပါလာေသာ မိုးသည် 
အသည်းထန်ဆံုး မိုးရွာသွန်းမကိုြဖစ်ေစသည်။ 
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ေဘာ်တွင်းေဒသတွင ်၂၀၀၀ ှင့် ၂၀၁၈ ခုှစ်ကာလအေတာ်အတွင်း လစ်ပျမ်းမအပူချနိ်အနိမ့်ဆံုးမှာ 
အေရှေြမာက ် မုတ်သံုရာသီတွင်ြဖစ်ပီး ဒီဇင်ဘာလှင့် ဇန်နဝါရီလတွင် လစ်ပျမ်းမအနိမ့်ဆံုးမှာ 
၁၁°C ြဖစ်သည်။ လစ်ပျမ်းမအပူချနိ်အြမင့်ဆံုးမှာ မုတ်သံုစပ်ကားရာသီှင့် အေနာက်ေတာင် 
မုတ်သံုရာသီအတွင်း ြဖစ်ပီး ဇွန်လမှ စက်တင်ဘာလအထ ိလစ်ပျမ်းမအပူချနိ ်အြမင့်ဆံုးမှာ ၂၂ °C 
ြဖစ်ပီး ဧပီလှင့် ေမလတွင် လစ်ပျမ်းမအြမင့်ဆံုးအပူချနိ်မှာ ၃၄°C ြဖစ်သည်။ 

အပူချနိ်တည်ငိမ်မကို ေသွဖယ်မြဖစ်စ်သည ် ညဘက်တွင ် ေြမြပင်များေအးြမလာြခင်းှင့် 
ေလေရလျားမနည်းပါးလားမတိုေကာင့် ပူေွးေသာေလများရှိသည့်အလာေအာက်တွင ် ေအးြမေသာ 
ေလအလာတစ်ခ ု ကျယ်ြပန်လာေသာေကာင့ ် ြဖစ်သည်။ နမတူတွင ်  ေလထုအေြခအေန 
တည်ငိမ်ြခင်းသည ် ပံုမှန်ြဖစ်ေသာ်လည်း ေဘာ်တွင်းေဒသတွင်မ ူ မတ်ေစာက်ေသာ ေြမြပင် 
အေနအထားှင့် ေလများလွတ်လပ်စွာ ေရလျားိုင်မေကာင့် ေလထုအေြခအေန တည်ငိမ်ြခင်းသည် 
ြကံေတာင့်ြကံခ ဲြဖစ်ပီး ြဖစ်ေလ့ြဖစ်ထမရှိပါ။ 

၂၀၁၉ ခုှစ ်စက်တင်ဘာလ မှ ၂၀၂၀ ခုှစ ်ေမလ အတွင်း ေစာင့်ကည့်တိုင်းတာမအရ ေဘာ်တွင်းရှိ 
ေလတိုက်ခတ်မပံုစံများအေပ ပတ်ဝန်းကျင်ေြမမျက်ှာသွင်ြပင်ကများစွာသက်ေရာက်မရှိသည်။ 
အဆုိပါ ကာလအတွင်း ေတာင-်အေနာက်ေတာင ်ေလတိုက်ခတ်မများ ြဖစ်ေပေနပီး ေလတိုက်န်း 
မှာ ေလငိမ်ရာမ ှညင်သာေသာ ေလြပည ် (0 m/s မှ 2.4 m/s အထ)ိ ြဖစ်သည်။ နမတူတွင ်ှစ်စ် 
ေလတိုက်န်းလားရာသည ် ေတာင်ဘက်သို ဦးတည်ေနပီး မုတ်သံုေလသည် ဒီဇင်ဘာလမှ 
ဧပီလအထ ိအားေကာင်းေနပီး ဇွန်လမှ စက်တင်ဘာလအထ ိေလငိမ်သည့် အေြခအေနြဖစ်သည်။ 

ေလအရည်အေသွး 

စီမံကိန်းဧရိယာရှိ ေလထုအရည်အေသွးအေပ သကေ်ရာက်မရှိသည့် အချက်များတွင် 
ေဘာ်တွင်းေဒသှင့ ် နမတူအနီးတစ်ဝိုက်ရှိ လမ်းများ (ေကျာက်စရစ်ခင်း ှင့် ကတရာခင်း၊ 
ေမာ်ေတာ်ယာ်များမ ှ ထုတ်လတ်မများ၊ စက်မလုပ်ငန်းေဆာင်ရွက်မ၊ ခုတ်ထွင်ရှင်းလင်းထားေသာ 
ဧရိယာများတိုက်စားမှင့် သဘာဝေပါက်ပင်များ ေလာင်ကမ်းြခင်းတို ပါဝင်သည်။ အမန်အမားများ၏ 
အရည်အေသွးသည် သမိုင်းဝင်တူးေဖာ်မှင့် ဆက်စပ်ေနေသာ ပတ်ဝန်းကျင်ဆိုင်ရာအေမွအှစ် 
ြပဿနာရပ်များကို ထင်ဟပ်ေစိုင်သည်။ 

အေြခခံေလ့လာမများအတွင်း ေလထုအရည်အေသွးကို ေစာင့်ကည့်ကည့်ေလ့လာြခင်းသည် 
ေဘာ်တွင်းေဒသှင့ ် နမတူေလထုအတွင်း ေလအရည်အေသွးမှာ ေယဘုယျအားြဖင့် 
ဓာတ်ေငွထုတ်လတ်မ  (SO2 ှင့်NO2) ပမာဏနည်းပါးပီး အမန်အမားများ (အရည်အေသွးှင့် 
ပမာဏ) အရ အလယ်အလတ်မ ှညံ့ဖျင်းသည်ဟ ုဆံုးြဖတ်ထားသည်။ 24 နာရီ ေစာင့်ကည့်မအတွင်း 
ေလထုအတွင်း အမန်အမားများ (TSP) ှင့် PM10 ပါဝင်မသည် နံနက်ပိုင်းှင့် ေနလည်ပိုင်းများတွင် 
အများဆံုးြဖစ်ပီး ကတရာမခင်းထားေသာ လမ်းများေပတွင် ခရီးသည်များသွားလာမတိုေကာင့် 
ြဖစ်ိုင်ေချရှိပါသည်။ ေယဘုယျအားြဖင့် ေလထုအတွင်း အမနအ်မားများ (TSP)  ပါဝင်မ သည် 
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ေဘာ်တွင်းေဒသတွင ် အများဆံုးြဖစ်၍ ကျားစခန်းတွင ် အနည်းဆံုးြဖစ်ပီး စိုစွတ်ေသာ 
ရာသီတွင်လည်း  ပါဝင်မပိုမိုနည်းပါသည်ကို ေတွရှိရပါသည်။ ေဘာ်တွင်းေကျးရွာအနီးရှိ 
ေနရာတစ်ခုမ ှ လွဲ၍ ကျန်ေစာင့်ကည့်တိုင်းတာထားေသာေနရာအားလံုးတွင ် ဖုန်မန်များပါဝင်မသည် 
ချမှတ်ထားေသာ လမ်းန်ချက်တန်ဖိုးထက ်ေကျာ်လွန်ေနပါသည်။ 

 
Figure ES.7 Dissolved cobalt, cadmium, lead and zinc concentrations, turbidity and 

total suspended solids in the study area over the monitoring period 
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TSP ှင့် PM10 ကို ၂၄ နာရီ ေစာင့်ကည့်တိုင်းတာရာတွင ်စုေဆာင်းရရှိလာသည့် ဖုန်မန်များအတွင်း 
သတပါဝင်မှင့် တင်ကျန်လာေသာေြမမန်များတွင် ခဲှင့် ခုိမီယမ်ပါဝင်မ ြမင့်မားပီး ေဘာတွင်း၊ 
ကျားစခန်းှင့် နမတူရှိ အချိေနရာများတွင ်ပျမ်းမတန်ဖိုးများထက ်ေကျာ်လွန်ေနပါသည်။ ၎င်းသည် 
သမိုင်းဝင်မိုင်းတွင်းလုပ်ငန်းများေကာင့် ညစ်ညမ်းေသာဧရိယာများမ ှ ဖုန်မန်များြဖစ်ေပလာြခင်းကို 
ထင်ဟပ်ေစပါသည်။ 

ဆူညံသံနှင့်တုန်ခါမ ု

စီမံကိန်းဧရိယာရှိ ဆူညံသံသည ် အများအားြဖင့် လူေနအိမ်/ေကျးရွာ အတွင်းရှိ 
လပ်ရှားေဆာင်ရွက်မများ၊ ေမာ်ေတာ်ကားများှင့် စီးပွားေရးဆိုင်ရာ လုပ်ငန်းေဆာက်ရွက်ချက်များှင့် 
ဆက်စပ်ေနပါသည်။ အေြခခံေလ့လာမများအတွင်း ဆူညံသံအဆင့်ကို ေစာင့်ကည့်ေလ့လာရာတွင် 
ပျမ်းမဆူညံသံအဆင့်သည ်နံနက်ပိုင်း (နံနက် ၅း၀၀ မှ နံနက် ၉း၀၀ နာရီကား) တွင ်အြမင့်ဆံုးြဖစ်ပီး 
ေကျးရွာအတွင်း ပံုမှန်လပ်ရှားမများှင့် ယာ်များသွားလာမတိုှင့် ဆက်စပ်ေနသည်။ ပျမ်းမအသံ 
ဆူညံမအဆင့်မှာ ေဘာ်တွင်းအထက်ပိုင်းရွာတွင ် အြမင့်ဆံုးြဖစ်ပီး ေကျးရွာအတွင်း 
ပံုမှန်လပ်ရှားေဆာင်ရွက်မများေကာင့် ြဖစ်ပါသည်။ 

စီမံကိန်းဧရိယာအတွင်း ေနရာအများအြပားရှိ ဆူညံသံအဆင့်များကို အမျိးသားပတ်ဝန်းကျင် 
အရည်အေသွး (ထုတ်လတ်မ) လမ်းန်ချက်များှင့် ိင်းယှ်ထားပါသည်။ 
ဤလမ်းန်ချက်များသည ်အနီးဆံုး ထိခိုက်ခံစားလွယ်ေသာ လူေနပတ်ဝန်းကျင်၊ စကမ် သိုမဟုတ် 
ပညာေရးဆိုင်ရာ ေနရာှင့် စီမံကိန်းတစ်ခုအတွက ်အနီးဆံုး ထိခိုက်ခံစားလွယ်ေသာ စက်မလုပ်ငန်း 
သိုမဟုတ် ကုန်သွယ်ေရးှင့်ဆိုင်ေသာေနရာများတွင ် ခွင့်ြပိုင်ေသာ အြမင့်ဆံုးဆူညံသံအဆင့်ကို 
အကမ်းဖျင်း ေဖာ်ြပထားပါသည်။ စီမံကိန်းဧရိယာအတွင်းရှိ လူေနပတ်ဝန်းကျင်များတွင် 
ေစာင့်ကည့်တိုင်းတာထားသည့် LAeq (သတ်မှတ်ထားေသာအချနိ်အတိုင်းအတာတစ်ခုအတွင်း 
တိုင်းတာထားသည့် စုစုေပါင်းအသံစွမ်းအင်ှင့် ညီမသည)် သည ် ေနအချနိ်တွင် 
စီမံကိန်းတစ်ခုအတွက ် အနီးဆံုးထိခိုက်ခံစားလွယ်ေသာေနရာများတွင် မေကျာ်လွန်သင့်သည့် 
လမ်းန်ချက်အဆင့်ထက ် ေကျာ်လွန်ေနသည်ကို ေတွရသည်။ ေန ှင့် ညအချနိ်အတွင်း 
ကူးသန်းေရာင်းဝယ်ေရးေနရာများတွင် တိုင်းတာမရလာဒ်များသည် အများအားြဖင့် 
ထုတ်လတ်မလမ်းန်ချက်ေအာက်တွင ် ရှိေနေသာ်လည်း 'အလယ်အလတ်မ ှ အသံကျယ်သည်’ ဟု 
သတ်မှတ်ိုင်သည်။ 

တုန်ခါမအား အေြခခံစံုစမ်းစစ်ေဆးမများ ေဆာင်ရွက်ြခင်းမြပလုပ်ရေသးပါ။ သိုေသာ်လည်း 
သိသာထင်ရာှးေသာ တုန်ခါမကို ြဖစ်ိုင်ေြခရှိေသာ အရင်းအြမစ်များသည ် အေသးစားှင့် 
ယာ်ကီးများ အကန်အသတ်ြဖင့်သွားလာမ၊ ြပြပင်ထိန်းသိမ်းြခင်းလုပ်ငန်းများအတွက် စက်ံုကို 
အကန်အသတ်ြဖင့် လည်ပတ်ေစြခင်း၊ တူးေဖာ်မလုပ်ငန်းများှင့် သတတူးေဖာ်ြခင်းလုပ်ငန်းများကို 
ေဆာင်ရွက်ရန်အတွက ်ေြမကီးများဖယ်ရှားြခင်း တိုေကာင့် ြဖစ်ိုင်သည်ဟ ုခန်မှန်းထားပါသည်။ 
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ဇီဝမျuိးစံုမျuိးကွဲများ 

စီမံကိန်းဧရိယာရှိ ဇီဝဆိုင်ရာပတ်ဝန်းကျင်အေပ သစ်ေတာြပန်းတီးမ၊ သမိုင်းဝင် 
သတတူးေဖာ်ြခင်းှင့ ် ြပြပင်ထုတ်လုပ်ြခင်းလုပ်ငန်းစ်များ၊ စိုက်ပျိးေရးလုပ်ငန်းများှင့် 
ရာသီအလိကု ် မီးိြခင်းများ စသည့်အချက်များက အကီးအကျယ ် သက်ေရာက်မရှိေနပီး 
ဇီဝဆိုင်ရာဝန်းကျင်အေြခအေနသည ် ြပြပင်မွမ်းမံထားသကဲ့သိုြဖစ်ေနပါသည်။ သတတူးေဖာ်ရန် 
ပိုင်ဆိုင်ထားေသာေနရာများတွင ် အဓိကအားြဖင့် ြမက်ခင်းြပင်များှင့် ဝါးေတာများ ပါ၀င်ပီး 
ပိုင်ဆိုင်ထားေသာေနရာများှင့် ေကျာ်လွန်ပီး အေနာက်ေြမာက်ဘက ်အကျယ်အဝန်းပမာဏ(Plates 
ES.7 မှ ES.9) အထ ိ အပူေလျာ့ပိုင်းေဒသ ေရာေှာေတာင်ကုန်းသစ်ေတာများကို ေတွရှိရသည်။ 
ြမက်ခင်းြပင်ှင့် ဝါးေတာများကို ြပြပင်မွမ်းမံထားေသာ သိုမဟုတ် ပျက်စီးယိုယွင်းေနေသာ 
သဘာဝင်ေပါက်ပင်များဟူ၍ အမျိးအစားခွဲြခားထားသည်။ သစ်ေတာခုတ်ထွင်ရှင်းလင်းြခင်းသည် 
အေစာပိုင်းတုတ်မိုင်းတွင်းှစ ် ကတည်းကတည်ရှိခဲ့ပီး ြမက်ခင်းြပင်ှင့် ဝါးေတာများသည် 
အသစ်တစ်ဖန ် ြပန်လည်ရှင်သန်လာပီး ဆင့်ပွားသစ်ေတာများကိုကိုယ်စားြပသည်။ ြမက်ခင်းြပင်ှင့် 
ဝါးေတာများ၏ ဧရိယာများတွင် သစ်ပင်ပန်းမန်များှင့် တိရစာန်မျိးကွဲများ နည်းပါးပီး 
ေယဘုယျဆန်ပီး ခံိုင်ရည်ရှိဘံုမျိးစိတ်များကိုသာ အများဆံုးေတွရသည်။ မတူကွဲြပားေသာ 
အပင်မျိးစိတ်များကို မိုင်းတူးေဖာ်သည့်ေနရာြပင်ပအေကျာ် အပူေလျာ့ပိုင်းေဒသ 
ေရာေှာေတာင်ကုန်းသစေ်တာများတွင ်ပကတိအေြခအေနအတိုင်း အများဆုံး ေတွရှိရသည်။ 

အပူေလျာ့ပိုင်းေဒသ ေရာေှာေတာင်ကုန်း သစ်ေတာဧရိယာများတွင ် ထိန်းသိမ်းေစာင့်ေရှာက်ရမည့် 
အေရးပါေသာ အပင်မျိးစိတ်ှစ်ခုကို မှတ်တမ်းတင်ခဲ့သည်။ IUCN Red List တွင ်ထိခိုက်ိုင်သည်ဟု 
ယူဆရသည့် Cycaspectinata ှင့် ြမန်မာ့သစ်နက ် (Dalbergia cultrate) တိုသည ် မျိးသု်းရန် 
အရာယ်ကျေရာက်လုနီးပါးမျိးစိတ်များ ဟုယူဆရသည်။ ကုန်းေနေဒသရင်း သတဝါများကို 
အေြခခံေလ့လာမများြပလုပ်ရာတွင ် မုဆုိးများသည် ေဒသတွင်း၌ ပီးခဲ့ေသာ ဆယ်စုှစ်များအတွင်း 
သမိုင်းေကာင်းအရေတွရှိရသည့် ထိန်းသိမ်းေစာင့်ေရှာက်ရမည့် အေရးပါေသာ မျိးစိတ်ေလးခုကို 
တင်ြပခဲ့သည်။ ၎င်းတုိမှာ မျိးသု်းေပျာက်ကွယ်လုနီးပါး အရာယ်ရှိမျိးစိတ်ြဖစ်သည့ ်
တုတ်သင်းေခွချပ ်(Manis pentadactyla); မျိးသု်းရန် အရာယ်ရှိေသာ မျိးစိတ်တစ်မျိးြဖစ်သည့် 
ေတာေခွး(Cuon alpinus); ှင့် ထိခိုက်လွယ်ေသာ မျိးစိတ်ှစ်ခုြဖစ်သည့် အာရှဝက်ဝံနက ် (Ursust 
thibetanus) ှင့် ေခွးတူဝက်တ ူ (Arctonyx collaris) တိုြဖစ်သည်။ သိုေသာ်လည်း 
စီမံကိန်းဧရိယာတွင ် အဆုိပါ မျိးစိတ်များရှိေနြခင်းသည ် ထိုေနရာတွင ် သက်ရှိများ ကျက်စားရာ 
ေနရာများကို ပျက်စီး ယုိယွင်းုိင်သည့် အလားအလာမရှိဟ ုအကဲြဖတ်ခဲ့သည်။ ၂၀၂၀ ြပည့်ှစ်တွင် 
သတတွင်း အနီးတွင ် ထိခိုက်လွယ်ေသာ မျိးစိတ်ြဖစ်သည့် ေတာကီးေမွေဟာက ် (Ophiophagus 
hannah) ကို ေတွရှိခဲ့သည်။ 

စီမံကိန်းဧရိယာရှိ ေရေနေဂဟစနစ်များသည် ေရလမ်းေကာင်းများ၏ အရည်အေသွးအားြဖင့် 
ကီးမားစွာသက်ေရာက်မရှိသည်။ လွန်ကဲစွာပျက်စီးယိုယွင်းပီး ညစ်ညမ်းေနေသာ 
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နမ့်ပန်ကန်းေချာင်းတွင ်ဇီဝမျိးစံုမျိးကွဲများကို စစ်တမ်းေကာက်ယူမအတွင်း မှတ်တမ်းတင်ထားေသာ 
ေယဘုယျဆန်ေသာ၊ လိုက်ေလျာညီေထွရှိေသာ၊ ခံိုင်ရည်ရှိေသာ ေကျာိုးမဲ့သတဝါများှင့် 
ငါးမျိးစိတ်များှင့်အတ ူ ေဒသတွင်းမျိးရင်းများေပျာက်ဆံုးပီး ပျက်ဆီးေနေသာ ေဂဟစနစ် 
တစ်ခုရှိသည်။ နမ့်လေချာင်းတွင ်အရည်အေသွးပိုြမင့်ေသာ ေရေနသတဝါများေတွရပီး စမ်းေချာင်း 
တစ်ေလာက်တွင ်ပကတိအေြခအေနအတိုင်းရှိေနေသာ သဘာဝေပါက်ပင်များ ှင့် ေရထုညစ်ညမ်းမ 
ဒဏ်ကို ခံိုင်ရည်ရှိေသာ မျိးစိတ်များှင့် နမ့်ပန်ကန်းေချာင်းတွင ်မရှိေတာ့သည့ ်မျိးစိတ်များလည်း 
ေတွရသည်။ ြမစ်ငယ်ြမစ်သည ် ြမစ်ကမ်းစပ်တွင ် ေရေနအပင်များှင့် သစပ်င်မျိးစံုကို 
အေထာက်အက ူ ြပသည့်အြပင ် ေရေနသတဝါများအတွက ် ကျက်စားရာေဒသကိုလည်း ဖန်တီး 
ေပးသည်။ 

 

 
Plate ES.7 Bamboo forest 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Executive Summary E Guard Environmental Services | ES-94

 

 
Plate ES.8 Grassland forest 

 
Plate ES.9 Sub-tropical mixed hill forest 
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ယဉ်ေကျးမုအေမွအနှစ် 

ေဘာ်တွင်းေဒသရှ ိယ်ေကျးမဆိုင်ရာပတ်ဝန်းကျင်သည ်တုတ်၊ ဗိတိသေခတ်ကတည်းက စတင်၍  
မျက်ေမှာက်ေခတ်ကာလအတွင်းအထ ိ ေခတ်အဆက်ဆက်မိုင်းတွင်းတူးေဖာ်ြခင်းေကာင့် 
ပ်ေထွးသည်။ ေဘာ်တွင်းေဒသတွင ် သတတူးေဖာ်မများကို ၁၅ ရာစ ု အေစာပိုင်းကတည်းက 
စတင်ခဲ့ကသည်။ ဤသမိုင်းေကာင်းှင့်ဆက်စပ်၍ ြမင်သာထင်သာရှိေသာအစိတ်အပိုင်းများ 
(လုပ်ငန်းခွငေ်နရာ၊ ေနရာများ၊ တည်ေဆာက်ပံုများှင့် ေရှးပစည်းအသံုးအေဆာင်များ) သည် 
အလှအပအုပညာဆိုင်ရာ ၊သမိုင်းဝင်၊ သိပံနည်းကျ၊ နည်းပညာဆိုင်ရာ ၊ လူမေရးှင့် 
ဘာသာေရးဆိုင်ရာ အစရှိသည့် ေဖာ်ြပ၍ မရေသာယ်ေကျးမတန်ဖိုးများှင့်လည်း ဆက်စပ်ေနသည်။ 
စီမံကိန်းဧရိယာအတွင်းရှိ ယ်ေကျးမအေမွအှစ်ဆိုင်ရာအဂါရပ်များကို ပုံ ES.8 တွင် 
ေဖာ်ြပထားသည်။ 

တုတ်တို သိမ်းပိုက်ပီး မိုင်းတွင်းကာလတွင ် ေတာင်ကုန်းခံတပ်များှင့် ေတာင်ေကာ 
ကာကွယ်ေရးလိုင်းများကို မိုင်းတွင်းဝန်းကျင်ရှိေတာင်ေကာများေပတွင ် တည်ေဆာက်ခဲ့သည်။ 
၎င်းတိုကို မိုင်းတွင်းကို ခုခကံာကွယ်ရန်၊ ချိင့်ဝှမ်းအတွင်း အေြခချေနထိုင်မများှင့် မိုင်းတွင်းလုပ်ငန်း 
လည်ပတ်မအေြခအေနများကို ေစာင့်ကည့်ေလ့လာရန ် တည်ေဆာက်ခဲ့ြခင်းြဖစ်သည်။ တုတ် 
သိမ်းပိုက်ထားသည့် ကာလ အေထာက်အထားများှင့် ေရှးပစည်းအသံုးအေဆာင်များကို 
တုတ်ြပည်ှင့် ဆက်စပ်ေနေသာလုပ်ေဆာင်ပံု၊ သတဖိုအရည်ကျိသည့်မီးဖိုများှင့်အတူ 
နမ့်ပန်ကန်းချိင့်ဝှမ်းတွင ်ေတွရှိိုင်သည်။ ယင်းတိုသည ်တုတ်ေခတ်အတွင်း သတတူးေဖာ်ြခင်းှင့် 
အရည်ကျိြခင်းလုပ်ငန်းများ၏ အေထာက်အထားများြဖစ်ပီး အေရှေတာင်အာရှအတွင်း အေစာပုိင်း 
တွင်းထွက်ပစည်း ဖလှယ်မှင့် သတတူးေဖာ်ြခင်းကိစများတွင် အေထာက်အပံ့ေပးသည့်  
အကဲြဖတ်မများအတွက ်တန်ဖိုးြဖစ်သည်။ 

ကိုလိုနီေခတ ် မိုင်းတွင်းတူးေဖာ်ြခင်းှင့် ဆက်စပ်ေနေသာ ယ်ေကျးမ အေမွအှစ် အဂါရပ်များမှာ 
သတတွင်းအေြခခံအေဆာက်အအံုှင့် အေဆာက်အဦများ အများစုြဖစ်သည်။ ယေနထိ 
လည်ပတ်ေနဆဲြဖစ်သည့် Marmion shaft ှင့် ေရေွးေငွသံုး အင်ဂျင်များထားရှိသည့် 
အေဆာက်အအံု (winding house) များသည ် ေဘာ်တွင်းေဒသတွင ် မိုင်းတွင်း ပထမဆံုးတူးေဖာ် 
ေအာင်ြမင်ခဲ့သည့် အဓိကအချနိ်ကာလကို ကိုယ်စားြပသည့် ၂၀ ရာစ ု ကိုလိုနီေခတ်တွင် 
ပီးြပည့်စံုသည့် ေရေွးေငွသံုးစက်ံုများ၏ ရှားပါးေြပာင်ေြမာက်ေသာ ဥပမာတစ်ခုြဖစ်သည်။ နမတူ-
ေဘာ်တွင်း မီးရထားလမ်းှင့် ေဘာ်တွင်းမိလယ်ေခါင်ှင့် ကျားစခန်းပရဝဏ်တိုသည် 
ကိုလိုနီေခတ်ကာလတွင ် အဓိကကျေသာ အေဆာက်အဦများြဖစ်ပီး မိုင်းတွင်းရှိ ံုးများ၊ 
တုတ်ေသဥမင်လိုဏ်ေခါင်း၊ ေဘာ်တွင်းကန်းသစ်ြခံှင့် ကျားဥမင ် စသည့်ပရဝဏ်များလည်း 
အပါအဝင်ြဖစ်သည်။  
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ထိုေဒသတွင ် ကိုလိုနီနယ်ချဲလက်ေအာက ် ေခတ်အဆက်ဆက်အလိုက ် ဆက်စပ်ေနေသာ 
သချင်းများစွာရှိသည်။ သချင်းေြမများတွင ် ဇီဝဆိုင်ရာေရှးေဟာင်းသုတသေန၊ လမူေရးှင့် 
ဘာသာေရးယံုကည်မဆိုင်ရာ တန်ဖိုးထားမများရှိေနသည်။ ထိုေနရာအများအြပားသည် 
ခင်းေကာင်းမွန်ထင်ရှားေသာ ေနရာများတွင ်တည်ရှိသည်။ လူမေရးှင့် ယံုကည်သက်ဝင်မဆိုင်ရာ 
အေရးပါသည့် ဘာသာေရးှင့်ဆိုင်ေသာေနရာများစွာရှိပီး ထိုေနရာများကို ေဒသခံလူထုများက 
တန်ဖိုးထားကသည်။ 

လူမုစီးပွားေရးပတ်ဝန်းကျင်အေြခအေန 

ေဘာ်တွင်းေကျးရွာအုပ်စုတစ်ေကာတွင ် လူဦးေရ ၃,၄၉၉ ဦးရှိပီး ေဘာ်တွင်းအထက်ပိုင်းှင့် 
ေအာက်ပိုင်းေကျးရွာများ၊ ကျားစခန်းတို ပါဝင်သည်။ ေဘာ်တွင်းေကျးရွာတစ်ခုစီတွင် 
ရပ်ကွက်ေလးခုှင့် ကျားစခန်းတွင ် ရပ်ကွက်ှစ်ပါဝင်ပီး စုစုေပါင်းလူဦးေရ ၃,၄၉၉ ဦးရှိပါသည်။ 
နမတူမိတွင် ပန်ဟိုက်ရပ်ကွက်၊ ဟာလင်ေကျးရွာှင့ ် ရပ်ကွက ် (၇) ခုြဖင့် ဖွဲစည်းထားေသာ 
သတလရပ်ကွက်တို ဖွဲစည်းပါဝင်ပီး ေဘာ်တွင်းရှိ မိုင်းတူးေဖာ်ေရးလုပ်ငန်းများတွင် 
လုပ်ကိုင်ေနကသူများ အေြခကျေနထိုင်ရန်အတွက ် တည်ေဆာက်ခဲ့ြခင်းြဖစ်သည်။ 
သတလရပ်ကွက်ှင့် ဟာလင်ေကျးရွာတွင ် လူဦးေရ ၅,၆၉၉ ဦးရှိသည်။ 
ေဘာတွင်းသတတွင်းလည်ပတ်မအေြခအေနသည ် ေဘာ်တွင်းေဒသ၏ ဖွဲစည်းတည်ေဆာက်ပံု 
အေနအထား (ဥပမာ - ေြမယာပိုင်ဆိုင်ခွင့်သက်တမ်း၊ အိမ်ပိုင်ဆိုင်ခွင့် စသည)် အေပကုိ ကီးမားစွာ 
သက်ေရာက်မ ရှိပါသည်။ 

မိုင်းတွင်းတူးေဖာ်ေရးလုပ်ငန်းသည ် ေဘာ်တွင်းှင့် နမတူေလ့လာမေဒသအတွင်းရှိ ြပည်သူများ 
အတွက ်အလုပ်အကိုင်ှင့် ၀င်ေငွအဓိကရရှိိုင်ေသာ ရင်းြမစ်ြဖစ်ပီး အစိုးရ ေထာက်ပံ့ ေပးထားေသာ 
အိမ်ရာများအတွက်လည်း အခွင့်အလမ်းများ ဖန်တီးေပးိုင်ေသာေကာင့ ် အသက်ေမွးဝမ်းေကျာင်း 
လုပ်ငန်းအတွက ် အလွန်အေရးပါသည်။ နမတူမိတွင ် အစားထိုးေရွးချယ်စရာ အလုပ်အကိုင်ှင့် 
ဝင်ေင ွ အခွင့်အလမ်းများ ပိုမိုရရှိိုင်ပါသည်။ ဟူးဆာ၊ ဟင်ပုတ်ှင့် ကေဆာ့ေကျးရွာ အုပ်စုများ 
အပါအဝင် အနီးပတ်ဝန်းကျင်ရှိ ေကျးရွာအုပ်စုများသည် စိုက်ပျိးေရးကို အဓိကထားလုပ်ကိုင်ကပီး 
ေဘာ်တွင်းှင့် စီးပွားေရး ချတိ်ဆက်လုပ်ကိုင်မ နည်းပါးသည်။ နမ့်ပန်ကန်းချိင့်ဝှမ်းတွင် ေနထိုင်က 
သူများသည် ဝင်ေငွရရှိေရးှင့ ် အသက်ေမွးဝမ်းေကျာင်းြပရန်အတွက ် အေသးစားလက်မမိုင်းတူး 
ေဖာ်ေရးလုပ်ငန်း ကို အားထားလုပ်ကိုင်ကသည်။  

ေဘာ်တွင်းေဒသတွင ်စာသင်ေကျာင်း (၉) ေကျာင်းရှိှင့် နမတူတွင ်ေကျာင်း ၉ ေကျာင်းှင့် နမတူတွင် 
စာသင်ေကျာင်း (၁၁) ေကျာင်းရှိပီး စစ်တမ်းေကာက်ယူမရလဒ်များအရ ေဘာ်တွင်းှင့် နမတူေဒသရှိ 
ပညာေရးအဆင့်သည ်ရှမ်းြပည်နယ်၏ ပျမ်းမပညာေရးအဆင့်ထက ်ြမင့်မားေနေကာင်း ေတွရသည်။ 
ရှမ်းြပည်နယ်တွင ် ၄၅ ရာခိုင်န်းှင့် ဆန်ကျင်ဘက်ြဖစ်စွာ ေဘာ်တွင်းှင့်နမတူတွင် 
စစ်တမ်းေကာက်ယူခဲ့ေသာ ရပ်ရွာလူထု၏ ၈ ရာခိုင်န်းေအာက်သာ ပညာေရးမပီးဆံုးကသူများ 
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ြဖစ်ကသည်။ ေဘာ်တွင်းှင့် နမတူေလ့လာမေဒသအတွင်းရှိ ရပ်ရွာလူထုအများစုမှာ 
ဗမာလူမျိးများြဖစ်ပီး ဗုဒဘာသာကို ကိုးကွယ်ကသည်။  ေဘာ်တွင်းေဒသတွင ် သာသနာေရးရာ 
အေဆာက်အအံု  (၁၂) ခု ှင့် နမတူတွင ် (၁၁) ခုရှိပီး အချိမှာ အနီးအနားရှိ ဟူးဆာ၊ ဟင်ပုတ်၊ 
ကေဆာ့ေကျးရွာတစ်ေကာတွင ်ဘာသာေရးဆိုင်ရာကိစများကို ေဆာင်ရွက်ေပးသည်။ 

ေဘာ်တွင်းှင့် နမတူေလ့လာမေဒသအတွင်းရှိ အိမ်အများစုသည် အေြခခံလူတန်းစားများြဖစ်သည်။ 
ေဘာ်တွင်းှင့် နမတူေလ့လာမေဒသအတွင်းရှိ အိမ်ေထာင်စုအများစုသည ်ေရြဖန်ြဖးေရးစံနစ်များကို 
အဆင်သင့်အသံုးြပိုင်ကသည်။ ေဘာ်တွင်းှင့် နမတူရှိ အိမ်ေထာင်စုအများစုသည ် ေရကို 
သန်စင်ပီးမ ှ အသံုးြပကပီး မိုးရာသီတွင ် ေရရယူသံုးစွဲေနေသာ ေချာင်းများတွင ် ေရေနာက်ကျ ိ
ညစ်ညမ်းမေကာင့် အြခားအရင်းအြမစ်များကို အစားထိုးအသံုးြပိုင်ပါသည်။ နမတူမိရှိ 
အိမ်များသည် အများအားြဖင့် ေဘာ်တွင်းရှိ အိမ်များထက ် အိမ်ကီးအိမ်ေကာငး် ပိုများပီး ကိုယ်ပိုင် 
အိမ်သာများကို အသံုးြပကသည်။ ေဘာ်တွင်းရှိ အိမ်သာများသည ်အများသငှူာ (အများြပည်သ)ူ မေဝ 
သံုးစွဲကပီး ေဒသရြမစ်များ သိုမဟုတ ် ေချာင်းများအတွင်းသို စွန်ပစ်ကသည်။ ေဘာ်တွင်းှင့် 
နမတူတိုတွင် အမိက/်စွန်ပစ်ပစည်း စီမံခန်ခွဲမ အေထာက်အပံ့များ လိုအပ်ေနပီး လူဦးေရ အများစုမှာ 
အမိကမ်ျားကို အထိန်းအကွပ်မရှိ စွန်ပစ်ြခင်းငှ့ ် မီးိြခင်းများ ြပလုပ်ကသည်။ ေဘာ်တွင်းှင့် 
နမတူတိုတွင် ပိုေဆာင်ဆက်သွယ်ေရးသည ် ပံုမှန်အားြဖင့် ဆိုင်ကယ်ြဖင့် သွားလာြခင်းှင့် 
လမ်းေလာက်ြခင်းများြဖစ်ကပီး လမ်းကျ်များကိ ု ယာ်များှင့် လမ်းသွားလမ်းလာများသည်  
မေဝအသံုးြပကသည်။ 

 
Figure ES.8 Locations of cultural heritage features with respect to project footprint
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ေကျးလက်ကျန်းမာေရးေစာင့်ေရှာက်မုအေြခအေန 

ေဘာ်တွင်းှင့် နမတူေဒသများတွင ် အစိုးရေဆးံုငယ်တစ်ခုှင့် ဝင်းြမင့်မိုရ ် ကုမဏီမှ 
ေဘာ်တွင်းသတတွင်းရှိ ဝန်ထမ်းများအတွက ် ဖွင့်လှစ်ေပးထားေသာ ပုဂလိကေဆးခန်းတစ်ခု၊ 
ကျားစခန်းရှိ ကျန်းမာေရးေစာင့်ေရှာက်မဌာနခွဲှင့် နမတူေဆးံု စသည့် ကျန်းမာေရးေစာင့်ေရှာက်မ 
ဌာနများ ရှိပါသည်။ လားိးအေထွေထွေရာဂါကုေဆးံုကီးသည ် ေဘာ်တွင်းမိမ ှ ကီလိုမီတာ ၅၀ 
ခန်အကွာတွင် တည်ရှိပီး ၎င်းေဆးံုသည ် ကျန်းမာေရးဆိုင်ရာ ကုသမမျိးစံုကို ဝန်ေဆာင်မ 
ေပးိုင်သည့် ေဒသအတွင်းရှိ တစ်ခုတည်းေသာ အဆင့်ြမင့်ြပည်သူေဆးံု ြဖစ်သည်။ ကျန်းမာေရး    
ဆိုင်ရာ ဝန်ေဆာင်မများှင့် ဆရာဝန်များထံမှ သွားေရာက်ကုသမခံယူရန ်အတိုင်းအတာတစ်ခုအထိ 
အခက်အခဲရှိေသာ်လည်း၊ ကျန်းမာေရးဆိုင်ရာ ြပစုထားေသာ စစ်တမ်းအရ ေြဖဆိုသူအများစုမှာ 
ကျန်းမာေရးေကာင်းမွန်ကေကာင်း ေြဖဆိုထားသည်ကို ေဖာ်ြပထားသည်။ ြခံငံုကည့်ရလင် 
ေဘာ်တွင်းှင့် နမတူ မိနယ်လူဦးေရသည ် နာတာရှည်ေရာဂါ၊ ကူးစက်ေရာဂါှင့် 
ေသွးလွန်တုပ်ေကွးေရာဂါ ြဖစ်ပွားမ အေရအတွက်နည်းပါးသြဖင့် ကျန်းမာေရး ေကာင်းမွန်ကသည်ဟု 
ထင်ရပါသည်။  
ေဘာ်တွင်းှင့် နမတူေဒသအတွင်း သတတူးေဖာ်မှင့် ဆိုးရွားေသာ စွနပ်စ်ပစည်းများ စီမံခန်ခွဲမ 
အေလ့အထ၏ ရလဒမ်ျားေကာင့် ေလ့လာမဧရိယာအတွင်း အရာယ်ရှိေသာ သဘာဝ 
ပတ်ဝန်းကျင်ှင့် ကျန်းမာေရးဆိုင်ရာ ထိေတွမများစွာရှိပါသည်။ ၎င်းတိုသည ်ဖုန်မန်များ၊ သတများ 
(အဓိကအားြဖင့် ခဲ) ှင့် ဘက်တီးရီးယားများ (E. coli) တိုှင့် ထိေတွြခင်း၊ ရှသွင်းြခင်း၊ စားးသံုးမိြခင်း 
သိုမဟုတ် အေရြပားှင့် ထိေတွမိြခင်းတိုှင့် အဓိကသက်ဆိုင်ပါသည်။ ေဘာ်တွင်း ေဒသခံ 
ြပည်သူများသည ် ပမာဏြမင့်မားေသာ ခဲ ငှ့ ် အြခားသတများကို ကားခံနယ်မ ှ တစ်ဆင့် 
ထိေတွိုင်ေြခရှိေကာင်းကို ေဘာ်တွင်းေဒသ ဧရိယာအတွင်း ခဲပမာဏ တိုင်းတာမရလဒ်မ ှန်ြပေန 
ပါသည်။ ၎င်းထိေတွမများသည ် ေလ့လာမဧရိယာအတွင်းရှ ိ ေဒသခံများအတွက် ဆိုးရွာေသာ 
ကျန်းမာေရးအရာယ်ြဖစ်ေစိုင်မမှာ သိသာထင်ရာှးေသာ အလားအလာရှိေနပါသည်။  
သီးြခား ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်း ှင့် ကျန်းမာေရးဆိုင်ရာ ဆန်းစစ်မများအတွက် 
ဝင်းြမင့်မိုရ ် ကုမဏီသည ် ၂၀၂၀ ခုှစ ် ဧပီလ မှ ဇွန်လအတွင်း ေဘာ်တွင်း သတမိုင်းရှ ိ
လက်ရှိအလုပ်သမားများ၏ ေသွးတွင်းခဲပမာဏကို တိုင်းတာပီး လုပ်ငန်းခွင ် ကျန်းမာေရး 
စစ်ေဆးမများ ေဆာင်ရွက်ခဲ့ပါသည်။ ေဒသခ ံ အလုပ်သမားများှင့် ေဒသအတွင်း 
ေနထိုင်မမရှိေသာ်လည်း လုပ်ငန်းအရ စာချပ်ချပ်ဆိုထားသည့် ဝန်ထမ်းများ အတွက် 
ကျန်းမာေရးဆိုင်ရာ ဆန်းစစ်ေဆာင်ရွက်မများ ပီးေြမာက်ခဲ့ပီးြဖစ်သည်။ အမဲတမ်း အလုပ်သမား 
အားလံုးတွင ် ေသွးတွင်း ခဲပါဝင်မ ပမာဏမှာ ၁၀ µg/dL အထက်ရှိကပီး လုပ်ငန်းအရ 
စာချပ်ချပ်ဆိုထားသည့်အလုပ်သမားများ၏ ၄၈ % ှင့် ိင်းယှ်ပါက ဆိုးကျိးများရှိိုင်မည်ဟု 
ထင်ရပါသည်။ အမဲတမ်းအလုပ်သမားများ၏ ၆၅% ေကျာ်သည ် ၄၀ µg/dL ထက်ြမင့်ေသာ 
ေသွးတွင်းခဲပါဝင်မ ပမာဏရှိေကာင်း တိုင်းတာရရှိပီး ၁၈% ေကျာ်သည ် ၆၅ µg/dL 
တိုင်းတာရရှိပါသည်။ ၆၅ µg/dLသည ် Lead Care 11 ကိရိယာြဖင့် တိုင်းတာိုင်ေသာ 
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အြမင့်ဆံုးအဆင့်ြဖစ်ေသာေကာင့် အချိေသာ အလုပ်သမားများတွင ် ၎င်းပမာဏထက် 
ေကျာ်လွန်ေသာ ေသွးတွင်းခဲပါဝင်မ ပမာဏ အဆင့်များ ရှိိုင်ပါသည်။ 

သက်ေရာက်မုများကို ဆန်းစစ်များ 

သက်ေရာက်မုများကို ဆန်းစစ်ရန ်ချဉ်းကပ်ြခင်း 

ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းတငွ ် အသံုးြပသည့် သကေ်ရာက်မ ဆန်းစစ်သည့်နည်းလမ်းမှာ 
“သိသာထင်ရှားမကို ဆန်းစစ်ြခင်း” ြဖစ်သည်။ စီမံကိန်း၏ ဆက်စပ်လုပ်ေဆာင်ချက်များေကာင့် 
ြဖစ်ေပလာမည့် ြပင်းအားပမာဏ၊ ကာချနိ ် ေပမူတည်၍ သိသာထင်ရှားမရှိိုင်ေသာ 
သက်ေရာက်မများကို အကဲြဖတ်ဆန်းစစ်ြခင်းသည ် အေြခခံကျေသာ နည်းလမ်းတစ်ခုြဖစ်သည်။ 
ဖွံဖိးတိုးတက်ေရး စမီံကိန်းများအတွက ် ဤမူေဘာင်သည် လက်ရှိိုင်ငံတကာ သဘာဝ 
ပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ သက်ေရာက်မ ဆန်းစစ်ြခင်းများှင့် လိုက်ေလျာညီေထွမရှိပီး 
ြမန်မာိုင်ငံရှိ သတတူးေဖာ်ေရး ကအတွက ် သဘာဝပတ်ဝန်းကျင ် ထိခိုက်မ ဆန်းစစ်ြခင်း 
လမ်းန်ချက်များတွင် ေဖာ်ြပထားသည်များကို ေပလွင်ေစပါသည်။ အလားအလာရှိေသာ 
သက်ေရာက်မများကို ဆန်းစစ်ြခင်းသည် ကမ်းကျင်မဆိုင်ရာ အကဲြဖတ်ြခင်း၊ ကွင်းဆင်းေလ့လာ၍ 
ေကာက်ယူစုေဆာင်းထားေသာ အချက်အလက်များ၊ အလားတူပတ်ဝန်းကျင်ရှိ အြခားေသာ 
သတတူးေဖာ်ေရး စီမံကိန်းများမ ှရရှိထားေသာ အေတွအြကံများ၊ စီမံကိန်း ပါဝင်ပတ်သက်သူများမှ 
တံုြပန်ချက်များ၊ သိပံစာေပများမ ှ နည်းပညာဆိုင်ရာ အကဲြဖတ်မ အေပ အေြခခံပါသည်။ 
ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းသည် ကျိးေကာင်းဆီေလျာ်မ၊ မတမှင့် အကဲြဖတ် 
ဆန်းစစ်ြခင်း၏ ကန်သတ်ချက်များှင့် မေသချာမများကို ေဖာ်ြပပါသည်။ သက်ေရာက်မများ၏ 
သိသာထင်ရှားမကို ဆန်းစစ်ရာတွင ်ေအာက်ပါအချက်များပါဝင်သည်။ 

 စီမံကိန်းေကာင့် ထိခိုက်ိုင်ေသာ သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရး (သိုမဟုတ်) 
လက်ခံသူများ၏ ထိခိုက်လွယ်ိုင်မကို ထည့်သွင်းစ်းစားြခင်း၊ ထိခိုက်လွယ်ိုင်မကို 
လက်ခံသူများ၏ အေရးပါမ၊ ေြပာင်းလဲိုင်ရန်အတွက် ၎င်းတို၏ အားနည်းချက ် ှင့် 
ြပန်လည်သန်စွမ်းိုင်မတိုကို ဆန်းစစ်ြခင်းဟ ုအဓိပာယ်ဖွင့်ဆိုထားပါသည်။ 

 စီမံကိန်း၏ လုပ်ငန်းအဆင့်များအားလံုးှင့် ဆက်စပ်ေသာ သက်ေရာက်မများကို 
ထည့်သွင်းစ်းစားြခင်း၊ ၎င်းသက်ေရာက်မများကို ေဖာ်ြပေပးိုင်မည့် နည်းလမ်းများ ှင့် 
လက်ရှိအေြခအေနများအရ သက်ေရာက်ိုင်မများ 

 သက်ေရာက်မများကို ေလျာ့ချိုင်မည့်နည်းလမ်းများှင့် စီမံကိန်းအေြခအေနအတွင်း 
နည်းပညာှင့် စီးပွားေရးအရ ြဖစ်ိုင်ေြခရှိေသာ ဝင်းြမင့်မိုရ်၏ ကတိကဝတ်များကို 
ေပလွင်ေစမည့် စီမံခန်ခွဲမ အစီအစ်များကို ေဆာင်ရွက်ြခင်း  
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 စီမံကိန်းလုပ်ေဆာင်ချက်များေကာင့် သဘာဝပတ်ဝန်းကျင်ှင့် လမူဝန်းကျင်အေပ 
သက်ေရာက်ိုင်မည့် ြပင်းအားပမာဏအား ဆန်းစစ်ပီးေနာက ် အဆိုြပထားေသာ 
သက်ေရာက်မည့် ေလျာ့နည်းေစမည့် အစီအစ်ကို အေကာင်အထည်ေဖာ်ေဆာင်ရွက်ြခင်း။ 

 ကွင်းကျန်သက်ေရာက်မများ၏ သိသာထင်ရှားမကို ဆန်းစစ်ြခင်း။ ကွင်းကျန်သက်ေရာက်မ 
ဆိုသည်မှာ သက်ေရာက်မများကို ေလျာ့နည်းေစမည့် အစီအစ်များကို အေကာင်အထည်ေဖာ် 
ေဆာင်ရွက်ပီးေနာက ်ြဖစ်ေပလာိုင်အံုးမည့် သက်ေရာက်မများြဖစ်သည်။ 

သက်ေရာက်မတွင ်ေကာင်းကျိးသက်ေရာက်မှင့် ဆိုးကျိးသက်ေရာက်မ ဟူ၍ ြဖစ်ိုင်ပါသည်။ 
သက်ေရာက်မြပင်းအား (အလွန်နည်း၊ နည်း၊ အလယ်အလတ်၊ ြမင့် (သိုမဟုတ်) အလွန်ြမင့်မား) ကို 
ေအာက်ပါေထာင့်များအေပ မူတည်၍ ေြပာင်းလဲမပမာဏ ှင့် အမျိးအစားကို 
ထည့်သွင်းစ်းစားရမည်ြဖစ်သည်။  

 သက်ေရာက်မ အတိုင်းအတာ 
 သက်ေရာက်မ ပမာဏ (သက်ေရာက်မ၏ ရလဒ်အရ တည်ဆဲအေြခအေနများမှ 

ေြပာင်းလဲမသွားိုင်မပမာဏ သုိမဟုတ် သက်ေရာက်မ၏ ြပင်းအား) 
 သက်ေရာက်မ ြဖစ်ပွားိုင်မည့် အချနိ်အတိုင်းအတာ (သိုမဟုတ်) ကိမ်န်း (သက်ေရာက်မ၏ 

ကာချနိ်ှင့ ် ကိမ်န်းကို ဆိုလိုသည်။ တစ်နည်းအားြဖင့် ယာယီသက်ေရာက်မကို ေရတို 
(သိုမဟုတ်) ေရရှည ်ြဖစ်သည်။) 

ကွင်းကျန်သက်ေရာက်မ၏ သိသာထင်ရှားမ (အလွန်နည်း၊ နည်း၊ အလယ်အလတ်၊ ြမင့် (သိုမဟုတ်) 
အလွန်ြမင့်မား) ကို သက်ေရာက်မ ေထာင့်အမျိးမျိး၏ ြပင်းအား၊ ကာချနိ ်ှင့် အတိုင်းအတာ တို၏ 
ေပါင်းြခင်းကို ြဖစ်ိုင်ေြခ ှင့် ေြမာက်ြခင်း ြဖစ်သည့် matric approach နည်းလမ်းအသံုးြပ၍ 
အဆင့်သတ်မှတ်ပါသည်။ ကွင်းကျန်သက်ေရာက်မများ၏ သိသာထင်ရှားမကို ဇယား ၆.၁ 
တွင်ေဖာ်ြပထားပါသည်။ 

ဇယား ၆.၁ ကွင်းကျန်သက်ေရာက်မများ၏ သိသာထင်ရှားမ Matrix 

သက်ေရာက်မြပင်းအား 
Sensitivity of Receptor 

အလွန်နည်း နည်း 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် 

ေကာင်း
ကျuိး 

အလွန်ြမင့် 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် အလွန်ြမင့် အလွန်ြမင့် 

ြမင့် နည်း 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် အလွန်ြမင့် 

အလယ်အ
လတ ်

နည်း နည်း 
အလယ်အ
လတ ်

ြမင့် ြမင့် 
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သက်ေရာက်မြပင်းအား 
Sensitivity of Receptor 

အလွန်နည်း နည်း 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် 

နည်း အလွန်နည်း နည်း နည်း 
အလယ်အ
လတ ်

အလယ်အ
လတ ်

အလွန်နည်း အလွန်နည်း အလွန်နည်း အလွန်နည်း နည်း 
အလယ်အ
လတ ်

ဆိုးကျuိး 

အလွန်နည်း အလွန်နည်း အလွန်နည်း အလွန်နည်း နည်း 
အလယ်အ
လတ ်

နည်း အလွန်နည်း နည်း နည်း 
အလယ်အ
လတ ်

အလယ်အ
လတ ်

အလယ်အ
လတ ်

နည်း နည်း 
အလယ်အ
လတ ်

ြမင့် ြမင့် 

ြမင့် နည်း 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် အလွန်ြမင့် 

အလွန်ြမင့် 
အလယ်အ
လတ ်

ြမင့် အလွန်ြမင့် အလွန်ြမင့် အလွန်ြမင့် 

 

သက်ေရာက်မ တစ်ခုချင်းစီအတွက ် သိသာထင်ရာှးမ အကဲြဖတ်ြခင်းှင့် ဆက်စပ်၍ မေသချာမကို 
မှတ်သားထားသည်။ မေသချာမအတိုင်းအတာသည ် ရရှိိုင်ေသာ သတင်းအချက်အလက်များ၊ 
ယူဆချက်အဆင့်၊ ခန်မှန်းချက်၏ ေသချာမှင့် သိသာထငရ်ှားေသာ အဆင့်သတ်မှတ်ြခင်းတွင် 
ထည့်သွင်းမတို၏ ယံုကည့်ချက်များှင့် သက်ဆိုင်သည်။  

အကျuိးေကျးဇူးများ 

ေဘာ်တွင်းသတတူးေဖာ်ေရး စီမံကိန်း၏ အကျိးေကျးဇူးများမှာ အလုပ်အကိုင်အခွင့်အလမ်းများ၊ 
ဝန်ထမ်းများ၏ ကမ်းကျင်မဆိုင်ရာ အေလ့အကျင့်များ ေကာင်းမွန်ေစြခင်း၊ စီမံကိန်းအတွက် 
ကုန်စည်ှင့် ဝန်ေဆာင်မများ ေထာက်ပံ့ေပးရန် အခွင့်အလမ်းများ၊ ေဒသဝန်းကျင်၌ 
စီးပွားေရးလုပ်ေဆာင်ချက်များကို ြဖန်ြကံ့ေပးြခင်း၊ သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာ 
ေဘးအရာယ်များှင့် ထိေတွမကို ေလာ့ချြခင်း၊ ေဘာ်တွင်းေဒသ ြပန်လည်ေနရာချထားေပးေသာ 
လူမအသိုင်းအဝိုင်းများအတွက ်လူေနမဘဝကို ြမင့်တင်ေပးြခင်းတို ြဖစ်ပါသည်။ 
စီမံကိန်းသည် ြမန်မာ့စီးပွားေရးကို နည်းလမ်းများစွာြဖင့် အကျိးြပပါသည်။ ၎င်းတိုမှာ -  
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 ြမန်မာိုင်ငံမ ှ royalties and dead rent အပါအဝင ် တိုက်ိုက်ဝင်ေငွရရှိြခင်း 
(တရားေသငှားေငွဆိုသည်မှာ ငှားရမ်းြခင်း ြပသူမ ှ ငှားရမ်းသူပိုင်ရှင်ထ ံ အြမတ်ရသည် ြဖစ်ေစ 
မရသည ်ြဖစ်ေစ ေပးရသည့် ေင)ွ 

 ဝင်းြမင့်မိုရ်ကုမဏီမ ှ ြပည်ေထာင်စုသမတ ြမန်မာိုင်ငံေတာ်သို ေပးေဆာင်ရေသာ ကုမဏီ 
ဝင်ေငွခွန ်

 ကုန်သွယ်လပု်ငန်းအခွန ်အပါအဝင် ြပည်ေထာင်စုသမတ ြမန်မာိုင်ငံေတာ်သို ေပးေဆာင်ရေသာ 
သွယ်ဝိုက်အခွန်၊ ၊ withholding tax၊ အေကာက်ခွန်ှင့် ကိုယ်ပိုင်ဝင်ေငွခွန ်

 ြပင်ဆင်ထားသည့် Production Sharing Contract သိုမဟုတ် သေဘာတူညီချက်အရ ရရှိမည့် 
ေနာက်ထပ်အကျိးအြမတ်ခွဲေဝမ  

 ိုင်ငံေတာ်တွင်းထွက်ကုန ် တင်ပိုမဝင်ေငွ၊ စုစုေပါင်း ပိုကုန်ဝင်ေင ွ ှင့် ြပည်တွင်း 
အသားတင်ထုတ်ကုန်အတွက ်ပံ့ပိုးမများ၊ 

စီမံကိန်းသည် ကုန်စည်ှင့် ပစည်းများ ဝယ်ယူေရးှင ် အလုပ်အကိုင်အခွင့်အလမ်းများှင့် 
ဆက်စပ်ေနေသာ ေဒသတွင်း စီးပွားေရးလံေဆာ်မများကို ြဖစ်ေပေစိုင်ပါသည်။ ေဒသတွင်း 
ေဆာင်ရွက်ဆဲှင့် အသစ်သစ်ေသာ စီးပွားေရးလုပ်ငန်းများသည ် ေဒသတွင်း ကုန်စည်ှင့် 
ဝန်ေဆာင်မများအတွက် ဦးစားေပးဝယ်ယူေရး မူဝါဒများမှတစ်ဆင့် ပံ့ပိုးေပးမည်ြဖစ်သည်။ 
အြခားေသာ ကုန်စည်ှင့် ပစည်းများကို ရှမ်းြပည်နယ်အတွင်းမ ှ သာမက ြမန်မာိုင်ငံရှိ 
ေနရာအသီးသီးမ ှ ဝယ်ယူသွားမည်ြဖစ်သည်။ ဤလုပ်ေဆာင်ချက်များသည် ေရရှည်တည်တံ့ 
ခိုင်မဲေသာ ေဒသစီးပွားေရးလုပ်ငန်းများ ထူေထာင်ရာတွင ် လက်ေတွအသံုးချိုင်ရန ် ရည်ရွယ် 
ပါသည်။ ထိုအြပင ် ဝင်းြမင့်မိုရ ် ကုမဏီမှ အေြခခံအေဆာက်အအံုများ၊ ေဒသတွင်းစီးပွားေရးှင် 
အသက်ေမွးဝမ်းေကာင်းဆိုင်ရာ ဖွံဖိးတိုးတက်မ ပါဝင်ေသာ မဟာဗျဟာေြမာက ် ရပ်ရွာအဆင့် 
ရင်းှီးြမပ်ှံမများ ေဆာင်ရွက်ရန်ရှိပါသည်။ 

စီမံကိန်းအတွက ် ေဆာက်လုပ်ေရးကာလအတွင်း လုပ်သားအင်အားမှာ လူဦးေရ၂၂၈၅ဦး ြဖစ်ပီး 
လုပ်ငန်းလည်ပတ်သည့်ကာလအတွက်မ ူ လုပ်သားအင်အားမှာ ၁၁၁၅ဦးြဖစ်ပါသည်။ 
ဝင်းြမင့်မိုရ်ကုမဏီသည ် အလုပ်အကိုင်ဦးစားေပး မူဝါဒြဖင့် ေဒသခံြပည်သူလူထုများပါဝင်မ 
အချိးအစားကိ ု ြမင့်တင်ရန ် ေဆာင်ရွက်သွားမည်ြဖစ်သည်။ စီမံကိန်းသည် ေဒသအတွင်း 
ြမန်မာအလုပ်သမားများ၏ အလုပ်အကိုင်အခွင့်အလမ်း၊ ကမ်းကျင်မဆိုင်ရာ သင်တန်းများကို 
ပံ့ပိုးေပးသွားမည်ြဖစ်ပီး စီးပွားေရးကို အကျိးြပ၍ အလုပ်သမားများကို ဝင်ေငွရရှိေစပါသည်။  

သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာ ကိစရပ်များေကာင့် သက်ေရာက်မ နည်းပါးေသာ ေနရာများသို လက်ရှိ 
ထိခိုက်ေနေသာ ေဒသများမ ှရပ်ရွာများကိ ု ြပန်လည်ေနရာချထားေပးြခင်းြဖင့ ်စီမံကိန်းမှ ေဘာ်တွင်း 
ေဒသအတွင်း ရပ်ရွာကျန်းမာေရး ြမင့်တင်ိုင်ရန်အတွက ် အခွင့်အလမ်းတစ်ခုြဖစ်သည်။ ြပန်လည် 
ေနရာချထားပီးသည့်ေနာက ် သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာ အရာယ်များှင့် ထိေတွ ိုင်မကို 
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ေလာ့ချြခင်းသည ် ေဘာ်တွင်းေဒသအတွင်း ရပ်ရွာြပည်သူများ၏ ကျန်းမာေရး အတွက် 
အဓိကအေရးပါေသာ ေကာင်းကျိးသက်ေရာက်မတစ်ခ ု ြဖစ်လာိုင်မည်ဟ ု ခန်မှနး်ရပါသည်။ 
ြပန်လည်ေနရာချထားေရးသည ် နမတူေဒသအတွင်း အလုပ်အကုိင် အခွင့်အလမ်းများ တိုးတက် 
ေစြခင်းအြပင ် မရှိမြဖစ်လိုအပ်ေသာ ဝန်ေဆာင်မများှင့် အရင်းအြမစ်များ (သန်ရှင်းေသာေရ၊ 
လပ်စစ်မီး၊ သန်စင်ခန်း) ှင့် အိမ်ရာအေြခအေနများ တိုးတက်ေစြခင်း စသည့် အကျိးေကျးဇူးများကို 
ေပးုိင်ပါသည်။ 

ကuိတင်ခန့်မှန်းထားေသာသက်ေရာက်မုများ 

ေဘာ်တွင်းသတတူးေဖာ်ေရး စီမံကိန်း၏ သဘာဝပတ်ဝန်းကျင်ှင့်လူမဝန်းကျင်တိုဆိုင်ရာ အဓိက 
သက်ေရာက်မများ၏ အကျ်းချပ်ကို ေအာက်ပါအတိုင်း ေဖာ်ြပထားပါသည်။ 

ေြမဆီလွှာပံုပန်းသွင်ြပင်နှင့် ၎င်းအေပါ်သက်ေရာကမု်များ 

စီမံကိန်းတည်ေဆာက်ြခင်းှင့် လုပ်ငန်းလည်ပတ်ြခင်းေကာင့် ေဘာ်တွင်းေဒသအတွင်း ေြမသားများ 
မိုင်းတွင်းမ ှစွန်ပစ်ပစည်းများှင့် ေြမဆီလာပမာဏ ေရွလျားမဆိုင်ရာ သိသာထင်ရှားစွာ ေြပာငး်လဲမ 
ြဖစ်လာမည်ြဖစ်သည်။ 

TSFs ှင့် Wallah မှ ထွက်ရှိလာေသာ စွန်ပစ်ေကျာက်အစုအပံုှင့် အပွင့်အတိုင်း ထားထားသည့် 
ကျင်းတိုသည ် ကီးမားေသာ အမဲတစ်ေစ ေြမသားပံုစ ံအသွင်အြပင်များကို ကိုယ်စားြပသည်။ TSFs 
ှင့် Wallah မှ ထွက်ရှလိာေသာ ေကျာက်အစုအပံု တိုကို ေရရှည်တည့်တံ့ိုင်ရန်ရည်ရွယ်ပီး 
ဒီဇိုင်းဆွဲကာ ေြမတိုက်စားမကို ေလာ့ချေပးေစိုင်ပါသည်။ တည်ရှိပီးေသာ ကျင်းကို တိုးချဲပီး 
လုပ်ငန်းပိတ်သိမ်းပီးေနာက ်ေရကန်ြဖစ်လာမည်ြဖစ်သည်။ ေြမပံုသာန်ေြပာင်းလဲမများကို ပုံ ES.9 
တွင ်ေဖာ်ြပထားပါသည်။ 

ေြမဆီလာတူးေဖာ်ြခင်း၊ သိုေလှာင်ြခင်းှင့် ကိုင်တွယ်ြခင်းကိစရပ်များတွင ် ရာသီဥတုဒဏ်ခံိုင်သည့် 
ေြမဆီလာများကို ဖံုးအုပ်ြခင်း၊ ေြမဆီလာှင့် ေြမေအာက်သွင်ြပင်ကို မှန်ကန်စွာ ခွဲြခားသတ်မှတ်ြခင်း 
ှင့် ေြမမျက်ှာြပင်ကျံြခင်းတိုကို ေလာ့ချြခင်းများပါဝင်မည်ြဖစ်သည်။ ေဆာက်လုပ်ေရး ကာလ 
အတွင်း အေရးပါသည်မှာ ေြမဆီလာပံုသွင်းြခင်းကို ကန်သတ်ြခင်း၊ ေကာင်းမွန်ေသာ ေြမဆီလာ 
ြပန်လည်ထူေထာင်ြခင်းှင့ ် အပင်များေကာင်းမွန်စွာ ြပန်လည်ရှင်သန်ေရးှင့် ေြမဆီလာ 
တည်ငိမ်မကို ြမင့်တင်ေပးိုင်ြခင်းတိုြဖစ်သည်။ 

ညစ်ညမ်းေသာ ေြမဆီလာများေရာေှာေနြခင်းကို ေလာ့ချိုင်ရန ် အဓိကေဆာင်ရွက်ရမည့် 
အချက်များမှာ ညစ်ညမ်းေနေသာ ေြမဧရိယာများကို ခွဲြခားြခင်း၊ ြပန်လည်ြပြပင်ိုင်ရန်အတွက် 
၎င်းညစ်ညမ်းေနသည့် ေြမများကုိ အသံုးြပြခင်းမ ှ ေရှာင်က်ြခင်း၊ ေြမဆီလာေအာက်ေြခဇုန်ရှိ 
ညစ်ညမ်းေသာ ေြမဆီလာတွင ် ပိုမိုနက်ိင်းစွာ ြမပ်ှံြခင်းှင့် ညစ်ညမ်းေသာ ေြမဆီလာများ 
ဖံုးလမ်းြခင်း၊ ြပန်လည်ကုစားြခင်း (သုိမဟုတ်) စွန်ပစ်ြခင်း တုိပါဝင်ပါသည်။ 
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ေြမဆီလာှင့် ၎င်း၏ ပံုပန်းသွင်ြပင်အေပ အဓိက သက်ေရာက်မများ (သိသာထင်ရှားစွာ 
သက်ေရာက်မှင့် အထက)် မှာ ေအာက်ပါအတိုင်းြဖစ်သည်။ 

 ဟင်းလင်းပွင့်အတိုင်းထားထားသည့် ကျင်း ဖွဲစည်းြခင်းှင့် လုပ်ေဆာင်ချက်များေကာင့် 
ေြမြပင်သာန်ေြပာင်းလဲြခင်း၊ TSFs ေဆာက်လုပ်ြခင်းှင့် စွန်ပစ်ေကျာက်အစုအပံုများ၊ 
ေြမြပင်ယူနစ်အားလံုးတစ်ေလျာက ် ပျက်ြပယ်သွားေသာ တွင်းအတွက ် သိသာထင်ရှားေသာ 
သက်ေရာက်မှင့် ေြမြပင်ယူနစ်အေပမူတည်၍ စွန်ပစ်ေကျာက်အစုအပံုများ ှင့် TSF ၏ 
ြမင်မားစွာသက်ေရာက်မမှ အလယ်အလတ်သက်ေရာက်မ၊ 

 ေြမဆီလာတိုက်စားခံရြခင်း (သုိမဟုတ်) ညံ့ဖျင်းေသာ ေြမဆီလာစီမံခန်ခွဲမတိုေကာင့် 
ေဂဟစနစ်များကိ ုအကျိးြပိုင်မည့် ေြမအသံုးြပမ ေလျာ့နည်းသွားြခင်း - မတ်ေစာက်ေသာ 
ေတာင်တန်းေြမြပင်ယူနစ်အတွက ်သိသာထင်ရှားေသာ ြမင့်မားသည့် သက်ေရာက်မ၊ 

မေသချာမေရရာေသာ ဧရိယာများတွင ်ေြမဆီလာှင့် ၎င်း၏ ပံုပန်းသွင်ြပင်အေပ သက်ေရာက်မကို 
အကဲြဖတ်ဆန်းစစ်ြခင်းတွင ် ေဆာက်လုပ်ေရးနည်းလမ်းများှင့် ဒီဇိုင်းအေသးစိတ်၊ ပိတ်သိမ်းမည့် 
ဒီဇိုင်းပံုစံများ၊ ြပန်လည်ြပြပင်ေရးှင့် ပိတ်သိမ်းရန်အတွက ်လိုအပ်သည့် ပစည်းပမာဏ ညီမမရှိ၊မရှိ 
ှင့် ယခင်သတတူးေဖာ်ြခင်းလုပ်ငန်းများမ ှလက်ရှိကာလ ညစ်ညမ်းမအတိုင်းအတာ တုိပါဝင်ပါသည်။ 

ေြမေအာက်ေရေပသက်ေရာက်မ 

စီမံကိန်းသည် ေြမေအာက်ေရအေပ နည်းအမျိးမျိးြဖင့် ချတိ်ဆက်မရှိပါသည် - လကရ်ှိ 
ေြမေအာက်ေရစွန်ထုတ်ေပးသည့် စမ်းေရတွင်းများအေပတွင် အေဆာက်အအံုများထားရှိြခင်း၊ 
ေြမေအာက်ေရကို တွင်းမှတစ်ဆင့် တူးယူြခင်း (တွင်းတူးေြမာင်းများမ ှ တစ်ဆင့်၊ ကျားးဥမင် 
လိုဏ်ေခါင်းမ ှ တစ်ဆင့် စုပ်ယူြခင်း)၊ TSFs ှင့် စွန်ပစ်ေကျာက်တံုးများှင့် တွင်းေပါက်များ 
(တွင်းေရကန ် ြဖစ်လာသည့်အခါ ပိတ်သိမ်းြခင်း) ှင့် ေရေလှာင်ကန်များမ ှ ေရများစိမ့်ထွက်ြခင်းမ ှ
ေြမေအာက်ေရပမာဏ တိုးများလာေစမည်ြဖစ်ပီး ။ ေရစိမ့်ထွက်မတွင ် ြမင့်မားေသာ သတများှင့် 
ဆာလဖိတ်များ ပါဝင်ိုင်ဖွယ်ရှိပီး TSF မှ စိမ့်ထွက်မတွင ် ကွင်းကျန်ေနေသာ ဓာတ်ပစည်းများ 
ပါဝင်ိုင်ပါသည်။ စိမ့်ထွက်မသည ်ေဒသအတွင်းရှိ ေြမေအာက်ေရ၏ အရည်အေသွးကို ေလာ့ချိုင်ရန် 
အလားအလာရှိပါသည်။ 
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လက်ရှိေြမမျက်ှာသွင်ြပင ်အေနအထားှင့် စီမံကိန်းေကာင့် ေြပာင်းလဲသွားမည့် 
ေြမဆီလာပံုပန်းသွင်ြပင ်

ေြမေအာက်ေရှင့် စပ်လျ်းသည့် ဒီဇိုင်းေရးဆွဲြခင်း စီမံခန်ခွဲမများတွင် ေရဆိုးေရညစ်များ စိမ့်ထွက်မ 
ေလျာ့နည်းေစရန ် TSFs ှင့် Wallah စွန်ပစ်ပစည်း စွန်ပစ်မည့်ေနရာ၏ ဒီဇိုင်း တည်ေဆာက်မှင့် 
လည်ပတ်ေဆာင်ရွက်မတိုပါဝင်သည်။ အေဆာက်အအံုများတွင ် ေရစိမ့်ဝင်မနည်းပါးေစရန်ှင့် 
ေရများကို စုေဆာင်းထားိုင်ရန ် ေရေအာက်ေြမာင်းများကို တပ်ဆင်ထားမည်ြဖစ်ပီး မစွန်ပစ်မီ 
ြပန်လည်အသံုးချြခင်းှင့် ကုစားြခင်းတိုကို ဦးစားေပးေဆာင်ရွက်မည်ြဖစ်သည်။ အြခားေသာ 
ေလျာ့နည်းေစမည့် နည်းလမ်းများှင့် စီမံခန်ခွဲမများတွင် လက်ရှိေြမေအာက်ေရကို ေရအရင်းအြမစ် 
အြဖစ်အသံုးြပေနသည့် ေဘာ်တွင်းေဒသ ှင့် Tiger Camp ေဒသများ ြပန်လည်ေနရာချထားြခင်း၊ 
စွန်ပစ်ေကျာက ်အစုအပံုှင့် ဟင်းလင်းပွင့်ထားထားေသာ ကျင်းများသို ေရဆိုးများစိမ့်ဝင်ိုင်ြခင်းကို 
ေလာ့ချိုင်ရန်ှင့် TSF များပိတ်သိမ်းရန်အတွက ် ဒီဇိုင်းှင့် နည်းဗျဟာများအတွက ် TSF 
တာတမံဇုန်များအတွင်း ေရအရည်အေသွး စီမံခန်ခွဲမများ ေဆာင်ရွက်ထားရှိမည်။ 

ေြမေအာက်ေရအေပ အဓိကသက်ေရာက်မများ (သိသာထင်ရှားစာွ သက်ေရာက်မှင့် အထက)် မှာ 
ေအာက်ပါအတိုင်းြဖစ်သည်။ 

 ေရေနေဂဟစနစ်များကို ပံ့ပိုးေပးိုင်ြခင်းေလျာ့နည်းလာမှင့် စမ်းေချာင်းများအေပတွင် 
စီမံကိန်းအေဆာက်အအံုများ ေနရာချထားြခင်းေကာင့ ်စမ်းေရတိုက်ိုက်ဆံုးံးလာမေကာင့် 
- ေဘာ်တွင်းေဒသအတွင်းရှိ စမ်းေရတွင်း ၁၆ ခုအနက ် စမ်းေရတွင်း ၆ ခုအေပ 
သိသာထင်ရာှးေသာ ြမင့်မားသည့်သက်ေရာက်မ 
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 TSFs မှ စိမ့်ထွက်မများေကာင့် saprolite ှင့် ကျိးေကေနေသာ ေကျာက်များေကာင့် 
ေြမေအာက်ေရကို ညစ်ညမ်းေစြခင်း - နမ့်ပန်ကန်း, နမ့်လ ှင့် စမ်းေရတွင်းများ၏ ေရတွင်း 
saprolite အေပ သိသာထင်ရှားေသာ သကေ်ရာက်မ၊ နမ့်ပန်ကန်း၊ နမ့်လ တို၌ 
ကျိးေကေနေသာ ေကျာက်များအေပ သိသာထင်ရာှးေသာ သက်ေရာက်မမှာ ြမင့်မားသည်။ 

 စွန်ပစ်ေကျာက်အစုအပံုမှ စိမ့်ထွက်မများေကာင့် နမ့်ပန်ကန်း ေရေသေရလွဲေဒသ၌ 
saprolite ှင့ ်ကျိးေကေနေသာ ေကျာက်များေကာင့် ေြမေအာက်ေရကို ညစ်ညမ်းေစြခင်း - 
ေရတွင်း saproliteအေပ သိသာထင်ရှားေသာ သက်ေရာက်မှင့် ကျိးေကေသာ 
ေကျာက်များအေပ အလယ်အလတ်မ ှ ြမင့်မားေသာ သက်ရာက်မရှိိုင်ပါသည်။ 
ညစ်ညမ်းေသာ ေြမေအာက်ေရသည ် Wallah ချိင့်ဝှမ်းရှိ ေရမျက်ှာြပင ် အသွင်အြပင်သို 
ေြပာင်းလဲိုင်ေကာင်း ေမာ်လင့်ရပါသည်။ 

ေြမေအာက်ေရအေပ သက်ေရာက်မ အကဲြဖတ်ဆန်းစစ်ြခင်းှင့ ်စပ်လျ်း၍ မေသချာမေရရာေသာ 
ဧရိယာတွင ် ေြမေအာက်ေရကို ခွဲြခမ်းစိတ်ြဖာထားြခင်းမရှိြခင်း၊ ခန်မှန်းထားေသာ ေရအရည် 
အေသွးှင့် စိမ့်ထွက်မန်းပမာဏ၊ ဘူမိဓာတုဆိုင်ရာ ခွဲြခမ်းစိတ်ြဖာထားြခင်းမရှိြခင်း၊ ေြမေအာက်ေရ 
စီးဆင်းမ ပုံစ ံ (ဥပမာအားြဖင့် စီးဆင်းမေြပာင်းလဲြခင်း ေြမေအာက်ေရတင်ြခင်း) ှင့် ကျိးေက 
ေနေသာ ေကျာက်ေရြပင်၏ လက်ရှိေရအရည်အေသွးှင့ ်ခန်မနှ်းေရအရည်အေသွး တိုပါဝင်ပါသည်။. 

ေြမေပေရေပသက်ေရာက်မ 

စီမံကိန်းှင့် ေြမေပေရ၏ အြပန်အလှန ် သက်ေရာက်မအများစုသည ် နမ့်ပန်ကန်း၏ 
ေရဖမ်းဧရိယာအတွင်း တည်ရှိေနမည်ြဖစ်ေသာ်လည်း နမ့်လေရဖမ်းဧရိယာကို ထိခိုက်ေစသည့် 
အြပန်အလှန်သက်ေရာက်မများလည်း ရိှေနပါသည်။ နမ့်ပန်ကန်းြမစ်ှင့် နမ့်လြမစ်တိုသည် 
ြမစ်ငယ်ြမစ်၏ ြမစ်လကတ်က်များြဖစ်ကပါသည်။ 

အဆိုြပစီမံကိန်းသည် လမ်းများေဖာက်လုပ်ြခင်း၊ ေရလမ်းေကာင်းြဖတ်ေကျာ်ြခင်း၊ ြမစ်ေရလဲများှင့် 
ဆည်များတည်ေဆာက်ြခင်းေကာင့် ေရမျက်ှာြပင်ကို တိုက်ိုက်ဆံုးံးေစြခင်း၊ ေချာင်းေရ 
တိုက်စားြခင်း၊ ုန်းအနည်အှစ်များ ပိုချြခင်းှင့် ေရစီးေကာင်းယိုယွင်းလာြခင်း စသည်တိုေကာင့် 
ေရစီးေကာင်းများကို တိုက်ိုက်ထိခိုက်ေစမည်ြဖစ်ပါသည်။ စမ်းေချာင်းများလဲြခင်း၊ ေရစုပ်ယူြခင်း၊ 
ေရထုတ်ြခင်းှင့် ေြမပံုသာန်ှင့် ေရုတ်ေြမာင်းေြပာင်းလဲမများေကာင့် ြဖစ်ေပသည့် ေြပာင်းလဲ 
မများှင့် ေရလမ်းမိုးမအရာယ ် အေြပာင်းအလဲများ ပါဝင်ိုင်ပါသည်။ အေှာက်အယှက် 
ြဖစ်ေစေသာ ဧရိယာများမှ စီးဆင်းလာြခင်း၊ ပေရာဂျက်မ ှစွန်ပစ်ေရများှင့် ေရဆိုးထုတ်ြခင်း၊ စွန်ပစ် 
ေကျာက်တုံးများမှ ေြမေအာက်ေရှင့် အေပယံေရများ စွန်ထုတ်ြခင်းှင့ ်သတများ အထူးသြဖင့ ်ခဲှင့် 
မျက်ှာြပင်ေရများ ကွယ်ဝလာမည်ဟ ုခန်မှန်းထားသည့် TSFs များေကာင့် ြဖစ်ေပမည်ြဖစ်သည်။ 
ဆိုင်းငံ့ထားေသာ အနည်များ လည်း ြမင့်မားလာမည်။ ေရစုန်၏ ေအာက်ပိုင်းကမ်းြပင်ရှိ 
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အနည်အှစ်များ၏အရည်အေသွးများသည ် သတဓါတ်ပါဝင်မြမင့်မားပီး ညစ်ညမ်းေသာ 
အနည်အှစ်များ ှင့် ၎င်းအနည်အှစ်များ ၏ေရွလျားမေကာင့်လည်း ေြပာင်းလဲိုင်ပါသည်။  

ေြမေပေရ အေပထိခိုက်မအနည်းဆံုးြဖစ်ေစရန် အသံုးြပမည့်အဓိကဒီဇိုင်းှင့် စီမံခန်ခွဲမ 
အစီအမံများ တွင်ပါဝင်သည့်အချက်များမှာ- စွန်ပစ်ေရ မ၀င်ေရာက်မှီကာလတွင ် ေြမေပေရ၏ 
ေပျာ်ဝင ် အနည်အှစ်များကို ေလာ့ချရန ် ေရကာတာများတည်ေဆာက်ြခင်း၊ TSFs ှင့် စွန်ပစ် 
ေကျာက်ပံု များအတွင်းရှိ ေရုတ်ေြမာင်းစနစ်များသည ် စိမ့်ထွက်လာမည့် ေရအေြမာက်အများကို 
စုေဆာင်း ဖမ်းယူပီး ၎င်းေရကို စွန်ထုတ်ြခင်းမြပမ ီသန်စငြ်ခင်း၊ မိုင်တွင်းမှထွက်ရှိလာမည့်ေရများကို 
မစွန်ပစ်မီ သန်စင်ြခင်း စသည်တိုပါဝင်ပါသည်။ စီမံကိန်းပိုင်ရှင်သည် စွန်ပစ်ေရများအားလံုးကို 
ြမန်မာိုင်ငံ၏ စံချနိ်စံန်း များအတိုင်း သန်စင်ရန် ရည်ရွယ်ထားပါသည်။ 

နမ့်ပန်ကန်းမှ ေရကို ထုတ်ယူမည်ြဖစ်ေသာ်လည်း ထုတ်ယူမည့် ေရပမာဏ၏ တစ်စိတ်တစ်ပိုင်းကို 
မိုင်းတွင်းမ ှ ထွက်ရှိလာမည့်ေြမေအာက်ေရှင့် ြပန်လည ် ြဖည့်တင်းေစမည်ြဖစ်ပါသည်။ နမတူြမစ် 
အပါအဝင် ြမစ်ေအာက်ပိုင်းရှိ ေရအသံုးြပသူများတွင ် ြဖစ်ေပလာိုင်သည့် ေရစီးဆင်းမ ေလျာ့နည်း 
လာမအေပ သက်ေရာက်မေလျာ့နည်းေစရန်အတွက ်နမ့်လြမစ်မှ ေရကိုထုတ်ယူရာတွင ်ေရစီးဆင်းမ 
များသည့်မိုးရာသီတွင်ထုတ်ယူမည်ြဖစ်ပီး ေြခာက်ေသွရာသီတွင ် အသံုးြပရန ် စုေဆာင်း ထားမည် 
ြဖစ်ပါသည်။ ဝင်းြမင့်မိုရ်သည ် လံုေလာက်သည့် ေရပမာဏများ နမတူြမစ်သို စီးဆင်းေစမည် 
ြဖစ်ေကာင်းှင့် ေရစုပ်ယူမသည ် ြမစ်၏ေအာက်ပိုင်း ေရသံုးစွဲသူများအတွက ် ေလျာ့နည်းမ 
မြဖစ်ေစေကာင်း ကိုလည်း ဝင်းြမင့်မိုရ်မှ အာမခံမည်ြဖစ်ပါသည်။  

ေဆာက်လုပ်ေရးလုပ်ငန်း၏ သက်ေရာက်မများကို ေလာ့ချရန်အတွက ် ေြမသားလုပ်ငန်းများကို 
ေြခာက်ေသွရာသီတွင ် ေဆာင်ရွက်သွားမည ် ြဖစ်ပါသည်။ မိုင်းတွင်းကို အေှာင့်အယှက်ြဖစ်ေစမည့ ်
ဧရိယာအတွင်း ဝင်ေရာက်လာမည့် ေရပမာဏကို တတ်ိုင်သမေလာ့ချကာ ေြမတိုက်စားမှင့် 
အနည်အှစ်များ ထိန်းချပ်ေရးအစီအမံများအား အေကာင်အထည်ေဖာ်ေဆာင်ရွက ် သွားမည် 
ြဖစ်ပါသည်။ 

ေြမေပေရအေပကျေရာကမ်ည့် အဓိက သက်ေရာက်မများမှာ- 

 ေဂဟစနစ်ှင့် အကျိးရှိရှိ အသံုးချမအတွက် ေထာက်ပံ့ိုင်စွမ်းကို ထိခိုက်ေစမည့် instream ှင့်   
riparian စားကျက်များဆံုးံးြခင်းေကာင့် စားကျက်များဆံုးံးြခင်း - နန်ပယွနး် အလယ်ပိုင်းှင့် 
ေအာက်ပိုင်းေရေဝဧရိယာပုိင်းများထက ် ေရအရည်အေသွးှင့် ေရေနသတဝါတို ေနထိုင် 
ကျက်စားရန ် အတွက ် ပိုမိုေကာင်းမွန်ေသာ  နန်ပယွန်းအထက်ပိုင်း ေရဖမ်းဧရိယာ အေပ 
သိသာထင်ရာှးေသာ သက်ေရာက်မများ၊ နန်ပယွန်း၏ ၃ ကီလိုမီတာအထ ိ underdrain အြဖစ် 
ေြပာင်းလဲြခင်းခံရမည ် ြဖစ်ပီး ေရစီးေကာင်းှင့် ြမစ်ေချာင်းစားကျက်များ ေြပာင်းလဲသွားမည် 
ြဖစ်ပါသည်။ 
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 စီမံကိန်းကာလအတွင်း ေရထုတ်ယူမများေကာင့် ေြမေပေရစီးေကာင်း ေြပာင်းလဲမများ 
ြဖစ်ေပလာပီး ေဂဟစနစ်ှင့် အြခားအကျိးရှိေသာအသံုးြပမများ၏ ပံ့ပိုးေပးိုင်စွမ်းကို ထိခိုက် 
ေစြခင်း - စီမံကိန်းကာလအတွင်း ေြခာက်ေသွကာလများတွင ် နမ့်လ၏ ြမစ်ညာပိုင်းအတွက် 
သက်ေရာက်မမှာ ြမင့်မားပါသည်။ 

 စီမံကိန်းအေဆာက်အဦများေကာင့် ြဖစ်ေပေြပာင်းလဲလာေသာ ေရလမ်းမိုးမအရာယ-် flood 
modelling မလုပ်ေဆာင်ရေသးေသာေကာင့် နမ့်လှင့် အြခား စံုစမ်းရန ် ကျန်ရှိေနသည့် 
ေနရာများအတွက ်သက်ေရာက်ိုင်သည့် အလားအလာမှာ ြမင့်မားပါသည်။ 

 စီမံကိန်းရင်းြမစ်များမ ှညစ်ညမ်းမှင့် TSFs များမှ စီးဆင်းလာေသာ ညစ်ညမ်းမများေကာင့် ေရထု 
ညစ်ညမ်းပီး ေဂဟစနစ်ကို ထိခိုက်ေစမ - နမ့်ပန်ကန်းအထက်ပိုင်းအတွက ်အလွန်အေရး ပါေသာ 
သက်ေရာက်မတစ်ခုြဖစ်သည်။ 

 TSS၊ အနည်များ၊ ဓါတ်သတများေကာင့် ေရထုညစ်ညမ်းပီး ေဂဟစနစ်ကိုထိခိုက်ေစမ- TSF A 
ှင့် B တုိမှ စးီဆင်းလာမည့် နမ့်လအတွက ်အလွန်အေရးပါေသာ သက်ေရာက်မတစ်ခုြဖစ်သည်။ 

ေြမေပေရအေပ သက်ေရာက်မများကို အကဲြဖတ်ြခင်းြပလုပ်ရာတွင ် ေပေပါက်လာိုင်သည့ ်
မေရရာြခင်းများတွင ်အေရအတွက ်ခန်မှန်းချက် ှင့် ေအာက်ပိုင်းတွင ်ေရအရည်အေသွးှင့် စီးဆင်းမ 
ေြပာင်းလဲြခင်း မရှိြခင်း၊ အနည်အှစ်များ သယ်ယူပိုေဆာင်ြခင်းှင့် အနည်ကျမ modelling မရှိြခင်း၊ 
ပတ်ဝန်းကျင် ေရဟန်ချက ် မေသချာမေရရာမများ ှင့် ေရလမ်းမိုးမ အရာယ်တို စသည်တို ပါဝင် 
သည်။ 

ေလထုအရည်အေသွးအေပ သက်ေရာက်မများှင့် GHG ထုတ်လတ်မများ 

ေလထုအရည်အေသွးအေပ သက်ေရာက်မများ၏ အရင်းအြမစ်များမှာ ဖုန်မန်ထုတ်လတ်မ၊ 
အနည်ကျမှင့် ဓာတ်ေငွထုတ်လတ်မတို ြဖစ်ကပါသည်။ ဖုန်မန်ထုတ်လတ်မသည် ေလထု  
အတွင်းတွင ်အမန်အမားများှင့် ဖုန်မန်များကို ြဖစ်ေပေစိုင်ပါသည်။ ေလထုအရည်အေသွး အေပ 
ြဖစ်ိုင်ေြခရှိေသာ ြပင်းထန်မှင့် အကျိးသက်ေရာက်မအတိုင်းအတာကို တွက်ချက်ရန်ှင့် စည်းမျ်း 
စည်းကမ်းလိုက်နာမတိုကို ိင်းယှ်ရန ် သုပ်ေဖြခင်းကို မလုပ်ေဆာင်ိုင်ေသးေသာ်ြငား စီမံကိန်း 
အတွင်းှင့် စီမံကိန်းအနီးတစ်ဝိုက်ရှိ အချိေနရာများတွင ်ေလထုအတွင်းရှိ ဖုန်မန်များ တိုးလာမည်ဟု 
ခန်မှန်း ရပါသည်။ 

စီမံကိန်းလည်ပတ်ေနစ်အတွင်း ြဖစ်ေပလာမည့် ဖုန်မန်အများစုသည် ဟင်းလင်းပွင့် တူးေဖာ် 
ထားသည့ ်မိုင်းဧရိယာ၊ သိုေလှာင်ံုများ၊ စွန်ပစ်ေကျာက်စုပံုရာ ေနရာများ၊ အဓိက ေဆာက်လုပ်ေရး 
လုပ်ေဆာင်သည့် ေနရာများှင့် ပိုေဆာင်ေရးလမ်းများတစ်ေလာက ်စသည်တုိ ြဖစ်ပါသည်။ စီမံကိန်း 
လည်ပတ်ေနစ်အတွင်း ြဖစ်ေပလာမည့် ဖုန်မန်များ၏ အရင်းအြမစ်များသည် အဓိကအားြဖင့် 
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သတတူးေဖာ်ြခင်း၊ သတတွင်းအတွင်း ေဖာက်ခွဲြခင်း၊ သတိုင်းများှင့် စွန်ပစ်ေကျာက်များ 
သယ်ယူြခင်းှင့် ကွင်းကျန်သတများ ေြခာက်ေသွရာမ ှထွက်ရှိြခင်း စသည်တုိ မှ ြဖစ်ပါသည်။ 

စီမံကိန်းမှ ထွက်ရှိလာမည့် အဓိကဓာတ်ေငွထုတ်လတ်မများမှာ ဓာတ်အားေပးစက်ံုှင့် 
ေမာေ်တာက်ားများမှ ထွက်ရှိလာမည့ ်ဆာလဖာဒိုင်ေအာက်ဆိုဒ်ှင့် ိုက်ထိုဂျင်ဒိုင်ေအာက်ဆိုဒ်များ 
ြဖစ်ကပါသည်။ ိုက်ထိုဂျင်ဒိုင ် ေအာက်ဆိုဒ ် မှလွဲ၍ ဓာတ်အားေပးစက်ံုများမ ှ ထုတ်လတ်ေသာ 
ဓာတ်ေငွများ၏ ပမာဏသည် ဓာတ်အားေပးစက်ံုများအတွက ်သတ်မှတ်ထားသည့် ြမန်မာိုင်ငံ၏ 
စံန်းသတ်မှတ်ချက်ေအာက ် ေလျာ့နည်းမည်ဟု ခန်မှန်းရပါသည်။ ထိုအြပင ် စီမံကိန်းတွင် 
အသံုးြပမည့် ေမာ်ေတာ်ကားများှင့် ကုန်တင်ယာ်များ၏ အိတ်ေဇာများမ ှ ထွက်ရှိလာမည့် 
ဓာတ်ေငွများေကာင့် ပိုကုန်လမ်းေကာင်းအပါအဝင ် အသံုးြပေသာ လမ်းတစ်ေလာက ် ေလထု 
အရည်အေသွးကို ေလာ့ကျေစိုင်ပါသည်။ 

စီမံကိန်းတည်ေဆာက်ြခင်း၊ လည်ပတ်ြခင်းှင့် ဖျက်သိမ်းြခင်းမှထွက်ရှိလာမည့် ဖန်လံုအိမ် 
ဓါတ်ေငွထွက်ရှိမု (Scope 1 emissions) သည ်ှစ်စ် ပမ်းမ 133.50 kt CO2-e/annum ဟ ုခန်မှန်း 
ထားပီး စီမံကိန်းကာလတစ်ေလာက ်စုစုေပါင်း 2,269.50 kt CO2-e ကို ထုတ်လတ်ိုင်မည်ဟ ုခန်မှန်း 
ထားပါသည်။ GHG ဓာတ်ေငွထုတ်လတ်မအများစုသည ် သတတွင်း၏ လုပ်ငန်းလည်ပတ်မကာလ 
(၁၃ ှစ)် အတွင်း ြဖစ်ေပမည်ြဖစ်ပါသည်။ ဓာတ်အားေပးစက်ံု မှထွက်ရှိလာမည့် ဓာတ်ေငွ 
ထုတ်လတ်မမှာ အများဆံုးြဖစ်ပီး စီမံကိန်းတစ်ေလျာက်လံုး ထုတ်လတ်မ၏ ၆၆ ရာခိုင်န်းခန် အထိ 
ြဖစ်မည်ဟ ု ခန်မှန်းထားပါသည်။ ဒုတိယအများဆံုး ဓာတ်ေငွထုတ်လတ်မမှာ ေမာ်ေတာ်ယာ်များမှ 
ြဖစ်ပီး ယင်းတိုသည ်စုစေုပါင်း ဓာတ်ေငွ ထုတ်လတ်မ၏ ၃၃ ရာခိုင်န်းအထိ ပါဝင်မည်ြဖစ်သည်။ 
ေပါက်ကွဲေစတတ်ေသာ ပစည်းများှင့် စွန်ပစ်ပစည်းများသည် စုစုေပါင်းဓာတ်ေငွထုတ်လတ်မ၏ 
၀.၃ ရာခိုင်န်း ြဖစ်ပါသည်။ 

ေလထုအရည်အေသွးေပ ထိခိုက်သက်ေရာက်မကို ဆန်းစစ်ရာတွင် အဓိကသက်ေရာက်ြခင်းခံရမည့ ်
အုပ်စုများကို ပုံ ES.10, ES.11 ှင့် ES.12 တိုတွင် ေဖာ်ြပထားပါသည်။ 

ေလထုအရည်အေသွးအေပ သက်ေရာက်မများကို ေရှာင်ရှားရန ် အဓိကလုပ်ေဆာင်ရမည့် ေလျာ့ချ 
ေရးနည်းလမ်းမှာ ေလထုအရည်အေသွးအေပ အကီးမားဆံုးသက်ေရာက်မများ ြဖစ်ေပိုင် သည့် 
စီမံကိန်း ဧရိယာှင့် အနီးတစ်ဝိုက်တွင်ရှိေသာ ရပ်ရွာများကို ြပန်လည်ေနရာချထားေပးေရး ြဖစ်ပါ 
သည်။ စီမံကိန်းေဆာင်ရွက်မများှင့်စပ်လျ်း၍ ၎င်းတို၏ တည်ေနရာေပ မူတည်၍ အမျိးမျိးေသာ 
သက်ေရာက်ခံရသူများကို အချနိ်ကာလအလိုက ် ြပန်လည်ေနရာချထားမည်ြဖစ်သည်။ စစ်တပ် 
အေြခစိုက်စခန်းကိုမ ူ ယခုကာလအတွင်း ြပန်လည်ေနရာချထားရန ် စီစ်မထားေသာ်လည်း 
စစ်တပ်ှင့် တိုင်ပင်ေဆွးေွး၍ ြပန်လည်ေနရာချထားိုင်ရန ် ဆံုးြဖတ်ထားပါသည်။ ေဘာ်တွင်း 
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အေြခစိုက ် စစ်တပ်စခန်းအား စီမံကိန်းပိုင်ရှင်မ ှ ေရေြပာင်းိုင်ြခင်း မရှိေသာေကာင့် အဆုိပါ 
အေြခစိုက်စခန်းမှာ ေဘာ်တွင်းမိုင်ေနရာတွင ်ဆက်လက်တည်ရှိေနိုင်ပါသည်။ 

ေလထုအရည်အေသွးကို ထိခိုက်မအနည်းဆံုးြဖစ်ေစရန် ေဆာင်ရွက်မည့် အြခားဒီဇိုင်းှင့် စီမံခန်ခွဲမ 
အစီအမံများတွင ် ေခတ်မီေသာ စက်ံု၊ေသချာစွာြပြပင်ထိန်းသိမ်းထားေသာ ေမာ်ေတာ်ယာ်များှင့် 
စက်ကိရိယာများကိုသာ အသံုးြပြခင်း၊ ဖုန်မန်ေလျာ့ချြခင်းအစီအမံများ (ဥပမာ၊ လမ်းများကိ ုေရြဖင့် 
ပက်ြဖန်းြခင်း)၊ သစ်ပင်ပန်းမန်များ ပျိးေထာင်ြခင်းငှ့် ြပန်လည်ထူေထာင်ေရးဆိုင်ရာ အစီအမံများ၊ 
ေြမတိုက်စားမ ှင့် ေြမဆီလာအနည်အှစ ်ထိန်းချပေ်ရး အစီအမံများ စသည်တိုပါဝင်ပါသည်။ 

ေလထုအရည်အေသွးအေပ သိသိသာသာ ှင့် အထက ် ထိခိုက်ိုင်ေသာ အဓိကသက်ေရာက်မ 
များမှာ ေအာက်ပါအတိုင်းြဖစ်ပါသည်။ 

 ေဆာက်လုပ်ေရးကာလအတွင်း ေလထုအမန်အမားများ တိုးပွားလာြခင်းှင့် ဖုန်မန်များ 
စုပံုလာြခင်းေကာင့ ် ေလအရည်အေသွး ေလျာ့ကျသွားြခင်း - ေဘာ်တွင်း အထက်ေကျးရွာ 
ေလထုအတွင်း (၇ လ ငှ့ ်၈ လ ကာပီးေနာက ် ြပန်လည်ေနရာချထားြခင်း မြပရေသးခင)် ှင့် 
ကျားစခန်းေကျးရွာေလထုအတွင်း သိသိသာသာထိခိုက်ိုင်ြခင်း၊ ေဘာ်တွင်းအေြခစိုက ် စစ်တပ် 
စခန်းှင့် ေဘာ်တွင်း ေအာက်ပိုင်း ေကျးရွာေလထုအတွက ်အဓိကထိခိုက်ိုင်ြခင်း၊ 

 လုပ်ငန်းေဆာင်ရွက်ေနစ်အတွင်း ေလထုအမန်အမားများ တိုးပွားလာြခင်းှင့် ဖုန်မန်များ 
စုပံုလာြခင်းေကာင့ ် ေလအရည်အေသွး ေလျာ့ကျသွားြခင်း - ေဘာ်တွင်းအေြခစိုက ် စစ်တပ် 
စခန်းှင့် ေဘာ်တွင်း ေအာက်ပိုင်း ေကျးရွာေလထုအတွက ် အဓိကထိခိုက်ိုင်ြခင်း 
(ေဆာက်လုပ်ေရးလုပ်ငန်းများ စတင်ပီးေနာက ် ြပန်လည်ေနရာချထားြခင်း မေဆာင်ရွက်ရ 
ေသးခင)်  

 မိုင်းပိတ်သိမ်းပီးေနာက ် ေလထုအမန်အမားများ တိုးပွားလာြခင်းှင့် ဖုန်မန်များ 
စုပံုလာြခင်းေကာင့ ် ေလအရည်အေသွး ေလျာ့ကျြခင်း - စစ်တပ်အေြခစိုက်စခန်းအတွက် 
သိသိသာသာ ြမင့်ြမင့်မားမား ထိခိုက်ိုင်ြခင်း၊ 

 ဓာတ်အားေပးစက်ံုလည်ပတ်ေနစ်အတွင်း ထုတ်လတ်သည့် ဓာတ်ေငွများေကာင့် ေလထု 
အရည်အေသွးကို ေလျာ့ကျေစြခင်း - မီတာ ၄၀၀ အကွာတွင် တည်ရှိေနသည့် စစ်တပ် 
အေြခစိုက်စခန်းအတွက ်အဓိက သိသိသာသာ ြမင့်ြမင့်မားမား ထိခိုက်ိုင်ြခင်း 

ေလထုအရည်အေသွးအေပ သက်ေရာက်မများကို အကဲြဖတ်ြခင်းရာတွင ် ဓာတ်ေငွှင့် ဖုန်မန်များ 
ထုတ်လတ်မှင့် သတပါဝင်မ၊ ဖုန်မန်အရွယ်အစားှင့် မည်ကဲ့သို ကွဲြပားသည်ကို ကိတင် 
ခန်မှန်းိုင်ေသာ သုပ်ြပေမာ်ဒယ်မရှိြခင်း မေသချာမေရရာေသာ အြခင်းအရာအြဖစ် 
ပါဝင်ေနပါသည်။  
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Figure ES.10 Key receptor groups considered in assessment of air, noise, vibration and 

health assessment and baseline monitoring locations 

 

 
Figure ES.11 Regional village receptor groups considered in assessment of potential air 

quality and health impacts 
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Figure ES.12 Export corridor receptor groups considered in assessment of potential air 

quality, noise, vibration and health impacts   
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ဆူညံသံှင့် တုန်ခါမအေပ သက်ေရာက်မ 

စီမံကိန်းလုပ်ငန်းများသည် ဆူညံသံှင့် တုန်ခါမတိုကို ြဖစ်ေပေစပါသည်။ သိုေသာ်လည်း  ဆူညံသံ 
ြပင်းထန်မ အြမင့်ဆံုးေနရာမှ ရပ်ရွာလူထ ု အားြပန်လည်အေြခချေနထိုင်ြခင်းြဖင့် ကျန်းမာေရးှင့် 
သာယာအဆင်ေြပေရးအတွက ် အလားအလာရှသိည့် ြပင်းထန်ေသာ သက်ေရာက်မများကို 
ကန်သတ်ထားိုင်မည် ြဖစ်ပါသည်။ ဆူညံသံှင့် တုန်ခါမ အရည်အေသွးသက်ေရာက်မများကို 
ဆန်းစစ်ဆံုးြဖတ်ရာတွင ်ထည့်သွင်းစ်းစားထားေသာ အဓိက receptor အုပ်စုကို ပုံ ES.10 ှင့် ES 12 
တွင ်ေဖာ်ြပထားပါသည်။ 

အဓိကသက်ေရာက်မေရှာင်ရှားေရးနည်းလည်းမှာ စမီံကိန်းဧရိယာှင့် ကပလ်ျက ် တည်ရိှေနေသာ 
ရပ်ရွာလူထုများကို ြပန်လည်ေနရာချထားေပးေရး ြဖစ်ပါသည်။ ေနာက်ထပ် ေလျာ့ချေရး 
နည်းလမ်းအြဖစ ်လံုြခံစိတ်ချရသည့် ေဖာက်ခွဲမ စီမံခန်ခွဲေရး လုပ်ထံုးလုပ်နည်းများကို အသံုးြပြခင်း 
ြဖင့် ဆူညံသံှင့် တုန်ခါမဆိုင်ရာ ဆိုးကျိး သက်ေရာက်မ များကို ကန်သတ်ေလာ့ချရန် အေကာင် 
အထည်ေဖာ ်ေဆာင်ရွက်သွားမည်ြဖစ်ပါသည်။ 

အဓိက ဆူညံသံှင့် တုန်ခါမ သက်ေရာက်မများ (သက်ေရာက်မအြမင့်ဆံုး သိုမဟုတ် အထက်များ) မှာ 

 လုပ်ငန်းလည်ပတ်သည့် စက်ံု၊ ဓာတ်အားေပးစက်ုံ၊ TSF-B ှင့် TSB-C ဖိုေြမှင့် 
ေြမသယ်လမ်းများ ေဆာက်လုပ်ြခင်းေကာင့် ဆူညံသံှင့် တုန်ခါမအဆင့်များ ြမင့်တက် 
လာြခင်း - စစ်တပ်အေြခစိုက်စခန်းအတွက ် အလွန်အေရးပါေသာ သက်ေရာက်မ 
တစ်ခုြဖစ်သည်။ 

 လမ်းများှင့် အေဆာက်အဦများ ေဆာက်လုပ်ြခင်းှင့ ် ေဆာက်လုပ်ေရးဆိုင်ရာ ယာ်များ 
သွားလာမတိုေကာင့် ဆူညံသံှင့် တုန်ခါမအဆင့်များ ြမင့်တက်လာြခင်း - နမ့်လ လယ်ေြမ 
(စီမံကိန်းစတင်ပီး ၇ လမှ ၉ လအကာတွင ်၎င်းတို ေနရာေြပာင်းေရြခင်းမတိုင်မ)ီ။ 

 မိုင်းတွင်းလုပ်ငန်းေကာင့် ဆူညံသံှင့် တုန်ခါမအဆင့်များ ြမင့်တက်လာြခင်း - 
ေဘာ်တွင်းေအာက်ရွာအတွက ် အကျိးသက်ေရာက်မ အြမင့်ဆံုး (ေဆာက်လုပ်မ 
စတင်ပီးေနာက ်လေပါင်း ၃၀ မှ ၃၂ လအထ ိြပန်လည်ေနရာချထားြခင်းမြပမီအထ)ိ။ 

ဆူညံသံသက်ေရာက်မများကို ဆန်းစစ်ဆံုးြဖတ်ြခင်းှင့်စပ်လျ်းသည့် မေသချာမေရရာေသာ 
နယ်ပယ်များတွင ် ဆူညံသံထုတ်လတ်မ ခန်မှန်းချက်များမရှိြခင်းှင့် တုန်ခါမန်း တိုင်းတာေသာ 
ပံုစံငယ်တိုပါဝင်သည်။ 

ဇီဝမျိးစံုမျိးကွဲအေပ သကေ်ရာကမ်များ 
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ဇီဝမျိးစံုမျိးကွဲမျိးကွဲများအေပ သက်ေရာက်မများတွင ် စားကျက်ေနရာများ ဆံုးံးြခင်း သိုမဟုတ် 
ပျက်စီးြခင်းှင့် သုိမဟုတ် သစ်ပင်ပန်းမန်များှင့် တိရစာန်မျိးစိတ်များ ေလျာ့နည်းြခင်းတို 
ပါဝင်သည်။ စီမံကိန်းသည် လက်ရှ ိမိုင်းတွင်းကို ချဲထွင်ရန်ှင့် TSFs၊ ေကျာက်အမိက်ပံု၊ ေရေလှာင်  
ကန်ှင့် လမ်းများ အပါအဝင ် အေြခခ ံ အေဆာက်အအုံများ တည်ေဆာက်ရန်အတွက ် လက်ရှိ 
အပင်များကို ဖယ်ရှားမည ် ြဖစ်သည်။ ဖယ်ရှားခံရေသာ ေနရာအများစုသည် ေဒသတွင်းရှိရင်း စွဲမျိး 
စိတ်များကို ပံ့ပိုးေပးေသာေကာင့် ထိခိုက်ိုင်မနည်းေသာ အပင်အမျိးအစားြဖစ်သည့် ြမက်ခင်း 
ြပင်ှင့် ဝါးများေပါက်ေရာက်လျက်ရှိသည်။ 

သစ်ပင်ပန်းမန်များှင့် တိရစာန်များ၏ ေနရင်းေဒသများ ဆံုးံးြခင်းှင့် ပျက်စီးယိုယွင်းြခင်း၊ 
စီမံကိန်းတွင်း အသံုးြပယာ်များှင့် စက်ယရားများှင့် မေတာ်တဆ တိုက်မိြခင်း၊ ပိုးမားများှင့် 
ေပါင်းပင်များ ပျံှံြခင်းှင့် စီမံကိန်း ဆူညံသံှင့် ဖုန်မန်များမှ တိရစာန်များကို အေှာင့်အယှက် 
ေပးြခင်းစသည်တိုေကာင့် သစ်ပင်ပန်းမန်များှင့် တိရစာန်များအေပ သက်ေရာက်မများ 
ြဖစ်ေပလာိုင်သည်။ ေဒသအလိုက ် အရာယ်ြဖစ်ေစိုင်သည့် အေနအထားရှိေသာ သစ်ပင် 
ပန်းမန်များှင့် တိရစာန်များ အများအြပားရှိေသာ်လည်း စီမံကိန်းဧရိယာသည ် အဓိကကျေသာ 
လူဦးေရကို ေထာက်ပံ့ ေပးိုင်မည်ဟု ခန်မှန်းထားြခင်းမရှိေသာေကာင့ ်အဆိုပါမျိးစိတ်များအတွက် 
အကျိးသက်ေရာက်မများကို ခန်မှန်း၍မရေပ။ 

နမ့်ပန်ယွန်းရှိ ေရေနေဂဟစနစ်အေပ သက်ေရာက်မ နည်းပါးမည်ဟ ု ခန်မှန်းရပီး ထိုေရဝပ် 
ေဒသတွင ် တည်ရှိေနေသာ အနည်အှစ်များှင့် ညစ်ညမ်းမများမှာ ရာစုှစ်ကာ မိုင်းလုပ်ငန်းများ 
ေကာင့ ် ှစ်ရာှင့်ချ၍ီ ရှိေနပီြဖစ်သည်။ နန်းလြမစ်အတွင်း အနည်ထိုင်ြခင်းှင့် စးီဆင်းမ 
ေြပာင်းလဲြခင်းများ သည် ၎င်း၏ ေဂဟစနစ်ဆိုင်ရာ အေရးပါမ ြမင့်မားေသာေကာင့် နမ့်ပန်ကန်းှင့် 
ိင်းယှ်ပါက ပိုမိုသိသာထင်ရှားေသာ သက်ေရာက်မများကို ကိုယ်စားြပပါသည်။ 

ဇီဝမျိးစံုမျိးကွဲများ၏ သက်ေရာက်မများကို ေလာ့ချရန ် ဒီဇိုင်းေရးဆွဲြခင်းှင့် 
စီမံခန်ခွဲမေလျာ့ချေရးနည်းလမ်းများတွင ် ခုတ်ထွင်ရှင်းလင်းြခင်း၊ တိုက်စားြခင်းှင့် 
အနည်အှစ်များကို ထိန်းချပ်ြခင်း၊ တိုးတက်ေသာ ြပန်လည်ထူေထာင်ေရးှင့် အပင်ငယ်များ 
ြပန်လည်စိုက်ပျိးြခင်းှင့် နမ်းလြမစ်ေရစီးဆင်းမ (အထူးသြဖင့ ် ေြခာက်ေသွကာလများတွင)် ကို 
ထိန်းသိမ်းရန ်လုပ်ငန်းစမ်ျား ပါဝင်သည်။ 

အဓိက ဇီဝမျိးစံုမျိးကွဲများ သက်ေရာက်မများ (သက်ေရာက်မအြမင့်ဆံုး သိုမဟုတ် 
အြမင့်ဆံုးအထက)် မှာ 

 ေြမယာရှင်းလင်းြခင်း၊ ညစ်ညမ်းြခင်း ှင့် ေဒသရင်းမဟုတ်ေသာ မျိးစိတ်များ 
ဝင်ေရာက်လာြခင်း - စီမကံိန်းဧရိယာရှိ အြခားမျိးစိတ်များှင့် ိင်းယှ်ပါက သစ်ပင်ပန်းမန် 
များှင့် တိရစာန်များ ကွဲြပားမပိုမိုြမင့်မားသည့် အပူပိုင်း ေရာေှာေတာင်ကုန်း သစ်ေတာများ 
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အတွက ် ြမင့်မားေသာ အကျိးသက်ေရာက်မများေကာင့် စားကျက်ေြမ ဆံုးံးြခင်းှင့် 
ပျက်စီးြခင်းကို ြဖစ်ေစိုင်ပါသည်။ ခန်မှန်းေြခအားြဖင့် စားကျက်ေြမ ၁၂ ဟက်တာ 
ဆံုးံးိုင်ပါသည်။ 

ဇီဝေဗဒဆိုင်ရာသက်ေရာက်မများကို ဆန်းစစ်ဆံုးြဖတ်ြခင်းှင့် စပ်လျ်းေသာ မေသချာေရရာေသာ 
နယ်ပယ်များတွင ်လံုြခံေရးှင့်ဆက်စပ်ေသာ ဝင်ေရာက်ခွင့် ကန်သတ်ချက်များ၊ ေရအရည်အေသွးှင့် 
ေရပမာဏသက်ေရာက်မများ၊ မိုင်းပိတ်သိမ်းြခင်းှင့် ြပန်လည်ထူေထာင်ေရး အေသးစိတ်အချက် 
အလက်များရရှိရန ်ခက်ခဲမေကာင့် အေြခခံစစ်တမ်းေဒတာကန်သတ်ချက်များရှိေနပါသည်။ 

ယဉ်ေကျးမုအေမွအနှစ်များအေပါ် သကေ်ရာကမု် 

ရာစုှစ်ေြခာက်ခုေကျာ ် စ်ဆက်မြပတ ် လူသားများ သွားလာေနထိုင်လာမေကာင့် ေဘာ်တွင်းေြမ 
အကျယ်အဝန်းသည ်သတတွင်းလုပ်ငန်းှင့် ဆက်စပ်ေနေသာပ်ေထွးသည့် သမိုင်းေကာင်း တစ်ခု 
ရှိပါသည်။ ေဘာ်တွင်း၏ ယ်ေကျးမအေမွအှစ်တန်ဖိုးအများစုမှာ ဘာသာေရး ေနရာများှင့ ်သချင်း 
ေနရာများကဲ့သိုေသာ ေဒသခံများအတွက ် အေရးပါသည့် ေနရာများအြပင ် သမိုင်းဝင်သတ 
တူးေဖာ်ေရး လုပ်ငန်းများလည်း ပါဝင်ေနပါသည်။ 

စီမံကိန်းတည်ေဆာက်မသည ် ေခတ်သစ်တွင ် ေဘာ်တွင်းသတတူးေဖာ်ြခင်း၏ အေမွအှစ်အြဖစ် 
ဆက်လက်တည်ရှိေနမည်ြဖစ်ေသာ်လည်း သတတူးေဖာ်ြခင်းှင့ ် ြပြပင်ြခင်းလုပ်ငန်းများကို 
ပံ့ပိုးကူညီရန်အတွက ် ေဘာ်တွင်းရှ ိ တည်ရှိပီးေသာ အေြခခ ံ အေဆာက်အအံုအချိ ှင့ ် ေဘာ်တွင်း 
အေြခခ ံအေဆာက်အအံုအသစ်များ တည်ေဆာက်ြခင်းအေပ အကျိးဆက်အေနြဖင့ ်သက်ေရာက်မ 
ရိှမည် ြဖစ်သည်။ ၎င်းသည် အေြခခံအားြဖင့် ရှိရင်းစွဲသမိုင်းဆိုင်ရာ သတတူးေဖာ်ြခင်းဆိုင်ရာ 
အေကာင်းအရာကို ေြပာင်းလဲေစမည်ြဖစ်ေသာ်လည်း လုပ်ငန်းလည်ပတ်စ ် လုပ်ငန်းများ၏ 
ကများကို မှတ်တမ်းတင်ရန်၊ သေုတသနြပကာ ထိန်းသိမ်းေစာင့်ေရှာက်ရန ် အခွင့်အလမ်းတစ်ခု 
အြဖစ ်တည်ရိှေနမည် ြဖစ်ပါသည်။ 

ယ်ေကျးမအေမွအှစ်များအေပ သက်ေရာက်မရှိိုင်သည့် အရင်းအြမစ်များြဖစ်သည့် စီမံကိန်း 
တည်ေဆာက်သည့် ကာလတစ်ေလာက ် အေှာင့်အယှက ် သိုမဟုတ် ဆံုးံးြခင်း၊ ဝင်ေရာက်မကို 
ကန်သတ်ထားြခင်း၊ ပတ်ဝန်းကျင ် ေမာ်ခင်း လကဏာရပ်များကို ြပြပင်မွမ်းမံြခင်း စသည်တုိ 
ပါဝင်သည်။ 

အဆိုြပထားေသာ စီမံခန်ခွဲမလုပ်ငန်းစ်များသည ် လူသိများေသာ ယ်ေကျးမ အေမွအှစ် 
ေနရာများအား ထိခိုက်မအနည်းဆံုးြဖစ်ေစရန ် ရည်ရွယ်ပီး ေရှာင်ရှားရန ် မြဖစ်ိုင်ေသာအခါ 
အနာဂတ်တွင ် ေဘာ်တွင်းသတတွင်း၏ သမိုင်းေကာင်းကို ေပလွင်ေစရန်ှင့် မီးေမာင်းထိုးြပိုင် 
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ေစရန ်အဓိကကျေသာ အရာများကို ကျယ်ကျယ်ြပန်ြပန ်မှတ်တမ်းတင ်ထိန်းသိမ်းထားြခင်းစသည့် 
နည်းလမ်းများ ပါဝင်ပါသည်။ 

ယ်ေကျးမအေမွအှစ်များအေပ သက်ေရာက်မများကို စီမံခနခ်ွဲရန်၊ အေမွအှစ်များကို ြပန်လည် 
ေဖာ်ထုတ်ြခင်း၊ ြပန်ြခင်းှင့် သိမ်းဆည်းြခင်းအတွက ်ယ်ေကျးမအေမွအှစ ်စီမံခန်ခွဲမအစီအစဥ်ကို 
အေကာင်အထည်ေဖာ် ေဆာင်ရွက်မည်ြဖစ်သည်။ ယေ်ကျးမအေမွအှစ်များ စီမံခန်ခွေဲရး 
အစီအစဥ်တွင ်သီးသန် သတတူးေဖာ်ေရးြပတိုက်ရှိ လကဏာရပ်များ၏ အဓိက အစိတ် အပိုင်းများကို 
ထိန်းသိမ်းေစာင့်ေရှာက်ရန ် လုပ်ငန်းစမ်ျား ပါဝင်မည်ြဖစ်ပါသည်။ သချင်းများှင့် အြခားအေရး 
ကီးေသာ ေရှးေဟာင်းသုေတသနဆိုင်ရာလကဏာများအတွက ် စစေ်ဆးြခင်း၊ တူးေဖာ်ြခင်း၊ 
သိမ်းဆည်းြခင်းှင့် ေနရာေရေြပာင်းြခင်းအတွက ်အရည်အချင်းြပည့်မီေသာ ေရှးေဟာင်း သုေတသန 
ပညာရှင်များ၊ စည်းကမ်းထိန်းသိမ်းေရးအဖွဲများ၊ ရပ်ရွာှင့် သင့်ေလျာ်ေသာ ဘာသာေရးှင့်/ 
သိုမဟုတ် ရပ်ရွာေခါင်းေဆာင်များှင့်အတ ူ တည်ေဆာက်မည်ြဖစ်သည်။ ခိုင်မာေသာ ယ်ေကျးမ 
ဆိုင်ရာ ဆက်ွယ်ေနေသာ သုိမဟုတ် ေဒသခံလူထုလက်ရှိအသံုးြပေနသည့် သချင်းများကို ရပ်ရွာ 
ြပန်လည်ေနရာချထားေရးအစီအစ်၏ တစ်စိတ်တစ်ပိုင်းအြဖစ ် ြပန်လည်တည်ေဆာက်ရန/် ေနရာ 
ချထားေပးရန ် ခန်မှန်းထားပါသည်။ လူသိများေသာ သချင်းကုန်းများှင့် ဘာသာေရး ေနရာများကို 
၎င်းတို၏ လက်ရှိေနရာများမ ှဆံုးံးိုင်ေသာ်လည်း ၎င်းတိုကို ဖျက်ဆီးမည့် အစား ေနရာေရေြပာင်း 
ရဖွယ ်ရိှပါသည်။.  

ယ်ေကျးမအေမွအှစ်များ စီမံခန်ခွဲေရးအစီအစဥ်တွင် ယ်ေကျးမအေမွအှစ်များ၏ တန်ဖိုးများှင့် 
အေရးကီးသည့် လိုက်နာေဆာင်ရွက်ရမည့် စီမံခန်ခွဲမေလျာ့ချေရးနည်းလမ်းများကို စီမံကိန်း 
ဝန်ထမ်းများ သိရှိေစရန ် အတွက ် ပညာေပးအစီအစ်များြပလုပ်သွားရန ် လုပ်ထံုးလုပ်နည်းများ 
ပါဝင်မည်ြဖစ်ပါသည်။ ပညာေပးအစီအစ်များတွင ် ပါဝင်သည့် လုပ်ငန်းများမှာ စာချပ်များတွင် 
လိုအပ်ချက်များ ထည့်သွင်းြခင်း၊ လုပသ်ားအင်အား မိတ်ဆက်ြခင်း၊ ယ်ေကျးမဆိုင်ရာ အသိပညာ 
ေပးသင်တန်း၊ လုပ်သားအင်အား ေလ့ကျင့်ေရး၊ ပညာေရးှင့ ်အသိအြမင်၊ လိုက်နာမ စစ်ေဆးြခင်းှင့် 
ေစာင့်ကည့်ြခင်း စသည့် လုပ်ငန်းစ်များ ပါဝင်မည်ြဖစ်ပါသည်။ ေရေြပာင်းထားခံရေသာ သိုမဟုတ် 
သိမ်းဆည်းထားေသာ ယ်ေကျးမ အေမွအှစ်အဂါရပ်များသည ် ၎င်းတိုတွင ် လိုအပ်ေသာ 
အကာအကွယ်ှင့် ေစာင့်ေရှာက်မှင့် ထိန်းသိမ်းမအဆင့်များရှိေကာင်း ေသချာေစရန်အတွက် 
သင့်ေလျာ်ေသာ စီမံခန်ခွမဲအစီအစ်များ ရှိမည်ြဖစ်သည်။ ေဘာ်တွင်းမိုင်းအတွင်း ြပန်လည်ေနရာချ 
ထားြခင်းခံရေသာ ေနရာများှင့် လကဏာရပ်များ အနီးတစ်ဝိုက်တွင ် 'မသွားရ' ဇုန်များ အြဖစ် 
သတ်မှတ်ထားမည ်ြဖစ်သည်။ 

ေရှးေဟာင်းအေမွအှစ်ယ်ေကျးမဆိုင်ရာ အဓိက သိသာထင်ရှားမရှိေသာ သက်ေရာက်မများမှာ- 
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 ေြမတူးြခင်းှင့် မိုင်းတူးေဖာ်ြခင်းတိုေကာင့် ဆိုက်များှင့် တန်ဖိုးများဆံုးံးမ - လူသိများေသာ 
တုတ်ေခတ ်မိုင်းတူးေဖာ်ြခင်းှင့် သတအရည်ကျိရာ ေနရာများ၊ တုတ် ေကျာက်တံုးတံတား 
အေြခခံအုတ်ြမစ်တည်ေဆာက်ြခင်း၊ တုတ်ေဈးဆိုင ် အေဆာက်အဦများှင့် ပိုကီးမားေသာ/ 
ရှားပါးေသာ ေရှးေဟာင်းပစည်းများှင့် တုတ်အသက်ေမွးဝမ်းေကျာင်း အလုပ်များ၏ 
အေထာက်အထားများ စသည်တိုအတွက ် အဓိကသိသာ ထင်ရှားမရှိေသာ သက်ေရာက်မ၊ 
သချင်းများ၊ အမည်မသိ တုတ်ေခတ ် အရည်ကျိသည့် အေထာက်အထားများ၊ ေသးငယ် 
ကျယ်ြပန်ေသာ ေရှးေဟာင်းပစည်းများ ှင့် တုတ်အသက်ေမွးဝမ်းေကျာင်း အလုပ်များ၏ 
သက်ေသအေထာက်အထားများ စသည်တိုအတွက ် အေရးပါမ ြမင့်မားေသာ အကျိး 
သက်ေရာက်မ၊  အစီရင်ခံစာ အကျ်းချပ်စာမျက်ှာ ၈ ရှိပံုသည် စီမံကိန်းှင့် ပတ်သက်၍ 
ယ်ေကျးမအေမွအှစ်အသွင်အြပင်များ၏ တည်ေနရာများကို ြပသထားပါသည်။ 

 စီမံကိန်း၏ Footprints များမှ အရာဝတများှင့် ေနရာများအား ဖယ်ရှားဖျက်သိမ်းြခင်းေကာင့် 
ြဖစ်ေပလာေသာ ဆံုးံးမ - ကိုလိုနီေခတ်အေြခခံအေဆာက်အအံု (Marmion Shaft ှင့် winding 
house)၊ နမတူ - ေဘာ်တွင်း ရထားလမ်းတိုအတွက် အဓိကအေရးပါေသာ အကျိးသက်ေရာက်မ၊ 

 ေြမတူးေဖာ်ြခင်းှင့် သတတွင်းတူးေဖာ်ြခင်းတိုေကာင့် ဆိုက်ေနရာများှင့် တန်ဖိုးများအေပ 
အေှာင့်အယှက်ြဖစ်ေစြခင်း - ပိုကီးမားေသာ/ရှားပါးေသာေရှးေဟာင်းပစည်းများှင့် တုတ် 
အသက်ေမွးဝမ်းေကျာင်းဆိုင်ရာ သက်ေသအေထာက်အထားများအတွက ် ြမင့်မားအေရးပါေသာ 
အကျိးသက်ေရာက်မ၊ 

 ေဘးပတ်ဝန်းကျင်ခင်းများ ြပြပင်မွမ်းမံြခင်းေကာင့် ေလျာ့ပါးလာေသာ အေမွအှစ်တန်ဖိုး - 
တုတ်ေတာင်ကုန်းများနဲ ခုခံကာကွယ်ေပးေသာေတာင်ေကာ၊ ေပလွင်ထင်ရှားေသာ 
ေတာင်ေကာများှင့် ေတာင်ကမ်းပါးများေပတွင ်တည်ရှိေနေသာ သချင်းများ၊ 

ယ်ေကျးမအေမွအှစ်များအေပ သက်ေရာက်မများအား ဆံုးြဖတ်ြခင်းှင့် စပ်လျ်း၍ 
ေသချာမမရှိေသာ ဧရိယာများမှာ ေြမေပစစ်ေဆးြခင်းသာလင ် ေဆာင်ရွက်ထားေသာေကာင့် 
ေြမေအာက်တွင ်တည်ရှိေနိုင်သည့် အေမွအှစ်လကဏာများ၏ တည်ေနရာများအား မသိရှိိုင်ြခင်း 
- ယ်ေကျးမအေမွအှစ်ဆိုင်ရာ လကဏာများ၏ တိကျေသာ သကတ်မ်းများှင့် တန်ဖုိးများ၊ 
အချိေသာ စီမံအုပ်ချပ်မှင့် အချိအေကာင်းအရာများ၏ သိသာထင်ရာှးမအေပ လူအများ၏ 
သေဘာထားမှတ်ချက ်အစရှိသည်တို၏ တည်ေနရာများပါဝင်ပါသည်။  

လူမေရးဆိုင်ရာသက်ေရာက်မများ 

စီမံကိန်းတွင် လူမေရးှင့် လူမစီးပွားဆိုင်ရာ အေကာင်းချင်းရာများအတွက ် မတူညီမေသာ 
အဆင့်များအေပ မူတည်၍ သက်ေရာက်ရန ် ြဖစ်ုိင်ေချရိှပါသည်။ လူမေရးဆိုင်ရာ သက်ေရာက်မ 
များကို ဆံုးြဖတ်ိုင်ရန ်အဓိက အချက်သံုးချက်ကို ဖွင့်ဆိုထားပီး ဆီေလျာ်ေသာ စံတန်ဖိုးများလည်း 
ပါဝင်ပါသည်။ ယင်းအချက်များမှာ- 
 ေဒသခံများ၏ စီးပွားေရး၊ အသက်ေမွးဝမ်းေကျာင်းှင့် ေြမအသံုးြပမများ 
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 ေနထိုင်မ အေြခအေနများ၊ လူမေရးဆိုင်ရာစည်းလံုးမှင့် လံုြခံေရး 
 ကျန်းမာေရး၊ ပညာေရးှင့် အြခားဝန်ေဆာင်မများအား ချင့်ချနိ်ဆံုးြဖတ်ြခင်း 
လူမေရးဆိုင်ရာ သက်ေရာက်မဧရိယာများအား လူေနရပ်ကွက်တည်ေနရာ (ေရေဝကုန်းတန်း 
နယ်နိမိတ်များ၊ ေကျးရွာအုပ်စုနယ်နိမိတ်များ၊ စီမံကိန်း၏ ထိစပ်ေနရာ၊ အငှားနယ်နိမိတ်များ၊ 
ေထာက်ပံ့ေရးဆိုင်ရာ လမ်းေကာင်းများ) ကို ထည့်သွင်းစ်းစားြခင်းှင့ ်ေကျးရွာများှင့် ထိစပ်ေနရာ 
တွင ် ေဆာင်ရွက်ေသာ စီမံကိန်းလုပ်ေဆာင်မ အမျိးအစားေပ မူတည်၍ ကျယ်ြပန်စွာ သတ်မှတ် 
ထားပါသည်။  
လူမေရးဆိုင်ရာ သက်ေရာက်ခံရိုင်သည့် ဇုနေ်ြခာက်ခုအား သတ်မှတ်ေဖာ်ြပထားပါသည်။ 
ယင်းတိုအား အစီရင်ခံစာ အကျ်းချပ်စာမျက်ှာ ၁၃ ှင့် ၁၄ ရှိ ပံုများတွင ်ေဖာ်ြပထားပါသည်။  
 ဇုန် ၁ - အေပှင့် ေအာက်ေဘာ်တွင်းေကျးရွာများ အပါအဝင် ေဘာ်တွင်း လူေနရပ်ကွက်များ၊ 

ကျားစခန်း (နမ့်လှေကျးရွာ၊ ေဘာ်တွင်းလုပ်ကွက်၏ ေတာင်ဘက်ှင့် အေရှဘက်အပိုင်းတိုတွင ်
ကျယ်ြပန်စွာ ရှိေသာ ရွာငယ်များှင့် လူေနအိမ်များ) 

 ဇုန် ၂ - ေဘာ်တွင်းလုပ်ပိုင်ခွင့်ဧရိယာတွင်းရှိ ေကျးရွာအုပ်စုများှင့် ကပ်လျက်ရှိေသာ ေကျးရွာများ 
(လွိင်မိေကျးရွာ၊ ေဘာ်တွင်းလုပ်ကွက်အတွင်းရှိ ေြမအား အသံုးြပထားေသာ ဆက်စပ်စိုက်ပျိး 
ေမွးြမေရးြခံများ) 

 ဇုန် ၃ - နမတူမိ 
 ဇုန် ၄ - နမ့်ပန်ကန်းေတာင်ကားတေလာက ် လမ်းေကာင်းှင့် ယင်း၏ ြပန်ကဲေနေသာ စိုက် 

ပျိးေမွးြမေရးြခံငယ်များ၊ အခါအားေလျာ်စွာရှိေသာ လက်ယက်မိုင်းတွင်းများ 
 ဇုန် ၅ - စီမကံိန်းမှ အသံုးြပမည့် နမတူှင့် လားိးကားလမ်းမကီးတေလာက ်ေကျးရွာများ 
 ဇုန် ၆ - လားိး 
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Figure ES.13 Local social impact zones 

 

 

 
Figure ES.14 Regional social impact zones  
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ေဘာ်တွင်းစီမံကိန်းတွင ်ေဘာ်တွင်း မိုင်းတူးေဖာ်ြခင်းလုပ်ငန်းထက ်အဓိကအားြဖင့် ပို၍ကီးမားေသာ 
လုပ်ငန်းေြခရာပါဝင်ပါသည်။ စုစုေပါင်း လုပ်ငန်းေြခရာဧရိယာမှာ ခန်မှန်းေြခအားြဖင့် ၄၇၀ ဟက်တာ 
ြဖစ်ပါသည်။ ေဘာ်တွင်းစီမံကိန်းသည ်ေဘာ်တွင်းလုပ်ပိုင်ခွင့်တွင ်ပါဝင်ေသာ်လည်း ၎င်းသည် ယခင် 
သတတူးေဖာ်ေရးကာလများတွင ် ြဖစ်ပွားခဲ့သည် သတတူးေဖာ်ေရးလုပ်ငန်းများေကာင့် ေြမေနရာ 
များအား တိုက်ိုက်ှင့ ် သွယ်ဝိုက ် အေှာင့်အယှက်ြဖစ်ေစေသာ အကျိးသက်ေရာက်မရှိပါသည်။ 
ေဘာ်တွင်းလုပ်ကွက်အတွင်း ရှိေနပီးေသာ လူေနရပ်ကွက်များအား ေရေြပာင်းေနရာချထားြခင်းကို 
လုပ်ေဆာင်ရန ်လိုအပ်ပါသည်။  

စီမံကိန်းတွင် စီမံကိန်းအား အေထာက်အကူြဖစ်ေစရန ် အေြခခံအေဆာက်အဦအသစ်များှင့် 
လမ်းများ အပါအဝင် အများြပည်သူသံုး အေြခခံအေဆာက်အဦအချိအား အသံုးြပမ ြမင့်မားလာ 
ေစပါသည်။ ကီးမားေသာ မိုင်းတူးေဖာ်ြခင်းှင့် ဆက်စပ်ေသာ လူမစီးပွားသက်ေရာက်မများတွင်  
အလုပ်အကိုင်အခွင့်အလမ်းများ၊ စီမံကိန်းအတွက ်လိုအပ်ေသာ ကုန်ပစည်းများှင့် ဝန်ေဆာင်မများ၊ 
စီမံကိန်းေနရာသို ြပင်ပလမူျား ေရေြပာင်းဝင်ေရာက်လာမ၊ လူမေရးဆက်ဆံေရးေြပာင်းလဲမများှင့် 
လူထုအတွက ်ြမင်ကွင်းပသာဒေြပာင်းလဲမများ (ခင်းပသာဒ၊ ေလထု၊ ဆူညံသံများ) ပါဝင်ပါသည်။ 

ဝင်းြမင့်မိုရ်ကုမဏီသည ် လူမဆိုင်ရာစီမံခန်ခွဲမအစီအစ်များအား စီမံကိန်း၏ ေကာင်းကျိး/ အကျိး 
အြမတ်များ တိုးြမင့်ေစြခင်းှင့် ြဖစ်ိုင်ေချရှိေသာ အတ်သေဘာေဆာင ် သက်ေရာက်ထိခိုက်မများ 
အား ေလျာ့ပါးေစြခင်း တိုေပရည်ရွယ်၍ အေကာင်အထည်ေဖာ်ေဆာင်ရွက်ပါမည်။ ေဘာ်တွင်းမိုင်း 
လုပ်ကွက်အတွင်းရှိ လူေနရပ်ကွက်များ ေရေြပာင်းေနရာချထားြခင်းသည ်လူမဆိုင်ရာ သက်ေရာက်မ 
တစ်ခုသာမက မိုင်းတူးေဖာ်ြခင်း လုပ်ငန်းတိုးပွားလာမှင့် ဆက်စပ်ေနေသာ ပတ်ဝန်းကျင်ဆိုင်ရာ 
ေဘးအရာယ်များှင့်အရာယ်များှင့် လူထုအကား ထိေတွဆက်ဆံမများကို ေလာ့ချရန ်အတွက် 
ကုစားြခင်းငှ့ ် ေလျာ့ချေရးနည်းလမ်းတစ်ခုလည်းြဖစ်ပါသည်။ ဝင်းြမင့်မိုရ်သည ် မူရင်းေနရပ်ှင့် 
တူညီေသာ သိုမဟုတ် ပိုမိုတိုးတက်လာေသာ ပညာေရး၊ ကျန်းမာေရးဝန်ေဆာင်မများ၊ ဘာသာေရး 
ဆိုင်ရာ အဖွဲအစည်းများကို အသစ်ေရေြပာင်းေနရာချေပးထားေသာ ေကျးရွာတွင ် စီစ်ေပးရန် 
ကတိကဝတ်ြပထားပါသည်။ ေဒသခံလူထုအား နမတူမိအနီးတွင် ြပန်လည်ေနရာချထားြခင်း 
ခံရပါက ေဈးများ၊ ဆိုင်များ၊ အြခားဝန်ေဆာင်မများကို ပိုမိုေကာင်းမွန်စွာ ရရှိိုင်ပါသည်။  

လူမဆိုင်ရာအချက်များှင့် စပ်လျ်း၍ အဓိကသက်ေရာက်မများမှာ ေအာက်ပါအတိုင်းြဖစ်ပါသည်။ 

 မိုင်းတူးေဖာ်ြခင်းှင့် ဆက်စပ်ေသာ အလုပ်အကိုင်အခွင့်အေရးများ - မိုင်းဧရိယာ အတွင်းရှိ 
ေကျးရွာများအတွက ်အဓိကသိသာထင်ရှားေသာ အြပသေဘာေဆာင ်သက်ေရာက်မများ (ဇုန်-
၁) 

 အသက်ေမွးဝမ်းေကာင်းဆိုင်ရာ ကိစရပ်များအတွက် ေြမ/အရင်းအြမစ်များ ဆံုးံးမ- ေဘာ်တွင်း 
စိုက်ပျိးေမွးြမေရးြခ ံှင့် လူေနရပ်ကွက်များအတွက ်သိသာထင်ရှားေသာ သက်ေရာက်မ (ဇုန်- 
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၁ခ) ၊ ထုတ်လုပ်အားေကာင်းေသာ စိုက်ပျိးေရးနယ်ေြမများှင့် စုေဆာင်းေရးေနရာများကို 
ဝင်ေရာက်ိုင်ြခင်းအား ဆံုးံးမည့် လွိင်မိ လူေနရပ်ကွက ်(ဇုန်-၁ဂ) ၊  

 စီမံကိန်း၏ တည်ေဆာက်ေရးလုပ်ငန်းများေကာင့် ေဘးြဖစ်ေစိုင်ေသာ ုပ်ပုိင်းဆုိင်ရာ ေနထိုင်မ 
အေနအထားများ - ကျားစခန်းေကျးရွာှင့ ် ၎င်းပတ်ဝန်းကျင ် ရွာေြမများ၊ 
ြပန်လည်ေနရာချထားြခငး် မြပရေသးခင ် ေဘာ်တွင်းေအာက်ပိုင်း ေကျးရွာ ှင့် 
၎င်းပတ်ဝန်းကျင်ရှိ စိုက်ပျိးေမွးြမေရးြခံများအား သိသာထင်ရှားေသာ သက်ေရာက်မ၊ 

 ြပန်လည်ေရေြပာင်းေနရာချြခင်းြပလုပ်ထားေသာ ေဘာ်တွင်းလူေနရပ်ကွက်များအတွက် 
တိုးတက်လာေသာ ုပ်ပိုင်းဆိုင်ရာ ေနထိုင်မ အေနအထားများ - ေရေြပာင်းေနရာချြခင်းကို 
ြပလုပ်ေသာ ေဘာ်တွင်းလူေနရပ်ကွက ် (ဇုန်-၁) အတွက ် အဓိကသိသာထင်ရှားေသာ အြပ 
သေဘာ (ေကာင်းကျိး) သက်ေရာက်မ၊ 

 စီမံကိန်းအတွက ် ေရေြပာင်းေနရာချြခင်းေကာင့် ေြပာင်းလဲသွားေသာ လူမဆက်ဆံေရးှင့် 
လူမေရးဆိုင်ရာအေထာက်အထားများ ပျက်စီးဆံုးံးမ - ြပန်လည်ေနရာချထားြခင်းခရံေသာ 
ေဘာ်တွင်းမိုင်းအတွင်းရှိ လူေနရပ်ကွက ် (ဇုန-်၁) အတွက ် သိသာြမင့်မားထင်ရှားေသာ 
သက်ေရာက်မ၊ 

 ဘာသာေရးဆိုင်ရာအဖွဲအစည်းများသို ဝင်ေရာက်ြခင်းှင့် ဝတ်ြပရာေနရာများအား ပိတ်ဆိုထား 
ြခင်းေကာင့ ်ေဘာ်တွင်းပတ်ဝန်းကျင်ရှိ ေကျးရွာများအတွက ်ေထာက်ပံ့ေပးြခင်းတိုအား ထိခိုက်မ 
ရှိေစြခင်း- လုပ်ပိုင်ခွင့်အတွင်းရှိ ပတ်ဝန်းကျင်ေကျးရွာများအတွက် သိသာထင်ရှားေသာ 
သက်ေရာက်မ (ဇုန်-၂) 

လူမေရးဆိုင်ရာအကျိးသက်ေရာက်မများ၏ အကဲြဖတ်မ ှင့် ဆက်စပ်ေသာ ေသချာေရရာမမရှိသည့် 
နယ်ပယ်များတွင ် ြပန်လည်ေနရာချေပးရန ် အစီအစ် (တည်ေနရာ ှင့် အလားအလာရှိေသာ 
အသက်ေမွးဝမ်းေကျာင်း ြပန်လည်ထူေထာင်ြခင်းအပါအဝင်) ၊ အချိေသာ ထိခိုက်ခံအုပ်စုများ၏ 
လူမစီးပွားေရးပတ်ဝန်းကျင်၊ ြမင်ကွင်းပသာဒအေြပာင်းအလဲများအေပ လူထု၏ အြမင်ှင့် 
သေဘာထားများ၊ ေြပာင်းေရမ၏ အလားအလာရှေိသာ အတိုင်းအတာ၊ ေလထုအရည်အေသွး၊ 
ဆူညံသံှင့် တုန်ခါမအကျိးသက်ေရာက်မများကို ေထာက်ပံ့ရန ် တွက်ချက်မပံုစံေရးဆွဲမမရှိြခင်းတို 
ပါဝင်ပါသည်။  

ကျန်းမာေရးသက်ေရာကမ်ုများ 

စီမံကိန်းှင့် ဆက်ွယ်ေနေသာ လုပ်ေဆာင်မများသည ် လူထုအား ပတ်ဝန်းကျင်အေြခခံေသာ 
ကျန်းမာေရးအရာယ်များ (အရာယ်ရှိေသာပစည်းများ သိုမဟုတ် အေြခအေနများှင့် ထိေတွမ၊ 
လူမစီးပွားှင့်ဆက်စပ်ေသာ ယာ်မေတာ်တဆြဖစ်ပွားမအရာယ်များ၊ လူများ၏ တည်ေနရာှင့် 
ထိေတွမေပ မူတည်၍ ကွဲြပားြခားနားေသာ ကျန်းမာေရးသက်ေရာက်မများ) ကို တိုက်ိုက်ေသာ် 
လည်းေကာင်း၊ သွယ်ဝိုက်၍ေသာ်လည်းေကာင်း၊ တစ်စတစ်စတိုးပွားလာ၍ ေသာ်လည်းေကာင်း 
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ေြပာင်းလဲေပးပါသည်။ ကျန်းမာ ေရးထိခိုက်မကို ဆန်းစစ်ရာတွင ် သတ်မှတ်ထား ေသာ 
အဓိကလူေနအိမ်အုပ်စုများကို ပုံ ES 10 ှင့် ES 12 တွင်ြပသထားပါသည်။ 
ေြမထု၊ ေရထု၊ ေလထုငှ့ ်အစားအစာများတွင် ပါဝင်ေနသည့် သတပမာဏ၏ ရရှိိငုေ်သာ ေဒတာ 
များအား တွက်ချက်မေပအေြခခံ၍ ေဘာ်တွင်းှင့် နမတူလူေနရပ်ကွက်များမ ှ လက်ရှိထိေတွ 
ခံစားေနရေသာ ကျန်းမာေရးဆိုင်ရာ ဆိုးကျိးများြဖစ်ေစိုင်သည့် အမျိးမျိးေသာ လမ်းေကာင်းများ 
ရှိပါသည်။ ကျန်းမာေရးအန်းကိန်းများ၊ ေဆးစစ်ချက်များ၊ ထိုးထွင်းကည့်ရန ် မလုိအပ်ေသာ 
ေဆးခန်းတွင ် ေရာဂါစစ်ေဆးြခင်းများှင့် ပတ်သက်၍ လူထုှင့ ် ေတွဆံုေဆွးေွးေမးြမန်းြခင်း၏ 
ရလဒ်များအရ  ေလ့လာမဧရိယာများတွင ်ရှိေနသည့် ခဲ အစရိှသည့် ညစ်ညမ်းေစေသာပစည်းများှင့် 
ထိေတွရြခင်းတိုသည ်တိကျေသာ ဆက်စပ်မရှိေနေကာင်း ေဖာ်ြပမထားပါ၊ လုပ်ငန်းခွင ်ကျန်းမာေရး 
စစ်ေဆးရာတွင ် အလုပ်သမားများ၏ ေသွးနမူနာတွင ် ခဲဓာတ်ပါဝင်မြမင့်မားေနေကာင်း ေတွရှိရ 
သည်။  

စီမံကိန်းတည်ေဆာက်ရာတွင ် ဖုန်မန်၊ ေြမကီး၊ ေရအရည်အေသွးေလာ့ချြခင်းတိုကို တိုးြမင့် 
ေစြခင်းေကာင့ ် ကျန်းမာေရးထိခိုက်ေစြခင်း သိုမဟုတ် လက်ရှိအေြခအေနများကို ပိုမိုဆိုးဝါးေစပါ 
သည်။ ယင်းတိုေကာင့် လူထုကျန်းမာေရးအတွက် အရာယ်ရှိေသာ အေြခအေနများကို ေနာက်ထပ် 
ြဖစ်ေပေစသည့ ် အလားအလာရှိပါသည်။ ထိုအြပင ် လုပ်သားအင်အားများြပားလာမက ေရာဂါ 
ြဖစ်ပွားြခင်းှင့် ကူးစက်ပျံှံေစြခင်းကို ြဖစ်ေစရန ်အလားအလာရှိပါသည်။ 

ြပန်လည်ေနရာချထားြခငး် မတုိင်မီ ေဘာ်တွင်း အထက ် ှင့် ေအာက ် ေကျးရွာများှင့် 
အနီးအနားေဒသခံများသည် ခဲကဲ့သို သတများပါဝင်ေနသည့် ဖုန်ထုတ်လတ်ြခင်းများကို 
ခံစားရိုင်သည်။  ေဒသခံများေနထိုင်ေနသည့် တည်ေနရာအေပ မူတည်၍ အဆုိပါ ဖုန်များကို 
သွင်းြခင်း သိုမဟုတ် မိချိုင်သည့် အလားအလာ ရှိသည်။ ယင်းေကာင့ ်လူတို၏ ခာကိုယ်ထဲတွင် 
ရှိှင့် ပီးသားြဖစ်ေနသည့် ြမင့်မားေနသည့် ခဲဓါတ်ပမာဏကို ထပ်မံတိုးြမင့်ေစိုင်သည်။ 

ေဘာ်တွင်းဧရိယာအတွင်းမ ှလူေနရပ်ကွက်များအား ြပန်လည်ေနရာချထားြခင်းက ခဲကဲ့သို သတများ 
ပါဝင်မ ြမင့်မားေနေသာ ေြမကီးှင့် ေရညစ်ညမ်းေစသည့် အရာယ်ရှိ ဧရိယာများမ ှ လူများအား 
ေြပာင်းေစြခင်းကိ ု ြဖစ်ေပေစပါသည်။ ေဘာ်တွင်းရှိ လူေနရပ်ကွက်များ ြပန်လည်ေနရာချထား 
ြခင်းှင့ ် ေရသန်ြဖန်ြဖးေရးှင့် ေခတ်မီေရဆိုးစနစ်များပါဝင်ေသာ ရွာသစ်များတည်ေဆာက်ြခင်းတို 
ေကာင့ ်စီမံကိန်းသည် ပတ်ဝန်းကျင်ှင့် သက်ဆိုင်ေသာ အရာယ်များကို ထိေတွြခင်းမ ှေလာ့ချေပး 
ိုင်ံုသာမက အဆိုပါေရေြပာင်းေနရာချထားေသာ လူများ၏ ကျန်းမာေရးအေပ အြပသေဘာ 
ေဆာင ်သက်ေရာက်မများအား ြဖစ်ေစပါသည်။ ေကျးရွာများအား ေရေြပာင်းေနရာချထားြခင်းသည် 
လုပ်ငန်းလည်ပတ်စ်ကာလအတွင်း လူထုေဘးကင်းလံုြခံမကို ခိမ်းေြခာက်ိုင်ေသာ ေဘးအရာယ် 
များကို  (ဥပမာ - ေပါက်ကွဲမသက်ေရာက်ခ ံဧရိယာများအား ဖယ်ရှားြခင်း) နည်းပါးေစပါသည်။  
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ကျန်းမာေရးအေပ အဓိကသက်ေရာက်မများ (ြမင့်မားေသာ သိုမဟုတ် ပုိ၍ ြမင့်မားေသာ ထိခိကု် 
သက်ေရာက်မများ) မှာ- 

 စီတည်မံကိန်းေကာင့် ြဖစ်ေပေစသည့် ပတ်ဝန်းကျင်ဆိုင်ရာ အရာယ်များ (ညစ်ညမ်းဖုန်မန်ှင့် 
ေရထ)ုအား ထိေတွမ - တည်ေဆာက်ဆဲကာလ အတွင်း ကိတင်ေရေြပာင်း ေနရာချြခင်း 
မြပရေသးခင ်ေဘာ်တွင်းအေပပိုင်း ေကျးရွာအား ထိခိုက်မ၊  ကိတင်ေရေြပာင်း ေနရာချြခင်း 
မြပရေသးခင ် ကျားစခန်းေကျးရွာှင့် စက်ံုသွားရာလမ်းတစ်ေလာက ် တည်ရှိမေနေသာ 
ကျားစခန်း စိုက်ပျိးေမွးြမေရးြခံများှင့် နမ့်ပန်ကန်းေတာင်ကားရှိ ေနထိုင်သူေဒသခံများှင့် 
ေဘာ်တွင်းေအာက်ပိုင်းေကျးရွာအား တည်ေဆာက်ြခင်းှင့် လုပ်ငန်းလည်ပတ်ြခင်း အချနိ် ကာလ 
များတွင ် ြပန်လည်ေနရာချထားြခင်းမြပခင ် အဓိကသိသာထင်ရှားေသာ သက်ေရာက်မ၊ 
တည်ေဆာက်ြခင်းှင့် လုပ်ငန်းလည်ပတ်ြခင်းအချနိ်ကာလများတွင ်စစ်တပ်အေြခစိုက်စခန်းအား 
သိသိသာသာထင်ထင်ရှားရှား သက်ေရာက်မ၊ 

 လူေနရပ်ကွက်များအား ြပန်လည်ေရေြပာင်းေနရာချပီးေနာက ် စီမံကိန်း၏ ေနာက်ဆက်တွဲ 
ရလဒ်အြဖစ ် ပတ်ဝန်းကျင်ဆိုင်ရာ အရာယမ်ျားအား ထိေတွခံစားရမ ေလျာ့ပါးလာြခင်း 
(ညစ်ညမ်းဖုန်မန်ှင့် ေရထ)ု - ေဘာ်တွင်းေအာက်ပိုင်းေကျးရွာစိုက်ပျိးေမွးြမေရးြခံများ၊ 
စက်ံုသွားရာလမ်းတစ်ေလာက ် တည်ရိှမေနေသာ ကျားစခန်းရှိ စိုက်ပျိးေမွးြမေရးြခံများှင့် 
နမ့်လှစိုက်ပျိးေမွးြမေရးြခံများအတွက ်သိသာြမင့်မားထင်ရှားေသာ အြပသေဘာသက်ေရာက်မ၊ 
ေဘာ်တွင်း အေပပိုင်းေကျးရွာ၊ ေဘာ်တွင်းေအာက်ပိုင်းေကျးရွာ ှင့် ကျားစခန်း ေကျးရွာ 
တိုအတွက် အဓိကသိသာထင်ရှားေသာအြပသေဘာေဆာင်သက်ေရာက်မ၊ 

 ေရဆိုးသန်စင်စနစ်ှင့် သန်ရှင်းပီး ညစ်ညမ်းမ ကင်းမဲ့ေသာေရ ရရှိိုင်ေသာ ေြပာင်းလဲမများ- 
ေဘာ်တွင်းမိုင်းဧရိယာအတွင်းရှိ လူေနရပ်ကွက်များအတွက် အသင့်အတင့်မ ှ ြမင့်မားသိသာ 
ထင်ရှားေသာ အြပသေဘာေဆာင်သက်ေရာက်မများ 

လူမေရးဆိုင်ရာသက်ေရာက်မများှင့်စပ်လျ်း၍ ေသချာမမရှိေသာ ဧရိယာများတွင် လူထု၏ 
ေသွးတွင်းခဲပါဝင်န်းများ၊ အချိထိခိုက်ခံအုပ်စုများ (ရထားလမ်းတစ်ေလာက်ရှိ (နမ့်ပန်ကန်း 
ေတာင်ေကာ) ၏ ပတ်ဝန်းကျင်ှင့် ဆိုင်ေသာ ကနဦးအချက်အလက်များ)၊ ေဒသခံများအား 
ြပန်လည်ေနရာချထားမည့် ေနရာ၊ ကနဦးညစ်ညမ်းမထိေတွြခင်း အဆင့်များှင့် ကျန်းမာေရးအား 
သက်ေရာက်မရှိေသာ အြခားအေကာင်းအရာများှင့် ဆက်စပ်ေသာ မေသချာမများ (ေလထု 
အရည်အေသွး၊ ဆူညံသံှင့် တုန်ခါမ၊ ေြမေပေြမေအာက်ေရ) တိုပါဝင်ပါသည်။ 
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ေဘးအနǩရာယ်များအား အကဲြဖတ်ဆန်းစစ်ြခင်း 

စီမံကိန်းှင့်စပ်လျ်း၍ စစီ်ထားေသာ သိုမဟုတ ် သိရိှပီးေသာ ြဖစ်ရပ်များ၊ ြဖစ်ိုင်ေချရှိေသာ 
သက်ေရာက်မများအား ထည့်သွင်းြခင်းေကာင့် မထင်မှတ်ထားေသာ သုိမဟုတ် ြဖစ်ိုင်ေချ နည်းေသာ 
ြဖစ်ရပ်များအတွက ်သက်ေရာက်မြဖစ်ိုင်ေချနည်းပါးပါသည်။  မထင်မှတ်ထားေသာ ြဖစ်ရပ်များတွင် 
သဘာဝေဘးအရာယ်များ၊ ကပ်ေဘးများ၊ စက်ံုအလုပ်ံုဆိုင်ရာ၊ မိုင်းတူးေဖာ်ြခင်းဆိုင်ရာ 
အရာယ်များ ပါဝင်သည့် အြပင ် စီမံကိန်းေအာင်ြမင်မအတွက် သက်ေရာက်ိုင်သည့် အကျိးဆက် 
များလည်း ရှိိုင်ပီး အနီးနားပတ်ဝန်းကျင်ေပ စီမံကိန်းေကာင့ ် သက်ေရာက်မ ြပင်းအား ကိုလည်း 
ြမင့်မားေစပါသည်။ 

သဘာဝေဘးအနǩရာယ်များ 

သဘာဝြဖစ်ရပ်များသည် မိုင်းတွင်းတွင ် အေဆာက်အအံုပျက်ယွင်းြခင်းကဲ့သို ပတ်ဝန်းကျင်ှင့် 
လူမဆိုင်ရာ သက်ေရာက်မရိှုိင်ြခင်း) ကဲ့သိုေသာ ပတ်ဝန်းကျင ် သုိမဟုတ် လံုြခံေရးဆုိင်ရာ 
မေတာ်တဆြဖစ်ရပ်ကို ြဖစ်ေပေစိုင်ပါသည်။ ငလျင်များ၊ ေြမပိြခင်းများ၊ မုန်တိုင်းများှင့်/ 
သိုမဟုတ် ေရကီးမများသည ် စီမံကိန်းှင့် ဆက်စပ်အေဆာက်အဦများအား ဖျက်ဆီးိုင်ေချရှိြခင်း၊ 
TSFs များအား ပျက်စီးေစြခင်း၊ စွန်ပစ်ပစည်းများစုပံုြခင်း၊ ေရသိုေလှာင်ဆည်များ၊ တွင်းနံရံပွင့်ြခင်း၊ 
ပတ်ဝန်းကျင်သို ညစ်ညမ်းေစမည့်ပစည်းများ အထိန်းအကွပ်မဲ့ စွန်ထုတ်မြဖစ်ေစြခင်းစသသည့် 
ပတ်ဝန်းကျင်ှင့် လူကျန်းမာေရးကို ထိခိုက်ေစြခင်းတိုကို ြဖစ်ေပေစိုင်ပါသည်။ 

စီမံကိန်းသည် ေဘာ်တွင်းြပတ်ေရွေကာဇုန ်အတွင်းရိှ ငလျင်လပ်ရှားမ အသင့်အတင့်ရှိေသာ ဧရိယာ 
အတွင်းတွင ် တည်ရှိေနေသာေကာင့် ငလျင်သက်ေရာက်မကို ခံစားရိုင်ေချအရာယ်ရှိပါသည်။ 
မိုးရွာသွန်းမများြခင်း၊ ငလျင်များှင့် ေတာင်ပိြခင်းတိုေကာင့ ် ေြမပိြခင်းကို ြဖစ်ပွားေစိုင်ပါသည်။ 
ေနာင်လာမည့်ဆယ်စုှစ်များ အတွင်း ြမန်မာိုင်ငံတွင ် ရာသီဥတုေြပာင်းလဲမေကာင့် မုန်တိုင်းများ၊ 
ေရကီးမများ၊ မိုးေခါင်ေရရှားြခင်းများ၊ မိုးရွာသွန်းမများ၊ အပူချနိ်စေသာ သဘာဝေဘး အရာယ်များ 
သည ်ပိုမိုဆိုးဝါးစွာြမင့်တက်လာိုင်ေချရှိေကာင်း ခန်မှန်းရပါသည်။ 

မိုးေခါင်ေရရှားြခင်းသည ်စမီံကိန်း၏ လုပ်ငန်းလည်ပတ်ြခင်းအတွက ်လိုအပ်ေသာ ၁နာရီလင ် ၁၅၀ 
ကုဗမီတာ သိုမဟုတ် ၂.၈ မဂကုဗမီတာ ရှိေသာ ေရရရှိိုင်မကို ေလျာ့နည်းေစိုင်ပါသည်။ ေရကုိ 
စိုစွတ်ရာသီတွင ် စုေဆာင်းပီး တစ်ှစ်ပတ်လံုးအသံုးြပပါသည်။ ပံုမှန်မဟုတ်ေသာ ေြခာက်ေသွပီး 
စိုစွတ်ေသာရာသီသည ် ေရကို လံုေလာက်စွာ မေထာက်ပံ့ေပးိုင်ေပ။ ေြခာက်ေသွရာသီ 
အေတာအတွငး် နမ့်လှမှ ေရကို ထုတ်ယူသံုးစွဲြခင်းသည ် ေရစီးဆင်းမကို ေလျာ့ပါးေစပီး 
လူေနရပ်ကွက်များအတွက ် ရရှိိုင်သည့် ေရပမာဏကိုလည်း ေလျာ့နည်းေစံုသာမက 
ေရအရင်းအြမစ်များ ေလျာ့နည်းလာြခင်းအေပ တွန်းအားြဖစ်ေစိုင်ပါသည်။  
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ေဘးအနǩရာယ်များ 

ေဘးအရာယ်များကဲြဖတ်ဆန်းစစ်ြခင်းတွင ်တိုးပွားလာေသာေဘးအရာယ်များမှာ- 
 စက်ံုအလုပ်ံုဆိုင်ရာ မိုင်းတူးေဖာ်ြခင်းှင့်ဆိုင်ေသာ အရာယ်များ (ဥပမာအားြဖင့် 

စက်ယရားများမေတာ်တဆြဖစ်ပွားြခင်း၊ TSF များပျက်ယွင်းြခင်း၊ တွင်းနံရံပျက်စီးြခင်းှင့် 
မီးေဘးအရာယ)် 

 လုပ်ငန်းခွင်ငှ့ ်အလုပ်သမားဆိုင်ရာ ကျန်းမာေရးှင့် လံုြခံေရးဆိုင်ရာအရာယ်များ 
 ိုင်ငံေရးမတည်ငိမ်ြခင်းှင့် အြငင်းပွားမများ 
 TSF များပျက်စီးြခင်းှင့ ် စွန်ပစ်ပစည်းများစုပံုြခင်းသည ် စီမံကိန်းှင့်သက်ဆိုင်ေသာ အဓိက 

အရာယ်ြဖစ်ပီး လူှင့်/သိုမဟုတ် ြမစ်ေအာက်ပိုင်းရှိ ပတ်ဝန်းကျင်ကိုသက်ေရာက်ေစသည့် 
ညစ်ညမ်းမကို ြဖစ်ေစရန ်ေနာက်ဆံုးတွင်အလားအလာရှိပါသည်။ 

 
ြဖစ်ိုင်ေချကို ေလာ့ချရန်ှင့်/ သိုမဟုတ် ဒီဇိုင်းေရးဆွဲြခင်းအား ြဖစ်ိုင်ေချရှိေသာ 
အများဆံုးအစားအစာ (PMF)၊ ြဖစ်ိုင်ေချရှိေသာ အများဆံုးမိုးရွာသွန်းြခင်း (PMP)၊ ငလျင်အများဆံုး 
ြဖစ်ပွားိုင်မ (MCE)၊ သက်ဆိုင်ေသာ စံသတ်မှတ်ချက်များ၊ ရလဒ်များတည်ေဆာက်ြခင်းတိုြဖင့် 
ထည့်သွင်းစ်းစားပီး ယင်းြဖစ်ရပ်၏အကျိးဆက်များကို ေလျာ့ပါးေစရန ်စီမံခန်ခွဲမနည်းလမ်းများှင့် 
ဒီဇိုင်းေရးဆွဲထိန်းချပ်ြခင်းကိုတတ်ိုင်သမေဆာင်ရွက်ေပးရပါသည်။  
 
ြဖစ်ရပ်များကို အဓိကအရာယ်ရှိိုင်ေကာင်း အကဲြဖတ်ထားြခင်းမရှိေပ။ ယင်းြဖစ်ရပ်များ၏ ပုံမှန် 
ထက်သာလွန်ေသာ အရာယ်ရှိသည့်  အကျိးဆက်များမှာ- 
 ယာ်မေတာ်တဆမများ၊ TSF ပျက်စီးြခင်း၊ မီးေဘးအရာယ်ှင့်/သုိမဟုတ် ေပါက်ကွဲမများ၊ 

လပ်စစ်အရာယ်များ၊ စက်ပစည်းချိယွင်းြခင်း၊ စက်ပစည်းပျက်စီးြခင်း၊ အေဆာက်အအံု 
ပျက်စီးြခင်း၊ ေပါက်ကွဲမြဖစ်ြခင်း၊ ေကျာက်စလွင့်စင်ြခင်း၊ အြမင့်မှ ြပတ်ကျြခင်း၊ ိုင်ငံေရး 
မတည်ငိမ်ြခင်း ှင့် အြငင်းပွားမများ စသည်တိုေကာင့် ေသဆံုးမြဖစ်ိုင်ေချ ှင့်/သိုမဟုတ် 
ြပင်းထန်ေသာ ထိခိုက်မများ (ြဖစ်ိုင်ေချမရှိ)  တိုြဖစ်ိုင်ပါသည်။ 

 မီးေဘးှင့်/ သိုမဟုတ် ေပါက်ကွဲမများေကာင့် ပတ်ဝန်းကျင်ှင့် အနီးနားရှိ 
လူေနရပ်ကွက်များအေပ အဓိကအကျိးဆက်များရှိိုင်ပါသည်။ 
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ဆက်စပ်သက်ေရာက်မုများ 

ဆက်စပ်သက်ေရာက်မ ဆန်းစစ်အကဲြဖတ်ြခင်း ဆိုသည်မှာ စီမံကိန်းဧရိယာ၏ သက်ေရာက်လမ်းမိုးမ 
ဧရိယာအတွင်းတွင ် ရှိသည့် လုပ်ငန်းလည်ပတ ် ေဆာင်ရွက်ေနေသာ အြခားလုပ်ငန်းများ၊ 
အတည်ြပချက ်ရယူထားေသာ လုပ်ငန်းများ၊ အဆိုြပထားေသာလုပ်ငန်းများမ ှ ြဖစ်ေပလာိုင်သည့် 
ထိခိုက်မများှင့် ၎င်းထိခိုက်မများအား ဆန်းစစ်အကဲြဖတ်ြခင်းပင်ြဖစ်ပါသည်။ 

ဆက်စပ်သက်ေရာက်မများြဖစ်ေပေစိုင်ေသာ စီမံကိန်းများ၏ တည်ေနရာများအား ပုံ ES. ၁၅ တွင် 
ေဖာ်ြပထားရှိပါသည်။ အဆိုပါစီမံကိန်းများတွင ် ဓါတ်သတတူးေဖာ်ေရးစီမံကိန်းများ၊ လပ်စစ်ှင့် 
ဓါတ်အားေပး စီမံကိန်းများ၊ အေဝးေြပးလမ်းှင့် ရထားလမ်းစီမံကိန်းများ ပါဝင်ပါသည်။ 

ေြမဆီလာှင့် ေြမမျက်ှာသွင်ြပင ်

ပိုမိုကျယ်ြပန်ေသာ နယ်နိမိတ်တွင် ဓါတ်သတတူးေဖာ်ေရးစီမံကိန်းများသည ် ေြမမျက်ှာ သွင်ြပင် 
များကို ဆိုးကျိးသက်ေရာက်ေစိုင်ြခင်းှင့် ေြမဆီလာတိုက်စားမများကို ြဖစ်ေပေစိုင်ပါသည်။ 
လပ်စစ်ဓါတ်အားေပးေရးစီမံကိန်းများအပါအဝင ် လမ်းတံတားများ တည်ေဆာက်ြခင်းများကလည်း 
ေြမမျက်ှာသွင်ြပင်ှင့် ေြမဆီလာများအေပ သက်ေရာက်မများ ြဖစ်ေပေစိုင်ပါသည်။ ဓါတ်သတ 
တူးေဖာ်ေရးစီမံကိန်းများသည် ရှမ်းြပည်နယ်ေြမာက်ပိုင်း၏ ေြမမျက်ှာသွင်ြပင်ှင့် ေြမဆီလာ 
အရည်အေသွးအား ခိမ်းေြခာက်မများ ြဖစ်ေပ ေစိုင်ပါသည်။  

ေလအရည်အေသွး 

ေဘာ်တွင်းစီမံကိန်း၏ ုပ်ပိုင်းဆိုင်ရာသက်ေရာက်မများအေနြဖင့် မိုင်းဧရိယာအနီးဝန်းကျင်ရှိ 
ေလကာများေကာင့ ် ကန်သတ်ထားခံရြခင်းေကာင့် စီမံကိန်းစတင်ပီးေနာက ် လုပ်ေဆာင်သည့် 
သတိုင်းတူးေဖာ်မများေကာင့် အနည်းငယ်ေသာ ဆက်စပ် သက်ေရာက်မများသာ ြဖစ်ေပိုင်မည် 
ြဖစ်ပါသည်။ ေလထုအရည်အေသွး ဆက်စပ် သက်ေရာက်မအေနြဖင့် သတိုင်းမိုင်းှင့်ကပ်လျက် 
ေဆာက်လုပ်ေရး လုပ်ငန်းများ လုပ်ေဆာင်ြခင်းမ ှ ထွက်ေပလာသည့် အမန်အမားေကာင့် ြဖစ်ပွား 
ိုင်ပါသည်။ အြခားေသာ စီမံကိန်းများသည် ေဘာ်တွင်းစီမံကိန်း၏ သက်ေရာက်လမ်းမိုးမ ဧရိယာ 
အတွင်းတွင ် ကျေရာက်ြခင်း မရိှေသာ်လည်း ေလထုအရည်အေသွး ဆက်စပ်သက်ေရာက်မ ရှိိုင် 
ပါသည်။ သိုေသာ ် နမတူှင့် ေဘာ်တွင်းရှ ိ ေဖာ်ြပပါစီမံကိန်းများမှအပ ေလကာများအား 
သီးြခားထားရှိရမည်။  

ေြမေပေရ 

ြမစ်ငယ်ြမစ်တစ်ေလာက်တွင ်နမတူ ၃၂ မိုင ်ရှိ  WMM ကုမဏီလီမိတက်မ ှအေကာင်အထည်ေဖာ် 
ေဆာင်ရွက်လျက်ရှိသည့် သံသတိုင်းထုတ်လုပ်ြခင်းလုပ်ငန်းှင့် Myanmar Apex သတတူးေဖာ်ေရး 
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ကုမဏီလီမိတက်မ ှအေကာင်အထည်ေဖာ်ေဆာင်ရွက်ေနေသာ ဇင့်ထုတ်လုပ်ေရးလုပ်ငန်းတို တည်ရှိ 
ပါသည်။ ၎င်းစီမံကိန်းများမ ှ ထွက်ရှိသည့် အနည်အှစ်များသည် ြမစ်ထဲသို ေရာက်ရှိိုင်ေပရာ 
ေရအရည်အေသွးှင့် ြမစ်ငယ်ြမစ်၏ အကျိးြဖစ်ထွန်းမအေပ သက်ေရာက်မ ရှိေစိုင်ပါသည်။  

NCEH မှ အဆိုြပတင်ြပထားသည့ ်နမတူ (သီေပါ) စီမံကိန်းှင့် MEPE မှ တည်ေဆာက်ဆဲြဖစ်သည့် 
အထက်ရဲရွာေရေလှာင်တမ ံ (ေရအားလပ်စစ)် စီမံကိန်းတိုတည်ေဆာက်ြခင်းေကာင့် ဇလေဗဒ 
အုပ်ချပ်မစနစ်ကို ထိခိုက်ေစိုင်ပီး ေရကီးမအရာယ်ှင့် ေရကီးေရလံမများအြပင် ေရအရည် 
အေသွးအား ထိခိုက်ေစိုင ်ပါသည်။ 

ေြမေအာက်ေရ 

ေဘာ်တွင်းစီမံကိန်း၏ ေြမေအာက်ေရေပ အဓိကသက်ေရာက်မအေနြဖင့် နမ့်လှေရေဝေရလဲှင့် 
နမ့်ပန ်ေရေဝေရလဲေဒသအတွင်း Wallah အမိက်ပံုှင့် TSFs မှ reagents များ၊ ဆာလဖိတ်ှင့် metals 
များ စိမ့်ဝင်ြခင်းေကာင့် ေြမေအာက်ေရအရည်အေသွးညစ်ညမ်းြခင်းတို ြဖစ်ေပေစပါသည်။ 
အကီးစား သတတူးေဖာ်ေရးလုပ်ငန်းများ လုပ်ေဆာင်ြခင်းေကာင့ ် ေြမေအာက်ေရှင့် ပတ်သက်၍ 
ဆက်စပ်သက်ေရာက်မများ ြဖစ်ပွားိုင်ပါသည်။ သိုေသာ်လည်း ၎င်းစီမံကိန်းများသည ် ေဘာ်တွင်းမှ 
၁၆ ကီလိုမီတာှင့် ၃၆၅ ကီလိုမီတာ အတွင်းတွင ်တည်ရှိြခင်းေကာင့် နမ့်ပန်ှင့် နမ့်လ ှေရေဝေရလဲ 
ေဒသအတွင်းရှိ အပိုင်းအစများ သိုမဟုတ် ကျိးေကေနေသာ ေကျာက်ေရေနလာများအား 
ထိခိုက်မမရှိိုင်ေပ။ 

 
Figure ES.15 Location of projects that could contribute to cumulative impacts 
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ဇီဝေဗဒဆိုင်ရာ 

ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းေကာင့ ် ေဘာ်တွင်းစီမံကိန်းေကာင့် ဇီဝပတ်ဝန်းကျင်အေပ 
ုပ်ပိုင်းဆိုင်ရာ အကျိးသက်ေရာက်မများ အေနြဖင့် အပူပိုင်းေဒသေရာေှာေတာင်ကုန်းသစ်ေတာ 
များ၏ ေနရင်းေဒသများ ဆံုးံးြခင်းှင့် ပျက်စီးြခင်းတိုကို ကန်သတ်ထားသည်။ အြခားေသာ အဆိုြပ 
စီမံကိန်းများ ေဆာင်ရွက်ြခင်းမှလည်း ဇီဝပတ်ဝန်းကျင်ကို အတိုင်းအတာတစ်ခုအထိ သက်ေရာက်မ 
ရှိိုင်ပီး ဆက်စပ်သက်ေရာက်မများ ြဖစ်ေပေစပါသည်။ စီမံကိန်းတည်ေနရာေပ မူတည်၍ 
ေပါက်ေရာက်ရာ သစ်ပင်ပန်းမန်များှင့် သက်ရှိသတဝါတို၏ စားကျက်များအေပ သက်ေရာက်မများ 
အေပ မူတည်၍ ကွဲြပားိုင်ပါသည်။  

ယ်ေကျးမအေမွအှစ် 

ေဘာ်တွင်းသတမိုင်းရှိ ယ်ေကျးမအေမွအှစ်များ၏ အေရးပါမှင့် ထူးြခားမ အများစုသည် မိုင်း၏ 
သမိုင်းေကာင်းှင့် ဆက်စပ်ေနေပရာ ေဘာ်တွင်းလုပ်ကွက်ှင့် အြခားအဆိုြပထားေသာ စီမံကိန်း 
များတည်ရှိသည့် မီးရထားလမ်းတစ်ေလာက်တွင ်ယ်ေကျးမအေမွအှစ်များဆိုင်ရာ ဆက်စပ် သက် 
ေရာက်မများ မရှိိုင်ေပ။ မူဆယ-်မေလး မီးရထားစီမံကိန်းသည ် ြဖစ်ိုင်ေချ အေစာပိုင်းအဆင့်တွင် 
ရှိေနဆဲြဖစ်ပီး ၎င်း၏ ညိိင်းမဆုိင်ရာ အချက်အလက်မှာ မေသချာေသးေကာင်း သိရှိရပါသည်။ 

ဆူညံသံှင့်တုန်ခါမ 

ေဘာ်တွင်းစီမံကိန်းမ ှ ဆူညံသံှင့်တုန်ခါမ ုပ်ပိုင်းဆိုင်ရာ သက်ေရာက်မများအေနြဖင့် လုပ်ကွက် 
အတွင်းတွင ်ေနထိုင်သည့် ထိခိုက်ခံစားရိုင်ေသာ အစုအဖွဲများအေပတွင ်သက်ေရာက်မများ ရှိိုင် 
ပါသည်။ ေဘာ်တွင်းစီမံကိန်း ေဆာက်လုပ်ြခင်းှင့် သတိုင်း တူးေဖာ်ြခင်းကား ယာယီ 
တိုက်ဆိုင်ေနစ ်ဆက်စပ်သက်ေရာက်မများအား ြကံေတွခံစားရိုင်ပါသည်။ အြခားေသာ အဆိုြပ 
စီမံကိန်းများ၏ တည်ေနရာအရ ဆူညံသံှင့ ် တုန်ခါမဆိုင်ရာ ဆက်စပ် သက်ေရာက်မများအား ေတွရှိ  
ရြခင်း မရိှပါ။ 

လူမစီးပွားဆိုင်ရာ 

ေဘာ်တွင်းလုပ်ကွက်အတွင်း သံသတိုင်းများ တူးေဖာ်ြခင်းေကာင့် ခင်းသာယာမကို ေလျာ့နည်း 
ေစပီး စီမံကိန်းတည်ေဆာက်ေနစ်ကာလအတွင်း လမ်းအသံုးြပမှင့် ယာ်အသွားအလာများ 
တိုးလာိုင်ပါသည်။ နမတူရှိ စီမံကိန်းများေကာင့် ဆက်စပ်လူမစီးပွားဆိုင်ရာ သက်ေရာက်မများ 
ေဘာ်တွင်းစီမံကိန်းထ ံသက်ေရာက်ိုင်ပါသည်။ အထူးသြဖင့ ်ေဘာ်တွင်းလုပ်ကွက်အတွင်း ေကျးရွာ 
များအား နမတူအနီးတစ်ဝိုက်တွင ် ြပန်လည်ေနရာချထားမည်ဆိုပါက အြခားစီမံကိန်းများမှ 
ေရေြပာင်းဝင်ေရာက်လာမများရှိိုင်ပီး သက်သာလွယ်ကူေသာ ေနထိုင်ိုင်မအေပ သက်ေရာက်မ 
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များှင့် လူမေပါင်းစည်းညီွတ်မ ေြပာင်းလဲြခင်းများ ြဖစ်ေပိုင်ပါသည်။ ကျန်စီမံကိန်းများ 
တည်ရှိြခင်းေကာင့် အြပသေဘာေဆာင်ေသာ သက်ေရာက်မအေနြဖင့် ေဒသတွင်း အလုပ်အကိုင် 
အခွင့်အလမ်းများှင့် အေရာင်းအဝယ်များ တိုးပွားလာိုင်ပါသည်။  

ကျန်းမာေရး 

သံသတိုင်းများတူးေဖာ်ြခင်းှင့ ် တည်ေဆာက်ေရးလုပ်ငန်းများမ ှ သတဓါတ်ပါဝင်ေသာ အမန်အမားများ 
ိက်မိြခင်းေကာင့ ် ဆက်စပ်ကျန်းမာေရးသက်ေရာက်မများ ြဖစ်ပွားိုင်ပါသည်။ ြပန်လည်ေနရာချထားေရး 
အစီအစ်အား လိုက်နာေဆာင်ရွက်လင ် ေဒသခံြပည်သူများသည ် ေဘာ်တွင်းစီမံကိန်းမ ှ သက်ေရာက်မများ 
အား အနည်းငယ်သာ ခံစားရိုင်ပါသည်။ သိုေသာ်လည်း နမတူအနီးတစ်ဝိုက်တွင ် ြပန်လည်ေနရာချထားပါက 
ဝင်းြမင့်မိုရ်စီမံကိန်းမ ှေဆာင်ရွက်သည့ ်သတိုင်းများအပါအဝင် Myanmar Apex သတတူးေဖာ်ေရးကုမဏီ 
လီမိတက်မ ှ ေဆာင်ရွက်သည့ ် ဇင့်ထုတ်လုပ်ေရးမှထွက်ရှိသည့် ေလထုညစ်ညမ်းမအား ခံစားရိုင်ေပမည် 
ြဖစ်ပါသည်။ 

လူထုပူးေပါင်းပါဝင်မု 

စီမံကိန်းဆိုင်ရာအချက်အလက်၊ အြကံြပချက်၊ စီမံကိန်းအေကာင်း ထုတ်ေဖာ်ချက်များှင့် ညိိင်း 
တိုင်ပင်ြခင်းတိုအား ေဆာင်ရွက်ိုင်ရန ် ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်းကုမဏီလီမိတက်မ ှ လူထုပူးေပါင်း 
ပါဝင်မ အစီအစ် အေနြဖင့် ြပင်ဆင်ထားရှိပါသည်။ 

သက်ဆိုင်သူများပါဝင်ပတ်သက်ြခင်း 

သက်ဆိုင်သူများ ပါဝင်ပတ်သက်ြခင်းဆိုသည်မှာ စီမံကိန်းတွင ် ပါဝင်ပတ်သက်သူများ၊ 
သက်ဆိုင်သူများှင့် စိတ်ဝင်စားသူများ ပါဝင်ပတ်သက်ြခင်း ြဖစ်ပါသည်။ သက်ဆိုင်သူများ 
ပါဝင်ပတ်သက်ြခင်း လုပ်ငန်းစ်တွင ် တာဝန်ယူြခင်း၊ တာဝန်ခံြခင်းှင့ ် စ်ဆက်မြပတ် 
သံုးသပ်အြကံြပချက်များ ပါဝင်ပါသည်။  

စီမံကိန်းှင့် ပတ်သက်ဆက်ွယ်ေနသူများှင့် စီမံကိန်းေကာင့် ထိခိုက်ခံစားရသူများတွင် 
ေအာကပ်ါတုိ ပါဝင်ပါသည်။ 

 ေဒသခံများ 

 ရပ်ရွာေခါင်းေဆာင်များ 

 ဘာသာေရးအဖွဲများ 

 တိုင်းရင်းသားအဖွဲများ 

 ထိခိုက်လွယ်ေသာ အုပ်စုများ 



Bawdwin Project/ Environmental Impact Assessment Report 

 

Executive Summary E Guard Environmental Services | ES-130

 

 အစိုးရအဖွဲအစည်းများ 

 အစိုးရမဟုတ်ေသာ အဖွဲအစည်းများ 

 လက်ရှိလုပ်သားများ 

 တိုင်းရင်းသားလက်နက်ကိုင်အဖွဲအစည်းများ 

 ရထားလမ်းတစ်ေလာက ်ေနထိုင်သည့်ေဒသခံများ 

 ပိုကုန်လမ်းေကာင်းတစ်ေလာက်ေဒသခံများ 

 ကန်ထိုက်တာများ၊ ေထာက်ပံ့သူများှင့် ဝန်ေဆာင်မေပးသူများ 

 သတင်းဌာနများ 

 ပိုင်ရှင်များှင့် ရင်းှီးြမပ်ှံသူများ 

တိုင်ပင်ေဆွးေနွးေသာ နည်းလမ်းများ 

စီမံကိန်းအေပ ၎င်းတို၏ စိတ်ဝင်စားမှင့် နားလည်မ၊ ထိခိုက်ိုင်သည့် ပံုစံ၊ ဘာသာစကားှင့ ်
တတ်ေြမာက်မ စွမ်းရည်တို အေပအေြခခံ၍ အစုအဖွဲတစ်ခုစီှင့်တစ်ခ ု ထိေတွဆက်ဆံရန် 
သင့်ေလျာ်မရှိေသာ ဆက်သွယ်ေရးှင့ ် ညိိင်းမ နည်းလမ်းများကို အသံုးြပထားသည်။ တိုင်ပင် 
ေဆွးေွးြခင်း လုပ်ငန်းများတွင ် အများြပည်သူများ၏ အြမင်များ ရှာေဖွြခင်းှင့် စီမံကိန်းဆိုင်ရာ 
ေယဘုယျအသိပညာေပးြခင်းများ ပါဝငပ်ါသည်။ 

အများြပည်သူများ၏ အြမင်များ ရှာေဖွြခင်းတွင ်ေအာက်ပါနည်းလမ်းများအား အသံုးြပပါသည် - 

 စီမံကိန်းေကာင့် ထိခိုက်ခံစားရသူများှင့် သက်ဆိုင်သူများပါဝင်သည့် အများြပည်သူတိုင်ပင ်
ေဆွးေွးြခင်းအား သံုးကိမ်ြပလုပ်ြခင်း၊ 

 ဝင်းြမင့်မိုရ်မှ တာဝန်ရှိသူများှင့် Tiger Camp၊ နမတူှင့် ေဘာ်တွင်းမ ှ ေဒသခံများ 
ေဒသဆိုင်ရာ သတင်းအချက်အလက်များှင့် ဖွံဖိးေရးလုပ်ငန်းများ ေဆွးေွးတိုင်ပင်ြခင်း 

 Stakeholder အစည်းအေဝးများကျင်းပြခင်းှင့ ်တစ်ဦးချင်း ရှင်းလင်းတင်ြပြခင်း။ 

 ေဘာ်တွင်းှင့် ကျားစခန်းရွာရှ ိလူထုအကျိးြပသတင်းအချက်အလက်စင်တာများ 
 လူထုအဖွဲအစည်းရှိ ဆက်ဆံေရးအရာရှိ 
 ရှင်းလင်းတငြ်ပချက်များ၊ သတင်းလာများှင့် အချက်အလက်စာရွက်များ အပါအဝင် လူထု 

သတင်းလာများှင့် ထုတ်ေဝြခင်းများ 
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 ပတ်ဝန်းကျင်ရှိ ေကျးရွာများှင့် ေဆွးေွးညိိင်းြခင်း၊ လူထုအစည်းအေဝးများြပလုပ်ြခင်းှင့် 
လူမစီးပွားစစ်တမ်းေကာက်ယူြခင်း အပါအဝင် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းဆိုင်ရာ 
အေြခခ ံစစ်တမ်းေကာက်ယူြခင်း 

 လုပ်ငန်းခွင်ဆိုင်ရာ ရှင်းလင်းတင်ြပချက်များှင့် အစည်းအေဝးများ 
 ေယဘုယျ စီမံကိန်းဆိုင်ရာ အသိပညာေပးြခင်းအတွက ် အသံုးြပေသာ နည်းလမ်းများတွင် 

ေအာက်ပါတုိ ပါဝင်သည်။  
 စီမံကိန်းဆိုင်ရာ ဗီဒီယိုများ 
 WMM ဝက်ဘ်ဆိုဒ ်
 Myanmar Metals ASX ၏ ေကညာချက်များ 
 မီဒီယာ အင်တာဗျးများ 
 လူထုဖွံဖိးတိုးတက်မဆိုင်ရာ စီမံကိန်းများ 

စနစ်တကျ အများြပည်သူှင့် တိုင်ပင်ေဆွးေွးြခင်း 

ပထမအကိမ် လူထုပူးေပါင်းပါဝင်ြခင်း၏ တစ်စိတ်အပိုင်းအြဖစ် တိုင်ပင်ေဆွးေွးြခင်း အစည်းအေဝး 
ကို ြပည်ေထာင်စု၊ ရှမ်းြပည်နယ်ှင့် မိနယ်အစိုးရများ၊ အစိုးရမဟုတ်ေသာ အဖွဲအစည်းများ 
အပါအဝင် စီမံကိန်း၏ အကျိးသက်ေရာက်မကို ခံစားရေသာ ြပည်သူများှင့် အြခား သက်ဆိုင်သူများ 
စသည့် ကေပါင်းစံုြဖင့် ကျင်းပခဲ့သည်။ အစည်းအေဝးပွဲများကို ၂၀၁၉ ခုှစ ် ဇနန်ဝါရီလှင့် 
ေဖေဖာ်ဝါရီလတိုတွင ်ကျင်းပခ့ဲပါသည်။ ဤပထမအကိမ် လူထုပူးေပါင်းပါဝင်ြခင်းသည ်စီမံကိန်းကို 
ေဖာ်ထုတ်ရန်ှင့် စီမံကိန်းအဆိုြပချက်အေပ ြမင့်မားေသာ သတင်းအချက်အလက်များ ေထာက်ပ့ံ 
ေပးရန ်ရည်ရွယ်ပါသည်။  

ဒုတိယအကိမ် အများြပည်သူှင့်ေတွဆံုေဆွးေွးြခင်းကို ြပလုပ်ရာတွင ် ကိုဗစ-်၁၉ ေရာဂါ 
ြဖစ်ပွားြခင်းေကာင့် အခက်အခဲများ ြကံေတွခဲ့ရပါသည်။ ဒုတိယအကိမ် အများြပည်သူှင့် ေတွဆံု 
ေဆွးေွးြခင်းကို ကိုဗစ-်၁၉ ကာကွယ်ေရး လမ်းန်ချက်များကို လိုက်နာကာ နမတူ အေထွေထွ 
အုပ်ချပ်ေရးဦးစီးဌာနှင့် ပူးေပါင်း၍ ကျင်းပခဲ့ပါသည်။ ဒုတိယအကိမ်အစည်းအေဝးပွဲကို ေဒသခံ 
ြပည်သူများ၊ ြပည်ေထာင်စု၊ ြပည်နယ်ှင့် မိနယ်အစိုးရအဖွဲများ၊ အစိုးရမဟုတ်ေသာ အဖွဲအစည်း 
များ၊ စစ်တပ်အပါအဝင ် စီမံကိန်း၏ အကျိးသက်ေရာက်မကို ခံစားရေသာ ြပည်သူများှင့် အြခား 
သက်ဆိုင်သူများ စသည့်က ေပါင်းစံုြဖင့် ကျင်းပခဲ့ကသည်။ သီးြခားအစည်းအေဝးများကို 
အမျိးသမီးေရးရာအဖွဲချပ်၏ စီစ်ေဆာင်ရွက်မြဖင့် အမျိးသမီးေဒသခံြပည်သူများှင့်အတ ူ ကျင်းပ 
ခဲ့သည်။ သက်ဆိုင်သူများအား ၎င်းတို၏ အြမင်များ၊ အြကံြပချက်များှင့် ေထာက်ခံချက်များကို 
တင်ြပရန ်အခွင့်အေရးများ ေပးခဲ့သည်။  
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ပထမအကိမ်ှင့် ဒုတိယအကိမ် အစည်းအေဝးတစ်ခုစီတိုင်းတွင ် ရှင်းလင်းတင်ြပချက်များအတွက် 
ေမးခွန်းေမးြမန်းြခင်းှင့် ြပန်လည်ေြဖကားြခင်းများ ြပလုပ်ခဲ့သည်။ တင်ြပချက ် ES.10, ES. 11 ှင့် 
ES.12 တိုတွင ်ဘုန်းေတာ်ကီးအဖွဲအစည်း၊ ေဘာ်တွင်းှင့် နမတူ ေဒသခံြပည်သူများှင့် ြပလုပ်သည့် 
အစည်းအေဝးများကို ေဖာ်ြပထားပါသည်။ 

တတိယအကိမ် လူထုေတွဆံုေဆွးေွးပွဲြပလုပ်ရာတွင ်ကိုဗစ-်၁၉ ေရာဂါပိုး ပျံှံန်း သိသိသာသာ 
ြမင့်မားလာပီး ရန်ကုန်မိနယ်အတွင်း ကျန်းမာေရးှင့်အားကစားဝန်ကီးဌာန၏ အြပင်မထွက်ရ 
အမိန်ေကာင့် အခက်အခဲများ ြကံေတွခဲ့ရသည်။ ေတွဆံုေဆွးေွးြခင်းကို ဆက်လက်ြပလုပ်ိုင်ရန် 
အတွက ်ကိုဗစ-်၁၉ ကပ်ေရာဂါအတွင်း ပတ်ဝန်းကျင်ထိန်းသိမ်းေရးဦးစီးဌာန၏ ေတွဆံုေဆွးေွးြခင်း 
ဆိုင်ရာ လမ်းန်ချက်များှင့်အည ီ ဒီဂျစ်တယ်ေတွဆံုေဆွးေွးြခင်းကို ြပလုပ်ခဲ့ပါသည်။ ေဒသခံ 
ြပည်သူများထံသို တင်ြပရန ် စီမံကိန်းဆိုင်ရာ လက်ရှိသတင်းအချက်အလက်များကို ရှင်းလင်း 
တင်ြပချက ်ဗီဒီယိုများ ြပလုပ်ပီး ေဘာ်တွင်းှင့် နမတူေဒသများသို memory stick ြဖင့် ကျယ်ြပန်စွာ 
ြဖန်ေဝခဲ့ပီး ဝင်းြမင့်မိုရ်စက်မလုပ်ငန်း ကုမဏီလီမိတက်၏ ဝက်ဘ်ဆိုဒ်မှတဆင့်လည်း အြခား 
သက်ဆိုင်သူများထံသို ြဖန်ေဝခဲ့ပါသည်။ ေဒသခ ံ ြပည်သူများ၏ ေမးခွန်းများကို အိမ်ေထာင်စု 
ေခါင်းေဆာင်များမှတဆင့် ပတ်ဝန်းကျင်ထိခိုက်မ ဆန်းစစ်ြခင်းဆိုင်ရာ အြကံေပးပုဂိလ်များထံသို 
ဆက်သွယ်ပီး ဝင်းြမင့်မိုရ ်မှတဆင့် ေြဖကားခဲ့ပါသည်။  

ေတွ့ဆံုပွဲရလဒ်များ 

ပထမအကိမ် 

ပထမအကိမ် ညိိင်းေဆွးေွးပွဲတွင ် အဓိက စိတ်ဝင်စားမှင့် ကိစရပ်များတွင ် ပါဝင်သည့်အရာ 
များမှာ- 

 စွန်ပစ်ပစည်းစီမံခန်ခွဲမ၊ ြပြပင်ထိန်းသိမ်းမှင့် ေလ့လာမ၏ လက်ရှိအဆင့်ှင့် သက်ဆိုင်သည့် 
ေမးြမန်းချက်များအပါအဝင ်စီမံကိန်း ဖွံဖိးတိုးတက်မ၊ အေြခခံအေဆာက်အအံု လိုအပ်ချက်များ၊ 
အြပင်အဆင်ှင့် စီမံကိန်းေရးဆွဲြခင်း၊ 

 ြပန်လည်ေနရာချထားေရးှင့် ေလျာ်ေကးေပးေချြခင်း၊ 
 ေဒသဆိုင်ရာ ဖွံဖိးတိုးတက်မှင့် လူေနမအဆင့်အတန်းြမင့်မားလာမ၊ ပညာေရး၊ ကျန်းမာေရး၊ 

အေြခခံအေဆာက်အံုှင့် စီးပွားေရး၊ 
 အလုပ်အကိုင်အခွင့်အလမ်းများ ရရှိလာမ၊ 
 လူထုေတွဆံုေဆွးေွးပွဲ၏ အေရးပါဝင်မ၊ နားလည်ရန်လွယ်ကူြခင်း (ဘာသာစကားမျိးစံုြဖင့် ရရှိ 

ိုင်ြခင်း) ှင့် လူနည်းစုပါဝင်ြခင်း၊ 
 ေဒသခံြပည်သူှင့် ြမန်မာိုင်ငံအတွက ် အကျိးအြမတ်များရရှိိုင်ြခင်းှင့် ေဒသဆိုင်ရာဖွံဖိး 

တိုးတက်မအတွက ်စီမံကိန်း၏အေရးပါမ၊ 
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 မိုင်း ပိတ်သိမ်းြခင်း၊ 
 စီမံကိန်းအဆိုြပသူ၏ ေနာက်ခံအေြခအေနှင့် ပိုင်ဆိုင်မ ပံုစံ၊ 
 ပွင့်လင်းြမင်သာမှင့် ထုတ်ေဖာ်ြခင်း၊ 

ဒုတိယအကိမ် 

ဒုတိယအကိမ် ညိိင်းေဆွးေွးပွဲတွင် အဓိကစိတ်ဝင်စားမှင့် ကိစရပ်များတွင ် ပါဝင်သည့်အရာ 
များမှာ- 

 တည်ေနရာအပါအဝင် ြပန်လည်ေနရာချထားေရး၊ ြပည်တွင်းေြပာင်းေရေနထိုင်သူများ၊ 
ေလျာ်ေကးေငွ၊ တာဝန်ခံမ၊ သချင်းေြမများ ပံ့ပိုးေပးြခင်းှင့် ဝန်ေဆာင်မများ၊ ရပ်ရွာအေြခခံ 
အေဆာက်အအံုများှင့် ေြမယာများ ရရှိိုင်ေရး၊ 

 ငိမ်းချမ်းေရး၊ လံုြခံေရးှင့ ်တိုင်းရင်းသားလက်နက်ကိုင်အဖွဲများ (EAO) 
 လူနည်းစုများပါဝင်မ၊ အေရးပါမအပါအဝင ် လူထံုေတွဆံုေဆွးေွးပွဲများ၊ ေဒသခံြပည်သူ 

များ၏ လိုအပ်ချက်များကို နားလည်ြခင်းှင့် EIA တွင ်ညိိင်းမေတွရှိချက်များကို ေပါင်းစပ် 
ထည့်သွင်းြခင်း၊ 

 ပွင့်လင်းြမင်သာမှင့် ထုတ်ေဖာ်ြခင်း၊ 
 အလုပ်အကိုင်အခွင့်အလမ်း၊ ေရေြပာင်းေနထိုင်မ၊ ကမ်းကျင်မ/ေလ့ကျင့်သင်ကားမှင့် 

စားဝတ်ေနေရး၊ 
 စွန်ပစ်ပစည်းှင့် ေရစီမံခန်ခွဲမ၊ အနာဂတ်သတတူးေဖာ်ေရး အစီအစ်များ၊ ရပ်ရွာထု၏ 

အခမဲ့၊ ကိတင်အသိေပးသေဘာတူညီချက်များ အပါအဝင် စီမံကိန်းဖွံဖိးတိုးတက်မ၊ လက်ရှိ 
ြဖစ်ေပေနေသာ ညစ်ညမ်းမ၊ အြခားေရွးချယ်စရာများ၊ နယ်ပယ်အတိုင်းအတာ သတ်မှတ် 
ြခင်း၊ အချနိ်ကာလ၊ အေြခခံအေဆာက်အအံု လိုအပ်ချက်များ၊ အြပင်အဆင်ှင့် စီမံကိန်း 
ေရးဆွဲြခင်း၊ 

 ကျန်းမာေရးဆိုင်ရာ အကျိးသက်ေရာက်မများ၊ ေဒသတွင်း စီးပွားေရးလုပ်ငန်းများှင့် ေဒသ 
ဆိုင်ရာ ဖွံဖိးတိုးတက်မ၊ 

 ဘာသာေရးဆိုင်ရာ ယံုကည်ချက်ှင့် အေလ့အကျင့်များှင့်အည ီအေဆာက်အအုံများ ဖျက်စီး 
ခံရြခင်းှင့ ်ယ်ေကျးမအေမွအှစ်များ ထိန်းသိမ်းေစာင့်ေရှာက်ြခင်း၊ 

 ပတ်ဝန်းကျင်ရှိ ေဒသခံြပည်သူများအတွက ် ပညာေရးှင့် ကျန်းမာေရးဆိုင်ရာ ဝန်ေဆာင်မ 
များ ရရှိိုင်မ၊ 

 သဘာဝပတ်ဝန်းကျင/်ရပ်ရွာရန်ပံုေင ွ စီမံခန်ခွဲမအတွက် အစိုးရ၏ေမာ်မှန်းချက်များကို 
ရှင်းလင်းစွာ နားလည်ိုင်ေရး၊ 

တတိယအကိမ် 
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ြမန်မာိုင်ငံရှိ ိုင်ငံေရးအေြခအေနှင့်ဆက်စပ်ေသာ လူထုမငိမ်မသက်မများှင့် ကိုဗစ-်၁၉ ၏ 
ကန်သတ်ချက်များ ေကာင့ ် တတိယအကိမ် ြပည်သူလထူုှင့ ် ညိိင်းေတွဆံုေဆွးေွးြခင်းကို 
အပီးသတ်ရန ် မြဖစ်ိုင်ပါ။ တတိယအကိမ ် ြပည်သူလူထုှင့ ် ညိိင်းေတွဆံုေဆွးေွးြခင်းကို 
စတင်ခဲ့ေသာ်လည်း သက်ေရာက ် ထိခိုက်မဆန်းစစ်ြခင်းဆိုင်ရာ ေတွရိှချက်များကို 
ေြဖရှင်းသည့်အပိုင်းကို အထက်ေဖာ်ြပပါ အေကာင်းအရင်းများေကာင့် ေပးပိုိုင်ြခင်းမရှိပါ။  
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Plate ES.10 ေဘာ်တွင်း လူထုေတွ့ဆံုေဆွးေနွးပွဲ 

 

Plate ES.11 နမ္မတူ လူထုေတွ့ဆံုေဆွးေနွးပွဲ 
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Plate ES.12 ရွာဦးဘုန်းကီးအစီအစဉ်ြဖင့် ေဒသခံြပည်သူများနှင့် ေတွ့ဆံုေဆွးေနွးြခင်း 
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သဘာဝပတ်ဝန်းကျင်နှင့် လူမုေရးဆိုင်ရာ စီမံခန့်ခွဲမ ုဖွဲ့ စည်းမု/မူေဘာင် (ESMF) 

သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ ဖဲွစည်းမ/မူေဘာင ်

သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ မူေဘာင်သည ် အခန်းကှင့် တာဝန်များ၊ 
စီမံခန်ခွဲမနည်းလမ်းများှင့် လုပ်ေဆာင်မရလဒ်များကို သတ်မှတ်ရန်အတွက် ဥပေဒြပေရး၊ 
သက်ဆိုင်သူများှင့် သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ် (ESMP) တွင် 
ေြဖရှင်းမည့် ေကာင်းမွန်သည့် အေလ့အကျင့်ေကာင်းများှင့် တိုးတက်ဖွံဖိးမများရှိသည့်ေနရာများ 
တွင ်လုပ်ေဆာင်မများကို ဆက်လက်ေစာင့်ကည့်ရန ်နည်းလမ်းတစ်ခုြဖင့် စီမံကိန်းကို ေထာက်ပံ့ေပး 
သည်။ မူေဘာင်သည် သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ်ကို လမ်းြခံပီး 
အေကာင်အထည်ေဖာ်ေဆာင်ရွက်ထားသည်။ (Attachment 4) 

သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခနခ်ွဲမ မူေဘာင်သည ် စီမံကိန်း၏ အဆင့်အားလံုး-
တည်ေဆာက်ေရး မစတင်ခင ် အဆင့် (အစီအစ်ေရးဆွဲြခင်းှင့် အတည်ြပချက်ရရှိြခင်း)၊ 
တည်ေဆာက်ေရး အဆင့် (အေကာင်အထည်ေဖာ်ြခင်း)၊ လုပ်ငန်းလည်ပတ်ြခင်းအဆင့် (သတ 
တူးေဖာ်ြခင်းှင့် ထုတ်လုပ်ြခင်း)၊ ဖျက်သိမ်းြခင်းအဆင့်၊ ပိတ်သိမ်းြခင်းအဆင့်ှင့် ပိတ်သိမ်းပီးသည့် 
အဆင့် တိုတွင် အသံုးြပိုင်သည်။ သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ မူေဘာင်သည် 
ဝင်းြမင့်မိုရ်၏ မူဝါဒများှင့် လုပ်ထံုးလုပ်နည်းများကို ြမန်မာိုင်ငံ၏ ဥပေဒများ၊ လမ်းန်ချက်များှင့် 
စံချနိ်စံန်းများအြပင ် ိုင်ငံတကာဆိုင်ရာ လမ်းန်ချက်များှင့် စံချနိ်စံန်းများကို ေပါင်းစပ်ြခင်း 
ြဖင့် သဘာဝပတ်ဝန်းကျင်၊ လူမေရးှင့် ယ်ေကျးမဆိုင်ရာ စီမံခန်ခွဲမများကို အေကာင်အထည် 
ေဖာ်ရန ်လမ်းန်ထားသည်။ သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ မူေဘာင(်ESMF) 
ှင့် သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ် (ESMP) တိုသည ် သဘာဝ 
ပတ်ဝန်းကျင်၊ လူမအသိုင်းအဝိုင်းှင့် ယ်ေကျးမဆိုင်ရာ အေမွအှစ်များှင့်သက်ဆိုင်သည့်  
စီမံကိန်းပိုင်ရှင်၏ မူဝါဒှင့် လုပ်ထံုးလုပ်နည်းများှင့် ကိုက်ညီသည်။ 

သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ်(ESMP) 

 သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ် (see Attachment 4) သည် 
စီမံကိန်း၏ အဆင့်အားလံုးအတွင်း အဓိကကျေသာ သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာ၊ လူမေရး 
ဆိုင်ရာှင့် ယ်ေကျးမဆိုင်ရာေထာင့်များအတွက ် လိုအပ်ချက်များ၊ ေပါင်းစပ် စီမံခန်ခွဲြခင်း၊ 
ေစာင့်ကပ်ကည့်ြခင်း၊ စစ်ေဆးြခင်းှင့ ် အစီရင်ခံစာတင်သွင်းြခင်း လုပ်ငန်းစ်များ ကို 
ေဖာ်ြပထားသည်။ သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ် (ESMP)တွင် 
ေအာက်ပါအချက်များ ပါဝင ်သည်။  

 စီမံကိန်းအဆင့်များ 
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 သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာ၊ လူမေရးဆိုင်ရာ၊ ကျန်းမာေရးှင့် ယ်ေကျးမအေမွအှစ်ဆိုင်ရာ 
စီမံခန်ခွဲမအတွက် မူဝါဒှင့် စည်းမျ်းမူေဘာင ်

 သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ်(ESMP) ကို အေကာင်အထည်ေဖာ် 
ေဆာင်ရွက်ေနသည့် ပုဂိလ်များ၏ တာဝန်များ 

 စီမံကိန်းှင့်သက်ဆိုင်ေသာ သက်ေရာက်မများှင့် အရာယ်များ အကျ်းချပ်ှင့် ေလျာ့ချေရး 
နည်းလမ်းများ 

 သဘာဝပတ်ဝန်းကျင်ှင့် လူမုေရးဆိုင်ရာ စီမံခန်ခွဲမအစီအစ ်(ESMP) ကို အေကာင်အထည်ေဖာ် 
ေဆာင်ရွက်ြခင်းအတွက ်ေယဘုယျ ကုန်ကျစရိတ ်

 ေစာင့်ကပ်ကည့်ြခင်းှင့် အစီရင်ခံစာတင်သွင်းြခင်းစနစ်ကို အေကာင်အထည်ေဖာ်သွားမည်။ 
 ကွဲြပားြခားနားေသာ ပတ်ဝန်းကျင်ဆိုင်ရာ၊ လူမစီးပွားေရးဆိုင်ရာ၊ ကျန်းမာေရးှင့် ယ်ေကျးမ 

အေမွအှစ်ဆိုင်ရာေထာင့်များအတွက ် သီးြခားေလျာ့ပါးသက်သာေစေရးှင့ ် စီမံခန်ခွဲမ 
လိုအပ်ချက်များကို ကိုင်တွယ်ေြဖရှင်းမည့် အစီအစ်ခွဲများ 

ပုံ ES.16 တွင် သဘာဝပတ်ဝန်းကျင်ှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမမူေဘာင်ှင့် ဆက်စပ်သည့် 
စီမံခန်ခွဲမဆိုင်ရာအစီအစ်များ၏ ြခံငံုသံုးသပ်ချက်များကို ေဖာ်ြပထားသည်။  

သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ ချ်းကပ်မတွင် စည်းမျ်းစည်းကမ်း၊ 
ကတိကဝတ်များ ှင့်အညီ လိုက်နာေဆာင်ရွက်ြခင်း၊ ေစာင့်ကပ်ကည့်မရလဒ်များကို အစီရင်ခံစာ 
တင်သွင်းြခင်းှင့် မှတ်တမ်းတင်ြခင်း၊ စစ်ေဆးြခင်း၊ ေစာင့်ကပ်ကည့်ြခင်းတို ပါဝင်ပါသည်။ 
ခွင့်ြပမိန်ှင့် စည်းမျ်းစည်းကမ်းများှင့်အည ီသုပ်ေဖာ်ြပသရန်ှင့် စီမံခန်ခွဲမနည်းလမ်း၏ အကျိး 
သက်ေရာက်မများကို ဆံုးြဖတ်ရန်၊ ပတ်ဝန်းကျင်ထိခိုက်မဆန်းစစ်ြခင်းတွင ် ြပလုပ်ထားေသာ 
ခန်မှန်းချက်များကို စိစစ်ရန်ှင့် သက်ေရာက်မများကို တိုင်းတာရန် ေဆာင်ရွက်သွားမည်ြဖစ်ပါသည်။  
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ပုံ ES.16 သဘာဝပတ်ဝန်းကျင်ဆိုင်ရာှင့် လူမေရးဆိုင်ရာ စီမံခန်ခွဲမ မူေဘာင ်
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1 Introduction 

Win Myint Mo Industries Company Limited (WMM) propose to redevelop the 600-year old 
Bawdwin mine (termed the ‘Bawdwin project’), a lead-zinc-silver mine in northern Shan State, 
Myanmar. The lead, zinc, copper and silver mineral resource at Bawdwin is estimated at 
approximately 100 million tonnes (Mt). The existing Bawdwin mine has an open pit, 
underground workings and associated processing infrastructure. The existing mine has been in 
care and maintenance, i.e., with no mining taking place, from 2009 up until 2020.  

The Bawdwin project will involve expansion of the existing open pit and construction of new 
mineral processing and supporting infrastructure. The starter open-pit mine has a proposed 
13-year mine life and will process ore at a rate of up to 3.0 Mt per annum (Mtpa). Pending 
further exploration, there is the potential for further expansion of the open pit and the 
development of an underground mining operation, which would extend the life of the mine up 
to 50 years.  

This Environmental Impact Assessment (EIA) has been prepared in accordance with the 
Environmental Impact Assessment Procedure (2015) (EIA Procedure) legislated by the 
Myanmar Environmental Conservation Law 2012.  

This EIA will be used to inform a decision by the Minister of Natural Resources and 
Environmental Conservation on whether the Bawdwin project should proceed and if so, under 
what conditions.  

This chapter provides background information on the proponent (WMM), an overview of the 
project and its history, justification of the project, statutory context and information on the 
objectives and structure of the EIA.  

1.1 History of mining at Bawdwin 

The Bawdwin mine is one of the longest operating and most important base metal mines in the 
world with a history of mining dating back to the beginning of the fifteenth century. The history 
of the Bawdwin mine can be separated into five broad phases: 

 The early discovery and possible working of the ore interpreted from the archaeological 
record. 

 Chinese mining commencing in 1412 and continuing until 1868. 

 Limited minor workings by the Kachin and Shan people between 1868 to1901. 

 British colonial period and post-colonial period from 1901 until the nationalisation of the 
mine in 1962. 

 Nationalised period of the mine from 1962 to 2009. 

Since 31st  December 2009, the current production sharing agreement of the mine has been in 
place between Number 1 Mining Enterprise (ME-1), a State-owned mining enterprise under 
the Ministry of Natural Resources and Environmental Conservation (MONREC) and WMM. 
Mining of oxide resource under this agreement by WMM is likely to commence in mid-2021.  
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A summary of the history of the Bawdwin mine is presented in Error! Reference source not 
found..  

Error! Reference source not found. to Error! Reference source not found. depict the 
existing environment at Bawdwin mine, including the steep terrain and Nam Pangyun valley, 
the open pit and supporting infrastructure of historic value. 
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Table 1. 1 Summary of the history of the Bawdwin mine 

Period Description  

500 – 1300s Between the fifth and thirteenth centuries the region in which Bawdwin is 
located was ruled by the Shan people. Based on historical sources mining 
at Bawdwin was not undertaken during this period. The area came under 
Chinese control following an invasion in 1343 A.D. 

1400s – 1800s Based on a stone inscription mining commenced in 1412 A.D., during the 
Ming Dynasty. Although the ore was rich in lead, the Chinese only 
focussed on recovering the silver deposits, which once smelted were taken 
back to China, while the lead-rich slag was left behind. Chinese mined 
silver by constructing short tunnels into the sides of the Nam Pangyun 
valley and ER valley. The ore was smelted onsite and slag disposed in 
dumps which have eroded and dispersed in the Nam Pangyun. Mining and 
smelting continued for the next 450 years, with some royalties paid to the 
King of Ava, but the rebellion and civil war in Yunnan in about 1868 lead 
to the abandonment of the mines. Between 1868 to1880s, there was likely 
to be limited small scale mining by Kachin/Shan people. 

1900 to 1909  The British annexed Upper Burma in 1886, and at the turn of the 
nineteenth century Bawdwin began to attract attention of mineral 
explorers, initially due to the lead-rich slag heaps left behind by the 
Chinese, and later for the ore lodes themselves that still held considerable 
mineral resources. A succession of companies attempted to re-open and 
develop the mine, with the notable presence of American Herbert Hoover 
(later the 31st President of the United States of America).  
Industrial ore extraction and lead production began in the early 1900s. 
Construction of a railway down the valley of the Nam Pangyun between 
Bawdwin and Namtu and then on to the junction with the Burma Railways 
at Namyao began in 1905. By 1908, 42 miles of the railway were 
completed and the bridge crossing the Myitnge River at Namtu was half-
complete. The first smelting at a furnace at Mandalay took place in 
February 1909 and the railway was completed by the end of 1909. After 
two years of operation, the smelters were moved from Mandalay to 
Namtu, reducing the distance slag and ore needed to be transported. A 
lead refinery was subsequently added to the Namtu plant in 1909. 

1910 to 1938 In 1914, Burma Corporation became the owners of the mine and 
constructed the Tiger Tunnel into the underground workings (completed 
in 1918), which allowed efficient access to the massive lead-zinc-silver 
China Lode orebody, with transport of ore to Namtu for concentration, 
smelting and refining. The period between 1928 and 1938 were the most 
stable and productive years of the mine, when production reached its peak 
of approximately 500,000 tons of ore being processed each year. 

1942 to 1950 In 1942, the Japanese invaded and took over the mine. The retreating 
British attempted to disable vital elements of the mine infrastructure, 
including the Mansam Falls power station and the processing plant, and 
further damage was caused by Allied bombing. The Japanese continued to 
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Period Description  

operate the mine, but at a reduced production compared to pre-war 
production. After the end of the war, the Burma Corporation resumed 
possession of the mine, but production was slow to restart. War damage 
had to be repaired, and the political situation in the country deteriorated 
after independence was achieved in 1948.  

1950s In 1951 a new company, the Burma Corporation was created as a joint 
venture, with the Government of the Union of Burma having a half-share. 
In 1965 the mine was nationalized. By the 1950s the rich ore lodes were 
becoming depleted, and several prospecting programmes were undertaken 
to identify any new ore bodies. While knowledge of the existing bodies 
was enhanced, no rich new lodes were found. 

1980s to 2009 In the 1980s an open pit mine (known as the Gossan Quarry) was started 
to exploit the low-grade ore halo that surrounded the old Chinaman Lode. 
A waste rock dump is located southeast of the open pit mine at the head of 
ER valley. 
A concentrator plant was constructed at Bawdwin mine about 1980 to 
enable the low-grade oxide ore to be processed on site. The concentrator 
plant includes crushing, grinding and flotation separation units. Mineral 
concentrate was transported by rail to Namtu for smelting to refine lead, 
antimonial lead, and silver, with copper matte and nickel speiss as by-
products. Zinc concentrate was shipped as unrefined product. Tailings 
from the 1980s concentrator plant were initially disposed to the Nam 
Pangyun, with later deposition in the Bawdwin underground mine 
workings. Production at Bawdwin concentrator plant ceased in 2009 with 
the closure of the open pit operation. 

2010 to 
present 

ME-1 is a State-owned mining enterprise under MONREC who oversees 
the production and marketing of nonferrous metals, such as zinc and lead. 
ME 1 and WMM entered into a production sharing contract on December 
31, 2009. Since that time, the mine and processing facilities have been in 
care and maintenance. The workforce has been retained under the 
production sharing permit and contract conditions, and conduct care and 
maintenance activities. 
In June 2018, WMM, Myanmar Metals and EAP entered into a 
contractual agreement to form a joint venture arrangement (BJV) for the 
purposes of developing the Bawdwin project.   
In late 2020, WMM commenced construction of a haul road to support a 
small-scale mining operation to develop the oxide resources of the 
existing pit ahead of the Bawdwin project development. Oxide mining and 
crushing by WMM is expected to commence in mid-2021 and will 
continue until the Bawdwin project commences ore mining. The oxide 
mining operation is being undertaken under existing licencing and 
approvals and is outside the scope of this EIA. 
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1.2 Project proponent 

The project proponent is WMM, currently holds the production sharing permit and contract 
with ME-1 of MONREC to undertake production of lead, zinc and silver at the Bawdwin mine. 
The contract was entered into on 31st December 2009 and commits WMM to a minimum 
annual production. The contract and permit details are: 

Production Sharing Contract on production and processing of Lead and Zinc in Namtu 
Bawdwin Mine Contract No 59, dated 31 December 2009 as updated and amended on 
16 June 2011 and 11 March 2015.  

Since entering into the contract, WMM completed one small exploration drilling campaign in 
2010, in which seven holes were drilled using a conventional drilling machine. A larger 
resource drilling campaign commenced in 2016 when WMM contracted Valentis to produce a 
resource estimate in accordance with the Australasian Code for Reporting of Exploration 
Results, Mineral Resources and Ore Reserves ('the JORC Code')1. This resource drilling was 
continued by Valentis into the Scoping Phase of the project (2017 to 2018)) and then 
subsequently into feasibility level resource drilling in 2019 and 2020. In 2020, WMM 
commenced preparatory works for small scale mining of the oxide resource within the existing 
pit. The preparatory works includes construction of a haul road which largely follows the 
existing road to the open pit. 

The information for the directors of the WMM is shown in Plate 1. 1 Step terrain near 
Bawdwin 

 

Plate 1. 2 Nam Pangyun valley facing Bawdwin upper village and the open pit 

 

1 The JORC Code is a professional code of practice that sets minimum standards for Public Reporting of minerals Exploration Results, 

Mineral Resources and Ore Reserves. 
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Plate 1. 3 Marmion Shaft headframe and winding house  
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Figure 1. 1 Board of Directors of the Win Myin Mo Industries Company Limited 
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WMM is negotiating with No.1 Mining Enterprise (ME1) to sign a new Production Sharing 
Agreement for the Bawdwin Mine and approval will be sought from the Myanmar Investment 
Commission. 

In the initial 13-year starter pit mining phase, WMM proposes to redevelop the 
existing Bawdwin mine and construct a new processing plant.  Redevelopment will involve 
demolition of some existing infrastructure and construction of new infrastructure to support 
mining and processing activities. 

1.2.1 Win Myint Mo Industries Company Limited 

Under the current production sharing contract, WMM holds a 38 square kilometre (km2) 
mining concession over the Bawdwin mine and concessions over the Namtu smelter complex 
and associated infrastructure including power stations, transmission lines and railways.  

WMM is part of National Infrastructure Holdings Company Limited (NIHC) which is a 
Myanmar investment group focused on infrastructure-related projects such as highways, 
energy, retail, logistics, mining, dry port, and construction. 

Founded in 2015, NIHC is one of the largest infrastructure conglomerates in Myanmar. 
Headquartered in Yangon with office locations in Naypyitaw, Mandalay, Lashio, Kyaukme, 
Muse, and Pathein, NIHC has over 4,000 employees. 

The contact details for WMM are: 

 Name: Win Myint Mo Industries Company Limited 
 Address: Thein Phyu Road, 36, Yangon, Myanmar 
 Contact: Aye Nyein Thu, email: anthu@nihcmm.com 
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Figure 1. 2 Certificate of Incorporation of Win Myint Mo Industries Co. Ltd. 
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1.3 Project overview 

The existing Bawdwin mine comprises an open pit and associated processing and ancillary 
infrastructure that have been in care and maintenance from 2009 up to 2020. The mining and 
processing operations have profoundly shaped the local biophysical and socioeconomic 
environment and provided a source of employment and physical infrastructure that supports 
Bawdwin village and parts of Namtu town.  

1.3.1 Location 

The Bawdwin project is located in northern Shan State approximately 385 km northeast of the 
capital of Myanmar, Naypyitaw, approximately 170 km northeast of Mandalay and 160 km 
west from the Chinese border. The mine is approximately 11 km east of Namtu, which is 
approximately 40 km east of Lashio, the capital of Shan State, as shown in Error! Reference 
source not found.. 

The Bawdwin ore bodies lie within a broad northwest-trending zone of mineralization that is 
approximately 2.5 km long and 200 m wide. The ore deposit consists of three massive bodies 
of sulfidic high-grade lead-zinc ore bodies: from north to south the Shan Lode, the China Lode, 
and the Meingtha Lode. A fourth lode, the Chin Lode, is found further to the north and has 
distinct mineralization.  

1.3.2 Project overview 

WMM proposes to develop the existing Bawdwin mine into a modern mining operation. The 
redevelopment will involve the demolition of some of the existing infrastructure and 
construction of new infrastructure at Bawdwin to support mining and processing activities.  

The project will involve open pit mining for an initial 13-year mine life and is expected to 
process 35.8 Mt of ore to produce lead-silver concentrate and bulk zinc concentrate. The 
redevelopment will include the expansion of the existing open pit from approximately 54 acres 
to at least 242.7 acres (21.9 ha to 95.9 ha). The expansion will extract mainly fresh sulphide 
ore and some transitional ore from the halo zone around the China Lode and if proven feasible 
will lead to further mining to extract ore in the Shan, Meingtha and potentially Chin lodes.  

A new processing plant and run-of-mine ore stockpile will be located 3 km northwest of the 
open pit. The proposed layout is depicted in Error! Reference source not found. and Error! 
Reference source not found.. Run-of-mine ore will be delivered by a front-end loader, which 
will then discharge to a primary crusher. Processing of the ore will involve crushing and 
grinding followed by separate lead-silver and bulk zinc flotation circuits. Reagents will be used 
in the lead-silver and bulk zinc flotation circuits. Tailings produced by the processing plant will 
be piped to one of three tailings storage facilities. The waste rock will be stored in an engineered 
waste rock dump within the adjacent Wallah Valley.  

WMM will source the workforce for the project from the existing mine communities, 
supplemented where necessary with experienced personnel from other locations. 
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Figure 1. 3  Project location  
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Figure 1. 4 Proposed project layout 
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Figure 1. 5 Three-dimensional topography of the Bawdwin area with proposed development from the southwest 
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On cessation of mining, all surface infrastructure will be dismantled and disposed, with 
reusable and recyclable materials sold. Mine closure will be conducted in accordance with an 
approved mine closure plan, with the main objective to ensure long-term physical, chemical 
and biological stability of the site to minimise potential environmental, health and safety risks. 

The key project components are presented in Error! Reference source not found.. This EIA 
is based on the project description in the current feasibility studies which are focussed on open 
pit mining for a 13-yr period. WMM intend that with further exploration work a much longer 
mine life of up to 50 years will be feasible.  

Table 1. 2 Key project components 

Aspect Description 

Mining method Large-scale conventional open-pit. Open pit mining using drill rigs, 
excavators and/or front-end loaders and haul trucks. Ore and 
overburden will be loosened by blasting.  

Mining rate Up to 2 Mtpa ore per annum. 

Open-pit 
dimensions 

The existing open pit will be expanded and deepened growing in size 
from approximately 54 acres to at least 228 acres (21.9 ha to 95.9 ha). 

Mine life 13-year starter pit with potential for underground mining to follow that 
may extend life up to 30 years. 

Waste rock Total of 159 Mt of waste rock that will be either used in construction or 
stored in a single waste rock dump in the Wallah Valley. 

Tailings Total of 54 Mt of process tailings, the equivalent of 4,600 tonnes per 
day (t/day) that will be pumped to three valley impoundments, TSF A, 
TSF B and TSF C. 

Processing 
method 

Processing of the ore will involve crushing and grinding followed by 
separate lead and zinc flotation. The lead and zinc concentrates will be 
pumped to the concentrate handling facility where it will be thickened, 
filtered and stockpiled for loading into concentrate containers for 
transport via truck.  

Concentrate 
production 

Lead Concentrate (4,406,600 Tonnes) 
Zinc Concentrate (2,725,274 Tonnes) 

Power 44.2 MW diesel fired power station 

Export facilities A central warehouse and logistics hub for the project will be 
constructed at either Namtu, or at Lashio. Concentrate containers will 
be transported to the hub and then loaded onto other trucks for onward 
transport.  

Mine access A new private road from Namtu to Tiger Camp (Namtu-Tiger Camp 
access road) will be constructed within the existing rail easement, this 
road will connect to a new access road between Tiger Camp and the 
process plant (plant access road). 
Until the new mine access roads (Namtu-Tiger Camp access road and 
plant access road) are constructed the existing public Namtu-Manton 
road will be utilised.  
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Aspect Description 

Accommodation An accommodation camp will be constructed for the project capable of 
accommodating approximately 1,400 people. The accommodation camp 
will be used during construction and operation of the project. It is 
expected that the local workforce will reside in their homes and be 
transported to site daily 

Employment Up to 2,285 people during construction, decreasing to 1,115 people 
during operations. 

 

1.3.3 Spatial boundaries 

This EIA describes the environment and issues and impacts associated with the project in a 
range of spatial contexts. These include: 

 Mine area – includes the open-pit, processing plant, mine infrastructure area, haul roads, 
waste rock dump, power station and tailing storage facilities (TSFs), accommodation camps 
and other ancillary infrastructure. It also includes a proposed private mine access road 
between Tiger Camp and the process plant.  

 Mine access corridor – includes the proposed mine access road between Namtu and Tiger 
Camp along the existing rail corridor. 

 Transport route – includes the public road between Namtu and Lashio. 

Throughout the EIA, two further key areas are defined. These are: 

 Bawdwin Concession – a rectangular area of 24.6 km2 centred on the Bawdwin mine and 
including Tiger Camp. It is defined in an existing production sharing contract between ME-
1 and WMM.  

 Namtu Concession – an irregular polygon of 5.3 km2 centred on the Namtu smelter 
complex and associated infrastructure. It is also defined the production sharing contract.  

1.3.4 Temporal boundaries 

The EIA describes the existing environment at Bawdwin mine based on environmental baseline 
data collected largely up to the end of 2019 (Appendix C to Appendix H). However, 
stakeholder engagement, community consultation and collection of socio-economic data from 
household surveys of farms and villages surrounding Bawdwin were continued up to December 
2020. 

1.3.5 Project rationale  

The rationale, or reason for the Bawdwin project is based on a combination of economic, 
engineering, environmental and social considerations. The project described in this EIA is 
based on the current mineral resource and design information. On the basis of this design, it is 
anticipated that the productive mine life (from mining of the first ore, excluding construction 
and closure phases) will be 13 years. 

This section outlines the justification of the project and its compatibility with Myanmar 
government strategies.  
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1.3.6 Feasibility investigations 

Detailed feasibility investigations have been undertaken of the Bawdwin project to assess the 
feasibility of the project: scoping study, pre-feasibility study and definitive feasibility study. 
The feasibility of the project reflects a combination of economic, engineering, environmental 
and social considerations that were assessed in these three stages with increasing level of detail 
at each stage. The purpose of these is to evaluate the various commercial and technical aspects 
of the project and determine whether the opportunity makes good business sense.  

The project scoping study was completed in September 2018, with the objective to understand 
the extent of the resource that remains in situ at the Bawdwin Mine, despite historic mining. 
This study considered a large-scale open pit mine operation targeting mainly fresh sulphide 
mineralisation and found resource estimates to be 100 Mt at 4.0% lead (Pb), 1.9% zinc (Zn), 
0.2% copper (Cu) and 97 g/t silver (Ag). Following this, in February 2019, a pre-feasibility 
study report was prepared which developed further information on the viability of the project.  

During the pre-feasibility study between October 2018 and March 2019, the deposit (Indicated 
and Inferred) was refined to 94 Mt at 4.2% Pb, 2.0% Zn, 0.2% Cu and 107/t Ag with a mine 
life of 13 years. The pre-feasibility study proposed an open pit operation with an associated 
processing plant of 2 Mtpa capacity, dry tails storage in an integrated waste landform in the 
Wallah Valley and an accommodation village. Power was to be supplied from the existing 
Mansam substation located approximately 28 km away from the site. 

During the detailed feasibility study investigations between April 2019 and June 2020 the 
project was further refined. These changes included expanding the size of the mine pit, 
increasing the throughput capacity of the process plant to 3 Mtpa, designing three smaller 
tailing storage facilities to store conventional thickened tailings, constructing new access roads 
between Namtu and the process plant, and building a standalone power station. These changes 
also necessitate the relocation of the existing Bawdwin and Tiger Camp villages.  

1.3.7 Project viability 

WMM intend to deliver a mining operation that is safe and sustainable and delivers value to 
stakeholders. This will be achieved by constructing and operating an expanded open pit mine 
and associated ore processing facilities, support services and infrastructure, while managing 
adverse impacts on environmental, social and cultural heritage values.   

The Bawdwin project, if developed, will bring a range of benefits. The viability of the project 
is underpinned by a range of internal and external factors that include (but are not limited to): 

 Proven resource with long track record of operation – the project has strong fundamentals 
focussing on a proven mineral orebody with a long history of producing valuable minerals.  

 Strong demand for lead, silver and zinc – the project will produce products with strong 
outlook for future demand and proximity to buyer secured markets.  

 Favourable macro-economic conditions – recent changes to the regulatory framework in 
Myanmar provide support for the development and expansion of the mining sector and also 
to enable foreign investment in the sector. 
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 Expertise and experience – the project is being developed in a joint venture arrangement 
that brings international mining expertise combined with local knowledge, understanding 
and networks.  

 Strong expansion potential – further exploration is planned that is expected to greatly 
extend the life of the Bawdwin project into a long-life mining operation. 

WMM’s immediate intention is to build and operate a profitable mine that is safe and 
sustainable and delivers value to stakeholders. 

Project fundamentals 

The Bawdwin mineral deposit is a world-class deposit in terms of its size and grade.  

Exploration conducted by WMM has resulted in an increase in the mineral resource estimate 
of the Bawdwin deposit and it now ranks among the largest polymetallic resources globally. 
The total mineral resource estimate is based on more than 24,000 m of reverse circulation (RC) 
and diamond drilling completed between 2017 and 2019. The estimate is further supported by 
56,008 m of historic channel sampling of underground exploration cross-cuts and a 434-sample 
channel sampling program collected in the open cut in 2016.  

Error! Reference source not found. below summarises the mineral resource estimate for the 
Bawdwin deposit. The resource has been estimated in five domains. In accordance with the 
JORC Code, mineral resources can be classified as indicated, inferred or measured based on 
the confidence of estimates of the quantity, grade, density, shape and physical characteristics 
of the resource, as defined below:  

 An Inferred Mineral Resource is one in which available data and geological interpretation 
are sufficient to imply geological and grade continuity of the mineral resource, but with no 
verification and low confidence.  

 An Indicated Mineral Resource is one in which the data and geological interpretation are 
sufficient to reasonably estimate the geological and grade continuity of the mineral resource 
with a greater level of confidence than an Inferred Mineral Resource. An Indicated Mineral 
Resource can be converted to a Probable Ore Reserve. 

 A measured mineral resource has the greatest degree of confidence and can be converted 
to a Proved Ore Reserve. 

Table 1. 3 Ore reserve and mineral resource estimate 

Classification Tonnage (MT) Pb(%) Ag (oz/t) Zn (%) Cu (%) 

Ore Reserves      

Proven - - - - - 

Probable 18.4 6.4 5.4 3.4 - 

Total Ore Reserves 18.4 6.4 5.4 3.4 - 

Mineral Resources      

Indicated 42.4 4.0 3.2 2.0 0.2 

Inferred 58.2 4.1 3.1 1.8 0.2 
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Classification Tonnage (MT) Pb(%) Ag (oz/t) Zn (%) Cu (%) 

Total Mineral Resources 100.6 4.0 3.1 1.9 0.2 

1Bawdwin Ore Reserves and Mineral Resources, reported in compliance with JORC Code 
2012 Edition and as announced on the Australian Stock exchange (ASX) on 6 May 2019 
and 13 February 2019 

2Probable Ore Reserves are included in Indicated Mineral Resources 

The project is located suitably to enable reliable export of these concentrates in containers to 
international destinations, whether by road or road/sea. 

As discussed above, there is a long history of mining at Bawdwin dating back to the early 1400s 
and there is also a long history of mining high grade ore. From the 1.3 M t of ore mined between 
1909 and 1979 (excluding 1940 to 1950), approximately 207,658 t of refined lead, 123,131 t 
of zinc concentrate, and 10.1 M oz of silver was produced. British era production peaked in the 
late 1920’s, and 1930s, with 451,650 t of ore mined between 1930 and 1939, producing 
approximately 72,802 t of refined lead, 65,116 t of zinc concentrate and 4.8 M ounces of silver 
(Gardiner et al., 2017).    

Strong demand for lead, silver and zinc 

The project will produce two products from the process plant: lead-silver concentrate and a 
zinc concentrate. On current estimates this would make the Bawdwin project the world’s third 
largest producer of lead and ninth largest producer of silver.  

The forward outlook for both silver and lead is strong. 

Demand for silver is supported by long term growth in electronics and electrical products and 
more recently rapid growth in the solar industry. Demand for silver coins and bar has also 
increased recently and demand for use in jewellery has remained strong. Concurrent to the 
increased demand, existing mine production of silver globally has fallen in each of the past 3 
years.  

Strong demand also underpins a robust outlook for lead. Lead demand has experienced a 
compound annual growth rate of 4% per annum for the 20 years to 2017. Growth in demand 
largely originates from China driven by growth in lead-acid batteries. Lead in this form is the 
cheapest, most robust and most successfully recycled way to store electricity where weight is 
not a concern. Continued demand is expected with further growth in cheap, modular and readily 
accessible lead acid batteries for energy storage.  

Macro-economic conditions 

As Myanmar pursues political and economic renewal, investment in the mining sector is 
anticipated to grow dramatically. At the national level there is increased appetite to kick-start 
development and investment in the minerals sector. 

The Myanmar Investment Law 2016 took effect in 2017 to establish a coherent legal framework 
for Myanmar and international investors. The Myanmar Companies Act 2017 took effect from 
1 August 2018. The Act simplified company administration and provided a wider framework 
for Myanmar’s businesses. 
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Since 2011, the Myanmar Government has passed a number of laws and rules to encourage 
foreign investment in Myanmar. Amendments to the mining laws were passed in December 
2015 and in early 2018, Myanmar’s Government passed new Mines Rules to provide further 
clarity to the Myanmar Mines Law 1994. The amendments address key issues and will likely 
encourage foreign investment interest in the sector. The amendments introduce important new 
concepts designed to "promote the development of investment in respect of mineral resources" 
(new Section 3(c)). Subsequently, the first Extractive Industries Transparency Initiative (EITI) 
Report was issued in 2016. Key amendments include increasing the maximum mine life for 
large scale production projects to 50 years, providing a guaranteed right of production for 
investors who have carried out prior exploration and feasibility, a reduction in dead rents and 
the introduction of alternative State participation mechanisms. The World Bank, through the 
EITI process, has recently funded a project to establish a mining cadastre which will develop 
a national database and ultimately make data on all exploration and mining permits publicly 
available. In July 2018, MONREC began accepting mineral license applications, lifting a 2-
year mortarium. 

Myanmar remains largely unexplored geologically and as such there is great potential for new 
market entrants to gain first mover advantage in many parts of the country. Myanmar and 
foreign companies have already started to intensify their activities in securing prospective 
exploration blocks with a significant increase in on-ground exploration activities in recent 
years.  

According to information from the Directorate of Investment and Company Administration, 
the total approved foreign direct investment from 1988 to October 2018 amounted to $77.8bn 
of which 3.7% related to mining projects. This is expected to grow as a result of the reforms 
listed above. Currently, the Government estimates that contribution from the mining industry 
to GDP is expected to grow by 7.5% while the broader economy is expected to grow by 7.6%. 
It is anticipated that once Bawdwin is developed, this will result in a potential significant shift 
in GDP contribution from the mining industry. 

Expertise and experience 

Win Myint Mo Industries is a leading private Myanmar conglomerate that employs over 4,000 
employees and currently is the operator of the current Bawdwin concession. WMM’s 
experience as a major infrastructure developer in Myanmar brings substantial expertise relevant 
to the project in areas such as roads, energy, and logistics. They also have a range of existing 
relationships and supply chains in Myanmar with global leaders. 

Strong expansion potential 

The Bawdwin project will lay strong foundations for future expansion enabling a long-life 
mining operation. Following the initial 13-year mine life, the project will target the un-mined 
mineral resources of the China, Shan and Meingtha Lodes. Broader mine expansion studies 
will continue in parallel with the construction and operation of the project.  

1.3.8 Alignment with Government policies 

Section 27 of Myanmar's 2008 Constitution grants the Union Government ultimate ownership 
of all land and all natural resources within the country's national territory, whether located 
above-ground, sub-soil or underwater and the ability to legislate for extraction of natural 
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resources. The sector is governed by two sets of laws and regulations; those related to the 
exploration and mining of minerals and those related to the extraction of gemstones and jade.  

The sector is managed by the Ministry of Natural Resources and Environmental Conservation 
(MONREC). MONREC was created in 2016, through a merger of the Ministry of Mines and 
the Ministry of Environmental Conservation and Forestry. MONREC has seven departments 
including the Minister’s Office, the Department of Mines, the Department of Geological 
Survey and Mineral Exploration (DGSE), Mining Enterprise No. 1, Mining Enterprise No. 2, 
Myanmar Gems Enterprise and the Myanmar Pearl Enterprise. The Department of Mines is in 
charge of policy and royalties collection, DGSE is responsible for geological exploration and 
the mining enterprises act as both regulator and joint venture partner for mining investments.  

Myanmar Minerals Sector Policy  

A similar policy to that of the National Gemstone Policy is being developed for the Minerals 
sector. . It is anticipated that the policy will deal with important issues in the sector, including: 

 The governance and management of mining enterprises.  

 The lack of exploration data.  

 The permitting process.  

 Sector transparency.  

 Decentralisation.  

Some changes are occurring ahead of the development of the policy. For example, following 
amendments to Myanmar’s constitution, the 2015 Myanmar Mines Law and 2018 Mines Rules 
set in motion a shift in how the government manages the sector. States and regions now have 
the power to issue artisanal and small-scale permits and collect revenue. 

Myanmar Sustainable Development Policy  

The project presents broad commercial and socio-economic development opportunities for 
Myanmar and aligns with the country’s national development strategy, the Myanmar 
Sustainable Development Plan (GoM 2018). 

The Myanmar Sustainable Development Plan describes the country’s long-term strategy and 
reflects the aspirations of Myanmar. It strives to “strike the right balance between economic 
and social development, and environmental protection and sustainability” (GoM 2018). 
Strategy 5.5 of the plan states that the Government of Myanmar is seeking to reform the mining 
sector in a way that benefits the government and the lives of the people while being sustainable 
and profitable. The redevelopment of the Bawdwin Mine aligns with these overarching 
government goals.  

Economic Policy of the Union of Myanmar 

The Union government released 12 key points that formed their Economic Policy on 29 July 
2016. Of these points two are relevant to the project: 
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 To create job opportunities for all Myanmar citizens who live in Myanmar and who arrived 
back from foreign countries to Myanmar and to give high priority in the short term to the 
businesses that can create many job opportunities. 

 To improve private sector in accordance with market oriented economy, the government 
will separately draft and implement policies which allow every citizen to freely operate 
their desired businesses and promote foreign investments, and the government will put 
efforts to protect copyrights and rule of law. 

The project is consistent with specific aspects of this policy. It will support job growth and 
encourage Myanmar nationals to seek work in Myanmar rather than overseas. The policy also 
supports foreign investment.  

National Environmental Policy  

The Myanmar National Environmental Policy 2019 (GoM 2019) aims to provide long-term 
guidance for government organisations, civil society, the private sector and development 
partners to achieve environmental protection and sustainable development objectives in 
Myanmar (GoM 2019). 

The vision of the National Environmental Policy is to achieve: 

A clean environment, with healthy and functioning ecosystems, that ensures inclusive 
development and wellbeing for all people in Myanmar. 

The project aligns with this vision by seeking to improve environmental conditions at the site.  

1.3.9 Social and economic benefits 

WMM has engaged with local communities and other stakeholders as understanding of the 
project has evolved. This engagement will continue throughout the life of the project and will 
be guided by the project’s public participation plan. Through its resettlement and community 
development plans, WMM will seek to reduce potential adverse impacts on these communities 
and to deliver real benefits to local communities based on a range of key initiatives. 

If constructed, the project will be one of the largest mines in Myanmar and has the potential to 
generate significant long-term economic benefits at the local, regional and national level. 

WMM estimates the initial capital expenditure to build the project to commercial production 
will US$ 360 Million with a Life of Mine capital expenditure in the order of US$ 1 Billion. 

The project will directly benefit the Myanmar economy in a number of ways. These include: 

 Direct financial benefits including: 

- Royalties and dead rent paid to the Union of Myanmar (dead rent is the amount that has 
to be paid by the lessee to the lessor whether or not he has derived benefit from the 
asset). 

- Corporate income taxes paid to the Union of Myanmar by WMM. 

- Indirect taxes paid to the Union of Myanmar including, commercial tax; withholding 
tax; customs duties and personal income tax.  
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- An additional profit share tax as governed by the amended PSC agreement.  

 Procurement of goods, materials and services from within Shan State and elsewhere in 
Myanmar, where practicable.  This will aim to support, as far as practicable, the 
establishment of local businesses that are sustainable in the longer term. 

 Employment and training to maximise the proportion of Myanmar workers, which are 
expected to exceed 570 full time positions during operations.  

 Wages paid to employees of WMM and contractors.   

 Contributions to national mineral export revenue, total export revenue and GDP. 

 Strategic community-level investments by WMM in services, infrastructure, local business, 
and livelihood development. 

If the project does not proceed, project-derived benefits (including those benefits listed above) 
will not occur. Equally, the potential adverse impacts of the project discussed in the subsequent 
chapters of this EIA will also not occur. 

The social benefits of the project are discussed further in Chapter 6. 

1.4 Statutory context 

The Bawdwin mine lies within the Bawdwin Concession that is currently governed by a 
production sharing permit and contract between ME-1 and WMM. Redevelopment of the 
Bawdwin mine requires an extension to the large-scale production permit under the Myanmar 
Mines Law 1994 and Myanmar Mines Law Amendment (2015), the issue of a Myanmar 
Investment Commission permit which sets out foreign investment concessions and an EIA (this 
report) in accordance with the Environmental Conservation Law 2012.  

Other associated permits and procedures will also be required after the major approvals have 
been issued.  

1.4.1 Steps of the EIA process 

The main steps of the EIA process in Myanmar are scoping, investigation, reporting and 
approval. These steps are briefly described below, further details can be found in Section 2.1.1 
of this report.  

 Scoping: defines the spatial scope of the project, provides a preliminary assessment of 
impacts and develops the objectives of the studies that will support the EIA.   

 EIA investigation: investigates and assesses various aspects that may be impacted by the 
project and how they will be impacted.  

 EIA reporting: prepares the EIA report for submission to government, ensuring all 
relevant investigation and public consultation has taken place.  

 Review and approval process: reviews the EIA report and invites comments and 
recommendations from various stakeholder. The Ministry then either rejects the report, or 
approves it with conditions.   

This EIA report has been guided by: 
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 The Bawdwin Project Terms of Reference outlined in the Bawdwin Project Scoping Report 
affirmation by the Myanmar Environmental Conservation Department (ECD) of MONREC 
on 16th June 2020  

 Environmental Impact Assessment Procedure (2015).  

 Environmental Impact Assessment Guidance for the Mining Sector (2018) with supporting 
Technical Guidance for Environmental Impact Assessment of Mining (2018). 

 Various international standards, guidance documents and procedures.  

1.4.2 Objectives of the EIA 

The objective of this EIA is to identify potential environmental, social and cultural heritage 
impacts associated with the project and set out the management measures WMM proposes to 
address potential adverse impacts. More specifically the EIA provides: 

 A basis for affected and interested persons and organisations to understanding the project; 
the environmental, social, and cultural heritage impacts that may arise from its 
development; and the avoidance or management measures WMM propose to mitigate 
potential adverse impacts. 

 The means by which the Republic of the Union of Myanmar can assess the project in 
accordance with statutory processes, whether the Minister should grant approval for the 
project, and subsequent to that, detail the necessary conditions of construction, operation 
and closure in the form of an ECC. 

 A practical framework for WMM to assist with managing potential project risks and 
impacts, including the establishment of performance objectives and management measures 
to be undertaken throughout construction, operation and decommissioning of the project. 

1.4.3 Structure of the EIA 

This EIA has the following structure: 

 Executive Summary. A summary, prepared in English and Myanmar language, of the 
proposed project, impact assessment and management measures. 

 Volume 1 – Main Report. A stand-alone environmental, social and cultural heritage 
assessment that can generally be understood without reference to the supporting 
(technical) studies upon which it is based. 

 Volume 2 – Attachments. Supplementary material to the main report including a 
reconciliation of the EIA with Terms of Reference and relevant Myanmar guidelines, as 
well as environmental, social and cultural heritage management plans. 

 Volume 3 – Appendices. A series of technical reports on the various investigations that 
have informed the EIA Main Report. 

The EIA Main Report comprises a glossary and list of abbreviations followed by 11 chapters 
including figures, tables and plates. A description of the EIA Main Report structure and 
contents is outlined in Error! Reference source not found.. 
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Table 1. 4 EIA report structure and contents 

Report section Description 

Table of contents Outlines report headings, table and figure titles and page 
numbers. 

Glossary and 
abbreviations 

Explanation of acronyms and essential terms used throughout 
the report.  

Executive summary Provides an overview of the project and the environmental and 
social setting, and a summary of key potential impacts, risks 
and mitigation measures and project commitments.  

1. Introduction Introduces the project, project proponent and provides an 
overview of the project, its background, history and the 
engineering feasibility studies.  
Provides a confirmation and Letter of Undertaking signed by 
WMM, and confirmation of WMM to provide all necessary 
financial and human resources to fully implement 
Environmental and Social Management Plans and provides 
confirmation of the third-party consultant of the accuracy and 
completeness of the EIA report. 

2. Policy, legal and 
institutional framework 

Provides an overview of the Myanmar legal framework, and 
relevant international standards and environmental and social 
agreements. It also presents WMM’s corporate environmental 
and social policies. 

3. Assessment of 
alternatives 

Provides a description of each project alternative with 
prediction and evaluation of all major potential environmental 
and social impacts and risks. Explains the reason behind the 
preferred alternative.  

4. Project description Describes the project and its objectives, including the size, 
installations, technology, infrastructure, production, and use of 
materials and resources and generation of waste.  

5. Existing environment Describes the administrative, physical, biological, social, 
economic, cultural and visual characteristics of the study area 
and highlights sensitive environmental, social, cultural and 
visual components.  

6. Impact assessment Identifies and assesses the potential environmental and social 
impacts of the project and describes mitigation measures and 
residual impacts.  

7. Assessment of hazard 
and risk 

Assesses natural and industrial hazards and provides an 
Emergency Response Plan. 

8. Cumulative impact 
assessment 

Assesses and presents a management framework for 
cumulative impacts.  

9. Public consultation 
and disclosure 

Outlines the public participation process and the public 
engagement undertaken throughout the project. . 
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Report section Description 

10. Environmental and 
social management 
framework 

Provides an overview of the environmental and social 
management framework (ESMF) under which the project will 
be constructed, operated and decommissioned to manage the 
environmental, social and cultural impacts associated with the 
project. 

11. References Complete list of source materials used or consulted in the 
preparation of the EIA. 

1.5 EIA study team 

WMM appointed Coffey Myanmar Limited and Valentis Services Limited (Coffey & Valentis) 
as the lead EIA consultant. Coffey & Valentis, is an experienced international EIA consulting 
team, supported by local and international subject matter experts. The core EIA project team 
and their experience is outlined in Error! Reference source not found. below along with the 
EIA technical study leads in Error! Reference source not found.. Although Coffey & 
Valentis prepared EIA report, E Guard Environmental will revise and prepare final EIA report 
for this project. 

Table 1. 5 EIA project team roles and experience (Coffey and Valentis)  

Name and 
qualifications  

Role Experience 

Tara Halliday EIA project director More than 21 years’ experience in 
environmental and social impact 
assessment; B. Eng (env) (Hon) 

Barton Napier EIA strategic 
advisor 

Over 25 years’ industry experience, with 
16 years’ experience in environmental and 
social impact assessment; Ass Dip AppSc, 
Cert Tech (Survey & mapping) 

Lachlan Foy EIA strategic 
advisor 

15 years’ experience in project financing, 
and project management; B.Com (Hon), CA 

Dr Michael Sale EIA project manager 12 years’ experience in environmental and 
social impact assessment; BSc (Hon), Ph.D 
(zoology). 

Geoff Lowe EIA project manager 30+ years’ experience in exploration and 
geological studies; BSc (Geology) 

Pat Vidler Social studies and 
resettlement 
manager 

10 years’ experience in social impact 
assessment and resettlement; BSc Eng, 
MPH 
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Name and 
qualifications  

Role Experience 

Than Khin Technical manager 20+ years’ experience in environmental 
studies; Doctorate of Engineering 
(Environmental)  

Travis Wood EIA author 12 years’ experience in environmental and 
social impact assessment; BSc (Hon) 

Lana Griffin EIA author 4 years’ experience in environmental and 
social impact assessment; B.EnvEng (Hons), 
BSc 

Table 1. 6 EIA study specialists (Coffey & Valentis) 

Name and Qualifications  Role Experience 

Jack Dempsey Health  30+ years’ experience, BSc (Hon) 

Karen Teague Health 20 years’ experience in contaminated land 
and environmental industry  

Dr Khin Yupar Kyaw  Health  12 years’ experience in health consultations  

Dr Myo Sett  Health  11 years’ experience as medical officer and 
public health consultant  

Thet Htar Myint Socio-economic  20+ years’ experience; M.Sc. 

Angela Reeman Resettlement  20 years of experience in international 
resettlement projects, including 5 years 
working on projects in Myanmar; B. Eng, 
MSc.  

Michael Blackam Groundwater and surface 
water  

Over 25 years’ experience; B.A.Sc. (Hon) 
(Environmental and Exploration Geology, 
Hydrogeology) 

John Sweeney Groundwater and surface 
water 

Over 15 years’ experience; B.Sc (Hons) 
(Hydrogeology). 

Peter Petchy Archaeology 25 years’ experience in historical and 
historical mining archaeology; PhD 

Dr. Aung Aung Biodiversity lead 15+ years’ experience; Ph. D 
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Table 1. 7 EIA study team for revision of Main EIA report (E Guard) 

Sr. Name Position 

Transitional 
Consultant 

Registration 
Numbers 

Role 
Area of 

Expertise 

 E Guard 
Environmental 
Services 

Third Party EIA 
Organization 

10028  1.Air Pollution 
Control,  
2.Ecology and 
Biodiversity,  
3. Facilitation of 
Meeting,  
4.Geology and 
Soil,  
5.Ground Water 
and Hydrology, 
6.Land Use,  
7.Legal 
Analysis ,  
8.Modeling for 
Water Quality, 
9.Noise and 
Vibration , 
10. Risk 
Assessment and 
Hazard 
Management, 
 11.Socio-
Economy,  
12. Water 
Pollution 
Control, 
13. Waste 
Management,  
14. Agriculture, 
RAP,  
15. Food 
Technology, 
16. Health 
Impact 
Assessment,  
17.Marine and 
Microbiology, 
Water Quality,  
18. RS&GIS,  
19.Water 
Quality 

1. U Tin Aung 
Moe 

Director 00103 Project 
Leader 

1.Facilitation of 
Meeting,  
2.Land Use,  
3.Risk 
Assessment And 
Hazard 
Management,  
4.RS&GIS 

2. Dr. Myint Oo Advisor Applied Advisor 1.Forestry  
2.Environmental 
Management
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Sr. Name Position 

Transitional 
Consultant 

Registration 
Numbers 

Role 
Area of 

Expertise 

3.Resources 
Assessment 

3. Daw Thein 
Mwe Khin 

Senior Consultant 00104 Team 
Leader 

1. Forestry 
2.Socio-
Economic 
 

4. U Aung Myint 
Myat 

Consultant 00099 EQ Team 
Head 

1. Forestry 

 

5. U Aung Si Thu 
Thein 

Consultant 00281 Team 
Member 

1. Ecology and 
Biodiversity,  
2.GIS,  
3.Land Use 

6. U Thaw Tar 
Htun 

Consultant 00267 Water 
Pollution 
Control 
Expert

1.Water 
Pollution 
Control 

7. Daw May Thu 
Win  

Assistant Consultant 00380 Legal 
Analyst 

1.Legal 
Analysis 

8. Daw Shwe Ya 
Min Bo 

Assistant Consultant 00279 Social 
Impact 
Analyst 

1.Foresty 
2.GIS,  
3.Ecology and 
Biodiversity 

9. U Htet Aung Assistant Consultant 00279 Geologist 1. Geology and 
Soil 

10. U SiThu Min 
Naing 

Assistant Consultant 00223 Mining 
Engineer 

1.Soil Test 
2. Mining 
Engineer 

11. Daw Moe Cho 
Thinn  

Environmental 
Specialist 

00378 Social 
Impact 
Analyst

1. Facilitation of 
Meeting 
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1. U Tin Aung Moe (Director/Consultant) 

U Tin Aung Moe is a consultant who holds Transitional Consultant Certificate No 0103, 
described expertise are Facilitation of meeting, Land use, Risk Assessment and Hazard 
Management, RS and GIS. He is one of the founding members of E Guard. He has been 
working for Environment Assessment and Environmental technologies development 
andcapacity building for the Developing countries in Asia and Pacific Region. He is 
responsible for the policy and institutional linkages and harmonization of E Guard. 
 
2. Dr. Myint Oo (Advisor) 

Dr. Myint Oo, Rector (Retired) of University of Forestry and Environmental Science, 
Yezin, Ministry of Natural Resources and Environmental Conservation, worked for the 
Ministry for 35 years from 1984 to 2019. He obtained bachelor’s degree in forestry from 
Yangon University, and also M. Sc. and Ph. D. degrees from Göttingen University, 
Germany with special reference to tropical forest resources assessment using remotely 
sensed data and geographic information systems. As a government employee he was 
involved in forest management planning and implementation, organizing and conducting 
forestry research studies, training, international relations, administration and teaching of 
forestry and environment-related subjects at the university. After retirement in 2019 he 
joined E Guard Environmental Services Co. Ltd. as an advisor and attended the training 
course on ‘Principles of Environmental Impact Assessment Review’ organized by AIT 
Center in Vietnam. Since then, he has been involved in the internal review process of EIA 
studies of the company as well as providing advice to project team members in respect of 
project implementation and report preparation. He is also responsible for review and 
revision of existing technical documents relevant to his expertise and providing advice for 
the improvement of company’s governance policies and procedures when required. 
 
3. Daw Thein Mwe Khin (Senior Consultant) 

Daw Thein Mwe Khin is a Senior Consultant, who holds Transitional Consultant Certificate 
No. 00104, described expertise in Forestry. She received her master’s degree in Regional 
and Rural Development Planning from Asian Institute of Technology in 2019 and 
bachelor’s degree in forestry from the University of Forestry in 2013. She worked as a 
social expert in Yangon Outer Ring Road Construction Project, Hanthawaddy New 
International Airport Development Project and Wataya Bridge Construction project. She 
had experience in working as a survey team leader for YCRL Updating Project and Dry 
Zone Water Supply Project in 2014, 2015 and 2016 respectively. She had her experiences 
in working as a core team member of the social team who did the preparation of RAP for 
Construction of Kyarkalay Bypass and 2 Bridges and RAP for Construction of Thaton 
Bypass and 2 Bridges in 2014. In addition, she has a project leader role in the preparation 
of four IEE reports for various types of projects, tender preparation, many social surveys, 
FGDS for various EIA/IEE/EMP projects during around five years of working life in the 
EIA field. She also studied the socioeconomic impact of rural electrification on the well-
being of rural households in central dry zone, Myanmar as her master thesis in 2018. She 
will be involved as a team leader and social expert in this project. 

4. U Thaw Tar Htun (Consultant) 

U Thaw Tar Htun is employed as a consultant at E Guard Environmental Services Co., Ltd., 
where he has been involved in the Environmental Impact Assessment (EIA) project 
reporting since 2018. He holds a bachelor’s degree in Civil Engineering from Taunggyi 
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Technological University, obtained in 2011, and a master’s degree in Engineering 
(International Graduate Program in Environmental and Water Resources Engineering) 
from Mahidol University in Thailand, completed in 2016. Over the course of nine years, he 
has amassed considerable experience in various environmental fields, including his 
research conducted during his master's degree program titled "Mathematical Modelling of 
the Wastewater Collection System in Cha-Am Municipality using PCSWMM." This 
research was presented at the 3rd International Conference on Civil, Biological, and 
Environmental Engineering held in Phuket, Thailand.  

During his career, he has been actively involved in numerous projects pertaining to 
Environmental Impact Assessment studies, Impact Identification and Analysis, formulation 
of mitigation measures, and the development of Environmental Management Plans. From 
August 2012 to October 2017, he served as a Sub Assistant Engineer in the Engineering 
Department (Water and Sanitation) at the Naypyitaw Development Committee, Naypyitaw. 

Within the team conducting this environmental study, U Thaw Tar Htun's primary 
contributions include the Identification of Impacts and Analysis, formulation of Mitigation 
Measures, and the development of an Environmental Management Plan with specific focus 
on the following areas: 

- Prevention and control of air pollution 
- Meteorology, air quality assessment, and prediction 
- Prevention, control, and impact prediction related to water pollution 
- Management of solid and hazardous waste. 

-  
5. U Aung Myint Myat (Consultant) 

U Aung Myint Myat is a Consultant, who holds Transitional Consultant Certificate No. 
10099, described expertise is Forestry. He has Bachelor Degree in Forestry from the 
University of Forestry and Environmental Science in 2014. He also got full time Diploma 
in Environmental Impact Assessment and Environmental Management System from 
Yangon Technological University in 2019 and Diploma in GIS&RS form Dagon 
University. He has more than eight years experiences in conducting environmental site 
inspection, socio-economic surveys and data interpretation, negotiating with clients, 
government authorities and local people to conduct stakeholder engagement and public 
consultation meeting, Environmental Quality measurement and data analysis and also 
reporting for EMP, IEE & ESIA of various nature of project. For this EIA study, his main 
responsibility as a support team member are to conduct preparation of socio-economic 
questionnaires, scoping the study area, environmental quality data analysis, environmental 
and social impact assessment, biodiversity survey, analysis and reporting. His expertise for 
this project is Natural Resources Management, Ecosystem and Biodiversity, Air quality 
analysis, Geological assessment, Risk Assessment, Legal analysis and reporting. 

6. U Aung Si Thu Thein (Consultant) 

U Aung Si Thu Thein is a Consultant, who holds Transitional Consultant Certificate No. 
00281, described expertise in Ecology and Biodiversity, GIS and Land Use. He received 
his Bachelor Degree in Forestry from the University of Forestry in September, 2015. He 
also received Post Graduate Diploma in Geographic Information Systems from the Dagon 
University in February, 2018. Moreover, he pursued his Master of Science Degree in 
Natural Resources Management from the Asian Institute of Technology, Thailand in May, 
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2020. He has more than five years-experience in preparation of Environmental 
Management Plan and Initial Environmental Examination Reports for various development 
projects as a Lead Consultant and in participation many Environmental Impact Assessment 
and Resettlement Action Plan projects for development projects in Myanmar. On the other 
hand, he has two years-experience in research conducting with regards to impacts 
assessment of natural resources management systems on livelihood of local people. 
Moreover, he has many experiences in communication with clients, government authorities 
and local people, stakeholder engagements and public consultation meetings conduction 
and socio-economic survey. His expertise for this project includes Natural resources 
management, Ecosystem and biodiversity, Soil conservation and Land use. 

7. Daw May Thu Win (Assistant Consultant) 

Daw May Thu Win is working as an Assistant Consultant in E-Guard Environmental 
Services Co., Ltd. who holds Transitional Consultant Certificate No. 00380, described 
expertise in Legal Analysis. She obtained her bachelor’s degree in law from East Yangon 
University (Tarwa) in 2018. She is currently assisting in preparing Laws, Rules, 
Regulations, Policies, Directions and Notifications used for environmental reports, public 
consultations and information-gathering processes. As a legal expert, she has the 
responsibility of legal study and analysis of this project. She will mainly contribute to the 
Policy, Legal and Institutional Framework Chapter of this EIA study. 

8. Daw Shwe Ya Min Bo (Assistant Consultant) 

Daw Shwe Ya Min Bo is an Assistant Consultant, who holds Transitional Consultant 
Certificate No. 00279, described expertise in Forestry, Ecology and Biodiversity, and GIS. 
She received her bachelor’s degree in forestry from the University of Forestry and 
Environmental Sciences in November 2016. She also received a Post Graduate Diploma in 
Geographic Information System and Remote Sensing and Post Graduate Diploma in 
Environmental Studies from University of Yangon in December 2019. She has almost six 
years-experiences in preparation of Environmental Management Plan and Initial 
Environmental Examination reports for various development projects and in participation 
many Environmental Impact Assessment and Resettlement Action Plan projects including 
Japan’s ODA loan projects.  Her main contribution is Natural Resources Management, 
Socio-economic survey, Ecosystem and Biodiversity, and Land Use for this project. 

9.  U Htet Aung (Assistant Consultant) 

U Htet Aung is an Assistant Consultant, received Master Degree with Petroleum Geology 
from Yangon University in 2015. He has three years experiences in data collections and 
report writing. He is currently preparing environmental reports, conducting public 
consultation and information gathering processes. He was participated in the preparation of 
Environmental Impacts Assessment (EIA) Report of Yangon Outer Ring Road (YORR) 
Construction Project and Nyaungdon Bank Protection and Rehabilitation Project. He was 
working on Data Analysis and Impact Assessment, Stakeholder engagement and Public 
Consultation Meeting and Technical Report Writing of 40MW Ground Mounted Solar 
Power Plant and 30MW Belin Solar Power Plant EMP reports. He will be contributed as a 
geologist in this EIA report. 

10. U Si Thu Min Naing (Mining Engineer) 

U Si Thu Min Naing is a mining engineer at E Guard Environmental Services. He got his 
Bachelor Degree in Mining – B.E (Mining) from Mandalay Technology University at 2014.  
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He has many experiences in conducting data, data interpretation, negotiating with clients, 
government authorities and local people to conduct stakeholder engagement and public 
consultation meeting, data analysis and also reporting for EMP, IEE & ESIA reports. In 
this EIA report, his contribution is as a mining engineer. 

11. Daw Moe Cho Thinn (Environmental Specialist) 

Daw Moe Cho Thinn is an environmental specialist, who holds Transitional Consultant 
Certificate No. 00378, described expertise is Facilitation of Meeting. She has Bachelor of 
Public of Administration from Yangon University of Economics. She also got Diploma in 
Accounting (UK) in 2019. She had experience in working as a volunteer recycling and 
upcycling trainer at HER (Heroines to Enable Recycling) project.  She worked as a 
volunteer at media team of U- Report Myanmar Organization from 2019 to 2022. She did 
a research paper about Yangon Public Bus Transportation for her Bachelor Degree. She is 
currently working in social data analysis, data reporting, valuation and analysis from an 
economic perspective at E Guard Environmental Services. Her contribution in this project 
is social data analysis and valuation and analysis from an economic perspective. 

1.6 Third-party consultant confirmation 

Following submission of the details of the consultant nominated to conduct environmental 
assessment, ECD accepted Coffey & Valentis as an acceptable third-party consultant to 
complete the Bawdwin Project EIA. 

On 16 August 2019, on behalf of Director General, Soe Naing (Director) from MONREC’s 
ECD confirmed there was no rejection (objection) on the request that Coffey and Valentis 
prepare the Environmental Impact Assessment Report for the large-scale lead, zinc mineral 
production project in the area of 618 acres in Namtu-Bawdwin mine, Namtu Township, 
Kyaukme Township, Kyaukme District, Shan State (North) presented by Win Myint Mo 
Industrial Co., Ltd. 

On 22nd August 2019, the Executive Director (on behalf of) Khin Maung Kyaw, General 
Manager from Mining Enterprise (1) confirmed there was no rejection (objection) on the 
request that Coffey & Valentis prepare the Environmental Impact Assessment Report.  

Although Coffey & Valentis started preparation EIA scoping report for Bawdwin project, they 
can’t continue report preparation in current situation. So, the project proponent submits the 
other third-party selection form that will continue conducting EIA report. In 19th May 2023, 
the Director on behalf of the Director General (MONREC) approved the third-party application 
for E Guard Environmental Services to act as the EIA consultants for this project.  

The third-party acceptance letters are included as Appendix 1.  

1.7 Confirmation of accuracy and ability to fund and implement EIA commitments 

The EIA report was prepared by Coffey & Valentis in accordance with the requirements of 
applicable laws, the Environmental Impact Assessment Procedure (No. 616/2015) and under 
the guidance of the Ministry MONREC. E Guard Environmental Services will revise EIA 
report for Bawdwin project of Win Myint Mo Industries Company Limited. 

The commitment letters of the proponent and third party are included as Appendix 3 and 4. 
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2 Policy, legal and institutional framework 

This chapter describes the key laws, rules, standards and guidelines relevant to the project, including: 

 The legislation and guidelines of Republic of the Union of Myanmar (Myanmar) that apply to the approval 
and grant of tenure of the project.  

 International standards and guidelines that relate to the project design, environmental impact assessment 
(EIA) document and process and eventual project implementation.  

 Bawdwin Joint Venture (BJV) corporate environmental and social policies and commitments. 

2.1 Policy, legal and institutional framework 

2.1.1 Myanmar legislation and guidelines 
The key legislation governing the project, and in particular the approval and tenure for the project, are: 

 Myanmar Mines Law (1994), Mines Law Amendment (2015), and associated Mines Rules (2018).  

 The Environmental Conservation Law (2012) (Environmental Conservation Law) and the supporting EIA 
Procedure. 

A description of these two areas of legislation and the principal approvals required by each is provided in the 
following sections.  

In addition, there are a number of national policies and standards and cross-sectoral laws that provide the 
regulatory framework for Myanmar’s mining sector. Finally, other legislation and regulations applicable to the 
assessment of specific environmental, social and cultural heritage aspects of the project are discussed, as well as 
an overview of the broader policy framework. 

Mining laws and rules 

Myanmar's 2008 Constitution grants the Union Government ultimate ownership of all land and natural resources 
within the country's national territory, whether located above or below ground, and the ability to make laws for 
extraction of natural resources. The mining sector is regulated by the Ministry of Natural Resources and 
Environmental Conservation (MONREC) principally through the Department of Mines and Department of 
Geological Survey and Mineral Exploration (DGSE), along with four mining State-Owned Enterprises, each with 
a specific mineral focus and all reporting to the Union Minister for Natural Resources and Environmental 
Conservation. Of most relevance to the project is Number 1 Mining Enterprise (ME-1), which is responsible for 
mining, production and marketing of antimony, lead, zinc, silver, iron, nickel and copper ores and, limestone. The 
Department of Mines is responsible for forming mineral policy, enforcing regulations and environmental 
standards, and collecting royalties. A number of these regulatory functions are undertaken on behalf of the 
Department of Mines by the mining enterprises.  

The Myanmar Mines Law (1994) (Mines Law) is the main piece of legislation governing the mining and minerals 
sector in the country. This law was amended in 2015 (Mines Law Amendment) to promote the development of 
investment in respect of mineral resources. It sets out the mine licensing framework, the respective roles and 
responsibilities of the Union Government and the fiscal regime and royalty rates for minerals, as well as the 
objectives of mine inspections and penalties for non-compliance. 

Myanmar’s legal framework establishes classes of mineral exploration and production permits based on the nature 
and scope of proposed activities. The Mines Law and Mines Law Amendment specify nine classes of permitted 
activities. Section 11 of the Myanmar Mines Law Amendment prescribes the classifications of mines as either 
large, medium or small depending on: the life of mine, the spatial extent, capital investment and machinery used. 
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Under these criteria, the Bawdwin project is classified as a ‘large’ mine. Details regarding the application and 
granting of permits and the duties and rights of permit holders are outlined in the Myanmar Mines Rules (2018).  

The Myanmar Mines Rules (1996) (Mines Rules) provide further detail regarding specific aspects relating to 
the mining sector. The Mines Rules were recently updated (13 February 2018). The recent amendments to the 
Myanmar Mines Rules provide further detail relating to licencing, the fiscal regime and environmental 
management. The Myanmar Mines Rules (2018) also address included the addition of environmental 
management and mine closure.  

The Mines Rules outline measures to avoid environmental impacts by mining operations (Chapter 31) and set out 
a number of conditions that a proponent must meet including testing of pollutants from mineral production, and 
management of hazardous wastes. In regard to mine closure and rehabilitation (Chapter 30) it requires holders of 
a large-scale mineral production permit to prepare a mine closure plan in consultation with relevant stakeholders 
with subsequent review every five years. Additionally, it requires that a fund for mine closure and rehabilitation 
has been raised and guaranteed before mineral production can commence.   

The State-Owned Enterprises Law (1989) grants the Union Government the 'sole right' to carry out business in 
certain sectors including exploration, extraction and export of minerals and metals. Private operators and investors 
may participate in the mining sector through contracts with the Government or by entering joint venture 
agreements with the relevant state-owned enterprises. Such joint ventures operate on a production sharing basis, 
whereby the private partner is responsible for raising all capital and production is shared with the relevant mining 
enterprise in accordance with the terms and conditions set out in a negotiated Production Sharing Contract (PSC). 

The right to conduct work and produce mineral products at the Bawdwin concession is currently governed by the 
PSC on Production and Processing of Lead and Zinc between ME-1 and Win Myint Mo Industries Co., Ltd 
(WMM). ME-1 and WMM entered into a PSC on 31 December 2009, which has since been amended twice, once 
on 16 June 2011, and again on 11 March 2015. Annex (a) to the 2009 Contract lists the concessions and leases 
transferred to WMM. The concessions and leases cover a combined area of 9,490.6 acres (3,840.7 ha) and include 
the Namtu concession (Error! Reference source not found.) and Bawdwin concession (Error! Reference 
source not found.). 

The PSC is valid for an operating period of 15 years, with an option to be extended for a further five years. It goes 
into detail about the general duties of both ME-1 and WMM, and how the transfer of the mine should take place. 
Section 13 of the contract outlines how production sharing will take place including the share ratio and how the 
value of concentrates will be determined.  

Redevelopment of the Bawdwin mine will require an extension to the large-scale production permit, as it is a 
significant economic deposit, requires substantial investment in complex technology, and has a mine life of 
13 years, with the potential to extend up to 50 years if underground mining is found to be economically feasible.  

The Myanmar Companies Act 2017 took effect from 1 August 2019. The Act simplified company administration 
and provided a wider framework for Myanmar’s businesses. 
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Figure 2.1 Bawdwin mine concession 
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Figure 2.2 Namtu concession 
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Under the Myanmar Investment Law 2016, major and/or sensitive projects, including proposed large-scale 
mineral production projects, require prior investment approvals from the Myanmar Investment Commission 
(MIC), a government body comprised of a number of key government representatives. This includes a requirement 
for MIC approval of foreign investment in the production project, sought be way of an application based on the 
financial, technical and related projections of the proposed project. Given the foreign investment, its size and 
significance of the Bawdwin mine a MIC permit will be required. The permit outlines key project requirements 
and sets out any investment concessions an investor may receive for a project.  

Negotiations are underway to vary this PSC to extend the PSC term and renegotiate the production share terms 
based on the resource defined in the new feasibility study.  

Environmental laws and rules 

The Environmental Conservation Law and Environmental Conservation Rules establish a requirement for EIA. 
In accordance with sub-section (b) of Section 42 of the Environmental Conservation Law, the EIA Procedure was 
issued in 2015 to provide guidance for environmental impact assessment for the development of projects that may 
have an adverse impact.  

The EIA Procedure outlines the required level of assessment, which depends on the nature and scale of the 
development. All new projects and project expansions having the potential to cause adverse impacts are required 
to submit an EIA and obtain approval in the form of an Environmental Compliance Certificate (ECC) which sets 
out the conditions on which a project is approved. 

Section 23 of the EIA Procedure outlines the initial steps for the environmental and social approvals process. The 
main steps include: 

 The project proponent submits a project proposal to MONREC for initial screening. The project proposal 
for the Bawdwin project was submitted by WMM to ME-1 in October 2018 and resubmitted in March 2019 
following advice from the Environmental Conservation Department (ECD). 

 MONREC (in association with relevant statutory authorities) assesses the project proposal and determines 
the need for and level of environmental assessment with consideration of EIA Procedure Annex 1 
Categorization of Economic Activities for Assessment Purposes. 

 The Ministry then designates the project as either an EIA Type Economic Activity, an Initial Environmental 
Examination report (IEE) Type Economic Activity, or neither and therefore not requiring an EIA. In May 
2019, the General Manager on behalf of the Managing Director designated the project as an EIA Type 
Economic Activity.  

 The project proponent submits details of the environmental consultant that will conduct the EIA (third party 
confirmation from ECD). In August 2019, the Director on behalf of the Director General (MONREC) 
approved the third-party application for Coffey & Valentis to act as the EIA consultants for the project.  

An overview of the approvals process for an EIA Type Economic Activity is shown in Error! Reference source 
not found.. 

Chapter V of the EIA Procedure describes the approval process and requirements and can be summarised in four 
stages, as outlined in Table 2.1.  

Section 62 to 63 of the EIA Procedure outline the required content of the EIA Report and the Environmental 
Management Plan. This report has considered these requirements as well as the 2018 draft Myanmar Mining EIA 
Guidelines and international standards in developing the EIA and ESMP structure and content. 
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Table 2.1 Stages of EIA approval process and requirements 

Approval 
process stage 

Description 

Scoping The aim of the Scoping stage of the approvals process is to: 

 Define the spatial scope of the project. 

 Provide a preliminary assessment of environmental and social impact that will be investigated 
by the EIA.  

 Develop objectives and tasks of the proposed technical studies that will support the EIA. 

 Commence stakeholder engagement and provide an initial opportunity for stakeholder input 
into the EIA. 

The conclusion of the scoping stage results in the submission of a Scoping Report and Terms of 
Reference for the EIA. The Scoping Report for the Bawdwin project was submitted in July 2019. 
Following feedback from ECD in November 2019 and March 2020, the final Scoping Report was 
submitted in March 2020. On March 29 2020, the Minister accepted the Scoping Report and 
Terms of Reference for the Bawdwin project EIA including a number of requirements to be 
addressed in the EIA.  

EIA investigation  The EIA investigation stage: 

 Investigates and assesses physical, biological, social, legal, economic, health, cultural and 
visual aspects that may be affected by the project and assesses potential impacts and risks of 
unplanned events. 

 Considers applicable national and international standards and considers the views and 
concerns of stakeholders.  

A key aspect of the EIA investigation stage is the public participation process including the timely 
disclosure of all relevant information about the project and its likely impacts (described further in 
Chapter 9). 

EIA reporting  After completing all investigations and public consultation and participation processes, the 
proponent prepares and submits the EIA Report in accordance with the EIA procedure to the ECD 
with the required service fee as prescribed by the department. 

Review and 
approval process 

During the review and approval process stage: 

 ECD circulates the EIA Report to a convened EIA Report review body for comment and 
recommendations.  

 Relevant stakeholders including government organisations, institutions, civil society 
organisations, and project affected people (PAP) are invited to comment.  

 The proponent (or consultant) presents the EIA Report to national, regional, state, and local 
level governments.  

 At this point the Ministry may require the proponent to make amendments to the EIA Report.  

 The Ministry makes a final decision within ninety (90) working days of receipt of the EIA 
Report.  

 In the case of complex projects, or if the Ministry requires the EIA Report to be amended, the 
timeline will be extended accordingly.  

 The Ministry either approves the EIA Report with the guidance of the review committee, 
subject to any conditions as may be prescribed, and issues an ECC; or rejects the EIA Report. 
If the EIA is rejected, an appeal process can be pursued. 

Source: Based on Chapter V of the EIA Procedure 
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Figure 2.3 Myanmar approvals process
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Environmental Impact Assessment Guidelines for the Mining Sector 

The 2018 draft Myanmar Mining EIA Guidelines include a set of six guidance documents on preparation and 
review of environmental approvals documents including EIA, EMP and ECC, specific to the mining sector. The 
final draft Mining Guidelines for Environmental Impact Assessment (July 2018) have been prepared by external 
consultants funded by the Asian Development Bank. The draft guidelines generally follow IFC performance 
standards and provide detailed guidance.  

The draft guidelines are to be used to guide project proponents and EIA consultants in the assessment of 
environmental and social impacts of mining projects of any size. The draft guidelines outline that conduct of the 
EIA investigation has the following basic steps: 

1. Defining the geographic boundaries of the assessment. 

2. Defining the time frame for the assessment. 

3. Preparing the project description. 

4. Analysis of alternatives. 

5. Description of the natural and social environment. 

6. Assessment of impacts. 

7. Designing mitigation measures. 

8. Cumulative impact assessment. 

9. Designing environmental quality monitoring programs. 

10. Risk assessment and emergency response planning. 

11. Community engagement and community development planning. 

12. Environmental and social management planning. 

The draft guidelines are supported by a technical guidance manual, Technical Guidance for Environmental Impact 
Assessment of Mining. This manual provides further guidance as to the expectations of scope, and content of the 
EIA report and supporting investigations. The manual states that all mines require an Environmental and Social 
Management Plan (ESMP) to be used throughout the mine life cycle. In general, the ESMP should include: 

 Proposed mitigation measures. 

 Environmental monitoring and reporting requirements. 

 Institutional or organizational arrangements. 

 Capacity development and training measures. 

 Implementation schedule. 

 Cost estimates.  

Guideline on Public Participation in EIA Processes 

The draft Guideline on Public Participation in EIA Processes (31 May 2017) (referred to as the Public Participation 
Guideline) describes the public participation processes required under the EIA Procedure to be completed during 
the EIA process. 
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Environmental Management Plan for Mining Sector Guideline 

The Environmental Management Plan for Mining Sector Guideline (July 2018) presents the format in which 
each EMP should be set out. As per the guideline, the following sections should be included: 

 Executive summary 

 Project description 

 Maps and layout plan 

 Commitments 

 Policies and legislation 

 Existing environment 

 Impacts and mitigations measures 

 Emergency plan 

 Public disclosure  

 Monitoring and budget allocation 

 Institution and budget allocation 

 Corporate social responsibility 

 Mine closure plan 

Note these sections differ somewhat from those outlined in the EIA Procedure for the content of the EMP and 
subplans. 

Other applicable laws and rules 

Table 2.2 provides a list of other cross-sectoral laws and rules of relevance to the project in addition to the 
mining and environmental laws described above.   

Table 2.2 Other laws and rules applicable to the project 

Acts Objective, scope and purpose Relevance to the project 

Constitution of the of the 
Republic Union of Myanmar 
2008: 

 

The Constitution of the of the Republic Union of 
Myanmar is the foundational legislation for the 
Union. It establishes Myanmar as an independent 
sovereign Nation for multi-national races and the 
basis for a multi-party democratic system. The 
legislation includes provisions regarding the 
protection of the environment in Myanmar.  

• The Union shall protect and conserve 
natural environment under section-45 of said law. 

• Every citizen has the duty to assist the 
Union carrying out the environmental 
conservation under sub-section (b) of section 390 
of said law. 

Articles in the Constitution 
relevant to environmental 
protection that may relate to 
Bawdwin are Articles 37, 42 and 
390. 

Environment Laws 

National Environmental 
Policy of Myanmar (2019) 

• Mission: To achieve a clean environment, 
with healthy and functioning ecosystems, that 
ensures inclusive development and wellbeing for 
all people in Myanmar. 

• Vision: To establish national environmental 
policy principles for guiding environmental 
protection and sustainable development and for 
mainstreaming environmental considerations into 
all policies, laws, regulations, plans, strategies, 
programs and projects in Myanmar. 
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Acts Objective, scope and purpose Relevance to the project 

The Environmental 
Conservation Law (2012) 

To construct a healthy and clean environment and 
to conserve natural and cultural heritage for the 
benefit of present and future generations; to 
maintain the sustainable development through 
effective management of natural resources and to 
enable to promote international, regional and 
bilateral cooperation in the matters of 
environmental conservation. 

• The project proponent has to pay the 
compensation for damages if the project will 
cause injuries to environment under sub-section 
(o) of section 7 of said law. 

• The project proponent has to purify, emit, 
dispose and keep the polluted materials in line 
with the stipulated standards under section 14 of 
said law. 

• The project proponent has to install or use 
the apparatus which can control or help to reduce, 
manage, control or monitor the impacts on the 
environment under section 15 of said law. 

• The project proponent has to allow relevant 
governmental organization or department to 
inspect whether performing is conformity with the 
terms and condition included in prior permission, 
stipulated by the ministry, or not under section-24 
of said law. 

• The project proponent has to comply with 
the terms and conditions included in prior 
permission under section 25 of said law. 

• The project proponent has to abide by the 
stipulations included in the rules, regulation, by-
law, order, notification and procedure under 
section 29 of said law. 

 

The Environmental 
Conservation Rules (2014) 

• The project proponent has to avoid emit, 
discharge or dispose the materials which can 
pollute to environment, or hazardous waste or 
hazardous material prescribed by notification in 
the place where directly or indirectly injure to 
public under sub-rule (a) of rule 69 of said law. 

• The project proponent has to avoid 
performing to damage to ecosystem and the 
environment generated by said ecosystem under 
sub-rule (b) of rule 69 of said law 

 

The Environmental Impact 
Assessment Procedure (2015) 

• The project proponent has to be liable for 
all adverse impacts caused by doing or omitting of 
project owner or contractor, sub-contractor, 
officer, employee, representative or consultant 
who is appointed or hired to perform on behalf of 
project owner under sub-paragraph (a) of 
paragraph 102 of said law. 

• The project proponent has to support, after 
consultation with effected persons by project, 
relevant government organization, government 
department and other related persons, to 
resettlement and rehabilitation for livelihood until 
the effected persons by the project receiving the 
stable socio-economy which is not lower than the 
status in pre-project under sub-paragraph (b) of 
paragraph 102 of said law. 
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Acts Objective, scope and purpose Relevance to the project 

• The project proponent has to fully 
implement all commitments of project and 
conditions included in EMP. Moreover, the 
project proponent has to be liable for contractor 
and sub-contractor who perform on behalf of 
him/her have to fully abide by the relevant laws, 
rules, this procedure, EMP and all conditions 
under paragraph 103 of said law. 

• The project proponent has to be liable and 
fully & effectively implement all requirements 
included in ECC, relevant laws and rules, this 
procedure and standards under paragraph 104 of 
said law. 

• The project proponent has to inform the 
completed information, after specifying the 
adverse impacts caused by the project, from time 
to time under paragraph 105 of said law. 

• The project proponent has to continuously 
monitor all adverse impacts in the pre-
construction phrase, construction phrase, 
operation phrase, suspension phrase, closure 
phrase and post-closure phrase, moreover has to 
implement the EMP with abiding the all 
conditions included in ECC, relevant laws & rules 
and this procedure under paragraph 106 of said 
law. 

• The project proponent has to submit, as 
soon as possible, the failures of his or her 
responsibility, other implementation, ECC or 
EMP. If dangerous impact caused by this failure 
or failure should be known by the Ministry the 
project proponent has to submit within 24 hours 
and other than this situation has to submit within 7 
days from knowing it under paragraph 107 of said 
law. 

• The project proponent has to submit the 
monitoring report dually or prescribed time by 
Ministry in line with the schedule of EMP under 
paragraph 108 of said law. 

• The project proponent has to prepare the 
monitoring report under paragraph 109 of said 
law. 

• The project proponent has to show this 
monitoring report in public place such as library, 
hall and website and office of project for the 
purpose to know this report by public within 10 
days from the date which the report is submitted 
to the Ministry. Moreover, has to give the copy of 
this report, by email or other way which way 
agreed with the asked person, to any asked person 
or organization under paragraph 110 of said law. 

• The project proponent has to allow 
inspector to enter and inspect in working time and 
if it is needed by Ministry has to allow inspector 
to enter and inspect in the office and work-place 
of project and other work-place related to this 
project in any time under paragraph 113 of said 
law. 
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Acts Objective, scope and purpose Relevance to the project 

• The project proponent has to allow 
inspector to immediately enter and inspect in any 
time if it is emergency or failure to implement the 
requirements related to social or environment or 
caused to it under paragraph 115 of said law. 

• The project proponent has to allow 
inspector to inspect the contractor and sub-
contractor who implement on behalf of project 
under paragraph 117 of said law. 

National Environmental 
Quality (Emission) Guidelines 
(2015) 

The project proponent has to emit, discharge or 
dispose in line with the standards stipulated in 
said guideline 

 

Forest Law (2018) To implement forest policy and natural resources 
and environmental conservation policy with the 
aim of: 

 forest, natural resources and environment 
conservation. 

 climate change and disaster risk reduction 
with international agreements. 

 protecting forest cover and biodiversity. 

 protecting against damage due to forest fire, 
pest and disease. 

 establishing forest and firewood plantation 
and sustainably extracted forest products. 

It is not anticipated that significant 
impact to forested areas will result 
from the project. 

• The project proponent has 
to obtain the permission of 
Ministry of Natural Resources and 
Environmental Conservation 
before starting the work if the 
project land is forest land or forest 
covered under sub- section (a) of 
section 12   

Forest Rules 1995 and 
Amending 1998 

Emphasises: 

 increased formation and protection of reserved 
forests and protected public forests, 

 sharing of forest management responsibility 
with the local communities, 

 establishment of fast growing plantations on 
degraded forest lands to conserve soil, water 
and biodiversity, and 

 harvesting of timber and other forest products 
in an environmentally sound manner. 

It is not anticipated that significant 
impact to forested areas will result 
from the project. 

The Protection of Wildlife 
and Protected Areas Rule 
2002 

To provide the sustainability of ecosystems, 
habitats and biodiversity 

Limited relevance as this relates 
primarily to designated protected 
areas which fall outside of the 
project area.  

Protection of Biodiversity and 
Protected Areas Laws 2018 

Provides for the: 

 Protection of wildlife  

 Conservation of protected areas. 

 Compliance with international conventions 
and agreements. 

 Protection of endangered species of flora and 
fauna and their habitats.  

 Contribution for the development of research 
on natural science.  

 Establishment of gardens for the protection of 
flora and fauna.  

Limited relevance as this relates 
primarily to designated protected 
areas which fall outside of the 
project area. 

• The project proponent has 
to avoid entering the prohibited 
area located in protected area 
without permission under sub-
section (a) of section35 of said 
law. 

• The project proponent has 
to avoid digging on the land or 
carrying out any activity in 
protected area under sub-section 
(c) of section35 of said law. 

• The project proponent has 
to avoid extracting, collecting or 
destroying in any manner, any 
kind of wild or cultivated plant in 
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Acts Objective, scope and purpose Relevance to the project 

protected area under sub-section 
(d) of section35 of said law. 

• The project proponent has 
to avoid polluting soil, water and 
air, damaging a water-course or 
poisoning water, electrification, 
using chemical or explosive 
materials in protected area under 
sub-section (a) of section39 of 
said law. 

• The project proponent has 
to avoid possessing or disposing 
of toxic objectives or mineral 
wastes in protected area under 
sub-section (b) of section39 of 
said law. 

The Conservation of Water 
Resources and Rivers Law 
2006 and Amending Law 
2017 

Aims to: 

 Conserve and protect the water resources and 
rivers system for beneficial utilization by the 
public.  

 Provide smooth and safe waterway navigation 
along rivers and creeks.  

 Contribute to the development of State 
economy through improving water resources 
and river systems.  

 Protect from environmental impacts. 

Bawdwin project will divert 
channels and may discharge 
pollutants to waterways. The 
project will need to demonstrate 
compliance with the PSC and 
ECC.  

The Conservation of Water 
Resources and Rivers Rules 
2013 and Amending 2015 

Aims to: 

 Conserve and protect the water resources and 
rivers system for beneficial utilization by the 
public.  

 Provide smooth and safe waterway navigation 
along rivers and creeks.  

 Contribute to the development of State 
economy through improving water resources 
and river systems.  

 Protect from environmental impact. 

Bawdwin project will divert 
channels and may discharge 
pollutants to waterways. The 
project will need to demonstrate 
compliance with the PSC and 
ECC.  

• The project proponent has 
to avoid any act to damage to the 
river, any creek and water 
resource under sub section (a) of 
section 8 of said law. 

• The project proponent has 
to avoid disposing the fuel, 
chemicals, toxic substances, other 
substances and explosive 
substances from the bank to the 
river under sub section (a) of 
section 11 of said law. 

• The project proponent has 
to avoid disposing any material, 
which may damage or change the 
water way, from the bank to the 
river under section 19 of said law. 

• The project proponent has 
to avoid constructing the toilets, 
which are not suitable, at the bank 
under sub section (a) of section 21 
of said law. 

• The project proponent has 
to avoid digging the well or lake 
and digging the soil without 
permission of the Directorate 
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Acts Objective, scope and purpose Relevance to the project 

under sub section (b) of section 21 
of said law. 

• The project proponent has 
to avoid putting the heavy 
materials in the bank without 
permission of the Directorate 
under section 22 of said law. 

• The project proponent has 
to avoid the violation of 
conditions stipulated by the 
Directorate for prevention of 
water pollution under sub section 
(b) of section 24 of said law. 

 

• If the project proponent has 
to build a river-crossing bridge or 
stream-crossing bridge alongside 
within the stream territory, river 
bank territory and strand territory 
as necessity, present the project 
scope and project period to the 
Ministry of Transport and request 
the agreement contract, in line 
with the section (20) of said law. 

• After reviewing the request 
form in accordance with section 
20 and if there is no possible 
impact on conservation of water 
resources and rivers, the Ministry 
of Transport shall define the 
regulations and give the 
permission of constructing stream-
crossing bridges and river-
crossing bridges, in line with the 
section (21) of said law. 

• If the permission is given 
according with section 21, the 
project proponent has to submit 
the project scope and monitoring 
service charges to the department 
for the construction of the river-
crossing bridges and stream-
crossing bridges, in line with the 
section (22) of said law. 

Freshwater Fisheries Law 
1991 

Aims to: 

 Further develop fisheries. 

 Prevent the extinction of fish. 

 Safeguard and prevent the destruction of 
freshwater fisheries waters. 

 Obtain duties and fees payable to the State.  

 Manage the fisheries and take action in 
accordance with the Law.  

Limited relevance to the project.  

Underground Water Act 1930 Legislates the extraction of groundwater, 
requiring a license be obtained beforehand.  

Should groundwater extraction be 
required, licenses will have to be 
obtained from the water officer.  

Investment Laws 
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Acts Objective, scope and purpose Relevance to the project 

Myanmar Investment Law 
(2016) and Myanmar 
Investment Rules (March 
2017) 

Key objectives of the law of relevance to the 
project are: 

 to develop responsible investment businesses 
which do not cause harm to the natural 
environment and the social environment for 
the interest of the Union and its citizens (as 
per the Environmental Conservation Law and 
EIA Procedure); 

 to create job opportunities for the people; 

 to develop various professional fields 
including infrastructure around the Union; 

 to enable the citizens to be able to work 
alongside with the international community; 

 to develop businesses and investment 
businesses that meet international standards. 

• The project proponent has 
to submit a proposal to the 
Commission and invest after 
receiving the Permit under section 
36 of said law. 

• The project proponent has 
not to invest in prohibited 
investment under section 41 of 
said law. 

• The project proponent has 
to register the land lease contract 
at Registration of Deeds Office in 
accordance with the Registration 
of Deeds Law under sub – section 
(d) of section 50 of said law. 

• The project proponent has 
to appoint a qualified person of 
any citizenship in the investor’s 
investment within the Union as 
senior manager, technical and 
operational expert, and advisor in 
accordance with applicable laws 
under sub -section (a) of section 
51 of said law. 

• The project proponent has 
to appoint the nationalities in the 
various levels of administrative, 
technical and expert work by the 
arrangement to develop their 
expertise under sub- section (b) of 
section 51 of said law. 

• The project proponent has 
to appoint the nationalities only in 
normal work without expertise 
under sub – section (c) of section 
51 of said law. 

• The project proponent has 
to appoint either foreigner or 
nationality with the appointment 
agreement in accord with the law 
under sub – section (d) of section 
51 of said law. 

• The project proponent has 
to ensure the entitlements and 
rights contained in applicable 
labor laws and rules including 
minimum wages and salary, leave, 
holiday, overtime fee, damages, 
workman’s compensation, social 
welfare and other insurance 
relating to workers by stipulating 
the rights and duties of employers 
and employees and other 
employment terms and conditions 
contained in the employment 
contract under sub – section (e) of 
section 51 of said law. 

• The project proponent has 
to settle disputes arising amongst 
employers, amongst workers, 
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Acts Objective, scope and purpose Relevance to the project 

between employers and workers, 
between workers and technicians 
or staff in accordance with 
applicable laws under sub – 
section (f) of section 51 of said 
law. 

• The project proponent has 
to respect and comply with the 
customs, traditions and culture of 
the national races in the Union 
under sub – section (a) of section 
65 of said law. 

• The project proponent has 
to establish and register a 
company or sole proprietorship or 
legal entities or branches under 
the applicable laws in order to 
invest under sub – section (b) of 
section 65 of said law. 

• The project proponent has 
to abide by the rules and 
stipulations of special licenses, 
permits and business operation 
certificates issued to them 
including the rules, procedures, 
notifications, orders and directives 
issued under applicable laws and 
this law, terms and conditions of 
contract and tax obligations under 
sub – section (c) of section 65 of 
said law. 

• The project proponent has 
to carry out in accordance with the 
stipulations of department 
concerned if it is required by the 
nature of business or other need to 
obtain any license or permit from 
the relevant Union Ministries, 
government bodies and 
organizations, or to carry out 
registration under sub – section 
(d) of section 65 of said law. 

• The project proponent has 
to immediate inform to the 
Commission if natural mineral 
resources or antique objects and 
treasure trove, which are not 
related to the permitted business 
and not included in original 
contracts, are found above and 
under the land on which the 
investor is entitled to lease or use 
under sub – section (e) of section 
65 of said law. 

• The project proponent has 
not made any significant alteration 
of topography or elevation of the 
land on which he is entitled to 
lease or has rights to use, without 
the approval of the Commission 
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Acts Objective, scope and purpose Relevance to the project 

under sub – section (f) of section 
65 of said law. 

• The project proponent has 
to comply with the international 
best practices, existing laws, rules 
and procedures to not damage, 
pollute, and injure to environment, 
cultural heritage and social under 
sub – section (g) of section 65 of 
said law. 

• The project proponent has 
to prepare and keep proper records 
of books of account and annual 
financial statement, and necessary 
financial matters relating to the 
investments which are performed 
by permit or endorsement in 
accordance with internationally 
and locally recognized accounting 
standards under sub – section (h) 
of section 65 of said law. 

• The project proponent has 
to close the project after paying 
the compensation to the 
employees in accord with the 
existing laws if violates the 
appointment agreement or 
terminate, transfer or suspend the 
investment or reduce the number 
of employees under sub – section 
(i) of section 65 of said law. 

• The project proponent has 
to pay the wages or salary to the 
employees in accord with the 
laws, rules, order and procedures 
in the suspension period under sub 
– section (j) of section 65 of said 
law. 

• The project proponent has 
to pay the compensation or injured 
fees to the respected employees or 
their inheritors if injury in or loss 
of part of body or death caused by 
work under sub – section (k) of 
section 65 of said law. 

• The project proponent has 
to stipulate the foreign employees 
to respect the culture and custom 
and abide by the existing laws, 
rules, orders, and directives under 
sub – section (l) of section 65 of 
said law. 

• The project proponent has 
to abide by labor laws under sub – 
section (m) of section 65 of said 
law. 

• The project proponent has 
to right to sue and be sued in 
accordance with laws under sub – 
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section (n) of section 65 of said 
law. 

• The project proponent has 
to pay the compensation, to the 
injured person for damages if 
damage to environment or socio-
economy is occurred by misuse of 
project under sub – section (o) of 
section 65 of said law. 

• The project proponent has 
to inspect in anywhere of project 
if Myanmar Investment 
Commission inform to inspect the 
project under sub – section (p) of 
section 65 of said law. 

• The project proponent has 
to obtain the permission of MIC 
before EIA process and report 
back this process to Myanmar 
Investment Commission under sub 
– section (q) of section 65 of said 
law. 

• The project proponent has 
to insure the prescribed insurance 
by rules under section 73 of said 
law. 

 

• The project proponent has 
to submit confirmation of its 
compliance with the applicable 
requirements of the 
Environmental Conservation Law, 
rules and environmental impact 
assessment procedures to 
undertake, obtain and implement 
an initial environmental 
examination, assessment, 
certificate and management plan 
as those requirements are met 
under section 190 of said law. 

• The project proponent has 
to comply with the conditions of 
the permit issued by MIC and 
applicable laws when making the 
investment under section 202 of 
said law. 

• The project proponent has 
to fully assist while negotiating 
with the Authority for settling the 
grievances of the local community 
that have been affected due to 
Investments under section 203 of 
said law. 

• If the project proponent is 
desirous to appoint a foreigner as 
senior management, technician 
expert or consultant according to 
section 51(a) of the Law. The 
project proponent has to submit 
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such foreigner’s passport, 
expertise evidence or degree and 
profile to the Commission Office 
for approval under section 206 of 
said law. 

• The project proponent has 
to insure the relevant insurance 
out of the following types of the 
insurance at any insurance 
business entitled to carry ort 
insurance business within the 
Union based on the nature of the 
business: 

(a) Property and Business 
Interruption Insurance; 

(b) Engineering Insurance; 

(c) Professional Liability 
Insurance; 

(d) Bodily Injury Insurance; 

(e) Marine Insurance; or 

(f) Workmen Compensation 
Insurance; 

(g) Life Insurance; 

(h) Fire Insurance. Under 
section 212 of said law. 

The Myanmar Companies 
Law (2017) 

Essential Requirements of Companies are as 
follows,  

• A company registered under the Myanmar 
Companies Law shall have the following facts:    
under section-4, sub-section (a) of said law. 

a) a name; 

b) a constitution 

c) at least one share in issue (provided that a 
company limited by guarantee need not have a 
share capital)   

d) at least one member 

e) subject to sub-section (vi), at least one 
director who shall be ordinarily resident in the 
Union; 

f) if the company is a public company, at least 
three directions, one of whom shall be a Myanmar 
citizen who is ordinarily resident in the Union; 
and 

g) a registered office address in the Union, 
under section-4, sub-section (a), sub-section i, ii, 
iii, iv, v, vi and vii of said law. 

Capacity and powers of companies are as follows, 

• A company: under section-5, sub-section (a) 
of said law. 

(i) will be a legal entity in its own right 
separate from its members having full rights, 
powers, and privileges and continuing in existence 
until it is removed from the register: under 
section-5, sub-section (a), sub-section (i) of said 
law. 

(ii) subject to this law and any other law, has 
both with other and outside the Union full legal 

• The constitution of a 
company may contain a provision 
relating to the capacity, rights, 
powers, or privileges of the 
company only if the capacity of 
the company or those rights, 
powers and privileges are 
restricted, under section-5, sub-
section (b) of said law. 

• A company may act as a 
holding company of another 
company and incorporate and hold 
shares in any number of 
subsidiaries, under section-5, sub-
section (c)of said law. 
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capacity to carry on any business or activity, do 
any act, or enter into any transaction, including 
the power to: under section-5, sub-section (a), 
sub-section (ii) of said law. 

a) issue shares, debentures or securities which 
convert into shares in the company; under sub-
section (ii), sub-section (aa) of said law. 

b) grant options to subscribe for shares or 
debentures in the company: under sub-section (ii), 
sub-section (bb) of said law. 

c) grant a security interest over any of its 
property: under sub-section (ii), sub-section (cc) 
of said law. 

d) distribute any of the company’s property 
among the members, in kind or otherwise, under 
sub-section (ii), sub-section (dd) of said law. 

Myanmar Insurance Law 
(1993) 

Requires that any business that may pollute the 
environment has compulsory general liability 
insurance. 

• If the project proponent 
uses the owned vehicles the 
project owner has to insure the 
insurance for injured person under 
section 15 of said law. 

• The project proponent has 
to insure the insurance to 
compensate for general damages 
because the project may cause the 
damages to the environment and 
injury to public under section 16 
of said law. 

Occupational Health and Safety  

Draft Occupational Health 
and Safety Law 2019 

Aims to implement measures for occupational 
health and safety across industry and sets out the 
responsibilities of employers and employees. Was 
enacted in 2019 and will be enforced following 
issue of notification by the president. 

This will apply to the workforce 
safety during development and 
operations.  

• The project proponent has 
to- 

a) Appoint a person in-charge 
for occupational safety and health 
according to the type of industries 
to closely supervise the safety and 
health of the workers in 
accordance with the specifications 
of the Ministry. 

b) Establish each occupational 
Safety and Health Committee 
comprising equal number of 
employers and workers’ 
representatives according to the 
types of industry without 
lessening the number of workers 
prescribed by the Ministry to be 
safe and healthy workplace, in 
accordance with the specifications 
of the Ministry. In establishing the 
Committee, occupational safety 
and health matters for female 
workers shall be considered 
according to the nature of work 
under sub – section (a) and (b) of 
section 12 of said law. 
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• The project proponent has 
to comply with this Law and rules, 
orders, directives and procedures 
issued under this Law to be safe 
and healthy workplace under 
section 14 of said law. 

• The inspectors shall inspect 
the workplace under this Law for 
occupational safety and health, 
instruct the respective employer 
on the facts to be observed, and 
report to the chief inspector under 
section 16 of said law. 

• For the purposes of 
occupational safety and health in 
line with the code of conduct, 
inspectors are entitled to; 

a) Enter, inspect and examine 
any workplace applicable to this 
Law without a warrant by 
showing their identity cards at any 
time; 

b) Inspect and copy all 
records, books and documents 
relating to the workplace and 
process, and seize any of them as 
exhibits, if necessary; 

c) Take photographs and video 
records of the workplace 
situations and processes which 
may be harmful to the 
occupational safety and health; 

d) Assess and record the 
amount of impact and time on the 
workplace environment, due to 
noise, illumination, temperature, 
dust, fume and hazardous 
materials, with the assistance of 
an expert on the respective 
subjects, if necessary; 

e) Inquire any person working 
at the workplace during working 
hours about contracting 
occupational diseases or potential 
situations with the assistance of a 
certified doctor; 

f) Ask the responsible person 
from hospitals and medical clinics 
to confidentially send the medical 
report of a worker who is 
receiving medical treatment for 
injuring in a workplace accident 
or suffering from an occupational 
disease or information about death 
or the autopsy report requested 
with the form prescribed by the 
Department under section 17 of 
said law. 
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• The inspectors shall issue a 
temporary order to the employer 
for work stoppage partially or 
wholly with the approval of the 
chief inspector and inform the 
relevant departments, if necessary, 
if any occupational accident, 
disease, dangerous occurrence or 
major accident happens or is 
likely to happen due to any of the 
following facts; 

a) Impropriety to work 
continuously due to the unsafe 
workplace conditions, unsafe acts 
of workers, the existence of 
hazardous material and machinery 
at the workplace, or parts of 
machinery or laying out of 
machinery at the workplace and 
working practices; 

b) Impropriety to work 
continuously due to violation of or 
failure to comply with any 
provision of this Law; 

c) Assumption to be harmful 
to workers at the workplace due to 
any act of negligence and 
carelessness or omission by any 
person; 

d) Necessity to evacuate 
workers for safety due to the 
imminent danger situation of the 
occupational injury under section 
18 of said law. 

• The project proponent has 
to provide adequate and relevant 
personal protective equipment to 
workers free of charge and make 
them wear it during work so as not 
to expose workers to any serious 
occupational diseases or hazards 
under sub section (e) of section 26 
of said law. 

• The project proponent has 
to arrange and display 
occupational safety and health 
instructions, warning signs, 
notices, posters, and signboards 
under sub section (l) of section 26 
of said law. 

• The worker shall wear or 
use at all times any protective 
clothes, equipment and tools 
provided by the employer for the 
purpose of safety and health under 
sub section (a) of section 30 of 
said law. 

• The worker shall proper and 
systematic use any equipment and 
tools, machines, any parts of the 
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machines, vehicles, electricity and 
other substances being used at the 
workplace under sub section (d) of 
section 30 of said law. 

• The worker shall take 
reasonable care for the safety and 
health of himself/ herself and of 
other persons who may be 
affected by his/ her acts or 
omissions at work under sub 
section (e) of section 30 of said 
law. 

Prevention of Hazard from 
Chemical and Related 
Substances Law (2013) 

To ensure to use the hazardous chemical and 
related substances safely and safety for the 
employees. Moreover, safety in carrying the 
hazardous chemical and related substances and 
storage place of it. If it is needed to train how to 
use the safety dresses which provided to the 
employees with free of charges. Insure to 
compensate for injury to person or damage to 
environment. The project has to be inspected for 
safety use of hazardous chemical and related 
substances before starting the project. 

• The project owner has to be 
inspected for the safety and 
resistance of the machinery and 
equipment by the respective 
Supervisory Board and Board of 
Inspection before starting the 
business under sub section (a) of 
section 15 of said law. 

• The project owner has to 
assign the employees, who will 
serve with the hazardous chemical 
and substances, to attend the 
trainings on prevention of 
hazardous chemical and 
substances in local or abroad 
under sub section (b) of section 15 
of said law. 

• The project owner has to 
abide by the conditions included 
in the license under sub section (a) 
of section 16 of said law. 

• The project owner has to 
abide by and assign to the 
employees who serve in this work 
to abide by the instructions for 
safety in using the hazardous 
chemical and related substances 
under sub section (b) of section 16 
of said law. 

• The project owner has to 
arrange the enough safety 
equipment in the work-place and 
provide the safety dresses to the 
employees who serve in this work 
with free of charge under sub-
section (c) of section 16 of said 
law. 

• The project owner has to 
train, in work-place my 
arrangement, the know-how to use 
the occupational safety 
equipment, personal protection 
equipment and safety dresses 
systemically in the work-place 
under sub section (d) of section 16 
of said law. 
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• The project owner has to 
allow the receptive Supervisory 
Board and Board of Inspection to 
inspect whether the hazard may be 
injured to health of human or 
animal or damaged to 
environment under sub section (e) 
of section 16 of said law. 

• The project owner has to 
assign the healthy employees who 
have obtained the 
recommendation that is fit for this 
work after taken medical check- 
up and keep systematically the 
medical records of employees 
under sub section (f) of section 16 
of said law. 

• The project owner has to 
inform the copy of storage 
permission for hazardous 
chemical and related substances to 
the relevant township 
administrative office under sub 
section (g) of section 16 of said 
law. 

• The project owner has to 
obtain the approval with 
instructions of relevant fire force 
before starting the work if the 
project will use the fire hazard 
substances or explosive 
substances sub section (h) of 
section 16 of said law. 

• The project owner has to 
transport only the limited amount 
of the chemical and related 
substance in accord with the 
prescribed stipulations in local 
transportation under sub section 
(i) of section 16 of said law. 

• The project proponent has 
to take the permission from the 
Central Supervisory Board if the 
chemical and related substance is 
altered and transferred from one 
place to any other place which 
contained in the licence under sub 
– section (j) section 16 of said 
law. 

• The project owner has to 
insure, in accord with the 
stipulations, to pay the 
compensation if the project cause 
injury to person or animals or 
damage to environment under 
section 17 of said law. 

• The project owner has to 
abide by the conditions included 
in the registration certificate. 
Moreover will abide by the orders 
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and directives issued by the 
Central Supervisory Board from 
time to time under section 22 of 
said law. 

• The project owner has to 
classify the level of hazard to 
protect it in advance according to 
the properties of chemical and 
related substances under sub 
section (a) of section 27 of said 
law. 

• The project proponent has 
to express the Material Safety 
Data Sheet and Pictogram under 
sub – section (b) of section 27 of 
said law. 

• The project owner has to 
provide the safety equipment, 
personal protection equipment to 
protect and reduce the accident 
and assign to attend the training to 
use the equipment systematically 
under sub section (c) of section 27 
of said law. 

• The project proponent has 
to perform in accordance with the 
stipulations in respect of 
transporting, possessing, storing, 
using, discharging the chemical 
and related substances under sub – 
section (d) of section 27 of said 
law. 

The Control of Smoking and 
Consumption of Tobacco 
Product Law (2006) 

To ensure the creation of smoking area and non-
smoking area in the power plant area for health 
and control of smoking. 

• The project proponent has 
to keep the caption and mark 
referring that is non- smoking area 
in the project area under sub 
section (a) of section 9 of said 
law. 

• The project proponent has 
to arrange the specific place for 
smoking in the project area and 
keep the caption and mark in 
accordance with the stipulations 
under sub section (b) of section 9 
of said law. 

• The project proponent has 
to supervise and carry out the 
measures so that no one shall 
smoke at the non-smoking area 
under sub section (c) of section 9 
of said law. 

• The project proponent has 
to allow the inspection of 
supervisory body in the power 
plant area sub section (d) of 
section 9 of said law. 

The Vehicle Safety and Motor 
Vehicle Management Law 
(2020) 

When the construction period and if necessary, in 
operation and production period for the all 
vehicles. 

• The project proponent has 
to comply with the restrictions and 
restrictions on the use of domestic 
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vehicles by the Ministry of 
Transport and Communications 
with the approval of the Union 
Government under sub section (a) 
of section 9 of said law. 

• The project proponent has 
to comply with safety, 
environmental regulation, 
standards and regulations 
regarding the initial registration of 
vehicles issued by the Ministry 
under sub section (c) of section 12 
of said law. 

• The project proponent has 
to drive at the speed limit set by 
the Road Transport Directorate to 
ensure the safe movement of 
vehicles on public roads under sub 
section (r) of section 14 of said 
law. 

• The project proponent has 
to maintain the vehicles in 
accordance with the standards set 
by the Department so that it can 
be driven safely under sub section 
(a) of section 18 of said law. 

• The project proponent has 
not to carry or transport hazardous 
materials in public places in 
accordance with the regulations 
under sub section (g) of section 81 
of said law. 

The Vehicle Safety and Motor 
Vehicle Management Rules 
(2022) 

 • The project proponent has 
to comply with the Commercial 
Vehicle Regulations in Chapter 
(9) and the Motor Vehicle Traffic 
Regulations in Chapter (10). 

   

Pollution Prevention  

Prevention of Hazard from 
Chemicals and Related 
Substances Law (2013) 

Establishes the licensing and approval system for 
the use of chemicals. Prohibits the operation of a 
chemical substances business without a license 
and prohibits the use of prohibited and 
unregistered chemicals or related substances 

WMM will be required to obtain 
permits for the use of chemicals in 
its processing facilities.  

Explosives Act (1884) 
(repeal), Explosives 
Substance Act (1908).  

Regulates the use of explosive substances.  Transport and storage of explosive 
substances will be required to 
meet this legislation for example 
emulsion and magazine facilities.  

The Occupational Explosive   
Material Law (June 2018) 

Requires the: 

 Systematic use, import, transport and storage 
of occupational explosive material. 

 Safeuse of blasting material and related 
substances at the project site. 

Transport and storage of explosive 
substances will be required to 
meet this legislation for example 
emulsion and magazine facilities. 
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Materials Law (2018) 

 (a) To manufacture, import, transfer, 
store and use industrial explosive materials 
systematically; 

 (b) To be safe and secure at workplaces 
where dynamite and related substances are 
used; 

(c) To supervise manufacture and use of 
industrial explosive materials systematically. 

On receipt of the direction from 
the Ministry under sub – section 
(b),  

The project proponent has not 
refused inspection of the Chief 
Inspector or and inspector under 
section 8 of said law. 

The project proponent, in an 
unlicensed magazine, has to 

• Accept to store industrial 
explosive materials; 

• Deliver to store industrial 
explosive materials under section 
16 of said law. 

The project has to- 

(a) Store industrial explosive 
materials only in the licensed 
magazine; 

(b) Take necessary preventive 
measures in accord with the 
specifications to avoid harm in 
transport, manufacture, use or 
possession of industrial explosive 
materials 

• The project proponent has 
not refused inspection of the Chief 
Inspector or and inspector under 
section 18 of said law. 

The project proponent has to- 

(a) Import, transport, store, 
manufacture, use, possess or 
transfer industrial explosive 
materials without permission in 
accordance with this law; 

(b) Destroy industrial explosive 
materials without approval of the 
Executive Committee of Defence 
Service Council 

(c) Fail to act in accordance 
with the rules, regulations, by-
laws, notifications, orders and 
directives issued under section 19 
of said law. 

The project proponent has not to 
accept to store industrial explosive 
materials; 

The project proponent has not  

The project proponent has to 

• Accept to store industrial 
explosive materials more than the 
limited amount mentioned in the 
licence issued by the Ministry; 

• Fail to inform the nearest 
police station immediately and to 
report the Chief Inspector timely 
if anything mentioned in sub-
section (c) of section 15 occurs 
due to industrial explosive 
materials; 
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• Continue to store industrial 
explosive materials without 
renewal after expiration of the 
licence under section 21 of said 
law. 

Health  

Prevention and Control of 
Communicable Diseases Law 
(1995), Amending Law 2011 

Focuses on preventing the outbreak of 
communicable diseases through the 
implementation of various preventative measures 
and reactive actions.  

Many workers will be both living 
and working in proximity to each 
other, increasing the chances of 
illnesses spreading.  

Compliance with this law will be 
required for project settlements.  

The project proponent has to build 
the housing in line with the health 
standards, distribute the healthful 
drinking water & using water and 
arrange to systematically 
discharge the garbage & sewage 
under clause (9) of sub section (a) 
of section 3 of said law. 

The project proponent has to abide 
by any instruction or stipulation 
by Department of health and 
Ministry of Health under section 4 
of said law. 

The project proponent has to 
inform promptly to the nearest 
health department or hospital if 
the following are occurred: under 
section 9 of said law. 

(a) Mass death of animals 
included in birds or chicken; 

(b) Mass death of mouse; 

(c) Suspense of occurring of 
communicable disease or 
occurring of communicable 
disease;  

(d) Occurring of communicable 
disease which must be informed. 

The project proponent has to 
allow any inspection, anytime, 
anywhere if it is need to inspect 
by health officer under section 11 
of said law. 

Public Health Law 1972 Focuses on protecting people’s health by 
controlling the quality and cleanliness of food, 
drugs, environmental sanitation, epidemic 
diseases and regulation of private clinics.  

Any health and sanitation 
facilities provided due to the 
Bawdwin project will need to 
comply with this legislation. 

• The project proponent has 
to abide by any instruction or 
stipulation for public health under 
section 3 of said law. 

• The project proponent has 
to allow any inspection, anytime, 
anywhere, if necessary, under 
section 5 of said law. 
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Protection of Ethnic Nationalities and Cultural Property 

The Ethnic Rights Protection 
Law (2015). Rules under 
discussion (August 2017) 

The purpose of this legislation is to obtain equal 
citizen's rights for all ethnic groups and to 
preserve and develop their language, literature, 
arts, culture, custom, national character and 
historical heritage. 

Article 5: The matters of projects shall completely 
be informed, coordinated and performed with the 
relevant local ethnic groups in the case of 
development works, major projects, businesses 
and extraction of natural resources will be 
implemented within the area of ethnic groups. 

Relevant to engagement and 
social impact assessment and 
implementation and operation of 
the project.  

The project proponent has to 
disclose all about the project fully 
to the residents who are national 
races.  

The project proponent has to 
cooperate with the residents who 
are national races according to 
section 5 of said law. 

The project proponent has to 
compliance with rule 20 shall be 
reported to the Ministry in full and 
submitted to the ministry before 
the project commences under sub-
section (a) of section 21 of said 
law. 

After the implementation of the 
project, the plan must be 
submitted to the ministry under 
sub-section (b) of section 21 of 
said law. 

The Protection and 
Preservation of Cultural 
Heritage Regions Law 1998 

Aims to: 

 Protect and preserve the cultural heritage 
regions and the cultural heritage therein. 

 Promote public awareness of the cultural 
heritage regions.  

 Protect cultural heritage regions from 
destruction.   

The project proponent has to 
apply to get the prior permission 
of Directorate of Ancient-
Research to build the road, bridge 
or dam in the cultural heritage 
area under section 13 of said law. 

When the project proponent wants 
to carry out any of the following 
undertakings shall adhere to the 
provisions of the existing laws.  

The project proponent has to 
apply to the Region or State 
Preservation Committee if it is 
within the world heritage region 
or national level cultural heritage 
region, and apply to the Regional 
Preservation Committee if it is 
within the respective cultural 
heritage region apart from the 
world heritage region or national 
level cultural heritage region for 
obtaining the prior permission that 
there is no impact on cultural 
heritages in accordance with the 
stipulations; 

In the buffer area; 

Constructing roads, renovating 
and extending wharfs, parking 
lots, rail tracks, railway station, 
stadium, sports grounds, buildings 
and bridges; 

Conducting and erecting pylons, 
underground works, underground 
electric power lines, high voltage 
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power lines, transformer stations, 
lamp posts and gas pipelines; 

Arranging the flights of 
helicopter, hot air balloons and 
gliders; 

Constructing theatres such as the 
entertainment building, 
accommodation facilities, 
recreation centers, riding and race 
camps and infrastructures under 
sub – section (b) section 21 of said 
law. 

The project proponent promises 
not to build the building which is 
not in line with the stipulations 
prescribed by the Ministry of 
Culture in the cultural heritage 
area under section 22 of said law. 

 

Protection and Preservation 
of Ancient Monuments Law 
(2015) 

Provides for the: 

 Implementation of the policy to protect and 
preserve the perpetuation of ancient 
monuments.  

 Public awareness of the high value of ancient 
monuments.  

 Searching and maintenance of ancient 
monuments.  

The Bawdwin Mine has numerous 
structures built by humans over 
100 years ago, classifying them as 
ancient monuments. Permission to 
conduct works including 
surveying, digging and 
researching places where an 
ancient monument is located must 
be granted by the Ministry of 
Religion and Culture – 
Department of Archaeology and 
National Museum. 

• The project proponent has 
to report to the village-tract or 
ward administrators if the project 
proponent will find any ancient 
monument under the ground or on 
the ground or under the water 
under section 12 of said law. 

• The project proponent has 
to obtain the prior permission of 
Department of Ancient Research 
Museum if the project area is in 
the prescribed area of ancient 
monument under section 15 of 
said law. 

• The project proponent has 
to obtain the prior permission, by 
written, of Department of Ancient 
Research and National Museum if 
the project proponent disposes the 
chemical and solid waste in the 
Ancient Monument area under sub 
section (f) of section 20 of said 
law. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 2 
E Guard Environmental Services|  2-31

 

Acts Objective, scope and purpose Relevance to the project 

The Protection and 
Preservation of Antique 
Objects Law 2015 

Provides for the: 

 Implementation of the policy of protection and 
preservation of antique objects.  

 Public awareness of the high value of antique 
objects. 

Any antique objects that are 
found, including human bones, 
religious objects, tools and 
currency must be reported to the 
relevant Ward or Village Tract 
Administrator. Mechanisms for 
reporting and movement of these 
discoveries must be determined 
prior to work starting. The project 
proponent has to inform to the 
village-tract or ward administrator 
if any antique objective is found 
in project area under section 12 of 
said law. 

Land Laws and Land Tenure  

National Land Use Policy 
(2016) 

• To promote sustainable land use 
management and protection of cultural heritage 
areas, environment, and natural resources in the 
interest of all people in the country; 

• To strengthen land tenure security for the 
livelihood’s improvement and food security of all 
people in both urban and rural areas of the 
country; 

• To recognize and protect customary land 
tenure rights and procedures of the ethnic 
nationalities; 

• To develop transparent, fair, affordable and 
independent dispute resolution mechanisms in 
accordance with the rule of law; 

• To promote people centered development in 
land resources and accountable land use 
administration in order to support the equitable 
economic development of the country; 

• To develop a National Land Law in order to 
implement the above objectives of the National 
Land Use Policy. 

WMM needs to abide this law. 

Farm Land Law (2012) and 
Farm Land Rules (August 
2012). Currently under 
revision in Parliament. 

Relates to land tenure. This law may apply to any land 
that is being used for farming that 
is required to be utilised for the 
project.  

The Vacant, Fallow, and 
Virgin Lands Management 
Law (2012) and Amending 
Law (2018) and the Vacant, 
Fallow, and Virgin Lands 
Management Rules (August 
2012) 

To ensure the use of Vacant, Fallow and Virgin 
Lands for economic development and job 
opportunities for land-less citizens in relation to 
agriculture, livestock breeding, mining, and 
government is allowable. 

May be relevant for chosen 
resettlement sites.  

Land Acquisition Act (1894)  
and Amending Law 1954. 
Currently under revision 
(draft) 

The objectives of the draft law (2017) are: 

 To provide a legal basis for the acquisition of 
land, prevention of illegal land acquisition and 
safeguarding the welfare of those who have 
had their land acquired; 

 To ensure that Affected Households and local 
communities who will be affected by the 
acquisition of land are transparently provided 
with information to enable them to freely 
negotiate and make decisions; 

Of relevance if land is to be 
acquired.   



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 2 
E Guard Environmental Services|  2-32

 

Acts Objective, scope and purpose Relevance to the project 

 To ensure that Affected Households receive 
appropriate and equitable Compensation and 
damages to provide for Resettlement as a 
consequence of losses and damages which 
have resulted from loss of housing and 
relocation due to the acquisition of land; 

 To ensure the Restoration of Livelihoods of 
Affected Households; 

 To prevent adverse environment and public 
socio- economic impacts caused by 
acquisition and use of land. 

The Land Acquisition, 
Resettlement and 
Rehabilitation Law 2019 

Enables the State to compulsorily acquire land 
when it is required for public interest. Outlines 
process for land acquisition and resettlement. 

Of relevance if land is to be 
acquired for resettlement 
purposes.  

Labour Laws 

Minimum Wage Act (2013),  
(Notification  No. 2/2015 
(August 2015). 

Ensures the essential needs of the workers, and 
their family, who are working at the commercial, 
production and services, agricultural and livestock 
breeding businesses are met and to increase 
capacity of the workers and for the development 
of competitiveness. 

The project proponent hasn’t to 
pay wage to the worker less than 
the minimum wage stipulated 
under this Law. 

The project proponent has to pay 
more than the minimum wage 
stipulated under this Law. 

The project proponent hasn’t not 
had the right to deduct any other 
wage except the wage for which it 
has the right to deduct as 
stipulated in the notification 
issued under this Law. 

The project proponent has to pay 
the minimum wage to the workers 
working in the commerce, 
production business and service in 
cash. Moreover, if the specific 
benefits, interests or opportunities 
are to be paid, it may be paid in 
cash in accord with the 
stipulations or jointly in some 
cash and in some produce 
prescribed in local price according 
to the desire of the worker. 

The project proponent has to pay 
jointly in some cash and some 
produce prescribed in local price 
according to the local custom or 
desire of the majority of workers 
or collective agreement in paying 
the minimum wage to the workers 
and working in the agriculture and 
livestock breeding business. Such 
payment shall be for any personal 
use and benefit of the worker and 
his family, and the value shall also 
be considerable and fair under 
section 12 of said law. 

• The project proponent has 
to notify the prescribed wages 
obviously in workplace under sub 
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section (a) of section 13 of said 
law. 

• The project proponent has 
to correctly record the lists, 
schedules, documents and wages 
and report these to the relevant 
department and give if these are 
asked while inspecting, in accord 
with the stipulations under sub 
section (b)(c)(d) of section 13 of 
said law. 

• The project proponent has 
to allow to be inspected by the 
inspector under sub section (d) 
and (e) of section 13 and section 
18 of said law. 

• The project proponent has 
to allow holiday for medical 
treatment if the employee’ health 
is not fit to work under sub section 
(f) of section 13 of said law. 

• The project proponent has 
to allow holidays without 
deducting from the wages if one 
of parents or one of family dies 
under sub section (g) of section 13 
of said law. 

The Payment of Wages Law 
(2016) 

To ensure the way of payment and avoiding delay 
payment to the employees. 

• The project proponent has 
to pay the wages under section 3 
and 4 of said law. 

• The project proponent has 
to submit with the agreements of 
employees & reasonable ground 
to department if it is difficult to 
pay because of force majeure 
included in natural disaster under 
section 5 of said law. 

• The project proponent has 
to abide by the provisions of 
section 7 to 13 in chapter (3) in 
respect of deduction from wages 
under section 7 to 13 in chapter 
(3) of said law. 

• The project proponent has 
to pay the overtime fees, 
prescribed by law, to the 
employees who work over 
working hours under section 14 of 
said law. 
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Labor  Organization Law 
(2011) 

Purpose: 

 To protect the rights of the workers, to have 
good relations among the workers or between 
the employer and the worker 

 To enable to form and carry out the labor 
organizations systematically and 
independently. 

The project will observe the 
requirements for establishment of 
labour organisations and a 
worker’s rights. 

• The project owner has to 
allow the labor organization to 
negotiate and settle with the 
employer if the workers are 
unable to obtain and enjoy the 
rights of the workers contained in 
the labor laws and to summit 
demands to the employer and 
claim in accord with the relevant 
law if the agreement cannot be 
reached under section 17 of said 
law. 

• The project proponent has 
to allow the demand for the re-
appointment of worker who is 
dismissed by the employer 
without the conformity with the 
labor laws under section 18 of 
said law. 

• The project proponent has 
to send the representatives to the 
Conciliation Body in settling a 
dispute between the employer and 
the worker under section 19 of 
said law. 

• The project proponent has 
to allow the labor organization to 
participate and discuss in 
discussing with the government, 
the employer and the complaining 
employees in respect of 
employee’s rights or interest 
contained in the labor laws under 
section 20 of said law. 

• The project proponent has 
to allow the labor organization to 
participate in solving the 
collective bargains of the 
employees in accord with the 
labor laws under section 21 of 
said law. 

• The project proponent has 
to allow the labor organization to 
carry out the holding the 
meetings, going on strike and 
other collective activities in line 
with the procedure, regulation, by-
law and directive of relevant Chief 
Labor Organization under section 
22 of said law. 

Settlement of Labour Dispute 
Law (2012) and Amending 
Law (2014) 

Purpose: 

 safeguarding the right of workers  

 having good relationship between employer 
and workers and making the workplace 
peaceful 

Relevant to worker compensation 
arrangements.  

• The project proponent has 
to not absent to negotiation within 
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 obtaining the rights fairly, rightfully and 
quickly by settling disputes between an 
employer and worker justly. 

the stipulated time for complaint 
under section 38 of said law. 

• The project proponent has 
to not change the existing 
stipulations for employees within 
conducting period before tribunal 
under section 39 of said law. 

• The project proponent has 
to not close the work without 
negotiation, discussion on dispute 
in accord with this law, decision 
by tribunal under section 40 of 
said law. 

• The project proponent has 
to pay the compensation decided 
by Tribunal if violates any act or 
any omission to damage the 
interest of labor by reducing of 
product without efficient cause 
under section 51 of said law. 

Employment and Skills 
Development Law (2013) 

Purpose: 

 Creation of employment opportunities 

 Implementing measures to reduce 
unemployment 

 Enhance discipline and capacity of the 
workers 

 Develop skills of  workers 

 Forming and guiding the Employment and 
Skills Development Agencies 

Project training and development 
programs should align with 
legislation. 

 

• The project proponent has 
to appoint employees with the 
contract under section 5 of said 
law. 

• The project proponent has 
to carry out the training programs 
with the policy of Skill 
Development Body to develop the 
employment skill of employees 
who is appointed or will be 
appointed under section 14 of said 
law. 

• The project proponent has 
to monthly pay to the fund, which 
is fund for development of skill of 
employees, not less below 0.5 
percentage of the total payment to 
the level of worker supervisor and 
the workers below such level 
under sub section (a) of section 30 
of said law. 

• The project proponent has 
to promise not to deduct from the 
payment of employees for above 
mentioned fund under sub section 
(b) of section 30 of said law. 

Social Security Law (2012) Requires a collective guarantee of the employer, 
worker and the Union for enabling to fulfil health 
and social needs of the workers.  

Project development programs 
and work conditions should align 
with legislation. The project 
proponent has to create the social 
security for the employees 
because the project is the business 
under the Myanmar Citizen 
Investment Law. To ensure the 
social security for employees of 
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the project, the project owner has 
to register to the social security 
offices and to pay the prescribed 
fund. 

• The project proponent has 
to register to the respected social 
security office under sub section 
(a) of section 11 of said law. 

• The project proponent has 
to pay the social security fund for 
at least four types of social 
security included in sub-section 
(a) of section 15 under section 15 
of said law. 

• The project proponent has 
to pay the fund which has to be 
paid myself and together with the 
fund which has to be paid from 
their salary by the employees. 
Moreover, the project owner will 
pay the cost for paying the above-
mentioned fund only myself under 
sub section (b) of section 18 of 
said law. 

• The project proponent has 
to pay the fund for accidence sub 
section (b) of section 48 of said 
law. 

• The project proponent has 
to make correctly and submit the 
list and record provided in section 
75 to respected social security 
office under section 75 of said 
law. 

 

The Leave and Holiday Act 
(1951) and amended in 
1958, 1963,1964, 2006, and 
2014)/ Adopted in 1951 
and amended in 1958,1963, 
1964,2006, and 2014. 

Leave and Holiday for workers Relevant to worker compensation 
arrangements. 

The project proponent has to 
allow the leaves and holidays in 
line with the law. 

Rights of Persons with 
Disabilities Law (2015). 
Rules currently under 
internal discussion between 
Ministry of Social Welfare 
and People with Disabilities 
groups (2017) 

Applies to companies who are required to 
provide employment opportunities for people 
with disabilities. 

Relevant to employment processes 
and policies and worker 
compensation arrangements. 

Child Law (1993) Protection of children from exploitation. Relevant to employment processes 
and policies. 

Workmen’s Compensation Act 
1923 

Outlines an employer’s liability for compensation 
if personal injury is caused to a worker by 
accident, arising out of and during the course of 
their employment.  

The project will observe the 
requirements (e.g., compensation) 
of workplace injuries and 
accidents.  

• The project proponent has 
to pay the compensation in line 
with the provisions of said law 
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base on kind of injury and case by 
case under section 13 of said law. 

Payment of Wages Law 2016 Regulates how an employer must pay its workers, 
what workers must be paid for and what to do if 
payment is unable to be made.  

Will govern the requirements of 
the payroll requirements of the 
project workforce.  

 

Other Laws  

The Electricity Law (2014) To ensure the compliance with the conditions of 
permission for productions of electricity, abiding 
by any stipulation, implementing with the best 
practices and paying compensation in line with 
above law. It stipulated the following obligations 
of the project proponent. 

• The project proponent has 
to implement the project with the 
best practices to reduce the 
damages on the environment, 
health and socio-economy, also 
will pay compensation for the 
damages and will pay the fund for 
environmental conservation under 
sub section (b) of section 10 of 
said law. 

• The project proponent has 
to take the certificate of electric 
safety, issued by the chief-
inspector, before the 
commencement of power 
generation under section 18 of 
said law. 

• The project proponent has 
to abide by the rules, regulations, 
bye-laws, notifications, orders, 
directives and procedures issued 
by the Ministry in carrying out the 
electrical business contained in 
the permit under section 20 of said 
law. 

• The project proponent has 
to be liable for damages to any 
person or enterprise by failure to 
abide by the quality standards or 
rules, regulation, by-law, order 
and directive issued under said 
law under sub section (a) of 
section 21 of said law. 

• The project proponent has 
to be liable for damages to any 
person or enterprise by negligence 
of project owner under sub section 
(a) of section 22 of said law. 

• The project proponent has 
to pay if damages or losses arise 
to any other electric power user or 
any electrical business due to 
negligence of any electric power 
user, the calculated compensation 
in accord with the method 
prescribed by the Ministry for the 
value of damage or loss under 
section 24 of said law. 

• The project proponent has 
to comply with the permission for 
electric searching and generation 
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under sub section (a) and (b) of 
section 26 of said law. 

• The project proponent has 
to inform promptly to chief-
inspector and head officer of 
related office while occurring of 
accident in electricity generation 
under section 27 of said law. 

• The project proponent has 
to comply with the standards, 
rules and procedure. Moreover, 
will allow the inspection by 
respected governmental 
department and organization if it 
is necessary under section 40 of 
said law. 

• The project proponent has 
to pay the compensation to anyone 
who is injured or caused to death 
in electric shock or fire caused by 
the negligence or omitting of the 
project owner or representative of 
project owner under section 68 of 
said law. 

Natural Disaster Management 
Law (2013) 

To implement natural disaster management 
programs and to coordinate with national and 
international organizations in carrying out natural 
disaster management activities; to conserve and 
restore the environment affected by natural 
disaster and to provide health, education, social 
and livelihood programs in order to bring about 
better living conditions for victims; 

• The project proponent has 
to perform preparatory and 
preventive measures for natural 
disaster risks reduction before the 
natural disaster strikes under sub 
section (a)(i) of section 13 of said 
law. 

• The project proponent has 
to undertake rehabilitation and 
reconstruction activities for 
improving better living standard 
after the natural disaster strikes 
and conservation of the 
environment that has been 
affected by natural disaster under 
sub section (a)(iii) of section 13 of 
said law. 

• The project proponent has 
to carry out better improvement 
on early warning system of natural 
disaster under sub section (b) of 
section 14 of said law. 

• The project proponent has 
to carry out together with the 
measures of natural disaster risk 
reduction in development plans of 
the State under sub section (d) of 
section 14 of said law. 

• Whoever if the natural 
disaster causes or is likely to be 
caused by any negligent act 
without examination or by willful 
action which is known that a 
disaster is likely to strike, shall be 
punished with imprisonment for a 
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term not exceeding three years 
and may also be liable to fine 
under section 25 of said law. 

• Whoever interferes, 
prevents, prohibits, assaults or 
coerces the department, 
organization or person assigned 
by this law to perform any natural 
disaster management shall, on 
conviction, be punished with 
imprisonment for a term not 
exceeding two years or with fine 
or with both under section 26 of 
said law. 

• Whoever violates any 
prohibition contained in rules, 
notifications and orders issued 
under this law shall, on 
conviction, be punished with 
imprisonment for a term not 
exceeding one year or with fine or 
with both under section 29 of said 
law. 

• Whoever willful failure to 
comply with any of the directives 
of the department, organization or 
person assigned by this law to 
perform any natural disaster 
management shall, on conviction, 
be punished with imprisonment 
for a term not exceeding one year 
or with fine or with both under 
sub section (a) of section 30 of 
said law. 

Motor Vehicle Law 2015 Focuses on road safety, including driving licenses, 
and reducing environmental pollution caused by 
motor vehicles.  

Vehicles and project drivers will 
be required to meet the 
requirements of the legislation.  

The Myanmar Engineering 
Council Law (2022) 

To ensure the safety in technical and engineering 
work in the project 

• The project proponent has 
to ensure the employees who are 
engineers abide to the provisions 
of Myanmar Engineering Council 
law, prohibitions included in the 
rules, order and directive issued 
under said law, conditions 
included in the registration 
certificate issued by the Myanmar 
engineering council, under section 
34 of said law. 

• The project proponent has 
to appoint the employees, who 
obtained the registration 
certificate issued by the Myanmar 
Engineering Council, in the 
technical and engineering work, 
under section 37 of said law. 

Myanmar Fire Services Law 
2015 

To ensure to prevent the fire, to provide the 
precautionary material and apparatuses, if the fire 
caused in the project area to be defeated because 
the project is business in which electricity and any 

• The project proponent has 
to institute the specific fire 
services under sub section (a) of 
section 25 of said law. 
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inflammable materials such as petroleum are used. 
So, the project owner has to institute the specific 
fire service in line with the above law. 

• The project owner has to 
provide materials and apparatuses 
for fire precaution and prevention 
under sub section (b) of section 25 
of said law. 

The Petroleum and Petroleum 
Products Law 2017 

Contains provisions on: 

 import, export, transportation, storage, 
refinery, distribution, inspection and testing of 
petroleum and petroleum products 

 issuance of relevant licenses.  

The purpose of the Rules is to ensure the project 
owner’s compliance with the stipulations for 
transportation of oil. The project proponent has to 
abide by the provisions of chapter (3) for 
transportation as well as the provisions of chapter 
(4) for storage. 

Petroleum will need to be 
transported and stored at the 
Bawdwin site for mine operation.  

This law is applicable to the 
project because of the 
transportation and storage of fuel 
in all project phases. The 
obligations of the project 
proponent are; 

• To transport the fuel by the 
vehicle or vessel which is licensed 
by the Ministry of Transportation 
and Communication under sub-
section (a) of section 9; 

• To abide by the procedures 
and conditions specified by the 
Ministry of Transportation and 
Communication under sub-section 
(e) of section 9; 

• To transport after obtaining 
the transportation license issued 
by the Ministry of Natural 
Resource and Environmental 
Conservation under sub-section 
(b) of section 10; 

• To allow inspection by the 
Ministry of Natural Resource and 
Environmental Conservation 
under sub-section (d) of section 
10; 

• To store the fuel in the tank 
which is licensed by the Ministry 
of Natural Resource and 
Environmental Conservation 
under sub-section (a) of section 
10; and 

• To show the sign of danger 
on the tank or container of fuel 
under section 11. 

 

Criminal Matters  

Penal Code (1861) and 
Amending Law 2016 

Prohibits: 

  Water pollution, air pollution and discharges 
of poisonous substances that may harm 
human health or cause injury 

 Explosives causing harm. 

 Public nuisance.  

Relevant to project compliance.  

Source: Technical Guidance Note, Environmental Impact Assessment of Mining (October 2018) 

2.1.2 Institutional framework 

Governance, law and order 
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Myanmar's 2008 Constitution grants the Union Government ultimate ownership of all land and natural resources 
within the country's national territory and the right to amend relevant laws. In 2015, the Constitution was amended 
to include additional powers to be provided to the States over land management, small–scale mining, 
environmental conservation, water–resource development and care of vulnerable groups (children, women, the 
elderly and those with disabilities). Albeit limited, the changes also include powers relating to basic education, 
hospitals and clinics. When enacting new laws or regulations, the States must ensure that the changes are in 
accordance with the law enacted by the Union. 

In addition, the Constitution ensures that active–duty military appointees of the Commander in Chief lead both 
the Border Affairs and Home Affairs ministries at the national level. These ministries have powerful subnational 
mandates and organizational infrastructure in the form of General Administration Departments (GADs). The 
Ministry of Home Affairs and the Ministry of Border Affairs have jurisdiction over policing and immigration. 

Administration 

The Head of the GAD is the Executive Secretary of the Region or State. The Region or State Government Law 
(2010) established the GAD as the body responsible for administration for the State or Region governments. 
Below the state and regions, the District Administrator and Township Administrator are both GAD Officers. The 
Township Administrator provides direction to Village Tract and Ward Administrators. These arrangements ensure 
that the GAD is central to all efforts to coordinate, communicate among and convene other government actors in 
subnational governance. 

In accordance with the administrative structure, the Namtu Township GAD Officer is the focal contact person to 
coordinate and communicate with Namtu and Bawdwin Administrators, including Tiger Camp Administrators. 
The GAD has various key roles, including population registration, land registration, and many forms of tax 
collection.  

At the village level, the Ward or Village Tract Administration Law, first passed in 2012, introduced elections for 
the appointment of Ward or Village–Tract Administrators (W/VTAs). Previously, no elections were held, and 
GAD township administrators directly appointed W/VTAs. Since the first round of elections in late 2012, the law 
has been amended twice (in January 2016 and December 2016), altering the election process. Under the current 
system, representatives from each household elect a Household Leader which represents 10 households, who in 
turn elect a Household Leaders to represent 100 households. If there is only one elected Household Leader 
representing 100 households, he/she will automatically become the W/VTA. Where there are multiple Household 
Leaders representing 100-households, household representatives vote again to elect a W/VTA. The process is 
overseen by a Supervisory Board of five elders, appointed by the Township Administrator. 

An overview of the Myanmar administrative structure is presented in Error! Reference source not found.. 

The justice system 

Most cases of dispute begin in a Village or at the Ward level and proceed to the Township Court (the lowest level) 
or District Courts, and decisions of these courts may be appealed to a High Court, also known as the State or 
Divisional Court, and ultimately to the Supreme Court. The Supreme Court has singular jurisdiction in certain 
matters as set out in Section 295 of the Myanmar Constitution. The Supreme Court is the highest court of the 
Union, although this does not impact upon the powers of the Constitutional Tribunal and the Courts-Martial. It is 
constituted by a Chief Justice and a minimum of seven to a maximum of 10 judges. It has judicial officers who 
undertake research and assist the Supreme Court judges. In addition, law officers, appointed by the Attorney 
General’s office, act as public prosecutors in all courts. The Supreme Court is the court of final appeal and has 
appellate jurisdiction to decide judgments passed by State and Regional High Courts, and judgments of the other 
courts in accordance with the law.  

Ministry of Natural Resources and Environmental Conservation structure 

MONREC has a number of departments and enterprises as shown in Figure 2.5 consisting of: 

 Union Minister’s office. 

 Environmental Conservation Department (ECD). 
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 Dry Zone Greening Department. 

 Forest Department. 

 Myanmar Timber Enterprise. 

 Geological Survey and Mineral Exploration. 

 Department of Mines. 

ECD is responsible for administering the EIA process for the Bawdwin project and if approved, regulating 
operations against the ECC that is issued. Mining operations at Bawdwin will also be regulated by the Department 
of Mines, Department of Geological Survey and Mineral Exploration (DGSE) and ME-1.  

Various ancillary permits and approvals will be required from relevant Myanmar government authorities for 
specific aspects of the Bawdwin project, such as water usage, upgrading of public roads, building construction 
and on-site health and safety. A number of these permits will need to be applied for at the local Township 
government level, being Namtu Township.  

2.1.3 National policies and standards 
The Myanmar National Environmental Policy (2019) provides long-term guidance for government organisations, 
civil society, the private sector and development partners to achieve environmental protection and sustainable 
development objectives in Myanmar. The policy builds on Myanmar’s National Environmental Policy (1994). 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 2 
E Guard Environmental Services|  2-43

 

 

 

Figure 2.4 Myanmar administrative structure
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Figure 2.5 Organisational structure of the Ministry of Natural Resources and Environment 
Conservation (MONREC) 
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The National Environment Policy outlines 23 principles as the guiding framework for achieving: a clean 
environment and healthy, functioning ecosystems; sustainable economic and social development; and the 
mainstreaming of environmental protection and management. It is intended that the policy will be implemented 
through a series of master plans both at the national levels but also by thematic area and sectors.  

National Environmental Quality (Emission) Guidelines 

The National Environmental Quality (Emission) Guidelines (16/12/2014) (referred to as NEQ Guidelines) 
provide the basis for regulation and control of noise and vibration, air emissions, and liquid discharges to 
prevent pollution to protect human and ecosystem health. 

The NEQ Guidelines have been primarily based on the IFC Environmental Health and Safety (EHS) Guidelines, 
which provide technical guidance on good international industry pollution prevention practice for application in 
developing countries. The NEQ Guidelines are generally considered to be achievable in new facilities by 
existing technology at reasonable costs. 

General and industry-specific guidelines are set out in Annex 1 – Emissions Guidelines. Section 2.7 of the 
Annex sets out emissions guidelines for mining, which will apply to effluent discharges from the Bawdwin mine 
site. Section 1.0 General Guidelines will apply to all other project activities unless they are covered by industry-
specific guidelines. 

The general and applicable industry-specific guidelines are included in the project environmental management 
plan (EMP) and ECC and together constitute the project’s commitment to manage its discharges to air, land and 
water. 

Other applicable Myanmar policies, plans and strategies 

Other Myanmar policies, plans and strategies relevant to the project in addition to those described above are 
provided in Table 2.3.   

Table 2.3 Other Myanmar policies, plans and strategies relevant to the project 

Document Objective, scope and purpose Relevance to the project 

Environmental 

Environmental Policy 1994 Aims to achieve balance between socio-economic, 
natural resources and environmental aspects through 
the integration of environmental considerations into 
the development process. 

Relevant to general project design 
and environmental compliance.  

National Environment 
Policy of Myanmar 2017 

Provides guidance for government, civil society, 
private sector and development partners to achieve 
environmental protection and sustainable 
development objectives.  

Relevant to general project design, 
project rationale and 
environmental compliance. 

Myanmar Agenda 21 1997 Provides a blueprint for natural resource 
management, environmental conservation and 
activities that contribute to biodiversity 
conservation. 

Relevant to general project design 
and environmental compliance. 

Myanmar Sustainable 
Development Plan (2018 – 
2030) 

The Myanmar Sustainable Development Plan 
(MSDP) outlines a long-term vision of a peaceful, 
prosperous and democratic country. The MSDP is 
the integration and distillation of existing plans 

and priorities. 

Relevant to general project design, 
project rationale and 
environmental and social 
standards. 

National Sustainable 
Development Strategy for 
Myanmar 2009 

Supports the goals of sustainable management of 
natural resources, integrated economic 
development and sustainable social development. 

Relevant to general project design, 
project rationale and 
environmental compliance and 
social standards. 
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Document Objective, scope and purpose Relevance to the project 

Environmental Impact 
Assessment Procedure 
(2015) 

Provides the procedures for environmental 
screening, scoping, preparation of an lEE, 
preparation of EIA, preparation of and 
Environmental Compliance Certificate (ECC). 

Delineates responsibilities for monitoring 
compliance with Environmental Management Plans 
(EMPs) and ECCs. 

Details the requirements of an 
EIA and the approvals process to 
be followed.  

Technical Guidelines for 
Environmental Impact 
Assessment (2017) 

Provides technical guidance for assessing 
environmental impacts and preparation of the IEE 
and EIA reports. 

Provides guidance on the 
preparation of the EIA relating to 
the project.  

National Environmental 
Quality (Emission) 
Guidelines (2015) 

Provides emission and effluent discharge guideline 
levels for different sectors and technologies. 

As described above.  

Forest Policy 1995 To ensures that Myanmar's forest resources and 
biodiversity are managed sustainably to provide a 
wide range of social, economic and environmental 
benefits.  

Aims to maintain 30% of the country's total land 
area under Reserved Forest and Public Protected 
Forest and 5% of total land area as Protected Areas.  

The 30-year National Forestry Master Plan (2001/02 
to 2030/31), prepared in the year 2000, has a goal of 
expanding PAs to 10% of the country's total land 
area. 

It is not anticipated that significant 
impact to forested areas will result 
from the project.  

Myanmar Climate Change 
Policy 2017 

Aims to: 

 Take and promote climate change action on 
adaptation and mitigation in Myanmar; 

 Integrate climate change adaptation and 
mitigation considerations into Myanmar's 
national priorities and across all levels and 
sectors in an iterative and progressive manner;   
and 

 Take decisions to create and maximise 
opportunities for sustainable, low-carbon, 
climate-resilient development, ensuring benefits 
for all. 

Limited relevance to the project 
with the exception of promoting 
energy efficiency and minimising 
GHG emissions.  

 

Myanmar Climate Change 
Strategy and Action Plan 
2016-2030 (draft) 

Outlines Myanmar’s long-term goal by 2030, 
Myanmar has achieved climate-resilience and 
pursued a low-carbon growth pathway to support 
inclusive and sustainable development. 

Limited relevance to the project 
with the exception of promoting 
energy efficiency and minimising 
GHG emissions.  

Mining 

Order for Permit Holder to 
comply with prevention of 
Detrimental Effects on the 
Environment due to Mining 
Operations (2004) 

The order is issued under the Mining Law Article 39 
(b) 

This is the order for the Mining Permit holder to 
systematically discharge the waste rock and tailing 
from mining process to prevent pollution of river 
water and the watershed area 

Relevant to project planning and 
operations.  

Source: Adapted from Technical Guidance Note, Environmental Impact Assessment of Mining (October 2018) 
 

International agreements ratified in Myanmar 

Table 2.4 summarises the international agreements including treaties, conventions and protocols relevant to the 
project and its implementation, and to which the government of Myanmar has ratified.  
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Table 2.4 International conventions ratified by Myanmar 

Sector International conventions  

Environment, 
climate and heritage 

Plant Protection Agreement for the Southeast Asia and Pacific Region, Rome 1956 

Montreal Protocol on Substances that Deplete the Ozone Layer, Montreal 1987 

London Amendment to the Montreal Protocol on Substance that Deplete the Ozone Layer, 
London 1990 

United Nations Framework Convention on Climate Change, New York 1992 

United Nations Paris Agreement, Paris 2015 

Convention on Biological Diversity, Rio de Janeiro 1992 

The Convention Concerning the Protection of the World Cultural and Natural Heritage, Paris 
1972 

Convention on the Means of Prohibiting and Preventing Illicit Import, Export and Transfer of 
Ownership of Cultural Property 1970 

Convention on International Trade in Endangered Species of Wild Fauna and Flora, Washington 
DC 1973 and amended in Bonn, Germany 1979 

Convention on the Safeguarding of the Intangible Cultural Heritage 

UNESCO World Heritage Convention Concerning the Protection of the World Cultural and 
Natural Heritage 

ASEAN Agreement on Conservation of Nature and Natural Resources, Kuala Lumpur, 1985 

Kyoto Protocol to the Convention on Climate Change, Kyoto 1997 

ASEAN Agreement on Trans-boundary Haze Pollution 

Establishment of ASEAN Regional Centre for Biodiversity 

Convention on the Prohibition of the Development, Production, Stockpiling and Use of Chemical 
Weapons and their Destruction, Paris 1993 

Health, Labour and 
Social 

Universal Declaration of Human Rights 

Convention on the Rights of the Child, 1991 

Convention on Elimination of All Forms of Discrimination against Woman 

Relevant Myanmar International Labour Organisation Conventions  

Hours of Work in Industry 

Weekly Rest in Industry 

Workmen’s Compensation of Accidents 

Equality of Treatment on Accident Compensation 

Minimum Wage Fixing Machinery 

Freedom of Association and Protection of the Right to Organise 

Workmen’s Compensation of Occupational Diseases 

Holidays with Pay 

Forced Labour Convention 
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2.1.4 International standards and guidelines 
Various international standards and guidelines exist in relation to the construction, operation and closure of 
mines. International standards and guidelines that are relevant to preparation of the EIA include: 

 The World Bank Environmental and Social Framework (The World Bank 2018) – which sets out the World 
Bank’s commitment to sustainable development, through a Bank Policy and a set of Environmental and 
Social Standards that aim to end extreme poverty and promote shared prosperity. 

 The Equator Principles III (EPFI 2020) – consists of ten principles including (but not limited to) 
environmental and social assessment, stakeholder engagement, and reporting.  

 IFC Performance Standards on Environmental and Sustainability (IFC 2012) – provides guidance on how to 
identify risks and impacts, and are designed to help avoid, mitigate, and manage risks and impacts as a way 
of doing business in a sustainable way, including stakeholder engagement and disclosure obligations of the 
client in relation to project-level activities.  

 IFC Stakeholder engagement: a good practice handbook for companies doing business in emerging markets 
(IFC 2007a) – provides guidance on conducting effective stakeholder engagement.  

 World Bank Group Guidelines:  

- Environmental, Health and Safety General Guidelines (IFC 2007b) – technical reference document 
describing examples of Good International Industry Practice, and addressing matters such as 
environmental, occupational health and safety, community health and safety, and construction and 
decommissioning, as well as sector-specific issues. 

- Environmental, Health and Safety Guidelines for Mining (IFC 2007c) – technical reference that provides 
guidance on environmental, health and safety issues potentially applicable to mining projects. 

 IFC Stakeholder Engagement: A Good Practice Handbook for Companies Doing Business in Emerging 
Markets (2007). 

 IFC Handbook for preparing a resettlement action plan (IFC 2002) – provides guidance in the planning and 
execution of involuntary resettlement for private sector projects.  

 International Labour Organization standards – consist of standards, instruments and codes of practice 
covering topics related to labour including child labour, employment security, migrant workers, indigenous 
and tribal peoples, working time, and occupational safety and health.  

 International Organization for Standardization standards including ISO 14000, which outlines standards 
related to environmental management to minimise impacts on the environment and to promote continuous 
improvement. 

 Leading best practice guidelines published by the Australian Government – technical guidance on leading 
practice sustainable development management covering a range of aspects relating to mining including (but 
not limited to): tailings management, managing acid and metalliferous drainage, mine closure and 
completion, stewardship, and community engagement and development.  

 International Council of Mining and Metals (ICMM) – technical guidance and guidelines on leading 
practice sustainable development management covering a range of aspects relating to mining including (but 
not limited to) tailings management, environmental management, social performance, community health, 
mine closure, community relations, health and safety, resettlement and biodiversity aspects. 
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2.2 Corporate policies 
BJV has a number of corporate policies relevant to the project including: 

 Occupational Safety and Health Policy. 

 Fitness for Work Policy. 

 Drugs and Alcohol Policy. 

 Environmental Policy. 

 Community Engagement Policy. 

 Lead Management policy. 

 Preferential Employment Policy. 

 Cultural Heritage Policy. 

BJV is committed to high standards of environmental performance, community cooperation and the principles 
of sustainable development. The environmental and socio-economic assessments for the project have been 
developed to comply with corporate policies and standards, and to align with relevant international standards. 

Sustainability is a core principle of BJV. Operating sustainably with strong governance achieves lasting benefits 
for stakeholders and the environment. BJV commits to:  

 Act ethically and transparently with stakeholders. 

 Ensure a safe and healthy workplace. 

 Be responsible custodians of the environment. 

 Respect human rights and the customs of stakeholders. 

 Be gender inclusive. 

 Engage with local communities to provide employment opportunities and improve essential infrastructure 
and services.  

 Comply with all laws and regulations as they apply to the business. 

 Employ best mining practises to maximise the value realised for all stakeholders. 

BJV is committed to developing short, medium and long-term strategies to address the community’s desire and 
need for employment. BJV will provide education and training and invest in social programmes, including 
offering opportunities for small businesses to build local supply chains for the mine and develop infrastructure 
that can improve community livelihoods while also serving the project. 

2.3 Environmental guidelines adopted for the EIA 
BJV intend to meet all Myanmar laws and rules as well as appropriate international standards. Where Myanmar 
laws and rules are silent or set a lower standard of environmental and social performance the IFC Performance 
Standards and Environmental, Health and Safety General guidelines have been adopted as the key default 
standards. Where relevant other international standards referred to above have also been adopted. 

BJV will align the project with identified guidelines for various environmental and social aspects of the mine 
redevelopment. General and specific guidelines are set out in Annex 1 – Emissions Guidelines – of the NEQ 
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Guidelines. Section 2.7 of these guidelines refer specifically to the mining sector, however, only provide 
requirements for effluent discharge from the mine site.  

As such, general NEQ Guidelines have been be applied when possible and relevant external guidelines have 
been considered in addition to these, as described below.   

2.3.1 Water quality 
Discharges to water in Myanmar are regulated through the ECC. Should an ECC for the project be granted, the 
operation will need to comply with a number of conditions, one of which will be the prescribed water quality 
standards at the downstream limit of a site-specific mixing zone. The ECC will also contain conditions allowing 
the abstraction of surface water for use in the project. 

The NEQ Guidelines provide indicative guidelines for sanitary sewer discharges. The project-specific 
requirement is that the final effluent quality for secondary treatment of sewage will be in accordance with NEQ 
Guidelines, the IFC’s general EHS guidelines (IFC 2007b). 

In addition to the NEQ Guidelines, the IFC Environmental, Health and Safety Guidelines for Mining (IFC 
2007c) provide water quality guidelines for discharge of effluent from open-pit mining and milling operations. 
The specified limits are applicable to effluent discharged to receiving waters from tailing impoundments, mine 
drainage, sedimentation basins, sewage systems, and stormwater drainage. These levels should be achieved 
(without dilution) at least 95% of the time that the plant or unit is operating, to be calculated as a proportion of 
annual operating hours. These guidelines also state that discharges to surface water should not result in 
contaminant concentrations in excess of local ambient water quality criteria outside a scientifically established 
mixing zone (IFC 2007c).  

Notwithstanding the statutory need to meet the requirements of the NEQ Guidelines, additional standards and 
guidelines for ambient water quality considered in this EIA include the Australian and New Zealand Guidelines 
for Fresh and Marine Water Quality, Australian and New Zealand Governments and Australian state and 
territory governments (ANZG 2018). Additionally, water intended for human consumption and use shall be 
treated (if required) to meet Myanmar’s proposed national drinking water quality standards (NWRC, 2014). 

2.3.2 Air quality 
The NEQ Guidelines state that projects with significant sources of air emissions should ensure that ambient air 
quality guidelines are not exceeded. The Myanmar Mining EIA Guidelines (Myanmar Mining EIA Guidelines 
Working Group, 2018) outline ambient air quality standards for sulfur dioxide, nitrogen dioxide, particulate 
matter and ozone. In the absence of additional criteria, the NEQ Guidelines default to the WHO air quality 
guidelines (WHO 2000).  

A set of ambient air quality criteria was developed specifically for the Bawdwin project, primarily from a 
combination of the following guidelines: 

 The Myanmar Mining EIA Guidelines (Myanmar Mining EIA Guidelines Working Group, 2018). 

 WHO air quality guidelines for Europe (WHO 2000). 

 Ontario Ministry of the Environment and Climate Change’s Ontario Ambient Air Quality Criteria (OMECC 
2019). 

 National Institute for Occupational Safety and Health Registry of Toxic Effects of Chemical Substances 
(NIOSH 2017). 

 Texas Commission on Environmental Quality, Texas Air Monitoring Information System (TAMIS) 
database (TCEQ 2019). 

 Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales (NSW EPA 
2017). 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 2 
E Guard Environmental Services|  2-51

 

 United States Environmental Protection Authority National Ambient Air Quality Standards (USEPA 2010). 

The NEQ Guidelines stipulate air emission standards for power station emissions (sulfur dioxide, nitrogen 
dioxide and particulate matter) at the point of discharge. 

2.3.3 Noise  
The NEQ Guidelines specify noise levels that should not be exceeded during daytime and night time. Additional 
guidance on noise criteria has been considered including: 

 Myanmar draft National Environmental (Emission) Quality Guidelines (2014). 

 IFC environmental health and safety guidelines for noise (IFC 2007b). 

2.3.4 Biodiversity 
Terrestrial and aquatic biodiversity assessments were carried out with consideration of: 

 The International Union for Conservation of Nature (IUCN) Red List which is the world’s most 
comprehensive information source on the global conservation status of wild species and the links to 
livelihood.  

 IFC Performance Standard 6 (PS-6) which addresses how proponents can sustainably manage and mitigate 
impacts to biodiversity and ecosystems serviced throughout the project’s lifestyle (IFC 2012c). 

 Myanmar’s National Biodiversity Strategy and Action Plan which integrates conservation and the 
sustainable use of biodiversity (GoM 2011).  

2.3.5 Cultural heritage  
Myanmar is a ‘State Party’ to the UNESCO World Heritage Convention Concerning the Protection of the World 
Cultural and Natural Heritage. As a State Party, Myanmar has a duty to ensure the identification, protection, 
conservation, presentation and transmission to future generations of the country’s cultural heritage. 

As no Myanmar specific guidelines exist for cultural heritage assessment, the guidelines in the Burra Charter, 
established by the International Council on Monuments and Sites (ICOMOS), were used in conjunction with 
legislation outlined in Table 2.2. ICOMOS is a global, non-government organisation which works for the 
conservation and protection of heritage places (ICOMOS 2017). The Burra Charter emphasises that the policy 
for managing a place must be based on an understanding of its cultural significance. Significance is defined as 
“aesthetic, historical, scientific, social or spiritual value for the past, present or future generations” (ICOMOS 
2013).  

In addition, IFC Performance Standard 8 (Cultural Heritage) (IFC, 2012) has been considered, which provides 
guidance in minimising adverse impacts to cultural heritage from project activities and supporting its 
preservation.  

The International Committee for the Conservation of the Industrial Heritage (TICCIH) TICCIH's Nizhny Tagil 
Charter for the Industrial Heritage (TICCIH, 2003) was also considered regarding technological significance 
criteria. TICCIH is the international society which focuses on the study, protection, promotion and interpretation 
of industrial heritage around the world. 

2.3.6 Socioeconomic 
The assessment for the Bawdwin project’s socioeconomic component has been guided by the Myanmar Mining 
EIA Guidelines (2018). These define an environmental impact as “any change in an environmental and social 
component brought about by project activity”. Other guidance has been considered including: 

 World Bank’s Environmental and Social Framework (WB 2017). 
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 The Equator Principles (EPFI, 2020). 

 International Council on Mining and Metals (ICMM) Sustainable Development Framework (ICMM, 2012). 

2.3.7 Resettlement 
The main international guide adopted for approach to resettlement is IFC Performance Standard 5 (Land 
Acquisition and Involuntary Resettlement), which is one of the key international standards regarding 
resettlement and livelihood replacement. Adherence to Performance Standard 5 is supported by the draft IFC 
Good Practice Handbook: Land Acquisition and Resettlement (2019 draft). Whilst still in preliminary draft form 
for review and discussion, the handbook provides good practice guidance regarding design and implementation 
of a resettlement program. Myanmar land and land tenue laws, including the Land Acquisition, Resettlement and 
Rehabilitation Law 2019, were also considered. 

Other international guidelines considered included: 

 The World Bank Environmental and Social Framework (The World Bank, 2017). 

 The Asian Development Bank Environment and Social Safeguards, in particular Safeguard 2. 

 The Equator Principles (EPFI, 2013). 

 International Council on Mining and Metals (ICMM) Sustainable Development Framework (ICMM, 2012). 
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3 Assessment of alternatives 

This chapter presents the assessment of options analysis for key components of the Bawdwin project. A number 
of options have been identified for the development of the Bawdwin mine. These include options for mining, 
processing, site access, ore transportation, water and power supply, and tailings storage facilities.  

The rationale for the Bawdwin project is based on a combination of economic, engineering, environmental and 
social considerations. WMM intends to deliver a mining operation that is safe and sustainable, and which delivers 
value to stakeholders. This will be achieved by constructing and operating an expanded open pit mine and building 
a range of new infrastructure components including an ore processing plant, waste rock and tailing storage 
facilities, accommodation facilities and power station. The assessment of alternatives has been progressively 
refined over the duration of scoping, pre-feasibility and feasibility studies. 

3.1 Method of analysis of alternatives 
Key constraints considered in the assessment of alternative development options are: 

 Economic constraints that are driven by factors including the characteristics of the mineral deposits, 
project development expenditure, and the need for the proponent to be in a position to extract and process 
the ore in a profitable manner. 

 Physical constraints including the location of the mineral deposits, a lack of enabling infrastructure and 
the climatic, topographic and geotechnical constraints imposed by the landscape. 

 Environmental constraints including prevailing environmental conditions and sensitivities of the 
project’s setting focussing on water (surface water and groundwater), land (including biodiversity and 
soils) and air. 

 Social constraints including economic, social, health and cultural heritage components, and the location 
of existing communities. 

Consideration, modification and refinement of the project has included evaluation of a range of alternatives. These 
include: 

 Alternative mining and ore processing methods. 

 Alternative mine size and rate of processing. 

 Design and location of mine waste storages. 

 Alternative locations of project infrastructure. 

The assessment of project alternatives was an iterative process that has been developed in each feasibility stage, 
whereby the level of accuracy and detail has been progressively improved. The main project evolution stages 
were: 

1. Scoping assessment completed in September 2018. This assessed a wide range of alternative cases and 
recommended a large-scale open pit mine operation targeting mainly fresh sulphide mineralisation with 
a small amount of near surface oxide and transitional mineralisation with a 13-year mine life at a 
processing at a throughput of 1.8 Mt per year. 

2. Pre-feasibility study completed in May 2019. This expanded the proposed mine pit and developed the 
concept for an integrated waste landform (for dry tailings and waste rock). The mineral processing 
throughput capacity was 2 million tonnes per annum (2 Mtpa) of ore over a 13-year mine life.  
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3. Definitive feasibility study completed in Quarter 4 2020, which featured a number of significant changes, 
reflecting improved geological understanding of the orebody and mineral processing characteristics. 
These key changes were as follows: 

 The proposed pit size and shape was refined.  

 The mineral processing rate was increased to 3 Mtpa. 

 The overall project infrastructure configuration was changed, with the processing plant moving to 
the north of the concession.  

 The concept of an integrated waste landform was replaced by three thickened tailings storage 
facilities and a separate waste rock dump.  

 There were also changes to the site access route, water supply, electrical power supply and 
accommodation camp location.  

Available options were first assessed in isolation for specific Project elements. Some were then combined, and 
the analysis was re-run to confirm the preferred option. 

3.2 No project alternative 
An important option to consider is whether or not to proceed with the project. If the project is not developed by 
WMM the existing environmental, social and health conditions at the site will largely remain. The project area is, 
however, a current mining concession and one of the obligations of this concession is for lead-zinc ore extraction 
and processing. If WMM were not to develop the project the concession would need to be relinquished to ME1 
and it is not known what the outcome of this may be. The concession may be released to another party for 
development, or it could sit undeveloped, but this may result in the current local employees tied to the operation 
being made redundant and the current benefits of low rent housing and electricity also being withdrawn.  

Benefits and disadvantages of the no project alternative were considered and are described below.  

3.2.1 Benefits  
Potential benefits of the project not being developed, i.e., the ‘no project’ alternative (assuming the concession 
area remains as is) include: 

 There will be no resettlement of the Bawdwin and Tiger Camp communities. 

 Alternative land use options may become available for the concession area (e.g., development of 
mine/rail related tourism). 

 The amenity levels of the communities will largely remain as is with no increases in dust, noise or 
vibration impacts. 

 The cultural heritage value of the area will not be affected (natural deterioration of structures and sites 
may occur over time). 

 Communities and residents along the roads and rail corridor will not experience any impacts due to 
amenity issues, road construction, displacement, or safety risks associated with increased traffic. 

 The Nam La catchment will not be subject to any project related adverse effects to water quality or water 
quantity. 

 There will be no increase to the existing mine footprint and no new tailing storage or waste rock dumps 
will be introduced to the area, thereby avoiding related vegetation clearance, sediment/water quality 
issues and long-term stability risks. 
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3.2.2 Disadvantages 
Disadvantages of the project not being developed (i.e., no project) include loss of the project-derived social and 
economic benefits and loss of the potential to resolve or reduce the current environmental and health legacy issues.  

If constructed, the project will be one of the largest mines in Myanmar and has the potential to generate significant 
economic benefits at the local, regional and national level. If the project does not proceed, the following direct 
and indirect benefits to the Myanmar economy would not occur: 

 Direct financial benefits including: 

- Royalties and dead rent paid to the Union of Myanmar (the amount that has to be paid by the lessee 
to the lessor whether or not he has derived benefit from the asset). 

- Corporate income taxes paid to the Union of Myanmar by the WMM. 

- Indirect taxes paid to the Union of Myanmar including, commercial tax; withholding tax; and 
personal income tax.  

- An additional profit share tax as governed by the amended Production Sharing Contract or agreement.  

 Support to local businesses (existing and new) through preferential procurement policies for local goods 
and services.  

 Employment, training and capacity building of Myanmar workers.  

 Wages paid to employees of WMM and contractors.   

 Contributions to national mineral export revenue, total export revenue and GDP. 

 Strategic community-level investments by the WMM in services, infrastructure, local business and 
livelihood development. 

The long history of mining and processing in the Bawdwin mine area has resulted in existing environmental 
degradation and legacy issues, which in turn present health risks to the local population. The existing degradation 
includes: 

 Poor water quality of the watercourses draining the area, with high levels of heavy metals, high nutrient 
loads and mine-related sedimentation. This is due to historical and current discharges from the mine, 
contact with natural mineralisation and historical mine wastes, current waste and sewage disposal 
practices, sedimentation from the waste rock dump and stream-bed mining. 

 Degraded aquatic ecosystems due to physical impacts to stream beds and the poor water quality. While 
the aquatic ecosystem has been heavily impacted it still supports some aquatic life such as fish. 

 Biodiversity loss due to historical deforestation and human pressures associated with the mine 
populations. 

 Heavily modified landscape and landform due to historical mining activities, which include the open cut 
and mine related infrastructure. 

The levels of lead measured in environmental media in Bawdwin indicate that residents are potentially exposed 
to elevated lead (and other metals) via multiple media and exposure pathways. The existing exposures may pose 
a serious health risk to the population in this area. There is an opportunity for the project to improve community 
health in the Bawdwin communities by resettling communities away from these hazardous locations to lower risk 
locations. Resettlement may also provide additional benefits in the form of improved access to essential services 
(clean water, electricity, sanitation) and housing conditions.  

If the project does not proceed, the legacy mining contamination and exposure to hazards affecting human 
health will not be addressed and opportunities to improve land capability during rehabilitation will be forgone. 
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Other beneficial outcomes from resettlement such as improved quality of housing and improved access to 
resources will also not be realised.  

3.3 Alternatives considered 
A high-level overview of the alternatives considered for key elements of the Project is provided in Table 3.1. 
The following sections (Table 3.2 to Table 3.8) further describe the assessment rationale for each of the key 
aspects, which include alternatives for: 

 Mining method. 

 Options for mineral processing. 

 Tailings management and storage. 

 Waste rock storage. 

 Project water supply. 

 Power supply. 

 Site access and supply/export route. 
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Table 3.1 Overview of alternatives investigated and preliminary assessment 

 Aspect 
 Alternatives Investigated (preferred option in bold) 

Constraints 

Engineering  Cost Environment Social 

Mining method 

Expand the existing open pit mine Low Moderate Moderate Moderate 

Expanded the existing open pit plus develop new satellite pits Low Moderate Moderate Moderate 

Develop an underground mine Moderate High Low Low 

Mineral processing infrastructure 

Construct a new concentrator plant at Bawdwin and export 
mineral concentrate(s) 

Low High Low Moderate 

Upgrade current processing infrastructure at Bawdwin 
(concentrator plant) and Namtu (smelter and refinery).  
Concentrate minerals at Bawdwin and then transport 
concentrates for smelting and refining at Namtu, to produce 
metal products 

Moderate Moderate Moderate Moderate 

Construct a new concentrator plant at Bawdwin and a smelter 
and refinery (multiple locations considered). 

High High Moderate Moderate 

Location and type of tailings 
storage facility (TSF) 

Construct a complex of interconnected TSFs within the 
Bawdwin concession, using conventional thickened tailings 

High  Moderate High Moderate 

Construct a single TSF outside the Bawdwin concession, using 
conventional thickened tailings  

High Moderate High Moderate 

Construct a TSF within the Bawdwin concession, by dry-
stacking filtered tailings 

High  High Moderate Moderate 

Location of waste rock dump 

Construct multiple waste rock dumps around the open pit  Moderate Low Moderate Moderate 

Construct waste rock dump(s) outside the Bawdwin Concession High High Moderate Moderate 

Construct a single waste rock dump in Wallah Valley Moderate Moderate Low Moderate 

Process water supply 

Construct a reservoir to harvest and store water from the 
Nam La stream, and also abstract water from the Nam 
Pangyun stream   

Low Low Moderate Moderate 

Pump groundwater from the underground workings via the 
Marmion shaft . 

High High Low Low 

Construct a new pipeline to abstract water from the Namtu 
River and pump it to Bawdwin 

Moderate Moderate Moderate Moderate 
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 Aspect 
 Alternatives Investigated (preferred option in bold) 

Constraints 

Engineering  Cost Environment Social 

Re-use return water from the tailings storage facility and/or 
concentrate filter plant 

Moderate Moderate Low Low 

Power supply 

Connect to the existing hydropower station at Mansam Falls High High  Low Low 

Connect to the national grid Low Low Low Low 

Construct a dedicated on-site power station Low Moderate Low Low 

Site access (goods and service 
supply options) 

Construct an  access road between Tiger Camp and Namtu 
along the existing railway corridor and a second access 
road between Tiger Camp and the process plant 

Moderate Moderate Low High 

Use the existing public road between Manton and Namtu High High Low Moderate 

Use the existing railway between Tiger Camp and Namtu and 
construct an access road between Tiger Camp and the process 
plant 

Moderate Moderate Low Low 
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Table 3.2 Assessment of alternatives for mining method  

Aspect Selected Option Alternative 1 Alternative 2 

Mining method Expanded open pit mine Expanded open pit plus new satellite deposits Underground mine 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Lower overall cost in 
comparison to 
underground mining. 

 Greater ability to 
increase mining rate 
compared to 
underground mining.  

 Simpler mining 
method to execute 
compared to 
underground mining.  

 Safer mining technique 
as underground mining 
within the existing 
underground workings 
is difficult and poses 
elevated safety risks to 
personnel. 

 Requires larger waste 
rock dumps compared 
to more selective 
mining such as 
underground mining.   

 Lower overall cost 
in comparison to 
underground 
mining 

 Ability to increase 
mining rate 
compared to 
underground 
mining,  

 Increased Mining 
Reserve due to 
multiple sources of 
ore available. 

 Higher costs of mining 
compared to a single 
open pit. 

 Requires larger waste 
rock dumps compared 
to more selective 
mining such as 
underground mining.   

 Lower waste 
rock 
movement 
than for open 
pit mining 
options 

 Higher ore 
grade. 

 The nature of the Bawdwin 
ore body is such that most of 
the resource cannot be 
accessed via underground 
mining methods.  

 Higher cost of mining 
compared to open pit mining 
for an orebody like 
Bawdwin. 

 Lower annual production 
rates compared to an open 
pit operation. 

 Less able to increase mining 
rate compared to open pit 
mining. 

 Insufficient knowledge of 
the orebody at depth due to 
limits on drilling depth from 
surface, and hence limited 
confidence in return on high 
investment for underground 
development. 

 Existing historical workings 
and underground tailings 
placement impose a range of 
engineering and safety 
constraints. 
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Aspect Selected Option Alternative 1 Alternative 2 

Mining 
method 

Expanded open pit mine Expanded open pit plus new satellite deposits Underground mine 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Environmental 
(land, water, 
air, 
biodiversity) 

 Potentially less 
interaction with 
groundwater than 
underground mining. 

 Larger surface area 
disturbance compared 
to underground 
mining. 

 Large area required for 
waste rock dump/s. 

 River diversion 
required. 

 Mineralised material 
stored at surface with 
potential for 
metalliferous drainage 
issues if not properly 
managed. 

 More landforms to 
rehabilitate and close 
and hence higher 
closure cost liabilities 
compared to 
underground mining 
option.  

 Higher emissions to 
environment (e.g., dust 
and sediment) 

 Potentially less 
interaction with 
groundwater 
aquifers than 
underground 
mining. 

 

 Larger surface area 
disturbance compared 
to underground mining. 

 Large area required for 
waste rock dump/s. 

 River diversion 
required. 

 Mineralised material 
stored at surface with 
potential for 
metalliferous drainage 
issues if not properly 
managed. 

 More landforms to 
rehabilitate and close 
and hence higher 
closure cost liabilities 
compared to 
underground mining 
option.  

 Higher emissions to 
environment (e.g., dust 
and sediment) 
compared to 

 Low surface area 
disturbance. 

 River diversion less 
likely to be required 
compared to open pit 
option. 

 Low mine storage 
requirements and lower 
issues associated with 
drainage and surface 
water management 
compared to open pit 
options. 

 Lower closure liability 
issues compared to open 
pit mining options. 

 Less emissions to 
environment (e.g., dust 
and sediment) compared 
to open pit mining. 

 Reduced water 
consumption compared 
to underground mining 
operations. 

 Potentially greater 
interaction with 
groundwater. 

 Possibly greater 
dewatering 
requirement to 
keep deeper 
underground 
workings dry 
compared to 
surface mining, 
and hence greater 
discharges to Nam 
Pangyun. 
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Aspect Selected Option Alternative 1 Alternative 2 

Mining 
method 

Expanded open pit mine Expanded open pit plus new satellite deposits Underground mine 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Social (safety, 
community, 
health, 
cultural 
heritage) 

 Safer for mine 
workforce than 
underground mining. 

 Displacement of 
Bawdwin villagers 
(requiring 
resettlement). 

 Removal of some 
historic mine 
infrastructure with 
associated impacts to 
some cultural heritage. 

 Higher visual and 
amenity (e.g., noise 
and dust) impacts

 Safer for mine 
workforce than 
underground 
mining. 

 Displacement of 
Bawdwin villagers 
(requiring 
resettlement). 

 Removal of some 
historic mine 
infrastructure with 
associated impacts to 
some cultural heritage. 

 Higher visual and 
amenity (e.g., noise 

d d t) i t

 Potentially less 
displacement of 
communities due to 
underground mining, 
although some may be 
required for surface 
infrastructure and TSFs. 

 Less removal of historic 
mine infrastructure. 

 Likely lower dust and 
noise emissions. 

 Lower visual and

 Higher safety risk 
to mine workforce. 

Chosen 
method and 
reason for 
selecting 

The topography and location of the Bawdwin mineral resource constrains options for extraction of the ore. The nature of the Bawdwin ore body, constraints imposed by 
historical underground mining and the higher costs associated with developing and operating an underground mine means that underground mining is the least preferred 
option.  

Feasibility studies have been conducted to determine the details of the mine such as the size of the open pit expansion. The scale of the mine will be determined based on 
several factors including the location of the orebody, the topography of the area, groundwater levels, operating costs versus recovery of ore, and the ability to safely 
transport ore and waste rock out of the mine.  
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Table 3.3 Assessment of alternatives for mineral processing  

Aspect Selected Option Alternative 1 Alternative 2 

Mineral 
processing 

Construct a new concentrator plant at Bawdwin 
and export mineral concentrate(s)  

Upgrade current processing infrastructure at 
Bawdwin (concentrator plant) and Namtu (smelter 
and refinery).  Concentrate minerals at Bawdwin 
and then transport concentrates for smelting and 

refining at Namtu, to produce metal products

Construct a new concentrator plant at Bawdwin 
and a new smelter and refinery (multiple locations 

considered)  

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Greater certainty in 
project design, 
schedule and cost by 
using well 
understood and new 
plant infrastructure 
compared to 
refurbishing existing 
infrastructure. 

 Higher throughput 
and profitability 
compared to 
Alternative 1. 

 

 High capital cost, but 
lower operating costs 
compared to 
Alternative 2. 

 Limited suitable (i.e., 
flat) land available 
due to topography 

 Public road must be 
diverted to free up 
land for the process 
plant. 

 

 Makes use of existing 
infrastructure.  

 

 High capital costs for 
infrastructure 
upgrades with a high 
degree of uncertainty. 

 Detailed 
investigation of 
existing 
infrastructure 
required before 
finalising design and 
commencing 
upgrades. 

 Infrastructure 
requires significant 
upgrades and 
maintenance, which 
may not be feasible. 
The current 
infrastructure is not 
designed for the 
current throughput 
and fine grinding 
requirements. 

 Greater effort 
required to adapt 
existing plant and 
incorporate new 
units, compared to 

 Reduced road 
transportation of final 
products and reduced 
transport cost.  

 Final products for 
transportation are 
lead and other metal 
products in solid 
form, rather than 
concentrates 

 Higher overall 
profitability 
compared to other 
options. 

 High capital and 
operating costs, 
which would make it 
difficult to raise 
upfront finance 

 More complex 
project dependent on 
stable energy supply 
that cannot be 
supplied by a 
modular diesel-fired 
power plant. 

 Insufficient suitable 
land at Bawdwin for 
smelter and refinery 
complex, plus waste 
product disposal. 

 High water 
requirements for 
cooling and other 
processes, which 
cannot be met by 
local water sources. 
Piped water from 
Namtu River may be 
required. 
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Aspect Selected Option Alternative 1 Alternative 2 

Mineral 
processing 

Construct a new concentrator plant at Bawdwin 
and export mineral concentrate(s)  

Upgrade current processing infrastructure at 
Bawdwin (concentrator plant) and Namtu (smelter 
and refinery).  Concentrate minerals at Bawdwin 
and then transport concentrates for smelting and 

refining at Namtu, to produce metal products

Construct a new concentrator plant at Bawdwin 
and a new smelter and refinery (multiple locations 

considered)  

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

constructing entirely 
new infrastructure. 

 Lower profitability 
due to lower 
throughput compared 
to constructing new 
infrastructure with 
greater capacity. 

 Greater uncertainty 
about the operability 
and longevity of 
using existing 
infrastructure.  

 Smelter complex is 
currently being used 
by a third party for a 
zinc fuming 
operation. 
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Aspect Selected Option Alternative 1 Alternative 2 

Mineral 
processing 

Construct a new concentrator plant at Bawdwin 
and export mineral concentrate(s)  

Upgrade current processing infrastructure at 
Bawdwin (concentrator plant) and Namtu (smelter 
and refinery).  Concentrate minerals at Bawdwin 
and then transport concentrates for smelting and 

refining at Namtu, to produce metal products

Construct a new concentrator plant at Bawdwin 
and a new smelter and refinery (multiple locations 

considered)  

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Environmental 
(land, water, 
air, 
biodiversity) 

 Lower in-situ power 
requirements 
compared to on-site 
smelting options. 

 The use of newly 
constructed 
infrastructure would 
be less susceptible to 
leaks and spills. 

 Higher emission 
control using new 
infrastructure 
compared to 
upgrading existing 
infrastructure. 

 Can easily 
incorporate 
environmental 
monitoring 
technology in design

 New ground 
disturbance. 

 Introduces the risk of 
concentrate spillage 
during transport to 
smelter. 

 Less surface area 
disturbance 
compared to other 
options. 

 Higher rate of 
gaseous emissions 
(and lower emission 
control) compared to 
use of newly 
constructed 
infrastructure due to 
older and less 
efficient 
infrastructure  

 Older infrastructure 
more susceptible to 
leaks and spills 
compared to use of 
newly constructed 
infrastructure  

 High power 
requirements, as 
smelting requires 
substantial energy

 The use of newly 
constructed 
infrastructure would 
be less susceptible to 
leaks and spills. 

 Higher emission 
control using new 
infrastructure 
compared to 
upgrading existing 
infrastructure. 

 Less transport 
emissions due to 
transport of metals 
rather than 
concentrate. 

 Can easily 
incorporate 
environmental 
monitoring 

 More complex 
project with more 
environmental 
management 
considerations with 
onsite smelting. 

 High power 
requirements, as 
smelting requires 
substantial energy. 

 High water 
requirements, 
potentially requiring 
a new water source 
such as the Myitnge 
River.  
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Aspect Selected Option Alternative 1 Alternative 2 

Mineral 
processing 

Construct a new concentrator plant at Bawdwin 
and export mineral concentrate(s)  

Upgrade current processing infrastructure at 
Bawdwin (concentrator plant) and Namtu (smelter 
and refinery).  Concentrate minerals at Bawdwin 
and then transport concentrates for smelting and 

refining at Namtu, to produce metal products

Construct a new concentrator plant at Bawdwin 
and a new smelter and refinery (multiple locations 

considered)  

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Social 
(community, 
health, cultural 
heritage) 

 Higher health and 
safety standards and 
safeguards for newly 
constructed 
concentrator. 

 Increased truck 
traffic compared to 
smelting options due 
to concentrate 
trucking outside 
Namtu district (and 
associated public 
hazards and traffic air 
and noise emissions). 

 Less socio-economic 
benefits (e.g., 
employment, supplier 
contracts) or value-
adding from 

 Reduced export 
traffic on public 
roads adjacent to 
villages and 
townships and 
associated public 
impacts and hazards 
due to reduced 
volume of exported 
goods compared to 
producing mineral 
concentrates for 
export. 

 Increased economic 
benefit by creating 

 Potential for health 
impacts from smelter 
emissions due to 
proximity to residents 
(i.e., Namtu). 

 Lower health and 
safety standards 
using existing 
infrastructure 

 Increased 
employment and 
economic benefit by 
creating higher value 
product compared to 
producing 
concentrate only.  

 Reduced export 
traffic and associated 
public impacts and 
hazards due to 
reduced volume of 
exported goods 
compared to 
producing

 Potential for health 
impacts from smelter 
emissions if located 
in proximity to 
residents. 

Chosen method 
and reason for 
selecting 

The preferred option is to process ore in a new process plant located to the northeast of the open pit, producing lead and zinc concentrates for export. It is proposed that 
the produced concentrate will be transported by road to third-party smelters located outside Myanmar.  

Due to economic and topographical constraints it is not feasible to develop new smelting and refining facilities on site.  

The use of existing mineral processing infrastructure (concentrator at Bawdwin and smelter/refinery at Namtu) was ruled out due to the poor condition of existing 
infrastructure, outdated technology and little potential to substantially increase throughput/production. In addition, the Namtu smelter complex is currently being used by 
a third party  unrelated to WMM via an agreement with ME-1 to process zinc.  
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Table 3.4 Assessment of alternatives for tailings management and storage 

Aspect 
Selected option Alternative 1 Alternative 2 

Tailings storage 
facility location 
and type 

Construct a complex of interconnected tailings storage 
facilities within the current Bawdwin Concession, using 

conventional thickened tailings 

Construct a tailings storage facility outside the 
Bawdwin Concession, using conventional 

thickened tailings 

Construct a tailings storage facility within the 
Bawdwin Concession, by dry-stacking filtered 

tailings 
Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Topography within the 
concession is suitable 
to construct smaller 
valley dams.  

 Lower risk of dam 
failure ,compared to a 
single TSF with a high 
embankment, due to 
reduced embankment 
heights. 

 No land acquisition is 
required. TSF locations 
are within the 
concession area. 

 Greater certainty about 
land access/tenure due 
to the TSF being 
located within the 
concession, compared 
to outside the 
concession.  

 Suitable locations are 
extremely constrained 
by the topography 
within the concession. 

 Higher overall costs to 
construct multiple TSFs 
and manage/maintain 
them post closure than a 
single facility. 

 Requires a larger 
volume of low 
permeability material to 
construct the cores of 
multiple embankments, 
compared to a single 
TSF with a high 
embankment.  

 Greater combined 
footprint of disturbance 
of three dams, 
compared to a single 
TSF with a high 
embankment.  

 More location options, 
giving the ability to 
select more favourable 
topography and 
increased storage 
capacity. Potential for 
low height 
embankments in wider 
valleys, reducing 
construction, operation 
and closure risks. 

 Land acquisition 
required and 
associated risk of 
schedule delay.  

 Increased security 
risk of access 
hinderance being 
located off 
concession. 

 Greater pumping 
requirements to 
transport tailings 
greater distances 
and subsequent 
higher pumping 
costs. 

 Dry stacked 
tailings have 
inherently lower 
failure risk 
compared to 
conventional 
thickened tailings. 

 In the unlikely 
event of an 
embankment 
failure, dry stacked 
tailings have less 
potential to flow 
and would have a 
smaller area of 
downstream 
impact. 

 Dry stacked 
tailings require 
smaller low-
permeability cores 
in embankments 
due to lower 
moisture content, 
reducing the 
volume of 
construction 
material (e.g., low 

 High capital and 
operating costs. 

 Uncertainty of the 
feasibility of dry 
stacked tailings 
management in the 
Bawdwin climate.  

 Uncertainty of 
likely tailings 
characteristics and 
filtering efficiency 
over the life of the 
operation. 
Variability in 
physical and 
mineralogical 
characteristics 
may affect the 
feasibility of dry 
stacking, whereas 
conventional 
tailings can 
accommodate 
variability. 

 Operational 
disruption when 
tailings do not 
meet discharge 
specification, i.e. 
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permeability 
material) needed. 

 Water recovered 
during filtering of 
tailings could be 
used for site water 
requirements.  

 Less seepage water 
will be produced 
by dry stacked 
tailings and less 
potential to seep 
into groundwater. 

moisture content is 
too high. 
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Aspect 
Selected option Alternative 1 Alternative 2 

Tailings 
storage facility 
location and 

Construct a complex of interconnected tailings storage 
facilities within the current Bawdwin Concession, using 

conventional thickened tailings 

Construct a single tailings storage facility outside 
the Bawdwin Concession, using conventional 

thickened tailings 

Construct a tailings storage facility within the 
Bawdwin Concession, by dry-stacking filtered 

tailings 
 Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Environmental 
(land, water, 
air, 
biodiversity) 

 Lower risk of dam 
failure and subsequent 
impacts to downstream 
ecosystems, compared 
to single high wall 
facility 

 Highest disturbance 
footprint.  

 Increased number of 
potential contaminant 
sources (e.g., seepage to 
groundwater or surface 
water). 

 Lower water recovery 
than paste or filtered 
tailings. 

 Post closure, surface 
run-off water from two 
of the three TSFs will be 
discharged to the Nam 
La catchment, i.e., 
discharges from closed 
mine infrastructure will 
flow to two catchments, 
with potential long-term 
i li

 Less surface area 
disturbance than 
multiple TSFs. 

 More favourable 
topography may 
minimise construction 
impacts (e.g., 
downstream 
sedimentation) and 
minimise dam failure 
risk.  

 New ground 
disturbance beyond 
the Bawdwin 
Concession.  

 More power 
intensive compared 
to onsite TSF(s) due 
to from pumping 
requirements 
although lower than 
filtered tailings). 

 Lower water 
recovery than paste 
or filtered tailings 

 Potentially higher 
environmental risks 
from seepage and 
discharges  because 
the area of impact is 

id f h

 Water recovery 
from filtered 
tailings could be 
used for site water 
requirements.  

 Reduced surface 
area of disturbance 
compared to 
conventional 
thickened tailings 
also reducing 
closure liability.  

 Can progressively 
close sections of 
the TSF, thereby 
reducing closure 
liabilities.  

 Less potential for 
contamination of 

d d

 Filtering tailings is 
power intensive. 

 Ability to use dry 
stacking during the 
wet season may 
not be possible.  

 Increased risk of 
dust generated 
from dry TSF 
surface. 
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Aspect 
Selected option Alternative 1 Alternative 2 

Tailings 
storage facility 
location and 

Construct a complex of interconnected tailings storage 
facilities within the current Bawdwin Concession, using 

conventional thickened tailings 

Construct a single tailings storage facility outside 
the Bawdwin Concession, using conventional 

thickened tailings 

Construct a tailings storage facility within the 
Bawdwin Concession, by dry-stacking filtered 

tailings 
Social 
(community, 
health, 
cultural 
heritage) 

  TSF locations will 
require resettlement of 
the Bawdwin village, 
due to: 

  The location of the 
TSF complex 
 partially overlies the 
upper Bawdwin 
 village 

  Risk of inundation of 
the remainder  of 
Bawdwin village in 
the  unlikely event 
of embankment 
 failure. 

 Impacts to cultural 
heritage through direct 
disturbance and indirect 

 Ability to select 
location to avoid 
inundating Bawdwin 
village.  

 Less impact to existing 
access road. 

 Hazard to public 
safety if located 
near existing 
villages. 

 Potential loss of 
productive land 
and/or resettlement 
depending on the 
location.  

 

 Less impact to 
cultural heritage 
values, due to 
reduced footprint 
and different 
location. 

 Less impact to 
existing access 
road. 

 

 Some 
displacement of 
Bawdwin villagers 
(requiring 
resettlement) but 
less than selected 
option. 

 

Chosen 
method and 
reason for 
selecting 

 

The preferred option is to construct three tailing storage facilities all with modest dam heights thereby minimising dam break risks compared to a single large facility. The 
use of established technology that has been proven to be safe in seismically active regions. Due to concerns regarding the reliability and proven feasibility of using filtered 
tailings in a climate such as experienced in the Bawdwin site, and economic constraints, conventional thickened tailings are the preferred tailings management system. The 
lack of proven underground capacity rules out consideration of depositing paste tailings in mined-out underground voids.   

Suitable locations for a single TSF are all outside the Bawdwin concession. Such a facility could accommodate the total tonnage tailings in the current production plan and 
any subsequent extensions to the mine life and would be much more efficient with a lower risk profile than the selected option. However, due to lack of certainty regarding 
l d d hi i l d H hi i i i l i f f h i i i
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Table 3.5 Assessment of alternatives for waste rock storage 

Aspect 
Selected option Alternative 1 Alternative 2 

Waste rock 
dump location 
and type 

Construct a single waste rock dump within the 
Bawdwin Concession in Wallah Valley 

Construct multiple waste rock dumps adjacent to 
the open pit within the Bawdwin Concession 

Construct waste rock dump(s) outside the 
Bawdwin Concession 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Easier to construct and 
manage one dump 
rather than multiple 
dumps (including 
during operations and 
after closure).  

 Advantageous valley 
topography and ground 
conditions result in low 
geotechnical failure 
risks.  

 Larger capacity 
compared to near-pit 
waste dump options.  

 Towards the end of the 
life of the open pit, 
when rock is being 
deposited at the ultimate 
extent of the dump, the 
haul distance is 
relatively long, resulting 
in increased haulage 
costs.  

 Reduced distance from 
open pit resulting in 
reduced haulage costs.  

 

 Limited capacity 
due to constrained 
topography (i.e., 
limited flat land near 
open pit).  

 More difficult to 
construct and 
manage multiple 
dumps (including 
during operations 
and after closure) 
compared to a single 
dump. 

 Possibly sterilises 
ground and 
constrains future 
development in a 
highly prospective 
area for minerals. 

 Little potential for 
future expansion of 
dumps if required. 

 Ability to select 
favourable 
topography. 

 Ability to expand 
in the future, if 
required.  

 Land acquisition 
required and 
associated risk of 
schedule delay.  

 Increased security 
risk of access 
hinderance being 
located off 
concession. 

 High haulage 
costs. 
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Environmental 
(land, water, 
air, 
biodiversity) 

 All waste rock 
contained in one 
footprint within the 
concession area 
confines environmental 
impact to one area. 

 Topography (narrow 
valley and relatively 
steep gradient of the 
valley bottom) makes 
collection and 
management of any 
seepage simpler

 Location in a valley 
with steep gradient 
makes surface water 
management difficult 
(i.e., surface flows 
concentrated towards 
waste dump). Surface 
water runoff may 
require treatment prior 
to discharge. 

 Groundwater seepage 
from beneath the waste 

 Centralises disturbance 
and environmental 
impacts near the open 
pit. 

 Environmental 
impact spread across 
multiple areas. 

 Larger 
footprint/disturbance 
compared to a single 
waste dump. 

 Groundwater 
seepage from 
beneath the waste 
rock dump likely to 
require treatment 

 If located in 
favourable 
topography may 
reduce hazards 
(e.g., dust 
generation) and 
improve feasibility 
of surface water 
management 

 New ground 
disturbance 
beyond the 
Bawdwin 
concession.  

 Potentially higher 
environmental 
risks from seepage 
and discharges due 
to the 
environment. 
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Aspect 
Selected option Alternative 1 Alternative 2 

Waste rock 
dump 
location and 
type 

Construct a single waste rock dump within the 
Bawdwin Concession in Wallah Valley 

Construct multiple waste rock dumps adjacent to 
the open pit within the Bawdwin Concession 

Construct waste rock dump(s) outside the 
Bawdwin Concession 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Social 
(community, 
health, 
cultural 
heritage) 

 Valley fill waste dump 
results in minimal 
visual impact. 

 Toe of waste rock dump 
lies immediately 
upstream of Wallah 
Gorge village when the 
dump reaches its 
ultimate footprint, 
posing operational 
safety and health risks 
during construction. 

 Seepage collection 
ponds and final 
discharge point also lie 
immediately upstream of 
Tiger Camp village. 
Final discharge will be 
to the Wallah stream 
that flows through the 
village. 

 Lower dumps, likely 
with lower visual 
impact. 

 Visual and land use 
impacts spread 
across multiple 
areas 

 Reduced hazards 
e.g., dust 
generation if 
located away from 
existing villages. 

 Hazards e.g., dust 
generation if 
located near 
existing villages. 

 Potentially visible 
to the public. 

 Potentially loss of 
productive land 
resettlement 
depending on the 
location.  

 

Chosen 
method and 
reason for 
selecting

Constructing a single waste rock dump within the Bawdwin concession in Wallah Valley was selected as the preferred option for the project. This location is in proximity 
to the open pit and provides suitable topography, simplified haulage routes, and simpler ongoing management compared to multiple smaller waste dumps around the open 
pit or a waste dump(s) located outside the Bawdwin concession.  
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Table 3.6 Assessment of alternatives for project water supply 

Aspect Selected option Alternative 1 Alternative 2 Alternative 3 

Process water 
supply 

Construct a reservoir to harvest and 
store water from the Nam La stream, 
and also abstract water from the Nam 

Pump groundwater from the 
underground workings via the Marmion 

shafts

Construct a new pipeline to 
abstract water from the Namtu 
River and pump it to Bawdwin

Re-use return water from the 
tailings storage facility and/or 

concentrate filter plant 
Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Proximity to 
process plant. 

 Suitable 
quality for 
process plant 
and unlikely 
to require 
treatment. 

 Able to 
provide all 
process plant 
requirements. 

 Lower risk of 
running out 
of water by 
storing water 
from two 
river sources. 

 Requires 
construction of 
an embankment 
and supporting 
access road.  

 Proximity to 
process plant. 

 Does not 
require 
construction of 
a new water 
reservoir. 

 

 Unsuitable quality 
for process plant 
and potentially 
other uses. 

 Insufficient 
volumes to 
provide process 
plant 
requirements.  

 Will require some 
water treatment. 

 Would likely be 
low engineering 
feasibility / 
difficult to 
construct and 
operate. 

 Will likely be 
expensive to 
construct and 
operate (i.e., to 
treat water quality 
to required 
levels). 

 Suitable 
quality for 
process 
plant and 
unlikely to 
require 
treatment. 

 Does not 
require 
construction 
of dam. 

 High capital 
cost to install 
piping 

 High 
operating 
costs to pump 
water to the 
process plant. 

 

 Does not 
require 
construction 
of storage 
dam 

 Unsuitable 
quality for 
process plant 

 Will require 
some water 
treatment. 

 Unable to 
provide all 
process plant 
requirements. 

 Greater risk 
of running 
out of water 
if TSF 
supernatant 
levels are 
low. 
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Environmental 
(land, water, 
air, 
biodiversity) 

 More likely 
to enable 
sufficient 
availability of 
water during 
dry season.  

 No chemicals 
required for 
water 
treatment 

 No waste 
stream 
generated by 
water 
treatment 
(i.e., no 
wastewater

 Impact on 
downstream 
aquatic and 
riparian 
ecosystems 
from altered 
flows and water 
quality impacts 
during 
construction of 
dam wall.  

 Seasonal 
alteration of 
flows in the 
tributary during 
operation.  

 Approximately

 Increased 
efficiency of 
water use (i.e., 
lower net 
water 
demand). 

 May remove 
contamination 
loads 
discharging to 
environment. 

 Low impact 
on 
downstream 
aquatic and 
riparian 
ecosystems.

 Potential to 
contribute to 
localised 
groundwater 
drawdown. 

 Waste stream 
generated by 
water treatment 
(i.e., wastewater 
effluent). 

 No 
chemicals 
required for 
water 
treatment. 

 No waste 
stream 
generated 
by water 
treatment 
(i.e., no 
wastewater 
effluent). 

 Impact on 
downstream 
aquatic and 
riparian 
ecosystems 
from altered 
flows. 

 Higher power 
demand due 
to long 
distance 
pumping.  

 Increased 
efficiency 
of water use 
(i.e., lower 
net water 
demand). 

 Potential 
spills/leaks 
of chemicals 
required for 
water 
treatment. 
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Aspect Selected option Alternative 1 Alternative 2 Alternative 3 

Process 
water 
supply 

Construct a reservoir to harvest and 
store water from the Nam La stream, 
and also abstract water from the Nam 

Pump groundwater from the 
underground workings via the Marmion 

shafts

Construct a new pipeline to 
abstract water from the Namtu 
River and pump it to Bawdwin

Re-use return water from the 
tailings storage facility and/or 

concentrate filter plant
Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Social 
(community, 
health, 
cultural 
heritage) 

 More likely to 
enable 
sufficient 
availability of 
water during 
the dry season 
to use for dust 
suppression 
and manage 
amenity and 
health impacts 
to nearby 
communities. 

 Impact on 
downstream 
users 
(communities) 
from altered 
flows and water 
quality impacts 
during 
construction of 
dam wall in the 
Nam La 
catchment. 

 Reduction of 
10% of 
catchment area 
of the Nam La 
Flume, which 
supplies potable 

 No impact on 
downstream 
users 
(communities). 

 Potential to 
contribute to 
localised 
groundwater 
drawdown. 

 None 
identified. 

 Water security 
risk from 
pipeline or 
pumping 
failure or 
interruption.  

 Potential 
impact (albeit 
low) on 
existing water 
users 
(communities) 
from altered 
flows during 
low-flow 
conditions. 

 No impact on 
downstream 
users 
(communities). 

 Reduced risk 
of tailings dam 
failure due to 
lower volume 
of stored 
water. 

 Greater risk 
of running 
out of water 
required for 
dust 
suppression 
and 
management 
of amenity 
and health 
impacts to 
nearby 
communities. 

Chosen 
method and 
reason for 
selecting 

The main water supply options are upgrading and maintaining the existing supply system, using groundwater from the underground workings via Marmion shaft, using water 
Namtu River and Nam La stream with pump stations and using return water from the tailings storage facility depending on the chosen tailings management and storage 
option selected, including location of tailings dam(s). 

The preferred option for water supply is to use a combination of stream flow from the Nam Pangyun and Nam La streams primarily in the wet season and storing in water 
holding dams; recycling decant water from the TSFs and using water extracted from the Marmion shaft for dust suppression. The use of a combination of water sources 
would limit potential environmental and social impacts associated with the reliance of water extraction from existing watercourses only. It also provides increased water 
sec rit b pro iding m ltiple ater so rces hich ill be important hen there is a deficit of ater d ring the dr season
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Table 3.7 Assessment of alternatives for power supply 

Aspect Selected option Alternative 1 Alternative 2 

Power Supply Construct a dedicated on-site power station Connect to the national grid Connect to the existing hydropower station at 
Mansam Falls

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Guaranteed supply of 
power to the process 
plant 

 High capital cost to 
construct new power 
supply.  

 Moderate operating 
costs requiring diesel 
imported from 
Yangon. 

 Security of fuel 
delivery required. 

 Low cost for overhead 
power line. 

 Access to land for 
transmission line 
difficult and time 
consuming to 
negotiate and 
acquire.  

 Lower security of 
power supply due to 
EAO security threats. 

 Difficult to access 
power line corridor 
for maintenance due 
to EAO threats. 

 Potential for 
blackouts or power 
cuts. 

 Unreliable power 
supply and 
dependent on 
hydroelectric dams 
that are affected 
seasonally. 

 Low 
operational/supply 
cost 

 Insufficient power 
generation capacity 
based on current 
configuration. 

 High cost to upgrade 
existing facilities. 

 Lower security of 
power supply due to 
EAO threats. 

 Difficult to access 
power line corridor 
for maintenance due 
to EAO threats. 

 Potential for 
blackouts or power 
cuts. 

 Unreliable power 
supply and 
dependent on 
hydroelectric dams 
that are affected 
seasonally. 
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Environmental 
(land, water, 
air, 
biodiversity) 

 None identified.  Non-renewable 
energy source. 

 Significant 
greenhouse gas 
emissions. 

 Air and noise 
emissions impacting 
nearby fauna. 

 Potential spills in the 
event of an accident

 No local air or noise 
emissions 

 A proportion of 
national grid energy 
is supplied by non-
renewable sources. 

 Land disturbance for 
overhead power line 
connection to grid. 

 Renewable energy 
source. 

 No environmental 
impacts from 
construction of new 
facilities (e.g., less 
surface disturbance). 

 No direct air or noise 
emissions. 

W i i i i

 Upgrades likely to 
involve land 
disturbance. 

Social 
(community, 
health, cultural 
heritage) 

 Located on existing 
concession therefore 
no land acquisition 
required 

 Reduced amenity 
from air and noise 
emissions. 

 Increased truck 
traffic on public 
roads due to the 

 No local air or noise 
emissions 

 New grid connection 
could have social use 
post mine closure. 

 Land acquisition and 
approval required for 
transmission line 
from grid. 

 Located on existing 
easements therefore 
no land acquisition 
required. 

 Upgrade of 
infrastructure could 

 None identified. 

Chosen method 
and reason for 
selecting 

Capital and operating costs, greenhouse gas emissions, noise levels, ability to supply enough power to meet project demands, and the potential to provide a positive 
long-term power source for the region, are a few of the main factors that were assessed when deciding which power supply option will be the most feasible for the 
project. 

A standalone diesel fired power station is the preferred option as this will guarantee power supply, which is critical to successful operations (Alternative 3). This option 
provides the best guarantee for power supply. A broader assessment of the application of renewable energy sources has not been undertaken. 
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Table 3.8 Assessment of alternatives for site access/route 

Aspect Selected Option Alternative 1 Alternative 2 

Site access Construct a new access road between Tiger 
Camp and Namtu along the existing railway 

corridor and a second new access road between 
Tiger Camp and the process plant

Use the existing public road between Manton and 
Namtu 

Use the existing railway between Tiger Camp 
and Namtu and construct an access road 

between Tiger Camp and the process plant 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Feasibility 
(economic, 
engineering, 
constructability) 

 Rail bed and 
embankments 
already exist as the 
start point for road 
construction. 

 New road will be 
designed to 
accommodate larger 
construction and 
operation trucks. 

 Located within 
existing rail 
easement.  

 Lower construction 
costs.  

 Private road that can 
be managed by 
WMM and less 
mine/public vehicle 
interaction. 

 Requires removal of 
existing rail line. 

 Requires 
construction of a 
new access road 
between Tiger Camp 
and process plant, 
which may directly 
displace some land 
users. 

 Road requires upgrade 
rather than new 
construction. 

 Current road is narrow 
with, sharp corners steep 
ascents and steep drops. 
It would require 
substantial upgrading to 
accommodate project 
vehicles, including 
significant earthworks, 
straightening, installation 
of drainage culverts and 
bridges, and blasting. 
The steep topography 
makes this challenging, 
expensive and time 
consuming 

 Delivery of oversize 
loads of construction 
material and equipment 
is  not feasible prior to 
completion of the above 
works in priority areas. 

 Significant WMM/Public 
traffic interaction. 

 

 Existing rail could be 
used by the 
community or 
potentially other 
industrial/commercial 
ventures (e.g., 
tourism) after 
upgrades. 

 

 High capital costs 
to upgrade and 
maintain the 
railway. 

 Increased 
complexity of 
logistics 
involving both 
road and rail 
handling. 

 100% rail access 
provides less 
flexibility. 

 Trans-shipment 
systems and 
infrastructure for 
loading/unloading 
rail wagons 
would be required 
at both Namtu 
and Tiger Camp. 

 Requires 
construction of a 
new access road 
between Tiger 
Camp and 
process plant, 
which may 
directly displace 
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some existing 
land users. 

 Some company 
road traffic would 
likely still have to 
use the existing 
public road 
between Manton 
and Namtu. 

Environmental 
(land, water, 
air, 
biodiversity) 

 Located within a 
previously disturbed 
corridor. 

 

 Requires new 
construction 
materials rather than 
re-using existing 
infrastructure (i.e., 
railway) 

 Disturbance to 
landforms and soils 
if regrading is 
required 

 Located within a 
previously disturbed 
corridor 

 No native vegetation 
clearance required 

 Upgrade to existing 
infrastructure rather 
than new construction 

 Environmental impacts 
from accidents involving 
concentrate vehicles 
could result in 
concentrate entering the 
Nam La stream system. 
Recovery or containment 
of spills would be 
difficult in steep terrain. 

 Environmental impacts 
from accidents involving 
concentrate vehicles 
would be more difficult 
to recover/mitigate as the

 Located within a 
previously disturbed 
corridor 

 Would minimise 
construction impacts 
along the rail 
corridor.  

 The option still 
requires new road 
construction 
between Tiger 
Camp and the 
process plant with 
associated 
environmental 
impacts. 

 Trans-shipment 
facility at Tiger 
Camp would 
require additional 
land.
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Aspect Selected Option Alternative 1 Alternative 2 

Site access 
Construct a new access road between Tiger Camp 

and Namtu along the existing railway corridor and a 
second new access road between Tiger Camp and the 

process plant 

Use the existing public road between Manton and Namtu 

Use the existing railway between Tiger 
Camp and Namtu and construct an access 
road between Tiger Camp and the process 

plant 

 

Advantage Disadvantage Advantage Disadvantage Advantage Disadvantage 

Social 
(community, 
health, 
cultural 
heritage) 

 Gentle gradient so less 
potential for traffic 
accidents. 

 Lower safety risks due 
to limited interface with 
public and ability to 
control access. 

 Potential for use as a 
public road/access route 
after closure. 

 Loss of the existing 
Namtu to Bawdwin 
railway and its 
cultural heritage 
values  

 Potential temporary 
impacts on artisanal 
miners in the Nam 
Pangyun riverbed. 

 Impacts to 
landholders along 
corridor (e.g. no 
longer able to use 
for access to river, 
safety risks, amenity 
impacts). 

 Access and amenity 
impacts to Tiger 
Camp village during 
construction, as the 
area would be used 
as a staging base for 

 Avoids disturbance of 
the Namtu to Bawdwin 
rail, thereby reducing 
impacts to cultural 
heritage. 

 Improvement of public 
road infrastructure and 
benefits to existing road 
users. 

 Reduces displacement 
and socio-economic 
impacts along rail 
corridor and at Tiger 
Camp and Wallah gorge 

 Substantial risks of vehicle 
accidents and collisions,  

 

 Preservation of 
the cultural 
heritage value of 
the existing rail.  

 Post closure 
opportunities 
(e.g., tourism) 
for use of rail.  

 Lower safety 
risks compared 
to road transport 
(note road 
connection from 
Namtu to smelter 
would still be 
required). 

 Would likely result 
in some 
displacement and 
socio-economic 
impacts along rail 
corridor, at Tiger 
Camp and Wallah 
gorge, and at 
existing farms 
along the route of 
the access road 
between Tiger 
Camp and the 
process plant 

 Access and 
amenity impacts to 
Tiger Camp village 
during construction 
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Chosen 
method and 
reason for 
selecting 

The steep topography of the area permits only two practical access corridors from Namtu to Bawdwin, via the Nam La and Nam Pangyun valleys. These two corridors are 
used by the existing road and rail access routes to Bawdwin. 

Road safety, environmental impacts (such from road construction and upgrades), displacement impacts, amenity impacts (noise and visual amenity of nearby sensitive 
receptors), costs to construct, upgrade and maintain roads, and travel efficiency have all be considered when determined the preferred site access option.  

The preferred option is constructing a new dedicated road between Tiger Camp and Namtu. The difference in cost between constructing a dedicated private access road or 
upgrading the existing public road is not significant and the new dedicated road would have shorter travel time to and from the process plant and controlled access, while use 
of the existing road has higher safety concerns from interaction with the public. 
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4 Project description 

4.1 Project overview 
WMM proposes to redevelop the existing Bawdwin mine into a larger, modern mining operation. The 
redevelopment will involve demolition of much of the existing infrastructure and construction of new 
infrastructure to support mining and processing activities. 

Table 4.1 presents key project components and the conceptual layout of the project is presented in Figure 1.2. A 
three-dimensional view of the project layout is shown in 

Figure 4.1.  

Table 4.1 Key project components 

Component Description 

Mining method Large-scale conventional open-pit. Open pit mining will be done using drill rigs, excavators 
and/or front-end loaders and articulated haul trucks. Ore and overburden will be loosened 
by blasting.  
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Component Description 

Open-pit dimensions The existing open pit will be expanded and deepened, growing in size from approximately 
54.0 acres to at least 242.7 acres (21.9 hectares (ha) to 98.2 ha). 

Construction timeframe The design, construction and commissioning timeframe is 22 months. 

Mine life The planned expansion of the open pit will result in a 30-year mine life. Exploration is 
proposed and has the potential to extend the life of the mine for up to 50 years. 

Mine waste rock 
management 

329.22 million tonne (Mt) of waste rock will be produced by the project and will be 
disposed in a waste rock dump to be constructed in the Wallah Valley. This will be an 
engineered structure(s) comprising benches and embankments. A series of three sediment 
basins will be constructed downstream of the waste rock dump to collect seepage and run 
off and allow water treatment prior to discharge if required.  

Processing method A new process plant will be constructed in the Bawdwin concession. Ore will be processed 
at a rate up to 2 Mt per annum (Mtpa). Processing of the ore will involve crushing and 
grinding followed by separate lead-sliver and zinc flotation. The lead-silver and zinc 
concentrates will be thickened, filtered and stockpiled for loading into concentrate 
containers for export.  

Tailing management 54 Mt of tailings will be produced by the process plant. It will be transported via a pipeline 
to one of three tailings storage facilities (TSFs).  

Concentrate production Approximately 138 ktpa of lead-silver concentrate. 

Approximately 85 ktpa of zinc concentrate. 

Processing infrastructure Processing infrastructure will include construction of a new process plant and associated 
infrastructure including laboratory, reagents storage, water supply, workshop, warehouse 
and TSFs. 

Export route and facilities Concentrate will be exported from Bawdwin via new private access roads to Namtu. From 
there trucks will travel to Lashio on public roads and then onwards for export to 
international markets.  

A central warehouse and logistics hub for the project will be constructed in Lashio. 
Concentrate containers will be transported to the hub and then loaded onto trucks for 
onward transport. 

Mine access The public Namtu-Manton Road currently provides access to Bawdwin, but will not 
provide the main access for the project. This road will be used to a limited extent during 
construction.  

A new access road from Namtu to Tiger Camp is proposed to be constructed within the 
existing rail easement (referred to as Namtu-Tiger Camp access road). Access to this road 
will be provided to residents of Tiger Camp village and Bawdwin lower village, prior to 
their resettlement. 

A new road from Tiger Camp to the process plant (referred to as plant access road) is 
proposed to provide site access. 

Other new access roads will provide access to project components including the 
accommodation camp, TSFs and Nam La water harvesting facility.  

A new double lane haul road will connect the open pit to the process plant and waste rock 
dump. 

Accommodation An accommodation camp will be constructed for the project capable of accommodating 
approximately 1,400 people. The accommodation camp will be used during construction 
and operation of the project. It is expected that the local workforce will reside in their 
homes and be transported to site daily. 

Employment Up to 2,285 people during construction, decreasing to 1,115 people during operations.  

The project infrastructure footprint areas are provided in Table 4.2. The total footprint area is 469.1 ha (1,157.9 
acres). The majority (>95%) of project infrastructure will be located on land already disturbed by historical 
mining mineral processing activities within the 2,458 ha Bawdwin concession.  

Table 4.2 Project infrastructure footprint areas 

Project component Infrastructure footprint 
(ha) 

Infrastructure footprint (acres) 

Open pit 98.2 242.7 
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TSFs including embankments, diversion dam and 
closure spillways 

149.0 368.2 

Waste rock dump including sediment dams 107.2 264.9 

Access roads (Namtu to process plant) 44.4 108.7 

Haul roads 14.8 36.6 

ROM pad 9.2 22.7 

Water dams including embankments, access road 
and reservoirs 

24.2 59.8 

Process plant 10.3 25.5 

Mine services area 4.4 10.9 

Accommodation village and access road 6.8 16.8 

Explosives facility 0.4 1.0 

Power station 0.3 0.7 

Total 469.1 1,157.9 

4.2 Project schedule 
The project schedule will consist of six main stages: 

 Planning and approvals. 

 Works prior to execution. 

 Resettlement. 

 Implementation including design, construction and commissioning. 

 Operation. 

 Closure. 

The timeframe for redevelopment of the Bawdwin mine is set out in  

 

Figure 4.2 and is described in more detail below. 
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Figure 4.1 Three-dimensional topography of the Bawdwin area with proposed development from the northwest 
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Figure 4.2 Project schedule
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4.2.1 Planning and approvals 
Following the submission of this EIA to the Environmental Conservation Department (ECD) of the Ministry of 
Natural Resources and Environmental Conservation (MONREC), the formal EIA review process will commence. 
This will involve detailed review and comment by ECD and by an independent review team that ECD establishes. 
The independent review team is likely to include members of other ministries and departments. It is expected that 
this formal assessment process will take between three and six months. Another round of stakeholder consultation 
and engagement will also be conducted to seek input and comments from potentially affected people and other 
stakeholders. The outcome of a successful review and update of the EIA report would be granting of the 
Environmental Compliance Certificate (ECC).  

Under the Myanmar Investment Law 2016, major and/or sensitive projects, including proposed large-scale mineral 
production projects, require prior investment approvals from the Myanmar Investment Commission (MIC). In the 
case of large-scale mineral production, this includes a requirement for MIC approval of foreign investment in the 
production project. MIC approval for the project is being sought and an MIC permit application has been 
submitted summarising the financial, technical and related projections of the project.  

A range of secondary approvals and consents will be required in addition to the ECC and MIC permit. These 
include but are not limited to approvals for construction of plant infrastructure, buildings, roads, power generation 
infrastructure, water abstraction, and use of explosives and restricted chemicals. 

4.2.2 Works prior to execution phase 
Following granting of the MIC application and ECC, a range of early works are planned prior to project funding 
approval and award of the main contract for the process plant. These early works include: 

 Design of access roads (i.e., Namtu-Tiger Camp access road, plant access road, camp access road). 

 Design of accommodation camp bulk earthworks and camp road. 

 Design activities to support the procurement of long-lead equipment. 

 Bulk earthworks design and construction of critical site enabling works. 

 Acquisition of land for resettlement.  

 Preparation and tender of the accommodation camp and associated services and utilities. 

 Preparation and tender of resettlement housing contracts. 

 Preparation and tender of construction contracts.  

4.2.3 Resettlement 
Due to the proximity of the Bawdwin and Tiger Camp villages to proposed project components (i.e., the open pit, 
waste rock dump and access roads), there will be a need for resettlement of these communities in their entirety.  

Resettlement planning is a sequential process with steps that needs to be completed in succession before physical 
relocation can take place. No physical relocation of people will occur until the resettlement site is constructed and 
commissioned. This will include a series of progressively more detailed planning steps covering: 

 Preparation of a Resettlement Policy Framework, which documents the objectives for resettlement, 
commitments and principles that will be applied in assessing the needs of groups and individuals, 
entitlements of each group and individual in terms of housing, compensation, and livelihood restoration. 

 Development of a Land Access and Resettlement Plan that will guide the assessment, planning and 
community approval process and will include but is not limited to the establishment of resettlement 
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committees, asset identification and declaration of cut-off, a draft eligibility and compensation 
framework, and options for the type and delivery of livelihood restoration support. 

 Preparation of detailed Resettlement Action Plan(s) including detailed asset surveys, documentation of 
agreed compensation and livelihood restoration assistance, detailed schedule and arrangements for 
physical relocation. 

The timing of resettlement is highly dependent on required government approvals and reaching an agreeable 
outcome from these communities. It is currently proposed that resettlement will be completed over three stages, 
reflecting the geographical layout of the various village clusters within the Bawdwin concession area, their 
proximity to the proposed development areas and the proposed development schedule for the project. These stages 
are:   

 Stage 1 – Bawdwin upper village, Nam La farms and other residents located near proposed access roads 
(nominally commencing 7 months following granting of the MIC application and ECC (i.e., project 
commencement). 

 Stage 2 – Tiger Camp village (nominally commencing 29 months after project commencement). 

 Stage 3 – Bawdwin lower village and associated farms and remaining farms above Tiger Camp 
(nominally commencing 40 months after project commencement). 

Details of the resettlement program are provided within the resettlement management plan (Appendix 4). 

4.2.4 Implementation (design, construction and commissioning) 
The project implementation program is based on a 22-month design, construction, and commissioning timeframe, 
with the objective of achieving first concentrate production in Year 3. The commencement of the project 
implementation phase assumes all project approvals are obtained and financing is in place by Year 1. 

The proposed execution methodology for the design, engineering, construction and commissioning of the process 
plant and infrastructure is an engineering, procurement and construction management (EPCM) delivery model. 
EPCM is a professional services appointment whereby the EPCM contractor is responsible for the basic and 
detailed design and engineering phases; establishing, implementing and managing tendering processes for 
procurement of all equipment and materials and awarding and managing works package contracts; and the overall 
project management and administration of work package contracts, including during warranty periods. 

All construction activities for the project will be undertaken in accordance with a detailed Construction 
Management Plan to be developed by the EPCM contractor in-conjunction with WMM and relevant 
environmental and social management plans. Specific construction requirements of the project will include: 

 Defining construction organisation roles and responsibilities and reporting lines.  

 Human resourcing to ensure appropriate construction workforce. 

 Site scheduling activities. 

 Site establishment. 

 Constructing temporary facilities required to support construction including construction site offices, 
compounds and accommodation facilities.  

 Construction management, project controls and progress reporting. 

 Equipment and materials management. 

 Site security of the project works. 

 Construction contractor management including construction works inspection in accordance with agreed hold 
points, visual inspections, testing and compliance reporting. 

 Commissioning activities. 

 Practical completion and handover. 
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 Construction as-built documentation. 

Details of construction including the type and locations of temporary construction infrastructure and facilities, the 
sources of construction materials (such as aggregate); and details of construction methodology will be developed 
during the detailed design stage of the project. However, temporary construction facilities will be preferentially 
positioned within the footprint of proposed permanent infrastructure locations to avoid additional environmental 
impacts.  

4.2.5 Operation 
The life of the mine based on the proposed open pit mining operation is 13 years. Details of operations covering 
mining, ore processing, through to final concentrate export are described in the following sections.  

Exploration through operations will improve knowledge of the resource and may extend the mine life. Based on 
the inferred resource, mining could continue for more than 50 years. 

4.2.6 Decommissioning and closure 
The main objective of mine closure will be to ensure the long-term physical, chemical, and biological stability of 
the site to minimise potential environmental, health and safety risks. The post-closure site will be designed to 
require minimal active maintenance and monitoring. A mine closure plan has been developed (see Attachment 4) 
and will be submitted to the Department of Mines for approval in accordance with the Myanmar Mines Law 
(1994) and the Myanmar Mines Rules (2018).  

Further details regarding mine closure are outlined in Section 4.18.  

On cessation of mining and processing all surface infrastructure will be dismantled and disposed, with reusable 
and recyclable materials sold. Non-hazardous waste will be disposed in suitable locations. Rehabilitation of land 
will then be completed where required and may include landform contouring, contamination management, soil 
management, erosion and sediment control works, and revegetation. Personnel will comprise a smaller contractor-
oriented workforce shutting down the facility, under the oversight of WMM. Closure monitoring will be 
implemented during decommissioning. It is expected that decommissioning will last for up to 24 months and 
rehabilitation works up to 36 months.   

Following decommissioning and rehabilitation there will be a period of post closure monitoring and maintenance. 
This involves evaluating monitoring data and other evidence, in consultation with ECD and relevant stakeholders, 
to determine if the objectives and closure criteria have been met. Some ongoing rehabilitation works and 
maintenance will also occur. Post closure monitoring and maintenance is expected to occur until completion 
criteria are met.  

When monitoring has provided evidence that the objectives and closure criteria have been met to the satisfaction 
of ECD, the WMM will be formally released from all obligations with respect to associated concession, with a 
third-party assuming responsibility.  

4.3 Mineral resource estimate 
The Bawdwin orebody consists of a series of lodes (Shan, China and Meingtha) running in a northwest to southeast 
direction. A lode is defined as a deposit of metalliferous ore that fills or is embedded in a fissure (or crack) in a 
rock formation or a vein of ore that is deposited or embedded between layers of rock.  

The Bawdwin mineral resource has been assigned to the indicated and inferred classifications, as defined under 
the Australasian Joint Ore Reserves Committee (JORC) Code 2012 classifications. Inferred mineral resource 
classification have been applied where available drillhole and channel sampling data and geological interpretation 
are sufficient to imply but not verify geological and grade continuity. Areas with denser drilling and robust 
continuation of the modelled mineralised zones are classified as indicated. 

The open pit mapping, reverse circulation drilling (or RC drilling) and diamond drilling have been conducted in 
accordance with modern industry best practice standards and have quality assurance and quality control  data to 
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support the assay data. The overall structure of the major lodes is well understood from the underground data and 
open pit mapping. 

The resource estimation for the project involved the construction of a resource model from available data in the 
form of a block model. The block model is created using geostatistics and the geological data gathered through 
channel sampling and drilling of the ore zone(s). The block model is a set of specifically sized "blocks" in the 
shape of the mineralized orebody. Although the blocks all have the same size, the characteristics of each block 
differ. The grade, density, rock type and confidence are all unique to each block within the entire block model.  
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The resource block model was spatially divided into five domains based on mineralisation cut-off grades. The 
domains are shown in 

 

Figure 4.3 and consist of the following: 

• Resources above the 750 m RL using a 0.5% Pb cut-off grade. 
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• Resources below 750 m RL using a 2% Pb cut-off grade. 

• Cu mineralisation within Pb Halo using a 0.5% Cu cut-off grade. 

• Cu mineralisation outside Pb Halo using a 0.5% Cu cut-off grade. 

• Zn mineralisation outside Pb Halo using a 1.0% Zn cut-off grade. 

The Bawdwin mineral resource estimate was also classified according to the degree of oxidation and defined as 
either: fresh, transitional, deep transitional and oxide. Total oxidation (oxide) mainly occurs at the top of the 
Meingtha Lode. Transitional zones represent partial oxidation and occur as a shallow blanket zone at the top of 
the mineralised zones and as deep transitional zones that that extend to significant depth. The deep transitional 
zones are interpreted to be focused in faulted and fractured zones and are of relatively limited extent. Transitional 
zones have been modelled using a combination of geological observations from drill-core logging, an estimation 
of sulphur deficit relative to lead, zinc and copper from assay data, and sulphur speciation data based on analysis 
of sulphide sulphur. 

The mineral resource estimate for the Bawdwin project is presented in Table 4.3. 
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Figure 4.3 Bawdwin block model showing resource domains  
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Table 4.3 Bawdwin project mineral resource estimate  

Oxidation Class Tonnage ('000t) Pb (%) Zn (%) Cu (%) Ag (ppm) 

Oxide Indicated 1,365 1.61 0.05 0.04 68 

Inferred 3,201 1.54 0.07 0.07 79 

Total 4,566 1.56 0.06 0.06 76 

Transition Indicated 3,634 2.90 0.73 0.17 80 

Inferred 2,770 2.76 2.52 0.07 61 

Total 6,405 2.84 1.51 0.13 72 

Deep transition Indicated 1,307 3.77 1.83 0.18 96 

Inferred 96 2.62 0.88 0.12 59 

Total 1,402 3.69 1.77 0.18 93 

Fresh Indicated 36,170 4.16 2.18 0.20 101 

Inferred 52,266 4.23 1.85 0.22 99 

Total 88,436 4.20 1.99 0.21 100 

Total Indicated 42,475 3.96 1.98 0.19 98 

Inferred 58,334 4.01 1.79 0.20 96 

Total 100,809 3.99 1.87 0.20 97 

Source: Bawdwin Project Definitive Feasibility Study (DFS) Report (WMM, 2020) 
 

At the conclusion of the Bawdwin Project Definitive Feasibility Study, an updated ore reserve estimate was 
produced in accordance with the guidelines in the JORC Code (2012 Edition). All of the ore reserves are 
reported as ‘probable ore reserves’ and have been derived from the indicated mineral resources and are shown in 
Table 4.4 

Table 4.4 Ore reserves estimate as at 15 June 2020 

Classification Tonnage (Mt) Pb (%) Ag (%) Zn (%) 

Proved - - - - 

Probable 32.0  4.6  113 2.5 

Total 32.0  4.6  113 2.5 

The above ore reserve is contained within an open pit containing 163.9 Mt of waste material resulting in a waste 
to ore (tonnes) strip ratio of 5.2:1. The total mass of rock to be removed from the open pit is 195.9 Mt. Included 
in the waste material are mineral resources classified within the inferred category, which received no economic 
value in the financial model run explicitly to verify the economic viability of these reported ore reserves. 

Figure 4.4 shows both a plan view and oblique long section of the Bawdwin lead block model for the Shan, China 
and Meingtha lodes. The block model indicates a significant volume of the intermediate to high grade material 
that has not yet been mined. Historic mining has focused on high grade ‘lodes’, but significant high grade 
mineralisation remains in the margins of the stoped zones and in zones that have not been mined, while the 
majority of the deposit at intermediate grade has not been mined. The block model also shows the “halo” lower 
grade mineralisation is widespread outside the high grade lodes. 

4.4 Exploration  
Exploration, in the form of mapping, geophysics, soil, rock chip sampling and drilling will continue to define 
extensions to known mineralisation and identify new lodes to ensure the long term future of the Bawdwin project. 
Key areas of further work include Shan North, Mt Teddy, ER Valley, Pangyun Junction and Yegon Ridge. 
Bawdwin exploration targets are shown in Figure 4.5. 
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Figure 4.4 Lead (Pb) block model of the Shan, China and Meingtha lodes 
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Figure 4.5  Bawdwin exploration target
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4.5 Mining 
Redevelopment of Bawdwin mine will include expansion of the existing open pit to extract ore from the China, 
Shan and Meingtha lodes. The existing open pit will be expanded and deepened growing in size from 
approximately 54 acres to at least 237 acres (21.9 ha to 95.8 ha). The pit will extend down to (1,800 mRL WGS) 
just above Level 6 (1,795 mRL WGS) of the existing underground workings, approximately 180 metres below 
the existing pit floor. The rim of the pit will be contained within the catchments of the Nam Pangyun valley and 
adjacent ER valley. A three-dimensional view of the final open pit in the context of the surrounding landscape is 
shown in Figure 4.6. 

The pit will be mined in four stages as shown in  

Figure 4.7. The four stages have been defined for the purposes of mine scheduling and are presented in  

Figure 4.8. Corresponding mining inventories for each zone are shown in  

Figure 4.9, whereby the different colours represent each pit zone over time. 

The mining schedule for each zone along with tonnages of mined material is summarised as follows: 

 Central zone – mining will commence in Q4 Year 1 and peak in Year 2, before steadily declining until 
mining of the zone is complete in Year 8. A total of 43.2 Mt will be mined from this zone.  

 East zone – mining will commence in Year 3 reaching a peak in mining in Year 6 before concluding in 
Year 8. A total of 58.6 Mt will be mined from this zone. 

 West zone – mining will commence in Year 3 and peak in Year 5 before concluding in Year 8. A total of 
33.0 Mt will be mined from this zone. 

 Base zone – mining will commence in Year 8 reaching a peak in Year 9 before declining over the next six 
years. A total of 60.7 Mt will be mined from this zone.  

The open pit is designed to be a stable landform comprising a series of benches and batters, with haul roads 
connecting the benches. Waste rock will be transported to the waste rock dump to be constructed in the Wallah 
Valley to the northeast of the pit.  

Geotechnical investigations and analysis of the geotechnical core logging were undertaken to characterise the 
respective rock mass design domains that will be encountered in the proposed open pit slopes. The available 
laboratory strength data was reviewed and analysed for the purposes of slope design. Geotechnical design 
domains have been identified based on their lithology, weathering and geotechnical characteristics. 

The prevailing stress field, earthquake loading potential and hydrogeological conditions were incorporated to 
provide the rock mass loading conditions for geotechnical analysis. Probabilistic 2-dimensional finite element 
modelling was carried out to determine the batter face angle. The acceptance criteria used for the modelling was 
a factor of safety (FoS) of 1.1 and a probability of failure of 30%. FoS is commonly used to express the safety 
margin of slopes, or in other words, how much stronger a slope is than it needs to be for an intended load. A 
factor of safety of 1.0 indicates that a slope is adequately strong to bear a load imposed on it; a FoS value greater 
than 1.0 means that a slope is stronger than it nominally needs to be for its designed purpose.  

Based on this work, the recommended slope design parameters are summarised in Table 4.5. 
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Figure 4.6 Three-dimensional views of the proposed open pit and surrounding infrastructure 
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Figure 4.7 Open pit mine stages  
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Figure 4.8 Bawdwin open pit mining zones 
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Figure 4.9 Mine schedule 
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Table 4.5 Recommended geotechnical designs for open pit lithologies  

Lithology Weathered Fresh 

Batter 
Face 

Berm Bench Inter 
Ramp 
Angle 
(°) 

Batter 
Face 

Berm Bench Inter 
Ramp 
Angle 
(°) 

Angle (°) Width 
(m) 

Height 
(m) 

Angle (°) Width 
(m) 

Height 
(m) 

Massive 
Tuff 

55 3.0 5.0 37.6 70 9.0 15.0 46.1 

Sandstone 65 4.0 5.0 38.3 75 9.5 15.0 48.0 

Porphyry 50 2.5 5.0 36.8 75 9.5 15.0 48.0 

Alteration 50 2.5 5.0 36.8 50 2.5 5.0 36.8 

Source: Bawdwin Project Definitive Feasibility Study Report (WMM, 2020) 
 

Three-dimensional finite-element modelling was used to analyse overall slope stability, based on DFS pit design. 
The overall pit stability analysis indicated the pit design exceeds the acceptance criterion of a FoS of 1.3.  

4.5.1 Mining method 
Mining will use conventional open pit drill and blast methods with ore being transported via haul trucks to the 
run-of-mine (ROM) pad located at the process plant and tipped onto finger stockpiles by ore type and grade. The 
ROM pad area will hold at least 300,000 tonnes of ore. A front-end loader will feed a blend of ore into the primary 
crusher, ore will be blended to allow the process plant to maximize metallurgical recovery while meeting metal 
production targets.  

The mining strategy will be to undertake a series of cutbacks in the walls to the existing open cut to create flat 
working benches that will allow for geological mapping, infill, grade control and blast hole drilling.   

The generation of dust from roads, waste rock dump and working faces of the open pit will be minimised by using 
water sprayed by watercarts.  

Old mine workings present a mining hazard. The old mine workings include square set stopes with timber and 
backfill, unfilled stopes, drives and crosscuts. Records of underground workings will provide guidance on the 
location of workings and any voids. If necessary, ground penetrating radar or probe drilling could be used to locate 
voids, in order to mitigate the risk to plant and personnel associated with voids on the pit floor.  Procedures will 
be developed to manage these risks.   

4.5.2 Blast design and procedure 
It has been assumed that all material (excluding underground fill) will require blasting since the likelihood of 
significant quantities of free digging material is low.  

Blasting will occur at a maximum rate of one blast per day at a time as agreed by the local community and WMM 
management. The blast time will either be during the production mining lunch hour or at shift change to minimize 
blasting disruption to production schedule. Blast boards communicating blasting dates and times will be on display 
at several locations including: 

 All access points to the project area. 

 Accessible areas within the surrounding villages. 

 Pre-shift meeting areas. 
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Blasting will only be completed by experienced and competent shotfirers and will be conducted to ensure 
compliance with the Myanmar guidelines (Myanmar EIA Guidelines) of: 

 A maximum level for air blasting of 115 dB Linear. The level of 115 dB Linear may be exceeded on up 
to 5% of the total number of blasts over a period of 12 months; however, the level should not exceed 120 
dB Linear at any time.  

 Blasting is only permitted during daylight hours. 

 A maximum level for ground vibration of 5 mm/s (peak particle velocity ppv). The ppv level of 5 mm/s 
may be exceeded on up to 5% of the total number of blasts over a period of 12 months. The level should 
not exceed 10 mm/s at any time. 

Blastholes will be drilled with 115 mm diameters on 5 m bench heights in selective mining zones and 152 mm 
diameter on 10 m bench heights in bulk waste zones. Bulk explosives pumped directly into the blast holes will be 
initiated using non-electronic blasting accessories. The blasted material will then be excavated from the pit. 

Blast pattern design will be varied to suit the rock material type, proximity to sensitive receptors, and area in order 
to optimise ore extraction, provide suitable fragmentation for excavation and crusher efficiency, produce good 
floor conditions and safeguard pit wall stability. Blast holes will be sampled and assayed to quantify ore grades 
and confirm interpreted ore boundaries. 

Prior to blasting, a nominal radius of 500 metres from the blast will used to determine the blast exclusion zone.  
The operational blast radius will be monitored and adapted as blasting practices, procedures, and monitoring are 
optimised. All access roads into this area will be blocked by WMM personnel, in concert with assistance from the 
mining contractor, and have appropriate signage and delineation. A clearance team will conduct an inspection of 
the blast radius, sounding a pre-blast siren, warning surrounding personnel of the upcoming blast.  

Once the shotfirer is satisfied that all access points have been blocked and the clearance run is completed, 
confirming there are no personnel within the blast radius and that it is safe to do so, the blast will commence.  Post 
blast, the shotfirer will inspect the blast prior to opening access to the blast area. In the event of a misfire, the 
shotfirer will take appropriate action, which may involve a 30-minute waiting period followed by an attempt to 
re-fire the blast. Once the shotfirer is satisfied the blast is complete and there is no residual explosive to manage, 
they will reopen access to the active mining area. 

4.5.3 Mining equipment 
The primary mining equipment to be used for the project is presented in Table 4.6. 

Table 4.6 Primary mining equipment 

Equipment item Equipment Specification Average Number 

Excavator CAT 395 13 

Excavator CAT 349 D 1 

Excavator CAT 336 12 

Excavator SANY 335 2 

Wheel Loader Liugong 856  H 3 

Wheel Loader Liugong 870 H 1 

Vibrating Roller Liugong 6120 E 1 

Dozer CAT D7 G 1 

Dozer CAT D6 R 1 

Dozer CAT D9 GC 2 

Dump Truck SENTA 19 
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Dump Truck Volvo FMX 400 5 

Tipper - 3 

Grader KOMATSU GD 633A 1 

Water Bowser _ 3 

Dump Truck China 6 X 4 100 

Drilling Machine Sandvik D 50 KS   Ø 251 mm 1 

Crawler Drill FURUKAWA Ø  76  mm 2 

Drilling Machine 10 Me 4 

Fork Wft - 2 

 

The proposed excavator fleet is based on the use of 100 t class excavators for the selective mining of ore zones 
and to undertake pioneering and mining works in the steeper terrain areas, while larger 200 t class excavators will 
be used in the bulk, primarily waste, mining zones. The 100 t and 200 t class excavators will generally be teamed 
with 55 t capacity articulated dump trucks and 90 t class rigid dump trucks respectively, though the 100 t class 
excavator has the flexibility to practically load either truck type. Both truck types are successfully used for 
efficient haulage in a range of operating and climatic conditions, similar to those at Bawdwin, on a large number 
of mining projects around the world. 

The front-end loader’s primary activity is to rehandle ore into the primary crusher from the ROM ore stockpiles 
built by the mining fleet adjacent to the crusher feed hopper. Under normal operation, one front end loader will 
deliver the required ore feed rate and a second equivalent loader on site will act as a backup unit. This will ensure 
that ore feed to the crusher can continue at all times irrespective of servicing and maintenance activities on either 
of the front-end loaders.  

The track dozers, graders, watercarts and roller will support the primary equipment conducting activities such as 
waste rock dump management, stockpile management, constructing and maintaining haul roads and other running 
surfaces, dust suppression, preparing blasthole drill areas, clearing vegetation and other pioneering works to 
establish pit working areas. 

The excavator mounted rock breaker will be used to reduce any oversize ore material prior to it being rehandled 
to the primary crusher. It may be fitted with a quick hitch arrangement to allow the fitting of a small bucket to 
assist with drainage works and other minor works. 

Other auxiliary equipment and infrastructure for mining is shown in Table 4.7. 

Table 4.7 Auxiliary mining equipment and infrastructure  

Equipment item Equipment specification Number 

Dewatering pump HH220 2 

Service / fuel truck 8 x 4 2 

Telehandler / IT / crane Various 4 

Crane 40 t 1 

Tyre handler Cat IT38 1 

Light vehicle / bus Toyota 25 

Mobile lighting plant Allight 22 

Explosives DTH delivery truck  1 - 2 

Mining infrastructure Quantity 

Office block  1 

Workshop  1 

Toilet / ablution block  1 

Meal room  1 
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Equipment item Equipment specification Number 

Warehouse / store  1 

Fuel storage and dispensing  1 

Equipment washdown  1 

Tyre change facility  1 

Explosives magazine  1 

 

The estimated, annual diesel consumption rates based on the full period of the open pit mine life are provided in 
Table 4.8. 
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Table 4.8 Annual diesel consumption of mining equipment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5.4 Pit ramp and haul roads 
The pit ramp has been designed as a dual lane ramp. The haul roads have been designed to accommodate the 
widest dump truck proposed, which will be a 90-tonne rigid truck, but 55 tonne articulated dump trucks will also 
be used. The haul roads will be dual lane with a width of 25 metres. Wherever possible switch back turns are 
flattened and have a turning radius of 6 metres. Main haul road gradients are designed at 1:10 but interim ramps 
within the pit may have steeper gradients as room permits. A typical cross section of a haul road is shown in  

Figure 4.10. 

All haul roads within the mine operation will be unsealed. The roads will be constructed using the best available 
waste rock for the road base and the pavement layer.  

4.5.5 Mining infrastructure 

Mining Services Area 

The mining services area will be constructed to the south of the ROM pad on an area roughly 4.2 hectares (10.5 
acres) in size. The area will accommodate the following facilities: 

 Warehouse laydown area. 

 Warehouse. 

 Office complex. 

 Light vehicle parking.  

 Crib room. 

 Training room. 

 Ablution facility. 

 Fuel facility. 

Unsealed pavements are proposed for the light vehicle parking, access roads and the warehouse laydown. 

Emulsion facility and explosives magazine 

The emulsion and explosives magazine facility will be located north of the proposed pit. The location has been 
selected to ensure that an adequate separation distance is maintained between the magazine and other 

Activity Annual diesel consumption (L) 

Drill and blast 540,116 

Load and haul fleet 8,985,491 

Ancillary plant 1,474,183 

Front and Loader ROM crusher 
feed 

411,068 

Dewatering 119,285 

Secondary breakage 26,578 

Other 305,956 

Total 11,862,677 
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infrastructure and workplaces, so that they would not be directly affected in the unlikely event of an unplanned 
explosion at the magazine. 

The emulsion and magazine facility is designed to store up to 10,000 kg of explosives. An earthworks pad 54 m 
x 38 m will be constructed at the emulsion facility and a 32 m x 37 m pad at the magazine. The emulsion facility 
will have a separation distance of 50 m from the magazine. 
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Figure 4.10  Two-way haul road cross-section 
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ROM pad 

The ROM pad will be 200 m x 200 m with suitable elevation to accommodate the process crusher and feed bin. 
The haul road connects to the ROM pad from the east. The ROM pad may be extended to the south during 
operations. 

Mine dewatering 

Mine dewatering equipment will be required during mining of the open pit. Pit dewatering requirements will vary 
based on the different stages of the operation. Water that accumulates in the pit will be removed using in pit-
sumps and mobile pump sets coupled with maintaining appropriate bench drainage measures.   

Two primary pump sets will be required comprised of Sykes HH160 and HH220 or similar pumps. These will 
discharge water into settling ponds for subsequent use of the water for dust suppression purposes or disposal to 
the Nam Pangyun. 

4.6 Ore processing 
Ore will be processed to produce mineral concentrates, with the residual material (tailings) disposed onsite in 
tailings storage facilities (TSFs).  

A process plant will be constructed approximately 1,300 m north of the edge of the open pit and approximately 
600 m from coarse ore stockpile. The process plant is in an L-shaped configuration to reflect the topography of 
the area ( 

Figure 4.11). The general arrangement of the process plant as a three-dimensional view in the surrounding 
landscape is shown in  

Figure 4.12. The primary crusher is located at the northern face of the ROM pad on a hilltop 100 m west of the 
coarse ore stockpile and connected to the plant by conveyor and crushing plant access road off the main entrance 
road inside the security fence. The crushing plant is elevated above the main process plant. The ROM pad is 
immediately south of the process plant. 

Processing of ore will involve crushing and grinding and classification followed by separate lead-silver and zinc 
flotation circuits. Reagents will be required in the grinding circuit (lime, sodium metabisulphite) and also for the 
lead-silver flotation circuit (lime, sodium cyanide, zinc sulphate and sodium ethyl xanthate) and the zinc flotation 
circuit (lime, copper sulphate and sodium isobutyl xanthate). 

Concentrates will be thickened, filtered and stockpiled for loading into concentrate containers. The concentrate 
containers will be transported via road to Lashio and then onwards for export to international markets. At the 
Myanmar border export duty and export license fees will be paid.  

The nameplate capacity of the process plant is based on 3 Mtpa of ore feed at 5.44% Pb, 2.62% Zn, 108 g/t Ag 
and a plant availability of 91.3%. This gives a nominal throughput rate of 375 t/h. 

Design concentrate production based on this mass balance is presented in Table 4.9. 
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Table 4.9 Average concentrate production  

 

Ore throughput and corresponding concentrate production (in dry tonnes) of both lead-silver concentrate and 
zinc concentrate, and tailings is shown in  

Figure 4.13 and Table 4.10. 

Concentrate 
Production 
(dry tpa) 

Mass Recovery to 
Concentrate (%) 

Grade 

Pb 
%

Zn 
%

Ag (g/t) 

Lead-Silver ~138,000 7.2 53 ~4 991 

Zinc ~85,000 4.4 ~6 42 246 

Concentrate 
Production 
(dry tpa) 

Mass Recovery to 
Concentrate (%) 

Grade 

Pb 
%

Zn 
%

Ag (g/t) 

Lead-Silver ~138,000 7.2 53 ~4 991 

Zinc ~85,000 4.4 ~6 42 246 
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Table 4.10 Annual ore throughput, concentrate production and tailings production 

 

 

The following section provides a description of the mineral concentration process.  

Year 
Ore Throughput 
(t) 

Lead Concentrate (dry 
t) 

Zinc Concentrate (dry t) Tailings (t) 

2023 252,000 16,500 11,300 224,200

2024 264,000 19,000 17,000 228,000

2025 924,000 56,500 32,000 835,500

2026 1,320,000 100,000 67,000 1,153,000

2027 1,320,000 100,000 67,000 1,153,000

2028 1,320,000 100,000 67,000 1,153,000

2029 1,320,000 100,000 67,000 1,153,000

2030 1,320,000 100,000 67,000 1,153,000

2031 2,244,000 157,500 97,774 1,988,726

2032 2,640,000 185,300 115,000 2,339,700

2033 2,640,000 185,300 115,000 2,339,700

2034 2,640,000 185,300 115,000 2,339,700

2035 2,640,000 185,300 115,000 2,339,700

2036 2,640,000 185,300 115,000 2,339,700

2037 2,640,000 185,300 115,000 2,339,700

2038 2,640,000 185,300 115,000 2,339,700

2039 2,640,000 185,300 115,000 2,339,700

2040 2,640,000 185,300 115,000 2,339,700

2041 2,640,000 185,300 115,000 2,339,700

2042 2,640,000 185,300 115,000 2,339,700

2043 2,640,000 185,300 115,000 2,339,700

2044 2,640,000 185,300 115,000 2,339,700

2045 2,640,000 185,300 115,000 2,339,700

2046 2,640,000 185,300 115,000 2,339,700

2047 2,640,000 185,300 115,000 2,339,700

2048 2,640,000 185,300 115,000 2,339,700

2049 1,000,000 84,500 46,200 869,300

2050 1,000,000 84,500 46,200 869,300

2051 1,000,000 84,500 46,200 869,300

2052 1,000,000 84,500 46,200 869,300

2053 1,000,000 84,500 46,200 869,300

2054 1,000,000 84,500 46,200 869,300

Total 61,164,000 4,406,600 2,725,274 54,032,126
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4.6.1 Primary crushing 
Ore will be delivered to the ROM bin (200 t capacity) by front end loader. Ore will then be drawn from the bin at 
a controlled rate by an apron feeder and onto a vibrating grizzly to screen the oversize rocks for discharge into a 
jaw crusher. The fine rocks bypass the jaw crusher. The crushed product and grizzly undersize material will 
discharge onto the primary crusher sacrificial conveyor. A self-cleaning belt magnet will be located at the end of 
this conveyor to remove any tramp metal. 

The crushed ore will then discharge onto the stockpile feed conveyor, equipped with a weightometer, for transport 
to the stockpile. 

The primary crushing circuit will be controlled locally, with the front end loader operator ensuring that feed is 
maintained to the circuit and will communicate with the operator using a two-way radio. The circuit will be 
independently and sequentially interlocked for shutdown so, in the event of a single component failure, all 
components will be safely shut down automatically. 

A flowsheet of the indicative primary crushing circuit is shown in  

Figure 4.14. 

4.6.2 Grinding and classification  
The primary grinding circuit will consist of a semi-autogenous grinding (SAG) mill and a closed-circuit ball mill, 
housed in a composite concrete and steel structure with four main levels. 

Crushed ore will be fed directly into the SAG mill at a controlled rate via the SAG mill feed conveyor. Process 
water, sodium metabisulfite and lime slurry will be added to the SAG mill feed chute to achieve the required 
milling density. Slurry will discharge from the SAG mill through the SAG mill trommel and gravitate to the 
cyclone feed hopper. The slurry will be further diluted with process water prior to being pumped to the primary 
cyclone cluster by the cyclone feed pumps.



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 4 E Guard Environmental Services |  4-29

 

 

Figure 4.11 Process plant and surrounding infrastructure 
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Figure 4.12 General layout of the proposed process plant 
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Figure 4.13 Ore throughput, concentrate and tailings production 
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Figure 4.14 Primary crushing circuit flowsheet
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The primary cyclones will separate the slurry into fine and coarse fractions. The coarse cyclone underflow stream 
will be recycled back to the ball mill for further grinding, with provision for a portion to be recycled to the SAG 
mill as well if required. Process water will be able to be added to the ball mill if needed to achieve the desired 
milling density. Slurry will discharge from the ball mill into the cyclone feed hopper via the ball mill trommel. 

The cyclone overflow product, with a nominal pulp density of 34% solids w/w, will report to the trash screen via 
gravity. A cyclone overflow sampler and particle size analyser will provide real-time sizing data to assist with 
control of the milling circuit. 

Pebbles, exiting as the SAG mill trommel oversize, will gravitate to the first of two pebble return conveyor in 
series, one of them fitted with a weightometer. A belt magnet will be provided to remove any tramp metal from 
the circuit. Pebbles will be discharged directly onto the SAG mill feed conveyor.  

4.6.3 Lead-silver flotation and regrind  
The lead-silver flotation circuit will consist of two 30 m³ agitated rougher conditioner tanks followed by seven 70 
m³ tank type flotation cells in series.  A flowsheet of the lead-silver flotation circuit and regrind is shown in Figure 
4.15. 

Cyclone overflow will gravitate to the trash screen, located on top of the conditioning tanks. Slurry will flow into 
the lead-silver rougher conditioner tanks, while trash will report to the trash bunker.  

Reagents such as lime, sodium cyanide, sodium ethyl xanthate collector, aero 404 promoter and zinc sulphate will 
be added to the rougher conditioner tank, along with process water for dilution to the required slurry density, if 
required. Frother will be added to the feed box of the rougher flotation cells. Low pressure air will be supplied to 
each flotation cell.   

Lead-silver rougher concentrate from the seven cells report to the lead-silver concentrate hopper and pumps, 
which transfer the slurry to the lead-silver regrind circuit. Lead-silver rougher concentrate will then report to the 
lead-silver regrind cyclone feed hopper with process water added to achieve the desired cyclone feed density. 
Reagents including lime slurry, sodium metabisulfite and zinc sulphate will be added as required. Lead-silver 
regrind cyclone overflow will gravitate to the lead-silver cleaner conditioner tank. Cyclone feed slurry will be 
pumped to the lead-silver regrind cyclone cluster by the lead-silver regrind cyclone feed pumps, which will operate 
in a standby mode. A sump pump will be provided to direct spillage to the lead-silver rougher conditioner tanks. 

Lead-silver regrind cyclone underflow, diluted with process water to achieve the required milling density, will 
gravitate to the lead-silver regrind mill. Slurry will discharge from the lead-silver regrind mill and be returned to 
the lead-silver regrind cyclone feed hopper. Another sump pump will be installed adjacent to the mill to return 
spillage to the lead-silver regrind cyclone feed hopper.   

Lead-silver regrind cyclone overflow will report to the agitated lead-silver cleaner conditioner tank. Flotation 
reagents such as lime, zinc sulphate and sodium ethyl xanthate will be added to the conditioner tank. Slurry will 
gravitate from the conditioner tank to the first of six, 30 m3 lead-silver cleaner flotation cells. 

Lead-silver final concentrate will be pumped to the lead-silver final concentrate on stream analyser and 
metallurgical sampler and then gravitate into the lead-silver concentrate thickener using the lead-silver final 
concentrate pumps, which will be installed on a standby arrangement.   

Tailings from the lead-silver cleaner will gravitate to the lead-silver flotation tailings hopper, where it will be 
combined with the lead-silver scavenger tailings. The combined streams will be pumped to the zinc conditioner 
tanks by the duty / standby lead-silver flotation tailings pumps.
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Figure 4.15  Flotation flowsheet
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4.6.4 Zinc flotation and regrind  
The zinc flotation circuit will consist of two agitated conditioner tanks in series, followed by six, 50 m³ tank style 
flotation cells in series. A flowsheet of the zinc flotation circuit and regrind is shown in Figure 4.15. 

Lead-silver tailings will be pumped to a zinc rougher conditioner tank (No.1) where copper sulphate activator will 
be added, with the tank overflowing to a second zinc rougher conditioner tank (No. 2) where sodium isobutyl 
xanthate and lime will be added if required.  Conditioned slurry will flow to the zinc rougher and scavenger five 
flotation cells in series.    

Zinc rougher concentrate will report to the zinc rougher concentrate hopper and pumps that will forward this 
stream to the zinc regrind circuit.  A sump pump will be provided to return slurry to the zinc conditioner tanks. 

Zinc rougher concentrate will report to the zinc regrind cyclone feed hopper. Water will be added to the hopper 
to achieve the desired cyclone feed density. Zinc regrind cyclone overflow will gravitate to the zinc cleaner 
conditioner tank. One stirred media detritor regrind mill with variable speed drive is included in the circuit. 
Cyclone feed slurry will be pumped to the zinc regrind cyclone clusters by the zinc regrind cyclone feed pumps 
on standby mode.   

Zinc regrind cyclone underflow, diluted with process water to achieve the required milling density, will gravitate 
to the zinc regrind mill. Slurry will discharge from the zinc regrind mill and be returned to the zinc regrind cyclone 
feed hopper. A sump pump will be installed adjacent to the mills to return spillage to the zinc regrind cyclone feed 
hopper.  

Zinc regrind cyclone overflow will report to the agitated zinc cleaner conditioner tank. Flotation reagents such as 
copper sulphate, sodium isobutyl xanthate and lime will be added to the conditioner tank if required. Low pressure 
air will be supplied to each flotation cell. Slurry will gravitate from the conditioner tank to the first of six, 10 m3 
zinc cleaner flotation cells.  

Zinc final concentrate will gravitate into the zinc concentrate thickener using the zinc final concentrate pumps, 
which will be installed in a duty / standby arrangement. An on-stream analysis system will be installed to provide 
real-time assays for process control purposes for both the lead and zinc flotation streams. 

Tailings from the zinc cleaner will gravitate to the flotation tailings hopper where it will be combined with the 
zinc scavenger tailings, and a number of other sump pump waste streams, before being pumped to the tailings 
thickener by the duty / standby flotation tailings pumps. 

4.6.5 Concentrate dewatering 
The concentrate thickeners will be located adjacent the tailings thickener, directly opposite the concentrate storage 
area. The lead-silver concentrate and zinc concentrate areas are separately bunded with their own dedicated sump 
pumps. The lead-silver and zinc concentrate bund capacities will match the thickener tank volume so that 
uncontrolled discharge from the thickener will be fully contained to ensure no potential for environmental release. 

The proposed concentrate dewatering process is shown on the flowsheet  

Figure 4.16 and is described in more detail in this section. 

Final lead-silver concentrate will be pumped to the lead-silver concentrate thickener with flocculant added. 
Thickener overflow water will gravitate to the lead-silver concentrate thickener overflow water tank. From there 
it will be pumped to the process water tank. Thickener underflow will be pumped to the agitated lead-silver 
concentrate filter feed tank. Lead-silver concentrate will be pumped to the lead-silver concentrate filter by the 
lead-silver filter feed pumps. A sump pump will be provided to return spillage to the lead concentrate thickener.
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Figure 4.16  Concentrate dewatering flowsheet
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Lead-silver concentrate will be pumped in batches to the lead-silver concentrate filter. The filter will remove water 
from the concentrate to meet the target moisture of 7.5% w/w using a series of pressing and air blowing steps.  
After the required filtration time, the filter press will open and discharge lead-silver concentrate directly onto the 
floor of the concentrate shed. Filter cloths will be washed intermittently (every 8 to 10 cycles) using raw water 
from the lead-silver cloth wash tank. Filtrate from the lead-silver concentrate filter will be returned to the lead-
silver concentrate thickener using the lead-silver filtrate pumps.  

Zinc final concentrate will report to the zinc concentrate thickener, with flocculant added. Thickener overflow 
will gravitate to the zinc water tank. Thickener underflow will be pumped to the agitated zinc concentrate filter 
feed tank. Zinc concentrate will be pumped to the zinc concentrate filter by the zinc filter feed pumps. A sump 
pump will be provided to return spillage to the zinc concentrate thickener. 

Zinc concentrate will be pumped in batches to the zinc concentrate filter. The filter will remove water from the 
concentrate to meet the target moisture of 8% w/w using a series of pressing and air blowing steps. After the 
required filtration time, the filter press will open and discharge zinc concentrate directly onto the floor of the 
concentrate shed. Filter cloths will be washed intermittently using raw water from the zinc cloth wash tank. Filtrate 
from the zinc concentrate filter will be returned to the zinc concentrate thickener using the zinc filtrate pumps.   

The covered concentrate filter building will be serviced by the concentrate filter building maintenance crane. 

4.6.6 Concentrate storage and transport 
A front-end loader will be used to remove the lead-silver and zinc concentrates from beneath their respective filter 
presses and transfer them to the adjacent covered concentrate storage area. Approximately 9,000 tonnes of lead-
silver concentrate and 4,500 tonnes of zinc concentrate will be able to be stored, which is equivalent to fourteen- 
and nineteen-days production for lead-silver and zinc respectively at nominal production rate. Concentrates will 
be loaded into covered 20 ft half height containers by the front-end loaders. The type of container proposed to be 
used by the project is shown in Plate 4.1. 

Dedicated automated samplers, will sample each container, and then the container will be sealed. The containers 
are of a solid steel or alloy construction and incorporate a sealed top hatch for filling and sealed end door for 
tipping out. Containers remain sealed until emptying at the smelter. After emptying at the smelter, the containers 
are washed to meet Myanmar quarantine regulations and sealed for the return journey to Bawdwin.  

Dedicated loadcells for mass measurement will weigh containers. The containers will then be removed from the 
shed by a container forklift, and either stored or placed onto trucks for shipment off site. 

A wheel wash will be provided to ensure that all vehicle wheels are cleaned prior to leaving the concentrate 
handling area. 

 

Plate 4.1 Containers proposed to be used for transporting final concentrate products 
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4.6.7 Processing equipment  
A range of specialised mineral processing equipment and machinery is proposed for the project. Table 4.11 
describes the major equipment items.  

Table 4.11 Major mineral processing equipment 

Equipment Name Description 

ROM bin 200 t capacity 

Primary crusher 1,300 mm x 1000 mm jaw 

Stockpile 6,000 t dry live capacity 

SAG mill Ø 7.90 m x 4.60 m EGL 5,400 kW 

Ball mill Ø 6.40 m x 9.5 m EGL 7,000 kW 

Trash screen 2.4 m wide x 4.8 m long 

Lead-silver rougher / scavenger cells 7 x 70 m3 tank cells 

Lead-silver cleaner cells 6 x 30 m3 tank cells 

Lead-silver regrind mill 1 x 750 kW stirred media detritor 

Zinc rougher / scavenger cells 6 x 50 m3 tank cells 

Zinc cleaner cells 6 x 10 m3 tank cells 

Zinc regrind mills 1 x 355 kW stirred media detritor 

Lead-silver concentrate thickener Ø 14 m high rate 

Lead-silver concentrate filter 198 m2 1,500 mm x 1,500 mm pressure 

Zinc concentrate thickener Ø 11 m high rate 

Zinc concentrate filter 144 m2 1,500 mm x 1,500 mm pressure 

Tailings thickener Ø 23 m high rate 

4.6.8 Processing reagents 
A range of processing reagents will be used in the mineral concentration process described above. Reagent 
mixing facilities will be located adjacent the zinc flotation area, and only a short distance from the reagent 
storage shed for forklift tramming. Proposed processing reagents are described in Table 4.12.  

Table 4.12 Proposed processing reagents  

Name Description 

Sodium ethyl xanthate  

 

Used to treat the surface of targeted minerals so they become more hydrophobic and can be 
separated from non-desirable minerals. 

Sodium ethyl xanthate will be delivered in solid form in bulk bags and stored in the reagent 
shed.   

Promoter (AERO 404) Promoter will be delivered in intermediate bulk containers (IBC) and stored in the reagent 
shed until required.  A small storage tank will be installed to provide storage capacity local 
to the flotation area.  Multiple diaphragm dosing pumps will deliver the reagent to the 
required locations within the flotation circuit.   

Sodium isobutyl xanthate  Used to treat the surface of targeted minerals so they become more hydrophobic and can be 
separated from non-desirable minerals. 

Sodium isobutyl xanthate will be delivered in solid form in bulk bags and stored in the 
reagent shed.  Raw water will be added to the agitated mixing tank.   

Frother Frother is an air bubble enhancer during flotation process.  

Frother will be delivered in bulk boxes and stored in the reagent shed until required.  A 
small storage tank will be installed to provide storage capacity local to the flotation area.  A 
drum pump will be used to transfer frother from the bulk box into the local storage tank. 

Flocculant  

 

Flocculant promotes flocculation and separation by causing colloids and other suspended 
particles in liquids to aggregate. 

Powdered flocculant will be delivered to site in 25 kg bags and stored in the reagent shed.  
A vendor supplied mixing and dosing system will be installed, which will include 
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Name Description 

flocculant storage hopper, flocculant blower, flocculant wetting head, flocculant mixing 
tank, and flocculant transfer pump.  Powder flocculant will be loaded into the flocculant 
storage hopper by hand.  Dry flocculant will be pneumatically transferred into the wetting 
head, where it will be contacted with water.   

Hydrated lime 

 

Hydrated lime is used for pH modification and to improve process efficiency. 

The facility to receive hydrated lime via bulk tanker or in bulk bags will be provided. If 
bulk tanker deliveries are received, the hydrated lime will be pneumatically conveyed from 
the tanker to the lime silo.  If bulk bags are received, a separate lime transfer hopper, 
equipped with bag breaker and dust collector, will be used to empty the bags and provide a 
small storage capacity.  The lime transfer blower will be used to transfer hydrated lime to 
the main storage in the lime silo. 

Copper sulphate Copper sulphate will be delivered in solid form in bulk bags and stored in the reagent shed.  
Raw water will be added to the agitated copper sulphate mixing tank.   

Sodium metabisulphite  Sodium metabisulphite inhibits the flotation of pyrite during processing. It will be delivered 
in solid form in bulk bags and stored in the reagent shed.   

Zinc sulphate  

 

Zinc sulphate will be delivered in solid form in bulk bags and stored in the reagent shed. 
Raw water will be added to the agitated zinc sulphate mixing tank 

Sodium cyanide (NaCN) Flotation testwork has shown that sodium cyanide is highly effective at depressing zinc and 
arsenic in the lead flotation stage. The NaCN removes the Cu2+ from the surface of the Zn 
and As bearing minerals, sphalerite and gersdorffite respectively. Sodium cyanide is 
commonly used in copper-lead-zinc flotation plants and is essential when a portion of the 
sulphide minerals have oxidized into more soluble varieties, such as with the Bawdwin 
deposit. Sodium cyanide will be delivered in solid form in bulk bags and stored in the 
reagent shed.   

Grinding media Grinding media for the SAG and ball mill will be delivered to site in drums or bulk 
containers.  Grinding media will be transferred to the plant using a skid-steer loader and 
added to the SAG mill feed conveyor via the SAG mill ball hopper.  Grinding media will be 
added to the ball mill using the ball mill kibble and ball mill charging hoist.   

Ceramic media for the regrind mills will be delivered in bulk bags.  Media for the regrind 
mills will be added to the respective mill using the media charging kibble and hoist. 

 

The volumes of processing reagents and grinding media in the process plant are shown in Table 4.13 
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Table 4.13 Estimated grinding media and reagent volumes 

 

4.6.9 Process water services 
Raw water for the process plant will be supplied from the Nam La water harvesting facility and the diversion dam 
(see Figure 1.2). This water will be stored in an enclosed raw water tank at the process plant.  

Raw water will be treated in a reverse osmosis (RO) package potable water treatment plant (see  

Figure 4.12). The plant potable water tank will be used to store potable water for use in the plant and mining 
services area for ablutions, safety showers and drinking fountains.  Potable water for the camp will be transported 
from the plant by trucks on regular basis. A sump pump will be provided to transfer brine from the potable water 
plant to the tailings area via a HDPE pipeline. 

Water for use in the lead circuit will be stored in the process water tank.  Process water will consist of decant 
return water, tailings thickener overflow and lead concentrate thickener overflow, with raw water make-up as 
required.  Process water will be distributed to the milling circuit, the lead circuit for process stream dilution, 
hopper level control and froth breakdown, tailings area and general plant hose down. 

Water for the zinc circuit will be stored in the zinc water tank.  Recycled water will be sourced from the zinc 
thickener overflow, with make-up from the process water tank. A water treatment plant will be included to treat 
zinc water excess and a fraction of the process water flow.  The plant will be used to remove metal ions in solution 
and to remove fine sphalerite from the zinc circuit which could have detrimental impact in the metallurgy 
(recovery and grade). The permeate (treated water), will be discharged into the process water tank and recirculated 
back to the process. The brine, containing the treatment plant rejects, will be discarded to tails. 

Decant water from the tailings will be pumped from the TSF to the decant return water tank.  From here the water 
will gravitate to the process water tank located at the Bawdwin plant. 

A schematic water balance flow diagram for project operations is shown in Figure 4.17.  

Item Unit Delivery Size Annual 
Comsumption 

Grinding media 

  SAG mill t 26 840 t 

  Ball mill t 26 1,720 t 

  Lead regrind mill t 20 73 t 

  Zinc regrind mill t 20 39 t 

Reagents 

  Hydrated Lime t 28 6,726 t 

  Sodium metabisulphite t 24 1,100 t 

  Zinc Sulphate t 27 3,731 t 

  Sodium cyanide t 20 550 t 

  Sodium ethyl xanthate t 17 130 t 

  Frother t 20 328 t 

  Promoter (AERO 404) t 20 14 t 

  Flocculant t 15 19 t 

  Copper Sulphate t 24 971 t 

  Sodium isobutyl xanthate t 17 130 t 
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4.6.10 Process control 
The plant will be designed with a level of automation and control that provides the option of local control and 
remote monitoring or control from a central control room. Instrumentation in the process plant will measure and 
control key process parameters to minimise operator intervention in standard start-up functions and to provide 
key monitoring and control to minimise process excursions and maintain steady operation. 

The main control room will be located overlooking both milling and flotation area and will house supervisors and 
data acquisition servers and two operator interface terminals. A third engineering workstation will be provided 
for control system overview and modifications. The control room is intended to provide a central area from where 
most of the plant is operated, monitored and adjusted, including the regulatory control loops.  All key process and 
maintenance parameters will be available for trend monitoring and alarming on the process control system.
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Figure 4.17 Water balance flow schematic
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4.7 Waste rock management 
Waste rock characterisation and management including design of the waste rock dump was completed by Knight 
Piesold (2020) to inform the DFS for the project and is included as Appendix A. 

Over the life of the project 163.9 Mt of waste rock will be produced. Most waste rock will be stored in a single 
waste rock dump within the Wallah Gorge comprising benches and embankments. Sediment basins and leachate 
treatment ponds will be constructed downstream of the waste rock dump to collect and treat discharge and runoff.  
Waste rock placement will commence at the toe and work back up through the valley thus negating the need for 
ramps for the majority of the dump. However, ramps will be provided to access the areas of the dump above the 
surrounding topography. Up to 1.5 Mt of potentially acid forming (PAF) waste rock material is expected. The 
PAF waste rock will either be placed in TSF C and inundated to prevent acid generation, or an alternative option 
is for PAF waste rock to be encapsulated in a engineered cell within the waste rock dump. 

A breakdown of the waste rock classifications (i.e., underground fill, oxide material, transitional material and 
fresh material) is shown in Table 4.14. 

Table 4.14 Waste rock production schedule 

Material Unit Pit Stage Total Proportio
n 

of waste 
1 (Central) 2 (West) 3 (East) 4 (Starter) 

Start Finish Start Finish Start Finish Start Finish 

Year 
1 

Year  
8 

Year 
3 

Year  
8 

Year 
3 

Year  
8 

Year  
8 

Year  
15 

UG Fill t 414,468 0 76,996 1,260,819 1,752,283 1% 

Oxide t 3,334,597 3,828,014 8,441,032 1,467,731 17,071,374 11% 

Transitional t 17,405,857 28,300,413 24,386,127 7,414,184 77,506,582 49% 

Fresh t 11,354,089 24,718 21,087,035 30,866,737 63,332,579 40% 

Total t 32,509,011 32,153,145 53,991,191 41,009,471 159,662,817 100% 

File Ref. 
bawdwin_feb_2020_V14_Schedule_3Mt_sp_smoothed_v26d_forced_with_bcm_movements_Rev6_PS_Apr2023 

Note: minor differences in totals caused by rounding. 

4.7.1 Waste rock characteristics  

Physical characteristics 

The mining schedule indicates that approximately 11% of the waste rock will be oxide, 49% will be transitional 
and the remaining 40% will be fresh (Table 4.14). Fresh rock refers to rock that has not been weathered. Oxide 
waste refers rock material in oxide form (i.e., oxygen-bearing minerals). Transitional rock occurs in the transition 
zone between fresh and oxide rock. 

Based on the geotechnical investigation, data reviewed and in consideration of the volcaniclastic and sedimentary 
geology, it is considered likely that there will be minimal high strength fresh waste rock.  

Geochemical characteristics 

Method 

Knight Piesold (2020; Appendix A) describe the methods to characterise the geochemical properties of waste rock 
and is summarised below. 

A waste rock geochemical study (conducted over two phases) comprised acid base accounting and total multi-
element analysis of 205 samples and distilled water extract testing of 90 samples. 
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In the first phase, samples were selected based on the representative lithologies and comprised 105 samples from 
twelve boreholes and three lithologies; porphyry (40 samples), Bawdwin tuff (40 samples) and Pangyun sandstone 
(25 samples). In the second phase, the geological database of over 20,000 samples was reviewed to select a further 
representative 100 samples based on a range of criteria including geographic spread, lithology, oxidation and 
concentrations of key ‘indicator’ elements (sulfur, sulfide, lead, zinc, copper and mercury). The program focussed 
on a number of analytical methods to characterise the geochemistry including: acid based accounting, net acid 
generation, acid forming potential, elemental analysis and elemental analysis of distilled water extracts. 

Acid base accounting assesses a sample’s potential to form acid from the oxidation of sulfides and the ability to 
neutralise acid by the dissolution of minerals, predominantly carbonates, contained in the sample. In the 
laboratory, total sulfur and total carbon were estimated using an induction furnace, with infrared detection, with 
acid insoluble carbon and sulfate sulfur determined by acid digest and infrared / inductively coupled plasma 
detection respectively. Acid neutralising capacity (ANC) was determined by digestion in a standard solution of 
hydrochloric acid (HCl), followed by back titration with sodium hydroxide (NaOH) to determine the amount of 
acid consumed. The results of the acid base accounting testwork are used to calculate the maximum potential 
acidity (MPA), which is a measure of the maximum amount of sulfuric acid which can be produced from the total 
oxidation of all sulfides within the sample, assuming all sulfides are present as pyrite. 

The net acid producing potential (NAPP) is the balance between the MPA and ANC. A negative NAPP indicates 
that there is an excess neutralising capacity and a positive NAPP indicates there is excess potential acidity. 

Net acid generation (NAG) testwork is a direct measure of a sample’s ability to produce acid through sulfide 
oxidation. The addition of hydrogen peroxide to samples causes rapid oxidation of the contained sulfides to 
produce sulfuric acid. 

The acid formation potential of a sample is calculated based on the acid base accounting, i.e. the balance between 
a sample’s ability to produce acid from the oxidisation of sulfide minerals (MPA) and neutralise acid by the 
dissolution of alkaline minerals (ANC). 

KP prefers to use the results of the acid base accounting in combination with the NAG testing results to classify 
the acid formation potential of materials, as opposed to solely using the ratio between the ANC and MPA. 

Multi-element analysis was conducted to assess elemental enrichments within the waste rock samples. The 
specified four acid digestion method results in near total digestion of the samples to assess the whole rock 
geochemistry. Multi-element analysis results were then compared to the average crustal abundance to determine 
geochemical abundance indices (expressed on a scale of 0 to 6). 

Distilled water extract tests are conducted to assess the potential for leaching of environmentally significant 
elements from waste rock samples, which could have a detrimental effect on the seepage water quality. 
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Acid forming potential 

The results of the sulfur speciation indicate that the total sulfur contents of the samples varied considerably from 
<0.01% to 6.0% at an average of 0.29% which is moderate. The sulfate contents were typically low ranging from 
<0.01% to 0.75% at an average of 0.04%, indicating that the vast majority of sulfur is likely present as sulfide. 
Sulfide contents varied from <0.01% to 3.5% at an average of 0.16%. The highest sulfide contents were typically 
recorded in the Bawdwin tuff samples. 

The maximum potential acidity was calculated from the CRS-determined sulfide contents and varied from 
negligible to 106 kg H2SO4/t at an average of 5 kg H2SO4/t, which is considered to be low (Knight Piesold, 2020). 
Knight Piesold note that this estimate is based on the assumption that all sulfides are present as pyrite. However, 
in the Bawdwin deposit the majority of sulfides are present as galena and sphalerite, which do not generate acid 
where oxygen is the oxidant. 

The majority of waste rock was found to have a low ANC, with a small proportion of the waste containing 
significant amounts of ANC. The median ANC value recorded was 3.8 kg H2SO4/t, which is low. 

The net acid generation test indicates that under extreme oxidising conditions, acid was produced by 44% of 
samples up to a maximum of 77 kg H2SO4/t (i.e., 77 kg of sulfuric acid produced per tonne of fully oxidised rock), 
with 5% of samples also recording final NAG pH values below 4.5 

Lithologically, the PAF material is effectively limited to the Bawdwin tuff, to a lesser extent the narrow, steeply 
dipping fault shear material and is most prevalent in transitional and fresh waste. It was estimated that 6% of the 
waste rock samples were potentially acid forming (PAF), the vast majority of which comprised Bawdwin tuff 
which is host to the majority of the mineralisation. However, the distribution of PAF samples was not uniform 
throughout the tuff and, therefore, lithology alone is a poor predictor of PAF capacity (Table 4.15).  The fault 
shear samples were found to be highly variable across the limited set of four samples varying from acid consuming 
(AC) to PAF. The Pangyun sandstone and quartz porphyry did not record any PAF samples.  

Table 4.15 Summary of acid forming potential by lithology 

Lithology Acid Consuming 
(%) 

Non Acid Forming 
(%) 

Potentially Acid 
Forming (%) 

Bawdwin tuff (all sub-lithologies) 2 86 12 

Bawdwin tuff (un-differentiated) 3 90 7 

Bawdwin tuff (Ash) 0 100 0 

Bawdwin tuff (Lapilli) 2 82 16 

Fault – breccia 0 100 25 

Fault – shear 25 50 0 

Pangyun sandstone 0 100 0 

Quartz porphyry - Loi Mi 0 100 0 

Quartz porphyry (with feldspar) 0 100 0 

Quartz porphyry (without feldspar) 0 100 0 

Quartzite 0 100 0 

Source: Knight Piesold, 2020 

Seven geometallurgical domains were assigned by CSA Global. These were: 

 Carbonate (Carb). 

 Potassic-intermediate (K_Int). 

 Sericite-intermediate (Ser_Int). 

 Potassic-silica (K_Sil). 

 Sericite-silica (Ser_Sil). 

 Sandstone (SST). 

 Argillic domain (Argillic). 
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Of the eleven waste rock samples classified as PAF-LC or PAF, six were from the potassium feldspar, low silica 
alteration (K_Int domain), four were from the white mica, silica alteration (Ser_Sil domain), and one fault shear 
sample was from the potassium feldspar and lesser silica alteration (K_Sil domain). 

A review of the spatial distribution of waste rock samples was made with respect to the halo and high-grade lodes 
defining additional spatial controls to lithology and geometallurgical domains on the distribution of acid forming 
potential. Knight Piesold concluded: 

 NAF material occurred in all domains. 

 AC (acid consuming) material was only present outside of the resource grade envelopes and within the 
Carbonate domain (Carb). 

 PAF material was only identified within the >0.5% Pb halo resource envelope. 

 PAF-LC material was dominantly found within the >0.5% Pb halo envelope (5 samples) and mostly outside 
of the >3.5% Pb high grade envelope (1 sample). 

Knight Piesold conservatively assumed that 10% of waste rock from these domains within the >0.5% Pb halo 
resource wireframe is PAF (testing indicated between 0% and 7% of samples from these domains were PAF). 
This leads to an estimate of the total volume of PAF being 1% of waste rock or approximately 1.5 Mt.  

Based on the acid base accounting results, a preliminary classification system is proposed to identify PAF during 
operations based on total sulfur and NAG testing, as follows: 

 Where NAG pH <4.5, handle as PAF. 

 Where NAG pH ≥ 4.5 and total sulfur content <1% – handle as NAF 

 Where NAG pH ≥ 4.5 and total sulfur content ≥1% – handle as PAF (due to the potential to release high 
sulfate concentrations during oxidation (even if excess acidity is not produced). 

Total sulfur and NAG testing can be readily conducted on grade control samples within a site laboratory to classify 
material in advance of mining. It is not possible to classify material based on total sulfur and carbon alone due to 
the presence of non-acid producing sulfides (galena and sphalerite), poor relationship between total sulfur and 
sulfide (due to presence of sulfates such as barite and anglesite) and non-net neutralising carbonates (siderite). 

Multi-element analysis 

Comparison of multi-element analysis to the average crustal abundance were used to indicate the level of 
elemental enrichment in waste rock samples whereby 0 indicates that the element concentration is less than or 
similar to average crustal abundance, and 6 indicates an element concentration of more than 96 times the average 
crustal abundance. Values of 0 and 1 being classified as “not enriched”, indices of 2 being classed as “slightly 
enriched”, indices of 3 and 4 being classed as “significantly enriched” and indices of 5 and 6 being classified as 
“highly enriched”. 

The results of the multi-element analysis on 205 waste rock samples identified a moderate to high number of 
element enrichments with pervasively high levels of enrichment (i.e., more than 48 times the crustal abundance) 
in antimony, arsenic, lead and silver (Table 4.16). In addition, no samples met ecological soil screening criteria, 
whilst the majority of samples also did not meet the human health or soil intervention guidelines. 

Table 4.16 Summary of element enrichment results from waste rock samples 

Element Not Enriched Slightly Enriched Significantly Enriched Highly Enriched 

Ag 18% 11% 28% 43% 

Al 100% 0% 0% 0% 

As 1% 7% 26% 66% 

B 17% 69% 14% 0% 

Ba 95% 2% 2% 2% 
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Element Not Enriched Slightly Enriched Significantly Enriched Highly Enriched 

Be 100% 0% 0% 0% 

Bi 20% 12% 51% 18% 

C 59% 14% 24% 3% 

Ca 100% 0% 0% 0% 

Cd 75% 11% 7% 7% 

Cl 100% 0% 0% 0% 

Co 88% 5% 6% 1% 

Cr 100% 0% 0% 0% 

Cu 81% 3% 10% 5% 

F 100% 0% 0% 0% 

Fe 100% 0% 0% 0% 

Hg 45% 17% 28% 10% 

K 100% 0% 0% 0% 

Mg 100% 0% 0% 0% 

Mn 99% 1% 0% 0% 

Mo 97% 1% 2% 0% 

Na 100% 0% 0% 0% 

Ni 95% 3% 2% 0% 

P 100% 0% 0% 0% 

Pb 23% 6% 17% 54% 

S 66% 12% 18% 5% 

Sb 1% 3% 32% 64% 

Se 46% 2% 52% 0% 

Sn 87% 13% 0% 0% 

Sr 100% 0% 0% 0% 

Th 100% 0% 0% 0% 

U 96% 3% 1% 0% 

V 100% 0% 0% 0% 

Zn 82% 7% 7% 5% 

Knight Piesold, 2020; Appendix A 

The distilled water extract testing of 90 samples indicated that leachate from the majority of samples would be 
likely to contain dissolved metal(loids) at concentrations well above reference water quality guidelines. The 
distilled water extract results were compared to Myanmar National Environmental Quality (Emission) Guidelines. 
Exceedances compared to the reference guidelines were noted for aluminium, arsenic, cadmium, cobalt, copper, 
nickel, lead, sulfate, total dissolved solids and zinc (Table 4.17).  

Table 4.17 Summary of distilled water extract results 

Element 

Reference Guidelines (mg/L) Average 
Concentration 
(mg/L) 

  

Percentage of 
Samples 
Exceeding Release 
Guidelines 

Percentage of 
Samples 
Exceeding Drinking 
Water Guidelines 

Release 
(Emission)1 

Drinking 
Water2 

Ag N/G N/G 0.00005 N/G 0% 

Al 5 0.2 0.51 2% 10% 

As 0.1 0.01 0.86 17% 61% 

B 5 2.4 0.01 0% 0% 

Ba N/G 0.7 0.05 N/G 0% 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 4 E Guard Environmental Services |  4-48

 

Element 

Reference Guidelines (mg/L) Average 
Concentration 
(mg/L) 

  

Percentage of 
Samples 
Exceeding Release 
Guidelines 

Percentage of 
Samples 
Exceeding Drinking 
Water Guidelines 

Release 
(Emission)1 

Drinking 
Water2 

Be N/G N/G 0.0002 N/G N/G 

Bi N/G N/G 0.00001 N/G N/G 

Ca 1,000 N/G 38.8 0% N/G 

Cd 0.05 0.003 0.127 17% 34% 

Cl N/G 250 2 N/G 0% 

Co 1 N/G 5.7 29% N/G 

Cr 1 0.05 0.015 0% 2% 

Cu 0.3 2 1.90 20% 12% 

EC 
(µS/cm) N/G N/G 368 N/G N/G 

F 2 1.5 0.15 0% 0% 

Fe 2 0.3 0.1 2% 10% 

Hg 0.002 0.006 0.0001 0% 0% 

K N/G N/G 17.6 N/G N/G 

Mg 2,000 N/G 7.0 0% N/G 

Mn N/G 0.1 2.5 N/G 68% 

Mo 0.15 0.07 0.004 0% 0% 

Na N/G 200 3.0 N/G 0% 

Ni 0.5 0.07 6.6 37% 51% 

P N/G N/G 0.05 N/G N/G 

Pb 0.2 0.01 2.0 46% 66% 

pH 6 to 9 6.5 to 8.5 6.4 32% 61% 

S N/G N/G 55.6 N/G N/G 

SO4 1,000 250 166.5 5% 12% 

Sb N/G 0.02 0.01 N/G 17% 

Se 0.02 0.04 0.0010 0% 0% 

Sn N/G N/G 0.0002 N/G N/G 

Sr N/G N/G 0.02 N/G N/G 

TDS 2,000 1,000 307 5% 7% 

Th N/G N/G 0.00001 N/G N/G 

U 0.2 0.03 0.003 0% 5% 

V N/G N/G 0.010 N/G N/G 

Zn 0.5 3 7.96 41% 37% 

Source: Knight Piesold, 2020. Bold indicates exceedance to either guideline value. 
N/G – No Guideline 
1Myanmar National Environmental Quality (Emission) Guideline (MOCAF, 2015) 
2World Health Organisation (2011)  Guidelines for Drinking-water Quality 

There was a strong correlation between pH and distilled water extract quality, with typically increasing dissolved 
metal(loid) concentrations recorded in response to lower pH solutions, although arsenic is also indicated to be 
soluble under weakly alkaline conditions. 

Although non-acid forming (NAF) samples were found to produce better quality leachate than PAF samples, the 
NAF samples still recorded guideline exceedances of environmentally significant metal(loids).  Based on these 
results seepage from waste rock dumps is likely not to meet criteria for discharge to the environment due to high 
concentrations of aluminium, arsenic, cadmium, cobalt, copper, manganese, nickel, lead and zinc within leachate.  
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Summary 

The assessment of waste rock geochemistry was based on ensuring samples were representative of the overall 
waste rock within the assay database and geographical spread. Knight Piesold conclude the results are likely to be 
a reasonable representation of the overall geochemical risk profile, although it is recognised that the assay database 
excludes material from higher elevations within the proposed pit cut backs, with the majority of drilling conducted 
at lower elevations in the valley due to access constraints. Inclusion of this material, which is situated away from 
the centre of the ore zone and likely to be predominantly oxide and/or low in sulfide, will most likely lead to 
‘dilution’ of the overall proportion of PAF. 

Overall, the geochemical characterisation of the waste rock indicates that: 

 The percentage of PAF waste rock is low overall (1%), however selective management of the PAF waste 
rock to limit acid forming conditions will help to minimise the amount of metal(loids) that are leached 
out of the waste rock. 

 The drainage or leachate from the waste rock material (even excluding the PAF material) will contain 
elevated levels of metal(loids) that have environmental significance and will likely not meet criteria for 
discharge to the environment. 

4.7.2 Waste rock dump design 
The majority of the waste rock will be stored in a single waste rock dump within Wallah Valley. The final waste 
rock dump footprint is approximately 106 ha (262 acres) in size and 3 km long running along the valley. The 
height from the toe of the waste rock dump to the top is approximately 315 m. The conceptual design of the waste 
rock dump is shown in  

Figure 4.18. 

The production of waste rock categorised as either oxide, transitional or fresh waste rock is presented in  

Figure 4.19. 

Waste rock placement in the Wallah Gorge will commence at the toe and work back up through the valley, 
although a main haul road has been included for ease of access. In addition, ramps have been included to access 
the higher elevation areas of the waste rock dump, which are above the surrounding topography (Figure 4.20).  

The batter slopes are 1V:2.5H with 10 m wide benches and 25 m wide ramps, which results in an overall slope 
profile of less than 1V:3H. In addition, a 25 m-wide coarse rockfill external surface layer of fresh waste rock 
(Zone C2) is included on the front face of the waste rock dump to improve the geotechnical stability and reduce 
the long term erosion potential of the dump. 

Waste rock will be classified in advance of mining using a grade control system with an on-site laboratory. This 
will include the identification of PAF waste. Once identified and segregated the PAF waste rock will be hauled to 
either a designated PAF storage area in TSF C and inundated to prevent acid generation, or it will be encapsulated 
within an impervious engineered cell within the waste rock dump. A final decision on the disposal of PAF material 
will be determined during detailed design when the estimated volume and scheduling of PAF is refined. 
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Figure 4.18  Waste rock dump conceptual design 
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Figure 4.19 Waste rock schedule 
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Figure 4.20 Three-dimensional views of the proposed Wallah waste rock dum
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Other than selective handling of PAF waste, there will be no other selective handling or layering of waste rock 
according to the physical or geochemical properties.  Waste will be deposited as it is mined and arrives at the 
waste rock dump, irrespective of lithological type.   

The design of the waste rock dump was based on the Guidelines for Mine Waste Dump and Stockpile Design 
(Hawley and Cunning, 2017).  The minimum required FoS provides the basis for the deterministic method of 
analysing geotechnical stability. Geotechnical stability is influenced by aspects such as the pore pressure, which 
is influenced by whether the material is drained and undrained or following a seismic event.  Therefore, specific 
factors of safety are typically applied to these three conditions. Waste rock dumps are intentionally built with a 
FoS greater than 1.0 and are hence stronger than needed for normal usage, to allow for emergency situations, 
unexpected loads, misuse, or degradation (reliability).  

Stability acceptance criteria were assigned for both operations and closure. During operations minor failures can 
be remediated at an early stage and prior to developing into more significant movements and, for the proposed 
waste rock dump in Wallah Gorge, there is planned to be no major infrastructure located immediately downstream 
of the facility. As such, the consequence of failure during operations were assessed to be low. On closure there 
will be no opportunity to remediate any developing instabilities and there is potential for local residents to utilise 
the land around the waste rock dump. Therefore, the post closure consequence of failure was assessed to be high 
(Appendix A). 

For both scenarios the waste characteristics data currently available is limited and will remain as such until 
subsequent design phases or even commencement of mining when the performance of the waste material, blast 
fragmentation, drainage efficiencies etc. can be established. As such, the confidence level is considered to be low. 

The stability criteria for the waste rock dump was defined based on the consequences of failure and the confidence 
level in the input parameters such as material strength, as summarised in Table 4.18.  

Table 4.18 Waste rock dump stability acceptance criteria 

Design 
Condition 

Consequence of 
Failure 

Confidence 
Level 

Minimum Factor of Safety 

Drained Undrained Post-Seismic 

Operation Low Low 1.3 1.1 1.05 

Closure High Low 1.5 1.5 1.15 

 

Due to the differences in geotechnical properties of the waste rock, the dump was modelled with a layered profile 
comprising the following materials: 

 Mixed oxide and transitional waste (cohesive, normally consolidated, contractive). 

 Transitional waste (granular, moderate fines content, dilative, relatively free draining). 

 Mixed transitional and fresh waste (granular, low fine content, dilative, free draining). 

 Fresh waste (granular, very low fines content, dilative free draining). 

The stability model for the waste rock dump has been layered in 5 m lifts, with the number of layers for each 
material type distributed according to the total volumes in the mining schedule. While it is accepted that placement 
of material will not occur in such as consistent manner, the intention is to ensure that the modelled failure planes 
pass through the full range of materials that will be present in the waste rock dump. The stability of the waste rock 
dump was assessed by Knight Piesold (Appendix A) using SLOPE/W software, developed by Geo-Slope 
International. Limit equilibrium stability analysis was conducted to assess the stability under short-term 
(undrained), long-term (drained), and post-seismic loading conditions. The stability results indicate that 
acceptable factors of safety were achieved. Factors of safety were predicted to be 1.77, 1.46 and 1.36 for long 
term (drained), short-term (undrained) and post-seismic loading conditions respectively. In addition, the modelled 
failure surfaces were indicated to be localised bench failures rather than deep-seated movements. 

Adequate drainage of oxide and transitional waste material is critical to waste rock dump stability. The 
requirement for placing coarse rockfill layers at certain elevations within the waste rock dump to allow zones of 
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oxide and transitional waste to remain fully drained will be assessed in more detail once the characteristics of this 
waste are better understood. 

Seepage and drainage 

A series of surface drains (i.e., bench, ramp and toe drains) are included in the design to collect the surface runoff 
and discharge from the waste rock dump in a controlled manner. The surface drains have been designed to be 
appropriate for both operations and closure with capacity to safely pass the flows generated as a result of a 1 in 
1,000-year ARI 24 hour storm event. The drains were designed using storm water modelling software HydroCAD. 
Bench drains and ramp drains are situated within the interior of the waste rock dump, while a toe drain rings the 
perimeter of the dump. All drainages report to an outfall bund at the toe of the dump. Bench, ramp and toe drains 
all report to the outfall bund and then are drained through the series of sediment dams. Water quality of surface 
run-off has not been predicted and remains an uncertainty to be addressed during detailed design. The surface 
water management design is shown in  

Figure 4.21.  

Seepage from the waste rock dump was predicted by Knight Piesold to vary from 175 to 897 m3 per month (0.2 
to 1.2 m3/hr) varying between the wet and dry seasons. Predicted seepage rates were consistent across the project 
life at approximately 7,700 m3per annum. Based on the geochemical characteristics of waste rock the water quality 
of seepage was predicted to be poor. 

Based on the poor leachate quality expected, an underdrainage system for the waste rock dump will collect seepage 
and discharge it to a series of sediment dams downstream of the dump for treatment, rather than allow seepage to 
enter the groundwater (Knight Piesold, 2020; Appendix A). The underdrains will promote drainage of the dump 
and reduce seepage through the base. The drains comprise main seepage drains down the main Wallah Gorge 
valley spine and secondary drains along sub-valleys. The main seepage drain reports to an outfall bund at the toe 
of the dump, which is designed to remain flooded during operation to prevent oxygen ingress into the dump via 
the seepage drains. The seepage and underdrainage design is shown in  

Figure 4.22. 

Knight Piesold (Appendix A) note that mixing of clean diverted water (from the toe drain), waste rock dump 
runoff water and waste rock seepage flows within the sediment dam may offer adequate dilution in the wet season 
to allow subsequent release (without treatment via the microfiltration system), subject to confirmatory testing. In 
the dry season and at other times where the water within the sediment dam is not of a suitable quality for release, 
it will have to be treated prior to release.  

The seepage water will need to be treated prior to discharging as it contains elevated concentrations of metals.  
The seepage water will be collected and discharge to a series of sediment dams. The overflow from the final 
settling dam will be low in suspended solids and suitable to be treated using a microfiltration system. This system 
will remove fine particles and heavy metal cations, at a constant flowrate of 140 m3/hr. Its anticipated that the 
sediment dams would capture a large amount of sediment, although during the peak of higher energy rainfall 
events the finer silt and clay particles will tend to stay in suspension and flow over the weir crests. Then, as the 
rainfall intensity subsides, the majority of fines will be retained by the dams. 

The treated water will eventually flow into the Nam Pangyun stream through an outfall pipe. It is estimated that 
during the wet season a maximum monthly discharge of 500,000 m3 (684.9 m3/hr) will occur equating to 
approximately 1.8 M m3 over each wet season. The microfiltration system will occasionally undergo a backwash 
cycle, which will discharge sludge into a standby tank. This sludge will be collected by a liquid-waste truck and 
driven to the process plant for disposal into the tailings pumping system.
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Figure 4.21 Waste rock dump seepage underdrainage design 
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Figure 4.22 Waste rock dump surface water management design
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Sediment management 

The sediment control system aims to collect and remove sediment contained in the runoff from the waste rock 
dump. Sediment will be collected in three sediment settling ponds located at the toe of the waste rock dump. 

The sediment dams have been designed as three cascade structures:  

 An initial, 12 m high, 19,500 m3 dam, with a crest length of 53 m. 

 A second, 8 m high, 15,500 m3 dam, with a crest length of 73 m; and 

 A third, 8 m high, 22,700 m3 dam with a crest length of 75 m. 

The sediment dams also serve to reduce the risk of downstream flash flooding during high rainfall events, as the 
dams will attenuate discharge from the surface drains. The three tier cascading design provides redundancy in the 
event of a breach or failure of one structure. The upper sediment pond located directly downstream of the waste 
rock dump toe will act as the primary sediment control dam, with the downstream structures utilised as 
complementary sediment control ponds. The sediment retention efficiency of a sediment control dam is 
predominantly based on the basin top area, depth of permanent pool and the sediment retention depth. 

Based on the pond area and depth that can be achieved, the combined sediment retention efficiency of the sediment 
dam system was assessed and presented in Table 4.19.  

Table 4.19 Sediment retention efficiency of waste rock dump sediment dams 

Particle Size 
ARI (Years) 

1 in 2 1 in 5 1 in 10 1 in 20 1 in 50 1 in 100 

Very coarse sand 100% 100% 100% 100% 100% 100% 

Coarse sand 100% 100% 100% 100% 100% 100% 

Medium sand 100% 100% 100% 100% 100% 100% 

Fine sand 100% 100% 100% 100% 100% 100% 

Very fine sand 100% 100% 100% 100% 99% 99% 

Coarse silt 94% 90% 87% 84% 81% 79% 

Medium silt 63% 54% 50% 46% 42% 40% 

Fine silt 26% 20% 18% 16% 15% 14% 

Very fine silt 7% 5% 4% 4% 4% 3% 

Clay 2% 1% 1% 1% 1% 1% 

The results indicate that the sediment control system will retain over 100% of fine sand and 100% of very fine 
sand sized particles for events up to a 1 in 20-year ARI. The retention efficiency of coarse silt particles is estimated 
to be lower at around 87% for 1 in 10 ARI flows.  The retention efficiency of reduces for medium silt, fine silt, 
very fine silt and clay with 50%, 18%, 4% and 1% retention for 1 in 10 ARI flows respectively.  

Preliminary estimation of the sediment loading rate based on sediment retention estimates indicates that the dams 
will have sufficient capacity to retain sediment throughout each wet season such that desilting will only be required 
every six months (i.e., at the start and end of each wet season). The collected sediment will be placed within waste 
rock dump. 

Detailed sediment modelling will be required in subsequent design phases to verify the preliminary estimates of 
sediment production and retention. Ultimately flocculant and coagulant dosing of discharge may be required to 
settle the finer particles in the sediment load in order to meet discharge criteria. 
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Monitoring  

It is proposed that a series of inclinometers be installed within the waste rock dump to monitor the internal 
movements. The inclinometers will be extended to a depth of 25 m below the natural ground surface to allow 
monitoring of movements within the foundations and embankments fill. Spider magnets and plate magnets will 
be installed within the inclinometer casing and fill respectively at 25 m vertical intervals to monitor the settlement. 
The inclinometer casing will need to be extended as the waste rock placement progresses. 

Groundwater monitoring bores will be installed to monitor groundwater levels and water quality. There will be 
two pairs of monitoring bores at the downstream toe of the waste rock dump (comprising a shallow borehole 
(nominally 5 to 10 metres deep) to target perched groundwater and a deep borehole (nominally greater than 30 
metres) to target groundwater within weathered rock. One of these monitoring bore pairs will be located 
downstream of the waste rock dump sediment dam. 

Other monitoring that will be completed includes: 

 Water quality monitoring in sediment dams to determine whether treatment is required before release.  

 Sediment levels within each sediment dam.  

 Inspections of bench, ramp and toe drains for erosion, channel integrity and any blockages.  

 Inspections of the waste rock dump for surface erosion.  

4.7.3 Waste rock dump closure 
The waste rock dump will be progressively rehabilitated during operations. Once a bench of the dump is complete, 
the outer face will be rehabilitated with a closure cover placed over the surface. The waste rock dump has been 
designed to achieve the desired slope angles for closure and will not be modified during decommissioning.  

Knight Piesold recommend a composite store and release cover system for the waste rock dump, incorporating a 
capillary break (to prevent upward migration of salts), low permeability layer (to limit infiltration), storage zone 
(to maintain moisture of the low permeability layer and support vegetation) and growth medium (to encourage 
revegetation).  

Knight Piesold (Appendix A) have provided a preliminary concept for the waste rock dump cover, which consists 
of: 

 A capillary break layer at least 0.25 m deep. The capillary break inhibits dewatering by capillary transport 
downwards and the potential migration of dissolved harmful substances upwards. 

 A low permeability zone at least 0.5 m deep. The purpose of this layer is to reduce percolation into the 
underlying waste.  

 A rock mulch storage layer over the low permeability capping at least 1.5 m deep. The rock mulch in the 
layer provides resistance to erosion. 

 A layer of plant growth medium (at least 0.15 m deep).  

The closure design will be refined during the preparation of the detailed design for the waste rock dump.  

4.7.4 Forward works 
Further works that will contribute to the design and operation of the waste rock dump are proposed and are 
outlined in Table 4.20. 
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Table 4.20 Forward works relating to the design and operation of the waste rock dump  

Item Purpose Detail 

Geotechnical investigation 
of waste rock dump area 

 Confirm geotechnical properties and shear 
strength parameters of the waste rock. 

 Allow stability analysis of the Wallah waste 
rock dump. 

Site specific geotechnical drilling of 
the proposed waste rock dump 
location to recover samples for 
testing. 

Construction materials 
balance 

 Confirm there is suitable filter and drainage 
material for construction of the TSF and WRD 
and other waste storages. 

Field investigations to determined 
available volume of suitable filter 
and drainage material. 

Geochemical properties of 
waste rock samples   

 Refine understanding of waste rock 
geochemistry and subsequent prediction of 
potential seepage quality. 

Ongoing laboratory testing of 
representative waste rock samples 
including kinetic leach tests. 

Hydrogeological 
investigation of the waste 
rock dump  

 Refine site-specific understanding of 
groundwater system at the proposed location 
waste rock dump area 

Geohydrological drilling and field 
testing of geohydrological 
parameters. 

Contaminant fate and 
transport modelling 

 Provide quantitative predictions of discharge 
and seepage quantity and quality and 
subsequent dispersion.   

 Provide input to design of water treatment 
infrastructure and systems 

Develop a numerical groundwater 
model incorporating both quantity 
and quality. 

Closure plan update  Provide detailed assessment and plans to satisfy 
regulatory progress. 

 Guide WMM closure/rehabilitation activities. 

 Allow refinement of closure costs. 

An update is required within 3 years 
of the project operations. This will 
include identification of potential 
cover materials and sources, and 
post-closure water management. 

Detailed design of waste 
rock dump, plus 
associated sediment dams 
and water quality 
treatment plant. 

 Develop detailed design and construction 
drawings 

 Develop surface water and seepage 
managements system 

 Refine sediment load calculations and 
refinement of sediment dam sizes. 

Detailed design will be completed 
using international good practice 
standards. 

4.8 Tailings management 
Tailings are the waste by-products from mineral processing. Tailings will be stored in valley fill TSFs located in 
the northwest of the Bawdwin concession. The process plant will produce thickened tailings with a moisture (H2O) 
content of 40% which is suitable for piping the tailing to the TSFs.   

Tailings characterisation and management including TSF design was completed by Knight Piesold (2020) to 
inform the DFS for the project and is included as Appendix A. 

4.8.1 Tailings characteristics  
Tailings were characterised based on two composite samples of tailings slurry that were generated by ALS 
Metallurgy. The samples termed Stage 1/2 and Stage 4 were composited to represent early and late stage tailings.  

Physical characteristics  

The tailing samples have a design P80 of 80 μm (meaning that 80% of the material is smaller than 80 μm) and on 
average were found to consist of 22% sand, 65% silt and 13% clay. The testing indicates that samples are a low 
to medium plasticity sandy silt/clay, which would be classified as CL-ML (fine-grained soils) in accordance with 
Australian Standard for geotechnical investigations (AS1726:2017). The samples are also classified as potentially 
liquefiable soils. 

The sedimentation tests indicate that both samples will settle quickly (i.e., the tailing solids will settle from tailing 
water) with complete settlement taking about a day. The samples released approximately 44% of water in slurry 
to supernatant in the undrained test, reducing to about 34% in the drained test. The samples achieved a moderate 
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dry density from settlement before air drying or consolidation with a void ratio of 1.1 to 1.4. In the air drying tests, 
the samples achieved an average maximum dry density of 1.58 t/m3, taking about 2 to 3 days at an average 
evaporation rate of 12 mm/day (approximately 30 mm of total evaporation). The results of consolidation testing 
indicated that samples are moderately compressible and will consolidate quickly with loading. 

In the range of expected settled densities, the vertical permeability was found to be approximately 3 x 10-7m/s for 
both samples. As the tailings consolidate it is anticipated that the permeability may reduce only slightly (by half 
an order of magnitude) due to the coarse silt nature of the material.  

Geochemical characteristics  

Knight Piesold (2020; Appendix A) describe the methods to characterise the geochemical properties of tailings, 
which is similar to those used for the waste rock geochemistry assessment described above. The program focussed 
on a number of analytical methods including: acid based accounting, net acid generation, acid forming potential, 
and elemental analysis. 

Both tailings samples recorded high total sulfur contents of 1.9% to 2.5%, which was indicated to be present 
predominantly as sulfide. As such, the samples have high maximum potential acidity (MPA) values of 43 and 
62 kg H2SO4/t for the early (Stage 1/2) and the late (Stage 4) tailings samples respectively. However, the acid-
neutralizing capacity (ANC) values were found to be high to very high, and present almost entirely as carbonates. 
Based on the MPA and ANC values, the early (Stage 1/2) tailings sample has a negative net acid production 
potential (NAPP) and the late (Stage 4) tailings sample a positive NAPP.  

The net acid generation (NAG) pH results were approximately neutral and similar to the paste pH results. On the 
basis of these results, the early (Stage 1/2) tailings sample was classified by Knight Piesold as non-acid forming 
(NAF) and the late (Stage 4) tailings sample as having an uncertain (UC) acid forming potential due to conflicting 
NAPP and NAG results. However, this sample was reclassified by Knight Piesold as NAF as the testing indicates 
the sulfides present are likely to be predominantly galena and/or sphalerite as and do not generate acid as opposed 
to pyrite, which does. Although samples are not expected to generate excess acidity, elevated concentrations of 
sulfate would be expected in drainage flows in response to oxidation of the sulfide minerals in the tailings.   

Whole rock multi-element analysis of the tailings was also conducted to identify element enrichments. The 
analysis results were compared to average crustal abundances to calculate the geochemical abundance indices. 
Samples were found to have a high number of element enrichments when compared to crustal abundances, with 
the level of enrichment also tending to be high (Table 4.21). Highly enriched elements comprised silver, arsenic, 
bismuth, cadmium, copper, mercury, molybdenum, lead, sulfur, antimony and zinc. Concentrations of arsenic, 
copper, lead, sulfur and zinc in particular showed very high enrichment (Table 4.21).  

Comparison of the multi-element assay results of the tailing samples to soil quality screening guidelines indicates 
that the tailings samples do not meet these guidelines due to elevated metal(loid)s. 
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Table 4.21 Multi-element assay results, average crustal abundances and indices of enrichment  

Element Unit 
Early stage 
tailings  
(Stage 1/2) 

Late stage 
tailings (Stage 4)

Average crustal 
abundances 

Early stage 
tailings  
enrichment 

Late stage 
tailings  
enrichment 

Ag ppm 31 66 0.07 6 6

Al ppm 43,346 44,699 82,000 0 0

As ppm 4,756 3,402 1.5 6 6

B ppm 50 62 10 1 2

Ba ppm 386 229 500 0 0

Be ppm 1.5 1.3 2.6 0 0

Bi ppm 22 8 0.048 6 6

Ca ppm 12174 6253 41,000 0 0

Cd ppm 141 44 0.11 6 6

Cl ppm 350 300 130 0 0

Co ppm 926 674 20 4 4

Cr ppm 702 528 100 2 1

Cu ppm 2694 3283 50 5 5

F ppm 474 397 950 0 0

Fe ppm 28700 30600 41,000 0 0

Hg ppm 5.7 4.9 0.05 6 6

K ppm 36,348 28,729 21,000 0 0

Mg ppm 6,116 4,360 23,000 0 0

Mn ppm 1,203 630 950 0 0

Mo ppm 73 75 1.5 5 5

Na ppm 464 352 23,000 0 0

Ni ppm 2,768 1,609 80 4 3

P ppm 508 322 1,000 0 0

Pb ppm 21,457 32,684 14 6 6

S ppm 19,450 25,300 260 5 6

Sb ppm 133 185 0.2 6 6

Se ppm 0.05 0.07 0.05 0 0

Sn ppm 13 16 2.2 2 2

Sr ppm 16 9 370 0 0

Th ppm 10 9 12 0 0

U ppm 8 9 2.4 1 1

V ppm 29 29 160 0 0

Zn ppm 19,823 7,761 75 6 6

Source: Knight Piesold, 2020 
Legend:  

Not Enriched = 0 – 1  0 -1 

Slightly Enriched = 2 
  2  

Significantly Enriched = 3 -4   3 – 4 

Highly Enriched 5 - 6  5 - 6 

The two samples were submitted for supernatant testing to provide a preliminary indication of the water quality 
which may be encountered in the facility during operations. However, the testing does not account for long term 
water quality which may occur following oxidation of the tailings. This would require kinetic testing, which will 
need to be conducted as part of the subsequent design phases. 
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The predicted supernatant water (i.e., the water that occurs on the surface of the TSF) was shown to be of a very 
poor quality and did not meet the release guidelines (i.e., Myanmar discharge criteria), with exceedances of total 
dissolved solids (TDS), cadmium, cobalt, lead, nickel, sulfate and zinc recorded in both samples. Additional 
exceedances were recorded for arsenic (0.36 mg/L vs 0.1 mg/L Myanmar discharge criteria) in the early (Stage 
1/2) sample and free cyanide (0.14 mg/L vs 0.1 mg/L Myanmar discharge criteria) in the late (Stage 4) sample. 
Of particular note was zinc at almost 200 times the guideline limit (both samples), cadmium at 150 times the 
threshold (Stage 1/2 sample) and nickel at 100 times the release guideline (Stage 1/2 sample). 

In regard to free cyanide concentrations, it is expected that natural attenuation in the environment, dilution with 
run-off water and the intermittent use of NaCN will mean that discharge limits can be met without dedicated 
cyanide destruction circuit.  

4.8.2 TSF site selection and design 
After investigation of numerous potential TSF sites and designs (see Chapter 3) an option comprising three 
separate TSFs located in the northwest of the Bawdwin concession was adopted.  

The three chosen TSF sites are located in the headwaters of the Nam Pangyun River, upstream of the open pit and 
approximately 1.2 km west of the process plant. The three interconnecting facilities comprise cross valley 
storages. Each TSF has been designed as a starter embankment with two downstream raises. The total footprint 
of the three TSFs is approximately 125 hectares (308.9 acres). A three-dimensional view of the TSFs is shown in  

Figure 4.23.  

The storage capacities for each facility and stage are provided in Table 4.22. 

Table 4.22 Staged embankment construction 

Facility Stage 

Cumulative 
Tailings 
Storage 

(Mt) 

Cumulative 
Tailings 
Storage 

(Months) 

TSF 
Embankment 

Elevation 
(m RL) 

Total Height 
(Crest to DS 

Toe) (m) 

Embankment 
Volume 

(Cumulative) 
(Mm3) 

TSF A 

1 1 11 1,272.4 99.0 2.2 

2 6.3 35 1,292.3 123.1 4.2 

3 8.2 44 1,297.8 132.8 6.0 

TSF B 

1 3.3 15 1,278.9 109.7 3.2 

2 6.0 27 1,289.4 126.2 4.5 

3 9.1 40 1,302.0 147.0 7.2 

TSF C 

1 2.7 12 1,185.4 117.7 4.9 

2 8.2 36 1,197.7 133.1 6.9 

3 15.0 73 1,215.1 161.4 11.3 

Total  32.3 120   24.5 

 

Tailings storage facility A 

TSF A has an upstream catchment area of 135 ha. The valley sides at the embankment location have an 
approximate slope of 1V:1.75 H, with the valley floor sloping at approximately 1V:11H to the southeast. The base 
of the valley at the embankment centreline is at approximately 1,195 m RL. The deposition modelling indicates 
that a final embankment level of 1,298 m RL would have a storage capacity for 8.2 Mt of tailings.
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Figure 4.23  Three-dimensional view of the proposed tailings storage facilities and surrounding infrastructure



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 4 E Guard Environmental Services |  4-64

 

The shape of the valley is moderately efficient for tailings storage with deposition points required along the main 
embankment and additional point deposition locations; two located in the upstream end of basin, one in a sub-
valley in the west of the facility, one located on the saddle dam in the main valley and a final point in a sub-valley 
in the southern part of basin. The decant pond will be concentrated against the natural valley slope in the northwest 
of the facility. 

The embankment A volume was calculated based on the topography. The embankment volumes at final stage 
(crest elevation of 1,298 m RL) is approximately 5.95 Mm3. 

The water from a sub-catchment upstream of the TSF would be intercepted and temporarily stored in the TSF A 
diversion dam prior to being pumped to the process plant for raw water supply. In the final stage of the TSF 
construction a saddle dam will be constructed to prevent tailings from entering the Nam La catchment to the north. 

On closure, the spillway will discharge excess water into the Nam La catchment.  

Tailings storage facility B 

TSF B is located to the south of TSF A and has a catchment area of 77 ha. The valley sides at the embankment 
location have an approximate slope of 1V:2H with the valley floor sloping at approximately 1V:10H to the east. 
The base of the valley at the embankment centreline is at approximately 1,205 m RL. The deposition modelling 
indicates that a final embankment level of 1,302 m RL would have a storage capacity for 9.1 Mt of tailings. 

The shape of the valley has a low efficiency for tailings storage with deposition points required along the southern 
boundary of basin. The decant pond will be concentrated against the natural valley slope in the north of the facility. 
On closure, the spillway will discharge excess water into TSF A (and subsequently the Nam La catchment to the 
north). 

The embankment volume was calculated based on the topography. The embankment volume at the final stage 
(crest elevation of 1,302 m RL) is approximately 7.15 Mm3. 

Tailings storage facility C 

TSF C is located approximately 1.5 km to the northwest of the pit. The facility has a catchment area of 224 ha 
upstream of the embankment location. The valley sides at the embankment locations have an approximate slope 
of 1V:1.3H with the valley floor sloping at approximately 1V:16H to the southeast. 

The base of the valley at the embankment centreline is at approximately 1,090 m RL. The deposition modelling 
indicates that a final embankment level of 1,215 m RL will have sufficient storage capacity for 7.1 Mt of tailings 
and also 7.3 Mt of waste rock materials in the northern part of the basin. Immediately upstream of the embankment, 
the PAF rock will be capped with tailings. Additional non -acid generating waste can be placed in this facility on 
top of the PAF waste to buttress the embankments of TSF A and TSF B if required or preferred from a waste 
economics perspective. 

The layout of the TSF along with a cross section highlight where PAF will be placed are shown in  

Figure 4.24.  

The shape of the valley is moderately efficient for tailings storage with deposition points required along the main 
embankment and two additional points located in the valleys to the west of the facility. The decant pond will be 
concentrated against the boundary of NAF materials in the northern part of the basin. 

The embankment C volume was calculated based on the latest topography files that have been provided. The 
embankment volume at the final stage (crest elevation of 1215.1 m RL) is about 11.3 Mm3.
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Figure 4.24  Management of potentially acid forming material (PAF) in TSF C
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TSF embankment designs 

The TSF designs consider the geotechnical data obtained as part of the geotechnical investigation by Knight 
Piesold (Appendix A). This involved an evaluation of the sub-surface conditions of each of the proposed TSF 
locations. This included completing 21 bore holes (8, 10 and 3 at TSF A, TSF B and TSF C respectively) and 34 
test pits (8, 10, and 14 at TSF A, TSF B and TSF C respectively).  

A single embankment design is proposed for each TSF. The upstream embankment batter slopes of each facility 
are 1V:2.5H with benches included for each raise. The downstream inter-bench slopes are 1V:2H with benches 
and access ramps provided that reduce the overall slope profile to less than 1V:3H. 

The proposed tailing depositional arrangement (Appendix A) will result in water ponding against the embankment 
at the early stages of operation. Therefore, the embankments have been designed with a 1.5 mm high-density 
polyethylene (HDPE) liner on the upstream batter, upstream and downstream structural zones (Zone C1 and C2), 
a low permeability core (Zone A) and fully intercepting filters (Zones F1 and F2) downstream of the core which 
report to a basal filter/drainage blanket. In addition, the filters and drainage blanket report to an outfall drain to 
safely pass seepage flows to the downstream toe of the embankment. 

The structural zone has been designed to allow for placement of cohesive oxide and transitional waste (Zone C1) 
and fresh granular waste rock (Zone C2) to match with the anticipated waste production schedule from the pit.  

The embankment design for TSF A is shown in  

Figure 4.25. Embankment designs for TSF B and TSF C are similar and are presented in  

Figure 4.26.  

Based on the feasibility designs excessive drying of tailings is not anticipated during active deposition due to the 
high rate of rise of the tailings facilities and relatively small beach areas. Tailings will be deposited to the TSFs 
sequentially, with the first TSF reaching capacity before deposition into the next TSF commences. However, post 
closure of each TSF, a robust closure cover system will need to be installed that is resistant to erosion and dust 
generation.  

The criteria adopted for the TSF design are summarised in Table 4.23. The TSF risk assessment, geotechnical 
design criteria, and hydraulic design criteria dams have been designed in accordance with guidelines prepared by 
The Australian National Committee on Large Dams Incorporated (ANCOLD Inc) (Appendix A). These are 
considered to be international best practice guidelines. 

Stability analyses were conducted using SLOPE/W software, developed by GeoSlope International (Appendix 
A). Limit equilibrium stability analyses were conducted under short-term (undrained), long-term (drained), and 
post-seismic loading conditions in accordance with ANCOLD guidelines (ANCOLD, 2012) that recommend 
factors of safety for tailings facilities 1.5 for long term drained and short-term undrained (potential loss of 
containment), 1.3 for short-term undrained (no potential loss of containment), and 1.0 – 1.2 post seismic 
conditions.  

The results of the stability analyses are summarised in  

Table 4.24. The stability assessment indicates that the embankment designs satisfy the minimum FoS 
recommended by ANCOLD (ANCOLD, 2012). 
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Table 4.23 TSF design criteria 

Criteria Unit Value 

Tailings Production and Properties 

LOM tailings throughput Mt 32.2 

Average annual tailings production Mt 2.59 

Tailings percent solids (thickened tailings) % 60 

Tailings deposition dry density t/m3  1.14 to 1.42 

Tailings beach slope - 1V:100H 

Tailings deposition method - Sub-aerial 

Tailings geochemistry - NAF, high metals 

TSF Risk Assessment 

Severity of damage and loss - Catastrophic 

Population at risk (assuming resettlement occurs) - 10 to 100 

Dam failure consequence category - High A 

Severity level - environmental spill - Minor 

Environmental spill consequence category - High C 

TSF Embankment Design Criteria 

Embankment crest width (final stage) M 21 

Upstream embankment slope (excluding benches) - 1V:2.5H 

Downstream embankment inter-bench slope - 1V:2H 

Overall downstream embankment slope - <1V:3H 

Raise construction method - Downstream 

Geotechnical Design Criteria 

Static long-term drained factor of safety (FoS) - 1.5 

Static short-term undrained FoS (potential loss of containment) - 1.5 

Static short-term undrained FoS (no potential loss of containment) - 1.3 

Post Seismic FoS - 1.0 – 1.2 

Hydraulic Design Criteria (Freeboards) 

Wet season storage allowance AEP 1:100 wet season 

Extreme storage allowance AEP 1:100 72 hr flood 

Contingency freeboard (wave run-up) AEP 1 in 10 AEP  wind 

Spillway capacity (design flood) - Probable maximum flood 
(PMF) 

Wave freeboard above spillway maximum water level M None 

Dam Design Earthquake Loading 

Operation phase - OBE AEP 1:1,000 

Operation phase - SEE AEP 1:10,000 

Post closure AEP Maximum considered 
earthquake (MCE) 
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Table 4.24 Stability modelling results 

Loading Condition TSF A (Factor of Safety) TSF B (Factor of Safety) TSF C (Factor of Safety) 

Drained 1.56 1.71 1.72 

Undrained 1.55 1.63 1.59 

Post-seismic 1.29 1.36 1.29 

 

Cut-off trench 

In order to reduce the potential for shallow seepage under the embankments, the low permeability core (Zone A) 
extends below the finished ground level and a cut-off trench is also included under centre of the core. The cut-off 
trench will be excavated to a depth of nominally 5 m (depending on ground conditions), backfilled with Zone A 
and form a continuous structure under the core in each embankment. The side slopes of the cut off trench have 
been designed at 1V:1H to allow compaction of material against the excavation batter. 

Under drainage system 

The supernatant water was found to be of a very poor quality, with numerous metals exceeding the guidelines by 
several orders of magnitude. As such, and in consideration of the fractured rock typically encountered across the 
wider site area, the TSFs require robust measures to reduce seepage and mitigate risks to downstream groundwater 
and surface waters. The TSF design will incorporate an underdrainage system to reduce seepage and promote 
consolidation. 

A basin underdrainage system has been designed to reduce basin seepage and encourage dewatering and 
consolidation of the tailings. The underdrainage system also includes embankment toe and bench drains to 
promote drainage of the upstream embankment batter and reduce the hydraulic head acting on the upstream HDPE 
liner. 

The basin underdrainage system is located within the natural drainage lines at each TSF site. The drains comprise 
a trapezoidal cut channel with side slopes of 1V:2H, base width of 2,000 mm and a depth of 900mm. The outer 
300 mm of the drain will be filled with fine filter sand (Zone F1) which will have an inner 300 mm gravel drainage 
media (Zone F2). Two 100 mm diameter Class 400, slotted HDPE drain coil pipes with filter sock will be installed 
in the collector drains. 

Embankment toe drains will be constructed at the upstream toe of each embankment comprising trapezoidal drains 
with a depth of 900 mm. The outer 300 mm of the drain will be filled with fine filter sand (Zone F1), with an inner 
zone of gravel drainage media (Zone F2) surrounding the drain pipes (2 No. 100 mm diameter Class 400, slotted 
HDPE drain coil pipe with filter sock). Embankment bench drains will also be constructed along the upstream 
bench of each embankment with the same dimensions and design components as the toe drains. 

The basin underdrains and embankment toe and bench drains report to the underdrainage sump with the flows 
pumped to the supernatant pond via a riser pipe. The riser pipe will be placed in a trench cut up the natural 
abutment. 

An underdrainage plan is provided in  

Figure 4.27.
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Figure 4.25 Embankment design TSF A 
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Figure 4.26 Embankment design TSF B and C 
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Figure 4.27  TSF underdrainage management system
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Embankment internal drainage 

The TSF embankments have been designed with an internal drainage system to reduce pore pressures in the 
downstream structural embankment zones and seepage uplift pressures in the foundation. 

The internal filter and drainage zones downstream of the low permeability embankment core drain to a basal sand 
blanket layer consisting initially of Zone F1, F2 and geotextile, reducing to Zone F1 and geotextile after a variable 
distance (related to embankment height) before reducing again to just a geotextile to the downstream toe. Where 
the sand blanket changes composition secondary seepage drains are positioned to drain flows to a central seepage 
outfall drain located along the valley spine to safely drain the flows beyond the downstream toe of the 
embankment. The secondary seepage drains comprise trapezoidal drains constructed on the foundation and consist 
of a 1 m thick Zone G material (clean, coarse rockfill) overlain by a 300 mm layer of Zone F2 drainage media. 
The main seepage outfall drain comprises a 2 m thick layer of Zone G in the valley spine overlain by 300 mm 
layers of both Zone F2 and F1. 

Tailings and decant return pipelines  

Tailings and decant return pipelines will run between the process plant and each facility. A service road will be 
constructed to nominally follow the pipeline route. Where the road and the pipeline route coincide, the road cross 
section will be a 1 m shoulder, 3 m wide lane, 1.5 m for a drain and a 2 m wide service corridor including 300 mm 
high berms. At approximately 500 m intervals a passing bay will be required. 

Tailings slurry will be pumped to the facilities via a high density polyethylene (HDPE) pipe. This pipe will be 
located in a bunded corridor designed to contain the spills should the pipeline fail. 

Water will be decanted from the TSFs and pumped back to the process plant via a HDPE pipeline which will be 
installed within a bunded corridor. The decants will be mounted on barges to allow for the rapid filling rates and 
significant movement of the supernatant ponds during the early phases of operation which prevents the use of 
fixed location decant systems such as towers. 

WMM will monitor the tailings pipeline for leaks, ruptures or failures and, in the event of such failures, implement 
shutdown procedures. Pump pressure and flow monitoring will assist with detecting leaks or blockages within the 
tailings pipeline. Visual inspections of the pipeline will also be undertaken regularly during operations. 

Crest settlement 

Knight Piesold predicted crest settlement (Appendix A) of around 1 m in the TSF embankments. Accordingly, 
the embankments have been designed with appropriate freeboards and internal filter zones of sufficient width to 
accommodate the expected deformations. Knight Piesold recommend further detailed deformation analyses for 
the detailed design of the embankments to verify these estimates.  

Spillways  

Each tailings facility has a spillway for the final stage of operation to prevent water accumulating in the storages. 
The spillways have been designed to safely pass the rainfall runoff generated as a result of critical duration 
probable maximum precipitation PMP storm event while meeting appropriate hydraulic and revetment stability 
criteria. A PMP storm event is the theoretical maximum precipitation for a given duration under modern 
meteorological conditions. 

In TSF A, the spillway is located in the north of the facility and discharges into the Nam La catchment. In TSF B 
the spillway flows to TSF A (and subsequently the Nam La valley). The operational spillway in TSF C cuts 
through a ridge to the east of the embankment crest into an adjacent valley, which then drains back into the Nam 
Pangyun stream between the downstream toe of the embankment and the pit. 

4.8.3 Design and construction controls 
WMM will comply with the Global Industry Standard on Tailings Management (Global Tailings Review, 2020) 
and the International Commission on Large Dams (ICOLD) standards and guidelines. WMM will implement a 
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range of construction controls to manage risk associated with the tailings facility lifecycle. These will include but 
are not limited to:  

 The Engineer of Record (role described below) shall prepare a Design Basis Report (DBR) that details the 
design assumptions and criteria, including operating constraints, and that provides the basis for the design of 
all phases of the tailings facility lifecycle. The DBR shall be reviewed by the Independent Tailings Review 
Board (described below) or senior independent technical reviewer. 

 Develop a design for each stage of construction of the tailings facility, including but not limited to start-up, 
partial raises and interim configurations, final raise, and all closure stages. 

 Design the closure phase with sufficient detail to demonstrate the feasibility of the closure scenario and to 
allow implementation of elements of the design during construction and operation as appropriate. 

 Construct each TSF according to the design intent, using qualified personnel and appropriate methodology, 
equipment and procedures, and data acquisition methods. 

 Implementing quality control and quality assurance procedures in accordance with international best practice.  

 Implement a construction vs design intent verification (CDIV) process to ensure that the design intent is 
implemented and is still being met if the site conditions vary from the design assumptions. 

 Prepare a detailed Construction Records Report (‘as-built’ report) on completion of construction and 
whenever there is a material change to the tailings facility, its infrastructure or its monitoring system. This 
report will be reviewed and approved by the Engineer of Record and the Responsible Tailings Facility 
Engineer (these roles are discussed below). 

 Develop, implement, review annually and update as required an operations, maintenance and surveillance 
(OMS) manual that supports effective risk management as part of the tailings management system. The OMS 
manual will follow best practices, clearly provide the context and critical controls for safe operations, and be 
reviewed for effectiveness.  

 Implement a formal change management system that triggers the evaluation, review, approval and 
documentation of changes to design, construction, operation or monitoring during the tailings facility 
lifecycle. The change management system shall also include the requirement for the Engineer of Record to 
prepare a periodic deviance accountability report, that provides an assessment of the cumulative impact of 
the changes on the risk level of the as-constructed facility.  

4.8.4 Tailings deposition 
The deposition of tailings into the three facilities will occur sequentially. All tailings will first be deposited in TSF 
A, before being placed in TSF B once TSF A is full, and then TSF C once TSF B is full.  

Tailings deposition into the facilities will commence from the embankments to push the decant pond away to the 
northern part of each facility from where supernatant water and rainfall runoff will be recovered via a decant pump 
installed on a floating barge. The final stage in each TSF allows for the pond to be directed towards the closure 
spillway location. 

Tailings will be discharged into the facilities by sub-aerial methods of deposition utilising banks of spigots along 
with additional single point discharge as required to manipulate the ponds towards the decant locations. 

Sub-aerial deposition allows for the maximum amount of water removal from the facility by the formation of a 
beach for drying and draining, compared to sub-aqueous deposition. However, the relatively high rate of rise will 
limit drying and water recovery to some extent.  Together with keeping the pond size to a minimum, sub-aerial 
deposition will increase the settled density of the tailings, and hence maximise the storage potential and efficiency 
of each facility. 
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Tailings deposition within the three facilities was modelled to predict tailings storage capacity, tailings beach 
contours and supernatant pond configurations under a range of conditions throughout the life of mine. The 
deposition modelling results are presented in Table 4.25. 

Table 4.25 Deposition modelling results 

Tailings Storage Facility  Tailings Capacity (Mt) 

TSF A 8.2 

TSF B 9.1 

TSF C 7.1 

Total 24.4 

4.8.5 TSF water management 
Based on the water balance modelling by Knight Piésold (Appendix A) the following conclusions were reached 
in regard to water management of the TSFs.  

Collecting and redirecting TSF seepage via an underdrain system is a critical design feature.  The TSF underdrain 
water will flow under gravity into a sump, whereupon it is continuously pumped, via a riser pipe, back into the 
TSF supernatant pond.  The underdrain will facilitate a reduction in pressure at the engineered wall.  

Seepage estimates are expected to steadily increase during the first five years of operations with monthly estimates 
peaking in Year 10 and Year 11 with approximately 40,000 m3 (54.8 m m3/h) predicted. Seepage estimates over 
the life of mine are presented in  

Figure 4.28.  

The supernatant pond levels under 1 in 100 average recurrence interval (ARI) wet conditions generally sit at 
higher elevations than the maximum tailings beach elevations at the embankments throughout the life of mine.  
As such, the embankment crest elevations were defined based on the elevation of the pond based on the following 
criteria: 

 Embankment Stages 1 and 2 are designed with a wet pond storage area to accommodate a 1 in 100 Year 
ARI plus probable maximum precipitation (PMP) inflow plus a 1 m contingency. 

 Embankment Stage 3 is designed with a wet pond storage area to accommodate a 1 in 100 Year ARI and 
a 1 in 100 ARI 72 Hour Inflow (Extreme Storm Storage Allowance), plus a 1 m contingency freeboard 
plus a PMP spillway depth and 1 m dry freeboard. 

To avoid storing a large amount of water within the TSFs that has negative impact on embankment stability, 
tailings density and requires increased embankments crest elevations, excess supernatant water will be treated and 
discharged to the environment. The predicted volume of this water that will be treated and discharged during the 
life of mine (before closure of the tailings facilities) under average meteorological conditions is estimated to be 
approximately 13 M m3 per year consisting: 

 2,853,730 m³/year for TSF A. 

 3,173,970 m³/year for TSF B. 

 6,663,028 m³/year for TSF C. 

This volume would rise marginally during 1 in 100 ARI annual wet conditions.
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Figure 4.28  Predicted TSF seepage over the mine life
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The discharge volumes have been adjusted to avoid any process shortfall in the subsequent dry season. As such, 
discharge is required once the supernatant pond volume within any TSF exceeds 100,000 m3. The required 
discharge volume varies from 0.04 m3/sec for TSF B & C and 0.01 m3/sec for TSF A. 

Under average conditions, the water return (as a percentage of water in slurry) from the TSFs varies from 40% to 
65%. 

Water release to the environment (i.e., spillway discharge) is not anticipated under average conditions from the 
TSF A Diversion Dam until the end of Year 9. Once the tailings beaches on TSFs A and B are rehabilitated in end 
of Year 9, approximately 2,000 m3/month to 382,000 m3/month (2.7 m3/hr to 523.3 m3/hr) of offsite release into 
the Nam La will occur from the TSF A spillway under average conditions. The TSF C spillway inlet elevation 
results in a permanent pond (minimum 2 m deep) over the PAF storage area. At the end of Year 12, approximately 
5,000 m3/month to 417,000 m3/month (6.9 m3/hr to 571.2 m3/hr) of offsite release into the Nam Pangyun will 
occur from the TSF C spillway under average conditions.  

Excess supernatant water from the TSFs will be treated using a water treatment microfiltration plant located at the 
process plant to remove fine particles, residual reagents and heavy metal cations at a constant flowrate of 
140 m3/hr.  The treated water will be discharged to the Nam Pangyun, while the backwashed sludge will 
periodically report to the tailings tank. A water piping system will be designed to pump water from the TSFs to 
the water treatment plant and then from the water treatment plant to a discharge point on the on the Nam Pangyun. 

4.8.6 TSF operational management and monitoring 
The design of the embankments includes installation of series of multi-level vibrating wire piezometers. At each 
piezometer location, multi-level sensors will be installed within the foundation and embankments at 25 m vertical 
intervals. 

It is proposed that a series of inclinometers be installed within the embankments to monitor the internal 
movements. The inclinometers will be extended to a depth of 25 m below the natural ground surface to allow 
monitoring of movements within the foundations and embankments fill. Spider magnets and plate magnets will 
be installed within the inclinometer casing and fill respectively at 25 m vertical intervals to monitor the settlement. 
The inclinometer casing will need to be extended as the embankments are constructed. 

Groundwater monitoring bores will be installed to monitor groundwater levels and water quality. There will be 
two pairs of monitoring bores at the downstream toe of each embankment (comprising a shallow borehole 
(nominally 5 to 10 metres deep) to target perched groundwater and a deep borehole (nominally greater than 30 
metres) to target groundwater within weathered rock. 

Other operational monitoring will include: 

 Water quality monitoring (including concentrations of cyanide) of supernatant water and discharges. 

 Operational performance including (but not limited to) regular bathymetric surveys of tailings surface, 
deposition performance, seepage flow rates, supernatant pond depth and available freeboard, and flow 
rates of  tailings and decant return pipelines.  

The WMM will implement an audit program based on international best practice that will include: 

 An annual construction and performance review by the engineer of record or senior independent 
technical. 

 A five-yearly independent dam safety review. The review shall include technical, operational and 
governance aspects of the tailings facility and shall be completed according to best practices.  

4.8.7 TSF governance  
WMM recognises the importance of a robust governance framework for the construction, operation and closure 
of its’ TSFs. Measures that will be implemented and further developed during the detailed design stage include: 
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 Establish a tailings governance framework and ensure that the environmental management system and 
other critical systems encompass relevant aspects of the tailings facility management. 

 Appoint one or more Accountable Executives who is/are directly answerable to the CEO and shall be 
accountable for the safety of tailings facilities and for avoiding or minimising the social and 
environmental consequences of a tailings facility failure. 

 Appoint a site-specific Responsible Tailings Facility Engineer who is accountable for the integrity of the 
tailings facility, who liaises with the EOR and internal teams such as operations, planning, regulatory 
affairs, social performance and environment, and who has regular two-way communication with the 
Accountable Executive. 

 Engaging an engineering firm with expertise and experience in the design and construction of tailings 
facilities of comparable complexity to provide engineer of record services for operating the tailings 
facility. 

 Appoint an Independent Tailings Review Board that reports to the Accountable Executive and certify in 
writing that the WMM follow best practices. 

4.8.8 TSF closure 
Closure of TSFs will occur progressively once each facility reaches capacity. The timing of closure will also take 
into account drying time for tailings, to facilitate access for subsequent placement of capping materials. 

The top surface of each facility will require a cover system on closure which is resistant to erosion to isolate the 
tailings from the environment. In addition, the cover system requires a low permeability layer to prevent ongoing 
recharge of the tailings mass to reduce long term seepage. 

Based on the climatic conditions, the Bawdwin site is well suited to a composite store and release / low 
permeability cover system. The store and release cover system will comprise a basal capillary break layer (e.g. 
inert ROM waste rock) to prevent upward migration of salts from the tailings, overlain with a low permeability 
soil layer which reduces infiltration into the tailings. This is in turn overlain by a storage zone (typically silty sand 
and gravel) which retains rainfall and maintains saturation of the basal clay layer. The storage zone is then overlain 
with topsoil to support plant growth. The vegetation, which will reduce the erosion potential, is supported through 
the dry season by rainfall stored within the cover system. 

On closure the operational spillways will be excavated further to drain the facilities, minimise the pond volume 
stored on the tailings and to allow flood events to be safely discharged. The closure spillways will be designed to 
safely pass the rainfall runoff generated as a result of critical duration PMP storm event while meeting appropriate 
hydraulic and revetment stability criteria. 

4.8.9 Forward works 
Further works that will contribute to the design and operation of the TSFs are proposed and are outlined in Table 
4.26. 
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Table 4.26 Forward works relating to the design and operation of the TSFs  

Item Purpose Detail 

Geotechnical investigation 
of TSF area 

 

Confirm stability of the TSF embankments 
and the diversion and saddle dams. 

Site specific geotechnical drilling of 
proposed TSF location and subsequent 
assessment including deformation 
analyses. 

Hydrogeological 
investigation of the TSF 
locations 

 Refine the understanding of groundwater 
conditions. 

 Refine seepage predictions. 

Geohydrological drilling and field testing 
of geohydrological parameters. 

 

Construction materials 
balance 

 Confirm there is suitable filter and 
drainage material for construction of the 
TSF and WRD and other waste storages. 

Field investigations to determined 
available volume of suitable filter and 
drainage material. 

Geochemical properties of 
tailings samples   

 

 Refine predictions of supernatant water 
quality in the TSFs. 

 Refine prediction of seepage quality. 

Further laboratory testing of 
representative tailings samples including 
kinetic leach tests.  

Contaminant fate and 
transport modelling of TSF 
seepage 

 Refine predictions of seepage quantity 
and quality. 

 Evaluate the proportion of seepage not 
captured by the TSF under-drainage 
system. 

 Assess potential impacts to groundwater. 

Develop a numerical groundwater model 
incorporating both quantity and quality 
based on the results of geochemical 
testing and hydrogeological 
investigations. 

Post closure water quality Predict post-closure quality of run-off water 
from the TSFs, including water quality 
reporting to the Nam La catchment. 

Use chemical mass balance and loading 
calculations (or other method), based 
upon updated site flow and water quality 
data. 

Closure plan update  Provide detailed assessment and plans to 
satisfy regulatory progress. 

 Guide WMM closure/rehabilitation 
activities. 

 Allow refinement of closure costs. 

An update is required within 3 years of 
the project operations this will include but 
not be limited to detailed of closure 
spillways, cover designs, post closure 
water management and identification of 
potential cover materials and sources. 

Detailed design of each 
TSF, plus associated water 
quality treatment plant. 

 Develop detailed design and construction 
drawings. 

 Develop surface water and seepage 
managements system. 

Detailed designs will comply with the 
Global Industry Standard on Tailings 
Management (Global Tailings Review, 
2020). 

4.9 Water supply and management 

4.9.1 Raw water supply 
The project will require raw water for the process plant, mining services area and accommodation camp and a 
potable water supply. The raw water requirements for stead state operations are shown in Table 4.27.  

Table 4.27 Project water demand 

Raw Water Requirements Unit Design 

Process plant m3/hr 134.1 

Accommodation camp m3/hr 3.0 

Mine services area m3/hr 1.0 

Potable water m3/hr 12.8 

Site total m3/hr 150.9 

The project is in a high rainfall environment and receives roughly 1.4 m of rainfall each year. To investigate 
water supply, Knight Piésold completed water balance modelling and run-off investigations. A range of water 
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supply options were investigated during the PFS and DFS. The chosen water supply option comprises several 
sources including: 

 Nam La Stream – primary clean water source. 

 Nam Pangyun – secondary clean water sources (from the TSF A diversion and the Nam Pangyun 
reservoir). 

 TSF decant return – primary raw water source.  

 Marmion Shaft – limited use potentially for dust suppression.  

Nam La Stream  

Water abstraction from the Nam La is the preferred primary water supply source for the project. This decision 
was based on its suitable location 1.7 km from the process plant, an access point located on the Bawdwin 
concession, the quality of the water, and the availability of water particularly during the wet season. The Nam La 
is, however, an important water source for downstream users; the Nam La Flume supplies the Tha-Ta-La (Win 
Myint Mo) Quarter consisting of four villages on the outskirts of Namtu township, as well as the Pan Hai market 
area of Namtu township, which relies on the Nam La for year-round water supply. 

To enable the use of Nam La as the primary water source for the project, Knight Piésold designed a water 
harvesting facility in the upper reaches of the Nam La valley. The design has an upstream catchment area of 3.62 
km2 (360 ha), which equates to 10.2% of the total catchment area. The dam will contain 1,125,840 m3 to provide 
a guaranteed year-round source of good-quality raw water. The dam design includes a large spillway to allow 
excess water to decant from the dam during operation and after closure.  

To ensure that water supply to Namtu township is not affected, WMM will ensure that flow of the creek is 
maintained.  During construction, the headwaters of the Nam La will be diverted around the embankment 
construction area by diverting the stream using pipework. During operations, WMM will actively maintain 
compensation flow downstream of the water harvesting facility via the spillway when the dam is full, or via an 
engineering or operational means such as a pumping. Most of the water required for the project will be captured 
during the wet season and then drawn down over the dry season. WMM will also maximise the use of water from 
other sources (i.e., Nam Pangyun and through recycling water through the TSF).   

Further work is currently being completed to estimate the baseline flows of the Nam La and further modelling 
work will be completed to estimate required compensatory flows and to assess impacts to existing water supply 
to Namtu and potential ecological effects of reduced stream flow.  

The proposed water harvesting facility embankment has been designed as a conventional earth fill water retaining 
embankment with upstream and downstream structural zones (Zone C1 and C2), a low permeability core (Zone 
A) and cut-off trench and fully intercepting filters (Zones F1 and F2) downstream of the core which report to a 
basal filter/drainage blanket. In addition, the filters and drainage blanket report to an outfall drain to safely pass 
seepage flows to the downstream toe of the embankment. A HDPE liner has also been included on the upstream 
batter as erosion protection and improved stability during rapid drawdown conditions. 

The embankment has a crest elevation of 1,155 m RL resulting in an overall height of 25.2 m from the toe of the 
embankment. The upstream embankment batter slope is 1V:2.5H, the downstream batter slope is 1V:3H and the 
crest width is 12 m. A spillway has also been provided to safely pass a PMF event. The spillway channel will be 
excavated through in-situ weathered rock adjacent to the left abutment. 

The design of the Nam La water harvesting facility is shown in Figure 4.29.
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Figure 4.29  Nam La water harvesting facility
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Nam Pangyun Stream  

The northwestern section of the Nam Pangyun stream is a relatively clean source of raw water. The western side 
of TSF A will intersect the Nam Pangyun stream. It is proposed that a diversion dam will be constructed on the 
northwestern arm of TSF A, to intercept water flowing from upstream in the catchment and divert it around the 
TSF, thereby reducing run-on to the dam. The dam also provides an opportunity to pump the accumulated water 
to the process plant and satisfy a portion of the raw water requirement of the plant. 

Knight Piésold have designed an embankment for the TSF A diversion dam (Appendix A). The upstream 
embankment batter slope is 1V:3H, the downstream batter slope is 1V:3H and the crest width is 16.8 m. The 
embankment of the TSF A diversion dam has been designed with a low permeability core (Zone A) and cut-off 
trench and fully intercepting filters (Zones F1 and F2) downstream of the core which report to a basal 
filter/drainage blanket. Coarse rockfill forms the retaining embankment with upstream and downstream 
structural zones (Zone C1 and C2).  

Nam Pangyun Reservoir 

An existing freshwater dam named the Nam Pangyun Reservoir, or ‘Big Dam’, is located adjacent to the 
proposed process plant location. It has a small catchment, at only three times its surface area, and is not fed by a 
water course. WMM propose to use this dam to store the raw water abstracted from the Nam La and Nam 
Pangyun streams. The raw water supplying the process plant will be pumped from the Nam Pangyun Reservoir 
to the raw water tank at the process plant. It is proposed the embankment will be upgraded to increase the dam 
capacity.  

Knight Piésold have designed an embankment for the upgrade of the Nam Pangyun Reservoir (Appendix A). 
The new embankment will increase the storage capacity of the facility from approximately 446,860 m3 to 
483,390 m3. The upstream embankment batter slope is 1V:2H, the downstream batter slope is 1V:2.5H and the 
crest width is 19.3 m. Stability analyses indicated that the facility has acceptable factors of safety under static 
drained / undrained and post seismic conditions. A spillway was designed to safely pass a PMF event.  

A piping and pump system will connect the Nam Pangyun Reservoir to the raw water tank located at the process 
plant. 

4.9.2 Dust suppression 
The mining department will require 400,000+ m3/annum (33,000 m3/month) of water for dust suppression in the 
open pit and on the haul roads.  It has been decided that water from the Marmion Shaft will be used for dust 
suppression.  

4.9.3 Potable water supply 
Potable water for the project will be supplied by reverse osmosis plant constructed at the process plant. An 
assumption of 90% water recovery to potable water has been incorporated into the site water balance. The reverse 
osmosis plant will treat approximately 8,202 m3/day (<100 mg/L TDS) (341.8 m3/hr). Approximately 34 m3/day 
of brine will be produced by the reverse osmosis plant, which will be pumped to the tailings tank for discharge in 
the TSF. 
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4.9.4 Surface water management 
The objectives for site surface water management for the project are to: 

 Maximise the diversion of runoff from undisturbed areas and to minimise inflow to the project site and thereby 
minimising the volume of water that needs to be managed. 

 Capture and manage surface water and groundwater flows from impacted catchments to ensure that there are 
no uncontrolled releases from the project and to ensure compliance with environmental discharge criteria. 

 Maximise the reuse of water.  

 Avoid the impact of flooding on project infrastructure and operations. 

 Avoid the disturbance of existing surface water drainage channels and features, where possible.   

Key aspects of site-wide water management include: 

 Peak flow and volume management. Hard-stand areas and mine infrastructure increase the surface water 
runoff from these areas with consequent increases in peak flow rates and the runoff volumes. An internal 
drainage capture system will be designed to manage this water. 

 Erosion control. Given that the mine site is located in an area with high rainfall and hilly topography, there is 
significant erosion potential on the site, particularly from disturbed areas. The management of surface water 
runoff will include controls for erosion and management of mobilised sediments (see below).  

 Sedimentation control. Sedimentation is managed by slowing turbid flows using settling. A number of 
sediment control structures or ponds will be constructed to capture mobilised sediments.  

 Stormwater system design criteria. Stormwater management infrastructure will be designed to account for 
large rainfall events. 

 Water discharges. Investigations to determine the quality of water to be discharged are underway which will 
guide the management of water that is discharged into the environment.  

The project area and surrounding topography is steep with the majority of the terrain sloping in excess of 20%, 
and approximately half of the terrain sloping in excess of 30%.  The topography necessitates steep diversion 
channels in certain areas which will mean high flow velocities and high erosion potential in these channels. 

Surface water management to prevent erosion and to control sediment requires an integrated approach, defining 
the discrete catchment/drainage areas, and allowing appropriate engineering solutions. To design the surface water 
management system, CSA Global (Appendix B) delineated catchments impacted by the project and estimated 
peak design flows based on a 100 year return period event to convey rainfall runoff from within the project area. 

Key surface water management features include: 

 Installation of sedimentation basins in each disturbed catchment/drainage area to limit sediment (and other 
contaminants) from entering natural drainage systems.  

 Diversion of upstream surface water flows around structures where feasible with discharge into adjacent or 
downstream defined surface water drainage lines.  

 Construction on or near natural drainage lines will be planned for the dry season, where practical.   

 Use of temporary stabilisation measures (such as using soil binders, applying synthetic matting, straw or rip 
rap) will be used in high erosion risk zones.  Areas of major erosion hazard will be identified and avoided, 
where practical, or specific management measures will be implemented in order to reduce erosion risk.  

Conceptual surface water management designs have been developed to manage rainfall runoff and surface water 
in the vicinity of the open pit. Wherever possible, runoff from undisturbed surface water catchments draining 
towards the pit will be conveyed directly downstream of the pit, to a downstream water course, via a diversion 
channel (4.30).  To mitigate in-channel flow velocities, channel slopes of a maximum of 1 in 200 have been 
adopted for the external diversion channel sections. Mitigating the in-channel flow velocities will reduce the 
requirements for riprap, concrete and reinforced concrete lined channels. All trapezoidal channels have a 1:1 side 
slope. Drop structures will be constructed with gabion basket fronting to mitigate undercutting, erosion and 
deterioration of the channel at the structures and will be placed at locations suitable to the topography to minimise 
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channel earthworks. Where this is not possible, the runoff from undisturbed surface water catchments will drain 
to the pit and will require management and sediment settlement treatment consistent with disturbed runoff 
originating from the disturbed pit catchment. 

CSA, 2020 (Appendix B) present detailed plans and sizing of the surface water management system around the 
pit and operational areas. 

On overview of the surface water management system is presented in  

Figure 4.30.  

Particle size distribution analysis was undertaken on a soil sample obtained from the existing pit catchment area 
in order to characterise the sediment load of runoff from the current disturbed pit catchment and a sample from 
the Nam Pangyun immediately adjacent to the existing open pit. The particle size distribution indicates that the 
sediment load of existing runoff consists primarily of very fine particles, with approximately 95% of the sediment 
particles smaller than 100 µm in both samples, however there is a higher percentage of finer particles in the pit 
sample than that taken from the Nam Pangyun. Smaller particles have a slower settling velocity, and hence require 
larger sedimentation basin areas to provide the retention time to allow the particles to settle. There are limitations 
on suitable locations available for sedimentation basins, due to the steep topography at the site, and ultimately 
flocculant and coagulant dosing of discharge may be required to settle the finer particles in the sediment load. 

The design flowrate of sedimentation basins downstream of the open pit, ROM pad, process plant and haul roads 
has been estimated based on the 1 in 2-year return period 30-minute duration event rainfall intensity of 55 mm/hr. 
The design targets the removal of approximately 80% of the 62 µm particle size, with a much higher removal of 
larger particle sizes. The basins are designed to operate with a permanent pond, which overflows during rainfall 
events. 

4.9.5 In-pit river diversion 
The Nam Pangyun is the primary water course that will be impacted by the open pit. The river currently flows in 
an open channel adjacent to the existing open pit. As the open pit expands, the pit will intersect the current 
alignment of Nam Pangyun, and require diversion for this portion of the river reach. An in-pit river diversion 
channel is proposed to convey flow from the natural river channel upstream, through the pit footprint and convey 
it to a discharge point back into the natural water course channel downstream of the pit.  

A berm with a slope of approximately 1 in 25 has been incorporated into the western pit wall as part of the pit 
design, to facilitate the new road alignment and this berm will also accommodate the river diversion in tandem. 
The in-pit river diversion channel will be cut into the berm at a shallower slope than the berm slope, with drop 
structures in channel to compensate for the elevation difference. The river diversion channel will be shotcrete 
lined to prevent excessive erosion of the channel during high flows, and to mitigate seepage from the channel to 
the adjacent pit development. 

4.9.6 Mine dewatering 
Inflows into the open pit will comprise: groundwater inflows through permeable materials, structures and the bulk 
rock-mass, which will commence as the mine excavation progresses below the water table; and surface water 
inflows from rainfall runoff within the pit footprint itself and the immediately adjacent surface catchments which 
drain towards the pit, particularly during the rainy season. 

A 3D numerical groundwater flow model was developed by CSA Global (Appendix B) for the Bawdwin project 
area and was used to predict groundwater inflows into the pit. Surface water pit inflows were derived from rainfall 
runoff from the surrounding catchments that cannot be diverted. 
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Figure 4.30  Mine surface water management
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Pit dewatering will be primarily driven by surface water runoff particularly large storm events and sustained 
rainfall over a prolonged wet period. Groundwater pit inflows were predicted to be relatively minor compared to 
the pit inflows resulting from large rainfall events, but are more apparent during extended dry periods and for 
areas of enhanced permeability. 

Pit dewatering is planned to be achieved primarily through an in-pit sump dewatering system capturing 
groundwater and surface water pit inflows that will gravity drain to in-pit sumps at local low points at the base of 
both the main pit and the south pit. Water collected within the in-pit sumps will be pumped out of the pit to a 
sedimentation basin on the southwest corner of the open pit.   

The in-pit sump dewatering systems are designed to manage all surface water and groundwater inflows during the 
24-hour 100-year return period rainfall event and during a sustained wet period. An in-pit dewatering system has 
been developed based on the pit inflow estimations, pumping rate requirements and the pumping head 
requirements. It is proposed that Allight Sykes HH220i high head pumps (or similar performing pumps) are used 
for the main pit in-pit sump dewatering system and Allight Sykes HH80 pump (or similar performing pump) are 
used for the south pit in-pit sump. The pumping requirements have been selected based on operating 80% of the 
time, to allow for re-fuelling, scheduled maintenance and other factors. 

From years 5 to 8, water will be collected in a sump (10,000 m3) in the main pit and discharged directly into the 
adjacent Nam Pangyun. Depending on the quality of this water, water treatment may be required before discharge. 
For Year 8 through to the final pit development, a second sump is proposed in the south pit. This would discharge 
to an in-pit diversion channel, which is part of the surface water management system and discharges via a 
sedimentation basin to the Nam Pangyun. 

4.9.7 Forward works 
Further works that will contribute to the design and operation of surface water management and water supply 
system are proposed and are outlined in Table 4.28. 

Table 4.28 Forward works relating to the design and operation of surface water management and 
water supply system  

Item Purpose Detail 

Baseline stream flows  Obtain seasonal baseline flow data  

 Refine understanding of flow regimes 

Conduct hydrological monitoring to 
measure baseline flows of the Nam La at 
suitable locations and continuation of 
monitoring of the Nam Pangyun. 

Hydrological modelling of 
the Nam La 

 

 Estimate required compensatory flows to 
the Nam La downstream of the proposed 
water harvesting facility 

 Confirm maximum feasible abstraction 
rate for the project and limits for each 
season 

Develop a numerical surface water model 
incorporating based on baseline stream 
flows. 

Geohydrological model 
update 

 Improved understanding of groundwater 
flow regimes 

 Update of water balance model 

Based on hydrogeological studies for the 
TSFs and waste rock dump (see Tables 
4.20 and 4.26) update existing 
geohydrogeological model 

Downstream water quality  Input to selection of water quality 
compliance criteria 

 Identify suitable mixing zones 

Use chemical mass balance and loading 
calculations (or other method), based upon 
updated site flow and water quality data. 

Post closure water 
management 

 

 Provide detailed assessment and plans to 
satisfy regulatory progress 

 Guide WMM closure/rehabilitation 
activities 

 Allow refinement of closure costs 

An update is required within 3 years of the 
project operations commencing. 

Detailed design of surface 
water management 
structures 

 Refine site-wide water balance for 
operations and closure phases  

Detailed design will be completed using 
international best practice standards. 
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Item Purpose Detail 

 Refine surface water and management 
system  

 Develop detailed design and construction 
drawings 

4.10 Power supply and energy use 
The existing mine is supplied by a 33 kV overhead transmission line from Mansam Falls and Kong Nyaung 
hydroelectric power stations. The existing transmission line and power stations do not have the capacity required 
to supply the new process plant, and an onsite power station with the required 20 MW of capacity is required. 

The onsite power station will comprise modular diesel generator configuration. It will be located adjacent to the 
process plant and connect to an 11 kV switchboard to supply both the process plant and an overhead transmission 
line to provide power to other key infrastructure. The power station will be sized based on an N+2 reliability 
criteria to ensure adequate generation availability to supply the process plant loads during routine maintenance in 
the power station. In other words, the system will be designed with two alternate paths (N+2 design), one path 
could be down for maintenance, a failure could occur in a second path, and ideally, the third path would supply 
power to the load without interruption. The power station control system will automatically manage the number 
of generators to ensure sufficient generators during mill starts. 

Modular generator sets will be enclosed in standard 20 ft shipping containers and will meet Myanmar emission 
discharge standards for air and noise. In total there will be 26 diesel generators in series in containers, plus five 
containerised fuel tanks and supporting infrastructure (Plate 4.2). The power plant will cover a fenced area of 
approximately 35 m by 110 m.  

 

Plate 4.2 Conceptual layout of the onsite power station 

Estimated emissions for each engine stack are provided in Table 4.29 based on the site conditions and typical fuel 
specifications, as provided by WMM. In multi-stack configurations stacks are closely spaced together. A stack 
cluster can practically be considered as a one stack construction albeit with higher volumetric air flows. 
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Table 4.29 Maximum emission mass flow rates for each engine stack 

Parameter Unit Engine Load 

100% 75% 50% 

Nitrogen oxides (Calculated as NO2) g/s 12.78 9.64 9.48 

Carbon monoxide (CO) g/s 0.67 0.50 0.35 

Sulphur oxides (Calculated as SO2) g/s 2.62 1.98 1.37 

Particulate matter (as dry dust) g/s 0.26 0.20 0.18 

Non-methane non-ethane hydrocarbons calc. as CH4) g/s 0.66 0.59 0.46 

Further work will be completed during detailed design to refine the design of the power plant.  

4.10.1 Electrical distribution 
The electrical system for the project is based on an 11 kV distribution and 415 V working voltage. System 
frequency is designed at 50 Hz. The largest power requirements within the process plant are the ball and SAG 
mill motors (7,000 kW and 5,400 kW respectively). 

From the power station 11 kV main switchboard, the 11 kV supply is reticulated from a tariff metered plant feeder 
to the process plant 11 kV switchboard. 

The main process plant will consist of six containerised switchrooms located in the following areas: 

 Crushing. 

 Milling. 

 Flotation. 

 Regrind. 

 Thickening. 

 Services. 

An 11 kV overhead transmission line will provide electricity from the power station to: 

 The accommodation village. 

 Mine service area. 

 TSFs. 

 Raw water supplies. 

Emergency generation capacity will also be provided at the accommodation village via standalone generators.  

An allowance has been made to decommission 35 existing transmission towers that currently run through the pit 
and new plant areas. These towers are part of the existing 33 kV distribution system and supply some small loads 
north of the new plant site. An allowance has been made to supply these loads permanently from the power station. 
During construction, an allowance has been made to power to these loads from a diesel generator. 

4.11 Site access and security 

4.11.1 Site access roads 
Three new access roads will be constructed to provide safe and reliable site access for the project. These are:  

 The Namtu-Tiger Camp access road, which will provide access from Namtu to Tiger Camp. 

 The plant access road, which will provide access from Tiger Camp to the process plant.  

 The camp access road, which will provide access to the accommodation camp from the plant access 
road turnoff to the accommodation camp.   
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Other access roads will include connections to the TSF service road and the Namtu-Manton public road bypass 
around the process plant. 

Namtu-Tiger Camp access road 

A new private road is proposed to be constructed between Namtu and Tiger Camp, using the existing Bawdwin 
to Namtu railway corridor. This road will be 9 m-wide and 10 km in length. WMM will allow Tiger Camp village 
and Bawdwin lower village to use the road, prior to their resettlement, under closely managed conditions to 
minimise safety risks. The existing railway has gentle vertical grades and adequate horizontal curves that are 
suitable for road traffic. By placing the road directly on the rail bed, the road construction earthworks will be 
minimised. Several sections will require widening to suit two-lane road operations where the railway cross section 
is too narrow. Widening of the corridor will be achieved using fill with scour protection installed (either gabion 
baskets or bulk rock armour) in areas adjacent to the Nam Pangyun. The route traverses multiple waterway 
crossings, ranging in size from small box culverts to bridge structures. Construction of the road will involve 
replacement of these structures with new box culverts. On the east side of Tiger Camp is a circular grade change 
for the railway traversing four bridges.  One of the bridges, an arch bridge, will be retained.   

Plant access road 

The plant access road will be 8 m wide and 8.9 km long. The road starts from Namtu-Tiger Camp access road and 
ends at the process plant security gate. The road will provide transportation access to the process plant and the 
camp facility. The plant access road will have 0.5 m shoulders and will be 1 m narrower that the Namtu-Tiger 
Camp access road. The plant access road will have a speed limit of 20 kph. 

Camp access road 

The camp access road will be 8 m wide and 1.2 km in length. The access road will start from the plant access road 
about 3 km from the process plant security gate. The camp access road will have the same shoulder size and speed 
limit as the plant access road.  

Other access roads 

The same road design will be used for access roads from the Namtu road turnoff to the process plant and camp on 
the plant access road. Each road will be sealed with two coats of bitumen.  

Road design 

The road design will be in accordance with AUSTROADS ‘Guide to Road Design Part 3’ and as presented in 
Table 4.30. Road signage will consist of speed, advisory curve ahead, guide signs and guide posts with reflectors. 
There will be no pavement markings. Typical cross sections for the proposed new access roads are shown in  

Figure 4.31. 

Table 4.30 Design standards – Namtu-Tiger Camp access road 

Parameter Proposed Standard Basis 

Design vehicle 19 m semi-trailer with 13 m turn radius 

Design speed 30 kph 

Standard crossfall 3% 

Maximum longitudinal gradient 10% 

Minimum longitudinal gradient 0.3 - 0.5% minimum 

Pavement 2 coat spray bitumen 150/150 sub/base 

Carriageway 9 m (2 x 3.5 m lanes + 1 m shoulder) 

Road trapezoidal drain 0.50 m BOD with 1V:1H side slope 

Cut batter slope 214% 

Fill batter slope 67% 

3 m benching grade slope 3.3% 
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Public roads 

The Namtu-Manton public road currently passes through the process plant site in an east–west direction.  This 
road will be re-routed north of the process plant just outside the plant security fence. The bypass road will be 
constructed to a standard and design approved by the relevant government ministry. The bypass road adjacent to 
the plant fence will be floodlit. 

Due to road conditions, 20 t weight restrictions exist between Namtu and Lashio. During the project 
implementation phase, WMM will seek to upgrade bridges and culvert crossings to transport maximum payloads 
between Namtu and Lashio (see Section 4.12.3). 

The Lashio – Muse route involves travel on a modern four lane highway which has been recently upgraded. 

4.11.2 Site security 
A security department will be created to manage security of the project. Site access and security requirements for 
the project will include (but not limited to): 

 Operational control of entry and exit points to the project area through conventional means such as a 
manned boom gate or similar.  

 Fencing with dedicated security around the process plant, mine services area and accommodation camp.  

 Conventional controls for explosives around the explosives magazine including security fencing and 
onsite security guards. 

 Contractual conditions of contractor relating to the transport of hazardous reagents and consumables.  

4.12 Concentrate transport and logistics 

4.12.1 Transport route 
The concentrate is proposed to be exported to international markets. The concentrate export route is shown on  

Figure 4.32. 

The distances of the concentrate export transport route in shown in Table 4.31. 

Table 4.31 Concentrate export route distances 

Route Distance Maximum truck size 

Bawdwin to Namtu 19 km 60 t 

Namtu to Lashio 69 km 20 t 

Lashio to Muse (near boarder with China) 172 km 50.5 t 
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Figure 4.31  Typical access road cross section 
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Figure 4.32  Concentrate export route
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4.12.2 Truck movements 
A total of 9,885 concentrate container movements per year, or 27 containers per day in each direction, will need 
to be moved by road transport. This equates to a total concentrate traffic movement of 54 movements per day. 
Due to the winding and narrow roads in some parts of Myanmar, particularly between Lashio and Namtu, and 
between Namtu and Bawdwin, it is likely that travel will be restricted to daylight hours only. Options to ship 
concentrate in by bulk sea freight will be assessed during the project implementation phase and a traffic 
management plan developed. 

The average daily truck movements for transport of import of consumables and fuel and export of concentrate is 
shown in Table 4.32. 

Table 4.32 Average daily truck movements for transport of import and export loads 

 Average Daily Truck Movements  

Concentrate Reagents and consumables 
(proportional to concentrate) 

Fuel Total 

Year 3 11.6 1.0 8 20.6 

Year 4 51.4 4.4 8 63.8 

Year 5 64.9 5.6 8 78.5 

Year 6 65.0 5.6 8 78.6 

Year 7 43.8 3.8 8 55.6 

Year 8 49.9 4.3 8 62.2 

Year 9 41.1 3.5 8 52.7 

Year 10 53.8 4.6 8 66.4 

Year 11 47.9 4.1 8 60.0 

Year 12 49.3 4.2 8 61.5 

Year 13 64.8 5.6 8 78.4 

Year 14 78.2 6.7 8 92.9 

Year 15 37.3 3.2 8 48.5 

Mine Life Average 50.7 4.4 8 63.1 

 

4.12.3 Export route road upgrades 
The public road between Namtu – Mansam – Lashio will require sections upgraded to allow WMM to utilise 
vehicles weights up to the maximum Gross Combination Mass limits. The following provides a high-level 
breakdown of upgrades required. WMM will work with Ministry of Construction to plan upgrade of water 
crossings and road alignments to allow the maximisation of freight.   

From Namtu to Mansam (23 km) the road will require the replacement of two concrete culvert bridges to 5.5 m 
length and to 60 t capacity with reinforced box culverts, replacement of several low load bearing capacity existing 
steel culvert road crossings with concrete pipe crossings and general widening of tight sectional curves. 

From Mansam to Lashio (43 km) the road will require: replacement of several low load bearing capacity existing 
steel culvert road crossings with concrete pipe crossings; replacement of 1 wooden bridge to 8 m length and to 
60 t capacity with reinforced box culverts, and general widening of tight sectional curves. 

4.12.4 General logistics  
Construction materials will mostly arrive via Yangon to Bawdwin mine using the multi lane highway network to 
Gotiek Gorge via Mandalay. This then becomes two lanes to Hsipaw.  Hsipaw to Namtu is single lane pavement 
and is used by heavy vehicles.  Some minor upgrades of the road between Hsipaw to Namtu is anticipated.  
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After the construction phase of the project is completed and the Lashio warehouse and laydown areas are cleared 
of the construction equipment and materials, the site will be used for bulk storage of reagents, flocculants and 
spares during operations.  

Bulk consumables will predominately be delivered by the road transport via a backhaul service.  This backhaul 
service would deliver in bulk diesel, reagents, flocculants, spares and consumables to the Lashio facility for 
storage and/or straight to Bawdwin site as required by operations.  

4.13 Accommodation facilities 

4.13.1 Construction accommodation 
The accommodation camp used for construction and operation of the project will be built using a series of 
accommodation blocks. Each accommodation block will have up to sixteen rooms with ensuite ablution facilities 
for each accommodation block. The block dimensions will be approximately 50 m long by 7 m wide with all 
doors opening onto a central breezeway.   

Other buildings provided will be: 

 Kitchen / dry mess. 

 Wet mess. 

 Laundry. 

 Gymnasium. 

 Ablution block and ice room at mess location. 

 Recreation building. 

 Multi-purpose court. 

 Administration building. 

 Security gatehouse. 

An area near the process plant was selected for the accommodation camp. By road, the distance between the 
process plant security gate and the construction camp security gate is 4.2 km. By pedestrian path, partly along the 
Namtu-Manton public road, the distance between the process plant and construction camp is 1.5 km. 

The entire construction camp will be fenced with pedestrian and vehicular access gates provided. The 
administration building will be located at the gated entry to manage the operation of the construction camp.  A 
light vehicle car park will be provided inside the fence next to the building.  A large turnaround area outside the 
gates will allow supply vehicles to park and off-load supplies.  A services compound will be provided for the 
electricity, water and sewer treatment facilities in proximity to the administration building.  

The construction camp facilities have been considered on the basis that the building construction be either flat 
pack, stud framing or containerised.   

Surface water runoff will be collected with open drains with culverted road crossings.  Drains discharging to 
outlets at the site perimeter.  Sediment movement is not expected to be significant as the site will have sealed road 
surfaces and rip-rap drains. 

4.14 Supporting infrastructure 

4.14.1 Buildings 
A range of new buildings are proposed to be constructed for the project and will include: 

 Administration building. 

 Medical facility and emergency response. 
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 Change rooms and ablution facilities will be provided for both sexes throughout the site. 

 Warehouse (fenced with open storage and laydown area). 

 Workshop with overhead crane. 

 Plant offices. 

 Laboratory. 

 Three reagent stores (20 days storage of all reagents). 

 Crib room to serve meals to all plant operations and maintenance personnel. 

 Security gatehouse. 

 Control room. 

 Customs office. 

The building construction will include cladded steel structures for:  

 Reagent sheds. 

 Workshop. 

 Warehouse. 

Prefabricated structures with wall panels and roof structures mounted on concrete slabs and delivered as 
flatpacks for:  

 Administration. 

 Medical facility and emergency response. 

 Change rooms. 

 Plant office. 

 Crib room. 

Containerised buildings:  

 Control room. 

 Ablution blocks. 

 Security gatehouse. 

 Laboratory. 

 Customs office. 

4.14.2 Sewage treatment systems 
Two stand-alone sewage treatment plants are proposed to service each of the process plant and accommodation 
camp. 

Due to the mountainous terrain, high rainfall and limited available space, small footprint, packaged activated 
sludge bioreactor systems were selected rather than large footprint pond system. 

An effluent loading of 150 litres and 180 litres per person per day respectively for construction and operations 
was assumed based on the Water Services Association of Australia Sewerage Code of Australia (WSA02). 

The following sewage treatment plant configuration was selected: 

 Construction / Operations Camp – 115 m3/day activated sludge bioreactor. 

 Process Plant – 95 m3/day activated sludge bioreactor. 

During the construction phase, the sewage load will be distributed between the Camp (morning and evening) and 
Plant (daylight hours). For operations phase the Camp sewage treatment plant will operate at full capacity during 
plant shutdowns when camp numbers increase for short periods of time. 
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Treated effluent may be discharged to the environment in accordance with Myanmar discharge criteria and 
resulting sludge will be disposed in the on-site landfill.   

4.15 Existing buildings, infrastructure and operations 
Historically, the Bawdwin deposits were worked by Chinese miners, mainly for silver, who dug short tunnels into 
the sides of the Nam Pangyun valley and ER valley. The ore was smelted onsite and slag disposed in dumps which 
have eroded and dispersed in the Nam Pangyun.  

Industrial ore extraction and lead production began in the early 1900s. A narrow gauge railway was completed in 
1909 (Plate 4.3), followed by the Tiger Tunnel in 1918, which allowed efficient access to the massive lead-zinc-
silver China Lode orebody, with transport of ore to Namtu for concentration, smelting and refining. 

The historical 12-level underground operation is based on the China Lode, with vertical access through the 522-
m-deep Marmion Shaft (Plate 4.4). The 2.7-km-long Tiger Tunnel (Plate 4.5) intersects the underground mine 
workings at Level 6 and is the main access to the orebody. An underground electric tramway enabled ore transport 
through the tunnel to the Wallah Gorge railway terminal where it was unloaded (Plate 4.6) and stored in ore bins 
before transport to Namtu for processing. 

An open pit mine (known as the Gossan Quarry) to access lower grade ore was operated from the early 1980s 
until 2009 (Plate 4.7). A waste rock dump is located southeast of the open pit mine at the head of ER valley. 
Further detail describing the existing buildings and infrastructure located at the Bawdwin site and the existing 
operations is provided in the following section.  

4.15.1 Existing buildings and infrastructure 
The central Bawdwin precinct is an area comprising a group of key buildings and structures from the Colonial 
period. Existing buildings and infrastructure are shown on Figure 4.33. These buildings and structures relate to 
both the mine operation and functioning of the wider community and together form a key heritage precinct at 
Bawdwin.  The central Bawdwin precinct comprises:  

 Compressor house consisting a large corrugated iron-clad building that housed the compressors that 
provided compressed air to the tools (e.g., rock drills) used in the underground workings.  

 Mine office largely in its original condition and contains its original furniture and hard copies of old and 
recent company files.  

 Post office. The post office is still in service and has changed little since 1946. 

 Company store.  

 The Bawdwin railway station and the adjacent railway line.  

 

Plate 4.3 Narrow gauge railway, dating back to the early twentieth century 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 4 E Guard Environmental Services |  4-96

 

 

Plate 4.4 Marmion shaft head frame and winding shed, dating back to the early twentieth century 

 

Plate 4.5 Tiger Tunnel portal, dating from 1914 
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Plate 4.6 Wallah Gorge rotary ore dumper, dating back to the early twentieth century 

 

Plate 4.7 Bawdwin open pit mine (Gossan quarry), dating from the 1980s
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Figure 4.33  Existing buildings and infrastructure
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 Mine Superintendent’s and staff bungalows. Accommodation quarters for higher-ranked mine workers. 
Many of these bungalows remain in use. 

 Dead Chinaman Tunnel. This tunnel, originally constructed and used by the Chinese miners, was 
refurbished by the British. This was the main access to the Bawdwin lodes before the Marmion Shaft and 
Tiger Tunnel were constructed.  

 Bawdwin timber yard, which contains open-sided timber buildings that house several saw benches and 
two large drop saws, some of which are still in use today.  

The Tiger Tunnel area comprises the Tiger Tunnel portal and electric railway, railway yards, electric substation, 
office, clubhouse, stone store and police station. The Wallah Gorge area includes the tippler (a pair of electrically 
powered rotating drums that emptied ore carts from the mines onto the conveyor belt to the storage bins), ore bins 
and Wallah Gorge Railyards from the colonial period. 

The railway was constructed between 1905 and 1911 and allowed transfer of slag and ore from the mines at 
Bawdwin to the smelters at Namtu. The railway comprises two main sections – the section between Bawdwin and 
Namtu along the Nam Pangyun valley, which is mostly still operational; and the line between Namtu and Namyao 
that was abandoned in 2009.  The section of railway between Tiger Camp and Bawdwin is currently in limited 
use since the ER Valley bridge was destroyed during flooding.  

Ore concentration, smelting and refining was undertaken at the Namtu site from about 1911. The Namtu smelter 
complex is supplied with process water from Nam La. The Nam La flume, an earthen canal conveys water from 
the Nam La to the ridge above the Namtu smelter complex where it is reticulated to the site.  

The railway is a 2-feet gauge line, comprising almost entirely timber sleepers (apart from some concrete 
replacements). The railway bridges are masonry or a mixture of masonry and steel. The route through the Nam 
Pangyun valley is picturesque as it traverses the valley sides and narrow gorges. The line includes several reverses 
to allow the line to change elevations sharply between Bawdwin and Wallah Gorge. 

There are at least 19 religious places or sites were identified in the Bawdwin area including Buddhist temples and 
chapels, Chinese and Indian temples, and Christian churches. 

Three villages are located around the existing mine as follows: 

 Upper Bawdwin village – northwest of mine. 

 Lower Bawdwin village – southwest of mine, denoted South Village. 

 Tiger Camp  – east of mine below Wallah Gorge. 

The existing village buildings probably originated around the early 1900s and are predominantly light timber 
structures with thatch, timber or tin sheet cladding and tin metal roofs. Road access to the upper Bawdwin village 
is via the unsealed regional Namtu-Manton Road.  The unsealed road continues along the creek through the upper 
village, through the mine and South Village and terminates at a soccer oval. A concrete footpath connects 
Bawdwin lower village to Tiger Camp allowing people to travel on foot or by motor scooter. Rudimentary services 
are provided for these villages.  Low voltage power is reticulated with overhead lines.  Fresh water is reticulated 
from the sediment pond downstream of the dam.  

A concentrator plant was constructed at Bawdwin mine around 1980 to enable the low-grade oxide ore to be 
processed on site. The concentrator plant includes crushing, grinding and flotation separation units. Mineral 
concentrate was transported by rail to Namtu for smelting to refine lead, antimonial lead, and silver, with copper 
matte and nickel speiss as by-products. Zinc concentrate was shipped as unrefined product. Tailings from the 
1980s concentrator plant were initially disposed to the Nam Pangyun, with later deposition in the Bawdwin 
underground mine workings. Production at the Bawdwin concentrator plant ceased in 2009 with the closure of the 
open pit operation. 
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4.15.2 Existing operations 
Since December 2009, the Bawdwin mine and processing facilities have been in care and maintenance, with the 
workforce retained under the production sharing permit and contract conditions. Mineral exploration and 
feasibility studies were undertaken between 2017 and 2020.   

In late 2020 WMM commenced work to resume mining of oxide ore under its existing mining license and permits, 
with production expected to commence in Q2 2021. This mining is separate to WMM’s Bawdwin project for 
which this EIA is being prepared. Coffey & Valentis are not involved in planning of the resumed mining program 
or any related works. 

It is understood that the mining will be carried out by Base Metal Mining Co Ltd (BMMC), which is a registered 
Myanmar contractor company, under contract to WMM. 

Mining will take place in the existing open pit, which will be expanded. Oxide ore will be transported by existing 
road networks to the existing 32 Mile facility at Namtu for mineral processing at the existing processing plant. 
The mining may last a maximum of 4 years. All works will cease when the Bawdwin project commences 
operations.  

4.16 Workforce and employment 

4.16.1 Organisational structure and employment 
WMM is committed to providing a workplace that values diversity and fairness and is free of discrimination and 
harassment.  This commitment to diversity will be achieved through: 

 Local participation policy. 

 Equal employment opportunities applied to all agreements for the provision of and for services. 

 Employment and development opportunities characterised by fairness which is for the benefit of all 
employees. 

 Awareness of Myanmar laws and the rights and responsibilities with regards to employment and terms 
and conditions of employment. 

An organisational structure for the project has been developed that details the workforce, including functions 
and roles, roster cycles and work hours. The organisational structure allows for personnel to perform their 
functions on roster cycles that provide appropriate coverage for the role and operational function. 

A key strategy will be to transfer knowledge and build capacity in the local workforce. WMM will work with 
relevant authorities and organisations to create opportunities for local people in the provision of goods and 
services to the mining operation.  

WMM will seek to maximise the proportion of available jobs that are allocated to members of local 
communities, through its Preferential Employment Policy. Where two or more equally skilled and experienced 
candidates are considered for an applicable position, WMM will preferentially seek to employ candidates in the 
following order: 

1. Residents of local communities.  

2. Residents of Shan State. 

3. Other Myanmar citizens. 

4. Expatriates. 

It is anticipated that WMM will initially employ a small core group of experienced mine managers to fill key 
leadership roles.  A larger number of experienced mining professionals will be sourced from South East Asia are 
likely to be employed to fill senior supervisory and/or skilled trade roles.  Myanmar citizens with equivalent 
qualifications and experience will; however, be preferred over expatriates.  The remainder of the workforce, for 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 4 E Guard Environmental Services |  4-101

 

which skills are trainable or are entry level positions, will be sourced locally (and regionally) from within 
Myanmar and from industries that may not associated with the resources sector.  These positions may include 
maintenance roles, heavy vehicle drivers, administrative roles, and plant operators.   

Labour classifications that broadly reflects the qualifications and seniority of the position are defined in Table 
4.33.  

Table 4.33 Labour classifications and requirements 

Labour 
Classifications 

Requirements 

Internationally 
experienced mine 
manager 

 Tertiary or trade qualified, highly experienced (15 to 20 years) in the mining industry, 
competent senior leader. 

 Training not required. 

 Fly-in fly-out with on-site accommodation required 

Experienced mining 
professional  

 Tertiary or trade qualified; experienced (10 to 15 years) in the mining industry. 

 Training generally not required. 

 Successor to expatriate positions. 

 Seek to source from Myanmar and/or South East Asian regional origin. 

 Fly-in fly-out with on-site accommodation required 

Myanmar national 
workforce 

 Trade qualification and/or unskilled. 

 Limited or no mining experience. 

 Training and up-skilling required. 

 Successor to all expatriate positions once trained. 

 Local to Namtu, Bawdwin or regional to Namtu. 

 Live within the Bawdwin or Namtu community.  

 Accommodation not provided 

The total construction workforce is estimated to consist of approximately 1,360 (including 100 expatriates and 
the remainder being Myanmar citizens).  

The organisational structure for operations has ten departments as described below: 

 Board of Directors – consisting of an executive director and directors representing each of the three joint 
venture partners. 

 Corporate staff – based in Yangon that will include corporate, commercial, legal, investor relations 
management, and general administration staff. 

 Site management – the General Manager Operations will be the statutory registered manager and 
operational responsibility for the operation and will be located on-site. There will be seven roles reporting 
directly to the General Manager consisting a Deputy General Manager; Technical Services Manager; 
Process Manager; Facilities Manager; Administration Manager; Safety, Health, Environment and 
Community (SHEC) Manager; and a Security Manager. 

 Technical services – the department covers mining, production planning, surveying, and geology 
functions. The mining team is responsible for short and long-term mine planning as well as mining 
engineers, surveyors and geotechnical engineers. This team will also manage the contractual obligations 
and performance of the mining contractor. The geology team will encompass mine and resource geology 
to ensure that the mining operation is aligned with resource identification and estimation.  

 Production – the production team is responsible for the metallurgical testing and processing of ore and 
the disposal and management of tailings.  

 Maintenance – the maintenance team will be responsible for performing maintenance on fixed plant and 
encompasses mechanical, boilermaker, electrical and trades assistance personnel. The maintenance team 
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will be is responsible for the planning and execution of operational reliability plans, including planned 
maintenance and shutdowns. 

 Facilities – the facilities team will be responsible for managing all site infrastructure and managing the 
camp service contractor. 

 Administration – the administration team will provide administration support to the corporate office and 
Bawdwin site. Services include general administration, accounts, payroll, travel coordination, human 
resources, and information technology. The human resources team will be responsible for the provision 
of human resources support including recruitment and employee relations services and advice to the 
operation 

 Safety, health, environment and communities (SHEC) – the SHEC team will provide, source, develop 
and deliver safety, emergency response and induction training across the operation, in addition to 
environmental monitoring and statutory reporting and provide paramedic services to site-based 
personnel. The department will also have the responsible for community and stakeholder relations. 

 Security – the security team will ensure site security. 

In addition, to the ten WMM departments there will be a Mining Contractor workforce that will report to the 
Mining Manager.  

The total workforce for the project during operations is estimated to be 1,112 full time positions. The WMM is 
estimated to have a peak workforce of 523 employees for stable operations. The predicted workforce by function 
and labour classification is presented in Table 4.34.  

Table 4.34 Predicted workforce by function 

Department Expatriate 
(International) 

Positions 

Expatriate 
(Regional) 
Positions 

National 
Positions 

Total 
Positions 

Board of Directors 5 - 4 9 

Corporate 1 - 5 6 

Management 2 - 1 3 

Mining 7 14 61 82 

Production 6 11 101 118 

Maintenance 3 20 96 119 

Facilities 1 1 57 59 

Administration 1 - 33 34 

Safety, Health, Environment and Communities 2 2 50 54 

Security - - 39 39 

Total 28 48 447 523 

 

In addition to WMM employees, a large number of roles will be performed by contractor personnel, including, 
mining, operation of the laboratory and the operation of the accommodation camp Table 4.35.  The mining 
contractor workforce will make up the largest of the contractor workforce on the site with 409 positions estimated.   
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Table 4.35 Predicted contractor workforce by function 

Contractor National Positions Expatriate (Regional) 
Positions 

Expatriate 
(International) Positions 

Total Positions 

Mining Contractor 378 28 3 409 

Camp Services 
Contractor 

146 1 - 147 

Laboratory Contract 33 2 1 36 

Total 557 31 4 592 

 

Organisational charts for the WMM Mining department; production department; and Safety, Health, Environment 
and Communities (SHEC) department are shown in Figure 4.34,  

Figure 4.35 and  

Figure 4.36. The expected organisational structure of the Mining Contractor is shown in Figure 4.37. 

4.16.2 Rosters and cycles 
Rosters have been developed to provide adequate coverage for the operation considering the function and 
responsibility of each position, travel to and from site, fatigue management and first world industry practices. The 
WMM staff roster cycles are shown in Table 4.36. 

The mining and process plant (ore processing) will operate (24 hours a day, seven days a week, 365 days per 
year). To achieve coverage of this continuous operation, the expatriate workforce will work 42:14-day roster cycle 
(12 hr shift). This roster meets international industry acceptable average hours, provides operational coverage and 
adequate handover. 

The national workforce will work a 6:2-day roster (8 hr shift) with four crews required to provide 24-hour 
coverage.  This roster reflects the current working conditions on the Bawdwin site. It is planned that the local 
operational workforce will be transported to work areas via regular bus services for example between Namtu and 
site.  

There are some roles associated with the mining operations and process plant which will work a day shift only 
pattern (i.e., they will not be required to work night shift). 

Table 4.36 WMM staff roster cycles 

Type Roster Cycle Number of Personnel 

Expatriate (international) 6 weeks on / 2 weeks off 25 

Expat-Regional 6 weeks on / 2 weeks off 48 

National 6 days on / 2 days off 447 

4.16.3 Occupational safety and health 
WMM will fully comply with the Myanmar Occupational Safety and Health Law, 2019. 

WMM has an existing Occupational Safety and Health (OSH) Policy and several subject-specific policies 
relating to OSH:  

 Fitness for Work Policy. 

 Drug and Alcohol Policy. 

 Lead Management Policy.
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Figure 4.34 WMM technical services department organisational chart 
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Figure 4.35 WMM production department organisational chart 
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Figure 4.36 WMM safety, health, environment and communities (SHEC) department organisational chart 
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Figure 4.37 Mining Contractor organisational chart
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The WMM OSH Policy is reproduced here. 

Purpose 

WMM is committed to providing a safe and healthy working environment and ensuring that all persons working 
on behalf of WMM return home safely after work. It is WMM’s commitment and responsibility to establish a 
working environment where all employees, contractors and other stakeholders conduct themselves in a safe and 
healthy manner. 

It is WMM’s belief that all occupational illnesses and injuries are preventable, and the company will 
continuously strive to achieve that goal. The WMM OSH Policy provides the foundation for the company’s 
commitment to continuously improving OSH performance. 

Requirements 

It is the duty of WMM managers and supervisors to ensure compliance is achieved and to provide workers with 
the tools, personal protective equipment, training and skills to work safely. 

All employees, contractors and visitors entering WMM operational areas are responsible for complying with 
WMM’s OSH requirements. 

Commitments  

To implement this policy, WMM will:  

 Provide a working environment that is conducive to OSH. 

 Place the management of OSH as a prime accountability of line management from the executive through 
management and employees. 

 Comply with all relevant national, regulations, and other requirements as a minimum standard for WMM 
OSH practices and management procedures. 

 Define OSH objectives on an annual basis and measure performance against those objectives.  

 Maintain and continuously improve OSH management programs, standards and procedures to achieve the 
OSH objectives. 

 Prevent occupational injuries, illness and other loss by adopting proactive hazard identification and a risk 
focused approach. 

 Investigate all incidents to ensure remedial actions are identified and completed to prevent reoccurrence. 

 Integrate OSH considerations into all designs and activities. 

 Provide all necessary resources to enable compliance with OSH management procedures. 

 Require all contractors to comply with WMM OSH policies and standards while undertaking work for WMM. 

 Ensure that employees at all levels receive appropriate training and are competent to safely carry out their 
duties and accountabilities. 

 Communicate and consult openly on OSH issues with all employees, contractors, OSH committees and other 
stakeholders to gain commitment to the implementation of the policy. 

 Promote innovation and best practice to continually improve OSH performance. 
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WMM will develop a comprehensive OSH management system to give effect to the commitments in the WMM 
OSH Policy. Key aspects of this system will include: 

 Develop a register of risks and focus on reducing risks to as low as a reasonably practicable. 

 Form an OSH Committee involving workers’ representatives to review OSH issues. 

 Develop OSH standards and procedures. 

 Appoint persons with responsibility for OSH. 

 Develop an emergency response plan. 

 Create an OSH team to provide guidance and monitoring of OSH performance, as shown in  

 Figure 4.35. 

 Create an emergency response team with responsibility for primary response to emergency situations. 

 Provide training in applicable OHS procedures to relevant personnel. 

4.17 Hazardous materials and waste management 
Processes and procedures will be developed during detailed design to determine the most appropriate way to 
manage potentially contaminated materials due to historical mining activities (including demolition of existing 
infrastructure and buildings) in accordance with Myanmar rules and legislation.  

Hazardous wastes produced during the construction and operations phases may comprise of the following: 

 Oil and fuel filters. 

 Waste oils, grease and lubricants. 

 Hydrocarbon-contaminated soils from spills and leaks. 

 Oily rags from workshop/vehicle maintenance tasks. 

 Hydraulic hoses. 

Alternatives for the treatment of hydrocarbon wastes onsite including bioremediation technology and “land 
farming” is also being examined.   

WMM will implement the waste management hierarchy of avoid, reduce, reuse, recycle, treat and dispose. A 
waste collection service will be established and a landfill at a suitable location.  

Organic waste treatment systems (containerised wastewater treatment plants) will be installed to process waste 
water from ablutions and other facilities at the Bawdwin accommodation village and the process plant. Treated 
sewage (sludge), a by-product of the wastewater treatment plant, will be removed from site every two to three 
months via and disposed at the site landfill. 

Non-hazardous waste streams that will be produced during mining include:  

 Domestic waste, including camp wastes and food scraps. 

 Paper and cardboard packaging. 

 Plastic packaging, containers and drink bottles. 

 General construction waste, including timber, glass and scrap metal. 

 Used tyres and old equipment. 

The objective for non-hazardous waste management is to avoid or minimise potential adverse impacts and risks 
to the environment, safety and human health through inappropriate management of non-hazardous waste. 

The estimated weights of wastes produced during operations is presented in Table 4.37. 
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Table 4.37 Annual mass of wastes produced during operations  

Type of Waste Annual Waste Generation 

Electronic waste 200 kg 

Hydrocarbons including oil  500 tonnes 

Fat produced from camp 180 kg 

Tyres 150 tonnes 

Rubber items (e.g., lined pipe chutes) 10 tonnes 

PVC piping and fittings 2 tonnes 

Steel (used in mill linings and pipes) 150 tonnes 

Metal scrap from trash screen  160 tonnes 

Glassware  2 tonnes 

4.18 Rehabilitation and mine closure 
The Myanmar Mines Rules (2018) requires holders of a large-scale mineral production permit to prepare a mine 
closure plan in consultation with relevant stakeholders with subsequent review every five years. Additionally, it 
requires that a fund for mine closure and rehabilitation has been raised and guaranteed before mineral production 
can commence.   

A conceptual closure plan for the project has been prepared that describes decommissioning and rehabilitation 
concepts consistent with the level of detail available for this phase of the project (Attachment 4). This section 
provides a summary of the goals and concepts described in that plan.  

4.18.1 Preliminary closure objectives and post-closure land use 
The closure plan will define a set of closure objectives, addressing physical, biological and socio-economic 
aspects. Linked to these objectives, WMM will define conceptual post-closure land uses that can feasibly achieve 
the closure objectives, as well as closure completion criteria, which allow WMM and stakeholders to measure and 
assess whether closure objectives have been achieved. 

At this stage, the closure plan is conceptual and WMM has identified preliminary closure objectives and land uses. 
Under Myanmar law, WMM is required to update the conceptual closure plan to a detailed plan within 3 years of 
physically commencing the Bawdwin project. Consultation will be carried out during that process to identify and 
agree suitable closure objectives, post-closure land uses and closure completion criteria. 

WMM’s primary goal for closure is to rehabilitate disturbed areas in a manner that, where possible, will support 
self-sustaining vegetation that is consistent with that of surrounding natural areas, limits post-closure 
contamination of the host environment and leaves a lasting positive legacy for impacted communities in the form 
of transferred skills and self-sustaining community development programs.  

For the purposes of determining a closure framework that comprises closure objectives, completion criteria and 
closure indictors (i.e., minimum measurable value to be achieved) the WMM facilities have been categorised into 
domains. 

Preliminary post-closure land uses for each domain are summarised in Table 4.38, together with an outline of the 
approach to closure. 

Table 4.38 Proposed end land uses for closure domains 

Domain and Project 
Component 

Preliminary Proposed Post-
Closure Land Use 

Closure Approach 

Open pit Open pit lake with exposed high 
walls surrounded by landscape 
rehabilitated similar to 
surrounding vegetation 

 Construct plug(s) in Tiger Tunnel and other 
underground tunnels to impound groundwater 
and contribute to flooding of the open pit 

 Divert Nam Pangyun stream into the open pit to 
accelerate flooding 
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Domain and Project 
Component 

Preliminary Proposed Post-
Closure Land Use 

Closure Approach 

 Create decant / discharge channel to reconnect 
with Nam Pangyun downstream of open pit 

Underground workings No land use possible  Block access to Tiger Tunnel portal and other 
adits/workings as appropriate to prevent unsafe 
access 

Tiger Tunnel Preserve tunnel portal and 
railway in immediate vicinity as 
a heritage feature 

 Conserve and maintain existing structures 

Production-related 
infrastructure  

 ROM and primary 
crushing facility 

 Conveyor system and 
crushed rock stockpiles 

 Mine infrastructure area 

 Process plant 

 Haul roads 

 Raw water pipeline 

 Explosives magazine 

 Electrical power plant 

Landscape that is similar to 
surrounding vegetation 

 Decontaminate process plant and equipment, 
including ground beneath 

 Decommission and remove infrastructure where 
possible.  

 Address all other infrastructure as per Section 
4.18.2 

 Rehabilitate land to a condition similar to 
surrounding vegetation 

Wallah waste rock dump Landscape and profile that is 
similar to surrounding 
vegetation and valley sides. 

Landform that is stable under 
foreseeable future conditions. 

 Design and construct to be stable under 
foreseeable seismic events 

 Install drains to divert water around WRD to 
minimise erosion of surfaces and infiltration of 
water 

 Encapsulate PAF with NAF to minimise 
oxidisation 

 Progressively rehabilitate benches as they 
become available. 

 Decommission and remove infrastructure where 
possible.  

 Rip and rehabilitate roads. 

 At cessation of operations, install a composite 
store and release / low permeability cover 
system as per Section 4.7.3. 

 Establish vegetation that is similar to 
surrounding slopes. 
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Domain and Project 
Component 

Preliminary Proposed Post-
Closure Land Use 

Closure Approach 

Tailings Facilities 

 3 x TSFs 

 Spillways 

 Tailings pipelines 

Landscape and profile that is 
similar to surrounding 
vegetation and valley sides. 

Landform that is stable under 
foreseeable future conditions. 

 Design and construct to be stable under 
foreseeable seismic events 

 Rehabilitate TSFs A, B and C progressively as 
each reaches capacity. 

 Decommission and remove tailings 
management infrastructure where possible, 
unless required for monitoring and maintenance 

 Allow period for drying and consolidation of 
tailings. 

 Rehabilitate upper surface and embankment as 
per Section 4.8.8. 

 Install drains to divert water around TSFs to 
minimise infiltration of water 

 Install a composite store and release / low 
permeability cover to minimise infiltration of 
water 

 Seepage and surface water runoff to report to 
the open pit lake 

 Establish low-growing vegetation on cover and 
embankment that does not penetrate the low 
permeability cap.  

Ancillary infrastructure  

 Accommodation camp 

 Administration buildings 

Rehabilitated landscape that is 
similar to surrounding 
vegetation. 

 Decommission and remove infrastructure where 
possible.  

 Address all other infrastructure as per Section 
4.18.2. 

 Rehabilitate land to a condition similar to 
surrounding vegetation. 

Access and infrastructure 
corridor  

 Access road from Namtu 
to near Tiger Camp in 
Nam Pangyun Valley 

 Freight transfer facility 
near Lashio 

 

Landscape and profile that is 
similar to surrounding 
vegetation and valley sides. 

 

 The future of the access road depends heavily 
on whether stakeholders agree that they can 
provide a beneficial post-closure use. 

 If it is decided to remove the road, it will be as 
per Section 4.18.2. 

 WMM will comply with cultural heritage 
commitments regarding historical 
infrastructure, which are still to be agreed. 

 The freight transfer facility at Lashio will have 
value in the future be sold or transferred to a 
third party. Company infrastructure will be 
removed, as needed. 

4.18.2 Forward works 
Further works that will contribute to the mine closure design and plan are proposed and are outlined in Table 
4.39. 
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Table 4.39 Forward works relating to the mine closure design and plan 

Item Purpose Detail 

Geotechnical evaluation 
for closure safety bund 
around pit 

 Determine feasibility of constructing a 
closure safety bund surrounding the pit.  

Evaluate geotechnical parameters to 
identify suitable set-back distance from the 
pit crest to ensure long-term stability of 
bund. 

Refinement of closure pit 
water quality model 

 Hydrological and geochemical mass 
balance modelling by CSA indicates that 
decant water quality from the main pit 
will be of acceptable quality. However, it 
is unclear whether CSA model (estimate 
of total flow in Nam Pangyun and stream 
water quality) takes account of residual 
post-closure seepage and spillway 
surface discharge from TSF C. 

Review and revise if necessary the closure 
pit water quality model (developed by 
CSA) to take into account residual post-
closure seepage and spillway surface water 
discharge from TSF C. 

Evaluation of Tiger 
Tunnel and pit water 
interactions at closure and 
feasibility of ‘plugging’ 
the Tiger Tunnel. 

 

 Investigate potential pathways for water 
to drain away from the pit. 

 Investigate implications of instability or 
failure of crown rib (separating pit floor 
from Tiger Tunnel). 

 Investigate feasibility (geohydrological, 
geotechnical, civil) and design options 
for plug(s) of Tiger Tunnel to minimise 
releases of water to the Nam Pangyun at 
closure.  

 Conduct a preliminary review of 
potential intersections of old workings 
with the ultimate pit wall and identify 
potential drainage paths via: 

- Fissures in crown into Tiger Tunnel 
below. 

- Old workings daylighting in the 
ultimate pit wall. 

 Identify feasibility of maintaining a 
crown rib and the suitable vertical 
thickness of crown rib or any other 
support requirements to provide for 
separation of the pit base and Tiger 
Tunnel at closure.  

 Review and identify optimum location 
of plugs to minimise free drainage of 
water away from pit. 

 Geotechnical investigation of rock 
conditions around tunnel and civil 
engineering design of plugs to ensure 
feasibility and long-term stability.  

 Assess overall feasibility of proposed 
closure approach from a 
geohydrological point of view. 

Aligning TSF closure with 
the Global Tailings 
Standard and ICOLD 
standards and guidelines.  

 To ensure compliance with international 
good practice in design, construction, 
operation and closure of TSFs.  

Incorporate requirements of Global 
Tailings Standard and ICOLD standards 
into design, construction management 
plan, operational management plan and 
detailed closure plan. 
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Item Purpose Detail 

Determine feasibility of 
TSF closure design of a 
store and release cover 
and incorporate 
requirements into 
construction and operation 
plans. 

 To determine whether adequate 
quantities of suitable NAF rock, soils and 
topsoils are available to construct the 
store and release covers for the TSFs.  

 To develop plans and designs for the 
recovery and stockpiling of cover 
materials.  

 Preliminary assessment of availability 
of required cover materials. 

 Preliminary identification of soil 
storage locations. 

 Initial assessment of materials 
quantities and cost. 

 During detailed design phase:  

 Develop detailed specification of 
cover system.  

 Identify required quantities of 
cover materials. 

 Inventory available soil resources 
through field survey 

 Design soil stockpiles and 
incorporate stockpiling 
requirements into construction 
plans. 

Post-closure surface water 
discharge quality from 
TSFs  

 To predict the quality of post-closure 
discharge of surface water via the TSF 
spillways for TSF A (which receives TSF 
B discharge) and also TSF C.  

 Assess water quality parameters 
including geochemistry of surface 
water quality discharging from TSF A 
(including TSF B) which will report to 
the Nam La and TSF C which will 
report to the pit lake. 

 Calculate likely pollutant load and 
assessment of impact to Nam La from 
TSF A/B. 

 Calculate likely impact on pit lake 
water quality from TSF C. 

Revegetation and 
rehabilitation  

 The feasibility of rehabilitating and 
revegetating disturbed land to produce 
grassland/bush that mimics existing 
landscape needs to be determined. This 
includes assessing quantities and 
suitability of growth media available on 
site.  

 Engage government bodies on post-
closure land use. 

 Conduct a preliminary review of soil 
depths and volumes from areas which 
soils can be harvested safely and 
practically. 

 Preliminary identification soil storage 
locations. 

 During early operations develop 
rehabilitation program and establish 
revegetation trials with input of skilled 
local persons and external experts. 

 

4.18.3 Decommissioning 
Decommissioning will commence after mining operations have ceased and is expected to take around two to 
three years. It will involve the removal of infrastructure, facilities, equipment and services, unless otherwise 
agreed with stakeholders.  

The conceptual closure plan conservatively assumes that all WMM assets at Bawdwin which are not required 
after relinquishment will be demolished. WMM may possibly come to an agreement to transfer some 
infrastructure to a third party, if this is mutually beneficial and can be adequately maintained so that ongoing 
post closure activities such as periodic monitoring and maintenance of permanent structures can be sustained for 
the life of the structures. This will be determined with relevant stakeholders to ensure that prerequisite approvals 
have been obtained prior to closure and the point of transfer. 

In general, the following will be undertaken during the decommissioning phase: 
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 Remove mobile equipment. 

 Dismantle or economically demolish remaining equipment, infrastructure and services. 

 Remove salvageable materials from site and sell as scrap for recycling. Such materials will probably 
include items such as steel pipework, framework, beams and sheeting. 

 Remove and dispose of non-salvageable, non-contaminated materials in designated landfills or voids. 
Such materials will probably include concrete foundations, miscellaneous building materials and tyres. 

 Decontaminate the process plant and excavate any contaminated soil, which will be disposed in the final 
cell of the TSF. 

 Fracture concrete structures and foundations to promote infiltration and cover with NAF material. 

 Incinerate hazardous materials such as hydrocarbons. 

 Leave in situ cabling and pipework located at depths greater than 600 mm below the final ground surface. 

 Complete final profiling of waste management facility and other landforms.  

 Leave in situ subsurface pipelines if they cannot be economically salvaged or where their recovery is 
likely to result in adverse environmental impacts. Plug and cap all subsurface pipelines. 

 Rip and/or excavate roads and other hard surfaces 

4.18.4 Rehabilitation 
WMM will aim to progressively areas that are no longer required for operational purposes, so as to minimise the 
area to be rehabilitated following cessation of operations. 

It is expected that final physical rehabilitation and establishment of vegetation will take up to five or six years 
from the cessation of operations, a process that will overlap with decommissioning. However, the timespan for 
final rehabilitation will be influenced by the drying time required for tailings in TSF C, to facilitate access for 
subsequent placement of capping materials. 

WMM will commission a nursery operation to supply plants for rehabilitation. This may be operated by WMM 
or may be run as a community contract. WMM will provide or contract labour needed for rehabilitation and 
maintenance. 

During the closure phase, long-term surface water management infrastructure will be put in place. This may 
involve adaptation of operational surface water management infrastructure but is likely to also involve 
construction of additional surface water management features. Such features will be designed to be sustainable 
and require little maintenance. 

4.18.5 Monitoring and maintenance 
Following rehabilitation of each domain, it will be subject to a period of monitoring and maintenance. Any 
deficiencies in rehabilitation will be corrected and special attention will be paid to maintenance of surface water 
management infrastructure, to avoid erosion. 

The success of rehabilitation of each domain will be monitored, to check progress towards achievement objects 
and completion criteria. A further period of site-wide post-closure monitoring and maintenance will be undertaken 
to demonstrate that closure completion criteria have been achieved and can be sustained.  
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5 Existing environment 

This chapter describes the existing environment (baseline environment) in the project area and surrounds. It 
provides a baseline biophysical, biological and social environment of the area. The information presented in the 
existing environment has been gathered through a program of data collection activities that has included both 
desktop and onsite investigations. The existing environment has been described sufficiently to enable the effects 
and impacts of the proposed operations (detailed in Chapter 6) to be assessed and is presented in the sections 
below by environmental aspect.  

5.1 Geology, landform and soils 
This section describes the existing geology, landform and soils in relation to the Bawdwin Project and assesses 
the sensitivity of related environmental values. 

5.1.1 Method and study area 
The information in this section draws primarily from the Baseline Soil and Water Assessment study conducted by 
Coffey (2020). The section also sourced information from available literature sources. The Coffey baseline study 
characterised regional geology, landform and soil characteristics. This was informed by a site inspection and 
visual observation of the landform features and soil characteristics as well as a soil sampling program to 
investigate the physical and chemical properties of the soils.  

The soil sampling program involved broad scale in-field measurements of metal concentrations and a targeted 
sampling program with laboratory analysis of soils for key project locations. The in-field measurement program 
involved collection of shallow soil samples across an area of 17 km2 covering the Bawdwin open pit area, Tiger 
Camp and surrounding valleys. Sampling comprised collection of 2,114 soil samples in a gridded soils assessment 
between May and July 2019 to investigate the total metal concentrations in soils. The total metal concentrations 
were analysed via x-ray fluorescence (XRF) in the field. The targeted soil sampling program was conducted in 
November 2017 and November 2018, and included collection of samples from 21 sites at three key project 
locations: Tiger Camp, Football Field and Accommodation Camp. The soil samples were analysed for a suite of 
potential contaminants in the laboratory, including total metals, organic compounds, pesticides and nutrients. 
Appendix C provides detailed information on sampling and analytical methods. 

Figure 5.1 shows the location of the geology, landform and soils study area, including the soil sampling locations.  

5.1.2 Regional geology 
Bawdwin is located in the northern margin of the Shan Plateau. The Shan Plateau is a large massif (i.e., a mountain 
system bounded by faulting) that forms the eastern part of Myanmar and part of the Indo-Malayan mountain 
system. The average elevation of the plateau ranges between 750 and 1,200 m above sea level. 

The Shan Plateau lies on the Shan-Thai Block (one of the southeast Asian continental blocks that rifted from 
Gondwana), east of Sagaing Fault, a strike-slip fault extending 1,200 km through the length of Myanmar (Searle 
et al., 2007). The Shan-Thai Block comprises Cambrian to Triassic material, including the late Precambrian 
wackes (type of sedimentary sandstone) and mudstones that dip to the southeast (Searle et al., 2007). These are 
overlain by Cambrian volcanics and a thick succession of Upper Permian-Mesozoic carbonates (Gardiner et al., 
2017).  
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Figure 5.1 Geology, landform and soils study area 
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The Bawdwin area is underlain by the co-depositional Pangyun and Bawdwin Volcanic Formations and contains 
significant faulting (large-scale planar fracturing of rock). The Bawdwin Volcanic Formation, which comprises 
volcaniclastic tuffs and agglomerates along with intrusive rhyolite porphyries, grades into the sandstones and 
quartzites of the Pangyun Formation. The rhyolite intrusions are up to 4 km long, 400 to 1,400 m in width, and 
up to 800 m in depth (Gardiner et al., 2017).  

The massive sulphides that comprise the three main ore bodies at Bawdwin (Shan, Chinaman and Meingtha Lodes) 
are surrounded by a halo of lower grade ore to the east and north. The main ore bodies lie within a 2.5 km long, 
by 200 m wide, northwest-southeast-trending zone of mineralisation within the Bawdwin Fault Zone (Gardiner et 
al., 2017). The Chinaman Lode is the largest deposit and is the only main body to outcrop at the surface. The main 
ore bodies primarily comprise galena and sphalerite, with other sulfidic inclusions (including pyrite and 
chalcopyrite) (Gardiner et al., 2017). The Chin Lode is located to the north and is characterised by its distinct 
mineralogy, notably having higher copper concentrations.  

The Bawdwin area lies within an area of moderate seismic activity and could expect to experience a maximum 
seismically-induced peak ground acceleration of approximately 0.15g to 0.2g (% of gravity) with a recurrence 
interval of 50 years (BJV, 2019). 
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Figure 5.2 shows a regional geological map of the Bawdwin area while 

 

Figure 5.3 shows a corresponding geological cross section of the area. 

5.1.3 Landform 
Landform refers to a recurring pattern of topography within the landscape. Landform is based on elevation and 
relief, which influence environmental characteristics and processes including erosion, landslip, soil type and 
ecosystem functioning. 

The majority of the project is situated in the steep and mountainous Nam Pangyun catchment, which includes the 
Nam Pangyun valley, ER valley, Wallah Gorge and associated tributaries (see Figure 5.1). Some infrastructure 
elements of the project also occur in the neighbouring catchment to the northeast, which is called the Nam La 
catchment. Elevations within the study area range from 720 to 1,431 m above sea level. The majority of the terrain 
slopes are in excess of 20% with many areas sloping more than 30% (BJV, 2019). Most of the study area landform 
is best described as mountainous terrain with deeply incised valleys. In the northern and western corners of the 
study area upgradient of the Nam Pangyun headwaters, there are areas of undulating hills and valleys that are less 
steep than the rest of the study area.  
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Figure 5.4 shows the three-dimensional topography of the study area. 

The study area is almost completely devoid of natural forest vegetation due to historical mining and processing 
activities at Bawdwin. The landscape is characterised by fragmented grassland and scrub cover on the upper 
mountains and hillsides with rocky outcropping occurring lower in the valley in the Nam Pangyun streambed and 

adjacent cliffs (  

Plate 5.1). To the south of the Myitnge River at Namtu the topography becomes flatter with only gentle 
undulations. 

The Nam Pangyun is confined within a narrow and meandering gorge, which is bordered by steep mountains with 
narrow ridgelines. Towards the lower catchment and the confluence with Myitnge River, the valley broadens and 
the valley floor becomes covered with thick layers of deposited waste rock and slag from years of mining 
operations upstream in the catchment.  

The Bawdwin mine area has a highly modified landform in the lower valley due to the existing open pit (which is 
about 600 m by 300 m wide), access roads and slag/waste rock disposal areas. 
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Figure 5.2 Regional geology 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chpater 5 E Guard Environmental Services|  5-8

 

 

Figure 5.3 Geology cross section of the Bawdwin area 
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Figure 5.4 Three-dimensional topography of the Bawdwin area
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Despite the steep slopes and lack of forest cover, there is little evidence of large landslips in the Nam Pangyun, 
ER and Wallah valleys. Smaller localised slips or slumping; however, regularly occurs, often associated with 
surface expressions of groundwater. This may be due to the soil profile being thin on the steeper mountain slopes. 
There is, however, evidence of landslips on the upper slopes of a Nam Pangyun tributary to the west of Bawdwin. 
Figure 5.5 shows the locations of these landslips. Unstable terrain in these headwater areas is likely associated 
with the emergence of groundwater from springs in the landscape (Appendix C). 

5.1.4 Soils 
This section describes the physical and chemical properties of soils in the study area. This section focuses on the 
characterisation of topsoil and subsoil, which are the more productive upper layers of the geological profile.  

Topsoil corresponds to what is termed the ‘A Horizon’ and subsoil corresponds to the ‘B Horizon’. Each horizon 
is a parallel layer of soil whose physical, chemical and biological characteristics differ from the layers above and 
below it. The A Horizon (or topsoil) is the uppermost layer, which is a relatively thin layer (10 to 30 cm) of 
organic matter and minerals. The A Horizon is primarily where the vegetation root zone occurs and where 
organisms live. The B Horizon (or subsoil) sits below the A Horizon and is often metres thick. It typically 
comprises mostly clay with iron minerals and some organic matter. The B Horizon sits above lower horizons that 
comprise the parent material of the soils such as regolith and bedrock. 

Topsoil and subsoil characteristics 

Site investigations conducted as part of the project DFS found that the soil horizon (combined A and B horizon) 
is generally thinner where slopes are steeper and thicker where slopes are less steep and where soil stability is 
greater. 

The soil horizon across the study area comprised orange-brown and brown soil, with a very thin organic-rich 
brown surface layer. The soil comprised silty and sandy material of various sizes. Underlying the soil horizon, 
there was a thick zone of saprolite (i.e., rock that has been highly weathered but also significantly chemically 
altered compared to its parent material) and laterite (i.e., soil and rock rich in iron and aluminium formed by 
intense and prolonged weathering) on the crests and mid-slopes of the surrounding valleys. The saprolite and 
laterite zone varied from highly weathered rock to completely weathered residual soil (i.e., weathered soil that has 
been weathered in its original location without being transported). 

 

Plate 5.2 shows an exposed A and B soil horizon overlaying the saprolite and laterite weathered zone on an upper 
valley slope to the west of Bawdwin. Previous assessments have identified the saprolite/laterite weathering zone 
to be as much as 20 to 50 m thick on the ridges around Bawdwin but absent in the valley floor (BJV, 2019).  

Soils in the study area are primarily completely weathered tuff (rock made from volcanic ash) and sandstone 
material, which are distinct from the localised alluvial and colluvial deposits that are present on the valley floors. 
Alluvial deposits are loose, unconsolidated soils that have been eroded and transported by surface water flow and 
comprise a variety of materials including silts, clays, sands and gravels. Colluvial deposits are similar to the 
alluvial deposits but also include material transported and deposited by a combination of downslope creep and 
slumping and wind and rain erosion. 
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The gridded soil assessment further classified soils by the dominant mineralogy of the B Horizon sample as either 
haematite, kaolinite or quartz, which distinguishes the different underlying lithology. Figure 5.6 shows the 
distribution of the dominant B Horizon mineralogy across the study area. Most of the study area is dominated by 
hematite with smaller zones of quartz in the central and eastern study area. The open pit mine lies at the junction 
between hematite and quartz zones. In the southeast of the study area, including around Tiger Camp, the dominant 
B Horizon mineralogy is kaolinite. 
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Figure 5.5 Landslip zones identified to the west of Bawdwin 
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Figure 5.6 Subsoil (B Horizon) mineralogy across the study area 
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The soil and weathering characteristics mentioned above are consistent across the study area and broader 
mountainous region. The exceptions are the Tiger Camp area and some parts of Bawdwin where previous waste 
rock and slag material has been disposed and/or where fill material has been imported to provide areas of level 
ground. The fill material at Tiger Camp was a dry, friable, pale orange-brown, gravelly sand and was inferred to 
be waste rock associated with the former use of the area for stockpiling, crushing and loading ore onto trains. The 
fill material appeared to be devoid of organic matter and may be dispersive and susceptible to erosion. It is likely 
that this layer of fill material is more than 10 m thick in places. 

 

Plate 5.3 shows the fill material at Tiger Camp. 

Three sites within the tailings storage facility footprint were sampled for particle size distribution as part of the 
project definitive feasibility study (Knight Piésold, 2020) (see Figure 5.1). The sample depths ranged from 3 to 
6 m below the surface (i.e., subsoil). The results showed that the two sites at the southern end of the tailings 
storage facility comprised predominantly (i.e., typically more than 80%) gravels and sands with smaller 
proportions of silt and clay. The site at the northwestern boundary of the facility comprised mostly (more than 
80%) sands and silts with some clay present, but very little gravel.  

Soil quality 

Metals 

The Bawdwin area has naturally high metals concentrations associated with regional minerology and also elevated 
concentrations of metals due to centuries of mining, ore processing and disposal of mine waste material. Given 
the potential for metal concentrations in the environment to be at levels of concern and the potential for some 
metals to bioaccumulate, this section establishes the existing concentration ranges and averages of key potential 
metal toxicants. 

Metal levels in soil were characterised by analysis of over 2,000 soil horizon samples across a 17 km2 area (Figure 
5.7 to Figure 5.11). Samples were collected from between about 0.1 to 0.2 m below the ground surface, and were 
predominantly from the A Horizon. 

Myanmar does not have soil quality standards or guidelines. This section therefore adopts soil quality guidelines 
from Australia to act as a reference for characterising existing soil quality in the study area. The adopted guidelines 
are the Australian National Environmental Protection Measure (2013) Schedule B1 Guideline on Investigation 
Levels for Soil and Groundwater (NEPM, 2013).  

The NEPM (2013) guidelines include ecologically-based soil criteria that act as an initial screening tool for 
assessing potential soil quality issues. These criteria are in the form of ecological investigation levels (EILs), 
which apply to selected contaminant concentrations in the top 2 m of soil (which corresponds to the root zone and 
habitation of many species). An EIL is the concentration of a contaminant that, if exceeded, should prompt further 
investigation to better understand risks to the soil ecosystem. The EILs are not related to human health effects. 

The guidelines include provisions for developing site-specific EILs for several key contaminants and these require 
collection of a range of physico-chemical soils data (e.g., cation exchange capacity, clay content) that were not 
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collected as part of the sampling at Bawdwin. Given this and that the NEPM (2013) guidelines are based on 
Australian soil conditions, the EILs are used to provide a general indication of the soil quality at Bawdwin in the 
absence of Myanmar standards or guidelines.  
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Plate 5.1 Exposed rock in slopes of the Nam Pangyun valley between Bawdwin and Tiger Camp 

 

Plate 5.2 Exposed A and B soil horizon on an upper valley slope west of Bawdwin with weathered 
laterite/saprolite layer beneath 

 

Plate 5.3 Tiger Camp soil profile showing fill material (foreground) and natural soils (background) 
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Figure 5.7 Arsenic concentrations in soils across the study area 
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Figure 5.8 Copper concentrations in soils across the study area 
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Figure 5.9 Lead concentrations in soils across the study area 
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Figure 5.10 Nickel concentrations in soils across the study area 
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Figure 5.11 Zinc concentrations in soils across the study area 
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In the guidelines, EILs are provided for different levels of ecosystem protection based on different land use types. 
Three levels of EIL, in order of highest level of protection/most stringent to lowest level of protection/least 
stringent, are given for protection of ‘national park and areas with high ecological value’, ‘urban residential and 
public open space’, and ‘commercial and industrial’ land uses. Given the Bawdwin mine setting, EILs for the 
protection of the latter two land uses are adopted (although noting that the area is not ‘urban residential’ but it 
does comprise areas of ‘public open space’ and residential use). 

Using the approach outlined in the NEPM (2013) guidelines, EILs were derived for comparison to soil quality 
results from the study area as follows: 

 Lead – EILs were derived by using the generic added contaminant limits (ACL) of 1,100 and 
1,800 mg/kg for protection of ‘urban residential and public open space’ and ‘commercial and industrial 
land uses’, respectively, as outlined in Table 1B(4) of the guidelines for contaminants that have been in 
soils for at least two years. An ACL is the added concentration of a contaminant above which requires 
further investigation of impact on ecological values. A background lead concentration of 10 mg/kg was 
assumed based on the lowest concentration detected across the study area. By summing the background 
concentration and the ACL for each land use type, EILs of 1,110 and 1,810 mg/kg were adopted for 
‘urban residential and public open space’ and ‘commercial and industrial land uses’, respectively. 

 Arsenic – EILs were derived by adopting the generic EILs prescribed in Table 1B(4) of the guidelines 
for contaminants that have been in soils for at least two years. The adopted EILs are 100 and 170 mg/kg 
for ‘urban residential and public open space’ and ‘commercial and industrial land uses’, respectively. 

 Chromium – EILs were derived by adopting the most conservative ACLs prescribed in Table 1B(3) of 
the guidelines for contaminants that have been in soils for at least two years. That table includes a range 
of ACLs depending on the % clay content. As % clay was not measured, the most conservative ACLs 
were used. Using this approach, and a background chromium concentration of less than detection (i.e., 
assumed zero for the purpose of the calculation), EILs of 190 and 310 mg/kg were adopted for ‘urban 
residential and public open space’ and ‘commercial and industrial land uses’, respectively. The EILs for 
chromium in the guidelines is for trivalent chromium (chromium in an oxidation state of three), whereas 
soils from Bawdwin were analysed for total chromium (all oxidation states). Therefore, this comparison 
has particularly limited applicability without knowing the proportion of trivalent chromium in the soils. 

 Nickel - EILs were derived by adopting the most conservative ACLs prescribed in Table 1B(3) of the 
guidelines for contaminants that have been in soils for at least two years. That table includes a range of 
ACLs depending on the cation exchange capacity. As cation exchange capacity was not measured from 
the soil samples, the most conservative ACLs were used. Using this approach, and a background 
chromium concentration of less than detection (i.e., assumed zero for the purpose of the calculation), 
EILs of 30 and 50 mg/kg were adopted for ‘urban residential and public open space’ and ‘commercial 
and industrial land uses’, respectively. 

 Copper – EILs were derived by adopting conservative ACLs outlined in Table 1B(2) of the guidelines 
for contaminants in soils for at least two years. That table prescribes a range of ACLs based on soil pH. 
Conservatively, the ACL corresponding to the lowest pH recorded (pH 6.5) in the study area was adopted. 
Using this approach and an assumed background concentration of less than detection (i.e., assumed zero 
for the purpose of the calculation), EILs of 280 and 400 mg/kg were adopted for ‘urban residential and 
public open space’ and ‘commercial and industrial land uses’, respectively. 

 Zinc – EILs were derived by adopting conservative ACLs outlined in Table 1B(1) of the guidelines for 
contaminants in soils for at least two years. This table prescribes a range of ACLs based on soil pH and 
cation exchange capacity. As cation exchange capacity of soils at Bawdwin was not measured, 
conservatively the lowest cation exchange capacity was adopted and the lowest recorded pH of 6.5 was 
adopted. Based on this approach and an assumed background zinc concentration of 5.4 mg/kg (based on 
the lowest recorded concentration across the study area), EILs of 235 and 365 mg/kg were adopted for 
‘urban residential and public open space’ and ‘commercial and industrial land uses’, respectively. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chpater 5 E Guard Environmental Services|  5-20

 

The NEPM (2013) guidelines do not have generic ACLs or EILs for other metals. 

Table 5.1 presents a summary of the metals concentrations measured at the sites across the study area for the 
gridded soils assessment. Table 5.2 presents a summary of the metals concentrations measured at three locations, 
Tiger Camp, Football Field and Accommodation Camp, for the targeted soil contamination assessment.  

For simplicity, the metalloid arsenic is included in the mention of ‘metals’ throughout this section. For reference, 
the results tables also include the adopted EILs as outlined above. In Tables 5.1 and 5.2, exceedance of the EIL 
for urban residential and public open space is shown in italics and exceedance of the EIL for commercial and 
industrial land use is shown in bold. 

Table 5.1 Summary of soil total metals concentrations (mg/kg) and relevant EILs (gridded soils 
assessment) 

 Arsenic Chromium Copper Iron Lead Manganese Nickel Zinc 

Average 46.4 15.4 84.9 20,948 438 379 38.2 29.9 

Median 23 <LOD 46 20,649 128 247 34 20.7 

Maximum 1,574 111 3,129 203,948 47,959 8,437 294 2,071 

Minimum <LOD <LOD <LOD <LOD 10 <LOD <LOD 5.4 

EIL – urban 
residential and 
public open space 

100 190 280 N/A 1,110 N/A 30 235 

EIL – commercial 
and industrial  

170 310 400 N/A 1,810 N/A 55 365 

N/A denotes no applicable EIL 
All concentrations are in mg/kg 
‘LOD’ denotes ‘limit of detection’ 
Exceedance of the EIL for urban residential and public open space is shown in italics. 
Exceedance of the EIL for commercial and industrial land use is shown in bold. 

Table 5.2 Summary of soil total metals concentrations (mg/kg) and relevant EILs (targeted soil 
contamination survey) 

 Arsenic Chromiuma Copper Iron Lead Manganese Nickel Zinc 

Tiger Camp 
(range) 

49.8 – 
5,730 

<LOD 59.7 – 
4,410 

11,100 – 
47,400 

2,340 – 
47,500 

314 – 1,400 29.9 – 
1,020 

1,100 – 
15,600 

Football field 
(range) 

85.8 - 172 <LOD 30 - 130 14,500 – 
22,700 

1,180 – 
3,080 

322 - 823 5.1 - 
16.5 

170 - 425 

Accommodation 
camp (range) 

21.3 - 
54.9 

<LOD 74.2 – 
1,010 

23,800 – 
29,800 

1,800 – 
6,510 

135 - 222 6.7 - 8.3 42 - 140 

EIL – urban 
residential and 
public open space 

100 190 280 N/A 1,110 N/A 30 230 

EIL – commercial 
and industrial  

170 310 400 N/A 1,810 N/A 55 360 

N/A denotes no applicable EIL 
All concentrations are in mg/kg 
Exceedance of the EIL for urban residential and public open space is shown in italics. 
Exceedance of the EIL for commercial and industrial land use is shown in bold. 
a results for hexavalent chromium only. 

Table 5.1 shows that, from the gridded soils assessment, the maximum recorded concentrations of arsenic, copper, 
lead, nickel and zinc exceed the EIL for commercial and industrial land use (and the more stringent EILs for urban 
residential and public open space). The average and median concentrations of nickel also exceed the EIL for urban 
residential and public open space but were below the EIL for commercial and industrial land use. Maximum 
concentrations for arsenic, copper, lead and zinc exceed the EILs by more than an order of magnitude.  

Table 5.2 shows similar elevation of the above-mentioned metals in soils from the targeted contamination 
assessment but, with the exception of lead, which was elevated above EILs at all three locations (Tiger Camp, 
Football Field and Accommodation Camp), the elevated concentrations of most metals were generally restricted 
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to the Tiger Camp area. Maximum concentrations of arsenic, nickel and zinc were notably greater at Tiger Camp 
during the targeted contamination assessment compared to the sites included in the gridded soils assessment. 

Figures 5.7 to 5.11 show the concentrations of arsenic, copper, lead, nickel and zinc in soils at each site across the 
study area. Iron and manganese are not shown in figures as there are no EILs for these metals and they are of 
lower ecotoxicity than the other metals. 

Figures 5.7, 5.9 and 5.11 show that the highest concentrations of arsenic, lead and zinc are clustered around the 
open pit, particularly downslope to the east, and in the Tiger Camp area. This is reflective of the many years of 
waste rock and slag disposal in these areas, mineral handling and the use of waste rock fill material. Figures 5.9 
and 5.11 show that the highest copper and nickel concentrations were more widely spread around the study area. 
While only several sites had copper concentrations exceeding the EILs, most of the sites had nickel concentrations 
exceeding the EILs. As many of the sites where nickel concentrations exceeded EILs were more than a kilometre 
upstream of mining activities, this suggests the elevated concentrations are naturally occurring. 

The comparison of the soil metals concentrations to EILs highlights the widespread elevated concentrations of 
metals in soils at Bawdwin, most likely due to long running mining and processing of ore and disposal of waste 
rock and waste slag. Lead, in particular, is at extremely high concentrations.  

Inorganics 

Table 5.3 presents the summary results for pH, electrical conductivity, sulfate and chloride from the targeted 
contamination assessment at Tiger Camp, Football Field and Accommodation Camp. Collectively, these 
parameters provide information on the inorganic properties of the soils. The results show that the pH range was 
slightly broader at Tiger Camp than the other two locations. The recorded pHs between 6.5 to 7.6 indicates a 
healthy ‘neutral’ pH range, where most nutrients are typically readily available to plants (Queensland 
Government, 2020). Maximum electrical conductivity (1,690 µS/cm) was more than an order of magnitude greater 
at Tiger Camp than the other two locations, which is reflective of the significantly higher sulfate and chloride 
anion maximum concentrations at that site. Soil conductivities greater than 1,000 µS/cm generally cause problems 
to growth of many plant species (Agriculture Victoria, 2020). Higher sulfate and chloride anions (along with 
higher metals concentrations – see section ‘Metals’ above) at Tiger Camp are a result of the highly mineralised 
waste rock used as fill material at the site. For example, high concentrations of sulfate ions are likely to be a result 
of chemical weathering of sulfide-bearing minerals of the parent rock.  

Table 5.3 Summary of soil pH and electrical conductivity 

Site pH (range) Electrical 
conductivity 
(µS/cm) (range) 

Sulfate (mg/kg) 
(range) 

Chloride (mg/kg) 
(range) 

Tiger Camp (range) 6.5 – 7.62 59 – 1,690 97 – 7,700 <2.5 – 77 

Football field (range) 6.98 – 7.12 24 – 49 15 – 38 5 – 6 

Accommodation camp (range) 7.11 – 7.18 7 – 9 <10 – 16 <2.5 – 3 

 

Nutrients 

All soil samples from the targeted contamination assessment were analysed for nitrate, ammonia and total Kjeldahl 
nitrogen. Total Kjeldahl nitrogen provides a measure of nitrogen present in organic form plus ammonia and 
ammonium forms of nitrogen. The nitrate concentration range was highest at Tiger Camp and ammonia 
concentration range was highest at the Football Field. Total Kjeldahl nitrogen concentrations in fill material at 
Tiger Camp ranged from 37 mg/kg to 1,170 mg/kg. Total Kjeldahl nitrogen content was higher in natural soils at 
the football field (ranging from 1,370 mg/kg to 2,020 mg/kg). Total Kjeldahl nitrogen at the accommodation camp 
site ranged from 415 mg/kg to 968 mg/kg. Table 5.4 presents the nutrients results. 

Table 5.4 Summary of soil nutrients concentrations 

Site Nitrate (mg/kg) (range) Ammonia (mg/kg) 
(range) 

Total Kjeldahl nitrogen 
(mg/kg) (range) 

Tiger Camp (range) 0.11 – 26.8 <0.4 (all samples) 37 – 1,170 



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chpater 5 E Guard Environmental Services|  5-22

 

Football field (range) 0.62 – 6.49 3.5 – 12.7 1,370 – 2,020 

Accommodation camp (range) 0.08 – 1.39 <0.43 (all samples) 415 – 968 

 

Organic compounds and other contaminants 

There were no reported concentrations of the following organic compounds above limits of detection at any of the 
sample sites from the targeted contamination assessment: 

 Total petroleum hydrocarbons (TPH). 

 Benzene, toluene, ethylbenzene, xylene, and naphthalene (BTEXN). 

 Monocyclic aromatic hydrocarbons (MAHs). 

 Polycyclic aromatic hydrocarbons (PAHs). 

 Chlorinated hydrocarbons and solvents. 

 Halogenated benzenes. 

 Phenols. 

In addition, no fungicides, herbicides or pesticides were detected at any sites. Asbestos was also not detected at 
any sites sampled. This reflects the lack of large-scale agricultural practices and use of asbestos in the study area. 

5.1.5 Summary 
The Bawdwin area is underlain by the co-depositional Pangyun and Bawdwin Volcanic Formations, hosting the 
three main sulphide ore bodies within a 2.5 km by 200 m zone of mineralisation within the Bawdwin Fault Zone. 

The landform of the study area is characterised by mountainous terrain, deeply incised valleys and slopes mostly 
in excess of 20%. Less steep undulating hills and valleys are found to the northern and western corners of the 
study area, and gentle undulations are present closer to Namtu, south of the Myitnge River. There is little evidence 
of large landslips, however smaller localised slips or slumping may occur. 

Site investigations and characterisation of the soils in the study area show: 

 The soil comprised silty and sandy material of various sizes with a zone of saprolite and laterite on the 
crests and mis-slopes of valleys. Soils in the study area are primarily completely weathered tuff and 
sandstone material. 

 Most of the study area is dominated by hematite with smaller zones of quartz in the central and eastern 
study area. The open pit mine lies at the junction between hematite and quartz zones. In the southeast of 
the study area, including around Tiger Camp, the dominant B Horizon mineralogy is kaolinite. 

 There are elevated metal concentrations in soil samples across the study area. These are attributed to the 
naturally occurring presence of elevated metal concentrations and from historical mining activities. 

 Many years of waste rock and slag disposal, mineral handling and the use of waste rock fill material are 
reflected in the high concentrations of arsenic, lead and zinc found around the open pit, downslope to the 
east, and in the Tiger Camp area. Soils from Tiger Camp typically had the highest concentrations of 
metals, elevated inorganic properties (pH, electrical conductivity, sulfate concentration and chloride 
concentration), and the highest concentrations of nitrate. 

5.1.6 Sensitivity of landform and soils values 
This section builds on the characterisation of landform and soils in Sections 5.1.3 and 5.1.4 and describes the 
sensitivity of landform and soils values in terms of their importance, vulnerability and resilience. Sensitivity in 
this context is a quantification of how sensitive the landform and soil values are to change as a result of the project. 
Sensitivity is based on the importance of the value, the vulnerability of the value to change, and the resilience of 
the value in terms of its ability to overcome changes and maintain its inherent value. 
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No geological values are identified because geology is a process and the values associated with geological process 
are in the form of landform and soils at the surface that support ecosystems and land uses. This section discussed 
geology to provide context to the understanding of the landform and soil characteristics in the study area.  

This section only addresses landform and soils values from an immediate ecological or land use point of view 
(i.e., vegetation and land use supported by, or potentially supported by the landform and soil). Other related values 
such as those for biodiversity more broadly, human health, visual landscape amenity, surface and groundwater, 
and cultural heritage depend to an extent on landform and soil, but those aspects are each addressed in specific 
sections as each has a specific context. 

To characterise the sensitivity of landform and soil values, three terrain units have been defined based on their 
different attributes and associated values. The three terrain units identified in the study area are: 

 Steep mountain terrain: This includes most of the terrain in the study area and is dominated by steep 
mountains, and narrow ridges and crests. 

 Lower mountain slopes and valley floors: This includes the lower slopes and floors of the Nam 
Pangyun, ER and Wallah valleys. 

 Undulating hills of the northern and western study area: This includes areas of less steep, undulating 
terrain in the northern corner of the study area around the Nam Pangyun Reservoir where most of the 
elevation ranges from approximately 1,200 to 1,300 m above sea level, and in the western corner of the 
study area where elevation ranges from 1,300 to 1,400 m above sea level. 

Figure 5.12 shows the approximate extents of these terrain units. 

Table 5.5 outlines the importance, vulnerability and resilience definitions and ratings criteria used for assessing 
the sensitivity of each terrain unit.  

Table 5.6 outlines the importance, vulnerability and resilience of the terrain units.
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Figure 5.12 Terrain units in the study area 
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Table 5.5 Importance, vulnerability and resilience definitions and ratings criteria 

 Definition Ratings criteria 

Low Medium High 

Importance The value that is associated with the terrain unit in its 
current form. This includes the ability of the terrain unit 
to support ecosystems and beneficial land uses. Land use 
types are not ranked in terms of importance as each land 
use may have different importance to different people. 

Has limited or no potential to 
support soil ecosystems, 
vegetation or land uses. 

Supports some beneficial uses or 
has medium potential to support 
soil ecosystems, vegetation or 
land uses. 

Supports, or has the ability to 
support, soil ecosystems, vegetation 
and a range of land uses. 

Vulnerability The extent to which the terrain unit is susceptible to 
change. This includes the existing condition of the terrain 
unit in terms of its physical and chemical properties and 
how readily additional change may cause deterioration or 
loss of associated ecosystems or land use value. 

Low susceptibility to landslip and 
erosion. 

Low existing soil contamination. 

Medium susceptibility to landslip 
and erosion. 

Medium level of existing soil 
contamination. 

High susceptibility to landslip and 
erosion. 

High level of existing soil 
contamination. 

Resilience The extent to which the terrain unit can adapt or recover 
from change. In this context, this relates to how readily 
the terrain unit could naturally recover from change or be 
rehabilitated. 

Limited or no capacity to adapt to 
change and the associated 
ecosystem value or land use 
cannot be regained.  

Some resilience to change. Some 
of the associated ecosystem value 
or land use can be regained.  

Easily adaptable to change and 
most or all of the associated 
ecosystem value or land use can be 
regained. 
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Table 5.6 Importance, vulnerability, resilience and sensitivity of the terrain unit  

Terrain unit Importance Vulnerability Resilience Sensitivity 

Steep 
mountain 
terrain 

Low 

Terrain not currently an important area for 
building construction or agriculture and not 
likely to be in the future due to steepness. 

Supports limited vegetation growth and 
ecosystems due to pre-existing vegetation 
clearance, thin soil profile and erosion. 

Medium 

Medium to high susceptibility to landslip, prone to 
erosion and vulnerable to additional loss of topsoil. 
Highly contaminated soils around the Nam Pangyun, 
ER and Wallah valleys. Soils have lower contaminant 
concentrations further away from these areas within the 
study area. 

Medium 

Due to the steepness it will likely be very 
difficult to rehabilitate landslip, erosion or 
additional contamination. 

Limited potential to regain associated 
ecosystem value and beneficial land use. 

Medium 

 

Lower 
mountain 
slopes and 
valley floors 

Medium 

Important area for building construction and 
supports growing of gardens for food. . Supports 
limited vegetation growth and ecosystems due 
to thin soil profile and erosion. 

 

Low 

Relatively low susceptibility to landslip but prone to 
erosion, particularly where fill material has been used. 

Thin soil profile but generally thicker than steep 
mountain ridges, crests and the steep mid to upper 
slopes. 

Highly contaminated with heavy metals from previous 
slag and waste rock disposal and fill material. 

High 

Due to the widespread existing contamination 
and lack of vegetation it is likely this terrain 
unit would be able to withstand additional 
contamination without further loss of value or 
beneficial use. The valley floors would be 
easier to rehabilitate than the slopes. 

 

 

Medium 

 

Undulating 
hills of the 
northern and 
western study 
area 

High 

Not currently an important area for building 
construction but could be in the future due to 
flatter terrain. 

Supports higher quality vegetation and has 
potential for supporting more vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to landslip but high 
susceptibility to erosion if disturbed and vegetation 
cleared. 

Soil profile likely thicker and more stable due to 
greater vegetation cover and more gentle slopes. Soils 
have lower levels of contamination than other terrain 
units.  

Medium 

Due to low levels of existing contamination and 
erosion, extensive rehabilitation may be 
required to regain associated value and 
beneficial use, however, may be more readily 
achievable due to the flat topography. 

 

Medium 
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5.1.7 Uncertainties and limitations 
The key uncertainties and limitations of this section are: 

 The locations of project infrastructure has been altered as feasibility studies have progressed. As a result, 
targeted soil testing has not been completed at all locations, for example, along the proposed road corridor 
between Namtu and Tiger Camp.  

 The Australian Guidelines (NEPM, 2013) on Investigation Levels for Soil have been adopted to describe 
existing soil quality in the absence of Myanmar guidelines. The Australian guidelines are designed for 
Australian soils and may have lower applicability to Myanmar given the different geological and climate 
conditions and ecosystems. In addition, the guidelines are largely generic values with some minor 
incorporation of site-specific conditions (e.g., reference site concentrations, pH) and their use should 
only be viewed as a high-level preliminary screening exercise. The use of the guidelines is for indicative 
purposes only. 

 The sampling grid does not cover the whole study area, but a large enough proportion of it to provide 
inference of spatial trends. 
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5.2 Groundwater 
This section describes the existing groundwater environment of the project. A baseline groundwater study was 
conducted by Coffey and Valentis between 2017 and 2020 for the project to characterise the hydrogeological 
setting, groundwater quality and groundwater resources in the Bawdwin study area. Characterisation of baseline 
groundwater conditions and definition of groundwater values forms the basis for assessing potential impacts of 
the project on the groundwater environment in Chapter 6. The baseline report is presented in Appendix C. 

Additional groundwater investigations were completed by CSA Global to inform the Definitive Feasibility Study 
(DFS) for BJV (BJV, 2020). The investigation by CSA Global (2020) involved characterising the hydrology and 
hydrogeology of the Bawdwin area. This report is presented in Appendix B.  

The information presented in this section is a consolidated summary of information presented in both reports to 
characterise the existing hydrogeological conditions in the Bawdwin area. 

5.2.1 Method and study area 
The groundwater study area was defined based on the surface water catchments that host the mine area and 
infrastructure corridor. The study area is large enough to capture any potential project effects to groundwater, as 
well as provide sufficient regional context to understand the values associated with the groundwater features. The 
catchments that comprise the groundwater study area include: 

 Nam Pangyun. 

 Nam La. 

These catchments are shown on Figure 5.13. 

Baseline groundwater investigations have been undertaken in three phases within the study area:  

 Preliminary groundwater assessment. 

 Baseline groundwater monitoring program.  

 Hydrogeological investigations to support the definitive feasibility study for the project. 

The methods applied during the baseline investigations are described further in the following sections. A summary 
of results is presented in Section 5.2.3. These results form the basis for establishing a conceptual groundwater 
model for the study area (see Figure 5.16). 

To provide context for the following discussion, the following key terms are defined: 

 Aquifer – an aquifer is an underground layer of water-bearing permeable rock, rock fractures or 
unconsolidated materials (gravel, sand, or silt).  

 Saprolite aquifer – an aquifer within a chemically weathered rock that forms in the lower zones of soil 
horizons and represents deep weathering of the bedrock surface. 

 Fractured rock aquifer – where groundwater is stored in the fractures, joints, bedding planes and 
cavities of the rock mass and water availability is largely dependent on the nature of the fractures and 
their interconnection. 
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Figure 5.13 Baseline groundwater quality sampling locations  
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Preliminary groundwater assessment 

A preliminary groundwater assessment was conducted by Coffey during 2017, which included an initial desktop 
assessment of available information to gain an understanding of the geological and hydrogeological setting, 
climate, groundwater receptors and likely existing water quality and water level impacts from historical mining 
and ore processing activities at Bawdwin and Namtu. A site visit was conducted by a Coffey hydrogeologist in 
November 2017 to support the initial development of a hydrogeological conceptual model, collection of field 
measured water quality parameters and representative samples of selected springs and groundwater discharge 
from the underground mine, and establish the groundwater study area.  

Water samples were collected in standard laboratory supplied 60 mL un-preserved polyethylene containers at 11 
locations for laboratory analysis. In addition, field parameters were measured at 15 locations using a calibrated 
pH meter and a calibrated EC meter. HACH test strips were used to measure hardness and alkalinity in the field, 
and also as a check to confirm pH. 

Baseline groundwater monitoring program 

A baseline groundwater quality monitoring program was developed by Coffey to assess existing groundwater 
quality conditions and groundwater occurrence in the saprolite aquifer and the underlying fractured rock aquifer 
in the study area. 

Coffey hydrogeologists conducted a site visit during November 2018 to identify suitable groundwater and surface 
water sampling locations and develop a more detailed understanding of the hydrogeological setting. Dedicated 
groundwater observation wells could not be installed during the initial baseline quality monitoring period due to 
a suitable drill rig and well construction materials not being available. 

Once drilling resources became available during 2019, a groundwater level investigation was undertaken by CSA 
Global, which focussed on assessing groundwater levels in the fractured rock aquifer around the Bawdwin mine 
pit and other key infrastructure development areas. 

Groundwater quality 

A preliminary monitoring round of groundwater quality was conducted by Coffey hydrogeologists and Valentis 
environmental monitoring specialists during the November 2018 site visit. Valentis continued to conduct routine 
groundwater quality monitoring in line with the established monitoring program during the 2018 and 2019 
baseline monitoring period. 

Baseline groundwater quality in the saprolite aquifer was assessed by sampling spring discharge at nine springs 
surrounding Bawdwin and Tiger Camp, and one spring in the Nam La catchment. Sample locations are provided 
in Table 5.7 and shown on Figure 5.13. 

Baseline groundwater quality in the fractured rock aquifer was assessed based on representative samples of 
groundwater inflowing to level 6 of the underground mine. These samples of groundwater were collected from 
eight locations, which provided an opportunity to characterise groundwater quality arising from various levels 
and mineral districts of the underground mine, including workings in the three main lodes that were historically 
mined. The samples therefore represent groundwater quality at different depths in the fractured rock aquifer (Table 
5.7). 

Groundwater discharge rates from the underground mine workings via the Tiger Tunnel were measured at a 
square-notch weir on the Nam Pangyun downstream of SWTT01 at a daily frequency (as a minimum) during the 
baseline monitoring period, which spanned the period between October 2018 to September 2019.  

 

Table 5.7 Groundwater quality sample locations 

Location 
ID 

Sample Type Source Aquifer Description Easting Northing Monitoring 
Events 

SWSP01 Spring flow Saprolite Bawdwin potable water 
supply spring 

327,635 2,556,713 8 
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Location 
ID 

Sample Type Source Aquifer Description Easting Northing Monitoring 
Events 

SWSP02 Spring flow Saprolite One of two water supply 
spring 

324,884 2,556,269 8 

SWSP03 Spring flow Saprolite Spring north of Namtu used 
as contingency potable 
supply to Nam La flume 

334,535 2,556,928 8 

SWSP04 Spring flow Saprolite One of two spring sources at 
head of Nam Pangyun 

323,608 2,558,592 8 

SWSP05 Spring flow Saprolite Bawdwin potable water 
supply spring 

325,329 2,555,969 4 

SWSP06 Spring flow Saprolite Spring fed creek draining 
valley with waste rock 

325,233 2,557,498 4 

SWSP07 Spring flow Saprolite Spring for potable and 
domestic, near chicken farm 

324,790 2,557,553 1 

SWSP08 Spring flow Saprolite Spring collection box for 
potable and domestic supply 
spring near church 

325,708 2,555,437 1 

SWSP09 Spring flow Saprolite Bawdwin potable water 
supply spring near graveyard 

326,174 2,555,163 1 

GWMS Underground 
mine seepage 

Fractured rock Water pumped from lower 
levels of Marmion Shaft to 
Tiger Tunnel (Level 9) 

325,343 

 

2,556,874 

 

7 

GWTT01 Underground 
mine seepage 

Fractured rock Seepage from Level 4 and 
Level 5 (Chinaman Lode) 

325,361 

 

2,556,844 

 

5 

GWTT02 Underground 
mine seepage 

Fractured rock Seepage from Level 2 and 
Level 3 (Chinaman Lode) 

325,536 

 

2,556,701 

 

5 

GWTT03 Underground 
mine seepage 

Fractured rock Tiger Tunnel flow at 
Crosscut 856S (Chinaman 
Lode) 

325,536 2,556,701 5 

GWTT04 Underground 
mine seepage 

Fractured rock Tiger Tunnel flow at 
Crosscut 1126S (Chinaman 
Lode) 

325,624 

 

2,556,635 

 

5 

GWTT05 Underground 
mine seepage 

Fractured rock Tiger Tunnel flow at 
Crosscut 2786W (Meingtha 
Lode) 

326,025 

 

2,556,407 

 

5 

GWTT06 Underground 
mine seepage 

Fractured rock Level 6 North Drive 
ND166W (Chinaman Lode) 

325,343 

 

2,556,920 

 

5 

SWTT01 Underground 
mine seepage 

Fractured rock Tiger Tunnel flow at tunnel 
portal entrance 

327,733 

 

2,555,918 

 

8 

 

Samples were collected using an unpreserved, open sample bottle held with a gloved hand. A new sample bottle 
was used at each location to decant the sample into laboratory supplied sample bottles pre-dosed with 
preservatives (where appropriate). Water samples analysed for dissolved metals were filtered in the laboratory 
prior to analysis. 
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Collected samples were transported under chain of custody to PT Intertek Utama Services, a Komite Akreditasi 
Nasional (KAN) accredited laboratory in Jakarta, Indonesia for analysis. Samples were analysed for the following 
parameters:  

 Total dissolved solids (TDS), pH, hardness. 

 Fluoride, ammonia, cyanide. 

 Volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), total recoverable 
hydrocarbons (TRH), benzene, toluene, ethylbenzene, xylene and naphthalene (BTEXN). 

 Pesticides (organochlorine and organophosphorus) and herbicides. 

 Major cations: calcium (Ca), magnesium (Mg), sodium (Na), potassium (K). 

 Major anions: sulfate (SO4), chloride (Cl), carbonate (CO3), bicarbonate (HCO3). 

 Metals – filtered and unfiltered: Ag, Al, As, Ba, Be, Bi, Cd, Co, Cu, Fe, Hg, Li, Mn, Ni, Pb, Sb, Se, Sn, 
Sr, Th, U, V, Zn, CN, Cr(VI). 

 Nutrients: total nitrogen, total Kjeldahl nitrogen (TKN), Nitrate (NH3), total phosphorus. 

Groundwater levels  

Groundwater levels in the bedrock aquifer were assessed by CSA Global during 2019 and 2020 using a 
combination of exploration boreholes retro-fitted with PVC casing and purpose-drilled groundwater monitoring 
wells. As additional groundwater monitoring boreholes were installed in the vicinity of the existing open pit mine 
and proposed mine infrastructure development areas, they were added to the groundwater monitoring network. 

A total of 23 groundwater level monitoring locations were installed and monitored on a weekly basis between 
March 2019 to March 2020 using an electronic water level probe. Automated groundwater level loggers installed 
in three of the hydrogeological boreholes (BYD003a, HYD005 and HYD007) are also monitored to measure 
groundwater levels on a near-continuous basis (data collection period January to May 2020). Boreholes 
HYDRO3A, HYDRO5, HYDRO7 and BWRCD003 continue to be monitored.  

Groundwater level monitoring locations and construction records are provided in Table 5.8 and their locations 
shown in 
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Figure 5.14.  

Table 5.8 Groundwater level monitoring network details (Appendix B)  

Borehole ID Elevation 

mRL 

Total 
Drilled 
Depth (m) 

Blocked 
 Depth 
(m) 

Plain PVC casing 
depth (m) 

Slotted PVC Casing 
Depth (m) 

BWDD008 1,101 271.3 120 - 0 - 135 

BWRCD003 1,017 197.9 90 - 0 - 93 

BWRC015 992 138 89 - 0 - 84 

BWRCD055 989 102 67 - 0 - 77 

BWRC071 1,051 108 98 - 0 - 97.5 

BWDD021 1,060 368.3 365 0 - 365 - 

BWDD022 1,165 285.7 150 - 0 - 150 

BWDD023 948 201.2 154 - 118.4 

BWDD024 940 145.5 120 - - 

BWDD036 1,183 159 159 - 0 - 159 

BWDD041 1,117 230 230 - 0 - 230 

BWDD046 1,215 30 30 - 0 - 30 

BWRC111 1,247 84 30.1 - - 

BWRC112 1,243 126 30.75 - - 

BWRC113 1,227 132 119.3 - - 

BWRC114 1,239 120 106.3 - - 

BWRC128 
(HYD003a) 

982 180 180 0 - 120 120 - 180 

BWRC129(HYD005) 1,105 200 200 0 - 100 100 - 200 

BWDD059 1,205 50 49.9 - 0 - 50 

BWDD061 1,205 35 32.6 0 - 3 3 - 32.6 

BWDD050 1,116 50 50 - 0 - 50 

BWDD072 848 53 33.5 - 0 - 33.5 

BWDD082 
(HYD007) 

997 43.4 43.3 - 0 - 43.3 

 

Aquifer hydraulic properties 

Hydrogeological investigations completed by CSA Global included a program of aquifer hydraulic testing. The 
site investigation programme included drilling of hydrogeological boreholes at seven locations.  

A summary of the hydrogeological borehole locations and drilling details is presented in Table 5.9. Due to 
significant problems with fractured ground and underground drives causing borehole collapse, it was only possible 
to install casing in three of the hydrogeological boreholes (HYD003a, HYD005 and HYD007). These boreholes 
were installed with 63 mm diameter PVC casing. 

Table 5.9 Summary of hydrogeological borehole details 

Borehole 
ID 

Drillhole ID Elevation 

(mAOD) 

Borehole 
Inclination 
(°) 

Total Depth 

(m) 

Comment 

HYD001 BWRC127 1,120 85 200 Casing broken at depth in hole. 

HYD002 BWRC130 1,033 90 200 Borehole collapsed - could not install 
casing. 

HYD003 BWRC126 982 90 36 Borehole abandoned - intersected 
underground drive. 
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HYD003a BWRC128 982 90 180 Casing successfully installed. 

HYD004 BWRC132 1,013 90 30 Borehole abandoned due to unstable 
ground conditions at surface. 

HYD004a BWRC133 1,013 90 24 Drilling ceased at 24m due to significant 
fracturing. 

HYD005 BWRC129 1,105 90 200 Casing successfully installed 

HYD006 BWRC131 999 90 150 Dry -intercepted multiple existing 
underground drives. Borehole collapsed 

HYD007 BWDD082 997 85 198 Casing successfully installed. 
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Figure 5.14 Groundwater level monitoring locations 
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A range of methods were adopted to estimate representative hydraulic parameters for the various lithologies and 
geological structures encountered during drilling. The hydraulic testing included: 

 Airlift testing of hydrogeological boreholes in the vicinity of the open pit (HYD002, HYD003a, 
HYD004a and HYD005). An airlift test utilizes compressed air directed down a borehole to continuously 
lift water from the hole. Observations of water volumes, rates and water levels within the borehole are 
monitored during and after the test to estimate aquifer hydraulic properties. 

 A pumping test of hydrogeological borehole HYD007. This involves a well being pumped at a controlled 
rate. Water-level response (drawdown) is measured in one or more surrounding observation wells and 
optionally in the pumped well itself. Observations from pumping tests are used to estimate the hydraulic 
properties of aquifers, evaluate well performance and identify aquifer boundaries. 

 Falling head tests of three of the newly drilled hydrogeological boreholes (HYD003a, HYD005 and 
HYD007). A falling head test is conducted in a monitoring well to measure the hydraulic conductivity 
of the screened lithology. The test is conducted by adding or removing a slug of water or a solid object 
of known volume and monitoring the rising or falling water level response. 

 Packer testing of 19 boreholes installed as part of geotechnical investigations of the plant, tailings and 
waste dump. This technique is used during the drilling of a borehole to measure the hydraulic 
conductivity of the lithology. Inflatable packers are lowered down the borehole to isolate the depth 
interval to be measured. 

Groundwater quality assessment criteria 

Groundwater quality screening criteria adopted to assess the groundwater resource within the study area 
comprised of the National drinking water quality standards for Myanmar (NSC, 2018) and National 
Environmental Quality (Emission) Guidelines (MOECAF, 2015).  

As Myanmar does not have water quality standards for aquatic ecosystem protection, water quality results are 
discussed with reference to Australian and New Zealand water quality guidelines (ANZG, 2018). 

National drinking water quality standards (Myanmar) 

This standard was developed by technical Committee for Food Stuff – Standardization Technical Sub-committees 
and it was approved according to the (1/ 2018) by the National Standardization Council meeting held on 27th 
November 2018. These drinking water quality standards have been widely adopted by regulators and industry in 
Myanmar.  

The standards provide water quality criteria for microbiological quality (Table 5.10), physical parameters and 
inorganic substances with aesthetic limits (Table 5.11), and inorganic substances and pesticides with health based 
limits (Table 5.12).  

Table 5.10 NDWQ standards - microbiological (Table I, NSC, 2018) 

Water Source Type Maximum Permissible Limit 

E. coli Total faecal coliforms 

Treated pipe water 0 0 

Untreated pipe water 0 10 

Treated water in distribution system 0 0 

Unpiped water 0 10 

Bottled drinking water 0 0 

Emergency water supply 0 3 
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Table 5.11 NDWQ standards – aesthetic guidelines (Table II and III (B), NSC, 2014) 

Parameter Unit Maximum Permissible Limit 

Table II – Physical quality 

True colour unit (TCU) Pt.co scale 15 

Taste and odour - Acceptable / No objectionable taste and 
odour 

Turbidity NTU 5 

Table III (B) – Chemical quality not of health significance (inorganic) 

Aluminium mg/L 0.2 

Ammonia (nitrogen) mg/L 1.5 

Calcium mg/L 200 

Chloride mg/L 250 

Total hardness (as CaCO3) mg/L 500 

Hydrogen sulfide mg/L 0.05 

Iron mg/L 1.0 

Magnesium mg/L 150 

pH mg/L 6.5-8.5 

Sodium mg/L 200 

Sulfate mg/L 250 

Total dissolved solids mg/L 1,000 

Zinc mg/L 3 

Electrical conductivity µs/cm 1,500 

Table 5.12 NDWQ standards – health guidelines for inorganic compounds and pesticides (Table III 
(A) and V, NSC, 2018) 

Parameter Unit Maximum Permissible Limit 

Table III (A) – Chemical quality of health significance (inorganic substances) 

Antimony mg/L 0.02 

Arsenic mg/L 0.05 

Barium mg/L 0.7 

Boron mg/L 2.4 

Cadmium mg/L 0.003 

Chromium mg/L 0.05 

Copper mg/L 2.0 

Cyanide mg/L 0.07 

Fluoride mg/L 1.5 

Lead mg/L 0.01 

Manganese mg/L 0.4 

Mercury (total) mg/L 0.001 

Nickel mg/L 0.07 

Nitrate (as NO3) mg/L 50 

Nitrite (as NO2) mg/L 3 

Selenium mg/L 0.04 

Uranium mg/L 0.03 
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National Environmental Quality (Emission) Guidelines (2015) 

The National Environmental Quality (Emission) Guidelines were published by the Myanmar Ministry of 
Environmental Conservation and Forestry (MOECAF, 2015). These guidelines are based on the International 
Finance Corporation (IFC) Environmental Health and Safety (EHS) Guidelines (IFC, 2007), which provide the 
technical guidance on good international industry pollution prevention practice for application in developing 
countries. 

The guidelines provide criteria that apply to projects that either have direct or indirect discharge of process 
wastewater and stormwater to the environment. The industry-specific effluent levels summarised in Table 5.13 
have been adopted, along with other internationally recognised screening criteria, to assess the baseline 
groundwater conditions.  

Table 5.13 Ore and Mineral Extraction Specific (Mining) Emission guidelines (NEQEG, 2015) 

Parameter Unit Emission Guideline for Mining 

Arsenic mg/L 0.1 

Cadmium mg/L 0.05 

Chemical oxygen demand mg/L 150 

Chromium (hexavalent) mg/L 0.1 

Copper mg/L 0.3 

Cyanide mg/L 1 

Cyanide (free) mg/L 0.1 

Cyanide (weak acid dissociable) mg/L 0.5 

Iron (total) mg/L 2 

Lead mg/L 0.2 

Mercury mg/L 0.002 

Nickel mg/L 0.5 

Zinc mg/L 0.5 

pH S.U. 6-9 

Temperature °C <3° differential 

Total suspended solids (TSS) mg/L 50 

Australia and New Zealand water quality guidelines 

The Australian and New Zealand water quality guidelines (ANZG) provide default guideline values (DGVs) for 
different levels of freshwater ecosystem protection, with more stringent DGVs corresponding to higher levels of 
protection. For this section, DGVs have been adopted for toxicants (dissolved metals) in ‘slightly-to-moderately 
disturbed freshwater ecosystems. While some sections of surface waters in the study area would be considered 
‘highly disturbed freshwater ecosystems’, comparison to the DGVs for slightly-to-moderately disturbed 
freshwater ecosystems allows for understanding the existing water quality (including where highly contaminated) 
with respect to more typical, healthy freshwater ecosystems and reference sites that have not been heavily 
impacted.  
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5.2.2 Groundwater environment 

Regional hydrogeology 

The Bawdwin mine site is located within the Shan groundwater zone as defined by the National Water Resources 
Committee’s Ayeyarwady State of the Basin Assessment (NWRC, 2017).  

The project area is predominantly located within the mountainous sandstone and limestone zone, which includes 
the Upper Cambrian Pangyun Formation (Figure 5.15).  

This aquifer zone accounts for 13% of the Shan Plateau and is characterised by metamorphosed limestones and 
interbedded sandstones. Karst features do exist in limestone areas (such as the Ordovician Pindaya Group). 
Elsewhere, folding and faulting have induced fracture zones that may provide local aquifers of sufficient yield for 
domestic supply or small-scale irrigation.  

The aquifers that exist in this zone are considered to be of lower groundwater resource potential, but given their 
mountainous setting, they are expected to contribute to groundwater recharge across the region. Estimates of 
groundwater recharge have been based on other areas in Myanmar ranging from 10% to 15% of annual rainfall, 
equating to recharge of 160 mm to 285 mm. 

Groundwater use in the wider Shan groundwater zone is predominantly from springs flowing from mountain 
ranges and shallow wells in the alluvial aquifers where they exist. Remote communities in hilly areas utilise 
gravity-fed village water supply systems that source water from springs with an estimated 73 systems installed in 
Shan State providing a water supply to more than 156,000 people (NWRC, 2017). Approximately 57% of 
households depend on groundwater for domestic supply, sourced predominantly from springs and dug wells 
(NWRC, 2017). Plate 5.4 shows a groundwater discharge point in ER Valley, and Plates 5.5 and 5.6 show 
collection points where groundwater from springs is collected in Bawdwin. 

There is little existing data is available on the aquifer conditions, water resources, or water quality for these 
aquifers. Groundwater contamination is likely, particularly near villages where agricultural chemicals have been 
used, including fertilisers, herbicides and pesticides (NWRC, 2017). Many centuries of mining activity are also 
noted as likely sources of groundwater and surface water contamination, including the Bawdwin Mine (NWRC, 
2017).  

Local hydrogeology 

Hydrogeological units 

The preliminary hydrogeological conceptual model developed by CSA Global incorporates the primary water 
bearing zones that are likely within the study area. Two hydrogeological units were defined: a saprolite or highly 
weathered unit, and the underlying, fresh bedrock unit. 

While these hydrogeological units have been based predominantly on observations within the upper Nam Pangyun 
catchment in the vicinity of Bawdwin, these groundwater systems are characteristic of mountainous regions and 
can be reasonably expected to extend across the region, including in the Nam La catchment and surrounding 
catchments. Parent rock geology varies both within the study area and beyond. Despite the presence of limestone 
and karst features in the Shan Plateau, none are found in the Bawdwin Concession, with the nearest limestone 
approximately 6 km to the east of Bawdwin. Variability in parent rock geology may be reflected in key aquifer 
characteristics, such as the depth of weathering, aquifer hydraulic properties, fracturing and other features which 
control groundwater movement. Key aquifer characteristics in the study area are described below.  
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Plate 5.4 Spring in ER Valley 

 

Plate 5.5 Spring flow collection point at SWSP02 that contributes flow to the Bawdwin supply pipe 
network 
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Plate 5.6 Community supply point in Wallah Valley connected to a spring further up the valley 
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Figure 5.15 Hydrogeological map of the Shan Plateau  
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Saprolite 

The saprolite hydrogeological unit has been estimated to be in the order of 20 to 50 m thick on the ridges and 
upper slopes, thinning on the mid slope and is generally absent from the valley floors. This weathered profile 
hosts localised aquifer systems that receive rainfall recharge on the upper slopes and hilltops, and transports 
groundwater downslope following the natural topography, where it discharges via springs and seeps. A component 
of vertical infiltration to the underlying fractured rock aquifer is also expected.  

While the saprolite is unlikely to represent a regionally extensive aquifer, this weathered horizon provides 
important drinking water supply to Bawdwin villages, Tiger Camp and many of the other villages within the wider 
study area. Short groundwater residence times (in the order of weeks to months) produce good quality (low 
salinity) drinking water to villages, and most springs were noted to flow year-round. 

Saprolite typically retains the structure of the parent rock (faults, fractures and shear zones) which can create 
structural controls on groundwater flow within the saprolite aquifer.  

Fractured Bedrock 

The bulk hydraulic conductivity of the basement rocks is generally low, with groundwater flow occurring through 
secondary porosity features such as fractures, joints and shear zones. Secondary porosity typically reduces with 
depth with most groundwater flow occurring in the top 50 m of the bedrock zone. Regionally mapped faults and 
shear zones are expected to provide preferential flow paths within the fractured rock aquifer, potentially extending 
to greater depths. 

Groundwater levels are typically within the fractured rock over much of the study area, with water levels typically 
at greater depths in the upland areas and closer to surface in the valleys, extending into overlying alluvial deposits. 
Groundwater levels in the pit area are impacted by current on-going dewatering from the existing underground 
mine.  

Hydrogeological model 

A conceptual hydrogeological model is a consolidated understanding of the groundwater systems that are present 
at a site, as well as the key interaction that occur with the surrounding environment. A conceptual model is 
typically conveyed in diagrams and figures and is based on the understanding of the hydrogeological processes 
developed from field observations, baseline monitoring data, geomorphology, and other related information.  

CSA Global developed a hydrogeological conceptual model for the study area based on the results of groundwater 
investigations that they undertook in 2019-2020. The conceptual model is shown in Figure 5.16. It offers a high-
level representation of the groundwater system that is present. Aspects such as hydraulic properties, groundwater 
levels and flow direction, and recharge and discharge depicted in the model are described in detail in the following 
sections.  

Hydraulic properties  

Each of the hydrogeological units described above have a range of hydraulic properties that define how 
groundwater will move through them. One of the key hydraulic properties for understanding groundwater 
movement is hydraulic conductivity, which is a measure of the host rock’s permeability and ability to transmit 
water.  

Hydraulic conductivity values were estimated for each of the hydrogeological units based on the results of a testing 
program completed by CSA Global. These field tests typically remove or inject water during drilling at different 
depths and record the subsequent rise or fall of the water level in the borehole over time, to estimate the rock’s 
permeability.  
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Figure 5.16 Groundwater conceptual site model 
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Results of these tests conducted in the vicinity of the proposed Bawdwin open pit and the TSF area have been 
assessed by CSA Global to derive regional hydraulic conductivity values for each of the hydrogeological units 
summarised in Table 5.14.  

Table 5.14 Representative regional aquifer hydraulic properties (BJV, 2020)  

Hydrogeological Unit Hydraulic Conductivity 
(m/day) 

Specific Yield 

Saprolite unit 

Saprolite 0.5 25% 

Bedrock unit 

Pangyun Sandstone 0.02 0.5% 

Bawdwin Tuff  0.001 0.5% 

Porphyry - Rhyolite 0.03 0.5% 

Highly fractured bedrock/Faults 1  

Within the bedrock hydrogeological unit, hydraulic properties of the Pangyun sandstone, Bawdwin Tuff and 
porphyry (rhyolite) displayed distinct values. The hydraulic conductivity of the saprolite aquifer was estimated by 
CSA Global at 0.5 m/day. This was consistent with the estimated range of 0.09 to 0.90 m/day based on literature 
values for units with comparable characteristics (Welch and Allen, 2014).  

Due to logistical constraints and available methods of hydraulic testing it was not possible to derive specific yield 
values for the each of the formations and, therefore, specific yield values were predominantly derived by CSA 
Global from literature values and their experience in similar environments. 

It is recognised that the hydrogeological investigation focussed on the existing open pit, an area which is 
influenced by faulting, fracturing and historical mining activities. These factors are likely to have resulted in 
higher hydraulic conductivity and specific yield values than what would be found elsewhere in the surrounding 
region.  

Groundwater levels and flow direction 

Groundwater flow paths and groundwater residence times in the saprolite aquifer are expected to be very short, in 
the order of weeks to months. Groundwater flows from the upper slopes where rainfall recharge predominantly 
occurs, towards the bottom of the valley, generally following the surface topography. The saprolite aquifer 
typically thins and becomes absent on the mid to lower slope where groundwater discharges to the ground surface 
through springs and groundwater seeps.  

Under natural conditions, groundwater levels and flow directions within the underlying fractured rock aquifer 
would be expected to follow a similar flow path from topographic high points towards valley floors. Groundwater 
flow paths will be influenced by the presence and connection of fracture zones both vertically and horizontally. 
Both medium (shallow) and long (deep) groundwater flow paths are expected to exist in the fractured rock aquifer 
with groundwater residence times likely to range from months to years.  

In the Bawdwin region, groundwater levels and flow direction are expected to be complex and influenced by 
previous mining activities as well as the ongoing dewatering of the underground mine.  

Groundwater level monitoring results indicate that groundwater levels range from less than 2 m below ground 
level to approximately 150 m below ground level, with levels typically at greater depths in the upland areas and 
closer to the surface in the valleys  (BJV, 2020).  This is a typical hydrogeological pattern of hilly and mountainous 
areas. Groundwater elevations range from 1,247 mRL in the north of the project area at BWRC111 to 
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approximately 848 mRL in the valley in the vicinity of the proposed pit at BWDD072 (BJV, 2020; 

 

Figure 5.17).  
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Figure 5.17 Groundwater water levels contours (mRL) 
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Recharge and discharge 

Groundwater within the study area is recharged predominantly by rainfall infiltration, the majority of which occurs 
during the wet season which typically runs from May to October.  

The combination of high rainfall rates, steep topography, and limited vegetation leads to a large portion of rainfall 
reporting directly to surface water as runoff. An assessment of measured groundwater level response to rainfall 
was completed by CSA Global in order to estimate the proportion of rainfall recharging groundwater. Based on 
this assessment, and literature values of groundwater recharge for other parts of Myanmar, groundwater recharge 
has been estimated to be in the order of 10% to 15% of total rainfall (BJV, 2020). 

Although not directly measured, it is thought that groundwater recharge occurs to some degree across the whole 
study area with highest recharge rates likely to occur on the higher exposed ridgelines and hilltops, where 
evapotranspiration will be lower due to the thin and rocky soil profiles, and the lack of vegetation. Recharge to 
the fractured rock aquifer is likely to occur both as direct rainfall recharge (where rock outcrops) and also via 
vertical infiltration through the saprolite. Groundwater level monitoring data indicates a seasonal level fluctuation 
of up to 5 m with lowest groundwater levels in early June, coinciding with a slight time lag after the end of the 
dry season. This fluctuation contributes to the seasonal flow of some springs higher upslope. 

Within the upper Nam Pangyun catchment, upstream of the Tiger Tunnel portal, surface water from the Nam 
Pangyun is thought to provide a degree of recharge to the fractured rock aquifer, as dewatering of the underground 
mine workings has resulted in the water table being drawn down below the base of the stream (discussed further 
below). This is likely to be a phenomenon limited to the upper Nam Pangyun catchment. Elsewhere, watercourses 
draining the surrounding catchments, such as the Nam La, receive groundwater discharge from the bedrock aquifer 
year-round. 

Groundwater from the saprolite aquifer will discharge vertically into the underlying fractured rock aquifer, or to 
the surface at the break of slope (interflow spring), or for geological reasons such as where structural features of 
the parent rock as barriers to groundwater flow. Discharge from the saprolite via springs near valley floors occurs 
year-round with consistent flow (as reported by local users), whereas some springs further upslope are seasonal, 
with flow ceasing during the dry season due to the decreases in the water table level. 

The underground mine is dewatered to a depth of approximately 200 metres below the ground surface level at 
Marmion Shaft, equivalent to a reduced level (RL) of 794 m above sea level (m ASL). This level is maintained 
by continuous pumping to keep the mine dry at Level 6, and by drainage to the Tiger Tunnel from the levels 
above. The discharge flows through the Tiger Tunnel and exits at Tiger Tunnel portal, approximately 300 m west 
of Tiger Camp (surface elevation of 818 m ASL), where it discharges to the Nam Pangyun at a rate of 
approximately 6 ML/day. Discharge from the Bawdwin mine represents a major groundwater discharge for the 
fractured rock aquifer. 

Groundwater - surface water interaction 

Under natural conditions vertical hydraulic gradients within the bedrock aquifer are likely to reverse downslope 
towards the valley floor promoting the upward discharge of groundwater either via springs or as baseflow to 
streams. Perennial streams (such as the Nam Pangyun and Nam La) would typically receive groundwater baseflow 
all year. This baseflow contribution accounts for most of the observed stream flow during dry months. Surface 
water quality results from the Nam La indicate increasing TDS concentrations downstream combined with a slight 
enrichment of bicarbonate and magnesium ions, which suggests that the Nam La is receiving groundwater 
discharge from the bedrock aquifer and spring discharge from the saprolite aquifer. 

In the Nam Pangyun catchment, the interaction between groundwater and surface water has been altered by the 
presence of historical underground mine voids and continued dewatering via the Tiger Tunnel. Dewatering 
activities have lowered groundwater levels within the bedrock aquifer resulting in a reduced contribution of 
groundwater baseflow in the vicinity of Bawdwin. Baseflow contribution of groundwater to surface water streams 
is likely returned further down topographic gradient to the southeast in the vicinity of Tiger Camp. Groundwater 
discharge from the saprolite aquifer via springs positioned higher in the landscape around Bawdwin contribute 
flow to the Nam Pangyun, either seasonally or year-round, which is unaffected by drawdown in the underlying 
bedrock aquifer. 
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Groundwater quality 

As groundwater moves through an aquifer its quality and chemical composition changes as it dissolves salts and 
metals from the minerals that comprise the host rock. The degree to which groundwater quality is naturally 
affected by this interaction depends on a range of factors, such as groundwater residence time (discussed above) 
and host rock mineralogy. 

Naturally elevated concentrations of some metals are expected in groundwater, particularly in the Nam Pangyun 
catchment which host the Bawdwin ore deposits. However, extensive historical mining activities have led to 
groundwater contamination of salts and the presence of dissolved metals at high concentrations. Historical mining 
activities that have impacted groundwater quality, particularly in the fractured rock aquifer, include exposing 
highly mineralised areas to increased oxidation and groundwater recharge through the exposed open pit, 
infiltration through waste rock dumps and historical ore processing activities. It is difficult to differentiate the 
naturally elevated metal concentrations in groundwater to those that are related to historic mining.  

Saprolite aquifer 

Samples of spring water discharging from the saprolite aquifer were typically very fresh with very low 
concentrations of dissolved salts, with TDS concentrations across all monitoring events ranging up to 233 mg/L, 
well within desirable levels for potable water supply. Minor variations of TDS concentrations occurred over the 
monitoring period (Figure 5.18). These temporal changes are not strongly linked to seasonal climate cycles; 
however, maximum concentrations were reported during the dry season (January 2019). 

Groundwater pH measured downstream of the surface expression point  was typically natural to alkaline with 
average values ranging from 7.20 (SWSP02) to 7.58 (SWSP01). 

Despite the short groundwater residence times in the saprolite aquifer, laboratory results suggest that some mineral 
dissolution is occurring. 

Table 5.15 and Table 5.16 summarise the concentration range of total and dissolved metals, respectively, as 
reported in the spring water inferred to be discharging from the saprolite aquifer. Metal species with reported 
concentrations that were consistently below the laboratory limit of reporting (LOR) have been excluded from this 
summary table. Average concentrations have been calculated assuming that measurements below the LOR are 0 
mg/L, outliers have been excluded, and results from SWSP06 have been excluded as this spring is not considered 
representative of baseline groundwater conditions. 

Table 5.15 Range and average concentration of total metals in the saprolite aquifer  

Analytes NDWQ standards 
(mg/L) 

Concentration range  
(mg/L) 

Average concentration 
(mg/L) 

Aluminium* 0.2 <0.01 - 0.19 0.041 

Arsenic 0.05 <0.0005 - 0.0079 0.0011 

Barium 0.7 <0.02 - 0.13 0.039 

Cadmium 0.003 <0.0001 - 0.001 0.0001 

Copper 2.0 <0.001 - 0.013 0.0023 

Iron* 1.0 <0.012 - 0.256 0.0713 

Lead 0.01 <0.001 - 0.148 0.0258 

Manganese 0.4 <0.001 - 0.09 0.014 

Strontium NA <0.001 - 0.03 0.008 

Zinc* 3 <0.005 - 2.44 0.111 

* Aesthetic (not of health significance) standards 

Values in bold exceed the NDWQ standard 

Table 5.16 Range and average concentration of dissolved metals in the saprolite aquifer  

Analytes ANZ DGV  
(mg/L) 

Concentration range  
(mg/L) 

Average concentration 
(mg/L) 

Aluminium 0.055 <0.01 – 0.08 0.012 
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Analytes ANZ DGV  
(mg/L) 

Concentration range  
(mg/L) 

Average concentration 
(mg/L) 

Arsenic 0.013 <0.0005 – 0.0026 0.00049 

Barium N/A <0.01 – 0.08 0.033 

Cadmium 0.0002 <0.0001 – 0.0003 0.0001 

Copper 0.0014 <0.001 – 0.004 0.0013 

Iron N/A <0.005 – 0.143 0.021 

Lead 0.0034 <0.001 – 0.086 0.011 

Manganese 1.9 <0.001 – 0.371 0.016 

Strontium N/A <0.001 – 0.023 0.007 

Zinc 0.008 <0.005 – 0.16 0.039 

Values in bold exceed the ANZ DGV. 
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Recorded concentrations of total and dissolved lead (multiple locations), total iron (SWSP01), total manganese 
(SWSP01) and sulphate (SWSP04) exceed the adopted drinking water criteria. 

 

Figure 5.19 shows the recorded concentrations of dissolved cadmium, zinc and lead in the saprolite aquifer. Sites 
SWSP06 and SWSP04 exhibit the greatest concentrations of these metals. 

Many of these metal species may be naturally occurring in the saprolite aquifer as a result of the interaction with 
the naturally mineralised parent rock. The up-gradient catchments for most springs have largely not been directly 
affected by historical mining activities other than land clearing, however some degree of dust deposition may have 
led to increased dissolved metals concentrations. 
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There are no discernible trends in total or dissolved metal concentrations over time, including in any correlation 
to the wet or dry season. 

It was noted that the samples from spring SWSP06 (located north of the existing open pit) contained elevated 
concentrations of total and dissolved metals that in some cases significantly exceeded the range presented in Table 
5.15 and Table 5.16. Groundwater from SWSP06 reported elevated concentrations of cobalt (0.63 mg/L), 
aluminium (1.7 mg/L), nickel (0.55 mg/L) and zinc (0.092 mg/L).  
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Figure 5.20 shows the elevated level of cobalt at SWSP06 compared to other sites. In addition, arsenic (0.0012 
mg/L), barium (0.03 mg/L), and strontium (0.006 mg/L) were also present at detectable concentrations in one or 
more sampling rounds. The elevated concentrations at SWSP06 have been attributed to the placement of waste 
rock from historical mining activities within the catchment. Results from sample location SWSP06 are not 
considered representative of baseline groundwater conditions in the saprolite aquifer but do highlight the impact 
of previous mining activities on both groundwater and surface water quality at some locations.  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

   

Chapter 5  E Guard Environmental Services |  5-54

 

 

Figure 5.18 Total dissolved solid concentrations of groundwater springs 
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Figure 5.19 Concentrations of dissolved metals in saprolite aquifer  
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Figure 5.20 Concentrations of dissolved metals in fractured rock aquifer  
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Based on limited sampling and preliminary laboratory analysis completed in Myanmar, groundwater from the 
saprolite aquifer has been contaminated by E. coli and potentially other harmful pathogens. Nitrate was present at 
detectable concentrations at all springs with the exception of SWSP01 (headwaters of the Nam Pangyun). 
Reported concentrations of nitrate in the samples ranged from less than 0.005 to 0.7 mg/L, with an average of 
0.12 mg/L. Phosphorus was present at all sampled locations in at least one round, ranging up to a maximum of 
1.83 mg/L at SWSP05. These contaminants may be sourced from either agricultural practices and animal or 
human sewage waste disposal. Table 5.17 summarises the concentration of nutrients detected in the spring water 
draining from the saprolite aquifer. For all of these samples, nutrient concentrations were below the NDWQ 
standard. 

Table 5.17 Range and average concentration of nutrients in the saprolite aquifer 

Analyte NDWQ standard  
(mg/L) 

Concentration range 
(mg/L) 

Average concentration 
(mg/L) 

Nitrate (as NO3) 50 <0.005 - 00702 0.12 

Nitrite (as NO2) 3 <0.001 – 0.003 0.002 

Nitrogen (Total) NA 0.06 – 2.29 0.49 

Total Kjeldahl Nitrogen (as 
N) 

NA <0.02 – 1.59 0.37 

Total phosphorous NA <0.005 – 1.83 0.26 

Total phosphate NA 0.054 – 0.33 0.16 

 

Organic contaminants (TPH, PAHs, VOC, MAHs) were not detected at any locations during the initial monitoring 
round and analysis was discontinued during subsequent rounds. 

All sampled water sources exceeded one or more of the drinking water quality standards (metals, dissolved metals) 
and would require further testing and treatment before being considered suitable for human consumption. 

Fractured rock aquifer 

Groundwater infiltrating to the upper levels of the underground mine is relatively fresh (average TDS of 234 mg/L 
at GWTT02) and TDS progressively increases with depth to approximately 1,000 mg/L at Level 6 (GWMS and 
GWTT05), 200 m below surface. The TDS concentration of groundwater infiltrating to the underground mine has 
been shown to be generally stable over the baseline monitoring period, which is consistent with the conceptual 
understanding that groundwater residence times in the fractured rock aquifer are likely to be longer and less 
susceptible to seasonal effects than the saprolite aquifer ( 



Bawdwin Project/ Environmental Impact Assessment Report 

 

   

Chapter 5  E Guard Environmental Services |  5-58

 

 

Figure 5.20). 

Groundwater in the fractured rock aquifer was slightly acidic at all depths with pH ranging from 6.0 to 6.7. 
Temperature ranged from 23°C to 30°C. 

Groundwater within the fractured rock aquifer has elevated concentrations of total aluminium, antimony, arsenic, 
cadmium, iron, lead, manganese, nickel and zinc, all of which exceed either aesthetic or health-based drinking 
water guidelines (Table 5.18). Average concentrations have been calculated assuming that measurements below 
the LOR are 0 mg/L, and outliers have been excluded.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

   

Chapter 5  E Guard Environmental Services |  5-59

 

Deeper groundwater within the fractured rock aquifer has been subject to increased mineral dissolution reflected 
in the dissolved metal concentrations of the groundwater samples (Table 5.18 and Table 5.19). Dissolved 
concentrations of aluminium, cadmium, copper, lead, manganese, nickel, and zinc also exceed ecosystem 
protection criteria (Table 5.19) and are therefore likely to be toxic to aquatic ecosystems of the Nam Pangyun. 
This is consistent with the limited aquatic ecosystem values identified in the Nam Pangyun. 
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Figure 5.20 shows the recorded concentrations of dissolved cadmium, zinc and lead in the bedrock aquifer. 
GWTT03 and GWTT04 exhibit the greatest concentrations of these metals. 

Table 5.18 Range and average concentration of total metals in the fractured rock aquifer 

Analyte NDWQ standard (mg/L) Concentration range (mg/L) Average concentration (mg/L) 

Aluminium* 0.2 <0.01 - 0.30 0.047 

Antimony 0.02 0.0028 - 0.12 0.028 

Arsenic 0.05 0.0112 - 2.14 0.619 

Barium 0.7 <0.01 - 0.09 0.05 

Cadmium 0.003 0.0005 - 0.075 0.0175 

Cobalt NA 0.005 - 11.2 3.98 

Copper 2.0 0.002 - 0.074 0.0151 

Iron* 1.0 <20.6 - 50.2 16.62 

Lithium NA <0.001 - 0.029 0.0060 

Lead 0.01 0.007 - 1.53 0.373 

Manganese 0.4 0.043 - 35.6 13.92 

Molybdenum NA <0.001 - 0.008 0.0017 

Nickel 0.07 0.021 - 16.4 6.11 

Selenium 0.04 <0.0005 - 0.0085 0.00118 

Strontium NA 0.018 - 0.234 0.1011 

Uranium 0.03 <0.005 – 0.021 0.0023 

Zinc* 3 0.284 - 583 116 

* Aesthetic (not of health significance) standards 
Values in bold exceed the NDWQ standard 

 

Table 5.19 Range and average concentration of dissolved metals in the fractured rock aquifer 

Analyte ANZ DGV (mg/L) Concentration range (mg/L) Average concentration (mg/L) 

Aluminium 0.055 <0.01 – 0.37 0.047 

Antimony 0.009 <0.0005 – 0.04 0.009 

Arsenic 0.013 0.0007 – 0.0579 0.0077 

Barium N/A <0.01 – 0.09 0.05 

Cadmium 0.0002 0.0004 – 0.305 0.046 

Cobalt 0.0014 <0.001 – 10.6 4 

Copper 0.0014 <0.001 – 0.17 0.023 

Iron N/A <0.005 – 0.807 0.086 

Lithium N/A <0.001 – 0.029 0.006 

Lead 0.0034 <0.001 – 1.04 0.17 

Manganese 1.9 <0.001 – 34.4 14 

Molybdenum N/A <0.001 – 0.006 0.0017 

Nickel 0.011 0.021 – 16.3 6 

Selenium N/A <0.0005 – 0.0048 0.0011 

Strontium N/A 0.017 – 0.177 0.095 

Uranium N/A <0.001 – 0.005 0.0012 

Zinc 0.008 0.236 - 440 114 

Values in bold exceed ANZ DGVs 
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Analysis of the major ion composition of groundwater from the fractured rock aquifer allows further assessment 
of the geochemical processes that are occurring. Piper plots (also known as trilinear diagrams) are a commonly 
used approach for visualising the relative abundance of common ions in multiple water samples. A trilinear Piper 
diagram is provided in Figure 5.21 and compares the relative ionic composition of groundwater samples collected 
at various depths in the fractured bedrock (GWTT01 to GWTT06) to a representative surface water sample from 
the Nam Pangyun (SWNP03).  

Shallow groundwater in the fractured rock aquifer (GWTT02) displays a balance between bicarbonate and sulfate 
ions that is comparable to the composition of surface water in the Nam Pangyun (SWNP03 in Figure 5.21). This 
is consistent with shallow groundwater in the bedrock aquifer being recharged either by rainfall recharge or via 
infiltration from Nam Pangyun. The anionic balance evolves with depth, becomes increasingly dominated by 
sulfate ions (indicated by the arrow in Figure 5.21) and suggests that groundwater is dissolving sulfate from 
minerals such as galena (PbS), sphalerite ((Zn,Fe)S), pyrite (FeS2) and chalcopyrite (CuFeS2) present in the 
disseminated sulfide ore. 

Detectable concentrations of nitrate were reported for all locations from the underground mine typically ranging 
from 0.01  to 0.20 mg/L with an average concentration of 0.05 mg/L, well below the 50 mg/L drinking water 
guideline value. This may potentially be related to explosives from previous mining. Table 5.20 summarises the 
concentration of nutrients in this deeper groundwater. Average concentrations have been calculated assuming that 
measurements below the LOR are 0 mg/L.  

Table 5.20 Range and average concentration of nutrients in fractured rock aquifer 

Analyte NDWQ standard  
(mg/L) 

Concentration range 
(mg/L) 

Average concentration 
(mg/L) 

Nitrate (as NO3) 50 <0.005 – 0.202 0.049 

Nitrite (as NO2) 3 <0.001 – 0.034 0.005 

Total nitrogen NA 0.06 – 1.05 0.46 

Total Kjeldahl Nitrogen (as N) NA <0.02 – 0.93 0.4 

Total phosphorous NA 0.08 – 4.01 0.82 

 

Tiger Tunnel is the primary point of groundwater discharge from the underground mine and represents a mix of 
water contributed from various depths and within the mineralised zone. Samples collected between November 
2017 and August 2019 demonstrate that groundwater discharging via the Tiger Tunnel to the Nam Pangyun 
contains concentrations of total and dissolved metals that significantly exceed health and aesthetic drinking water 
criteria, as well as Myanmar National Environmental Quality (Emission) Guidelines (NEQEG) (MOECAF, 2015) 
(Table 5.21). 
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Figure 5.21 Trilinear piper plot - fractured rock aquifer 
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Table 5.21 Tiger Tunnel discharge water quality compared to draft Myanmar emissions guidelines  
 

Unit NEQEG - Mining SWTT01 SWTT01 SWTT01 SWTT01 SWTT01 SWTT01 SWTT01 SWTT01 

Date of sampling  
 

12-11-17 22-11-18 23-01-19 18-02-19 16-03-19 05-05-19 08-06-19 10-08-19 

Aluminium mg/L -  0.17 0.3 0.02 <0.13 0.11 <0.09 0.08 0.09 

Arsenic mg/L 0.1 0.55 0.89 1.4 0.76 0.74 0.70 0.68 0.61 

Cadmium mg/L 0.05 0.041 0.055 0.0079 0.033 0.031 0.026 0.025 0.025 

Iron mg/L 2 13 26.4 19.2 24.3 23.4 <20.6 20 17.4 

Lead mg/L 0.2 0.32 0.51 0.37 0.39 0.38 0.29 0.32 0.26 

Nickel mg/L 0.5 7 8.68 1.75 6.49 6.64 6.15 5.7 5.61 

Zinc mg/L 0.5 140 152 12.2 99.4 96.3 91 81.5 84 

Shading indicates exceedance of the relevant standard. 
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Groundwater use 

There are numerous springs within the Bawdwin project area, many of which are used by the local community as 
water supplies for potable and domestic use, as well as agricultural production. The Bawdwin villages and the 
surrounding communities (including Tiger Camp) rely solely on groundwater supply from the saprolite-fed 
springs for commercial, domestic, and agricultural needs.  

Part of the Namtu township is supplied with potable water from the Nam La Flume, a constructed water delivery 
system which sources water from the Nam La stream at an offtake point north of Namtu. In turn, surface water in 
the Nam La is sustained during dry periods by baseflow discharge from the fractured rock aquifer and spring 
discharge from the saprolite aquifer. The remainder of Namtu township’s water supply is sourced from Kho Mo 
Reservoir, located on the southern flank of the Myitnge River, independent of the Nam La. 

The uses of groundwater from the Nam Pangyun and Nam La catchments are outlined in Table 5.22. 

Table 5.22 Environmental value of groundwater 

Groundwater 
Catchment 

Aquifer 

Groundwater uses 
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Nam Pangyun catchment Saprolite ✔ ✔ ✔ - ✔ ✔ P 

Fractured rock ✔ - - - ✔ ✔ - 

Nam La and surrounding 
catchments 

Saprolite ✔ ✔ ✔ ✔ ✔ ✔ P 

Fractured rock ✔ ✔ P P P P - 

Notes:  

✔  Currently realised and/or supports this value in most areas. 

✔  Currently realised in some areas or has the potential to support this value in some areas. 

P   Potential future use or unknown current use 

 -     Not expected to support this value 

5.2.3 Summary 
The two main hydrogeological units in the area are the saprolite aquifer and fractured rock aquifer. 

 The saprolite aquifer discharges as springs in the Nam Pangyun and Nam La catchments. Springs on 
valley floors flow year-round and springs higher upslope flow seasonally due to seasonal fluctuations in 
groundwater levels of up to 5 m.  

 The fractured rock aquifer is groundwater stored in fractures, joints, bedding, and cavities in the 
underlying basement rock. This aquifer has higher hydraulic conductivity in area surrounding mine due 
to increased faulting, fractures and historic mining activities and long residence times of months to years.  

 The aquifers are recharged predominantly by rainfall in the wet season (May to October) with the highest 
recharge rates likely to occur on exposed ridgelines and hilltops. Infiltration from the saprolite aquifer 
may recharge fractured rock aquifer. 

Monitoring of groundwater level and flow indicates: 
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 Groundwater levels range between less than 2 m below ground level to approximately 150 m below 
ground level. Groundwater levels and flow direction are influenced by historic mining and dewatering 
of the underground mine. Dewatering of the underground mine by continuous pumping is a major 
groundwater discharge for the fractured rock aquifer.  

 The Nam La and Nam Pangyun streams receive groundwater baseflow, however baseflow to the Nam 
Pangyun is reduced near the mine due to mine dewatering. 

Monitoring of groundwater quality during the monitoring period shows: 

 Extensive historical mining has contributed to elevated concentrations of some metals due to exposure 
of mineralised rock and disposal of mineral concentration by-products.  

 The saprolite aquifer had concentrations of total and dissolved lead, total iron, total manganese and 
sulphate exceeding the adopted drinking water criteria. 

 Contaminants (E. coli, nitrate and/or phosphorous) from agricultural practices, animal or human sewage 
waste disposal, or prior explosives use were detected, albeit below applicable drinking water standards. 

 Groundwater within the fractured rock aquifer has elevated concentrations of total aluminium, antimony, 
arsenic, cadmium, iron, lead, manganese, nickel, and zinc, all of which exceed either aesthetic or health-
based drinking water guidelines. 

 Groundwater discharging via the Tiger Tunnel to the Nam Pangyun contains concentrations of total and 
dissolved metals that significantly exceed health and aesthetic drinking water criteria and Myanmar’s 
Draft National Environmental Quality (Emission) Guidelines (MOECAF, 2014). 

5.2.4 Sensitivity of groundwater values 
This section builds on the characterisation of groundwater above and describes the sensitivity of groundwater 
values in terms of the importance, vulnerability and resilience of the saprolite aquifer, fractured rock aquifer and 
springs. Springs are the expression of the saprolite aquifer at the surface and will consequently have similar 
sensitivities, however these are defined as separate values to allow a comprehensive impact assessment.  

Sensitivity is defined as the susceptibility of groundwater systems to changes in quantity or quality, including the 
capacity of groundwater systems to adapt to, or accommodate, the kinds of changes that the Project may bring 
about. Sensitivity is based on the importance of the value, the vulnerability of the value to change, and the 
resilience of the value in terms of its ability to overcome changes and maintain its inherent value.  

The importance of each aquifer and the springs were determined by considering the current and potential future 
uses of both groundwater from the aquifers/springs and the aquifers themselves, and their intrinsic value. Current 
uses have been based on observations made in the study area and from consultation with local communities. The 
potential future use considers the chemical suitability of water for a use, access limitations (such as spring flow 
rates, aquifer yield), and the availability of alternative supplies such as surface water. Intrinsic values have been 
established based on the dependence of other ecosystems and segments of the environment, such as aquatic 
ecosystems, surface water features and groundwater dependent vegetation. The vulnerability of each receptor is 
defined by considering its location with respect to the project, relationship to other receptors and current condition. 
The resilience of each receptor is defined by considering the ability of a receptor to respond to a 
change/disturbance by resisting damage and/or recovering quickly to its original value. 

The groundwater-specific definitions for the varying levels of sensitivity relating to groundwater values that were 
adopted are provided in Table 5.23. Table 5.24 outlines the importance, vulnerability, and resilience for each 
value, based on a low, medium and high scale as outlined in Table 5.23. 
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Table 5.23 Importance, vulnerability and resilience definitions and ratings criteria 

 Definition Ratings Criteria 

Low Medium High 

Importance The value that is 
associated with the 
groundwater system in 
its current form.  

This includes the ability 
of the system to support 
ecosystems and 
beneficial uses, as well 
as any inherent resource 
value. 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not 
suitable for beneficial 
uses, and/or attributes 
of the groundwater 
system are common on 
a local and regional 
scale, and therefore 
have both local and 
regionally available 
alternatives. 

Attributes of the 
groundwater system are 
of low to moderate 
ecological importance 
and are characterised as 
slightly to moderately 
disturbed. 

Intrinsic attributes 
support the use of the 
groundwater for 
construction and 
irrigation purpose, 
and/or attributes of the 
groundwater system are 
locally unique but have 
regionally available 
alternatives.  

Attributes of the 
groundwater system are 
of high ecological 
importance and/or 
cultural or spiritual 
significance. 

Intrinsic attributes 
support the use of the 
groundwater for potable 
supply, agricultural use, 
and food production 
and/or attributes of the 
groundwater system are 
unique. There are 
limited available 
alternatives. 

Vulnerability The extent to which the 
value is susceptible to 
change. This includes 
the existing condition 
of the terrain unit in 
terms of its physical 
and chemical properties 
and how readily 
additional change may 
cause deterioration or 
loss of associated 
ecosystems or land use 
value. 

Low susceptibility of 
groundwater level to 
external influences. 

Low level of 
vulnerability to 
contamination.  

Medium susceptibility 
of groundwater level to 
external influences. 

Medium level of 
vulnerability to 
contamination.  

 

High susceptibility of 
groundwater level to 
external influences. 

High level of 
vulnerability to 
contamination. 
Permanent quality or 
quantity changes may 
result. 

Resilience The extent to which the 
value can adapt or 
recover from change. 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change. The overall 
function of the 
groundwater system 
would be permanently 
altered for example 
groundwater systems 
with very low recharge 
rates and very slow 
recovery periods. 

Recovery will be 
successfully achieved 
in all cases. 

Intrinsic properties of 
the groundwater system 
are moderately 
susceptible to change. 
The overall function of 
the groundwater system 
could be moderately 
altered for example 
groundwater systems 
with moderate recharge 
rates and medium-term 
recovery periods. 

Recovery is likely to be 
slow or only partially 
successful. 

Intrinsic properties of 
the groundwater system 
are resilient to change 
for example 
groundwater systems 
with very high recharge 
rates and very short 
recovery periods.  

Extremely limited 
recovery potential if 
impact on the value 
cannot be avoided. 
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Table 5.24 Summary of groundwater receptors and their sensitivity 

Receptor  Primary 
aquifer 

Importance Vulnerability  Resilience Sensitivity 

Nam 
Pangyun 
catchment 

Saprolite High  

Currently groundwater from the 
saprolite aquifer has beneficial uses as 
a potable water supply and supports 
aquatic ecosystems and is of high 
importance.  

Low 

Low groundwater residence times are 
likely to positively influence recovery 
provided the impact source is removed. 

Low 

Intrinsic properties of the 
groundwater system are very 
susceptible to change (such as 
land clearing and excavation). The 
overall function of the 
groundwater system would be 
permanently altered. 

High  

Fractured 
rock 

Low 

Attributes of the groundwater system 
(quality, occurrence, volume, 
extraction potential) are not suitable for 
beneficial uses due to natural 
mineralisation and historical mineral 
processing activity. 

Locally, the groundwater system does 
not support ecosystems. Further 
downstream the groundwater system 
supports ecosystems of low ecological 
importance, and/or groundwater 
dependent surface water features which 
are characterised as highly altered from 
their natural state. 

Medium 

Recovery is likely to be slow or only 
partially successful. 

Medium 

Intrinsic properties of the 
groundwater system are 
moderately resistant to change. 

The overall function of the 
groundwater system could be 
moderately altered. 

Low to medium 

 

Nam La and 
surrounding 
catchments 

Saprolite High 

Intrinsic attributes support the use of 
the groundwater for potable supply (for 
Namtu township), agricultural use, and 
food production. 

Attributes of the groundwater system 
are of moderate to high ecological 
importance, supporting terrestrial and 
aquatic ecosystems that are 
characterised as largely undisturbed. 

Low 

Low groundwater residence times are 
likely to positively influence recovery 
provided the impact source is removed. 

Low 

Intrinsic properties of the 
groundwater system are very 
susceptible to change. The overall 
function of the groundwater 
system would be permanently 
altered. 

High 

 

Fractured 
rock 

Medium Medium Medium Medium 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 5 E Guard Environmental Services |  5-68 

 

Receptor  Primary 
aquifer 

Importance Vulnerability  Resilience Sensitivity 

Attributes of the groundwater system 
(quality, occurrence, volume) are 
suitable for beneficial uses however the 
reduced extraction potential has 
resulted in this resource not being 
exploited for a consumptive beneficial 
use. 

The groundwater system supports 
aquatic and some terrestrial ecosystems 
of ecological importance. Catchments 
outside of developed urban centre of 
Namtu township are largely unaltered 
from their natural state and will have 
some dependence on groundwater 
discharge during dry months. 

Attributes of the groundwater system 
are common on a local and regional 
scale, and therefore have both local and 
regionally available alternatives. 

Recovery is likely to be slow or only 
partially successful. 

Intrinsic properties of the 
groundwater system are slightly 
resistant to change. However, the 
overall function of the 
groundwater system remains 
relatively unchanged. 

Springs Saprolite High  

Intrinsic attributes support the use of 
the groundwater for potable supply, 
agricultural use, and food production 
for current Bawdwin villages, Tiger 
Camp and Namtu. Currently the 
springs provide base flow to the Nam 
Pangyun as well as supporting the 
beneficial uses of groundwater and are 
of high importance. 

Medium 

Low groundwater residence times are 
likely to positively influence recovery 
provided the impact source is removed, 
however as springs take a longer time 
to disperse contaminants than rivers, 
they are more vulnerable to change.  

Springs represent a limited number of 
surface expressions of the saprolite 
aquifer and are therefore more 
vulnerable to permanent change and 
significant degradation. 

Low 

Intrinsic properties of the springs 
are very susceptible to change 
(such as land clearing and 
excavation), however will 
maintain high connectivity to the 
saprolite aquifer. The overall 
function of the springs would be 
permanently altered.  

 

High  
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5.2.5 Uncertainties and limitations 
The following uncertainties and limitations are noted in relation to the characterisation of the existing groundwater 
environment:  

• Groundwater quality of the saprolite aquifer has been assessed based on samples collected immediately 
downstream of spring discharge points due to difficulty directly accessing the source. The reported quality 
may vary from the groundwater quality in situ and may be affected by contaminants within the catchment 
between the spring discharge and the sampling point.  

• Groundwater quality of the bedrock aquifer has been assessed based on samples collected from various piped 
drainage points constructed to transfer groundwater ingress from various levels of the underground mine. 
Potential for contamination or mixing of water types exists and samples may not represent in situ aquifer 
conditions.  

• The assessment of groundwater levels and flow directions at some locations has been based on measured 
groundwater levels in both cased and uncased exploration boreholes. The measured levels may be affected 
by a range of factors that could under or overestimate the inferred water table. 

• Some groundwater quality parameters are subject to short holding times that could not be met due to the 
inherently long international sample transport time, limited domestic laboratory alternatives of suitable 
quality, and delays in export permissions. However, key parameters of interest (such as metals) are 
considered to have lower potential for impact by longer sample holding time, and this is unlikely to have 
materially affected the conclusions of the baseline groundwater assessment.  
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5.3 Surface water 
This section describes the existing surface water environment of the project. A baseline water study for the project 
was conducted by Coffey and Valentis between 2017 and 2020 to characterise the surface water environment. The 
baseline report is presented in Appendix C. Additional investigations relating to surface water features were 
completed by CSA Global (2020) to inform the Definitive Feasibility Study (DFS) for BJV and presented in 
Appendix B. The information presented in this section is a consolidated summary of information presented in 
both reports to characterise the existing surface water conditions in relation to the project. 

5.3.1 Context 
The project is located within the Myitnge River basin, which is a tributary of the Ayeyarwady River. The 
Ayeyarwady River is the largest river in Myanmar and spans 2,210 km. It flows from the confluence of the N’mai 
and Mali rivers in Kachin State, south through Myanmar to the Ayeyarwady Delta in the Andaman Sea. The 
Myitnge River flows for 477 km from the headwaters in the Mount Loi Swang mountains to the Ayeyarwady 
River. 

The primary watercourses in the study area are the Nam Pangyun and Nam La streams, which both flow in an 
approximately southeasterly direction and discharge into the Myitnge River near Namtu. In Shan language “Nam” 
(as in Nam Pangyun) refers to a creek or stream. 

The Nam Pangyun catchment area covers approximately 47.8 km2 and comprises three main sections: upper, mid 
and lower catchment (

 

Figure 5.22). The catchment elevation ranges between 560 m above mean sea level (AMSL) and 1,400 m AMSL, 
with relatively steep topography. Most of the slopes in the catchment exceed 20 degrees, and the upper Nam 
Pangyun has created a steep-sided valley and gorges in several places. The stream passes through several wards 
of Bawdwin village in the upper catchment (Thiri Mingalar, Yadanar Myay, Aung Chan Thar), mid catchment 
(Pyi Taw Aye, Aung Tha Pyay, Mingalar Kwe, Aung Theikdhi) and lower catchment (Tiger Camp). 

The Nam La catchment covers approximately 35.5 km2. The stream has its headwaters approximately 7 km 
northwest of the Bawdwin open pit and flows through Namtu at its confluence with the Myitnge River. Pang Hai 
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ward is located east of the Nam La, on the northern side of the Myitnge River. Wards 5, 6 and 7 of Namtu town 
are located on the northern side of the Myitnge River, downstream of the Nam La confluence. Wards 1 – 4 and 
Har Lin village are located on the southern side of the Myitnge River. 

The water quality of the surface water features in the catchments reflect natural water quality, current human 
usage of surrounding land and legacy environmental issues related to historic mining activities over six centuries. 
High levels of heavy metals and sewage are present in the Nam Pangyun, and high levels of waste/sewage are 
also present in the Nam La, with the discharge from these watercourses reflected in water quality of the Myitnge 
River. 

5.3.2 Method and study area 

Study area 

The surface water study area encompasses the catchments of the Nam Pangyun (separated into upper, mid, and 
lower catchment), Nam La, Myitnge River and minor tributaries of these (Figure 5.22). This study area includes 
the project area and additional reference locations to provide sufficient regional context to understand the values 
associated with the surface water features. 

The extent of the surface water study area has been defined so as to capture the water quality in the Myitnge River, 
and the minimally impacted headwaters of the Nam Pangyun and Nam La, along with degradation downstream 
of areas of mining activities.  
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Figure 5.22 Surface water study area and sampling sites  
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Method 

The baseline water quality was sampled at 36 monitoring sites in the Nam Pangyun, Nam La and Myitnge River 
between November 2018 and November 2019 (Appendix C). The monitoring program consisted of analysis of 
physical and chemical parameters of surface water samples to establish baseline conditions of surface waters. 

Both in situ measurements and water quality samples were taken along with visual observations of the conditions. 
Water quality parameters (pH, electrical conductivity, temperature and turbidity) were measured in the field using 
a calibrated water quality meter, and Hach test strips were used to estimate hardness and alkalinity. Samples were 
transported under chain of custody to PT Intertek Utama Services, a KAN accredited laboratory in Jakarta, 
Indonesia, for analysis of the following physical and chemical parameters: 

 Total dissolved solids (TDS), total suspended solids (TSS), pH, hardness. 

 Fluoride, ammonia cyanide, cyanide (CN). 

 Volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), total petroleum 
hydrocarbons (TPH), benzene, toluene, ethylbenzene, xylene and naphthalene (BTEXN). These 
contaminants were below the limit of detection at all sites in during the initial monitoring round and were 
not sampled in subsequent rounds. 

 Pesticides (organochlorine and organophosphorus) and herbicides. These contaminants were below the 
limit of detection at all sites in during the initial monitoring round and were not sampled in subsequent 
rounds. 

 Major cations: calcium (Ca), magnesium (Mg), sodium (Na), potassium (K). 

 Major anions: sulfate (SO4), chloride (CI), carbonate (CO3), bicarbonate (HCO3) 

 Metals and metalloids – filtered and unfiltered: aluminium, antimony, arsenic, barium, bismuth, 
beryllium, boron, cadmium, chromium (VI), chromium (III+VI), cobalt, copper, iron, lithium, lead, 
manganese, mercury, molybdenum, nickel, silver, selenium, strontium, thallium, thorium, tin, titanium, 
uranium, vanadium and zinc. Metals that were not detected or didn’t have any applicable standards are 
not discussed in this section. 

 Nutrients: total nitrogen, total kjeldahl nitrogen (TKN), nitrate (NO3), nitrite (NO2), ammonia (NH3), 
phosphate, total phosphorus. 

In most waters, metal contaminants will be present in dissolved, complexed and particulate forms. The 
bioavailability of a contaminant is the proportion of substance that enters the circulation of organisms and is able 
to have an active effect. The bioavailability of each of these forms of contaminants differs considerably. 
Particulate and strongly complexed forms of metals are not bioavailable, i.e. they are not taken up by an organism 
or directly available to cause biological effects. Conversely, dissolved forms typically have higher bioavailability. 
In order to examine the concentration of both forms of metals, two water samples were obtained at each location 
during each sampling round. Of these two samples, one was filtered prior to analysis to remove particulate matter, 
thereby giving the concentration of dissolved metals, and the second was left unfiltered, thereby representing the 
concentrations of total recoverable metals, including particulate and complexed forms. 

Table 5.25 provides a summary of the surface water quality sampling sites and the number of monitoring events 
during the study period.  
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Table 5.25 Surface water monitoring locations 

Location 
ID 

Location Description Easting Northing Monitoring 
Events 

Nam Pangyun – Upper catchment 

SWNP01 Nam 
Pangyun 

Immediately downstream of the Nam Pangyun 
Reservoir embankment 

324290 2558844 9 

SWSP04 Nam 
Pangyun 

One of two spring sources at head of Nam 
Pangyun 

323608 2558592 8 

SWPO01 Nam 
Pangyun 

Off-take channel from Nam Pangyun into the 
settling pond of the Bawdwin potable water 
supply system 

324372 2557988 8 

SWNP02 Nam 
Pangyun 

1 km upstream of the open pit 325233 2557482 8 

Nam Pangyun – Mid catchment 

SWNP02A Nam 
Pangyun 

Bawdwin, 0.75 km downstream of open pit 325609 2555943 7 

SWNP02B Nam 
Pangyun 

Bawdwin, 1.25 km downstream of open pit 325809 2555570 7 

SWNP03 Nam 
Pangyun 

Bawdwin, 1.75 km downstream of open pit  325844 2555359 7 

SWNP03A Nam 
Pangyun 

Bawdwin, 2.25 km downstream of open pit  326155 2555221 7 

SWNP04 Nam 
Pangyun 

0.1 km upstream of confluence with ER Valley 
creek 

326968 2555336 7 

SWNP05 Nam 
Pangyun 

0.5 km upstream of Tiger Camp 327656 2555859 7 

SWER01 ER Valley ER valley creek at toe of historical waste rock 
dump 

326054 2556179 8 

SWER02 ER Valley ER valley creek prior to confluence with Nam 
Pangyun 

326753 2555570 7 

Nam Pangyun – Lower catchment 

SWNP06 Nam 
Pangyun 

1 km downstream of Tiger Camp 328388 2556032 7 

SWNP06A Nam 
Pangyun 

Lopah Village, approximately 4 km downstream 
of Tiger Camp and 5.25 km upstream of the 
confluence with Myitnge River 

330806 2555694 6 

SWNP07 Nam 
Pangyun 

1 km upstream of confluence with Myitnge River 333806 2553378 8 

SWNP08 Nam 
Pangyun 

Immediately upstream of confluence with 
Myitnge River 

334217 2552859 8 

SWWV01 Wallah 
Valley 

Wallah valley creek upstream of Tiger Camp 327572 2557004 8 

SWTC01 Tiger Camp Wallah valley creek downstream of Tiger Camp 328023 2555974 7 

SWTS01 Nam 
Pangyun 
tributary 

Tributary stream draining valley behind Namtu 
smelter stack to Nam Pangyun, 0.2 km 
downstream of SWNP07. 

334006 2553338 8 

Nam La 

SWNL01 Nam La Nam La upstream of the Nam La Flume 334346 2557683 8 

SWNL02 Nam La Nam La upstream of Namtu town, downstream 
of the Nam La Flume 

335483 2556485 8 

SWNL03 Nam La Nam La downstream of Namtu town at the 
confluence with Myitnge River 

336009 2554539 9 

SWNF01 Nam La 
Flume 

Nam La Flume approximately 0.6 km upstream 
of flume offtake structure 

335341 2554963 8 
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Location 
ID 

Location Description Easting Northing Monitoring 
Events 

Myitnge River 

SWNR01 Myitnge 
River 

0.25 – 0.5 km upstream of the 32 Mile tailings 
dump and 32 Mile pre-war concentrator plant 

337611 2554320 8 

SWNR02 Myitnge 
River 

1 km upstream of the centre of Namtu, 
downstream of the 32 Mile tailings dump 

337233 2554572 8 

SWNR03 Myitnge 
River 

Namtu, downstream of industrial area, 0.3 km 
upstream of confluence with Nam La 

336300 2554624 8 

SWNR03A Myitnge 
River 

0.3 km downstream of former Namtu smelter, 2 
km downstream of Namtu 

334875 2553531 7 

SWNR04 Myitnge 
River 

0.1 km upstream of confluence with Nam 
Pangyun 

334428 2552733 8 

SWNR05 Myitnge 
River 

0.2 km downstream of confluence with Nam 
Pangyun 

334218 2552512 8 

 
Sediment samples were taken from seven sites in the study area in November 2017 for analysis to characterise 
stream sediments. The sites were located primarily in the Nam Pangyun downstream of the existing Bawdwin 
open pit, in ER Valley and downstream of historical processing infrastructure at Namtu. Table 5.26 summarises 
the sediment quality sampling sites from the November 2017 sediment sampling. 

Table 5.26 Sediment sampling locations 

Sediment 
Sample ID 

Location Description Easting Northing 

Nam Pangyun – Upper catchment 

S2 Nam Pangyun Upstream of concentrator. Located near the Nam 
Pangyun Reservoir embankment. Close to water 
sample site SWNP01. 

0324399 2558864 

S3 Nam Pangyun Upstream of mine and villages at road crossing near 
the headwaters of the Nam Pangyun. Close to water 
sample site SWSP04. 

0323612 2558609 

Nam Pangyun – Mid catchment 

S1 Nam Pangyun Downstream of concentrator, adjacent to mine pit. 0325443 2556515 

S4 Nam Pangyun  ER Valley upstream of railway crossing 0326738 2555558 

Nam Pangyun – Lower catchment 

S5 Nam Pangyun Downstream of Tiger Camp, approximately 0.3 km 
downstream of Tiger Tunnel discharge point. 

0328036 2555840 

S6 Nam Pangyun Small creek draining from the historic smelter stack 
to the Nam Pangyun. Close to water sample site 
SWTS01 

0334036 2553392 

Myitnge River 

S7 Un-named creek Small creek draining from the former Namtu smelter 
to the Myitnge River. Downstream of former Namtu 
smelter and Namtu concentrator plant 

0334860 2553977 

CSA Global conducted analysis of surface water flow rates in the Nam Pangyun catchment in 2019 and 2020 
(Appendix B). The monitoring program consisted of weekly measurements of the flow rate at specific locations 
along the Nam Pangyun (Table 5.27). The float method of measuring flow rates was utilised at PS01 beginning 
in February 2019 and at SWF02 and SWF03 beginning in August 2019. The float method involves multiplying 
the cross-section area of water by the velocity of the stream. The velocity is calculated by measuring the time 
taken for a small float to travel down a measured length of the stream. As of October 2019, an automatically 
integrating hand-held flow meter (a Valeport model BFM002) was used to measure flow rates in addition to the 
float method at these locations to enable comparison between the two methods. Water levels were also recorded 
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by a Solinst 3250 LevelVent M5 automatic vented level logger at SWF09, installed in February 2020 to establish 
trends in water levels. 

Table 5.27 Flow rate measurement locations 

Location ID Location Parameter measured 

PS01 Adjacent to mine pit Flow rate 

SWF02 Upper catchment, downstream of TSF Flow rate 

SWF03 Downstream of mine pit Flow rate 

SWF09 Downstream of current BJV operational areas at the 
Spiral Bridge on the Tiger Camp-Namtu railway line 

Level logger 

 

Water and sediment quality standards and guidelines 

To characterise existing surface water conditions, water quality results were compared to the proposed Myanmar 
drinking water standards and international guidelines for aquatic ecosystem protection. The National drinking 
water quality standard was developed by technical Committee for Food Stuff – Standardization Technical Sub-
committees and it was approved according to the (1/ 2018) by the National Standardization Council meeting held 
on 27th November 2018. , these standards provide criteria for microbiological quality, physical water quality, 
chemical water quality (including total metal concentrations) with aesthetic and health limits, and pesticides. 

While not all streams are used for drinking water (e.g., the Nam Pangyun), water quality at all sites was compared 
to the drinking water standards to provide context on their suitability for such use and their existing level of 
contamination. 

As Myanmar does not have water quality standards for aquatic ecosystem protection, water and stream sediment 
quality results are discussed with reference to Australian and New Zealand water and sediment quality guidelines 
(ANZG, 2018). The ANZG are discussed further with respect to groundwater quality assessment criteria in Section 
5.2.1. 

The ANZG (2018) sediment quality guidelines provide: 

 Default guideline values (DGVs), which indicate the concentrations below which there is a low risk of 
biological effects occurring. 

 Upper guideline values (GV-high), which provide an indication of concentrations at which toxicity 
related effects would be expected. 

At concentrations between the DGV and GV-high, toxicity related effects may be expected, and the guidelines 
recommend further investigations should be undertaken to assess the risks of biological effects occurring. 
Comparison to these guidelines allows for understanding whether contaminants in sediments are elevated with 
respect to typical healthy aquatic ecosystems. 
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5.3.3 Surface water features 
This section characterises the key surface water features in the study area based on their physical and chemical 
properties as determined during sampling. Several sampling sites are referred to in this section, from which 
hydrology, water quality and sediment quality information was collected at representative locations in the streams. 

Nam Pangyun 

The Nam Pangyun is the primary watercourse that drains the Bawdwin concession area, flowing in a southeasterly 
direction through the mine area to the confluence with Myitnge River. The Nam Pangyun is fed by two main 
perennial springs, initiating north of the Bawdwin open pit. These springs sustain flows during dry months. The 
elevation of the Nam Pangyun ranges from 1,400 m AMSL in the upper reaches of the catchment north of 
Bawdwin, to 560 m AMSL at the confluence with the Myitnge River downstream of Namtu. 

Several first and second order streams drain the surrounding catchment and contribute flow to the Nam Pangyun. 
The Nam Pangyun Reservoir has been created at the headwaters of a tributary of the Nam Pangyun, north of the 

mine (  

Plate 5.7). The reservoir and a pipeline to Bawdwin were established to provide water for historic mine activities. 
As the reservoir is positioned close to the catchment boundary with the Nam La and hence has a small catchment 
area, primarily receiving runoff during the wet season, water from the Nam La was historically pumped to the 
reservoir to maintain supply to the mining operation during the dry season. Seepage occurs from the reservoir, 
draining to the Nam Pangyun. This was observed at an approximate rate of 5 to 10 L/s during an inspection by 
KP in August 2018 (Knight Piésold, 2020). 

Upper Catchment 

Hydrology 

The upper catchment of the Nam Pangyun stretches from the headwater springs to just upstream of the Bawdwin 
open pit. The headwaters are characterised by a clear, slow flowing stream fed by springs. The stream at site 
SWSP04 (Plate 5.8) had a flow rate of about 100 L/s when estimated in November 2018. SWNP01 is located 
within the Nam Pangyun reservoir. The upper catchment serves as one of the primary potable water supplies for 
the Bawdwin village with a water offtake point on the Nam Pangyun approximately halfway between SWNP01 
and SWNP02, and a settling pond (SWPO01). The streambed in the upper Nam Pangyun is comprised primarily 
of boulders, cobbles and pebbles scattered with gravels and sands, resulting in cascading and turbulent flows. Two 
kilometres downstream at monitoring site SWNP02 (see Figure 5.22; Plate 5.9), the stream is incised in steep, 
rocky cliffs and has a variable depth, alternating between shallow flows and pool sections. 

Water quality 

Physico-chemical parameters and ions 

Water quality monitoring between November 2018 and November 2019 showed that average turbidity in the upper 
catchment ranged between approximately 3.9 NTU at SWSP04 to approximately 55.2 NTU at SWNP02. Turbidity 
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measurements at SWNP01 and SWNP02 exceeded the NDWQ aesthetic standards of 5 NTU at all monitoring 
events. Average concentrations of total suspended solids (TSS) increased from 2 mg/L at SWSP04 to 123 mg/L 
at SWNP02. TSS ranged from 3 to 12 mg/L at SWNP01 and from 3 to 620 mg/L at SWNP02. While variable, 
TSS results indicate that surface water in the upper Nam Pangyun catchment has low suspended solids, which 
reflects the limited urban development in the area and a general absence of historical mining activities in the upper 
catchment. The ranges of turbidity and TSS increased notably between sites SWSP04 and SWNP01 and the site 
closer to the open pit, SWNP02. This indicates that sediment runoff into the catchment increases from the 
headwaters to just upstream of the open pit and is likely associated with increased adjacent land disturbance, urban 
development, and increased traffic along the unsealed road that follows the path of the stream. Overall TSS and 
turbidity records were variable across the sampling period with no clear correlation with rainfall. The high 
intensity rainfall events experienced in the region and the steep topography, means that the catchment responds 
rapidly to rainfall, this is expected to result in a short time lag between rainfall and elevated TSS and turbidity due 
to sediment runoff. 

The average pH measurements across the monitoring period at sites SWSP04 (pH 7.2), SWNP01 (pH 7.6) and 
SWNP02 (pH 6.5) were within the NDWQ aesthetic standard range of pH 6.5 to 8.5. The pH was outside the 
drinking water aesthetic standard range at SWSP04 in May (pH 5.9) and September 2019 (pH 6.1) and SWNP02 
in January (pH 5.2), May (pH 5.8) and September 2019 (pH 6.5). There was a notable decrease in pH range 
between site SWNP01 (pH 6.5 to 8.4) and further downstream closer to the open pit at site SWNP02 (pH 5.2 to 
7.2). Each month during the monitoring period, individual pH measurements were lower at SWNP02 than 
SWNP01 to a varying degree, with differences ranging from 0.05 to 2.7. This may indicate that impacts associated 
with historical mining activities (such as old Chinese workings and British exploration adits) or exposures of 
sulphide mineralogy could be generating acidic runoff that is influencing Nam Pangyun water pH some 700 m 
upstream of the open pit. Based on the data collected, there does not appear to be any strong correlation between 
the acidity and rainfall. 

During the monitoring period, water hardness was below 18.5 mg/L in the upper catchment, below the 500 mg/L 
NDWQ standard. Electrical conductivity was typically low, with the maximum value of 85 µS/cm measured at 
site SWNP02. This is considerably lower than the NDWQ standard of 1,500 µS/cm. Average total dissolved solids 
(TDS) concentration ranged from 25 mg/L at SWNP01 to 148 mg/L at SWSP04, and the ranges increased between 
site SWNP01 (8 to 56 mg/L) and SWNP02 (40 to 72 mg/L). Total dissolved solids were below the 1,000 mg/L in 
the NDWQ standards, except for site SWSP04, which recorded a maximum TDS of 1,010 mg/L in March 2019. 
The increase in electrical conductivity and TDS between SWNP01 and SWNP02 correlates with an increase in 
ions and dissolved metals concentrations moving downstream, likely associated with historic mining at the open 
pit and mining waste rock and slag disposal in the area (see below). 

Results for physico-chemical parameters are presented in Table 5.28. Values in bold indicate exceedance of the 
NDWQ standard. 

Table 5.28 Physico-chemical parameters in the upper Nam Pangyun catchment 

Parameter NDWQ 
standard 

SWSP04 
Range (mean) 

SWNP01 
Range (mean) 

SWNP02 
Range (mean) 

Turbidity (NTU) 5 1.2 – 8.1 (3.9) 7.0 – 24 (11.0) 7.9 – 159.0 (55.2) 

pH  6.5 – 8.5 5.9 – 8.0 (7.2) 6.5 – 8.4 (7.6) 5.2 – 7.2 (6.5) 

Total suspended solids (mg/L) - <1 – 4 (2*) 3 – 12 (8) 3 – 620 (123) 

Hardness (mg/L) 500 1.0 – 2.2 (1.5) 2.9 – 4.3 (3.8) 7.6 – 18.5 (13.5) 

Total dissolved solids (mg/L) 1,000 6 – 1,010 (148) 8 – 56 (25) 40 – 72 (54) 

Electrical conductivity (µS/cm) 1,500 4 – 13 (7) 7 – 21 (11) 3 – 85 (59) 

Values in bold indicate exceedance of the NDWQ standard. 

*average has been calculated assuming <1 is a result of 0. 

The ionic composition of surface water samples indicates that sodium and sulfate were the dominant ions in the 
upper catchment, reflecting the underlying mineralogy. Sodium concentrations range between less than 0.5L and 
13.1 mg/L at SWNP01 and between 2.4 and 12.3 mg/L at SWNP02. Sulfate ranges from less than 2 to 33 mg/L 
at SWNP01, and from 6 to 38 mg/L at SWNP02. This composition is consistent with that of SWSP04, where 
sodium concentration ranges beween less than 0.5 and 17.2 mg/L and sulfate ranges between less than 2 and 442 
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mg/L. The upper catchment water composition is distinct from waters of the Nam La and Myitnge River 
catchments which have lower sulfate and higher bicarbonate concentrations (see Sections 5.2.2 and 5.2.3 for 
discussion of water quality for Nam La and Myitnge River, respectively). 
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Plate 5.7 Nam Pangyun Reservoir at site SWNP01 

 

Plate 5.8 Headwaters of the upper Nam Pangyun at site SWSP04 

 

Plate 5.9 Upper Nam Pangyun at site SWNP02 
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Nutrients and organics 

Nitrate and nitrite concentrations were detected at levels below NDWQ health standards of 50 mg/L and 3 mg/L 
respectively. Nitrate ranged between less than 0.01 and 0.22 mg/L at SWSP04, less than 0.01  and 0.14 mg/L at 
SWNP01, and 0.20 and 0.44 mg/L at SWNP02. Nitrite ranged between less than 0.001 and 0.002 mg/L at 
SWSP04, less than 0.001 and 0.003 mg/L at SWNP01, and less than 0.001 and 0.012 mg/L at SWNP02.  

No ammonia was detected during the monitoring period at any of the sites in the upper catchment, with the 
exception of 0.5 mg/L reported at SWNP02 in August 2019. This is lower than the 1.5 mg/L drinking water 
aesthetic standard. 

Concentrations of organic contaminants (total petroleum hydrocarbons (TPHs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), monocyclic aromatic hydrocarbons (MAHs)), fungicides, 
herbicides and pesticides were below the limit of reporting at all sampling locations in the first round of monitoring 
in November 2018 and analysis for these contaminants were not continued in following rounds. 

Metals and metalloids 

The Bawdwin area has naturally high metal concentrations associated with regional minerology and also elevated 
concentrations of metals due to centuries of mining, ore processing and disposal of mine waste material. Given 
the potential for metals concentrations in the environment to be at levels of concern and for their potential to 
bioaccumulate, this section establishes the existing concentration ranges and averages of key potential metal 
toxicants. 

As discussed in Section 5.2.3, Myanmar National Drinking Water Quality Standards and Australian and New 
Zealand water and sediment quality guidelines (ANZG, 2018) have been adopted. Comparison to these guidelines 
allows for understanding whether metals are elevated with respect to typical healthy aquatic ecosystems. The 
following discussion is focussed on parameters where there are exceedances to these guidelines. 

At SWSP04, a spring feeding a tributary of the Nam Pangyun, total (unfiltered) concentrations of lead were 
consistently at least three times greater than the NDWQ health standard of 0.01 mg/L, ranging between 0.03 mg/L 
and 0.15 mg/L. Comparison between total and dissolved lead concentrations suggests that the source of lead is 
unlikely to be related to suspended particulate matter (such as from recent dust disposition), and may either reflect 
the natural quality of discharging spring water or may indicate the presence of unknown historical mining waste 
in the tributary catchment. At SWNP01, in the Nam Pangyun immediately downstream of the Nam Pangyun 
Reservoir, the total concentration of lead ranged between less than 0.006 mg/L and 0.028 mg/L. These 
concentrations were the lowest reported in the Nam Pang yun catchment and reflect the reduced impact of 
historical mining activities in the upper catchment, as well as the likely effects of periodically transferring water 
from the unimpacted Nam La to the reservoir. However, both the maximum lead concentration and the average 
concentration of 0.012 mg/L exceed the NDWQ health standards. 

Maximum recorded total concentrations of manganese exceeded the drinking water health standard of 0.4 mg/L 
at SWNP01 (0.514 mg/L) and SWNP02 (1.050 mg/L). At SWNP02, the average concentration of manganese 
(0.448 mg/L) and all recorded concentrations of lead (ranging between 0.248 mg/L and 4.790 mg/L) exceeded 
drinking water standards for health. 

At SWNP02, average total concentrations of aluminium (1.3 mg/L) and iron (2.3 mg/L) exceed the NDWQ 
aesthetic standards of 0.2 mg/L and 1.0 mg/L respectively. Table 5.29 presents the NDWQ standards and metal 
concentrations. Concentrations in bold indicate exceedance of the standard. 

Table 5.29 Total metal concentrations (unfiltered) in upper Nam Pangyun catchment surface water, 
compared to NDWQ standards 

NDWQ 
standards 

SWSP04  

Range (mean) 

SWNP01 

Range (mean) 

SWNP02 

(Range (mean) 

NDWQ Health Standards 

Antimony (mg/L) 0.02 <0.0050 - 0.0028 
(0.0018) 

<0.005 0.0023 - 0.0353 
(0.0133) 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 5 E Guard Environmental Services |  5-82 

 

 
NDWQ 
standards 

SWSP04  

Range (mean) 

SWNP01 

Range (mean) 

SWNP02 

(Range (mean) 

Arsenic (mg/L) 0.05 <0.0005 - 0.0017 
(0.0004) 

0.0011 - 0.0031 
(0.0020) 

<0.041 - 0.0498 
(0.0154) 

Barium (mg/L) 0.7 <0.02 - 0.02 (0.013) <0.01 - 0.02 (0.01) 0.09 - 0.27 (0.16) 

Cadmium (mg/L) 0.003 <0.0001 - 0.0010 
(0.0004) 

<0.0001 - 0.0005 
(0.0001) 

0.0017 - 0.0035 
(0.0024) 

Chromium (III+VI) 
(mg/L) 

0.05 <0.001  <0.002 <0.001 - 0.009 (0.001) 

Copper (mg/L) 2 <0.001 - 0.005 
(0.0031) 

0.002 - 0.020 (0.006) 0.248 - 0.979 (0.606) 

Lead (mg/L) 0.01 0.030 - 0.150 (0.072) <0.006 - 0.028 (0.012) 0.248 - 4.790 (1.800) 

Manganese (mg/L) 0.4 0.005 - 0.040 (0.017) <0.095 - 0.514 (0.201) 0.097 - 1.050 (0.450) 

Mercury (mg/L) 0.001 <0.0001 <0.00005 - 0.00008 
(0.00001) 

<0.00005 - 0.00028 
(0.00005) 

Nickel (mg/L) 0.07 <0.001 - 0.002 
(0.001) 

<0.001 0.017 - 0.049 (0.033) 

NDWQ Aesthetic Standards 

Aluminium (mg/L) 0.2 <0.02 - 0.10 (0.04) <0.02 - 0.19 (0.06) <2.58 - 7.30 (1.30) 

Calcium (mg/L) 200 <0.5 - 0.7 (0.3) 0.6 – 1 (0.9) 2.2 - 5.4 (3.8) 

Iron (mg/L) 1 <0.02 - 0.227 (0.056) 0.294 - 2.310 (0.794) 0.286 - 9.270 (2.339) 

Magnesium (mg/L) 150 <0.5 - 0.13 (0.09) <0.5 - 0.40 (0.32) 0.48 - 1.20 (0.80) 

Sodium (mg/L) 200 <0.5 - 17.2 (4.6) <0.5 - 13.1 (4.7) 2.4 - 12.3 (6.3) 

Zinc (mg/L) 3 0.11 - 0.27 (0.16) <0.005 - 0.03 (0.02) 0.34 - 0.91 (0.56) 

Values in bold indicate exceedance of the NDWQ standard. Measurements below detection limits were assumed to be zero 
for the purpose of calculating average concentrations 

 

Throughout the monitoring period, average dissolved concentrations of cadmium, lead and zinc at SWSP04 
exceeded ANZ guidelines. Samples from the Nam Pangyun reservoir (SWNP01) did not have any average 
dissolved concentrations exceeding ANZ guidelines, although the maximum concentrations of copper 
(0.002 mg/L) and zinc (0.015 mg/L) exceeded their respective ANZ guideline values of 0.0014 mg/L and 
0.008 mg/L. No cadmium, cobalt, or nickel were detected, and lead was only detected in June 2019, at 0.003 mg/L, 
close to the DGV of 0.003 mg/L. Downstream at site SWNP02, all measurement events recorded concentrations 
of cadmium, cobalt, copper, lead, nickel, and zinc that exceeded ANZ guidelines. Cadmium concentrations ranged 
between 0.0014 mg/L and 0.0031 mg/L, which is above the ANZ guideline of 0.0002 mg/L. 

Between sites SWNP01 and SWNP02, concentrations of dissolved metals generally increased, for example, 
dissolved lead concentrations at SWNP01 ranged from less than 0.001 to 0.003 mg/L, and SWNP02 from 0.053 
to 0.402 mg/L. The measurements at SWNP02 are significantly greater than the ANZ guideline value of 
0.0034 mg/L. Table 5.30 presents the ANZ DGVs and metal concentrations. Concentrations in bold indicate 
exceedance of the standard.  

The increase in total and dissolved metal concentrations in waters between SWNP01 and SWNP02 could be due 
to the influence of historic mine workings and associated mobilisation of metals. 

Table 5.30 Dissolved metal concentrations in upper Nam Pangyun catchment surface water, 
compared to ANZ DGVs 

ANZ DGV SWSP04  

Range (mean) 

SWNP01 

Range (mean) 

SWNP02 

Range (mean) 

Aluminium (mg/L) 0.055* <0.01 - 0.08  
(0.011) 

<0.05 <0.01 - 0.04  
(0.013) 

Antimony (mg/L) 0.009 <0.005 - 0.0027  
(0.0015) 

<0.005 0.0020 - 0.0052  
(0.0040) 
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ANZ DGV SWSP04  

Range (mean) 

SWNP01 

Range (mean) 

SWNP02 

Range (mean) 

Arsenic (mg/L) 0.013**  <0.0005 - 0.0014 (0.0002) <0.0005 - 0.0015 (0.0007) <0.0005 - 0.0047 (0.0012) 

Cadmium (mg/L) 0.0002 <0.0001 - 0.0003 (0.0002) <0.0002 0.0014 - 0.0031  
(0.0021) 

Cobalt (mg/L) 0.0014 <0.001 <0.001 0.022 - 0.048  
(0.036) 

Copper (mg/L) 0.0014 <0.001 - 0.003  
(0.0013) 

<0.001 - 0.002  
(0.0013) 

0.141 - 0.407  
(0.2282) 

Lead (mg/L) 0.0034 0.020 - 0.086  
(0.042) 

<0.001 - 0.003  
(0.0004) 

0.053 - 0.402  
(0.1825) 

Manganese (mg/L) 1.9 0.003 - 0.021  
(0.008) 

<0.001 - 0.134  
(0.022) 

0.086 - 0.934  
(0.315) 

Nickel (mg/L) 0.011 <0.001 - 0.002  
(<0.001) 

<0.001  0.019 - 0.037  
(0.028) 

Zinc (mg/L) 0.008 0.108 - 0.160  
(0.124) 

<0.005 - 0.015  
(0.007) 

0.270 - 0.547  
(0.408) 

<LOD = below the limit of detection 

Values in bold indicate exceedance of the ANZ DGV standard. Measurements below detection limits were assumed to be zero for the 
purpose of calculating average concentrations 

*Guideline is 0.055 mg/L where pH is >6.5, 0.0008 where pH is <6.5. However, as the sites had average pHs of >6.5 over the monitoring 
period, the 0.055 mg/L guideline value was adopted. 

** Guideline is 0.013 mg/L for As(V) and 0.024 mg/L for As(III). In the absence of knowledge of arsenic speciation in the waters, the more 
conservative guideline value for As(V) has been adopted. 

Sediment quality 

Stream sediment sample sites S2 and S3 are located upstream of the Bawdwin open pit in the headwaters of the 
Nam Pangyun (see Figure 5.22). Site S2 comprised fine to coarse dark brown sand with minor silt; while site S3 
comprised fine dark brown silty sand. The stream sediment samples from the upper catchment had lower 
concentrations of metals than samples from the mid and lower catchments. Site S3 is the only site to not have any 
total recoverable hydrocarbons (TRH) reported. Concentrations of lead at S3 and concentrations of lead, silver 
and zinc at S2 were above the ANZ sediment quality GV-high (Table 5.31). This indicates that metal 
concentrations are elevated in these sediments and are likely to have associated toxicity to benthic biota. 
Antimony, arsenic, copper, mercury and nickel exceeded the DGV at site S2 and antimony exceeded the DGV at 
site S3, indicating these metals may have some toxic effects to benthic biota. 
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Table 5.31 Toxicant concentrations of stream sediment in the upper Nam Pangyun catchment  

Metal ANZ DGV ANZ 

GV-High 

Site S2 Site S3 

Antimony (mg/kg) 2.0 25 19.4 4.3 

Arsenic (mg/kg) 20 70 58 9 

Cadmium (mg/kg) 1.5 10 0.43 0.28 

Chromium (mg/kg) 80 370 23 15 

Copper (mg/kg) 65 270 107 45 

Lead (mg/kg) 50 220 3,770 827 

Mercury (mg/kg) 0.15 1.5 0.28 0.04 

Nickel (mg/kg) 21 52 23 6 

Silver (mg/kg) 1.0 4.0 6.16 0.63 

Zinc (mg/kg) 200 410 1,380 185 

PAHs (mg/kg) 10 50 <0.01 <0.01 

Total hydrocarbons* (mg/kg) 280 550 <10 20 

Bold indicates concentration exceeding DGV. Shading indicates concentration exceeding GV-high. 

* Results are for total recoverable hydrocarbons and the ANZ guideline is for total petroleum hydrocarbons, however the comparison is 
made for indicative purposes 

Mid catchment 

Hydrology 

The mid catchment of the Nam Pangyun stretches from the Bawdwin open pit to just upstream of where the 
discharge from the Tiger Tunnel enters the stream (see Figure 5.22). Within this section of the catchment the Nam 
Pangyun flows through the highly disturbed and developed lower Bawdwin villages where the stream banks are, 
in places, bound by engineered embankments, waste rock fill, and other highly altered landforms. The Nam 
Pangyun is was observed as the central waste disposal site for residents of the Bawdwin village and included 
communal drop toilets positioned over the stream, and commonly observed disposal of buckets of domestic waste, 
soil and inert waste tipped into the stream. Extensive domestic waste and rubbish was observed throughout the 

mid-catchment, including at site SWNP03 (  

Plate 5.10). 

The streambed is characteristic of a highly disturbed system, as well as a high-energy system, with a variable mix 
of substrate, from boulders to silt. The random sorting of substrate is reflective of the long running disposal of 
waste rock material and erosion in the catchment. The catchment morphology changes south of the football field 
(SWNP03a) and is generally characterised by a steep-walled ‘slot canyon’. Site SWNP04, three kilometres 
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downstream of the Bawdwin open pit is in a highly meandering section of the stream in a narrow, steep valley (

 

Plate 5.11). The stream had a flow rate of about 400 L/s at site SWNP04 and 700 L/s at site SWNP06 when 
estimated in November 2018. Flow velocity is expected to be much higher during wet months and during high 
rainfall events, when large rock boulders falling from the cliff face are commonly reported to be transported 
downstream. SWER01 and SWER02 are located in ER valley, a tributary valley that has historically received 
waste rock from previous open cut mining activities. ER valley stream joins the Nam Pangyun in the mid 
catchment. The ER valley stream had a flow rate about 7 L/s at SWER02 when estimated in November 2018 and 
is also expected to experience much higher flows during rainfall events, evidenced by the former railway bridge 
that spanned the lower ER valley which was washed out. 

Estimates by CSA Global of flow rate calculated using the float method ranged from 30L/s to 280 L/s at PS01 
located on the Nam Pangyun, adjacent to the mine pit (Appendix B). There was a high correlation between the 
float method and automatic stream gauge. High flow rates generally occur as a response to heavy rainfall events 
(

 

Figure 5.23). High flow rates following periods of rainfall are to be expected given the steepness of terrain and 
the limited vegetation the Nam Pangyun catchment resulting in limited infiltration. 
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Water quality 

Physico-chemical parameters and ions 

Average turbidity ranged from 14.2 NTU at site SWNP02A, to 20.9 NTU at SWNP03A, increasing downstream 
to 187.9 NTU at SWNP05. Average turbidity values at all sites in the mid catchment (SWNP02A – SWNP05) 
exceed NDWQ aesthetic standard of 5 NTU, however there were notable fluctuations in turbidity at each site. 
Table 5.32 indicates turbidity ranged between 6.0 NTU and 24.3 NTU at site SWNP02A and between 1.2 NTU 
and 266.0 NTU at SWNP04. 

Average concentrations of total suspended solids increased downstream, ranging from 11 mg/L at SWNP02A to 
261 mg/L at SWNP05. The ranges of TSS concentrations increases further downstream. At SWNP02A TSS 
ranged from 2 to 36 mg/L, whereas downstream at SWNP05 TSS ranged between 2 and 1,740 mg/L. The 
exception to the increasing trend in TSS is site SWNP03, which recorded concentrations ranging between 8 and 
360 mg/L, averaging 86 mg/L. Between the upper catchment at site SWNP02 (upstream of mine pit) and the mid 
catchment at site SWNP02A (downstream of mine pit), average TSS concentrations decreased from 123 to 11 
mg/L, possibly indicating dilution or sediment settling. 

All sites in the Nam Pangyun mid catchment recorded an average pH between 6.5 and 7.3, within the NDWQ 
aesthetic standard range of 6.5 to 8.5, with the exception of SWNP03, which averaged a pH of 6.4. Several sites 
recorded pH levels below the NDWQ aesthetic standard, SWNP03 had below standard readings in January 
(pH 5.5), April (pH 6.2), May (pH 6.1) and September (pH 6.1); SWNP04 had a below standard reading in May 
(pH 6.3); and SWNP02A (pH 6.3 to 6.4), SWNP02B (pH 6.1 to 6.2) and SWNP03A (pH 5.9 to 6.3) had below 
standard readings in April, May and September. Overall, the pH remained fairly constant through the mid 
catchment and was slightly more acidic than the pH of the upper catchment (average pH ranging between 6.6 and 
7.6). 

Water hardness was below the NDWQ standard of 500 mg/L at all monitoring events in the mid catchment. 
Average hardness ranged from 13.2 mg/L at SWNP02A to 18.1 mg/L at SWNP04, with a slight increasing trend 
downstream. Electrical conductivity was below the NDWQ standard of 1,500 µS/cm at all monitoring events. 
This followed a similar increasing trend, with average EC of 60 µS/cm at SWNP02A increasing to 99 µS/cm at 
SWNP04. Both average hardness and EC lowered slightly between SWNP04 and SWNP05. The highest recorded 
measurements of hardness (27.4 mg/L) and EC (216 µS/cm) in the mid catchment were recorded at SWNP04. 
Total dissolved solids (TDS) were below 110 mg/L, below the 1,000 mg/L NDWQ standard. Average TDS ranged 
between 59 mg/L at SWNP01 and 67 mg/L at SWNP03 and SWNP05. 

In ER Valley, turbidity ranged between 0 NTU to over 1,100 NTU at SWER01 and between 0 NTU and 151 NTU 
at SWER02. Average turbidity at SWER01 and SWER02 (163.3 NTU and 32.3 NTU, respectively) were above 
the 5 NTU NDWQ standard. Total suspended solids ranged between less than 1 and 4,410 mg/L at SWER01 and 
less than 1 and 102 mg/L at SWER02. Both turbidity and TSS at SWER01 were greater at SWER01 than the 
majority of sites in the section of Nam Pangyun in the mid catchment. This is expected to be due to the influence 
of the waste rock that has been historically dumped in ER Valley. The pH of samples from SWER02 were more 
acidic than those in the rest of the mid catchment, with the lowest measurement of 4.9 and average of 6.2 both 
below the NDWQ limit. This is also consistent with extensive waste rock disposal to the head of the ER valley. 
Hardness, EC and TDS were all below the NDWQ standards at both sites in ER Valley. 

Results for physico-chemical parameters are displayed in Table 5.32. 
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Table 5.32 Physico-chemical parameters in the mid Nam Pangyun catchment 
 

NDWQ 
standard 

SWNP02
A 

Range 
(mean) 

SWNP02
B 

Range 
(mean) 

SWNP03 

Range 
(mean) 

SWNP03
A 

Range 
(mean) 

SWNP04 

Range 
(mean) 

SWNP05 

Range 
(mean) 

SWER01 

Range 
(mean) 

SWER02 

Range 
(mean) 

Turbidity 
(NTU) 

5 6.0 – 24.3 
(14.2) 

7.9 – 30.1 
(13.4) 

7.4 – 29.3 
(14.4) 

1.7 – 69.8 
(20.9) 

1.2 – 
266.0 
(65.8) 

3.1 – 
>1,100 
(187.9**) 

0 – 
>1,100 
(163.3**) 

0 – 151.0 
(32.3) 

pH  6.5 – 8.5 6.3 – 7.7 
(6.9) 

6.1 – 7.5 
(6.8) 

5.5 – 7.1 
(6.4) 

5.9 – 7.7 
(6.7) 

6.3 – 7.9 
(7.3) 

6.7 – 7.5 
(7.2) 

6.3 – 7.6 
(6.9) 

4.9 – 7.2 
(6.2) 

TSS 
(mg/L) 

 2 – 36 
(11) 

7 – 70 
(27) 

8 – 360 
(86) 

2 – 93 
(33) 

5 - 230 
(43) 

2 – 1,740 
(261) 

<1 – 
4,410 
(560*) 

<1 – 102 
(22*) 

Hardness 
(mg/L) 

500 10.6 – 
16.2 
(13.2) 

11.6 – 
17.2 
(14.4) 

9.7 – 18.2 
(13.8) 

12.9 – 
19.9 
(16.4) 

12.6 – 
27.4 
(18.1) 

12.5 – 
20.9 
(17.5) 

4.1 – 7.3 
(6.0) 

5.3 – 14.5 
(9.3) 

TDS 
(mg/L) 

1,000 42 – 110 
(59) 

34 – 88 
(65) 

40 – 106 
(60) 

50 – 100 
(67) 

48 – 92 
(66) 

48 – 94 
(67) 

18 – 86 
(44) 

30 – 75 
(48) 

EC 
(µS/cm) 

1,500 46 – 76 
(60) 

46 – 88 
(69) 

45 – 90 
(71) 

61 – 97 
(79) 

50 – 216 
(99) 

50 – 158 
(86) 

28 – 49 
(40) 

37 – 103 
(68) 

Values in bold indicate exceedance of the NDWQ standard. 

*average has been calculated assuming <1 is a result of 0. 

** average has been calculated assuming >1,100 is a result of 1,100. 

The ionic composition of surface water samples in the mid catchment is consistent with the upper catchment, 
dominant in sodium and sulfate ions. Average sulfate concentration ranges between 20 mg/L at SWNP02A and 
28 mg/L at SWNP05. Average sodium concentrations in the section of the Nam Pangyun in the mid catchment 
range between 6.6 and 8.2 mg/L. The concentrations of ions were consistent between the ER Valley and the mid 
Nam Pangyun catchment, with the exception of average sodium concentrations at SWER02 (1.5 mg/L). 

Nutrients and organics 

Nitrogen species (nitrate, nitrite and ammonia) and sulfate were detected at concentrations below their respective 
NDWQ standards of 50 mg/L, 3 mg/L, 1.5 mg/L and 250 mg/L. The highest concentrations of nitrates in the Nam 
Pangyun catchment were recorded in the mid catchment, downstream of Bawdwin at SWNP03 (0.5 mg/L), 
SWNP03A (0.5 mg/L) and SWNP05 (0.7 mg/L). This is likely result of untreated sewage from nearby villages in 
the catchment entering the watercourse. 

Concentrations of organic contaminants (total petroleum hydrocarbons (TPHs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), monocyclic aromatic hydrocarbons (MAHs)), fungicides, 
herbicides and pesticides were below the limit of reporting at all sampling locations in the first round of monitoring 
in November 2018 and were not continued in following rounds. 
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Metals and metalloids 

All recorded measurements of total cadmium and lead concentrations between sites SWNP02A and SWNP05 (

 

Plate 5.12) exceeded the NDWQ health standards of 0.003 mg/L and 0.01 mg/L respectively. The lowest recorded 
total concentration of lead in the mid catchment was 0.487 mg/L at SWNP02B, an order of magnitude greater 
than the standard, whereas the greatest value was 10.500 mg/L at SWNP05, three orders of magnitude greater 
than the standard. Other metals with average total concentrations exceeding NDWQ health standards were arsenic 
(0.0718 mg/L at SWNP05) and manganese (0.405 mg/L at SWNP02B, 0.412 mg/L at SWNP03, 0.420 mg/L at 
SWNP03A, 0.442 mg/L at SWNP04 and 0.464 mg/L at SWNP05). Average total concentrations of aluminium 
and iron exceeded their respective NDWQ aesthetic standards of 0.2 mg/L and 1 mg/L at all sites between 
SWNP02B and SWNP05. 
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Figure 5.23 Bawdwin rainfall and Nam Pangyun flow rate 
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Plate 5.10 SWNP03 in the mid Nam Pangyun with the spoil dump visible in the left of image and 
rubbish visible in the river 

 

Plate 5.11 Site SWNP04 in the mid Nam Pangyun. Note the poorly sorted matrix of material 
deposited on the right-hand side of the image 

 

Plate 5.12 Lower Nam Pangyun catchment at site SWNP05 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 5 E Guard Environmental Services |  5-91 

 

Maximum total concentrations of antimony slightly exceeded NDWQ standards of 0.02 mg/L at SWNP03 
(0.0237 mg/L), SWNP04 (0.0201 mg/L) and SWNP05 (0.0334 mg/L). Average total concentrations of antimony 
at these sites were well below the NDWQ standards, at 0.0091 mg/L, 0.0080 mg/L and 0.0090 mg/L respectively. 

The total concentration of barium exceeded the NDWQ standard of 0.7 mg/L on one occasion in the mid 
catchment, with a measurement of 1.18 mg/L recorded at SWNP05 in August 2019. Similarly, the total 
concentration of nickel and zinc both exceeded their respective NDWQ standards of 0.07 mg/L and 3.0 mg/L on 
one occasion, with nickel reaching 0.10 mg/L and zinc reaching 3.63 mg/L at SWNP04 in August 2019. 

Table 5.33 presents the NDWQ standards and total metal concentrations. Concentrations in bold indicate 
exceedance of the standard. 

Average dissolved metal concentrations of aluminium, antimony, arsenic and manganese were below ANZ 
guidelines in the mid catchment. All recorded measurements of dissolved cadmium, cobalt, copper, lead, nickel 
and zinc exceeded ANZ guidelines with the exception of nickel in February 2019 at SWNP02A measured at 0.009 
mg/L. Average concentrations of dissolved copper were an order of magnitude greater than the ANZ guideline 
value of 0.0014 mg/L, ranging from 0.0496 to 0.0740 mg/L. 

Average dissolved cadmium concentrations were an order of magnitude greater than the ANZ guideline of 
0.0002 mg/L, increasing downstream from 0.0033 mg/L at SWNP02 to 0.0096 mg/L at SWNP05. Average 
dissolved cobalt concentrations showed a similar trend, exceeding the ANZ guideline of 0.0014 mg/L by an order 
of magnitude, increasing from 0.018 mg/L at SWNP02 to 0.038 mg/L at SWNP05. 

All recorded concentrations of dissolved lead were at least an order of magnitude greater than the ANZ standard 
of 0.0034 mg/L, with the lowest recorded value of 0.035 mg/L at SWNP02B. Average concentrations of lead were 
two orders of magnitude greater than the DGV, ranging between 0.102 mg/L and 0.597 mg/L. Similarly, all 
recorded concentrations of zinc were at least two orders of magnitude greater than the ANZ guideline value of 
0.008 mg/L, with average concentrations up to three orders of magnitude greater, ranging between 0.578 and 
1.567 mg/L. 

Table 5.45 presents the ANZ guidelines and dissolved metal concentrations. Concentrations in bold indicate 
exceedance of the DGV. 

The elevated metal concentrations in the mid catchment indicate a highly impacted section of the stream. Total 
concentrations of metals generally increased downstream within the mid catchment and between the upper and 
mid catchments. For example, total cadmium concentrations increased from 0.0043 mg/L at SWNP02A to 0.0110 
mg/L at SWNP05. In comparison, the average concentration of cadmium in the upper catchment ranged between 
0.0004 and 0.0024 mg/L. 

Waste rock from historical mining of the Bawdwin pit was disposed in ER Valley, causing surface water in this 
area to have elevated concentrations of metals. Average concentrations of aluminium, arsenic, cadmium, iron, and 
lead exceeded NDWQ standards at SWER01, and cadmium and lead at SWER02. All dissolved concentrations 
of cadmium, cobalt, copper, lead, and zinc exceeded ANZ standards at SWER01 and SWER02. Average 
concentrations of nickel exceeded the ANZ standards at SWER01 and SWER02. 
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Table 5.33 Total (unfiltered) metal concentrations in mid Nam Pangyun catchment surface water, compared to NDWQ standards.  

  NDWQ 
standard 

SWNP02A 

Range (mean) 

SWNP02B 

Range (mean) 

SWNP03 

Range (mean) 

SWNP03A 

Range (mean) 

SWNP04 

Range (mean) 

SWNP05 

Range (mean) 

SWER01 

Range (mean) 

SWER02 

Range (mean) 

NDWQ Health Standards 

Antimony 

(mg/L) 

0.02 0.0034 - 0.0074 
(0.0053) 

0.0032 - 0.0160 
(0.0073) 

0.0028 - 0.0237 
(0.0091) 

0.0025 - 0.0138 
(0.0083) 

0.0024 - 0.0201 
(0.0080) 

0.0022 - 0.0334 
(0.0090) 

<0.0005 - 
0.0570 (0.0080) 

<0.0005 - 
0.0151 (0.0039) 

Arsenic 

(mg/L) 

0.05 0.0055 - 0.0175 
(0.0096) 

0.0055 - 0.0520 
(0.0207) 

0.0064 - 0.0770 
(0.0257) 

0.0038 - 0.0415 
(0.0209) 

0.0029 - 0.1090 
(0.0244) 

0.0022 - 0.4450 
(0.0718) 

0.0022 - 0.9080 
(0.1180) 

<0.0005 - 
0.0641 (0.0180) 

Barium 

(mg/L) 

0.7 0.10 - 0.17 
(0.13) 

0.09 - 0.30 
(0.17) 

0.11 - 0.47 
(0.20) 

0.10 - 0.27 
(0.18) 

0.09 - 0.64 
(0.21) 

0.11 - 1.18 
(0.30) 

0.08 - 2.76 
(0.45) 

0.07 - 0.24 
(0.13) 

Cadmium 

(mg/L) 

0.003 0.0032 - 0.0059 
(0.0043) 

0.0045 - 0.0178 
(0.0074) 

0.0050 - 0.0098 
(0.0065) 

0.0058 - 0.0107 
(0.0079) 

0.0052 - 0.0224 
(0.0100) 

0.0073 - 0.0135 
(0.0106) 

0.0014 - 0.0279 
(0.0137) 

0.0029 - 0.0357 
(0.0179) 

Chromium 
(III+VI) 
(mg/L) 

0.05  <0.003  <0.001 - 0.002 
(<0.001) 

<0.001 - 0.008 
(0.001) 

 <0.001 <0.001 <0.001 <0.001 - 0.011 
(0.002) 

<0.001 - 0.002 
(<0.001) 

Copper 

(mg/L) 

2 0.060 - 0.186 
(0.132) 

0.092 - 0.184 
(0.139) 

0.073 - 0.484 
(0.228) 

0.107 - 0.172 
(0.136) 

0.074 - 0.347 
(0.149) 

0.079 - 0.570 
(0.162) 

0.047 - 1.300 
(0.255) 

0.005 - 0.295 
(0.146) 

Lead  

(mg/L) 

0.01 0.515 - 1.070 
(0.761) 

0.487 - 2.530 
(1.117) 

0.595 - 4.430 
(1.558) 

0.654 - 2.340 
(1.440) 

0.503 - 2.880 
(1.178) 

0.731 - 10.5 
(2.495) 

0.255 - 24.4 
(3.995) 

0.052 – 11.0 
(4.071) 

Manganese 

(mg/L) 

0.4 0.148 - 0.827 
(0.330) 

0.199 - 0.984 
(0.405) 

0.176 - 0.980 
(0.412) 

0.196 - 0.911 
(0.420) 

0.202 - 0.928 
(0.442) 

0.190 - 1.01 
(0.464) 

0.028 - 1.790 
(0.279) 

0.010 - 0.233 
(0.081) 

Mercury 

(mg/L) 

0.001 <0.00005 - 
0.00007 
(0.00001) 

<0.00005 - 
0.00008 
(0.00001) 

<0.00005 - 
0.00022 
(0.00006) 

<0.00005 - 
0.00009 
(0.00004) 

<0.00005 - 
0.00026 
(0.00004) 

<0.00005 - 
0.00121 
(0.00017) 

 <0.00005 <0.00005 - 
0.00060 
(0.00009) 

Nickel 

(mg/L) 

0.07 0.019 - 0.023 
(0.021) 

0.025 - 0.033 
(0.030) 

0.027 - 0.041 
(0.035) 

0.034 - 0.042 
(0.038) 

0.031 - 0.101 
(0.048) 

0.038 - 0.058 
(0.046) 

0.032 - 0.103 
(0.055) 

0.033 - 0.107 
(0.065) 

NDWQ Aesthetic Standards 

Aluminium 

(mg/L) 

0.2 <0.13 - 0.25 
(0.11) 

<0.14 - 0.64 
(0.20) 

<0.07 - 5.69 
(1.06) 

<0.05 - 0.57 
(0.21) 

<0.04 - 1.55 
(0.29) 

<0.04 - 9.32 
(1.41) 

<0.01 - 20.90 
(2.69) 

<0.01 - 0.97 
(0.17) 

Calcium 

(mg/L) 

200 3.1 - 4.5 (3.8) 3.4 - 4.9 (4.1) 2.8 – 5.0 (3.8) 3.7 - 5.4 (4.6) 3.5 - 5.5 (4.6) 3.5 - 5.7 (4.7) 1.1 - 1.9 (1.7) 1.4 - 3.3 (2.1) 

Iron 1 0.388 - 1.410 
(0.662) 

0.423 - 2.620 
(1.041) 

<0.598 - 6.590 
(1.910) 

0.298 - 2.170 
(0.980) 

0.214 - 2.630 
(0.849) 

0.162 - 10.7 
(1.908) 

0.058 - 26.1 
(3.391) 

0.022 - 1.390 
(0.290) 
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  NDWQ 
standard 

SWNP02A 

Range (mean) 

SWNP02B 

Range (mean) 

SWNP03 

Range (mean) 

SWNP03A 

Range (mean) 

SWNP04 

Range (mean) 

SWNP05 

Range (mean) 

SWER01 

Range (mean) 

SWER02 

Range (mean) 

(mg/L) 

Magnesium 

(mg/L) 

150 0.69 - 0.97 
(0.81) 

0.78 - 1.11 
(0.91) 

0.62 - 1.09 
(0.85) 

0.89 - 1.29 
(1.08) 

0.92 - 1.43 
(1.22) 

0.93 - 1.60 
(1.30) 

0.36 - 0.61 
(0.51) 

0.42 - 1.10 
(0.69) 

Sodium 

(mg/L) 

200 1.9 - 26.5 (8.2) 2.2 - 14.9 (7.9) 2.5 - 18.2 (7.4) 2.4 - 18.7 (7.6) 2.2 – 13.0 (6.6) 2.1 - 14.3 (7.2) 0.2 - 15.8 (5.7) <0.5 - 6.7 (1.5) 

Zinc 

(mg/L) 

3 0.56 - 0.89 
(0.72) 

0.94 - 1.67 
(1.16) 

1.03 - 1.58 
(1.27) 

1.18 - 1.94 
(1.55) 

0.97 - 3.63 
(1.76) 

1.12 - 2.50 
(1.80) 

0.13 - 2.72 
(1.52) 

0.30 - 5.53 
(2.49) 

Values in bold indicate exceedance of the NDWQ standard. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations.  

<xx = below limit of detection 
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Table 5.34 Dissolved metal concentrations in mid Nam Pangyun catchment surface water, compared to ANZ DGVs 

  ANZ DGV SWNP02A  

Range (mean) 

SWNP02B  

Range (mean) 

SWNP03  

Range (mean) 

SWNP03A  

Range (mean) 

SWNP04  

Range (mean) 

SWNP05  

Range (mean) 

SWER01  

Range (mean) 

SWER02  

Range (mean) 

Aluminium 
(mg/L) 

0.055* <0.01 <0.01 <0.01 - 0.04 
(0.007) 

<0.01 <0.01 <0.01 <0.01 - 0.10 
(0.017) 

<0.01 - 0.04 
(0.008) 

Antimony 

(mg/L) 

0.009 0.0022 - 0.0043 
(0.0037) 

0.0023 - 0.0062 
(0.0042) 

0.0015 - 0.0079 
(0.0045) 

0.0021 - 0.0069 
(0.0044) 

0.0017 - 0.0054 
(0.0037) 

0.0018 - 0.0045 
(0.0033) 

<0.0005 - 
0.0010 (0.0005) 

<0.0005 - 
0.0027 (0.0009) 

Arsenic 

(mg/L) 

0.013** <0.0005 - 
0.0026 (0.0016) 

0.001 - 0.0041 
(0.0023) 

0.0007 - 0.0036 
(0.0019) 

0.0007 - 0.0040 
(0.0017) 

<0.0005 - 
0.0038 (0.0012) 

<0.0005 - 
0.0025 (0.0009) 

<0.0005 - 
0.0040 (0.0009) 

<0.001 - 0.0085 
(0.0032) 

Cadmium 

(mg/L) 

0.0002 0.0023 - 0.0040 
(0.0033) 

0.0041 - 0.0065 
(0.0052) 

0.0049 - 0.0079 
(0.0058) 

0.0056 - 0.0084 
(0.0069) 

0.0052 - 0.0107 
(0.0076) 

0.0070 - 0.0126 
(0.0096) 

0.0013 - 0.0162 
(0.0123) 

0.0028 - 0.0210 
(0.0112) 

Cobalt 

(mg/L) 

0.0014 0.010 - 0.025 
(0.018) 

0.024 - 0.031 
(0.027) 

0.024 - 0.035 
(0.030) 

0.028 - 0.038 
(0.033) 

0.025 - 0.039 
(0.034) 

0.032 - 0.046 
(0.038) 

0.031 - 0.041 
(0.037) 

0.026 - 0.051 
(0.036) 

Copper 

(mg/L) 

0.0014 0.027 - 0.111 
(0.0596) 

0.032 - 0.079 
(0.0496) 

0.037 - 0.211 
(0.0740) 

0.031 - 0.077 
(0.0596) 

0.022 - 0.130 
(0.0593) 

0.018 - 0.120 
(0.0595) 

0.035 - 0.141 
(0.0918) 

0.003 - 0.140 
(0.0666) 

Lead 

(mg/L) 

0.0034 0.092 - 0.246 
(0.148) 

0.035 - 0.249 
(0.102) 

0.060 - 0.402 
(0.163) 

0.221 - 0.464 
(0.349) 

0.174 - 0.404 
(0.294) 

0.365 - 0.775 
(0.596) 

0.146 - 1.570 
(0.918) 

0.030 - 2.790 
(1.1488) 

Manganese 

(mg/L) 

1.9 0.093 - 0.800 
(0.284) 

0.160 - 0.761 
(0.315) 

0.097 - 0.711 
(0.284) 

0.166 - 0.835 
(0.350) 

0.172 - 0.883 
(0.344) 

0.169 - 0.892 
(0.336) 

0.027 - 0.140 
(0.072) 

0.047 - 0.178 
(0.094) 

Nickel 

(mg/L) 

0.011 0.009 - 0.023 
(0.018) 

0.026 - 0.029 
(0.028) 

0.026 - 0.037 
(0.031) 

0.033 - 0.043 
(0.037) 

0.029 - 0.043 
(0.037) 

0.037 - 0.050 
(0.042) 

<0.001 - 0.055 
(0.047) 

0.031 - 0.071 
(0.046) 

Zinc 

(mg/L) 

0.008 0.409 - 0.728 
(0.578) 

0.913 - 1.130 
(0.975) 

1.020 - 1.200 
(1.088) 

1.120 - 1.610 
(1.342) 

0.950 - 1.800 
(1.380) 

1.100 - 2.090 
(1.567) 

0.116 - 1.930 
(1.409) 

0.249 - 2.900 
(1.335) 

Values in bold indicate exceedance of the standard. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 

< = below limit of detection 

* Guideline is 0.055 mg/L where pH is >6.5, 0.0008 where pH is <6.5. However, as the sites had average pHs of >6.5 over the monitoring period, the 0.055 mg/L guideline value was adopted. 

** Guideline is 0.013 mg/L for As(V) and 0.024 mg/L for As(III). In the absence of knowledge of arsenic speciation in the waters, the more conservative guideline value for As(V) has been adopted. 
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Sediment quality 

Site S1, located downstream of the concentrator, comprised fine to medium light brown sand. Site S1 had the 
highest concentrations of, antimony, arsenic, cadmium, copper, lead and silver measured in the Nam Pangyun 
catchment (S1 – S6). Concentrations of antimony, arsenic, copper, lead, mercury, silver and zinc exceed their 
respective ANZ GV-high. Concentrations of cadmium and nickel exceed the ANZ DGV. S1 is the only stream 
sediment sample in the Nam Pangyun catchment with PAHs detected, with 0.19 mg/kg recorded, well below the 
ANZ DGV of 10 mg/kg. 

Site S4 is located in ER Valley, a tributary in the mid Nam Pangyun catchment where waste rock disposal occurred 
in the past. This sample comprised coarse yellowish light brown sand with minor silt and gravel. Concentrations 
of arsenic, antimony, lead, mercury and silver in stream sediments at S1 and S4 exceed GV-high for sediment 
quality. Concentrations of copper exceeded the ANZ DGV of 65 mg/kg at both sites. 

Metal concentrations and adopted guideline values are outlined in Table 5.35. In the table, bold indicates 
concentration exceeding the DGV and shading indicates concentrations exceeding GV-high. 

Table 5.35 Metal and hydrocarbon concentrations of stream sediment in the mid Nam Pangyun 
catchment  

Metal ANZ DGV ANZ GV-High S1 S4 

Antimony (mg/kg) 2.0 25 34.1 26.7 

Arsenic (mg/kg) 20 70 416 297 

Cadmium (mg/kg) 1.5 10 2.3 0.6 

Chromium (mg/kg) 80 370 19 11 

Copper (mg/kg) 65 270 721 207 

Lead (mg/kg) 50 220 >5,000 3,140 

Mercury (mg/kg) 0.15 1.0 1.9 2.5 

Nickel (mg/kg) 21 52 31 17 

Silver (mg/kg) 1.0 4.0 21.1 14.0 

Zinc (mg/kg) 200 410 1,200 193 

PAHs (mg/kg) 10 50 0.19 <0.01 

Total hydrocarbons* (mg/kg) 280 550 47 <10 

Bold indicates concentration exceeding DGV. Shading indicates concentration exceeding GV-high. 

* Results are for total recoverable hydrocarbons and the ANZ guideline is for total petroleum hydrocarbons, however the comparison is 
made for indicative purposes. 

Lower catchment 

Hydrology 

The lower catchment stretches from the Tiger Tunnel discharge point to the confluence with the Myitnge River 
and is a disturbed system, with mixed substrates and evidence of waste rock and spoil input. Sites SWNP06 to 
SWNP08 along the Nam Pangyun are within the lower catchment. The stream at site SWNP08 had a flow rate of 
about 2,000 L/s when estimated in November 2018. 

The lower catchment receives water from the many first and second order tributary streams that drain the 
surrounding hills. The catchment morphology is typically wider, and more open than parts of the mid-catchment 
where the Nam Pangyun passes through steep gorges. However, many of the smaller tributary streams are incised 
into steep valleys. Wallah Valley is one of the first major tributary streams that discharges to the lower catchment 
of the Nam Pangyun at Tiger Camp. The lower catchment is largely undeveloped and includes only the hamlet of 
Lopah, some rural houses on the riverbanks and temporary settlements of artisanal miners. 

The river valley downstream of Tiger Camp has been extensively impacted by waste rock and slag from the 
historical Bawdwin mining operation. The slag waste is mined extensively by artisanal miners generally south of 
Lopah station on the Namtu-Bawdwin railway line, through to the confluence with Myitnge River. This is a 
practice that continues today. 
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The underground mine is dewatered to a depth of approximately 200 metres below the ground surface level at 
Marmion Shaft, equivalent to a reduced level (RL) of 794 m ASL. Dewatering is achieved by a combination of 
continuous pumping from the Marmion Shaft and discharge via the Tiger Tunnel to keep the mine dry at Level 6, 
and by groundwater seepage from the levels above which drain to the Tiger Tunnel. The combined discharge 
flows through the Tiger Tunnel and exits at Tiger Tunnel portal, approximately 300 m west of Tiger Camp (surface 
elevation of 818 m above sea level (m ASL)) where it discharges to the Nam Pangyun at an average rate of 
approximately 6 ML/day. 

This discharge point is between SWNP05 (mid catchment) and SWNP06 (lower catchment). A tributary creek in 
Wallah Valley (sites SWWV01 and TWTC01) discharges into the Nam Pangyun downstream of Tiger Tunnel, 
prior to site SWNP06. 

Water quality 

Physico-chemical parameters and ions 

In the lower catchment, average turbidity exceeded the NDWQ standard of 5 NTU, with an average of 102.4 NTU 
downstream of Tiger Camp at SWNP06, increasing downstream to an average of 456.1 NTU at SWNP07 towards 
the confluence with Myitnge River. The highest concentrations of total suspended solids were at SWNP06A, 
ranging between 88 and 902 mg/L, with an average concentration of 280 mg/L. The turbidity and TSS of the 
lower catchment were greater than that of the upper and mid catchments, where average turbidity was up to 55.2 
NTU and 187.9 NTU respectively. Artisanal mining activities contribute to the elevated TSS concentration 
observed in the lower catchment. 

The average pH of the lower catchment ranged between 6.9 and 7.1, within the NDWQ standard range of 6.5 to 
8.5. Within the monitoring period, the pH dropped below this standard range at SWNP06 (pH 6.2), SWNP06A 
(pH 6.2) and SWNP08 (pH 6.3) in May 2019, and SWNP07 (pH 5.3) in August 2019. 

Hardness and TDS increased downstream of Tiger Camp. Site SWNP05, upstream of Tiger Camp, recorded an 
average hardness of 17.5 mg/L and an average TDS concentration of 67 mg/L. This increased to an average 
hardness of 201 mg/L and an average TDS concentration of 384 mg/L at site SWNP06. In the lower catchment, 
average hardness and average TDS decreased slightly downstream, reaching 178 mg/L and 294 mg/L, respectively 
at SWNP08. Despite the slight decrease in average measurements, the range of recorded values remained fairly 
consistent from sites SWNP06A (hardness of 150 to 209 mg/L and TDS of 222 to 352 mg/L) to SWNP08 
(hardness of 135 to 205 mg/L and TDS of 242 to 332 mg/L). 

Electrical conductivity of the surface water increased to an average of 539 µS/cm between SWNP05 and 
SWNP06, near the Tiger Tunnel discharge point. After SWNP06, EC decreased slightly but the average EC 
remained between 428 and 462 µS/cm throughout the lower catchment towards the confluence with the Myitnge 
River. It is notable that all recorded values of hardness, TDS and EC in the lower Nam Pangyun catchment during 
the monitoring period were below their respective NDWQ standards of 500 mg/L, 1,000 mg/L and 1,500 mg/L, 
despite the influence of the Tiger Tunnel discharge on the water quality. 

Groundwater discharge from Tiger Tunnel has an EC of 1,500 µS/cm, turbidity of up to 136 NTU, and TDS 
concentration of 1,000 to 1,750 mg/L. The addition of this discharge to the stream, along with runoff from 
surrounding infrastructure and mining activities area probably contributes to the disparity in these parameters 
between the upper/mid catchments and the lower catchment, as well the presence of orange/brown discolouration  
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(likely a result of metal precipitation) in the lower catchment (

 

Plate 5.13,  

Plate 5.14 and  

Plate 5.15). The quality of this discharge is discussed further in Section 5.2 Groundwater. 

The discharge from Wallah Valley (sites SWTC01 and SWWV01) probably does not contribute to the degradation 
of the Nam Pangyun. Turbidity at SWTC01 and SWWV01 is low compared to the Nam Pangyun, ranging between 
0.1 NTU and 22.9 NTU at SWWV01 and between 0.3 NTU and 10.1 NTU at SWTC01. The average turbidity of 
5.8 NTU at SWWV01 slightly exceeds the NDWQ standard of 5 NTU, however downstream this decreases to an 
average of 3.9 NTU at SWTC01. The concentration of TSS is lower than the TSS in the lower Nam Pangyun, 
with a maximum recorded concentration of 15 mg/L. The hardness, TDS and EC of samples in Wallah Valley are 
comparable to samples from the less disturbed upper catchment. 
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SWTS01 is in a small tributary draining a valley behind the Namtu smelter stack discharging to the Nam Pangyun 
between SWNP07 and SWNP08. This catchment has historically been affected by vegetation dieback as a result 
of sulfur contamination from the smelter stack and likely waste disposal in the upper catchment. The turbidity 
(average of 56.8 NTU) and TSS (average of 28 mg/L) were considerably lower than other samples in the Nam 
Pangyun, however turbidity (ranging between 1.8 and 198.0 NTU) still exceeded the NDWQ standard of 5 NTU. 
The average hardness (159.6 mg/L), TDS (225 mg/L) and EC (329 µS/cm) of SWTS01 were similar to SWNP08, 
which had an average hardness of 178.3 mg/L, TDS of 294 mg/L and EC of 428 µS/cm. 

Results for physico-chemical parameters are displayed in Table 5.36. 

Table 5.36 Physico-chemical parameters in the lower Nam Pangyun catchment  
 

NDW
Q 
standa
rd 

SWNP06 

Range 
(mean) 

SWNP06
A 

Range 
(mean) 

SWNP07 

Range 
(mean) 

SWNP08 

Range 
(mean) 

SWWV01 

Range 
(mean) 

SWTC01 

Range 
(mean) 

SWTS01 

Range 
(mean) 

Turbidity 
(NTU) 

5 12.6 – 
261.0 
(102.4) 

23.6 – 
1,100.0 
(289.8) 

1.8 – 
2,687.0 
(456.1) 

2.3 – 276.0 
(139.4) 

0.1 – 22.9 
(5.8) 

0.3 – 10.1 
(3.9) 

1.8 – 198.0 
(56.8) 

pH  6.5 – 
8.5 

6.2 – 7.2 
(6.9) 

6.2 – 7.5 
(7.1) 

5.3 – 7.8 
(6.9) 

6.3 – 7.8 
(7.1) 

6.9 – 7.7 
(7.5) 

6.6 – 7.8 
(7.4) 

6.1 – 8.5 
(7.6) 

TSS 
(mg/L) 

 20 – 248 
(68) 

88 – 902 
(280) 

50 – 244 
(140) 

86 – 318 
(153) 

<1 – 7 (3*) <1 – 15 
(4*) 

2 – 116 
(28) 

Hardness 

(mg/L) 

500 154.0 – 
256.0 
(201.0) 

150.0 – 
209.0 
(184.0) 

136.0 – 
210.0 
(180.6) 

135.0 – 
205.0 
(178.3) 

6.6 – 16.7 
(10.9) 

12.2 – 20.3 
(16.0) 

140.0 – 
204.0 
(159.6) 

TDS 
(mg/L) 

1,000 260 – 456 
(384) 

222 – 352 
(323) 

256 – 348 
(302) 

242 – 332 
(294) 

20 – 66 
(34) 

30 – 74 
(45) 

188 – 318 
(225) 

EC 
(µS/cm) 

1,500 413 – 645 
(539) 

370 – 527 
(462) 

264 – 495 
(412) 

358 – 485 
(428) 

27 – 48 
(35) 

39 – 71 
(55) 

253 – 489 
(329) 

Values in bold indicate exceedance of the NDWQ standard. 

*average has been calculated assuming <1 is a result of 0. 

Mixing of the sodium and sulfate rich Nam Pangyun water with the groundwater discharge from Tiger tunnel is 
evident in the ionic composition of the lower catchment surface waters. Samples downstream of Tiger Camp 
exhibited higher concentrations of sulfate. Sulfate concentrations at SWNP06 ranging between 154 mg/L and 333 
mg/L, with the average concentration of 260 mg/L exceeding the NDWQ standard of 250 mg/L. SWNP06 was 
the only site in the lower catchment to exhibit sulfate concentrations exceeding the standard. These concentrations 
were diluted by additional freshwater further downstream, with concentrations of sulfate decreasing downstream 
to a range of 117  to 184 mg/L at SWNP08.  

Nutrients and organics 

The highest concentrations of nitrate and ammonia recorded in the main Nam Pangyun watercourse in the lower 
catchment were at SWNP06A, at 0.3 mg/L and 0.1 mg/L, respectively. SWNP06A is located in the vicinity of 
Lopah village and these elevated nutrient concentrations are attributed to sewage disposal from the village to the 
Nam Pangyun. Reported concentrations of nitrate and ammonia are below their respective NDWQ standards of 
50 mg/L and 1.5 mg/L. The highest recorded concentration of nitrite was 0.011 mg/L at SWNP06, considerably 
lower than the 3 mg/L NDWQ standard. 

Concentrations of organic contaminants (total petroleum hydrocarbons (TPHs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), monocyclic aromatic hydrocarbons (MAHs), fungicides, herbicides 
and pesticides were below the limit of reporting at all sampling locations in the first round of monitoring in 
November 2018 and were not continued in following rounds. 

Metals and metalloids 

High metal concentrations in the Nam Pangyun persist downstream as far as the Myitnge River. All recorded 
measurements of total cadmium, lead, and nickel in the Nam Pangyun throughout the monitoring period exceeded 
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the NDWQ health standards of 0.003 mg/L, 0.01 mg/L and 0.07 mg/L, respectively. Total concentrations of 
antimony and arsenic frequently exceeded their respective NDWQ health standards of 0.02 mg/L and 0.05 mg/L. 

Whilst not all total concentrations of aluminium and iron exceeded the NDWQ aesthetic standards of 0.2 mg/L 
(aluminium) and 1 mg/L (iron), average aluminium concentrations ranged between 0.33 mg/L and 1.17 mg/L and 
average iron concentration ranged between 3.35 mg/L and 6.22 mg/L, exceeding the standards. All measurements 
of zinc exceeded the NDWQ standard of 3 mg/L at all sites in the lower catchment, with average zinc 
concentrations ranging between 13.35 mg/L and 26.66 mg/L. 

Table 5.37 presents the NDWQ standards and total metal concentrations. Concentrations in bold indicate 
exceedance of the standard. 

All measured concentrations of dissolved cadmium, cobalt, copper, lead, nickel and zinc between SWNP06 and 
SWNP08 throughout the monitoring period exceeded ANZ guidelines. Dissolved concentrations of zinc were very 
high, reaching a maximum of 28.90 mg/L at SWNP06, immediately downstream of the Tiger Camp industrial 
area. Average values at SWNP06 (25.82 mg/L), SWNP06A (16.14 mg/L), and SWNP07 (11.31 mg/L) throughout 
the monitoring period were also four orders of magnitude higher than the ANZ guideline value of 0.008 mg/L. 

The concentration of metals increased significantly in the lower catchment following the addition of discharge 
from the Tiger Tunnel, which was characterised by elevated dissolved metal concentrations. Throughout the 
monitoring period the average copper concentrations were slightly higher than the ANZ DGV, with manganese 
one order of magnitude higher, cadmium and nickel two orders of magnitude higher, cobalt three orders of 
magnitude higher and zinc four orders of magnitude higher. The Tiger Tunnel discharge is discussed further in 
Section 5.2 Groundwater. 

Table 5.38 compares dissolved metal concentrations in the lower catchment with the ANZ water quality 
guidelines. Concentrations in bold indicate exceedance of the standard. Figure 5.24 shows the increase in 
dissolved cadmium and zinc metal concentrations in the Nam Pangyun following the Tiger Tunnel discharge. 
Lead concentrations appeared to decrease following the addition of the discharge, although they remained 
elevated. 

At SWNP06, dissolved concentrations of cobalt and zinc increased dramatically from concentrations measured at 
SWNP05, immediately upstream of Tiger Tunnel in the mid catchment. Between SWNP05 and SWNP06, average 
concentrations of cobalt throughout the monitoring period increased from 0.038 to 1.078 mg/L and zinc increased 
from 1.567 to 25.817 mg/L. 

In the mid catchment, average total lead concentrations reached 2.495 mg/L in the Nam Pangyun. In contrast, the 
average total lead concentration in the lower catchment reached 4.663 mg/L, which is comparable to the average 
total lead value of up to 4.071 mg/L in the ER Valley, which contains waste rock from historical open pit mining. 

Metal concentrations in surface water samples from Wallah Valley generally had lower metal concentrations than 
other samples in the lower catchment. Lead was the only metal which had total concentrations exceeding NDWQ 
standards this may be due to historic railway transport of ore, with an average of 0.045 mg/L at SWTC01 and 
0.079 mg/L at SWWV01. At SWWV01 average dissolved concentrations of cadmium (0.0003 mg/L) slightly 
exceeded the ANZ DGV of 0.0002 mg/L, and lead (0.0277 mg/L) and zinc (0.077 mg/L) exceeded their respective 
ANZ DGVs of 0.0034 mg/L and 0.008 mg/L by an order of magnitude. At SWTC01, average concentrations of 
dissolved cadmium (0.0008 mg/L) and copper (0.0020 mg/L) slightly exceeded the ANZ guideline values of 
0.0002 mg/L and 0.0014 mg/L respectively. Average dissolved zinc (0.144 mg/L) exceeded the ANZ DGV of 
0.008 mg/L more significantly than at SWWV01, while lead concentrations at SWTC01 (0.0033 mg/L) sat around 
the ANZ DGV of 0.0034 mg/L.  

Wallah Valley and Tiger Camp have been the site of former ore stockpiling, crushing and loading onto trains for 
transport to Namtu. Waste rock and very high concentrations of metals are present in soils across Tiger Camp, 
which are transported in dust and vehicle movement through Wallah Valley. The observed concentrations of 
metals in surface water in the Wallah Valley (SWWV01) and where the tributary stream flows through Tiger 
Camp (SWTC01) are likely to be sourced from rainfall runoff and leaching of soils that have been impacted by a 
range of historical mining activities particularly in the vicinity of Tiger Camp. 
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The tributary stream monitored in the lower catchment (SWTS01) had metal concentrations consistent with the 
lower Nam Pangyun measurements. Average total concentrations of cadmium, lead and nickel exceeded NDWQ 
health standards, and average aluminium concentrations exceeded aesthetic standards. Average concentrations of 
dissolved cadmium, cobalt, lead, nickel and zinc exceed ANZ guidelines at this site. Elevated concentrations of 
metals at SWTS01 are likely to be attributed to the aerial deposition of metal contamination from the Namtu 
smelter stack which is located on the eastern edge of the catchment divide. Smelter waste may also have been 
disposed to this catchment given its close proximity. 
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Plate 5.13 Groundwater discharge from Tiger Tunnel, which enters the lower Nam Pangyun 

 

Plate 5.14 Orange staining along the Nam Pangyun in the lower catchment (site SWNP06) 

 

Plate 5.15 Turbid waters of the lower Nam Pangyun flowing through layers of deposited sediments 
and waste slag from years of upstream mining disturbance (site SWNP08) 
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Figure 5.24 Dissolved concentrations of cadmium, lead and zinc in the Nam Pangyun stream 
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Table 5.37 Total (unfiltered) metal concentrations in lower Nam Pangyun catchment surface water, compared to NDWQ standards 

  NDWQ 

Standar
d 

SWNP06 

Range (mean) 

SWNP06A 

Range (mean) 

SWNP07 

Range (mean) 

SWNP08 

Range (mean) 

SWWV01 

Range (mean) 

SWTC01 

Range (mean) 

SWTS01 

Range (mean) 

NDWQ Health Standards 

Antimony 

(mg/L) 

0.02 0.0077 - 0.0232 
(0.0140) 

0.0240 - 0.0625 
(0.0409) 

0.0119 - 0.0465 
(0.0293) 

0.0132 - 0.0512 
(0.0335) 

<0.0005 - 0.0048 
(0.0029) 

0.0019 - 0.0042 
(0.0029) 

<0.0005 - 0.0257 
(0.0053) 

Arsenic 

(mg/L) 

0.05 0.1430 - 0.2450 
(0.1931) 

0.1590 - 0.4630 
(0.2682) 

0.0728 - 0.2080 
(0.1281) 

<0.119 - 0.2070 
(0.1228) 

0.0010 - 0.0043 
(0.0024) 

0.0015 - 0.0056 
(0.0027) 

0.0006 - 0.0970 
(0.0237) 

Barium 

(mg/L) 

0.7 0.10 - 0.38 (0.16) 0.21 - 0.73 (0.36) 0.15 - 0.44 (0.22) 0.16 - 0.38 (0.24) 0.04 - 0.09 (0.05) 0.07 - 0.09 (0.08) 0.05 - 0.20 (0.09) 

Cadmium 

(mg/L) 

0.003 0.0131 - 0.0153 
(0.0145) 

0.0172 - 0.0480 
(0.0345) 

0.0289 - 0.0809 
(0.0533) 

0.0287 - 0.0782 
(0.0525) 

<0.0001 - 0.0004 
(0.0003) 

0.0006 - 0.0023 
(0.0009) 

<0.0001 - 0.0526 
(0.0106) 

Chromium 
(III+VI) 
(mg/L) 

0.05 <0.001 <0.001 - 0.004 
(0.001) 

<0.001 - 0.003 
(0.001) 

<0.001 - 0.004 
(0.001) 

<0.001 <0.001 <0.001 - 0.002 
(0.000) 

Copper 

(mg/L) 

2 0.037 - 0.185 
(0.072) 

0.099 - 0.424 
(0.232) 

0.041 - 0.249 
(0.149) 

0.048 - 0.278 
(0.170) 

<0.001 - 0.004 
(0.002) 

0.002 - 0.006 
(0.003) 

<0.001 - 0.123 
(0.024) 

Lead  

(mg/L) 

0.01 0.544 - 2.650 
(0.962) 

2.610 - 7.010 
(4.663) 

0.970 - 4.550 
(2.646) 

1.060 - 4.990 
(3.090) 

<0.001 - 0.1730 
(0.079) 

0.029 - 0.055 
(0.045) 

0.014 - 2.370 
(0.479) 

Manganese 

(mg/L) 

0.4 2.770 - 5.550 
(4.350) 

1.750 - 3.350 
(2.545) 

0.894 - 2.020 
(1.453) 

0.814 - 1.760 
(1.338) 

<0.005 - 0.231 
(0.036) 

<0.017 - 0.213 
(0.044) 

<0.017 - 1.82 
(0.423) 

Mercury 

(mg/L) 

0.001 <0.00005 - 0.00023 
(0.00003) 

<0.00005 - 0.00036 
(0.00015) 

<0.00005 - 0.00017 
(0.00005) 

<0.00005 - 0.00036 
(0.00009) 

<0.0001 <0.00005 <0.00005 - 0.00013 
(0.00003) 

Nickel 

(mg/L) 

0.07 1.060 - 2.130 
(1.683) 

0.640 - 1.290 
(1.088) 

0.695 - 0.913 
(0.808) 

0.676 - 0.878 
(0.759) 

<0.001 - 0.010 
(0.002) 

<0.001 - 0.007 
(0.002) 

<0.001 - 0.735 
(0.176) 

NDWQ Aesthetic Standards  

Aluminium 

(mg/L) 

0.2 <0.06 - 1.64 (0.33) <1 - 3.88 (1.17) <0.93 - 1.59 (0.70) <0.98 - 1.99 (0.86) <0.04 - 0.17 (0.05) <0.03 - 0.09 (0.04) <0.01 - 1.09 (0.24) 

Calcium 

(mg/L) 

200 33.4 - 58.1 (46.5) 39.5 - 48.6 (43.7) 33.9 - 51.7 (43.8) 33.2 - 50.1 (42.9) 1.8 - 3.2 (2.6) 3.3 - 5.4 (4.2) 29.4 - 49.8 (33.5) 

Iron 

(mg/L) 

1 <6.61 - 6.480 
(4.949) 

<7.55 - 10.900 
(6.220) 

<4.42 - 5.960 
(3.346) 

<3.55 - 6.520 
(3.765) 

<0.036 - 0.147 
(0.070) 

<0.085 - 0.251 
(0.099) 

<0.056 - 3.290 
(0.758) 
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  NDWQ 

Standar
d 

SWNP06 

Range (mean) 

SWNP06A 

Range (mean) 

SWNP07 

Range (mean) 

SWNP08 

Range (mean) 

SWWV01 

Range (mean) 

SWTC01 

Range (mean) 

SWTS01 

Range (mean) 

Magnesiu
m 

(mg/L) 

150 17.40 - 26.90 
(22.47) 

17.70 - 21.20 
(19.78) 

12.40 - 19.80 
(16.66) 

12.60 - 19.40 
(16.73) 

0.54 - 1.03 (0.78) 0.97 - 1.67 (1.27) 16.30 - 19.50 
(17.40) 

Sodium 

(mg/L) 

200 1.60 - 16.60 (6.87) 1.29 - 14.30 (6.27) 1.17 - 13.60 (5.76) 1.17 - 13.50 (3.78) <0.5 – 13.00 (2.74) 0.93 - 12.60 (4.45) 0.24 - 9.53 (2.86) 

Zinc 

(mg/L) 

3 17.80 - 31.40 
(26.66) 

12.20 - 21.90 
(18.97) 

10.50 - 15.70 
(14.14) 

10.40 - 15.40 
(13.35) 

0.02 - 0.22 (0.09) 0.10 - 0.36 (0.15) 0.013 - 11.30 (2.84) 

<xx = indicates below limit of detection 

Values in bold indicate exceedance of the NDWQ standard. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 
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Table 5.38 Dissolved metal concentrations in lower Nam Pangyun catchment surface water, compared to ANZ DGVs 

  ANZ 
DGV 

SWNP06 

Range (mean) 

SWNP06A 

Range (mean) 

SWNP07 

Range (mean) 

SWNP08 

Range (mean) 

SWWV01 

Range (mean) 

SWTC01 

Range (mean) 

SWTS01 

Range (mean) 

Aluminiu
m (mg/L) 

0.055* <0.01 <0.01 <0.01 <0.01 - 0.03 (0.005) <0.01 - 0.05 (0.007) <0.01 <0.01 - 0.03 (0.005) 

Antimony 

(mg/L) 

0.009 0.0026 - 0.0053 
(0.0042) 

0.0039 - 0.0053 
(0.0047) 

0.0036 - 0.0066 
(0.0049) 

0.0043 - 0.0067 
(0.0055) 

<0.005 - 0.0045 
(0.0029) 

0.0019 - 0.0032 
(0.0026) 

<0.0005 - 0.005 
(0.0008) 

Arsenic 

(mg/L) 

0.013** 0.0008 - 0.0026 
(0.0014) 

<0.0005 - 0.0008 
(0.0006) 

0.0006 - 0.0009 
(0.0008) 

<0.0005 - 0.0040 
(0.0011) 

0.0010 - 0.0028 
(0.0015) 

0.0014 - 0.0045 
(0.0022) 

<0.0005 - 0.0011 
(0.0008) 

Cadmium 

(mg/L) 

0.0002 0.0133 - 0.0141 
(0.0136) 

0.0218 - 0.0443 
(0.0352) 

0.0331 - 0.0764 
(0.0569) 

0.0351 - 0.0703 
(0.0576) 

0.0003 - 0.0004 
(0.0003) 

0.0006 - 0.0016 
(0.0008) 

<0.0001 - 0.0447 
(0.0075) 

Cobalt 

(mg/L) 

0.0014 0.920 - 1.300 
(1.078) 

0.578 - 0.707 (0.639) 0.307 - 0.426 (0.378) 0.278 - 0.398 
(0.351) 

<0.001 <0.001 <0.001 - 0.405 
(0.068) 

Copper 

(mg/L) 

0.0014 0.004 - 0.014 
(0.0073) 

0.007 - 0.009 
(0.0080) 

0.006 - 0.011 
(0.0088) 

0.007 - 0.013 
(0.0097) 

<0.001 - 0.002 
(0.0006) 

<0.001 - 0.005 
(0.0020) 

<0.001 - 0.006 
(0.0010) 

Lead 

(mg/L) 

0.0034 0.006 - 0.014 
(0.0083) 

0.075 - 0.151 
(0.0968) 

0.081 - 0.260 
(0.1543) 

0.114 - 0.274 
(0.1817) 

0.006 - 0.046 
(0.0277) 

<0.001 - 0.007 
(0.0033) 

<0.001 - 0.156 
(0.0302) 

Manganes
e 

(mg/L) 

1.9 3.280 - 4.830 
(4.222) 

1.600 - 3.150 (2.160) 0.664 - 1.780 (1.144) 0.583 - 1.640 
(1.026) 

<0.005 - 0.145 
(0.023) 

<0.001 - 0.024 
(0.005) 

<0.001 - 1.690 
(0.285) 

Nickel 

(mg/L) 

0.011 1.380 - 2.010 
(1.660) 

0.937 - 1.200 (1.085) 0.616 - 0.843 (0.723) 0.556 - 0.773 
(0.675) 

<0.001 - 0.002 
(0.001) 

<0.001 - 0.006 
(0.002) 

<0.001 - 0.650 
(0.110) 

Zinc 

(mg/L) 

0.008 21.800 - 28.900 
(25.817) 

13.200 - 19.200 
(16.140) 

7.860 - 13.300 
(11.310) 

6.080 - 11.300 
(9.615) 

0.060 - 0.100 (0.077) 0.108 - 0.295 
(0.144) 

0.008 - 6.230 (1.071) 

<xx = below limit of detection 

Values in bold indicate exceedance of the DGV. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 

*Guideline is 0.055 mg/L where pH is >6.5, 0.0008 where pH is <6.5. However, as the sites had average pHs of >6.5 over the monitoring period, the 0.055 mg/L guideline value was adopted. 

** Guideline is 0.013 mg/L for As(V) and 0.024 mg/L for As(III). In the absence of knowledge of arsenic speciation in the waters, the more conservative guideline value for As(V) has been adopted. 
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Sediment quality 

Site S5 is located in the lower catchment immediately downstream of the Tiger Camp which was the site of former 
ore stockpiling and train loading activities associated with the historical Bawdwin mine (see Figure 5.22). The 
stream sediment sampled here was fine to medium brown sand and had concentrations of arsenic, antimony, lead, 
silver and zinc exceeding the GV-high, and copper and nickel exceeding the DGV (Table 5.39). Stream sediment 
is considered to be affected by the historical mining activities that have occurred at Tiger Camp and in the 
upstream catchment. 

Site S6 is located downstream of smelter stack and comprised fine light brown sand with minor gravel. Stream 
sediment sampled here had low concentrations of metal compared to other sites in the Nam Pangyun catchment, 
with only nickel concentrations exceeding the GV-high and antimony, arsenic and lead concentrations exceeding 
the DGV (Table 5.39). Despite lower reported concentrations of most metals at sample location S6 the streambed 
sediments in the lower catchment were observed to be extensively impacted by mine waste including waste rock 
and slag from historical smelting operations that took place at Bawdwin. 

Table 5.39 Toxicant concentrations of stream sediment in the lower Nam Pangyun catchment 

Metal ANZ DGV ANZ GV-High S5 S6 

Antimony (mg/kg) 2.0 25 26.9 2.1 

Arsenic (mg/kg) 20 70 310 30 

Cadmium (mg/kg) 1.5 10 0.68 0.26 

Chromium (mg/kg) 80 370 9 17 

Copper (mg/kg) 65 270 200 57 

Lead (mg/kg) 50 220 2,250 114 

Mercury (mg/kg) 0.15 1.5 2.30 0.55 

Nickel (mg/kg) 21 52 33 67 

Silver (mg/kg) 1.0 4.0 12.60 0.60 

Zinc (mg/kg) 200 410 1,350 58 

PAHs (mg/kg) 10 50 <0.01 <0.01 

Total hydrocarbons* (mg/kg) 280 550 11 <10 

Bold indicates concentration exceeding DGV. Shading indicates concentration exceeding GV-high. 

* Results are for total recoverable hydrocarbons and the ANZ guideline is for total petroleum hydrocarbons, however the comparison is 
made for indicative purposes 

Nam La 

Nam La is a second or third order stream with a catchment covering approximately 35.5 km2. The stream is 3.2 km 
north of the Bawdwin open pit at its closest, running parallel to Nam Pangyun, flowing in a south-easterly direction 
to the Myitnge River. 

Whilst historical Bawdwin mining activities were largely limited to the Nam Pangyun catchment, the sole road 
access to Bawdwin is via the Namtu to Manton road, which follows the Nam La. This access is likely to have 
facilitated historical logging activities in the Nam La catchment to support construction and operation of the mine. 
There are no major villages or settlements within the Nam La catchment north of Namtu and, with the exception 
of a small artisanal mining operation on the Nam La north of Bawdwin and small-scale agricultural activities 
throughout particularly the lower catchment, the Nam La catchment is comparatively undisturbed. 

Small tributary streams from connecting valleys maintain flow year-round and either drain directly to the Nam La 
or flow across the Manton-Namtu Road. The Nam La is largely unregulated with the exception of one weir 
constructed 5.3 km upstream of its confluence with Myitnge River (Plate 5.16 and 5.17). The weir is associated 
with the intake for the Nam La Flume, an important part of the water supply infrastructure for the northern districts 
of Namtu. 

A flume is a human-made gravity-fed channel for water, which has raised walls above the surrounding terrain. 
The flume was originally constructed to supply potable water to the smelter complex in Namtu (see Figure 5.22). 
It is comprised of both dug channels and elevated wooden chutes where it crosses valleys and provides a source 
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of water that is isolated from most urban contamination sources and allows for gravity-fed supply to holding tanks, 
settling ponds and other storages around Namtu. 

The Nam La flows through Namtu and is expected to become impacted by urban runoff, untreated waste discharge, 
and may receive impacted baseflow and stormwater runoff from urban and industrial land within Namtu. The 
confluence of the Nam La with the Myitnge River is upstream of the Namtu smelter complex at Namtu. 

Hydrology 

SWNL01 and SWNL02 are both located north of Namtu and are characterised by shallow, clear water. The 
streambed in the SWNL01 area comprises sands, gravels and cobbles with pools present in this section of the 
river. There is a large bar of variably sorted sediment lining one side of the stream at SWNL02 (Plate 5.18). 
Further downstream at SWNL03, at the confluence with the Myitnge River, the stream morphology is braided and 
incised in layers of deposited sediments. Sample location SWNF01 is located in the Nam La Flume, west of Namtu 
township. 

Water Quality 

Physico-chemical parameters and ions 

The Nam La is an important source of water for drinking and irrigation in Namtu. Water for this purpose is 
delivered by the Nam La flume which has been sampled at monitoring sites SWNL01 upstream of the weir and 
SWNF01 at a holding pond supplied by the Nam La flume. Physico-chemical parameters at these two sites were 
fairly consistent (see Table 5.40). 

The turbidity at SWNF01 ranged between 8.4 and 20.1 NTU, slightly above the NDWQ aesthetic standard of 5 
NTU. Total suspended solids ranged between 5 and 13 mg/L. In the main Nam La watercourse, average turbidity 
increased from 9.3 NTU at SWNL01 to 100.6 NTU at SWNL02 and decreased to 11.2 NTU at SWNL03, 
indicating there is no apparent overall trend between upstream and downstream sites. Average turbidity exceeded 
NDWQ aesthetic standards, however the ranges of measurements are broad, with some measurements not 
exceeding the standard. Average TSS at SWNF01 (8 mg/L) and SWNL01 (3 mg/L) were lower than measurements 
at SWNL02 (37 mg/L) and SWNL03 (39 mg/L). 

All pH measurements in the Nam La catchment fell within the acceptable drinking water pH range of 6.5 – 8.5 
with the average pH ranging between 7.9 and 8.1. The pH of SWNF01 was more variable than the main Nam La 
watercourse, ranging between pH 6.5 and 8.4. There appears to be a slight increase in pH further downstream, 
with the range shifting from between pH 6.5 and 8.4 at SWNL01 to pH 7.8 and 8.3 at SWNL03. 

Average water hardness ranged from 44.6 mg/L at SWNL01 to 109.9 mg/L at SWNL03, indicating minimal 
mineral dissolution within the catchment. Average electrical conductivity ranged between 107 µS/cm at SWNL01 
and 240 µS/cm at SWNL03. Hardness, TDS and EC appeared to increase downstream between SWNL01 and 
SWNL03, though remained below the NDWQ standards of 500 mg/L, 1,000 mg/L and 1,500 µS/cm, respectively. 
At SWNF01, hardness, TDS and EC were also below NDWQ standards, and had average measurements similar 
to SWNL01. 

Unlike Nam Pangyun, the ionic composition of Nam La is calcium-bicarbonate rich. The average concentration 
of bicarbonate and magnesium ions increases downstream, with bicarbonate increasing from 51 mg/L at SWNL01 
to 112 mg/L at SWNL03, and magnesium increasing from 3 mg/L at SWNL01 to 11 mg/L at SWNL03. As the 
average concentration of total dissolved solids also increases (from 77 mg/L at SWNL01 to 156 mg/L at 
SWNL03), this may indicate stream baseflow or spring discharge entering the stream. 
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Plate 5.16 Nam La flume at site SWNL01  

 

Plate 5.17 Confluence of the Nam La (bottom of image) and Myitnge (top of image) rivers 

 

Plate 5.18 Site SWNL02 in the Nam La with sediment bar visible on left 
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Table 5.40 Physico-chemical parameters in the Nam La catchment 
 

NDWQ 
standard 

SWNF01 

Range (mean) 

SWNL01 

Range (mean) 

SWNL02 

Range (mean) 

SWNL03 

Range (mean) 

Turbidity (NTU) 5 8.4 – 20.1 (16.0) 0 – 34.0 (9.3) 0.8 – 624.0 (100.6) 3.7 – 19.2 (11.2) 

pH  6.5 – 8.5 6.5 – 8.4 (7.9) 7.7 – 8.1 (8.0) 7.5 – 8.2 (8.0) 7.8 – 8.3 (8.1) 

TSS (mg/L)  5 – 13 (8) <1 – 8 (3*) 1 – 252 (37) 9 – 160 (39) 

Hardness (mg/L) 500 33.4 – 51.4 (44.6) 37.0 – 53.0 (47.4) 49.0 -73.2 (65.0) 71.7 – 154.0 (109.9) 

TDS (mg/L) 1,000 54 – 110 (74) 68 – 88 (77) 84 – 136 (105) 84 – 210 (156) 

EC (µS/cm) 1,500 79 – 125 (99) 80 – 142 (107) 115 – 165 (140) 191 – 334 (240) 

Values in bold indicate exceedance of the NDWQ standard. 

*average has been calculated assuming <1 is a result of 0. 

Nutrients and organics 

Concentrations of nitrate, nitrite and phosphorus in Nam La increase between SWNL01 (upstream) and SWNL03 
(downstream) though remain below NDWQ standards. Despite being below standards, these nutrients are likely 
to indicate the use of agricultural fertilisers (either commercially manufactured or manure) and/or disposal of 
untreated animal waste in agricultural areas, or discharge of untreated sewage in the Namtu area. This suggests 
there may be bacteria such as E. coli and faecal coliforms present in untreated water from the catchment that may 
represent health risk. 

Concentrations of organic contaminants (total petroleum hydrocarbons (TPHs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), monocyclic aromatic hydrocarbons (MAHs)), fungicides, 
herbicides and pesticides were below the limit of reporting at all sampling locations in the first round of monitoring 
in November 2018 and were not continued in following rounds. 

Metals and metalloids 

Concentrations of total metals in water from the Nam La Flume (SWNF01) during the monitoring period were 
broadly comparable to those in the rest of the Nam La (SWNL01 to SWNL03). Total lead concentrations measured 
during the monitoring period at SWNF01 ranged between 0.021 mg/L and 0.060 mg/L, at minimum twice the 
NDWQ health standard of 0.01 mg/L. Average total lead concentrations exceeded NDWQ health standards at 
SWNL01 (0.031 mg/L), SWNL02 (0.053 mg/L) and SWNL03 (0.049 mg/L). 

The concentration of total iron at SWNL02 and SWNL03 exceeded the NDWQ aesthetic standard of 1 mg/L 
during June and October 2019. The reported concentrations of total aluminium at SWNL02 were below the 
NDWQ aesthetic standard of 0.2 mg/L except for one anomalously high total aluminium concentration of 
4.51 mg/L at SWNL02 in June 2019. Aluminium is likely to be associated with suspended sediments sourced 
either from stormwater runoff or from within the stream bed in the Namtu area. 

Table 5.41 outlines the total metal concentrations against the NDWQ standards. 

Upstream of Namtu at site SWNL01, dissolved concentrations of cadmium and copper only slightly exceeded the 
ANZ guidelines. Lead exceeded the guidelines by up to one order of magnitude and zinc by up to two orders of 
magnitude. 

There were no consistent increasing or decreasing trends observed in total or dissolved metal concentrations along 
the stream length between SWNL01 and SWNL03 during the monitoring period. Figure 5.25 shows the lack of 
trends in dissolved cadmium, lead and zinc concentrations in the Nam La. 

Table 5.42 outlines the total dissolved metal concentrations against the ANZ guidelines for ecological health. 
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Figure 5.25 Concentrations of dissolved cadmium, lead and zinc concentrations in the Nam La stream 

. 
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Table 5.41 Total (unfiltered) metal concentrations in Nam La catchment surface water, compared to NDWQ standards 

  NDWQ 

Standard 

SWNF01  

Range (mean) 

SWNL01 

Range (mean) 

SWNL02 

Range (mean) 

SWNL03 

Range (mean) 

NDWQ Health Standards 

Antimony (mg/L) 0.02 0.0022 - 0.0038 (0.0029) <0.005 - 0.0037 (0.0023) 0.0019 - 0.0036 (0.0026) <0.005 - 0.0042 (0.0025) 

Arsenic (mg/L) 0.05 0.0011 - 0.0029 (0.0019) <0.0009 - 0.0024 (0.0012) 0.0011 - 0.0095 (0.0023) 0.0016 - 0.0036 (0.0023) 

Barium (mg/L) 0.7 0.08 - 0.11 (0.09) 0.06 - 0.11 (0.10) 0.07 - 0.10 (0.09) 0.08 - 0.11 (0.09) 

Cadmium (mg/L) 0.003 <0.0001 - 0.0002 (0.0001) <0.0001 - 0.0003 (0.0001) <0.0001 - 0.0009 (0.0002) <0.0001 - 0.0003 (0.0001) 

Chromium (III+VI) (mg/L) 0.05 <0.001 - 0.002 (<0.001) <0.001 <0.001 - 0.005 (0.001) <0.001 

Copper (mg/L) 2 0.003 - 0.005 (0.004) <0.001 - 0.007 (0.003) <0.001 - 0.014 (0.004) <0.001 - 0.009 (0.004) 

Lead (mg/L) 0.01 0.021 - 0.060 (0.038) <0.005 - 0.088 (0.031) <0.011 - 0.210 (0.053) <0.019 - 0.182 (0.049) 

Manganese (mg/L) 0.4 <0.021 - 0.047 (0.022) <0.028 - 0.126 (0.053) <0.019 - 0.326 (0.064) <0.045 - 0.138 (0.053) 

Mercury (mg/L) 0.001 <0.00005 <0.0001 <0.00005 <0.0001 

Nickel (mg/L) 0.07 <0.001 <0.001 - 0.001 (<0.001) <0.001 - 0.004 (0.001) <0.001 - 0.002 (<0.001) 

NDWQ Aesthetic Standards 

Aluminium (mg/L) 0.2 <0.05 - 0.40 (0.18) <0.02 - 0.09 (0.04) <0.03 - 4.51 (0.61) <0.12 - 1.15 (0.25) 

Calcium (mg/L) 200 8.8 - 13.7 (11.7) 1.6 - 14.4 (10.8) 12.1 - 17.5 (15.4) 16.8 - 34.4 (24.6) 

Iron (mg/L) 1 0.152 - 0.428 (0.250) <0.05 - 0.212 (0.111) <0.07 - 4.010 (0.606) <0.191 - 1.140 (0.372) 

Magnesium (mg/L) 150 2.77 - 4.16 (3.57) <0.5 - 4.66 (3.35) 4.55 - 7.27 (6.19) 7.22 - 16.50 (11.38) 

Sodium (mg/L) 200 0.4 - 13.5 (2.6) <0.5 - 8.4 (1.5) 0.4 - 13.4 (4.6) 1.5 - 9.7 (4.2) 

Zinc (mg/L) 3 0.036 - 0.076 (0.06) 0.032 - 0.130 (0.06) 0.019 - 0.087 (0.05) 0.019 - 0.085 (0.05) 

<xx = below limit of detection 

Values in bold indicate exceedance of the NDWQ standard. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 
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Table 5.42 Dissolved metal concentrations in Nam La catchment surface water, compared to ANZ DGVs  

  ANZ DGV SWNF01  

Range (mean) 

SWNL01 

Range (mean) 

SWNL02 

Range (mean) 

SWNL03 

Range (mean) 

Aluminium (mg/L) 0.055* <0.01 - 0.10 (0.032) <0.01 - 0.02 (0.003) <0.01 - 0.15 (0.025) <0.05 

Antimony (mg/L) 0.009 0.0016 - 0.0036 (0.0026) <0.005 - 0.0036 (0.0020) 0.0015 - 0.0027 (0.0022) <0.005 - 0.0026 (0.0019) 

Arsenic (mg/L) 0.013**  0.0008 - 0.0019 (0.0013) <0.0005 - 0.0021 (0.0007) 0.0007 - 0.0031 (0.0013) 0.0010 - 0.0028 (0.0016) 

Cadmium (mg/L) 0.0002 <0.0001 - 0.0002 (0.0001) <0.0001 - 0.0003 (0.0001) <0.0001 <0.0001 - 0.0002 (0.0001) 

Cobalt (mg/L) 0.0014 <0.001 <0.001 <0.001 <0.001 

Copper (mg/L) 0.0014 <0.001 - 0.002 (0.0016) <0.001 - 0.002 (0.0013) <0.001 - 0.003 (0.0012) <0.001 - 0.002 (0.0009) 

Lead (mg/L) 0.0034 <0.001 - 0.007 (0.0028) <0.001 - 0.015 (0.0048) <0.001 - 0.008 (0.0020) <0.001 - 0.006 (0.0009) 

Manganese (mg/L) 1.9 <0.001 - 0.007 (0.002) <0.001 - 0.011 (0.003) <0.001 - 0.002 (<0.001) <0.001 - 0.007 (0.002) 

Nickel (mg/L) 0.011 <0.001 <0.001 – 0.001 (0.000) <0.001 <0.001 

Zinc (mg/L) 0.008 0.011 - 0.053 (0.036) 0.024 - 0.130 (0.053) 0.012 - 0.044 (0.034) 0.007 - 0.049 (0.028) 

<LOD = below limit of detection.  

Values in bold indicate exceedance of the DGV. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations  

*Guideline is 0.055 mg/L where pH is >6.5, 0.0008 where pH is <6.5. However, as the sites had average pHs of >6.5 over the monitoring period, the 0.055 mg/L guideline value was adopted. 

** Guideline is 0.013 mg/L for As(V) and 0.024 mg/L for As(III). In the absence of knowledge of arsenic speciation in the waters, the more conservative guideline value for As(V) has been adopted. 
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Sediment Quality 

No stream sediment samples were taken from the Nam La. 

Myitnge River 

Hydrology 

The Myitnge River is a major tributary of the Ayeyarwady River, in the northwest of Shan State, with a total 
catchment area covering 30,682 km2. The river flows through Namtu where its width was estimated to range in 
the order of 50 to 70 m and its depth is reported by locals to be approximately 10 to 12 m deep. Rainfall in the 
wet season can cause frequent flooding events in the lower Myitnge River catchment and influence flow rates. 
The Ayeyarwady State of the Basin Assessment (SOBA) report (NWRC, 2017) indicating flows ranging from 
38,052 L/s to over 1,712,327 L/s. 

The Myitnge River flows through Namtu where it is expected that historical ore processing activities, including 
smelting on the northern bank of the Myitnge River, and ore concentration and tailings disposal on the southern 
bank (referred to as the 32 Mile site), have also contributed contaminated surface runoff and groundwater 
discharge to the Myitnge River. Plate 5.19 shows the Myitnge River as it passes Namtu. 

The Myitnge River is fed by tributaries such as Nam Pangyun and Nam La. Discharge from these tributaries, 
along with contaminated runoff and groundwater from Namtu, are expected to contribute to poor water quality in 
the Myitnge River. 

Water Quality 

Physico-chemical parameters and ions 

Turbidity of the Myitnge River was low as it passed Namtu (SWNR01 to SWNR04), with the exception of 
measurements made in August 2019. Between sites SWNR01 and SWNR04 in August, maximum turbidity ranged 
between 186.0 and 279.0 NTU. In other months, the average turbidity ranged between 3.4 and 4.8 NTU at these 
sites, below the NDWQ standard of 5 NTU. SWNR05, downstream of the confluence with Nam Pangyun (Plate 
5.20), the turbidity reached a maximum of 164.0 NTU in August, with other months ranging between 3.4 and 42.3 
NTU, averaging 14.1 NTU. The only months that had turbidity below the NDWQ standard at SWNR05 were May 
and September 2019. 

Total suspended solids in the river followed a similar trend, with measurements in August 2019 considerably 
higher than other months, ranging between 127 and 214 mg/L. In other months, the average TSS ranged between 
6 and 8 mg/L between sites SWNR01 and SWNR04. At site SWNR05, the average TSS increased to 32 mg/L. 

The increase in turbidity and TSS between sites upstream of the confluence (SWNR01 to SWNR04) and 
downstream (SWNR05) is probably due to the inflow of the Nam Pangyun, as the Nam Pangyun catchment is 
influenced by high turbidity discharge from the Tiger Tunnel and by disturbance by artisanal mining activities. 
For reference, the average turbidity and TSS of SWNP08 in the Nam Pangyun catchment (immediately upstream 
of the confluence with the Myitnge River) is 139.4 NTU and 153 mg/L, respectively. 

The average pH in the Myitnge River ranged between 7.6 and 8.0, with an absolute range across all monitoring 
sites of pH 7.2 to 8.2. These pH values are all within the NDWQ standard range of pH 6.5 to 8.5. Between 
SWNR04 and SWNR05, the range of pH in the river remained relatively similar, ranging from 7.0 to 8.0 at 
SWNR04 to 6.9 to 8.0 at SWNR05. There did not appear to be a decrease in pH between the two sites as a result 
of the slightly more acidic inflow from the Nam Pangyun, where pH ranged between 6.3 and 7.7 at SWNP08. 

Hardness in the Myitnge River during the monitoring period was high relative to the Nam Pangyun and Nam La 
streams. Average hardness ranged between 195 and 199 mg/L and remained relatively consistent at all monitoring 
sites. The lowest hardness measurements in the catchment ranged between 160 and 167 mg/L, while the highest 
measurements ranged between 213 and 219 mg/L. All measurements were below the NDWQ standard of 500 
mg/L. The high hardness relative to the Nam Pangyun and Nam La catchments is likely to reflect the underlying 
lithology of the catchment upstream, as the Upper Permian-Mesozoic carbonates of the Shan Plateau are likely to 
contribute to increased water hardness. 
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The electrical conductivity and total dissolved solid concentrations both had narrow absolute ranges, 332  to 
438 µS/cm, and 220 to 304 mg/L, respectively. There did not appear to be an increasing or decreasing trend from 
upstream to downstream. Both EC and TDS concentrations were below the NDWQ standards of 1,500 µS/cm and 
1,000 mg/L, respectively. 

The ionic composition of the Myitnge River in the study area is calcium-bicarbonate rich, similar to that of the 
Nam La catchment. Between SWNR01 and SWNR04, the average bicarbonate concentration ranges between 190 
mg/L at SWNR03 and 193 mg/L at SWNR04. This decreases downstream of the confluence with Nam Pangyun 
to 176 mg/L at SWNR05, likely due to the contribution of the comparatively low bicarbonate discharge from the 
Nam Pangyun (average of 61 mg/L at SWNP08). At SWNR05, the composition also becomes slightly more 
sulfate-rich due to the sulfate enriched discharge from Nam Pangyun (average of 155 mg/L at SWNP08). 
Upstream at SWNR01 the sulfate concentration was an average of 11 mg/L, increasing to 38 mg/L at SWNR05 
after the confluence. 

Results for physico-chemical parameters are presented in Table 5.43. Values in bold indicate exceedance of the 
NDWQ standard. 

Table 5.43 Physico-chemical parameters in the Myitnge River catchment 

NDWQ 
standar
d 

SWNR01 

Range 
(mean) 

SWNR02 

Range 
(mean) 

SWNR03 

Range 
(mean) 

SWNR03A 

Range 
(mean) 

SWNR04 

Range 
(mean) 

SWNR05 

Range 
(mean) 

Turbidity 
(NTU) 

5 0.7 – 230.0 
(35.9) 

0.8 – 214.0 
(34.0) 

1.6 – 190.0 
(31.3) 

0.4 – 279.0 
(42.8) 

2.5 – 186.0 
(30.4) 

3.4 – 164.0 
(35.5) 

pH  6.5 – 8.5 7.5 – 8.1 
(7.9) 

7.3 – 8.2 
(8.0) 

7.2 – 8.2 
(7.9) 

7.5 – 8.2 
(7.9) 

7.0 – 8.0 
(7.6) 

6.9 – 8.0 
(7.7) 

TSS (mg/L)  <1 – 171 
(29*) 

1 – 166 (26) <1 – 145 
(24*) 

<1 – 214 
(36*) 

<1 – 147 
(21*) 

5 – 127 (44) 

Hardness 
(mg/L) 

500 163.0 – 
219.0 
(199.3) 

166.0 – 
214.0 
(197.3) 

167.0 – 
213.0 
(196.9) 

164.0 – 
213.0 
(195.0) 

160.0 – 
214.0 
(197.0) 

166.0 – 
218.0 
(197.9) 

TDS (mg/L) 1,000 224 – 282 
(254) 

220 – 290 
(256) 

226 – 292 
(258) 

220 – 298 
(267) 

224 – 290 
(258) 

232 – 304 
(264) 

EC (µS/cm) 1,500 343 – 418 
(365) 

334 – 412 
(359) 

332 – 422 
(362) 

344 – 418 
(369) 

351 – 417 
(369) 

345 – 438 
(380) 

Values in bold indicate exceedance of the NDWQ standard 
*average has been calculated assuming <1 is a result of 0. 

Nutrients and organics 

The presence of nitrates and nitrates in Myitnge River samples during the monitoring period indicates potential 
contamination with bacteria such as E. coli and faecal coliforms in untreated surface water, although 
concentrations were considerably lower than NDWQ standards. Average nitrate concentrations ranged between 
0.10 mg/L and 0.13 mg/L, with the highest measurement of 0.42 mg/L at SWNR03A, which is two orders of 
magnitude lower than the NDWQ standard of 50 mg/L. Similarly, nitrite concentrations averaged between 0.002 
mg/L and 0.003 mg/L, well below the NDWQ standard of 3 mg/L. Ammonia concentrations were below detection 
limits at all monitoring events. 

Concentrations of organic contaminants (total petroleum hydrocarbons (TPHs), polycyclic aromatic hydrocarbons 
(PAHs), volatile organic compounds (VOCs), monocyclic aromatic hydrocarbons (MAHs)), fungicides, 
herbicides and pesticides were below the limit of reporting at all sampling locations in the first round of monitoring 
in November 2018 and were not continued in following rounds. 

Metals and metalloids 

Former ore processing at Namtu were divided into two main areas; the 32 Mile concentrator and tailings disposal 
areas on the southern bank (between SWNR01 and SWNR03), and the smelter on the northern bank (between 
SWNR03 and SWNR04). Discharge from Nam Pangyun occurs between SWNR04 and SWNR05. 
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Both the concentrator and tailings area, and the smelter are likely to be contributing to the observed increase in 
metal concentrations in the Myitnge River as it passes through Namtu. 

Average total concentrations of aluminium, arsenic, iron, lead, manganese, nickel, copper and zinc increases as 
the Myitnge River received discharge from the Nam La and as it passes the former Namtu Smelter. Reported 
concentrations show a similar increasing trend as the river passes the former Namtu concentrator and tailings 
disposal area (32 Mile) on the southern bank of the Myitnge River (see Plate 5.19 and Plate 5.20). 

In the Myitnge River upstream of the Namtu smelter at sites SWNR01 to SWNR03, average total lead 
concentrations ranged between 0.005 and 0.007 mg/L, with maximum measurements of 0.017 mg/L at all three 
sites exceeding the NDWQ health standard of 0.01 mg/L. Average total lead concentrations at sites downstream 
of the Namtu smelter (SWNR03A to SWNR05) exceeded the standard, ranging between 0.017  and 0.390 mg/L, 
representing an order of magnitude increase. Downstream of the smelter at SWNR03A the maximum 
concentration of manganese (0.437 mg/L) also exceeded the NDWQ health standard of 0.4 mg/L. This was 
measured in August 2019 and was the only occasion the concentration exceeded the standard at this site. 

The geometric mean reported concentrations of zinc in the Myitnge River showed an increasing trend as it passed 
from upstream (SWNR01) to downstream (SWNR04) of the Namtu concentrator and smelter sites. This increase 
is observed with other metals to varying degree and is attributed to:  

 The impacts of ongoing leaching from tailings and waste storages associated with the Namtu 
concentrators and Namtu smelter and mobilisation via groundwater, and  

 Direct interaction with tailings waste that is thought to have been released to the Myitnge River during 
historical ore processing activities.  

At SWNR05, downstream of the confluence with the Nam Pangyun, average total concentrations of cadmium 
(0.0066 mg/L), lead (0.390 mg/L), nickel (0.116 mg/L) exceeded the NDWQ health standards of 0.003 mg/L, 
0.01 mg/L and 0.07 mg/L, respectively. SWNR05 also exhibited maximum concentrations of arsenic (0.0654 
mg/L) and manganese (1.090 mg/L), which exceeded the NDWQ standards of 0.05 mg/L and 0.4 mg/L, 
respectively. Both measurements were taken in August 2019 and were the only exceedances at this site. 

Average total aluminium concentrations at all sites exceeded the NDWQ aesthetic standard of 0.2 mg/L during 
the monitoring period, ranging between 0.30 mg/L and 0.58 mg/L. The maximum recorded concentrations at all 
sites were measured in August 2019, indicating a potential correlation with turbidity and TSS concentrations. If 
results from August are excluded, the average concentrations range between 0.09 mg/L and 0.21 mg/L, with the 
latter the only site (SWNR05) with an average that exceeds the NDWQ standard. Average iron concentrations do 
not exceed the NDWQ standard of 1 mg/L at any site, however there is a similar trend to that of aluminium, where 
the maximum values (2.24 mg/L to 4.91 mg/L) are recorded in August 2019. The measurements from August at 
all sites, and one measurement in January 2019 at SWNR05 (1.7 mg/L) are the only occasions iron concentrations 
exceeded the standard. Zinc concentrations exceed the NDWQ aesthetic standard of 3 mg/L at SWNR05 in 
January 2019 (3.14 mg/L) and August 2019 (8.40 mg/L). These are the only occasions the standard was exceeded, 
with 0.14 mg/L the highest concentration recorded at any of the other sites.  
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Plate 5.19 The Myitnge River adjacent to Namtu town at site SWNR03 

 

Plate 5.20 The Myitnge River just downstream of the confluence with the Nam Pangyun 
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Figure 5.26 Myitnge River average total metals concentrations 
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Table 5.44 presents the NDWQ standards and total metal concentrations. Concentrations in bold indicate 
exceedance of the standard. 

Dissolved metal concentrations in the Myitnge River catchment are relatively low in comparison to Nam Pangyun 
and Nam La surface waters. At all sites between SWNR01 and SWNR04, concentrations of dissolved antimony, 
cadmium, cobalt, copper and nickel were below detection limits at every monitoring event. This is in contrast to 
results from the Nam Pangyun and Nam La catchments which commonly measured concentrations of these metals 
exceeding ANZ guidelines. Concentrations of aluminium and manganese at all sites (SWNR01 to SWNR05) were 
below the ANZ guideline values of 0.055 mg/L and 1.9 mg/L, with all sites recording a maximum aluminium 
concentration of 0.020 mg/L, and a range of maximum concentrations of manganese between 0.002 mg/L and 
0.254 mg/L. 

Concentrations of lead exceeded ANZ guideline values of 0.0034 mg/L at all SWNR01, SWNR02, SWNR03 and 
SWNR05, however the only site with an average concentration to exceed to guideline is SWNR05 (0.0482 mg/L), 
where all measurements (ranging between 0.007 mg/L and 0.130 mg/L) exceeded the guideline. Maximum 
concentrations of zinc exceeded the ANZ guideline of 0.008 mg/L by an order of magnitude at all sites, however 
the only average concentrations of zinc to exceed the guideline were at SWNR03A (0.011 mg/L) and SWNR05 
(0.660 mg/L). 

Dissolved metal concentrations increased between SWNR04 and SWNR05, downstream of the confluence with 
the Nam Pangyun. Metals that were previously undetected (antimony, cadmium, cobalt, copper and nickel) were 
detected at SWNR05, with average concentrations of all these metals except antimony exceeding ANZ DGVs. 
Maximum concentrations of manganese increased between SWNR04 (0.002 mg/L) and SWNR05 (0.254 mg/L), 
although they remained below the DGV. Average cadmium concentrations at SWNR05 exceeded the DGV of 
0.0002 mg/L by an order of magnitude, at 0.0034 mg/L. At SWNR05, zinc concentrations were up to three orders 
of magnitude greater than the guideline, with a maximum of 1.780 mg/L measured in November 2018. Average 
concentrations of zinc increased by two orders of magnitude between SWNR04 (0.007 mg/L) and SWNR05 
(0.660 mg/L). 

Table 5.45 presents the ANZ DGVs and dissolved metal concentrations. Concentrations in bold indicate 
exceedance of the standard. 

Immediately downstream of the confluence with Nam Pangyun (SWNR05), total and dissolved metal 
concentrations generally increased due to the discharge of the metal-rich Nam Pangyun waters. This is exemplified 
in Figure 5.27, showing dissolved cadmium, lead and zinc concentrations in the Myitnge River. Reported metal 
concentrations during the monitoring period were mostly lower at site SWNR05 in the Myitnge River, 
downstream of the confluence with the Nam Pangyun, than at SWNP08 in the Nam Pangyun upstream of the 
confluence with the Myitnge River. For example, average concentrations of lead were an order of magnitude 
greater at SWNP08 (3.090 mg/L) than at SWNR05 (0.390 mg/L). There is little mixing between the two 
waterbodies at SWNR05, so effects are likely to be overestimated and concentrations diluted further downstream. 
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Figure 5.27 Concentrations of dissolved cadmium, lead and zinc concentrations in the Myitnge River 
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Table 5.44 Total metal concentrations in Myitnge River catchment surface water, compared to NDWQ standards 

  NDWQ 

Standar
d 

SWNR01 Range (mean) SWNR02 Range (mean) SWNR03 Range (mean) 
SWNR03A Range 

(mean) 
SWNR04 Range (mean) SWNR05 Range (mean) 

NDWQ Health Standards 

Antimony (mg/L) 0.02 <0.0005 - 0.0008 
(0.0001) 

<0.0005 - 0.0007 
(0.0001) 

<0.0005 - 0.0007 
(0.0001) 

<0.0005 - 0.0015 
(0.0002) 

<0.0005 - 0.0008 
(0.0003) 

0.0008 - 0.0129 (0.0048) 

Arsenic (mg/L) 0.05 0.0019 - 0.004 (0.0026) 0.0018 - 0.0044 (0.0026) 0.0017 - 0.0053 (0.0029) 0.0016 - 0.0106 (0.0042) 0.0018 - 0.0058 (0.0033) 0.0063 - 0.0654 (0.0213) 

Barium (mg/L) 0.7 0.02 - 0.04 (0.03) 0.02 - 0.04 (0.03) 0.02 - 0.04 (0.03) 0.02 - 0.06 (0.03) 0.02 - 0.04 (0.03) 0.04 - 0.14 (0.06) 

Cadmium (mg/L) 0.003 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 0.0006 
(0.0001) 

0.0006 - 0.0247 (0.0066) 

Chromium (III+VI) 
(mg/L) 

0.05 <0.001 <0.001 <0.001 <0.001 - 0.005 (0.001) <0.001 - 0.003 (0.000) <0.001 - 0.002 (0.000) 

Copper (mg/L) 2 <0.001 - 0.003 (0.001) <0.001 - 0.003 (0.000) <0.001 - 0.003 (<0.001) <0.001 - 0.008 (0.001) <0.001 - 0.018 (0.003) <0.001 - 0.055 (0.020) 

Lead (mg/L) 0.01 <0.001 - 0.017 (0.007) <0.003 - 0.017 (0.005) <0.004 - 0.017 (0.007) <0.013 - 0.128 (0.022) <0.007 - 0.062 (0.017) 0.054 - 1.01 (0.390) 

Manganese (mg/L) 0.4 0.017 - 0.16 (0.047) <0.017 - 0.131 (0.035) <0.017 - 0.135 (0.034) <0.018 - 0.437 (0.078) <0.017 - 0.148 (0.041) 0.05 - 1.09 (0.265) 

Mercury (mg/L) 0.001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 - 0.00008 
(0.00001) 

<0.00005 - 0.00011 
(0.00002) 

Nickel (mg/L) 0.07 <0.001 - 0.004 (0.001) <0.001 - 0.004 (0.001) <0.001 - 0.004 (0.001) <0.001 - 0.01 (0.001) <0.001 - 0.008 (0.002) 0.008 - 0.505 (0.116) 

NDWQ Aesthetic Standards 

Aluminium (mg/L) 0.2 <0.04 - 1.9 (0.37) <0.03 - 1.75 (0.32) <0.03 - 1.68 (0.30) <0.04 - 3.51 (0.58) <0.04 - 1.7 (0.32) <0.13 - 0.98 (0.31) 

Calcium (mg/L) 200 38.4 - 43.3 (42.3) 39.6 - 43.3 (41.8) 39.2 - 43.9 (41.7) 37.8 - 43.7 (41.0) 37.4 - 44.2 (41.9) 39.4 - 44.2 (42.5) 

Iron (mg/L) 1 <0.072 - 2.45 (0.525) <0.068 - 2.19 (0.451) <0.089 - 2.12 (0.422) <0.095 - 4.91 (0.823) <0.077 - 2.24 (0.482) <0.257 - 2.66 (0.824) 

Magnesium (mg/L) 150 16.2 - 26.9 (23.09) 16.3 - 26.3 (22.80) 16.8 - 26.5 (22.96) 16.2 – 26 (22.85) 16.3 - 26.3 (22.80) 16.3 - 26.6 (22.41) 

Sodium (mg/L) 200 1.4 - 11.1 (4.2) 1.4 - 10.3 (3.8) 1.4 - 11.8 (4.3) 1.4 – 15.0 (5.7) 1.5 - 12.6 (4.5) 1.4 - 16.6 (6.3) 

Zinc (mg/L) 3 <0.005 - 0.03 (0.01) <0.005 - 0.032 (0.01) <0.005 - 0.036 (0.01) 0.011 - 0.084 (0.03) 0.009 - 0.135 (0.04) 0.135 - 8.4 (2.05) 

<LOD = below limit of detection 

Values in bold indicate exceedance of the NDWQ standard. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 
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Table 5.45 Dissolved metal concentrations in Myitnge River catchment surface water, compared to ANZ DGVs 

  ANZ 
DGVs 

SWNR01 Range (mean) SWNR02 Range (mean) SWNR03 Range (mean) SWNR03A Range (mean) SWNR04 Range (mean) SWNR05 Range (mean) 

Aluminium 0.055* <0.01 - 0.02 (0.003) <0.01 - 0.02 (0.003) <0.01 - 0.02 (0.003) <0.01 - 0.02 (0.004) <0.01 - 0.02 (0.003) <0.01 - 0.02 (0.003) 

Antimony 0.009 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 - 0.0024 (0.0008) 

Arsenic 0.013**  0.0012 - 0.0032 (0.0021) 0.0012 - 0.0035 (0.0021) 0.0011 - 0.0042 (0.0024) 0.0013 - 0.0051 (0.0031) 0.0011 - 0.0053 (0.0028) 0.0014 - 0.0051 (0.0029) 

Cadmium 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0004 - 0.0077 (0.0034) 

Cobalt 0.0014 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.081 (0.022) 

Copper 0.0014 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.007 (0.0032) 

Lead 0.0034 <0.001 - 0.007 (0.0015) <0.001 - 0.006 (0.0010) <0.001 - 0.005 (0.0012) <0.001 - 0.003 (0.0006) <0.001 - 0.003 (0.0005) 0.007 - 0.13 (0.0482) 

Manganese 1.9 <0.001 - 0.015 (0.004) <0.001 - 0.002 (<0.001) <0.001 - 0.005 (0.001) <0.001 - 0.002 (0.000) <0.001 - 0.002 (0.000) <0.001 - 0.254 (0.058) 

Nickel 0.011 <0.001  <0.001  <0.001 <0.001  <0.001  0.005 - 0.112 (0.041) 

Zinc 0.008 <0.005 - 0.022 (0.006) <0.005 - 0.011 (0.005) <0.005 - 0.023 (0.007) 0.008 - 0.014 (0.011) <0.005 - 0.014 (0.007) 0.06 - 1.78 (0.660) 

<xx = below limit of detection 

Bold indicates the value exceeded DGV. Values in bold indicate exceedance of the DGV. Measurements below detection limits were assumed to be zero for the purpose of calculating average concentrations 

*Guideline is 0.055 mg/L where pH is >6.5, 0.0008 where pH is <6.5. However, as the sites had average pHs of >6.5 over the monitoring period, the 0.055 mg/L guideline value was adopted. 

** Guideline is 0.013 mg/L for As(V) and 0.024 mg/L for As(III). In the absence of knowledge of arsenic speciation in the waters, the more conservative guideline value for As(V) has been adopted. 
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Sediment Quality 

Stream sediment from S7, located downstream of the tailings dump at Namtu was reddish-brown gravelly sand. 
This sediment exhibited a higher alkalinity (4,710 mg/kg) than samples from the Nam Pangyun catchment (S1 to 
S6) (ranging between 60 and 322 mg/kg). The conductivity in water of the sample from S7 (136 µS/cm) was 
higher than samples from the Nam Pangyun catchment (11 to 110 µS/cm). 

S7 had higher metal concentrations in stream sediment samples compared to those in the Nam Pangyun catchment 
(Table 5.46). Arsenic, antimony, cadmium, copper, nickel, lead, silver and zinc all exceeded the DGV and GV-
high at this site. The concentration of zinc at S7 were greater than 20,000 mg/kg, approximately 50 times greater 
than the GV-high of 410 mg/kg. PAHs were detected in the sediment from S7 (0.25 mg/kg) at levels lower than 
the DGV (10 mg/kg). 

Table 5.46 Toxicant concentration in stream sediment sample from S7 

Toxicant ANZ DGV  ANZ GV-High S7  

Antimony (mg/kg) 2.0 25 972.0 

Arsenic (mg/kg) 20 70 4,800 

Cadmium (mg/kg) 1.5 10 125.00 

Chromium (mg/kg) 80 370 45 

Copper (mg/kg) 65 270 7,840 

Lead (mg/kg) 50 220 >5,000 

Mercury (mg/kg) 0.15 1.5 3.01 

Nickel (mg/kg) 21 52 2,094 

Silver (mg/kg) 1.0 4.0 181.00 

Zinc (mg/kg) 200 410 >20,000 

PAHs (mg/kg) 10 50 0.25 

Total hydrocarbons* (mg/kg) 280 550 43 

Bold indicates concentration exceeding DGV. Shading indicates concentration exceeding GV-high 

* Results are for total recoverable hydrocarbons and the ANZ DGV is for total petroleum hydrocarbons, however the comparison is made 
for indicative purposes 

5.3.4 Summary 
Catchment hydrology in the Bawdwin project area is characterised as: 

 Steeply dissected vee-shaped valleys in the mountainous region formed by high-energy stream erosion. 
The resultant steep upland terrain is characterised by high runoff, flash flows during wet months. 

 Streams are supported with year-round flow from numerous groundwater springs. 

 Surface water in the Nam Pangyun and Nam La catchments support a range of extractive uses including 
potable water supply, agriculture and industrial uses (predominantly mining and ore processing). 

The existing surface water quality at monitoring sites in the Nam Pangyun, Nam La and Myitnge River catchments 
during the monitoring period shows: 

 The physico-chemical water quality parameters (turbidity, pH, TSS, hardness, TDS and EC) rarely 
exceeded NDWQ standards within the study area, with the exception of turbidity. Turbidity was often 
above NDWQ standards in the Nam Pangyun and Nam La catchments and in some locations, such as the 
downstream Nam Pangyun catchment. This can be attributed to other activities causing disturbance in 
the catchment. 

 The Nam Pangyun is highly degraded, due to historical mining activities at Bawdwin. Water quality in 
the lower catchment is highly contaminated by discharge from Tiger Tunnel, characterised by elevated 
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levels of total and dissolved metals. Total and dissolved metal concentrations frequently exceeded 
NDWQ standards and ANZ DGVs. 

 Water discharging from the historical mine workings to the Nam Pangyun (predominantly via Tiger 
Tunnel) exceeds the Myanmar draft national environmental quality emissions guidelines. 

 Additional sources of contamination such as anthropogenic contamination (waste and sewage disposal, 
agricultural practices etc) are present across the Nam Pangyun and Nam La catchments, and artisanal 
mining in the lower Nam Pangyun catchment are having a measurable effect on water quality. 

 Contamination of the Nam Pangyun precludes most beneficial uses of surface water to the downstream 
communities and has resulted in a significantly degraded aquatic ecosystems. 

 Sediments in the lower Nam Pangyun catchment are extensively impacted by mining waste (waste rock 
and smelter slag) and attract artisanal mining activities. These artisanal mining activities are also 
contributing to degraded water quality in the lower Nam Pangyun catchment (particularly TSS and total 
metal concentrations). 

 The Nam La is relatively undisturbed compared to the Nam Pangyun, with low concentrations of most 
metals. 

 There was substantial temporal variability between sampling events and seasonal or temporal trends were 
not apparent (Figure 5.28). 

 The Myitnge River has low but increasing concentrations of several total and dissolved metals as it passes 
the former 32 Mile concentrator and tailings disposal area, and the former Namtu smelter. The 
contribution of metals from these source areas is likely to be via a combination of surface runoff, 
contaminated groundwater discharge, and direct leaching of historical mine waste that may have been 
disposed to the Myitnge River. 

 A more significant increase in total and dissolved metal concentrations are observed downstream of the 
confluence with the Nam Pangyun (SWNR05), where concentrations of several metals became markedly 
elevated and exceeded NDWQ standards and ANZ DGVs. Reduced water quality in the Nam Pangyun 
(attributed to discharge from the Tiger Tunnel) is having a measurable effect on the downstream quality 
of the Myitnge River. 

 Despite receiving direct sewage discharge from villages along the Nam Pangyun and Nam La, neither 
appear to be significantly degraded by this, with both reporting levels of nutrients below the NDWQ 
standards. The presence of nutrients, albeit below standards, may indicate presence of E. coli and faecal 
coliforms. 

Figure 5.29 provides a comparison of dissolved cadmium, lead and zinc in the catchments, an example 
highlighting the significant degradation of the Nam Pangyun compared to the Nam La and Myitnge River 
catchments. 

Parameters which exceed NDWQ standards suggest the water quality is not suitable for drinking for either health 
or aesthetic reasons, depending on the parameter. The Australian and New Zealand (ANZ) water quality default 
guideline values (ANZ DGVs) correspond to different levels of protection based on the condition of the water 
quality. The watercourses in the study are considered to be slightly to moderately disturbed ecosystems. 
Exceedance of a DGV implies the parameter is likely to be toxic to slightly to moderately disturbed ecosystems. 
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Figure 5.28 Dissolved cobalt, cadmium, lead and zinc concentrations, turbidity and total suspended 
solids in the study area over the monitoring period 
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Figure 5.29 Concentrations of dissolved cadmium, lead and zinc in study area catchments  
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5.3.5 Sensitivity of surface water values 
This section describes the overall sensitivity for the key surface water values identified in the study area, the Nam 
Pangyun, Nam La and Myitnge River, in terms of their importance, vulnerability and resilience. Sensitivity in this 
context is a quantification of how sensitive the surface water values are to change as a result of the project. 
Sensitivity is based on the importance of the value, the vulnerability of the value to change, and the resilience of 
the value in terms of its ability to overcome changes and maintain its inherent value. 

The importance of each watercourse was determined by considering the current and potential future uses of the 
surface water and its intrinsic value. Current uses have been based on observations made in the study area and 
from consultation with local communities. The potential future use takes into account the water quality limitations 
for a use. The vulnerability of each value to potential project impacts is defined by considering its location with 
respect to the project, relationship to other values and current condition. The resilience of each value to potential 
project impacts is defined by considering the ability of a value to respond to a change/disturbance by resisting 
damage and/or recovering quickly to its original value. 

The surface water-specific definitions for the varying levels of importance, vulnerability and resilience that were 
adopted in this assessment are provided in Table 5.47. Table 5.48 outlines the importance, vulnerability, and 
resilience for each value, based on a low, medium and high scale as outlined in Table 5.47. 

Table 5.47 Importance, vulnerability and resilience definitions and ratings criteria 

 Definition Ratings criteria 

Low Medium High 

Importance The value that is 
associated with surface 
water feature in its 
current form. This 
includes the ability of the 
feature to support 
ecosystems and 
beneficial uses. 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses. 

Supports some beneficial 
uses or has medium 
potential to support 
aquatic ecosystems or a 
be a source of water for 
beneficial uses. 

Supports, or has the 
ability to support 
aquatic ecosystems 
and be a source of 
water for beneficial 
uses. 

Vulnerabilit
y 

The extent to which the 
surface water feature is 
susceptible to change. 
This includes the 
existing condition of the 
feature in terms of its 
physical and chemical 
properties and how 
readily additional change 
may cause deterioration 
or loss of associated 
ecosystems or water use 
value. 

Low susceptibility to 
degradation (in terms 
of physical, chemical 
and streamflow 
characteristics). 

High existing 
contamination. 

Medium susceptibility to 
degradation (in terms of 
physical, chemical and 
streamflow 
characteristics). 

Medium level of existing 
contamination. 

High susceptibility to 
degradation (in terms 
of physical, chemical 
and streamflow 
characteristics) 

Low level of existing 
contamination. 

Resilience The extent to which the 
surface water feature can 
adapt or recover from 
change. In this context, 
this relates to how 
readily the feature could 
naturally recover from 
change. 

Limited or no 
capacity to adapt to 
change and the 
associated ecosystem 
value or use cannot 
be regained.  

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained.  

Easily adaptable to 
change and most or all 
of the associated 
ecosystem value or use 
can be regained. 
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Table 5.48 Summary of surface water values and their sensitivity 

Surface water 
value 

Importance Vulnerability Resilience Sensitivity 

Ability to 
support 
ecosystems and 
beneficial uses 
- Nam 
Pangyun – 
upper 
catchment 

 

Medium 

In some areas in the upper catchment water 
supports aquatic ecosystems and has the 
potential to support a range of beneficial uses. 

Medium 

Currently exhibits moderate water quality, 
and is of better quality than the mid and 
lower catchment.  Stream habitat is in 
relatively good condition and is better than 
the mid and lower catchment.  

Vulnerable to further deterioration of stream 
habitat and water quality  

The vulnerability to flood risk is considered 
high as the Nam Pangyun catchment is 
characterised by rapid flood response to high 
rainfall events. 

Medium 

Some resilience to change. Some of the 
associated ecosystem value or use can be 
regained. 

Medium 

 

Ability to 
support 
ecosystems and 
beneficial uses  
- Nam 
Pangyun – mid 
catchment 

Low 

Highly modified and degraded watercourse 
with poor water quality due to historic mining 
activities. Water is not used for drinking 
water.  

Has limited or no potential to support aquatic 
ecosystems or be a source of water for 
beneficial uses. 

Low 

The watercourse has been impacted by 
historic mining and ongoing exposure to 
contaminants, including sewage from 
Bawdwin villages, there is limited 
vulnerability to further changes.. 

The vulnerability to flood risk is considered 
high as the Nam Pangyun catchment is 
characterised by rapid flood response to high 
rainfall events. 

Medium 

Some resilience to change. Some of the 
associated ecosystem value or use can be 
regained. 

Low 

 

Ability to 
support 
ecosystems and 
beneficial uses 
- Nam 
Pangyun – 
lower 
catchment 

Low 

Highly modified and degraded watercourse 
that has limited or no potential to support 
aquatic ecosystems or be a source of water 
for beneficial uses. 

 

Low 

The watercourse has been impacted by 
historic mining, including the discharge of 
poor quality water from the Tiger Tunnel, 
habitat is highly degraded. There is little 
vulnerability to further changes. 

The vulnerability to flood risk is considered 
high as the Nam Pangyun catchment is 
characterised by rapid flood response to high 
rainfall events. 

 

Medium 

Some resilience to change. Some of the 
associated ecosystem value or use can be 
regained. 

Low 

 

Ability to 
support 

High High Medium High 
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Surface water 
value 

Importance Vulnerability Resilience Sensitivity 

ecosystems and 
beneficial uses 
- Nam La 

Largely undisturbed compared to the Nam 
Pangyun and is an important source of water 
for agriculture/irrigation, industrial use, 
drinking water in nearby communities. 

 

Nam La has relatively good water quality and 
habitat condition and is vulnerable to 
degradation particularly during the dry season 
when flows are limited.  

Existing conditions in the Nam La are 
characterised by rapid response to storm 
events and flash flooding. The catchment is 
likely to be vulnerable to increased flows, 
particularly when they coincide with high 
rainfall events. 

Nam La surface water is somewhat resilient 
to change due to its alkalinity and hardness, 
which reduce bioavailability and toxicity of 
some metals. 

 

Ability to 
support 
ecosystems and 
beneficial uses  
- Myitnge 
River 

High 

Provides an important source of water for 
recreation, agriculture/irrigation, industrial 
use, drinking water and other consumptive 
uses to communities. 

 

High 

Vulnerable to further changes due to its 
relatively good water quality and habitat 
condition compared to the Nam Pangyun 

Medium 

May be able to withstand localised and 
temporary impacts due to its size and flow. 

High 
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5.3.6 Uncertainties and limitations 

A robust data set relating to the collection of surface water characteristics has been collected over a 10-month 
monitoring period. Notwithstanding the robustness of this data there were a number of limitations. These included: 

 The effect of stream flow on water quality and the responses of water quality to rainfall and storm events 
is an uncertainty due to the lack of concurrent stream flow and water quality sampling and lack of water 
quality monitoring during storm events. 

 The assessment of stream flow has been based on a limited data set within the mid Nam Pangyun 
catchment. Further stream monitoring is being collected to gain a full understanding of baseline flow 
conditions, seasonal trends in flow conditions, and flow conditions associated with storm events. 

 Assessment of streambed sediment quality to date has focussed on the Nam Pangyun, which is expected 
to have been influenced by historical mining activities. No comparison can be made to adjacent areas 
such as the Nam La catchment. 

 Microbiological water quality parameters are subject to short holding times that could not be met due to 
the inherently long international sample transport time, limited domestic laboratory alternatives of 
suitable quality, and delays in export permissions. However, key parameters of interest (such as metals) 
are considered to have lower potential for impact by longer sample holding time, and this is unlikely to 
have materially affected the conclusions of the baseline groundwater assessment. 

 There were no monitoring points in the Myitnge River downstream of SWNR05, located near the 
confluence of the Myitnge River and Nam Pangyun. Any mixing or dilution of the Nam Pangyun 
discharge in the Myitnge River further downstream is an area of uncertainty. 
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5.4 Meteorology 
Myanmar, as a whole, has a monsoon climate. However, climatic patterns are heavily influenced by the country’s 
geography lying between the Indian Ocean to the south and extensive mountain ranges in the north. These 
mountain ranges prevent cold air masses of Central Asia (in November to March) from moving into the interior 
of the country. Therefore, the climate for most of the country is driven by monsoon winds. The climate has three 
main seasons: the cool, relatively dry northeast monsoon between late October to mid-February; the hot, dry inter-
monsoonal season between mid-February to mid-May; and the rainy southwest monsoon season between mid-
May to late October. 

From mid-December during the cool season, the calm weather is broken by sporadic low intensity rain events that 
can continue through January and February. Between March and mid-May during the hot season, there is a 
continuous and rapid rise of temperature and the winds are variable. The wet season typically commences around 
May, with storms forming in central Myanmar that are often accompanied by strong winds, hail and torrential 
rain. By November the monsoon rains typically stop, and then clear skies and fine weather dominates as cool 
season commences. This season also experiences lower temperatures and humidity compared to other seasons. 

Based on the Köppen–Geiger climate classification system, the higher terrain in Northern Shan State is classified 
as a ‘hot-summer Mediterranean climate’. The mine area experiences seasons as described in the section above. 
The region experiences a monsoonal climate, but is moderated by its elevation of about 1,000 m.  

Rainfall (total) and temperature (maximum and minimum) has been recorded manually at the Bawdwin main 
office on a monthly basis since 1936 using a rain gauge and thermometer. In total there are 62 complete years of 
monthly rainfall data between 1937 and 2019 excluding two periods where consecutive monthly rainfall data is 
unavailable (from 1942 to 1947 and from 1981 to 1994). In June 2000, the frequency of rainfall and temperature 
data collection moved from monthly to daily. In July 2019, an automatic weather station (Davis Instruments 
Vantage Pro 2) was installed to collect meteorological parameters including rainfall, wind speed and direction, 
and relative humidity. A second Vantage Pro 2 weather station was installed near the Nam Pangyun Reservoir 
(Big Dam) in January 2020. 

Myanmar is considered to be vulnerable to impacts of climate change (Aung et al., 2017). Climate trends from 19 
weather stations across Myanmar between 1981 and 2010 indicate that average daily temperatures increased by 
0.25°C per decade and daily maximum temperatures by 0.4°C per decade (Horton et al., 2017). Research suggests 
that the monsoon season has become shorter by approximately one week on average (Lwin, 2002). 

5.4.1 Rainfall 
Based on the long-term manual rainfall measurements the average annual rainfall at Bawdwin is 1,569 mm and 
has ranged from a minimum of 1,130 mm in 2005 to a maximum of 1,953 mm in 1959.  

Sporadic heavy rainfall occurs in the wet season typically between May and October, with August being the 
wettest month, receiving almost 300 mm on average. The wettest month on record was July 2015 in which rainfall 
of 671 mm was recorded. The maximum daily rainfall on record (between 2000 and 2019) was 108.7 mm.  

Average monthly rainfall averages at Bawdwin are presented in Figure 5.30 along with the total monthly 
precipitation for 2018 and 2019. The average number of rainfall days per month ranges from 14 days in May, 
peaking at 20 days in July, and then declining. Little rainfall is experienced between November and April. Rainfall 
at Namtu follows a similar trend to that at Bawdwin, with July experiencing the most rainfall over the highest 
number of rainy days based on modelled meteorological data.  

The lowest rainfall is experienced between December and February with very few rainy days occurring each 
month.  
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Figure 5.30 Rainfall and temperature at Bawdwin 
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CSA Global (2020) compared the average monthly rainfall for the 2010 to 2019 (daily records) alongside the 1937 
to 2019 period (monthly totals). These showed some minor differences, but the two datasets were closely 
correlated and showed the same seasonal pattern. Average annual rainfall totals for the respective periods, and 
typical wet and dry months (represented by 70th and 30th percentile values) are shown in Table 5.49. 

Table 5.49 Monthly rainfall averages 

Month Average Rainfall: 
2010-2019 (mm) 

Average Rainfall: 
1937-2019 (mm) 

70%ile Rainfall (Wet) 
1937-2019(mm) 

30%ile Rainfall (Dry) 
1937-2019 (mm) 

January 16 8 6 0 

February 6 6 5 0 

March 20 15 18 0 

April 47 64 80 32 

May 179 203 222 150 

June 218 226 262 170 

July 260 264 295 212 

August 261 298 336 247 

September 208 223 259 172 

October 198 179 226 120 

November 33 57 61 9 

December 10 16 6 0 

Total 1,451 1,559 1,690 1,463 

Source: CSA, 2020 

Approximately 40% of the monthly rainfall totals in the 1937 to 2019 dataset fall within the range of the respective 
typical wet (70%ile) and dry (30%ile) month rainfall totals. It is notable that the recorded annual rainfall between 
2010 and 2019 was approximately 100 mm (or 7%) less than the historical average between 1937 and 2019.  

Knight Piésold (Appendix A) estimated monthly rainfall for average and extreme dry and wet events based on a 
1 in 100 average recurrence interval (ARI). The results of the annual rainfall pattern analysis are given in 
Table 5.50. 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-133

 

Table 5.50 Summary of monthly rainfall analysis 

Month Average Rainfall1 

(mm) 
1 in 100 Dry ARI2 

(mm) 
1 in 100 Wet ARI3 

(mm) 

January 7 9 36 

February 5 1 23 

March 15 0 8 

April 65 6 36 

May 205 70 271 

June 227 331 363 

July 264 160 413 

August 304 212 332 

September 228 169 332 

October 179 106 244 

November 55 0 7 

December 14 0 1 

Total 1,568 1,065 2,066 
1 Mean average of measured monthly rainfall. 
2 Data obtained from scaling the monthly rainfall from the driest year (1957 with 1,158 mm) to provide an annual rainfall depth matching 
the 1 in 100 ARI dry annual rainfall of 1,065 mm. 
3 Monthly rainfall obtained from scaling the monthly rainfall from the wettest year (1959 with 1,953 mm) to provide an annual rainfall 
depth matching the 1 in 100 ARI wet annual rainfall of 2066 mm. 

5.4.2 Temperature 
The mean monthly maximum temperature manually recorded at Bawdwin in the period 2000 to 2018 ranges from 
24°C in January to 34°C in April and May. The mean monthly minimum temperature ranges from 11°C in 
December and January, to 22°C in June, July, August and September (see Figure 5.30).  

The average monthly maximum temperature at Namtu follows a similar trend and ranges from 22°C in January 
to 31°C in April. The mean monthly minimum temperature ranges from 8°C in January to 22°C in June, July and 
August.  

Anecdotal observations suggest that the Bawdwin area does not experience static temperature inversions, which 
is likely due to the steep valley gradients and free air movement. Such inversions are relatively commonly at 
Namtu where static atmospheric conditions occur with little movement of air. Surface inversions are caused due 
to cooling of the ground surface at night due to rapid rate of loss of heat from the ground. The air coming in 
contact with the cool ground surface also becomes cold while the air layer lying above is relatively warm. 
Consequently, temperature inversion develops because of cold air layer below and warm air layer above.  

5.4.3 Humidity 
The weather station at Bawdwin recorded humidity levels daily between September 2019 and May 2020 (primarily 
the dry season with May being the start of the wet). The results show that January and May recorded the highest 
average humidity levels of 73.0% and 70.2% respectively. March recorded the lowest average humidity level of 
51.4%, this is consistent with humidity levels in Myanmar broadly.  

Based on climate models prepared by Meteoblue (Meteoblue, 2020), relative humidity in Namtu in 2019 was 
highest between June and November with relative humidity typically above 80%. Relative humidity then steadily 
declined with the lowest relative humidity occurring in April and May with levels below 70%.   

5.4.4 Wind speed and direction 
Wind patterns at Bawdwin are strongly influenced by the surrounding topography. The weather station at 
Bawdwin has recorded wind speed and direction from September 2019 to May 2020. During this nine-month 
period, wind speeds at Bawdwin ranged from calm to a light breeze (0 m/s to 2.4 m/s) and the strongest winds 
were recorded during January. South-southwesterly winds prevailed in each of the recorded months with the 
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second most dominant wind being in a southerly direction. Figure 5.31 and Figure 5.32 depict wind roses from 
the months of September to December 2019 and January to May 2020, respectively.  

Based on climate models prepared by Meteoblue, the annual prevailing wind at Namtu is in a southerly direction. 
Here the monsoon creates steady strong winds from December to April, and calm winds from June to September. 
During 2019, modelled wind speeds were strongest between February and May when northwesterly winds 
dominated.  This is supported by anecdotal observations of strong gusts during this period.  

Prevailing winds then eased and shifted to a south-westerly between June through early September before tending 
south southeasterly between late September through to January.  
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Figure 5.31 Windrose for September to December 2019  
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Figure 5.32 Windroses for January to May 2020  
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5.5 Air quality 
This section describes the existing air quality in relation to the Bawdwin project and describes the sensitivity of 
related environmental values.  

The information in this section is largely based on air quality monitoring conducted between November 2018 and 
September 2019. The monitoring was conducted to characterise the existing air quality within the Bawdwin 
concession and surrounds. This section is also informed by review of historical reports and publicly available 
literature. 

Considering the context of the Bawdwin project, a brownfields development site in a remote mountainous area, 
the focus of the air quality characterisation has been on particulate matter, dust, metals in particulates and to a 
lesser extent, emissions adjacent to roads.   

The term particulate matter is used to define solid or liquid particles that may be suspended in the atmosphere, 
which is commonly used interchangeably with other terms such as smoke and dust. Particulate matter can have 
adverse impacts on the environment, human health and amenity. The extent of the potential impact is dependent 
on the size of the particles, the concentration of the particulate matter (i.e., the mass of particulate matter that is 
suspended per unit volume of air, measured in micrograms per cubic metre (µg/m3)) in the atmosphere and the 
rate of deposition (i.e., mass of particulate matter that settles per unit surface area, measured in grams per square 
metre (g/m2)).  

Particulate matter can be described with different terms based on its particle size. The terms used in this study are: 

 Dust; which comprises solid particles ranging from 1 micrometre (µm) to 100 µm. 

 Total suspended particles (TSP); which comprises particles with a diameter of less than 50 µm. 

 Particulate matter with diameter less than 10 µm (PM10). 

 Particulate matter with diameter less than 2.5 µm (PM2.5). 

Dust is generated by a range of activities, including industrial activities and traffic and natural sources such as 
pollen and ash. Particles larger than PM10 tend to have a short atmospheric presence and are brought to the ground 
by gravity. The health impacts of larger dust particles (i.e., greater than PM20) are, generally, not significant as 
they become trapped in the nose and mouth and can be breathed out. However, dust can impact visibility, causing 
safety issues on roads and in tunnels, and can also impact the health of plants. Particles this size can build-up on 
surfaces, including inside buildings.  

Particulate matter with a diameter less than 10 µm are associated with health impacts including heart and 
respiratory diseases. Very fine particles (i.e., PM2.5) are generated mostly through combustion processes and 
vehicle exhaust. These can enter the lungs and bloodstream. Short-term exposure has effects ranging from eye 
irritation to heart attacks. Long-term impacts can reduce lung function and life expectancy, as well as cause the 
development of cardiovascular diseases. 

Heavy metals can be emitted to the environment as a result of various industrial activities, resulting in elevated 
concentrations of metals in the air. Mining activities, particularly lead, silver and zinc extraction, have been 
associated with this kind of environmental pollution and have known adverse impacts to human health. Assessing 
the concentrations of metals in the environment (i.e., particulate matter) was therefore a focus of baseline air 
quality monitoring.  

Gaseous compounds can also act as pollutants and adversely impact air quality. Such gases include sulfur dioxide 
(SO2) and nitrogen dioxide (NO2). These are commonly generated by air emissions from vehicles and power 
generators. High levels of exposure to these two components can lead to impacts on human health, as well as the 
environment.  

5.5.1 Method and study area 
A monitoring program to characterise existing air quality for the project was conducted between November 2018 
and September 2019. This ensured that data was captured during each of the three seasons (i.e., dry northeast 
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monsoon between late October to mid-February, dry inter-monsoonal season between mid-February to mid-May 
and  rainy southwest monsoon mid-May to late October) as described in Section 0.  

Air quality monitoring locations are presented in Figure 5.33. The air quality study area covered mine 
infrastructure and residential areas of the Bawdwin concession and some parts of Namtu township and was 
designed to characterise the main air sheds of Bawdwin and Namtu. The methods used to characterise the ambient 
air quality conditions are presented in Table 5.51.  

Table 5.51 Air quality study methods 

Parameter Method 

Particulate matter (TSP, PM10 and 
PM2.5) 

A high-volume air sampler (HVAS) (Plate 5.21) was used to monitor PM10 and 
TSP over 24-hour periods. Monitoring was conducted at four locations for nine 
sampling events. Monitoring locations are shown in Figure 5.33.  

Filters from the HVAS were submitted under chain of custody to PT Intertek 
Utama Services, a Komite Akreditasi Nasional (KAN) an accredited laboratory in 
Jakarta. The laboratory analysed samples for particulate mass and total metal 
concentrations for the standard suite of metals (i.e., Al, As, Co, Cu, Sb, Fe, Pb, 
Mn, Ni, Ag, Ba, Be, Bi, Cd, Li, Hg, Se, Sr, Th, Sn, U, V, Zn). 

Targeted monitoring of particulate matter was also completed in September 2019 
at 14 locations. This programme recorded PM2.5 and PM10 in one-minute intervals 
over a 24 hour period using a DustTrak II 8530 EP monitor. Monitoring locations 
are shown in Figure 5.33. 

Dust deposition Dust deposition gauges (Plate 5.22) were installed across the study area at 14 
locations to measure monthly dust deposition rates of ambient air between January 
and August 2019 for seven sampling events. Monitoring locations are shown in 
Figure 5.33.  

Dust deposition gauges were submitted under chain of custody to PT Intertek 
Utama Services, a KAN accredited laboratory in Jakarta. The laboratory analysed 
samples for gravimetric mass and total metals concentrations. 

Gases Concentrations of sulfur dioxide (SO2) and nitrogen dioxide (NO2) were monitored 
at six locations (see Figure 5.33) in September 2019. This was conducted using a 
Portable Multigas Meter IMR IX616 (Plate 5.23). 

 

5.5.2 Background context 
This section provides a very brief overview of the meteorological conditions and the conditions of the physical 
environment in the study order to provide import background context.  

Meteorology 

During the air quality monitoring period rainfall at Bawdwin was below average. There was higher than average 
monthly rainfall in October and December 2018, and in January and February 2019, but below average rainfall in 
November 2018, and between March 2019 and September 2019. Total rainfall in 2019 was approximately 38% 
lower than the long-term average. Typically, humidity for the region is greatest between June and November 
(>80%) and lower between December and June, when temperatures are highest.  

During 2019, modelled wind speeds were strongest (~4-5 m/s) between February and May when northwesterly 
winds dominated. Prevailing winds then eased (~2 m/s) and shifted to a southwesterly between June through early 
September before tending south south-easterly between late September through to January.   
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Plate 5.21 High-volume air sampler  

 

Plate 5.22 Dust deposition gauge 

 

Plate 5.23 Portable multigas meter used to monitor sulfur dioxide (SO2) and nitrogen dioxide (NO2) 
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Figure 5.33 Air quality monitoring locations 
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Data from the automatic weather station at Bawdwin have characterised winds between January to May as 
generally calm to light breezes of between 0 m/s to 2.4 m/s. The prevailing wind direction during this period is 
south-southwesterly (see Section 5.4.4). Wind speed at Namtu is generally lower than at the Bawdwin, ranging 
from an average to 0.7 m/s to 1.5 m/s.  

Physical environment 

In addition to meteorological conditions, there are numerous factors related to the physical environment that 
influence the air quality in the study area including:  

 Topography. 

 Roads around both the Bawdwin and Tiger Camp which are unsealed.  

Roads in Namtu,  there is a mix of sealed and unsealed roads in Namtu, meaning vehicle traffic generates and 
disperses dust and particulate matter. Vehicles also emit gaseous emissions such as nitrogen dioxide (NO2), sulfur 
dioxide (SO2), and carbon monoxide (CO).  

 Areas of ground that have been deforested and lack groundcover, resulting in exposed bare earth. During 
periods of high winds or ground disturbance, dust and particulate matter may be generated from these 
areas.  

 Periodic burning of grasslands also occurs during the dry season to stimulate vegetation regrowth for 
grazing cattle. This burning may create elevated concentrations of particulate matter in the form of smoke 
and reduce air quality on a local scale.  

5.5.3 Applicable guidelines and standards 
Ambient air quality standards are designed to protect human health, flora and fauna and other aspects of the 
environment. The Myanmar National Environmental Quality (Emission) Guideline-2015 outline ambient air 
quality standards for sulfur dioxide, nitrogen dioxide, particulate matter and ozone. For parameters Myanmar does 
not have specific ambient air quality requirements for, various international guidelines were adopted to select 
appropriate screening criteria for relevant parameters.  

Table 5.52 lists the guideline values adopted in micrograms per cubic metre (µg/m3) over a 24-hour averaging 
period. 

Table 5.52 Adopted ambient air screening criteria  

Compound Adopted ambient air screening criteria 
24-hour averaging period (µg/m3) 

Source 

TSP 150 USEPA (2010) 

Particles as PM10 50 National Environmental Quality 
(emission) Guideline (2015) 20 (1-year averaging period) 

Particles as PM2.5 25  National Environmental Quality 
(emission) Guideline (2015) 10 (1-year averaging period) 

In addition to the standard air contaminants, the deposition of dust is also considered to be a nuisance, requiring 
screening criteria. The adopted criteria for dust deposition are presented in Table 5.53. 

Table 5.53 Dust screening criteria  

Contaminant Averaging period Health screening criteria Source 

Lead 24-hour 0.25 mg/m2/day WHO (2000) 

Dust deposition Annual 2 g/m2/month (1) (NSW EPA 2017) 

4 g/m2/month (2) 

(1) Maximum increase in deposited dust level 
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(2) Maximum total deposited dust level  

The Myanmar National Environmental Quality (Emission) Guideline-2015 stipulate requirements for gaseous 
pollutant levels in air, these are presented in Table 5.54. 

Table 5.54 Gaseous pollutant screening criteria  

Parameter Averaging period Ambient air screening 
criteria (µg/m3) 

Source 

Sulfur dioxide 24-hour 20  National Environmental Quality 
(emission) Guideline (2015) 10 minutes 500  

Nitrogen dioxide  1 year 40 National Environmental Quality 
(emission) Guideline (2015) 1 hour 200 

Ozone 8-hour daily 
maximum 

100 National Environmental Quality 
(emission) Guideline (2015) 

 

5.5.4 Air quality environment 
The following section presents the results of the air quality monitoring program conducted for the Bawdwin 
project.  

Particulate matter  

Monitoring data shows that the 24-hour TSP concentration is highest at the two Bawdwin monitoring locations 
(Bawdwin office and Nam Pangyun Reservoir) in terms of minimum, maximum, average and total concentrations 
across all sampling events (Table 5.55). Tiger Camp experiences the lowest total TSP concentrations, while Namtu 
experiences the lowest average TSP concentration. Monitoring data shows that the 24-hour PM10 concentrations 
were broadly similar between the four monitoring locations. Higher average concentrations were recorded at 
Namtu and the Bawdwin office (Table 5.55).  

Table 5.55 Minimum, maximum and average TSP and PM10 concentrations  
 

Minimum 
(µg/m3) 

Maximum 
(µg/m3) 

Average 
(µg/m3) 

Total 
(µg/m3) 

TSP 

Bawdwin office 6.7 191.0 84.3 771.6 

Tiger Camp 3.2 154.0 72.2 626.8 

Nam Pangyun Reservoir 11.6 266.0 84.4 733.9 

Namtu 2.2 175.0 70.6 628.9 

PM10 

Bawdwin office  5.50 138.00 49.88 438.30 

Tiger Camp  9.90 98.00 48.32 431.70 

Nam Pangyun Reservoir  2.50 120.00 45.58 390.10 

Namtu 1.20 120.00 51.70 458.20 

Recorded during the monitoring events in December 2018 to September 2019. 

Data show seasonal variation regarding TSP. TSP concentrations were lower during the wet season (May to 
October) compared to the dry period (November to April). The lowest TSP concentrations were recorded during 
August and September while the highest TSP concentrations were recorded in May (see Figure 5.34). These 
results are consistent with the rainfall data for 2019 in which lower rainfall was recorded between February and 
May. During April and May (the driest months of the monitoring period) a number of sites exceeded the ambient 
air quality guideline value for TSP of 150 µg/m3.  

A similar seasonal trend was identified for PM10 concentrations, with lower concentrations recorded during the 
wetter months of June to September (Figure 5.34). The monitoring data showed that, on average, the 24-hour 
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PM10 concentrations were frequently above the guideline value of 50 µg/m3 (WHO 2005) between December and 
May. No concentrations were above the guideline between June and September. 

Figure 5.34 plots the TSP and PM10 concentrations recorded over 24-hours periods each month for each site over 
the monitoring period (December 2018 to September 2019) against the adopted guideline value of 150 µg/m3 and 
50 µg/m3. Higher values recorded during April and May could reflect the increased wind speeds during this time. 
Variation in TSP and PM10 concentrations throughout the monitoring period may also be a result of other factors 
such as traffic on unsealed roads.  
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Figure 5.34 Average monthly TSP and PM10 levels and total PM2.5 and PM10 levels  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-145

 

Targeted monitoring of PM10 and PM2.5 was undertaken continuously across 24-hour periods in September 2019 
at 14 locations (see Figure 5.34). The 24-hour PM10 values calculated for the month of September at each site are 
depicted alongside the 24-hour PM2.5 values in Figure 5.34 below. Both PM10 and PM2.5 values are below the 
respective guideline values (50 µg/m3 and 25 µg/m3) at all monitoring sites. The lowest particulate matter 
recordings occurred at Wallah Station, with a recorded value PM10 of 1.10 µg/m3 and a PM2.5 of 1.09 µg/m3. The 
highest recorded levels of particulate matter were found at Marmion Shaft (PM10 of 28.37 µg/m3 and PM2.5 = 
22.47 µg/m3).   

The minute average of PM10 and PM2.5 for each hour was calculated and shows temporal variation across the 24-
hour period (Figure 5.35 and Figure 5.36 respectively). Both the Bawdwin residential and mine infrastructure sites 
experience peaks in PM10 in the afternoons (4:00 pm to 6:00 pm) (see Figure 5.34). Similarly, the Tiger Camp 
sites experience a peak in PM10 at 5:00 pm, and an additional peak at 6:00 am. The Bawdwin mine infrastructure 
sites had elevated PM10 levels in the mornings coinciding with residents commuting to and from work, meaning 
an increase in traffic and thereby dust and emissions generation. The Namtu area showed similar results, with a 
peak in PM10 occurring at 6:00 am, 3:00 pm and 5:00 pm which can again be attributed to the dust generation 
associated with commuter traffic. 

The 24-hour PM2.5 values calculated for each site correlated with those for PM10 and showed the same temporal 
patterns (see Figure 5.36).  

The TSP and PM10 material was analysed for the standard total metals suite as listed in Section 5.5.3, Table 5.52. 
Metals were chosen for analysis considering the area is known to host mineral deposits that have been mined for 
over six centuries and therefore elevated concentrations could reasonably be expected.  

Results showed elevated concentrations (i.e., above the adopted guideline value in Table 5.52) of lead and 
chromium were present in airborne particulate matter in both the TSP and PM10 samples (Table 5.56) at all sites 
with the exception of Nam Pangyun Reservoir which was only elevated in chromium.  

The analysis of total metals concentrations from PM10 HVAS filters showed average chromium levels in PM10 
samples above the adopted guideline value (0.00035 µg/m3 (OMECC 2019)) at each of the four monitoring sites 
(Table 5.56). Likewise, average recorded lead levels in PM10 were found to be above the adopted guideline value 
of 0.5 µg/m3 (OMECC 2019) at two monitoring locations. The analysis for PM10 metals found iron concentrations 
were 4.00 µg/m3 at the Nam Pangyun Reservoir on 5 May 2019.   

The average concentrations of other metals, listed in Table 5.51, across sampling events was below the adopted 
guideline values, which relates to the protection of human health.  

Table 5.56 Average concentrations of chromium and lead from 24-hour TSP and PM10   

Bawdwin 
Office 
 
(µg/m3) 

Tiger Camp  
 
(µg/m3) 

Nam Pangyun 
Reservoir  
(µg/m3) 

Namtu  
 
(µg/m3) 

Adopted 
guideline 
(µg/m3) 

TSP 

Chromium, Cr 0.003 0.001 0.002 0.003 0.00035 

Lead, Pb 1.128 2.041 0.383 0.974 0.5 

PM10 

Chromium, Cr 0.002 0.001 0.002 0.003 0.00035 

Lead, Pb 0.503 0.987 0.188 0.467 0.5 

*Shows only metals which were above the adopted guideline value, detailed results can be found in Appendix G 
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Figure 5.35 PM10 minute averages 
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Figure 5.36 PM2.5 minute average 
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Dust deposition and concentration of metals  

The dust deposition results, including concentrations of heavy metals within these, are presented in the section 
below.  

Dust deposition was recorded over monthly periods. At each site shown in Figure 5.33, the average of the total 
monthly recorded values was calculated and presented graphically in Figure 5.37. 

The results found that the average results for all of the dust deposition monitoring sites were above the monthly 
guideline value of 4 g/m2 (NSW EPA 2017), with the exception of one site near the Bawdwin Village (13 miles). 
The two sites near Namtu – Namtu town near the bridge over the Myitnge River and Namtu town (32-mile 
concentrator plant) – had the highest dustfall recordings of 29.9 and 18.6 g/m2 respectively. The remaining sites 
recorded values in the range of 5.5 g/m2 to 13.6 g/m2 (see Figure 5.37).  

The high levels of dust deposition is likely due to activities occurring on areas of exposed earth and traffic from 
unsealed roads creating dust lift off. Re-mining of tailings at Namtu could also be a contributing factor.  

The concentrations of metals listed in Table were measured in dust deposited at each of the 14 sites over 
one-month periods. Figure 5.37 shows the recorded lead levels in dust at each monitoring location. The highest 
lead levels were recorded north of the Bawdwin Village. All other recorded metal concentrations were below their 
respective adopted guideline values as listed in Table 5.53.  

Gaseous pollutants 

The following section provides the results of the gaseous pollutant monitoring.  

Key gaseous pollutants, sulfur dioxide (SO2) and nitrogen dioxide (NO2), concentrations were measured at the 14 
monitoring locations around Bawdwin depicted in Figure 5.33. The measurements were recorded in September 
and October 2019. Sources of these pollutants in the project area include vehicle exhausts.   

The results are shown graphically in Figure 5.37 and presented in Table 5.57. 

Table 5.57 Measured concentrations of SO2 and NO2  

Location SO2  

24-hour average (µg/m3) 
NO2  

1 hour (µg/m3) 

Guideline value (GoM 2014) 20 200 

Marmion Shaft 8.16 <LOD 

Football field 6.24 <LOD 

Railway station 4.00 <LOD 

Main and Namtu road junction 3.93 0.3 

Lower Bawdwin village 0.48 <LOD 

Upper Bawdwin village 0.48 1.9 

LOD = Limit of detection  

Concentrations of SO2 were generally low with no exceedances of the Myanmar guideline value of 20 µg/m3 
over a 24-hour monitoring period. The highest recorded levels occurred at Marmion Shaft, probably due to plant 
and vehicles nearby. The lowest recorded levels were taken at both the Lower Bawdwin village and Upper 
Bawdwin village.  

The average concentrations of NO2
 were also low, with four of the six sites recording no detectable NO2. The 

highest average level of NO2
 (1.90 µg/m3) was recorded at the Upper Bawdwin village over a 1-hour period and 

0.3 µg/m3 at Main Road and Namtu Road junction.  
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Figure 5.37 Average monthly dust deposition, lead concentrations in dust deposition and gaseous 
monitoring results 
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5.5.5 Summary 
In summary, the ambient air quality around Bawdwin, Tiger Camp and Namtu monitoring locations shows: 

 All study locations had moderate to poor air quality in relation to particulate matter and dust with 
monitoring results often exceeding guideline values. This was most apparent during the dry season.  

 The poorest air quality in relation to particulate matter and dust was at the Marmion Shaft at Bawdwin. 
High levels of PM10, PM2.5 were also recorded here.  

 The Namtu airshed also generally had poor air quality, particularly with high levels of dust deposition. 
This was attributed to the industrial activities taking place here and also the greater volumes of traffic on 
unsealed roads and is not related to activities at Bawdwin.  

 The Tiger Camp area recorded the lowest levels of PM2.5 and PM10. However, high levels of lead in dust 
are present in the area likely due to historical mining and mineral processing activities.  

 There were peaks in particulate matter in the afternoon and to a lesser extent morning across the sites, 
which is attributed to increase in vehicle activity and generation of dust lift off from roads.  

 There were elevated concentrations of some metals within particulate matter. These were chromium and 
lead, which exceed criteria for the protection of human health.  

 The concentrations of SO2 and nitrogen dioxide NO2 recorded at seven locations were below the 
Myanmar criteria for the projection of human health.  

5.5.6 Sensitivity of defined airsheds  
This section defines the overall sensitivity for the key airsheds identified in the study area. An ‘airshed’ in this 
context is an air mass within a defined geographic area that behaves in a similar way with respect to the dispersion 
of emissions. For the purpose of this section, sensitivity is defined as how sensitive the value is to change by 
considering the importance of the airshed, the vulnerability of the airshed to change, and the resilience of the 
airshed in terms of its ability to recover.  

The key receptor groups that were considered in the assessment of airsheds are outlined in Table 5.58 and shown 
on Figure 5.38. 
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Figure 5.38  Key air, noise, vibration and health receptor groups 
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Table 5.58 Key air quality, noise and vibration receptor groups 

Receptor Name Description 

Military base Located within Bawdwin concession close to Namtu-Manton Road and less than 500 
m from the proposed process plant, power station and TSFB/C embankments and 1 km 
from the haul road. 

Bawdwin upper village Located immediately north of the current and proposed open pit. 

Bawdwin lower village Located immediately to the south of the proposed open pit and 1.5 km south of the 
proposed haul road. 

Bawdwin lower village farms Scattered farms and associated houses located up to 1.5 km southeast of the proposed 
open pit.  

Tiger Camp village  Located in Wallah Valley immediately south of the proposed waste rock dump, 
approximately 1 km to the proposed plant access road and adjacent to the proposed 
Namtu-Tiger Camp access road. 

Tiger Camp farms Scattered farms and associated houses to the east and northeast of Tiger Camp. These 
farms and houses are within 500 m of the proposed plant access road and proposed 
Namtu-Tiger Camp access road. 

Loi Mi village and associated 
farms 

Loi Mi village and associated farms located both within and outside of the western 
boundary of the Bawdwin concession, less than 500 m south of the proposed TSF-B. 

Nam La farms Nam La farms and associated houses located in the northern portion of the Bawdwin 
concession, between the Nam La water harvesting facility and the proposed process 
plant. 

Villages surrounding the 
concession  

Includes twelve villages within an 8 km radius of the Bawdwin concession: Ho Hoke, 
Ho Pat, Haik Taung (Pa), Hu Hsar, Haik Taung (Kai), Long Jar, Hu Ngway, Hin Poke, 
Ho Chet, Nam Hkun, Hsin Li, Loi Ping (Kone Kayar) 

Residents of Nam Pangyun 
valley 

Includes artisanal miners and permanent residences associated with agricultural plots 
along the lower valley downstream of the Bawdwin concession boundary, alongside 
the Nam Pangyun and existing railway. 

Namtu The township of Namtu. 

Residents along the export 
route. 

Residents (including standalone houses, settlements, villages and towns along the 
export route from Namtu to National Highway 3, approximately 66 km by road to the 
east of the concession at its closest point).  

Residents along the Namtu-
Manton Road 

Residents (including standalone houses and settlements) along the Namtu-Manton 
Road between northeast of the concession between Namtu and the accommodation 
camp area. 

 

Inherent values of airsheds that informed the assessment of the sensitivity of airsheds were based on: 

 Cleanliness of air (i.e., air quality) that supports health and wellbeing for humans, and flora and fauna 
and does not affect health from the presence of particulate matter, or presence of pollutants such as gases 
and metals. 

 Visual amenity (i.e., clear skies and distant views, and absence of nuisance dust or smog). 

The definitions used to determine the sensitivity of the airsheds (i.e., their importance, vulnerability, and 
resilience) are presented in Table 5.59. Table 5.60 outlines the importance, vulnerability, resilience and overall 
sensitivity for each value, based on a low, medium and high scale as outlined in Table 5.59. 
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Table 5.59 Definitions for sensitivity of air quality values 

 Definition Ratings criteria 

Low Medium High 

Importance The importance of having 
good air quality within 
the airshed based on the 
sensitivity and reliance of 
people and ecosystems 
within the airshed and its 
land use.  

There are no sensitive 
receptors (people or 
sensitive ecosystems) 
living in or reliant on 
the airshed. 

There are no sensitive 
receptors (people or 
sensitive ecosystems) 
living in the airshed 
and there is only 
partial reliance on the 
airshed. 

The importance of ambient 
air, and its capacity to 
support amenity, human 
health and ecosystems is 
inherently high because it is 
fundamental to the wellbeing 
of communities and the 
viability of ecosystems. 
Unlike other resources (e.g., 
water, food), alternative 
supplies of quality air cannot 
be set aside for use by 
communities where needed. 

Vulnerability  The extent to which the 
airshed is susceptible to 
change. This includes 
consideration of the 
current air quality of the 
airshed and how readily 
additional change may 
cause impacts to human 
health and amenity or loss 
of associated ecosystems. 

The airshed has 
limited anthropogenic 
disturbance and low 
levels of dust and 
gaseous emissions. 
There are few 
sensitive receptors in 
this airshed. The 
airshed has low 
vulnerability to 
change. . 

 

 

The airshed is 
moderately disturbed 
and contains sensitive 
receptors it has 
moderate vulnerability 
to change.  

 

 

The airshed is highly 
disturbed, contains sensitive 
receptors and is highly 
vulnerable to adverse 
changes to air quality.  

Resilience The extent to which the 
airshed can adapt or 
recover from change.  

The airshed is highly 
disturbed with 
ongoing elevated dust 
and/or gaseous 
emissions. The airshed 
has limited 
capacity/resilience to  
adverse air quality 
changes.  

The airshed is 
moderately disturbed, 
with historic and 
ongoing dust and 
gaseous emissions. 
The current airsheds 
are generally of good 
quality but 
intermittently 
comprise elevated dust 
and gaseous 
emissions. has Airshed 
has moderate 
resilience to adverse 
air quality changes.  

The airshed is has limited 
anthropogenic disturbance 
and little to no historic and 
ongoing exposure to dust and 
gaseous emissions. The 
airsheds is of high quality 
and has a high resilience to 
adverse air quality changes. 
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Table 5.60 Importance, vulnerability, resilience and overall sensitivity of the air quality values 

Airshed/receptor Importance Vulnerability Resilience Sensitivity 

Military base High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

High 

The airshed has moderate to high levels 
of existing particulate matter and rates 
of dust deposition. It has moderate 
degree of attenuation by surrounding 
topography. The airshed is highly 
vulnerable to changes in air quality due 
to its close proximity to the project.  

Low 

The existing airshed experiences 
moderate to high concentrations of 
dust and pollutants. Considering the 
current quality of the airshed in terms 
of its physical and chemical 
properties (i.e., poor quality), there is 
little capacity to withstand further 
adverse air quality changes. 

High 

Bawdwin upper village  

Was established to support the 
mining operation and is located 
north of the open pit.  

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

High 

The airshed has high levels of existing 
particulate matter and rates of dust 
deposition, so has high vulnerability to 
amenity, health and wellbeing effects 
from additional air emissions 

Low 

The airshed is not resilient to further 
increases in air emissions due to high 
levels of existing emissions. 

High 

 

Bawdwin lower village 

Was established to support the 
mining operation and is located 
immediately to the south of the open 
pit. 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

High 

The airshed has high levels of existing 
particulate matter and rates of dust 
deposition, so has high vulnerability to 
amenity, health and wellbeing effects 
from additional air emissions 

Low 

Existing airshed of Bawdwin villages 
experiences moderate to high 
concentrations of dust and pollutants. 
Considering the current quality of the 
airshed in terms of its physical and 
chemical properties (i.e., poor 
quality), there is a little capacity to 
withstand further adverse air quality 
changes. 

High 

 

Bawdwin lower village farms 

Includes farms and associated 
houses located southeast of the open 
pit. 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

These farms are reasonably well 
removed from existing project activities 
and are on relatively high, open terrain 
meaning dust and contaminants would 
likely be able to readily disperse and not 
linger in those areas. Receptor would 
have medium level of vulnerability to 
additional dust causing amenity, health 
and wellbeing impacts given relatively 
moderate existing dust levels.  

Medium 

As the lower Bawdwin village farms 
are likely to have a less degraded 
airshed than Bawdwin lower village, 
the airshed likely has some capacity 
to cope with further increases in air 
emissions. 

Medium 
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Airshed/receptor Importance Vulnerability Resilience Sensitivity 

Tiger Camp village  

Tiger Camp is situated in the Wallah 
Valley downstream of the Bawdwin 
mine. It has around 600 people in 
two wards. Like Bawdwin it was 
established to support the Bawdwin 
mining operation.  

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

High 

The airshed has high levels of existing 
particulate matter and rates of dust 
deposition, so has high vulnerability to 
amenity, health and wellbeing effects 
from additional air emissions. 
Additionally, the topography of the 
Tiger Camp means that it is situated in a 
valley with little opportunity for 
airborne particles to be dispersed by 
wind. 

Low 

Existing airshed of Tiger Camp 
village experiences moderate to high 
concentrations of dust and pollutants. 
Considering the current quality of the 
airshed in terms of its physical and 
chemical properties (i.e., poor 
quality), there is a little capacity to 
withstand further adverse air quality 
changes. 

High 

 

Tiger Camp farms 

Includes farms and associated 
houses to the east, northeast and 
south of Tiger Camp.  

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

The farms are close to Tiger Camp on 
relatively high, open terrain, meaning 
dust and contaminants would possibly 
be able to disperse and not linger in 
those areas. The existing airshed is 
likely to be less degraded and 
consequently less vulnerable than Tiger 
Camp village due to their location 
upslope, however dust deposition levels 
on the nearby Shar Toe Hill exceed 
guideline levels, so the airshed is still 
likely to be moderately degraded and 
have moderate vulnerability to further 
degradation. 

Medium 

Existing airshed of Tiger Camp farms 
is expected to experience moderate 
concentrations of pollutants. 
Considering the current expected 
quality of the airshed in terms of its 
physical and chemical properties (i.e., 
poor quality), there is some capacity 
to withstand further adverse air 
quality changes. 

Medium 

 

Loi Mi village and associated 
farms 

Includes village farms, and 
associated houses located around the 
western boundary of the Bawdwin 
concession.  

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

The farms are removed from existing 
project activities and the airshed is 
likely to be less degraded than receptors 
within the upper Nam Pangyun valley. 
As the farms are on relatively high, 
open terrain, emissions would likely be 
able to readily disperse and not linger in 
those areas.  The airshed would have 
medium vulnerability to additional dust 
causing amenity, health and wellbeing 

High 

As the farms are expected to have a 
relatively clean airshed compared to 
receptors in the upper Nam Pangyun 
valley, there is likely to be capacity to 
cope with further increases in air 
emissions. 

Medium 
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Airshed/receptor Importance Vulnerability Resilience Sensitivity 

impacts given the expected relatively 
low existing dust levels. 

Nam La farms 

Includes farms and associated 
houses located in the north of the 
Bawdwin concession. 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

These farms are reasonably removed 
from the existing mine, however there 
are expected to be relatively moderate 
existing dust levels as dust deposition at 
the nearby Nam Pangyun Reservoir 
(500 m away) exceeds guideline values. 
The airshed would have medium level 
of vulnerability to additional dust 
causing amenity, health and wellbeing 
impacts. 

Medium 

As the farms are expected to have a 
relatively clean airshed compared to 
receptors in the upper Nam Pangyun 
valley, there is likely to be capacity to 
cope with further increases in air 
emissions. 

Medium 

Villages surrounding the 
Bawdwin concession 

Includes twelve villages within an 
8 km radius of the Bawdwin 
concession: Ho Hoke, Ho Pat, Haik 
Taung (Pa), Hu Hsar, Haik Taung 
(Kai), Long Jar, Hu Ngway, Hin 
Poke, Ho Chet, Nam Hkun, Hsin Li, 
Loi Ping (Kone Kayar). The closest 
village (Ho Chet) is about 2.5 km 
from the concession boundary. 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Low 

These villages are separated from 
project activities by mountainous terrain 
and located more than 3 km from 
project-related air emission sources. It is 
expected that the existing air quality of 
the airshed is relatively good and that 
the airshed has low vulnerability to 
changes to health and wellbeing due to 
additional dust; although amenity might 
be reduced. 

High 

These villages are expected to have 
relatively good air quality and would 
be able to withstand some amount of 
additional air emissions 

 

Medium 

 

Residents of Nam Pangyun valley 

Includes artisanal miners and 
permanent residences associated 
with agricultural plots along the 
lower valley downstream of the 
Bawdwin concession boundary.  

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

There are relatively moderate existing 
dust levels and dust deposition at the 
nearby Law Po Hill exceeding 
guidelines levels. The narrow valley 
setting may result in dusty conditions 
lingering in the area compared to more 
open terrain. Nam Pangyun valley has 
low topography with little opportunity 
for airborne particles and gaseous 
pollutants to be dispersed by wind. 

Medium 

Given the moderate existing dust 
levels, there is likely some capacity to 
cope with further increases in air 
emissions 

Medium 

 

Namtu Town  

Namtu Town has a population of 
more than 13,000 people. Tha Ta La 

High Medium 

Existing airshed has a medium to high 
vulnerability to additional dust causing 

Low 

Existing airshed of Namtu Town 
experiences moderate to high 

Medium 
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Airshed/receptor Importance Vulnerability Resilience Sensitivity 

Ward of Namtu Town was 
established to support the mining 
and processing operations. As a 
regional town Namtu has a number 
of manufacturing and industrial 
operations.  

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

amenity, health and wellbeing impacts 
given relatively moderate to high 
existing dust levels.  

concentrations of pollutants. 
Considering the current quality of the 
airshed in terms of its physical and 
chemical properties (i.e., poor 
quality), there is likely to be only a 
limited degree of capacity to cope 
with further increases in air 
emissions. 

Villages along the export route 

Typical of rural villages next to a 
major road. 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

Villages are located near major roads 
and are likely to have an airshed already 
influenced by traffic emissions. The 
airshed would have medium 
vulnerability to additional pollutants 
causing amenity, health and wellbeing 
impacts. 

Medium 

Baseline air quality of these villages 
are unknown, however potentially 
experiences intermittent increases in 
pollutants as a result of traffic along 
major roads. These villages likely 
have some capacity to cope with 
further gaseous emissions. 

Medium 

 

Residents along the Namtu-
Manton Road 

High 

The airshed is of high importance 
due to it supporting amenity, human 
health and ecosystems. 

Medium 

Villages are located near major roads 
and potentially experience intermittent 
increases in pollutants as a result of 
traffic. Increased air pollutants would 
result in noticeable reduction in 
amenity. The airshed would have 
medium vulnerability to additional 
pollutants causing amenity, health and 
wellbeing impacts. 

Medium 

Potentially experiences intermittent 
increases in gaseous emissions and 
dust from traffic along unsealed 
sections of the road due to existing 
traffic along the public road. These 
residents likely have some capacity to 
cope with further emissions. 

Medium 
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5.5.7 Uncertainties and limitations 

A robust data set relating to the collection of particulate matter and dust has been collected over a 10-month 
monitoring period. Notwithstanding the robustness of this data there were a number of limitations relating to air 
quality. These included: 

 Lack of site-specific wind speed and direction data for the entire monitoring period. This includes a lack 
of data for wind speed and direction for most of the wet season. 

 Collection of dust deposition faced a number of constraints due to cattle interacting and destroying dust 
gauges. This resulted in a number of samples being excluded. Nonetheless a robust dataset was collected 
with the range of sampling locations.  

 Baseline data was not collected at all sensitive receptors with the potential to be impacted by the project.  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-159

 

5.6 Noise and vibration 
Noise monitoring was conducted in September 2019 to determine the baseline noise conditions at the Bawdwin 
site and surrounds.  

5.6.1 Method and study area 
In the past the Bawdwin community was exposed to mine-related noise and vibration when the mine was active, 
including disturbances from mining activities such as blasting, the railway, smelter complex and processing plants. 
However, the Bawdwin area has experienced limited mine-related noise since mining operations ceased in 2009 
until the recommencement of exploration activities, including drilling and light vehicle traffic, in 2016.  

No baseline investigations of vibration have been conducted. However, the potential sources of significant 
vibration were anticipated to be minor and limited to heavy vehicle traffic, operation of limited plant for 
maintenance purposes, earthmoving to support exploration activities and drilling activities.  

Noise monitoring took place at 12 locations around the Bawdwin-Namtu area (i.e., the study area) as shown in 
Figure 5.39 and Plates 5.24 and 5.25. These sites were selected to represent a geographically diverse set of 
locations that included residential areas and other sites adjacent to roads or industrial areas. Noise monitoring was 
conducted continuously for up to 24-hours in September 2019. The monitoring programme was undertaken using 
a Sound Level Meter (NL-42, Rion Co; Plate 5.26).  

A number of A-weighted sound levels were recorded. The A-weighting is a filter which is applied to the decibel 
(dB) level to approximate the human ear’s frequency response. People’s hearing is most sensitive to sounds at 
mid frequencies and less sensitive at lower and higher frequencies. When the overall level of a noise has had the 
A-weighting filter applied to it, it is represented using the A-weighted decibel (dBA). These parameters are 
described below:  

 LAeq: A-weighted equivalent sound level in decibels (dB) equivalent to the total sound energy measured 
over a given period of time.  

 LAmax: A-weighted maximum sound level in dB measured during a given period. 

 LA90: A-weighted sound level exceeded for 90% of a given period. It is representative of the average 
background sound level.  

 LA10: A-weighted sound level exceeded for 10% of a given period.  

5.6.2 Applicable guidelines and standards 
National Environmental Quality (Emission) Guidelines (MOECAF, 2015) are outlined in Table 5.61. The 
guidelines also state that noise impacts should not result in a maximum increase in background levels of 3 dBA 
at the nearest receptor location off-site. These guidelines have been based on the International Finance Corporation 
(IFC) General Environmental Health and Safety Guidelines (IFC, 2007).  

Table 5.61 National Environmental Quality (Emission) Guidelines  

Category One-hour LAeq (dBA) 

Daytime 
7:00 am – 10:00 pm 
(10:00 am – 10:00 pm for Public Holidays) 

Night time 
10:00 pm – 7:00 am 
(10:00 pm – 10:00 am for Public Holidays) 

Residential, educational, institutional 55 45 

Industrial, commercial 70 70 

Source: MOECAF (2015)  
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Figure 5.39 Noise monitoring locations at Bawdwin 
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Plate 5.24 Noise monitoring for the project 

 

Plate 5.25 Noise monitoring at village location for the project 

 

Plate 5.26 Sound level meter (NL 42, Rion Co) 
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5.6.3 Existing levels of noise  
Monitoring of noise levels took place over 24-hour periods at each site shown in Figure 5.39. The sites have been 
separated into daytime and nighttime periods in order to compare with the prescribed guidelines outlined in 
Table 5.61. The sites have also been separated into residential and industrial sites (see Figure 5.39). The sound 
parameters described in Section 5.6.1 were recorded to characterise the baseline noise conditions around the 
existing Bawdwin mine. The results for each site are shown in Figure 5.40 and Table 5.62. 

Table 5.62 Noise monitoring results (LA10, LA90 and LAmax) 

 Daytime 
7:00 am – 10:00 pm 

Night time 

10:00 pm – 7:00 am 

LA10
* LA90

*
 LAmax

**
 LA10

* LA90
* LAmax

** 

Aung Chan Thar 60.48 48.49 99.80 49.41 55.37 113.3 

Bawdwin Office 62.75 47.06 123.90 48.88 58.23 85.5 

Football Field 65.57 49.34 118.50 56.70 56.00 91.5 

Wallah Station  58.13 48.09 99.40 56.98 58.86 107.6 

Main and Namtu Road Junction 59.14 44.00 110.50 58.20 58.50 82.8 

Marmion Shaft 64.04 52.27 118.50 64.20 67.30 90.9 

Mingalar Kwe 61.22 48.82 104.70 52.08 57.87 97.5 

Open Pit  57.00 43.35 101.40 54.00 55.59 112.8 

Railway Station 57.00 45.35 101.40 62.45 64.00 101.5 

Tiger Camp 63.21 48.17 111.90 56.89 57.19 102.4 

Upper Village  59.91 52.65 107.30 85.77 57.60 99.20 

Lower Village  66.33 46.88 97.00 61.17 51.00 102.30 

* Average value across monitoring period 
** Highest recorded value during monitoring period 

Figure 5.40 shows the average LAeq recorded for each site during daytime periods (i.e., 7:00 am to 10:00 pm). 
Noise levels during the daytime monitoring period at commercial sites were found to be below the Myanmar 
guideline levels of 70 dBA. However, the LAeq recorded at each of the residential sites (Upper Village and Lower 
Village) was found to be greater than the daytime residential guideline value of 55 dBA. These noise levels can 
be attributed to the passing of vehicles through the villages, as a main road runs through both. Additionally, the 
villages sit within a steep valley, which can exacerbate noise levels.  

The average night time (i.e., 10:00 pm to 7:00 am) LAeq levels were largely below the Myanmar commercial 
guidelines (Figure 5.40). The Upper Village and Lower Village were found to have noise levels exceeding the 
prescribed residential guidelines, with average LAeq values of 81.63 dBA and 60.60 dBA respectively. The 
elevated noise levels can be attributed to the residents socialising at night time, watching TV, playing music, and 
increased traffic movement as people commute to and from work. The noise levels are exacerbated by the villages 
being situated in a valley.  

Figure 5.39 shows the LAeq levels on a temporal scale, averaged across all monitoring sites. Figure 5.41 shows the 
LAeq levels for individual sites over a 24-hour period. The highest noise levels are, on average, recorded during 
the mornings between 5:00 am and 9:00 am. This is likely to be due to traffic and other activities around Bawdwin. 
The quietest periods were recorded at night time, between 10:00 pm and 3:00 am. This is expected given that most 
people would be asleep at these times. Noise levels between 6:00 am and 7:00 pm were consistent, ranging from 
approximately 60 dBA to 65 dBA. This range is deemed as ‘moderate to loud’ and is comparable to a loud radio 
or a department store. All hourly averages were below the commercial guideline of 70 dBA, but exceeded the 
daytime and night time prescribed values.  
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Figure 5.40 Average LAeq levels 
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Figure 5.41 Noise levels (LAeq) for each site over a 24-hour period 
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Both average and LA90 results for the daytime monitoring period are presented in Table 5.62. Noise levels between 
50 dBA and 60 dBA are classed as ‘moderate to quiet’ and are comparable to noise levels in a department store 
or in an office. The average LA90, i.e., average background noise level, at each site was found to be around this 
‘moderate to quite’ level. The LA10 results had similar noise levels across all sites (see Table 5.62). 

At the residential sites the average daytime LA10 exceed the daytime residential guidelines (55 dBA). However, 
the daytime LA90 levels are within this guideline indicating that in general noise levels in residential areas are 
acceptable. The residential night time noise levels exceeded the guideline value of 45 dBA for both LA10 and LA90. 
The loudest sound at the residential sites was reported at Upper Village (107.30 dBA). This can be classed as 
‘extremely noisy’ and is comparable to steel grinding.  

For the daytime and night time monitoring levels at commercial sites, LA10 were within the commercial standard 
value (70 dBA) across all sites. The average LA90 at these sites also fell within the guideline, indicating that the 
average background sound level is acceptable during daytime and nighttime periods. The highest LAmax was 
recorded at the Bawdwin Office (123.90 dBA) and occurred in the daytime monitoring period. This is likely due 
to its proximity to mining activities and associated heavy machinery. This level of noise is comparable to a heavy 
rock concert and is classed as ‘extremely noisy’. Noise levels of 130 dBA and above are classified as intolerable.  

5.6.4 Summary 
The existing noise baseline can be summarised as follows: 

 The high overall noise level can be attributed to the monitoring locations being located in geographically 
diverse areas, often near roads or villages.  

 The monitoring locations in residential areas were noisy and above the prescribed guidelines both during 
the daytime and night time periods.  

 Upper Village at Bawdwin recorded the highest noise levels on average most likely due to normal village 
activities.  

 All commercial sites are within the Myanmar guideline levels however are classed between ‘moderate 
to loud’. 

 The loudest period is was typically around 5:00 am, which may correspond to normal village activities 
and traffic. 

 The loudest recorded sound level (123.90 dBA) occurred at the Bawdwin office, which may be as a result 
of human generated noise e.g., motorbikes.  

No baseline investigations of vibration have been conducted. 

5.6.5 Sensitivity of receptors to changes in noise and vibration 
This section defines the overall sensitivity for the key receptors (defined on the village/community scale as 
opposed to individual houses). For the purpose of this section, sensitivity is defined as how sensitive the receptor 
is to change due changes to amenity. For each receptor, sensitivity is determined by considering the importance 
of the receptor, the vulnerability of the receptor to change, and the resilience of the receptor in terms of its ability 
to recover from noise and vibration impacts. Table 5.58 (in Section 5.5 above) outlines the receptors assessed for 
sensitivity to noise and vibration impacts. The key receptor groups that were considered in the assessment of noise 
and vibration are outlined in Table 5.58 and shown on Figure 5.38. 

For each receptor, changes to ambient levels of noise and vibration have the potential to influence: 

 Human health and wellbeing characterised by an ambient environment suitable acoustic environment for 
individuals to sleep; study or learn; and be involved in recreation, including relaxation and conversation. 

 Amenity and aesthetic value of the noise environment. 
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The definitions used to determine the sensitivity of noise values (i.e., their importance, vulnerability, and 
resilience) are presented in Table 5.63. Table 5.64 outlines the importance, vulnerability, and resilience with 
respect to noise for each receptor, based on a low, medium and high scale. 

Table 5.63 Definitions for sensitivity of noise values 

 Definition Ratings criteria 

Low Medium High 

Importance The degree to which 
the ambient noise 
level supports the 
amenity, safety and 
function of an area 
for people (e.g., a 
suitable acoustic 
environment for 
individuals to sleep; 
study or learn; and be 
involved in 
recreation, including 
relaxation and 
conversation). 

The area is a 
recognised industrial 
zone and therefore 
elevated noise 
conditions would be 
reasonably expected. 
People have little 
reliance on low levels 
of background noise 
for amenity.  

The area already 
experiences some level 
of ambient noise due to 
industrial activities. 
People live in the area 
and require suitable 
levels of background 
noise levels for amenity, 
safety and function. 

The area experiences 
low levels of ambient 
noise. People live in the 
area and require low 
background noise levels 
to maintain amenity. 

Vulnerability  The extent to which 
the receptor is 
susceptible to change 
in noise and vibration 
levels. This includes 
consideration of how 
readily change may 
cause deterioration of 
amenity and/or 
effects to human 
health. 

Increased noise would 
result in limited 
change to amenity and 
impacts to human 
health would be 
unlikely. 

 

Increased noise would 
result in some reduction 
of amenity but impacts 
to human health unlikely 
and noise levels in 
general compliance with 
guideline values. 

Increased noise would 
result in noticeable 
reduction in amenity 
and/or potentially 
adverse health effects 
with exceedences of 
guideline values likely. 

 

Resilience The extent to which 
the receptors can 
adapt or recover from 
changes in ambient 
levels of noise, taking 
existing noise levels 
into consideration 

Receptor currently 
experiences low levels 
of noise and relies on 
these low levels for 
amenity and 
wellbeing. Or, receptor 
currently experiences 
high noise levels, 
frequently in 
exceedance of ambient 
noise standards. 
Receptor has limited 
or no capacity to adapt 
to increased noise 
levels. 

Receptor currently 
experiences moderate 
noise levels with 
occasional exceedances 
of ambient noise 
standards. Receptor has 
some capacity to adapt to 
increased noise levels. 

Receptor currently 
experiences low levels 
of noise and vibration, 
however, lives in an 
industrial zone. 
Receptor is able to 
readily adapt to noise 
increases. 
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Table 5.64 Importance, vulnerability and resilience of the noise receptors 

Receptor Importance Vulnerability Resilience Sensitivity 

Military base Medium 

Although this military base is located close 
to the current mine, operations have been in 
care and maintenance and current noise 
levels exceed Myanmar standards at this 
receptor. A medium level of importance is 
placed on the value of the ambient noise 
environment for amenity and health during 
the day and night. 

High 

Military base is vulnerable to increased 
noise emissions due to its location in 
proximity to the project area. Current 
noise levels exceed Myanmar standards 
at times and the Military Base is 
vulnerable to increases in noise-
generating project activities.  

Medium 

It is expected that this receptor would 
have medium resilience to increased 
noise emissions, on the basis that it is a 
military base.  

Medium 

Bawdwin upper and lower 
villages 

Bawdwin villages have around 
3,000 people in nine wards and 
was established to support the 
mining operations. The 
environment around Bawdwin 
has been extensively shaped by 
the mining operation.  

Medium 

Although Bawdwin is located close to the 
current mine, operations have been in care 
and maintenance and existing noise sources 
have been limited. Current noise levels 
exceed Myanmar standards at these 
receptors. A medium level of importance is 
placed on the value of the ambient noise 
environment for amenity and health during 
the day and night. 

High 

Bawdwin villages are vulnerable to 
increased noise emissions due to their 
location in proximity to the project area 
and noise-generating project activities. 
Current noise levels exceed Myanmar 
standards and the villages are vulnerable 
to any additional increases in noise-
generating project activities. 

Medium 

It is expected that this receptor would 
have medium resilience to increased 
noise emissions, on the basis that it is a 
village established to support mining 
operations and is located on a mining 
concession. 

Medium 

 

Tiger Camp village 

Tiger Camp is situated in the 
Wallah Valley downstream of 
the Bawdwin mine. It has 
around 600 people in two 
wards. Like Bawdwin it was 
established to support the 
Bawdwin mining operation.  

Medium 

Although Tiger Camp is located close to the 
current mine facilities, operations have been 
in care and maintenance and existing noise 
sources have been limited. Current noise 
levels exceed Myanmar standards at these 
receptors. A medium level of importance is 
placed on the value of the ambient noise 
environment for amenity and health during 
the day and night. 

High 

Tiger Camp is vulnerable to increased 
noise emissions due to its location in 
proximity to the project area and noise-
generating project activities. Current 
noise levels exceed Myanmar standards 
and the village is vulnerable to any 
additional increases in noise-generating 
project activities. 

Medium 

It is expected that this receptor would 
have medium resilience to increased 
noise emissions, on the basis that it is a 
village established to support mining 
operations and is located on a mining 
concession. 

Medium 

 

Tiger Camp farms 

Receptor includes scattered 
farms and associated houses to 
the east, northeast and south of 
Tiger Camp.  

Medium 

A medium level of importance is placed on 
the value of the ambient noise environment 
for amenity and health during the day and 
night given the farms rural setting and their 
location in the mining concession. 

Medium 

Tiger Camp farms are vulnerable to 
increased noise emissions due to its 
location in proximity to the project area 
and noise-generating project activities. 

Medium 

It is expected that this receptor would 
have some resilience to mining, traffic 
and construction related noise and has 
some capacity to adapt to increased 
noise levels. 

Medium 
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Receptor Importance Vulnerability Resilience Sensitivity 

Lower Bawdwin village 
farms 

Receptor includes scattered 
farms and associated houses 
located to >1.5 km southeast of 
the open pit. 

Medium 

An elevated level of ambient noise may be 
expected to occur due to the proximity of 
the farms to the extensive mining operations 
that have shaped Bawdwin. However, the 
last decade has seen relatively lower noise 
levels. Although existing noise levels 
exceed Myanmar standards at this receptor, 
there is still a level of importance placed on 
amenity during the day and night. 

Medium 

Lower Bawdwin village farms have some 
vulnerability to increased noise emissions 
due to their distance from the project area 
and noise-generating project activities. 
There is little in the way of terrain 
barriers (i.e., hills and mountains) 
between most of the farms and many 
project noise sources. 

Medium 

It is expected that this receptor would 
have some resilience to mining, traffic 
and construction related noise and has 
some capacity to adapt to increased 
noise levels. 

Medium 

 

Loi Mi village and associated 
farms 

This receptor includes farms 
and associated houses located 
toward the western border of 
the concession. 

High 

The area is likely to experience relatively 
low levels of ambient noise given it being 
remote from existing industrial and traffic 
noise sources. The receptor is likely to have 
high reliance on low background noise 
levels to maintain amenity. 

Medium 

Receptor is moderately removed from the 
project area (1 to 2 km), with 
mountainous terrain between noise 
sources and receptor and has a moderate 
level of vulnerability to increased noise.  

Medium 

Receptor has some limited capacity to 
adapt to increased noise levels given its 
remote setting and likelihood of amenity 
value being based on low levels of 
background noise. 

Medium 

Nam La farms 

This receptor includes farms 
and associated houses towards 
the north of the concession.  

High 

The area is likely to experience relatively 
low levels of ambient noise given it being 
remote from existing industrial and traffic 
noise sources. The receptor is likely to have 
high reliance on low background noise 
levels to maintain amenity. 

High 

Receptor is in proximity to the project 
area (i.e., within 1 km), with little to no 
mountainous terrain between noise 
sources and receptor and is vulnerable to 
increased noise.  

Medium 

Receptor has some limited capacity to 
adapt to increased noise levels given its 
remote setting likelihood of amenity 
value being based on low levels of 
background noise. 

High 

Residents of Nam Pangyun 
valley 

Includes artisanal miners and 
permanent residences 
associated with agricultural 
plots along the lower valley 
downstream of the concession 
boundary. 

Medium 

The majority of the receptors along the 
valley are remote from existing industrial 
and traffic noise sources and would likely 
experience low background noise levels.  

High 

Receptor is in a narrow valley with 
limited sources of existing noise and is 
vulnerable to increased noise sources 
within the valley. 

High 

It is expected that this receptor would 
have some resilience to mining, traffic 
and construction related noise and has 
some capacity to adapt to increased 
noise levels. Many of the individual 
receptors are known to be transient in 
their locations and so would have some 
capacity to temporarily relocate from 
high noise and vibration emissions 
when in the vicinity. 

Medium 

Namtu Medium Medium Medium Medium 
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Receptor Importance Vulnerability Resilience Sensitivity 

Namtu town has a population 
of more than 13,000 people. 
Tha Ta La Ward of Namtu 
Town was established to 
support the mining and 
processing operations. As a 
regional town Namtu has a 
number of manufacturing and 
industrial operations.  

Due to the number of manufacturing and 
industrial operations in Namtu elevated 
noise levels are expected to occur from time 
to time. However, residential areas are 
likely to have some reliance on low 
background noise levels for amenity. 

Namtu has current noise levels that 
exceed Myanmar standards and the town 
is vulnerable to any additional increases 
in noise-generating activities. 

It is expected that this receptor would 
have some resilience to mining, traffic 
and construction related noise and has 
some capacity to adapt to increased 
noise levels. 

Residents along the export 
route 

Residents (including 
standalone houses, settlements, 
villages and towns along the 
export route from the 
processing plant to National 
Highway 3, approximately 
70 km by road to the east of the 
concession. 

Medium 

As these receptors are based along a 
network of existing public roads, a level of 
ongoing traffic noise would be expected by 
the receptors with limited reliance on low 
background noise for amenity.  

High 

Increased noise, particularly during the 
night, could result in noticeable reduction 
in amenity and potential effects to 
wellbeing as amenity and health values 
are more sensitive at night. 

Medium 

It is expected that this receptor would 
have some resilience to traffic related 
noise and has some capacity to adapt to 
increased noise levels. 

Medium 

Residents along the Namtu-
Manton Road 

Medium 

The area is likely to experience some level 
of noise due to existing traffic noise along 
this public road. The receptor is likely to 
have moderate reliance on low background 
noise levels to maintain amenity. 

High 

Receptor is in proximity to the Namtu-
Manton Road (i.e., within 1 km), with 
little to no mountainous terrain between 
noise sources and receptor. Increased 
noise would result in noticeable reduction 
in amenity. 

Medium 

Receptor has some capacity to adapt to 
increased noise levels given they are 
based along a public road. 

Medium 
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5.6.6 Uncertainties and limitations 
Baseline noise monitoring characterised the existing noise environment from a broad range of sites across the 
Bawdwin-Namtu area. Limitations in noise baseline included: 

 Baseline data was not collected at all sensitive receptors with the potential to be impacted by the 
project. 

 Noise monitoring took place over a single monitoring campaign in which sites were monitored for 
24-hour periods, rather than across consecutive days or weeks. As such, temporal variation may not 
have been captured. However, major differences in noise levels are not expected to be materially 
different for example at another point in time. 
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5.7 Biological environment 
This section describes the existing biological environment of the project. A terrestrial and aquatic biodiversity 
study has been completed for the project to characterise the current biodiversity of the Bawdwin area and is 
presented in Appendix D. Surveys have been completed for plants, mammals, birds and herpetofauna (frogs and 
reptiles) to characterise the existing terrestrial biodiversity.  

The biodiversity surveys were conducted in December 2018 and February 2019 by a survey team comprising 
eleven Myanmar nationals all with tertiary education and prior survey experience, led by a biodiversity specialist 
Dr Aung Aung. Dr Aung Aung and seven members of the survey team hold doctoral degrees from Yangon 
University, Myanmar.  

5.7.1 Method and study area 
A biodiversity study was undertaken to describe the existing biological values in the study area. The objectives of 
the study were to: 

 Characterise and map the type and condition of vegetation communities and terrestrial and aquatic 
habitats. 

 Opportunistically record terrestrial and aquatic flora and vertebrate fauna focussing on any species of 
conservation significance. 

 Describe the plants and animals used by local communities.  

 Record the presence of invasive exotic flora and fauna species. 

Study area 

The biodiversity study area covers approximately 8 km by 3 km, centering on the Bawdwin mining concession 
and extending to the northern outskirts of Namtu. The area captures proposed project infrastructure, including a 
section of the infrastructure corridor between the mine area and Namtu, and downstream areas to allow for the 
assessment of potential impacts resulting from construction, operation and decommissioning/closure of the 
project. The study area includes the Nam Pangyun catchment from the headwaters to the Myitnge River (Namtu 
River) (where most project activities will occur), the southern portion of the Nam La catchment, and Mt. Lakeland, 
Mt. Teddy, Shar Htoo Mountain, Russia Hill, and Wallah Valley. The spatial extent of the study area was 
determined to encapsulate a variety of habitats and the flora and fauna they support. 

Method 

The terrestrial and aquatic biodiversity baseline study comprised both desktop review and field surveys conducted 
by experienced Myanmar zoologists and botanists.  

Desktop survey 

The desktop survey included reviews of available published and unpublished documents, scientific literature and 
other relevant information/data from published scientific literature on terrestrial flora and fauna, such as peer-
reviewed journals, books and private sector, government and non-government organisation reports.  

Information collected included the conservation classification of land within the study area, the occurrence of 
species known or expected to occur in the area and information from questionnaires with local hunters. 

Field survey 

Field surveys were conducted for terrestrial flora and fauna, and aquatic ecosystems in both wet and dry seasons 
to capture temporal variability due to seasons. A total of 10 sites were surveyed over the wet season between 19 
and 25 October 2018 and the dry season between 7 and 12 February 2019. Methods used during field surveys are 
summarised in Table 5.65. The biodiversity study area and survey locations are shown in Figure 5.42. 
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Table 5.65 Biodiversity field survey methods 

Taxonomic Group Description of Method 

Terrestrial vegetation Classification of vegetation was conducted based on a set of selected attributes, such as the 
taxonomic composition of the community and their morphological and functional traits. 

The condition of vegetation types was classified based on observations of historical and 
ongoing land management practices using the categories: 

 Intact – vegetation communities that exist in unmodified condition. 

 Degraded – consists of modified habitats composed of native species, such as pioneer 
species, that have had long term stability through regular anthropogenic intervention. 

 Transformed – does not represent native vegetation and includes urban areas, bare 
earth. 

Plants Diversity of plants were recorded during a “walk-through” transect survey by observation 
and photography (Plate 5.27). Unknown flora species were collected for further 
verification in the laboratory.  

Mammals Mammal surveys were conducted using direct observation of mammals and tracks and 
signs, such as footprints and scats, specimen collection, photography and interviews with 
local hunters (Plate 5.28). Species were recorded using binoculars and photography and 
their locations were recorded using a GPS. 

Birds Bird surveys used the Fixed Radius Point Count Census Method, which is based on the 
principle of counting individuals from a defined location within a known radius and 
estimating the distance to the observed individual. The survey was conducted with direct 
visual observation using binoculars, call recognition, photography and interviews with 
local hunters.  

Herpetofauna Herpetofauna surveys were conducted and their habitats were recorded by photography. 
All collected specimens name, geographic information (elevation, coordinates), locality 
and microhabitat, and activity of the animals were noted. Some specimens were recorded 
from interviews with local people. 

Aquatic habitats Surveys of aquatic habitats were conducted at Nam Pangyun stream, Nam La stream, 
Myitnge River and other representative watercourses including the Nam Pangyun 
Reservoir, through direct observation and photography (Plate 5.29).  

Surface water quality sampling at various sites (approximately monthly) was also used to 
characterise aquatic habitats. In situ water quality was analysed by physical and chemical 
parameters such as pH, temperature, turbidity, dissolved oxygen, ammonia, alkalinity and 
hardness. 

Aquatic fauna 
(macroinvertebrates and 
fish) 

Sampling for aquatic macroinvertebrate (benthos) (small animals without backbones that 
reside in the stream bed) was conducted at Nam Pangyun and along the Nam La stream at 
an upstream point near the reservoir and downstream in the Bawdwin village.  

Fish surveys were conducted during the day by direct observation, photography and 
catching fish by benthos net and hands. 
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Figure 5.42 Biodiversity study area and survey locations 
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Plate 5.27 Flora survey team at Bawdwin conducting survey 

 

Plate 5.28 Fauna survey team at Bawdwin conducting day time survey 

 

Plate 5.29 Aquatic survey team at Nam La stream 
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Conventions 

Conventions used for classifying flora and fauna are provided in the following sections and are outlined in greater 
detail in the terrestrial and aquatic biodiversity baseline report, Appendix D. 

A focus of the terrestrial ecological studies for the project has been to identify species that are of conservation 
significance. These are defined as: 

 Species listed as threatened (Critically Endangered, Endangered or Vulnerable) or Near Threatened in the 
International Union for Conservation of Nature (IUCN) Red List of Threatened Species.  

 Species listed under appendices I, II and III of the Convention on International Trade in Endangered Species 
of Wild Fauna and Flora (CITES), which aims to ensure international trade of flora and fauna does not 
threaten their survival: 

- Appendix I: Species threatened with extinction which are, or may be, affected by trade. 

- Appendix II: Species not yet threatened with extinction, but which could become threatened if unlimited 
trade were allowed, as well as ‘look-alike’ species closely resembling those on the list for conservation 
reasons. 

- Appendix III: Species whose trade is only regulated within a specific country if requiring cooperation from 
other nations to help prevent exploitation. 

Habitat types 

Habitat types are divided into modified, natural and critical: 

 Modified: areas that may contain a large proportion of non-native plant and/or animal species, and/or where 
human activity has substantially modified an area’s primary ecological functions and species composition. 

 Natural: areas composed of viable assemblages of mostly native plant and/or animal species, and/or where 
human activity has not essentially modified an area’s primary ecological functions and species composition. 

 Critical: areas with high biodiversity value, including habitat of significant importance to Critically 
Endangered and/or Endangered species and to endemic and/or restricted-range species; habitat supporting 
globally significant concentrations of migratory species and/or congregatory species (species which gather in 
globally significant numbers at a particular site during a particular time of their life cycle); highly threatened 
and/or unique ecosystems; and/or areas associated with key evolutionary processes. 

5.7.2 Terrestrial biological environment 

Overview of Myanmar’s biodiversity 

Myanmar occupies the transition zone between three biogeographic regions (MOECAF, 2015):  

 Sino Himalayan region in the north. 

 Indochinese region in the east.  

 Malayan peninsular in the south.  

Within these biogeographic regions a broad array of ecosystems occur, ranging from high mountains with 
permanent snow and glaciers, to a dry elevated plateau, to extensive temperate and tropical forests, and to a long 
coastline consisting of coastal and marine habitats. 

Forest ecosystems globally support the highest levels of plant species richness, among which montane forests and 
lowland evergreen forests are the most species-rich (MOECAF, 2011). The combination of varied topography, 
variable rainfall and temperature and an extensive river network has created diverse forest types, ranging from 
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subalpine forest in the north to tropical evergreen forest in the south. Freshwater ecosystems are found in the large, 
slow-flowing rivers, large lakes and fast-flowing mountain streams. The extensive seacoast with tidal mangroves 
supports marine ecosystems.  

Myanmar is rich in biodiversity and is estimated to include approximately 250 mammal species, at least 1,000 
bird species, 370 reptile species and 7,000 species of flora. These include many species that have been assessed 
to be globally threatened (39 mammals, 45 birds, 21 reptiles and 38 plants) (Simmance, 2013). The majority of 
Myanmar is located within the Indo-Burma Biodiversity Hotspot, which is one of 35 global hotspots that support 
high levels of biodiversity and endemism (species unique to a defined geographic location). This hotspot is ranked 
in the top 10 globally for irreplaceability and in the top five for threats. 

Ecoregions 

Myanmar has 14 major ecoregions, or relatively large areas of land or water, which each contain characteristic, 
geographically distinct assemblages of plants and animals. More than half the country is covered by three 
ecoregions: the Irrawaddy moist deciduous forest (20.6%), the Northern Indochina subtropical forest (20.5%) and 
Mizoram-Manipur-Kachin rainforests (10.5%) (IFC, 2017).  

The project is located in the Northern Indochina subtropical forest ecoregion. These forests are recognised 
worldwide for their rich biological diversity, with approximately 183 mammal species and 707 bird species 
reported from the ecoregion across the highlands of northern Myanmar, Laos and Vietnam (approximately 
136,723 kilometres squared (km2) total). This ecoregion has the highest species richness for birds among all 
ecoregions in the Indo-Pacific region and ranks third for mammal richness (WWF, 2002). It is located where the 
northern Palearctic and the southern Indo-Malayan faunas mix, providing a crossroad for the South Asian and 
East Asian floras. 

Eight of the forest ecoregions (71.8% of Myanmar’s forest areas) are classified as either Vulnerable or Critically 
Endangered. The four Vulnerable ecoregions are likely to become Endangered and the four Critically Endangered 
ecoregions face an extremely high risk of extinction if the current factors threatening these ecoregions do not 
improve. The Northern Indochina subtropical forest is classified as Vulnerable and facing threats from increasing 
pressure from shifting cultivation, and forest conversion to wood and pulp plantations, and illegal logging (WWF, 
2002). 

Protected areas 

A Protected Area is defined by the IUCN as a clearly defined geographical space, recognised, dedicated and 
managed, through legal or other effective means, to achieve the long-term conservation of nature with associated 
ecosystem services and cultural values. There are currently 43 recognised protected areas in Myanmar, ranging in 
size from 0.5 km2 to 22,000 km2. Six of the Protected Areas (Taunggyi Bird Sanctuary, Shwe-U-Daung Wildlife 
Sanctuary, Inlay Lake Wetland Sanctuary, Loimwe Protected Area, Parsar Protected Area and Panlaung-Pyadalin 
Cave Wildlife Sanctuary) are located in Shan State, with Shwe U Daung Wildlife Sanctuary being the closest to 
Bawdwin, located more than 220 km away. Information on these Protected Areas is limited, scattered and not 
updated. 

Myanmar also has 132 Key Biodiversity Areas (KBAs), identified using standardised criteria developed by the 
IUCN and assessed by KBA Partnership, covering approximately 41% of the country and comprising 194 sites. 
While KBAs have no legal status, they are defined as sites that contribute significantly to the global persistence 
of biodiversity in terrestrial and aquatic ecosystems (IUCN, 2016). Approximately 16% of the Northern Indochina 
subtropical forests are defined as KBAs. Only 1,242 km2 (1%) of the Northern Indochina subtropical forests 
ecoregion is designated as a protected area. 

Terrestrial ecosystems of Myanmar 

The main terrestrial ecosystems/habitats of Myanmar are forest, limestone karst, and freshwater ecosystems and 
wetlands, and are described below. 

Forest 

Forest constitutes the dominant vegetation type in Myanmar covering roughly 43% of the country’s total land area 
(approximately 290,410 km2). Half of this area is described as closed forest, where the canopy cover is greater 



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-177

 

than 40%, whereas the other half is ‘open’ or ‘degraded’ forest, where the canopy cover is between 10% and 40% 
(FAO, 2015). 

Rainfall and elevation have a strong influence on the distribution of different vegetation types. Tropical lowland 
evergreen rainforest occurs largely in the south in Tanintharyi and the southern Bago Yoma. Tropical hill 
evergreen rainforest and temperate rainforest are present in the east, north and west, and semi-evergreen rainforest 
borders the arid central plain particularly in southern Bago Yoma. Myanmar has wet deciduous forest present in 
Northern Tanintharyi, Bago Yoma, Bhamo and Mogok, and dry deciduous forest in northern Bago Yoma, 
Chindwin, western Pakokku and the Shwebo Hills. Some coniferous forests occur above 1,200 m on dry slopes, 
particularly in Shan and Chin states, whereas oak and rhododendron occur on the wetter slopes. Extensive bracken 
and bamboo brakes also occur in Myanmar. Mountain grassland is present, particularly on the Shan plateau, Chin 
Hills, Rakhine Yoma, and the northeastern slopes. Indaing forest occurs in small patches along dry ridges of Bago 
Yoma. 

Limestone karst 

Karst formations are found in several regions including Tanintharyi Region, Kayin State, Shan State and Kachin 
State. Some species found in karst habitats, such as molluscs, have very restricted ranges making these formations 
ecologically important. Nineteen new gecko species have recently been found within karst habitats in Myanmar. 
The nearest areas of mapped limestone are about 6 km to the east of Bawdwin, there is no mapped limestone 
geological formations present on the Bawdwin concession. 

Freshwater ecosystems 

Myanmar supports a diverse range of freshwater ecosystems including large river systems and lakes that are 
important for biodiversity and have cultural and economic value. Myanmar’s eight major river catchments are the 
Ayeyarwady, Chindwin, Thanlwin, Sittaung, Myit Ma Hka and Bago, several shorter rivers from the Rakhine 
Yoma and Chin Hills and the Tanintharyi coastal region. The most notable lakes in Myanmar are Inle Lake and 
Indawgyi Lake, which is one of the largest lakes in Asia.  

The Ayeyarwady River corridor is one of the most ecologically valuable stretches of river, extending from north 
of Mandalay to Bhamo. It supports the Critically Endangered freshwater subpopulation of the Irrawaddy Dolphin, 
threatened birds and turtles such as the Critically Endangered Northern River Terrapin and the Vulnerable 
Burmese Eyed Turtle, the Critically Endangered White-bellied Heron and valuable riparian habitat.  

Terrestrial vegetation and flora 

Overview of Shan State terrestrial vegetation and flora 

Shan State consists of evergreen forests, mixed forests, grass- and shrublands, and extensive areas of agricultural 
land and urban areas. Common trees in the region include conifers, oak, walnut and bamboos, Tamarind 
(Tamarindus indica), Oroxylum (Oroxylum indicum), Indian Siris (Albizia lebbeck), guava (Psidium guajava), 
citron (Citrus medica), some medicinal plants, and pine forests which are strictly protected in Myanmar. 

Agriculture plays an important role in the economy of the Shan State including cultivation of rice, wheat maize, 
groundnut, pulses and beans, fresh fruit and vegetables. There are also cotton, coffee, tea and tobacco plantations. 
Livestock breeding and freshwater fisheries are also significant. Terrestrial flora in Shan State is poorly known, 
however, a recent study was conducted at Pindaya township in Shan State, located approximately 251 km from 
Bawdwin, to identify the common plant species in the area. The study revealed 64 plant species from 27 families 
and 41 genera in the study area, with Khansue (Carissa spinarum) being the most dominant species representing 
about 10% of the total individuals and Thit poke (Celtis tetrandra) being the second most dominant species 
representing about 9% of the total individuals. The majority of the tree species belong to Lauraceae family (Aung 
et al., 2018).  

Prior to mining at Bawdwin, which is thought to have commenced in the 1400s, Bawdwin would have consisted 
of hill and temperate evergreen forests primarily comprised of sub-tropical mixed hill and savannah. However, 
these forests have been significantly reduced by deforestation (primary for firewood to enable ore smelting), the 
phytotoxic effects of smelting fumes, and to a lesser extent cattle grazing and small-scale agriculture. Vegetation 
clearing, and repeated seasonal burning has caused conversion of forests to grasslands. Shan State is experiencing 
some of the highest rates of losses of intact forest (Bhagwat el al., 2017), with fragmented areas exposed to very 
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high pressures from surrounding agricultural uses, and ongoing loss of vegetation from charcoal marketing and 
firewood collection. 

Overview of biodiversity study area terrestrial vegetation and flora 

Terrestrial vegetation 

Ground surveys of flora and fauna and aerial imagery were used to classify the vegetation types within the 
biodiversity study area. The four main vegetation types within the study area are:  

 Grassland, which widely occurs in the mountain range and in the areas surrounding the Bawdwin mine. 

 Bamboo, which can occur in mountain valleys and can be found further away from the mine beyond the 
grasslands. 

 Scrub, which can occur with bamboo and grassland vegetation types. 

 Sub-tropical mixed hill forest, which occurs in the northwestern extent of the study area generally outside of 
the Bawdwin concession.  

Some small patches of cultivated areas were found among the bamboo and grassland area. The different vegetation 
types within the biodiversity study area are shown in Figure 5.43. 

The dominant vegetation types of the Bawdwin mine area are bamboo forest and grassland. Both of these 
vegetation types are modified or degraded communities due to many centuries of disturbances from mining 
activities at Bawdwin. It is likely that topsoils in the Bawdwin area have been largely eroded from hills and steep-
sided slopes leaving poor quality soils with low organic material, likely contributing to the conversion from hill 
forests to grasses and bamboo vegetation types. Sub-tropical mixed hill forests are likely to be relatively intact 
with some modification at a fine scale. The areas of intact sub-tropical mixed hill forest which occur 
approximately 4 km northwest from the Bawdwin open pit (although visited during field surveys, was not the 
focus of the biodiversity studies), likely contains higher biodiversity values and support several rare or threatened 
species. Other areas of more intact vegetation are located within valleys and along watercourses, which provide 
areas of potential habitat for various mammal, bird and herpetofauna species identified within the study area 
(Section 5.2.3).  

A description of the main vegetation types in the study area is provided in Table 5.66.  
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Table 5.66 Description of vegetation types 

Vegetation Type Description 

Bamboo (Plate 5.30) Bamboo occurs in the valleys of mountains in the study area. This vegetation type is 
dominated by Shwe wa (Bambusa vulgaris), Wa bo (Dendrocalamus giganteus), Wa 
net (Dendrocalamus longispathus), Hmyin wa (Dendrocalamus strictus) and Wa nwe 
(Dinochloa maclellandii). 

Grassland (Plate 5.31) Grassland widely occurs in the mountain range of the study area. This type is 
dominated by Andropogon gerardii, Kyeik (Coix lacryma-jobi), Pennisetum villosum, 
Kyu (Phragmites vallatoria) and Sporobolus indicus.  

Scrub Scrub occurs with both the bamboo and grassland vegetation types. This vegetation 
type is dominated by Ba Ka or Garmani (Ageratina adenophora), Phone-ma-thein 
(Blumea balsamifera), Kyaung-migo (Buddleja asiatica), Be-zat (Chromolaena 
odorata), Phet-kar (Clerodendrum colebrookianum), Nga-u-thi (Rubus ellipticus) and 
Pan-swe (Woodfordia fruticosa). 

Sub-tropical mixed hill 
forest (Plate 5.32) 

Sub-tropical mixed hill forest occurs in the northwestern extent of the study area 
generally outside of the Bawdwin concession. This vegetation type is dominated by 
Min baw (Caryota mitis), Lettok gyi (Holarrhena pubescens), Phet wun (Mallotus 
cochinchinensis), Taung ma yo (Alstonia scholaris), Thet yin gyi (Croton 
roxburghianus), Palaung-nga-yoke-kaung (Toddalia aculeate) and Thit yar phyu 
(Phoebe tavoyana). 

A significant portion of the study area is classified as modified/degraded vegetation as shown in Figure 5.44 and 
can be seen in Plates 5.33, 5.34 and 5.35. Most forested areas in and surrounding Bawdwin were cleared dating 
back to the early Chinese mining years. The area extending outwards from Namtu has also been extensively 
cleared for construction materials and firewood. Approximately 30% of respondents from the 2019 socio-
economic surveys in Bawdwin villages and 12% in Namtu reported that firewood was their main source of energy 
for cooking (Appendix E).  

Historical air pollution from smelting which produced sulfur dioxide and other particulates causing acid rain at 
the Namtu smelter complex, was another driver of vegetation modification in the area. The acid rain has caused 
deforestation of the hills and ridges around Namtu. Historical air pollution from dust is also likely to have caused 
contamination of soils in the area as shown from soil samples with elevated heavy metal concentrations (lead, 
arsenic and nickel). This may inhibit rehabilitation of the area, as growth reduction from changes in physiological 
and biochemical processes in plants grown in soils contaminated by heavy metals has been recorded (Chibuike 
and Obiora, 2014). 

Plant diversity 

The botanical survey collected 177 plant species belonging to 155 genera and 83 families. Collected species 
consisted of 49 herbs, 37 trees, 35 shrubs, 25 small trees, 17 climbers, eight grasses, five bamboos and one 
epiphyte. The more intact sub-tropical mixed hill forest in the northwestern extent of the study area has the most 
diversity in plant species followed by Tiger Camp. The list of all the recorded plant species from the flora study 
are shown in Annex B of the terrestrial and aquatic biodiversity baseline report, Appendix D. 

The most diverse flora families recorded in the study area were from the Asteraceae and Poaceae families which 
comprised 14 species each. The most commonly recorded flora families within the study area and the number of 
species in each include: Asterraceae (14); Poaceae (14); Fabaceae (11); Euphorbiaceae (7); Solanaceae (5); 
Apocynaceae (4); Moraceae (4); Rosaceae (4) and Rutaceae (4).  
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Figure 5.43 Mapped vegetation types of the study area  
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Plate 5.30 Example of bamboo forest in the study area 

 

Plate 5.31 Example of grassland in the study area 

 

Plate 5.32 Example of sub-tropical mixed hill forest in the study area 
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Figure 5.44 Mapped vegetation condition within the study area 
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Plate 5.33 The Nam Pangyun valley at Bawdwin in 1907 

 

Plate 5.34 View from the north eastern area of Bawdwin looking east 

 

Plate 5.35 Terraces on the sides of one of the tributary valleys to the north of Bawdwin 
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Species of conservation significance 

Thirty-four IUCN Red List flora species and three CITES flora species were recorded in the study area during the 
baseline survey. 

Two of the 34 IUCN-listed species are considered species that are of conservation significance: the Cycas 
pectinata (Vulnerable) (Plate 5.36) and Burmese blackwood (Dalbergia cultrate) (Near Threatened) (Plate 5.37). 
All other IUCN-listed species were listed as either Data Deficient (Tea plant (Camellia sinensis) and Papaya 
(Carica papaya)), Least Concern, or are listed as threatened in their native habitats, but are not considered 
threatened for the purpose of this assessment given their location in the study area (Arabica coffee (Coffea 
arabica) (Endangered) and Perennial sow thistle (Sonchus arvensis) (Near Threatened)). 

Of all the flora species listed on the IUCN Red List, almost 90% were located in sub-tropical mixed hill forest 
habitat. This included the two threatened species Cycas pectinata and Burmese blackwood. The Cycas pectinata 
was also recorded in grasslands. The Cycas pectinata occurs in medium to tall closed forest in moist conditions. 
Large populations of this species remain and it is not under any immediate threat of extinction. The Burmese 
blackwood is a medium sized (20 to 30 m high) deciduous tree which grows in a variety of forest types such as 
bamboo, humid deciduous and evergreen forests. The species has been extensively exploited for timber which has 
led to a decline in the population. Both of these threatened species have a low likelihood of occurring in the project 
area due to a lack of forest in the area. 

There may be additional species of conservation significance that were not observed, such as orchids, that are 
likely to occur in natural sub-tropical mixed hill forest and potentially bamboo forests.  

Three CITES-listed species were found in the study area: Bamboo orchid (Arundina graminifolia) (Plate 5.38), 
Cycas pectinata, and Burmese blackwood. These species are listed on CITES Appendix II meaning they are not 
threatened with extinction but could become threatened if unlimited trade were allowed. 

Cultivated plant species, fencing plant species and exotic flora species 

A total of 17 cultivated plant species were recorded in this study. Cultivated and garden plants are used for food 
and medicine as well as supporting the ecosystem services for inhabitants. All of these cultivated plants are 
indigenous. 

Four fencing plant species were recorded in this study: Duranta repens L., Lantana aculeata L., Bougainvillea 
glabra Choisy, and Euphorbia tithymaloides L. Fencing plants are important for supporting the ecosystem services 
for inhabitants. The fencing plant Lantana aculeata is a variety of Lantana camara, which is considered an 
invasive species to Myanmar (CABI, 2021). Lantana camara tends to grow in a range of habitat, including 
disturbed areas and the edges of forests (CABI, 2021).  

Two exotic (non-native) species, Ageratina adenophora, and Mikania micrantha were recorded in the study area. 
According to Kress et. al.(2003, as cited in Appendix D), Ageratina adenophora species has not previously been 
recorded in Myanmar and Mikania micrantha species has only been recorded in Taninthayi Region in the checklist 
of Myanmar. Ageratina adenophora is a species of flowering plant in the daisy family native to Mexico and 
Central America but has become invasive into farmland and bushland worldwide. Mikania micrantha is a species 
of vine that is a multi-stemmed perennial creeper and climber native to the Americas. It rapidly chokes and 
smothers areas it has colonised and is considered an invasive species in South-East Asia, Indonesia, the Pacific 
Islands and Australia. These two species were commonly found throughout the Bawdwin biodiversity study area.  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-185

 

 

Plate 5.36 Cycas pectinata (Vulnerable) 

 

Plate 5.37 Burmese blackwood (Dalbergia cultrate) (Near Threatened) 

 

Plate 5.38 Bamboo orchid (Arundina graminifolia) 
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Terrestrial fauna 

Overview of Shan State terrestrial fauna 

Shan State is made up mostly of the Northern Indochina subtropical forest ecoregion, which is recognised for its 
rich biological diversity, with approximately 183 mammal species and 707 bird species reported across the 
highlands of northern Myanmar, Laos and Vietnam. This ecoregion has the highest species richness for birds 
among all ecoregions in the Indo-Pacific region and ranks third for mammal richness (WWF, 2002). Mammal 
species of conservation significance known to occur within the Northern Indochina subtropical forest ecoregion 
within Myanmar include, but are not limited to, tiger (Panthera tigris), Asian black bear (Ursus thibetanus), red 
mutjac (Muntiacus muntjac), wild dog (dhole) (Cuon alpinus), gaur (Bos gaurus), particoloured flying squirrel 
(Hylopetes alboniger), pigtailed macaque (Macaca nemestrina), and back-striped weasel (Mustela strigidorsa) 
(WWF, 2002). Much like the Shan State flora, the fauna is also poorly known.  

The recent study at Pindaya Township in Shan State (approximately 251 km from Bawdwin) recorded a total of 
94 bird species and 20 butterfly species. Other reported fauna that occur in the region includes muntjac, porcupine, 
marten, jungle cat (Felis chaus), squirrels, Siamese hare (Lepus peguensis) and tortoise. Inle Carp (Cyprinus 
intha), recognised as Endangered endemic species, and Himalayan Newts were found in Pwe Hla lake in Pindaya 
Township (Aung et al., 2018). The report suggested that the Pindaya Township study area is important for 
biodiversity conservation due to the diversity of species and the presence of migratory and threatened species 
(Aung et al., 2018). 

Overview of terrestrial fauna of the biodiversity study area  

Mammals 

A low diversity mammal community was recorded within the study area, mostly in areas of mixed hill forest and 
to a lesser extent bamboo forest. Only one species, the Burmese hare (Lepus peguensis), was recorded in 
grassland habitat. Very few native mammals are predicted to occur within the project area. Hunters have 
reported that, although declining, they still target deer and wild boar, particularly during the wet season. Hunters 
have also reported that wild animals are becoming increasingly rare, probably due to deforestation and 
agricultural practices in the area. Bawdwin residents have reported that larger mammals such as tigers, leopards 
and Asian black bears previously inhabited the area, but no longer occur locally.  

A total of 19 species of mammal belonging to 9 orders and families were recorded in the study area during the 
fauna survey (see Plates 5.39, 5.40 and 5.41 for examples of three species recorded). Four of these 19 species are 
species of conservation significance: one Critically Endangered species, the Chinese pangolin (Manis 
pentadactyla); one Endangered species, dhole (Cuon alpinus); and two Vulnerable species, Asian black bear 
(Ursust thibetanus) and hog badger (Arctonyx collaris). One of the 19 species, the large-toothed ferret badger 
(Melogale personata), is listed as Data Deficient. Of these five species, only the large-toothed ferret badger was 
directly recorded, with the other species being reported in interviews with hunters as being historically present in 
the last decades.  

The Chinese pangolin (Critically Endangered) was historically recorded near Tiger Camp, LwePya, and Toneme 
stream. This species can normally be found in a wide variety of habitats, including primary and secondary tropical 
forests, limestone forests, bamboo forests, broad-leaf and coniferous forests, grasslands and agricultural fields. 
The primary threat to this species is hunting and poaching for both local and international use, driven largely by 
the market demand in China. 

The dhole (Endangered) was reported by hunters as occurring near Tiger Camp, LwePya and Toneme stream the 
timeframes of sighting are uncertain. The latter two locations well beyond the Bawdwin concession. This species 
can occur in a wide range of vegetation types, including, but not limited to, primary and secondary and degraded 
tropical, dry and moist deciduous forests, evergreen and semi-evergreen forests, and temperate deciduous forests. 
The greatest factor contributing to the decline of this species is likely to be due to the depletion of prey as a result 
of overhunting by humans. Habitat loss and degradation are other major threats to this species both directly and 
indirectly.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-187

 

 

Plate 5.39 Red muntjac (Muntiacus muntjac) 

 

Plate 5.40 Wild boar (Sus scrofa) 

 

Plate 5.41 Phayre’s squirrel (Callosciurus phayrei)  
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The Asian black bear (Vulnerable) has been historically recorded northwest of the Bawdwin area. This species 
also occupies a variety of habitats, including both broad-leaved and coniferous habitats. They can be found near 
sea level and up to an elevation of 4,300 m with individuals moving to different elevations and habitats seasonally. 
Habitat loss from logging, agriculture/plantations, roadway networks and dams, as well as hunting are the primary 
threats to this species. 

The hog badger (Vulnerable) was historically recorded in the Wallah Valley. This species occurs in the extreme 
lowlands as well as up into the montane zone, in both heavy deciduous and evergreen forests and in non-forested 
areas such as grasslands. Hunting is the likely cause of the decline in hog badger populations. 

The Chinese pangolin, dhole and Asian black bear have a low likelihood of occurrence within the project area due 
to the lack of suitable habitat. The hog badger has a moderate likelihood of occurrence as it is more adaptable to 
its environment and lives in agricultural areas and grasslands. Mammals such as the red muntjac (Muntiacus 
muntjac) and wild boar (Sus scrofa) are more likely to occur in the project area due to their adaptable ecology and 
tolerance to degraded habitats. 

Birds 

A total of 81 bird species from 12 orders and 40 families were identified during two surveys (dry and wet season) 
in the study area. Fifty-five species were recorded during the wet season and 81 species during the dry season. 
The additional species recorded during the dry season were primarily migratory birds that were not observed 
during the wet season. Three of the total recorded species are waterbirds: Chinese pond-heron (Ardeola bacchus), 
black-crowned night heron (Nycticorax nycticorax) and red-wattled lapwing (Vanellus indicus).  

A moderate diversity of bird species was recorded, with the highest diversity recorded near Tiger Camp. No 
conservation significant bird species were recorded, with all species listed as Least Concern by the IUCN.  

All bird species were recorded in the intact sub-tropical mixed hill forest habitat. Approximately 80% of these 
were also recorded in the bamboo forest habitat and only 40% were recorded in the grassland habitat. Most bird 
species are generalists or insectivorous species (species that eat insects, worms and other invertebrates) with broad 
ecological niches.  

Plates 5.42, 5.43 and 5.44 show three of the bird species (banded bay cuckoo (Cacomantis sonneratii), blue-
throated barbet (Megalaima asiatics) and ashy bulbul (Hemixos flavla) that were recorded during the field surveys. 

Herpetofauna 

Herpetofauna species richness and evenness tends to be lower in habitats located at higher elevations with cooler 
climates, such as the study area, than in warmer lowland areas. The habitat types within the study area are 
dominated by bamboo forest, grassland, streams and the Myitnge River. 

A total of 14 species of herpetofauna from two orders and nine families were recorded within the study area. Three 
species are anurans (tailless amphibians such as frogs or toads) and eleven species are Squamata (scaled reptiles 
such as lizards, geckos and snakes). The three amphibians that were recorded are the paddy frog (Zakerana 
limnocharis), Khuls stream frog (Limnonestes kuhlii) (Plate 5.45) and black-spectacled frog (Duttaphrynus 
melanostictus). Two of the snakes were noted from a local hunter’s interview. The specimens of two lizards, Indo-
chinese forest lizard (Calotes mystaceus) (Plate 5.46) and Oriental garden lizard (Calotes versicolor) and two 
snakes, spotted cat snake (Boiga multomaculata) and white-lipped pit viper (Trimeresurus albolabris) were 
observed. The Indo-chinese forest lizard and Oriental garden lizard are listed as Not Evaluated while the other 12 
species are of Least Concern. Since the baseline survey was completed, a king cobra (Ophiophagus hannah)(Plate 
5.47) was observed within the Bawdwin operational area (A. Witcomb, pers. comm. 2020). King cobras are 
considered Vulnerable on the IUCN Red List and are threatened by habitat destruction and degradation, as well 
as hunting for bushmeat and medicinal use (Evans et al., 2020). They primarily prey on smaller snakes and can 
be found in a range of habitats throughout Southeast Asia, though usually in undisturbed forests. When disturbed 
by human activity, king cobra tend to retreat.  
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Plate 5.42 Banded bay cuckoo (Cacomantis sonneratii) 

 

Plate 5.43 Blue-throated barbet (Megalaima asiatics) 

 

Plate 5.44 Ashy bulbul (Hemixos flavla) 
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Plate 5.45 Khuls stream frog (Limnonestes kuhlii) 

 

Plate 5.46 Indo-Chinese forest lizard (Calotes mystaceus) 

 

Plate 5.47 King cobra (Ophiophagus hannah) (Vulnerable) 
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5.7.3 Aquatic biological environment 

Overview of aquatic ecology 

Study area context 

The broader study area catchment includes a variety of habitats from small creeks to large meandering rivers. 
Aquatic plants, trees and tree roots line sections of waterways, providing habitat for aquatic fauna. The main 
watercourse that drains the Bawdwin mine area is the Nam Pangyun. This stream flows southeast starting from 
approximately 1,400 m above sea level in the upper reaches north of Bawdwin, runs through the mine area then 
easterly towards Tiger Camp, and then flows again southeast, discharging to the Myitnge River at approximately 
560 m above sea level. Two main perennial springs in the upper reaches of the catchment sustain flows to the 
Nam Pangyun during dry months. The Nam Pangyun catchment covers a total area of 0.01 km2 (4,780 ha). 

A tributary of the Nam Pangyun was dammed at the stream’s source to create the Nam Pangyun Reservoir, which 
was constructed to supply mine water to Bawdwin via a water supply pipeline parallel to the Nam Pangyun. The 
reservoir receives runoff from a very small surrounding catchment, primarily during the wet season.  

Nam La flows west to east in the adjacent catchment to the north of the Nam Pangyun. The Nam La catchment is 
largely undisturbed with only a few small settlements and minimal industrial activity.  

The largest watercourse within the study area is the Myitnge River, which flows south through Namtu. The river 
receives drainage from the Nam La and Nam Pangyun catchments and is approximately 50 to 70 m wide with a 
depth of about 10 to 12 m according to local people. A variety of fish species are known to occur within the 
Myitnge River catchment, including, but not limited to, ba-moong, ba-nin, ba-kayork, and ba-len. Turtles can also 
be found in this catchment. Villagers living along the Myitnge River in Hsipaw, approximately 55 km south of 
Bawdwin and about 65 km south of Namtu, rely heavily on fishing in the river, particularly in June and July, when 
water levels are higher. 

Aquatic ecology in the study area has been heavily influenced by anthropogenic activities. Waterways have been 
contaminated from elevated metal concentrations due to interaction with mineralised areas and workings of the 
historic Bawdwin mine (primarily the Nam Pangyun stream), increased sedimentation of water sources from mine 
waste placement, historical deforestation and exposure of soils to erosion (primarily affecting the Nam Pangyun 
stream), and the disposal of organic wastes directly into the watercourses from sewage disposal (primarily in the 
Nam Pangyun and Myitnge River). The direct disturbance of aquatic habitats as a result of sedimentation, as well 
as in-stream physical modification, has also impacted the aquatic ecology of the area. All these impacts have 
resulted in variable aquatic ecosystems within the study area. 

The aquatic ecology is described in the following sections for the key surface water features draining the project 
area: Nam Pangyun Reservoir, Nam Pangyun stream, Nam La stream and Myitnge River.  

Nam Pangyun Reservoir 

The Nam Pangyun Reservoir is surrounded by steep banks with riparian vegetation to the water’s edge. Aquatic 
plants grow along the edge of the shallower waters of the reservoir, which are likely to provide habitat for fish 
and other aquatic fauna. In situ water quality monitoring conducted at the reservoir showed moderate turbidity, 
total suspended solids (TSS), and dissolved oxygen concentration and pH levels supportive of a healthy aquatic 
environment. Sediments in the reservoir were observed to be silty, which may explain the moderate turbidity in 
the water, given finer particles can be readily suspended by currents. 

There are no ambient water quality criteria for aquatic ecosystem protection in Myanmar. Therefore, for reference, 
water quality results are compared to Australian and New Zealand water quality guidelines for slightly-to-
moderately disturbed aquatic ecosystems (ANZG, 2018). Dissolved copper, manganese and zinc within the 
reservoir were slightly elevated compared to Australian and New Zealand water quality guidelines. The detailed 
results from the in-situ water quality monitoring and the water quality analysis of heavy metal concentrations are 
presented in Section 5.3. 
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Nam Pangyun 

Stream-bed artisanal mining of residual slag from historical mining at Bawdwin and sedimentation of the stream 
bed from the ER valley waste rock have significantly modified the physical habitats of the Nam Pangyun. 

Aquatic habitats 

The broader Nam Pangyun catchment can be separated into three main sections: upper catchment, stretching 
approximately 5 km from the headwater springs to just upstream of the Bawdwin open pit; mid catchment, 
stretching approximately 3 km from the Bawdwin open pit to just upstream of where discharge from the Tiger 
Tunnel enters the stream; and lower catchment, from the Tiger Tunnel discharge point 7 km downstream to the 
confluence with the Myitnge River. 

The Nam Pangyun receives direct sewage discharge from Bawdwin villages which have public toilets on creek 
banks. Further downstream in the mid and lower catchments, the impacts of historical and artisanal mining are 
evident. Aquatic biodiversity surveys within the Nam Pangyun recorded a limited community of 
macroinvertebrates and fish, which are generalist and adaptable species with a high level of resilience. 

Based on interviews and observations in the field (Coffey-Valentis, 2019), there is a limited number of freshwater 
fish in the Nam Pangyun, and there is no reported fishing activity in streams across the Bawdwin and Tiger Camp 
villages.  

The following sections provide descriptions of the three catchment areas along the Nam Pangyun, as recorded 
during field surveys. The detailed results from the in situ water quality monitoring and the water quality analysis 
of heavy metal concentrations are presented in Section 5.3. 

Upper catchment 

The top of the upper catchment is characterised as a slow-flowing, clear-water stream fed by spring systems. The 
stream substrate comprised boulders, cobbles and pebbles scattered with gravels and sands. Indication of fish and 
other aquatic fauna habitats was observed, including aquatic plants and woody debris. Turbidity and TSS were 
relatively low at the time of the survey, and pH and dissolved oxygen levels were found to be within ranges of 
streams in good ecological health. Rubbish, including plastics and discarded clothing, was observed 
approximately 2 km downstream of the headwaters, probably originating from the settlements upstream of the 
site along the Nam Pangyun. Riparian vegetation along this section of the stream was relatively dense to the river 
edge (Plate 5.48). Dissolved concentrations of heavy metals were elevated above the Australian and New Zealand 
water quality guidelines, indicating contamination in the stream, likely from historical Chinese mining activities. 

Mid catchment 

The mid catchment is highly modified compared to the upper catchment. The streambed comprised a mix of 
boulders, cobbles, pebbles, gravels, sands and silts, which is characteristic of a highly disturbed river system from 
unnatural sediment inputs such as waste rock and erosion of spoil dumps. Rubbish was observed within and along 
the edge of the river. There is a lack of riparian vegetation, as the riparian zone is highly modified by housing and 
access roads, and therefore no edge habitats (e.g., aquatic plants) or woody debris habitats are present).  

The stream about 1.5 km downstream of the existing Bawdwin open pit, receives noticeable sedimentation from 
spoil and historical waste rock dumping. Dumped waste spoil material can be seen eroding into the river resulting 
in a more orange/yellow coloured bed material compared to the upper catchment. Orange/brown, near neutral pH 
seepage was observed approximately 2 km downstream of the existing Bawdwin open pit, possibly originating 
from waste rock stored in the ER valley. At the time of the survey, dissolved heavy metal concentrations were 
significantly elevated compared to guidelines, greater than at sites in the upper catchment, indicating a highly 
impacted section of the stream.  

Lower catchment 

The lower catchment receives water from groundwater seepage and dewatering from the mineralised zone via the 
Tiger Tunnel, which discharges into the Nam Pangyun approximately 500 m upstream of Tiger Camp, resulting 
in high dissolved metal concentrations. In situ water quality measurements showed the water was slightly acidic 
and highly turbid. The water also had very high sulfate concentrations (more than 1,000 mg/L) and dissolved 
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concentrations of nickel and zinc that were significantly higher than the draft Myanmar National Environmental 
Quality (Emission) Guidelines – Mining (MOECAF, 2014). The river comprises variably sorted substrate material 
reflecting upstream historical waste rock and spoil inputs.  

Further downstream, the Nam Pangyun has sections where waste slag, sediment and waste rock material have 
accumulated in the valley over the years. Even further downstream, the lower Nam Pangyun becomes highly 
turbid likely due to a combination of resuspension of finer sediments that have mobilised, as well as disturbance 
due to artisanal mining activities that occur in this section of the stream. Dissolved metal concentrations in the 
lower Nam Pangyun waters were highly elevated compared to the guidelines. The combination of high metal 
concentrations, the extensive sediment and rocks from upstream disturbance and a lack of aquatic plants, indicate 
that the stream is highly impacted. 

Macroinvertebrate sampling 

Macroinvertebrate sampling was conducted just downstream of Nam Pangyun Reservoir (Nam Pangyun I) and 
about 1 km further downstream (Nam Pangyun II). Benthic macroinvertebrates can be good indicators of stream 
health because the presence/absence of pollution tolerant/intolerant species can provide evidence of whether 
pollution is or has been occurring. Eight taxa were marked as either present or absent at each of the upper 
catchment sites. Each taxon’s presence or absence can provide information about the condition of the stream.  

Caddisflies are sensitive to water pollution (including low dissolved oxygen, contaminants and sediment 
smothering). Caddisflies were not recorded in the Nam Pangyun. However, mayflies, which are also pollution 
sensitive, were present at both sites. Midges, which are more pollution tolerant, were recorded at both sites. 
Blackflies were not recorded at either site, and damselflies were only recorded at Nam Pangyun I near the 
reservoir. The other taxa (hemiptera, dragonfly and back swimmer) were recorded at both sites.  

It is difficult to draw conclusions from this data without additional sampling at this site and nearby reference sites, 
which would provide better understanding of whether the presence/absence of the eight taxa are indicative of a 
healthy stream, or otherwise. 

Macroinvertebrate sampling was not conducted at SWNP03, but it is likely that habitat quality for benthic 
macroinvertebrates is low, due to the sands and silts form the eroding waste rock/spoil dumps filling spaces 
between cobbles and pebbles. Macroinvertebrate sampling was not conducted at any other site along the Nam 
Pangyun. 

Nam La 

The Nam La catchment is mostly undisturbed with a few small settlements and minimal industrial activity. Six 
species of aquatic plant were recorded from within the Nam La stream: Asiatic pennywort (Centella asiatica), 
taro (Colocasia esculenta), climbing flower cup (Floscopa scandens), water celery (Oenanthe javanica), water 
pepper (Polygonum hydropiper), and roundleaf toothcup (Rotala rotundifolia). None of these species were 
recorded within the Nam Pangyun. More intact and diverse vegetation is present along the Nam La stream 
compared to the Nam Pangyun stream. 

Aquatic habitats 

Observations of clear water in the upper Nam La water indicate a lack of upstream ground disturbance and 
subsequent sedimentation. The stream bed was dominated by boulders, cobbles and pebbles with riffle sections 
created by the shallow flow over rocks. The river edge was lined with grasses and aquatic plants, which provide 
habitat for fish and other aquatic fauna. The pH and dissolved oxygen levels of the upper Nam La waters are 
within the healthy ecosystem range.  

Three sites along the Nam La were observed and monitored. Monitoring locations and results from water quality 
monitoring/analysis are presented in Section 5.3.3. 

The Nam La stream approximately 12 km downstream of the headwaters (about 2.5 km north of Namtu) and 
directly upstream of the weir for the Nam La flume intake (provides drinking water and irrigation water to the 
Namtu township) is characterised by shallow, clear water, with some pools present. The streambed comprised 
sands, gravels and cobble beds. Sheltered undercut ledges were present along the stream’s edge which provide 
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habitat to aquatic fauna. Woody debris and leaf litter were also observed in this section of the stream. The Nam 
La north of Namtu had relatively low turbidity and TSS and the pH range was within the range for a healthy 
aquatic ecosystem. Water quality analysis undertaken between November 2017 and May 2019 showed elevated 
levels of heavy metals, indicating some existing stress on the aquatic environment. The source of these elevated 
concentrations is not clear. Although greater than the Australian and New Zealand water quality guidelines for 
aquatic ecosystem protection, metals concentrations were far lower in the Nam La than in the Nam Pangyun.  

Approximately 1.5 km further downstream, still upstream of Namtu, the stream is shallow with clear, slightly 
alkaline water. A large bar of variably sorted sediment material lines a side of the stream, indicating some ongoing 
sedimentation. Extensive land clearance and bare soils along a 300 m stretch upstream, may explain the observed 
sedimentation (Plate 5.49). Some rubbish was also present in the stream, likely originating from upstream 
residences. Accumulated woody debris and edge vegetation was observed which may provide some habitat to fish 
and other aquatic fauna. A makeshift bridge across the river resulted in the artificial arrangement of cobbles in the 
centre of the river and diversion of channel flows. In situ water quality monitoring showed relatively low turbidity 
and TSS. Dissolved copper and lead were only slightly above the guidelines during the January to March 2019 
monitoring period, whereas dissolved zinc was significantly greater than the guidelines. 

At the confluence with Nam La stream and the Myitnge River, downstream of the Namtu township, the stream is 
incised in widespread layers of deposited sediments resulting in no riparian vegetation along this stretch (see Plate 
5.17 in Section 5.3.3). It is expected that minimal benthic habitat occurs due to the sedimentation of gravels and 
sands filling gaps between rocks. There was a noticeable increase in turbidity and TSS concentrations compared 
to sites upstream of Namtu, likely due to sediments originating from the cleared land around and upstream of 
Namtu, and the high sedimentation observed at the mouth of the Nam La.  

Macroinvertebrate sampling 

Macroinvertebrate sampling was conducted in the upper Nam La stream at one site. Caddisfly larvae, which are 
sensitive to water pollution, were recorded in the upper Nam La, which could be reflective of lower pollution of 
the Nam La compared to the Nam Pangyun. 

Mayflies (also pollution sensitive) were also recorded in the Nam La, as well as in the Nam Pangyun. Midges 
were recorded in both the Nam La and Nam Pangyun and this is consistent with midges typically being pollution 
tolerant. The back swimmer and hemiptera were the only taxa not recorded in the Nam La. 

Much like the macroinvertebrate results in the Nam Pangyun, it is difficult to draw conclusions on the ecosystem 
health of the Nam La in terms of macroinvertebrate communities without better understanding of the 
macroinvertebrate assemblages and relative abundances spatially and temporally, including at reference locations. 

Fish 

Four fish species were recorded during the survey within the Nam La stream: Ceylon snakehead (Channa 
orientalis), spotted snakehead (Channa punctata), Indian flying barb (Esomus danrica) (Plate 5.50) and golden 
tank goby (Glossogobius aureus). None of these species are conservation significant. 

Based on interviews and observations in the field (Coffey-Valentis, 2019), there is a limited number of freshwater 
fish in the stream, and as such there are no reports of fishing activity in streams across the Bawdwin study area 
and Tiger Camps. In the Myitnge River of Namtu Tha Ta La wards, communities reported that the water cannot 
be fished due to pollution. 

Myitnge River (Namtu River) 

The Myitnge River consists of steep erodible muddy banks, with some sections comprised of steep rocky cliffs. 
Residential density and land use along the river varies, with land use and riparian modification most pronounced 
near Namtu town where houses, access tracks and gardens are prevalent. Aquatic plants, trees and tree roots line 
the river providing habitat for aquatic fauna.  

The water was moderately turbid as it passed through Namtu before increasing in turbidity downstream of the 
Nam Pangyun confluence, due to the high sediment loads in that catchment from mining (See Plate 5.19 in Section 
5.3.3). Dissolved metal concentrations were relatively low in the river before the Nam Pangyun confluence, with 
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only slight exceedances of the Australian and New Zealand water quality guideline for zinc. After the Nam 
Pangyun and Myitnge River join, dissolved cadmium, copper, lead, nickel and zinc became markedly elevated, 
significantly exceeding the guidelines, highlighting the impact from mobilised dissolved metals in the Nam 
Pangyun catchment. 
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Plate 5.48 Representative aquatic habitat of Nam Pangyun upper catchment 

 

Plate 5.49 Lower reach of Nam La prior to Myitnge River confluence 

 

Plate 5.50 Indian flying barb (Esomus danrica) 
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5.7.4 Sensitivity of biological receptors 
Terrestrial and aquatic biodiversity receptors were identified and their sensitivity to change or disturbance 
determined to facilitate the assessment of impacts and development of avoidance and management measures, as 
presented in Chapter 6 Impact assessment. 

The biodiversity receptor sensitivity was determined by considering the importance of the receptor, the 
vulnerability of the receptor to change, and the resilience of the receptor in terms of its ability to recover. The 
definitions used to determine the sensitivity of the biodiversity receptors to disturbance are presented in Table 
5.67. 

Table 5.67 Definitions for sensitivity of biodiversity values 

 Definition Ratings Criteria 

Low Medium High 

Importance The value that is 
associated with the 
biodiversity receptor in 
its current form. This 
includes the local, 
regional and national 
importance of the 
receptor. 

An ecosystem or 
focal habitat of local 
importance. 

An IUCN Data 
Deficient species. 

An ecosystem or 
habitat, of regional 
importance, but not 
national importance. 

An IUCN Near 
Threatened species. 

An ecosystem or 
habitat, of at least 
national and possibly 
international 
importance. 

An IUCN Critically 
Endangered, 
Endangered or 
Vulnerable species. 

Vulnerability The extent to which the 
biodiversity receptor is 
susceptible to change. 
This includes the 
existing condition of the 
ecosystem, habitat or 
population and how 
readily degradation may 
occur. 

The ecosystem or 
habitat is degraded, 
and not very 
vulnerable to 
changes in habitat 
structure or 
condition. 

The ecosystem or 
habitat is moderately 
intact and vulnerable 
to changes in habitat 
structure or condition. 

The ecosystem or 
habitat is intact and is 
very vulnerable to 
changes in habitat 
structure or condition. 

Resilience  The extent to which the 
biodiversity receptor can 
adapt or recover from 
change. In this context, 
this relates to how 
readily the ecosystem, 
habitat or population 
could naturally recover 
from change or be 
rehabilitated. 

Abundant, 
widespread, 
numerous 
representative 
examples occur. 

Easily adaptable to 
change 

Abundance and 
distribution are 
limited. 

Some resilience to 
change 

Restricted 
distribution. 

Limited or no 
capacity to adapt to 
change. 

 

Ecological receptors can be assessed spatially or by organisational structure (i.e. individual species’ populations). 
Ecological values within this assessment were defined in two ways: 

 Vegetation and habitat types. This definition uses a broad spatial scale and includes forest (and habitat) types 
and all the encompassing biodiversity within them. 

 Species and populations. This definition focuses on the species or population level, primarily conservation-
priority species. 

Table 5.68 outlines the importance, vulnerability, and resilience for each receptor, based on a low, medium and 
high scale as defined in Table 5.67.  
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Table 5.68 Importance, vulnerability, resilience of the biological receptors 

Receptor Importance Vulnerability Resilience Sensitivity 

Terrestrial biodiversity receptors   

Sub-tropical mixed hill forest 

Sub-tropical mixed hill forest occurs 
in the northwestern extent of the study 
area generally outside of the Bawdwin 
concession. 

Medium 

Areas of intact sub-tropical mixed hill 
forest are of moderate importance as 
they support a higher biodiversity 
values including several rare or 
threatened species.  

High 

Shan State is experiencing some of the 
highest rates of loss of intact forest, 
making those areas that remain of 
high importance. This forest type is 
vulnerable from further clearing of 
forest for land conversion and 
collection of wood. 

Low 

These forests have been significantly 
reduced by deforestation, acid rain and 
cattle grazing and small-scale 
agriculture. Vegetation clearing and 
repeated seasonal burning have 
converted these forests to grasslands. 

High 

 

Bamboo 

Bamboo vegetation typically occurs in 
valley areas of the study area and is 
dominated by species belonging to 
Bambusa and Dendrocalamus species. 

Low 

Bamboo had a lower diversity of 
species compared to sub-tropical 
mixed hill forest and is not considered 
to provide critical habitat to identified 
flora and fauna species of 
conservation significance in the 
project area. 

Low 

Bamboo is a dominant vegetation type 
within the study area particularly in 
valleys and widely distributed 
regionally and nationally.  

 

High 

Bamboo is a resilient vegetation type 
that can rapidly colonise and is 
resilient to disturbance.  

Low 

Grassland 

Grasslands are widely distributed on 
mountain ridges and hillsides and are 
dominated by grasses belonging to 
Andropogon, Pennisetum, Phragmites, 
Sporobolus, and Coix genera. 

Low 

Grasslands are not considered 
significant habitat for the identified 
flora and fauna species of 
conservation significance, rather 
supporting common and generalist 
species.  

Very low 

A dominant vegetation type across the 
landscape occurring in areas that have 
been previously cleared or disturbed. 
Grasslands are maintained by 
continued grazing of cattle and 
burning.  

 

High 

Grasslands are highly resilient to 
disturbance and represent a modified 
community capable of recolonising 
areas of disturbance.  

Very low 

 

Flora community  

177 plant species recorded, including 
49 herbs, 37 trees, 35 shrubs, 25 small 
trees, 17 climbers, 8 grasses, 5 
bamboos and 1 epiphyte, were 
recorded during the study 

Low 

The flora assemblage was not 
considered to be unique or important, 
containing mostly common and 
generalist species.  

 

Low 

Most species recorded during field 
surveys were generalist and tolerant 
species that are widely distributed. 
Therefore, the community as a whole 
was assessed to have low 
vulnerability. 

 

High 

Considering most of the study area has 
experienced extensive environmental 
degradation and deforestation, the 
flora community present was assessed 
to be highly resilient.  

Low 

 

Cycas pectinata (Vulnerable) Medium Medium Medium Medium 
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Receptor Importance Vulnerability Resilience Sensitivity 

A palm species recorded in the study 
area that occurs in medium to tall 
closed forest in northern Myanmar. 

This species is listed as Vulnerable on 
the IUCN Red List and therefore is of 
international conservation 
significance.  

Seeds and emergent leaves are used as 
a vegetable. Although its habitat is 
continually being reduced, large 
populations remain, and it is not under 
any immediate threat of extinction. 

Has been recorded from a variety of 
substrates and has some resilience but 
also requires medium to tall closed 
forest on deep soils.  

Burmese blackwood (Dalbergia 
cultrate) (Near Threatened) 

Medium sized deciduous tree recorded 
in the study area that grows in humid 
deciduous, evergreen and evergreen 
mixed forests 

Medium 

This species is listed as Near 
Threatened on the IUCN Red List and 
therefore of international conservation 
significance. 

High 

The species has been overexploited 
for the timber and this has been 
identified as the main cause of the 
population decline. 

Medium 

Grows in a variety of habitats and 
assessed to be moderately resilient.  

Medium 

 

Fauna community 

A total of 19 mammal species, 81 bird 
species, and 15 herpetofauna were 
recorded during the study including 
the post-survey siting of the king 
cobra. 

Low 

The fauna assemblage was not 
considered to be unique or important 
containing mostly common and 
generalist species.  

 

Low 

Most species recorded during field 
surveys were generalist and tolerant 
species that are widely distributed. 
Therefore, the community as a whole 
was assessed to have low 
vulnerability. 

High 

Considering most of the study area has 
experienced extensive environmental 
degradation and deforestation, the 
fauna community present was 
assessed to be highly resilient.  

Low 

 

Chinese pangolin (Manis 
pentadactyla) (Critically 
Endangered) 

Historically recorded near Tiger 
Camp, LwePya, Toneme stream by 
hunters. 

High 

This species is listed as Critically 
Endangered on the IUCN Red List 
and therefore of international 
conservation significance. 

High 

The primary threat to this species is 
hunting and poaching, both targeted 
and untargeted, for local, i.e., national 
level use as well as international trade. 

Medium 

Found in a wide range of habitats, 
including primary and secondary 
tropical forests, limestone forests, 
bamboo forests, broad-leaf and 
coniferous forests, grasslands and 
agricultural fields. 

High 

 

Dhole (Cuon alpinus) (Endangered) 

Historically known to occur near 
Tiger Camp as reported by hunters. 

High 

This species is listed as Endangered 
on the IUCN Red List and therefore of 
international conservation 
significance. 

Medium 

Habitat loss and degradation and 
associated prey depletion and human 
disturbance are considered to be main 
threats to the species. 

High 

The species is a habitat generalist and 
can occur in a wide variety of 
vegetation types. 

Medium 

 

Asian black bear (Ursust thibetanus) 
(Vulnerable) 

Historically recorded northwest of the 
Bawdwin area. 

Medium 

This species is listed as Vulnerable on 
the IUCN Red List and therefore of 
international conservation 
significance. 

High 

Habitat loss combined with hunting 
for skins, paws and especially gall 
bladders are the main threats to this 
species. 

Medium 

Occupy a variety of forested habitats 
including regenerating forests and 
therefore has some resilience.  

Medium 

 

Hog badger (Arctonyx collaris) 
(Vulnerable)  

Medium Medium Medium Medium 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 5 E Guard Environmental Services |  5-200

 

Receptor Importance Vulnerability Resilience Sensitivity 

Historically recorded in the Wallah 
Valley. 

This species is listed as Vulnerable on 
the IUCN Red List and therefore of 
international conservation 
significance. 

The species has a wide distribution 
and occurs in a variety of habitats, but 
hunting is the key threat to the species 
as it is a valued hunting target. As 
such the species is considered to be 
moderately vulnerable.  

 

The species occurs across a wide 
variety of habitats, from heavy forest 
to the non-forested grassland-
dominated floodplains. 

 

King cobra (Ophiophagus Hannah) 

Recorded near the Bawdwin mine 
office  

Medium 

This species is listed as Vulnerable on 
the IUCN Red List and therefore of 
international conservation 
significance. 

Medium  

The species has a wide distribution 
and occurs in a variety of habitats, but 
is threatened by habitat loss and 
degradation, and hunting. As such the 
species is considered to be moderately 
vulnerable. 

 

Medium 

The species occurs across a variety of 
habitats, though most commonly 
undegraded forests.  

Medium 

Aquatic biodiversity value   

Aquatic ecosystem of the Nam 
Pangyun  

The Nam Pangyun flows southeast 
from the north of Bawdwin, through 
the mine area easterly to northeasterly 
towards Tiger Camp, and southeast to 
the Myitnge River.  

Low 

The Nam Pangyun is a highly 
modified and degraded ecosystem due 
to physical modification 
(sedimentation), reduced water quality 
as a result of legacy mining impacts.  

As a consequence, the watercourse 
has very low biological values.  

Low 

The Nam Pangyun passes through the 
main Bawdwin mining area and 
receives discharge from the Tiger 
Tunnel. The Nam Pangyun receives 
direct sewage discharge from 
Bawdwin villages. 

As an already highly degraded 
ecosystem only the most tolerant and 
resilient organisms occur in the Nam 
Pangyun watercourse. 

As a consequence, the system was 
assessed to have low vulnerability to 
change.  

Medium 

As a highly degraded ecosystem, the 
Nam Pangyun has slow species 
diversity of invertebrate species that 
are highly adaptable and therefore the 
system has some resilience. 

Low 

 

Aquatic ecosystem of the Nam La  

The Nam La flows west to east in the 
neighbouring catchment to the north 
of the Nam Pangyun. 

Medium 

The Nam La catchment is largely 
undisturbed with only a small number 
of small settlements and minimal 
industrial activity. The river edges 
were also lined with grasses and 
aquatic plants, which would provide 

Medium 

The Nam La catchment is mostly 
undisturbed with a few small 
settlements and industrial activity. As 
such the aquatic ecosystem was 
assessed to be of moderate to good 

Medium 

The Nam La is mostly an unmodified 
stream that receives high runoff from 
surrounding mountain catchments 
during the wet season and lower 
spring-fed flows during the dry 
season. During the dry season the 

Medium 

. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 5 E Guard Environmental Services |  5-201

 

Receptor Importance Vulnerability Resilience Sensitivity 

habitat for fish and other animals. The 
presence of caddisflies in the upper 
Nam La (absent from the Nam 
Pangyun), which are sensitive to water 
pollution, supports the high quality of 
aquatic habitat. Six species of aquatic 
plant and four fish species were 
recorded during surveys within the 
Nam La stream. No conservation 
significant species were recorded 
within this stream. 

condition and be moderately sensitive 
to change.  

aquatic ecosystem has lower resilience 
to changes to water quality due to 
reduced dilution effect.  

Aquatic ecosystem of the Myitnge 
River 

The Myitnge River is a major 
tributary of Ayeyarwady River and 
receives drainage from the Nam La 
and Nam Pangyun catchments. The 
river is approximately 50 to 70 m 
wide and the depth is about 10 to 12 m 
according to local people. 

Medium 

Major river used for a variety of 
beneficial uses. The ecosystem also 
provides food in the form of fish to 
nearby communities.  

The river has steep erodible muddy 
banks, with varying levels of adjacent 
disturbance and land use along the 
river.  

The river is of regional importance 
from an ecological perspective.  

High 

The river is of moderate condition and 
experiencing a range of threats from 
anthropogenic impacts from 
neighbouring land uses, contaminants 
and runoff from neighbouring villages 
and roads, and is becoming regulated 
through upstream and downstream 
hydropower projects.  

Medium 

As a large river, the Myitnge River 
has some flushing capacity and 
therefore some resilience to change.  

Medium 
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5.7.5 Summary 
The terrestrial and aquatic biodiversity within a broad study area around the historical Bawdwin mine is 
characterised as follows: 

 Vegetation within the study area has been heavily influenced by historical mining and processing activities. 
The area now consists predominantly of grasslands and areas of bamboo forest. These were classified as 
modified or degraded vegetation communities being represented regrowth and secondary forest. More intact 
vegetation is present within valleys and along watercourse particularly along the Nam La stream and in the 
northwest of the study area.  

 The highest diversity of plants species was found in more intact sub-tropical mixed hill forest beyond the 
mine followed by Tiger Camp. Areas of grassland and bamboo forest had lower plant diversity. Two species 
of conservation significance were recorded in areas of sub-tropical mixed hill forest.  

 A low diversity fauna community was recorded from within the study area with most records restricted to 
areas of mixed hill forest and to a lesser extent bamboo forest. Most species recorded in the grassland habitat 
were common generalist species. 

 Interviews with hunters reported that some hunting for targeting dear and wild pigs still continues (although 
decreasing) particularly during the wet season. However, they reported that wild animals are becoming 
increasingly rare due to deforestation and agricultural practices. 

 The physical habitats of the Nam Pangyun have been substantially modified as a result of sedimentation of 
the river bed from the ER valley waste rock dump; and from stream-bed artisanal mining of residual slag 
from historic mining at Bawdwin. Aquatic biodiversity surveys within the Nam Pangyun recorded a 
depauperate community of macroinvertebrates and fish. Those species that were recorded are generalist and 
adaptable species with a higher level of resilience. 

 The Nam La catchment is largely unmodified with only a small number of small settlements and agricultural 
plots. The presence of caddisflies in the upper Nam La (absent from the Nam Pangyun), which are sensitive 
to water pollution, supports the hypothesis that this watercourse represents higher quality of aquatic habitat. 

 The largest watercourse within the study area is the Myitnge River, which passes through Namtu flowing 
southwards. Aquatic plants, trees and tree roots line the river providing habitat for aquatic fauna. 

5.7.6 Uncertainties and limitations 
The study area is located within a region of Myanmar where there is limited existing information. The study area 
is large, geographically diverse and relatively remote. Characterising biodiversity in the study area presents a 
number of limitations including: 

 Temporal variability. The presence and/or detectability of many species varies between seasons. This is most 
pronounced for migratory fauna species (e.g., most commonly birds), but also effects resident species that 
can be sensitive to climatic patterns (e.g., frogs). Other taxa can be less active during certain conditions (e.g., 
frogs are less detectable under extended dry conditions). Field surveys were completed over two periods (wet 
season and dry season) in an effort to capture this variability.  

 Spatial variability. The study area covers a broad and topographically diverse area including mountainous 
areas with steep valleys to broader floodplains. The area has also experienced extensive anthropogenic 
disturbances over five centuries resulting in a complex and modified environment. The nature and scale of 
the study area meant that rapid assessment techniques to characterise representative habitats were required. 
Survey locations were chosen largely based on ability to access sites with these typically being located a short 
walking distance from existing roads. During the field surveys the team was unable to access certain areas 
and use camera traps due to security concerns due to armed conflicts.  
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5.8 Cultural heritage existing environment 

5.8.1 Introduction 
This section describes the history, and existing archaeological, historic and religious cultural heritage in relation 
to the Bawdwin project.  

The information in this section draws primarily from the Bawdwin Mine Project Cultural Heritage Baseline study 
conducted by Southern Archaeology Ltd (2019) (Appendix H). That study characterised cultural heritage within 
the Bawdwin concession and surrounds in terms of tangible heritage – i.e., sites, places, structures/buildings and 
artefacts; and their associated intangible heritage values – i.e., aesthetic, historic, scientific, technological, social 
and spiritual values. The Southern Archaeology study involved a literature review, field survey and community 
consultation. The field survey was based on surface inspection with no archaeological excavation conducted.  

In order to provide a holistic appreciation of the significant cultural heritage areas in the Bawdwin concession and 
the surrounding landscape, other significant areas and sites outside the concession boundary were included in the 
baseline study. These additional areas included adjacent ridge systems and hillsides of the Nam Pangyun valley 
and, where relevant, mining-related features that extend outside the concession (e.g., the Namtu smelter area, 
Mansam Falls power station and the narrow railway corridor that extends down the Nam Pangyun valley and 
along a portion of Myitnge River). 

Figure 5.45 shows the location of the Bawdwin concession and broader cultural heritage study area. 

5.8.2 Cultural heritage in Myanmar and Shan State 
Myanmar is a multiethnic country, having some of the richest and most diverse cultural heritage in southeast Asia 
(Facchinetti, 2014). Although the country has a rich and complex history and numerous historic sites, the 
investigation and documentation, management and conservation of cultural heritage is limited (Facchinetti, 2014; 
Myat, 2016). As a result, records and literature on cultural heritage in Myanmar are sparse and many 
archaeological sites are in poor condition. 

Information on intangible1 heritage in Myanmar is particularly lacking, with records pertaining almost entirely to 
tangible, or ‘built’, heritage such as temples and monuments. Additionally, there is no national baseline heritage 
survey with which to make valid comparisons with heritage at Bawdwin. 

Due to years of exclusion from the international community, it has only been in the last decade that Myanmar has 
commenced a push to ratify international conventions in relation to cultural heritage (Facchinetti, 2014).. In 2013, 
the country ratified the 1970 Convention on the Means of Prohibiting and Preventing Illicit Import, Export and 
Transfer of Ownership of Cultural Property; and in 2014 it ratified the 2003 Convention on the Safeguarding of 
the Intangible Cultural Heritage. Myanmar is a ‘State Party’ to the UNESCO World Heritage Convention 
Concerning the Protection of the World Cultural and Natural Heritage. As a State Party, Myanmar has a duty to 
ensure the identification, protection, conservation, presentation and transmission to future generations of the 
country’s cultural heritage. In 2014, UNESCO endorsed the appointment of Myanmar’s first World Heritage 
cultural property – the Pyu Ancient Cities. In more recent years, UNESCO has been working with Myanmar to 
assist with developing an inventory and conservation guidelines for the protection of other cultural heritage sites 
on the tentative list for World Heritage status (Facchinetti, 2014). In 2019, the Bagan Archaeological Area and 
Monuments, an area of 80 km2 containing some 2,500 monuments constructed between the 10th and 14th centuries, 
was added to the World Heritage List.  

 

1 Intangible heritage is defined in Appendix H as ‘the practices, representations, expressions, knowledge, skills – as well as the instruments, 

objects, artefacts and cultural spaces associated therewith – that communities, groups and, in some cases, individuals recognize as part 

of their cultural heritage and transmit from generation to generation’. 
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Figure 5.45 Bawdwin concession and broader cultural heritage study area 
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This internationally renowned site is emerging as a target for national and international conservation projects 
largely due to it being the capital of the first unified Burmese Kingdom and since it contains murals and stone 
inscriptions providing ‘a unique and irreplaceable testimony of Myanmar’s intellectual, social and political 
history’ (Facchinetti, 2014). 

Shan State is the largest ethnic minority state in Myanmar and while it is rich in history and culture, the 
government to date has only officially recognised one heritage region in that state, which is the Neolithic Padah‐
Lin cave located in the Taunggyi District (Myat, 2016). Historically, the Shan people had a sophisticated culture 
built on the back of successful rice production (Ott, 2008). This allowed religious and political elites to flourish 
and for development of a class of craftspeople skilled in preparation of a range of products including textiles, 
furniture, silverware, lacquer ware, pottery and basketry (Ott, 2008). However, much of the practising of local 
craftmanship was abandoned by the end of the 19th century when sourcing raw materials for craft work became 
difficult and foreign goods such as cotton began to be imported. It is not known in literature how much of the 
Shan’s knowledge and skills in local craftmanship has been preserved or how they were handed down between 
generations (Ott, 2008).  

Of high heritage value in the Shan State are ‘haws’ (palaces), which historically served as abodes of rulers in the 
region (Myat, 2016). Haws are revered places by Shan people and form a unique typology in Shan architecture.  

5.8.3 Context of cultural heritage at Bawdwin 

Overview 

The Bawdwin mine is one of the longest operating base metals mines in the world, being in operation since the 
early fifteenth century when initial lodes were mined for silver by the Chinese. As a result of continuous human 
occupancy over six centuries, the Bawdwin area has a rich and complex history associated with mining activity. 
This has led to creation of an intense and complex archaeological landscape abundant in cultural heritage features 
and values around the mine site.  

The history of human activity at Bawdwin can be separated into five key periods: 

1. The early discovery and possible initial mining activity – prior to 1412. 

2. Mining by the Chinese – from 1412 to 1868. 

3. Mining by Kachin/Shan peoples – from 1868 to ca. 1901. 

4. British colonial period and post-colonial period – from ca. 1901 to 1962 when the mines were nationalised. 

5. The modern period – from 1962 to the current day. 

These key periods have resulted in numerous cultural heritage features densely clustered around the mine site, 
with features from different periods occurring in proximity to one another and in, some cases, directly overlapping 
(e.g., where Chinese defence fortifications were upgraded and added to in the British colonial period, resulting in 
a heritage feature from two different chronologies; and similarly, where old Chinese building terraces were re-
used by the British in the early twentieth century). The combination of these periods has also meant that in some 
places human occupation has been continuous from the Chinese period through to the modern day. For these 
reasons, and since the importance of a cultural heritage feature is often not realised when treated in isolation, the 
baseline study (Appendix H) and this section focus on characterising cultural heritage values based largely on 
thematic and geographic factors, each having chronological elements. For example, one of the groupings 
characterised herein is ‘graveyards’ as these are common to all time periods. Notwithstanding, many artefacts and 
objects are also highly significant, particularly those in relation to the mining heritage of Bawdwin and these are 
also described and characterised in this section. 

Each of the five key periods that contributed significantly to the heritage landscape at Bawdwin are described in 
more detail below. 
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Early discovery and possible initial mining activity 

Historical literature indicates mining at Bawdwin was not conducted by the Shan people during their rule of the 
region between the fifth and thirteenth centuries. The Shan region came under ‘Chinese’ control after the Chinese 
invaded in the mid-fourteenth century. It is not clear when during this period that the Chinese discovered, and 
commenced working, the mineral-rich lodes at Bawdwin and little else is known about human activity in the area 
during this period. No evidence of heritage, including archaeological material, predating the Chinese arrival at 
Bawdwin has been found to date. 

Mining by the Chinese 

Records indicate that the Chinese commenced mining at Bawdwin in 1412 during the Ming Dynasty. Although 
the ore was rich in lead, it was the silver that was smelted and sent back to China. The lead-rich slag (waste 
material from smelting and refining) was left behind. Little is known about the miners during this period, although 
it is assumed that most would have been from Yunnan and the number of miners would have been in the thousands 
– possibly as high as 20,000 (Appendix H). Historic accounts suggest that the Chinese hillforts constructed at 
Bawdwin were to not only keep threats out, but to imprison at least some of its workers who may have been 
convicts or prisoners of war (Coggin-Brown 1918: 176 as cited in Appendix H). This was evidenced by skeletons 
being discovered still wearing manacles. 

For the next 450 years the Chinese continued to mine and smelt silver until a civil war in the southern Chinese 
state of Yunnan broke out in 1868. At this time, the mines were abandoned without being completely worked out. 

Most of the adits mined by the Chinese were within a narrow gorge of the Nam Pangyun valley. When the British 
arrived in the early 20th century they found approximately 300 old mine openings that included tunnels, shafts and 
open cuts (La Touche and Coggin-Brown 1908: 248 as referenced in Appendix H). It was thought that ore was 
transported to the Nam Pangyun valley for smelting. One of the main access points to the underground lodes was 
via a tunnel known to the British as Dead Chinaman Tunnel. The deepest Chinese workings were about 20 m 
below the level of the Dead Chinaman Tunnel. The Chinese also practiced open cut mining, the largest of which 
was referred to by the British as The Amphitheatre and was located within the current open pit. 

Evidence of Chinese ore sorting and smelting was well preserved when the British arrived at Bawdwin and the 
locations of these appeared to correlate with sites suitable for access to fuel and water for ore dressing rather than 
being dependent on proximity to the workings. Mineral refinement was practised by the Chinese using gravity 
washing methods where a mixture of the ore/water was allowed to flow down stone-lined channels, allowing 
separation of the heavier ore from the lighter waste material (La Touche and Coggin-Brown 1908: 246 as 
referenced in Appendix H). The smelting of the concentrated material was conducted in large furnaces built on 
the hillsides around Bawdwin at a distance above the valley drainage. This allowed sufficient room for discharge 
of the waste slag. The furnaces were structures made of stone or large bricks and contained a fire-clay bed hearth 
of circular or oblong shape. The ore was mixed with charcoal and fired in the furnace, with the reduction process 
causing the lead to run down to the front of the hearth where it was collected. Further refinement of the lead was 
conducted in cupel furnaces (Plate 5.51), many of which were in good condition when the British arrived at 
Bawdwin. These furnaces use a shallow, porous pot (or cupel), which collected the molten assays of lead material 
during smelting.  

Plate 5.52 shows the Nam Pangyun valley at Bawdwin in 1907 with ruins of Chinese stone huts in the right 
foreground and slag heaps along the valley sides. 

In accordance with Myanmar legislation: The Protection and Preservation of Ancient Monuments Law (2015) and 
The Protection and Preservation of Antique Objects Law (2015); any artefacts, sites, features or places from the 
Chinese mining period would be considered ‘historic’ as they are more than 100 years old. As such, they would 
be protected by the legislation. 

Mining by Kachin/Shan peoples 

While the civil war in Yunnan took a major toll on the Chinese (estimated three to four million deaths) and control 
of the Shan states by the Burmese kings was lost, Kachin and Shan peoples occupied Bawdwin between 1868 to 
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about 1901. During that time, they reworked and smelted old lead-rich slag left behind by the Chinese. It was this 
lead that was used for bullet manufacture by the Kachins.  

The Kachins focussed on smelting the richest slags (at least 50% lead) using furnaces filled with ore/charcoal 
mixtures and covered with a heap of earth and turf. These furnaces were fired from below and the lead collected 
in hollow structures below the furnace. These Kachin furnaces (Plate 5.53) were smaller than those used earlier 
by the Chinese, although it was thought the Kachins copied the Chinese design (La Touche and Coggin-Brown 
1908: 246 as referenced in Appendix H). 

In accordance with Myanmar legislation: The Protection and Preservation of Ancient Monuments Law (2015) and 
The Protection and Preservation of Antique Objects Law (2015); any artefacts, sites, features or places from the 
Kachin/Shan mining period would be considered ‘historic’ as they are more than 100 years old. As such, they 
would be protected by the legislation. 

British Colonial period and post-colonial period 

European interest in the Bawdwin mines was first recorded in 1795, but it was not until the turn of the twentieth 
century that the British showed active interest in mining the area. The British were initially interested in the vast 
piles of residual high-lead-content slag. Later, the focus shifted to the orebodies themselves. 

One of the earliest British ventures was the Great Eastern Mining Company Ltd, which, after being granted a 
small mining lease, commenced construction of a narrow-gauge railway up the Nam Pangyun valley before 
encountering difficulties and abandoning the project. The railway was to transport slag to the smelters. It was 
then that Herbert Hoover, mining engineer and future United States President, after hearing of the resource 
through a Great Eastern Mining Company acquaintance commenced an evaluation of the mines. After 
estimating there were 115,000 tonnes of slag available for reprocessing, the Burma Mines Railway and Smelting 
Company Ltd was formed and the interests of the Great Eastern Company were purchased. The company 
recommenced construction of the 46-mile-long railway from Namyao to Bawdwin and in 1911 the railway was 
complete. From 1912 to 1913 some 32,000 tonnes of slag was processed. By 1915 the old Chinese slag piles 
were almost exhausted and focus turned to the underground orebodies. Three main orebodies were found – the 
Shan, the Burman and the Chinaman (recently renamed the China lode) orebodies. 

In 1913, the company become the Burma Corporation Ltd, with Herbert Hoover the largest shareholder. Hoover 
was instrumental in the development of a new tunnel to access the Chinaman orebody at considerable depth – 
known as the Tiger Tunnel. This tunnel was key in allowing ore to be hauled out of the mine as well as allowing 
drainage. Electric locomotives brought the loaded ore cars to Tiger Camp for emptying into storage bins via 
revolving tipple drums. The ore in the bins was then loaded into railway wagons and hauled along the narrow-
gauge railway to a smelter at Namtu for processing. Power to the mine was achieved by development of a 
hydro-electric power station at Mansam Falls, 61 km from the mine. 

During the colonial period, people from a variety of nationalities worked at Bawdwin. These included mainly 
Indian and Chinese workers during exploration before Chinese (mostly from Yunnan state) formed the bulk of 
the underground mining workforce. Smaller numbers of Nepalese and Indian workers were also employed for 
underground mining during this time. People working on surface operations (i.e., not underground mining) were 
from a wider range of locations including broader China, Nepal, Indochina and Afghanistan. Europeans were 
employed for the higher skilled roles. 
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Plate 5.51 Chinese cupel furnaces at Bawdwin from the Chinese mining area 

 

Plate 5.52 Nam Pangyun valley at Bawdwin in 1907 with ruins of Chinese stone huts in the right 
foreground and slag heaps along the valley sides  

 

Plate 5.53 Remains of Kachin smelting furnaces from the Kachin mining area with Chinese hut ruins 
in background  
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In accordance with Myanmar legislation: The Protection and Preservation of Ancient Monuments Law (2015) and 
The Protection and Preservation of Antique Objects Law (2015); any artefacts, sites, features or places from the 
British colonial mining period prior to 1920 (e.g., the railway, Dead Chinaman Tunnel, Marmion Shaft and Tiger 
Tunnel) would be considered ‘historic’ as they are more than 100 years old. As such, they would be protected by 
the legislation.  

The highest production rate for the mine was achieved from 1928 to 1938 during which time up to 500,000 tonnes 
of ore was mined annually. Most of the production during this period was from the Chinaman Lode. However, 
the start of World War II in 1939 led the decline of the mine. In 1941, during the Japanese invasion, the British 
retreated to the north and west with many having to walk out. Over 400,000 people died during the retreat. As the 
British withdrew they destroyed or disabled strategic assets so they could be of no use to the Japanese. This 
included destroying vital plant at the Bawdwin mines. Notwithstanding this, the Japanese were able to continue 
to work the mine during the war albeit at a lower production rate than the pre-war period (in the order of 200,000 
tonnes of high grade ore was mined from 1942 to 1945. After the war, the Burma Corporation once again took 
control of the mines. It was during this time that larger numbers of local skilled employees began rising to higher 
positions at the operation. 

Post-war production levels were low and in 1951 the mine was sold to a joint venture, Burma Corporation (1951) 
Ltd, of which the Government of the Union of Burma had a 50% share. Involvement of the government was a 
strategy to acquire technical, administrative and commercial knowledge associated with mineral extraction and 
processing so they could be nationalised at a later stage. 

Over the following years extensive repair work was undertaken in order for resumption of large-scale mining and 
processing; however, ore grades were declining. Significant international prospecting (land surveys and drilling) 
of the site ensued. 

The modern period 

In the 1960s the political situation in Myanmar grew more and more unstable, and following a military coup in 
1962, the parliamentary regime was replaced by the Revolutionary Council. Throughout the 1960s heavy industry, 
business and other commercial sectors were nationalised. The mining industry was nationalised in 1965 and the 
mine was taken over by the government. At this time there was a mass exodus of locally-born Indians, Chinese 
and other minority groups along with Europeans. Some of the local mixed-ethnicity community stayed at the 
mine. In the 1980s, additional upgrades were made (including a new concentration plant) at Bawdwin to 
counteract the depleting ore grades but the smelter at Namtu was kept in operation. In 2009, operation work ceased 
in the mine and smelter, and since that time the site has been maintained by a reduced staff. Residual slag heaps 
continue to be mined by local artisanal miners to this day. One major area where this still occurs is at the sides of 
Gurkha Hill. Artisanal mining also occurs along the bed of the Nam Pangyun all the way downstream from Tiger 
Camp to Myitnge River and occasionally with Bawdwin village. 

In June 2018, WMM, Myanmar Metals and EAP entered into a contractual agreement to form a joint venture 
arrangement for the purposes of developing the Bawdwin project. 

Features from the modern period are not considered ‘historic’ heritage under Myanmar legislation, as The 
Protection and Preservation of Ancient Monuments Law (2015) and The Protection and Preservation of Antique 
Objects Law (2015) defines ancient monuments, antique objects, and historic and archaeological sites as being 
older than 100 years. However, religious and cultural sites (including graveyards) of all time periods are 
considered an important aspect of the local communities’ cultural heritage, even if ‘historic’ attributes have been 
replaced or upgraded with modern structures and objects. 

5.8.4 Existing cultural heritage features and values 
This section describes the key existing cultural heritage features and values in the study area. As the study area 
includes hundreds of known (to potentially thousands of unknown) individual features of cultural heritage value 
it is not feasible to individually describe and assess each one. This section therefore characterises existing cultural 
heritage for key structures and buildings but also for defined areas or ‘precincts’, which have a higher collective 
heritage value than their components individually. This approach also allows for consideration that in many cases, 
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the heritage value of a site, place or feature relies on a broader context such as its setting in the landscape or its 
proximity to other important sites. 

The focus of this section is to identify each key feature and briefly summarise its attributes and associated values.  

Chinese heritage 

Hillforts, defences and occupied ridges 

Bawdwin is surrounded by a ring of hillforts and ridges, fortified by ditch and bank structures (Figure 5.46). For 
the purpose of the field surveys and characterisation, a hillfort was defined as a distinct hilltop or promontory that 
was completely encircled by defences (numbers shown on Figure 5.46 indicate the order in which they were 
visited during the field survey). The hillforts were probably connected by a network of tracks; however, some of 
these were difficult to distinguish during the survey. Many of the interconnecting ridges between hillforts also 
appear to have been fortified, and there is some surface evidence (ceramics and processed slag) that they were 
occupied. 

Hillforts were designed as defences to guard the mine from external threats but are also believed to have been 
used to observe mining activity and the settlement areas within the valley. This interpretation is based on the field 
of view from the outer ring of hillforts compared to the inner hillforts, which were lower in height than the outer 
hillforts and would have only allowed views of the mine and valley floor villages. In total, 20 hillforts were 
recorded during the field survey. 

The hillforts were re-used by the Myanmar Army at various times and it is possible that they were used by the 
Japanese during World War II, as modern military trenches are located within more than one hillfort. 

The ring of Chinese hillforts and occupied ridges may contain technological evidence and significance. The 
hillforts and occupied ridges represent a 500-year period of mining and occupation by the Chinese. While fortified 
towns and cities are common features in Myanmar and southeast Asia more broadly, the extensive nature of the 
Bawdwin defences with a largely intact protective ring system of hillforts defending a mountain valley is unique. 
This collective system has only lost one small hillfort from the original configuration and as a result is considered 
to be of exceptionally high cultural heritage value. 

Artefacts and evidence of Chinese occupation in Nam Pangyun valley 

Due to the historic disposal of waste rock and residual slag in the central area of Bawdwin (i.e., in the vicinity of 
the mine office, post office and railway station), much of the remains from earlier Chinese occupation in the lower 
valley are likely to be deeply buried. At higher elevations along the hillsides there may be remains of Chinese 
terraces in a less modified form. These terraces are likely to have experienced extensive degradation over the 
centuries. 

Further north of the open pit, occupation terraces were found in one of the side tributary gullies in the valley. Here 
evidence of terraces is present on the lower valley margins and valley floor (Plate 5.55). It is possible that these 
terraces are of Chinese origin, although archaeological investigation would be needed to determine this. 

Old Chinese bridge 

In the early twentieth century, the British colonialists noted several perfectly preserved Chinese stone bridges in 
the Nam Pangyun valley. The last of these Chinese stone bridges was washed away in a flood about two years 
prior to the baseline field survey according to advice from a local informant (Chandra Kumar, pers. comm as cited 
in Appendix H). While it was replaced by a modern concrete bridge, the old stone abutments (Plate 5.54) are still 
in place at this bridge. 
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Figure 5.46 Bawdwin Chinese hillforts and defended ridges as determined by the 2019 field survey.  
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The field survey (which focused on surface observations only and no archaeological excavation) observed 
widespread scattering of artefactual material around the Bawdwin area. Artefacts comprised primarily ceramic 
fragments and Chinese slag. The ceramics were almost all of distinctive Chinese types and designs (e.g., blue and 
white vitrified ware and celadon green ware) (Plate 5.56). It is not clear which time periods each of these artefacts 
is from. Other artefacts found included part of a Chinese coin, a ferrous tube of undiscernible use and a grindstone. 
It is possible the latter was used for the crushing of small amounts of ore. 

To further examine the historical and scientific value of historic Chinese occupation evidence and artefacts, sub-
surface archaeological excavations would be needed. 

Mining and smelting evidence 

The main area of Chinese mining was the Chinaman Lode, which was within the areas mined during the colonial 
period and the current open pit. Therefore, much of the evidence of Chinese workings in this area has been 
destroyed. However, numerous Chinese workings survive in peripheral areas around the mine site, including the 
areas of the current open pit, in Goldhole Valley and on Meingtha Ridge. The early access to Chinese underground 
workings of the Chinaman Lode, the Dead Chinaman Tunnel, still exists and its portal is located near the Bawdwin 
timber yards. It is not always possible to distinguish between the Chinese and British underground workings but 
in general the Chinese workings are smaller and more irregularly shaped than the more modern British workings. 
Typical Chinese and British underground workings are shown in Plate 5.57 and 5.58, respectively. 

Chinese workings are also evident on the rocky face downstream of the current open pit mine and in the gorge 
between Bawdwin and Tiger Camp. 

There were numerous surviving smelting furnaces at Bawdwin when the British arrived in the early 20th century. 
However, none of those documented and photographed from that time are known to exist now. However, two 
furnaces have been located, one on Camp Ridge about halfway between Hillforts 2 and 3 and one on a steep 
hillside opposite from the open pit, which was found by a drilling crew in 2019. These furnaces are similar in 
design and comprise a chamber excavated into the hillside with a small rear flue (Plates 5.59, 5.60 and 5.61). 
While only two Chinese furnaces have been found it is possible that many more undiscovered furnaces exist at 
the site. 

Additionally, ceramics associated with smelting are found in numerous areas, most prolifically on Gurkha Hill. 
Numerous fireclay rods (Plate 5.62), which were possibly part of the old Chinese furnaces, are also found in this 
area amongst where slag artisanal mining now occurs.  

Residual Chinese slag fragments are found scattered around Bawdwin. Much of this slag is glassy, black slag with 
relatively low lead content. The higher lead content slag (more porous and stonier in appearance) has mostly been 
mined, although some of this material is also found around the site. 

The remaining evidence of Chinese mining at Bawdwin is of significant cultural heritage value. This is because 
during that period, Bawdwin played a key role in the early historic metals exchange network, linking mineral trade 
throughout Southeast Asia, India and China, and this history of the early historic metals exchange network has 
not been studied in detail, thereby placing a degree of importance on the remaining cultural heritage features. 
Archaeological interpretation of Chinese mining and smelting operations at Bawdwin is expected to be important 
in the overall interpretation of Chinese occupation in the area and will be of high value to region-wide studies of 
archaeometallurgical processes. It has been noted in literature that Myanmar has been notably underrepresented 
in recent investigations of archaeometallurgy in Southeast Asia despite the country having a potentially central 
role in the long-distance mineral exchange networks linking India, China and other Southeast Asian neighbours 
(Pryce et al., 2017).  
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Plate 5.54 Stone abutments of the old Chinese bridge beneath the modern concrete bridge 

 

Plate 5.55 Ancient Chinese terraces on the sides of one of the tributary valleys to the north of 
Bawdwin  

 

Plate 5.56 Chinese ceramics found on Hillfort 1 
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Plate 5.57 Chinese underground workings in Goldhole Valley 

 

Plate 5.58 Probable British drive in Goldhole Valley, immediately adjacent to Chinese workings 

 

Plate 5.59 Remains of Chinese furnace cut into hillside at Camp Ridge ( 
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Plate 5.60 Interior of the Chinese furnace at Camp Ridge with the flue clearly visible 

 

Plate 5.61 Furnace found during drilling at Bawdwin main pit  

 

Plate 5.62 Fireclay rods on Gurkha Hill amongst found amongst a slag artisanal mining area  
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Graveyards 

Numerous graveyards are present at Bawdwin and surrounds, ranging from those with clear surface markings and 
tombstones situated on ridgetops overlooking nearby valleys, to those that have little to no surface evidence and 
are overgrown by vegetation on the valley floors and sides. These graveyards pertain to all periods of occupation 
at Bawdwin, from the Chinese to the current day.  

During the 2019 field survey, 21 graveyards were recorded, and information was obtained on three additional 
graveyards not visited.  

Figure 5.47 shows the locations of these graveyards. Based on early accounts of British colonialists at the site, 
thousands of graves were scattered across the hillsides and it is likely that there are many undiscovered graveyards 
and/or graves at Bawdwin – particularly as many of these will not have surface evidence or at most, very minimal 
surface evidence such as a mound or hummock. The large number of graves is not surprising given that the large 
numbers of Chinese miners were engaged in extremely hazardous work at Bawdwin over a prolonged period. 

There are also graveyards at Bawdwin where people from the colonial and modern era of mining are buried and 
several of these remain in use today. It is difficult to interpret the ages of many of the graveyards and burials 
because Chinese labour was used both in the Chinese and colonial occupation at Bawdwin. As a result, Graves 
with Chinese headstones could belong to either period. Based on the 2019 field survey, it appeared that the ancient 
Chinese preferred to locate graveyards on ridgelines, in particular the sloping ends of the ridgelines. Later miners, 
such as the British and Chinese during the colonial period, preferred to use valley floors, ridgetops and hillsides 
for burials. 

Table 5.69 summarises the assumed ethnicity and time period for each of the graves visited during the 2019 field 
survey. 

Table 5.69 Details of graveyards recorded during the 2019 field survey 

Graveyard 
number 

Location Ethnicity/Religion Additional notes (from Appendix H) Period of 
use 

1 Drill track above 
the Police 
Station. 

Unknown, possibly 
Chinese 

 This was found accidentally during 
construction of a drill access road up to 
Yegon ridge. 

 Human skeleton found in an ancient 
horizontal adit (Plate 5.63). 

 The extent of the graveyard is unknown but 
no other remains have been found in the 
proximal area to date. 

Possibly 
Chinese 

2 Below Hillfort 1 Chinese  Comprises a number of stone-ringed mounds 
and piles of displaced stone, which mark the 
graves (Plate 5.64). 

 Several headstones visible with Chinese 
writing. (Plate 5.65). 

Chinese 

3 Below Hillfort 2 Chinese  Located on a crest of a ridge. 

 Similar in nature to Graveyard 1 with a range 
of grave types, including simple mound as 
well as more elaborate graves with 
headstones. The headstones are all written in 
Chinese. 

 Evidence of artisanal mining in and around 
the graves. 

Chinese 

4 Meingtha Ridge Chinese  Graves located on the crest of Meingtha 
Ridge and marked by stone mounds. 

 Several graves have distinctive rectangular 
shape with rounded ends (which is the case in 
many of the Chinese graveyards at 
Bawdwin). 

Chinese 
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Graveyard 
number 

Location Ethnicity/Religion Additional notes (from Appendix H) Period of 
use 

5 Sand Plant 
Ridge 

Chinese  Located on the crest of a ridge just beyond 
the site of the old sand plant. 

 Consists of approximately 12 visible stone 
mounds. 

Chinese 

6 Very end of 
Sand Plant 
Ridge 

Chinese  On the end of the ridgeline beyond 
Graveyard 5. 

 Two distinctive stone mounds were observed 
beside two large earth mounds, with more 
graves scattered down the ridgeline. 

 Appears to be very similar to Graveyard 5. 

Chinese 

7 Bawdwin, side 
valley 

Burmese  Located in a small side gully off the main 
Nam Pangyun valley. 

 Still in use. 

Current 

8 Behind Catholic 
Church 

Unknown  Located on the hillside beside the Catholic 
Church. 

 No grave markers, so it is not possible to 
determine whether the graves are all 
associated with the church. 

Unknown 

9 Hillfort 7 Gurkha  Located in and above the ramparts of the 
defended ridge below Hillfort 7. 

 Some graves are simple earthen mounds, 
while several graves have cement structures 
with inscriptions (in English, Myanmar and 
an Indian script). 

Probably 
recent 
(1970s) 

10 Hillfort 8 (near 
new cellphone 
tower) 

Christian  Located immediately to the west of the 
ramparts of Hillfort 8. 

 At least two graves: one is just a pile of 
stones, the other is a cement tomb with a 
Christian cross on the top. 

Possibly 
recent 

11 Hillfort 9 Unknown  Consists of a single visible grave at the 
eastern end of Hillfort 9. 

 Consists of a mound of stones. 

Unknown 

12 Tiger Camp Mixed  Located immediately below the spiral on the 
railway, downstream from the Tiger Camp. 

 Graveyard has been used until recently (at 
least 1991). 

 Graves range from simple piles of stones to 
more elaborate concrete tombs. Site 
overgrown by vegetation. 

Recent 

13 Lower Bawdwin Buddhist and 
Christian 

 Located at the lower end of Bawdwin on both 
sides of a small tributary. 

 Cemetery is still in use and is bi-
denominational. 

In use 

14 Lower Bawdwin Possibly Muslim  Located in lower Bawdwin, a short distance 
downstream from the Zi Nat Man Aung 
Buddhist temple. 

 Located on the hillside above the road. Site is 
mostly overgrown. 

 Graves are on terraces on the steep hillside. 

Probably 
colonial to 
recent 

15 Upper Bawdwin Chinese  Chinese cemetery on a vegetated ridge that 
runs up from an old Police Station/Library 
building. 

 Graveyard is overgrown and not in use. 

Possibly 
Colonial 
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Graveyard 
number 

Location Ethnicity/Religion Additional notes (from Appendix H) Period of 
use 

16 Upper Bawdwin Chinese and 
Christian 

 Located on the next ridge to the northwest of 
Graveyard 15. 

 Chinese, Christian and Myanmar graves were 
all observed and vary from small piles of 
stones and small headstones to larger cement 
tombs. 

Probably 
recent and 
in use 

17 Below Hillfort 3 
(Mt Battle) 

Chinese  Located on the ridgeline to the southeast of 
Hillfort 3 (Mt Battle). 

 Consists of a number of stone mounds on the 
crest of the descending ridge. 

Chinese 

18 Hillfort 20 Chinese  Located on the ridge to the east of Hillfort 
20. 

 Graves are marked by stone outlines and low 
stone mounds. 

Chinese 

19 Above Goldhole 
Valley 

Chinese  Located on Mt Teddy on the northeast flank 
of the Nam Pangyun valley. 

 Number of graves with stone mounds, one of 
which is inscribed with a Chinese character. 

Chinese 

20 Above open pit 
(slopes of Mt 
Lakeland) 

Chinese  Located on a spur above the main pit on a 
ridgeline that descends from Mt Lakeland 
(Hillfort 5). 

 Several stacked rock graves in typical 
rectangular form with rounded ends and a 
larger grave with a semi-circular terrace in 
front of the main tomb mound. 

Chinese 

21 Below Tiger 
Camp 
(downstream 
from spiral) 

Chinese No notes recorded. Possibly 
Colonial 

Source: Southern Archaeology Ltd (2019) (Appendix H) 
 

All graveyards, irrespective of their age, are of high cultural heritage value as they have high social and spiritual 
value. As these sites contain human remains, they need to be treated with care and respect. The graveyards from 
the Chinese period have great potential for bioarchaeological research to reveal how this ancient mining 
population worked and lived. For example, human burial sites can tell us a lot about the origins, health, 
cultural/societal practices and quality of life of those people. Many graveyards are particularly sensitive as they 
are prone to disturbance during mining activity, as their locations are not obvious from the surface.  
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Figure 5.47 Graveyards recorded during the 2019 field survey 
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Plate 5.63 Burial at Graveyard 1  

 

Plate 5.64 Chinese grave at Graveyard 2 

 

Plate 5.65 A small Chinese headstone at Graveyard 2. The scale is 0.5 m long. 
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Graveyards from the colonial period will also contain similar bioarchaeological evidence and value to the Chinese 
graveyards, but more recent graves have higher importance to current communities at the site as they are where 
people who were known to them were buried.  

Colonial-period mining heritage 

Bawdwin mines and infrastructure 

This section describes the components of the mine and associated infrastructure, the cultural heritage value of 
which ranges from those that have high value in their own right (e.g., the Marmion Shaft winding house), to those 
that contribute to a broader collection or system of high value (e.g., buildings in the central Bawdwin precinct). 
Figure 5.48 shows the locations of key mining infrastructure from the colonial period. 

The key cultural heritage values associated with colonial-period mining heritage are discussed below. 

Marmion shaft and winding house complex 

The Marmion Shaft and associated winding equipment are associated with the most productive years of the 
Bawdwin Mines, when it was a world-leading lead producer. The Marmion Shaft winding house comprises a shaft 
collar, distinctive steel headframe, winding house, winding equipment, rail yards, offices and an electrical 
substation. Plate 5.66 shows the Marmion Shaft headframe and winding house. 

The winding house is a corrugated iron clad building with a steel frame and painted in lead oxide red. In it two 
electrically-powered winders are housed. One of the winders and associated winding gear is used to this day as 
workers still access the shaft. Both winders and associated equipment are well-maintained in relatively good 
condition. There is no evidence of major upgrades, modifications or replacements to the original equipment. 

The Marmion shaft is an excellent and rare example of a complete British 20th-century winding plant located in 
remote Myanmar mountains that is largely in its original condition. Other similar winding plants around the world 
are (or are part of) UNESCO World Heritage Sites – for example, the winding gear at Big Pit coal mine in 
Blaenavon in Wales and the Geevor tin mine in Cornwall, England.  

Independence monument 

The Stone Pillar of Independence, which commemorates the independence of Burma from colonial rule, is located 
in the grounds of No.1 Primary School in Yadanar Myay ward, north of the Chinese Bazaar buildings and existing 
mine pit. 

Central Bawdwin precinct 

The central Bawdwin precinct is an area comprising a group of key buildings and structures from the Colonial 
period. These buildings and structures relate to both the mine operation and functioning of the wider community 
and together form a key heritage precinct at Bawdwin.  

The central Bawdwin precinct comprises:  

 Compressor house. This comprises Ingersoll and Bellis air compressors and associated electric motors and 
control equipment (Plate 5.67). The compressor house is a large corrugated iron-clad building that housed the 
compressors that provided compressed air to the tools (e.g., rock drills) used in the underground workings. 
This house remains largely in its original condition. The compressors are excellent examples of early 
twentieth century British and American air compressors and open-frame electric motors. The oldest 
compressor still in place was manufactured between 1911 and 1923 (Plate 5.68). 

 Mine office. The mine office (Plate 5.69) is largely in its original condition and contains its original furniture 
and hard copies of old and recent company files. The construction date of this office is unclear but it was 
likely in the 1910s during early mine development by the British. The office is used in the current day.  

 Post office. The post office is still in service and has changed little since 1946. 
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 Company store. This store is still in use. 

 The Bawdwin railway station and the adjacent railway line. However, the railway as a whole is 
characterised in the following section due to its unique values. 

 Mine Superintendent’s and staff bungalows. Accommodation quarters for higher-ranked mine workers. 
Many of these bungalows remain in use. 

 Dead Chinaman Tunnel. This tunnel, originally constructed and used by the Chinese miners, was 
refurbished by the British. This was the main access to the Bawdwin lodes before the Marmion Shaft and 
Tiger Tunnel were constructed. It represents a period where British mining interfaced with older Chinese 
mining and is one of the few remaining structures associated with the very early British workings at the 
Bawdwin mines. 

 Bawdwin timber yard. This timber yard was critical for early mine operations as timber to support 
underground workings was essential – particularly as timber frequently needed to be replaced in this damp, 
tropical environment. The yard contains open-sided timber buildings that house several saw benches and two 
large drop saws, some of which are still in use today.  

The central Bawdwin precinct is the core area of early colonial-era Bawdwin, centred around the mine office, post 
office, clubhouse and railway station. The buildings themselves are likely to be of medium scientific and 
archaeological value because they are typical examples of buildings from that era in terms of their design and 
construction. This area would have had important social value as it was during the colonial period, and continues 
to be, a social centre for the mine workers and local community. 

The mine infrastructure from the colonial period collectively has high historical, scientific and technological 
value. Those people who have spent their whole working life at the mine are likely to have a stronger connection 
to the mining infrastructure. Internationally, and particularly to the British, the cultural value of the mines and 
infrastructure is generally high. This is complex because the colonial-period sites at Bawdwin have different value 
to the people in Myanmar compared to those of the British and international community. 

Tiger Camp precinct 

The Tiger Camp precinct comprises two main features – the Tiger Tunnel area and Wallah Gorge area. The key 
features in this precinct are shown in Figure 5.49. 

The Tiger Tunnel area comprises the Tiger Tunnel portal (Plate 5.70) and electric railway (Plate 5.71), railway 
yards, electric substation, office, clubhouse, stone store and police station. Commencing in 1914, development of 
the tunnel was led by Hebert Hoover, and this allowed access to the resource rich Chinaman orebody. The tunnel 
was not only a significant engineering feat, but it was a crucial element in the mine’s early success as one of the 
world’s leading lead mines. The area is industrial in nature and the stone revetments and gorge setting add aesthetic 
value. Overall, the Tiger Camp area has industrial archaeological importance as it contains evidence for the early 
development of the mine and use of electromotive power during the colonial period. The Tiger Tunnel is renowned 
for being an excellent engineering feat for its time and the associated railyard still operates to this day. Overall, 
the area has high physical, historical and cultural values. 

The Wallah Gorge area includes the tippler (Plate 5.72) (a pair of electrically powered rotating drums that emptied 
ore carts from the mines onto the conveyor belt to the storage bins), ore bins (Plate 5.73) and Wallah Gorge 
Railyards from the colonial period. This industrial area and the stone store, ore loading bins and tippler structures, 
along with the gorge setting, add to the aesthetic value of the area. As per the case for the Tiger Tunnel, this area 
too was a critical part of the mine’s operation during the colonial period. It was this area where all of the ore 
produced was transferred to the railway for transport to the smelters at Namtu. 

The tippler, ore loading bins and railyards area has changed little since the 1920s.  
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Figure 5.48 Locations of the main mine infrastructure from the colonial period  
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Figure 5.49 Key features of the Tiger Camp precinct 
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Plate 5.66 Marmion Shaft headframe and winding house  

 

Plate 5.67 Compressor house at Bawdwin  

 

Plate 5.68 Ingersroll-Rand air compressor and synchronous motor in the compressor house 
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Plate 5.69 Bawdwin Mine office  

 

Plate 5.70 The Tiger Tunnel portal  

 

Plate 5.71 Tiger Tunnel electric railway with two cars waiting to travel into the mine portal  
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Railway 

The railway was constructed between 1905 and 1911 and allowed transfer of slag and ore from the mines at 
Bawdwin to the smelters at Namtu. 

The railway comprises two main sections – the section between Bawdwin and Namtu along the Nam Pangyun 
valley, which is mostly still operational; and the line between Namtu and Namyao that was abandoned in 2009. 
Figure 5.50 shows the location of the railway. 

The section of railway between Tiger Camp and Bawdwin is currently in limited use since the ER Valley bridge 
was destroyed during flooding. The abandoned Namtu to Namyao section of the line is outside the study area and 
is not discussed. The electric railway associated with the Tiger Tunnel is a separate line and is included in the 
discussion in the section above. 

The railway is a 2-feet gauge line, comprising almost entirely of timber sleepers (apart from some concrete 
replacements). The railway bridges are masonry or a mixture of masonry and steel. The route through the Nam 
Pangyun valley is picturesque as it traverses the valley sides and narrow gorges. The line includes several reverses 
(Plate 5.74) to allow the line to change elevations sharply between Bawdwin and Wallah Gorge. The Spiral (Plate 
5.75) is a particularly interesting feature of engineering design. The spiral shape of the railway crosses the Nam 
Pangyun via two masonry bridges and allows the railway to rapidly gain height as it approaches Tiger Camp from 
Namtu. 

The Bawdwin Railway Station (Plate 5.76) is located in the central Bawdwin precinct (see section above) 
alongside the Post Office and Company Store. The station is a timber building, in need of some maintenance. 

The line from the timber yards to the Dead Chinaman Tunnel is now partly lifted (although some rails and the 
turntable are still in place), as is the section from Bawdwin Railway Station to Marmion Shaft where the railway 
once terminated. 

From Bawdwin to Wallah Gorge the line traverses a narrow bench cut into the flank of the Nam Pangyun valley. 
A section is missing where the major bridge crossing the ER Valley was washed out in a flood. Moving eastward, 
the railway then traverses several cuttings through spurs, before crossing the Nam Pangyun several times between 
Wallah Gorge and Namtu. The railway has extensive stone revetment in place along much of its length in the 
Wallah Gorge. 

The railyards at Namtu (Plate 5.77) include rolling stock and locomotive storage and maintenance facilities. At 
the railyards, the field survey noted several steam and diesel locomotives in various conditions (Plate 5.78, Plate 
5.79 and Plate 5.80). Two steam locomotives remain in operation and several non-operational steam locomotives 
are on display. The present rail traffic comprises railcars, including two interesting examples that were converted 
from Hino road trucks. 
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Figure 5.50 Location of the railway 
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Plate 5.72 The tippler with two rollers visible  

 

Plate 5.73 The ore loading bins (extreme right) with the tippler (right rear) and the railway line to 
Namtu visible at centre bottom  

 

Plate 5.74 The rail reverse in Wallah Gorge 
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Plate 5.75 Rail spiral crossing the Nam Pangyun via two masonry bridges  

 

Plate 5.76 Bawdwin railway station  

 

Plate 5.77 The Namtu railyards  
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Plate 5.78 Kerr Stuart Huxley Class tank engine, built in 1914  

 

Plate 5.79 Bagnall tender locomotive  

 

Plate 5.80 Part of the row of old steam engines and carriages at the Namtu railyards  
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The railway route is aesthetically spectacular. The following features are key elements of the railway system and 
are of particular heritage importance: 

 The railbed and line from Namtu to Bawdwin (approximately 19 km). 

 Bawdwin and Namtu railway stations (including the Namtu train control system). 

 Wallah Gorge reverses. 

 Wallah Gorge yards and turning triangle. 

 Tiger Camp Spiral and masonry bridges. 

 Namtu yards and workshops. 

 Namtu iron truss railway bridge. 

 Rolling stock at Namtu and those which use the railway, especially all steam locomotives (operational, non-
operational and parts), carriages, railcars, diesel locomotives.  

The railway has been the subject of international rail enthusiasts and, from the late 1990s to the early 2000s, 
heritage rail tours were conducted. The railway has significant tourism potential, particularly if the steam 
locomotives are operational. Numerous other narrow-gauge railways exist around the world, including many 
examples in India (some of which are UNESCO listed).  

The railway is an internationally recognised industrial archaeological feature due to its engineering significance, 
its importance in the history of Bawdwin, and its highly picturesque and challenging mountainous setting, and 
associated social value and tourism potential. 

Religious sites 

Bawdwin religious sites 

During the field survey, 19 religious places or sites were identified in the Bawdwin area. These are summarised 
in Table 5.70 and the locations shown in Figure 5.51. 

Table 5.70 Details of religious sites recorded at Bawdwin 

Name Religion/ethnicity Type Ward Comments 

Unknown ruin Unknown Temple/Shrine NA Small abandoned temple or shrine found on 
hillside in 2019. 

Age and association are presently unknown, 
but it is likely to date to the Chinese 
occupation 

Aye Say Di Buddhist Temple Yadana Mye First Buddhist temple at Bawdwin in the 
‘modern’ era and is one of the three main 
Buddhist temples at Bawdwin (Plate 5.81). 
Build date is not clear. The Chedi is shown 
in Plate 5.82. 

Dha Mi Kha 
Ya Ma 

Buddhist Temple/Monastery Thiri 
Mingalar 

Second Buddhist temple to be established at 
Bawdwin. Located on a hilltop and is 
reached by climbing steps from where the 
last Chinese bridge was located. Possibly 
built in 1956. 

Zi Nat Man 
Aung Temple 

Buddhist Temple Aung 
Theikdhi 

Possibly on site of Muslim graveyard. 

Temple is a relatively modern complex 
(Plate 5.83): the hall was built in 1975, and 
other parts of the complex in the 1990s and 
2000s.  
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Name Religion/ethnicity Type Ward Comments 

 ‘Light of 
Dhama’ 

Buddhist Chapel Pyi Taw Aye Repurposed house. 

Converted into a small Buddhist chapel by 
the locals (probably about 7 to 10 years 
ago). 

Dha Pu Nya 
Karyi 

Buddhist Chapel Aung Chan 
Thar 

Constructed in 1974 and serves the local 
community as a chapel and Buddhist 
school. 

Thiri 
Mingalar 
Ward Library 
and Buddhist 
Chapel 

Buddhist Chapel Thiri 
Mingalar 

Built 2014 by the local community. Also 
houses a library. 

Chinese 
Temple 

Chinese Temple Yadanar 
Myay Ward 

On top of steep hill on western side of Nam 
Pangyun valley. 

Age of the buildings uncertain, but the main 
temple building looks likely to be of 
colonial-era.  

Bawdwin 
Mosque 

Muslim Mosque Pyi Taw Ayi Colonial era. 

Shree Krishna Indian Indian Temple Aung Tha 
Pyay (Gurka 
Hill) 

Built in 1915. 

Maha Karli Indian Indian Temple Aung Tha 
Pyay (Gurka 
Hill) 

Possibly built in 1915. Modified since. 

Sikh Temple Sikh Temple Yadana Mye No longer used. Building used as a house. 

Catholic 
Church 

Christian Church Pyi Taw Aye Appears well maintained, although one 
local source stated that it was no longer in 
use and is tended by one family who live in 
the associated buildings. 

Build date unknown. 

Union Baptist 
Church of 
Bawdwin 

Christian  Church Mingalar 
Kwe Ward 

Existing church built 1962. 

Source: Southern Archaeology Ltd (2019) (Appendix H) 

The vast majority of the recorded religious sites are in current use or were used until recently. 

During the colonial period the Burma Mines Corporation (and its later reincarnation as Burma Corporation) 
provided places of worship for the different religions of the workers at Bawdwin. Since that time, local 
communities have established and developed existing, or created additional, religious sites. 

As, over the years, the mining workforce has transitioned from predominantly Chinese to mixed race and 
Burmese, the Chinese temple is now hardly used and is only known to be occupied by one monk. Also, the Sikh 
temple has been abandoned and is now used as a private residence. Conversely, the Buddhist temples and 
chapels and Baptist church have strong congregations, reflecting the more common religions in the modern 
period. 

In Asia, it is common for temples and places of worship to significantly change over time, typically through 
generations of modifications and renovations. This is also the case at Bawdwin and an example is the Dha Mi 
Kha Ya Ma Buddhist temple, which in 1958 stood alone, but today is at the centre of an extensive building 
complex. 
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Plate 5.81 Aye Say Di Temple from above. The Sikh Temple is mostly obscured in the trees to the 
right  

 

Plate 5.82 The Chedi at Aye Say Di Temple  

 

Plate 5.83 Zi Nat Man Aung Temple complex 
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Figure 5.51 Locations of religious sites recorded at Bawdwin and Tiger Camp 
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Tiger Camp religious sites 

During the field survey, five religious places or sites were identified in the Tiger Camp area. These are summarised 
in Table 5.71 and the locations shown in Figure 5.51. 

Table 5.71 Details of religious sites recorded at the Tiger Camp area 

Name Religion/ethnicity Type Comments 

Aung Chandra 
Temple 

Buddhist Temple Located on a spur overlooking the Wallah Gorge Rail Yards 
and the Spiral. 

Was originally the site of a Gurkha temple but was re-used 
for the present temple as there is no longer a local Gurkha 
population. 

Temple shown in Plate 5.84. 

Aung Mingalar 
Temple 

Buddhist Temple Situated at the top end of the Wallah Gorge settlement. 

Relatively modern, built in the 1980s (Plate 5.85). 

Wee Motee 
Reitha 

Buddhist Chapel Small wooden building in the lower Wallah Gorge. 

Appears to be from the colonial period. Also referred to as 
Pali. 

Still in use by local community. Chapel shown in Plate 5.86 

Aung Mingalar 
Chapel 

Buddhist Chapel Wooden post and brick infill building, constructed in about 
1970 to replace an earlier timber chapel. 

Union Baptist 
Church 

Christian  Church Timber building situated beside the track between Bawdwin 
and the Tiger Camp. 

Source: Southern Archaeology Ltd (2019) (Appendix H) 

Summary of religious sites 

Religious sites identified can be categorised as either those that are still in use and those that are no longer used 
for their original purpose. Of the sites still in use, only a small number have significant tangible heritage values 
because they have been continuously and significantly remodelled over a prolonged period. Although, to the local 
community even highly modified places may have high heritage value. Therefore, the determination of 
significance of religious sites is difficult without considering the views of the local communities. 

Many of these religious places are similar to those found in other small communities throughout Myanmar.  

The Indian and Chinese temples and the Wee Motee Reitha chapel and mosque are all part of historic structures 
and will have some value to the local communities that use them. The Chinese Temple appears to have little (or 
possibly no) community that uses it and probably is the reason why it remains largely unmodified over a long 
period. It is possible that it occupies the site of an earlier Chinese temple as it is situated atop a distinctive spur. 
Further investigation would be needed to understand the full significance of this site in terms of scientific and 
spiritual values. 

The Sikh temple is now used as a house and is likely to have limited heritage value to the local community. 

Further discussions with local communities are needed to confirm the importance of the Buddhist temples. 

The Baptist and Catholic churches have low to medium aesthetic and historic significance and low scientific and 
technological significance. Discussion with local communities is needed to confirm the heritage value of the 
Baptist and Catholic churches. But, given the Baptist Church still has a strong congregation, it is likely that it has 
high value to the community. The Catholic Church did not appear to have an active congregation when visited 
during the field survey. 
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Plate 5.84 The hall at the Aung Chandra Temple  

 

Plate 5.85 Aung Mingalar Temple, with Chedi visible  

 

Plate 5.86 Wee Motee Reitha Chapel  
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Bawdwin and Tiger Camp village buildings 

The buildings in the Bawdwin and Tiger Camp villages vary in age, quality and condition. Most of the buildings 
probably were constructed in the mid-twentieth century, particularly during the post-World War II construction 
period in the 1950s. Most buildings are of timber construction, while some are built from stone or contain stone 
structures. 

Specific buildings/structures and areas of significance in the villages are: 

 Remaining stone buildings in the Chinese Bazaar area (adjacent to concentrator plant). These buildings 
are evidence of the early colonial-era Chinese community at Bawdwin. 

 Stone stores at Tiger Camp. These are an example of the development of permanent community resources 
at Bawdwin. 

 Goldhole Valley area. This area has some remaining stonework revetments both upstream and downstream 
of where the last remaining Chinese bridge was located before it was washed away in a flood.  

 Areas and structures that are of pre-World War II construction.  

Modern defences 

The Bawdwin mine, due to its considerable mineral abundance, has been subject to centuries of careful protection 
for threats. Much in the same way the early Chinese hillforts system guarded the mine, modern defences are in 
place at the site to this day. The Myanmar Army base uses Hillfort 19 as a guarding site to protect the mine against 
insurgents. In the past the army has also occupied other protective locations such as Fort Hill (Hillfort 10). 

The defence sites include a ring of modern-era army trenches at Hillfort 1, trenches at Fort Hill within the ancient 
Chinese ramparts, army trenches at Mt Herschell and Gurkha Hill, a concrete army bunker in the upper Bawdwin 
village and gun emplacements on a side ridge off Meingtha Ridge. 

Although these modern-period defence sites are not within the date-range of protected sites as stipulated in the 
Myanmar heritage legislation (i.e., they are not more than 100 years old), they are a continuity of the human 
occupation at Bawdwin and some of these defence sites are situated within the ancient Chinese forts. The 
significance of the modern defence sites is not assessed. 

Areas of high chance accidental discoveries 

A key feature of the Bawdwin landscape is the large number of graveyards known and likely to occur across the 
area. While there is an apparent preference for ridge locations (especially the ends of ridges), additional graveyards 
are likely to occur within the area encompassed by the Chinese hillforts (see Figure 5.46) and may occur in the 
lower valley. Graveyards at Bawdwin therefore may be encountered during future earthworks and excavation in 
such areas. 

The areas between Chinese hillforts are likely to be hot spots for evidence of Chinese occupation, as these hillforts 
were previously likely connected along ridgelines. 

The areas where communities in the Bawdwin concession area reside may contain subsurface archaeological 
evidence of earlier Chinese occupation. The areas most likely to contain such archaeological evidence are on 
either side of the open pit, particularly in the area of the Mine Office and Post Office all the way upstream to the 
Goldhole Valley area.
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5.8.5 Sensitivity of cultural heritage values 
This section builds upon discussion of cultural heritage features in Section 5.4 and describes the sensitivity for 
each of the identified cultural heritage features and values. Sensitivity in this context is a quantification of how 
sensitive the cultural heritage feature or value is to change as a result of the project. Sensitivity is based on the 
importance of the value, the vulnerability of the value to change, and the resilience of the value in terms of its 
ability to overcome changes and maintain its inherent value. 

Applicable guidelines and standards 

Myanmar has two laws related to the protection and preservation of cultural heritage; the Protection and 
Preservation of Ancient Monuments Law (2015) and the Protection and Preservation of Antique Objects Law 
2015. There are no Myanmar guidelines for cultural heritage assessment or determination of significance or 
sensitivity, so the following international charters, guidelines and methods have been used for guidance: 

 The Burra Charter, established by the International Council on Monuments and Sites (ICOMOS) and the 
Australian Burra Charter Practice Note on Understanding and Assessing Cultural Significance (ICOMOS, 
2013a). 

 The International Committee for the Conservation of the Industrial Heritage (TICCIH) TICCIH's Nizhny 
Tagil Charter for the Industrial Heritage (TICCIH, 2003). 

 IFC Performance Standard 8 (Cultural Heritage) and guidance notes (IFC, 2012). 

The definitions used for assigning significance of a value are based on the Australian Burra Charter Practice Note 
(ICOMOS, 2013a), which provides five significance criteria: aesthetic, historic, scientific, social and spiritual. An 
additional significance criterion relevant to Bawdwin is technological significance, given that machinery, 
equipment and constructed structures are all features of significant heritage value at Bawdwin. The technological 
significance criteria are taken from the Nizhny Tagil Charter for the Industrial Heritage (TICCIH, 2003).  

In accordance with the Myanmar Technical Guidance Environmental Impact Assessment Guidelines for the 
Mining Sector, this assessment has considered the importance of the value, which has the suggested definition in 
the guidelines of “The value that is attached to a specific environmental component in its current condition.” This 
aligns with definition of cultural heritage significance, which is the aesthetic, historic, scientific, social or spiritual 
value for past, present or future generations and which is embodied in the place itself, its fabric, setting, use, 
associations, meanings, records, related places and related objects (ICOMOS, 2013b). 

Table 5.72 presents the definitions of these factors of significance along with the criteria for their assigned ratings.  

International Finance Corporation (IFC) Performance Standard 8 recognises the importance of cultural heritage 
and aims to ensure clients protect cultural heritage values. The objectives of IFC Performance Standard 8 are: 

 To protect cultural heritage from the adverse impacts of project activities and support its preservation.  

 To promote the equitable sharing of benefits from the use of cultural heritage. 

The IFC Performance Standard 8 Guidance Note 8 states that ‘critical heritage’ is not to be significantly altered, 
damaged, or removed except under exceptional circumstances. The definition for critical heritage in IFC 
Performance Standard 8 Guidance Note 8 is ‘(i) the internationally recognized heritage of communities who use, 
or have used within living memory the cultural heritage for long-standing cultural purposes; and (ii) legally 
protected cultural heritage areas, including those proposed by host governments for such designation’. As the 
Bawdwin site has been recognised internationally in terms of its heritage (mainly for key features such as the 
railway and Marmion Shaft winding house as well as the complex history of the mine itself) and many of the 
features at the mine are protected by Myanmar law, such features are considered critical heritage based on the IFC 
definition. The likelihood of a feature being classified as critical heritage under the IFC Performance Standard 8 
has been incorporated into the assessment of importance (i.e., with features likely to be critical heritage having a 
higher importance). 
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The vulnerability of each value is defined by considering its location with respect to the project; its size, 
distribution or extent; its current condition; and its setting. This approach is consistent with the Burra Charter 
Australia ICOMOS Charter for Places of Cultural Significance (ICOMOS, 2013b), which states that cultural 
heritage conservation requires retention of associated features such as the visual and sensory setting, its location 
(particularly if based on historic event or importance) and its co-existence with other cultural values. The latter 
aspect is particularly important at Bawdwin where areas or ‘precincts’ have collective significant values that are 
higher than the value of individual places within that precinct, or where areas contain multiple cultural heritage 
sites or values.  

The resilience of each value is defined by considering the extent to which its original value would be retained 
after some degree of change. In many cases this is essentially the reverse of vulnerability. An example of resilience 
is the degree to which a structure or building could have its original parts replaced without losing its heritage 
value. This is a particularly relevant consideration for the assessment and conservation of industrial heritage. 
TICCIH is the international society which focuses on the study, protection, promotion and interpretation of 
industrial heritage around the world. TICCIH's Nizhny Tagil Charter for the Industrial Heritage (TICCIH, 2003) 
is the international guidance document for the management and conservation of industrial heritage. A key 
maintenance and conservation philosophy under the charter is that preservation of the functional integrity of the 
industrial heritage feature is important in successful conservation of its heritage value. In other words, the heritage 
value of an industrial site or feature could greatly reduce if, for example, machinery or components are removed 
or replaced with modern elements. 

An important caveat associated with the assessment of sensitivity herein (and particularly the assessments of 
‘importance’) is that the significance of the value may vary widely depending on different people and perspectives. 
For example, an Asian temple that has been highly modified over the years may still hold its cultural heritage 
value for local people whereas from a Western perspective modernisation of the temple may appear to detract 
from its original cultural heritage value. This assessment of sensitivity provides justification that supports the 
ratings; however, it should be noted that additional public consultation may result in some changes to the ratings 
depending on what the communities say they value about each of the features. The specialist study upon which 
this section draws its information only undertook very limited public consultation in relation to cultural heritage 
values.  

Assessment of sensitivity of cultural heritage values  

Table 5.73 outlines the importance, vulnerability, resilience and overall sensitivity for each known cultural 
heritage site or value, based on low, medium and high scale. Supporting justification for the ratings is given in the 
table. Appendix H provides a more detailed assessment of importance (significance) across six criteria: aesthetic, 
historic, scientific, technological, social and spiritual. It is noted that additional currently unknown cultural 
heritage sites are highly likely to be present in the project area. Preliminary assessments of the importance 
(significance), vulnerability, and resilience of these features are made, based on the corresponding known features; 
however, the actual significance of unknown sites cannot be confirmed until the features are encountered and 
further investigations are completed. 
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Table 5.72 Significance definitions and ratings criteria 

 Definition Ratings criteriac 

Low Medium High 

Significance/ 
importance 

Aesthetica: Refers to the sensory and perceptual 
experience of a place—that is, how we respond to visual 
and non-visual aspects such as sounds, smells and other 
factors having a strong impact on human thoughts, 
feelings and attitudes.  

The place/site and/or its 
setting has little or no visual 
appeal 

Moderate visual appeal High visual appeal 

Historica: Intended to encompass all aspects of history—
for example, the history of aesthetics, art and architecture, 
science, spirituality and society. A place may have 
historic value because it has influenced, or has been 
influenced by, an historic event, phase, movement or 
activity, person or group of people. It may be the site of 
an important event.  

Sites/places not associated 
with any known historical 
event, person or theme. 

Associated with moderately 
significant historical 
event/person/theme at either 
local and/or provincial and/or 
national level. 

Associated with highly significant 
event/person/theme at either local 
and/or national and/or international 
level. 

Scientific (archaeological)a: Refers to the information 
content of a place, or its ability to reveal something about 
the past using scientific techniques such as archaeology. 
The relative scientific value of a place is likely to depend 
on the importance of the information or data involved, on 
its rarity, quality or representativeness, and its potential to 
contribute further important information about the place 
itself or a type or class of place or to address important 
research questions.  

Little or no visible or 
suspected archaeological 
information. Extensively 
damaged. Very common site 
types. 

Visible and/or highly likely 
presence of archaeological 
information. Little to light 
damage. Rare or uncommon site 
types. 

Extensive visible and suspected sub-
surface archaeological information. 
Very rare or rare site types 
nationally/internationally. 

Technologicalb: The industrial heritage is the evidence of 
activities which had and continue to have profound 
historical consequences. The motives for protecting the 
industrial heritage are based on the universal value of this 
evidence, rather than on the singularity of unique sites. 

Place/site/items of very 
common type in moderate to 
poor condition. Better 
examples exist 
locally/nationally. 

Place/site/items of moderately 
common to uncommon type in 
moderate to good condition. 
Comparable examples exist 
nationally or internationally. 

Places/sites/items of uncommon type 
in moderate to good condition. Rare 
nationally or internationally. Very 
complete or original condition will 
add to significance. 

Sociala: Refers to the associations that a place has for a 
particular community or cultural group and the social or 
cultural meanings that it holds for them. 

Places/sites that do not appear 
to have clear social connection 
at either 
local/provincial/national level. 

Places/sites that have 
moderately significant social 
connection for a cultural group 
at either 
local/provincial/national level. 

Places/sites that have highly 
significant social connection for 
cultural group at either 
local/provincial/national/international 
level. 

Spirituala: Refers to the intangible values and meanings 
embodied in or evoked by a place which give it 
importance in the spiritual identity, or the traditional 
knowledge, art and practices of a cultural group.  

Places/sites that do not appear 
to have any clear spiritual 
connection with a cultural 

Places/sites which have a 
moderately significant spiritual 
connection for a cultural group 

Places/sites that have a highly 
significant spiritual connection for a 
cultural group at either the 
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 Definition Ratings criteriac 

Low Medium High 

group at either 
local/provincial/national level. 

at either 
local/provincial/national level. 

local/provincial/national/ international 
level. 

 Critical heritage – Likelihood of feature being classified 
as critical heritage under IFC Performance Standard 8 

Low likelihood of being 
critical heritage under IFC 
PS8. 

Medium likelihood of being 
critical heritage under IFC PS8. 

High likelihood/almost certain to be 
determined critical heritage under IFC 
PS8. 

Vulnerability The site is already degraded or 
diminished and has little 
vulnerability to further 
changes. 

The site is moderately intact and 
somewhat vulnerable to further 
changes. 

The site is intact and highly vulnerable 
to changes. 

Resilience Limited or no capacity to 
adapt to change and little or no 
heritage value can be retained. 

Some limited resilience to 
change. Some of the heritage 
value can be retained. 

 Easily adaptable to change and most 
or all of the heritage value can be 
retained. 

a Source for definition: ICOMOS (2013a) 
b Source for definition: TICCIH (2003) 
c Criteria based on professional judgement as outlined in Appendix H  
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Table 5.73 Importance, vulnerability, resilience of the cultural heritage values 

Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

Chinese mining period features 

Chinese hillforts 
and defended 
ridges system 

High 

The hillforts served as a collective defence (and 
probably administrative) system for the mine. 
The remnants of the hillforts are largely intact 
which is unusual for features older than 500 
years in a monsoon climate.  The hillforts and 
defended ridges are unlike any features found 
elsewhere in Myanmar.  These features have 
high aesthetic, historic, scientific 
(archaeological) and technological importance 
and are highly likely to be classified as critical 
heritage under IFC Performance Standard 8.  

High 

These features are located in prominent 
positions of the landscape and are highly 
vulnerable to changes to both the feature 
and surrounding landscape.  

Hillfort 4, however, is considered to have 
medium vulnerability as it is already 
highly damaged. 

 

Medium 

The hillfort and defended ridges 
system would be able to withstand 
some localised changes to the 
surrounding landscape, but cultural 
heritage values would be difficult to 
re-establish if damaged. Some of the 
hillforts, e.g., Hillfort 4 and the hills at 
Hillfort 1 have been extensively 
modified from their original condition 
by twentieth century mining activities, 
and have some resilience to further 
disturbance. 

High  
(Hillfort 4 Medium)  

The hillfort and defended 
ridges system would be able 
to withstand some localised 
changes to the surrounding 
landscape, but cultural 
heritage values would be 
difficult to re-establish if 
damaged. Some of the 
hillforts, e.g., Hillfort 4 and 
the hills at Hillfort 1 have 
been extensively modified 
from their original condition 
by twentieth century mining 
activities, and have some 
resilience to further 
disturbance. 

Artefacts and 
evidence of 
Chinese 
occupation in 
Nam Pangyun 
valley 

High 

These features allow for an understanding of the 
Chinese occupation and the historic operation of 
the mine and hillfort system, and have high 
historic, scientific (archaeological) and 
technological importance. 

While the known artefacts and evidence of 
Chinese occupation have been assigned a high 
importance, this rating is also conservatively 
applied to as yet unencountered artefacts and 
evidence. Since it is likely that archaeological 
evidence from the initial Chinese occupation and 
earlier periods (especially if from the Bronze 
Age) would have high historic, archaeological 
and technological importance. However, further 
assessment would be needed to confirm the 

High 

These features are vulnerable to being 
disturbed or destroyed due to the 
widespread location of features and likely 
presence of unknown features. Artefacts 
and other evidence generally hold higher 
significance if they can remain intact 
(including when in situ or when 
excavated) and their heritage context is 
understood.  

Medium 

The artefacts and evidence of Chinese 
occupation are expected to be 
widespread throughout the Nam 
Pangyun valley but concentrated in the 
valley floors. This material has already 
been subjected to substantial impact by 
historic mining and occupation with 
direct disturbance, placement of waste, 
mining and placement of buildings. 
Identification of features and artefact 
material may allow for its relocation, 
conservation and use in scientific 
research. The success of regaining the 
value of the features will be dependent 
on appropriate archaeological 
recording, analysis and reporting. 

High 
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

actual importance of currently unknown features 
once discovered.  

It is unlikely these features would be classified 
as critical heritage under IFC Performance 
Standard 8. 

Chinese bridge 
remains 

High 

This feature (despite have some changes from 
20th and 21st century development) has high 
historical and scientific (archaeological) 
significance as the bridge foundation is a rare 
remaining feature of the ancient Chinese 
occupation from the early settlements at 
Bawdwin.  

High 

This is the last known feature of its type 
in this setting, and its removal would 
constitute a complete loss of the bridge 
foundation from the mining setting. 

Low 

This feature would lose most of its 
heritage value if dismantled and 
removed, even if portions of it were 
preserved in museums. 

High  

 

Mining and 
smelting evidence 
(Chinese era) 

High 

These sites have high potential archaeological 
and technological research value, particularly as 
little is known about the early minerals exchange 
network throughout southeast Asia and the 
mining methods at the centre of it. Such features 
provide important archaeological and 
technological evidence of early mining activity 
and also aid in the overall interpretation of the 
Chinese occupation at Bawdwin. 

The collective evidence of mining and smelting 
during Chinese occupation was assessed as 
having high historic, scientific (archaeological) 
and technological importance. 

While the known mining and smelting evidence 
of from the Chinese era have been assigned a 
high importance, this rating is also 
conservatively applied to as yet unencountered 
Chinese mining and smelting evidence. 
However, further assessment would be needed to 
confirm the actual importance of such features 
once discovered. 

Low likelihood of being classified as critical 
heritage under IFC Performance Standard 8. 

High 

Two furnaces that are of possible Chinese 
original have been located to date (on the 
hillside adjacent to the open pit and on 
the hills more than 1.5 km north of the 
open pit), but more may exist. These sites 
are vulnerable to project disturbance as 
they are typically located on valley slopes 
and any direct disturbance or alteration to 
the slopes will cause damage.  

Ancient Chinese underground workings 
are highly vulnerable to project 
disturbance as these are concentrated 
mostly around the current open pit and 
mineral resource.  

Low 

Damage to or loss of ancient furnaces 
or mine workings cannot be reversed. 
It is unlikely that if significantly 
damaged that any heritage value 
associated with these features would be 
retained.  

High 
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

Graveyards (all 
periods) 

High 

All graveyards have been considered to have 
social and spiritual value. The modern 
graveyards are likely to have high social and 
spiritual value to existing communities. The 
older graveyards are likely to have less social 
value but higher bioarchaeological and historical 
value. They could provide a range of information 
about the ancient Chinese and colonial period 
populations (e.g., ethnic/racial origins, health, 
quality of life, working conditions).  

Overall, a high importance is assigned to all 
graveyards, with sites assessed as having high 
historic, scientific (archaeological), social and 
spiritual importance.  

The graveyards have a low likelihood of being 
classified as critical heritage under IFC 
Performance Standard 8. 

While the known graveyards have been assigned 
a high importance, this rating is also 
conservatively applied to as yet unencountered 
graveyards and burials. However, further 
assessment would be needed to confirm the 
actual importance of such features once 
discovered. 

High 

Graveyards are highly vulnerable to 
disturbance, particularly the graveyards 
that are not known or clearly marked as 
these are more likely to be accidentally 
encountered or damaged.  

 

Low to Medium 

Damage to, or loss of graveyards 
cannot be reversed and if relocated the 
original heritage value may be lost or 
reduced. Many of these graveyards are 
located in prominent positions in the 
landscape. As such, they have little or 
no resilience to being relocated without 
losing some aesthetic (and potential 
spiritual) value but would likely retain 
their social, and potentially 
archaeological, value with appropriate 
measures put in place.  

High 

 

Colonial period mining heritage 

Marmion shaft 
and winding 
house 

High 

The Marmion shaft and winding house is a rare 
example of a complete British 20th-century 
winding plant located in its original context in 
the remote Myanmar mountains that is largely in 
its original condition. This site was assessed as 
having high aesthetic, historic, scientific 
(archaeological) and technological importance 
and has a high likelihood of being classified as 
critical heritage under IFC Performance Standard 
8. 

Medium 

Heritage value is vulnerable to 
degradation, loss or replacement of the 
building, equipment or their elements and 
also loss of the functional integrity of the 
winding house. 

Given that the Marmion shaft and 
winding house are complete features that 
are almost entirely in their original 
condition, their value is vulnerable to 
change. 

Medium 

Would likely still retain some of its 
heritage value if relocated and 
refurbished however, key to its current 
value is its current functionality and 
surrounding context in the Bawdwin 
mining landscape and with other key 
mining heritage features. 

Medium to high 
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

Independence 
monument 

Medium 

This feature represents an important moment in 
Myanmar’s history but probably has medium 
archaeological, social and cultural value given its 
degraded condition and its low prominence in 
the overall landscape. 

Low 

The monument is already degraded 
(weathered, discoloured, weeds growing 
at the base) 

High 

The monument would likely still retain 
its heritage value if relocated. 

Low 

 

Central Bawdwin 
precinct 

High 

This precinct contains key structures (e.g., mine 
office, clubhouse, Dead Chinaman Tunnel, 
Bawdwin timberyard, compressor house) 
relating to historic mine operation and key 
buildings of importance to the wider community 
(e.g., post office, company store, railway 
station). This precinct has been a key area of 
social importance throughout Bawdwin’s 
history, from the early Chinese, through to the 
Colonial period, to the current day. While the 
significance of each building or structure within 
this precinct may vary in its specific values and 
attributes, it is important to recognise the 
heritage value of this area as a whole.  

This precinct was assessed as having high 
historic, scientific (archaeological), 
technological and social importance.  

Medium 

This precinct has some vulnerability to 
loss of heritage value as it is in a fixed 
location and setting that cannot be 
moved. This is relevant to both changes 
to the visual setting (i.e., if additional 
buildings are to be constructed nearby in 
the future), or if they may be impacted 
directly to make way for more modern 
infrastructure for development of the 
project.  

While wooden and metal buildings and 
structures have been, and will continue to 
be, exposed to weathering and 
degradation (i.e., corrosion, rotting, 
erosion of adjacent ground, etc.), ongoing 
natural degradation of these is not 
expected to materially influence the 
vulnerability of their heritage value over 
the project timescale. 

Medium 

The area would be able to withstand 
some localised changes in terms of 
additional buildings and changes to the 
landscape without materially affecting 
the aesthetic, historic and social appeal 
of the area as a whole. 

Medium  

 

Tiger Camp 
precinct 

High 

This precinct contains a key industrial structures 
and buildings associated with historic mine 
operation (e.g., Tiger Tunnel and electric 
railway, railway yards, tippler and ore bins). 

It is an important industrial archaeological 
precinct, containing evidence for the 
development of the mine and the use of electric 
motive power. 

Overall the precinct was assessed to have high 
historic and technological significance. 

Medium 

This precinct has some vulnerability to 
loss of heritage value as it is in a fixed 
location and setting that cannot be 
moved. This is relevant to both changes 
to the visual setting (i.e., if additional 
buildings are to be constructed nearby in 
the future), or if they may be impacted 
directly to make way for more modern 
infrastructure for development of the 
project.  

Medium 

The area would be able to withstand 
some localised changes in terms of 
additional buildings and changes to the 
landscape without materially affecting 
the aesthetic, historic and social appeal 
of the area as a whole. 

Medium 
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

The precinct is not likely to be classified as 
critical heritage under IFC Performance Standard 
8. 

While wooden and metal buildings and 
structures have been, and will continue to 
be, exposed to weathering and 
degradation (i.e., corrosion, rotting, 
erosion of adjacent ground, etc.), ongoing 
natural degradation of these is not 
expected to materially influence the 
vulnerability of their heritage value over 
the project timescale. 

Namtu to 
Bawdwin railway 

High 

The railway is a prominent feature of the 
Pangyun Valley and an important example of 
early twentieth century British engineering in a 
mountainous location. Its significance comes 
from its engineering, unique setting and that  it is 
still largely intact (apart from some sections that 
need repair) and a complete system. Similar 
railways around the world are recognised by 
UNESCO as world heritage sites and as such it is 
expected that the railway would be of high 
international importance and potential future 
heritage tourism potential. The railway also has 
importance to the local community as it is key 
representation of the link between the Bawdwin 
mine and the Namtu communities over the last 
100 years. 

The Namtu to Bawdwin railway was assessed as 
having high aesthetic, historic, scientific 
(archaeological) and technological importance.  

It is highly likely to be classified as critical 
heritage under IFC Performance Standard 8. 

Medium 

The railway is heavily reliant on its 
location and setting for its cultural 
heritage value and these two aspects 
cannot be changed. Therefore, changes to 
the setting (particularly visual aesthetics) 
within the Nam Pangyun valley could 
detract from the heritage value of the 
railway itself. The condition and integrity 
of the railway is also vulnerable to 
change and deterioration if not 
maintained and this would detract from 
its aesthetic, historic and technological 
significance.  

While wooden and metal structures have 
been, and will continue to be, exposed to 
weathering and degradation (i.e., 
corrosion, rotting, erosion of adjacent 
ground, etc.), ongoing natural 
degradation of these is not expected to 
materially influence the vulnerability of 
their heritage value over the project 
timescale. 

 

Medium 

As fixed infrastructure, the railway has 
limited resilience to change, 
particularly considering its location 
and the importance of this setting to its 
value.. The age of the railway also 
makes it susceptible to further 
degradation and deterioration.  

Preservation of the rail infrastructure 
or sections of the rail would provide 
some resilience to maintaining the 
heritage value of the site.  

As fixed infrastructure, the railway has 
limited resilience to change, 
particularly considering its location 
and the importance of this setting to its 
value, which provides access to the 
Nam Pangyun and Tiger Camp. The 
age of the railway also makes it 
susceptible to further degradation and 
deterioration by natural processes.  

Preservation of the rail infrastructure 
or sections of the rail would provide 
some resilience to maintaining the 
heritage value of the site. 

Medium 

 

Religious sites  
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

Bawdwin and 
Tiger Camp 
religious sites 

Medium to High 

Many of the religious site at Bawdwin and Tiger 
Camp areas are still in use and further 
consultation with communities is required to 
better understand the significance of these sites 
to them.  

The religious sites are assessed to have high 
social and spiritual significance, medium to high 
aesthetic and historic significance, and low 
scientific or technological significance and have 
been given an overall ranking of high 
importance.  

The sites are unlikely to be considered critical 
heritage under IFC Performance Standard 8. 

Low to Medium 

Many of the religious sites are located on 
prominent locations on hillsides and are 
susceptible to loss of aesthetic value.   

 

Medium to High 

Most sites are likely to retain their 
heritage value after some degree of 
change (i.e., replacing components of, 
or upgrading of, the buildings). If 
relocated they are likely to lose 
aesthetic (and potential spiritual) value 
but would likely retain their social 
value with appropriate measures put in 
place. 

 

Medium 

Village buildings  

Bawdwin village 
buildings 
(including 
Chinese Bazaar 
buildings) 

Medium 

The buildings of key cultural heritage 
significance include the remaining stone 
buildings in the Chinese Bazaar area and the 
remains of ancient Chinese bridges in the 
Goldhole Valley area. These buildings have 
medium historical and scientific significance as 
remaining evidence of the early colonial-period 
Chinese community at Bawdwin. 

The Bawdwin village buildings are unlikely to 
be considered critical heritage under IFC 
Performance Standard 8. 

 

 

Medium 

The Bawdwin village buildings are 
vulnerable to loss of aesthetic value from 
landscape changes in proximity to these 
sites and vulnerable to direct disturbance 
as they are in a fixed location close to 
existing mining operations. 

While wooden and metal buildings and 
structures have been, and will continue to 
be, exposed to weathering and 
degradation this does not materially 
influence the vulnerability of their 
heritage value over the project timescale. 

Medium 

The area would be able to withstand 
some localised changes in terms of 
additional buildings and changes to the 
landscape without materially affecting 
the aesthetic, historic and social appeal 
of the area as a whole. 

Medium 

 

Tiger Camp 
buildings 

Medium 

The buildings include the stone stores at Tiger 
Camp which have medium historical 
significance as they are an example of the 
development of permanent community resources 
in early Bawdwin. 

Medium 

The sites are vulnerable to some loss of 
aesthetic value from landscape changes 
or if other buildings are constructed in 
proximity to these sites. They are also 
vulnerable to direct disturbance as they 
are in a fixed location. 

Medium 

The precinct would likely still retain 
most or all of its heritage value after 
change, provided the key 
characteristics (i.e., key buildings and 
any important contents) were not lost 
or materially altered. As this feature is 

Medium 
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Cultural 
heritage value 

Importance Vulnerability Resilience Sensitivity 

The buildings are unlikely to be considered 
critical heritage under IFC Performance Standard 
8. 

 

While wooden and metal buildings and 
structures have been, and will continue to 
be, exposed to weathering and 
degradation (i.e., corrosion, rotting, 
erosion of adjacent ground, etc.), ongoing 
natural degradation of these is not 
expected to materially influence the 
vulnerability of their heritage value over 
the project timescale. 

 

a collection on buildings, it does 
provide some resilience to localised 
changes. 
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5.8.6 Summary 
The cultural heritage of the study area can be summarised as follows: 

 The Bawdwin region has a rich mining history extending over six centuries. The cultural heritage and 
associated values are complex and widespread around the Bawdwin area. 

 Existing tangible cultural heritage features include Chinese heritage features, graveyards, colonial-period 
mining and infrastructure heritage features, religious sites, Bawdwin and Tiger Camp village buildings, 
modern defences. Additionally, there are areas of high chances of accidental discovery of additional 
cultural heritage features, such as graveyards and evidence of Chinese occupation. 

 The features of high cultural heritage importance include: 

- Chinese hillforts and defended ridges, as these are unique features, unlike any found elsewhere in 
Myanmar. 

- Artefacts and evidence of Chinese occupation in Nam Pangyun valley including the remains of 
the Chinese bridge, these features allow for an understanding of the Chinese occupation and the 
historic operation of the mine and hillfort system, and have high historic, scientific 
(archaeological) and technological importance. 

- Mining and smelting evidence from the Chinese era, these sites have high potential 
archaeological and technological research value, particularly as little is known about the early 
minerals exchange network throughout southeast Asia and the mining methods at the centre of 
it. Such features provide important archaeological and technological evidence of early mining 
activity and also aid in the overall interpretation of the Chinese occupation at Bawdwin. 

- Marmion shaft and winding house, as these have high aesthetic, historic, scientific (archaeological) 
and technological importance and are likely to have high social importance and symbolism to 
communities in the Bawdwin concession area.  

- Mining infrastructure in the Tiger Camp precinct, which as high historic and technological 
importance.  

- Central Bawdwin precinct which has been a key area of social importance throughout 
Bawdwin’s history, and has high historic, scientific (archaeological), technological and social 
importance. 

- All graveyards have been considered to have social and spiritual value. The modern graveyards 
are likely to have high social and spiritual value to existing communities. The older graveyards 
are likely to have less social value but higher bioarchaeological and historical value.  

- Namtu to Bawdwin railway, as it has high aesthetic, historic, scientific (archaeological) and 
technological importance and it is expected that the site has potential commercial/tourism value and 
international value. 

5.8.7 Uncertainties and limitations 
The key uncertainties and limitations of this section are: 

 The cultural heritage field survey relied on opportunistic consultation with local people during the field 
survey. As a result, the significance and sensitivities of cultural heritage values do not yet factor in the 
specific views of the local community or the broader scientific community. The assessment of 
significance and importance is based on the professional judgement of the archaeologist, Dr Peter 
Petchey.  
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 The field survey was limited to surface observations only from a single site visit. It is highly likely that 
further information on cultural heritage features at the study area would be found by conducting detailed 
archaeological excavation surveys combined with consultation with local communities. 

 There is high uncertainty in the location of many subsurface heritage features and artefacts, which cannot 
be confirmed until excavation works are conducted. In such cases, the locations of subsurface features 
can only be interpreted from observations of landform, surface expressions or features, and knowledge 
of past activities and events. 

 In many cases, the exact age of the cultural heritage feature cannot be confirmed but only interpreted 
from available evidence. In such cases, best estimates are made of the associated time periods and may 
be in some cases incorrect. 
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5.9 Socio-economic environment 

5.9.1 Context 
The project is located within the Shan Plateau in northern Shan State, Myanmar, approximately 170 km northeast 
of Mandalay and 160 km west of the Chinese border.  

Northern Shan State has six districts. The districts are split into townships, with each township consisting of 
several village tracts, which in turn are made of villages. Typically, villages are also differentiated into separate 
wards. Groups of adjacent villages are known as village-tracts. 

The project is located in Namtu township in Kyaukme District. The neighbouring townships of Manton and 
Namsan townships to the northwest and southwest respectively are known as the Pa Laung Self-Administered 
Zone (SAZ).  

Namtu township comprises 24 village tracts including Bawdwin (also known as Baw Twin) and Namtu Town. 
The administrative basis of Bawdwin and Namtu are outlined in Table 5.74 and shown in Figure 5.52. The 
Bawdwin village tract borders the following village tracts based on data from the Myanmar Information 
Management Unit (MIMU, 2020a): 

 The Hu Hsar village tract to the west (population 914) 

 The Hin Poke village tract to the north-west (population 1,086) 

 The Kyu Hsawt village tract to the north-east (population 926) 

 Namtu Town to the east (population 13,300) and  

 The Hko Mo village tract to the south-east (population 940).  

Table 5.74 Administrative basis of Bawdwin Village Tract and Namtu Urban Village Tract 

Entity Namtu Town Bawdwin Village 

State Shan (North) State 

District Kyaukme District 

Township Namtu township 

Village Tracts Namtu Urban Village Tract Bawdwin Village Tract 

 

The Bawdwin village tract consists of Bawdwin upper and lower villages and Tiger Camp. It comprises the 
following wards: 

 Wards to the north of the existing mine pit: Aung Chan Thar Ward, Thiri Mingalar Ward and Yadanar Myay 
Ward. 

 Wards to the south of the existing mine pit: Pyi Taw Aye Ward, Aung Tha Pyay Ward, Mingalar Kwe Ward 
and Aung Theikdhi Ward. 

 Wards to the east of the existing mine pit: Tiger Camp 1 and Tiger Camp 2. 

Namtu Town contains the Pang Hai Ward and the Tha Ta La Wards, which means 'mining enterprise'. Tha Ta La 
Ward is made-up of seven wards, termed wards one to seven (within this EIA). Tha Ta La Ward was originally 
established to accommodate Bawdwin mine workers and government officers involved in the mine operations.  

The substantial population in Namtu Town, including business and service infrastructure, has a major influence 
on the dynamics of social and business relationships across the region. 
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Figure 5.52 Administrative boundaries  
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Surrounding the Bawdwin concession area, there are several dozen villages lying within the Hu Hsar, Hin Poke, 
Kyu Hsawt, Man Pun, Man Pat 2, Hko Mo, Tun Hsay and Hkay Hkin village tracts, which have a combined 
population of approximately 9,000 people (excluding the Bawdwin village tract). Many of these villages interact 
with Bawdwin and Namtu to varying degrees, for example to access schools and for religious purposes. 

The Bawdwin upper and lower villages are primarily accessed by a gravel road running along the Nam Pangyun 
valley south from the Namtu – Manton Road. The villages largely consist of weatherboard houses with corrugated 
iron roofs situated on terraces along the hillside.  

Bawdwin upper village contains the main Pagoda and Monastery, a number of small shops attached to houses, 
and a primary and post-primary school. It is located in a narrow part of the valley, so only contains one or two 
terraces of houses.  

Bawdwin lower village is more spread-out and located in a more open area of the valley with three or four terraces 
of housing. It contains a second Pagoda and Monastery, Mosque, Baptist Church and Nepalese temple. It has the 
original Bawdwin railway station, post office, a post-primary school and a secondary school, central market, free 
standing shops, medical clinic, cinema, village hall, playgrounds and carpenter’s workshop.  

Within the Bawdwin village areas there are a number of areas of small cropping fields where village residents 
grow vegetables for local consumption. There is also extensive infrastructure used for the former mining 
operations, which includes the open pit to the northeast of Bawdwin lower village, the Marmion Shaft headframe 
and winding house, floatation and concentrator plant, mine offices, workshops, power station, railway lines and 
yards and rail loading facility.   

Tiger Camp contains historical mineral handling infrastructure and a small collection of settlements situated 
around the confluence of the Nam Pangyun and Wallah streams. Infrastructure in the Tiger Camp area was a 
critical part of the mine’s operation during the colonial period and includes the ore tippler, ore bins, railyards, the 
Tiger Tunnel portal, electric substation, office, clubhouse, stone store and police station. Most of these 
infrastructure items are still in service or functioning to some degree. The railway line from Namtu to Bawdwin 
has a station at Tiger Camp. 

Tiger Camp is the collective name applied to two residential areas. Tiger Camp village proper is situated in the 
Nam Pangyun valley and at the confluence of the two streams, while the Wallah Gorge village sits in the valley 
of the Wallah stream. It contains small shops, two Pagodas, one primary and one middle school and a Christian 
church. Tiger Camp has no roads suitable for cars; access is by motorbike or walking, either from the Bawdwin 
Villages via the football field, or from Namtu via the railway line. In addition, WMM normally operates a weekly 
rail service between Tiger Camp and Namtu, which residents of both Bawdwin and Tiger Camp use to shop in 
Namtu. Additional journeys are arranged as required.  

The Nam Pangyun valley hosts the railway corridor and is a relatively narrow valley at Tiger Camp before 
broadening into a wider valley at lower elevations towards the junction with the Myitnge River (known locally as 
the Namtu River). The narrow gauge railway runs from the Bawdwin Mine offices to the Tiger Camp rail loading 
facilities, via the lower village and Wallah Gorge. From the loading facilities the line runs down the Nam Pangyun 
valley to the Namtu Railway Station, which is located on the edge of the Myitnge River, on the south-eastern side 
of Namtu township.  

The valley between Tiger Camp and the Myitnge River junction is home to a artisanal miners who fossick for the 
lead-zinc slag which was discarded during the historical smelting in the Chinese period of occupation and has 
washed into the Nam Pangyun. The numbers of miners present in the valley varies substantially both with seasons 
and also based on the regional security climate (there is generally more miners present in the dry season)) and can 
range from a few hundred to a few thousand. Most accommodate themselves in self-constructed timber, temporary 
bamboo and tarpaulin shelters. There are also a number of permanent houses on slightly higher ground along the 
riverbanks where inhabitants have small agricultural plots. 

Namtu township is centred on the Myitnge River, which bisects the town. Namtu is a large regional town and hub 
for several dozen surrounding villages and farm tracts, providing commercial supplies, fuel, schooling, banking, 
local employment and medical services. Namtu was originally established as the base for the Bawdwin smelter 
and 32 Mile concentrator and tailings facilities. As such, the town does not have a large commercial sector, and 
most of the industrial sector supports the WMM operations. The main industrial operation in the town not 
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associated with WMM is a zinc fuming plant operated by a Chinese company. Namtu has a network of sealed and 
unsealed roads in reasonable condition.  

Beyond Namtu township along the road to Lashio there are two villages of roughly 3,000 people (Man Sam and 
Ei Naing), and numerous smaller villages. The two large villages are located on the main road and have medical 
clinics and limited shops. The road between Namtu and Lashio varies between low to moderate elevation ranges 
and low-lying areas. The lower elevation lands are farmed with relatively broad-acre plantation crops such as corn 
and bananas, with some rubber plantations. Rice fields occupy higher level locations which are closer to water 
sources. The predominant limestone of the Shan Plateau underlies much of the landscape between Namtu and 
Lashio, and is quarried for cement production.   

The following sections describe the existing socio-economic components in relation to the project including 
social, economic, health as well as land use and infrastructure.  

5.9.2 Study area and method 
This section describes the existing socio-economic and health environment in relation to the Bawdwin project.  

The information in this section draws from the Bawdwin Project Socio-economic Baseline conducted by Coffey-
Valentis (2019) (Appendix E). That study characterised socio-economic conditions focussing on the Bawdwin 
and Namtu communities and surrounding areas. The socio-economic baseline study involved a review of available 
data, field survey and community consultation. Additional surveys of farms and villages surrounding Bawdwin 
were undertaken by BJV. 

The information in this section also draws from the health baseline report conducted by Coffey-Valentis (2019) 
(Appendix G), a baseline investigation of blood lead levels in existing workforce by BJV on behalf of WMM, and 
an initial desktop study completed by Vantage Health. Vantage Health is a specialised Myanmar-based 
consultancy comprised of healthcare professionals with diverse expertise in public health, health policy, health 
administration , and evaluation. This study assessed the existing health conditions of residents of Bawdwin and 
select Namtu villages, including aspects related to mortality and morbidity, occurrence of diseases, nutrition, 
accidents and injuries, and other social health determinants. The study also investigated current human exposures 
to contaminants (such as lead and zinc) that may be present in the environment from previous operations and/or 
with the potential to be released from project activities. The health baseline study focusses on the people that may 
be affected rather than a defined/physical area. The health study areas group people and communities living in 
similar geographic regions who may experience comparable project impacts. 

Descriptions of road and traffic conditions in the Bawdwin area and along the main proposed export route between 
Namtu and Lashio are drawn from the road and traffic characterisation study by Valentis (2020) (Appendix F). 

Study areas 

Study areas for social, economic and health aspects were defined in order to group communities living in similar 
geographic locations and with the potential to be impacted by the project by varying degrees. The main study 
areas are the Bawdwin study area and the Namtu study area. Two additional socio-economic study areas 
encompass communities outside Bawdwin which may be affected by project activities.  

 Bawdwin study area (Figure 5.53): is located within the Bawdwin mining concession area and is 
approximately 27 km from Namtu Town. The study area comprises eight wards along the Nam Pangyun 
that surround the existing mine and make up what is known as upper and lower Bawdwin villages. These 
wards are Aung Chan Thar, Yan Naing Kwe, Thiri Mingalar, Yadanar Myay, Pyi Taw Aye, Aung Tha 
Pyay, Mingalar Kwe and Aung Theikdhi. This study area also includes two wards located at Tiger Camp; 
Tiger Camp 1 and Tiger Camp 2 wards. Plate 5.87 and Plate 5.88 show a portion of Bawdwin and Tiger 
Camp villages. 

 Namtu study area (Figure 5.54): comprises seven wards (Tha Ta La Wards 1-7) and the Hseik Khaung 
Village Tract, Har Lin Village as part of the Tha Ta La area of Namtu Town, within the Namtu concession 
area. Tha Ta La can be translated to ‘mining enterprise’, as these wards were originally established to 
accommodate Bawdwin mine workers and government officers. The eight wards within the Namtu study 
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area were selected for the study due to their strong associations with the mine in the past. Pang Hai ward, 
which is located north of the Myitnge River, was not included in the Namtu socio-economic study area 
due to access constraints, however, was included in the Namtu health study area. 

 Regional study area: includes villages in eight village tracts outside the Bawdwin concession (Table 
5.77) that have the potential to be affected by the project. This study area also includes the area between 
Tiger Camp and Namtu along the Nam Pangyun valley which is inhabited by artisanal miners and several 
other landholders. These villages are shown on Figure 5.55. Plate 5.89 shows a typical community of 
artisanal miners in the Nam Pangyun valley. Along roads to the south, west, and north of Bawdwin which 
are not part of the export corridor there are four nearby village tracts in Namtu township, three village 
tracts in Manton township, and one village tract in Namhsan Township. There are several villages within 
these village tracts that are close to the Bawdwin concession (Figure 5.55). 

 Shan State regional study area: comprises regional communities between Namtu and Lashio in 
proximity to the proposed export and logistics corridor that have the potential to be affected by the project 
(Figure 5.56). Other roads from Bawdwin extend north to Manton, south to Hko Mo and west to Hu 
Hsar. On the export route from Namtu to Lashio there are seven village tracts in Namtu township, and 
three village tracts in Lashio township (Figure 5.56).  

Socio-economic and health statistics regarding the Bawdwin and Namtu study areas have been compared to Shan 
State and Myanmar statistics where possible to provide regional and national context. 

Study methods 

Socio-economic baseline study 

The socio-economic baseline study comprised both desktop review of available data and field surveys and was 
conducted between November 2018 and March 2019. The socio-economic baseline study was informed from 
primary data obtained through household surveys, focus group interviews and primary sources, as well as 
secondary data such as relevant analytical reports and articles, where available. 

Field surveys were conducted between 21 February 2019 and 1 March 2019 by a survey team comprising six 
Myanmar nationals with tertiary education and prior survey experience. The team was led by a stakeholder 
engagement specialist, Ms Thet Htar Myint, who provided training to the interviewers on the research 
methodology and the survey material. Once the surveys were completed, the survey leader reviewed each survey 
sheet with the appropriate interviewer as part of the data verification process. Plate 5.90 and Plate 5.91 show 
socio-economic surveys being undertaken. 

Between 20 February and 25 February 2019, approximately 27% of the population (837 people) within the 
Bawdwin study area was interviewed, representing 36% of the households (192 households). Between 25 
February and 1 March 2019, one representative from 172 households within the Namtu study area (17% of the 
households) was interviewed, representing the 725 people that live in these 172 households (13% of the population 
in the study area). Together, approximately 20% of the total population was interviewed, representing 27% of the 
households across the two study areas.  
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Plate 5.87 Bawdwin village 

 

Plate 5.88 Tiger Camp 

 

Plate 5.89 Artisanal miners in the Nam Pangyun valley 
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Figure 5.53 Bawdwin social baseline study area 
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Figure 5.54 Namtu social baseline study area 
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Figure 5.55 Villages from the regional study area 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-261

 

 

Figure 5.56 Shan State regional study area - focussed on villages adjacent to proposed transport 
corridor  
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Methods used for the socio-economic baseline study are summarised in Table 5.75. 

Table 5.75 Socio-economic characterisation study methods 

Method Description 

Primary data sources Primary sources included the statistical and economic reports from relevant Government 
administrative offices, available historical economic surveys, and national statistics and 
censuses prepared by governmental offices or international organisations. The Bawdwin 
General Administration Department (GAD) 2018 and 2019 reports provide demographic 
data for 2017 and 2018, respectively. The Namtu General Administration Department 
(GAD) 2018 report provides demographic data for 2017. 

Household surveys Household level surveys were conducted using questionnaires in Myanmar language. 
They collected data on age and gender of household members, education levels, religious 
practices, employment, household income and expenditure, water and sanitation matters, 
infrastructure (physical and social), health matters, and land ownership and use.  

Households are defined as groups of people living together and sharing resources. Absent 
individuals (for example, children attending boarding school) were included as household 
members if they relied on household support but were not included if residing elsewhere 
or financially independent. 

The distribution of household surveys conducted in the Bawdwin and Namtu study areas 
are presented in Figure 5.57 and Figure 5.58 respectively.  

Focus group interviews Focus group interviews were conducted in all 18 wards of the study areas. Ward 
administrators, household leaders (those who represent 10 households and those of 
higher rank who represent 100 households who are elected by the lower rank household 
leaders), village elders, key informants and other community members were among those 
interviewed from each ward. All survey respondents were able to communicate in 
Myanmar language. 

A total of 232 people were interviewed in the Bawdwin study area between 21 February 
and 25 February 2019, and 213 people were interviewed in the Namtu study area 
between 27 February and 1 March 2019. 

Another questionnaire was distributed at the focus group interviews which collected the 
following information for each ward: list of participants; social profile; vulnerable groups 
in the community; ethnic minority groups; religion; gender roles; community 
organisation; employment and wages; land holding and land use; livestock; access to 
health services; and community infrastructure facilities (e.g., school, health care centre, 
water use and water supply, road transportation, power supply, visual components). 

A series of focus group interviews were conducted with village leaders of surrounding 
villages in proximity to the Bawdwin concession area. This included interviews from Hin 
Poke, and Hu Hsar village tract.  

 

Health baseline study 

The health baseline assessment included both primary (field) and secondary (desktop research) data collection. 
Relevant data from the other EIA studies was also considered as part of the health baseline. ` 

Prior to the commencement of the field survey, the study team sought approval from the Ethics Review Committee 
who are associated with the Medical Research Centre under the Ministry of Defence. The study had a moral 
obligation to ensure research was conducted in such a way that human rights were upheld and that study 
participants and communities were respected, protected and treated fairly. The qualified field team that conducted 
the survey included ten medical graduates trained by Jack Dempsey and Karen Teague of Coffey, and a Myanmar 
supervising medical doctor, Dr. Myo Set Thwe. Written consent was obtained from all study participants.  
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Figure 5.57 Surveyed households in the Bawdwin study area 
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Figure 5.58 Surveyed households in the Namtu study area  
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A baseline health, diet and nutrition survey was conducted to obtain information related to household 
demographics, health indicators, nutritional status, environmental health conditions and communities. Non-
invasive clinical examinations were also conducted as well as gathering local health data. Drinking water, cooking 
water, food and household garden soil samples were collected and sent for analysis at the PT Intertek Ultama 
Services, KAN accredited laboratory in Jakarta, Indonesia. 

At least 10 households from each ward within the study areas participated in the survey. A total of 217 households 
were surveyed across the study areas (114 households surveyed in the Bawdwin study area and 103 households 
surveyed in the Namtu study area). The locations of the surveyed households in the Bawdwin and Namtu study 
areas are presented in Figure 5.57 and Figure 5.58. All surveys were administered by native Burmese speakers. 
Plate 5.92 shows a household health survey being undertaken. 

Methods used for the health baseline study are summarised in Table 5.76. 

Table 5.76 Health characterisation study methods 

Method Description 

Secondary data 
collection 

A desktop health study was conducted by Vantage which included reviewing secondary data 
such as censuses and organisational records and recording observations during a visit of the 
Namtu township area. A range of sources provided information on the local population, local 
health status, disease burden estimates, available health facilities and infrastructure, and the 
existing health workforce. 

Primary data 
collection 

Four questionnaires were used in the surveys, including a household survey questionnaire, 
medical and clinical examination form, 24-hour dietary recall questionnaire, and seasonal 
availability of food questionnaire.  

Household and 
medical questionnaires 

The focus of the household surveys was on demographic characteristics, environmental health 
circumstances, household economic details and healthy behaviour and lifestyles. Environmental 
health parameters that are the main determinants of population health included those related to 
drinking water supply, sanitation, overcrowding, ventilation and control of vector-borne 
diseases. The head of household or other responsible adult (when head of household was 
unavailable) was the target of the questionnaire. 

The medical and clinical form targeted the individual’s perception of their health and any 
medical treatment in the previous year, focussing on clinic conditions included in the Myanmar 
Ministry of Health national report (MoH, 2014).  

Physical examinations were also conducted as part of the household and medical survey which 
included: taking blood pressure; checking patients’ spleen, kidneys and liver; examining eyes, 
teeth and skin; and conducting anthropometric measurements such as height and weight. 

Food consumption and 
food contamination 
studies 

 

Food consumption and food contamination studies were undertaken which gathered 
information on an individuals’ food intake through 24-hour dietary recall and seasonal 
availability of food questionnaires. The study also included measuring current food intake via 
the duplicate meal method, which involved setting aside duplicate portions of all foods and 
beverages consumed in a specific time period and sending these ‘duplicate meals’ to the 
Queensland Government (Australia), Forensic and Scientific Services Laboratory (NATA 
Accredited) for analysis of heavy metal content. 

 

Blood lead level baseline investigation 

To investigate the levels of lead within the current workforce at Bawdwin, BJV on behalf of WMM undertook an 
investigation of the blood lead levels in workers at Bawdwin between April and June 2020. This investigation 
was conducted for occupational health and safety purposes, not for this EIA. However, it has been referenced as 
it provides valuable baseline information.  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-266

 

 

 

Plate 5.90 Socio-economic survey at Yadanar Myay ward 

 

Plate 5.91 Socio-economic survey at Thiri Mingalar ward 

 

Plate 5.92 Health survey 
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The investigation involved the use of a portable lead analysis instrument (LeadCare II) to measure the 
concentration of lead in blood from a finger prick, and a survey to collect social and employment demographic 
information. Qualified medical personnel undertook the calibration of the analyser, sample collection and 
preparation, and sample analysis. A total of 85 workers from the permanent workforce and 61 recently engaged 
contract workers were surveyed and tested on one to three occasions. Contract workers were not residents locally 
and were therefore considered a control group. The permanent workers tested account for 20% of the current 
Bawdwin workforce. 

Road and traffic baseline study 

The road and traffic characterisation study by Valentis investigates the existing road and traffic conditions in the 
Bawdwin-Namtu area and along the main proposed export route to National Highway 3 between Namtu and 
Lashio. This assessment involved a field survey that monitored traffic at six sites in Bawdwin, five sites in and 
around Namtu and three sites in Man Sam village. Monitoring times and days varied to ensure temporal variation 
in traffic was recorded. The road between Bawdwin and Namtu was surveyed in November 2018 to identify and 
characterise the general features. 

In November 2018, a survey was made of the road conditions on the Namtu-Manton public road between the 
junction with the existing Bawdwin Mine access road and Namtu, to examine the general features of the road for 
inclusion in a preliminary engineering review. This survey included surveying, measurement and photography of 
the road and relevant features. It also included identification and measurement of all bridges, floodways, 
landslides, obstacles, passing bays and waterways.  

Surrounding farm and village surveys 

Surveys at several farms and at the nearby Hin Poke and Kone Kayar village tracts were undertaken by BJV to 
obtain socio-economic information and determine the use of Bawdwin facilities and services by these groups, 
such as schools, medical centres, religious facilities, markets. The villages surveyed within the Hin Poke village 
tracts were Loi Mi, Hsai Gaung, Kone Kayar, Nam Hkun and Nam La. The villages surveyed within the Hu Hsar 
village tract were Hu Hsar, Haik Taung (Pa), Yaw Ba Gang, Haik Taung (Ka), Long Jar and Haik Taung. 

5.9.3 Public administration 
The Region or State Government Law (2010) established the General Administrative Department (GAD) as the 
administration for all State or Region governments. The Head of the GAD is the Executive Secretary of the Region 
or State. Below the state and regions, District Administrators and Township Administrators are both GAD 
Officers. The Township Administrator provides direction to the Village Tract and Ward Administrators. These 
arrangements ensure that the GAD is central to all efforts to coordinate, communicate among and convene other 
government actors in subnational governance. 

In accordance with the administrative structure, the Namtu township GAD Officer is the focal contact person to 
coordinate and communicate with Namtu and Bawdwin Administrations, including Tiger Camp. The GAD has 
various key roles, including population registration, land registration, and many forms of tax collection.  

At village level, the Ward or Village Tract Administration Law, first passed in 2012, introduced elections for the 
appointment of Ward or Village Tract Administrators (W/VTAs). Previously, no elections were held, and GAD 
township administrators directly appointed W/VTAs. Since the first round of elections in late 2012, the law has 
been amended twice (in January 2016 and December 2016), altering the election process. Under the current 
system, representatives from each household elect a Household Leader which represents 10 households, who in 
turn elect a Household Leader to represent 100 households. If there is only one elected Household Leader 
representing 100 households, he/she will automatically become the W/VTA. Where there are multiple Household 
Leaders representing 100-households, household representatives vote again to elect a W/VTA. The process is 
overseen by a Supervisory Board of five elders, appointed by the Township Administrator. 

An overview of the Myanmar administrative structure is presented in Figure 2.4.  
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5.9.4 Security 
Northern Shan State hosts various non-government armed groups. The groups predominately fight for autonomy, 
resources and territory.  The major groups are:  

 Ta’ang National Liberation Army (TNLA), established in 1992 and an ally of the Kachin Independence 
Army (KIA).  

 Shan State Army (SSA), which includes Shan State Army-South (SSA-S) and Shan State Army-North 
(SSA-N).  

 Restoration Council of Shan State (RCSS).  

 Myanmar National Democratic Alliance Army (MNDAA).  

 United Wa State Army (UWSA).  

To curb tensions, the Union Government of Myanmar designated certain areas of Shan State as Self-Administered 
Zones. A law relating to the administration of these zones was issued in October 2010. A Self-Administered Zone 
is a form of public administration in Myanmar, which is run by a ‘Leading Body’ consisting of at least ten 
members made up of State or Regional Parliamentary (Hluttaw) members elected from the SAZ and other 
members nominated by the relevant ethnic group (refer Article 283 of the Constitution of the Republic of the 
Union of Myanmar (2008)). The Leading Body has both executive and legislative powers. They are a part of 
Myanmar government, but are self-administered.  

As part of the peace process, a Nationwide Ceasefire Agreement (NCA) was initiated by former President of the 
Republic of the Union of Myanmar, U Thein Sein, on 31 March 2015 and 15 Ethnic Armed Organizations were 
invited to take part. This agreement allows ethnic insurgent groups to participate in the peace negotiation process.  

The SSA-S signed the NCA; however, SSA-N declined to enter the agreement. The other groups in Shan state, 
UWSA and KIA are still in discussion with the Union Government and are not yet signatories to the agreement. 
The KIA formed and led the Northern Alliance (Burma), which includes the Arakan Army, MNDAA and Shan 
State Army. At the time the Myanmar Government were in active conflict with TNLA, the MNDAA and the 
Northern Alliance (Burma) were not invited to join the NCA. Despite the NCA, the groups continue to instigate 
skirmishes between each other and Myanmar Government forces. In December 2017, the SSA and TNLA clashed 
in Namtu Township (Mine Yin Village Tract) and since that time there have been several other clashes in the local 
region 

The current Union Government places peace and order as a high priority for the country and continues to hold 
talks with these groups. There were 12 peace talks with various groups in 2017. The Union Government has 
formed the Federal Political Negotiations and Consultative Committee (FPNCC) to progress the peace 
discussions. 

While some of these groups form alliances (under the umbrella Northern Alliance organisation or in the form of 
bilateral relationships), the links between the organisations are not clearly defined. For example, clashes over land 
control between TNLA and RCSS (aided by their armed wing, SSA-S) reportedly took place in August, 2018 
(The Irrawaddy, 2018). In turn, RCSS and SSPP have been involved in land disputes for a prolonged period of 
time, however in March 2019 RCSS/SSA-S proposed a ceasefire with SSPP/SSA-N (but did not involve TNLA 
in negotiations) (The Irrawaddy, 2019a, 2019b). Given the recent nature of these developments and yet incomplete 
process of signing the truce, the security dynamics are a significant influence over the area. According to media 
and other formal news agencies, the key trigger of tensions is uncertainty about land ownership. 

Members of both the TNLA and the SSA live in the villages surrounding Bawdwin. Infantry Battalion No. 66 of 
the Myanmar Government military is also deployed near Bawdwin and Namtu, with a post at the Military Base 
within the Bawdwin concession. 

5.9.5 Social profile 
Myanmar is one of the world’s most culturally diverse countries, with over a hundred ethnicities, a rich history 
and a wealth of cultural and religious traditions. Myanmar is divided into 21 subdivisions: seven States (Chin, 
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Kachin, Kayah, Kayin, Mon, Rakhine and Shan), seven Regions (Ayeyarwady, Bago, Magway, Mandalay, 
Sagaing, Tanintharyi and Yangon), five self-administered zones (SAZ), one self-administered division and one 
Union territory (Naypitaw is located here). The States are mostly upland, mountainous areas, largely populated 
by ethnic communities besides the Bamar majority. The Regions are located mainly in the valleys with a largely 
Bamar population. The landscape of Myanmar is diverse and defines the agricultural and mineral resources 
potential and largely determines other socio-economic parameters in the study area. 

Shan State is the largest state of the administrative divisions in Myanmar, covering 155,801.38 square kilometres 
(DOP, 2015b), almost a quarter of the country’s total area. It is bordered by Kachin State in the north, the People's 
Republic of China in the north and east, the Lao People's Democratic Republic in the east, Thailand and Kayah 
and Kayin States in the south and Mandalay and Sagaing Divisions in the west.  

Shan State consists of 54 townships and 193 wards and village-tracts. Four of the five SAZs in Myanmar (Pa’O 
SAZ, Danu SAZ, Pa Laung SAZ and Kokang SAZ) as well as the Wa Self-Administered Division are located in 
Shan State. Shan State’s population is approximately 5.824 million people with a population density of 
approximately 34.4. persons per square kilometre, one of the lowest state densities in Myanmar. Population is less 
dense in hilly regions where there are fewer employment opportunities and where transport and communications 
are constrained. 

Generally speaking, people of Shan origin reside in valleys throughout the state while Danu, Taungyoe, Inn-than 
(Inn-hsa) and Bamar peoples predominantly live in the west of Shan State. Pa Laung (alternatively known as Ta-
aung) people live in the northern part of the state, Pa-O ethnic group reside in the south of the state, Kachin and 
Lisu (Lishaw) in the north, Kokang in Kokang region, Wa (Lwela) in Hopang Township on the east of Thanlwin 
River and Eikaw (Arkha) and Lahu in the Kengtung region.  

Most of the residents of Shan State identify as Buddhists, but Islam, Christianity and Hinduism are also practised. 
Myanmar is the predominant language used in the region, but multiple ethnicities also speak different languages. 

National Highway 3 runs approximately 450 km from Mandalay to Muse town on the border with China 
(approximately 250 km away from the Project Area by road)2, where several border trade gates are situated. The 
border-crossing is used for exports of raw materials from Myanmar to China and imports of finished goods (e.g., 
electronics and processed food).  National Highway 3 crosses the Kyaukme, Lashio and Muse Districts of 
Northern Shan State, passing close to Kyaukme, Hsipaw and Lashio. 

Demography 

Demographic data were collected from the Bawdwin Administration Office and the Namtu Administration Office 
records, last updated in 2018, as well as from field studies. The Bawdwin study area field survey was undertaken 
between 15 and 21 February 2019 and the Namtu study area field survey was conducted between 27 February and 
1 March 2019. Households from the Hin Poke, Hu Hsar and Loi Mi village tracts were interviewed in 2020. 

Demographic and education data for the broader communities that may be affected by mining activities were 
collected by using public available demographic data from the 2014 Myanmar census (DOP, 2015a; DOP, 2015b; 
DOP, 2016a; DOP, 2016b). 

Communities 

The population of Myanmar in 2019 was approximately 53 million people (World Bank, 2019). Close to 70 
percent of the population lives in rural areas. 

Population data for the Bawdwin study area was obtained from the Bawdwin GAD reports (BGAD, 2018; BGAD, 
2019). The Bawdwin 2019 GAD statistics (containing 2018 data) for the wards within the Bawdwin show a total 
population of 3,499 across 8 wards and Tiger Camp (Figure 5.59), comprised of 810 families in 534 households. 
There is a record of an increase in population but decrease in families between 2017 and 2018, likely a result of 
an increase in dependents in existing families rather than the start of new families, or inconsistencies in reporting. 

 

2Google Earth imagery, 2019 
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Outside the main Bawdwin villages there are several farming hamlets, including Tiger Camp farms located above 
Tiger Camp and Wallah Gorge near the plant access road, farms associated with lower Bawdwin village, including 
a hamlet associated with Aung Theikdhi Di Ward, Loi Mi farms located west of Bawdwin associated with Loi Mi 
Village, and Nam La farms located near Manton Road in the northeast corner of the Bawdwin concession. 
Additional isolated farming households may be present within the concession. Surveys were undertaken at some 
of the farms, with the household and population breakdown of these groups outlined in Table 5.77. Farms on Chin 
Hill which were surveyed were largely associated with Tiger Camp and are included in the Tiger Camp survey 
results. The lower Bawdwin village farms surveyed were primarily those associated Aung Theikdhi Di Ward, 
with one additional farm outside the concession also surveyed.  

Table 5.77 Households and residents of farming hamlets in and surrounding Bawdwin 

 Households Permanently inhabited 
households 

Number of residents 

Loi Mi farms 10 10 50 

Tiger Camp farms 

+Chin Hill 

14 

+4 

11 

+4 

51 

+14 

Bawdwin lower farms 6 3 14 

Nam La farms 7 4 18 

Namtu Town comprises the Tha Ta La and Pang Hai wards, with a total population of around 13,500. The seven 
Tha Ta La wards were established to accommodate people involved in mining operations. The Namtu GAD 2018 
statistics (containing 2017 data) for the Tha Ta La wards show a total population of 5,699 across 7 wards and Har 
Lin village (Figure 5.59) made up of 1,439 families in 988 households (NGAD, 2018). The population information 
for Har Lin village came from the Har Lin village head. Pang Hai ward is located north of the Namtu concession 
area, with the main ethnic groups being Shan, Kachin and Pa Laung, along with other migrants.  According to the 
2014 census, Pang Hai had a population of 7,634 (DOP, 2015c) 

There are eight village tracts in proximity to the Bawdwin concession area surrounding the Baw Twin village 
tract, with a total population of 8,913. The breakdown of this population by village tract is provided in Table 5.78. 
Within the eight village tracts, there are approximately 23 villages of interest in the Hu Hsar, Hin Poke, Hko Mo, 
Man Pun, Man Pat 2 and Hkay Hkin Village Tracts. These villages are those closest to the Bawdwin concession. 
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Table 5.78 Population of village tracts in the regional study area  

Village Tract Villages near Bawdwin3 Village tract 
population1 

Namtu township  

Hu Hsar  
The Hu Hsar village tract is approximately 9 km to the west and 
southwest of the Bawdwin concession area.  

It comprises six villages in vicinity of the Bawdwin concession 
(villages of interest), each with a population of between one and two 
hundred persons, with the main ethnic groups being Kachin and Pa 
Laung. All villages, except for Yaw Ba Gang, are accessible to Namtu 
by road, and none have connection to grid electricity or a major 
market. 

Hu Ngway 

Long Jar 

Haik Taung (Ka) 

Hu Husar 

Haik Taung (Pa) 

Yaw Ba Gang   

914 

Hin Poke  
The Hin Poke village tract is between 5 to 10 km to the west and 
northwest of the Bawdwin Mine.  

It comprises six villages in vicinity of the Bawdwin concession 
(villages of interest), with one village, Kone Kyar, accounting for 
close to half the total population. Ethnicities of the residents include 
Kachin, Pa Laung, Bamar, with Nam La village including a small 
population of Nepalese. All villages, except for Nam La, have access 
to Namtu by road and/or motorbike track, and none have connection 
to grid electricity or a major market. 

Hin Poke 

Loi Mi4 

Nam Hkun 

Nam Ma La 

Loi Ping (Kone Kayar)5 

Hsin Li5 

Hsai Gaung2   

1,086 

Kyu Hsawt 

Kyu Hsawt village tract is located to the east of the Bawdwin village 
tract. It is sparsely populated with less than 1,000 people.  

No villages of interest 926 

Hko Mo 
Hko Mo village tract borders the Bawdwin village track to the 
southeast and also Namtu Town to the south.  It is sparsely populated 
with less than 1,000 people. 

Hko Hpeik 
Oh Ba Leng Dar Kone 

940 

Manton Township  

Man Pun (Kachin) Man Pun 1,317 

Man Pat 2  Da Bang 

Kya Htan 

Man Pat 

Man Pat (Pa) 

1,447 

Tun Hsay  No villages of interest 337 

Namhsan Township 

Hkay Hkin Ho Pat 

Ho Hoke 

Pang Wat 

Man Wea 

1,946 

1Village tract population data is from the 2014 Census (DOP, 2015c). 
2These villages were surveyed by BJV and identified with the village tract as presented in the table above, however, are not listed in the 2020 
MIMU Place Code list (MIMU, 2020b) or MIMU March 2020 spatial data. 
3Village names sources from MIMU 2020b. Note that only villages of interest near Bawdwin are listed. This is not an exhaustive list of villages 
in each village tract. 
4 Listed in the 2020 MIMU Place Code list (MIMU, 2020b) as within Hin Poke village tract however depicted in MIMU March 2020 spatial 
data as within Baw Twin village tract. 5 Listed in the 2020 MIMU Place Code list (MIMU, 2020b) as within Hin Poke village tract however 
depicted in MIMU March 2020 spatial data as within Kyu Hsawt village tract. 

There are 23 villages within seven village tracts along the approximately 66 km export route between Namtu and 
Lashio. These village tracts have a total population of 16,483 people (excluding the Namtu village tract as this is 
included in the Namtu study area and the Hko Mo village tract as this is included in the regional study area). The 
breakdown of this population by village tract is provided in Table 5.79.  
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Table 5.79 Population of villages along the export route to Lashio  

Village Tract  Villages near the export route2 Village tract population1 

Namtu township 

Nam Taung Kone  Pan Tha Pyay 
Nam Taung Kone 
Ho Kat 
Loi Wein 

1,359 

Man San Man San 
Man Hawng 

3,937 

Pang Chin Kun Kyawng 
Ping Long 
Nyaung Hswei 
Hway Yun 
Nar Mat 
Loke Lay 
Pang Chin 

2,036 

Nar Hseng  Nar Hseng 
Mong Taung 

2,645 

Lashio township 

Loi Tauk Pang Huong 1,114 

Ei Naing  Nawng Kaw (Hsin Keng) 
Ei Naing 
Tar Shwe Han 
6-Maing 

3,527 

Nar Kun Long  Nawng Hlaing 1,865 

1Village tract population data is from the 2014 Census (DOP, 2015c). 
2Village names sources from MIMU 2020b. Note that only villages of interest near Bawdwin are listed. This is not an exhaustive list of villages 
in each village tract. 

Household composition 

The household composition of Shan State as recorded in the 2014 census indicates the median household size is 
4 people and the average household size is 4.7 people (DOP, 2015b). According to the Bawdwin GAD data, the 
average household size is 6 people in the eight Bawdwin wards and 5 people in the two Tiger Camp wards. The 
social baseline field survey data shows that the average household size of survey respondents in the Bawdwin 
study area is four people, two less than determined by analysis of the GAD data. This may be explained by the 
observation that often the extended family of an individual family unit live together in the same dwelling. The 
Namtu study area average household size was 6 people according to Namtu GAD (2018) data, whereas the field 
survey data indicates an average household size of 4 people.  

The most frequent household size of households surveyed by the social baseline team in Bawdwin is 4 people, 
and 5 people in Namtu. The distribution of household sizes in Namtu and Bawdwin is similar to Shan State and 
Myanmar household sizes (Figure 5.59). 

Surveys of Hu Hsar and Yaw Ba Gang villages in the Hu Hsar village tract indicated the average household size 
is between 4 and 5 people, whereas villages in the Hin Poke village tract had an average village size ranging 
between 5 and 12 people. Households in farming hamlets surrounding Bawdwin varied in size, averaging between 
4 and 6 people in the Tiger Camp, lower Bawdwin, Loi Mi and Nam La farms. 

Age groups 

The age profile of the population of Myanmar and Shan State shows an expansive pyramid type population 
distribution with the largest age categories from younger age groups. The 0 to 10 years and 10 to 20 year categories 
dominate the profile (Figure 5.60). This type of age distribution indicates a high birth rate. In comparison, the age 
profile for the Bawdwin and Namtu study areas were more stable or constrictive, with the 10 to 20 year category 
being largest, but other age categories having a greater proportion of people. The Bawdwin and Namtu age 
distribution is more consistent with a population experiencing a lower birth rate and potential emigration of 
younger people. 
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Age data provided by the Bawdwin GAD (2018) is separated into two categories: those under 18 (youth) and 
those 18 and over (adults). Tiger Camp is not considered here as youths are defined as those under 15 which may 
have led to some statistical distortion. The youth were found to represent 31.9% of the Bawdwin study area 
population, according to the GAD data. The field survey data for the eight Bawdwin wards is generally consistent 
with the GAD with 26.2% youths and 73.8% adults (Figure 5.60). 

Age data provided by the Namtu GAD (2018) shows that the youth (under 18 years) represent 28.5%, and adults 
(18 and older) represent 71.5% of the population in the Namtu study area, with the majority of youth being female 
(50.6%). According to the age group data of the field survey respondents, 28.5% of the population are youths, 
71.5% of the population are adults. Overall, the age distribution is similar to that of the Bawdwin study area 
(Figure 5.60). 

Gender  

The gender composition in the Myanmar population is slightly skewed towards females with a ratio of 51.8% 
female to 48.2% male. In Shan State the composition is equal with 50.0% of the population female, and 50.0% 
male (DOP, 2015a; DOP, 2015b). 

The official Bawdwin GAD data (2018) of the gender composition of the population shows that in 2017 
approximately 53.6% of the population in the Bawdwin and Tiger Camp wards were female and 46.4% were 
male. Of the respondents in the field survey in early 2019, 52.1% were female and 47.9% were male. None of the 
individual wards had a population with more males than females. The Pyi Taw Aye ward has the highest ratio of 
females to males with approximately 70% female and 30% male according to the field survey data. 

According to the Namtu GAD data (2018), the Namtu study area population comprises 47.2% males and 52.8% 
females. The gender composition of participants in the field survey is largely consistent with the Namtu GAD 
statistics, with 47.5% male and 52.5% female. 

The gender ratios within the Bawdwin and Namtu study areas as well as the Shan State and Myanmar populations 
are presented in Figure 5.60. 

The gender composition of the village tracts outside Bawdwin that may be affected is similar to that of Shan State. 
The eight village tracts along the export corridor to Lashio have an average composition of 50% male and female. 
Individual village tracts vary, ranging from 48% male and 52% female to 52% male and 48% female. The eight 
village tracts on the roads to the north, south and west of Bawdwin have an overall composition of 48% male and 
52% female.  

Education 

There are two main categories of education in Myanmar: basic education (primary, middle, secondary and high 
school) and higher education (college diploma and university level degrees). Other education includes informal 
monastery education and vocational training.  

Shan State’s socio-economic indicators sit in the mid-range of Myanmar’s statistics, compared to other states. 
However, it has the lowest literacy level and school enrolment rates in Myanmar.  
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Figure 5.59 Population and household size 
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Figure 5.60 Age and gender 
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According to field survey data from the Bawdwin and Namtu study areas, the proportion of people who have 
completed some form of higher education in these areas is relatively high compared with Shan State overall. 
Levels of higher education were 12% in Bawdwin and 8% in Namtu, compared to 5% in Shan State (DOP, 2015b).  
The Bawdwin and Namtu study areas also have higher proportions of people with who have completed some form 
of basic education and less people with no education, compared to Shan State overall. Levels of basic education 
were 79% for Bawdwin, 76% for Namtu compared to Shan State overall in which 49% of people have basic 
education (DOP, 2015b). The proportion of people with no education was 6% in Bawdwin and 8% in Namtu, 
compared to 45% of people in Shan State overall.  

Higher education facilities are generally only available in major population centres and cities such as Mandalay 
and Yangon. Lashio contains two universities: the Lashio University, which focuses on liberal arts, humanities 
and science, and the Technical University of Lashio, which focuses on engineering and technology. 

Within the Bawdwin and Namtu study areas, some elders only received an informal rudimentary education from 
temple monks. The majority of people graduating from primary or post-primary schools from these areas were 
reported to most commonly go on to work as labourers or in factories. Figure 5.61 shows education levels in the 
study areas compared to Myanmar and Shan State.  

Myanmar’s student to teacher ratio is 27:1 at secondary schools and 24:1 at primary schools (World Bank, 2020). 
The average student to teacher ratio is 5:1 at the Tiger Camp middle school and primary school, 16:1 at the three 
primary schools in Bawdwin and 19:1 at the high school (Figure 5.61). It has been reported that the Tiger Camp 
middle school is operating at considerably below its capacity for students. 

Survey data indicated that 786 students attended schools in Bawdwin and Tiger Camp. Follow up surveying of 
school headmistresses by WMM in early 2020 indicated that of these students, 157 students (around 20% of the 
total students attending school in Bawdwin and Tiger Camp) travel from 22 villages outside Bawdwin to attend 
school.  

Most of the students who travel from villages outside Bawdwin to attend school attend the high school (68%), 
with the remainder attending No.2 Primary (14%) and No.3 Primary (18%) (Figure 5.61). Of the students 
travelling from outside Bawdwin, 69% come from villages in Namtu township and 23% from villages in Manton 
township. Of the 22 villages students travel from, students from five villages (Lon Jar, Hai Taung, Hu Ngwe and 
Hu Hsar villages in Namtu and the Man Pat village in Manton) make up 60% of the total number of students 
travelling to Bawdwin.  

Students may travel to Bawdwin for education for several reasons including:  

 Proximity to facilities (in particular high school facilities), e.g. those from the Ho Hoke and Ho Pat 
villages in the Hkay Hkin village tract in Namhsan township may attend as their villages are closer to 
Bawdwin schools than alternative facilities. 

 Parents may be seasonal workers in Bawdwin. 

 WMM provides affordable housing to village students. 

Students who travel to Bawdwin for school either commute daily, usually by walking, or stay in Bawdwin during 
the week, returning to their villages for the weekend. The accommodation options available to students who attend 
school in Bawdwin include housing provided by WMM, monasteries and private guest houses. 

Surveys of the surrounding village tracts and farms indicate some students from the villages in Hu Hsar village 
tract and Hsai Gaung village board in Bawdwin, while some students from Nam Hkun village and the Nam La 
and Loi Mi farms board in Bawdwin or commute by walking or motorbike.  
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Figure 5.61 Education  
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The number of students attending Bawdwin schools from neighbouring villages in 2019/2020 is shown in Table 
5.80. 

Table 5.80 Number of Bawdwin school pupils from neighbouring villages in 2019-2020 

Township/village School Total 

 High School No. 2 Post 
Primary 

No.3 Post 
Primary 

Namtu Township 

Lon Jar 19 8  27 

Loi Myae  8  8 

Hai Taung 12  9 21 

Hin Boke 7   7 

Hu Hsar 16   16 

Hu Ngwe 1  15 16 

Kone Kaya 1 1 1 3 

Hsin Li 3  2 5 

Nam Khun 4 2  6 

Manton Township 

Loi Kan 1 2  3 

Tong Maw 4 1  5 

Man Pat 12  1 13 

Ho Chet 2   2 

Raw Brang 8   8 

Nam Sar 1   1 

Ho Nam 1   1 

Man Loi 1   1 

Loi Khun 1   1 

Lan Pan Kye 1   1 

Nam Hsan Township  

Ho Hoke 3   3 

Ho Pat 8  1 9 

Total 106 22 29 157 

Source: Win Myint Mo Industrial Co. Ltd, March 2019.  

Literacy and language 

Myanmar is the predominant language used in the region. However, many ethnic groups, particularly families 
who are ethnic minorities, speak different languages (including Kachin, Chin, Shan Palung) amongst themselves. 

The 2014 census found that 65% of the Shan State population aged 15 years and older was literate (DOP, 2015b). 
Literacy rates were 70% among men and 59% among women in Shan State. Kyaukme District, where Namtu 
township is located, had a higher literacy rate of 78% for those aged 15 and older compared to the national average 
of 90%. The literacy rate in urban areas of Namtu township was 87%, compared to a rate of 60% in rural areas of 
the Township. Literacy levels in Myanmar, Shan State and Kyaukme District are shown in Figure 5.61. 

A small proportion of respondents to the household surveys in the Bawdwin study area above age 10 are illiterate, 
with approximately 4% of females illiterate in Aung Chan Thar ward, 10% of females and 2.5% of males in Aung 
Tha Pyay ward, 16.5% of females in Aung Theikdhi ward and 7% of females in Mingalar Kwe ward. The 
remaining six wards within the Bawdwin study area have no known records of people who are illiterate. However, 
in Tiger Camp, according to interviews with ward leaders and previous administrative office records, 
approximately 10% of the population is illiterate. 
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Results from the household surveys show that all wards across the Namtu study area have a percentage of the 
female population that is illiterate, ranging from approximately 2.5% at Tha Ta La ward 1 to 17.5% at Har Lin. 
Four wards (Har Lin and Tha Ta La wards 2, 3 and 6) have a percentage of the male population that is illiterate, 
ranging from approximately 2.5% at Tha Ta La ward 3 and 10.5% at Har Lin. Har Lin is a rural village where 
education has been historically difficult to access, and given the majority of respondents from this area were 
elderly people, that is probably the explanation for the larger percentage of the population that are illiterate in that  
area. It is unclear why illiteracy rates are generally higher for females, but it may be connected to traditional 
concepts of gender roles.  

Ethnicity 

There are 8 major ethnicities in Myanmar: Kachin, Kayah, Kayin, Chin, Bamar, Mon, Rakhine, and Shan with 
135 ethnic groups. The distribution of these ethnicities is largely geographical, with the Shan people primarily 
residing in Shan State. 

Most of the community members in the Bawdwin study area are Bamar (90%) followed by Chin (3.8%) and Shan 
(3.2%). Palung (1.4%), Kayin (0.6%), Kachin (0.5%) and Chinese (0.5%) make up the other ethnicities in the area 
(BGAD, 2019).  

In the Namtu study area, most of the community members are Bamar (69.6%), with the next highest ethnicities 
identifying as Shan (16.3%) and Kachin (8.3%). Seven other ethnicities were reported in the Namtu study area 
including Nepalese (1.8%), Kayin (1.5%), Palung (1.1%), Hindu (0.7%), Chinese (0.3%), Chin (0.3%) and Wa 
(0.1%) (NGAD, 2018).  

The Namtu study area is more diverse than the Bawdwin study area due to higher commercial and industrial 
activity in the area, which attracted workers from within Myanmar and abroad. The population in the Bawdwin 
concession area is also more tightly controlled by GAD and ME-1 due to their relationship (i.e., employment and 
housing) linked to the mine. It cannot be confirmed whether those identifying as Chinese, Nepalese or Hindu are 
first generation or second and third generation. 

The populations of both the Bawdwin and Namtu study areas are not considered to meet the definition of 
indigenous people (e.g., IFC, 2012), or in other words social groups that identify themselves as distinct from 
mainstream groups in national societies. People that are defined as indigenous are often more vulnerable to adverse 
impacts associated with project developments than non-indigenous communities. This vulnerability may include 
loss of identity, culture, and natural resource-based livelihoods, as well as exposure to impoverishment and 
diseases.  

In the Hu Hsar and Hin Poke village tracts, the main ethnicity in most villages is Kachin (Hu Hsar, Yaw Ba Gang, 
Haik Taung (Ka) and Hsai Gaung villages). The main ethnicity in the other villages in these tracts include Palung 
(Haik Taung (Pa) and Kone Kayar villages), Li Hsu/Kachin (Lone Jar village) Kachin/Bamar (Nam Hkun village) 
and Nepalese/Gurkha (Nam La village). Surveys of households in the Loi Mi farms indicated the main ethnicities 
are Gurkha and Kachin. 

Religion 

Myanmar has no constitutionally established state religion and many different religions are practiced, although 
87.9% of the population identify themselves as Buddhist. Other religions in Myanmar include Christianity (6.2%), 
Islam (4.3%), Hinduism (0.5%) and Animism (0.8%) and other (0.2%) (DOP, 2016b). Most Shan States residence 
identify as Buddhists (81.7%), but Islam (1.0%), Christianity (9.8%), Animism (6.6%) and Hinduism (<0.1%) are 
also practiced (DOP, 2016b).  

According to the Bawdwin GAD (2018), a majority of the Bawdwin study area community members identify 
themselves as Buddhist (94.7%), followed by 4% identifying as Christian and 0.9% identifying themselves as 
Muslim. In the Bawdwin villages there are seven monasteries, three Sikh temples and two churches. 

In the Namtu study area, according to the Namtu GAD (2018), an even greater majority of community members 
identify themselves as Buddhist (99%) with the remaining members identifying themselves as Christian (0.6%) 
and Hindu (0.3%). In Namtu there are five monasteries, two Hindu temples, two Mosque temples and two 
churches. 
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The religious identifications within the Bawdwin and Namtu study areas and at the national level are shown on 
Figure 5.62. 

Vulnerable people 

Vulnerable people include those who: 

 have disabilities (blind, deaf, hearing impairments, have had polio, or suffer from mental illness), 

 live in a female led household,  

 live alone; and,   

 are over 85 years old.  

As discussed above indigenous people and ethnic minorities can also be considered vulnerable groups.  

In Shan State, 3.9% of the population is disabled, 21.7% of households are female led, 3.8% live alone and 0.3% 
of the population are over the age of 85 (DOP, 2015b).  

In the Bawdwin study area 1.7% of people are disabled, 20.3% of households are female led (with 15.8% of the 
population occupying these households), 4.1% live alone and 0.83% are over 85 years old. In the Namtu study 
area, 4.3% of people are disabled, 15.7% of households are female led (with 29.9% of the population occupying 
these households), 2.4% live alone and 3.7% are over the age of 85. People over 85 years old in both Bawdwin 
and Namtu are entitled to social welfare support. 

In Myanmar the retirement age is 60, but there are no mandatory pension obligations and the population do not 
have access to a government pension, except for civil servants. A retired employee who has paid contributions to 
the Health and Social Care fund for at least 180 months is entitled to medical treatment provided by a specified 
clinic. Approximately 4% of the Myanmar population over age 15 are government employees, which similar to 
the proportion of government from the Namtu township (3.2%).   

Social organisations 

A range of for-profit and not-for-profit organisations and social services are present in the study areas. The 
organisations and social services within the Bawdwin study area (35 known) and Namtu study area (29 known) 
that mostly focus on youth, education and the elderly (Table 5.81).  
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Figure 5.62 Religions and vulnerable groups 
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Table 5.81 Organisations and societies in the Bawdwin and Namtu study areas 

Ward Organisations/Groups 

Bawdwin study area 

Aung Chan Thar Youth group 

Yadanar Myay Women’s group 

Youth group 

Pyi Taw Aye Youth group 

Anar Gat A Lin Tane Educational Foundation 

Computer Training 

Religious group 

Aung Tha Pyay Youth group 

Workers' Committee 

Anar Gat A Lin Tane Educational Foundation 

Twel Lat Myar 

Mingalar Kwe Workers' Committee 

Myit Tar Phyu 

97/98 Student Team 

Anar Gat A Lin Tane Educational Foundation 

Twel Lat Myar 

Youth group 

Aung Theikdhi 97/98 Student Team 

Twel Lat Myar 

Youth group 

Tiger Camp 1 Pyin Nyar Yaung Chi Educational Foundation 

Youth group 

Tiger Camp 2 Pyin Nyar Yaung Chi Educational Foundation 

All wards  Mining Workers Federation Myanmar  

Namtu study area 

Ward 1 Tha Ta La Youth Group 

Ward 2 Myanmar conservation Team 

Youth group 

Phyu Sin Myit Tar blood donation 

Wards' committee 

Ward 3 Phyu Sin Kyal 

Lu Mhu Yae 

Ward 4 Youth group 

Ward 5 Youth group 

Ward 6 Youth group 

Ward 7 Women’s group 

Religious group 

Har Lin Tha Ta La Youth Group 

Religious group 

 

Immigration and emigration 

Up until the late 1950s, Namtu was one of the British empire’s most important mining centres, with its own 
airfield, hospitals, recreational facilities and other infrastructure. The town’s development probably caused inflow 
of labour to the Bawdwin and Namtu areas from central parts of Myanmar. As determined through the household 
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surveys and focus group interviews, residents are second or third generation in-migrants and consider the study 
area their ‘homeland’. Retired workers for the old Bawdwin mine say they do not have a home to return to and 
therefore have stayed in the area in subsidised accommodation provided by WMM. There has been no significant 
recent inflow of labour to the study area as there have been no mining operations in the area since 2009, but the 
commencement of oxide mining at Bawdwin in June 2020 (which is not in the scope of this EIA) may change this 
situation.  

The majority of emigrants from the Bawdwin study area are employed in Namtu, Lashio and Muse as unskilled 
labour, with few employed as skilled workers in other parts of Myanmar or overseas. Results from the household 
survey show that approximately 350 family members of the respondents (equivalent to 43% of the field survey 
population or 10% of the total Bawdwin population (BGAD, 2019)), most under 40 years old, have left the 
Bawdwin study area in search of work. Approximately 700 family members of the respondents (equivalent to 
98% of the field survey population or 12% of the total Namtu population (NGAD, 2018)) in the Namtu study area 
have left the area in search of work.  

5.9.6 Economic profile 
Myanmar’s economy is one of the least developed of southeast Asia. Much of the population is engaged directly 
in agricultural livelihoods, with rice being the most common, which covers about 60% of the country's total 
cultivated land area. Other key industries in the country include forestry, manufacturing, mining, oil and gas and 
tourism. The main exports for the country are natural gas, timber, pulses, beans and rice, clothing and gems.  

Myanmar is a nation in transition. In 2011, when new President Thein Sein's government came to power, the 
country embarked on a major policy of reforms including anti-corruption, currency exchange rate regulation, 
foreign investment laws and taxation. This policy reform continued following democratic elections in 2015 and 
has resulted in rapid economic growth and measurable improvements in social welfare. 

Notwithstanding improvements in social welfare it is estimated that a quarter of the population are considered 
poor with poverty being more prevalent in rural areas (FAO, 2016).  

On a regional scale, rates of poverty in Shan state are relatively high compared to other areas of Myanmar. 
Agriculture is the largest economic sector in the state, even in urban areas, followed by mining and by tourism in 
the south of the state.  

Employment 

The economy and livelihoods of people in the Bawdwin and Namtu study areas centre on persons working in the 
mining sector or those retired. Nearly all community members have a regular income from either a Government 
paid pension or a monthly salary from WMM for mining activities. When the Bawdwin mine was operating, at 
least two generations of family members from the Bawdwin and Namtu study areas were employed at the mine. 
After WMM took over the mining license in 2009, the workforce gradually decreased from approximately 2,000 
to 600, leading to people having to work outside the Bawdwin mine area as labourers. 

The main sources of income for people in the Bawdwin and Namtu study areas are employment in mining 
operations, casual labour and seasonal jobs. Mining jobs are important not only for income, but also for subsidised 
housing. Of the respondents from the surveys and focus group interviews in the Bawdwin study area, the majority 
remain working in the mining sector (56%) or are retired (18%). In Namtu, the majority of the survey respondents 
either work in the mining sector (46%) or are retired from the mining sector (11%).  Formal employment 
opportunities for women are often available in office work in the mining sector. Aside from working in formal 
employment in the mining sector, artisanal and opportunistic mining of slag on hillsides and downstream of the 
mine and in ER Valley is a source of income and livelihood for both residents of Bawdwin and Tiger Camp 
communities and a population of artisanal miners beyond the Bawdwin mining concession area. The population 
varies seasonally with the largest during the dry period.  

Employment in Myanmar and Shan State is typically in the agriculture, forestry and fishing sectors, with 72.7% 
of people working in these sectors in Shan State and 52.4% of people in Myanmar (DOP, 2016a). Contrastingly, 
very few survey respondents reported the head of household working in these sectors in Bawdwin (1.2%) and 
Namtu (4.4%). 
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Crop farming in Bawdwin is primarily for subsistence, but some agriculture products are sold in local markets 
and some also sold in Namtu and Lashio. Jengkol or dogfruit, is a key cash crop of the study areas, which believed 
to have medicinal properties, such as purifying blood, easing dysentery and preventing diabetes). 

It is not possible to determine the exact unemployment rate across both study areas due to seasonal employment 
of unskilled workers in smaller occupations (small-scale sales). Many respondents to the surveys stated that there 
are few job opportunities for the younger generation, including university graduates.  

Employment by sector for the Bawdwin and Namtu study areas, along with Shan State and Myanmar more 
generally is presented in Figure 5.63. 

Livelihoods for villages and farms surrounding the Bawdwin concession area are primarily based on agriculture. 
In Hu Hsar village tract, the principal staple crops are paddy and vegetables, while tea is the principal cash crop. 
In the Hin Poke village tract, the principal staple crops are corn, paddy and vegetables, with tea and jengkol being 
the principal cash crops. In Loi Mi farm households, the staple crops are maize, tea leaf and jengkol, while the 
principal cash crops are seasonal vegetables. Generally, residents of surrounding villages and farms are not 
employed in Bawdwin, with the exception of some mine workers from Nam La village in the Hin Poke village 
tract.  

Villages surrounding the Bawdwin concession area access the Bawdwin villages for commerce (use of the market 
or retail shopping), with the purchase of fuel or mechanical repairs being most frequently mentioned.  

Domestic work 

The survey study found that household responsibilities, such as cooking, washing, fetching water and childcare, 
were shared between males and females. The labour division is also shared, although some interviewed females 
have more household duties as they also head their households. Minoletti (2016) reports that cultural norms still 
play a strong role in household division of labour in Myanmar and there is an uneven division of labour in the 
household with men typically being resistant to domestic chores seen as a woman’s responsibility. Most families 
in Myanmar have the father listed as the household head, according to the GAD family registration records 
(BGAD, 2019). Men and women participate together in social activities, but men generally take the lead 
responsibility in decision-making and governance roles in society. 

Household Income 

The average annual GDP per capita in Myanmar is 1,694,219 MMK or roughly 1,200 USD (approximately 
141,185 MMK per month) (CEICData, 2020). The mean monthly household income in Bawdwin is 
263,923 MMK, with the average income of individual wards ranging from 190,750 MMK to 387,615 MMK. 
The mean monthly household income in Namtu is 246,187 MMK with the average income of individual wards 
ranging between 110,909 MMK to 360,206 MMK. 

Household income and expenditure for the Bawdwin and Namtu study areas is presented in Figure 5.63. 

There is no material wage difference between male and female labourers in the Bawdwin area, however there is 
a difference in income between skilled and unskilled labourers in the Bawdwin and Namtu areas (Table 5.82). 

Table 5.82 Daily income of skilled and unskilled labour in Bawdwin and Namtu 

 Bawdwin Namtu 

Skilled labour 6,000 – 9,000 MMK per day 7,000 – 11,500 MMK per day 

Unskilled labour 5,000 – 6,000 MMK per day 5,000 – 6,000 MMK per day 

 

Expenditure 

As shown in Figure 5.63, household expenses are almost the same as earnings in both Bawdwin and Namtu study 
areas. The main expenditure items are food and housing, followed by education, health and social activities. The 
lack of job opportunities in the areas force people to send their children to work elsewhere and remit funds home, 
otherwise older generations are unable to sustain themselves on their own pensions and salaries.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-285

 

Debt is defined as the gap between expenditure and income and an inability to pay for goods and services in the 
absence of physical cash. There are no known debt mechanisms reported during the field survey, such as credit 
card debts or mortgage loans, that are available in the study areas, although informal systems are widespread in 
Myanmar and known to be important elsewhere. In Bawdwin and Namtu respectively, 54% and 50% of survey 
respondents have debt. The percentage of survey respondents in each ward in Bawdwin with debt ranges between 
20% and 73%. In each ward in Namtu this ranges between 32% and 71%. A lower number of dependents, higher 
skill levels, proximity of the ward to commercial activities and employment opportunities may explain why 
households in certain wards accumulate surpluses and do not have debt. 

Assets 

Most household assets in both study areas are non-luxurious items (electric cookers, water heaters and television 
sets). Most households have access to a mobile phone. Some people own motorbikes for commuting to and from 
school and work. 

Land ownership 

Myanmar’s current land-administration system retains many features of the one established during British colonial 
rule. At present, land administration in Myanmar is characterised by multiple and overlapping institutional 
mandates, laws and regulatory frameworks, and indeterminate land classification (FAO, 2016). 

The GAD of the Ministry of Home Affairs is responsible for administering and managing all non-forest and non-
farm land in the country. This includes town, village, religious and common land, riverbanks, ponds, cemeteries, 
grazing pastures and disposable state land. The GAD has branches at township and state/region levels and acts as 
the representative of the central government at these levels.  

The Settlement and Land Records Department under the Ministry of Agriculture and Irrigation is responsible for 
maintaining land registry and cadastral maps and has branches at state, district and township levels. Each township 
is further divided into a number of circles, each headed by a land inspector (assistant staff officer) who is 
responsible for, among other things, validating and checking land records (FAO, 2016). 
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Figure 5.63 Employment, income, expenditure and debt  
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There are eleven different classes of land in Myanmar, as follows: 

 Freehold Land 

 Grant Land 

 Agricultural Land 

 Garden Land 

 Grazing Land 

 Vacant, Virgin and Fallow Land  

 Forest Land 

 Town Land 

 Village Land 

 Cantonments 

 Monastery Land 

Each land type has its own rights and obligations for Myanmar citizens. Depending on the type of land, the 
owner/lessor will need to obtain certain approvals or follow certain procedures before a lease can be legally 
concluded and registered on the land in question, or before a company can apply for a construction permit. 

Myanmar nationals (individuals and companies) are able to sell, lease, mortgage and transfer their rights to land, 
whether it is a freehold, leasehold or Government lease, to other Myanmar nationals. However, the Transfer of 
Immovable Properties Act sets out the key restrictions for foreign ownership of real property in Myanmar.   

In essence, the restrictions mean that foreigners cannot be transferred property from a Myanmar national. The 
exception to this restriction is where foreign companies established in Myanmar are issued a permit by the 
Myanmar Investment Commission (MIC). In this case, obtaining land rights involves first negotiating with 
individual land rights holders on a case-by-case basis. Then, approval for the arrangement must be sought from 
either the local, state or regional authorities. Finally, the MIC must approve the land right acquisition arrangement. 

Depending on the particular type of land, the lessor will have to apply for a change of purpose of the land before 
he can lease the land to a foreign-owned company. Common types of land are Garden Land and Agricultural 
Land. 

In the legal context the term ‘Garden Land’ is inclusive of the broader definition of the term ‘Agricultural Land’. 
However, the type of crop(s) grown on it may differ from those usually grown on agricultural land. Besides, the 
amount of revenue payable to the government with regard to garden land is much higher. Garden land is also not 
transferable although in practice transfers by sale take place frequently in practice. 

Agricultural land is specifically designated for paddy or crop cultivation. Agricultural land cannot be used for any 
purpose other than paddy or crop cultivation, unless the purpose of the land is changed. The Farmland Law and 
Farmland Rules set forth the procedures that are required to obtain permission to use Agricultural land, as well as 
permission to change the purpose of such land. To obtain legal permission to use Agricultural land, a farmer must 
apply to the relevant village or tract farmland management committee for a Farmer’s Certificate (also called Form 
7). If the farmer then wishes to change the purpose of the land, then the farmer must apply to the township 
department office for permission to change the purpose of the land. The farmer must specify the purpose for which 
he wishes to use the land. 

The granting of large-scale state land leases was commenced by the military government in 1991 and accelerated 
after the adoption of the Wastelands Instructions that year (FAO, 2016). 

For state land leases, a contract (often called a permit or concession agreement) is prepared, allowing the investor 
to carry on a specific kind of commercial or development activity in an area. This could be developing land/natural 
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resources, exploring for minerals or operating a concession stand. Such an understanding generally covers 
agribusiness ventures, mining concessions, oil and gas exploratory permits and logging in forest areas. 

WMM lease rights 

Under the Myanmar Mines Law (1994), all minerals and mineral products, whether in situ or extracted from the 
ground, are owned by the State. MONREC is responsible for mineral concession rights in Myanmar and there are 
various mining enterprises under MONREC which are responsible for policy, exploration, and taxation. Mining 
Enterprise 1 (ME-1) is the contracting department for Bawdwin/Namtu. 

The right to explore or mine minerals in Myanmar does not come with land ownership rights. Rather permits are 
granted by MONREC that allow the holder of the permit to undertake exploration and mining activities on the 
land. The exploration or mining company is required to negotiate a right of access to the land to explore or mine. 
Usually at the mining stage this involves purchase of the land if it is owned privately, however this is not required 
if it is Government owned. 

The rights to conduct work and produce ore in the study area are governed by the Production Sharing Contract 
(PSC) on Production and Processing of Lead and Zinc in Namtu-Bawdwin Mine between ME-1 and WMM. Under 
the contract, ME-1 transferred all fixed property at Bawdwin and Namtu to WMM as well as the responsibility 
for ME-1 staff employed at those locations. The Bawdwin concession area and Namtu concession area transferred 
to WMM are located in Namtu township, covering an area of approximately 2,458 ha and 491 ha, respectively. 

Community land rights 

Due to the lease agreements between ME-1 and WMM, the community is prohibited from trading land and 
housing within the concession areas. WMM provides housing and accommodation to the majority of its 
employees. Rentals are subsidised for persons employed by WMM in the Bawdwin and Namtu concession areas, 
and residents not employed by WMM pay an unsubsidised rate. Unsubsidised rental rates are between 4,000 and 
8,000 MMK per month.  

Housing extensions and new dwellings have been erected by some residents, at their own cost, to allow for family 
growth. These structures usually do not have electrical connection.  

5.9.7 Health profile 
The Department of Health (DOH), one of seven departments under the Ministry of Health, is responsible for the 
management of public health activities through various national programmes in collaboration with development 
partners, civil service organizations and community-based organizations. Public health services in Myanmar are 
delivered to the communities by rural health centres (RHCs) and sub-rural health centres (sub RHCs) through 
corresponding township, district, and region and state health departments that provide technical assistance and 
support. 

The DOH plays a major role in providing comprehensive health care throughout the country including remote and 
hard-to-reach border areas. Some government ministries also provide health care for their employees and their 
families. These include Ministries of Defence, Railways, Mines, Industry, Labour, Energy, Home and Transport. 
National Health NGOs such as Myanmar Maternal, Child Welfare Association and Myanmar Red Cross Society 
also provide some health-related services to communities. Smaller private, not-for-profit, Community Based 
Organizations (CBOs) and religious-based societies also provide a range of health services including ambulatory 
care, emergency medicine, institutional care and social health protection in some large cities and townships.  

In terms of key health issues in Myanmar, malaria is one of the most prevalent diseases. It is endemic in 284 out 
of 330 townships. Malaria represents an enduring public health problem due to climatic and ecological changes, 
population migration to rural economic frontier areas (to seek employment in such sectors as forestry, mining, 
plantations and roadbuilding) and the evolution of the multi-drug resistant (MDR) Plasmodium falciparum 
parasite. Tuberculosis (TB) is another major health problem. In global terms, Myanmar has the 22nd highest rate 
of TB, the 27th highest MDR-TB prevalence rate and the 41st highest HIV prevalence rate. HIV/AIDS prevention 
and care initiatives have been promoted in Myanmar at a state level since 1989.  
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Health and medical infrastructure and access 

In Myanmar there are public and private hospitals. Private hospitals are accessible to all, provided that the patients 
are able to pay for their healthcare.  

There is a small government hospital within the Bawdwin study area. This hospital is staffed by two nurses and 
does not have a doctor. The facility is not well equipped or supplied and lacks essential prescription drugs. 
Accordingly, the facility does not fully meet the needs of the community, especially in emergency situations. In 
Tiger Camp, there is one sub health care centre and one health assistant who is supported by community 
volunteers.  

The private clinic in Bawdwin (operated by BJV) is available for mining company employees only. The clinic has 
up to three doctors on roster at any given date and is well-equipped with basic essential medicines and medical 
devices. A well-equipped ambulance with assigned drivers is available for emergency transportation. The clinic 
is designed and equipped to stabilise and maintain life in case of emergencies prior to evacuation to an external 
medical facility with greater capability. 

Diagnostic facilities for common illnesses and occupational diseases are poor in both the public hospital and the 
private clinic. People in the Bawdwin community not employed directly by the mine need to go to Namtu to buy 
required medicines. Many Tiger Camp residents travel to the public hospital in Bawdwin as the Tiger Camp 
Health Sub-Centre is in very poor condition and is only run five days per week. 

Namtu has a public hospital (150 beds) that is in overall good condition compared to other township hospitals in 
Myanmar. The hospital’s laboratory and imaging services are not tailored to the occupational hazards more 
commonly seen in the mining industry, or mining occupation-related disease, which are not easily detected with 
current equipment. There are only four doctors in the public sector in Namtu, with an extreme shortage of other 
health workforce colleagues (nurses and public health supervisors). In Namtu township there is an overall doctor-
to-population ratio of 1:7,260. The national average doctor-to-population ratio is 1:1,640, and the WHO 
recommended ratio is 1:1,000. Participants in household interviews and focus groups believe that medical 
equipment in the Namtu hospital is outdated, not well maintained and often out-of-order.  

Lashio General Hospital is the only tertiary public hospital in the region that delivers multi-specialty services, and 
is located approximately 50 km from Bawdwin. Although limited in terms of emergency care, it remains the only 
option for life (or limb) threatening conditions. There is also a private Aung hospital in Lashio, which has limited 
services. Bawdwin and Namtu residents rely heavily on Lashio General Hospital and private hospitals for their 
major health problems. 

There is one national program relating to employer-liability, which dictates mandatory risk pooling, for child and 
family, maternal, sickness and employment injury. Legislation has not yet entered into force for unemployment 
benefits, disability benefits, survivor pension (deceased's dependent widow(er), children, or parents) and old age 
pension. Disability benefits mainly come from social insurance, but in 2015 its effective coverage was only 0.4% 
of the population. 

The average number of patients per doctor for the Bawdwin and Tiger Camp villages, Namtu and the Myanmar 
average is presented in Figure 5.64. Plates 5.93, 5.94 and 5.95 show three healthcare facilities in the region. 

Questionnaires completed at the focus group interviews in the Hu Hsar village tract reported a significant level of 
dependence on services available in Bawdwin village. Health services accessed by questionnaire respondents 
included trauma treatment, obstetrics, supply of medicine and referrals to higher order centres. While all 
respondents considered the level of services provided was mediocre, the only alternative for these health services 
was in Namtu, which is significantly further and costlier. Similarly, questionnaire respondents from the focus 
group at Hin Poke village tract and Loi Mi farm also used the Bawdwin health services and had similar concerns 
about accessing healthcare at Namtu.   
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Community health profile 

General physical and mental health 

The health baseline survey of 217 households across Bawdwin and Namtu was used to inform the general physical 
and mental health profile of Bawdwin and Namtu communities. This involved a household survey questionnaire, 
medical and clinical examination form, 24-hour dietary recall questionnaire, and seasonal availability of food 
questionnaire as described in Table 5.76. 

Overall, the population of Bawdwin and Namtu seems to be in good health with low numbers of chronic disease, 
infectious disease and vector-borne disease. Figure 5.64 presents the types of medical conditions Bawdwin and 
Namtu respondents recorded in 2018. The high incidence of gastritis in comparison with other reported medical 
conditions is likely due to the prevalence of H. Pylori in Asian countries (50 to 90%). Approximately 87% of 
Bawdwin respondents and 80% Namtu respondents considered their health in the last year (either their own or 
their children’s) as good or very good. Only 3.2% reported themselves to be in poor health and 13.8% reported 
that they were in fair health. Approximately 90% of Bawdwin respondents reported their mental health over the 
last year as good or very good with only one individual reporting poor mental health. In Namtu, 77% of 
respondents reported their mental health over the last year to be good or very good, with no-one reporting poor 
mental health. 

Physical examinations 

Blood pressure measurements 

Blood pressure was measured in a total of 390 individuals (225 females and 165 males) which included only four 
infants. Hypertension/high blood pressure (systolic blood pressure greater than 140 mm Hg) was found in (15.1% 
of females, and 14.6% of males), but severe hypertension (greater than 180 mm Hg) was found in only 1.3% of 
females and 0.6% of males. The reported prevalence of high blood pressure in Myanmar is approximately 30% 
for both sexes. The collected data reflects the generally good state of health of the participants and corresponds 
with the low levels of obesity and other metabolic disorders. 

Anthropometry measurements 

Anthropometric measurements were taken to develop estimates of under-nutrition (including stunting and 
wasting) and over-nutrition (over-weight and obesity) in infants, children, adolescents and adults in the surveyed 
Bawdwin and Namtu households.  

Body mass index (BMI) is the internationally recommended indicator of over-weight and obesity in children, 
adolescents and adults (WHO, 1995). Of the 39 children aged six to 18 years, 46% were underweight, 8% were 
within the overweight and obese range, and 46% were within the normal BMI range. Of the 353 adults aged 19 to 
60, only 13% were underweight and 29% were overweight or obese, with the remaining 59% within the normal 
BMI range (Figure 5.64). This is consistent with approximately 23% of adult males and 39% of adult females 
having a high waist circumference.  

BMI values above the acceptable range can be indicative of potential for several lifestyle-related conditions 
including high blood pressure, heart disease, type 2 diabetes and increased mortality. High waist circumferences 
are associated with increased risk of cardiovascular disease. Of the respondents in the Bawdwin and Namtu study 
areas, respectively, only 3.0% and 4.7% suffered from diabetes in the previous year (Figure 5.64), and 
approximately 15% of individuals have high blood pressure (Figure 5.64).  

Acute, chronic and severe chronic malnutrition (lack of proper nutrition) prevalence in infants (aged 5 years or 
less) can be determined using weight-for-age, weight-for-height and height-for-age as indicators. Severe wasting 
and obesity are indicated by a weight-for-height value three standard deviations below or above the WHO median 
value (growth standard), respectively (WHO, 1995). Of the 24 infants measured, three males (13%) showed 
evidence of severe wasting and one male and one female (9%) recorded weight-for-height values indicating 
obesity. All other values (78%) were within the normal range (within two standard deviations above and below 
the median). No reliable estimate can be made of the incidence of malnutrition. The quantity and nutritional value 
of the available food is adequate in these populations. The causes of stunting in infants is unclear but may be due 
to disease or illness or a lack of protein rich food (less likely). 
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Reproductive health and support 

Survey questions regarding reproductive health were asked to women between 17 and 45 years of age; however, 
the total number of responses varies between questions, possibly due to respondents choosing to not answer some 
questions and the nature of the questionnaire. There were no significant differences between the Bawdwin and 
Namtu communities. 

Only three of the 188 interviewed married women were pregnant at the time of the survey. Approximately 77% 
of respondents reported access to prenatal care and 77% reported giving birth (on at least occasion) at a health 
service institution. Of the respondents, 76% received tetanus vaccination, 76% took iron supplements and 69% 
took Vitamin A supplements. 

Only 9% of respondents reported difficulty in getting pregnant for more than one year, implying generally good 
reproductive success. The reported total number of pregnancies per woman ranged from 0 to 10. Only six of the 
165 respondents did not have children. 

The median number of children for those with children was three, with 454 children in total. Difficulties carrying 
to term was reported by some respondents, with one woman reporting seven pregnancies and five miscarriages or 
stillbirths and another reporting five pregnancies and four miscarriages or stillbirths. 

Rates of early miscarriage and foetal wastage were well within normal ranges. The total number of early 
miscarriages and late miscarriages plus stillbirths (59) equates to 13% of living children (although the numbers 
are inconsistent with the total exceeding the individual categories). Miscarriage in the early stages of pregnancy 
is common. Studies show that approximately 15% to 20% of women who know they are pregnant have a 
miscarriage at some point before 20 weeks of pregnancy, with 80% occurring in the first 12 weeks. Another 38 
children (8% of living children) died before the age of 5 years.   

Overall, the surveyed women reported an overall healthy reproductive status, as most had successfully borne 
several children and few reported difficulties getting pregnant.  

The rate of infant and child death (less than 5 years old) in Myanmar is high at 49 deaths per 1,000 live births in 
2018 (approximately 5% mortality) (WHO, 2019) compared to more developed countries in the region. There is 
no apparent trend in cause of death. However, infectious disease accounts for approximately 30% of cases. The 
rate of annual childhood mortality based on data from Namtu Town hospital varied between 6 and 20 deaths per 
1,000 live births (between 0.6% and 2.0% mortality), lower than the national rate.  

The crude birth rate, crude death rate, infant mortality rate and maternal mortality rate in Namtu township, Shan 
State and nationally is presented in Figure 5.64.  
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Plate 5.93 Sub healthcare centre (Lower Tiger Camp) 

 

Plate 5.94 No. 7 Hospital (Pyi Taw Aye) 

 

Plate 5.95 No 5. Hospital (Tha Ta La ward 4) 
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Figure 5.64 Health statistics 
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Immunization status 

The 2018 WHO immunisation schedule for Myanmar recommendations vaccination against the Bacillus Calmette 
Guérin, hepatitis B, diptheria, haemophilius influenzae type b, polio, rubella, measles, tetanus, pneumococcal 
conjugate and Japanese encephalitis (WHO, 2019).  

Immunization information was provided for 42 infants ranging in age from 1 to 55 months. Not all mothers were 
able to produce a health care card. Coverage for measles was 26 infants (62%), BCG (Bacillus Calmette-Guérin) 
30 infants (71%), polio 38 infants (81%), DPT3 (diphtheria, pertussis and polio) 36 infants (75%), hepatitis B 34 
infants (81%), and Japanese encephalitis 6 infants (14%).  

The achieved immunization rates in the surveyed communities compare reasonably well with the 2018 WHO and 
UNICEF (2020) estimates for Myanmar as a whole (BCG 90%, DTP3 91%, polio 91%, measles 87%). 
Approximately only 50% of all children in Myanmar 12 to 18 years old will complete the full recommended 
immunization schedules, as there are difficulties in achieving full immunization such as geographical isolation, 
low economic status, younger maternal age, fewer antenatal care visits, and no maternal tetanus vaccination.  

Immunisation rates in study areas compared to the national average is shown in Figure 5.64. 

Mortality and morbidity 

Morbidity refers to the rate of disease in a population and mortality refers to the number of deaths in a given time 
or place. Table 5.83 summarises the most prevalent health problems in Bawdwin and Namtu in 2018 (according 
to health records from the Namtu township Health Department), and Table 5.84 summarises the leading causes of 
mortality in Namtu township over 2016, 2017 and 2018. 

Table 5.83 Leading causes of morbidity in Bawdwin and Namtu township in 2018 

Rank Bawdwin and Tiger Camp Namtu township 

1  Acute viral infection Acute respiratory tract infection 

2  Injury (not specified whether work related or not) Gastritis 

3  Acute respiratory tract infection Acute gastroenteritis 

4  Gastritis Acute viral infection 

5  Skin diseases Hypertension 

Table 5.84 Leading causes of mortality in the Namtu township 

Rank 

Cause of mortality 

2016 2017 2018 

1  Acute gastroenteritis Cardiovascular accident Cardiovascular accident 

2  Acute respiratory tract infection Koch’s Lung (tuberculosis) Narcotic abuse 

3  Cardiovascular accident Retroviral infection Koch’s Lung (tuberculosis) 

4  Acute viral infection Narcotic abuse Preterm/low birth weight 

5  Koch’s Lung (tuberculosis) Gastrointestinal tract bleeding Hepatic encephalopathy 

 

Health problems occurring in Namtu and Bawdwin communities are similar to those commonly seen across 
northern Shan State, where gastritis, acute viral infection and respiratory tract infection were also the leading 
causes of morbidity. However, skin diseases (such as allergic dermatitis or fungal skin infections) were more 
common in the Bawdwin area and narcotic-related deaths (mainly drug overdoses) were significant in Namtu 
township in 2017 and 2018. The high rates of narcotic abuse do not correspond with the low rates of narcotic use 
reported by survey respondents (only two respondents at Namtu admitted to the use of illicit substances). Smoking, 
betel nut and alcohol were reported as being commonly used/consumed in Bawdwin and Namtu. Smoking 
cigarettes and alcohol use were higher in the Namtu communities than at Bawdwin but betel nut use was slightly 
lower than at Bawdwin. 
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Hospital records from 2016 to 2018 show no evidence of occupational diseases in Namtu township, although, 
some staff in Namtu Hospital mentioned lead poisoning cases in 2003 in Namtu. Hospital records of the lead cases 
were not available.  

Communicable diseases 

Of the 430,056 total deaths in Myanmar in 2016, 18% are estimated to be due to communicable diseases (13.3% 
to infectious and parasitic diseases and 4.7% to respiratory infections) (WHO, 2020). Of the deaths caused by 
infectious and parasitic diseases, tuberculosis (43.3%), diarrhoeal diseases (20.9%), and HIV/AIDS (13.6%) were 
the most common (WHO, 2020). Of the deaths caused by respiratory infections, 99.8% were estimated to be 
caused by lower respiratory infections. This is comparable to trends elsewhere in South East Asia, where 18.1% 
of deaths in 2016 are estimated to be due to communicable diseases (12.4% infectious and parasitic diseases and 
5.7% respiratory diseases). Of the deaths caused by infectious and parasitic diseases, 38.0% were by tuberculosis. 
Globally, 14.9% of deaths were estimated to be caused by communicable disease in 2016. Of the infectious and 
parasitic diseases (9.7% of total deaths), 23.5% of these could be attributed to tuberculosis.  

Nutrition 

Food and nutrition play a vital role influencing health. Food consumption and food contamination studies were 
undertaken to understand the nutritional health of individuals within the Bawdwin and Namtu communities. 

Food sources and seasonal availability of foods 

Food sources are similar between Bawdwin and Namtu communities. Fresh food is bought from the local market 
three to six days per week by 44% of households in Bawdwin and 73% of the households in Namtu, with these 
foods generally available year-round. Namtu households purchase packaged food from the local market more 
frequently that the Bawdwin community (41% vs 22%). Wild sourced or hunted food is rarely reported in either 
community. In both communities about 25% of all fresh food is locally grown by friends and neighbours 
seasonally, with availabilities ranging from two to eight months. The reported seasonal availability of foodstuffs  
(either grown or hunted locally or bought from markets) varied depending on the respondents (nineteen 
households were asked about seasonal availability) and the source of the food, therefore it is assumed for the food 
frequency questionnaire that all foodstuffs are available all year. 

24-hour dietary recall and nutrition at survey communities 

Households were asked to report the main ingredients or dish names that were consumed in the previous day. In 
the 1,700 meals recalled, the two most commonly reported main ingredients in meals were rice (515 meals) and 
green vegetables (383 meals) with fish (179 meals), chicken (108 meals) and eggs (93 meals) as the main protein 
sources. This is consistent with the findings of the survey of nutrition, with the same dominant carbohydrate and 
protein sources. There were only small differences in the consumption frequencies between Bawdwin and Namtu, 
with dietary recall and survey of nutrition both indicating that the diets in Bawdwin and Namtu are very similar.  

Consumption of green vegetables was high in the Bawdwin and Namtu study areas, with mean consumption 
varying between 4 to 6 times a week and daily. Fresh fruit was reported to be consumed at an average of two to 
three times a week. These results may be a consequence of the timing of the survey (May 2019), but direct 
observation implied availability of garden produce all year. The nutritional status of communities is directly 
influenced by access to an adequate quantity and quality of food. Food selection is greatly influenced by household 
income and other economic factors (particularly family size) and seasonal food availability.  

Metal concentrations in food 

Two to three meals (considered to be representative of food eaten over a 24-hour period) were collected from 
selected households, combined, blended, frozen and shipped to the Queensland Health Forensic Science Services 
laboratory for analysis of metals and metalloids.   

A number of metals such as arsenic, cadmium, lead and mercury are naturally occurring in food. Metals can also 
occur as residues in food because of their presence in the environment (soil, water or the atmosphere), as a result 
of human activities such as artisanal mining, farming, industry or car exhausts, or from contamination during food 
processing and storage. 
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Food standards have been determined by World Health Organization (WHO) and the Food and Agriculture 
Organisation of the United Nations (FAO) in the Codex Alimentarius Commission (WHO, 2019) for a number of 
contaminants and toxins in foods. Similarly, the European Commission (EC, 2010) and Food Standards Australia 
and New Zealand (FSANZ, 2016) also provide food standards.   

Both regulatory authorities generally focussed on additives to foods (e.g., pesticides) and on those foods that can 
contribute significantly to the total dietary intake of a particular chemical (such as mercury in shellfish). Therefore, 
guidelines have only been established for cadmium; lead in plant foods; and arsenic, cadmium, lead and mercury 
in aquatic biota. 

In both Bawdwin and Namtu, the maximum concentrations of arsenic, cadmium and lead exceeded the screening 
criteria as defined in the health baseline study (Appendix G). In most wards, the average concentration of lead in 
foods also exceeded the screening criteria (0.05 mg/kg). The concentrations of lead in the blended meals in six 
wards was more than double the screening criteria. The average lead level in food in Mingalar Kwe ward 
(Bawdwin lower village) was more than six times the screening criteria and in Yan Naing Kwe ward (Bawdwin 
upper village) the lead level was more than 10 times the screening criteria. Data indicates the intake of lead in 
food in the selected Bawdwin wards (less so in the Namtu wards) is a significant exposure pathway for residents 
in these areas.  

Living conditions 

Most residents have lived in the same dwelling since before the handover to WMM in 2009 and most heads of 
households have been resident for over four decades. Houses are generally made of wood or bamboo with tin 
roofing. Plates 5.96, 5.97 and 5.98 show examples of houses in the study area, and Plate 5.99 shows the kitchen 
of a house in Bawdwin. 

Most of the surveyed houses have floor areas less than 50 m2 with generally larger dwellings in Namtu compared 
to Bawdwin. The floor areas of surveyed houses are shown in Figure 5.65.  The majority of houses were considered 
to have satisfactory ventilation (59% in Bawdwin and 49% in Namtu), and less than 3% of houses in Bawdwin 
and 17% of houses in Namtu were considered to be poorly ventilated. Most households reported that they do not 
cook inside the house or use an open fire inside the house where people sleep (72% in Bawdwin and 83% in 
Namtu).  

Access to potable water  

Households who participated in the health baseline survey were asked to report their normal source of potable 
water. Drinking water and domestic water samples were collected from households and communities and analysed 
in June and August 2019. Results of the drinking water sample analysis are presented in Section 5.3.3. 

Drinking water in the Bawdwin study area mostly comes from streams, channels and pipes, followed by public 
tap and house connection. The location of key drinking water sources for Bawdwin and Tiger Camp villages is 
shown in Figure 5.66. Nam Pangyun cannot be used as a water source as several public toilets are located along 
the stream bank making it a wastewater stream.  

Most water source infrastructure was reported by interviewees as satisfactory (drinking water from uncovered 
tanks and undeveloped sources (e.g., springs and wells) with some attention paid to hygiene), a smaller number 
were described as good (potable water from covered tanks or other protected sources) and very few were 
unsatisfactory (unprotected sources with evidence of water pooling, mosquito larvae present and area 
contaminated with household wastes). Breakdown of the condition of drinking water infrastructure (as reported 
by interview respondents) is presented in Figure 5.67.   
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Figure 5.65 Floor area of homes in Bawdwin and Namtu 
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Figure 5.66 Location of key water resources in the Bawdwin study area  
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Figure 5.67 Condition of drinking water source infrastructure by ward in Bawdwin 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-300

 

In all Namtu Tha Ta La wards the Kho Mo Reservoir, located approximately 2 km south of the Myitnge River at 
Namtu, is the main source of drinking water. WMM built tube wells in some wards as the reservoir does not have 
sufficient water for the whole Namtu area during the dry periods. Most water source infrastructure is considered 
satisfactory, followed by a smaller number described as good and very few described as unsatisfactory. The 
location of key drinking water sources for Namtu is shown in Figure 5.68. Breakdown of the condition of drinking 
water infrastructure (as reported by interview respondents) is presented in Figure 5.69. 

The majority of the households in Bawdwin and Namtu (79% and 75%, respectively) treat their water in some 
way (about 25% of households use filters and about 50% of households boil the water). Some households drink 
untreated water for reasons that are unspecified. During the rainy season, some households in both study areas 
switch to collecting rainwater or sourcing water from a nearby well, due to the high turbidity in the streams. 
During dry periods, some households purchase bottled water. 

Sanitation and waste management 

In the Bawdwin study area, almost all toilets are located along the Nam Pangyun bank and discharge directly to 
the stream (with no treatment) (87%), with the remaining toilets discharging into the ground (12%) or to a septic 
tank (0.8%) (Figure 5.70). Most toilets are common and public (66%) and few houses have private toilets (34%). 
Soap and water are available to wash hands at most toilets.  

Namtu has a higher percentage of households with their own toilet compared to Bawdwin (71%). Two households 
in Namtu reported having no toilet implying they use a yard, bush, local river or stream. The primary sewage 
disposal method in Namtu is for sewage to drain to the ground (67%) or a septic tank (27%) (Figure 5.70). Soap 
and water are available to wash hands at the majority of toilets in the area. Common toilets are located throughout 
Namtu and typically shared between four and five households. The only exception is in Tha Ta La ward 7 which 
has limited space for a common toilet. A few senior and officer houses have separate toilets that drain to a stream 
or river. Plate 5.100 is an example of a toilet in Namtu. 

Solid waste management is an issue in the Bawdwin and Namtu study areas which negatively impacts the 
environment. Whilst 74% of households in Bawdwin and 97% of households in Namtu reported having waste 
management systems in the field survey, this primarily involved burning or other disposal methods including 
dumping into nearby streams. Uncontrolled dumping and burning of rubbish are commonly practiced and result 
in land, water and air pollution. Due to limited space, financial limitations, lack of enforcement and social 
awareness issues, there are no designated dump sites for solid waste. Plate 5.101 shows an unofficial waste 
dumping site. 

5.9.8 Environmental health exposure pathways 
Environmental exposure pathways and impacts for people living and working near mining operations have been 
widely studied around the world. Understanding the characteristics of contaminants that may be exposed and the 
behaviour of people in these areas, determine the likelihood exposure and absorption of such contaminants. 

The substances and hazards identified as likely contaminants of potential concern for the baseline health 
assessment of Bawdwin and Namtu included: 

 Metals either naturally occurring or elevated due to historical mining or processing activities. 

 Particulates and gases as a result of dust generation and combustion of fossil fuels. 

 Microbial presence due to inadequate sanitary or hygiene practices. 

 Excessive noise that may negatively impact health.  

Since the Bawdwin project will be occurring in a ‘brownfields environment’ that has had a long history of lead-
silver-zinc mining and smelting, metals and in particular lead are deemed to be the key contaminants of concern.  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 5 E Guard Environmental Services |  5-301

 

 

Figure 5.68 Location of key water resources in the Namtu study area  
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Figure 5.69 Condition of drinking water source infrastructure by ward in Namtu 
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Figure 5.70 Living conditions 
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Plate 5.96 Housing in Bawdwin study area 

 

Plate 5.97 Housing in Namtu study area 

 

Plate 5.98 House in Yan Naing Kwe ward 
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Plate 5.99 Kitchen of a house in Bawdwin  

 

Plate 5.100 Toilet facility in Namtu 

 

Plate 5.101 Waste dumping site in Bawdwin mine area 
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Contaminants such as particulate material and metals can cause toxic and other health effects in humans. Chronic 
exposures to certain metals can cause a number of long-term health effects. Metal toxicity is dependent on the 
route of exposure (primarily entering the body’s system via inhalation or ingestion), the type of metal and what 
form it is in which will also influence its absorption into the body. Metals that are inhaled or ingested (via sources 
such as food or drink) have the potential to cause adverse health effects, depending on the dose and period of 
exposure.  Metals such as arsenic, cadmium, copper, lead, mercury, selenium and zinc usually occur in soil at low 
concentrations as a result of natural process such as weathering of rocks and minerals.  

Particulates in airborne dust enter the body via inhalation. The very fine particulates are able to reach the lower 
parts of the lung where they may become lodged or enter the systemic system.  Laboratory and epidemiological 
studies have identified that these particles, if present in elevated levels, have the potential to cause adverse health 
impacts in susceptible people. 

People living near lead mining and processing operations (even ones currently not in production, such as the 
historical Bawdwin mine) may be exposed to lead (and other contaminants) by breathing dust particulates in air, 
drinking water, eating foods, or swallowing dust or dirt that contain lead. Fresh vegetables grown in lead 
containing soils may have lead dust particulates on the surface and hand-to-mouth contact may also occur after 
exposure to lead-containing soil or dust.  In humans, exposure to lead can result in a wide range of biological 
effects depending upon the level and the duration of the exposure. Health effects range from inhibition of enzymes 
to the production of significant changes to body functions and death. Such changes occur over a broad range of 
doses.  

Environmental exposure pathways 

The communities of Bawdwin and Namtu share many similarities; both have been and are being exposed to the 
impacts of environmental degradation brought about by a long history of mining and smelting in the local area. 
Currently the exposure to contaminant metals is higher at Bawdwin than in Namtu, due to the rural nature of the 
communities in the Bawdwin concession area and the local geology with high levels of natural as well as mine-
derived contaminants. However, historical and current processing activities at Namtu is also likely to contribute 
to exposure of contaminants. Current mineral processing at Namtu is being undertaken by other companies that 
are not linked to the project. 

The environmental media and likely exposure pathways identified in this baseline assessment include: 

 Ingestion of lead from dust or other material on hands and face 

 Inhalation of vaporised lead when smoking with hands contaminated with dust or other material containing 
lead 

 Direct ingestion of lead and arsenic in water used for cooking. 

 Incidental ingestion of lead and arsenic water during bathing, washing, cleaning or swimming. 

 Inhalation of fine dust particulates (PM10) and lead in particulate matter when undertaking activities outdoors. 

 Incidental ingestion of lead in dust in the ambient air. 

 Ingestion of lead in dust deposited on surfaces including food, floor, toys and other materials, particularly by 
young children. 

 Inhalation of disturbed dust indoors which contains fine particulates and lead. 

 Ingestion of lead and other metal contaminants in or on locally grown foods. 

Exposure assessment 

An assessment of environmental exposure pathways was completed in the health baseline study (Appendix G), 
which was informed by socio-economic baseline study (Appendix E), as well as environmental investigations 
described in Section 5.1 for soils and existing contamination, Section 5.2 for groundwater, Section 5.3 for surface 
water, Section 5.5 for air quality and Section 5.6 for existing noise. 
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Investigations of air, water, and soil showed that there a range of contaminants that were recorded at elevated 
concentrations in Bawdwin and Namtu study areas, but particularly the Bawdwin study area. To ensure the 
protection of human health, international agencies have derived health-based screening criteria for water, soil and 
air for contaminants of concern or pollutants that may cause ecological or human health impacts. 

Based on available data evaluation of metals in soil, water, air and food, the presence of lead and other metals 
indicates exposures to the identified receptor populations may occur via multiple exposure pathways.  
Contaminants of concern recorded above health screening criteria levels in the Bawdwin and Namtu study areas 
are presented in Table 5.85. 

Table 5.85 Confirmed contaminants of concern above recommended health screening criteria 
 

Source Exposure Pathway Bawdwin Namtu 

Surface water 

 

Ingestion of drinking water. 

Ingestion of water used in 
cooking. 

Incidental ingestion of water 
during washing, cleaning, 
irrigation etc. 

Inhalation of aerosols. 

Dermal contact. 

Antimony, arsenic, cadmium, 
lead, nickel, and zinc. 

Lead 

Groundwater (springs) Antimony, arsenic, cadmium, 
copper, lead, nickel, and zinc 

No data available. 

Drinking water Bacteria (E. coli), arsenic, 
cadmium, lead, manganese 

Lead and manganese 

Soils (general) Inhalation of particulates. 

Incidental ingestion. 

Dermal contact. 

Antimony, arsenic, cadmium, 
chromium, cobalt, lead, 
nickel, and zinc 

Antimony, arsenic, 
cadmium, cobalt, lead, 
nickel, and zinc 

Garden (gardens) Ingestion of home grown 
produce/ animal products. 

Antimony, arsenic, cadmium, 
chromium, copper, cobalt, 
lead and selenium 

No data available. 

Food Ingestion of food. Arsenic, cadmium, and lead Arsenic, cadmium and lead 

Ambient air Inhalation of particulates. 

Incidental ingestion. 

Dermal contact. 

TSP, PM10, chromium, and 
lead 

TSP, PM10, chromium, lead 

Dust Inhalation of particulates. 

Incidental ingestion. 

Dermal contact. 

Dust deposition and lead 
content 

Dust deposition and lead 
content 

Noise Audible noise. Noise exceedances Noise exceedances 

 

A preliminary conceptual site model for health exposures to contaminants of concern was developed based on the 
locations, behaviours of contaminants of particular concern in various source media and their potential transport.  
The preliminary conceptual site model forms the basis for identifying potential receptors and the selection of 
potentially complete exposure pathways.  

The conceptual site model for the Bawdwin area and the potential exposure pathway linkages are presented in 
Figure 5.71.  
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Figure 5.71 Conceptual site model for Bawdwin of exposure pathway linkages 
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Lead in the environment 

People living near lead mining and processing operations (such as the former Bawdwin mine) may be exposed to 
lead by breathing dust particulates in air, drinking water, eating foods, or swallowing dust or dirt that contain lead. 
Lead released into air may also come from burning of solid waste that contains lead, windblown dust, burning or 
weathering of lead-painted surfaces, fumes and exhaust from leaded gasoline, and cigarette smoke. Fresh 
vegetables grown in lead containing soils may have lead dust particulates on the surface and hand-to-mouth 
contact may also occur after exposure to lead-containing soil or dust.   

The proportion of samples exceeding the selected lead health screening criterial as well as the potential exposure 
pathways associated with each media are presented in Table 5.86. 

Table 5.86 Exposure analysis of lead in analysed media 

Media Percentage of samples 
exceeding screening 
criteria 

Potential exposure pathway 

Bawdwin Namtu 

Household water 
supply 

48% 6%  Direct ingestion of lead, arsenic and other metal contaminants 
in water used for drinking or cooking. 

 Incidental ingestion of lead and other metal contaminants water 

during bathing, washing, cleaning or swimming. 

Soil Gridded soil 
sampling 
(XRF) (1) 

100% (1) 

21% (2) 

-  Inhalation of fine dust particulates (PM10) and lead in 
particulate matter generated when undertaking activities 
outdoors. 

 Incidental ingestion of lead in soil or from dust generated when 
undertaking activities outdoors. 

 Ingestion of lead on surfaces including food, floor, toys and 
other materials, particularly by young children. 

 Inhalation of disturbed soil indoors which contains fine 

particulates and lead. 

Targeted soil 
sampling 

100% 100% 

Garden soil 
sampling 

95% NA 

Air Dust 
deposition 
gauges 

100% 100%  Inhalation of fine dust particulates (PM10) and lead in 

particulate matter when undertaking activities outdoors. 

 Incidental ingestion of lead in dust in the ambient air. 

 Ingestion of lead in dust deposited on surfaces including crops, 

food, floor, toys and other materials, particularly by young 

children. 

 Inhalation of disturbed dust indoors which contains fine 

particulates and lead. 

Particulate 
matter in 
ambient air 
(high volume 
air sampler) 

56% 30% 

Food: Blended meals 75% 39%  Ingestion of lead and other metal contaminants in or on locally 

grown foods, or foods grown and transported from local areas 

NA – Sampling not conducted 
1Bawdwin village areas 
2Tiger camp area 

 

The number of exceedances in all media tested indicates the potential exposure pathways identified for the 
populations of interest in Bawdwin are complete (or confirmed).  Whilst there are strong indicators that a number 
of the exposure pathways occur for the populations in the Namtu study area, there is increased uncertainty due to 
the smaller dataset in this location as the focus of this study on the Bawdwin and Tiger Camp communities.  

The levels of lead measured in environmental media in Bawdwin indicates that residents are potentially exposed 
to elevated lead (and other metals) via multiple media and exposure pathways.  There is a significantly high 
potential these exposures may pose a serious health risk to the population in this study area.  
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Lead concentrations in blood 

Separate to EIA health investigations, BJV on behalf of WMM undertook an occupational health investigation of 
the blood lead levels in workers at Bawdwin between April and June 2020. The investigation involved the use of 
a LeadCare ll portable lead analysis instrument to measure the concentration of lead in blood. This testing was 
completed for a sample of local employees and also a sample of recently engaged contract personnel. The latter 
were not residents locally and were therefore considered a control group for WMM workers.  

The investigation tested blood lead concentrations of 85 employees and 61 contractors. Of the 85 employees, 26 
were women between the ages of 24 and 59 years, and 59 were males between the age of 31 to 71 years. All the 
employees tested had resided in Bawdwin or Tiger Camp for at least 10 years and 65% of those tested had lived 
in Bawdwin for their entire life. The contract workers were all males between 17 and 57 years, who had only 
resided in Bawdwin for 2 to 18 days prior to testing. The age distribution and period of time working at Bawdwin 
tested are in Table 5.87 and Table 5.88. 

Table 5.87 Age of Bawdwin workers and contract workers tested 

Age Permanent workers Contract workers 

Male Female Total Total (All Male) 

<20 0% 0% 0% 8% 

21-30 0% 0% 0% 36% 

31-40 7% 15% 9% 26% 

41-50 34% 50% 39% 28% 

51+ 59% 35% 52% 2% 

 

Table 5.88 Employment length of permanent workers tested 

Years employed at the mine Male Female Total 

<1 0% 0% 0% 

10-14 3% 0% 2% 

15-19 7% 15% 9% 

20-24 17% 31% 21% 

25-29 19% 35% 24% 

30-35 31% 8% 24% 

35+ 24% 12% 20% 

 

The results of the blood lead level testing are shown in Table 5.89 and Figure 5.72. All of the permanent workers 
had blood lead levels over the 10 µg/dL threshold above which adverse effects are expected, compared with 48% 
of the contract workers. Over 65% of permanent workers had measured blood lead levels greater than 40 �g/dL, 
and over 18% had measured levels at 65 �g/dL or over. As 65 �g/dL is the maximum level measurable by the 
LeadCare ll instrument, some of these workers may have blood lead levels exceeding this. 

The United States CDC considers blood lead levels to be elevated when above 5 µg/dL (CDC, 2016), with adverse 
effects when levels are above 10 µg/dL including increased blood pressure, and impacts to renal, reproductive 
and neurological functions (NHMRC, 2015). Potential health effects associated with a blood lead level of over 40 
�g/dL include neurobehavioural effects, blood abnormalities, cognitive impairment and gastrointestinal 
problems.  Above 60 µg/dL, effects can include blood abnormalities, lead encephalopathy and may cause death 
at particularly high levels (around 120 µg/dL) (NHMRC 2015).While the blood lead levels of nearly half of the 
contract workers exceeded 10 µg/dL, the maximum level was 27.5 �g/dL. The contract workers were not local 
residents and had only been employed on site for a short amount of time. Compared to the contract workers, the 
permanent workers tested had considerably higher blood lead levels (Table 5.89, Figure 5.72).  
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Symptoms and onset of lead poisoning may vary due to individual susceptibility, but it is likely that most of the 
permanent workers at Bawdwin experience adverse health effects associated with the toxic levels of lead in their 
bodies. While some individuals with elevated blood lead levels may be asymptomatic, the signs and symptoms of 
lead toxicity may be more evident in the workers who had blood lead levels measured at 65 �g/dL or over. 

Female workers typically had lower blood lead levels, which may be due to the type or location of employment 
at the mine. Most of the females surveyed did either general work (other, not in the pit or plant) (35%) or office 
work (27%). Most men were involved in general pit and plant work (39%). Men who worked near exposure 
sources often had elevated blood lead levels, such as those who did general work and the pit and plant (ranging 
between 30.5 �g/dL and 65 �g/dL), and geologists and samplers (ranging between 17.6 �g/dL and 65 �g/dL). 
Men who were less exposed also had elevated blood lead levels, such as those who did office work (65 �g/dL) 
and security (ranging between 37.4 �g/dL and 65 �g/dL). This indicates occupational exposure may not be the 
only exposure pathway for these workers. 

Table 5.89 Blood lead concentration ranges and percentage of affected workers 

Blood lead concentration range (µg/dL) Permanent workers Contract workers 

<10 0% 52% 

10-19 1% 38% 

20-29 12% 10% 

30-39 20% 0% 

40-49 27% 0% 

50-59 14% 0% 

60-65* 26% 0% 

*The maximum level measurable by the LeadCare II instrument is 65 �g/dL. 

5.9.9 Land use 
Most (86%) of the survey respondents of the Bawdwin study area use the land for residential purposes. Some 
small areas of land are used for raising domestic animals and for small shops. At Bawdwin, there is limited 
agricultural activity, although there are some areas used to grow vegetables and crops that are sold in local markets 
and some also sold in Namtu and Lashio with jengkol and corn being the primary produce being sold. Plate 5.102 
shows an example of crops near Tiger Camp. In contrast, 58% of respondents in the Namtu study area use the 
land for residential purposes, with other land uses including and animal raising.  

Approximately 21% of respondents in the Namtu study area have land they use for small private gardens (Plate 
5.103 and 5.104), whereas only 1.5% of respondents in the Bawdwin study area reported that they use land for 
agriculture. A proportion of Bawdwin residents use gardens for subsistence use, growing seasonable vegetables. 
Livestock is only raised for domestic consumption. Cattle, chicken and pigs were found in both study areas. As 
there is limited agricultural activity in the study areas, the key food sources are the main market in Pan Heik and 
a bazaar near Namtu Station. No survey respondents reported hunting activities. 

The different land uses within the Bawdwin study area are shown in Figure 5.73, showing buildings, residential 
areas, industrial and mining areas, and mountainous and forest areas. Most residential areas consist of WMM staff 
housing, office buildings and the hospital area.  
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Plate 5.102 Crops in Tiger Camp 

 

Plate 5.103 Home garden in Namtu 

 

Plate 5.104 Home garden in Namtu 
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Figure 5.72 Lead levels in blood of workers at Bawdwin  
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Figure 5.73 Land use in the Bawdwin study area 
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The different land uses within the Namtu study area are shown in Figure 5.74, showing residential areas, 
commercial and residential areas, industrial areas, and mountainous and forest areas. Residential areas make up 
the largest portion of the study area bound by mine related industrial plants. 

Land use surrounding the Bawdwin concession area is primarily agricultural with the principal staple crops being 
paddy, corn and vegetables, while tea and jengkol are the principal cash crops. Villages in the Hu Hsar and Hin 
Poke village tracts, including the Nam La and Loi Mi farms, largely rely on farming, so land use is primarily 
agricultural in these areas. Farming households often have livestock which may roam free, including cows, goats 
and chickens. 

5.9.10 Infrastructure facilities 
Public infrastructure in the Bawdwin and Namtu study areas consists of religious buildings, recreation centres, 
post offices, railway stations and hospitals. There is a total of 37 community facilities in the Bawdwin study area, 
and 35 in the Namtu study area. The types of service each provides and their locations are presented in Table 5.90 
and Table 5.91. Households in the farming hamlets in the Bawdwin concession report using the Bawdwin and 
Tiger Camp shops and schools, and may access other facilities when required. 

A general overview of the location of various infrastructure facilities in each study area are shown in Figure 5.75 
and Figure 5.76. In addition to the community (public) facilitates, private hospitals and health centres are also 
located within Bawdwin and Namtu. 

Table 5.90 Community facilities in Bawdwin study area 

Facilities 

Upper Village Wards Lower Village Wards 
Tiger 
Camp 
Wards 

Total 
Aung 
Chan 
Thar 

Yan 
Naing 
Kwe 

Yadana
r Myay 

Thiri 
Mingala
r 

Pyi 
Taw 
Aye 

Aung 
Tha 
Pyay 

Mingala
r Kwe 

Aung 
Theikdhi 

Tiger 
Camp 
1, 2 

Bazaar         X   X X   3 

Shops X X   X X X X   X 7 

Pre-school         X       X 2 

School 
(primary, post-
primary and 
middle) 

X   X X     X   X 5 

Secondary 
School 

            X   X 2 

Sikh Temple     X   X X       3 

Church         X   X     2 

Cemetery       X       X X 3 

Hospital 
(public) 

        X         1 

Health Centre                 X 1 

Monastery X X X X X     X X 7 

Train Station                 X 1 

Cinema         X 1 

Sporting oval        X  1 

Total 3 2 3 4 7 2 5 3 8 37 

Source: Appendix E 
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Table 5.91 Community facilities in Namtu study area 

Facilities 

Wards 

Total 
Ward 1 Ward 2 Ward 3 Ward 4 Ward 5 Ward 6 Ward 7 

Har 
Lin 

Bazaar           X     1 

Shops X X X X X X X X 8 

Industry X         X X X 4 

Pre-school   X X     X     3 

Primary School X X   X X X X   6 

Secondary School     XX           2 

Temple (Mosque or 
Hindu) 

X*       X X X*   4 

Church     X         X 2 

Cemetery     X           1 

Hospital (public)       X         1 

Monastery     X X X   X X 5 

Golf course         1 

Total 4 3 5 4 4 6 5 4 35 

Source: Appendix E 
* Mosque temple 

Villages in the Hu Hsar and Hin Poke village tracts surrounding Bawdwin are dependent on Bawdwin for access 
to some health and education facilities. Table 5.92 outlines the facilities available in the villages as indicated by 
the surveys undertaken by BJV.  

Table 5.92 Community facilities in surrounding villages 

Facilities Hin Poke Hu Hsar 

Hsai 
Gaung 

Kone 
Kayar 

Nam 
Hkun 

Nam 
La 

Hu 
Hsar 

Haik 
Taung 
(Pa) 

Yaw Ba 
Gang 

Haik 
Taung 
(Ka) 

Lone 
Jar 

Haik 
Taung 

Health 
centre 

         X 

Market           

Pre-school     X     X 

Primary 
School 

  X  X X X X X X 

Secondary 
school 

 X   X X  X X  

Monastery 
School 

 X         
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Figure 5.74 Land use in the Namtu study area 
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Figure 5.75 Infrastructure facilities in Bawdwin study area 
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Figure 5.76 Infrastructure facilities in the Namtu study area 
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Water supply and infrastructure 

The main resources for domestic water, water used for drinking, washing and bathing in the Bawdwin study area, 
are the upper Nam Pangyun and other natural water sources (springs and streams). Water from the Nam Pangyun 
enters the public supply system at the Bawdwin settling pond, about 0.5 km upstream of the head of upper village. 
From there, water is piped down the Nam Pangyun valley to the Bawdwin upper and lower villages, supplemented 
by piped water captured from side streams. 

Public water ponds and storage are present in Bawdwin, and hold water from the Nam Pangyun Reservoir and 
natural water springs. Some houses have separate water pipelines. 

All Bawdwin wards depend on the settling pond, particularly during the dry season. In addition to the settling 
pond there are two key water sources in the Bawdwin area and in the Tiger Camp area, as well as several water 
storage tanks for day-to-day use (often uncovered). The key water sources and storage areas in Bawdwin are 
shown in Figure 5.66. Water sources are easily accessible and close to wards, with storage tanks usually no further 
than 200 m from homes. At least one or two water sources can be used for more than one ward in the community. 
There is sufficient domestic water for the community within the study area, although water availability is limited 
during the dry season (two to three months). 

According to the household surveys, most households within the Bawdwin study area use water from streams and 
canals (40%), followed by public tap (36%) and house connection (20%). Of the survey respondents within the 
Bawdwin study area, 49.2% of people collect water once a day or less, 11.9% twice a day and 38.9% three times 
a day or more.  

Namtu water supply includes the Nam La, supplying areas north of the Myitnge River via a flume, and the Kho 
Mo Reservoir (a natural pond located approximately 2 km south of the Myitnge River at Namtu). The Kho Mo 
Reservoir supplies Tha Ta La wards south of the Myitnge River and is the main domestic water source for Namtu.). 
The reservoir has been noted to be insufficient during the summer period. The location of water resources in the 
Namtu study area is shown in Figure 5.68. 

The majority of households in the Namtu study area use water from the public tap (46%), followed by river, 
streams and canals (34.9%) and household connection (15.4%). Most households fetch water once per day or less 
(49.7%), while a large percentage (26.9%) fetches water more than three times per day. 

Plates 5.105, 5.106 and 5.107 show examples of water storage and sources in Bawdwin and Namtu wards. 

Education infrastructure 

Within the Bawdwin wards there is one nursery, one preschool, one primary school, two post-primary schools 
(kindergarten to grade 7 or 8), and one high school. The high school in Mingalar Kwe ward services the Bawdwin 
wards and Tiger Camp (Plate 5.108). Tiger Camp has an additional nursery, primary school and middle school 
(Plate 5.109). Plate 5.110 shows a primary school near Aung Chan Thar ward in upper Bawdwin village. 

Educational facilities within the Namtu study area include three preschools, four primary schools, one middle 
school and one high school.  

Villages from Hu Hsar and Hin Poke village tract reported having primary schools (except for Nam La and Hsai 
Gaung villages) but rely on the secondary and high-school service only available at Bawdwin. Loi Mi farm, within 
Hin Poke village tract, does not have a school and relies on schools in Bawdwin. Farms within the Bawdwin 
concession report using Bawdwin and Tiger Camp schools. 

WMM also have a workplace training facility in Namtu; however, the facility is not actively used and needs some 
repair and maintenance.  
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Plate 5.105 Example of water storage in Namtu 

 

Plate 5.106 Example of a water source for Bawdwin wards 

 

Plate 5.107 Example of a water source in Aung Theikdhi ward 
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The closest universities to the study area is located in Lashio. There are two institutions, Lashio University, which 
focuses on liberal arts, humanities and science, and the Technical University of Lashio, which focuses on 
engineering and technology. Other universities in Shan State are located in Taunggyi, Panglong, and Kyaingtong. 

Electricity 

A 33 kV transmission line from Mansam Falls and Kon Nyaung hydroelectric power stations currently supplies 
electricity to Bawdwin mine, Bawdwin village, Wallah Gorge and Tiger Camp. The power stations are run-of-
river generating plant, with output dependent on river flows. The transmission line terminates at the Bawdwin 
villages.   

According to household surveys across both study areas, approximately 90% of the community has access to 
electricity for cooking and lighting. However, there is a lack of maintenance on the distribution lines, particularly 
clearance of vegetation due to limited budgets and security concerns, which can disturb supply and cause shorts. 
This leads the community to rely on charcoal or firewood for cooking and solar or battery powered lamps and 
candles for lighting. 

In the Bawdwin study area, approximately 44.3% of households rely on electricity for their main source of energy 
for cooking, followed by 29.8% that use firewood, and 24.8% that use charcoal (Figure 5.70). Four of the 420 
respondents reported that they depend on liquified petroleum gas for their main source of energy for cooking, and 
only one respondent reported using biogas. For lighting purposes, approximately 60.2% of households in the 
Bawdwin study area rely on electricity for their main source, with 50.7% from grid power and 9.5% from a 
domestic solar system. The other main sources of energy for lighting are candles (28%) and battery-operated 
lamps (11.7%). 

In the Namtu study area, approximately 50.7% of households rely on electricity for their main source of energy 
for cooking, followed by 28% that use charcoal, and 11.7% that use firewood (Figure 5.70). The remining 9.5% 
depend on biogas for their main source of energy for cooking. For lighting purposes, approximately 52.3% of 
households in the Namtu study area rely on electricity for their main source, with 40.7% from grid power, 11.1% 
from a solar system and 0.5% from a kerosene or diesel generator. The other main sources of energy for lighting 
are candles (28.2%) and battery-operated lamps (19.5%). 

The electricity usage in both the Bawdwin and Namtu study areas is higher than the Shan State and Myanmar 
average (Figure 5.70).  Contrastingly, no villages in the Hu Hsar and Hin Poke village tracts or households in Loi 
Mi farm reported having access to electricity. Nam La farms are located in proximity to the Nam La substation 
however it is uncertain whether they have access to this electricity source.  

Transport 

The road and traffic baseline study (Valentis, 2020) assessed the existing transport route between Bawdwin and 
the Mandalay-China National Highway 3 (also known as the Oriental Highway), located 3 km west of Lashio. 
The route is discussed below in terms of the segment within the Bawdwin mine concession area, between 
Bawdwin and Namtu, and between Namtu and Lashio via National Highway 3. 

Bawdwin mine concession area (Bawdwin) 

Within the Bawdwin mine concession area, the Bawdwin Mine access road extends from the football field to the 
junction with the Manton to Namtu road. The access road is a single to 1.5 vehicle wide, gravel and sand road, 
with eight crossings over the Nam Pangyun. Whilst the road is in reasonable condition, the condition of the bridge 
crossings vary based on the material, with the steel and wooden bridges of moderate to poor condition. The road 
is shared between vehicles, motorbikes and pedestrians, and passes through Bawdwin villages and mine 
infrastructure areas (Figure 5.77). Plate 5.111 and Plate 5.112 show roads within the Bawdwin concession and 
Plate 5.113 shows a bridge crossing. 
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Figure 5.77 Roads and traffic 
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Plate 5.108 No 2. Basic Education High School (Mingalar Kwe ward) 

 

Plate 5.109 No 4. Basic Education Middle School (Upper Tiger Camp) 

 

Plate 5.110 Primary School in Aung Chan Thar ward 
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Plate 5.111 Roads in Bawdwin 

 

Plate 5.112 Road in Bawdwin alongside the Nam Pangyun 

 

Plate 5.113 Piers Bridge No.1 
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Traffic in Bawdwin comprised 83% motorcycles, 5% other motorised vehicles (trucks, minibuses and tractors), 
and 12% non-motorised and pedestrian traffic (Figure 5.78). Traffic was greater on weekdays during the 
monitoring period, with an average of 45 cars per hour, as opposed to 42 cars per hour on weekend days.  

According to the household surveys, most of the respondents in the Bawdwin study area walk for their primary 
mode of transportation to work, followed by motorbike, then bus. Most of the remaining respondents did not 
report any mode of transportation as they stay at home or work from home. Given the only high school in the 
Bawdwin study area is within a Bawdwin ward (Mingalar Kwe), field survey respondents indicated students 
having to travel from Tiger Camp face difficulty in the rainy season when the access road is flooded, although 
this is infrequent. 

Farming households within the Bawdwin concession and the nearby Loi Mi farms primarily report using 
motorbikes or walking to access Bawdwin and Tiger Camp shops and schools, often using access roads or 
unsealed roads and tracks.  

Bawdwin to Namtu (Namtu to Manton Road) 

The route traverses the Namtu to Manton road for 20 km between the Bawdwin Mine Road junction and Namtu, 
and a 4 km stretch through Namtu along the Manton to Lashio Road. This route passes through the Kyu Hsawt, 
Baw Twin and Namtu village tracts (Figure 5.77). This segment of the Manton to Namtu road is a predominantly 
single lane, poor-quality bitumen road, with occasional wider (1.5 vehicle width) sections. The road passes several 
waterways, including four uncontrolled floodways, and mountainous terrain, with the elevation decreasing from 
1,230 m at Bawdwin to 550 m at Namtu. Consequently, the road is prone to damage and disruption from soil and 
rock landslides and flood debris. Despite constant monitoring and frequent repairs, the quality of the road remains 
poor to good.  

The segment of the Manton to Lashio road passing through Namtu is in moderate to good condition. The road is 
a single to double lane bitumen road which crosses the Myitnge River twice. This is a busy stretch of road, shared 
by vehicles and pedestrians. Traffic in Namtu comprised 75% motorcycles, 8% other motorised vehicles (cars, 
minibuses, trucks, buses and tractors), and 17% non-motorised and pedestrian traffic (Figure  5.78). The main 
mode of commuting to work in the Namtu study area according to the household survey is motorbiking, followed 
by walking, then others, mostly tuk-tuks or trishaws (three-wheeled cabs). Other modes of transportation to work 
that are lesser used in the Namtu study area are bussing and biking. Weekend traffic was greater than weekday 
traffic, with an average of 474 vehicles recorded per hour during monitoring on weekend days and 400 vehicles 
per hour on weekdays.  

A shared car service operates one return trip daily between Bawdwin and Namtu. Tiger Camp is also accessible 
from Namtu on the WMM operated rail service which operates once weekly. No public transportation is available 
from Bawdwin to Manton Town (approximately 25 km northwest of Bawdwin).  

In both Bawdwin and Namtu most transport can be attributed to people commuting to work/school. Motorbikes 
being the dominant form of transport is consistent with trends observed nationally in rural Myanmar. Motorbikes 
can be hired for 10,000 MMK (~$7.50 USD) each way between Namtu and Tiger Camp. 

Namtu to the junction with National Highway 3 

Between Namtu and the junction with National Highway 3 near Lashio, the route traverses 66 km along the Namtu 
– Man Sam road, through ten village tracts (Figure 5.77). This is a bitumen road which varies in width between 
single to 1.5 vehicle width and is in moderate to good condition. The road passes through 14 villages including 
Man Sam and Ei Naing. Closer to the National Highway 3, past Ei Naing, the road was busy with industrial traffic, 
likely due to its proximity to Lashio. 
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Figure 5.78 Traffic composition  
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Vehicles and pedestrians tended to share the road when passing through villages. Traffic in Man Sam comprised 
64% motorcycles, 19% other motorised vehicles (cars, mini buses, trucks, buses and tractors), and 17% non-
motorised and pedestrian traffic, including domestic/farm animals (Figure 5.78). Most of the traffic is transiting 
through Man Sam, due to the major junction between the Namtu to Man Sam road, Man Sam to Lashio road, and 
the Man Sam to Hsipaw road. 

Public transport is available between Namtu and Lashio, in the form of a return minibus service with two return 
trips daily. A train historically ran between Lashio and Namtu townships. 

5.9.11 Sensitivity of health values 
This section builds on the aspects of community health discussed earlier in Section 5.9 and describes the sensitivity 
of health values in terms of their importance, vulnerability and resilience. Sensitivity in this context is a 
quantification of how sensitive the values are to change as a result of the project. Sensitivity is based on the 
importance of the value, the vulnerability of the value to change, and the resilience of the value in terms of its 
ability to overcome changes and maintain its inherent value. 

The sensitivity of community health was determined by considering the current state (or condition) of community 
health of each receptor group, the degree to which the value is susceptible to change, and its’ resilience or capacity 
to absorb, adapt or recover from such changes. The sensitivity is also influenced by the availability of medical 
treatment, the susceptibility of the people to hazardous exposures, and their understanding and/or acceptance and 
use of health services. 

As described in Section 5.9.2, the study area was divided into groups, each with varying degrees of 
dependence/connectivity to the project. These were: 

 Bawdwin military base 

 Bawdwin upper village. 

 Bawdwin lower village. 

 Tiger Camp village. 

 Tiger Camp farms. 

 Nam La farms. 

 Loi Mi village and associated farms. 

 Neighbouring villages outside the Bawdwin concession area including villages in Hu Hsar, Hin Poke 
and Kyu Hsawt village tracts. 

 Residents of Nam Pangyun valley. 

 Namtu township. 

 Villages along the export route. 

 Project workforce (with respect to occupational health and safety). 

The key receptor groups are described in Table 5.58 and shown on Figure 5.38 

Definitions for each level of sensitivity are provided in Table 5.93.  
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Table 5.93 Importance, vulnerability and resilience definitions and ratings  

 Definition Ratings 
Low Medium High 

Importance The extent to which the 
value is important to 
people.  

N/A N/A The importance of 
community health is 
inherently high as it is 
fundamental to the health 
and wellbeing of 
individuals and the 
community.   

Vulnerability The extent to which 
communities are 
susceptible to changes in 
health conditions.  This 
relates to existing health 
status and exposures.  

Environment has a 
negligible effect on 
physical or mental 
health. 
Not currently exposed 
to environmental 
hazards. Sufficient 
quality water, 
sanitation and waste 
practices. 
 

 

Environment may 
cause moderate and 
manageable cases of 
injury or illness. 
Currently exposed to 
some environmental 
hazards. May have 
degraded water 
quality and 
somewhat poor 
sanitation and waste 
practices. 
 

Environment may cause 
serious, irremediable and 
unmanageable health 
effects including 
fatalities and serious 
injury and / or illness. 
Currently exposed to 
existing poor quality 
water, poor sanitation 
and waste practices,  and 
existing exposure to 
environmental hazards. 
 

Resilience The extent to which 
people can adapt or 
recover from changes in 
a value. In a health 
context, this relates to 
the how readily the 
people impacted by 
change can adapt. 

Low resilience; the 
people have no or 
limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes 
to health. 

No appreciation or 
awareness of health 
risks and no 
preventative practices 
in place. 
Contaminants have a 
cumulative health 
effect, such as lead, 
and are not readily 
eliminated from the 
body. 

Some resilience; the 
people have some 
capacity and/or 
resources to absorb, 
adapt to and recover 
from changes to 
health. 

Moderate 
appreciation or 
awareness of health 
risks and some 
preventative 
practices in place. 
Contaminants have a 
moderate health 
effect and are readily 
eliminated from the 
body. 

High resilience; the 
people have experienced 
similar change and have 
the resources to absorb, 
adapt to and recover from 
changes to health. 

Comprehensive 
appreciation and 
awareness of health risks 
with preventative 
practices in place. 
Contaminants do not 
have a cumulative health 
effect and are readily 
eliminated from the 
body. 

 

The importance, vulnerability and resilience of community health across the receptor groups are rated in Table 
5.94.  
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Table 5.94 Importance, vulnerability, resilience and sensitivity of community health at each receptor group 

Receptor 
group/value 

Importance Vulnerability Resilience Sensitivity 

Bawdwin Military 
Base 

High 

Health is highly valued by people residing 
or working within the military base 

High 

Highly vulnerable due to the existing exposure 
to environmental hazards from historical 
mining (soil, dust, water and food), and their 
proximity to the project.  

Low 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be high based on 
baseline environmental results. 

The military base has low resilience to changes 
with limited capacity and/or resources to absorb, 
adapt to, and recover from changes to the value or 
health effects. 

High 

Bawdwin upper 
village – 
community health 

High 

Health is highly valued by the community. 

High 

Highly vulnerable, due to the existing 
exposure to environmental hazards from 
historical mining (soil, dust, water and food), 
the community’s proximity to the project, use 
of groundwater fed springs for drinking water 
and presence of sensitive receptors (children 
or women of childbearing age). 

Low 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be high based on 
baseline environmental results. 

Communities have low resilience to changes with 
limited capacity and/or resources to absorb, adapt 
to, and recover from changes to the value or health 
effects. 

High 

 

Bawdwin lower 
village – 
community health 

High 

Health is highly valued by the community. 

High 

Highly vulnerable, due to the existing 
exposure to environmental hazards from 
historical mining (soil, dust, water and food), 
the community’s proximity to the project, use 
of groundwater fed springs for drinking water 
and presence of sensitive receptors (children 
or women of childbearing age). 

 

Low 

The key contaminants of (lead, and PM2.5 and PM10 

general dust)  have a cumulative effect. Existing 
exposures are assumed to be high based on baseline 
environmental results. 

Communities have low resilience to changes with 
limited capacity and/or resources to absorb, adapt 
to, and recover from changes to the value or health 
effects. 

High 

Bawdwin lower 
village farms – 
community health 

High 

Health is highly valued by the community. 

 

High 

Due to some areas likely to be contaminated 
from historical mining (soil, dust, water) to a 
lesser degree than Bawdwin villages, the 
farms use of groundwater fed springs for 
drinking water and presence of sensitive 
receptors (children or women of childbearing 
age). 

Low 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Current levels of exposure are likely to be less than 
Bawdwin villages due to separation from current 
mine footprint. Community health strongly reliant 
on facilities/services at Bawdwin.  

High 
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Receptor 
group/value 

Importance Vulnerability Resilience Sensitivity 

The people have limited capacity and/or resources 
to absorb, adapt to, and recover from changes to the 
value or health effects. 

Tiger Camp 
village – 
community health 

High 

Health is highly valued by the community. 

 

High 

Highly vulnerable, due to the existing 
exposure to environmental hazards from 
historical mining (soil, dust, water and food), 
the community’s proximity to the project, 
being located in a valley with minimal 
dispersal of particulates, dust and noise, use of 
groundwater fed springs for drinking water 
and presence of sensitive receptors (children 
or women of childbearing age). 

Low 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be high based on 
baseline environmental results. 

Communities have low resilience to changes with 
limited capacity and/or resources to absorb, adapt 
to, and recover from changes to the value or health 
effects. 

High 

Tiger Camp farms 
– community 
health 

High 

Health is highly valued by the community 

High 

Due to some areas likely to be contaminated 
from historical mining (soil, dust, water) to a 
lesser degree than Tiger Camp village, their 
proximity to the project, use of groundwater 
fed springs for drinking water and presence of 
sensitive receptors (children or women of 
childbearing age). 

Low 

The key contaminants of (lead, and PM2.5 and PM10 

general dust)  have a cumulative effect. 

Communities have low resilience to changes with 
limited capacity and/or resources to absorb, adapt 
to, and recover from changes to the value or health 
effects. 

 

High 

Nam La farms – 
community health 

High 

Health is highly valued by the community. 

 

Medium 

There may be some contamination of air, soil, 
water, however, though to a lesser degree than 
villages closer to historic mining operations. 
The community health of the farms may be 
vulnerable due to some existing 
contamination, the farms proximity to the 
project, use of groundwater fed springs for 
drinking water and presence of sensitive 
receptors (children or women of childbearing 
age). 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be moderate 
based on baseline environmental results. 

Communities have medium resilience to changes 
with some capacity and/or resources to absorb, 
adapt to, and recover from changes to the value or 
health effects. 

  

Medium 

Loi Mi farms – 
community health 

High 

Health is highly valued by the community 

Medium 

There may be some contamination of air, soil, 
water,  though to a lesser degree than villages 
closer to historic mining operations. The 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 

Medium 
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Receptor 
group/value 

Importance Vulnerability Resilience Sensitivity 

community health of the farms may be 
vulnerable due to some existing 
contamination, their proximity to the project, 
use of groundwater fed springs for drinking 
water and presence of sensitive receptors 
(children or women of childbearing age). 

Existing exposures are assumed to be moderate 
based on baseline environmental results. 

Communities have medium resilience to changes 
with some capacity and/or resources to absorb, 
adapt to, and recover from changes to the value or 
health effects. 

Residents of the 
Nam Pangyun 
valley – 
community health 

High 

Health is highly valued by the community 

High 

Due to some areas being in proximity to 
expected contamination in the Nam Pangyun 
riverbed from historical mining, and 
uncertainty regarding current source of 
drinking water.. 

Due to some areas being in proximity to 
expected contamination in the Nam Pangyun 
riverbed from historical mining, and 
uncertainty regarding current source of 
drinking water. 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be high based on 
baseline environmental results. 

The artisanal mining community is transient and 
has some resilience to change due to this. However, 
in general the community is assessed to have low 
resilience to changes with limited capacity and/or 
resources to absorb, adapt to, and recover from 
changes to the value or health effects. 

 

High 

Namtu villages 
and wards – 
community health 

High 

Health is highly valued by the community 

High 

Potentially high existing exposures to gases, 
metals (particularly lead), fine particulate 
matter and noise, reliance on the Nam La for 
drinking water which may be impacted by the 
project and presence of sensitive receptors 
(children or women of childbearing age). 

Low 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be high based on 
baseline environmental results. 

Communities have low resilience to changes with 
limited capacity and/or resources to absorb, adapt 
to, and recover from changes to the value or health 
effects. 

 

High 

Villages and 
hamlets 
surrounding 
Bawdwin – 
community health 

High 

Health is highly valued by the community 

Medium 

Vulnerability of villages and hamlets 
surrounding the Bawdwin concession is 
considered moderate. The influence of historic 
contamination from the site is expected to be 
low.  

 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures are assumed to be low based on 
distance from historic operations.  

Communities have medium resilience to changes 
with some capacity and/or resources to absorb, 

Medium 
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Receptor 
group/value 

Importance Vulnerability Resilience Sensitivity 

adapt to, and recover from changes to the value or 
health effects. 

 

Residents along 
the export route – 
community health 

High 

Health is highly valued by the community 

Medium 

Existing exposures commensurate with living 
near a major road with elevated levels of 
particulates, dust, gases and noise, and 
presence of sensitive receptors (children or 
women of childbearing age). The vulnerability 
to change is assessed to be moderate. 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect. 
Existing exposures to lead are assumed to be low 
based on distance from historic operations. 
However exposures relating to road use are 
expected to be high.  

Communities have medium resilience to changes 
with some capacity and/or resources to absorb, 
adapt to, and recover from changes to the value or 
health effects. 

 

Medium 

Project workforce 
- health 

High 

Health is highly valued by the project 
workforce 

High 

Blood lead concentration testing indicated all 
permanent Bawdwin workers and 48% of 
contractors working at Bawdwin who were 
tested in 2020 had elevated blood lead levels. 

Medium 

The key contaminants of concern (lead, and PM2.5 

and PM10 general dust) have a cumulative effect 
and are not readily eliminated from the body 
following chronic exposure periods. 

Workers have some capacity and/or resources to 
absorb, adapt to, and recover from changes to the 
value or health effects (i.e. BJV operated health 
facilities). 

High 
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5.9.12 Sensitivity of socio-economic values 
Socio-economic values are qualities of the social environment that are conducive to individual wellbeing now and 
into the future, and for which community stakeholders have a high regard. Each social value is characterised by a 
range of indicators and is associated with stakeholders who have an interest in the value within the community 
domain.  

The social values are developed by assessing stakeholder interests in relation to social conditions and their 
indicators. The identification of relevant overarching components and associated social values for the community 
domains associated with the project has been derived from the social baseline study, engagement with villages in 
the surrounding village tracts about their relationship to the communities in the Bawdwin concession area, and 
research on social conditions in northern Shan State.  

This section builds on the description of socio-economic features in Section 5.9 and describes the sensitivity of 
socio-economic values in terms of their importance, vulnerability and resilience. Sensitivity in this context is a 
quantification of how sensitive the values are to change as a result of the project. Sensitivity is based on the 
importance of the value, the vulnerability of the value to change, and the resilience of the value in terms of its 
ability to overcome changes and maintain its inherent value. 

Related values, such as access to water and land resources are discussed in specific sections to provide suitable 
context. For the purposes of assessing social, economic and health impacts as a result of the project three broad 
social components were defined, which provide a range of supporting values. These are presented in Table 5.95. 

Table 5.95 Socio-economic components and supporting values 

Socio-economic components  Relevant supporting values 

Local economies, livelihoods and land 
use  

 

Diverse economies with employment opportunities. 

Sustainable livelihoods (either secure access to productive agricultural land or 
non-agricultural employment opportunities). 

Access to goods and services. 

Living conditions, social cohesion and 
security 

 

Adequate living conditions and infrastructure (housing, roads, 
communications, water, sanitation, power etc). 

Visual amenity. Harmonious social relations and inclusion. 

Security and safety. 

Social cohesion, wellbeing and identity. 

Social equality. 

Effective local and regional governance. 

Environmental safety and amenity. 

Access to health, education and other 
services  

 

Health. 

Education and training. 

Commercial services. 

Spiritual and religious support. 

 

The sensitivity of social, economic and cultural components was determined by considering their current state (or 
condition), the degree to which the value is susceptible to change to the Bawdwin mine and supporting 
infrastructure, and its’ resilience or capacity to absorb, adapt or recover from such changes.  

As described in Section 5.9.2, the study area was divided into social catchments each with varying degrees of 
dependence/connectivity to the project. These were: 

 Bawdwin and Tiger Camp villages. 

 Other households outside Bawdwin and Tiger Camp villages within the Bawdwin concession area. 

 Neighbouring villages outside the Bawdwin concession area including Hu Hsar, Hin Poke and Kyu 
Hsawt village tracts. 
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 Inhabitants in the Nam Pangyun valley between Tiger Camp and Namtu Town. 

 Namtu township. 

 Villages along the road between Namtu Town and Lashio. 

Definitions for each level of sensitivity are provided in Table 5.96.  

Table 5.96 Importance, vulnerability and resilience definitions and ratings  

 Definition Ratings 
Low Medium High 

Importance The extent to which the 
value is important to 
people or the economy 
this encompasses factors 
such as dependency, 
level of use, benefit, and 
economic value. 

Limited dependency 
or influence in terms 
of social cohesion, 
economic prosperity 
sustainable livelihoods 
and community health. 

Some dependency 
and influence in 
terms of social 
cohesion, economic 
prosperity 
sustainable 
livelihoods and 
community health. 

Critical or highly 
dependent on the value in 
terms of social cohesion, 
economic prosperity 
sustainable livelihoods 
and community health. 

Vulnerability The extent to which 
communities are 
susceptible to changes in 
social, economic and 
health conditions.   

Low vulnerability to 
impairment of social 
wellbeing.  

Vulnerable to 
impairment of social 
wellbeing for an 
individual or a group 
of individuals.   

Highly vulnerable to 
impairment of social 
wellbeing for the 
majority of the 
community.   

Resilience The extent to which 
people can adapt or 
recover from changes in 
a value. In a social, 
economic and health 
context, this relates to 
how readily the people 
impacted by change can 
adapt.  

Very low resilience; 
the people have no or 
limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes 
to the value. 

 

Some resilience; the 
people have some 
capacity and/or 
resources to absorb, 
adapt to and recover 
from changes to the 
value. 

 

High resilience; the 
people have experienced 
similar change and have 
the resources to absorb, 
adapt to and recover from 
changes to the value. 

 

 

The importance, vulnerability and resilience of socio-economic components are rated across six social 
catchments are rated in Table 5.97.  
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Table 5.97 Importance, vulnerability, resilience and sensitivity of local economy and livelihoods 

Value Importance Vulnerability Resilience Sensitivity 
Local economies, livelihoods and land use  

Bawdwin and 
Tiger Camp 
villages 

High 

Due to the nature of these communities with 
employment and accommodation linked to the 
Bawdwin and Namtu concession permits, the 
Bawdwin mine is highly important to their 
livelihoods and economic security. There are 
few other sources of income or other 
livelihoods in these communities. 

High 

Due to the ability to earn an income and 
participate in the cash economy being 
intrinsically related to the Bawdwin mine with 
few other sources of income the villages are 
highly vulnerable to any material changes in 
their existing employment arrangements. 

Low 

Bawdwin and Tiger Camp villages are highly 
dependent on the Bawdwin mine for 
employment and support of the local economy 
and therefore have limited resilience.  

High 

 

Surrounding 
communities 
including Hu 
Hsar, Hin 
Poke and Kyu 
Hsawt village 
tracts.  

Low 

Livelihoods in the area are dependent on 
agriculture as their main source of livelihoods. 
The Bawdwin concession area is of low 
importance to their livelihoods or local 
economies. 

Low 

Low vulnerability due to changes to the 
Bawdwin concession area due to their high 
reliance on agriculture and limited economic 
connectivity with Bawdwin villages. 

Low 

Livelihoods and local economies are based 
almost exclusively on agriculture, which is 
susceptible to drought and environmental 
changes.  

Low 

 

Nam Pangyun 
valley 

Medium 

People are able to support livelihoods through 
the utilisation of land and terrestrial resources 
in the form of artisanal mining of the river bed 
for minerals. These people are thought to 
reside in the location temporarily to exploit 
discarded minerals.  

High 

Livelihood (at least temporarily) is vulnerable 
to change if ability to continue artisanal 
mining changes . 

Low 

Communities have little capacity to recover 
from changes to livelihood due to limited 
resources for alternative income. 

High 

 

Namtu 
township 

Medium 
Currently mining provides a small proportion 
of jobs for Namtu, based on the last census. 
The broader Namtu community is less 
dependent on the Bawdwin operations with 
other employment opportunities including 
government and other services.   

Medium 

Namtu town is somewhat vulnerable to 
changes in the local economy and livelihoods 
as many residents are employed in the mining 
sector, however there are alternative forms of 
employment in the area.  

Medium 

Namtu town is somewhat resilient to changes 
in the local economy or livelihoods as a result 
of mining as employment/income is more 
diversified and the town is less reliant on the 
Bawdwin mine than residents in the mine 
concession area. 

Medium 
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Living conditions, social cohesion and security  

Bawdwin and 
Tiger Camp 
villages 

High 

A high value is placed in harmonious family 
and community relationships and supportive 
systems of social organisation. 

Reasonable living conditions within the 
Bawdwin and Tiger Camp villages, which are 
the accommodation facilities for the former 
mine and associated infrastructure workforce.  

The existing visual amenity is influenced by 
the historical mining activities. However, 
views are picturesque and valued. 

High 

Due to the intrinsically related linkages 
between the communities and the mine the 
villages are highly vulnerable to any material 
changes caused by the project.  

Most housing in Bawdwin and Tiger Camp 
villages is leased from ME-1.  

Living conditions are influenced by numerous 
exposure pathways to contaminants associated 
with legacy mine operations with limited 
prevention of exposure to potentially harmful 
or hazardous materials. 

Low 

Limited resilience due to organisational 
structure influenced by the operation of the 
Bawdwin mine (e.g., land tenure, house 
ownership etc).  

 

High 

 

Surrounding 
communities 
including Hu 
Hsar, Hin 
Poke and Kyu 
Hsawt village 
tracts. 

Medium 

Typical living conditions of rural Myanmar 
supported by agriculture. Utilise some social 
services in Bawdwin concession.  

Typical viewsheds up rural upland areas in 
Shan State. 

Medium 

Dependent on agriculture for livelihoods, 
which also influences living conditions. 
Adequate infrastructure with linkages to major 
villages. Some vulnerability to change as a 
consequence of changes to the Bawdwin due 
to social services and markets accessed in the 
concession.  

Medium 

Due to their isolated nature there is some 
resilience to changes in living conditions, 
social cohesion and security. 

Medium 

 

Namtu 
township 

High 

Supportive and stable social structures. Value 
is placed in harmonious family and 
community relationships and supportive 
systems of social organisation. 

Medium 

Due to the linkages between the town and the 
mine, Tha Ta La Wards 1-7 wards are 
vulnerable to material changes caused by the 
project.  

Some exposure pathways to contaminants 
associated with legacy mine operations.  

Medium 

Some resilience due to distance to the mine 
and the size of the town with a range of other 
sectors.  

 

Medium to high 

 

Nam Pangyun 
valley 

Medium 

Some permanent inhabitants with agricultural 
livelihoods along the valley. However, most 
inhabitants are artisanal miners that are 
believed to be displaced persons seeking 
livelihoods that access the area on an as 
needs/temporary basis.  

High 

The permanent inhabitants are located on the 
upper banks of the Nam Pangyun and have 
some vulnerability to changes along the 
valley. 

The artisanal miners have no legal status or 
rights and are therefore vulnerable to changes.  

Medium 

The permanent inhabitants are likely to have 
some resilience to change so long as 
livelihoods are maintained. The artisanal 
miners reside in temporary shelters along the 
Nam Pangyun valley and are expected to have 
some resilience to changes due to mobility.  

Medium 

 

Access to health, education and other services  
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Bawdwin and 
Tiger Camp 
villages 

High 
There are existing education, commercial, 
health and religious facilities at Bawdwin and 
Tiger Camp and therefore there are reasonable 
pathways to gain an education, health and 
religious guidance.  
These services are important to these 
communities.  

High 
Educational and health facilities are supported 
by the Bawdwin Concession holder (currently 
WMM). Therefore, the continued access these 
services is to an extent dependent on the mine.  

Low 

Limited resilience due to organisational 
structure influenced by the operation of the 
Bawdwin mine.  

 

High 

 

Surrounding 
communities 
including Hu 
Hsar, Hin 
Poke and Kyu 
Hsawt village 
tracts. 

Medium to high 

Many of these villages have a significant level 
of dependence on services available in 
Bawdwin villages including schools, 
commercial services, health facilities and 
religious institutions. 

Medium to high 

Due to the reliance on services within 
Bawdwin villages, there is moderate to high 
vulnerability to any changes of these services 
with limited alternative options.  

Low to medium 

Due to the remote nature of these villages, 
there is limited alternatives and therefore a 
lower level of resilience due to changes of 
these existing services.  

Medium to high 

 

Nam Pangyun 
valley 

Low 

Understood to have limited or no access to 
Bawdwin or Tiger Camp education, 
commercial. health and religious services 
currently 

Low 

Low vulnerability to changes to these services 
as it is understood that there is a low or no 
dependency on education, health or other 
services at Bawdwin.  

Medium 

Some resilience to any changes in existing 
services in Bawdwin since there is understood 
to be low or no dependency on these.  

Low 

 

Namtu 
township 

High 
There are existing education, health, religious 
and commercial facilities at Namtu and 
reasonable pathways to gain an education and 
access training which enhances future 
opportunities.  
The importance of these facilities and 
opportunities they provide were important to 
these communities.  

Low  
Educational, health, religious and commercial 
facilities in Namtu are not affiliated with the 
mine and therefore have low vulnerability to 
change as a result of mining activities. 

High 

There are several education, health, religious 
and commercial facilities in Namtu and these 
are not influenced by mining 
activities/organisational structure 

 

Medium 
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5.9.13 Summary 
The existing socio-economic and health baseline can be characterised as follows: 

 Employment in the mining sector is a main source of income and an opportunity for subsidised housing 
for people in the Bawdwin and Namtu study areas. The mining sector is highly important for livelihoods 
of those communities. 

 Survey results indicate education levels in the Bawdwin and Namtu areas are higher than Shan State, 
with only 6% and 8% of people in Bawdwin and Namtu, respectively having no education, as opposed 
to 45% in Shan State. There are 9 schools in Bawdwin and 11 in Namtu. 

 The majority of community members in the Bawdwin and Namtu study areas are Bamar, and practice 
Buddhism. There are 12 religious facilities in Bawdwin and 11 in Namtu.  

 Most households from Bawdwin and Namtu study areas have ready access to piped water; although, 
these sources may be substituted during periods of rain due to consequent turbidity.  

 The annualised food consumption frequency results indicated the household diets in all of the 
wards/villages studied, had a good diversity of food, with remarkable similarities between the Bawdwin 
and Namtu communities.  

 The main form of transport in Bawdwin and Namtu is by motorcycle and walking. Roads are often 
narrow (single to 1.5 vehicles wide) and shared by vehicles and pedestrians. 

 The population profiles and the overall environmental health circumstances of the Bawdwin and Namtu 
communities are fairly similar. Residents tend to be long-term in their communities and in their 
individual houses. Houses are basic with generally larger house sizes in Namtu. 

 Toilet and waste facilities are more developed in Namtu than in Bawdwin; most households in Namtu 
have their own toilet and most do not discharge to local rivers or streams, unlike Bawdwin. 

 Despite limited healthcare facilities, most survey respondents indicated they were in good health. 

 There are a range of hazardous environmental health exposure pathways in the study area. These 
primarily relate to the inhalation, ingestion of or dermal contact with dust, metals (mainly lead) and 
bacteria (E. coli). 

 Blood lead level investigations of a subset of the existing workforce identified that 48% of contract 
workers and 100% of permanent Bawdwin workers who were tested had elevated blood lead levels. 

5.9.14 Uncertainties and limitations 
The key uncertainties and limitations relating to the existing socio-economic and health environment are: 

 Of the four study areas (Bawdwin, Namtu, regional villages, Shan State regional villages), only Bawdwin 
and Namtu communities were surveyed in the field. Consequently, there is a focus on these communities 
and details regarding the socio-economic environment of the artisanal miners and other inhabitants of 
Nam Pangyun Valley and regional villages (including those along the export route) have not been 
captured to the same extent. 

 Only a proportion of the Bawdwin and Namtu populations were surveyed and results are assumed to be 
representative of the whole population of these communities. 

 As only a single survey for each aspect (socio-economic, health, traffic and transport) was undertaken, 
any temporal variability in results is not accounted for.  
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 Investigations of community health aspects relied upon publicly available health statistics, questionnaires 
and investigation of environmental conditions, as opposed to clinical examination of people from the 
study area.  

 The health baseline report (Appendix G) had a number of limitations and constraints, primarily regarding 
the planning and data collection phases. Additional limitations concerned the absence of detailed 
historical and current health data, detailed medical assessment and collection/analysis of biological 
samples. Nevertheless, it is considered that the results of the study provide a robust assessment of 
community health to inform this EIA. 

 In the absence of detailed medical assessment and collection/analysis of biological samples, any 
conclusions regarding the potential impact of lead contamination on the residential population are 
limited. 
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6 Impact assessment 

6.1 Approach to impact assessment 
This chapter assesses the project impacts to the environmental and social values identified in Chapter 5.  

The impact assessment method used in this chapter is a ‘significance assessment’. This is a values-based approach 
that assesses the potential significance of impacts by considering the sensitivity of values to change, and the 
magnitude of change that they are predicted to experience as a result of project-related activities. This framework 
is consistent with current international environmental and social impact assessments for resource development 
projects, and reflects the approach described in Environmental Impact Assessment Guidelines for the Mining 
Sector in Myanmar (October 2018). 

Assessment of potential impacts is based on specialist judgement and technical assessment supported by baseline 
field data and scientific literature. Particular emphasis has been placed on ensuring that the EIA describes the 
rationale, justification and any limitations and uncertainties of the assessment. A general method to assess the 
significance of impacts involves the following: 

 Describing the existing environmental conditions of the project’s area of influence, in particular the 
environmental or social values and including the sensitivity of defined environmental or social values or 
receptors, which may be affected by the project. Sensitivity was defined by assessing the importance of each 
value or receptor, its vulnerability to change, and its resilience or ability to recover. Environmental values 
and receptors along with their assessed sensitivity are defined and justified in Chapter 5. 

 Consideration of potential, credible effects associated with all phases of the project, mechanisms and 
pathways that may lead to these effects, and the resulting impacts in the context of the existing conditions. 
The identification of potential impacts is based on: 

- knowledge of the existing environment and specific conditions that exist at the time of 
assessment; 

- the project configuration; 

- experience of the ESIA consultant with other mining operations in similar environments; and, 

- issues of concern identified by stakeholders. 

 Development of management measures, where the measures described are technically and economically 
feasible within the context of the project and reflect WMM’s commitments.  

 Assessing the magnitude of change the environmental or social value or receptor experiences as a result of 
the project following implementation of proposed management measures. 

 Assessing the significance of the residual impact. The residual impact is the impact that is predicted to occur 
following successful implementation of avoidance and management measures that address that impact.  

Impacts can either be positive (beneficial) or negative. The impact magnitude (very low, low, medium, high or 
very high) was determined considering the amount and type of change based on the following aspects: 

 Spatial extent or the scale of the effect or impact. 

 Severity or intensity, which considers the scale or degree of change from the existing conditions as a result 
of the impact; severity can also be considered in terms of the intensity of the impact.  

 Duration or frequency, which considers the timescale or frequency of the impact, i.e., if it is temporary, short-
term or long-term.  
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The significance (very low, low, moderate, high or major) of residual impacts was rated using a matrix 
approach, by multiplying the sensitivity of the value or aspect and the magnitude of the impact to that value or 
aspect. The matrix of residual impact significance is shown in Table 6.1. A visual explanation of the relationship 
between significance, magnitude and sensitivity is shown in Figure 6.1. 

Table 6.1 Matrix of residual impact significance 

Magnitude of Impact 
Sensitivity of Receptor 

Very low Low Medium High Very High 

Positive 

Very high Moderate High Major Major Major 

High Low Moderate High Major Major 

Medium Low Low Moderate High High 

Low Very low Low Low Moderate Moderate 

Very low Very low Very low Very low Low Moderate 

Negative 

Very low Very low Very low Very low Low Moderate 

Low Very low Low Low Moderate Moderate 

Medium Low Low Moderate High High 

High Low Moderate High Major Major 

Very high Moderate High Major Major Major 

 

The uncertainty (low, medium or high) associated with the significance assessment is noted for each impact. 
The uncertainty ranking is based on the available information, level of assumptions, certainty of predictions and 
confidence in the accuracy of the inputs that produce the significance rating.
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Figure 6.1 Relationship between significance, magnitude and sensitivity
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6.2 Landform and soils impact assessment 

6.2.1 Approach to impact assessment 
This section assesses the project impacts to the landform and soils values identified in Section 5.1. Section 5.1 
described the levels of importance, vulnerability and resilience associated with each of the landform and soils 
values in the study area.  

The impact assessment approach adopted in this section is a ‘significance assessment’. The significance 
assessment method is described in Section 6.1. A significance assessment of landform and soils impacts involves: 

 Identifying the nature of the impact to a landform or soil values in the project area. 

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and duration 
of the impact. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of avoidance 
and management measures). The significance (very low, low, moderate, high or major) of the impact to a 
landform and soil value is determined by considering the importance, vulnerability and resilience of the 
landform and soil value (as assessed in Section 5.5.6) and the predicted magnitude of the impact to the value. 
Impact magnitude (very low, low, medium, high or very high) is determined based on the spatial extent, 
severity and duration of the impact.  

6.2.2 Sources of potential impact 
To assess the potential impacts to landform and soils, this assessment is based on the following ‘terrain units’ 
defined in Section 5.1: 

 Steep mountain terrain: This includes most of the terrain in the project area and is dominated by steep 
mountains, and narrow ridges and crests. 

 Lower mountain slopes and valley floors: This includes the lower slopes and floors of the Nam Pangyun, 
ER and Wallah valleys. 

 Undulating hills of the northern and western study area: This includes areas of less steep, undulating 
terrain in the northern corner of the study area around the Bawdwin Reservoir where most of the elevation 
ranges from approximately 1,200 to 1,300 m above sea level, and in the western corner of the study area 
where elevation ranges from 1,300 to 1,400 m above sea level. 

Changes to the terrain units have the potential to affect associated landform and soils values by: 

 Reducing the capacity of the terrain unit’s landform and soils to support ecosystems. 

 Reducing the capacity of the terrain unit’s landform and soils to support beneficial land uses (including 
current and potential future land uses). 

Potential impacts to the terrain units and their associated values include: 

 Physical disturbance of landforms and soils: 

- Reduced landform stability due to ground disturbance. 

- Direct loss of soil and changes to landform due to major earthworks and mining. 

- Loss of topsoil due to increased erosion or poor soil management of disturbed land. 

- Modification of soil structure due to surface compaction and inadequate management of soil stockpiles. 
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 Contamination of soils: 

- Reduced capacity to support plant growth and rehabilitation due to mixing of existing contaminated soils 
with non-contaminated soils, as well as increased contamination from other potential sources such as 
metalliferous leachate and acid mine drainage. 

This section only addresses impacts to landform and soils values from an immediate ecological or land use point 
of view (i.e., vegetation and land use supported by, or potentially supported by, the landform and soil). Potential 
secondary impacts on related values as a result of direct impacts to landform and soils are addressed in impact 
assessment sections for biodiversity (Section 6.8), human health (Section 6.11), visual landscape and amenity 
(Section 6.10), surface water (Section 6.4), groundwater (Section 6.3) and cultural heritage (Section 6.9). 

The potential impacts to terrain units and their associated values are described below. 

Physical disturbance of landform and soils 

Reduced landform stability due to ground disturbance 

Physical land disturbance has the potential to destabilise landforms, causing, or increasing the potential for, 
landslips. Landslips can bury fertile topsoil and plant propagules, breaking up soil aggregates and exposing less 
fertile subsoils and regolith (i.e., unconsolidated material overlying the solid bedrock). Disturbance could also 
reduce the amount of available topsoil for land rehabilitation and other land uses. 

The project is in a seismically active zone along geological faults, with steep slopes and thin vegetation cover, 
and receives sporadic high intensity rainfall in the wet season. These features make the area susceptible to 
landslips, although there is limited evidence of recent large landslips having occurred. Small landslips are known 
to occur throughout the steeper areas (as shown in Figure 5.5), particularly where groundwater springs are located 
(Witcomb, pers. com., 2020). 

The stability of the existing landforms could be exacerbated by ground disturbance for construction of 
infrastructure in steep areas; particularly where excavation and cut-and-fill occurs. The potential for increased 
instability will typically be greater where slope angles are higher. 

Direct loss of soils and changes to landform due to major earthworks and mining 

Project construction and mining operations will involve large-scale land and vegetation clearance, removal and 
relocation of topsoil and subsoil, and significant changes to the existing landform. These changes will take place 
in the context of a landscape that has already been extensively modified from centuries of mining activity. The 
landform changes due to historic mining activity and occupation include the development of the existing 21.9 ha 
mine pit and associated mining excavations, such as adits; construction of access roads; slag, tailings and waste 
rock disposal areas along the Pangyun valley; and terracing for agriculture and housing.  

Existing landforms will be significantly altered due to development of the open pit, the TSF and Wallah Gorge 
waste rock dump. Construction of the embankments of the TSFs and Wallah Gorge waste rock dump will result 
in significant raised landform structures in their respective valleys. During operations, landform changes will be 
significant as the existing open pit widens and deepens, and the Wallah Gorge waste rock dump is developed and 
TSFs storages filled.  

Overall, the project infrastructure footprint is 469.1 ha. The open pit will expand to a footprint of 95.9 ha (from 
its current 21.9 ha) and will extend 250 m below the existing pit floor and approximately 495 m below the surface 
elevation. The Wallah Gorge waste rock dump will have a total footprint of 107.2 ha and extend 315 m vertically 
from the toe of the waste rock dump to the maximum elevation of the final dump. The TSFs will have area 
footprint of 149.0 ha and be up to 155 m vertically above the existing ground level.  

Altered landforms can indirectly affect local ecosystems and land uses due to changes to surface runoff regimes, 
increased erosion, changes to land stability and reduced land availability for future land uses. This subsection 
addresses impacts directly related to soil and landform values, while impacts to other related values due to changes 
to landform and soils are considered in subsequent subsections.   
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Soils will be removed from areas where project buildings and infrastructure will be constructed, to allow for 
development of foundations. Soils removed from these areas will be stockpiled and used (where suitable) for 
rehabilitation elsewhere. The loss of land capability in such areas will be due to the physical presence of the 
building/infrastructure rather than the loss of soil itself. During project closure, buildings and infrastructure will 
be removed and the sites rehabilitated. Soils will be permanently removed, as will landform, from the open pit 
expansion. 

During construction of infrastructure locations in steep terrain, particularly roads, most of the excess spoil will be 
side-cast, whereby excavated material will be tipped downslope of the area being excavated. Side-cast material is 
uncompacted and settles at a natural angle of repose. In high rainfall areas, side-cast areas are susceptible to 
erosion over time.  

Figure 6.2 shows the extent of the project footprint where direct disturbance to landform and soils will occur and 
the locations of the key changes to landform arising from the project – the open pit, the TSFs and the Wallah 
waste rock dump. The figure also shows the extent of the existing pit compared to the final pit.  

Figure 6.3 shows a three-dimensional view of the proposed TSF, waste rock dump and open pit, illustrating the 
key landform changes in the Bawdwin concession area. 

Loss of topsoil due to increased erosion or poor soil management 

Project earthworks and mining will result in exposure of bare soils to potential erosion from wind and rainfall 
runoff. The steepness of the terrain and the scale of the project facilities will require excavation, filling or cut-
and-fill of the ground surface during construction. Constructed landforms such as the TSFs and waste rock dump 
and cut and fill areas for newly constructed roads will be particularly prone to erosion.  

Increased erosion may occur in areas where vegetation is cleared (e.g., roads and unsealed hardstand areas around 
project infrastructure) and where soils are stockpiled for later use in rehabilitation. Increased erosion may also 
occur where changes to existing surface water drainage are made around project infrastructure. 

Soil erosion can remove and transport topsoil and disperse it in downstream areas, reducing the capability of the 
land for supporting ecosystems and land uses involving growing plants and crops. Erosion can also reduce the 
availability of topsoil for land rehabilitation. Over time, erosion can lead to a permanent loss of substrate for 
vegetative growth, particularly in steeper areas where the soil profile is thin. 

All of the terrain units in the project area are susceptible to erosion, particularly in areas where soils are situated 
on steep, unstable slopes where vegetation cover is thin and soil profile is shallow. In addition to steep terrain, 
low vegetation cover and thin soil profiles, the region experiences sporadic heavy rainfall events from May to 
September, which contribute to the study area’s susceptibility to erosion (Knight Piésold, 2020).
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Figure 6.2  Project footprint and areas of direct landform and soil disturbance 
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Figure 6.3 Three-dimensional view of proposed key landform changes (TSFs, waste rock dump and open pit) facing southwest
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Modification of soil structure 

Changes to the structure of soil have the potential to limit the capability of soils to support plant growth. 
Modifications can occur through surface compaction of soils by, for example, machinery and through inadequate 
management of stockpiled soil. 

The construction of project infrastructure will lead to soil compaction throughout the project area. This will occur 
due to physical pressure placed upon soils from heavy machinery, vehicles and facilities as well as surface rolling 
for site preparation. The physical properties (e.g., drainage and aeration) of the soil will change when compacted, 
potentially making it difficult for vegetation to successfully re-establish during the rehabilitation phase of the 
project. The extent of soil compaction will be restricted to within the project footprint, with the areas of highest 
compaction being around the mine infrastructure, vehicle parking areas and along roads. 

Large volumes of soil will be excavated, transported and stockpiled during construction and operations, for use in 
future operations and rehabilitation activities. Soils removed from disturbed areas will be stockpiled for future use 
where possible, but this will be constrained by the feasibility of stripping soils on steep slopes and subsequent 
recovery of soils. If it is not possible to adequately recover topsoils, the capability of remaining soils to support 
successful land rehabilitation may limited. Additionally, if recovered topsoils are not stored correctly and/or where 
stockpiles are not adequately managed, compaction, erosion and mixing of different soil horizons could result in 
changes to soil structure. These changes could adversely affect the capability of soils to support successful land 
rehabilitation. 

Contamination of soils 

Contamination of soil may reduce its capacity to support plant growth due to ecotoxicity, subsequently reducing 
its suitability for rehabilitation.  

Existing widespread and severe soil contamination is present in the study area (in the form of high metals 
concentrations including arsenic, nickel, lead and zinc) due to many centuries of mining, ore processing and 
disposal of waste material (see Section 5.1). Land disturbance and soil handling has the potential to mix the 
existing highly contaminated soils with uncontaminated (or low-level contamination) soils. This impact may result 
in high ecotoxicity of soils in areas that were not previously impacted by mining activities, limiting their ability 
to support plant growth, including in rehabilitation. 

The project also has the potential to cause soil contamination due to accidental spills and leaks of hazardous 
substances, use of contaminated water for dust suppression, dust (containing contaminants) depositing on soils, 
and seepage of metalliferous leachate and acid mine drainage. Accidental spills and leaks of hazardous substances 
are assessed in Chapter 7, as these are considered to be unplanned events following the implementation of 
avoidance and management measures.  

Some of the ore to be mined is potentially acid forming (PAF) material and approximately 1%, or 1.5 Mt, of waste 
rock is expected to be PAF. If the PAF material is exposed to air and water, an acidic, metal-rich leachate is likely 
to form. This leachate may migrate through soils and cause acidification and increased metals concentrations in 
groundwater and surface water. Ore and waste rock and tailing material that is not PAF can also produce 
metalliferous (circumneutral) drainage. 

Water emanating from the TSFs, waste rock dump, ore stockpiles and the open pit could potentially contain 
dissolved metals that have been leached from mine materials and hence could introduce elevated metals 
concentrations into underlying soils. The key impacts of metal leaching in terms of impact on environmental 
values would be to groundwater and surface water rather than the soils through which the leachate will pass. Soils 
most likely to be affected would be those close to areas where waste rock or tailings are stored and those at a depth 
where they would have limited existing potential to support plant growth (i.e. not surficial soils).  

Impacts to soils from metalliferous drainage are not considered further. Impacts of leachates containing dissolved 
metals on surface water and groundwater values are assessed in sections 6.3 and 6.4, respectively.  

Summary of potential impacts  
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Project activities could result in adverse impacts to the landform and soils of the terrain units in the project area 
and their associated values. Table 6.2 summarises these potential impacts and the phases of the project in which 
they are expected to occur. 

Table 6.2 Potential landform and soil impacts during project construction, operation and closure 

Sources of potential impact Construction Operation Closure 

Changes to landform due to development of the open pit, TSFs 
and Wallah waste rock dump affecting surface water runoff, 
increasing soil erosion, and reducing potential future land uses. 

X X X 

Reduced landform stability due to ground disturbance increasing 
the potential for landslips, which may bury topsoil or break soil 
aggregates, change the landform, and/or reduce the amount of 
topsoil available for land rehabilitation. 

X X X 

Loss of topsoil due to increased erosion or poor soil management 
of disturbed land following construction of landforms (TSFs, 
WRD), earthworks and mining, reducing the capability of land to 
support ecosystems, land uses, and rehabilitation. 

X X  

Modification of soil structure due to surface compaction changing 
physical properties of the soil, potentially affecting revegetation. 

X X  

Modification of soil structure due to inadequate management of 
soil stockpiles by compaction, mixing of different soil horizons, 
erosion, or returning horizons incorrectly, potentially affecting 
land rehabilitation. 

X X X 

Contamination of soils due to inadvertent mixing of contaminated 
and non-contaminated soils resulting in reduced capacity to 
support plant growth and rehabilitation and use of contaminated 
water for dust suppression. 

X X  

X = occurring in this phase 

6.2.3 Design, management and mitigation 
This section outlines the design and management measures for avoiding and reducing impacts to landform and 
soils. 

Fundamental design controls 

Constructed landforms such as the TSFs, Wallah Gorge waste rock dump and pit will be designed for long-term 
stability and reduced erosion potential. Site specific factors will be considered in the design, including the 
locally steep terrain and high rainfall environment at Bawdwin. Seepage and drainage design controls and slope 
profiles (i.e., slope shapes and angles of engineered dams and embankments) will be selected to minimise the 
potential for erosion. 

The TSF design will reflect the following aspects: 

 The existing site knowledge base. 

 International good practice standards, in particular the Global Industry Standard on Tailings Management 
(Global Tailings Review, 2020) and the International Commission on Large Dams (ICOLD) standards and 
guidelines. 

 Relevant Australian guidelines.  

Seepage design controls to be implemented include the cut-off trench, underdrainage system, embankment 
internal drainage system and operational and closure spillways. Sections 4.8.2 and 4.8.8 provide further detail 
on these design controls. 
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The waste rock dump overall slope profile less than 1V:3H (a ratio of 1 unit vertical rise to 3 three units horizontal 
distance), comprised of batter slopes (1V:2.5H), 10 m wide benches and 25 m wide ramps. A 25 m wide external 
surface layer of fresh waste rock on the front face of the dump will improve the geotechnical stability and reduce 
the long-term erosion potential of the dump. The waste rock dump also includes underdrains to promote drainage 
of water through the dump and reduce seepage through the base. A series of surface drains (i.e., bench, ramp and 
toe drains) will collect surface runoff for discharge from the waste rock dump in a controlled manner. The captured 
seepage and runoff will be directed to a series of three sediment dams where the water will be either diluted with 
runoff or treated, to meet Myanmar mining effluent standards. For further detail on this surface drainage and 
underdrainage systems see Section 4.7.2. For a schematic of the surface drainage system refer to Figure 4.22 and 
for a schematic of the underdrain system refer to Figure 4.21 in Section 4.7.2.  

The waste rock dump will be progressively rehabilitated during operations. Once a bench of the dump is complete, 
the outer face will be rehabilitated with a closure cover (a composite store and release cover system with a growth 
medium on top to encourage revegetation) placed over the surface. The TSFs will also be rehabilitated with a 
store and release cover system as they are completed. The covers will be comprised of materials that will not 
become a source of contaminants, will be resistant to erosion and will be suitable of supporting vegetation growth. 

For all key items of project infrastructure that will be constructed, detailed designs will be developed that will 
take into account the site conditions, further geotechnical investigations as required and will also specify 
construction methods. The application of good practice engineering and design will minimise the likelihood of 
major landslips and instability to landform.  

Environmental management 

To reduce magnitude of impact to landforms and soils, environmental management measures will include: 

 Minimise vegetation clearing by using previously disturbed or degraded areas as a first preference for locating 
infrastructure and mine activities. 

 Conduct major land disturbance and earth moving activities during the dry season, where practicable. 

 Avoid compaction of topsoil and disturbance by restricting vehicle, plant and equipment movement to 
designated tracks, as far as practicable. 

 Avoid side-casting in locations that could impact the natural flow of drainage channels, creeks and rivers. 

 Cover and stabilise exposed areas susceptible to erosion (due to project disturbance) using appropriate 
materials such as vegetation debris, jute netting, geogrid matting, or mulch. 

 Stabilise minor landslips and other areas of landform instability impacted by the project (e.g., soil binders, 
synthetic matting and engineered structures). 

 Install landform and soil stabilisation measures on side hill cuts to reduce slumping and/or erosion. 

 Implement and maintain erosion and sediment controls, including site specific measures as necessary. Typical 
controls include: 

- Locate and design infrastructure to limit runoff to watercourses. 

- Install structures to intercept sediment-laden surface runoff to reduce sediment delivery to watercourses. 

- Install diversion drains to intercept uncontaminated surface runoff around facilities and divert away from 
cleared areas, where practicable. 

- Discharge water in a manner that prevents scouring and erosion. 

- Stockpile spoil and/or topsoil materials away from watercourses (i.e., maintain a minimum of 10 m from 
watercourse banks), where practicable. 

- Grade access roads adjacent to watercourses to drain away from watercourses. 
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- Minimise the extent, and time, that ground surfaces and stockpiles are exposed through staged works 
wherever possible. 

 Undertake progressive rehabilitation and revegetation of disturbed areas (including the TSFs and waste rock 
dump) to minimise the length of time that disturbed areas are exposed to wind and erosion. 

 Use quick-growing ground vegetation to reduce the erosive impacts of rainfall and surface water flow in 
rehabilitation areas. 

 Rehabilitate compacted soils by surface ripping progressively where practicable and at closure. 

 Implement a general revegetation program in the Bawdwin concession area focussing on stabilising and 
covering areas of exposed land to minimise erosion and generation of dust. 

To minimise contamination of soils, standard environmental management measures will include: 

 Develop site-specific soil environmental criteria for lead and heavy metals concentrations and monitor their 
concentrations in soils to be disturbed, stored/handled, and/or used in rehabilitation or construction (e.g., 
hardstands, road base etc.,). Use the criteria to determine whether the soils are suitable for intended use (i.e., 
won’t spread contamination to unaffected areas and create new areas of problematic soils); need special 
treatment for disposal (e.g., buried deep in the sub surface profile (or otherwise isolate and capped));  or are 
able to be placed back in the soil profile as topsoil for rehabilitation purposes. 

 Recover and stockpile soils in project footprint which are uncontaminated/ have levels of contamination that 
are suitable for land rehabilitation for the intended end land uses, provided that recovery is physically feasible 
and safe. 

 Treat and dispose of, or manage on site, contaminated soils based on the type and scale of contamination. 

 Bury soils of lower-level contamination deeper in the soil profile (if suitable to do so) and below the soil root 
zone and cap with uncontaminated soil. 

 Treat and dispose of hazardous waste including fuels, oils, chemicals and highly contaminated soil offsite at 
a licenced facility using suitably qualified contractors.  

 Store and handle hazardous materials including fuels, oils and chemicals in accordance with good 
international practice, including designing appropriately secured and bunded facilities to meet appropriate 
standards for storage of hazardous materials. 

 Strip and stockpile recoverable topsoil and subsoil separately in approved locations, and erect clear signage 
to identify these different areas. 

 Train site personnel in hazardous materials management and appropriate soil management. 

 Avoid using contaminated water for dust suppression purposes on any roads, or soils that are not already 
contaminated with metals.  

Land rehabilitation 

Rehabilitation of land will be completed where required and may include land stabilisation, contamination 
management, soil management, erosion and sediment control and revegetation. A progressive rehabilitation 
approach will be taken to minimise the length of time that disturbed areas are exposed to potential erosion and to 
facilitate progressive revegetation. The rehabilitation strategy will take into account issues raised during 
community consultation and incorporate these into the rehabilitation objectives and end land use objectives. 

Progressive rehabilitation involves rehabilitating cleared areas as soon as possible after clearance to reduce erosion 
and runoff and allow vegetation establishment. Initial stages of rehabilitation will involve land stabilisation and 
erosion control to ensure the land is stable and suitable for revegetation. This may involve stabilisation measures 
to reduce the likelihood of landslips, slumping and erosion occurring. The erosion and sediment management plan 
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will outline measures to limit soil disturbance and erosion during construction, operations and closure of the mine. 
This will aid in ensuring the landforms are stable and able to be rehabilitated and revegetated effectively. 

Effective rehabilitation and revegetation will require soils to be managed in accordance with the management 
measures outlined in this section. Soil management involves the removal, storage and later use of topsoil and 
subsoil, to ensure soil resources can be reused effectively during rehabilitation. These measures are aimed at 
minimising contamination of soils and the suitable storage of stockpiled soils, to ensure soils are able to be reused 
where possible and promote successful vegetation growth. Where soils cannot be reused, ripping of compacted 
soils will be undertaken to promote successful vegetation growth. The existing condition of soils in the project 
area is generally poor (refer to Section 5.1), due to the ongoing impacts of historical mining. High concentrations 
of metals in the soils will be considered during rehabilitation to ensure the soils provide a suitable substrate for 
vegetation growth. 

Revegetation will initially involve quick-growing ground cover vegetation to protect the landform and ensure that 
in the long term, permanent vegetation can be established. The mine closure and rehabilitation plan will outline 
specific aspects of revegetation. After project closure it is expected that compacted areas will be successfully 
rehabilitated by surface ripping and any existing land capability to support plant growth will be able to be regained. 

6.2.4 Residual impact assessment 
This section assesses the residual significance of impacts identified in Section 6.2.2 after implementation of the 
management measures outlined in Section 6.2.3. The magnitude of each residual impact is assessed based on the 
impact’s spatial extent, severity and duration. The significance of each residual impact is assessed, taking into 
consideration the sensitivity of the value (see Section 5.1) and the impact magnitude.  

Table 6.3 presents the criteria used to determine the magnitude of each impact to landform and soils values.   

Uncertainties related to the residual impact assessment are discussed in Section 6.2.6. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-14

 

Table 6.3 Criteria used to determine magnitude of residual impacts to landform and soils 

Criteria Very low Low Medium High Very high 

Spatial 
extent 

Impact affects a 
very small area 
within existing 
disturbance areas 
and the project 
footprint 

Impact is entirely 
within existing 
disturbance areas. 

Impact affects a 
localised area. 

Impact is within 
existing disturbance 
and 
undisturbed/minimally 
disturbed areas. Impact 
affects a moderate area 
(i.e., within the local 
catchment). 

Impact is within 
previously 
undisturbed (or 
minimally 
disturbed) areas. 

Impact affects a 
widespread area. 

Impact extent is 
very high (i.e., 
extends beyond 
the concession 
area boundaries 
or is of regional 
scale). 

Severity Recovery of soils 
and landform 
values likely 
without, or with 
minimal, 
rehabilitation 
effort. 

Recovery of soils 
and landform 
values likely 
without, or with 
minimal, 
rehabilitation 
effort and using 
standard 
management 
measures. 

Recovery of soils and 
landform values can be 
partly achieved with 
some reduction in land 
and soil capability.  

Rehabilitation is 
very difficult and 
most of the land 
and soil 
capability is 
reduced or lost. 

Land and soil 
cannot be 
rehabilitated and 
land and soil 
capability is lost. 

Duration Impact is very 
short in duration 
(i.e., days). 

Impact is short 
term (i.e., months 
or less). 

Impact is medium term 
(1 to 2 years). 

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

 

Reduced landform stability due to ground disturbance 

The highest risk of reduced landform stability is where mining and large-scale earthworks will occur in steep 
terrain (i.e., open pit mine, power station, process plant, ROM pad, mine services area and along access and haul 
roads). Other risk areas of landform instability are the TSF and the Wallah waste rock dump structures. Reduced 
landform stability could result in land slip and subsequent loss of topsoil and potential land use capability. 

The mountainous and hilly terrain within the project area will be exposed to instability as a result of vegetation 
clearance, topsoil removal, mining activities, and excavation of regolith. The steep mountain terrain unit is 
inherently susceptible to instability due to its steep slopes (slopes in most of the study area are greater than 20%, 
including within the steep mountain terrain unit), weak soil structure, high rainfall and seismicity in the region. 
Most of the mining activity to date has occurred on the lower mountain slopes and valley floors terrain unit and 
there is little evidence of major landslips caused by mining-related disturbance in the valley. 

The key measures to reduce the potential instability and landslips are project design and engineering methods that 
provide for stable landforms as project infrastructure is built and mining progresses. Erosion and drainage 
management measures, as well as progressive surface rehabilitation, will also be implemented to achieve stable 
landforms. 

Major landslips on steep mountain slopes would have considerable impacts down-slope, depending on the 
location. The risks associated with major landslips and other landform stability related unplanned or infrequent 
events, including a TSF failure, are assessed in Chapter 7.  

The steep mountain terrain unit has the highest potential for landslips given its steepness, thin soil profiles and 
low vegetation cover. Mining and most of the higher risk construction activities (large scale earthworks for 
facilities such as the process plant, mine services area, ROM pad, power station and accommodation camp) will 
also occur in this terrain unit. The impact to the steep mountain terrain unit is considered to be of low significance 
based on the low magnitude of impact and medium sensitivity of the terrain unit (Table 6.4).  
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Table 6.4 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to reduced landform stability - affecting steep mountain terrain 
unit 

Value Sensitivity of value  

Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Low 

Terrain not currently 
an important area for 
building construction 
or agriculture and not 
likely to be in the 
future due to 
steepness. Supports 
limited vegetation 
growth and 
ecosystems due to 
pre-existing 
vegetation clearance, 
thin soil profile and 
erosion.  

Medium 

Medium to high susceptibility to 
landslip, prone to erosion and 
vulnerable to additional loss of 
topsoil.  

Highly contaminated soils 
around the Nam Pangyun, ER 
and Wallah valleys. Soils have 
lower contaminant 
concentrations further away 
from these areas within the study 
area. 

Medium 

Due to the steepness it 
will probably be very 
difficult to rehabilitate 
landslip, erosion or 
additional 
contamination. 

Limited potential to 
regain associated 
ecosystem value and 
beneficial land use. 

Medium 

 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
reduced landform 
stability 

Spatial extent Severity Duration Magnitude 

Low 

Due to use of good 
engineering practices 
and design 
widespread landform 
instability is not 
expected to occur. 
Any project induced 
landslips are 
expected to be 
confined to small 
areas. 

Low 

The type of slope failure that 
may occur is likely to be minor 
slumping or landslip that can be 
rehabilitated without permanent 
loss of land capability and the 
avoidance of additional land 
instability hazards.  

Medium 

Low severity events 
with a low spatial extent 
can be rehabilitated or 
stabilised within 1 to 2 
years.  

 

Low  

Residual impact significance Low  

Assessment of uncertainty 

Medium 

Landform stability, and associated impacts and construction controls and designs are subject to 
further investigation as part of the detailed design phase. Information herein is based on the current 
feasibility study information and baseline investigations.  

 

The lower mountain slopes and valley floors terrain unit and undulating hills of the northern and western study 
area are less likely to experience impacts from land instability, as the topography is generally less steep in these 
areas. The impact to the lower mountain slopes and valley floors is considered to be of low significance based on 
the low magnitude of impact and medium sensitivity of the terrain unit (Table 6.5). The impact to the undulating 
hills of the northern and western study area is considered to be of low significance based on the low magnitude 
of impact and medium sensitivity of the terrain unit ( 
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Table 6.5 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to reduced landform stability - affecting lower mountain slopes 
and valley floors 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floors - capacity 
to support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely that this terrain 
unit would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
reduced landform 
stability 

Spatial extent Severity Duration Magnitude 

Low 

Due to use of good 
engineering practices 
and design 
widespread landform 
instability is not 
expected to occur. 
Any project induced 
landslips are 
expected to be 
confined to small 
areas.  

Low 

The type of slope failure that 
may occur is likely to be minor 
slumping or landslip that can be 
readily rehabilitated and not 
result in large-scale permanent 
loss of land capability or 
creation of additional land 
instability hazards. 

Low  

Low severity events 
with a low spatial extent 
can be readily 
rehabilitated, resulting 
in a short-term impact. 

Low 

Residual impact significance Low  

Assessment of uncertainty 

Medium 

Landform stability, and associated impacts and construction controls and designs are subject to 
further investigation as part of the detailed design phase. Information herein is based on the current 
feasibility study information and baseline investigations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-18

 

Table 6.6 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to reduced landform stability - affecting undulating hills of the 
northern and western study area  

Value Sensitivity of value  

Undulating hills 
of the northern 
and western study 
area - capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile 
probably thicker and more stable 
with more gentle slopes. Soils 
have lower levels of 
contamination than other terrain 
units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
reduced landform 
stability - 
undulating hills 
of the northern 
and western study 
area 

Spatial extent Severity Duration Magnitude 

Low 

Due to use of good 
engineering practices 
and design 
widespread landform 
instability is not 
expected to occur. 
Any project induced 
landslips are 
expected to be 
confined to small 
areas. 

Low 

The type of slope failure that 
may occur is likely to be minor 
slumping or landslip that can be 
rehabilitated without permanent 
loss of land capability and the 
avoidance of additional land 
instability hazards.  

Medium 

Low severity events 
with a low spatial extent 
can be rehabilitated or 
stabilised within 1 to 2 
years.  

 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Landform stability, and associated impacts and construction controls and designs are subject to 
further investigation as part of the detailed design phase. Information herein is based on the current 
feasibility study information and baseline investigations.  

 

Changes to landform due to major earthworks and mining 

Significant changes to the local landform will remain even after implementation of management measures. 
These landform changes are assessed below for the key project features. 

The open pit will have a footprint of around 95.9 ha and will extend 250 m below the existing pit floor. The 
TSFs will fill in the valleys that they are located with embankment heights of 132.8 m, 147.0 m and 161.4 m for 
TSFA, TSFB and TSF C respectively and a total footprint of around 149.0 ha. The Wallah waste rock dump will 
fill the portion of the Wallah Valley that it sits in and will be 315 m high and 107.2 ha in area.  

Figure 6.4 shows the current landform in the Bawdwin concession area compared with the landform changes 
due to the open pit and other key project features (TSFs and waste rock dump). All of these landform changes 
will be permanent.
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Figure 6.4 Existing landform and predicted project changes to landform
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Open pit 

As the open pit will remain as an excavation that will become a pit lake at closure, any land capability (current 
and future) will be directly lost in this area. The expansion of the existing pit to the east across a portion of the 
Nam Pangyun valley will occur in an area already highly disturbed from historic mining. The expansion of the 
existing pit to the north and south encroaches into the steep mountain terrain into areas that are not highly disturbed 
from previous activities. The impact to the steep mountain terrain unit is considered to be of high significance 
based on the high magnitude of impact and medium sensitivity of the terrain unit (Table 6.7). The impact to the 
lower mountain slopes and valley floors is considered to be of high significance based on the high magnitude of 
impact and medium sensitivity of the terrain unit (Table 6.8). 

Table 6.7 Residual impact significance summary - changes to landform due to expansion and 
operation of the open pit - affecting steep mountain terrain unit 

Value Sensitivity of value  

Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Low 

Terrain not currently 
an important area for 
building construction 
or agriculture and not 
likely to be in the 
future due to 
steepness.  

Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion.  

Medium 

Medium to high susceptibility to 
landslip, prone to erosion and 
vulnerable to additional loss of 
topsoil.  

Highly contaminated soils 
around the Nam Pangyun, ER 
and Wallah valleys. Soils have 
lower contaminant 
concentrations further away 
from these areas within the study 
area. 

Medium 

Due to the steepness it 
will probably be very 
difficult to rehabilitate 
landslip, erosion or 
additional 
contamination. 

Limited potential to 
regain associated 
ecosystem value and 
beneficial land use. 

Medium 

Impact Magnitude of impact  

Changes to 
landform due to 
expansion and 
operation of the 
open pit 

Spatial extent Severity Duration Magnitude 

Medium 

The part of the open 
pit located in the 
steep mountain 
terrain is largely 
located within 
existing disturbance 
area. Impact affects a 
moderate area (i.e., 
within the local 
catchment). 

Very high  

The impacts will not be able to 
be rehabilitated and the current 
and potential future uses 
(although currently highly 
limited in most areas in this 
terrain unit) of the unit will be 
lost. 

Very high  

The landform changes 
will be permanent. 

High 

Residual impact significance High 

Assessment of uncertainty 

Low 

The size and location of the pit expansion is known and has been overlain with the surrounding 
landform units with a 3D visualisation of the open pit developed. Impacted areas are well 
understood. 
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Table 6.8 Residual impact significance summary - changes to landform due to expansion and 
operation of the open pit - affecting lower mountain slopes and valley floors 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floors - capacity 
to support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely this terrain unit 
would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

 

Medium 

Impact Magnitude of impact  

Changes to 
landform due to 
expansion and 
operation of the 
open pit 

Spatial extent Severity Duration Magnitude 

Low  

The part of the open 
pit located in the 
lower mountain 
slopes and valley 
floors terrain unit is 
entirely within 
existing disturbance 
areas. 

 

Very high  

The impacts will not be able to 
be rehabilitated and the current 
and potential future uses of the 
terrain unit will be lost. 

Very high  

The landform changes 
will be permanent. 

High 

Residual impact significance High 

Assessment of uncertainty 

Low 

The size and location of the pit expansion is known and has been overlain with the surrounding 
landform units with a 3D visualisation of the open pit developed. Impacted areas are well 
understood. As the area will be a void (mine pit), there will be no future land uses that can be 
regained in the impacted areas. 

 

Tailings storage facilities and waste rock dump 

Construction of the TSFs (including TSFs, embankments, closure spillways and the diversion dam) and waste 
rock dump (including sediment dams) will result in the topography of the landform permanently changing 
(Figure 6.4). The TSFs and WRD are located across all three terrain units. Rehabilitation of the TSFs and WRD 
will be conducted progressively when practicable, resulting in recovery of some of the capacity of the landform 
to support ecosystems and beneficial uses over time. The impact to the steep mountain terrain unit is of high 
significance based on the high magnitude of impact and medium sensitivity of the terrain unit (Table 6.9). 
The impact to both the lower mountain slopes and valley floor terrain unit and the undulating hills of the 
northern and western study area terrain unit is of moderate significance based on the medium magnitude of 
impact and medium sensitivity of these terrain units (Table 6.10 and Table 6.11). 

Table 6.9 Residual impact significance summary - changes to landform due to construction of the 
tailings storage facility and waste rock dump - affecting steep mountain terrain unit 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Low 

Terrain not currently 
an important area for 
building construction 
or agriculture and not 
likely to be in the 
future due to 
steepness. Supports 
limited vegetation 
growth and 
ecosystems due to 
pre-existing 
vegetation clearance, 
thin soil profile and 
erosion.  

 

Medium 

Medium to high susceptibility to 
landslip, prone to erosion and 
vulnerable to additional loss of 
topsoil. Highly contaminated 
soils around the Nam Pangyun, 
ER and Wallah valleys. Soils 
have lower contaminant 
concentrations further away 
from these areas within the study 
area. 

Medium 

Due to the steepness, it 
will probably be very 
difficult to rehabilitate 
landslip, erosion or 
additional 
contamination. 

Limited potential to 
regain associated 
ecosystem value and 
beneficial land use. 

Medium 

Impact Magnitude of impact  

Changes to 
landform due to 
construction of 
the tailings 
storage facility 
and waste rock 
dump 

Spatial extent Severity Duration Magnitude 

High  

231 ha of the TSF 
and WRD are located 
in areas of steep 
mountain terrain. 
This a widespread, 
previously 
undisturbed (or 
minimally disturbed) 
areas. 

 

Medium 

The TSF and waste rock dump 
will eventually be rehabilitated, 
and some land capability may be 
returned (although this will need 
to be confirmed during detailed 
closure planning). 

Topography changes while very 
different to current topography 
will be somewhat compatible 
with surrounding terrain. 

Very high 

Changes to topography 
will be permanent, 
however the capacity of 
the land to support 
ecosystems and 
beneficial uses may 
return in the long-term 
after rehabilitation 

High 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The topography change due to this feature has been developed in a 3D visualisation with the 
surrounding terrain and the topography change is well understood. However, the ability of land 
capability to be successfully regained at the TSF and waste rock dump sites will need to be 
confirmed during detailed closure planning. 

Table 6.10 Residual impact significance summary - changes to landform due to construction of the 
tailings storage facilities and waste rock dump - affecting lower mountain slopes and valley 
floor 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floor - capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely this terrain unit 
would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

 

Medium 

Impact Magnitude of impact  
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Changes to 
landform due to 
construction of 
the tailings 
storage facility 
and waste rock 
dump 

Spatial extent Severity Duration Magnitude 

Low 

15 ha of the TSF and 
WRD are located 
within the lower 
mountain slopes and 
valley floor unit. The 
impact will affect a 
localised area of this 
terrain unit. 

Medium 

The TSF and waste rock dump 
will eventually be rehabilitated, 
and some land capability may be 
returned (although this will need 
to be confirmed during detailed 
closure planning). Topography 
changes while very different to 
current topography will be 
somewhat compatible with 
surrounding terrain. 

Very high 

Changes to topography 
will be permanent, 
however the capacity of 
the land to support 
ecosystems and 
beneficial uses may 
return in the long-term 
after rehabilitation. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

The topography change due to this feature has been developed in a 3D visualisation with the 
surrounding terrain and the topography change is well understood. However, the ability of land 
capability to be successfully regained at the TSF and waste rock dump sites will need to be 
confirmed during detailed closure planning 

Table 6.11 Residual impact significance summary - changes to landform due to construction of the 
tailings storage facilities and waste rock dump - affecting undulating hills of the northern 
and western study area 

Value Sensitivity of value  

Undulating hills 
of the northern 
and western study 
area - capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile 
probably thicker and more stable 
with more gentle slopes. Soils 
have lower levels of 
contamination than other terrain 
units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Changes to 
landform due to 
construction of 
the tailings 
storage facilities 
and waste rock 
dump 

Spatial extent Severity Duration Magnitude 

Low  

10 ha of the TSF and 
WRD are located 
within the undulating 
hills terrain unit. The 
impact will affect a 
localised area of this 
terrain unit. 

Medium 

The TSF and waste rock dump 
will eventually be rehabilitated, 
and some land capability may be 
returned (although this will need 
to be confirmed during detailed 
closure planning). Topography 
changes while very different to 
current topography will be 
somewhat compatible with 
surrounding terrain. 

Very high 

Changes to topography 
will be permanent, 
however the capacity of 
the land to support 
ecosystems and 
beneficial uses may 
return in the long-term 
after rehabilitation 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 
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Medium 

The topography change due to this feature has been developed in a 3D visualisation with the 
surrounding terrain and the topography change is well understood. However, the ability of land 
capability to be successfully regained at the TSF and waste rock dump sites will need to be 
confirmed during detailed closure planning 

Loss of topsoil due to increased erosion or poor soil management 

Erosion of topsoil is likely to occur during construction and operations, even with implementation of management 
measures.  

The highest erosion risks will be where large areas of soils are exposed in steep terrain. These areas will comprise 
the construction sites for key infrastructure such as the power station, process plant, ROM pad, mine services area, 
TSFs, waste rock dump, accommodation camp, haul road and access road (see Figure 6.2). Up to 161.2 ha total 
area will be exposed to potential erosion during construction of the power station (0.3 ha), process plant (10.3 ha), 
ROM pad (9.2 ha), accommodation village (3.3 ha), mine services area (4.4 ha), haul roads and batters (14.8 ha), 
access roads (48.6 ha), TSFs embankments and diversion dam (69.8 ha) and sediment dams (0.6 ha). The majority 
of this area is in the steep mountain terrain (76.5%), with less in the undulating hills of the northern and western 
study area (6.7%) and lower mountain slopes and valley floor unit (9.9%).The remaining 6.8% was not mapped, 
and is comprised of 11 ha of the area that the access roads will be constructed on. 

Although the TSFs and Wallah waste rock dump will be progressively covered and rehabilitated, the exposed 
areas prior to rehabilitation will be prone to erosion. Ongoing erosion is likely to occur around unsealed roads and 
hardstand areas during operations. Up to 356.8 ha total area will be exposed to potential erosion during operations, 
with exposed areas including the open pit (95.9 ha), TSFs (excluding the diversion dam and closure spillways) 
(139.1 ha), Wallah WRD and sediment dams (107.1 ha) and haul roads and batters (14.8 ha). The majority of this 
area is in the steep mountain terrain unit (86.7%), with less in the undulating hills of the northern and western 
study area (2.3%) and lower mountain slopes and valley floor unit (11.0%).  

Measures will be implemented to manage surface drainage around construction sites, limit erosion and intercept 
suspended solids and sediment. Where practicable, disturbed sites (with the exception of unsealed roads and 
hardstand areas) will either be covered by sealed surfaces or progressively rehabilitated and revegetated. Other 
sites may be required to remain unsealed and unvegetated throughout operations, in which case they will be 
revegetated at closure. At these sites, measures implemented will include compaction, run-on management and 
sediment interception. Construction on or near natural drainage lines will be planned for the dry season, where 
practicable. The waste rock dump and TSF embankments, batters and benches will be designed (i.e., selection of 
optimal batter slopes and bench widths) (see Chapter 4 for detail on design of these facilities) to increase their 
long-term stability and reduce erosion potential. Most surfaces will be either covered, rehabilitated or stabilised 
after construction. Areas that will remain uncovered are roads and parts of the TSF and waste rock dump 
embankments. These areas will be subjected to ongoing drainage and erosion management to manage localised 
erosion.  

Poor management of soils, including those in stockpiles, can alter the structure of the soil profile upon returning 
the soil to the land during rehabilitation. Protection of soil stockpiles from weathering (i.e., erosion), and 
separating material types to allow soil profiles to be re-established (e.g., topsoil and subsoil) during rehabilitation 
will give the greatest chance of successful rehabilitation of soils so they retain a structure supportive of plant 
growth and land stability. This impact will affect all three terrain units; however, the steep mountain terrain unit 
will be the most extensively impacted as it hosts most of the major construction areas (i.e., around the power 
station, process plant, ROM pad and mine services area) and given the steepness of the terrain, disturbed land will 
be relatively difficult to rehabilitate. With an appropriate closure and rehabilitation plan in place and training of 
site personnel, it is expected that poor management of stockpiled soils will be largely avoided. 

After rehabilitation, the existing land and soil capability is expected to be mostly returned over time, except in 
areas of extensive ongoing erosion, where any increased erosion of steeper terrain could permanently reduce the 
soil profile to very low levels. These conditions limit the potential for achieving long term stable landform and 
vegetation growth and are expected to be very difficult to fully rehabilitate. The impact to the steep mountain 
terrain unit is considered to be of high significance based on the high magnitude of impact and medium 
sensitivity of the terrain unit (Table 6.12). The impact to the lower mountain slopes and valley floors is considered 
to be of moderate significance based on the medium magnitude of impact and medium sensitivity of the terrain 
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unit (Table 6.13). The impact to the undulating hills of the northern and western study areas is considered to be 
of low significance based on the low magnitude of impact and medium sensitivity of the terrain unit (Table 
6.14). 

Erosion will occur within the open pit itself due to rainfall runoff as well as the in-pit diversion of the Nam 
Pangyun. The pit will be continually disturbed as it is mined and will not be suitable for supporting ecosystems 
or land use.  
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Table 6.12 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to loss of topsoil due to increased erosion or poor soil management 
- affecting steep mountain terrain unit 

Value Sensitivity of value  

Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Low 

Terrain not currently 
an important area for 
building construction 
or agriculture and not 
likely to be in the 
future due to 
steepness. Supports 
limited vegetation 
growth and 
ecosystems due to 
pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Medium 

Medium to high susceptibility to 
landslip, prone to erosion and 
vulnerable to additional loss of 
topsoil.  

Highly contaminated soils 
around the Nam Pangyun, ER 
and Wallah valleys. Soils have 
lower contaminant 
concentrations further away 
from these areas within the study 
area. 

Medium 

Due to the steepness 
it will probably be 
very difficult to 
rehabilitate landslip, 
erosion or additional 
contamination. 

Limited potential to 
regain associated 
ecosystem value and 
beneficial land use. 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to loss 
of topsoil due to 
increased erosion 
or poor soil 
management 

Spatial extent Severity Duration Magnitude 

Medium 

Topsoil loss will 
occur partly within 
existing disturbance 
areas and undisturbed 
areas of the steep 
mountain terrain unit. 
Most of the 
disturbance will 
occur in this terrain 
unit.  

High 

Recovery of topsoil (for storage 
and later reuse) will be more 
difficult in the steep mountain 
terrain unit and the 
reestablishment of ecosystem 
capacity post stabilisation and 
rehabilitation will be more 
challenging but expected to 
return some capacity over time.  

High 

Due to the steepness 
it will probably take 
longer to re-establish 
ecosystem capacity.  

High 

Residual impact significance High 

Assessment of uncertainty 

Medium 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 
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Table 6.13 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to loss of topsoil due to increased erosion or poor soil management 
- affecting lower mountain slopes and valley floors 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floors - reduced 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely that this terrain 
unit would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to loss 
of topsoil due to 
increased erosion 
or poor soil 
management 

Spatial extent Severity Duration Magnitude 

Medium  

Topsoil loss will 
occur partly within 
existing disturbance 
areas and undisturbed 
areas. 

 

Low  

Recovery of topsoil (for storage 
and later reuse) and subsequent 
reestablishment of ecosystem 
capacity and land capability is 
expected to readily achievable in 
this terrain unit.  

 

Medium 

Impacts will be medium 
term due to erosion 
management and 
progressive 
rehabilitation of areas 
that are able to be 
progressively 
rehabilitated.  

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 
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Table 6.14 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to loss of topsoil due to increased erosion or poor soil management 
- affecting undulating hills of the northern and western study area 

Value Sensitivity of value  

Undulating hills 
of the northern 
and western study 
area - capacity to 
support 
ecosystems and 
beneficial land 
use 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile is 
likely to be thicker and more 
stable with more gentle slopes 
than other terrain units. Soils 
have lower levels of 
contamination than other terrain 
units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to loss 
of topsoil due to 
increased erosion 
or poor soil 
management 

Spatial extent Severity Duration Magnitude 

Low  

A small part of the 
project footprint is 
expected to disturb 
this terrain unit.  

Medium 

Recovery of topsoil (for storage 
and later reuse) will be more 
difficult on the steeper sections 
of this terrain unit. The 
reestablishment of ecosystem 
capacity post stabilisation and 
rehabilitation will be more 
challenging but expected to 
return some capacity over time.  

 

Low  

While erosion will 
occur long-term, 
impacts will be short 
term due to erosion 
management and 
progressive 
rehabilitation. 

 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 

 

The same impacts (and associated significance ratings) are predicted during project decommissioning and closure 
implementation activities, when buildings and infrastructure are removed and remaining earthworks and 
rehabilitation works are being implemented.  The mine will be closed under a mine closure plan to be developed 
and submitted to the Department of Mines for approval in accordance with the Myanmar Mines Law (1994) and 
the Myanmar Mines Rules (2018), and any subsequent revision of those laws and rules in force at the time closure 
is planned. The main objective of mine closure will be to achieve long-term physical, chemical, and biological 
stability of the site to minimise potential environmental, health and safety risks. Rehabilitation activities, outlined 
in Section 6.2.3, will be undertaken to aid in achieving this objective. The post-closure site will be designed to 
require minimal active maintenance and monitoring. Ongoing erosion is expected to gradually diminish as post-
closure rehabilitation progresses and vegetation cover is established. No significant erosion impacts are predicted 
to occur after closure, with successful implementation of management measures during closure and rehabilitation.  

Modification of soil structure 

Topsoil modification will occur in the form of compaction around construction sites, and unsealed roads and 
hardstand areas. Key compaction areas will include the haul road, access roads; and around the power station, 
process plant, ROM pad and accommodation camp. Compaction will arise from surface preparation during 
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construction and physical presence of buildings and infrastructure, as well as ongoing movements of heavy 
vehicles and machinery. Compaction of soil results in loss of soil structure, reduced water infiltration and reduced 
oxygenation. Soil compaction can also lead to increased surface runoff. 

Surface compaction will mostly occur during construction where large machinery and vehicle traffic will access 
construction areas. Some areas (i.e., unsealed roads and hardstand areas) will remain compacted during operations. 
After project closure, compacted areas are expected to be successfully rehabilitated by surface ripping. Surface 
compaction will affect all three terrain units, with the steep mountain terrain unit most extensively impacted as 
most of the major construction and road areas are located within it.  

The impact to the steep mountain terrain unit, lower mountain slopes and valley floors, and undulating hills of the 
northern and western study areas are considered to be of low significance based on the medium magnitude of 
impact and medium sensitivity of these terrain units (Table 6.15, Table 6.16 and Table 6.17). 
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Table 6.15 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to soil compaction modifying the soil structure - affecting steep 
mountain terrain unit 

Value Sensitivity of value  

Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Low 

Terrain not currently an 
important area for 
building construction or 
agriculture and not 
likely to be in the future 
due to steepness. 
Supports limited 
vegetation growth and 
ecosystems due to pre-
existing vegetation 
clearance, thin soil 
profile and erosion.  

 

Medium 

Medium to high susceptibility 
to landslip, prone to erosion 
and vulnerable to additional 
loss of topsoil. Highly 
contaminated soils around the 
Nam Pangyun, ER and 
Wallah valleys. Soils have 
lower contaminant 
concentrations further away 
from these areas within the 
study area. 

Medium 

Due to the steepness it 
will probably be very 
difficult to rehabilitate 
landslip, erosion or 
additional 
contamination. 

Limited potential to 
regain associated 
ecosystem value and 
beneficial land use. 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to soil 
compaction 
modifying the 
soil structure  

Spatial extent Severity Duration Magnitude 

Low  

Compacted areas to be 
rehabilitated will be 
highly localised within 
the project footprint 

Low  

Any existing land capability 
to support plant growth will 
be able to be regained after 
rehabilitation 

Low to high  

The impact may range 
from short-term (i.e., 
months during 
construction, with 
progressive 
rehabilitation of 
compacted areas) to 
long term (i.e., surfaces 
to remain compacted 
throughout the life of 
the project). 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium. 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 
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Table 6.16 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to soil compaction modifying the soil structure - affecting lower 
mountain slopes and valley floors 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floors - capacity 
to support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely that this terrain 
unit would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to soil 
compaction 
modifying the 
soil structure  

Spatial extent Severity Duration Magnitude 

Very low  

Compacted areas to 
be rehabilitated will 
be highly localised 
within the project 
footprint 

Low  

Any existing land capability to 
support plant growth will be able 
to be regained after 
rehabilitation 

Medium 

The impact may range 
from short-term (i.e., 
months during 
construction, with 
progressive 
rehabilitation of 
compacted areas) to 
long term (i.e., surfaces 
to remain compacted 
throughout the life of 
the project) 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 

Table 6.17 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to soil compaction modifying the soil structure - affecting 
undulating hills of the northern and western study area 
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Value Sensitivity of value  

Undulating hills 
of the northern 
and western study 
area - capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile 
probably thicker and more stable 
with more gentle slopes. Soils 
have lower levels of 
contamination than other terrain 
units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to soil 
compaction 
modifying the 
soil structure  

Spatial extent Severity Duration Magnitude 

Very low  

Compacted areas to 
be rehabilitated will 
be highly localised 
within the project 
footprint 

Low  

Any existing land capability to 
support plant growth will be able 
to be regained after 
rehabilitation 

Medium  

The impact may range 
from short-term (i.e., 
months during 
construction, with 
progressive 
rehabilitation of 
compacted areas) to 
long term (i.e., surfaces 
to remain compacted 
throughout the life of 
the project). 

Low 

Residual impact significance Low  

Assessment of uncertainty 

Medium 

Assumptions have been made on the achievability of successful rehabilitation. However, the ability 
of land capability to be successfully regained at affected locations will need to be confirmed during 
detailed closure planning. 

 

Contamination of soils 

As described in Section 5.1, across much of the study area concentrations of arsenic, copper, lead, nickel and zinc 
are elevated in comparison to ecosystem protection guideline levels for soil quality, due to naturally-occurring 
mineralisation and historical mining and mineral processing. The key areas where project ground disturbance will 
encounter soils containing high metals concentrations are around the existing open pit, ER valley, the Tiger Tunnel 
area, and Tiger Camp. Areas of existing soil contamination, in relation to the project layout, are shown in figures 
5.7 to 5.11 in Section 5.1. 

Most of the construction land disturbance will occur north of the major contamination areas (i.e., power station, 
process plant, ROM pad and mine services area) where soil metals are mostly at low concentrations below soil 
quality guidelines (see Section 5.1). Development of the open pit and construction of the haul road, explosives 
facility and accommodation camp are most likely to encounter soils with the highest metals concentrations. 
Routine soil monitoring will be conducted to identify contaminated soil and to ensure that such material is 
removed and not used for topsoil rehabilitation. Contaminated soils may be buried deeper in the soil profile (if 
suitable to do so) below the soil root zone and capped with uncontaminated soil. Zones where contaminated soils 
are buried will be recorded so their disturbance is avoided in future works where practicable. Upon project closure 
and rehabilitation, key contamination sources such as the TSF and Wallah waste rock dump will be capped with 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-32

 

suitable uncontaminated material and revegetated. After rehabilitation, topsoil quality may be improved compared 
to the current soil quality. 

Erosion of soil with known high metals concentrations in stockpiles or disturbed areas could occur even with 
management measures in place. Due to erosion, contaminated soil could be transported to areas where 
contamination is low or absent. Movement of contaminated soils in this way is not expected to result in significant 
loss of surrounding soil and land capacity. The project impact management measures and closure and 
rehabilitation strategy will be to contain existing contamination to where it currently is, and has been for many 
years, and not move the contamination around to new areas. Net improvement of topsoil quality is expected in 
many areas within the project footprint as progressive rehabilitation is implemented. The contaminated status of 
some areas outside the project footprint (i.e., around the periphery of the open pit, Tiger Tunnel, Tiger Camp and 
central Bawdwin) will remain unchanged.  

The impact to the steep mountain terrain unit, lower mountain slopes and valley floors and undulating hills of the 
northern and western study areas is considered to be of low significance based on the low magnitude of impact 
and medium sensitivity of these terrain units (Table 6.18, Table 6.19 and Table 6.20).  
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Table 6.18 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to movement of contaminated soils to uncontaminated areas - 
affecting steep mountain terrain unit 

Value Sensitivity of value  

Steep mountain 
terrain unit - 
capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile is 
likely thicker and more stable 
with more gentle slopes than 
other terrain units. Soils have 
lower levels of contamination 
than other terrain units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
movement of 
contaminated 
soils to 
uncontaminated 
areas  

Spatial extent Severity Duration Magnitude 

Low 

Any spread of 
contamination is 
expected to be 
localised and avoided 
by implementation of 
management 
practices, with large 
parts of the project 
area that may be 
impacted by soil 
contamination are 
already disturbed 
with a high level of 
existing 
contamination. 

Low  

Due to existing extent of soil 
contamination further 
contamination or spread of 
contamination is unlikely and if 
it occurs is unlikely to cause any 
significant loss of soil and land 
capacity. 

Very high  

Contamination that is 
within the existing 
extent of contamination 
may not be rehabilitated 
by WMM and may 
remain after closure. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

The exact locations and depths of soil contamination are not known for all areas of disturbance. The 
baseline soil sampling grid did not cover the whole study area, but a large enough proportion of it to 
provide inference of spatial trends. Also, the sampling only investigated one depth in the soil profile. 
Site-specific investigations will be required to further understand soil contamination extent and risk. 
WMM have not yet conducted a materials balance for closure or determined the ability to remediate 
all areas of contamination.  
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Table 6.19 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to movement of contaminated soils to uncontaminated areas - 
affecting lower mountain slopes and valley floors 

Value Sensitivity of value  

Lower mountain 
slopes and valley 
floors - capacity 
to support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

Medium 

Important area for 
building construction 
and supports growing 
of gardens for food. 
Supports limited 
vegetation growth 
and ecosystems due 
to pre-existing 
vegetation clearance, 
thin soil profile and 
erosion. 

Low 

Relatively low susceptibility to 
landslip but prone to erosion, 
particularly where fill material 
has been used.  

Thin soil profile but generally 
thicker than steep mountain 
ridges, crests and the steep mid 
to upper slopes. 

Highly contaminated with heavy 
metals from previous slag and 
waste rock disposal and fill 
material. 

High 

Due to the widespread 
existing contamination 
and lack of vegetation it 
is likely that this terrain 
unit would be able to 
withstand additional 
contamination without 
further loss of value or 
beneficial use. The 
valley floors would be 
easier to rehabilitate 
than the slopes. 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
movement of 
contaminated 
soils to 
uncontaminated 
areas 

Spatial extent Severity Duration Magnitude 

Low 

Any spread of 
contamination is 
expected to be 
localised and avoided 
by implementation of 
management 
practices. Large parts 
of the project area 
that may be impacted 
by soil contamination 
are already disturbed 
with a high level of 
existing 
contamination. 

Low  

Due to existing extent of soil 
contamination further 
contamination or spread of 
contamination is unlikely and if 
it occurs is unlikely to cause any 
significant loss of soil and land 
capacity. 

Very high 
Contamination that is 
within the existing 
extent of contamination 
may not be rehabilitated 
by WMM and may 
remain after closure 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

The exact locations and depths of soil contamination are not known for all areas of disturbance. The 
baseline soil sampling grid did not cover the whole study area, but a large enough proportion of it to 
provide inference of spatial trends. Also, the sampling only investigated one depth in the soil profile. 
Site-specific investigations will be required to further understand soil contamination extent and risk. 
WMM have not yet conducted a materials balance for closure or determined the ability to remediate 
all areas of contamination.  
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Table 6.20 Residual impact significance summary - reduced capacity to support ecosystems and 
beneficial land uses due to movement of contaminated soils to uncontaminated areas - 
affecting undulating hills of the northern and western study area 

Value Sensitivity of value  

Undulating hills 
of the northern 
and western study 
area - capacity to 
support 
ecosystems and 
beneficial land 
uses 

Importance Vulnerability Resilience Sensitivity 

High 

Not currently an 
important area for 
building construction 
but could be in the 
future due to flatter 
terrain. 

Supports higher 
quality vegetation 
and has potential for 
supporting more 
vegetation growth 
and agriculture.  

 

Medium 

Medium susceptibility to 
landslip but high susceptibility 
to erosion if disturbed and 
vegetation cleared. Soil profile is 
likely thicker and more stable 
with more gentle slopes than 
other terrain units. Soils have 
lower levels of contamination 
than other terrain units. 

Medium 

Due to low levels of 
existing contamination 
and erosion, extensive 
rehabilitation may be 
required to regain 
associated value and 
beneficial use, however, 
may be more readily 
achievable due to the 
flat topography. 

 

Medium 

Impact Magnitude of impact  

Reduced capacity 
to support 
ecosystems and 
beneficial land 
uses due to 
movement of 
contaminated 
soils to 
uncontaminated 
areas 

Spatial extent Severity Duration Magnitude 

Very low 

Any spread of 
contamination by soil 
movement is 
expected to be 
localised and avoided 
by implementation of 
management 
practices. The terrain 
unit has low levels of 
existing disturbance/ 
contamination 
presently.  

Medium 

Existing metals concentrations 
are mostly low1 (i.e., not 
detected and/or below soil 
quality guidelines), so there is a 
lack of existing contaminated 
soils if these soils were to 
become contaminated the 
capacity of the terrain unit may 
be reduced.  

High  

Any inadvertent 
contamination of this 
land unit during 
operations may be able 
to be remediated prior 
to closure. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

The exact locations and depths of soil contamination are not known for all areas of disturbance. The 
baseline soil sampling grid did not cover the whole study area, but a large enough proportion of it to 
provide inference of spatial trends. Also, the sampling only investigated one depth in the soil profile. 
Site-specific investigations will be required to further understand soil contamination extent and risk. 

Summary of residual impacts 

Table 6.21 provides a summary of the residual impacts and their significance. The table outlines the impact, the 
applicable terrain unit and the associated values impacted, the sensitivity of the terrain unit, the impact phase (i.e., 
construction, operations, closure), the impact magnitude, the key management measures to reduce impact, the 
impact significance rating and the supporting justification for the significance rating.

 

1 This statement is based on low concentrations of arsenic, lead and zinc detected across this terrain unit during baseline sampling. Copper 

and nickel were not analysed from samples in this area, although it is assumed that copper and nickel concentrations would also be 

lower in this terrain unit as there was no previous mine waste disposal in this area upstream of Bawdwin. 
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Table 6.21 Summary of assessment of residual landform and soil impacts 

Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Reduced capacity to 
support ecosystems and 
beneficial land uses due 
to reduced landform 
stability 

Steep mountain 
terrain unit 

 Medium 
sensitivity 

Construction and 
operations  

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Medium 
duration 

 Constructed landforms 
designed for long-term 
stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Landform and stabilisation 
measures 

 Erosion and sediment 
control measures 

Low Maintenance of land stability will be factored 
into project design. Erosion and drainage 
management measures, as well as progressive 
surface rehabilitation, will be implemented to 
manage the stability of landforms.  

Impact magnitude is low as the type of slope 
failure that may occur is likely to be minor 
slumping or landslip and impacts are expected 
to be temporary and able to be rehabilitated.  
Mining and the majority of high risk 
construction will occur in this terrain unit. 

Medium 

 Further investigation 
into landform stability 
and associated impacts 
and construction 
controls and designs 
required. 

Lower mountain 
slopes and valley 
floors 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Low duration 

 Constructed landforms 
designed for long-term 
stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Landform and stabilisation 
measures 

 Erosion and sediment 
control measures 

Low Maintenance of land stability will be factored 
into project design. Erosion and drainage 
management measures, as well as progressive 
surface rehabilitation, will be implemented to 
manage the stability of landforms.  

Impact magnitude is low as the type of slope 
failure that may occur is likely to be minor 
slumping or landslip and impacts are expected 
to be temporary and able to be rehabilitated. 
This terrain unit has lower susceptibility to 
higher land instability impacts as it is less 
steep and relatively less construction activities 
and mining will occur here than in the steep 
mountain terrain. 

Medium 

 Further investigation 
into landform stability 
and associated impacts 
and construction 
controls and designs 
required. 
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Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Undulating hills of 
the northern and 
western study area 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Medium 
duration  

 Constructed landforms 
designed for long-term 
stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Landform and stabilisation 
measures 

 Erosion and sediment 
control measures 

Low 

 

Maintenance of land stability will be factored 
into project design. Erosion and drainage 
management measures, as well as progressive 
surface rehabilitation, will be implemented to 
manage the stability of landforms.  

Impact magnitude is low as the type of slope 
failure that may occur is likely to be minor 
slumping or landslip and impacts are expected 
to be temporary and able to be rehabilitated. 
This terrain unit has lower susceptibility to 
higher land instability impacts as it is less 
steep and relatively less construction activities 
and mining will occur here than in the steep 
mountain terrain. 

Medium 

 Further investigation 
into landform stability 
and associated impacts 
and construction 
controls and designs 
required. 

Changes to landform due 
to expansion and 
operation of the open pit 

Steep mountain 
terrain  

 Medium 
sensitivity 

Construction, 
operations and 
closure 

High magnitude 

 Medium spatial 
extent 

 Very high 
severity 

 Very high 
duration 

 Design and operate pit to 
maintain pit wall stability 
and minimise area of 
impact. 

High 

 

Very high severity and permanent change to 
the landscape in the form of a large mine void. 
Expansion of an existing pit across a highly 
disturbed zone in the Nam Pangyun valley, 
with severe landform changes in the southern 
and northern portions of the pit (away from the 
existing high disturbance) as it encroaches into 
the steep mountain terrain. 

Low 

 Size and location of pit 
expansion is known 
and impacted areas are 
well understood. 

Lower mountain 
slopes and valley 
floors 

 Medium 
sensitivity 

Construction, 
operations and 
closure 

High magnitude 

 Low spatial 
extent 

 Very high 
severity 

 Very high 
duration 

 Design and operate pit to 
maintain pit wall stability 
and minimise area of 
impact. 

High 

 

Very high severity and permanent change to 
the landscape in the form of a large void. 
Much of the terrain unit in this area is already 
highly disturbed. The extent of this impact will 
be limited in the context of existing 
disturbance. 

Low 

 Size and location of pit 
expansion is known 
and impacted areas are 
well understood. 
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Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Changes to landform due 
to construction of the 
tailings storage facilities 
and waste rock dump 

Steep mountain 
terrain 

 Medium 
sensitivity 

Construction, 
operations and 
closure 

High magnitude 

 High spatial 
extent 

 Medium 
severity 

 Very high 
duration 

 TSFs and waste rock 
dump designed for long-
term stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Soil stockpile and storage 
measures 

 Rehabilitation measures. 

High Topography change will be permanent and 
covering a significant area in the terrain unit 
(231 ha). These elevated features are expected 
to be compatible with the surrounding steep 
hilly and mountainous terrain once 
rehabilitated and some land capability may be 
returned. The landform changes due to the 
TSF and waste rock dump will be in areas that 
have been minimally impacted by previous 
activities (soil contamination and some pre-
existing vegetation clearance and erosion).  

Medium 

 Topography changes 
are well understood. 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Lower mountain 
slopes and valley 
floors 

 Medium 
sensitivity 

Construction and 
operations 

Medium magnitude 

 Low spatial 
extent 

 Medium 
severity 

 Very high 
duration 

 

 TSFs and waste rock 
dump designed for long-
term stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Soil stockpile and storage 
measures 

 Rehabilitation measures. 

Moderate Topography changes will be permanent 
however the impact will affect a small area (15 
ha) in the terrain unit. These elevated features 
are expected to be compatible with the 
surrounding steep hilly and mountainous 
terrain once rehabilitated and some land 
capability may be returned. The landform 
changes due to the TSF and waste rock dump 
will be in areas that are heavily contaminate 
by historic mining and have high resilience to 
further loss of value or beneficial use. 

Medium 

 Topography changes 
are well understood. 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Undulating hills of 
the northern and 
western study area 

 Medium 
sensitivity 

 

Construction, 
operations and 
closure 

Medium magnitude 

 Low spatial 
extent 

 Medium 
severity 

 Very high 
duration 

 TSFs and waste rock 
dump designed for long-
term stability and reduced 
erosion potential, with 
consideration of the 
locally steep terrain and 
high rainfall environment 

 Soil stockpile and storage 
measures 

 Rehabilitation measures. 

Moderate 

 

Topography change will be permanent in a 
previously undisturbed area; however, only a 
small portion of the TSF extends into this 
terrain unit (10 ha). 

Medium 

 Topography changes 
are well understood. 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 
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Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Reduced capacity to 
support ecosystems and 
beneficial land uses due 
to loss of topsoil due to 
increased erosion or poor 
soil management 

Steep mountain 
terrain 

 Medium 
sensitivity 

 

Construction and 
operations 

High magnitude  

 Medium spatial 
extent 

 High severity 

 High duration 

 

 

 Plan for construction on or 
near natural drainage lines 
to be undertaken in the dry 
season, where practicable  

 Erosion and sediment 
control measures 

 Revegetation and 
rehabilitation measures 

 Soil stockpile and storage 
measures  

 Train site personnel in 
hazardous materials 
management and 
appropriate soil 
management 

High During construction, erosion will be localised 
and transient as the construction effort moves 
from one location to another. Erosion during 
operations is expected to be localised and low 
severity. 

Most of the land disturbance and subsequent 
rehabilitation will occur in this terrain unit. It 
is expected that after rehabilitation, some 
existing land and soil capability can be 
retained; however, given that much of the 
study area has been, and is, experiencing 
extensive ongoing erosion, recovery of topsoil 
will be more difficult here and any increased 
erosion of steeper terrain could permanently 
reduce the soil profile to very low levels, 
limiting potential for land stability and 
vegetation growth. Such areas are expected to 
be very difficult to fully rehabilitate.  

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Lower mountain 
slopes and valley 
floors 

 Medium 
sensitivity 

Construction and 
operations 

Medium magnitude 

 Medium spatial 
extent 

 Low severity 

 Medium 
duration 

 

 Plan for construction on or 
near natural drainage lines 
to be undertaken in the dry 
season, where practicable  

 Erosion and sediment 
control measures 

 Revegetation and 
rehabilitation measures 

 Soil stockpile and storage 
measures  

 Train site personnel in 
hazardous materials 
management and 
appropriate soil 
management 

Moderate During construction, erosion will be localised 
and transient as the construction effort moves 
from one location to another. Erosion during 
operations is expected to be localised and low 
severity, with land capability able to be readily 
regained after rehabilitation.  

A lower degree of land disturbance and 
rehabilitation will occur in this terrain unit as 
limited construction is planned for this terrain 
unit. With an appropriate closure plan in place 
and training of site personnel, it is expected 
that mismanagement of soils will be largely 
avoided; however, there is a small risk that soil 
is mismanaged or rehabilitation has low 
success resulting in long term localised loss of 
land capability. 

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-40 

 

Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Undulating hills of 
the northern and 
western study area 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Medium 
severity 

 Low duration 

 Plan for construction on or 
near natural drainage lines 
to be undertaken in the dry 
season, where practicable  

 Erosion and sediment 
control measures 

 Revegetation and 
rehabilitation measures 

 Soil stockpile and storage 
measures  

 Train site personnel in 
hazardous materials 
management and 
appropriate soil 
management 

Low Erosion is expected to be localised and low 
severity, with land capability able to be readily 
regained after rehabilitation. Only a very small 
portion of the project footprint occurs in this 
terrain unit. 

With an appropriate closure plan in place and 
training of site personnel, it is expected that 
mismanagement of soils will be largely 
avoided. There is a small risk that soil is 
mismanaged or rehabilitation has low success 
resulting in long term localised loss of land 
capability. A lower degree of land 
rehabilitation will occur in this terrain unit. 

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Reduced capacity to 
support ecosystems and 
beneficial land uses due 
to soil compaction 
modifying the soil 
structure 

Steep mountain 
terrain 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Low to high 
duration 

 Vehicle and equipment 
movement restrictions and 
measures  

 Progressive revegetation 
and rehabilitation 

Low This terrain unit will be the most extensively 
impacted as it hosts most of the major 
construction and road areas, however 
compacted areas to be rehabilitated will be 
highly localised to areas within the project 
footprint. After project closure it is expected 
that compacted areas can be successfully 
rehabilitated by surface ripping and any 
existing land capability to support plant 
growth will be able to be regained.  

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Lower mountain 
slopes and valley 
floors 

Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Very low 
spatial extent 

 Low severity 

 Medium 
duration 

 Vehicle and equipment 
movement restrictions and 
measures  

 Progressive revegetation 
and rehabilitation 

Low Compacted areas to be rehabilitated will be 
highly localised to areas within the project 
footprint. After project closure it is expected 
that compacted areas can be successfully 
rehabilitated by surface ripping and any 
existing land capability to support plant 
growth will be able to be regained. Soil 
compaction sources will be limited in this 
terrain unit. 

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 
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Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Undulating hills of 
the northern and 
western study area 

 Medium 
sensitivity 

 

Construction and 
operations and 
closure 

Low magnitude 

 Very low 
spatial extent 

 Low severity 

 Medium 
duration 

 Vehicle and equipment 
movement restrictions and 
measures  

 Progressive revegetation 
and rehabilitation 

Low Soil compaction sources will be limited in this 
terrain unit and any compacted areas to be 
rehabilitated will be highly localised to areas 
within the project footprint. After project 
closure it is expected that compacted areas can 
be successfully rehabilitated by surface ripping 
and any existing land capability to support 
plant growth will be able to be regained.  

Medium 

 Assumptions based on 
achievability of 
successful 
rehabilitation 

 Detailed closure 
planning required to 
confirm ability of land 
capability to be 
successfully regained. 

Reduced capacity to 
support ecosystems and 
beneficial land uses due 
to movement of 
contaminated soils to 
uncontaminated areas 

Steep mountain 
terrain 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Very high 
duration 

 

 Contaminated soil 
management measures 

 Revegetation and 
rehabilitation measures 

 Erosion and sediment 
control measures 

Low There may be localised instances where 
erosion of stockpiles or disturbed areas 
mobilises high metals concentrations from 
impacted areas to previously unimpacted 
areas. Whilst this is expected to be low 
severity, the impact may remain after closure 
if not rehabilitated. The project closure and 
rehabilitation strategy will be to contain 
existing contamination and not move it to new 
areas. There will be many instances where 
rehabilitation will result in a net improvement 
of topsoil quality. 

Overall, within the context of existing 
widespread high metals concentrations in 
soils, it is not expected that localised 
disturbance and dispersal of existing 
contaminated areas would result in significant 
loss of surrounding soil and land capacity.  

High 

 Site specific soil 
contamination 
investigations required 

 Baseline data 
sufficient to provide 
spatial trends but exact 
locations and depths of 
contamination are not 
known for all 
disturbance areas. 

 WMM have not yet 
conducted a materials 
balance for closure or 
determined the ability 
to remediate all areas 
of contamination. 
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Impact  Terrain unit and 
sensitivity (see 
Section 5.1.6) 

Impact phase  Impact magnitude Key management measure(s) Impact 
significance 

Justification for impact significance Uncertainty 

Lower mountain 
slopes and valley 
floors 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Low spatial 
extent 

 Low severity 

 Very high 
duration 

 

 Contaminated soil 
management measures 

 Revegetation and 
rehabilitation measures 

 Erosion and sediment 
control measures 

Low There may be localised instances where 
erosion of stockpiles or disturbed areas 
mobilises high metals concentrations from 
impacted areas to previously unimpacted 
areas. Whilst this is expected to be low 
severity, the impact may remain after closure 
if not rehabilitated. The project closure and 
rehabilitation strategy will be to contain 
existing contamination and not move it to new 
areas. There will be many instances where 
rehabilitation will result in a net improvement 
of topsoil quality. 

Overall, within the context of existing 
widespread high metals concentrations in 
soils, it is not expected that localised 
disturbance and dispersal of existing 
contaminated areas would result in significant 
loss of surrounding soil and land capacity.  

High 

 Site specific soil 
contamination 
investigations required 

 Baseline data 
sufficient to provide 
spatial trends but exact 
locations and depths of 
contamination are not 
known for all 
disturbance areas. 

 WMM have not yet 
conducted a materials 
balance for closure or 
determined the ability 
to remediate all areas 
of contamination. 

Undulating hills of 
the northern and 
western study area 

 Medium 
sensitivity 

Construction and 
operations 

Low magnitude 

 Very low 
spatial extent 

 Medium 
severity 

 High duration 

 Contaminated soil 
management measures 

 Revegetation and 
rehabilitation measures 

 Erosion and sediment 
control measures 

Low There may be highly localised instances where 
contaminated soils are encountered as a very 
small area of project footprint is in this terrain 
unit. Baseline sampling indicates that 
contamination is rare in this terrain unit, so 
any contamination that occurs expected to be 
of medium severity as it may reduce the 
capacity of the terrain unit.  

High 

 Site specific soil 
contamination 
investigations required 

 Baseline data 
sufficient to provide 
spatial trends but exact 
locations and depths of 
contamination are not 
known for all 
disturbance areas. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-43

 

6.2.5 Monitoring 
Monitoring and inspection of impacts on landform and soils values will include: 

 Regular inspection of erosion and sediment control structures including sediment fences, drains, sediment 
basins and retention ponds. 

 Regular inspection of steep batters and embankments for signs of instability. 

 Regular audit of vegetation and soil clearance activities and the ground disturbance procedure. 

 Regular inspection of soil stockpiles and soil management. 

 Housekeeping audits, reviews, post-spill clean-up inspections and testing as necessary. 

 Monitor the progress and success of site rehabilitation. 

 Ongoing inspection of potential landslips during construction and operations to allow early identification of 
landslip risk and measures to be put in place (to stabilise the potential slip or to move people to safety). 

6.2.6 Uncertainties and further work 
The key assumptions, uncertainties and further work required to address these uncertainties are outlined in 
Table 6.22. 
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Table 6.22 Uncertainties and further work in respect of soils and landform impacts 

Uncertainty Further work Purpose Assumption 

Ability of land capability 
to be regained after 
rehabilitation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ability of land capability 
to be successfully regained at 
rehabilitated sites will need to 
be confirmed during detailed 
closure planning. 

Monitor the success of 
progressive rehabilitation 
during construction and 
operations. 

To ensure that site-
specific factors are 
addressed in 
rehabilitation. 

The assessment of significance 
of residual impacts assumes 
successful implementation of 
design controls and 
management measures. 
Assumptions have been made 
on the achievability of 
successful rehabilitation.  
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Uncertainty Further work Purpose Assumption 

Uncertainty as to the 
availability of suitable 
material for rehabilitation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigate and confirm 
sources of suitable types and 
volume of capping material 
and rehabilitation material. 

This should include testwork 
of physical properties, 
chemical properties and metal 
concentrations, and 
demonstration that material 
balance (i.e., amount of 
material required for 
rehabilitation and closure of 
the site is available and able to 
be recovered and stored 
securely for later use).  

To ensure that suitable 
material is available 
for capping and 
rehabilitation of land  

Significant volumes of topsoil 
are required for capping of 
landforms at closure. For the 
impact assessment it has been 
assumed that there will be 
adequate supply of suitable 
capping materials is available 
for progressive rehabilitation 
and final closure rehabilitation 
works.  

Changes to landform 
stability, and associated 
impacts, are very difficult 
to quantify. The magnitude 
of the impact will depend 
on the location and size of 
the slip, and to what extent 
current and future 
ecosystem value and land 
use potential is lost.  

Detailed design and further 
geotechnical investigations as 
required for each construction 
area. 

To identify areas of 
geotechnical 
instability and confirm 
stability of landforms 
and identify additional 
appropriate 
management measures 
and design controls. 

For this impact, a range of 
impact magnitude and 
significance ratings are given 
to reflect the highly variable 
nature of this impact.. 

Changes to landform 
stability, and associated 
impacts, are very difficult 
to quantify. The magnitude 
of the impact will depend 
on the location and size of 
the slip, and to what extent 
current and future 
ecosystem value and land 
use potential is lost.  

Detailed design and further 
geotechnical investigations as 
required for each construction 
area. 

To identify areas of 
geotechnical 
instability and confirm 
stability of landforms 
and identify additional 
appropriate 
management measures 
and design controls. 

For this impact, a range of 
impact magnitude and 
significance ratings are given 
to reflect the highly variable 
nature of this impact. 

The soil sampling grid 
does not cover the whole 
study area. Also, the soil 
sampling only investigated 
one depth in the soil 
profile. 

Site-specific investigations 
regarding existing soil 
contamination, potential 
suitable cover soils and 
material balances.  

 

To further understand 
soil contamination risk 
and identify 
appropriate 
management measures 
for contaminated soils 

To determine if 
adequate ‘clean’ soil 
and material is 
available to feasibly 
rehabilitate 
disturbance footprint 
of the project. 

A large enough proportion of 
the study area was sampled to 
allow inference of spatial 
trends for the EIA. 
Assumptions were made on 
likely soil quality based on 
extrapolation of data from 
existing baseline sampling 
locations and proximity to 
previous mining and industrial 
land use. 
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6.3 Groundwater impact assessment 

6.3.1 Approach to impact assessment 
This section assesses the project impacts to groundwater, with reference to the groundwater values identified in 
Section 5.2. Section 5.2 described the levels of importance, vulnerability and resilience associated with each of 
the groundwater values in the study area. 

The impact assessment approach adopted in this section is a ‘significance assessment’. The significance 
assessment method is described in Section 6.1 and involves combining the sensitivity of defined values with the 
predicted magnitude of change as a result of the project.  

As there are no ecological compliance criteria for ambient water quality in Myanmar, this section has referred to 
Australian and New Zealand quality guidelines for aquatic ecosystem protection (ANZG, 2018) in order to provide 
context for assessment of impacts to groundwater quality. The Myanmar mining effluent standards (MOECAF, 
2014) are referred to in this section as a framework for assessing water quality impacts associated with effluent 
discharge. Reference is also made to the draft Myanmar National Drinking Water Quality Standards (NWRC, 
2014), to provide a framework for the assessment of water quality impacts to springs used as drinking water 
sources (i.e., groundwater springs). These standards provide maximum recommended aesthetic and health limits 
of chemical and physical parameters for drinking water. Section 5.2 describes the existing water quality of springs 
and outlines the drinking water standards.  

6.3.2 Potential sources of impact 
The project has the potential to adversely impact the following groundwater features identified in Section 5.2: 

 Saprolite aquifer: This is the localised aquifer system within the weathered zone that overlies the fractured 
rock aquifer. The saprolite is a highly chemically weathered unit that is present primarily on the hill crests, 
mid and upper slopes throughout the Nam Pangyun and Nam La catchments. The saprolite hydrogeological 
unit has been estimated to be around 20 to 50 m thick on the ridges and upper slopes, thinner on the mid slope 
and generally absent from the valley floors. The aquifer provides year-round flow to springs in the Nam 
Pangyun and Nam La catchments (discussed below).  

 Springs: There are numerous springs within and beyond the Bawdwin project area, many of which are used 
by the local communities as water supplies for potable and domestic use, as well as agricultural production. 
These springs are fed by groundwater from the saprolite aquifer, occurring at the break of slope or where the 
saprolite aquifer thins on the lower valley slope. Springs probably support areas of groundwater dependent 
vegetation immediately surrounding the discharge points higher in the landscape, most of which have been 
highly altered by deforestation over centuries of mining in the study area. Spring discharge also supports the 
aquatic ecosystems of the Nam La and Nam Pangyun, which are considered to be partially dependent on the 
flow contributed by springs during the dry season. The saprolite springs are an important potable water source 
for communities of Bawdwin, Tiger Camp and the broader study area. The Bawdwin and Tiger Camp villages 
rely solely on spring flow for domestic and agricultural needs, which is supplied via a well-established 
network of piping and community water supply infrastructure. Similar springs may exist extensively 
throughout mountainous region of the study area including neighbouring catchments.   

 Fractured rock (or bedrock) aquifer: This is the underlying fractured rock aquifer in the unweathered 
bedrock below the saprolite aquifer. In this aquifer, water occurs in the fractures, joints, bedding planes and 
cavities of the rock mass. The fractured rock aquifer is the regional aquifer present across the mountainous 
region. In areas outside of the vicinity of the historical Bawdwin mine, the fractured rock aquifer provides 
baseflow discharge that partially sustains the Nam La and Nam Pangyun and supports the groundwater-
dependent ecosystems in these catchments. In the Bawdwin area, groundwater levels in the fractured rock 
aquifer have been, and continue to be, drawn-down by dewatering associated with historical underground 
mining.  
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Potential sources of impact to groundwater values include: 

 Direct loss or disturbance of aquifers and springs due to earthworks and/or placement of the project 
infrastructure. 

 Mine dewatering, resulting in reduced groundwater levels, altered groundwater flow directions, reduced 
baseflows to streams, and reduced flow in remaining groundwater springs. Groundwater level drawdown may 
also lead to land subsidence.  

 Increased recharge from TSFs, water impoundments, and the waste rock dump leading to groundwater 
mounding and altered flow directions. 

 Reduced groundwater quality due to seepage from TSFs, the Wallah waste rock dump and the open pit (post 
closure). 

 Contamination of aquifers due to waste disposal. 

These impacts could result in the reduction or loss of the beneficial uses of groundwater, such as their capacity to 
support aquatic ecosystems, provide drinking water and supply agricultural.  

The remainder of this section discusses these potential impacts. 

Direct loss of springs 

The project will result in the direct loss (i.e., direct burial) of six known groundwater springs (SWSP01, SWSP04, 
SWSP06, SWSP07, Spring 01 and Spring 02) due to the construction of TSFs, haul road and Wallah waste rock 
dump. This includes the loss of three springs that are currently used for potable water (SWSP01, SWSP04 and 
SWSP07), one of which is in the Nam Pangyun headwaters and provides a substantial portion of the total stream 
flow (SWSP04). Other, unmapped springs may exist in the area that also contribute flow to the Nam Pangyun and 
may have the potential to be destroyed.  

Figure 6.5 shows the location of project facilities in relation to the known springs. 

Groundwater drawdown 

In the Bawdwin region, groundwater levels and flow direction are expected to be complex and locally influenced 
by previous underground mining activities as well as the ongoing dewatering of the underground mine via Tiger 
Tunnel. Groundwater is likely to be drawn-down from pre-mining conditions to some degree around the existing 
Bawdwin open cut pit and in areas where the existing underground mine drains groundwater via the Tiger Tunnel.   

During mining operations for the project, groundwater will be intercepted by the pit from mining year 5 onwards 
as the pit deepens below the existing water table (approximately 40 to 60 m below the surface). The resultant 
groundwater inflows from the surrounding permeable alluvial deposits and fractured rock aquifers (along with 
captured rainfall runoff) will be dewatered from the pit. Pit dewatering will occur through an in-pit sump 
dewatering system. Groundwater and surface water pit inflows will gravity drain to in-pit sumps at low points at 
the base of both the main pit and the south pit. The water will then be pumped out of the in-pit sumps to a 
sedimentation basin (see Figure 4.30), and subsequently discharged to the Nam Pangyun. Mine water will also 
continue to discharge to the Nam Pangyun via the Tiger Tunnel, although it may be a reduced volumetric flow 
rate.  

A conceptual model of potential groundwater drawdown impacts is shown in Figure 6.6. 

Dewatering the pit will result in localised groundwater level drawdown in the saprolite (where present) and 
fractured rock aquifers. This will depress groundwater levels further below the current groundwater levels that 
are currently influenced by historical mine workings at Bawdwin.  

Groundwater drawdown may have the following impacts:  

1. Reduced base flow to surface water in the Nam Pangyun and reduced discharge from saprolite springs.  
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2. Altered groundwater flow directions. 

3. Ground subsidence due to groundwater drawdown. 

These potential impacts are discussed further in the following sections. 
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Figure 6.5 Project layout and known springs 
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Figure 6.6 Conceptual model of potential impacts from groundwater drawdown
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Reduced spring and surface water flow 

Surface water flow in the mountainous region of the study area is comprised of three main components;  

1. Rainfall runoff. 

2. Spring flow from the saprolite aquifer. 

3. Groundwater discharge (baseflow) from the fractured rock aquifer.   

In the upper and mid-Nam Pangyun catchment the existing groundwater level drawdown associated with historical 
mine workings has probably reduced baseflow contribution from the fractured rock aquifer to the Nam Pangyun 
stream between Bawdwin and Tiger Camp. Therefore, flow in the upper and mid-Nam Pangyun catchment is 
dependent primarily on spring flow particularly during the dry season.  

Groundwater drawdown due to proposed mining will further lower the water table and potentially expand the zone 
where baseflow contribution is reduced. In addition to reduced flow contribution from groundwater, surface water 
may also seep through the stream bed and recharge the fractured rock aquifer (further reducing the stream flow). 
This process will already be occurring in the Bawdwin area but may increase during mining. 

Groundwater drawdown that extends to the saprolite aquifer may reduce spring discharge rates. Reduced spring 
flow will probably reduce flow rates in nearby drainages that discharge into the Nam Pangyun (see Figure 6.14) 
and potentially impact other beneficial uses, such as potable water supply.  

A conceptual model of groundwater drawdown impacts on spring flow are shown in  

Figure 6.7. 

The combined effect of reduced flow from springs, reduced baseflow from the fractured rock aquifer and possible 
seepage to groundwater may result in reduced water availability to support the aquatic ecosystems and beneficial 
uses of the Nam Pangyun. These impacts associated with groundwater drawdown are discussed further in Section 
6.3.4. 

Altered groundwater flow directions 

It is expected that an extensive zone of groundwater drawdown currently exists around the historical Bawdwin 
mine pit as well as the zone south of Bawdwin where the underground mine has been dewatered for over 100 
years. 

The combined effect of the surrounding steep topography and pre-existing groundwater conditions will result in 
only minor changes to groundwater flow directions. These potential impacts are not expected to extend outside of 
the Nam Pangyun catchment and will not substantially alter groundwater flow directions from current conditions. 
This impact is not discussed further. 

Drawdown induced subsidence 

Dewatering can lead to ground subsidence (also known as settlement) in some geological settings. This risk 
typically exists where compressible soils are present. Compressible soils are not known to be present within the 
zone of predicted groundwater drawdown around Bawdwin. Furthermore, significant groundwater drawdown has 
already occurred around Bawdwin over the past 100 years without any ground subsidence or damage to original 
buildings occurring. Further dewatering of the hard rock aquifer is not expected to result in ground settlement and 
subsidence and this impact is not discussed further.



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-52

 

 

Figure 6.7 Conceptual model of potential impacts to spring flow from groundwater drawdown
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Groundwater mounding 

Groundwater mounding occurs where an increase in hydraulic head (groundwater pressure) occurs in areas where 
a locally increased hydraulic load exists. This can be associated with increased groundwater recharge beneath 
dams or, in the case of a TSF, may occur in areas of high hydraulic loading (i.e., where large volumes of water 
and tailings material result in increased pressure within the underlying aquifer). Mounding raises the water table 
in an unconfined aquifer or the pressure in a confined aquifer, and can change the natural groundwater flow 
directions and velocities. 

Tailings storage 

The TSFs will be designed to receive and store saturated tailings behind embankments that will eventually raise 
the hydraulic pressure in the underlying fractured rock aquifer and saprolite aquifer up to 100 m above the natural 
ground surface in places. Mounding will promote groundwater flow direction down the Nam Pangyun valley 
where hydraulic gradients will be greatest around and beneath the main valley embankments.  

TSF A will be located in a valley that borders the Nam La catchment on its northern edge. Due to the undulating 
topography of the northern ridgeline, tailings material will gradually approach the final design level of 1,298 m 
RL for TSF A (the TSF that is positioned against the catchment boundary). These levels approach the natural crest 
of the valley. This is expected to result in the post mining phreatic surface being at or close to the natural ridgeline, 
which will result in a high potential for groundwater to flow from TSF A through the saprolite and fractured rock 
aquifer, and into the Nam La catchment to the north. This may result in increased groundwater discharge to, or 
emergence of new saprolite springs in the Nam La catchment and increased baseflow to the Nam La stream. 
Erosion, water logging of the surface and creation of land instability may also result. Such processes could also 
result in the transport of contaminants to previously uncontaminated aquifers and streams (see Section 6.3.4 and 
Section 6.4). 

A conceptual model of potential impacts tailings storage may have on groundwater is shown on Figure 6.8. 

Water reservoirs 

The Nam Pangyun reservoir (current 446,860 m3 capacity) will be expanded and become the primary raw water 
storage for the Bawdwin mine, with 483,390 m3 capacity (see Figure 4.29). A degree of groundwater mounding 
will already exist around the Nam Pangyun reservoir and proposed works are expected to address current leakage 
and have only a negligible change to mounding. Mounding is expected to be confined to a zone of up to 50 m 
around the reservoir.  

The construction of the Nam La water harvesting facility will result in a new water dam in the Nam La. The dam, 
although relatively small (1,125,840 m3), will result in some localised changes to groundwater flow direction, 
however these will be contained within the Nam La catchment and are likely to have only a negligible effect. 
Mounding is expected to be confined to <50 m zone around the reservoir. 

Due to the negligible impact of the water reservoirs on groundwater monitoring the significance of the impact is 
not further assessed in Section 6.3.4. 
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Figure 6.8  Conceptual model of potential impacts from tailings storage
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Wallah waste rock dump 

At the Wallah waste rock dump, the crushed waste rock will have a higher permeability when compared to the 
existing ground surface, which is expected to result in increased infiltration of rainfall and saturation of the waste 
rock above the natural ground surface. This in turn may result in increased groundwater recharge to the underlying 
aquifer where this water is not completely captured by underdrainage infrastructure. Where increased recharge 
occurs, it may result in localised changes to groundwater flow within the Wallah Valley and could result in the 
migration of groundwater to new areas, emergence of new springs, erosion, water logging of the surface and 
creation of land instability. Such processes could also result in the transport of contaminants to previously 
uncontaminated aquifers (see Section 6.3.4). A conceptual model of potential impacts the waste rock dump may 
have on groundwater is shown on Figure 6.9. 

Open pit 

Groundwater in the vicinity of the proposed pit has been substantially drawn-down by historical open pit and 
underground mining for over a century. The existing groundwater levels are highly altered from their natural 
levels. Proposed pit dewatering will cause further groundwater level drawdown during mining.   

Reduced groundwater quality 

Contamination of groundwater may occur from three key pathways: accidental spills and leaks of hazardous 
materials that seep into shallow groundwater; leaching of poor-quality water from the TSFs and Wallah waste 
rock dump during operations; and leaching of poor-quality water from the pit after closure. Accidental spills and 
leaks of hazardous substances (e.g., liquid hydrocarbons and processing reagents) have the potential to occur 
throughout the life of the project. Impacts associated with spill and leaks are addressed in Section 7.4.7 and are 
not addressed further in this section. 

Tailings and waste rock 

Based on the projected geochemical properties of tailings and waste rock (see sections 4.7.1 and 4.8.1), water of 
poor quality has the potential to seep from the TSFs and Wallah waste rock dump. 

The flotation process that will be used in processing of Bawdwin ore will require the use of flocculants and 
processing reagents including copper sulfate, zinc sulfate, and intermittent use of sodium cyanide. As such, the 
water contained in the tailings slurry is predicted to contain residual concentrations of these contaminants. 
Collecting and redirecting TSF seepage via an underdrain system is a critical design feature. The TSF underdrain 
water will flow under gravity into a sump and be pumped, via a riser pipe, back into the TSF supernatant pond. 
However, some of this water entrained in tailings is expected to leach through the unlined TSFs into underlying 
soils and seep into groundwater. This will increase concentrations of contaminants such as total and dissolved 
metals, sulphate, and residual reagents in the underlying saprolite and fractured rock aquifers. Combined with the 
potential changes in groundwater flow as outlined earlier, this could disperse the contaminants to previously 
unimpacted groundwater systems in the Nam Pangyun valley and to a lesser extent the Nam La valley. There is a 
low likelihood that contaminated groundwater will flow towards the undisturbed Nam Kong catchment to the west 
from TSF-B via fractured zones in bedrock or the higher permeability saprolite horizon. This potential migration 
requires further investigation.  

The majority of the waste rock will be stored in the Wallah Gorge waste rock dump. Most rain falling on the waste 
rock will infiltrate through the dump and collect at the base. This infiltrating water will probably become 
contaminated by metals and sulfate and may have reduced pH. An underdrainage system for the waste rock dump 
will collect seepage and discharge it to a series of sediment dams downstream of the dump for treatment. While 
most of the seepage is likely to be captured, some contaminated seepage may enter the groundwater system 
beneath the waste rock dump, reducing groundwater quality.
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Figure 6.9  Conceptual model of potential impacts from the waste rock dump on groundwater
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Open pit 

The final pit depth will extend below the current water table. After project closure, and once dewatering ceases, 
the open pit will gradually fill with water sourced from groundwater inflow and rainfall runoff, forming a pit lake. 
The pit lake will become larger over time as the water level increases and will be dependent on the effective and 
permanent sealing of the historical underground adits, shafts and other mine voids that would otherwise allow the 
pit to freely drain via the Tiger Tunnel (see Chapter 4, Table 4.39).  

To accelerate the time required to fill the pit and reduce the potential water quality impacts associated with 
exposure, oxidation and leaching of minerals in the pit, the Nam Pangyun will be diverted into the open pit. This 
accelerated filling option is expected to fill the pit within five years.  

Groundwater levels in the aquifer surrounding the open pit will recover after cessation of operations as the pit 
lake develops, with groundwater recovering to levels above the current water table, which has been drawn-down 
by long term dewatering of the historical underground mine via the Tiger Tunnel. The pit lake is expected to 
interact with the surrounding groundwater in the fractured rock aquifer and will probably alternate between 
receiving regional groundwater discharge from the fractured rock aquifer (during dry periods with lower pit lake 
water levels) and providing groundwater recharge (during wet periods with raised pit lake water levels). 

The water-filled pit is predicted to be of poor quality, containing elevated concentrations of some metals, 
particularly lead and zinc. This water may seep into the fractured rock aquifer. Although groundwater surrounding 
the pit probably already has reduced water quality due to historical mining activities, it could see a further 
reduction in water quality due to potential seepage from the flooded open pit.   

Waste disposal 

The mine will generate a range of general, industrial, liquid and chemical wastes that will be managed in line with 
Myanmar regulatory requirements or, where absent, international guidance. Hydrocarbon and chemical waste will 
be collected and disposed offsite. WMM will identify responsible contractors who will purchase and/or collect 
these materials for secondary uses, as part of a recycling contract.  WMM will verify that such materials are being 
used for their declared purpose once they have been removed from site . Solutions for chemical waste will be 
developed during the detailed design phase as waste disposal requirements are confirmed.   

A Works Approval and Environmental Licence will be sought from the relevant Myanmar authority for a 
putrescible landfill to allow disposal of wastes that contain organic materials such as food wastes and wastes that 
will readily bio-degrade. This will include general waste from the camp and offices. No chemical waste or 
hydrocarbons will be disposed to the landfill. An appropriate location of the landfill site will be assessed during 
detailed design phase.  It will be located over 250 m from residential areas and greater than 500 m from any 
watercourse or water supply.  

Sewage waste will be collected and treated at one of two stand-alone activated sludge bioreactor (ASBR) sewage 
treatment plants (STPs) that will service each of the process plant and accommodation camp. Treated effluent will 
be discharged to the environment and the resulting sludge will be buried. The discharge point and site for disposing 
sludge have not been defined, but will be in line with licence conditions.  

The landfill and site of buried sewage sludge may be sources of contamination to the saprolite and underlying 
fractured rock aquifers if leachate is allowed to seep to groundwater. Contaminants of concern typically include 
ammonia and other nutrients, alkalinity, total organic carbon, and dissolved metals. Microbiological 
contamination may also be expected. Depending on the types of waste received, a range of other organic 
compounds may also be detected. 

Summary of sources of potential impact 

Table 6.23 provides a summary of potential impacts to groundwater features and their associated values and 
indicates which phase of the project these are expected to occur. 
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Table 6.23 Summary of potential groundwater impacts during project construction, operation and 
closure 

Potential Sources of Impact Construction Operation Closurea 

Direct loss of springs due to placement of project 
facilities over springs 

X X X 

Dewatering for mining resulting in groundwater 
drawdown  

 X  

Construction of new landforms (TSF, and waste rock 
dump) results in mounding and increased recharge 
leading to emergence of new springs, erosion, water 
logging of the surface and creation of land instability 

 X X 

Contamination of aquifers due to seepage from mine 
waste storage areas (TSF and waste rock dump) and the 
pit. 

 X X 

Contamination of aquifers due to seepage from waste 
disposal 

X X X 

X = occurring in this phase 
a includes the period during and after mine closure 

6.3.3 Proposed mitigation and management measures 
Potential impacts to groundwater values will be managed through development and implementation of the 
Bawdwin Project Groundwater Management Plan. The management plan will specify measures for the 
management of impacts to groundwater values within, and in the immediate vicinity of, the project area, and will 
contain a range of management measures pertaining to project planning and design, inductions and training, 
contamination management and groundwater monitoring. 

Design controls 

A design control is an elimination, substitution or engineering control implemented during the project design 
and/or construction phase with the intent of eliminating impact pathways. Proposed design controls for 
groundwater management are:   

 WMM will comply with the Global Industry Standard on Tailings Management (ICMM et al., 2020) in 
relation to design, construction, operation, monitoring, management, governance, emergency response and 
community consultation of the TSF facilities, including associated water quality treatment plant. This will 
include implementation of construction vs design intent verification, which will ensure that design intent is 
implemented and continues to be met in the case that site conditions vary from design assumptions. It will 
also involve preparation and implementation of an operations, maintenance and surveillance manual that 
outlines critical controls for safe TSF operations and allows tracking. 

 Design the dimensions, embankments, benches, and sediment dams associated with the TSFs and waste rock 
dump based on detailed assessment of site conditions and in line with relevant Australian guidelines and 
design principles outlined in the Global Industry Standard on Tailings Management (ICMM et al., 2020) and 
with sufficient factors of safety (see Chapter 4 Project Description). This will involve developing a design 
that considers the technical, social, environmental and local economic context, the results of risk analysis for 
TSF failure scenarios, site conditions, water management, mine operations, construction issues and 
requirements for safe closure. 

 Construct and operate the Wallah waste rock dump in accordance with detailed designs and operating manual. 

 In line with good practice management principles for acid forming material outlined in the Global Acid Rock 
Drainage Guide (INAP, 2020), manage potentially acid forming (PAF) material by: 

- Storing potentially acid forming (PAF) material under water in TSF C to reduce oxidation and acid 
formation. 
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- Encapsulating any PAF material to be disposed within the Wallah waste rock dump within an engineered 
cell to reduce oxidation and acid formation. 

 Implement an underdrainage system to capture seepage from the TSFs and Wallah waste rock dump and if 
required treat water to meet Myanmar draft mining effluent standards before discharge to the Nam 
Pangyun. 

 Line the embankment upstream batter, upstream and downstream structural zones of the TSFs with HDPE 
to reduce seepage to groundwater. 

 Locate the landfill over 250 m from residential areas and greater than 500 m from any watercourse or water 
supply. 

Management measures 

A management control is one that may be implemented during construction, operations or closure for the 
purpose of reducing the consequence and/or likelihood of a potential impact and described below. 

Water seepage, collection and management 

 Complete groundwater modelling during detailed design to assess and quantify the potential mounding and 
seepage transport around the TSFs. 

 Construct and operate TSFs and waste rock dump in accordance with detailed designs and operating manual. 
The TSFs will be designed, constructed and operated in line with the Global Industry Standard on Tailings 
Management (ICMM et al., 2020). This will include implementation of construction vs design intent 
verification, which will ensure that design intent is implemented and continues to be met in the case that site 
conditions vary from design assumptions. TSF management in accordance with the Global Industry Standard 
on Tailings Management will also involve preparation and implementation of an operations, maintenance and 
surveillance manual that outlines critical controls for safe TSF operations and allows tracking of risk 
management. 

 Implement an underdrainage system to capture seepage from the TSFs and Wallah waste rock dump and if 
required treat water via series of sediment dams or water treatment plant to meet Myanmar draft mining 
effluent standards before discharge to the Nam Pangyun. 

 Capture and treat mine wastewater to meet regulatory requirements where necessary prior to discharge to 
meet environment permit conditions. 

 Develop and implement a groundwater quality and level monitoring program prior to construction to further 
establish baseline conditions, identify adverse changes during construction and operation, establish triggers 
for remedial action, and assess whether drawdown or mounding is consistent with predictions. 

Water supply management 

 Provide alternative safe drinking water supplies for Bawdwin villages and Tiger Camp if their spring water 
supplies are impacted by project development. 

 

Hazardous material management 

 Train personnel involved in the handling, transportation and storage of hazardous materials in hazardous 
materials management, transfer procedures and spill prevention and emergency response.  

 Implement measures to reduce the potential for accidental leaks and spills to occur, including to: 
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- Store and handle hazardous materials including fuels, oils and chemicals in accordance with good 
international practice, including designing appropriately secured and bunded facilities to meet appropriate 
standards for storage of hazardous materials. 

- Establish protocols for handling, transport, transfer, storage and disposal of hazardous materials, including 
fuel, which comply with all Myanmar regulations and good international practice. 

- Develop a risk-based spill prevention and response plan that encompasses project-specific work areas and 
activities including measures to reduce risks to as low as reasonably practical, for example: 

 Service vehicle and machinery using measures to contain spills (e.g., drip trays) and in appropriate 
locations (e.g., away from watercourses and drainage lines). 

 Conduct inspections to evaluate the presence and condition of spill prevention measures and replacing 
measures as required. 

 Conduct regular emergency spill drills to practice timely and effective spill response, involving 
relevant site personnel. 

 Keep adequate quantities of spill response materials such as absorbent materials and pH buffer 
solutions adjacent to hazardous material storage areas and in vehicles transporting hazardous 
materials. 

 Establish arrangements to mobilise additional resources for responding to larger spills and strategies 
for deployment. 

- Design and construct landfill cells in line with Myanmar regulatory requirements or, where absent, 
international guidance. Landfill cells should be lined and contain leachate and landfill gas management 
system. Seepage from lined cells will be captured and treated. 

Closure 

 Progressively rehabilitate the TSFs and waste rock dump and cap them following cessation of operations to 
reduce infiltration and seepage.  

 Divert the Nam Pangyun to fill the open pit rapidly at closure, in order to minimise the potential for oxidation 
of in-pit PAF and subsequent acid formation and to also minimise the concentration of metals in the pit water 
(as predicted by CSA, 2020). 

6.3.4 Residual impact assessment 
This section assesses the residual significance of impacts identified in Section 6.3.2 after implementation of the 
mitigation and management measures outlined in Section 6.3.3. The magnitude of each residual impact is assessed 
based on the impact’s geographic extent, severity and duration, taking into consideration the existing conditions 
of the features and their importance, vulnerability and resilience. Table 6.24 presents the criteria used to determine 
the magnitude of each impact.  
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Table 6.24 Criteria used to determine the magnitude of impacts to groundwater 

 Very low Low Medium High Very high 

Spatial 
extent 

Impact affects a 
very small area 
within the project 
footprint 

Impact is entirely 
within existing 
disturbance areas 

Impact affects a 
localised area 

Impact is partly 
within existing 
disturbance areas 
but also within 
previously 
undisturbed (or 
low-level 
disturbance) areas 

Impact affects a 
moderate area 

Impact is 
completely within 
previously 
undisturbed (or 
low-level 
disturbance) areas 

Impact affects a 
widespread area 

Impact spatial 
extent is very high 
(regional extent) 

Severity Impact is a very 
minor change 
from background 
conditions and 
will probably 
recover on its own 
or require minimal 
rehabilitation 
effort. 

The impact will 
not reduce the 
capacity to 
support aquatic 
ecosystems and/or 
beneficial uses. 

Impact is a minor 
change from 
background 
conditions and can 
be 
straightforwardly 
remedied or 
rehabilitated using 
standard 
management 
measures. 

The impact is 
unlikely to reduce 
the capacity to 
support aquatic 
ecosystems and/or 
beneficial uses. 

Impact is a 
medium change 
from background 
conditions and can 
be partly remedied 
or rehabilitated. 
Some capacity to 
support aquatic 
ecosystems and/or 
beneficial uses is 
reduced. 

Impact is a high 
degree of change 
from existing 
conditions and is 
very difficult to 
rehabilitate. Most 
of the 
groundwater 
feature’s capacity 
to support aquatic 
ecosystems and/or 
beneficial uses is 
reduced.  

Impact is a very 
high degree of 
change from 
existing 
conditions and 
cannot be 
rehabilitated. 
Capacity to 
support aquatic 
ecosystems and/or 
beneficial uses is 
lost. 

Duration Impact is very 
short in duration 
(i.e., days) 

Impact is short 
term (i.e., months 
or less)  

Impact is medium 

term (1 to 2 

years).  
  

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

 

Direct loss of springs 

The value of springs is associated with the provision of base flow to watercourses and their ability to support 
beneficial uses of groundwater, such as providing potable water and supporting aquatic ecosystems.  

Figure 6.5 shows that six of the 16 known springs will be directly covered by the placement of project facilities. 
Springs SWSP04, SWSP07, Spring 01 and Spring 02 are located where the TSFs will be constructed, SWSP06 
will be covered by the haul road, and SWSP01 is located within the footprint of the Wallah waste rock dump. 
The current beneficial uses of these springs are outlined in Table 6.25.  

Communities currently present in the Bawdwin upper village will be resettled approximately 7 to 9 months after 
commencement of the project so are unlikely to experience the impact of lost spring resources. Bawdwin lower 
village will be resettled 40 to 42 months after commencement of the project, or 30 to 32 months after 
commencement of mining operations. This indicates that this village will experience the impact of lost springs 
for at least 32 months before being resettled, although the exact timing of loss of each spring is not clear. Tiger 
Camp village will be resettled approximately 29 to 30 months after commencement of the project, or 19 to 20 
months after commencement of mining operations. This indicates that this village will experience the impact of 
lost springs for at least 20 months before being resettled, although the exact timing of loss of each spring is not 
clear. 
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Table 6.25 Current beneficial uses of springs which will be directly covered by project facilities 

Spring Location Current beneficial use 

SWSP01 Beneath Wallah waste 
rock dump 

Source of potable water to Wallah village and Tiger Camp, supports stream flow 
in Wallah valley. 

SWSP04 Beneath TSFs Source of potable water to Bawdwin, supports stream flow in Nam Pangyun. 

SWSP06 Beneath haul road Beneficial uses unknown, may be a source of potable water to Tiger Camp 

SWSP07 Beneath TSFs Source of potable water to Wallah village and Tiger Camp 

Spring 01 Beneath TSFs Beneficial uses unknown, may be a source of potable water to Wallah village and 
Tiger Camp 

Spring 02 Beneath TSFs Beneficial uses unknown, may be a source of potable water to Wallah village and 
Tiger Camp 

 

The burial of these springs by TSFs or the waste rock dump will result in a substantial change to the surface 
topography and the local groundwater system. In most cases, groundwater levels will raise above the natural 
ground surface through the tailings or waste rock. The springs will be filled and inundated by the overlying waste 
storage facilities. Groundwater that may have once discharged to the natural ground surface as a spring would be 
entrained either as regional groundwater flow through remaining aquifer, or migrate through the overlying fill and 
be managed as seepage. 

The impact to the value of springs as a result of the placement of project facilities will be of major significance 
based on the high magnitude of impact and high sensitivity of springs (Table 6.26).  
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Table 6.26 Residual impact significance summary - loss of capability to support aquatic ecosystems 
and beneficial uses due to direct loss of springs from placement of project facilities over 
springs 

Value Sensitivity of value  

Springs Importance Vulnerability Resilience Sensitivity 

High  

Intrinsic attributes support 
the use of the groundwater 
for potable supply, 
agricultural use, and food 
production for current 
Bawdwin villages and 
Tiger Camp. Currently the 
springs provide base flow 
to the Nam Pangyun as well 
as support the beneficial 
uses of groundwater and are 
of high importance. 

 

Medium 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed, 
however as springs take a 
longer time to disperse 
contaminants than rivers, 
they are more vulnerable 
to change.  

Springs represent a limited 
number of surface 
expressions of the 
saprolite aquifer and are 
therefore more vulnerable 
to permanent change and 
significant degradation. 

Low 

Intrinsic properties of 
the springs are very 
susceptible to change 
(such as land clearing 
and excavation), 
however will 
maintain high 
connectivity to the 
saprolite aquifer. The 
overall function of 
the springs would be 
permanently altered.  

 

High  

 

Impact Magnitude of impact  

Loss of capability 
to support aquatic 
ecosystems and 
beneficial uses 
due to direct loss 
of springs from 
placement of 
project facilities 
over springs 

Spatial extent Severity Duration Magnitude 

Medium 

Impacts are limited to small 
sections of the Nam 
Pangyun catchment and 
represent loss of six of the 
sixteen known springs in 
the Bawdwin concession 
area and impact areas that 
are not currently disturbed. 

Medium 

Some springs will be 
permanently lost, along 
with the contribution these 
springs made to aquatic 
ecosystems or beneficial 
uses associated with the 
springs. Nam Pangyun 
relies on spring flow 
during dry season and so 
the impact may reduce 
flow volumes in the 
downstream Nam 
Pangyun. 

Very high 

Springs will be 
permanently lost due 
to permanent 
infrastructure. This is 
deemed a very high 
duration because the 
spring resource 
would be lost if 
people were to return 
to the area in the 
future. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The timing of when each individual spring will be lost during construction is not clear. The duration 
of this impact has been assumed to commence at the start of operations up until each of these 
villages are resettled but to continue as a permanent impact because the spring resource would be 
lost if people decided to return to the area in the future. 

There is uncertainty as to the dependency of some of the spring resources for water supply. 

 

 

 

 

Groundwater drawdown 
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Mine dewatering to remove pit water will result in groundwater drawdown over the life of the mine. This 
drawdown will be additional to the existing groundwater drawdown in the vicinity of the pit due to historic mining 
and dewatering. Currently, the underground mine is dewatered to a depth of approximately 200 m below the 
ground surface level at Marmion Shaft and this level is maintained by continuous pumping and by discharge to 
the Nam Pangyun via the Tiger Tunnel. At its largest extent, the open pit will be 92 ha in size and 250 m below 
the existing pit floor and approximately 495 m below the surface elevation. 

As outlined in Section 6.3.2, dewatering will occur via a combination of pumping from an in-pit sump and 
discharge to the Nam Pangyun via a sediment pond and by continuing the discharge of groundwater from the 
Tiger Tunnel into the Nam Pangyun. Groundwater inflows are expected to increase from an average of 142 m3/d 
in year 1 to 670 m3/d in year 13. In order to dewater the pit in three days following a 100-year 24-hour storm event 
the pumping rate will range between 12,960 L/s and 21,600 L/s (1,119,744 m3/d to 1,866,240 m3/d) depending on 
the mining year.  

Groundwater modelling was undertaken to predict groundwater drawdown throughout the life of the mine (CSA, 
2020). The modelling predicted groundwater drawdown contours in the fractured rock aquifer at mining years 7 
and 14, which represent the mid and end mining years.  

Figure 6.10 and 

Figure 6.11 present the drawdown contours for years 7 and 14, respectively, as a result of mine dewatering. 

The results show that, in years 7 and 14, drawdown from current groundwater levels is primarily constrained to 
within the immediate vicinity of the pit, which is probably a result of the steep topography, low hydraulic 
conductivity of the fractured rock aquifer and the recharge from the adjacent Nam Pangyun. In year 7, a maximum 
drawdown of 8 m is predicted to occur at the base of the pit. Also, during this year, the modelling predicts 
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groundwater levels in the fractured rock aquifer will be drawn down by 10 cm at a distance of up to 1 km from 
the proposed pit crest. In year 14, a maximum drawdown of 1 m is predicted to occur within and around the 
periphery of the pit and drawn down by 10 cm at a distance of up to about 2 km from the proposed pit crest. 
During both years, predicted groundwater drawdown is mostly within the range of 10 cm to 1 m in the area outside 
the pit through which the Nam Pangyun flows (see  

Figure 6.10 and 

Figure 6.11). 

As discussed in Section 6.4, in the vicinity of the pit the Nam Pangyun is ‘water losing’ (i.e., the river loses water 
via seepage to the underlying groundwater system) due to existing drawdown, which promotes surface water 
seepage to groundwater. The same mechanism will occur throughout mining operations while dewatering 
continues. While further drawdown around the mine is predicted, drawdown levels in the order of 10 cm to 1 m 
are low in the context of existing natural fluctuations measured in the fractured rock aquifer. Monitoring of 
existing groundwater levels in fractured bedrock in and around the pit between March 2019 and March 2020 
showed that the levels at most sites varied in the order of metres across the monitoring period.  

Drawdown of the fractured rock aquifer and subsequent reduced baseflows to the Nam Pangyun due to mine 
dewatering is of low significance based on the low magnitude of impact and the low to medium sensitivity of 
the feature (Table 6.27).
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Figure 6.10   Groundwater drawdown contours in the fractured rock aquifer at year 7 
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Figure 6.11 Groundwater drawdown contours in the fractured rock aquifer at year 14
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Table 6.27 Residual impact significance summary - drawdown of the fractured rock aquifer and 
subsequent reduced baseflows to the Nam Pangyun due to mine dewatering 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 

Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance, 
and/or groundwater 
dependent surface water 
features which are 
characterised as highly 
altered from their natural 
state.  

Medium  

Recovery is likely to be 
slow or only partially 
successful. 

Medium  

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 

The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

Impact Magnitude of impact  

Drawdown of the 
fractured rock 
aquifer and 
subsequent 
reduced 
baseflows to the 
Nam Pangyun 
due to mine 
dewatering 

Spatial extent Severity Duration Magnitude 

Low 

Drawdown would only 
affect a localised and 
already heavily impacted 
area around the open pit in 
the mid-section of the Nam 
Pangyun. 

Very low 

Overall, the predicted 
levels of drawdown are 
unlikely to significantly 
change the baseflow 
contribution from the 
fractured rock aquifer and 
the subsequent loss of 
water to the Nam Pangyun 
is expected to be 
negligible in the context of 
the Nam Pangyun being 
an already highly 
impacted stream.  

High 

Drawdown will persist 
throughout operations 
but will cease after 
mine closure when the 
pit refills with water. 
The groundwater 
system will recharge 
and baseflows to the 
Nam Pangyun will 
increase from current 
volumes 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Groundwater drawdown has been modelled for years 7 and 14; however, this was for the saprolite 
aquifer. The levels of drawdown for the fractured rock aquifer have not been quantified. 

 

A key uncertainty associated with this impact assessment rating is that expansion of the pit in the early stages of 
mine development may intersect with the underground sections of the Nam Pangyun at the northern and 
southern periphery of the pit prior to the river diversion being installed. While not strictly a drawdown impact, 
this could reduce the flow in the Nam Pangyun. Investigations would be required to confirm the underground 
river alignment to ensure that the pit does not intersect it prior to the diversion being installed. 
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The reduction of water supply to springs due to groundwater drawdown is likely to have a greater impact than 
reduced baseflow to rivers, given the importance of these features to the community and their lower potential for 
recovery (i.e., lower resilience). As discussed, six out of the 16 known springs will be directly covered (i.e., 
removed) by project facilities so those springs that remain and are exposed to drawdown are vulnerable to a 
relatively high impact. Furthermore, in drier months, some of the minor springs that are higher in the landscape 
are known to cease flowing (A Witcomb, pers. comm. 2020), which limits the availability of springs to support 
beneficial uses and ecosystems in the dry season.  

The groundwater model predicted drawdown in water levels at known springs in the catchment.  

Figure 6.12 displays the groundwater drawdown contours in the saprolite aquifer and 

Figure 6.13 presents the predicted drawdown at known springs. The expected drawdown for the six springs that 
will be lost due to placement of project infrastructure (Springs SWSP01, SWSP04, SWSP06, SWSP07, Spring 01 
and Spring 02) are plotted to show the extent of expected drawdown, but it should be noted that the impact of 
drawdown on these springs is irrelevant as the springs will be directly lost (i.e., buried). The modelling predicted 
that groundwater drawdown in the saprolite aquifer is largely constrained to the area surrounding the pit, and the 
water levels at most of the known springs in the Nam Pangyun catchment would be drawn down by less than 
5 cm. The exceptions were two springs (sites Spring 03 and SWSP05 shown on  

Figure 6.12) where a drawdown, at the end of mine life, of 8 cm is predicted at Spring 03 and a drawdown of 18 
cm is predicted at SWSP05. Drawdown in the saprolite and fractured rock aquifers is not expected to extend far 
(if at all) into the neighbouring catchments, and similar drawdown impacts are not likely to be realised.  

The natural range of groundwater level fluctuations near springs have not been measured and so it is not clear 
whether a reduced level of up to 5 cm (springs SWSP02, SWSP05, SWSP09, Spring 04, Spring 05, Spring 06, 
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Spring 07 and Spring 08), 8 cm (Spring 03) and 18 cm (spring SWSP05) would have a measurable impact on 
spring flow rates. However, the natural range of groundwater level fluctuation in the saprolite aquifer is expected 
to be greater than the predicted drawdown due to the highly seasonal nature of rainfall recharge and suspected 
short groundwater residence times in the aquifer. It is expected that springs drawn down by less than 10 cm would 
unlikely experience a measurable effect on spring flow. 

It is reasonable to expect that where groundwater drawdown between 0.1 m to 1 m occurs at springs, this may 
temporarily or permanently reduce or halt spring flow. Based on modelling results, material impacts to spring 
flow due to drawdown are only expected to affect the known spring SWSP05, which supplies potable water to the 
nearby Bawdwin community. Drawdown greater than 0.1 m is not predicted until Year 10 of mining operations, 
which will be several years after the Bawdwin villages will have been resettled (see 

Figure 6.13). 

Additional unknown springs that occur in this area would also probably experience materially reduced flows. 

Drawdown of 0.1 m to 1 m at spring SWSP05 and potentially other unknown springs is considered to be of 
moderate significance based on the low magnitude of impact and the high sensitivity of springs (Table 6.28).  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-71

 

 

Figure 6.12  Predicted groundwater drawdown in the saprolite aquifer (Year 14) and known springs 
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Figure 6.13 Predicted groundwater drawdown levels in the saprolite 
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Table 6.28 Residual impact significance summary - loss of capability to support aquatic ecosystems 
and beneficial uses due to reduced spring flow caused by groundwater drawdown 

Value Sensitivity of value  

Springs Importance Vulnerability Resilience Sensitivity 

High  

Intrinsic attributes support 
the use of the 
groundwater for potable 
supply, agricultural use, 
and food production for 
current Bawdwin villages 
and Tiger Camp. 
Currently the springs 
provide base flow to the 
Nam Pangyun as well as 
support the beneficial 
uses of groundwater and 
are of high importance. 

Medium 

Low groundwater residence times 
are likely to positively influence 
recovery provided the impact 
source is removed, however as 
springs take a longer time to 
disperse contaminants than rivers, 
they are more vulnerable to 
change.  

Springs represent a limited 
number of surface expressions of 
the saprolite aquifer and are 
therefore more vulnerable to 
permanent change and significant 
degradation. 

Low 

Intrinsic properties 
of the springs are 
very susceptible to 
change (such as 
land clearing and 
excavation), 
however will 
maintain high 
connectivity to the 
saprolite aquifer. 
The overall function 
of the springs would 
be permanently 
altered.  

High  

 

Impact Magnitude of impact  

Loss of 
capability to 
support aquatic 
ecosystems and 
beneficial uses 
due to reduced 
spring flow 
caused by 
groundwater 
drawdown 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to 
materially affect one 
known spring (SWSP05) 

Low 

There may be reduced water 
available to support ecosystems 
and to support extractive 
beneficial use but the spring 
would be able to recover. With 
the resettlement of the Bawdwin 
and Tiger Camp villages for the 
project, the productive beneficial 
uses of the spring will not be 
realised once the project is in 
operation. Drawdown of the 
spring is expected to be less than 
10 cm while the communities are 
still present in the area.  

High 

Groundwater levels 
are expected to 
recover after project 
closure. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Low 

Groundwater drawdown has been modelled for all operational years for the known springs. There is 
some uncertainty regarding additional as yet unknown springs and the levels to which they may be 
impacted. As these have not been identified it is assumed additional springs are not of high 
importance to communities for provision of beneficial uses. It has been conservatively assumed that 
drawdown of greater than 10 cm could result in a notable reduction in spring flow. The recommended 
further hydrogeological assessments work will support a refined assessment of what level of 
drawdown would result in reduction of spring flow.   

 

Groundwater mounding 

Tailings storage 

Hydraulic loading due to the TSFs can add significant pressure to the underlying saprolite (where present) and 
fractured rock aquifers, causing significant groundwater mounding and potential changes to the aquifer hydraulic 
properties as the underlying aquifer is compressed. While there has been no modelling of groundwater mounding 
at the three TSFs, it is common to observe altered groundwater flow directions and flow velocities beneath and 
around similar TSFs. Mounding will probably cause higher hydraulic gradients at some locations in the underlying 
and surrounding aquifers and, based on the surrounding topography, may promote groundwater to flow in new 
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directions through the fractured bedrock or the more permeable saprolite. Groundwater mounding and changes to 
groundwater flows are likely to be complex and have not yet been modelled. The following assessment is 
approached qualitatively and with uncertainty about the magnitude of impact. 

The application of design controls, such as an underdrainage system and cut-off drains, will assist with capturing 
some seepage and control groundwater levels within the main embankments, predominantly to maintain the 
structural integrity of the embankments. However, significant hydraulic loading (mounding) of the underlying 
and aquifer can be expected beneath and surrounding the TSFs. The TSFs will not be lined. The permeability of 
the fractured rock aquifer is expected to reduce with depth (a commonly observed phenomenon in fractured rock 
aquifers) and the valley walls that contain the TSFs are expected to prevent the mounding effects and the lateral 
movement of groundwater to surrounding catchments. Two key exceptions are noted:  

1. Fracture and fault zones: where present may provide preferential pathways for groundwater movement 
away from the TSFs. 

2. Higher permeability ridge lines: as the TSFs fill towards their final design levels the available thickness 
of lower permeability or unfractured deep bedrock reduces and the presence of more permeable fractured 
bedrock and saprolite is expected to increase. Potential for groundwater to mobilise to neighbouring 
catchments will therefore increase as the tailings surface climbs towards the ridge lines. 

A detailed geotechnical and hydrogeological study of the TSF areas is required to identify high hydraulic 
conductivity zones that may allow movement of groundwater to neighbouring, unimpacted aquifers.  

Due to the undulating topography of the northern ridgeline of TSF A, tailings material will be filled to within 5 m 
to 10 m of the natural ridge in places. This will require construction of saddle dams at two locations. The phreatic 
surface may be at, or close to, the rehabilitated surface of the filled TSF, and therefore close to the natural ridgeline 
during operation and permanently, post closure. In the absence of detailed geotechnical investigations and 
hydrogeological modelling, there is considered to be a high likelihood that a component of groundwater will flow 
from TSF A (located within the Nam Pangyun catchment) through the saprolite and higher permeability fractured 
rock aquifers, and into the Nam La catchment to the north. This may result in increased groundwater discharge to 
Nam La catchment, emergence of new saprolite springs in the Nam La catchment, formation of unstable ground, 
erosion or waterlogging. 

Elsewhere, altered groundwater flow directions and increased flow rates may result in the formation of springs in 
surrounding sub-catchments, most likely higher in the landscape. It is expected that where the groundwater flow 
emerges to the surface, areas of waterlogging, erosion and localised land instability will occur, based upon 
observation of existing emergent springs on steep hillsides within the Bawdwin concession area. In addition, 
groundwater flow from the aquifers under the TSFs may transport contaminants leached from the TSFs to adjacent 
and previously undisturbed aquifers (assessed in subsequent sections). It is therefore assumed that formation of 
new springs does not result in an added beneficial water source. 

A combined geotechnical and hydrogeological assessment should be completed during detailed design to identify 
areas where ground treatment (grouting), cut off walls, or other engineering controls may be required to minimise 
the effects of mounding or prevent the movement of groundwater into unimpacted catchments (i.e., the Nam La 
catchment). 

While all the impact scenarios and pathways cannot be accurately predicted, the impact of changes to groundwater 
flow in the Nam Pangyun catchment around the TSFs due to hydraulic loading induced groundwater mounding is 
considered to be of low significance for the fractured rock aquifer, based on the low magnitude of impact and 
the low to medium sensitivity of the feature (Table 6.29).  

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-75

 

Table 6.29 Residual impact significance summary - changed groundwater flow in the fractured rock 
aquifer in the Nam Pangyun catchment around the TSFs due to groundwater mounding 
induced by hydraulic loading 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 

Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance and 
highly altered from their 
natural state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 

The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the fractured 
rock aquifer in 
the Nam Pangyun 
catchment around 
the TSFs due to 
groundwater 
mounding 
induced by 
hydraulic loading 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect the 
portions of the Nam 
Pangyun catchment where 
the TSFs have been 
constructed, but will not 
extend significant distances 
beyond the TSFs, limited 
by the high topographic 
relief and suspected low 
hydraulic conductivity at 
depth. 

Low 

The greatest change to 
groundwater flow within 
the Nam Pangyun 
catchment is likely to 
occur beneath and 
immediately surrounding 
the TSFs and around the 
engineered embankments. 
Groundwater levels will 
be controlled by the 
drainage system to 
minimise impact severity 
and are not expected to 
have significant impacts.  

Very high 

Changes to flow caused 
by mounding are likely 
to extend post-closure. 

Low 

Residual impact significance Low  

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the TSF areas and modelling 
of changes to groundwater flows due to mounding (which are highly complex processes) the 
uncertainty is high in terms of impact severity and spatial extent. All the impact scenarios and 
pathways due to mounding cannot be accurately predicted. The assessment is approached 
qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the TSF areas is required to identify high 
hydraulic conductivity zones that may allow movement of groundwater to neighbouring, unimpacted 
aquifers. 

 

The impact is considered to be moderate significance for the saprolite aquifer, based on the low magnitude of 
impact and the high sensitivity of the feature (Table 6.30).  
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Table 6.30 Residual impact significance summary - changed groundwater flow in the saprolite aquifer 
in the Nam Pangyun catchment around the TSFs due to groundwater mounding induced 
by hydraulic loading 

Value Sensitivity of value  

Nam Pangyun – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High  

Currently groundwater 
from the saprolite aquifer 
has beneficial uses as a 
potable water supply and 
supports aquatic 
ecosystems, and is of high 
importance.  

 

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High  

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the saprolite 
aquifer in the 
Nam Pangyun 
catchment around 
the TSFs due to 
groundwater 
mounding 
induced by 
hydraulic loading 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect the Nam 
Pangyun catchment where 
the TSFs have been 
constructed, but will not 
extend significant distances 
beyond the TSFs, limited 
by the high topographic 
relief and limited thickness 
of the saprolite. 

Low 

The greatest change to 
groundwater flow within 
the Nam Pangyun 
catchment is likely to 
occur beneath and 
immediately surrounding 
the TSFs and around the 
engineered embankments. 
Changes to groundwater 
levels and flow beyond the 
immediate TSF area are 
likely to be low in the first 
32 months of operations 
while downstream 
communities at Bawdwin 
Lower village are still 
present.  

Very high 

Changes to flow caused 
by mounding are likely 
to extend post-closure. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the TSF areas and modelling 
of changes to groundwater flows due to mounding (which are highly complex processes) the 
uncertainty is high in terms of impact severity and spatial extent. All the impact scenarios, pathways 
and timing due to mounding cannot be accurately predicted. The assessment is approached 
qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the TSF areas is required to identify high 
hydraulic conductivity zones that may allow movement of groundwater to neighbouring, unimpacted 
aquifers. 

 

Overall, the impact of mounding-induced changes to groundwater flow in the Nam La catchment around the 
TSFs is considered to be of low significance for the fractured rock aquifer, based on the low magnitude of 
impact and the medium sensitivity of the feature (Table 6.31), and of based on the medium magnitude of 
impact and the high sensitivity of the feature (Table 6.32). 
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Table 6.31 Residual impact significance summary - changed groundwater flow in the fractured rock 
aquifer in the Nam La catchment around the TSF-A due to groundwater mounding 
induced by hydraulic loading 

Value Sensitivity of value  

Nam La – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Medium 

Attributes of the groundwater 
system (quality, occurrence, 
volume) are suitable for beneficial 
uses however the reduced extraction 
potential has resulted in this 
resource not being exploited for a 
consumptive beneficial use. 

The groundwater system supports 
aquatic and some terrestrial 
ecosystems of ecological 
importance. Catchments outside of 
developed urban centre of Namtu 
township are largely unaltered from 
their natural state and will have 
some dependence on groundwater 
discharge during dry months. 

Medium 

Recovery is likely to 
be slow or only 
partially successful. 

Medium 

Intrinsic properties 
of the groundwater 
system are slightly 
resistant to change. 
However, the 
overall function of 
the groundwater 
system remains 
relatively 
unchanged. 

Medium 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the fractured 
rock aquifer in 
the Nam La 
catchment around 
the TSF-A due to 
groundwater 
mounding 
induced by 
hydraulic loading 

Spatial extent Severity Duration Magnitude 

Low 

Impact may affect parts of the 
aquifer in the immediately adjacent 
Nam La catchment, but is unlikely 
to extend significant distances. 

Low 

Changes to 
groundwater flow and 
subsequent effects 
may be controlled by 
cut-off drains, weep 
holes or other 
engineering methods 
if adverse effects are 
realised. 

Very high 

Changes to flow 
caused by 
mounding are likely 
to extend post-
closure. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the TSF areas and modelling 
of changes to groundwater flows due to mounding (which are highly complex processes) the 
uncertainty is high in terms of impact severity and spatial extent. All the impact scenarios and 
pathways due to mounding cannot be accurately predicted. The assessment is approached 
qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the TSF areas is required to identify high 
hydraulic conductivity zones that may allow movement of groundwater to neighbouring, unimpacted 
aquifers. 
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Table 6.32 Residual impact significance summary - changed groundwater flow in the saprolite aquifer 
in the Nam La catchment around the TSF-A due to groundwater mounding induced by 
hydraulic loading 

Value Sensitivity of value  

Nam La – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High 

Intrinsic attributes support 
the use of the groundwater 
for potable supply (for 
Namtu township), 
agricultural use, and food 
production. 

Attributes of the 
groundwater system are of 
moderate to high ecological 
importance, supporting 
terrestrial and aquatic 
ecosystems that are 
characterised as largely 
undisturbed. 

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change. The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the saprolite 
aquifer in the 
Nam La 
catchment around 
the TSF-A due to 
groundwater 
mounding 
induced by 
hydraulic loading 

Spatial extent Severity Duration Magnitude 

Low 

Impact may affect parts of 
the aquifer in the 
immediately adjacent Nam 
La catchment, but is 
unlikely to extend 
significant distances 

Low 

Changes to groundwater 
flow and subsequent 
effects may be controlled 
by cut-off drains, weep 
holes or other engineering 
methods if adverse effects 
are realised. 

Very high 

Changes to flow caused 
by mounding are likely 
to extend post-closure. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the TSF areas and modelling 
of changes to groundwater flows due to mounding (which are highly complex processes) the 
uncertainty is high in terms of impact severity and spatial extent. All the impact scenarios and 
pathways due to mounding cannot be accurately predicted. The assessment is approached 
qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the TSF areas is required to identify high 
hydraulic conductivity zones that may allow movement of groundwater to neighbouring, unimpacted 
aquifers. 

 

Wallah waste rock dump 

Increased rainfall infiltration across the waste rock dump will collect towards the base of the dump and cause 
mounding of groundwater levels in the underlying saprolite aquifer. A series of underdrains will be constructed 
to promote drainage of the dump and collect some of this seepage. Seepage modelling suggests that the 
underdrainage system will maintain low phreatic levels within the waste rock dump. 

However, some minor mounding is expected towards the base of the waste rock dump that may cause locally 
altered groundwater flow direction in the saprolite and potentially the fractured rock aquifer. Unlike the TSFs, 
mounding under the waste rock dumps will not rise to levels that would probably present a risk of groundwater 
flow to other sub-catchments or cause the formation of new springs. Impacts to groundwater quality are assessed 
in subsequent sections in more detail.   

Overall, the impact of changed groundwater flow in the fractured rock and saprolite aquifers in the Nam Pangyun 
catchment around the Wallah waste rock dump due to increased recharge at the Wallah waste rock dump and 
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subsequent changes to the landscape is considered to be of low significance for the fractured rock aquifer, based 
on the low magnitude of impact and low to medium sensitivity of the feature (Table 6.33) 

Table 6.33 Residual impact significance summary - changed groundwater flow in the fractured rock 
aquifer in the Nam Pangyun catchment due to increased recharge at the Wallah waste 
rock dump 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the groundwater 
system (quality, occurrence, 
volume, extraction potential) are 
not suitable for beneficial uses due 
to natural mineralisation and 
historical mineral processing 
activity. 

Locally, the groundwater system 
does not support ecosystems. 
Further downstream the 
groundwater system supports 
ecosystems of low ecological 
importance and highly altered 
from their natural state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties 
of the groundwater 
system are 
moderately resistant 
to change. 

The overall 
function of the 
groundwater system 
could be 
moderately altered. 

Low to 
medium 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the fractured 
rock aquifer in 
the Nam Pangyun 
catchment due to 
increased 
recharge at the 
Wallah waste 
rock dump 

Spatial extent Severity Duration Magnitude 

Low 

Impact covers the extent of the 
waste rock dump within the 
Wallah Valley 

Low 

Minor mounding is 
expected towards the 
base of the waste rock 
dump that may cause 
locally altered 
groundwater flow 
direction in the saprolite 
and potentially the 
fractured rock aquifer 

Very high 

Changes to flow 
caused by 
mounding will last 
for longer than 15 
years 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the Wallah waste rock dump 
area and modelling of changes to groundwater flows due to mounding (which are highly complex 
processes) the uncertainty is high in terms of impact severity and spatial extent. All the impact 
scenarios and pathways due to mounding cannot be accurately predicted. The assessment is 
approached qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the waste rock dump area is required to 
identify high hydraulic conductivity zones that may allow movement of groundwater to 
neighbouring, unimpacted aquifers. 
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Changed groundwater flow in the Nam Pangyun catchment around the Wallah waste rock dump due to increased 
recharge at the Wallah waste rock dump and subsequent changes to the landscape is considered to be of moderate 
significance for the saprolite aquifer, based on the low magnitude of impact and high sensitivity of the feature 
(Table 6.34).  

Table 6.34 Residual impact significance summary - changed groundwater flow in the saprolite aquifer 
in the Nam Pangyun catchment due to increased recharge at the Wallah waste rock dump 

Value Sensitivity of value  

Nam Pangyun – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High  

Currently groundwater 
from the saprolite 
aquifer has beneficial 
uses as a potable water 
supply and supports 
aquatic ecosystems, and 
is of high importance.  

Low 

Low groundwater residence 
times are likely to positively 
influence recovery provided 
the impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the saprolite 
aquifer in the 
Nam Pangyun 
catchment due to 
increased 
recharge at the 
Wallah waste 
rock dump 

Spatial extent Severity Duration Magnitude 

Low 

Impact covers the extent 
of the waste rock dump 
within the Wallah 
Valley 

Low 

Minor mounding is expected 
towards the base of the waste 
rock dump that may cause 
locally altered groundwater 
flow direction in the saprolite 
and potentially the fractured 
rock aquifer 

Very high 

Changes to flow caused 
by mounding will last 
for longer than 15 years 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

In the absence of a detailed geotechnical and hydrogeological study of the Wallah waste rock dump 
area and modelling of changes to groundwater flows due to mounding (which are highly complex 
processes) the uncertainty is high in terms of impact severity and spatial extent. All the impact 
scenarios and pathways due to mounding cannot be accurately predicted. The assessment is 
approached qualitatively and with high uncertainty about the magnitude of impact. 

A detailed geotechnical and hydrogeological study of the waste rock dump area is required to 
identify high hydraulic conductivity zones that may allow movement of groundwater to 
neighbouring, unimpacted aquifers. 

 

Open pit 

During mining, WMM will largely control groundwater flows in the area of the open pit, with inflows captured 
and passed through sediment dams before being released to the Nam Pangyun. At the same time, the Tiger Tunnel 
will continue to capture and discharge groundwater to the Nam Pangyun at Tiger Camp.  

At closure, the Tiger Tunnel, underground mine adits and possibly other tunnels (if required) will be plugged to 
allow groundwater to fill the open pit (see Chapter 4, Table 4.39). Filling of the open pit will be expedited over 5 
years by diverting surface water from the Nam Pangyun. After closure, groundwater levels will recover, rising 
close to the ground surface as the pit lake fills. While not strictly ‘mounding’, groundwater levels will be 
permanently raised 100 to 200 m higher than pre-mining levels. Although no predictive modelling has been 
completed, it is assumed that raised groundwater levels could occur over most of the mid-catchment area as the 
underground mine is flooded. This remains an area of uncertainty (see Section 6.3.6).  
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Existing groundwater flow directions around Bawdwin is expected to be towards the dewatered underground 
mine. Raised groundwater levels at are likely to lead to a more natural flow path, where groundwater flows from 
areas of high topography towards the surface water features in the lower valley. Groundwater-surface water 
interactions around Bawdwin will probably change, with raised groundwater levels contributing baseflow to the 
Nam Pangyun post-closure. Groundwater-surface water interaction around the pit lake may be more dynamic 
depending on the water balance inputs from rainfall, evaporation and stream flow from the upper catchment.  

Overall, changes in groundwater flow in the fractured rock aquifer in the Nam Pangyun catchment due to 
inundation of the open pit at closure will be of low to moderate significance, based on the medium magnitude 
of impact and the low to medium sensitivity of the feature (Table 6.35). 

Table 6.35 Residual impact significance summary - changed groundwater flow in the fractured rock 
aquifer in the Nam Pangyun catchment due to inundation of the open pit at closure 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the groundwater 
system (quality, occurrence, 
volume, extraction potential) are not 
suitable for beneficial uses due to 
natural mineralisation and historical 
mineral processing activity. 

Locally, the groundwater system 
does not support ecosystems. 
Further downstream the 
groundwater system supports 
ecosystems of low ecological 
importance and highly altered from 
their natural state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic 
properties of the 
groundwater 
system are 
moderately 
resistant to 
change. 

The overall 
function of the 
groundwater 
system could be 
moderately 
altered. 

Low to 
medium 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the fractured 
rock aquifer in 
the Nam Pangyun 
catchment due to 
inundation of the 
open pit at 
closure. 

Spatial extent Severity Duration Magnitude 

Medium 

It is assumed that raised 
groundwater levels could occur over 
most of the mid-catchment area as 
the underground mine is flooded. 

Low 

While new springs may 
be reactivated higher in 
the landscape as a result 
of raised groundwater 
levels, other potentially 
adverse impacts (e.g., 
ground instability) are 
not anticipated.  

Very high 

Raising of 
groundwater 
levels will be 
permanent 

Medium 

Residual impact significance Low to 
moderate 

Assessment of uncertainty 

High 

In the absence of predictive groundwater flow modelling after closure, it is assumed that raised 
groundwater levels could occur over most of the mid-catchment area as the underground mine is 
flooded.  

Overall, changes in groundwater flow in the saprolite aquifer in the Nam Pangyun catchment due to inundation 
of the open pit at closure will be of moderate significance, based on the medium magnitude of impact and the 
medium sensitivity of the feature (Table 6.36).  

Table 6.36 Residual impact significance summary - changed groundwater flow in the saprolite aquifer 
in the Nam Pangyun catchment due to inundation of the open pit at closure. 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Nam Pangyun – 
saprolite aquifer 

High 

Currently groundwater 
from the saprolite aquifer 
has beneficial uses as a 
potable water supply and 
supports aquatic 
ecosystems, and is of high 
importance.  

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The overall 
function of the 
groundwater system 
would be permanently 
altered. 

Medium 

 

Impact Magnitude of impact  

Changed 
groundwater flow 
in the saprolite 
aquifer in the 
Nam Pangyun 
catchment due to 
inundation of the 
open pit at 
closure. 

Spatial extent Severity Duration Magnitude 

Medium 

It is assumed that raised 
groundwater levels could 
occur over most of the mid-
catchment area as the 
underground mine is 
flooded. 

Low 

While new springs may be 
reactivated higher in the 
landscape as a result of 
raised groundwater levels, 
other potentially adverse 
impacts associated with 
mounding, such as ground 
instability, waterlogging 
and erosion are not 
anticipated.  

Very high 

Raising of groundwater 
levels will be 
permanent 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

In the absence of predictive groundwater flow modelling after closure, it is assumed that raised 
groundwater levels could occur over most of the mid-catchment area as the underground mine is 
flooded. 

 

Reduced groundwater quality 

Notwithstanding implementation of management measures outlined in Section 6.3.3, contamination of 
groundwater is predicted to occur. Residual impacts are assessed for two pathways: leaching from the TSFs and 
Wallah waste rock dump during operations and after closure, and leaching from the pit after closure. These are 
assessed below. 

Leaching from TSFs and waste rock dump 

The TSFs will store 24 Mt of tailings with high enrichment of metals including arsenic, copper, lead, mercury, 
silver and zinc. The TSFs will also store high concentrations of sulphide minerals and sulphate, which is a product 
of oxidation of those minerals. The TSF C will store up to 12.4 Mt of PAF waste rock containing high 
concentrations of metals including arsenic, antimony, lead, selenium and silver. Over the life of the project 156.3 
Mt of waste rock, containing high metals content, will be produced. Most waste rock will be stored in a single 
waste dump within the Wallah Gorge. 

Distilled water extracts performed on the tailings and waste rock showed that water from these mine wastes is of 
poor quality with numerous metals being elevated above drinking water standards and ambient aquatic ecosystem 
protection criteria (Knight Piésold, 2020).  

Process wastewater will also be stored in the TSFs, in the form of entrained water within the tailings mass and 
supernatant water (tailings pool). In addition to elevated total and dissolved metals and sulphate, the TSF 
supernatant water and its leachate are expected to contain residual cyanide from processing wastewater. The 
concentration of weak acid dissociable (WAD) (the bioavailable portion) cyanide in the tailings stream is expected 
to be low (i.e., below baseline ranges in ambient waters in Nam Pangyun upper catchment and below Myanmar 
Emission Guidelines for Mining) for most of the time. However, the concentration may potentially be elevated 
(i.e., above the Myanmar Emission Guideline for Mining and above the concentrations in ambient waters in the 
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Nam Pangyun upper catchment) during periods where sodium cyanide is used in processing to improve mineral 
selectivity. Knight Piésold (2020) predicted the  maximum free cyanide concentration of tailings supernatant to 
be 0.14 mg/L, which is above the Myanmar Emission Guideline for Mining standard of 0.1 mg/L. Further 
assessment is required to predict the concentrations of total cyanide, free cyanide and WAD cyanide in the TSF 
supernatant water under a range of scenarios and to predict cyanide levels of fugitive seepage from the TSF.  

Seepage from the TSFs is expected to steadily increase during the first five years of operations with monthly 
seepage rates peaking in Year 10 and Year 11 with approximately 40,000 m3 (54.8 m m3/h) of seepage predicted. 
TSF seepage estimates over the life of operations are presented in Figure 4.28 in Section 4.8.5. 

The TSF designs include an underdrainage system that will collect seepage. Although, geochemical modelling of 
the seepage water quality has not been conducted, the seepage is expected to be of poor water quality, probably 
containing concentrations of metals, sulphate and potentially cyanide above Myanmar drinking water standards 
and/or above ANZ ambient aquatic ecosystem protection guidelines. Further assessment is needed to predict the 
contaminant concentrations in the leachate compared to the Myanmar mining effluent standards.  

The underdrainage system will facilitate a reduction in pressure at the engineered TSF embankments and will 
reduce the rate of seepage into the underlying groundwater. However, it is expected that some seepage to the 
surrounding groundwater will still occur. As a result, it is expected that the water quality of the saprolite and 
fractured rock aquifers will be adversely impacted in some areas.  

Baseline monitoring of two saprolite groundwater monitoring sites, SWSP04 and SWSP06, between 2017 and 
2019 showed evidence of some existing elevated levels of metals and sulphate in the aquifer under the proposed 
TSF location (see Section 5.2). Site SWSP04 had maximum dissolved concentrations of aluminium, cadmium, 
copper and zinc above the ANZ ambient water quality guidelines and maximum sulphate concentration above the 
Myanmar drinking water standards. Site SWSP06 had maximum and average concentrations of aluminium, cobalt, 
copper, lead, nickel and zinc above the ANZ ambient water quality guidelines and maximum concentrations of 
aluminium, copper, iron, lead, manganese and nickel above the Myanmar drinking water standards. Site SWSP07, 
(although only sampled once) showed only lead to be above the Myanmar drinking water standards with all other 
metals below the ANZ ambient water quality guidelines and Myanmar drinking water standards. Cyanide was not 
detected in any sampling from these four sites.  

The baseline results indicate that existing elevated contaminant concentrations are more prevalent in the saprolite 
aquifer closer to the pit (site SWSP06), with groundwater quality being higher at the two sites further from the pit 
(SWSP07 and SWSP04). Notwithstanding, the existing groundwater quality in the saprolite beneath the proposed 
TSF location is relatively good compared to the groundwater quality of the fractured rock aquifer in the pit area 
(see subsection below). There is no available water quality data from the fractured rock aquifer in the TSF area; 
however, it is assumed that its water quality is relatively good being upstream of the groundwater flow towards 
the pit area and being locally recharged by the overlying relatively good-water-quality saprolite aquifer. 

Seepage from the TSFs into the underlying saprolite and fractured rock aquifers is expected to increase 
concentrations of dissolved and total metals, sulphate and cyanide in those aquifers above background 
concentrations. Modelling will be needed to confirm whether seepage may also potentially raise the concentrations 
of total metals, sulphate and cyanide within the aquifers above Myanmar drinking water standards and ANZ 
ambient water quality guidelines for ecosystem protection. 

For the purposes of this assessment it is assumed that at least some metals and sulphate will increase to above the 
drinking water standards and the ANZ guidelines in at least part of the aquifer system. As outlined above, upon 
closure, the TSFs will be capped with a low permeability layer to reduce infiltration and long-term seepage. 
However, seepage will still continue after closure, albeit at a slower rate.  

The contamination of the fractured rock aquifer in the Nam Pangyun catchment due to leaching of contaminants from the TSFs 
will be of moderate to high significance, based on the high magnitude of impact and the low to medium sensitivity of the 
feature (Table 6.37). This assessment has a high degree of uncertainty particularly in relation to impact severity and spatial 
extent (i.e., degree of change of water quality and how far this extends throughout aquifers) since geochemical modelling of 
the seepage water quality has not been conducted and the rate of seepage that is not collected in the TSF under drainage system 
has not been determined.  
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Table 6.37 Residual impact significance summary - contamination of groundwater in the fractured 
rock aquifer in the Nam Pangyun catchment due to seepage from the TSFs 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 
Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance, 
and/or groundwater 
dependent surface water 
features which are 
characterised as highly 
altered from their natural 
state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 
The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the fractured rock 
aquifer in the 
Nam Pangyun 
catchment due to 
seepage from the 
TSFs 

Spatial extent Severity Duration Magnitude 

Medium 

Impact will affect the 
portions of the Nam 
Pangyun catchment where 
the TSFs are constructed 
and once it reaches aquifer 
may extend downgradient 
albeit limited by suspected 
low hydraulic conductivity 
at depth. 

High 

Relatively good quality 
groundwater may be 
affected by contaminants 
and reduce the suitability 
and existing use of the 
groundwater to support 
aquatic ecosystems and 
beneficial uses. 

Very high 

The reduction in water 
quality in fractured rock 
aquifers would probably 
be a long term impact 
(during operations and 
for many years after 
project closure) 

High 

Residual impact significance Moderate 
to High 

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system. There is particularly high 
uncertainty in relation to impact severity and spatial extent (i.e., degree of change of water quality 
and how far this extends throughout aquifers). 

Rate of seepage that is not collected in the TSF under drainage system has not been determined.  

Baseline monitoring of groundwater from the fractured rock aquifer in the vicinity of the TSF has 
not been conducted. Assessment qualitatively assumes relatively good water quality in this aquifer 
given its distance upstream of historic mining. 

The contamination of the saprolite aquifer in the Nam Pangyun catchment due to leaching of contaminants from the TSFs will 
be of major significance, based on the high magnitude of impact and the high sensitivity of the feature (Table 6.38). This 
assessment has a high degree of uncertainty particularly in relation to impact severity and spatial extent (i.e., degree of change 
of water quality and how far this extends throughout aquifers) since geochemical modelling of the seepage water quality has 
not been conducted and the rate of seepage that is not collected in the TSF under drainage system has not been determined. 
However, it is assumed that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system.  
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Table 6.38 Residual impact significance summary - contamination of groundwater in the saprolite 
aquifer in the Nam Pangyun catchment due to seepage from the TSFs 

Value Sensitivity of value  

Nam Pangyun – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High  

Currently groundwater 
from the saprolite 
aquifer has beneficial 
uses as a potable water 
supply and supports 
aquatic ecosystems, 
and is of high 
importance.  

 

Low 

Low groundwater residence 
times are likely to positively 
influence recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The 
overall function of the 
groundwater system 
would be permanently 
altered. 

High  

Impact Magnitude of impact  

Contamination of 
groundwater in 
the saprolite 
aquifer in the 
Nam Pangyun 
catchment due to 
seepage from the 
TSFs 

Spatial extent Severity Duration Magnitude 

Medium 

Impact will affect the 
portions of the Nam 
Pangyun catchment 
where the TSFs are 
constructed and once 
it reaches aquifer may 
extend downgradient 
albeit limited by 
suspected low 
hydraulic conductivity 
at depth.  

High 

Relatively good quality 
groundwater (and associated 
springs and surface water 
features) may be affected by 
contaminants and materially 
reduce the suitability and 
existing use of the groundwater 
to support aquatic ecosystems 
and beneficial uses. 

Changes to groundwater quality 
and flow beyond the immediate 
TSF area are likely to be low in 
the first 32 months of 
operations while downstream 
communities at Bawdwin 
Lower village are still present. 

Very high 

The reduction in water 
quality in the saprolite 
aquifers would 
probably be a long-term 
impact (during 
operations and for 
many years after project 
closure) 

High 

Residual impact significance Major  

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system. There is particularly high 
uncertainty in relation to impact severity and spatial extent (i.e., degree of change of water quality 
and how far this extends throughout aquifers). 

Rate of seepage that is not collected in the TSF under drainage system has not been determined.  

 

The contamination of the springs in the Nam Pangyun catchment due to leaching of contaminants from the TSFs 
will be of major significance, based on the high magnitude of impact and the high sensitivity of the feature 
(Table 6.39). This assessment has a high degree of uncertainty particularly in relation to impact severity and spatial 
extent (i.e., degree of change of water quality and this impacts springs in the Nam Pangyun catchment) since 
geochemical modelling of the seepage water quality has not been conducted and the rate of seepage that is not 
collected in the TSF under drainage system has not been determined. However, it is assumed that at least some 
metals, sulphate and potentially cyanide will increase to above the drinking water standards and the ANZ 
guidelines in at least part of the aquifer system and springs. 
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Table 6.39 Residual impact significance summary - contamination of spring discharge in the Nam 
Pangyun catchment due to seepage from the TSFs 

Value Sensitivity of value  

Springs Importance Vulnerability Resilience Sensitivity 

High  

Intrinsic attributes support 
the use of the groundwater 
for potable supply, 
agricultural use, and food 
production for current 
Bawdwin villages and 
Tiger Camp. Currently the 
springs provide base flow 
to the Nam Pangyun as well 
as support the beneficial 
uses of groundwater and are 
of high importance, 
however, once Bawdwin 
and Tiger Camp villages 
have been resettled their 
importance will be reduced 
to medium. 

 

Medium 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed, 
however as springs take a 
longer time to disperse 
contaminants than rivers, 
they are more vulnerable 
to change.  

Springs represent a limited 
number of surface 
expressions of the 
saprolite aquifer and are 
therefore more vulnerable 
to permanent change and 
significant degradation. 

Low 

Intrinsic properties of 
the springs are very 
susceptible to change 
(such as land clearing 
and excavation), 
however will maintain 
high connectivity to the 
saprolite aquifer. The 
overall function of the 
springs would be 
permanently altered.  

 

High  

 

Impact Magnitude of impact  

Contamination of 
spring discharge 
in the Nam 
Pangyun 
catchment due to 
seepage from the 
TSFs 

Spatial extent Severity Duration Magnitude 

Medium 

Impact will affect the 
portions of the Nam 
Pangyun catchment where 
the TSFs are constructed 
and once it reaches aquifer 
may extend downgradient 
albeit limited by suspected 
low hydraulic conductivity 
at depth. 

High 

Relatively good quality 
groundwater (and 
associated springs and 
surface water features) 
may be affected by 
contaminants and 
materially reduce the 
suitability and existing use 
of the groundwater to 
support aquatic 
ecosystems and beneficial 
uses (such as drinking 
water). 

Very high 

The reduction in water 
quality in the saprolite 
and fractured rock 
aquifers would probably 
be a long-term impact 
(during operations and 
for many years after 
project closure) 

High 

Residual impact significance Major  

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system. There is particularly high 
uncertainty in relation to impact severity and spatial extent (i.e., degree of change of water quality 
and how far this extends throughout aquifers). 

Rate of seepage that is not collected in the TSF under drainage system has not been determined. 

 

Overall, the impact of contamination of the fractured rock aquifer in the Nam La catchment due to leaching of 
contaminants from the TSFs will be of high significance, based on the high magnitude of impact and the medium 
sensitivity of the feature (Table 6.40). This assessment has a high degree of uncertainty particularly in relation to 
impact severity and spatial extent (i.e., degree of change of water quality and how far this extends throughout 
aquifers) since geochemical modelling of the seepage water quality has not been conducted and the rate of seepage 
that is not collected in the TSF under drainage system has not been determined. However, it is assumed that at 
least some metals, sulphate and potentially cyanide will increase to above the drinking water standards and the 
ANZ guidelines in at least part of the aquifer system. 
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Table 6.40 Residual impact significance summary - contamination of groundwater in the fractured 
rock aquifer in the Nam La catchment due to seepage from the TSFs 

Value Sensitivity of value  

Nam La – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Medium 

Attributes of the groundwater 
system (quality, occurrence, 
volume) are suitable for 
beneficial uses however the 
reduced extraction potential 
has resulted in this resource 
not being exploited for a 
consumptive beneficial use. 

The groundwater system 
supports aquatic and some 
terrestrial ecosystems of 
ecological importance. 
Catchments outside of 
developed urban centre of 
Namtu township are largely 
unaltered from their natural 
state and will have some 
dependence on groundwater 
discharge during dry months. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater 
system are slightly 
resistant to change. 
However, the overall 
function of the 
groundwater system 
remains relatively 
unchanged. 

Medium 

 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the fractured rock 
aquifer in the 
Nam La 
catchment due to 
seepage from the 
TSFs 

Spatial extent Severity Duration Magnitude 

High 

The impact may extend from 
Nam Pangyun to the Nam La 
catchment, affecting 
previously unimpacted 
aquifers, springs and surface 
waters. 

High 

Relatively good quality 
groundwater (and 
associated springs and 
surface water features) 
may be affected by 
contaminants and 
materially reduce the 
suitability and existing 
use of the groundwater to 
support aquatic 
ecosystems and beneficial 
uses. 

Very high 

The reduction in 
water quality in the 
saprolite and 
fractured rock 
aquifers would 
probably be a long-
term impact (during 
operations and for 
many years after 
project closure) 

High 

Residual impact significance High 

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system. There is particularly high 
uncertainty in relation to impact severity and spatial extent (i.e., degree of change of water quality 
and how far this extends throughout aquifers). 

Rate of seepage that is not collected in the TSF under drainage system has not been determined.  

Baseline monitoring of groundwater from the fractured rock aquifer in the Nam La catchment has 
not been conducted. Assessment qualitatively assumes relatively good water quality in this aquifer 
given its distance from historic mining. 

The impact of contamination of the saprolite aquifer in the Nam La catchment due to leaching of contaminants 
from the TSFs will be of major significance for the saprolite aquifer, based on the high magnitude and the high 
sensitivity of the feature (Table 6.41). This assessment has a high degree of uncertainty, particularly in relation 
to impact severity and spatial extent (i.e., degree of change of water quality and how far this extends throughout 
aquifers), since geochemical modelling of the seepage water quality has not been conducted and the rate of 
seepage that is not collected in the TSF under drainage system has not been determined. However, it is assumed 
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that at least some metals, sulphate and potentially cyanide will increase to above the drinking water standards and 
the ANZ guidelines in at least part of the aquifer system. 
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Table 6.41 Residual impact significance summary - contamination of groundwater in the saprolite 
aquifer in the Nam La catchment due to seepage from the TSFs 

Value Sensitivity of value  

Nam La – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High 

Intrinsic attributes support 
the use of the groundwater 
for potable supply (for 
Namtu township), 
agricultural use, and food 
production. 

Attributes of the 
groundwater system are of 
moderate to high ecological 
importance, supporting 
terrestrial and aquatic 
ecosystems that are 
characterised as largely 
undisturbed. 

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change. The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High 

 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the saprolite 
aquifer in the 
Nam La 
catchment due to 
seepage from the 
TSFs 

Spatial extent Severity Duration Magnitude 

High 

The impact may extend 
from Nam Pangyun to the 
Nam La catchment, 
affecting previously 
unimpacted aquifers, 
springs and surface waters. 

High 

Relatively good quality 
groundwater (and 
associated springs and 
surface water features) 
may be affected by 
contaminants and 
materially reduce the 
suitability and existing use 
of the groundwater to 
support aquatic 
ecosystems and beneficial 
uses (such as drinking 
water). 

Very high 

The reduction in water 
quality in the saprolite 
and fractured rock 
aquifers would probably 
be a long-term impact 
(during operations and 
for many years after 
project closure) 

High 

Residual impact significance Major 

Assessment of uncertainty 

High 

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals, sulphate and potentially cyanide will increase to above the drinking water 
standards and the ANZ guidelines in at least part of the aquifer system. There is particularly high 
uncertainty in relation to impact severity and spatial extent (i.e., degree of change of water quality 
and how far this extends throughout aquifers). 

Rate of seepage that is not collected in the TSF under drainage system has not been determined.  

Baseline monitoring of groundwater from the saprolite aquifer in the Nam La catchment has not 
been conducted. Assessment qualitatively assumes relatively good water quality in this aquifer given 
its distance from historic mining. 

 

Poor quality leachate is also expected to seep from the Wallah waste rock dump, which will contain waste rock 
with high metals content. Seepage from the waste rock dump is predicted to vary from 175 to 897 m3 per month, 
varying between wet and dry seasons; with seepage rates predicted to be consistent across each year of the project 
operations with 7,700 m3 of seepage per annum. An underdrainage system will be implemented to collect seepage 
flows and discharge the seepage to the sediment dams downstream of the dump. During operations the seepage 
will be treated prior to its disposal from the sediment dams when the water quality is very poor during low rainfall 
periods. Seepage modelling shows that the underdrainage system is expected to maintain low phreatic levels 
within the waste rock dump, however some waste rock dump seepage into the underlying groundwater is expected 
to occur during operations and after closure. This is expected to result in increased dissolved and total metals 
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concentrations in the underlying saprolite and possibly fractured rock aquifers that may mobilise beyond the 
engineered seepage control measures and discharge to surface water features downstream.  

Baseline monitoring of saprolite groundwater at one site, SWSP01 (see Section 5.2) between 2018 and 2019 
showed maximum iron, lead and manganese concentrations to be above the Myanmar drinking water standards 
and maximum concentrations of dissolved copper and zinc to be above ANZ ambient water quality guidelines. 
Average concentrations of all metals were below the drinking water standards and, with the exception of zinc, 
were all below the ANZ water quality guidelines. This indicates generally good water quality of the saprolite 
groundwater in the area of the proposed Wallah waste rock dump. 

TSF C has been designed to store and encapsulate the PAF waste rock. The Wallah waste rock dump is expected 
to contain non-acid forming (NAF) material, but there is a possibility that some PAF material may be placed 
within NAF material in the dump. Based on the small expected volumes of PAF waste rock and selective 
management of PAF material, it is not expected that generation of acid mine drainage (and consequent increased 
levels of dissolved metal concentrations) from the waste rock dump will occur. Ongoing testing of waste material 
against geochemical criteria will be required to allow identification and segregation of PAF and NAF material. 
Although AMD should be prevented from occurring within the waste rock dump, the NAF material is still 
expected to leach metals under neutral pH conditions.  

Geochemical modelling and seepage modelling of the waste rock dump leachate and seepage has not been 
undertaken to date, therefore the changes to groundwater quality and the spatial extent of these changes have not 
been quantified. However, changes to groundwater quality have been assessed based on the understanding of 
baseline groundwater conditions, and expected contaminants in the TSFs and Wallah waste rock dump. 

The contamination the fractured rock aquifer in the Nam Pangyun catchment due to leaching of contaminants 
from the Wallah waste rock dump will be of moderate to high significance, based on the high magnitude of 
impact and the low to medium sensitivity of the feature (Table 6.42). This assessment has a high degree of 
uncertainty because there has been no predictive geochemical modelling of the spatial extent of contaminant 
concentrations in receiving aquifers. However, it is assumed that at least some metals will increase to above the 
drinking water standards and the ANZ guidelines in at least part of the aquifer system. 
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Table 6.42 Residual impact significance summary - contamination of groundwater in the fractured 
rock aquifer in the Nam Pangyun catchment due to seepage from the waste rock dump 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 

Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance and 
highly altered from their 
natural state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 

The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the fractured rock 
aquifer in the 
Nam Pangyun 
catchment due to 
seepage from the 
waste rock dump 

Spatial extent Severity Duration Magnitude 

Medium 

Impact is expected to affect 
a localised area within 
Wallah Valley. 
Groundwater in the 
fractured bedrock aquifer is 
expected to follow the local 
catchment topography 
towards the valley floor, 
discharging to the Wallah 
Valley creek. Groundwater 
flow paths (transporting 
seepage) are expected to be 
relatively short and 
contained within the valley.  

High 

The impact of seepage 
from the waste rock dump 
on the background 
groundwater quality will 
be high given that it will 
contain high 
concentrations of metals 
(compared to discharge 
criteria), sulfate and 
potentially low pH. 
Existing groundwater is 
probably relatively good 
in this area given its 
location away from 
historic mining activity. 

Very high 

Impact will be long 
term to permanent, 
lasting beyond mine 
closure 

High 

Residual impact significance Moderate 
to high 

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals will increase to above the drinking water standards and the ANZ guidelines 
in at least part of the aquifer system. There is particularly high uncertainty in relation to impact 
severity and spatial extent (i.e., degree of change of water quality and how far this extends 
throughout aquifers). 

Rate of seepage that is not collected in the waste rock dump under drainage system has not been 
determined.  

Baseline monitoring of groundwater from the fractured rock aquifer in the vicinity of the waste rock 
dump site has not been conducted. Assessment qualitatively assumes relatively good water quality in 
this aquifer given its distance from historic mining. 

The contamination of the saprolite aquifer in the Nam Pangyun catchment due to leaching of contaminants from 
the Wallah waste rock dump will be of major significance based on the high magnitude of impact and the high 
sensitivity of the feature (Table 6.43).  This assessment has a high degree of uncertainty because there has been 
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no predictive geochemical modelling of the spatial extent of contaminant concentrations in receiving aquifers. 
However, it is assumed that at least some metals will increase to above the drinking water standards and the ANZ 
guidelines in at least part of the aquifer system. 

Table 6.43 Residual impact significance summary - contamination of groundwater in the saprolite 
aquifer in the Nam Pangyun catchment due to seepage from the waste rock dump 

Value Sensitivity of value  

Nam Pangyun – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High  

Currently groundwater 
from the saprolite aquifer 
has beneficial uses as a 
potable water supply and 
supports aquatic 
ecosystems, and is of high 
importance.  

 

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the saprolite 
aquifer in the 
Nam Pangyun 
catchment due to 
seepage from the 
waste rock dump 

Spatial extent Severity Duration Magnitude 

Medium 

Impact is expected to affect 
a localised area within 
Wallah Valley. 
Groundwater in the 
saprolite aquifer is expected 
to follow the local 
catchment topography 
towards the valley floor, 
discharging to the Wallah 
Valley creek. Groundwater 
flow paths (transporting 
seepage) are expected to be 
relatively short and 
contained within the valley.  

High 

The impact of seepage 
from the waste rock dump 
on the background 
groundwater quality will 
be high given that it will 
contain high 
concentrations of metals 
(compared to discharge 
criteria), sulfate and 
potentially low pH.  

Very high 

Impact will be long 
term to permanent, 
lasting beyond mine 
closure 

High 

Residual impact significance Major 

Assessment of uncertainty 

High  

Geochemical modelling of the seepage water quality has not been conducted. It has been assumed 
that at least some metals will increase to above the drinking water standards and the ANZ guidelines 
in at least part of the aquifer system. There is particularly high uncertainty in relation to impact 
severity and spatial extent (i.e., degree of change of water quality and how far this extends 
throughout aquifers). 

Rate of seepage that is not collected in the waste rock dump under drainage system has not been 
determined.  

Baseline monitoring of groundwater from the fractured rock aquifer in the vicinity of the waste rock 
dump site has not been conducted. Assessment qualitatively assumes relatively good water quality in 
this aquifer given its distance from historic mining. 

 

Leaching from the pit after closure 

After project closure, the pit will be filled with surface and groundwater inflows to form a permanent pit lake after 
about five years. The pit lake water will have elevated concentrations of total and dissolved metals due to 
mobilisation from the pit mineralogy and inputs from the captured TSF seepage and the metal-rich groundwater 
from the Tiger Tunnel. It is assumed that the pit will be filled with water rapidly enough to avoid potential 
formation of acid due to exposure of PAF material in the pit walls. Test work has indicated that the majority of 
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PAF waste rock comprises Bawdwin Tuff, which hosts the majority of the mineralisation (Knight Piésold, 2020). 
However, further investigation is required to assess the acid forming behaviour of the pit material during project 
closure.  

Post-closure pit water quality modelling conducted by CSA (2020) predicted concentrations of six metals (based 
on the most likely potential contaminants of concern to the environment) in the final pit water. These results are 
shown in Table 6.44 along with the Myanmar mining effluent standards and drinking water standards for 
reference. As the results are for total metals, they are not compared to ANZ ambient water quality guidelines 
which are relevant to dissolved metals. The table also compares the final pit water quality to background baseline 
ranges from the saprolite aquifer (sites SWSP02 and SWSP05) and the fractured rock aquifer (sites GWTT01, 
GWTT02, GWTT03, GWTT04, GWTT05 and GWTT06) in and around the pit area. This provides only an 
indication of water quality in pit seepage because it does not account for changes in water quality due to 
interactions with existing contaminated groundwater in underground workings, and it does not account for 
leachate interaction with underlying mineralogy as it seeps from beneath the pit. Further, the pit water quality data 
only addresses some of the metals which are expected to be present in seepage to groundwater and the data does 
not include dissolved metals concentrations, which are of more concern to water quality changes due to their 
bioavailability.  

Table 6.44 Predicted pit lake metals concentrations at closure  

Parameter Myanmar standards Measured baseline ranges Predicted pit concentrations 

Mining 
effluent 
standards 
(mg/L) 

Drinking 
water 
standards 
(mg/L) 

Saprolitea 
(min-max, 
mg/L)  

Fractured rockb 
(min-max, mg/L)  

Final main pit, 
mg/L (CSA, 
2020) 

Final small 
pit, mg/L 
(CSA, 2020) 

Arsenic 0.1 0.05 0 - 0.0021 0.0112 – 2.01 0.0016 0.0080 

Cadmium 0.05 0.003 0 – 0.004 0.0031 – 0.619 0.0016 0.0072 

Copper 0.3 2 0 – 0.006 0.002 – 0.632 0.1003 0.0682 

Lead 0.2 0.01 0 – 0.057 0.038 – 3.82 0.1184 0.5019 

Nickel 0.5 0.07 0 all 
samples 

0.021 – 16.4 0.0334 0.0179 

Zinc 0.5 N/A 0 – 0.062 0.284 - 583 0.2919 0.8753 
a Data from sites SWSP02 and SWSP05 between 2018 and 2019 
b Data from sites GWTT01, GWTT02, GWTT03, GWTT04, GWTT05 and GWTT06 between 2018 and 2019 
Data presented is for total (unfiltered) metals 
Data below detection levels are presented as zero 

Table 6.44 shows that the predicted final pit concentrations of these metals in the main pit lake are all within the 
Myanmar mining effluent standards and drinking water standards, except lead which is predicted to exceed the 
drinking water standard. Concentrations of all metals in the final main pit lake are predicted to be within the 
baseline ranges measured for the fractured rock aquifer in the pit area. Water from the pit lake is unlikely to impact 
on the saprolite aquifer which is typically at higher elevations on the mid and upper slopes of the surrounding 
valleys, however, with the exception of copper and lead, all concentrations in the main pit lake are predicted to be 
within background range measured at the closest saprolite aquifer monitoring sites to the pit area. 

Predicted concentrations in the final small pit show that all of these metals, except lead and zinc, will be below 
the Myanmar mining effluent standards and drinking water standards. All of the concentrations of these metals 
are predicted to be above the baseline ranges for the saprolite aquifer but below the ranges for the fractured rock 
aquifer. The saprolite aquifer is present on the mid and upper slopes of the valleys and is unlikely to be affected 
by any seepage from the pit after closure.  

It is noted that the mine pit may intersect historical underground mine workings in later years, which will be 
plugged to allow a pit lake to be established upon closure. Depending on how this is undertaken, water in the filled 
pit could interact with poor quality water residing in the underground mine workings and result in pit water quality 
that is worse than modelled. The future mine closure plans and future revisions of geochemical modelling for the 
pit lake should consider and address this risk. 
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The assessment of groundwater quality change due to seepage from the pit is associated with a high degree of 
uncertainty because seepage through the underlying mineralogy, particularly after groundwater interactions with 
existing underground workings and zones of poor water quality, may have notably different (potentially poorer) 
water quality than that predicted for pit water outlined in Table 6.44. Predictive modelling of seepage quality has 
not been conducted to accurately predict contaminant concentrations in seepage from the pit. Given the seepage 
will be influenced by pit mineralogy and inputs from the captured TSF seepage and the metal-rich groundwater 
from the Tiger Tunnel, it is expected that the seepage will be of poor quality. 

Surrounding groundwater levels are likely to recover to levels that will promote groundwater to discharge as 
baseflow to the Nam Pangyun, potentially delivering poor quality groundwater to the Nam Pangyun.  

Overall, the contamination of the fractured rock aquifer in the Nam Pangyun catchment due to seepage from the 
pit after closure will be of moderate significance, based on the medium magnitude of impact and low to 
medium sensitivity of this value (Table 6.45). This assessment has a high degree of uncertainty as noted in 
preceding paragraphs.  
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Table 6.45 Residual impact significance summary - contamination of groundwater in the fractured 
rock aquifer in the Nam Pangyun catchment due to leaching from the pit after closure 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 

Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance, 
and/or groundwater 
dependent surface water 
features which are 
characterised as highly 
altered from their natural 
state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 

The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the fractured rock 
aquifer in the 
Nam Pangyun 
catchment due to 
leaching from the 
pit after closure 

Spatial extent Severity Duration Magnitude 

Medium 

While groundwater 
contaminant transport 
modelling has not been 
conducted the low 
hydraulic conductivity of 
the fractured rock aquifer 
will confine migration of 
groundwater. Groundwater 
is expected to report to the 
Nam Pangyun. 

Medium 

Seepage from the pit is 
expected to be of poor 
quality. 

Changes to the 
groundwater quality from 
pit seepage are expected to 
be medium in the context 
of the existing high 
contamination in the Nam 
Pangyun catchment and 
low aquatic ecosystem 
value and limited 
associated beneficial uses 
of this section of 
catchment. 

Very high 

It is likely that pit 
seepage would occur 
over a long period after 
closure, although 
modelling would be 
needed to confirm the 
duration  

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

In the absence of quantitative modelling of groundwater quality, accurate predictions of groundwater 
quality changes cannot be made. However, given the long-running mining activity and existing 
contamination of the fractured rock aquifer (and the mid and downstream Nam Pangyun) it is not 
expected that the severity, magnitude and significance would be higher than medium. 

 

Detailed water quality modelling (including a broad suite of metals and potential for acid formation) of the post-
closure phase is required to confirm this assessment. Also, modelling of post-closure water impacts is required to 
understand whether plugging of underground adits during pit lake development results in potential for reactivation 
of unknown springs between Bawdwin and Tiger Camp and discharge of contaminated water. 
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Waste disposal 

Sewage waste will be collected and treated at one of two stand-alone activated sludge bioreactor (ASBR) sewage 
treatment plants (STPs). The STPs will discharge treated effluent to the Nam Pangyun and sludge waste will be 
buried. The burial of sludge waste has the potential to contaminate groundwater. The site for sewage sludge burial 
has not yet been selected, however will be located away from watercourses, and within the Nam Pangyun 
catchment. The sludge burial cell design will be appropriately lined and progressively capped to minimise 
infiltration and seepage of contaminants to groundwater.  

The solid waste landfill (which will contain domestic waste, paper and cardboard packaging, plastic packaging, 
construction waste, used tyres and old equipment) will be a potential source of leachate that may contaminate the 
saprolite and underlying fractured rock aquifers. Contaminants of concern for landfill leachate typically include 
ammonia and other nutrients, alkalinity, total organic carbon, and dissolved metals. Microbiological 
contamination may also be expected. Depending on the types of waste received, a range of other organic 
compounds may also be present.  

Contamination of the fractured rock aquifer in the Nam Pangyun catchment from waste disposal sites, when 
retained in the Nam Pangyun catchment, will be of low to moderate significance, based on the low magnitude 
of impact and the low to medium sensitivity of the feature (Table 6.46). 
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Table 6.46 Residual impact significance summary - contamination of groundwater in the fractured 
rock aquifer in the Nam Pangyun catchment due to waste disposal 

Value Sensitivity of value  

Nam Pangyun – 
fractured rock 
aquifer 

Importance Vulnerability Resilience Sensitivity 

Low 

Attributes of the 
groundwater system 
(quality, occurrence, 
volume, extraction 
potential) are not suitable 
for beneficial uses due to 
natural mineralisation and 
historical mineral 
processing activity. 

Locally, the groundwater 
system does not support 
ecosystems. Further 
downstream the 
groundwater system 
supports ecosystems of low 
ecological importance, 
and/or groundwater 
dependent surface water 
features which are 
characterised as highly 
altered from their natural 
state. 

Medium 

Recovery is likely to be 
slow or only partially 
successful. 

Medium 

Intrinsic properties of 
the groundwater system 
are moderately resistant 
to change. 

The overall function of 
the groundwater system 
could be moderately 
altered. 

Low to 
medium 

 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the fractured rock 
aquifer in the 
Nam Pangyun 
catchment due to 
waste disposal 

Spatial extent Severity Duration Magnitude 

Low  

Impact will be localised 
around the waste disposal 
sites if contamination 
occurs 

Low 

Waste will be stored in 
engineered facilities that 
will be lined to collect 
seepage for subsequent 
treatment. Any seepage 
leaching through to 
groundwater is expected 
to be minor. 

Very high 

Impact will be long 
term, with effects 
lasting after closure of 
the mine 

 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Low 

Although the site for sewage sludge burial has not yet been selected and contaminants of concern for 
landfills have been assumed based on typical contaminants in landfills, the landfill facilities will be 
lined and contamination managed by standard measures. There is low likelihood the residual impact 
significance would change after confirming these uncertainties. 

 

Contamination of the saprolite aquifer in the Nam Pangyun catchment from waste disposal sites, when retained 
in the Nam Pangyun catchment, will be of moderate  significance for the saprolite aquifer, based on the low 
magnitude of impact and the high sensitivity of the feature (Table 6.47). 
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Table 6.47 Residual impact significance summary - contamination of groundwater in the saprolite 
aquifer in the Nam Pangyun catchment due to waste disposal 

Value Sensitivity of value  

Nam Pangyun – 
saprolite aquifer 

Importance Vulnerability Resilience Sensitivity 

High  

Currently groundwater 
from the saprolite aquifer 
has beneficial uses as a 
potable water supply and 
supports aquatic 
ecosystems, and is of high 
importance.  

 

Low 

Low groundwater 
residence times are likely 
to positively influence 
recovery provided the 
impact source is removed. 

Low 

Intrinsic properties of 
the groundwater system 
are very susceptible to 
change (such as land 
clearing and 
excavation). The overall 
function of the 
groundwater system 
would be permanently 
altered. 

High 

Impact Magnitude of impact  

Contamination of 
groundwater in 
the saprolite 
aquifer in the 
Nam Pangyun 
catchment due to 
waste disposal 

Spatial extent Severity Duration Magnitude 

Low  

Impact will be localised 
around the waste disposal 
sites if contamination 
occurs 

Low 

Waste will be stored in 
engineered facilities that 
will be lined to collect 
seepage for subsequent 
treatment. Any seepage 
leaching through to 
groundwater is expected 
to be minor. 

Very high 

Impact will be long 
term, with effects 
lasting after closure of 
the mine 

 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Low 

Although the site for sewage sludge burial has not yet been selected and contaminants of concern for 
landfills have been assumed based on typical contaminants in landfills, the landfill facilities will be 
lined and contamination managed by standard measures. There is low likelihood the residual impact 
significance would change after confirming these uncertainties. 

 

Summary of residual impact assessment 

Table 6.48 provides a summary of the residual impacts and their significance.  

 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-99

 

Table 6.48 Summary of assessment of residual impacts to groundwater 

Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Loss of 
capability to 
support 
aquatic 
ecosystems 
and beneficial 
uses due to 
direct loss of 
springs from 
placement of 
project 
facilities over 
springs 

Springs 

 High 
sensiti
vity 

Constru
ction, 
operatio
ns, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 
durati
on 

 Resettle 
Bawdwin and 
Tiger Camp 
communities that 
currently use 
groundwater fed 
water sources. 

High Permanent loss of 
six of the 16 known 
springs. 

Impact includes 
reduced surface 
water flows and 
potential impact to 
beneficial uses as 
water supply 
sources prior to 
resettlement of 
communities which 
use spring water. 
The springs 
provide flow to 
Nam Pangyun 
during dry 
conditions so direct 
loss of these 
springs may reduce 
downstream 
surface water flows 
in a localised area. 

Medium 

 The timing of 
when each 
spring will be 
lost is not 
clear 

 The 
dependency 
of each spring 
resource for 
water supply 
is not clear 
for all 
springs. 

Drawdown of 
the fractured 
rock aquifer 
and 
subsequent 
reduced 
baseflows to 
the Nam 
Pangyun due 
to mine 
dewatering 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Operati
ons 

Low 
magnitude 

 Low 
spatial 
extent 

 Very 
low 
severit
y 

 High 
durati
on  

 Resettle 
Bawdwin and 
Tiger Camp 
communities that 
currently use 
groundwater fed 
water sources. 

Low Drawdown levels 
are low in the 
context of natural 
fluctuations and are 
unlikely to 
significantly 
influence baseflow 
contribution. 

Will recover due to 
increased recharge 
when the pit is 
inundated after 
closure. 

Medium 

 Drawdown 
levels for the 
fracture rock 
aquifer have 
not been 
quantified 

Loss of 
capability to 
support 
aquatic 
ecosystems 
and beneficial 
uses due to 
reduced 
spring flow 
caused by 
groundwater 
drawdown 

Springs 

 High 
sensiti
vity 

Operati
ons 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 High 
durati
on  

 Resettle 
Bawdwin and 
Tiger Camp 
communities that 
currently use 
groundwater fed 
water sources. 

Moder
ate 

Likely to materially 
impact one known 
spring (SWSP05) 
and potentially 
other unknown 
springs. 

Impacts limited due 
to resettlement of 
communities which 
use springs. 

Low 

 There may be 
currently 
unknown 
springs 
impacted 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Changed 
groundwater 
flow in the 
saprolite and 
fractured rock 
aquifers 
around the 
TSFs due to 
hydraulic 
loading 
induced 
groundwater 
mounding 

 

Nam 
Pangyun – 
fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Operati
ons and 
post-
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on 

 Line the 
embankment 
upstream batter, 
upstream and 
downstream 
structural zones 
of the TSFs with 
HDPE to reduce 
seepage to 
groundwater. 

 Revegetation and 
rehabilitation 
measures 

 Underdrainage, 
seepage and 
water 
management 
measures 

 Resettle 
Bawdwin and 
Tiger Camp 
communities that 
currently use 
groundwater fed 
water sources. 

Low  Significant 
mounding expected 
under and around 
the TSFs which are 
located in the Nam 
Pangyun 
catchment. The 
impact would 
probably be 
permanent, but the 
extent and severity 
limited by the high 
topographic relief, 
suspected low 
hydraulic 
conductivity at 
depth and the 
drainage system. 

 

High 

 Absence of a 
detailed 
geotechnical 
and 
hydrogeologi
cal study of 
the TSF areas 

 Absence of 
groundwater 
modelling 

 Impact 
scenarios and 
pathway due 
to mounding 
cannot be 
accurately 
predicted 

Nam 
Pangyun – 
saprolite 
aquifer 

 High 
sensiti
vity 

Operati
ons and 
post-
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on 

Moder
ate 

Mounding expected 
under and 
immediately 
around the TSFs 
which are located 
in the Nam 
Pangyun 
catchment. The 
impact will extend 
post closure, but 
the extent and 
severity is limited 
by the high 
topographic relief, 
limited thickness of 
the saprolite and 
the drainage 
system.  

 

High 

 Absence of a 
detailed 
geotechnical 
and 
hydrogeologi
cal study of 
the TSF areas 

 Absence of 
groundwater 
modelling 

 Impact 
scenarios and 
pathways due 
to mounding 
cannot be 
accurately 
predicted 

Nam La – 
Fractured 
rock 
aquifer 

 Mediu
m 
sensiti
vity 

Operati
ons and 
post-
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on  

Low TSF A is located 
south of the Nam 
La catchment and 
mounding around 
the TSF may cause 
groundwater to 
flow north into the 
catchment, but is 
unlikely to extend 
significant 
distances. Changes 
may extend post 
closure but may be 
controlled with 
implementation of 
management 
measures. 

High 

 Absence of a 
detailed 
geotechnical 
and 
hydrogeologi
cal study of 
the TSF areas 

 Absence of 
groundwater 
modelling 

 Impact 
scenarios and 
pathway due 
to mounding 
cannot be 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Changed 
groundwater 
flow in the 
saprolite and 
fractured rock 
aquifers 
around the 
TSFs due to 
hydraulic 
loading 
induced 
groundwater 
mounding 

Nam La – 
Saprolite 
aquifer 

 High 
sensiti
vity  

 

Operati
ons and 
post-
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on  

 Line the 
embankment 
upstream batter, 
upstream and 
downstream 
structural zones 
of the TSFs with 
HDPE to reduce 
seepage to 
groundwater. 

 Revegetation and 
rehabilitation 
measures 

 Underdrainage, 
seepage and 
water 
management 
measures 

 Resettle 
Bawdwin and 
Tiger Camp 
communities that 
currently use 
groundwater fed 
water sources. 

Moder
ate 

TSF A is located 
south of the Nam 
La catchment and 
mounding around 
the TSF may cause 
groundwater to 
flow north into the 
catchment, but is 
unlikely to extend 
significant 
distances. Changes 
may extend post 
closure but may be 
controlled with 
implementation of 
management 
measures. 

accurately 
predicted 

Changed 
groundwater 
flow in the 
saprolite and 
fractured rock 
aquifers due 
to increased 
recharge at 
the Wallah 
waste rock 
dump 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Operati
ons, 
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on  

 Revegetation and 
rehabilitation 
measures 

 Underdrainage 
and water 
seepage, 
collection and 
management 
measures 

Low Despite 
management 
measures, 
increased recharge 
may cause minor 
mounding and 
locally altered flow 
direction in the 
waste rock dump 
area within the 
Wallah Valley.  

High 

 Absence of a 
detailed 
geotechnical 
and 
hydrogeologi
cal study of 
the Wallah 
waste rock 
dump area  

 Absence of 
modelling of 
changes to 
groundwater 
flows due to 
mounding 

 Impact 
scenarios and 
pathways due 
to mounding 
cannot be 
accurately 
predicted 

Nam 
Pangyun – 
Saprolite 
aquifer 

 High 
sensiti
vity 

 

Operati
ons, 
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on 

Moder
ate 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Changed 
groundwater 
flow in the 
saprolite and 
fractured rock 
aquifers in 
the Nam 
Pangyun 
catchment 
due to 
inundation of 
the open pit 
at closure. 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Closure Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on 

 Designing 
hydraulic plugs 
to seal historical 
underground 
mine workings 
that may be 
encountered 
during open pit 
mining. 

 Develop and 
implement mine 
closure plan 

Low to 
modera
te 

Groundwater levels 
will be 
permanently raised 
100 m to 200 m 
higher than pre-
mining levels, 
which may cause 
changes in flow 
and groundwater-
surface water 
interaction. Impacts 
are likely to be 
limited to the mid 
Nam Pangyun 
catchment. No 
communities will 
be living in this 
area at the time due 
to resettlement. 

High 

 Absence of 
predictive 
groundwater 
flow 
modelling 
after closure 

Nam 
Pangyun – 
Saprolite 
aquifer 

 High 
sensiti
vity 

Closure Moder
ate 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Contaminatio
n of 
groundwater 
in the 
saprolite and 
fractured rock 
aquifers due 
to seepage 
from the 
TSFs 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Operati
ons, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severit
y 

 Very 
high 
durati
on 

 Actively manage 
and control 
runoff and 
potential leachate 
of poor water 
quality. 

 Line the 
embankment 
upstream batter, 
upstream and 
downstream 
structural zones 
of the TSFs with 
HDPE to reduce 
seepage to 
groundwater. 

 Revegetation and 
rehabilitation 
measures 

 Water seepage, 
collection and 
management 
measures 

 Store potentially 
acid forming 
(PAF) material 
under water and 
under additional 
non-acid-
generating waste 
(e.g., tailings) in 
TSF C to avoid 
oxidation and 
acid formation 
and AMD 
seepage to 
groundwater 

 Develop and 
implement a 
groundwater 
quality and level 
monitoring 
program (see 
Section 6.3.5 
Monitoring) 

 Groundwater 
modelling 

 Actively manage 
and control 
runoff and 
seepage of poor 
water quality. 

Moder
ate to 
high 

Greater levels of 
seepage are likely 
to enter 
groundwater in the 
Nam Pangyun 
catchment due to 
the location of the 
TSFs. However 
there is an existing 
degree of 
contamination from 
existing and 
historical sources. 
Groundwater 
mounding may 
disperse 
groundwater (and 
contaminants) to 
new, potentially 
unimpacted areas, 
reducing the 
suitability and use 
of groundwater to 
support aquatic 
ecosystems and 
beneficial uses. 

Impact may 
continue for years 
after project 
closure.  

High 

 Absence of 
geochemical 
modelling of 
seepage 

 Uncertainty 
surrounding 
severity and 
spatial extent 
(i.e., degree 
of change of 
water quality 
and how far 
this extends 
throughout 
aquifers). 

 Rate of 
seepage that 
is not 
collected in 
the TSF 
under 
drainage 
system has 
not been 
determined 

 Absence of 
baseline 
monitoring of 
groundwater 
in the 
fractured rock 
aquifer near 
the TSF 

Nam 
Pangyun – 
Saprolite 
aquifer  

 High 
sensiti
vity 

 

Operati
ons, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severit
y 

 Very 
high 
durati
on  

Major  

Nam 
Pangyun – 
Springs 

 High 
sensiti
vity 

 

Operati
ons, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severit
y 

 Very 
high 
durati
on  

Major 

Nam La – 
Fractured 
rock 
aquifer 

 Mediu
m 
sensiti
vity 

Operati
ons, 
closure 

High 
magnitude 

 High 
spatial 
extent  

 High 
severit
y 

 Very 
high 
durati
on 

High Contaminants may 
enter Nam La 
catchment due to 
changes in flow 
direction caused by 
the project. The 
degree of change in 
groundwater 
quality will be 
higher in the Nam 
La catchment due 
to the relatively 

High 

 Absence of 
geochemical 
modelling of 
seepage 

 Uncertainty 
surrounding 
severity and 
spatial extent 
(i.e., degree 
of change of 
water quality 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Nam La – 
Saprolite 
aquifer 

 High 
sensiti
vity 

Operati
ons, 
closure 

High 
magnitude 

 High 
spatial 
extent  

 High 
severit
y 

 Very 
high 
durati
on  

 Cap and 
progressively 
rehabilitate the 
waste rock dump 
upon closure to 
reduce 
infiltration and 
seepage.  

 Implement an 
underdrainage 
system to capture 
seepage from the 
waste rock dump 
and divert the 
captured seepage 
downstream for 
treatment (during 
operations) and 
discharge into a 
series of 
sediment dams 
prior to 
discharge into 
the Nam 
Pangyun  

Major good groundwater 
quality. 

Impact may 
continue for years 
after project 
closure and 
materially reduce 
the suitability and 
existing use of the 
groundwater to 
support aquatic 
ecosystems and 
beneficial uses. 

 

and how far 
this will 
extend 
throughout 
aquifers). 

 Rate of 
seepage that 
will not be 
collected in 
the TSF 
under 
drainage 
system has 
not been 
determined 

 Absence of 
baseline 
monitoring of 
groundwater 

Contaminatio
n of 
groundwater 
in the 
saprolite and 
fractured rock 
aquifers in 
the Nam 
Pangyun 
catchment 
due to 
seepage from 
the waste 
rock dump 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Operati
ons, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severit
y 

 Very 
high 
durati
on 

Moder
ate to 
high 

Impact will affect a 
localised area 
within Wallah 
Valley where the 
existing 
groundwater 
quality is generally 
good. Impact may 
continue for years 
after project 
closure and result 
in high 
concentrations of 
metals, sulfate and 
potentially low pH. 
The contaminated 
groundwater is 
expected to report 
to surface water 
features down 
gradient.  

High 

 Absence of 
geochemical 
modelling of 
seepage 

 Uncertainty 
surrounding 
severity and 
spatial extent 
(i.e., degree 
of change of 
water quality 
and how far 
this will 
extend 
throughout 
aquifers). 

 Rate of 
seepage that 
will not be 
collected in 
the WRD 
under 
drainage 
system has 
not been 
determined 

 Absence of 
baseline 
monitoring of 
groundwater 
in the 
fractured rock 
aquifer near 
the WRD 

Nam 
Pangyun – 
Saprolite 
aquifer  

 High 
sensiti
vity 

 

Operati
ons, 
closure 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severit
y 

 Very 
high 
durati
on 

Major 
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Impact  Value 
impacted 
and 
sensitivity 
(see 
Section 
5.2.4) 

Impact 
phase 

Impact 
magnitud
e 

Key management 
measures 

Impac
t 
signifi
cance 

Justification for 
impact 
significance 

Uncertainty 

Contaminatio
n of 
groundwater 
in the 
fractured rock 
aquifer in the 
Nam 
Pangyun 
catchment 
due to 
leaching from 
the pit after 
closure 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Closure Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 
durati
on 

 Fill the open pit 
rapidly after 
closure using the 
diverted Nam 
Pangyun in order 
to minimise the 
potential for 
oxidation of in-
pit PAF and 
subsequent acid 
formation. 

 Designing 
hydraulic plugs 
to seal historical 
underground 
mine workings 
that may be 
encountered 
during open pit 
mining. 

 Develop and 
implement mine 
closure plan 

Moder
ate 

Seepage from the 
pit is expected to 
be poor quality and 
have a moderate 
impact after closure 
in the context of 
existing 
contamination, low 
aquatic ecosystem 
value and limited 
beneficial uses. The 
low hydraulic 
conductivity of the 
aquifer around the 
pit is likely to limit 
the spatial extent. 

Modelling is 
required to confirm 
the extent, severity 
and duration of the 
impact. 

High 

 Absence of 
quantitative 
modelling of 
groundwater 
quality 

Contaminatio
n of 
groundwater 
in the Nam 
Pangyun due 
to waste 
disposal 

Nam 
Pangyun – 
Fractured 
rock 
aquifer 

 Low to 
mediu
m 
sensiti
vity 

Constru
ction, 
operatio
ns and 
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on 

 Design and 
construct landfill 
cells in line with 
Myanmar 
regulatory 
requirements or, 
where absent, 
international 
guidance. 
Landfill cells 
should be lined 
and contain 
leachate and 
landfill gas 
management 
system. 

 

Low  The size of waste 
disposal sites will 
be relatively small 
compared to the 
waste rock and 
tailing waste 
disposal sites and 
impacts will be 
localised to around 
the waste disposal 
sites. 

Landfills can 
provide ongoing 
source of 
groundwater 
contamination in 
the order of 50 
years, however 
with the use of 
engineered 
facilities any 
seepage to 
groundwater is 
expected to be 
minor 

Low 

 Sewage 
sludge burial 
site has not 
been selected 

 Contaminants 
of concern 
have been 
assumed 
based on 
typical 
contaminants 
in landfills 

 Low 
likelihood the 
residual 
impact 
significance 
would change 
once these 
uncertainties 
confirmed 

Nam 
Pangyun – 
Saprolite 
aquifer 

 High 
sensiti
vity 

 

Constru
ction, 
operatio
ns and 
closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
durati
on  

Moder
ate  
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6.3.5 Monitoring 
A project wide environmental and social management plan (ESMP) (Attachment 4) that will be implemented 
outline the management, monitoring, auditing and reporting processes and requirements for specific 
environmental aspects including groundwater during construction, operation and decommissioning of the project.  

A groundwater monitoring program will be developed and implemented to monitor groundwater level and quality 
on an ongoing basis to confirm and inform models and predicted changes and allow early detection of 
contamination to aquifers. Groundwater quality will be analysed to ensure all groundwater discharge complies 
with relevant legislation and permits and to confirm modelling results. The project will monitor runoff, leachate 
and discharge sources to ensure the contaminants are below the Myanmar draft mining effluent standards and to 
allow early detection of contamination issues and instances of non-compliance.  

The monitoring program will include:  

 Waste rock dump: the installation of monitoring bores, including at least two pairs of groundwater 
monitoring bores installed to monitor groundwater downstream of the waste rock dump sediment dams. 

 TSFs: the installation of monitoring bores down gradient of primary embankments and saddle dams and 
at locations where groundwater modelling indicates potential for groundwater migration to neighbouring 
catchments.  

 Waste disposal sites: the installation of perimeter groundwater monitoring bores. 

 Process plant: the installation of a network of groundwater monitoring bores within the plant area and on 
downgradient slopes (both Nam La and Nam Pangyun). Both shallow and deep monitoring bores should 
be considered based on local hydrogeological assessment.  

 Open pit: the installation of perimeter groundwater monitoring bores. 

A combination of the existing boreholes and new boreholes will be used to monitor groundwater levels during 
operations to detect levels of drawdown and changes to groundwater flow. Monitoring of groundwater levels and 
flows needs to capture and address potential impacts from groundwater mounding and identify whether the project 
is causing contaminants to be transported through the groundwater system, including to neighbouring catchments. 
The groundwater monitoring programme should monitor for the formation of new springs, changes to topography 
and dispersal of leached contaminants from the TSFs. 

6.3.6 Uncertainties and further work 
This section outlines the key uncertainties associated with the impact assessment and outlines recommended 
further work to address uncertainties. 

The uncertainties and further work required to address these uncertainties is outlined in Table 6.49. 
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Table 6.49 Uncertainties and further work in respect of groundwater impacts 

Uncertainty Further work Purpose Assumption 

Groundwater 
level data has 
not been 
collected for 
the saprolite 
aquifer. The 
full extent 
and thickness 
of the 
saprolite 
aquifer is not 
well defined.  

 

Conduct hydrogeological 
investigations (including 
drilling and monitoring well 
installation) to determine the 
presence, thickness and 
aquifer conditions of the 
saprolite aquifer. 
Hydrogeological 
investigations should focus 
on areas where the saprolite 
aquifer may provide a 
preferential pathway for 
contaminant transport (e.g. 
surrounding TSFs, WRD, 
processing plant). 

To better understand the impact 
pathways to the saprolite aquifer. 

Assumptions of baseline 
groundwater levels and flow 
conditions have been made. 

The full extent and thickness of the 
saprolite aquifer has been inferred 
in many parts of the study area 
based on a general description of 
weathering and observations of 
exposed bedrock during site 
inspections as well as review of 
geology. 

High 
uncertainty 
regarding the 
predicted 
extent of 
drawdown 
due to project 
dewatering. 
Limited 
hydraulic 
testing was 
undertaken in 
proximity to 
the pit. There 
is the 
potential for 
drawdown to 
extend greater 
distances than 
predicted 
where higher 
hydraulic 
conductivity 
exists away 
from the pit, 
although this 
is an unlikely 
scenario.  

Conduct updated 

groundwater modelling to 

assess the impacts of the 

TSFs on groundwater, and 

predict levels of drawdown 

 

To better understand the 
predicted levels of groundwater 
drawdown due to the project. 

Impacts of groundwater drawdown 
have been assessed using 
professional judgement to predict 
spatial extent, severity and 
duration of impact. 

The degree of 
spring flow 
reduction as a 
result of 
groundwater 
drawdown is 
a noted 
uncertainty.  

Conduct revised modelling 
when additional hydraulic 
testing (away from the pit) 
and results of the 
hydrogeological 
investigation of the saprolite 
aquifer are available 

To better understand the 
predicted reduction in spring 
flow due to the project. 

It has been conservatively assumed 
that drawdown of greater than 10 
cm could result in a notable 
reduction in spring flow. The 
recommended further 
hydrogeological assessments work 
will support a refined assessment 
of potential impacts 
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Uncertainty Further work Purpose Assumption 

The 
geographic 
extent of 
groundwater 
mounding 
around the 
TSFs and 
waste rock 
dump, and the 
extent of 
associated 
changes in 
groundwater 
flows is 
uncertain as 
groundwater 
modelling has 
not been 
completed. 

Conduct groundwater 
modelling during detailed 
design.  

This will include predictive 
modelling of possible 
changes in groundwater flow 
rate and direction. 

The modelling will assess 
whether neighbouring 
catchments will be affected 
by changes in groundwater 
levels or quality and assess 
whether subsequent 
formation of unstable 
ground, erosion and 
waterlogging could occur 

To better understand mounding 
and seepage transport around the 
TSFs and waste rock dump. 

To identify likely contaminant 
transport pathways, including the 
potential for contaminated 
groundwater discharges to 
watercourses. 

To determine the potential, albeit 
with a low likelihood, for 
groundwater to flow towards the 
undisturbed Nam Kong 
catchment to the west from TSF-
A via fractured zones in bedrock 

The impact assessment has made 
assumptions that mounding could 
cause groundwater flow and 
seepage to migrate to new 
catchments, although the specific 
pathways were not predicted.  

The predicted 
quality of 
seepage from 
the waste 
rock dump, 
TSFs and pit 
during 
operations 
and after 
closure is 
currently 
uncertain, but 
is likely to be 
of poor 
quality 
requiring 
careful 
consideration 
of post 
closure 
management 
options. 

Conduct kinetic testing on 
the waste rock to better 
understand potential for acid 
formation under a variety of 
wet and dry conditions. 

Conduct geochemical 
modelling to predict 
concentrations of 
contaminants in seepage 
from the waste rock dump, 
TSFs and open pit. 

To quantify changes to 
groundwater quality and allow 
understanding of how 
contaminant concentrations in 
seepage compare to Myanmar 
mining effluent guidelines. 

The impact assessment has 
assumed that the samples assessed 
in the DFS Tailings and Waste 
Rock Management DFS Design 
Report are representative of 
material to be stored in the TSF 
and waste rock dump. The results 
of the testwork were reviewed in 
order to inform assessment of 
expected contaminants in seepage; 
although, quantitative predictions 
of their concentrations are not 
possible without geochemical 
modelling. The impact assessment 
assumed that rapid filling of the pit 
lake would minimise acid 
formation. Acid formation was not 
assessed. 

Groundwater quality impacts due 
to seepage have been assessed 
using professional judgement to 
predict spatial extent, severity and 
duration of impact. 
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Uncertainty Further work Purpose Assumption 

Behaviour of 
groundwater 
flow and 
changes to 
groundwater 
quality after 
closure of the 
pit. 

Model water quality, 
including pH, TDS, total 
metals, dissolved metals and 
the potential for acid 
formation from seepage from 
the pit and underground mine 
workings into the 
groundwater system after 
closure.  

Water quality modelling 
should consider the 
implications of plugging 
Tiger Tunnel on pit water 
quality during filling and 
long term.  

Conduct numerical 
groundwater modelling to 
assess the proposed closure 
scenario and predict post-
closure groundwater flow 
directions and contaminant 
transport pathways from the 
pit land and inundated 
underground mine during 
and after filling. 
Groundwater modelling 
should seek to predict 
changes in baseflow 
contribution to the Nam 
Pangyun (to inform post-
closure hydrology, erosion 
and flood conditions) and 
identify areas where new 
springs may emerge as 
groundwater returns to levels 
higher than pre-mining 
conditions.  

To determine whether plugging 
underground adits could 
reactivate unknown springs and 
discharge contaminated water 

To investigate the effect of 
accelerated filling of the pit in 
terms of downstream flow and 
water quality (including 
avoidance of acid formation), 
and the effect of groundwater 
mounding around the pit. 

The impact assessment has 
assumed groundwater levels will 
recover after closure; although the 
timing is not able to be predicted at 
this stage. 

Post-closure impacts due to 
changes to groundwater flow and 
quality have been assessed using 
professional judgement to predict 
spatial extent, severity and 
duration of impact. 
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Uncertainty Further work Purpose Assumption 

The existing 
and predicted 
water quality 
of the 
fractured rock 
aquifer 
around the 
TSFs is 
largely 
unknown. 

Groundwater 
quality in the 
fractured rock 
aquifer within 
the Nam 
Pangyun 
catchment has 
potential to be 
contaminated 
by historical 
mining 
activities. 
Existing 
groundwater 
contamination 
may 
potentially be 
mobilised to 
groundwater 
receptors and 
surrounding 
unimpacted 
catchments. 

Conduct a hydrogeological 
assessment of proposed TSF 
locations including 
groundwater quality 
assessment. 

To better understand existing and 
predicted groundwater quality in 
the fractured rock aquifer around 
the TSFs. 

Assumptions on existing fractured 
rock aquifer water quality have 
been made based on the location in 
respect to the mine, the 
groundwater flow direction and 
groundwater quality of the 
saprolite aquifer. 

Locations of 
fracture/fault 
and high 
permeability 
weathered 
zones in 
aquifers 
under the 
TSFs. 

Conduct a detailed 
geotechnical/hydrogeological 
investigation of the 
footprints of the TSFs. 

To identify fracture/fault zones 
and high permeability weathered 
zones that may provide 
preferential seepage transport 
pathways, including to 
neighbouring catchments. If such 
high permeability zones are 
identified that may lead to a high 
risk of a groundwater flow or 
quality impact, the construction 
design should consider 
engineered options (such as 
grouting high permeability fault 
zones) to minimise transport 
pathways 

Groundwater flow and quality 
impacts due to mounding and 
seepage have been assessed using 
professional judgement to predict 
spatial extent, severity and 
duration of impact. 
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Uncertainty Further work Purpose Assumption 

The 
feasibility of 
establishing a 
pit lake, 
including 
successfully 
plugging 
existing 
tunnels and 
adits, has not 
yet been 
demonstrated. 
The 
establishment 
of the pit lake 
will need to 
consider and 
address water 
interaction 
with the 
historical 
underground 
tunnels and 
potential 
points of 
discharge. 
The tunnels 
may need to 
be plugged 
and 
groundwater 
from the 
underground 
tunnels may 
impact both 
water quality 
in the pit lake 
and final 
groundwater 
levels around 
Bawdwin.  

Review underground 
workings from historical 
maps 

Locate and map all obvious 
Chinese era adits 

Identify potential pathways 
for water to escape as the pit 
lake is filled 

Conduct hydrogeological 
investigations to support 
mine closure plans 

To better understand the 
feasibility and associated impacts 
associated with forming the pit 
lake at closure. 

Groundwater impacts at closure 
have been assessed using 
professional judgement to predict 
spatial extent, severity and 
duration of impact. Groundwater 
flow and quality changes have not 
been quantified; although it has 
been assumed groundwater 
interaction with poor quality water 
in existing tunnels and adits will 
occur and result in poor quality 
seepage. 

Locations of 
project 
landfills are 
uncertain. 

Identify a suitable location 
for the project landfill, 
develop landfill designs in 
accordance with best practice 
guidelines and develop 
appropriate operational 
control measures. 

To confirm that landfills are sited 
and designed appropriately so 
that potential impacts to 
groundwater are minimised. 

Specific locations of landfills have 
not been assumed. Although the 
site for sewage sludge burial has 
not yet been selected, it has been 
assumed the landfill facilities will 
be lined and contamination 
managed by standard measures 
resulting in low significance 
residual impact. Contaminants of 
concern for landfills have been 
assumed based on typical 
contaminants in landfills 
associated with mining. 
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6.4 Surface water impact assessment 
This section assesses the project impacts to the surface water values identified in Section 5.3.  

Section 5.3 described the levels of importance, vulnerability and resilience associated with each other surface 
water values in the study area. 

6.4.1 Approach to impact assessment 
The impact assessment approach adopted in this section is a ‘significance assessment’. A significance 
assessment of surface water impacts involves: 

 Identifying the nature of the impact to a surface water value (e.g., physical disturbance and loss of 
associated value). 

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and 
duration of the impact. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of 
avoidance and management measures). The significance (very low, low, medium, high or major) of the 
impact to a surface water value is determined by considering the importance, vulnerability and 
resilience of the surface water value (as assessed in Section 5.3) and the predicted magnitude of the 
impact to the value. Impact magnitude (very low, low, medium, high or very high) is determined based 
on the spatial extent, severity and duration of the impact.  

A significance assessment has been used to assess the magnitude of change to surface water values. As there are 
no compliance criteria for ambient water quality in Myanmar, Australian and New Zealand water and sediment 
quality guidelines for aquatic ecosystem protection (ANZ, 2018) are referred to in order to provide context for 
assessment of impacts to water quality. The Myanmar mining effluent standards outlined in the Myanmar draft 
national environmental quality (emission) guidelines (MOECAF, 2014) are referred to in this section as a 
framework for assessing effluent discharge water quality. Reference is also made to the Myanmar National 
Drinking Water Quality Standards (NWRC, 2014), to provide context on their suitability for such use and their 
existing level of contamination. 

Impacts to the surface water values are assessed in the context of the existing condition of the values. Surface 
water features in the Project area have been significantly impacted by previous mining activities. The existing 
surface water environment is described in detail in Section 5.3. When assessing impacts on surface water features, 
consideration is given to the existing level of impact (for example, already disturbed habitats or water quality 
already in exceedance ANZ guidelines for ecosystem protection).  

Context for impact assessment 

The project has the potential to adversely impact the surface water features identified in Section 5.3 and displayed 
on Figure 6.14 and Figure 6.15. These are the: 

 Nam Pangyun: Almost all project infrastructure is located within the Nam Pangyun catchment (Figure 6.15). 
To enable assessment of impacts it has been divided into three reaches: 

- Upper Nam Pangyun: The upper Nam Pangyun catchment is defined as the headwaters of the Nam 
Pangyun down to the point immediately upstream of the existing open pit. This reach is partially 
degraded with moderate water quality. One site in the upper catchment had several dissolved metal 
concentrations consistently exceeding ANZ ambient water quality guidelines. The upper Bawdwin 
villages discharge sewage into this section of the catchment. 

- Mid Nam Pangyun: The mid Nam Pangyun catchment is defined as from the open pit down to just 
upstream of the Tiger Tunnel discharge point. This reach is characterised by poor water quality, with 
very high dissolved metal concentrations well above ANZ guidelines for ambient water quality 
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(cadmium, cobalt, copper, lead, nickel and zinc). Bawdwin villages discharge sewage into this 
section of the catchment. 

- Lower Nam Pangyun: The lower Nam Pangyun catchment is defined as the Tiger Tunnel discharge 
point down to the confluence with Myitnge River. This reach is characterised by very poor water 
quality, dissolved metal concentrations (cadmium, cobalt, copper, lead, manganese, nickel and zinc) 
regularly well above ANZ ambient water quality guidelines. The lower Nam Pangyun has 
experienced significant streambed aggradation over centuries of waste disposal and erosion 
upstream and ongoing disturbance from artisanal mining. Tiger Camp villages discharge sewage 
into this section of the catchment. 

 Nam La: This is a relatively unimpacted stream which has relatively good water quality compared to the 
Nam Pangyun; although, there is a degree of impact, shown by consistently high turbidity and total lead 
concentrations above Myanmar drinking water standards and dissolved zinc concentrations above ANZ 
ambient water quality guidelines. This river provides drinking water to parts of Namtu.  

 Myitnge River: Includes the section of the Myitnge River from upstream of Namtu to downstream of the 
confluence with the Nam Pangyun. In this reach, the river passes former ore processing and smelting facilities, 
and tailings disposal areas which contribute to a small increase of dissolved metals. Downstream of the 
confluence with Nam Pangyun the water quality in the Myitnge River is notably affected, with numerous 
metals being elevated with respect to ANZ ambient water quality guidelines.  

The sensitivity of these features is dependent on their value and uses. Watercourses provide aquatic habitats and 
beneficial uses, such as a source of drinking water, and water to support agricultural and industrial activities. 
Section 5.7 outlines the aquatic ecosystems supported by each of the watercourses. As the Nam Pangyun 
downstream of the open pit (i.e., mid and lower catchment) is a highly modified watercourse with poor water 
quality, it has little capacity to support aquatic ecosystems or provide water for beneficial uses, and consequently 
has low vulnerability to impact. Upstream of the open pit mine, the Nam Pangyun is less impacted and has a 
higher capacity to support ecosystems and beneficial uses. The upper catchment therefore has a higher 
vulnerability to impact.  

Compared to the Nam Pangyun, the Nam La is less modified and is more capable of supporting aquatic ecosystems 
and a range of beneficial uses. Drinking water is currently supplied to nearby communities through the Nam La 
flume, and water is also used for agriculture, irrigation, and industrial use. Nam La is a high sensitivity feature 
due to these associated values and uses of water and the fact that is the only one of the three major rivers in the 
region that is largely un-impacted by mining activities.  

The Myitnge River is a major watercourse which supports aquatic ecosystems and provides a source of water for 
consumptive, recreation, agricultural, irrigation and industrial uses. Further downstream of the study area the 
Myitnge River supports hydroelectric power. The Myitnge River is a high sensitivity due to these values and 
existing beneficial uses, even though it also receives impacts from mining activity the Nam Pangyun catchment.
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Figure 6.14 Surface water features that may be impacted by project activities 
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Figure 6.15 Surface water features and project layout
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6.4.2 Sources of potential impact 
Potential impacts to surface water features include: 

 Physical disturbance of surface water habitats caused by construction of project infrastructure, modification 
of drainage channels, construction of roads and water crossings and diversion of the Nam Pangyun during 
operations. The impact pathways include: 

- In-stream erosion, sediment deposition and aggradation. 

- Direct physical loss of the surface water feature (or parts of it). 

 Changes to surface water flow: 

- Diversion of the Nam Pangyun through the open pit mine during operations. 

- Increased seepage of water from the Nam Pangyun to the underlying rock due to dewatering around 
the mine pit during operations.  

- Reduced stream flow due to water abstraction from the Nam Pangyun and Nam La for project use 
during construction and operations. 

- Reduced stream flow due to damming or diverting tributary catchments where mine infrastructure 
is proposed. 

- Changes to landform and surface drainage during construction, operations and after closure. 

- Altered flood conditions due to changed catchment hydrology and infrastructure placement. 

 Reduced water quality. Potential causes of water quality degradation include: 

- Leachate and disposal of excess water from mine waste storage facilities (TSFs and WRD). 

- Contaminated runoff from sites including construction areas, mine waste storage facilities (during 
operations and after closure), ore stockpiles and processing facilities, and the open pit after closure.  

- Discharge of project effluents and dewatering water. 

- Altered stream flow leading to reduced dilution of historical mine effluent. 

- Runoff containing elevated total suspended solids (TSS) and turbidity due to site erosion. 

 Reduced bed sediment quality in downstream surface waters due to mobilisation of waste rock material and 
contaminated soils containing high metals concentrations. 

Physical disturbance  

Disturbances to surface water features may occur due to direct physical loss of stream habitat due to placement of 
project elements and sedimentation of the stream beds from sediment-laden runoff. Major elements causing direct 
loss of stream habitat are the TSFs and open pit. The risk of downstream sedimentation impacts will be most 
pronounced during construction of project infrastructure, such as site earthworks, roads, watercourse crossings 
and embankments; particularly following heavy rainfall events and erosion of disturbed land. Sedimentation risks 
for the Nam Pangyun will continue during operations as the pit develops and more land surface is disturbed for 
mine waste facilities.   

Approximately 3 km of the Nam Pangyun in the upper catchment will be situated beneath the TSFs and turned 
into an underdrain to control seepage beneath the TSF. Approximately 750 m of the Nam Pangyun in the mid 
catchment will be diverted within the open pit footprint and will be converted to a concrete-lined channel with 
flow directed to the natural Nam Pangyun flow downstream of the pit.  
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Sediment-laden runoff from project-disturbed land within the catchments may increase levels of TSS, turbidity 
and metals associated with the particulate matter in receiving waters. This can result in reduced water clarity (and 
reduced photosynthesis of plants); direct smothering of aquatic flora, fauna and habitat; and introduction of 
particulate contaminants into the streams. Section 6.2 describes the higher risk areas of site erosion around project 
construction areas. Constructed landforms such as TSFs and the waste rock dump and cut and fill areas for newly 
constructed roads (particularly in steeper areas) will be particularly prone to erosion. The rate of land disturbance 
will be highest during the construction period due to the extensive ground preparation works required for 
construction of buildings and infrastructure. 

Changes to surface water flow 

The primary activities resulting in changes to surface water flow are the Nam Pangyun river diversion, damming 
and abstraction of water from Nam Pangyun and Nam La for project use, dewatering around the pit and changes 
to landform and drainage around project facilities and disturbance areas. Altered hydrology has the potential to 
result in reduced availability of surface water to support downstream beneficial uses and aquatic ecosystems and 
alter flood risks. 

Nam Pangyun river diversion 

The open pit will intersect with the Nam Pangyun, requiring the river to be diverted during project operations in 
year 8 of mining operations. This will involve diverting the flow from where the river meets the northern side of 
the pit, through an in-pit channel, and reconnecting to the existing river channel on the south side of the pit (Figure 
6.16) (CSA, 2020). The diversion will consist of a concrete-lined channel, 2 m in depth, 6 m in width, extending 
970 m along the length of the pit (CSA, 2020). During the construction of the diversion, flows may be reduced 
downstream of this area until the diversion is established and lined. If flows to the downstream Nam Pangyun are 
not adequately managed, the diversion has the potential to reduce surface water supply to the mid and lower Nam 
Pangyun catchment.  

Water abstraction 

Reliable water supply is important for the Project in order to operate the process plant, suppress dust and provide 
potable water. Storage of raw water is critical to maintain supply year-round, particularly during the dry season 
when stream flows are lower. The main sources of raw water for the Project are: 

 Nam Pangyun. 

 Nam La. 

The Nam La will be the primary raw water source with a water harvesting dam constructed on the headwaters of 
the Nam La. Most water will be abstracted during the wet season with continued flows passing via a spillway. To 
supplement supply, a diversion dam, the ‘Water Harvesting Facility’, will also be used to collect water from the 
Nam Pangyun upstream of the tailings storage facility C (TSF C) (see Figure 4.29 in Chapter 4 Project 
Description) and stored in the Nam Pangyun Reservoir. Water abstraction has the potential to reduce available 
flows to support beneficial uses and aquatic ecosystems, particularly during the dry season.  
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Figure 6.16 Nam Pangyun pit diversion
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In addition to the direct abstraction of water from the Nam La and Nam Pangyun, dewatering during mining will 
reduce the groundwater table level around the open pit, which may reduce the surface flow of the Nam Pangyun 
in the mid catchment. The water table in the area is already depressed from years of previous mining and 
dewatering activity and it is expected that further decline in the water table will increase the seepage of the Nam 
Pangyun into underlying bedrock during operations (WMM, 2020). This has the potential to reduce flows to the 
mid and lower Nam Pangyun, particularly during drier periods where flow is driven by groundwater baseflow. 
This is assessed in detail in Section 6.4.4. 

Landform and drainage changes 

Changes to landforms will result in changes to drainage in and around the project footprint including construction 
areas and locations of project infrastructure. The key aspects of the project that will change the landform and 
drainage are the TSFs, the Wallah waste rock dump and the open pit. The three TSF embankments (A, B and C; 
see figures 4.25 and 4.26) will reduce the Nam Pangyun upstream catchment by about 70% (CSA, 2020), 
substantially changing the natural hydrology of the catchment. The Wallah waste rock dump will release 
overflows in a controlled manner to the Wallah Valley stream (a tributary to the Nam Pangyun), via three 
downstream sediment settlement dams.  

The changes to landform and drainage in the upper and mid Nam Pangyun catchments have the potential to reduce 
water flow to existing surface water features. Also, the drainage changes are expected to alter catchment hydrology 
potentially leading to increased erosion, increased deposition of suspended sediments and turbidity downstream, 
and reduced water quality. These impacts to water quality are discussed further later in this subsection and in 
Section 6.4.4. Altered catchment hydrology may also change flood risk through the catchment.  

Post closure, the open pit will receive surface water inflow and groundwater recharge. The likely closure strategy 
is that the historical underground mine workings will be sealed, including construction of a plug in the Tiger 
Tunnel, and the Nam Pangyun will be diverted into the pit to expedite filling. The resulting permanent lake feature 
would directly and permanently change the form of the Nam Pangyun in the upper and mid catchment.   

Most mining construction activities will not substantially alter the post-closure water balance between the Nam 
Pangyun and neighbouring catchments. However, the current TSF engineering design for closure incorporates an 
engineered spillway that will discharge some surface water runoff from the revegetated TSF-A (and TSF-B that 
will report to TSF-A) into the Nam La catchment. Controlled release via the TSF-A spillway will increase runoff 
to the Nam La catchment and establish a possible pathway for contaminant release to this relatively less impacted 
section of the catchment (discussed further in the reduced water quality subsection). 

Flood risk 

The project is located in a mountainous area with steep slopes and a climate that has significant wet season rainfall, 
this results in high runoff and a rapid rise in stream water levels, which can result in floods.  

Within the upper and mid-catchments of the Nam Pangyun, flooding is predominantly limited to a narrow zone 
around the Nam Pangyun stream which results in high flow velocities through the valley during flood events. 
These high flows transport sediments through the catchment. 

Construction of TSFs in the upper catchment will result in wider, shallower flow paths with several water 
impoundments preventing the release of runoff from rainfall events that are within the design criteria of the 
structure. Larger storm events that exceed the design criteria will result in discharge via the engineered spillways 
and contribute flow to the downstream catchment.  

Areas of locally increased flood risk may exist around newly constructed infrastructure such as roads, pipelines 
and other infrastructure. 

The engineering design for closure of the TSF complex incorporates an engineered spillway that will discharge 
some surface water runoff from the Nam Pangyun catchment (from TSF-A and TSF-B) into the Nam La 
catchment. This change to the water balance will increase the volume of runoff to the Nam La catchment during 
high rainfall events and may alter the downstream flood risks in the Nam La catchment.  

Reduced water quality 
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Contaminated seepage and runoff 

Water quality of surface water features may be reduced due to seepage or runoff from contaminated sites including 
the TSFs (which includes tailings along with discharged wastewater from the process plant) and Wallah waste 
rock dump, the mine pit, and from mine dewatering. Accidental spills and leaks of hazardous materials have the 
potential to impact water quality. Accidental spills and leaks of hazardous materials are assessed in Chapter 7 
Hazard and Risk, as these are considered to be unplanned events following the implementation of avoidance and 
management measures; these aspects are not considered further in this chapter.  

Reduced water quality will be due to increased concentrations of metals (dissolved and particulate), sulfate, TSS, 
turbidity and acidity. Runoff carrying suspended matter from erosion of disturbed areas may increase levels of 
TSS, turbidity and particulate metals in receiving waters. Leachate from the TSFs is likely to contain elevated 
dissolved metals concentrations and sulfate and may contain residual cyanide from the processing waste stream 
(Knight Piésold, 2020; CSA, 2020). Leachate from the Wallah waste rock dump is predicted to contain elevated 
dissolved metals. Surface water releases from the downstream sediment dams will also contain elevated metals 
concentrations. 

Most construction activity will take place within the Nam Pangyun catchment around the headwaters north of 
Bawdwin, at Bawdwin and Tiger Camp and in the Wallah Valley. Construction of a new access road will also 
extend through the lower catchment from Namtu to Tiger Camp. Construction activities will have increased risk 
of sediment laden and potentially contaminated runoff entering the Nam Pangyun and the a less extent the Nam 
La. Construction of the Processing Plant north of Bawdwin will take place on the catchment divide between the 
Nam Pangyun and Nam La. Similar water quality risks may exist for the Nam La during construction.  

Mine dewatering 

Rainfall runoff, groundwater ingress and drainage from the historical underground mine workings (including 
Tiger Tunnel) will report to the open pit during operations. The pit will be maintained dry during operations 
through a series of in pit sumps and pumps which will collect accumulated water and discharge it to the Nam 
Pangyun via a sedimentation pond.  

The water discharged from the open pit and sedimentation pond will be a mixture of groundwater with very high 
concentrations of metals (as characterised by the existing Tiger Tunnel discharge) and rainfall runoff with high 
TSS. Water quality testing of Tiger Tunnel discharge during baseline monitoring indicated that existing 
concentrations of total arsenic, cadmium, iron, lead, nickel and zinc exceeding Myanmar mining emissions 
guidelines. The volume and quality of water produced by the dewatering system will vary with rainfall events and 
the increasing depth of mining over the life of the mine, but this variability has not been quantified. Passive 
discharge of contaminated groundwater from the Tiger Tunnel, as per the current situation (i.e., into the Nam 
Pangyun), will occur throughout operations.  

Reduced water quality may be detrimental to aquatic flora and fauna and reduce suitability for downstream 
beneficial uses. This is more likely to occur in the upper catchment where the Nam Pangyun has relatively good 
existing water quality and habitat and potential for beneficial uses. As the mid and lower Nam Pangyun has very 
poor existing water quality and highly degraded habitat, further reduced water quality is less likely to result in 
loss of values associated with the river (i.e., ability to support ecosystems and beneficial uses). Contaminants may 
be toxic to aquatic ecosystems, particularly metals which are prone to bioaccumulation in the aquatic ecosystem 
food chain, such as lead and zinc. This section only addresses water quality impacts to beneficial uses and aquatic 
ecosystems. Potential water quality impacts to human health are described in Section 6.11. 

Process water 

The flotation process that will be used in processing of Bawdwin ore will require the use of flocculants and 
processing reagents including copper sulfate, zinc sulfate, and intermittent use of sodium cyanide. Process water 
will be treated to filter fine particles and reduce concentrations of residual reagents and will thereafter be 
discharged to the TSF entrained in the tailings slurry.  

A supernatant pool will form in the TSF basin, comprising tailings water, residual process water and incident 
rainfall. The pool will be actively managed to keep its extent with operational limits and to create tailings beaches, 
which will allow tailings to dry and will also act to reduce infiltration of water into the TSF embankment. The 
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TSF design includes freeboard to accommodate a 1:100-year wet season and extreme storage allowance of 1:100-
year 72-hour flood. Each TSF will include a spillway designed to accommodate a probable maximum flood event. 

During operations in the wet season, excess TSF pond water will be treated to reduce fine particles, residual 
processing reagents and metals to meet Myanmar discharge guidelines and will be discharged to the Nam 
Pangyun. Notwithstanding treatment to Myanmar discharge guidelines, the discharge of treated TSF pond 
(supernatant) water may result in levels of heavy metals, sulfate and residual reagents including cyanide entering 
the Nam Pangyun watercourse that are elevated.  

Dust suppression  

Over 400,000 m3 per year of groundwater from the Marmion Shaft will be extracted for dust suppression in the 
open pit and haul roads. This water contains high metals (antimony, arsenic, cadmium, lead, manganese, nickel 
and zinc) concentrations as shown by groundwater monitoring (CSA, 2020). This may be due to the influence of 
historically deposited tailings in nearby underground workings. The long-term use of poor-quality water for dust 
suppression may result in increased accumulation of metals in surface soils, which may be mobilised by surface 
runoff, delivering elevated metals concentrations to the Nam Pangyun. 

Post closure water quality impacts 

After project closure, three key project elements (open pit, TSFs and Wallah WRD) will provide ongoing potential 
sources of contamination to the surrounding environment, including to surface waters.  

At closure the open cut pit will naturally fill with groundwater and rainwater to become a pit lake, but the closure 
strategy will require diversion of the Nam Pangyun into the pit to accelerate filling and limit potential weathering 
of acid forming material in the pit. With this augmented inflow the pit will fill within 5 years of closure, after 
which the pit lake may subsequently release flows to the downstream Nam Pangyun catchment, depending on 
seasonal inflows of surface and groundwater and seepage and evaporation rates. 

In addition, seepage from the TSFs and the Wallah waste rock dump is likely to continue for some time after 
capping of those facilities during closure (Knight Piésold, 2020; CSA, 2020). Seepage from these facilities may 
introduce high metals concentrations into the Nam Pangyun, which may in turn report to the Myitnge River. 

The current TSF design assumes a component of runoff from the capped TSF-A (and TSF-B that will report to 
TSF-A) will be released via an engineered spillway to the Nam La catchment during periods of high rainfall. This 
spillway introduces a potential pathway for release of water to the Nam La. The quality of water released via the 
spillway has not been predicted, but may include concentrations of TSS and total and dissolved metals above 
background conditions in the Nam La.  

Another potential pathway for the discharge of contaminated water to the Nam La is by seepage from the TSF 
into groundwater, which may subsequently enter the Nam La aquifers. There is high uncertainty surrounding this 
pathway due to the lack of groundwater modelling, however most of the seepage will be captured and treated 
within the Nam Pangyun catchment. 

Reduced stream bed sediment quality 

As there are no Myanmar guidelines for stream sediment quality, the Australia and New Zealand sediment quality 
guidelines have been used to inform the impact assessment. These provide default guideline values (DGVs) which 
indicate the concentrations below which there is a low risk of biological effects occurring, and upper guideline 
values (GV-high), which provide an indication of concentrations at which toxicity related effects would be 
expected. Concentrations of contaminants between the DGV and GV-high indicate that toxic effects are possible 
but further investigation would be required to confirm. 

As discussed in Section 5.3, all sites in the Nam Pangyun catchment have existing metals concentrations (most 
commonly antimony, arsenic, lead, mercury, silver and zinc) which exceed ANZ DGVs, and often GV-highs. 
High existing metal concentrations in these sediments are due to a combination of long-running historic mining 
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activity and natural elevation in regional mineralogy. Mobilisation of waste rock material or contaminated soils 
entering watercourses can deposit and increase the concentrations of contaminants (e.g., metals) in the streambed 
sediments. This exposes benthic biota to potentially increased ecotoxicity. The addition of further metal-laden 
sediments into the watercourses due to mining activities has the potential to increase sediment ecotoxicity above 
the already impacted sediments in the Nam Pangyun, and potentially as far downstream as the Myitnge River.  

No existing streambed sediment quality data from Nam La are available; however, due to the limited presence of 
waste rock/slag in the stream, and the comparatively better water quality than the Nam Pangyun, it is assumed 
that the streambed sediment quality is relatively good compared to the Nam Pangyun. During construction and 
operation of the mine, the mining activities and waste disposal will occur within the Nam Pangyun catchment and 
are unlikely to impact the Nam La with the exception of potential TSF seepage pathways and the TSF-A closure 
spillway. Water discharging from the TSF-A spillway may include elevated concentrations of TSS and particulate 
metals that may impact Nam La stream bed sediments post closure.  

Summary of sources of potential impact 

Sources or mechanisms for potential impacts to the capacity of surface water features to support aquatic 
ecosystems and/or beneficial uses are summarised in Table 6.50, along with the relevant phases of the project 
these are expected to occur. 

Figure 4.30 presents a schematic of the project water balance, including runoff and seepage to be managed and 
all project discharges. Figure 4.30 and 4.21 show the locations of all the project sediment dams. These discharge 
sources and sediment dams are referred to throughout this section.  
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Table 6.50 Summary of sources of potential impact during project construction, operation and 
closure 

Potential impacts Construction Operation Closure 

Sediment-laden runoff and sedimentation leading to physical 
disturbance (in-stream erosion, sediment deposition and 
aggradation) 

X X X 

Construction of mine infrastructure (TSF) and diversion of 
Nam Pangyun leading to physical disturbance (direct physical 
loss) of surface water habitats  

X X X 

Diversion of Nam Pangyun leading to altered surface water 
flow 

 X X 

Mine pit dewatering leading to seepage from the Nam 
Pangyun to underlying rock 

 X  

Abstraction from Nam La and Nam Pangyun leading to 
reduced surface water flows 

X X  

Runoff and seepage from contaminated sites (including TSFs 
and WRD) causing reduced surface water quality 

X X X 

Discharge of poor-quality water from mine dewatering 
causing reduced surface water quality 

 X  

Accidental spills and leaks causing reduced water quality X X X 

Mobilisation of waste rock material and contaminated soil 
leading to reduced streambed sediment quality 

X X X 

X = occurring in this phase 

6.4.3 Proposed mitigation and management measures 
Project impacts to surface water features will be reduced by to a combination of avoidance (i.e., by designing the 
project in a way that removes the impact pathway) and management (i.e., by implementing controls to minimise 
the effects on the environment). 

The project design and management controls are outlined below. 

Design controls 

A design control is an elimination, substitution or engineering control implemented during the project design 
and/or construction phase with the intent of eliminating impact pathways. Proposed design controls for surface 
water management are: 

 In line with good practice management principles for acid forming material outlined in the Global Acid Rock 
Drainage Guide (INAP, 2020), manage potentially acid forming (PAF) material by: 

- Storing potentially acid forming (PAF) material water in TSF C to reduce oxidation and acid 
formation, or,  

- Encapsulating any PAF material to be disposed within the Wallah waste rock dump within an 
engineered cell to reduce oxidation and acid formation. 

 Incorporate flood risk assessments and scour assessments in the engineering design of river crossings and 
infrastructure.  

 Install downstream sedimentation dams in each disturbed catchment/drainage area in order to facilitate the 
settlement of suspended sediment from runoff and reduce coarse sediments from entering natural drainage 
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systems. The sediment dams will be designed to retain fine sands and coarser particles up to a 1:100 year ARI 
flow event. 

 Design the dimensions, embankments, benches, and sediment dams associated with waste rock dump based 
on detailed assessment of site conditions and in line with relevant Australian guidelines and international 
good practice standards and with sufficient factors of safety (see Chapter 4 Project Description). 

 Design the dimensions, embankments, and sediment dams associated with the TSFs based on detailed 
assessment of site conditions and in line with relevant Australian guidelines and international best practice 
standards and with sufficient factors of safety (see Chapter 4 Project Description). 

 Use low permeability, erosion-resistant material for capping of TSFs and waste rock dump embankments and 
the final landforms at closure to reduce erosion of these features and increase their long-term stability. 

 Identify  geochemically suitable(e.g., inert and non-elevated levels of heavy metals) materials for capping of 
TSFs and waste rock dump embankments and final landforms at closure and conduct testwork on materials 
to confirm suitability, such that runoff water quality meets discharge guidelines and preserves values and 
beneficial uses of downstream environment. 

 Design the Namtu – Tiger Camp access road with suitable permanent stormwater controls such as diversion 
drains, batter chutes and sediment basins. 

 Consider potential for flow accumulation and increased flood risk when designing and locating mine 
infrastructure. 

 Maintain hydraulic connectivity along linear infrastructure corridors for pipelines and roads (e.g., install 
appropriately sized culverts and drains where required). 

 Design and construct watercourse crossings so that they will not divert streamflow out of the stream channel 
and down the road alignment. 

 Design the Namtu – Tiger Camp access road with suitable erosion and sediment controls such as check dams 
and sediment fences. Schedule road construction works to take place during the dry season.  

 Design an appropriate water management system that meets applicable regulatory discharge criteria. This 
will be used to treat discharge from the TSFs and captured seepage from the waste rock dump. 

 Store and handle hazardous materials including fuels, oils and chemicals in accordance with good 
international practice, including designing appropriately secured and bunded facilities to meet appropriate 
standards for storage of hazardous materials. 

 Develop diversion drains around areas of clearing and disturbance to separate clean and dirty water. 

 Line the Nam Pangyun river diversion with concrete to reduce erosion and seepage. 

Management controls 

A management control is one that may be implemented during construction, operations or closure for the purpose 
of reducing the consequence and/or likelihood of a potential impact. Proposed management controls for surface 
water management are listed below.  
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Hydrology and water supply 

 Establish a minimum passing flow threshold at the point of water extraction from the Nam La, in consultation 
with key stakeholders, that preserves potable water supply requirements for Namtu and maintains minimum 
environmental flows. 

 Extract water from the Nam La only when the minimum passing flow threshold can be maintained.  

 Where practicable, divert upstream surface water flows from undisturbed catchment areas around the project 
and discharge into downstream surface water drainage lines. 

 Maintain adequate base water supply for Namtu from the Nam La. This may be achieved by establishing 
infrastructure to divert small spring flows of suitable quality to the Nam La flume during periods of low flow.  

Sediment and erosion control 

The following key measures will be implemented under a project sediment and erosion management plan: 

 Plan for construction on or near natural drainage lines to be undertaken in the dry season, where practicable.  

 Implement and maintain erosion and sediment controls, including site specific measures as necessary. Typical 
controls include: 

- Locate and design infrastructure to limit runoff to watercourses. 

- Install structures to intercept sediment-laden surface runoff to reduce sediment delivery to 
watercourses. 

- Install diversion drains to intercept uncontaminated surface runoff around facilities and divert away 
from cleared areas, where practicable. 

- Stockpile spoil and/or topsoil materials away from watercourses (i.e., maintain a minimum of 10 m 
from watercourse banks), where practicable. 

- Stabilise areas that will be exposed for a substantial period of time using measures such as temporary 
grass or hydromulch. 

- Grade access roads adjacent to watercourses to drain away from watercourses. 

- Install specific soil stabilisation measures on side hill cuts to prevent slumping and/or erosion. 

- Minimise the extent, and time, that ground surfaces and stockpiles are exposed through staged works 
wherever possible. 

- Progressively rehabilitate disturbed areas. 

- Schedule major earthworks in dry season where feasible.  

- Discharge water in a manner that prevents scouring and erosion. 

 Cover and stabilise exposed areas susceptible to erosion (due to project disturbance) using appropriate 
materials such as, vegetation debris, jute netting, geogrid matting, or mulch. 

 Stabilise minor landslips and other areas of landform instability (e.g., soil binders, synthetic matting and 
engineered structures). 

 Install landform and soil stabilisation measures on side hill cuts to reduce slumping and/or erosion. 

 Inspect and, if required, empty sediment dams prior to the start of wet season to remove retained sediment 
and prevent it from being remobilised and also to restore capacity of the sediment dams. Residual sludge 
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from the sediment dams will be collected by a liquid-waste truck and driven to the process plant for disposal 
into the tailings pumping system. 

 Discharge water and wastewater in a manner that minimises scouring and erosion. 

Water seepage, collection and management 

 Implement an underdrainage system to capture seepage from the TSFs and Wallah waste rock dump and if 
required treat water via series of sediment dams or water treatment plant for treatment to meet Myanmar draft 
mining effluent standards before discharge to the Nam Pangyun 

 Prior to discharge to the downstream environment, TSF supernatant water (including captured seepage), 
seepage/run-off from the Wallah waste rock dump and water from pit dewatering will be treated as necessary 
so that the water quality meets the required discharge criteria. Capture surface runoff from the waste rock 
dump in a series of sediment dams to reduce the concentration of TSS to a level suitable for treatment with a 
microfiltration system.   

 Treat discharge water from the waste rock dump sediment dams with a microfiltration system, which will 
remove fine particles and some heavy metals from the water before it is discharged into the Wallah stream 
and eventually the Nam Pangyun. The discharge will be treated so that contaminant concentrations meet 
Myanmar mining effluent standards.  

 Intercept and divert runoff from disturbed mine areas, stockpiles and waste disposal areas into sediment dams. 

 Capture disturbed catchment runoff through a diversion channel downstream of earthworks during 
construction in the Nam La catchment and allow sediment to settle.  

 Discharge wastewater in a manner that avoids or reduces impacts on local users. 

 Prior to its use, check that the quality of water used for dust suppression does not represent a health risk to 
workers or the community via direct contact or inhalation of aerosols and will not lead to increased 
contamination of soils or rainfall runoff. 

 Treat water produced from pit dewatering activities so that TSS concentrations meet Myanmar mining 
effluent criteria.  

Hazardous material management 

 Implement measures to reduce the potential for accidental leaks and spills to occur, as outlined in Chapter 7 
Hazard and Risk. 

 Prepare and implement an emergency response plan that includes measures for containing and cleaning up 
spillage of cyanide reagents. 

 

TSF management 

 WMM will comply with the Global Industry Standard on Tailings Management (ICMM et al., 2020) in 
relation to design, construction, operation, monitoring, management, governance, emergency response and 
community consultation of the TSF facilities, including associated water quality treatment plant. This will 
include implementation of Construction vs Design Intent Verification (CDIV), which will ensure that design 
intent is implemented and continues to be met in the case that site conditions vary from design assumptions. 
It will also involve preparation and implementation of an Operations, Maintenance and Surveillance (OMS) 
Manual that outlines critical controls for safe TSF operations and allows tracking.  

 Construct and operate Wallah waste rock dump in accordance with detailed designs and operating manual. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-127

 

 Design the dimensions, embankments, benches, and sediment dams associated with the TSFs and waste rock 
dump based on detailed assessment of site conditions and in line with relevant Australian guidelines and 
design principles outlined in the Global Industry Standard on Tailings Management (ICMM et al., 2020) and 
with sufficient factors of safety (see Chapter 4 Project Description). This will involve developing a design 
that considers the technical, social, environmental and local economic context, the results of risk analysis for 
TSF failure scenarios, site conditions, water management, mine operations, construction issues and 
requirements for safe closure. 

Closure 

 Divert the Nam Pangyun to fill the open pit rapidly after closure, in order to minimise the potential for 
oxidation of in-pit PAF and subsequent acid formation and to also minimise the concentration of metals in 
the pit water (as predicted by CSA, 2020).  

Site specific water quality targets 

 Prior to construction, the project will develop site-specific water quality targets for aquatic ecosystem 
protection following recognised international methods. This is because there are no Myanmar ambient water 
quality standards and it is not suitable to apply international default ambient water quality guideline values 
to river systems that already have contaminant concentrations well in exceedance of those guideline values. 
The site-specific water quality targets will account for existing water quality (e.g., elevated dissolved metals 
concentrations) and focus on those contaminants at highest risk of causing harm to aquatic ecosystems should 
their concentrations be further increased (e.g., dissolved metals including copper, lead and zinc).  
The reasons for focussing on dissolved metals are: 
a) dissolved metals are known to be elevated in the downstream rivers (Nam Pangyun, Myitnge and Nam La) 
compared to ANZ ambient water quality criteria, indicating these are providing an existing level of stress to 
those rivers; 
b) dissolved metals are the most bioavailable form of metals for aquatic biota that could subsequently result 
in toxic effects; and  
c) evidence from other mining projects, and the legacy of mining and exploration at Bawdwin, indicates that 
the project can reasonably be expected to contribute additional increases in dissolved metals concentrations 
in downstream waters. 

Section 6.4.6 provides detail on the approach to developing site-specific water quality targets. 
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6.4.4 Residual impact assessment  
This section assesses the residual significance of impacts identified in Section 6.4.2 after implementation of the 
management measures outlined in Section 6.4.3. The magnitude of each residual impact is assessed based on the 
impact’s geographic extent, severity and duration, taking into consideration the existing conditions of the features 
and their importance, vulnerability and resilience. Table 6.51 presents the criteria used to determine the magnitude 
of each impact.  

Table 6.51 Criteria used to determine the magnitude of impacts to surface water 

 Very low Low Medium High Very high 

Spatial extent Impact affects a 
very small area 
within the 
catchment (i.e., 
less than 5% of a 
catchment) 

Impact affects a 
localised area 
within the 
catchment (i.e., 
less than 10% of 
the catchment) 

Impact affects a 
moderate area of 
the catchment 
(i.e., 10-20% of 
the catchment) 

Impact affects a 
widespread area 
and a large 
proportion of the 
catchment (i.e., 
in the order of 
20-60% of the 
catchment) 

Impact affects a 
large proportion 
of the catchment 
(i.e., in the order 
of >60% of the 
catchment) and 
potentially 
additional 
catchments  

Severity Impact is entirely 
within existing 
disturbance area 
and/or is a very 
minor change 
from background 
conditions and 
will probably 
recover on its 
own or require 
minimal 
rehabilitation 
effort. The 
impact will not 
reduce the 
capacity to 
support aquatic 
ecosystems 
and/or beneficial 
uses 

 

Impact is entirely 
within existing 
disturbance areas 
and/or is a minor 
change from 
background 
conditions and 
can be 
straightforwardly 
remedied or 
rehabilitated 
using standard 
management 
measures.  

The impact is 
unlikely to 
reduce the 
capacity to 
support aquatic 
ecosystems 
and/or beneficial 
uses 

Impact is partly 
within existing 
disturbance areas 
but also within 
previously 
undisturbed (or 
low-level 
disturbance) 
areas of the 
catchment and/or 
is a medium 
change from 
background 
conditions and 
can be partly, 
remedied or 
rehabilitated. 
There is some 
reduction in 
capacity to 
support aquatic 
ecosystems 
and/or beneficial 
uses. 

Impact is 
completely 
within previously 
undisturbed (or 
low-level 
disturbance) 
areas of the 
catchment 

and/or is a high 
degree of change 
from existing 
conditions and is 
very difficult to 
rehabilitate. Most 
of the surface 
water’s capacity 
to support 
aquatic 
ecosystems 
and/or beneficial 
uses is reduced.  

Impact is 
completely 
within previously 
undisturbed areas 
and/or is a very 
high degree of 
change from 
existing 
conditions and 
cannot be 
rehabilitated. 
Capacity to 
support aquatic 
ecosystems 
and/or beneficial 
uses is lost 

Duration Impact is very 
short in duration 
(i.e., days)   

Impact is short 
term (i.e., months 
or less)  

Impact is 
medium term (1 
to 2 years).  

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

 

This impact assessment is based on qualitative predictions in the absence of quantitative water quality and 
hydrological modelling. The impact assessment uses professional judgement informed by experience at similar 
mine sites in steep, high-rainfall environments. Impact severity is discussed with reference to changes from the 
existing situation, with the project’s objective of making downstream river conditions no worse than pre-project 
conditions. In the absence of quantitative predictive modelling, there are notable levels of uncertainty associated 
with the impact assessments and these levels of uncertainty are highlighted throughout the impact assessment. 
Section 6.4.6 provides additional detail on the uncertainties and proposed further work to reduce the uncertainties. 

Physical disturbance  

Notwithstanding the existing disturbed aquatic habitat and implementation of management measures outlined in 
Section 6.4.3, the project will result in increased disturbance to aquatic habitat. Disturbance to aquatic habitat will 
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arise from two pathways: direct removal of instream and riparian habitat to make way for project infrastructure 
and downstream smothering of streambed, edge and riparian habitat from increased sediment.  

Direct Loss 

An approximately 3 km section of the Nam Pangyun upper catchment will be converted to an underdrain to allow 
drainage beneath the TSFs. Also, approximately 750 m of the Nam Pangyun mid catchment will be diverted 
around mining activity within the open pit footprint and will be converted to a concrete-lined channel with flow 
directed to the natural Nam Pangyun flow downstream of the pit. In these locations (see Figure 6.16), aquatic 
habitat such as rocks, pools and remnant vegetation and riparian vegetation will be permanently removed with 
consequent negative impacts on the populations of aquatic ecosystems residing within them. Artificial habitat in 
the form of new channels will provide poor habitat for fauna due to the uniformity of the substrate and removal 
of riffle zones. The impact severity will be higher in the upper catchment where the TSFs will be situated, as the 
upper catchment currently has higher quality aquatic habitat as it is upstream of most historic mining activity 
(with the exception of some historic smelting areas). Habitat in the mid and lower catchment is already highly 
impacted. 

Overall, during project construction disturbance of aquatic habitat by direct removal is assessed to be high 
significance in the upper catchment, based on the high magnitude of impact and medium sensitivity of the 
feature (Table 6.52) and low significance in the mid catchment, based on the low magnitude of impact and the 
low sensitivity of the feature (Table 6.53).   

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-130

 

Table 6.52 Residual impact significance summary - physical disturbance of habitat due to direct 
removal of instream and riparian habitat – affecting the upper Nam Pangyun catchment 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses – 
upper Nam Pangyun 
catchment 

Importance Vulnerability Resilience Sensitivity 

Medium 

In some areas in the upper 
catchment water supports 
aquatic ecosystems and has 
the potential to support a 
range of beneficial uses  

Medium 

Currently exhibits moderate 
water quality, and is of 
better quality than the mid 
and lower catchment.  

Vulnerable to further 
deterioration of water 
quality. 

Medium 

Some resilience to 
change. Some of 
the associated 
ecosystem value 
or use can be 
regained. 

Medium 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
direct removal of 
instream and riparian 
habitat – affecting the 
upper Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

High 

An approximately 3 km 
section of the Nam Pangyun 
upper catchment will be 
converted to an underdrain 
to allow drainage beneath 
the TSFs. This represents an 
impact to a large proportion 
(>60%) of the upper 
catchment. 

High 

Impact is partly within 
existing disturbance areas 
but also within relatively 
undisturbed areas of the 
catchment. Some capacity 
to support beneficial uses 
and aquatic ecosystems may 
be reduced. 

 

Very high 

Instream and 
riparian habitat 
will be 
permanently 
removed.   

High 

Residual impact significance High  

Assessment of uncertainty 

Low  

Areas of physical disturbance readily predictable based on project footprint 
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Table 6.53 Residual impact significance summary - physical disturbance of habitat due to direct 
removal of instream and riparian habitat – affecting the mid Nam Pangyun catchment 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses – mid 
Nam Pangyun 
catchment 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified and 
degraded watercourse 
with poor water 
quality due to historic 
mining activities. 
Water is not used for 
drinking water.  

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses 

Low 

The watercourse has 
been impacted by 
historic mining and 
ongoing exposure to 
contaminants, 
including sewage 
from Bawdwin 
villages, there is 
limited vulnerability 
to further changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
direct removal of 
instream and riparian 
habitat –affecting the 
mid Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

Medium 

Approximately 750 
m of the Nam 
Pangyun mid 
catchment will be 
diverted around 
mining activity 
within the open pit 
footprint and will be 
converted to a 
concrete-lined 
channel with flow 
directed to the natural 
Nam Pangyun flow 
downstream of the 
pit. This represents 
an impact to a 
moderate proportion 
(10-20%) of the mid 
catchment. 

Low 

Impact is likely to be 
entirely within 
existing disturbance 
area with a highly 
impacted habitat. The 
degree of habitat 
disturbance will be 
minor in the context 
of existing poor 
habitat condition.  

 

Very high 

Instream and riparian 
habitat will be 
permanently 
removed   

Low 

Residual impact significance Low  

Assessment of uncertainty 

Low  

Areas of physical disturbance readily predictable based on project footprint 

 

Stream aggradation and sediment effects 

As discussed with respect to surface water flow below, there will be times during construction and operations 
where erosion and surface runoff from project-disturbed areas after rainfall events will result in increased 
mobilisation and deposition of sediment in downstream waters. Sedimentation and aggradation in the streams 
may result in loss or degradation of habitat by reducing structural diversity and filling interstitial spaces in 
stream substrate. There may be a loss of in-stream habitat due to smothering from increased sediment input, 
reducing the capacity to support ecosystems and the reproductive success of aquatic species, along with loss of 
edge and riparian vegetation and habitat. Streambed aggradation also has the potential to cause bank 
overtopping and flood risks in the catchment (see Section 6.4.4 Flood risk subsection). 

The bulk of the land disturbance will occur in the Nam Pangyun catchment during construction and, as such, 
downstream sedimentation will be mostly restricted to the already impacted Nam Pangyun, which (particularly 
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in the mid and lower catchment) has highly modified bed, edge and riparian habitat with extensive aggradation 
from years of waste rock and slag disposal and erosion. 

With upstream sediment control dams in place it is likely that sediment reporting downstream would be 
primarily finer particles (silts and clays) that do not settle in the sediment dams. Table 6.54 presents the 
estimated sediment retention efficiency of the waste rock dump sediment dams. This indicates that TSS in 
discharged water from the waste rock dump sediment dams will comprise primarily clays and very fine, fine and 
medium silts. Total suspended solids concentrations in the discharge have not been estimated. The other 
sediment dams downstream of the major project facilities and TSFs (see Figure 4.30 in Chapter 4) will also be 
designed to retain fine sands and coarser particles up to a 1:100 ARI flow event. 

The sediment dam downstream of the open pit will be designed based on a 1 in 2 year 30-minute rainfall 
duration of 55 mm/h intensity and corresponding retention of 80% of the 62 µm particles (i.e., coarse silts and 
larger particles). The design will allow retention of greater than 80% for particles coarser than 62 µm (WMM, 
2020). 

Table 6.54 Estimated sediment retention efficiency of waste rock dump sediment dams 

Particle size ARI (Years) 

 1 in 2 1 in 5 1 in 10 1 in 20 1 in 50 1 in 100 

Very coarse 
sand 

100% 100% 100% 100% 100% 100% 

Coarse sand 100% 100% 100% 100% 100% 100% 

Medium sand 100% 100% 100% 100% 100% 100% 

Fine sand 100% 100% 100% 100% 100% 100% 

Very fine 
sand 

100% 100% 100% 100% 99% 99% 

Coarse silt 94% 90% 87% 84% 81% 79% 

Medium silt 63% 54% 50% 46% 42% 40% 

Fine silt 26% 20% 18% 16% 15% 14% 

Very fine silt 7% 5% 4% 4% 4% 3% 

Clay 2% 1% 1% 1% 1% 1% 

Source: Knight Piésold, 2020 

The sediment dams will attenuate the release of sediment in runoff into the Nam Pangyun. Since the sediment 
dams are designed to capture mainly the sands and coarse silt portions of the sediment load it is possible that the 
downstream environment may still experience and overall increase in stream sediment loads and consequent 
stream sedimentation (comprising mainly the finer material). This is likely to be the case particularly during the 
construction and early operations phase due to the intensity of upstream land disturbance. As upstream disturbance 
sites are progressively stabilised and rehabilitated during operations the downstream sedimentation levels will 
gradually reduce.  

While coarser sediments will be captured in the sediment dams, those dams will also regulate peak flows, 
including those flows that would otherwise disperse the deposited sediment downstream. This effect could result 
in increased aggradation in the lower catchment until such time that high flow rates return to the catchment (i.e., 
after closure once the pit lake is full and rapid rainfall runoff commences). Sediment transport and deposition 
(including scouring) modelling would be required to confirm the extent and thickness of project-caused stream 
aggradation.  

Sedimentation impacts to the upper and mid catchment are relevant to only small sections of the river as large 
sections of the Nam Pangyun will be converted to concrete-lined drainage structures containing no habitat. There 
may be a medium-term increase in sediment input into the Myitnge River during construction and operation, and 
it is expected that this would have a medium severity compared to the sediment generated by existing erosion in 
the Nam Pangyun catchment and the extensive artisanal mining that takes place in the lower catchment.  

To provide context for the assessment of impact severity due to project-caused stream sedimentation and 
aggradation, Figure 6.17 provides satellite imagery showing existing sedimentation of the lower Nam Pangyun 
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and Myitnge River. The figure shows extensive deposition of sediment at the confluence of the two watercourses, 
with evidence of material also being deposited downstream in the Myitnge River. However, it is not clear from 
review of satellite imagery how far downstream the existing sediment impact extends as additional sediment inputs 
from other rivers are also visible. 

Construction of the Namtu – Tiger Camp access road will require earthworks along the length of the Nam Pangyun 
and will cross a number of small tributary streams. Both permanent and temporary sediment and stormwater 
management design controls will be adopted to minimise sedimentation to the lower catchment. It is expected that 
there would be substantial changes to bed sediment deposition and composition in the lower Nam Pangyun and 
Myitnge River due to project-related sedimentation where side-casting occurs along the access road construction 
area.  

Overall, during project construction and operation, physical disturbance by sediment impacts is assessed to be low 
significance in the upper Nam Pangyun, based on the low magnitude of impact and medium sensitivity of the 
feature (Table 6.55). 
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Figure 6.17 Satellite imagery of existing sedimentation in the lower Nam Pangyun and Myitnge River
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Table 6.55 Residual impact significance summary - physical disturbance of habitat due to 
downstream smothering of streambed, edge and riparian habitat from increased sediment 
- affecting the upper Nam Pangyun catchment 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - 
Upper Nam 
Pangyun 
catchment 

Importance Vulnerability Resilience Sensitivity 

Medium 

Supports some 
beneficial uses or has 
medium potential to 
support aquatic 
ecosystems 

Medium 

Currently stream habitat is in 
relatively good condition and 
is better than the mid and 
lower catchment.  

Vulnerable to further 
deterioration. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Medium 

Impact Magnitude of impact to value 

Physical 
disturbance of 
habitat due to 
downstream 
smothering of 
streambed, edge 
and riparian 
habitat from 
increased sediment 
affecting the upper 
Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

Low 

Impact is expected to 
affect a small portion 
of the catchment 

Low 

Impact is likely to be entirely 
within existing disturbance 
area, and some capacity to 
support aquatic ecosystems 
will be reduced  

High 

Disturbance will be long 
term occurring during 
construction and 
operations  

Low 

Residual impact significance Low  

Assessment of uncertainty 

High  

There is a lack of baseline flow data to characterise flow discharge rates in the catchments. Also, 
predicted sediment loads in discharge from the sediment dams and spillways have not been 
quantified, which does not allow for accurate prediction of sediment reporting downstream. 
Additionally, no sediment transport and deposition modelling has been done to quantify the extent 
and thickness of accumulated sediments due to the project. 

 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-136

 

Overall, during project construction and operation, physical disturbance by sediment impacts is assessed to be 
low significance in the mid Nam Pangyun, based on the low magnitude of impact and low sensitivity of the 
feature (Table 6.56).   

Table 6.56 Residual impact significance summary - physical disturbance of habitat due to 
downstream smothering of streambed, edge and riparian habitat from increased sediment 
- affecting the mid Nam Pangyun catchment 

Value Sensitivity of value 

 Ability to support 
ecosystems and 
beneficial uses - Mid 
Nam Pangyun 
catchment  

Importance Vulnerability Resilience Sensitivity 

Low 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses. 

Low 

The watercourse has been 
impacted by historic mining with 
habitat being highly degraded. 
There is little vulnerability to 
further changes. 

Medium 

Some resilience to 
change. Some of 
the associated 
ecosystem value 
or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
downstream 
smothering of 
streambed, edge and 
riparian habitat from 
increased sediment 
affecting the mid 
Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

Low 

Impact is expected to 
affect a small portion 
of the catchment 

Low 

Impact is likely to be entirely 
within existing disturbance area 
with a highly impacted habitat and 
little value. Streambed aggradation 
is likely to be notable given the 
sediment dams will attenuate peak 
flows that may disperse the 
accumulated sediment. However, 
the degree of habitat disturbance 
will be minor in the context of 
existing poor habitat condition.  

High 

Disturbance will 
be long term 
occurring during 
construction and 
operations 

Low 

Residual impact significance Low  

Assessment of uncertainty 

High  

There is a lack of baseline flow data to characterise flow discharge rates in the catchments. Also, 
predicted sediment loads in discharge from the sediment dams and spillways have not been 
quantified, which does not allow for accurate prediction of sediment reporting downstream. 
Additionally, no sediment transport and deposition modelling has been done to quantify the 
extent and thickness of accumulated sediments due to the project. 
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Overall, during project construction and operation, physical disturbance by sediment impacts is assessed to be 
low significance in the lower Nam Pangyun, based on the medium magnitude of impact and low sensitivity of 
the feature (Table 6.57).  

Table 6.57 Residual impact significance summary - physical disturbance of habitat due to 
downstream smothering of streambed, edge and riparian habitat from increased sediment 
- affecting the lower Nam Pangyun catchment 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - 
lower Nam Pangyun 
catchment 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified and 
degraded watercourse 
that has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses. 

 

Low 

The watercourse has been 
impacted by historic 
mining, including the 
discharge of poor quality 
water from the Tiger 
Tunnel, habitat is highly 
degraded. There is little 
vulnerability to further 
changes. 

Medium 

Some resilience 
to change. 
Some of the 
associated 
ecosystem 
value or use can 
be regained. 

Low 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
downstream 
smothering of 
streambed, edge and 
riparian habitat from 
increased sediment 
affecting the lower 
Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

High 

Impact is expected to 
affect most of the 
catchment 

Low 

Impact is likely to be 
mostly within existing 
disturbance area with a 
highly impacted habitat 
and little value. Increased 
stream aggradation in this 
narrow valley could result 
in sediment accumulation 
above the existing banks 
with potential associated 
risks such as particulate 
contaminant transport to 
riparian environments and 
increased flood risk. 
However, with much of the 
lower catchment being 
already highly impacted, 
the predicted severity is 
low. 

High 

Disturbance 
will be long 
term occurring 
during 
construction 
and operations 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is a lack of baseline flow data to characterise flow discharge rates in the catchments. Also, 
predicted sediment loads in discharge from the sediment dams and spillways have not been 
quantified, which does not allow for accurate prediction of sediment reporting downstream. 
Additionally, no sediment transport and deposition modelling has been done to quantify the 
extent and thickness of accumulated sediments due to the project. The potential for flood risk 
due to aggradation would also need to be assessed to reduce the uncertainty of this impact 
assessment. 

 

During project construction and operation, physical disturbance by sediment impacts is assessed to be of 
moderate significance in the Myitnge River, based on the low magnitude of impact and high sensitivity of the 
feature (Table 6.58). This assessment has high uncertainty because the baseline sediment conditions are not well 
characterised in the Myitnge River and predicted sediment loads, sediment quality and sediment deposition have 
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not been quantified, which does not allow for accurate prediction of sediment reporting downstream in the 
Myitnge River.   

Table 6.58 Residual impact significance summary - physical disturbance of habitat due to 
downstream smothering of streambed, edge and riparian habitat from increased sediment 
- affecting the Myitnge River 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses  – 
Myitnge River 

Importance Vulnerability Resilience Sensitivity 

High 

Provides an 
important source of 
water for recreation, 
agriculture/irrigation, 
industrial use, 
drinking water and 
other consumptive 
uses to communities. 

 

High 

Vulnerable to further 
changes due to its 
expected relatively 
good sediment and 
water quality 
compared to the Nam 
Pangyun 

Medium 

May be able to 
withstand localised 
and temporary 
impacts due to its 
size and flow. 

High 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
downstream 
smothering of 
streambed, edge and 
riparian habitat from 
increased sediment 
affecting the Myitnge 
River 

Spatial extent Severity Duration Magnitude 

Very low 

Impact is expected to 
affect a very small 
proportion of the 
river with greatest 
impact near the 
confluence with the 
Nam Pangyun 

 

Low 

Degree of habitat 
disturbance will be 
moderate compared 
to the existing 
sedimentation and 
aggradation present 
near the confluence 
with the Nam 
Pangyun 

High 

Disturbance will be 
long term, occurring 
during construction 
and operations 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is a lack of baseline flow data to characterise flow discharge rates in the catchments. Also, 
predicted sediment loads in discharge from the sediment dams and spillways have not been 
quantified, which does not allow for accurate prediction of sediment reporting downstream. 
Additionally, no sediment transport and deposition modelling has been done to quantify the 
extent and thickness of accumulated sediments due to the project. 

 

During the construction of the Nam La water harvesting facility and earthworks associated with the processing 
plant construction localised sedimentation of downstream habitat is expected, particularly prior to the 
embankments and construction site being re-vegetated and stabilised. Construction of the processing plant, 
accommodation camp and access roads will also contribute a component of runoff to the Nam La catchment where 
construction activities may span the catchment divide. Although this stream is far less impacted than the Nam 
Pangyun and has good quality habitat, the impact is expected to be medium-term, temporary and of low magnitude 
(Table 6.59). It is likely that, after rehabilitation of the Nam La dam embankments and the processing plant 
construction site and upon commissioning of the dam spillway, sediment inputs would decrease but the regulation 
of peak flows by the dam would limit flows that would otherwise flush accumulated sediment further downstream. 
It is therefore likely that the stream habitat will recover over the medium term. The land sloping away from the 
processing plant site is undulating and standard erosion and sediment management measures are likely to be 
effective at preventing high sediment runoff into the Nam La catchment. The impact of habitat smothering due to 
sediment is assessed to be of moderate significance for the Nam La, based on the low magnitude of impact and 
the high sensitivity of the feature (Table 6.59).  
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Table 6.59 Residual impact significance summary - physical disturbance of habitat due to 
downstream smothering of streambed, edge and riparian habitat from increased sediment 
- affecting the Nam La 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses – 
Nam La 

Importance Vulnerability Resilience Sensitivity 

High 

Largely undisturbed 
compared to the Nam 
Pangyun and is an 
important source of 
water for 
agriculture/irrigation, 
industrial use, 
drinking water in 
nearby communities. 

 

High 

Nam La has 
relatively good water 
quality and habitat 
condition and is 
vulnerable to 
degradation 
particularly during 
the dry season when 
flows are limited.  

Medium 

Nam La surface 
water is somewhat 
resilient to change 
due to its alkalinity 
and hardness, which 
reduce bioavailability 
and toxicity of some 
metals. 

High 

Impact Magnitude of impact to value 

Physical disturbance 
of habitat due to 
downstream 
smothering of 
streambed, edge and 
riparian habitat from 
increased sediment 
affecting the Nam La 

Spatial extent Severity Duration Magnitude 

Low 

Sedimentation is 
expected to affect a 
localised area 
downstream of 
construction 

Low 

The impact will 
affect an area of 
relatively good 
quality habitat; 
however, it is likely 
that surface water 
feature will readily 
recover from impact 
after implementation 
of standard 
management 
measures 

High 

Disturbance will be 
long term (in the 
order of more than 
two years) until 
flows gradually flush 
the accumulated 
sediment from the 
catchment  

Low 

Residual impact significance Moderate  

Assessment of uncertainty 

High  

There is a lack of baseline flow data to characterise flow discharge rates in the catchments. Also, 
predicted sediment loads in discharge from the sediment dams and spillways have not been 
quantified, which does not allow for accurate prediction of sediment reporting downstream. 
Additionally, no sediment transport and deposition modelling has been done to quantify the 
extent and thickness of accumulated sediments due to the project. 

 

Changes to surface water flow 

Nam Pangyun river diversion 

The diversion of the Nam Pangyun through the mine pit during year 8 of the project (operations) will permanently 
alter surface water flows in the mid catchment. The stream diversion is entirely within the mine pit, so changes to 
surface water flow will be secondary to the direct loss of stream bed, edge and riparian habitat in that section of 
the river. As this is within the open pit, there will be no available beneficial uses in this section of the Nam 
Pangyun. During construction of the river diversion and until the diversion is complete, there may be some 
reduction in surface flow that reaches downstream. Although, the temporary reduction in downstream flow will 
be to an extent offset by the disposal of water from pit dewatering, there may be a short-term net reduction in 
overall flow and a change in hydraulic regime for the downstream watercourse.  

Once constructed, the river diversion channel will be concrete lined to prevent excessive erosion of the channel 
during high flows, and to reduce seepage from the channel to the adjacent pit. As a result, it is expected once 
constructed, flows to the downstream Nam Pangyun natural watercourse will be mostly retained (with the 
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exception of some loss due to seepage around the pit area where the Nam Pangyun is not within a concrete-lined 
diversion – see below). 

Overall, the impact is assessed to be of low significance for the Nam Pangyun (mid and lower catchment) based 
on the low magnitude of impact and low sensitivity of these features (Table 6.60). 

Table 6.60 Residual impact significance summary - changes to surface water flow due to stream 
diversion - affecting the mid and lower Nam Pangyun catchment 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
and lower Nam 
Pangyun catchment 

Importance Vulnerability Resilience Sensitivity 

Low 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses. 

Low 

The watercourse has 
been impacted by 
historic mining has 
highly degraded 
habitat. There is little 
vulnerability to 
further changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Changes to surface 
water flow due to 
stream diversion 
affecting the mid and 
lower Nam Pangyun 
catchment 

Spatial extent Severity Duration Magnitude 

High 

Changes in flow are 
expected to affect 
most of the mid 
catchment as flows 
will be affected 
within and 
downstream of the 
mine pit. 

Low 

Impact is likely to be 
entirely within 
existing area of the 
river that is, and has 
been, prone to 
periods of low flow 
during dry 
conditions. 

Any temporarily 
reduced flows would 
probably be restricted 
to the already 
impacted mid and 
lower Nam Pangyun 
catchment during dry 
periods. 

Low  

Impact will be short 
term as changes to 
flow are expected to 
occur during 
construction of the 
diversion channel. 

Low 

Residual impact significance Low  

Assessment of uncertainty 

High  

There is limited quantitative data on existing stream flows. Refinement of the water balance and 
modelling of flows after predicted project water abstraction/diversions would reduce the 
uncertainty and allow for quantification of water flow changes 

 

Water abstraction 

The project will extract water from both the Nam La and the Nam Pangyun to provide water supply to the project 
during project operations. Water from the Nam La will be collected via a water harvesting facility in the 
headwaters of the catchment. Water from the Nam Pangyun will be collected from a diversion dam just upstream 
of the TSF. Water extracted from both rivers will be directed to the Nam Pangyun Reservoir where it will be 
stored for use as project raw water. 

The Nam La provides water to some parts of Namtu and water abstraction from this water source has the potential 
for impact to downstream users and aquatic ecosystems (with these values being of higher sensitivity than the 
Nam Pangyun). The impact of water abstraction will occur throughout the lifetime of the mine. The spatial extent 
of the impact is expected to be low since only 55% of the runoff from a 10% portion of the Nam La catchment 
will be extracted, which is approximately equivalent to 5.5% of the total flow at the confluence of the Nam La 
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and Myitnge River at any given time (Figure 6.18). However, modelling of the required abstraction rates for the 
project and assessment of the downstream flow reductions under different scenarios (e.g., dry season, wet season, 
dry year, wet year) has not yet been conducted. As the Nam La is the primary water source for several wards and 
villages in Namtu, flows to the Nam La will be compensated by WMM when the dam has sufficient excess water, 
with excess water entering the stream via a spillway or pumped from the storage dam. Water from numerous 
springs and tributaries downstream in the Nam La catchment and the remaining 45% of runoff from the dam 
catchment area will also continue to flow downstream.  

Due to uncertainty regarding the impact of water abstraction under scenarios that involve dry conditions the 
severity of the impact is considered to be medium, since under drier conditions there is likely to be insufficient 
excess water available for release from the water harvesting facility and the downstream flows are likely to be 
also low under these conditions.  

WMM will work with key stakeholders to upgrade the Nam La Flume infrastructure so that water from springs in 
the Nam La catchment can be diverted to the Nam La Flume to supplement normal supply during periods of 
drought or low flows that may occur as a result of abstraction for the mine water supply. WMM will also conduct 
further works to assess the capacity of the springs to provide the required flow the flume.  

The impact is assessed to be of high significance for the Nam La, based on the medium magnitude of impact 
and high sensitivity of the feature (Table 6.61); although until predicted changes to downstream water flows are 
quantified and the feasibility of providing alternative water supply to downstream communities, this impact is 
associated with a high degree of uncertainty.  

Increased abstraction of water from the upper Nam Pangyun (via diversion dam) during operations will be partially 
offset by discharge of groundwater from the pit dewatering system which will discharge into the Nam Pangyun. 
The component of groundwater inflows that will be discharged by pit dewatering system is expected to increase 
from an average of 142 m3/d in year 1 to 670 m3/d in year 13. These rates, particularly during the early years of 
mining are unlikely to completely offset the rate of abstraction higher in the catchment and reduced flows may 
persist downstream of the Nam Pangyun Reservoir in the mid and lower catchments. The impact is assessed to be 
of low significance in the Nam Pangyun (mid and lower catchment), based on the medium magnitude of impact 
and the low sensitivity of these features (  
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Table 6.62).  

Surface flows in the Nam Pangyun around the open pit area are likely to be reduced due to seepage into underlying 
rocks. This is due to the hydraulic connection between the Nam Pangyun and underlying groundwater, and the 
influence of pit dewatering that will further lower the water table in the area. While the rate of loss in the area has 
not been quantified, it will probably be consistent with the rate of loss that would be currently occurring as the 
stream passes the existing area of the Bawdwin pit and underground mine through most of the mid-catchment, 
where extensive dewatering has occurred. Additional drawdown is likely to be minor (see Section 6.3) and have 
a negligible effect on stream flows during operation, but it is expected that this will be a long-term impact until 
groundwater levels recover after project closure. Notwithstanding, this impact of reduced surface flow would 
affect the mid and lower catchments (which would be partially offset by discharge of dewatering water) and is 
expected to be low significance, based on the medium magnitude of impact and the low sensitivity of these 
features (Table 6.63). 

The preferred mine closure option is to divert the Nam Pangyun into the open pit to accelerate filling of the pit 
and minimise water quality impacts. This closure scenario also relies on the Tiger Tunnel being plugged so that 
pit water does not escape through the underground workings. Geohydrological modelling indicates that diversion 
of flow from the Nam Pangyun to the pit would be required for a period of five years at closure to achieve filling, 
at which point downstream flow would recommence via an engineered spillway. The mid and lower catchments 
would be impacted by reduced flows. The impact is expected to be of moderate significance for the mid and 
lower Nam Pangyun catchment, based on the high magnitude of impact and low sensitivity of these features 
(Table 6.64).  

Table 6.61 Residual impact significance summary - changes to surface water flow due to water 
abstraction from the Nam La during operations 

Value Sensitivity of value 

 Ability to 
support 
ecosystems and 
beneficial uses - 
Nam La 

Importance Vulnerability Resilience Sensitivity 

High 

Largely undisturbed 
compared to the Nam 
Pangyun and is an 
important source of 
water for 
agriculture/irrigation, 
industrial use, 
drinking water in 
nearby communities. 

High 

Nam La is vulnerable to changes in 
flow particularly during the dry 
season when flows are already 
limited. 

Medium 

Nam La surface 
water is somewhat 
resilient to change 
due to numerous 
other tributaries 
contributing to flow 
in the catchment 

High 

Impact Magnitude of impact to value 

Changes to 
surface water 
flow due to 
water 
abstraction from 
the Nam La 
during 
operations 

Spatial extent Severity Duration Magnitude 

Low 

Reduced surface flow 
is likely to be 
localised to the upper 
catchment (less than 
10 %). 

 

Medium 

Reduced flow rates are unlikely to 
persist downstream as numerous 
other small tributaries join the main 
river and provide inflows. 

The project may need to provide 
compensation flows to downstream 
water users, releasing excess water 
from the raw water dam to maintain 
supply. However, during dry 
conditions there may not be excess 
water available for release from the 
Nam La water harvesting facility. 

Medium 

Impacts are 
expected to occur in 
the peak dry season 
(for a period of 
months) and may 
occur annually 
throughout 
operations. 

Medium 

Residual impact significance High 

Assessment of uncertainty 
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High  

There is limited quantitative data on existing stream flows. Refinement of the water balance and 
modelling of flows after predicted project water abstraction/diversions would reduce the uncertainty 
and allow for quantification of water flow changes. The feasibility of providing alternative water 
supply to downstream conditions, particularly in dry periods, needs to be confirmed. 
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Table 6.62 Residual impact significance summary - changes to surface water flow due to water 
abstraction from the Nam Pangyun during operations - affecting the mid and lower Nam 
Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
and lower Nam 
Pangyun 

Importance Vulnerability Resilience Sensitivity 

Low 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses. 

Low 

The watercourse has 
been impacted by 
historic mining and 
habitat is highly 
degraded. There is 
little vulnerability to 
further changes. 

Medium 

Some resilience 
during the wet season 
during high flow 
periods. 

Low 

Impact Magnitude of impact to value 

Changes to surface 
water flow due to 
water abstraction 
from the Nam 
Pangyun during 
operations affecting 
the mid and lower 
Nam Pangyun 

Spatial extent Severity Duration Magnitude 

High 

Reduced flows may 
persist downstream 
of the Nam Pangyun 
Reservoir in the mid 
and lower catchment. 
Impact affects a large 
proportion of the 
catchment 

 

Low 

Impact is pervasive 
through a highly 
disturbed area and is 
unlikely to reduce the 
capacity to support 
aquatic ecosystems 
and/or beneficial 
uses. 

Abstraction of water 
from the Nam 
Pangyun during 
operations will be 
offset to an extent by 
discharge of 
groundwater from the 
pit dewatering system 
which will discharge 
into the Nam 
Pangyun 

High 

Impact will be long 
term, occurring 
throughout 
operations. 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is limited quantitative data on existing stream flows. Refinement of the water balance and 
modelling of flows after predicted project water abstraction/diversions would reduce the 
uncertainty and allow for quantification of water flow changes 
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Table 6.63 Residual impact significance summary - reduced surface flows due to seepage into 
underlying rocks - affecting the mid and lower Nam Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
and lower Nam 
Pangyun  

Importance Vulnerability Resilience Sensitivity 

Low 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses.  

Low 

The watercourse has 
been impacted by 
historic mining and 
habitat is highly 
degraded. There is 
little vulnerability to 
further changes. 

Medium 

Some resilience 
during the wet season 
during high flow 
periods 

Low 

Impact Magnitude of impact to value 

Reduced surface 
flows in the mid and 
lower Nam Pangyun 
due to seepage into 
underlying rocks 

Spatial extent Severity Duration Magnitude 

High 

Reduced flows are 
expected to affect a 
large proportion of 
the mid and lower 
catchments (which 
would be partially 
offset by discharge of 
dewatering water) 

Very Low 

Impact is expected to 
have a negligible 
effect on stream 
flows during 
operations. The 
impact would 
represent a very 
minor change from 
existing conditions 
(i.e., minor additional 
drawdown in addition 
to existing drawdown 
in the pit area). 

High 

Impact will be long-
term until 
groundwater levels 
recover after project 
closure 

Medium 

Residual impact significance Low  

Assessment of uncertainty 

Medium  

Numerical predictions of reduced surface flows due to seepage into underlying rocks has not 
been completed.  
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Table 6.64 Residual impact significance summary - reduced surface flows to the mid and lower Nam 
Pangyun for 5 years after mine closure 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
and lower Nam 
Pangyun  

Importance Vulnerability Resilience Sensitivity 

Low 

Has limited or no 
potential to support 
aquatic ecosystems or 
be a source of water 
for beneficial uses  

Low 

The watercourse has 
been impacted by 
historic mining and 
habitat is highly 
degraded. There is 
little vulnerability to 
further changes. 

Medium 

Some resilience 
during the wet season 
during high flow 
periods 

Low  

Impact Magnitude of impact to value 

Reduced surface 
flows to the mid and 
lower Nam Pangyun 
for 5 years after mine 
closure 

Spatial extent Severity Duration Magnitude 

High 

Reduced flows are 
expected to affect a 
large proportion of 
the mid and lower 
catchments (which 
would be partially 
offset by discharge of 
dewatering water) 

Medium  

Flows may cease 
completely, however 
due to the poor 
existing condition of 
the stream there is 
little ecological value 
or beneficial uses 

Some reduction in 
capacity of stream to 
support aquatic 
ecosystems and 
beneficial uses may 
occur 

High 

Impact will be long 
term, as diversion of 
flow from the Nam 
Pangyun to the pit 
would be required for 
a period of five years 
to achieve filling. 

High 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

The effects of diverting the Nam Pangyun to the open pit to accelerate filling and downstream 
hydrological effects has not been quantified.  

 

Landform and drainage changes 

The TSF, Wallah waste rock dump and the open pit are all permanent landform features that will change site 
drainage in terms of the nature of the runoff (i.e., flow rate after rainfall) as well as the location of the drainage. 
The Wallah waste rock dump will contribute drainage to the Wallah valley via a spillway and three-stage sediment 
dam. It is expected that the drainage will then follow the existing tributary down to the Nam Pangyun. The open 
pit, after closure, will have the Nam Pangyun flowing into it and will develop a permanent pit lake. This will 
permanently and significantly change the surface flow regime within the catchment. For example, the rapid rainfall 
runoff response that is currently experienced in the Nam Pangyun would be highly attenuated by the lake and the 
lower reaches of the Nam Pangyun would see less rapid fluctuations in flow (and contaminant dispersal) with 
rainfall. This may also change the sediment transport capacity of the watercourse and therefore the volume and 
nature of material being deposited downstream, with potentially lower flow rates resulting in increased settlement 
of coarser particles closer to the source as well as increased settlement of finer particles. This may increase stream 
aggradation further upstream in the catchment, resulting in smothering of habitat and increased risk of bank 
overtopping (see Flood risk subsection). The post-closure flow regime and flood risk to downstream communities 
and activities (e.g., artisanal miners) has not been assessed and quantitative modelling to address this has been 
proposed in Section 6.4.6.
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Figure 6.18 Nam La and Nam La dam catchment area
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The TSF C embankment will reduce the upstream Nam Pangyun catchment area by about 70% when compared 
to pre-development. While this will significantly reduce the rainfall runoff through the catchment, this change is 
partially offset by the ongoing release of ponded water in the TSF during high rainfall periods and from inputs 
from groundwater baseflows. Also, as sections of the catchment (TSF underdrain and in pit diversion) will be 
concrete lined, some areas that currently lose water to seepage will be reversed and that water will be able to flow 
downstream. TSFs A and B will also store water from the Nam Pangyun upper catchment. At the end of year 9 of 
operations, to maintain the integrity of TSFs A and B, excess supernatant water will be released via the TSF A 
spillway into the Nam La catchment during average rainfall conditions. The release will occur at a rate ranging 
from approximately 2,000 m3/month to 382,000 m3/month. At the end of Year 12, approximately 5,000 m3/month 
to 417,000 m3/month of offsite release into the Nam Pangyun will occur from the TSF C spillway under average 
conditions. At closure and prior to covering of the TSFs, all TSFs will be partially drained to reduce the amount 
of water (and pressure) overlying the tailings. The water will be released via the spillways into the Nam Pangyun 
and Nam La catchments. After closure, water will continue to drain from the TSF store-and-release covers into 
the Nam Pangyun and Nam La catchments. 

Overall, it is expected that with appropriate project design and management measures in place the overall drainage 
changes in the Nam Pangyun catchment will be substantial; however, downstream flows are expected to be 
maintained, although with altered and more regulated flow regimes. Spillways will be in place to allow for 
discharge from the TSFs after project closure. However, there is high uncertainty with the prediction of residual 
impact significance in the absence of a project water balance describing the water abstraction volumes and 
proportion of flows to be abstracted during different scenarios. The impact is assessed to be of low (mid and lower 
Nam Pangyun) to moderate (upper Nam Pangyun) significance, based on the medium magnitude of impact and 
low (mid and lower catchment) to medium (upper catchment) sensitivity of these features (Table 6.65) 
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Table 6.65 Residual impact significance summary - altered flow regime in the Nam Pangyun due to 
landform and drainage changes 

Value Sensitivity of value 

Ability to 
support 
ecosystems and 
beneficial uses - 
Nam Pangyun 
(upper, mid and 
lower 
catchment) 

Importance Vulnerability Resilience Sensitivity 

Low (mid and lower 
catchment) to 
medium (upper 
catchment) 

The upper catchment 
is relatively 
undisturbed compared 
to the mid and lower 
catchment, and has 
beneficial uses, 
including drinking 
water. The mid and 
lower catchment is 
highly modified and 
degraded watercourse 
that is not used for 
drinking water. 

Low (mid and lower catchment) 

The watercourse has been impacted 
by historic mining and habitats are 
highly degraded. There is little 
vulnerability to further changes. 

Medium (upper catchment) 

Currently stream habitat is in 
relatively good condition and is 
better than the mid and lower 
catchment.  

Vulnerable to further deterioration. 

Medium 

Some 
resilience 
during the wet 
season during 
high flow 
periods 

Low (mid and 
lower catchment) 
to medium (upper 
catchment) 

Impact Magnitude of impact to value 

Altered flow 
regime due to 
landform and 
drainage 
changes 
affecting the 
Nam Pangyun 

Spatial extent Severity Duration Magnitude 

High 

A large portion of the 
Nam Pangyun 
catchment will be 
affected as landform 
and drainage changes 
occur in several 
locations. 

Medium 

Impact is partially within an 
existing disturbance area (mid and 
lower catchment) and an area of 
low-level disturbance (upper 
catchment). The change to flows 
will be notable during the five-year 
period of filling the pit with Nam 
Pangyun flow.  

Despite substantial drainage 
changes, the severity (i.e., degree of 
change to downstream ecosystems 
and potential for beneficial uses) 
will be low if downstream flows are 
adequately maintained).  

Very high 

Changes to 
landform and 
drainage and 
subsequent 
changes to 
flow regime 
are expected 
to be 
permanent 

Medium 

 

Residual impact significance Low (mid and 
lower catchment) 
to moderate 
(upper catchment) 

Assessment of uncertainty 

High  

There is uncertainty with this rating in the absence of a project water balance describing the water 
abstraction volumes and proportion of flows to be abstracted during different scenarios. This means 
the impact significance could be lower (if modelling were to show a low proportion of Nam Pangyun 
flows will be affected) or higher (if modelling were to show a high proportion of Nam Pangyun flows 
will be affected) than assessed herein. Also, the changes to the flow regime in the Nam Pangyun due 
to flooding the open pit will be complex and would need to be assessed by hydrological modelling. 

 

Flood risk 

Flood risk assessment has not yet been completed to characterise the existing flood conditions or to determine 
what effect the altered catchment landform, infrastructure placement and changes to sediment load may have on 
flood levels and flow velocities during construction, operation or closure. Assessment of flood risk is also required 
to inform the safe placement and design of mine infrastructure to ensure that they are adequately constructed to 
withstand flood conditions.  
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Flood risk assessment for both the Nam Pangyun and Nam La catchments will be undertaken by WMM prior to 
construction. The flood risk assessment will incorporate relevant climate change scenarios which are likely to 
result in more frequent and severe flood events in high rainfall areas. It will also consider the combined effects of 
increased sediment load from disturbed project areas and a reduced capacity for sediment transport (as a result of 
reduced stream flow velocities during periods of water abstraction and as a result of engineered water dams. These 
changes may result in streambed aggradation, and in turn an increased flood risk.  

The following discussion is based on a qualitative assessment of flood risk and will be verified by more detailed 
assessment and flood modelling as required during detailed design and prior to construction.   

Flood levels in areas downstream of the TSFs and waste rock dump are likely to be lower when compared to the 
existing conditions where flood levels and flow velocities are reported to respond rapidly to runoff from storm 
events. TSFs will be designed and constructed with embankments and spillway levels that will retain rainfall 
falling within the TSF footprint under normal operation and rainfall conditions. Collected rainfall will be returned 
to the process water circuit during operation. Retained water in the TSFs will result in a reduced flow contribution 
to the downstream Nam Pangyun catchment and lower flood levels. However, these reduced flow rates 
downstream of TSFs may lead to streambed aggradation contributing to an increased flood risk over time.  

Flood risk will be higher downstream of the TSF engineered spillways. The TSF’s engineered spillways have 
been designed based on an estimated probable maximum precipitation (PMP) event of 284 mm over 24 hours. 
Large storm events that exceed the TSF’s design capacity during operation will result in concentrated discharge 
of surface water flow that is expected to result in locally increased flood flow velocities in the area immediately 
downstream of the engineered spillways. Spillways will be appropriately designed to dissipate increased flow 
velocities, however detailed assessment is required to fully characterise downstream flood risks during a large 
storm event that exceeds the PMP.  

TSF engineering design for closure incorporates an engineered spillway that will discharge some runoff from the 
Nam Pangyun catchment (from TSF-A and TSF-B) into the Nam La catchment. This change to the water balance 
at closure will increase the volume of runoff to the Nam La catchment during high rainfall events, and is expected 
to increase the downstream flood risks in the Nam La catchment. A flood risk assessment is required to quantify 
the risk posed to downstream receptors, such as the Nam La weir and flume infrastructure, roads, river crossings 
and nearby communities.  

The waste rock dump and a series of three downstream sediment retention ponds will occupy all of the Wallah 
Valley. Under existing conditions, a high proportion of rainfall is expected to report to Wallah Valley stream as 
runoff. Construction of the waste rock dump in Wallah Valley is expected to result in lower rainfall runoff than 
under pre-mining condition due to an increased proportion of rainfall infiltrating the higher permeability waste 
rock and the subdued topography that will result from filling a portion of the valley. While a portion of rainfall 
will continue to enter surface water drains as runoff, a component of rainfall that would normally contribute to 
runoff and flood events in Wallah Valley and the downstream Nam Pangyun catchment is expected to infiltrate 
through the waste rock and either be collected at the base of the waste rock dump by the under-drainage system 
or contribute to groundwater mounding. All runoff and captured seepage will report to three sediment dams 
beyond the toe of the waste rock dump embankment where it will be retained and diverted through an initial 12 
m high dam, followed by two supplementary 8 m high dams further downstream. The net effect of the altered 
landform in Wallah Valley and construction of sediment dams is expected to create a time lag between rainfall 
and water reporting to the downstream catchment, that will attenuate the downstream flood peak levels and flow 
velocities. 

Largely, it is assumed that the engineering design will work towards flattening flood peaks, as mine contact water 
and water falling on TSFs and the waste rock dump will be retained for settling of solids before release. These 
controls will probably reduce downstream flood risks but may result in localised areas of increased flood risks 
around mine infrastructure where they represent barriers to flow. These will need to be appropriately addressed 
by the engineering design and mine planning.  

Overall, it is expected that with appropriate project design flood risk around the project infrastructure and other 
community assets in the lower Nam Pangyun catchment can be managed. The impact is assessed to be of low 
(mid and lower Nam Pangyun) to moderate (upper Nam Pangyun) significance, based on the medium 
magnitude of impact and low (mid and lower catchment) to medium (upper catchment) sensitivity of these 
features (Table 6.66). The residual impact assessment has a high degree of uncertainty, since the magnitude of 
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flood events has not been quantified due to the limited data on baseline stream flows and detailed flood risk 
assessment/modelling for a range of scenarios has not been undertaken. 
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Table 6.66 Residual impact significance summary - altered flood risk in the Nam Pangyun from 
project infrastructure 

Value Sensitivity of value 

Ability to 
support 
ecosystems and 
beneficial uses - 
Nam Pangyun 
(upper, mid and 
lower 
catchment) 

Importance Vulnerability Resilience Sensitivity 

Low (upper 
catchment) to 
medium (mid and 
lower catchment) 

The upper catchment 
is relatively 
undisturbed compared 
to the mid and lower 
catchment, and has 
beneficial uses. The 
mid and lower 
catchment is highly 
modified and degraded 
watercourse. 

Low (mid and lower 
catchment) to medium (upper 
catchment) 

While the overall vulnerability 
of the Nam Pangyun is low to 
medium, the vulnerability to 
flood risk is considered high. 
The Nam Pangyun catchment is 
characterised by rapid flood 
response to high rainfall events. 
The catchment contains drainage 
with highly aggraded channels 
and banks as well as narrow 
valleys. The catchment contains 
villages, road and rail 
infrastructure in close proximity 
to the watercourse and is 
considered to be highly 
vulnerable to altered flood 
conditions.   

Medium 

Some resilience 
during the wet season 
during high flow 
periods 

Low (mid 
and lower 
catchment) to 
medium 
(upper 
catchment) 

Impact Magnitude of impact to value 

Altered flood 
risk in the Nam 
Pangyun from 
project 
infrastructure 

Spatial extent Severity Duration Magnitude 

Low 

Areas of increased 
flood risk are expected 
to be localised  

Low 

Impact is within partially within 
an existing disturbance area (mid 
catchment) and an area of low-
level disturbance (upper 
catchment). Changes to drainage 
unlikely to reduce the capacity 
to support aquatic ecosystems 
and/or beneficial uses. 

Minimal impact or possibly 
improved (i.e. reduced) flood 
conditions may be achieved in 
the lower catchment if 
infrastructure design and 
placement takes into account 
localised increased flood risk 
around the mine area. 

Very high 

Impact is expected to 
be permanent as 
project infrastructure 
will be permanent 

Low 

Residual impact significance Low (mid 
and lower 
catchment) to 
moderate 
(upper 
catchment) 

Assessment of uncertainty 

High  

The magnitude of flood events has not been quantified due to the limited data on baseline stream 
flows. Detailed flood risk assessment would reduce uncertainty by predicting the spatial extents and 
severity of flood risks under a range of scenarios and allow better understanding of risks to 
downstream communities. 

While flood modelling has not been completed for the Nam La catchment, some preliminary assumptions can be 
made based on the engineering design for the TSFs and anecdotal evidence of existing conditions in the catchment. 
It is understood that flash flooding is common in the Nam La catchment and requires that the existing Nam La 
weir (at the offtake point for the Nam La flume) to be manned by an operator who can respond quickly to the 
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rising flood levels and avoid damage to the flume infrastructure. As mining progresses, and TSFs A and B reach 
capacity, runoff from the TSFs will be diverted via spillways to the head of the Nam La. This will ultimately 
increase the catchment area and volume of water in the Nam La catchment during a flood event and may pose an 
increased flood risk to downstream infrastructure and the Namtu township. Flood risk assessment is required to 
quantify the increased flood risk to the Nam La catchment so that appropriate mitigations can be developed. 

Increased flow contribution from TSF spillways to the Nam La catchment after mine closure could have a high 
significance to downstream receptors, based on the medium magnitude of impact and high sensitivity of the 
features. Flood risk assessment is required to quantify the flood risk so that appropriate mitigation measures that 
can be implemented to reduce the impact significance to an acceptable level (Table 6.67). 
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Table 6.67 Residual impact significance summary - altered flood risk in the Nam La from project 
infrastructure 

Value Sensitivity of value 

Ability to 
support 
ecosystems 
and beneficial 
uses - Nam La 

Importance Vulnerability Resilience Sensitivity 

High 

Largely undisturbed 
compared to the Nam 
Pangyun and is an 
important source of 
water for 
agriculture/irrigation, 
industrial use, drinking 
water in nearby 
communities. 

The watercourse passes 
through Namtu and hosts 
the Nam La weir and 
Nam La flume, which 
supply potable water to 
parts of Namtu.  

High 

Existing conditions in the 
Nam La are characterised 
by rapid response to storm 
events and flash flooding. 
The catchment is likely to 
be vulnerable to increased 
flows, particularly when 
they coincide with high 
rainfall events. 

Medium 

Nam La surface water is 
somewhat resilient to change 
due to limited development 
of the catchment. The Nam 
La weir is manually 
controlled so that flood flows 
can pass without damaging 
the structure. Infrastructure 
may already be at limit of 
flood levels and damage has 
been experienced under 
existing conditions. The 
capacity to manage increased 
flood levels and flow 
velocities and flood levels 
are unknown, but probably 
will be limited. 

High 

Impact Magnitude of impact to value 

Altered flood 
risk in the 
Nam La from 
project 
infrastructure 

Spatial extent Severity Duration Magnitude 

Medium 

Areas of increased flood 
risk are expected to 
extend through the 
catchment.  

Medium 

Changes to flood levels and 
velocities are unknown and 
may impact the capacity to 
support aquatic ecosystems 
and/or beneficial uses. 

Moderate potential for 
increased flood risk 
impacting potable water 
supply infrastructure, and 
other community 
infrastructure.  

Low 

While infrastructure will be 
in place for a long term 
period, it is expected that 
flood events would be short 
term and infrequent.. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

High  

The magnitude of flood events has not been quantified due to the limited data on baseline stream flows. 
Currently limited understanding of flood risk as a result of TSF spillway diversion. Detailed flood risk 
assessment would reduce uncertainty by predicting the spatial extents and severity of flood risks to the 
Nam La at closure and allow better understanding of risks to downstream communities. 

 

Reduced water quality 

Context and water quality criteria 

The project water management strategy involves diverting rainfall runoff and stream flow from undisturbed areas 
around areas of project disturbance and into downstream watercourses where practicable. This approach will 
minimise the volume of water coming into contact with disturbed mine areas and minimise the potential for 
contamination. The strategy to manage water quality impacts associated with drainage from disturbed areas is to 
direct the drainage into sediment dams, where the suspended sediments in the water (likely to contain high metals 
concentrations) will settle out and water quality can be monitored prior to controlled release into the environment 
with the aim of meeting the mining effluent guideline values in the Myanmar draft national environmental quality 
emission guidelines (Myanmar effluent guidelines). The sediment dams (see Figure 4.30) will capture and settle 
much of the high TSS loads (coarser fractions; i.e., sands and coarse silts) in the ‘initial flush’ of runoff from 
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disturbed sites and reduce the sediment loads, and potentially particulate metal loads into downstream surface 
waters.  

Notwithstanding, it is expected that even with these measures in place, the project will result in reduced 
downstream water quality, particularly in relation to dissolved metals and finer suspended sediments, which are 
more difficult to control in surface runoff. The project will treat process plant water, waste rock dump seepage 
water and TSF supernatant water to meet Myanmar draft national environmental quality emission guidelines 
(where practicable) prior to discharge to the environment. Fine particles, residual reagents and both dissolved and 
particulate metals are likely to be present in this water at concentrations that may pose a risk to beneficial uses of 
surface water if discharge is untreated. Process water, seepage and excess supernatant water will be collected and 
treated via a process water treatment plant which incorporates a lamella clarifier and microfiltration system. The 
backwashed residual sludge will be periodically sent to the tailings tank for discharge into the TSF. 

The project will monitor runoff, leachate and effluent discharge sources to check contaminant concentrations 
against the Myanmar draft national environmental quality emission guidelines. An effluent discharge is a 
controlled release of wastewater from the project. Table 6.68 presents the Myanmar draft national environmental 
quality emission guidelines for mining effluent levels, which apply to effluent prior to be disposed into the 
environment. The standards are based on IFC mining effluent guidelines, which are applicable to total contaminant 
concentrations. 

Impacts in this section are assessed assuming the design and management controls outlined in Section 6.4.3 are 
implemented. However, where impacts are still likely to occur, these are described in this section with supporting 
commentary. In addition, the impacts to water quality are assessed in the context of the already heavily impacted 
existing surface water features and the lack of current and beneficial uses associated with surface waters, in 
particular the Nam Pangyun, which has a low sensitivity. The impacts to water quality are assessed below. 

In the absence of water quality standards for aquatic ecosystem protection in Myanmar, parameters in surface 
water have been assessed with reference to the Australia and New Zealand water quality guidelines. These outline 
default guideline values (DGVs) for ecological protection. As discussed in Section 5.3, the existing mid and lower 
Nam Pangyun sections are currently highly impacted with poor water quality, characterised by total and dissolved 
metal concentrations (such as lead, cadmium and zinc) significantly elevated above the DGVs. The upper 
catchment of the Nam Pangyun currently has relatively good water quality (being upstream of the existing major 
mining and waste disposal activities), although at some baseline monitoring sites numerous metals concentrations 
were above Australian and New Zealand ambient water quality guidelines. It is the upper catchment that is 
therefore more vulnerable to water quality impacts. 
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Table 6.68 Mining effluent standards in the Myanmar draft national environmental quality 
(emission) guidelines (MOECAF, 2014) 

Parameter Unit Maximum concentration/Effluent 
limit value 

Arsenic mg/L 0.1 

Cadmium mg/L 0.05 

Chemical oxygen demand mg/L 150 

Chromium (hexavalent) mg/L 0.1 

Copper mg/L 0.3 

Cyanide mg/L 1 

Cyanide (free) mg/L 0.1 

Cyanide (weak acid dissociable) mg/L 0.5 

Iron (total) mg/L 2 

Lead mg/L 0.2 

Mercury mg/L 0.002 

Nickel mg/L 0.5 

pH Standard unit 6-9 

Temperature °C < 3 differential 

Total suspended solids (TSS) mg/L 50 

Zinc mg/L 0.5 

 

Sources of reduced water quality 

This section provides detail of the project sources that may contribute to reduced water quality. For context, a 
summary of characteristics of the key project mine wastes, tailings and waste rock, is given (further detail is 
provided in Chapter 4 Project Description); and then the project sources of runoff, leachate and discharge and 
subsequent contamination of each of the surface water features are described.  

Mine waste 

Testwork by Knight Piésold (2020) showed that leachate from most of the 90 waste rock samples analysed 
contains metals/metalloids, sulfate and total dissolved solids (TDS) at concentrations well in exceedance of 
Myanmar National Environmental Quality (Emission) Guidelines. Aluminium, arsenic, cadmium, cobalt, copper, 
nickel, lead, zinc, sulfate and TDS all exceeded the guidelines (see Table 4.17 in Chapter 4 Project Description). 
Only 1% of the waste rock is potentially acid forming (PAF) and selective management of the PAF waste rock 
will be required to limit acid forming conditions and to reduce leaching of metals and metalloids from the waste 
rock. 

Supernatant water from two tailings samples was tested to provide a preliminary indication of the water quality 
which may be encountered in the TSFs during operations (Knight Piésold, 2020). The composited samples 
analysed represented early (‘Stage 1/2’) and late (‘Stage 4’) stage tailings. Testing of the supernatant water showed 
the water to be of a very poor quality with TDS, cadmium, cobalt, lead, nickel, sulfate and zinc exceeding the 
Myanmar National Environmental Quality (Emission) Guidelines for both samples. Additional exceedances were 
recorded for arsenic in the early (Stage 1/2) sample and free cyanide in the late (Stage 4) sample. Testing indicated 
that the tailings will not generate excess acidity. 

The implications of the testing results for potential contamination of water in the Nam Pangyun and other 
catchments are discussed in the following text. 

Project sources of potential water contaminants 

Project sources of runoff, leachate and discharge that have potential for subsequent contamination of surface 
waters are as follows: 
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 Nam Pangyun upper catchment – high metals and sulfate concentrations and potentially residual cyanide in 
TSF leachate and discharge of excess TSF decant water; and high TSS concentrations in surface runoff from 
construction areas. Discharge from the TSFs into the Nam Pangyun will occur via controlled discharge via 
the water treatment plant, via the spillway in the event of extreme circumstances and via uncaptured seepage 
through the base of the TSF, which may eventually report to surface waters. The high TSS concentrations in 
runoff will be greatest downstream of major earthworks such as at the TSF embankment constructions, power 
station site, processing plant site, haul roads, and mining services area. 

 Nam Pangyun mid catchment – sediment and contaminants in runoff from contaminated areas around the 
mine (including stockpile areas, soils with high legacy contamination and areas where contaminated water is 
used for dust suppression), and overflow of pit water after closure. At closure, there will be two pits – main 
pit and small pit – that will eventually form pit lakes. The overflow of pit water after closure will not be 
treated and will probably contain high total and dissolved metals concentrations.  Tables 6.20 and 6.21 present 
the results of mass balance modelling (CSA, 2020) of predicted water quality in the final pit lakes of the main 
and small pits (in terms of total metals) and the elevated totals metals concentrations are discussed earlier in 
this section. There is uncertainty in the assessment of acid formation in the pit at closure as outlined in Section 
6.4.6.  The residual impact assessment has made assumptions that the proposed closure strategy will involve 
rapid filling of the pit lake, which will limit formation of acid. The impact assessment has not specifically 
assessed the impact of acid formation.  

 Nam Pangyun mid catchment – pit dewatering will have variable water quality that is expected to contain 
higher concentrations of total and dissolved metals over time as the pit depth increases. Water produced by 
dewatering will include some or all of the existing discharge of contaminated water from Tiger Tunnel in 
later years, ultimately releasing to the mid-catchment rather than the existing point at the top of the lower 
catchment.  

 Nam Pangyun lower catchment – leachate from the Wallah waste rock dump which may contain metals; 
excess water runoff from the same dump, continued discharge of highly turbid and metal-rich dewatering 
water from the Tiger Tunnel, and the contamination sources listed above for the upper and mid catchment. 
Construction of the access road is also expected result in local sediment runoff into the Nam Pangyun lower 
catchment. 

 Myitnge River downstream of the confluence with the Nam Pangyun – potential for increased sedimentation, 
TSS and dissolved and total metals from the Nam Pangyun contribution of contaminants as described above. 

 Nam La – short-term increase in TSS and turbidity during construction of the process plant, power 
accommodation facility, raw water storage dam in the stream’s headwaters and from the earthworks at the 
processing plant site. Potential long-term, periodic increase in TSS, turbidity and heavy metals (total and/or 
dissolved) associated with spillway releases from the capped TSF-A. 

While the project will treat discharges to meet the Myanmar mining effluent standards (i.e., for treated TSF 
seepage and runoff and wastewater discharges from camps) during construction and operations, there may still be 
water quality impacts downstream of project activities even if the effluent standards are met. This is due to the 
following reasons: 

 Dilution in a mixing zone will be required before some parameters reduce to concentrations below ANZ 
guidelines or below or within measured background ranges in the receiving waters.  

 The effluent standards are based on ‘total’ (i.e., unfiltered) contaminant concentrations which include both 
the dissolved and particulate forms of the contaminant. Treating discharge, leachate and runoff to meet the 
total concentrations does not necessarily mean that downstream increases in dissolved concentrations above 
ambient ANZ water quality guidelines, and impacts to environmental values and beneficial uses, will not 
occur. 
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 There are some parameters (e.g., antimony, manganese and sulfate) that can cause ecotoxicity in waters but 
there are no effluent standards for them.  

This impact assessment has assumed treatment, as outlined in Section 6.4.3 Water seepage, collection and 
management, will enable the Myanmar mining effluent criteria to be met. Although, as outlined above this does 
not necessarily mean impacts to values associated with water quality will not occur. . 

Post closure water quality (runoff and leachate from the pit, TSF and Wallah waste rock dump) has not been 
quantitatively modelled and it is currently not confirmed how post-closure water quality will be managed. Section 
6.4.6 further discusses the uncertainty and further work required on this issue. 

Assessment of water quality impacts 

In this assessment of water quality impacts the existing background water quality, downstream beneficial uses 
and relevant effluent and ambient water quality guidelines are considered. 

In the Nam Pangyun upper catchment, the existing water quality is relatively good, and the existing concentrations 
of numerous water quality parameters are below the limits outlined in the effluent standards. Discharges to the 
upper catchment that contain contaminants but are under the limits outlined in the effluent standards will result in 
the receiving environment having increased contaminant levels compared to the existing background ranges – 
until the dilution of effluent in the stream reduces the concentrations to within background ranges.  

At the three surface water monitoring sites in the upper catchment (SWSP04, SWNP01 and SWNP02; see Section 
5.3), the maximum measured total concentrations of arsenic (maximum concentration of 0.05 mg/L), cadmium 
(0.0035 mg/L), mercury (0.00028 mg/L) and nickel (0.049 mg/L) are below the respective effluent standards of 
0.1 mg/L, 0.05 mg/L, 0.002 and 0.5 mg/L for these metals. Therefore, effluents treated to the Myanmar effluent 
standards would require approximately 2, 14, 7 and 10 dilutions for arsenic, cadmium, mercury and nickel 
respectively to be within the measured background ranges. These estimates assume natural flow in the Nam 
Pangyun; however, significant portions of the upper catchment will be affected by either tailings disposal or 
mining activities and dilution will probably only occur in a substantial way during passage of water through the 
lower catchment.  

In the Nam Pangyun mid catchment, the maximum recorded value of several total metal concentrations measured 
during the monitoring period exceed the limits for effluent discharge, with only cadmium, mercury and nickel 
below it. In the mid catchment, the maximum measured total metal concentrations of cadmium (0.0224 mg/L), 
mercury (0.00121 mg/L) and nickel (0.101 mg/L) are below their respective effluent criteria of 0.05 mg/L, 0.002 
mg/L and 0.5 mg/L. Discharges treated to the effluent standards would require approximately two, two and five 
dilutions for cadmium, mercury, and nickel respectively to be within background ranges.  

Based on the baseline data collected, any discharge into the lower catchment which meets effluent criteria will be 
within existing background ranges, with the exception of mercury, which would require five dilutions to reduce 
from the effluent criterion of 0.002 mg/L to within the maximum recorded baseline value of 0.00036 mg/L. 

There has been no quantitative modelling of predicted downstream water quality changes due to the project, 
including no modelling to predict concentration increases above existing levels and points in the receiving stream 
where contaminant concentrations will reduce to within background ranges and/or meet Australian and New 
Zealand ambient water quality guidelines for aquatic ecosystem protection (adopted in the absence of Myanmar 
ambient water quality standards). Similarly, there has been no modelling of water quality changes due to leaching 
and runoff from the open pit, TSFs and Wallah waste rock dump after closure. The assessment of changes to water 
quality is therefore approached qualitatively in this section, with reference to existing water quality conditions 
and Australian and New Zealand ambient water quality guidelines. It is not possible to assess how treating 
discharge, leachate and runoff to the Myanmar effluent standards may result in downstream water quality meeting 
(or exceeding) Australian and New Zealand ambient water quality guidelines for aquatic ecosystem protection. 
This is because, as mentioned above, the Myanmar effluent standards are based on total (i.e., unfiltered) metals 
concentrations whereas the Australian and New Zealand ambient water quality guidelines for aquatic ecosystem 
protection are relevant to dissolved (i.e., bioavailable) metals concentrations.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-159

 

As locals source drinking water from springs and do not drink from the Nam Pangyun within the Bawdwin 
concession area, impacts to drinking water sources are addressed in Section 6.4. Water quality impacts in this 
section are assessed solely in terms of the Nam Pangyun’s ability to support aquatic ecosystems.  

It is likely that during construction of the TSFs and other project facilities in the upper catchment, there will be 
times where surface runoff from disturbed areas will result in TSS concentrations above the effluent standard of 
50 mg/L, as runoff can become very turbid in heavy rainfall. Turbidity and TSS increases will be most intense 
during construction when large areas of disturbed earth are exposed to erosion. As outlined in Section 6.2.4, 
measures will be implemented to manage surface drainage around construction sites and limit erosion. However, 
prior to revegetation of surfaces, disturbed earth such as the TSF embankments will pose a source of sediment-
laden runoff during rainfall events. It has been assumed that all runoff from disturbed areas will be collected and 
diverted to sediment dams. The use of sediment dams will allow much of the sands and coarse silts fractions of 
suspended sediments (see Stream aggradation and sediment effect subsection) to settle out during the initial ‘first 
flush’ after heavy rainfall when TSS (and turbidity) is typically at its highest. 

It is likely that the upper catchment will have some increases in contaminants (e.g., dissolved and total metals, 
sulfate and residue reagents as a result of seepage, runoff and discharge from the TSFs during project operations. 
This will further reduce the water quality in the upper Nam Pangyun and reduce its ability to support aquatic 
ecosystems. It is expected that the impact of reduced water quality will be secondary to the direct removal of in-
stream and riparian habitat in that section of the river due to it being converted to an underdrain beneath the TSF. 
Similarly, in the mid catchment within the open pit, that section of the Nam Pangyun will be diverted within the 
pit in the form of a concrete-lined channel, and all riparian and edge vegetation, if present, will be removed. Again, 
reduced water quality in the mid Nam Pangyun will be secondary to the direct loss of potential habitat and the 
potential for beneficial uses (due to the river section being within the open pit). Direct loss of habitat is assessed 
in Section 6.8. 

In the mid and lower Nam Pangyun catchment, existing water quality is very poor as described in Section 5.3. It 
is expected that, the treatment of leachate, runoff and discharge sources during project operations to the Myanmar 
mining effluent standards, combined with the continuation of current discharge of poor quality groundwater via 
the Tiger Tunnel, will result in impacts to water quality that are comparable to the current situation. In the context 
of existing high TSS concentrations (maximum ranges being between 100 mg/L to 1,000 mg/L TSS) and 
numerous dissolved metals concentrations being orders of magnitude above ANZ ambient guidelines for aquatic 
ecosystem protection, it is likely that contamination sources from the project will be of low severity given the 
already highly impacted river system. Water quality modelling is required to quantify increases in specific 
contaminant concentrations with respect to background ranges. It is possible that existing concentrations of 
coarser fractions of suspended sediments and associated particulate metals observed in site runoff could be 
reduced as a result of coordinating all runoff and diverting it through sediment dams, prior to discharge into the 
Nam Pangyun. The concentrations of dissolved metals may however increase.   

Although the TSFs and waste rock dump will be capped upon project closure, ongoing leaching will occur after 
closure and release dissolved metals into the surrounding environment (Knight Piésold, 2020). Also, after closure, 
the open pit will eventually fill with groundwater and rainwater and will overflow, releasing waters that contain 
high concentrations (i.e., above international ambient water quality guidelines for aquatic ecosystem protection) 
of metals into the surrounding environment. The predicted downstream water quality changes due to these sources 
have not been modelled and so cannot be accurately quantified. However, it is considered that these contamination 
sources will continue to result in poor water quality in the Nam Pangyun (and to a lesser extent the Myitnge River) 
after project closure, although modelling of post-closure water quality is needed to be able to describe the water 
quality changes and timeframes over which those changes will occur. After closure, based on mass balance 
estimations,  it is predicted that the pit lake in the main pit will have concentrations of total arsenic, cadmium, 
copper, lead, nickel and zinc that are within the Myanmar mining effluent standards due to dilution by the Nam 
Pangyun inflows. These estimated pit lake concentrations are shown in Table 6.69 (main pit) and Table 6.70 
(small pit). The small pit is predicted to form a pit lake 14 years after closure. The pit water is predicted to have 
arsenic, cadmium, copper and nickel concentrations that are within the Myanmar mining effluent standards and 
lead and zinc in exceedance of the standards (Table 6.70).  
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Table 6.69 Estimated metal concentrations in final pit lake (main pit) 

Parameter Unit Mining emission guideline (MOECAF, 
2014) 

Estimated concentration in final pit 
lake 

Arsenic mg/L 0.1 0.0016 

Cadmium mg/L 0.05 0.0016 

Copper mg/L 0.3 0.1003 

Lead mg/L 0.2 0.1184 

Nickel  mg/L 0.5 0.0334 

Zinc mg/L 0.5 0.2919 

Source: CSA (2020) 

Table 6.70 Estimated metal concentrations in final pit lake (small pit) 

Parameter Unit Mining emission guideline (MOECAF, 
2014) 

Estimated concentration in final pit 
lake 

Arsenic mg/L 0.1 0.0008 

Cadmium mg/L 0.05 0.0072 

Copper mg/L 0.3 0.0682 

Lead mg/L 0.2 0.5019 

Nickel  mg/L 0.5 0.0179 

Zinc mg/L 0.5 0.8753 

Source: CSA (2020) 

Overall, the impact of reduced water quality is expected to be largely contained to within the Nam Pangyun 
catchment, which will be the primary recipient of surface water contamination due to the project.  However, 
modelling of impact to downstream water quality is still required to confirm this. The upper catchment is likely 
to receive the most severe change in water quality from existing conditions, due to seepage, discharge and runoff 
from the TSFs and considering it currently has relatively good water quality. During construction and operations, 
water quality in the mid- and lower- Nam Pangyun is expected to continue to be impacted at a severity similar to 
the existing situation, largely due to the discharge of dewatering water, which is expected to be very high in metals 
and TSS (as per the current Tiger Tunnel discharge). With the collection and diversion of all site drainage (i.e., 
from disturbed areas) to sediment dams, it is possible that coarse and silt fractions of the suspended sediment 
loads and associated particulate metals inputs into the Nam Pangyun catchment could be reduced from the current 
situation at Bawdwin where sediment runoff into the Nam Pangyun is not controlled. The attenuation of TSS and 
particulate metals into drainage in the dams would lessen the initial intensity of increased suspended sediments in 
runoff, but it is likely that high TSS and turbidity will still report to downstream waters once the levels of sediment 
reach the design capacity in the dams, and particularly due to finer sediments which may not be able to be settled 
in the dams. Pangyun catchment, which will be the primary recipient of surface water contamination due to the 
project. 

Given the current and ongoing sources of impact (e.g., Tiger Tunnel discharge, erosion of historic slag and waste 
rock deposits, sediment accumulation and mobilisation of sediments from artisanal mining) to the mid and lower 
Nam Pangyun, and with sediment management and water treatment in place, it is not expected that the project 
will materially increase the existing severity of impacts in the Myitnge River downstream of the Nam Pangyun 
confluence during construction and operations. However, there is high uncertainty with this prediction as there is 
limited water quality data for the Myitnge River downstream of the confluence with the Nam Pangyun, and 
modelling of downstream water quality is required to reduce the uncertainty. The uncertainty is largely driven by 
lack of data on existing flow discharge rates and the severity and extent of existing water quality, sediment quality 
and habitat impacts.  

During and after closure, however, leachate and runoff from the TSF, open pits and Wallah waste rock dump may 
provide an ongoing source of metals into the Nam Pangyun, and in the case of the open pits, increased metals and 
potentially increased acidity . The closure strategy which involves removing the TSF surface water management 
channels, Nam Pangyun drainage channels, and surface water management channels will allow runoff from the 
upper catchment to fill the open pit within five years of closure (CSA, 2020). Mass-balance water balance 
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modelling of this closure scenario by CSA (2020) determined inflows of water from the Nam Pangyun would 
sufficiently dilute metals in the pit lake such that water released from the lake will meet effluent discharge 
standards.  

It should be noted that the mass balance modelling undertaken by CSA does not take account of untreated TSF 
seepage which is likely to report to the open pit lake post-closure. This seepage is likely to contain elevated 
concentrations of total and dissolved metals and TSS. Additionally, potential dissolved metal concentrations and 
the pH of the pit lake after closure are also unknown. The potential for acidic and metalliferous conditions to form 
in the post-closure period will be assessed and quantified to better understand the predicted changes in water 
quality. In the absence of water quality modelling, for the purposes of this impact assessment the post-closure 
impacts to the catchment water quality due to ongoing contamination from the TSF, open pit and Wallah waste 
rock dump are expected to be long term.  

Impacts to the Upper Nam Pangyun due to reduced water quality are as follows. There will probably be a 
measurable reduction in water quality due to increased total and dissolved metals, sulfate, TSS and potentially 
cyanide from the TSFs. In the context of the stream being changed to a drainage channel beneath the TSF, water 
quality impacts are considered secondary to direct loss of the habitat and the loss of available beneficial uses in 
that area. The impact to the Upper Nam Pangyun is assessed as being of high significance, based on the high 
magnitude of impact and medium sensitivity of the feature (Table 6.71). There is also likely to be a measurable 
reduction in water quality in the Upper Nam Pangyun due to increased metals, sulfate and potentially cyanide 
from the TSFs due to the ongoing and long-term leachate/seepage from the TSFs after closure. Due to the extended 
duration of impact the significance is assessed as being of high significance, based on the high magnitude of 
impact and medium sensitivity of the feature (Table 6.72). 
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Table 6.71 Residual impact significance summary - reduced water quality due to contamination from 
project sources around the mine and runoff from the TSFs - affecting the upper Nam 
Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses   - 
upper Nam Pangyun 

Importance Vulnerability Resilience Sensitivity 

Medium 

In some areas in the 
upper catchment 
water supports 
aquatic ecosystems 
and has the potential 
to support a range of 
beneficial uses  

Medium 

Currently exhibits 
moderate water 
quality, and, is of 
better quality than the 
mid and lower 
catchment.  

Vulnerable to further 
deterioration of water 
quality. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Medium 

Impact Magnitude of impact to value 

Reduced water 
quality due 
contamination from 
project sources 
around the mine and 
runoff from the TSFs 
affecting the upper 
Nam Pangyun.  

Spatial extent Severity Duration Magnitude 

High 

Impacts will affect 
most of the upper 
catchment, 
downstream of 
contaminant sources 

Medium 

Water quality 
impacts are 
considered secondary 
to direct loss of the 
habitat and the loss of 
available beneficial 
uses in that area. 
However, even with 
management 
measures in place and 
treatment of effluent 
with the aim of 
meeting Myanmar 
standards, the 
reduction in water 
quality in this section 
of river is expected to 
have medium 
severity, with some 
capacity to support 
aquatic ecosystems 
reduced 

High 

Impact will be long 
term, occurring 
throughout 
construction and 
operations. 

High 

Residual impact significance High 

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry. To reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines, geochemical modelling of runoff contaminant concentrations (correlated with a range 
of flow conditions) and predicted changes to water quality will be necessary. Concentrations of 
cyanide in receiving waters (under a range of flow conditions) should be predicted from the 
modelling as this contaminant will be of concern to stakeholders. 
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Table 6.72 Residual impact significance summary - reduced water quality due contamination from 
project sources around the mine and runoff from the TSFs after closure - affecting the 
upper Nam Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - 
upper Nam Pangyun 

Importance Vulnerability Resilience Sensitivity 

Medium 

Supports some 
beneficial uses or has 
medium potential to 
support aquatic 
ecosystems 

Medium 

Currently stream 
habitat is in relatively 
good condition and is 
better than the mid 
and lower catchment.  

Vulnerable to further 
water quality 
deterioration. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Medium 

Impact Magnitude of impact to value 

Reduced water 
quality due 
contamination from 
project sources 
around the mine and 
runoff from the TSFs 
after closure affecting 
the upper Nam 
Pangyun.  

Spatial extent Severity Duration Magnitude 

High 

Impacts will affect 
most of the 
catchment, 
downstream of 
contaminant sources 

Medium 

Water quality 
impacts are 
considered secondary 
to direct loss of the 
habitat and the loss of 
available beneficial 
uses in that area. 
However, the 
reduction in water 
quality in this section 
of river is expected to 
have medium 
severity, with some 
capacity to support 
aquatic ecosystems 
reduced 

High 

Impact is expected to 
be long term, 
however the 
extended duration of 
impact does not 
increase the 
significance as this 
section of the river 
will be underneath a 
TSF 

High 

Residual impact significance High 

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry. To reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines, geochemical modelling of leachate/seepage contaminant concentrations and 
predicted changes to water quality will be necessary. Concentrations of cyanide in receiving 
waters (under a range of flow conditions) should be predicted from the modelling as this 
contaminant will be of concern to stakeholders. 

 

Impacts to the mid Nam Pangyun due to reduced water quality are as follows. There will be continued contribution 
to poor water quality (high total and dissolved metals, sulfate and high TSS) from runoff from contaminated areas 
around the mine (including stockpile areas, soils with high legacy contamination and areas where contaminated 
water is used for dust suppression), from the TSFs as mentioned above, and from pit dewatering during 
construction and operations. Impacts to water quality are expected to be of low severity given the impact is entirely 
within the existing disturbance area and will be minor in context of existing poor water quality. It is expected that 
the water quality changes would result in minor reduction in capacity of this section of river to support aquatic 
ecosystems. The impact is assessed as being of low significance during construction and operations, based on the 
medium magnitude of impact and low sensitivity of the feature (Table 6.73). After closure, release of water from 
the pit may increase metals concentrations in the mid catchment. This impact is assessed as being of moderate 
significance, based on the high magnitude of impact and low sensitivity of the feature, although with a high 
level of uncertainty until geochemical predictive water quality modelling is done (Table 6.74). 
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Table 6.73 Residual impact significance summary - reduced water quality due to contamination from 
project sources around the mine and runoff from the TSFs - affecting the mid Nam 
Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
Nam Pangyun 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified and 
degraded watercourse 
with poor water 
quality. 

Low 

The watercourse has 
been impacted by 
historic mining and 
ongoing exposure to 
contaminants, and 
there is little 
vulnerability to loss 
of value due to 
further water quality 
changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Reduced water 
quality due to 
increased total and 
dissolved metals, 
sulfate, TSS and 
cyanide from 
contaminated areas 
around the mine and 
runoff from the TSFs 
affecting the mid 
Nam Pangyun 

Spatial extent Severity Duration Magnitude 

High 

Impacts will affect 
most of the 
catchment, 
downstream of 
contaminant sources 

Low 

Impact is entirely 
within existing 
disturbance area and 
will be minor in 
context of existing 
poor water quality. 
Minor reduction in 
capacity to support 
aquatic ecosystems. 

High 

Impact will be long 
term, occurring 
throughout 
construction and 
operations. 

Medium 

Residual impact significance Low  

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry. To reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines, geochemical modelling of runoff contaminant concentrations and predicted changes 
to water quality will be necessary. If cyanide was predicted to exceed ambient water quality 
standards and drinking water standards this would increase the impact magnitude and 
significance.  
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Table 6.74 Residual impact significance summary - reduced water quality due to release of water 
from the pit after closure - affecting the mid Nam Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses - mid 
Nam Pangyun 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified and 
degraded watercourse 
with poor water 
quality. 

 

Low 

The watercourse has 
been impacted by 
historic mining and 
ongoing exposure to 
contaminants, and 
there is little 
vulnerability to loss 
of value due to 
further water quality 
changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Reduced water 
quality due to release 
of water from the pit 
after closure affecting 
the mid Nam 
Pangyun 

Spatial extent Severity Duration Magnitude 

Very high 

Impacts will probably 
affect the entire mid 
catchment 
downstream of 
contaminant sources  

High 

Impact is entirely 
within existing 
disturbance area, 
however, will be very 
difficult to 
rehabilitate and some 
capacity to support 
aquatic ecosystems 
and beneficial uses 
may be lost from 
increases in dissolved 
metal concentrations. 

High 

Reduced water 
quality is expected to 
persist for a long-
term period 

High 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry. To reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines, geochemical modelling of pit water concentrations and predicted changes to water 
quality will be necessary. 

 

Impacts to the lower Nam Pangyun due to reduced water quality are as follows. There will be continued 
contribution to poor water quality from the sources described above with the addition of metal-rich leachate and 
excess water runoff from the Wallah waste rock dump, and discharge of highly turbid and metal-rich dewatering 
water from the Tiger Tunnel (or from pumped dewatering directly from the pit sump, depending on the 
dewatering option selected). Again, in the context of existing poor water quality, degraded habitat, and limited 
value of this section of the river, impacts to water quality are considered to be similar to the existing level of 
impact. This impact is assessed as being of low significance during construction and operations, based on the 
medium magnitude of impact and low sensitivity of the feature (Table 6.75).  

 

Table 6.75 Residual impact significance summary – reduced water quality due to contamination from 
project sources around the mine and the TSF, metal-rich leachate from the Wallah WRD, 
and turbid and metal-rich discharge from Tiger Tunnel - affecting the lower Nam 
Pangyun 

Value Sensitivity of value 

Importance Vulnerability Resilience Sensitivity 
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Ability to support 
ecosystems and 
beneficial uses  – 
lower Nam Pangyun 

Low 

Highly modified and 
degraded watercourse 
with poor water 
quality. 

 

Low 

The watercourse has 
been impacted by 
historic mining and 
ongoing exposure to 
contaminants, 
including discharge 
from Tiger Tunnel. 
There is little 
vulnerability to 
further loss of value 
due to water quality 
changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Reduced water 
quality due to 
contamination from 
high total and 
dissolved metals, 
cyanide and high TSS 
from project sources, 
runoff from 
contaminated areas 
around the mine and 
the TSF, acidic and 
metal-rich leachate 
from the Wallah 
WRD, and turbid and 
metal-rich discharge 
from Tiger Tunnel 
affecting the lower 
Nam Pangyun 

 

Spatial extent Severity Duration Magnitude 

High 

Impacts will affect 
most of the 
catchment, 
downstream of 
contaminant sources 

Low 

Impacts to water 
quality are 
considered to be 
consistent with the 
existing level of 
impact, with existing 
poor water quality, 
degraded habitat, and 
limited value of this 
section of the river 

High 

Impact will be long 
term (i.e., in the 
order of 15 years), 
occurring throughout 
construction and 
operations. 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry. To reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines, geochemical modelling of pit water concentrations and predicted changes to water 
quality will be necessary. 

 

In the context of the already heavily-impacted lower catchment of the Nam Pangyun system, the impact severity 
post closure is considered to be low; however given the expected long term duration and high spatial extent of 
this impact, it is predicted to be of moderate significance, based on the high magnitude of impact and low 
sensitivity of the feature (Table 6.76). Although, in the absence of operational or post-closure water quality 
modelling, these impact ratings are accompanied with a high degree of uncertainty.  
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Table 6.76 Residual impact significance summary – reduced water quality due to release of water 
from the pit after closure increasing dissolved metals concentrations - affecting the lower 
Nam Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses  – 
lower Nam Pangyun 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified and 
degraded watercourse 
with poor water 
quality. 

 

Low 

The watercourse has been 
impacted by historic mining 
and ongoing exposure to 
contaminants, including 
discharge from Tiger Tunnel. 
There is little vulnerability to 
further loss of value due to 
water quality changes. 

Medium 

Some resilience to 
change. Some of the 
associated ecosystem 
value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Reduced water 
quality due to release 
of water from the pit 
after closure 
increasing dissolved 
metals concentrations 
affecting the lower 
Nam Pangyun 

Spatial extent Severity Duration Magnitude 

High 

Impacts will affect 
most of the 
catchment, 
downstream of 
contaminant sources 

Low 

Impacts are expected to be 
minor in the context of the 
heavily impacted Nam 
Pangyun system and low 
value of this section of river 

High 

Reduced water quality 
is expected to persist 
for a long-term period 

High 

Residual impact significance  Moderate 

Assessment of uncertainty 

High  

There is limited baseline stream flow data and lack of quantitative predictions of downstream 
water quality chemistry (including metals and pH) after closure. To reduce uncertainty and allow 
for understanding of changes to water quality in relation to existing concentrations in ambient 
waters and international water quality guidelines, geochemical modelling of pit water 
concentrations and predicted changes to water quality will be necessary.  

 

Impacts to the Myitnge River due to reduced water quality are as follows. There will be continued reduction in 
water quality (due to increased TSS and dissolved and total metals concentrations) downstream of the Nam 
Pangyun confluence during construction and operations. Impacts to water quality are expected to be within the 
existing level of impact (i.e., existing high TSS and metals concentrations recorded in the Myitnge River 
downstream of the Nam Pangyun). However, modelling is required to confirm this.  

The extent of current impact in the Myitnge River is currently not known (i.e., how far downstream existing 
reduced water quality extends); however, it is expected that continued contributions of contaminated water from 
the Nam Pangyun during construction and operations will not increase the physical extent of the Myitnge River 
that is impacted. As discussed in this section, the use of sediment dams may reduce the levels of TSS and 
particulate metals downstream during initial rainfall response. Also, flows in the Nam Pangyun may be reduced 
during mining (due to seepage/dewatering) and river diversion, potentially resulting in periods where the Nam 
Pangyun contaminant load contribution into the Myitnge River is reduced. During construction and operations, as 
per the reasons outlined above, the impact is considered to be of moderate significance, based on the low 
magnitude of impact and the high sensitivity of the feature (Table 6.77).   
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Table 6.77 Residual impact significance summary – reduced water quality due to increased total and 
dissolved metals and TSS - affecting the Myitnge River 

Value Sensitivity of value 

Ability to 
support 
ecosystems and 
beneficial uses 
– Myitnge River 

Importance Vulnerability Resilience Sensitivity 

High 

The Myitnge River 
important source of 
water for recreation, 
agriculture/irrigation, 
industrial use, 
drinking water and 
other consumptive 
uses to communities 

High 

Vulnerable to further 
changes due to its relatively 
good water quality 
compared to the Nam 
Pangyun 

Medium 

May be able to 
withstand localised 
and temporary 
impacts due to its 
size and flow. 

 

High 

Impact Magnitude of impact to value 

Reduced water 
quality due to 
increased total 
and dissolved 
metals and TSS 
affecting the 
Myitnge River 

Spatial extent Severity Duration Magnitude 

Low 

Impact will probably 
affect a small 
proportion of the 
river, although the 
extent will need to be 
confirmed by water 
quality modelling 

 

Low 

Impacts to water quality are  
unlikely to reduce the 
capacity to support aquatic 
ecosystems and/or beneficial 
uses. 

It is expected that continued 
contributions of 
contaminated water from the 
Nam Pangyun during 
construction and operations 
will not increase the extent 
of Myitnge River impacted  

High 

Impact will be long 
term, occurring 
throughout 
construction and 
operations 

Low 

Residual impact significance Moderate  

Assessment of uncertainty 

High 

There is limited baseline stream flow data and lack of quantitative predictions of downstream water 
quality chemistry. To reduce uncertainty and allow for understanding of changes to water quality in 
relation to existing concentrations in ambient waters and international water quality guidelines, 
geochemical modelling of pit water concentrations and predicted changes to water quality will be 
necessary 

 

Impacts to the Nam La due to reduced water quality are as follows. There may be a minor and short-term increase 
in TSS/turbidity during construction of the raw water dam and the process plant site preparation. Impact would 
be restricted to the headwaters as the river is fed by numerous tributaries downstream prior to where it reaches the 
Namtu area and this would dilute and disperse TSS and turbidity. Also, runoff from the area is less likely to be 
contaminated than the Nam Pangyun catchment given it is upstream of previous mining activity where mine waste 
has accumulated in the catchment over many years.  

During operation of TSF-A and TSF-B, excess supernatant water may be released via a spillway (via TSFA) to 
the Nam La during high rainfall periods. The water may include elevated total and dissolved metals, sulfate and 
potentially residual cyanide. Once the tailings beaches on TSFs A and B are rehabilitated in end of Year 9, 
approximately 2,000 m3/month to 382,000 m3/month of spillway release into the Nam La will occur from the TSF 
A spillway under average conditions. 

During operation of the TSF, there is the potential that contaminated seepage migrates to the Nam La catchment 
aquifers and subsequent groundwater discharge into the stream affects water quality. However, in the absence of 
groundwater contaminant modelling, there is high uncertainty in this impact pathway and contaminant 
concentrations that may reach the Nam La (if at all). Impacts to the Nam La catchment via contaminated 
groundwater seepage are addressed in Section 6.2. 
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At closure of the TSF-A and TSF-B, some of the water will be drained from the facilities prior to capping of the 
facilities. This water will be released into the Nam La and may be elevated in total and dissolved metals, sulfate 
and residual cyanide. 

After closure of TSF-A and TSF-B, runoff from the capped TSF-A (also receiving TSF-B runoff) will be released 
to the Nam La via a spillway. This represents a permanent change to the water balance and establishes a potential 
pathway for mine contact water to enter this unimpacted catchment. Geochemical modelling has not been 
completed and the quality of water released via the spillway during operations and after closure has not been 
predicted, but may include concentrations of TSS and total and dissolved metals, sulfate and potentially cyanide 
above background conditions in the Nam La. Release from the spillway will only occur during high rainfall 
periods and at closure when some of the water overlying the tailings is released prior to capping. Geochemical 
modelling is required as part of the mine closure plan to confirm the impact significance. The residual impact is 
assessed to be of high to major significance, based on the medium to high magnitude of impact and the high 
sensitivity of the feature (Table 6.78).  
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Table 6.78 Residual impact significance summary – reduced water quality due to increased TSS, 
turbidity and possibly metals concentrations - affecting the Nam La 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses  – 
Nam La 

Importance Vulnerability Resilience Sensitivity 

High 

Largely undisturbed 
compared to the Nam 
Pangyun and is an 
important source of 
water for 
agriculture/irrigation, 
industrial use, 
drinking water in 
nearby communities. 

 

High 

Nam La has relatively good 
water quality and is 
vulnerable to degradation 
particularly during the dry 
season when flows are 
limited. 

Medium 

Nam La surface water is 
somewhat resilient to 
change due to its alkalinity 
and hardness, which reduce 
bioavailability and toxicity 
of some metals. Numerous 
other tributaries 
downstream contributing to 
flow in the catchment, 
which can disperse and 
dilute contaminants. 

High 

Impact Magnitude of impact to value 

Reduced water 
quality due to 
increased TSS, 
turbidity and 
possible metals 
concentrations in 
capped TSF 
surface runoff and 
increased metals, 
sulfate and 
potentially cyanide 
in TSF overflow 
affecting the Nam 
La 

Spatial extent Severity Duration Magnitude 

Low 

Impact would be 
restricted to a 
localised area in the 
headwaters as the 
river is fed by 
numerous tributaries 
downstream prior to 
where it reaches the 
Namtu area and this 
would dilute and 
disperse turbidity, 
TSS and metal 
contaminants 

 

Low to moderate 

Degree of change due to 
surface runoff is likely to 
be minor as runoff from the 
area is less likely to be 
contaminated being 
upstream of previous 
mining activity. The project 
will use non-contaminated 
materials for capping. 
Impact from surface runoff 
is unlikely to reduce the 
capacity to support aquatic 
ecosystems and/or 
beneficial uses resulting in 
low severity impact. 

 

High 

Impact will be short term 
during construction of the 
raw water dam and the 
process plant site 
preparation, however runoff 
from the capped TSF-A 
will be released to the Nam 
La via a spillway post-
closure.  

This represents a permanent 
change to the water balance 
and establishes a potential 
pathway for mine contact 
water to enter this 
unimpacted catchment. 

Medium to 
high 

Residual impact significance High to 
major 

Assessment of uncertainty 

High 

There is limited baseline stream flow data and a lack of quantitative predictions of downstream 
water quality with the project. Geochemical modelling of contaminant concentrations and predicted 
changes to water quality would reduce uncertainty and allow for understanding of changes to water 
quality in relation to existing concentrations in ambient waters and international water quality 
guidelines. Further uncertainty exists due to a lack of groundwater modelling and the potential for 
contaminated seepage to enter the Nam La aquifers and subsequently be discharged to the Nam La 
stream. 
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Reduced streambed sediment quality 

Erosion of stockpiles/spoil and of material from the mine disturbance area will introduce particulates into the Nam 
Pangyun during project construction, operations and closure. The primary impacts to streambed biota will be from 
direct smothering (see Section 6.4.2). However, adjacent to these smothering zones, the primary impact pathway 
to aquatic biota may be in the form of exposure to increased metals in the bed sediment and associated increased 
ecotoxicity. With the use of sediment dams downstream of all surface runoff points, it is considered that the finer 
sediment particles such as sands and coarse silts (which typically contain higher metals concentrations per unit 
mass) would migrate and deposit downstream, with coarser material such as gravels and sands being retained in 
the dams. 

Due to the existing poor condition of the Nam Pangyun, and the elevated metals concentrations in the bed sediment 
above ANZ sediment quality guidelines, any streambed biota present are likely to be resilient to exposure to 
sediments with elevated metals concentrations. The existing habitat for instream biota is also very poor due to the 
highly modified stream substrate containing random assortments of cobbles, pebbles, gravels and sands 
interspersed with silts due to long-running historic upstream mining disturbance, waste rock disposal and erosion. 

The stream has existing poor aquatic habitat, lack of aquatic ecosystems and lack of beneficial uses; and soil and 
waste rock spoil material that might report to the Nam Pangyun would probably contain elevated particulate metals 
concentrations that would deposit in the already impacted Nam Pangyun. Sediments with elevated metals 
concentrations will deposit and accumulate in the Nam Pangyun throughout construction and operation of the 
mine. It is expected that with rehabilitation and revegetation of disturbed land, contaminated soil and sediment 
runoff would be reduced after project closure and the quality of bed sediment would eventually improve as 
upstream erosion is reduced – however, this would probably occur over a long-term period (potentially decades). 
The overall impact of reduced sediment quality in the Nam Pangyun and the Myitnge downstream of the Nam 
Pangyun is likely to be a low increase to the existing situation of poor sediment quality and instream habitat 
condition due to years of slag and waste rock disposal. Overall, the residual impact is assessed to be of low 
significance for the upper, mid and lower Nam Pangyun catchment, based on the medium magnitude of impact 
and the low sensitivity of the feature (Table 6.79). The impact is assessed to be of moderate significance for the 
Myitnge River, based on the low magnitude of impact and high sensitivity of the feature (Table 6.80).  
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Table 6.79 Residual impact significance summary – reduced streambed sediment quality due to 
deposition of material eroded from upstream stockpiles/spoil and contaminated soils - 
affecting the mid and lower Nam Pangyun 

Value Sensitivity of value 

Ability to support 
ecosystems and 
beneficial uses – mid 
and lower Nam 
Pangyun 

Importance Vulnerability Resilience Sensitivity 

Low 

Highly modified 
and degraded 
watercourse with 
little instream 
habitat value. 

 

Low 

The watercourse has been 
impacted by historic 
mining and ongoing 
exposure to contaminants 
and sediment deposition. 
There is little 
vulnerability to further 
changes. 

Medium 

Some resilience to change. 
Some of the associated 
ecosystem value or use can be 
regained. 

Low 

Impact Magnitude of impact to value 

Reduced streambed 
sediment quality due 
to deposition of 
material eroded from 
upstream 
stockpiles/spoil and 
contaminated soils 
affecting the mid and 
lower Nam Pangyun 

Spatial extent Severity Duration Magnitude 

Medium 

Impacts will 
affect a moderate 
portion of the 
catchment 

Low  

Impact is entirely within 
existing disturbance area, 
with poor quality existing 
aquatic habitat, lack of 
aquatic ecosystems and 
lack of beneficial uses of 
the stream. Numerous 
metals in stream 
sediments currently 
exceed international 
guidelines for sediment 
quality currently. 

Soil and waste rock spoil 
material that might report 
to the Nam Pangyun 
would probably contain 
elevated metals 
concentrations, although, 
further sediment 
assessment would be 
required to quantify 
changes in contaminant 
concentrations in 
accumulated sediments 

High  

The impact will be long term 
as sediments with elevated 
metals concentrations will 
deposit and accumulate in the 
Nam Pangyun throughout 
construction and operation of 
the mine. 

It is expected that with 
rehabilitation and revegetation 
of disturbed land, contaminated 
soil and sediment runoff would 
be reduced after project closure 
and the quality of bed sediment 
would eventually improve as 
upstream erosion is reduced – 
however, the recovery may 
take in the order of ten or more 
years. 

Medium 

Residual impact significance Low  

Assessment of uncertainty 

High  

Further characterisation of existing sediment quality and mass balance modelling would reduce 
uncertainty and allow for quantification of changes to downstream sediment quality (i.e., predict 
changes to particle sizes and contaminant loads) 

 

 

Table 6.80 Residual impact significance summary – reduced streambed sediment quality due to 
deposition of material eroded from upstream stockpiles/spoil and contaminated soils - 
affecting the Myitnge River 

Value Sensitivity of value 

Importance Vulnerability Resilience Sensitivity 
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Ability to support 
ecosystems and 
beneficial uses – 
Myitnge River 

High 

The Myitnge River 
important source of 
water for recreation, 
agriculture/irrigation, 
industrial use, 
drinking water and 
other consumptive 
uses to communities. 

High 

Vulnerable to further 
changes due to its 
relatively good water 
quality compared to 
the Nam Pangyun 

Medium 

May be able to 
withstand localised 
and temporary 
impacts due to its 
size and flow. 

 

High 

Impact Magnitude of impact to value 

Reduced streambed 
sediment quality due 
to deposition of 
material eroded from 
upstream 
stockpiles/spoil and 
contaminated soils 
affecting the Myitnge 
River 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to 
affect a small 
proportion of the 
river, although the 
extent will need to be 
confirmed by 
sediment transport 
modelling. 

 

Low 

Impact is likely to be 
minor in the context 
of existing poor 
sediment quality and 
extensive aggradation 
near the confluence 
with the Nam 
Pangyun 

Medium to high 

Impact will be 
medium to long term 

Low 

Residual impact significance Moderate  

Assessment of uncertainty 

High  

Further characterisation of existing sediment quality and mass balance modelling would reduce 
uncertainty and allow for quantification of changes to downstream sediment quality (i.e., predict 
changes to particle sizes and contaminant loads). Sediment transport modelling is required to 
understand the spatial extent of sediment quality impacts in the Myitnge River. 

 

Summary of residual impact assessment 

Table 6.81 provides a summary of residual impacts to surface water and their significance.  
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Table 6.81 Summary of residual impacts to surface water and their significance 

Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Physical 
disturbance of 
habitat due to 
direct 
removal of 
instream and 
riparian 
habitat 

Ability to 
support 
ecosystems 
and beneficial 
uses – upper 
Nam Pangyun 
catchment 

 Medium 
sensitivit
y 

Operations High 
magnitude 

 High 
spatial 
extent 

 High 
severity 

 Very 
high 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

High An 
approximatel
y 3 km 
relatively 
clean section 
of the Nam 
Pangyun will 
be converted 
to an 
underdrain 
beneath the 
TSFs. This 
section is 
partially in 
relatively 
undisturbed 
area and will 
result in 
permanent 
loss of 
instream and 
riparian 
habitat. 

Low  

 Areas of 
physical 
disturbance 
readily 
predictable 
based on 
project 
footprint 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
Nam Pangyun 
catchment 

 Low 
sensitivity 

Operations Low 
magnitude 

 Mediu
m 
spatial 
extent 

 Low 
severity 

 Very 
high 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Low An 
approximatel
y 750 m of a 
highly 
disturbed 
section of the 
Nam Pangyun 
will be 
diverted, 
resulting in 
permanent 
loss of habitat 
currently in 
poor 
condition.  

Low  

 Areas of 
physical 
disturbance 
readily 
predictable 
based on 
project 
footprint 

Physical 
disturbance of 
habitat due to 
downstream 
smothering of 
streambed, 
edge and 
riparian 
habitat from 
increased 
sediment  

Ability to 
support 
ecosystems 
and beneficial 
uses - Upper 
Nam Pangyun 
catchment 

 Medium 
sensitivit
y 

Constructio
n  

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Low A small 
portion of the 
catchment in 
an existing 
disturbance 
area will be 
impacted, 
causing long 
term effects 
to the 
capacity to 
support 
aquatic 
ecosystems 

High  

 Lack of 
baseline flow 
data 

 Sediment 
loads in 
discharge 
have not been 
quantified 

 Absence of 
sediment 
transport and 
deposition 
modelling 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
Nam Pangyun 
catchment 

 Low 
sensitivit
y 

Constructio
n  

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Low Through 
construction 
and 
operations, a 
small portion 
of the 
catchment in 
a low value 
existing 
disturbance 
area will be 
impacted to a 
minor degree 
considering 
the existing 
condition. 

High  

 Lack of 
baseline flow 
data 

 Sediment 
loads in 
discharge 
have not been 
quantified 

 Absence of 
sediment 
transport and 
deposition 
modelling 

Ability to 
support 
ecosystems 
and beneficial 
uses – lower 
Nam Pangyun 
catchment 

 Low 
sensitivity 

Constructio
n  

Medium 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Low Impact is 
likely to be 
mostly within 
existing 
disturbance 
area with a 
highly 
impacted 
habitat and 
little value. 
Increased 
stream 
aggradation in 
this narrow 
valley could 
result in 
sediment 
accumulation 
above the 
existing banks 
with potential 
associated 
risks such as 
particulate 
contaminant 
transport to 
riparian 
environments 
and increased 
flood risk. 
However, 
with much of 
the lower 
catchment 
being already 
highly 
impacted, the 
predicted 
severity is 
low. 

High  

 Lack of 
baseline flow 
data 

 Sediment 
loads in 
discharge 
have not been 
quantified 

 Absence of 
sediment 
transport and 
deposition 
modelling 

 Absence of 
flood risk 
modelling 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Ability to 
support 
ecosystems 
and beneficial 
uses – 
Myitnge 
River 

 High 
sensitivity 

Constructio
n 

Low 
magnitude 

 Very 
low 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Moderate A small 
proportion of 
the river near 
the 
confluence 
with the Nam 
Pangyun is 
expected to 
be impacted 
through 
construction 
and 
operations. 
The degree of 
disturbance 
will be minor 
considering 
existing 
sedimentation 
and 
aggradation 
and 
considering 
the potential 
of the river to 
be able to 
withstand 
localised 
impacts.  

High  

 Lack of 
baseline flow 
data 

 Sediment 
loads in 
discharge 
have not been 
quantified 

 Absence of 
sediment 
transport and 
deposition 
modelling 

Ability to 
support 
ecosystems 
and beneficial 
uses – Nam 
La 

 High 
sensitivity 

Constructio
n 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Moderate A localised 
area of 
relatively god 
quality habitat 
will be 
impacted 
during 
construction, 
however, will 
readily 
recover with 
the 
implementati
on of standard 
management 
measures  

High  

 Lack of 
baseline flow 
data 

 Sediment 
loads in 
discharge 
have not been 
quantified 

 Absence of 
sediment 
transport and 
deposition 
modelling 

Changes to 
surface water 
flow due to 
stream 
diversion 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
and lower 
Nam Pangyun 
catchment 

 Low 
sensitivit
y 

Operations Low 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 Low 
duratio
n 

 Hydrology 
and water 
supply 
measures 

Low Flows 
downstream 
of the pit in 
an existing 
area of river 
which has 
been prone to 
periods of 
low flows 
during dry 
conditions 
will be 
temporarily 
impacted as 
the diversion 
channel is 
constructed 

High 

 Limited 
quantitative 
stream flow 
data 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Changes to 
surface water 
flow due to 
water 
abstraction 
during 
operations 

Ability to 
support 
ecosystems 
and beneficial 
uses  – Nam 
La 

 High 
sensitivity 

Operations Medium 
magnitude 

 Low 
spatial 
extent 

 Mediu
m 
severity 

 Mediu
m 
duratio
n 

 Hydrology 
and water 
supply 
measures 

High The impact 
will be 
localised to 
the upper 
section of the 
catchment 
during dry 
periods 
throughout 
operations. 
The Nam La 
is somewhat 
resilient due 
to 
downstream 
tributaries 
providing 
inflows. 
However, it 
has high 
importance as 
a public water 
source and is 
vulnerable 
during the dry 
season. 

High  

 Limited 
quantitative 
stream flow 
data 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
and lower 
Nam Pangyun 
catchment 

 Low 
sensitivit
y 

Operations Medium 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Hydrology 
and water 
supply 
measures 

Low A large 
proportion of 
the highly 
disturbed 
catchment 
will be 
impacted. 
However this 
is unlikely to 
reduce the 
capacity to 
support 
aquatic 
ecosystems 
and/or 
beneficial 
uses, and 
abstraction 
will be offset 
to an extent 
by discharge 
of 
groundwater 
from pit 
dewatering. 

High  

 Limited 
quantitative 
stream flow 
data 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
surface flows 
in the mid 
and lower 
Nam Pangyun 
due to 
seepage into 
underlying 
rocks 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
and lower 
Nam Pangyun 
catchment 

 Low 
sensitivit
y 

Operations Medium 
magnitude 

 High 
spatial 
extent 

 Very 
low 
severity 

 High 
duratio
n 

 Hydrology 
and water 
supply 
measures 

Low The impact 
will affect a 
large portion 
of the mid 
and lower 
catchment, 
however, is 
expected to 
have a 
negligible 
effect and a 
minor change 
from existing 
conditions 
until 
groundwater 
levels recover 

Medium 

 Absence of 
numerical 
predictions of 
reduced 
surface flows 
due to 
seepage into 
underlying 
rocks 

Reduced 
surface flows 
to the mid 
and lower 
Nam Pangyun 
for 5 years 
after mine 
closure 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
and lower 
Nam Pangyun 
catchment 

 Low 
sensitivit
y 

Closure High 
magnitude 

 High 
spatial 
extent 

 Mediu
m 
severity 

 High 
duratio
n 

 Develop 
and 
implement 
mine 
closure 
plan 

 Hydrology 
measures 

Moderate A large 
proportion of 
the mid and 
lower 
catchment 
will be 
impacted for 
five years, 
with flows 
potentially 
ceasing. Due 
to the poor 
exiting 
condition 
there is little 
value and 
only some 
reduction in 
capacity to 
support 
aquatic 
ecosystems 
and beneficial 
uses may 
occur. 

High  

 Effects of 
diverting the 
Nam 
Pangyun have 
not been 
quantified 

Altered flow 
regime due to 
landform and 
drainage 
changes 

Ability to 
support 
ecosystems 
and beneficial 
uses - Nam 
Pangyun 
(upper, mid 
and lower 
catchment) 

 Low 
sensitivit
y (mid 
and 
lower 
catchmen
t) 

 Medium 
sensitivit
y (upper 
catchmen
t) 

Constructio
n, 
operations 
and closure 

Medium 
magnitude 

 High 
spatial 
extent 

 Mediu
m 
severity 

 Very 
high 
duratio
n 

 Hydrology 
manageme
nt 
measures 

 Erosion 
and 
sediment 
control 
measures 

 Drainage 
and water 
discharge 
measures 

Low (mid 
and lower 
catchment) 
to 
moderate 
(upper 
catchment) 

Permanent 
changes to 
landform and 
drainage and 
subsequent 
changes to 
flow regime 
will occur in a 
large portion 
of the 
catchment, 
however the 
severity of 
this impact is 
limited by the 
existing level 
of disturbance 
and measures 
to adequately 
maintain 
downstream 
flow 

High  

 Absence of a 
project water 
balance 
describing 
water 
abstraction 
volumes and 
proportions 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Altered flood 
risk from 
project 
infrastructure 

Ability to 
support 
ecosystems 
and beneficial 
uses - Nam 
Pangyun 
(upper, mid 
and lower 
catchment) 

 Low 
sensitivit
y (mid 
and 
lower 
catchmen
t) 

 Medium 
sensitivit
y (upper 
catchmen
t 

Constructio
n, 
operations 
and closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 Very 
high 
duratio
n 

 Considerin
g floods 
during 
design  

Low (mid 
and lower 
catchment) 
to 
moderate 
(upper 
catchment) 

Localised 
areas of 
permanent, 
increased 
flood risk 
may occur. 
Due to the 
existing level 
of 
disturbance, 
changes to 
drainage are 
expected to 
be minimal. 
Impact may 
be minimised 
or flood risk 
reduced if 
localised 
flood risk is 
considered in 
infrastructure 
design and 
placement. 

High  

 Limited 
baseline 
stream flow 
data 

 Absence of 
detailed flood 
risk 
assessment 

Ability to 
support 
ecosystems 
and beneficial 
uses - Nam 
La 

 High 
sensitivit
y 

Closure Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severity 

 Very 
high 
duratio
n 

 Considerin
g floods 
during 
design 

High Permanent 
changes to 
flood risk 
may occur 
through the 
catchment, 
and may 
reduce the 
capacity to 
support 
aquatic 
ecosystems 
and/or 
beneficial 
uses, 
including 
impacts to 
potable water 
supply 
infrastructure 

High  

 Limited 
baseline 
stream flow 
data 

 Absence of 
detailed flood 
risk 
assessment 

Reduced 
water quality 
due to 
contaminatio
n from 
project 
sources 
around the 
mine and 
runoff from 
the TSFs  

Ability to 
support 
ecosystems 
and beneficial 
uses - upper 
Nam Pangyun 

 Medium 
sensitivity 

Constructio
n and 
operations 

High 
magnitude 

 High 
spatial 
extent 

 Mediu
m 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

 Water 
seepage, 
collection 
and 
manageme
nt 
measures 

High Most of the 
catchment 
downstream 
of 
contaminants 
will be 
impacted 
through 
construction 
and 
operations, 
with some 
capacity to 
support 
aquatic 
ecosystems 
reduced 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry, 
including 
cyanide 
concentration
s 

 Geochemical 
modelling 
required 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
water quality 
due to 
contaminatio
n from 
project 
sources 
around the 
mine and 
runoff from 
the TSFs 

Ability to 
support 
ecosystems 
and beneficial 
uses - upper 
Nam Pangyun 

 Medium 
sensitivity 

Closure High 
magnitude 

 High 
spatial 
extent 

 Mediu
m 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

 Water 
seepage, 
collection 
and 
manageme
nt 
measures 

High Most of the 
catchment 
downstream 
of 
contaminants 
will be 
impacted after 
closure, with 
some capacity 
to support 
aquatic 
ecosystems 
reduced. The 
impact is 
secondary to 
habitat loss, 
as part of this 
river will be 
beneath a 
TSF. 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry, 
including 
cyanide 
concentration
s 

 Geochemical 
modelling 
required 

Reduced 
water quality 
due to 
contaminatio
n from 
project 
sources 
around the 
mine and 
runoff from 
the TSFs 

Ability to 
support 
ecosystems 
and beneficial 
uses - mid 
Nam Pangyun 

 Low 
sensitivity 

Constructio
n and 
operations 

Medium 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

 Water 
seepage, 
collection 
and 
manageme
nt 
measures 

Low Most of the 
catchment 
downstream 
of 
contaminants 
will be 
impacted 
through 
construction 
and 
operations. 
Considering 
the existing 
poor water 
quality, only a 
minor 
reduction in 
the capacity 
to support 
aquatic 
ecosystems is 
expected 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry, 
including 
cyanide 
concentration
s 

 Geochemical 
modelling 
required 

Reduced 
water quality 
due to release 
of water from 
the pit after 
closure 
increasing 
dissolved 
metals 
concentration
s 

Ability to 
support 
ecosystems 
and beneficial 
uses - mid 
Nam Pangyun 

 Low 
sensitivity 

Closure High 
magnitude 

 Very 
high 
spatial 
extent 

 High 
severity 

 High 
duratio
n 

 Develop 
and 
implement 
mine 
closure 
plan 

Moderate The entire 
mid 
catchment is 
likely to be 
impacted 
long-term, 
with some 
loss of 
capacity to 
support 
aquatic 
ecosystems 
and beneficial 
uses due to 
increases in 
dissolved 
metal 
concentration
s and 
difficulty 
rehabilitating 
the impact 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry 

 Geochemical 
modelling 
required 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
water quality 
due to 
contaminatio
n from 
project 
sources 
around the 
mine and the 
TSF, metal-
rich leachate 
from the 
Wallah 
WRD, and 
turbid and 
metal-rich 
discharge 
from Tiger 
Tunnel  

Ability to 
support 
ecosystems 
and beneficial 
uses - lower 
Nam Pangyun 

 Low 
sensitivity 

Constructio
n and 
operations 

Medium 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

 Water 
seepage, 
collection 
and 
manageme
nt 
measures 

Low Most of the 
catchment 
downstream 
of 
contaminants 
will be 
impacted 
through 
construction 
and 
operations. 
Considering 
the existing 
poor water 
quality and 
low value, the 
impact will be 
low severity 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry 

 Geochemical 
modelling 
required 

Reduced 
water quality 
due to release 
of water from 
the pit after 
closure 
increasing 
dissolved 
metals 
concentration
s 

Ability to 
support 
ecosystems 
and beneficial 
uses - lower 
Nam Pangyun 

 Low 
sensitivity 

Closure High 
magnitude 

 High 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Develop 
and 
implement 
mine 
closure 
plan 

Moderate Most of the 
catchment 
downstream 
of 
contaminants 
will be 
impacted long 
term, 
however, are 
expected to 
be minor 
considering 
the current 
condition and 
low value of 
this section of 
the Nam 
Pangyun 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 
chemistry 

 Geochemical 
modelling 
required 

Reduced 
water quality 
due to 
increased 
total and 
dissolved 
metals and 
TSS 

Ability to 
support 
ecosystems 
and beneficial 
uses – 
Myitnge 
River 

 High 
sensitivity 

Constructio
n and 
operations 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Moderate A small 
proportion of 
the river is 
expected to 
be affected 
through 
construction 
and 
operations, 
however the 
impact is 
unlikely to 
reduce the 
capacity to 
support 
aquatic 
ecosystems 
and/or 
beneficial 
uses. 

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
downstream 
water quality 

 Geochemical 
modelling 
required 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
water quality 
due to 
increased 
TSS, turbidity 
and possibly 
metals 
concentration
s 

Ability to 
support 
ecosystems 
and beneficial 
uses – Nam 
La 

 High 
sensitivity 

Constructio
n, 
operations 
and closure 

Medium to 
high 
magnitude 

 Low 
spatial 
extent 

 Low to 
modera
te 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

High to 
major 

A localised 
area in the 
headwaters is 
expected to 
be impacted 
during 
construction 
of the raw 
water dam 
and process 
plant site 
preparation, 
as well as 
after closure 
due to TSF-A 
runoff 
entering the 
Nam La. The 
TSF-A 
spillway 
runoff is 
likely to be 
poor quality 
compared to 
the existing 
condition of 
the Nam La  

High  

 Limited 
baseline 
stream flow 
data 

 Lack of 
quantitative 
predictions of 
TSF-A 
spillway 
discharge 
water quality 
and 
downstream 
water quality 

 Lack of 
groundwater 
modelling 

Reduced 
streambed 
sediment 
quality due to 
deposition of 
material 
eroded from 
upstream 
stockpiles/spo
il and 
contaminated 
soils 

Ability to 
support 
ecosystems 
and beneficial 
uses – mid 
and lower 
Nam Pangyun 

 Low 
sensitivity 

Constructio
n, 
operations 
and closure 

Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Low 
severity 

 High 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Low A moderate 
portion of the 
catchment 
will be 
impacted 
throughout 
construction 
and 
operations, 
eventually 
improving 
after closure. 
The severity 
is expected to 
be minimal in 
the context of 
the current 
poor 
condition of 
the existing 
aquatic 
habitat and 
low value of 
this section of 
the Nam 
Pangyun.  

High  

 Further 
characterisati
on of existing 
sediment 
quality and 
mass balance 
modelling 
required 

 No 
quantification 
of changes to 
downstream 
sediment 
quality 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significanc
e 

Justification 
for impact 
significance 

Uncertainty 

Ability to 
support 
ecosystems 
and beneficial 
uses – 
Myitnge 
River 

 High 
sensitivity 

Constructio
n, 
operations 
and closure 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 Mediu
m to 
high 
duratio
n 

 Erosion 
and 
sediment 
control 
measures 

Moderate A small 
proportion of 
the river will 
be impacted 
medium to 
long term. 
The severity 
is minimal in 
the context of 
existing poor 
sediment 
quality and 
aggradation, 
and the 
potential to 
withstand 
localised 
changes. 

High  

 Further 
characterisati
on of existing 
sediment 
quality and 
mass balance 
modelling 
required 

 No 
quantification 
of changes to 
downstream 
sediment 
quality 
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6.4.5 Monitoring 
Discharges from project infrastructure and areas will be monitored to check compliance with Myanmar mining 
effluent discharge criteria. This will involve monitoring discharge from the process plant, TSFs and waste rock 
dump spillways and seepage, and discharge points of all sediment dams.  

A water quality monitoring program to assess water quality downstream of the project area will be developed and 
implemented by WMM to ensure compliance with the Environmental Compliance certificate (ECC)and internal 
water quality targets and identify changes or trends in water quality that need intervention (DFS Ch18). A 
downstream compliance point is proposed near the rail spiral bridge slightly downstream of Tiger Camp and the 
existing railyard, at the location of an existing flow monitoring station. At this location a site-specific water quality 
target will be established that takes into account the existing background water quality and contaminant flux (i.e. 
the net annual discharge of a contaminant) and the project’s water quality objective of making downstream 
riverine impacts no worse than pre-project conditions. Water quality monitoring points will also be established in 
the Myitnge River, upstream and downstream of the confluence with the Nam Pangyun. Again, monitoring of this 
river will be conducted to check for changes in water quality compared to background conditions and, once they 
are developed, to site-specific water quality targets. Water quality monitoring points will also be established in 
the Nam La, with site-specific water quality targets developed as part of the ECC. 

Prior to construction, water quality monitoring will be conducted across a range of flow discharge rates to expand 
the baseline dataset, parameters will include major ions, turbidity, pH, TSS, cyanide, metals and nutrients. Control 
sites in the upper Nam Pangyun, Nam La and Myitnge rivers will be included to allow an upstream/downstream 
comparison of water quality to aid in identifying water quality impacts. Water quality monitoring will continue 
through operations and in the closure and post-closure phases; the specification of monitoring parameters will be 
identified following review of the extended baseline data set, during the construction phase. 

Following the installation of automatic level loggers in the Nam Pangyun and Nam La catchments, surface flows 
will be gauged to collect velocity estimates across a range of water levels. These will be used in conjunction with 
calibration tables to convert water velocity and depth to flow rate for a given cross-section at the time of sampling. 
Water levels will be recorded when taking water quality samples, so water level can be correlated with 
contaminant concentrations. This will allow establishment of a relationship between contaminant concentration 
and flow rate in the form of a ratings curve. The ratings curve can then be used to make predictions of contaminant 
concentrations at various flow rates and can also inform the derivation of site-specific water quality targets. 

Bed sediment quality monitoring will be conducted in the mid and lower Nam Pangyun and the Myitnge River, 
where practicable, downstream of the confluence. Parameters monitored will include particle size distribution, 
metals and organic carbon content. This monitoring will be conducted quarterly during construction and annually 
during operations. The objective will be to determine the changes to bed sediment physical characteristics and 
contaminant loads due to project-caused sedimentation. 

Monitoring of bed aggradation will be conducted in the mid and lower Nam Pangyun and the Myitnge River, 
where practicable, downstream of the confluence. Such monitoring will occur at suitable river cross-sections to 
determine early indication of potentially problematic aggradation that may cause increased flood risk to 
communities. The results of the monitoring would be used in flood risk modelling (see Section 6.4.6). 

6.4.6 Uncertainties and further work 
This section outlines the key uncertainties associated with the impact assessment and outlines recommended 
further work to address uncertainties. 

The key uncertainties and further work required to address these uncertainties are outlined in Table 6.82. 
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Table 6.82 Uncertainties and further work in respect of surface water impacts 

Uncertainty Further work Purpose Assumptions 

There has been limited 
baseline water quality 
monitoring over a range of 
flow rates. There is 
uncertainty regarding 
background fluctuations of 
contaminant concentrations 
in surface waters. 

Conduct ongoing baseline water 
quality monitoring, targeting a 
range of flow conditions. 
Monitor flow discharge along 
with the water quality 
parameters so flow can be 
correlated with contaminant 
concentrations. This should 
commence as soon as possible. 

To better understand the 
range of contaminant 
concentrations under a 
range of flow conditions. 

Established rainfall and 
flow ratings curve 
relationships (i.e., stream 
flow discharge with 
relation to depth) with 
associated contaminant 
loads will inform 
downstream water quality 
modelling and potential 
establishment of a 
project-specific water 
quality compliance target. 

Background water 
quality data used in the 
assessment has been 
based on monitoring 
conducted to date (less 
than ten monitoring 
events over 12 months at 
all sites) and it has been 
assumed that the ranges 
are generally 
representative of baseline 
conditions; although, 
some high-flow spikes in 
contaminants may not 
have been covered by the 
monitoring. 

There has been limited 
baseline water and 
sediment quality data, 
habitat assessment and 
information on beneficial 
uses in the receiving 
Myitnge River. 

Conduct additional baseline 
water and sediment quality 
monitoring and aquatic habitat 
assessment in the Myitnge River 
downstream of the Nam 
Pangyun confluence. 

Conduct flow discharge 
monitoring (over a range of low, 
medium and high flow 
conditions) at the same time as 
water quality monitoring. These 
tasks should commence as soon 
as possible so long-term 
seasonality can be addressed. 

Better understand the 
extent and severity of 
existing impact in the 
Myitnge River and 
community beneficial 
uses that may be 
impacted.  

Establish a contaminant 
load to flow relationship 
for input into contaminant 
modelling. 

The existing level of 
impact was interpreted 
from limited sampling 
data near the confluence 
with Nam Pangyun, 
review of aerial imagery 
and assumptions based 
on known upstream 
pollution sources. 
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Uncertainty Further work Purpose Assumptions 

There is a lack of 
predictive data on cyanide 
concentrations in seepage 
and spillway discharge 
from the TSFs and 
subsequent predicted 
concentrations in the Nam 
Pangyun and Nam La 
rivers.  

Conduct an assessment of 
cyanide concentrations leaching 
from the TSFs and reporting to 
watercourses. The first step will 
be to confirm the 
representativeness of the tailing 
sample(s) (and corresponding 
analytical results) to be used in 
the assessment, with appropriate 
conservatism. 

The assessment will calculate 
the level of dilution of cyanide-
rich tailings and estimate 
concentrations in TSF 
discharges under a range of 
scenarios (i.e., seepage, piped 
and treated discharge, and 
spillway discharge). To do this, 
the schedule of cyanide-rich 
tailings storage volumes in the 
TSF, along with all TSF water 
volumes for each operational 
year will be developed.  The 
estimated concentrations will 
represent an initial screening of 
maximum theoretical total 
cyanide concentrations in the 
TSFs at each operational year. 
The cyanide concentrations will 
be compared to Myanmar 
effluent standards, Myanmar 
drinking water guidelines, and 
ANZ water quality guidelines 
for aquatic ecosystem 
protection. 

If the estimated concentrations 
indicate that the standards and 
guidelines are likely to be 
exceeded, conduct further work 
to assess the speciation of 
cyanide in the discharge (e.g., 
concentrations of free, weak-
acid dissociable and total 
cyanide). 

The findings of the work will be 
used to determine the level of 
required treatment or destruction 
of cyanide in tailings discharge. 

As part of the water quality 
modelling above, predict the 
cyanide concentrations in the 
Nam Pangyun and Nam La 
(under a range of flow 
conditions) as a result of 
seepage and overflow from the 
TSF. These tasks should 
commence as soon as possible. 

As cyanide is a toxic 
chemical to the environment 
and to people, it will be 
critical to demonstrate to 
stakeholders the predicted 
concentrations of cyanide in 
receiving waters due to 
seepage from the TSFs. 

To allow understanding of 
level of cyanide 
treatment/destruction 
required in tailings 
discharge. 

It has been assumed that 
residual cyanide may be 
present in TSF 
discharges although 
concentrations are 
unknown. 
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Uncertainty Further work Purpose Assumptions 

There is a lack of 
quantitative predictions of 
downstream water quality 
changes during 
construction, operations 
and post-closure.  

There is limited 
understanding of predicted 
concentrations of 
contaminants in waters 
over different flow 
discharge rates and how 
these compare to ambient 
water quality criteria for 
aquatic ecosystem 
protection (or background 
concentrations). This does 
not allow for accurate 
quantification of water 
quality related impacts. 

Conduct downstream water 
quality modelling for the Nam 
Pangyun, Nam La and Myitnge 
River of both total and dissolved 
metals contaminants, sulfate, 
cyanide and TSS. 

Model construction, operations 
and post-closure water quality 
discharges and resulting 
concentrations in receiving 
waters from the open pit, TSFs 
and waste rock dump, including 
dissolved metals and potential 
for acid formation. Engage a 
suitably qualified 
hydrogeochemical specialist to 
outline the post-closure 
modelling assessment approach. 

The quality of water produced 
from dewatering the open pit 
requires further assessment. 
Quality is expected to worsen 
over time as the pit becomes 
deeper and water from the 
underground mine workings 
(including Tiger Tunnel) are 
progressively encountered and 
drained to the pit. 

Prepare estimates of 
contaminants and TSS in project 
discharges. 

Confirm how post closure water 
quality (runoff and leachate 
from the pit, TSF and Wallah 
waste rock dump), will be 
managed after closure. 

These tasks should commence 
as soon as possible. 

To allow for accurate 
predictions of the severity 
and extent of water quality 
impacts.  

To allow for development 
of project-specific 
compliance criteria based 
on methods outlined in 
international water quality 
guidelines. 

To predict the water quality 
in seepage, leachate and 
runoff from major project 
sites during construction, 
operations and after closure, 
including the severity and 
duration of changes to water 
quality, so that any 
additional management 
measures can be considered. 

Quantitative predictions 
of changes to water 
quality parameters are 
not included in the 
assessment, although 
commentary is given on 
the expected spatial 
extent, severity and 
duration of impact. 
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Uncertainty Further work Purpose Assumptions 

Several options for water 
management during 
construction operation of 
the project, and after 
project closure have been 
discussed in the Bawdwin 
Project Mine Water 
Management Feasibility 
Report (CSA, 2020) and 
DFS (WMM,2020); 
however, the proposed 
closure strategy has not 
been confirmed. It is 
unknown whether acid 
and metalliferous drainage 
will be an issue in the 
mine pit, to what extent it 
might be an issue and 
whether it can be 
successfully managed. 
Modelling of water 
quality after pit closure by 
CSA (2020) does not take 
into account untreated 
seepage from the TSFs 
which may migrate to the 
mine pit. Modelling of the 
final pit lake water quality 
also does not address 
dissolved metal 
concentrations, which are 
considered to be the more 
bioavailable forms of 
metals.  

Confirm the approach to water 
management after project 
closure. 

Conduct modelling of water 
quality, including dissolved 
metals and potential for acid 
formation, from overflow and 
seepage from the pit after 
closure. These tasks should 
commence as soon as possible 
after completion of the detailed 
project design. 

Ascertain whether acid and 
metalliferous drainage will 
be an issue in the mine pit, 
to what extent it might be 
an issue and whether it can 
be successfully managed. 

Confirm the closure water 
management approach. 

 

The residual impact 
assessment has made 
assumptions that the 
proposed closure 
strategy will involve 
rapid filling of the pit 
lake, which will limit 
formation of acid. The 
impact assessment has 
not specifically assessed 
the impact of acid 
formation. 

The impact assessment 
assumes that at closure the 
pit will be rapidly filled 
with water to establish a 
pit lake within five years 
and oxidation of 
potentially acid generating 
material will be 
minimised. The feasibility 
of this approach has yet to 
be demonstrated with 
extensive historical 
underground mine 
workings present that will 
be intersected by the mine 
pit and may provide 
multiple drainage points 
through the walls and base 
of the pit.  

Confirm the feasibility of the pit 
lake closure option and assess 
the potential for acid and 
metalliferous drainage from the 
pit. 

Develop an adaptive plan for 
progressively plugging adits, 
shafts and tunnels. 

These tasks should commence 
as soon as possible after 
completion of the detailed 
project design. 

To confirm the post closure 
impacts to surface waters 
from pit drainage and to 
develop appropriate 
management measures. 

The impact assessment 
has assumed that acid 
generation will be 
minimal after rapid 
flooding of the pit. 
Quantitative predictions 
of changes to water 
quality parameters are 
not included in the 
assessment, although 
commentary is given on 
the expected spatial 
extent, severity and 
duration of impact. 
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Uncertainty Further work Purpose Assumptions 

The potential for 
additional demand on 
Nam La as a water source 
if Bawdwin residents are 
resettled in Namtu has not 
been considered in the 
project water balance 
modelling and 
management strategy. 

Modelling and quantification of 
all Nam Pangyun and Nam La 
water volume use and 
assessment of the availability of 
the balance for downstream 
water users, particularly at 
Namtu. 

Identify and assess the 
suitability of additional water 
supply to users of the Nam La, 
including upgrading the Nam La 
flume and directing spring flow 
to the flume. 

This task should commence as 
soon as possible. 

To determine changes in 
downstream flow due to 
project water use and how 
much flow will remain 
available (under a range of 
seasonal conditions) for 
downstream users 

Impact assessment 
assumes that some water 
will be able to be 
released from the Nam 
La water harvesting 
facility during wet 
season; however, water 
will not be available for 
release in the dry 
season, resulting in a 
greater severity impact 
during that time. 

It is currently not 
confirmed whether all 
project discharges will 
comply with the Myanmar 
mining effluent standards 
and what limitations if any 
the proposed water 
treatment designs have in 
terms of operating 
rates/capacity.  

Conduct assessments of 
predicted water quality 
parameter concentrations (i.e., 
water quality modelling) for all 
project discharges. This should 
commence as soon as possible. 

To provide reduce 
uncertainty around the 
ability of the project to 
comply with the standards, 
and the nature of any non-
compliances. 

To determine the level of 
treatment of effluent 
required. 

Quantitative predictions 
of changes to water 
quality parameters are 
not included in the 
assessment, although 
commentary is given on 
the expected spatial 
extent, severity and 
duration of impact.  

Information on expected 
elevated contaminants 
was derived from DFS 
assessment of tailings 
and waste rock 
characteristics. It is 
assumed that the 
samples analysed in the 
DFS are representative 
of the material that will 
be stored in the TSFs 
and waste rock dump. 

Discharges are assumed 
to meet Myanmar 
mining effluent 
standards under all 
circumstances. 
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Uncertainty Further work Purpose Assumptions 

Flood risk has not been 
modelled for the Nam 
Pangyun or Nam La 
catchments. Significant 
changes to the upstream 
Nam Pangyun and Nam 
La catchments and the 
large-scale storages of 
mine waste and water will 
alter the flood risks 
around the mine 
infrastructure and 
potentially to downstream 
communities (e.g., Lopah 
village, artisanal miners). 

The influence of the mine 
infrastructure and planned 
water management 
activities on flood risk is 
likely to change over the 
life of the mine. The effect 
of project activities may 
include both increased 
flood risk around mine 
infrastructure and 
potentially reduced flood 
risk in the lower 
catchment where flood 
peaks are attenuated. 

An assessment of impacts 
associated with climate 
change has not been 
included due to the lack of 
baseline stream flow data 
and detailed flood risk 
assessment.  

 

Conduct detailed flood risk 
assessment for the project and 
account for effects of climate 
change of the timescale of 
project impacts. This should 
commence during project 
detailed design. 

 

 

To determine risk of 
flooding to downstream 
communities and buildings 
caused by project changes 
to hydrology and landform 
in the Nam Pangyun 
catchment. 

To quantify the increased 
flood risk to the Nam La 
catchment that may result 
from the from added flow 
contributed from the TSF 
spillways during large 
rainfall events.  

To inform what appropriate 
mitigations can be 
developed. 

Flood risk has not been 
fully assessed. Flood 
impacts have been 
assessed qualitatively 
and do not consider 
climate change. 
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Uncertainty Further work Purpose Assumptions 

Lack of understanding of 
changes to the Nam 
Pangyun sediment 
transport and deposition 
regime due to project 
related sediment. 

Sediment transport and 
deposition modelling has 
not been conducted.  

Conduct downstream sediment 
deposition modelling for the 
Nam Pangyun, Nam La and 
Myitnge rivers. This task should 
commence as part of project 
detailed design. 

This would involve collecting 
information on the catchment 
topography (LiDAR), existing 
flow discharge conditions, and 
existing sediment characteristics 
(including existing TSS 
concentrations, particle size 
distribution and total sediment 
loads). Hydraulic modelling 
would be conducted for wet and 
dry season conditions and focus 
on event-based scenarios (e.g., a 
selection of representative time 
points where key changes to 
downstream flow and 
sedimentation are expected due 
to project activities). The 
modelling would address 
existing flow and sediment 
transport regime and future 
scenarios due to project-related 
changes and factoring in climate 
change effects where relevant. 
As such, the scope will require 
review of the locations and 
extents of project infrastructure 
and activities that will influence 
downstream runoff. The 
modelling would describe the 
changes to downstream river 
profile, accounting for scour, 
avulsion and sedimentation and 
predict TSS concentrations and 
extent (and locations) of 
aggradation. The results would 
inform the flood risk assessment 
and development of water 
quality criteria for TSS (under 
separate scopes).  

To determine the extent and 
thickness of sediment 
deposition from project 
sources compared to 
baseline levels, including 
assessment of particulate 
contaminant concentrations 
in accumulated material.  

Inform the assessment of 
changes to bank 
overtopping/flood risk 
potential. 

Quantitative predictions 
of changes to sediment 
transport and deposition 
are not included in the 
assessment, although 
commentary is given on 
the expected spatial 
extent, severity and 
duration of impact. 
Information on particle 
size retention criteria 
from sediment dam 
design (from the DFS) 
has been used in the 
assessment to inform 
characteristics of 
sediment being 
transported and 
deposited downstream. 

Effects of project changes 
to hydrology and waste 
discharge causing scour of 
rivers  

Conduct scour modelling as part 
of the sediment transport and 
deposition modelling. This task 
should commence as part of 
project detailed design. 

Inform engineering design 
of river crossing and 
infrastructure. Confirm the 
extent of scour and inform 
assessment of project-
caused stream aggradation. 

Qualitative predictions 
have been made for 
stream bed aggradation 
and changes to surface 
flows. 

Lack of predictions of 
quality of sediments that 
may be deposited during 
flood events.  

Using the sediment transport 
and deposition and flood risk 
modelling, assess predicted 
metals concentrations in the 
deposited material and compare 
to sediment quality guidelines 
and soil ecological investigation 
levels (EILs). 

This task should commence as 
part of project detailed design. 

To predict the quality of 
sediments deposited in 
downstream waters and on 
people’s gardens and 
agricultural land if such 
areas are predicted to be 
inundated. 

High level assumptions 
on stream bed sediment 
quality changes have 
been made. No 
prediction of deposited 
sediments on land have 
been made. 
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Uncertainty Further work Purpose Assumptions 

Lack of quantitative 
predictions of the 
reduction in flow volumes 
in the Nam La and Nam 
Pangyun and the balance 
available for downstream 
use and environmental 
flows.  

Conduct stream flow monitoring 
of the Nam La and Nam 
Pangyun. 

Conduct quantitative modelling 
of changes to downstream 
flows. These tasks should 
commence as soon as possible. 

Confirm that sufficient 
water will be available for 
downstream beneficial uses 
and environmental flows to 
support ecosystems. 

Qualitative assumptions 
have been made about 
the degree of flow 
reduction expected due 
to project activities. 

Beneficial uses of waters 
in the lower Nam 
Pangyun. Engagement 
with communities in the 
lower Nam Pangyun has 
not occurred to date due to 
security concerns. 

Engage communities in the 
lower Nam Pangyun catchment. 
This should commence as soon 
as possible. 

To better understand use of 
water from the Nam 
Pangyun. There are known 
farming practices in the 
lower catchment; however, 
understanding their use of 
the river (if at all) will 
better inform the prediction 
of impacts and required 
mitigation and management 
measures. 

Beneficial uses of this 
receptor were not 
specifically addressed, 
but high-level 
commentary on effects 
to potential beneficial 
uses is provided. 

The potential for TSF 
seepage entering the Nam 
La aquifers and 
subsequent contaminated 
groundwater discharge to 
the Nam La stream is not 
well understood. 

Groundwater modelling as 
outlined in Section 6.3.6. This 
should be conducted as soon as 
possible. 

To assess and seepage 
transport around the TSFs, 
predict groundwater 
mounding and changes in 
flow, and identify likely 
contaminant transport 
pathways at TSFs. This 
should include the potential 
for contaminated 
groundwater discharge to 
watercourses. 

Assumed in the 
groundwater impact 
assessment (Section 6.2) 
that there is a high 
likelihood of seepage 
(containing elevated 
dissolved metals and 
potentially sulfate) 
dispersing to the Nam 
La catchment. 

The project is committing 
to design, construct, 
operate and close the TSF 
in line with the Global 
Industry Standard on 
Tailings Management. 
However, the DFS design 
was not aligned with the 
Global Industry Standard 
on Tailings Management 
and it is currently not 
certain how the project 
will meet the requirements 
of the standard. 

 

As part of detailed design work, 
the existing outline design and 
other information relevant to 
TSF construction, operation and 
closure will be updated to 
address compliance with the 
Global Industry Standard on 
Tailings Management. 

 

To confirm how the project 
will comply with the Global 
Industry Standard on 
Tailings Management and 
demonstrate the feasibility 
of implementing the 
measures.  

The impact assessment 
assumes that the TSF 
will be designed, 
constructed, operated 
and closed in 
accordance with the 
Global Industry 
Standard on Tailings 
Management. 
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Developing site-specific water quality targets 

This section provides an overview of further works to develop site-specific water quality targets for the Project. 
Development of the targets should be conducted by a water quality specialist. 

The approach to deriving the site-specific targets will follow international good practice guidelines such as the 
approaches outlined in ANZG (2018). The ANZG guidelines outline an approach whereby reference data (i.e., 
baseline data recommended to be collected over a period of at least two years) is collected and using this data, 
appropriate percentiles are adopted as the target for each contaminant of concern. It is therefore important that 
additional baseline water quality data is collected, targeting various flow discharge rates of the Nam Pangyun, 
Nam La and Myitnge so that the current flux of dissolved metals is accurately understood. 

Under the ANZG approach, to measure performance against the targets, the measured median concentrations of 
contaminants are compared to the targets.  

Typically, for slightly-to-moderately disturbed aquatic ecosystems, the approach is to use an 80th percentile value 
of a given water quality parameter (e.g., metal concentration) derived from measurements taken in a reference 
stream (i.e., one that has not been impacted previously) and adopt this value as the site-specific water quality 
target. This approach is unlikely to be useful for the Nam Pangyun given that the concentrations of some metals 
are very high and would rarely (if at all) be below the 80th percentile of concentrations in any reference streams 
in the region.  

A more suitable approach for the Nam Pangyun that the project will consider is adopting a suitable percentile 
from baseline data collected in the lower catchment (prior to the confluence with Myitnge River) for each 
dissolved metal and use this to derive the site-specific water quality targets for each dissolved metal. Adopting a 
50th percentile of measured water quality parameters would essentially reflect an approach to ‘no change’ in water 
quality from current conditions. However, there will be times where water quality will be reduced due to the 
project and the application of 50th percentile site-specific targets would be not possible to achieve. A percentile 
between the 50th and 80th could be suitable for dissolved metals in the lower Nam Pangyun. The Myitnge River 
also has existing reduced water quality, although additional baseline monitoring is required downstream of the 
Nam Pangyun confluence (see Section 6.4.5 and 6.4.6) to better understand how far downstream dissolved metals 
are elevated above ANZ guidelines for ecosystem protection. A similar approach as proposed for the Nam 
Pangyun could be adopted to derive site-specific water quality targets for the Myitnge River. Using the Myitnge 
River water quality upstream of the confluence would not provide suitable reference data as it is known the water 
quality currently reduces significantly after mixing with the Nam Pangyun (see Section 5.3). As the Nam La could 
be considered a ‘slightly to moderately disturbed’ watercourse as outlined in the ANZG guidelines, site-specific-
water quality targets could be derived by using the 80th percentile concentrations from baseline sampling in nearby 
reference locations or in the stream itself prior to disturbance. 

6.5 Air quality impact assessment 

6.5.1 Approach to impact assessment 
This section assesses the project impacts to the air quality values identified in Section 5.5. Section 5.5 described 
the levels of importance, vulnerability and resilience associated with each of the air quality values (i.e., airsheds) 
in the study area. Subsequent air quality impacts to flora and fauna and human health are assessed further in 
Section 6.8 and Section 6.11.  
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The impact assessment approach adopted in this section is a ‘significance assessment’ (for further detail see 
Section 6.1). A significance assessment of air quality impacts involves: 

 Identifying the nature of the impact to an air quality value (i.e., airshed and its associated value to receptors). 
An ‘airshed’ in this context is an air mass within a defined geographic area that behaves consistently with 
respect to the dispersion of emissions.  

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and duration 
of the impact. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of avoidance 
and management measures). The significance (very low, low, moderate, high or major) of the impact to an 
air quality value is determined by considering the importance, vulnerability and resilience of the air quality 
value (as assessed in Section 5.5.6) and the predicted magnitude of the impact to the value. Impact magnitude 
(very low, low, medium, high or very high) is determined based on the spatial extent, severity and duration 
of the impact.  

Impacts to air quality values are assessed qualitatively, i.e., no numerical modelling of project air emissions has 
been conducted. The adopted method identifies and assesses the likely changes to air quality due to project 
activities within each airshed and qualitatively describes predicted changes in dust deposition at receptors (e.g., 
villages). The method makes reference to recommended separation distances between sensitive receptors and air 
emissions sources as published in the Australian Capital Territory (ACT) Government Separation Distance 
Guidelines for Air Emissions (ACT Government 2018). These guidelines aim to protect the amenity of sensitive 
receptors by providing a recommended distance between a source of reduced air quality and a receptor. The 
applied separation distances in the guidelines assume that ‘best available technology economically achievable’ 
will be applied to the relevant industry sectors to reduce the severity of emissions at source. The following specific 
aspects of separation distances between sources and receptors have been taken into account in this assessment: 

 A general recommended separation distance of 500 m has been adopted for the process plant and ROM pad, 
waste rock dump, mine pit and tailing storage facilities, based on the prescribed separation distance in the 
ACT guidelines for materials handling including the ‘crushing, grinding or milling of rocks, ores or minerals’ 
and also the guidance for ‘extractive industries’ involving blasting.  

 Additional sources of air emissions during operations discussed in Section 6.5.2 do not have recommended 
separation distances outlined in the guidelines. However, a 500 m distance has been adopted in this impact 
assessment for the power station based on the guidance for chemical and petroleum in the guidelines.  

 Air emissions from construction sites are not addressed in the guidelines. However, where the extent of earth 
moving/clearing is significant they are likely to have a similar impact profile to the material handling 
guidelines. 

The ACT guidelines allow the recommended separation distance (500 m) to be adjusted if there are clear factors 
that would influence the dispersion of air emissions. These may include: 

 Topographic factors, e.g., hills separating the source of emissions and sensitive receptors, whether 
source/receptor is upslope or downslope (receptors upslope of an emission source are likely to be less 
impacted than those downslope). Hilly terrain attenuates the air flow to an extent and therefore a shorter 
separation distance can be applied. Receptors separated from the source by hilly terrain are expected to be 
less impacted than receptors the same distance from the source but separated by flat terrain. 

 Surface roughness factors, e.g., presence of dense vegetation which may inhibit air movement. In the presence 
of such features a shorter separation distance could be applied. 

 Other factors such as modelling, site specific meteorological conditions (including wind direction and speed). 
Where the prevailing wind blows in the same direction as a receptor from a source, a longer separation 
distance may be applied, as emissions may be able to travel further than in other directions. 
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 Application of best available rather than best available and economically achievable technology, etc. Best 
available is typically, of a higher standard than the technology that is deemed best available and economically 
achievable.    

Figure 6.19 shows a 500 m buffer around sources of air emissions, providing an indication of receptors that are 
within the recommended separation distance and may be more significantly impacted by emissions.  

It is recommended that air quality modelling based on detailed designs is conducted during the detailed design 
phase of the project, to confirm this assessment of predicted impacts and to inform the development of a detailed 
monitoring and management plan (see Section 6.5.6). Such work may also provide defensible information that 
allows the separation distances to be adjusted, if justified. 

Impact severity is assessed within the context of relevant air quality criteria, noting that in some cases air quality 
criteria are already exceeded in the project area. Section 5.5.3 provides detail on the adopted ambient air quality 
criteria. Locations in the Bawdwin concession area, the Nam Pangyun valley and at Namtu (see Figure 6.20) are 
already affected by degraded air quality from high levels of particulate matter and dust deposition from historic 
and some current mining and processing sources, industrial and traffic sources, as well as ongoing wind erosion 
of the landscape.  

Myanmar’s Environmental Impact Assessment Guidelines (Myanmar Mining EIA Guidelines Working Group, 
2018) for the Mining Sector stipulate ambient air quality standards for nitrogen dioxide (NO2), sulphur dioxide 
(SO2), particulate matter and ozone. These standards represent upper limits in receiving ambient air which should 
not be exceeded. The Myanmar National Environmental Quality (Emission) Guidelines (MOECAF, 2014) provide 
criteria for nitrogen dioxide (NO2), sulphur dioxide (SO2) and particulate matter at the point of discharge from the 
power station. The emission guidelines are applicable to non-degraded airsheds, however have been implemented 
here as the airshed is not considered degraded with respect to gaseous pollutants (see Section 5.5.4). 

The guidelines are relevant to gaseous pollutants, NO2 and SO2, and particulate matter, which are predicted to be 
the key emissions to air during the project.  

The air quality impact assessment also refers to international guidelines (health screening criteria) for dust 
deposition rates (NSW EPA, 2017), and for particulate lead deposition rates (WHO, 2000) to provide context of 
existing conditions and inform assessment of impact severity. Health screening criteria for airborne particulates 
and airborne particulate metals have also been adopted from a range of sources as described in Section 5.5. 
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Figure 6.19  Air emission sources and recommended separation distances between sources and village 
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6.5.2 Potential air quality impacts 
The project has the potential to reduce ambient air quality, which may adversely affect airsheds at receptor 
locations in the vicinity of the project area. Reduced air quality may affect associated values such as good quality 
and good visibility air that supports human health, wellbeing and amenity. 

Potential sources of reduced air quality include: 

 Increased airborne particulate matter (and in some cases associated airborne particulate toxicants) due to: 

- Ground disturbance during earthworks (construction, operations and closure). 

- Mining excavation and blasting (operations).  

- Handling, transport and disposal of soils, ore and waste rock material (construction, operations and 
closure). 

- Wind erosion of disturbed areas, stockpiles and dumps (construction, operations and closure). 

- Raised dust from vehicle movements on unsealed roads (construction, operations and closure). 

- Combustion emissions from the power plant (during operations), and diesel generations, project vehicles 
and machinery (during construction and operations). 

 Increased dust deposition due to particulate emissions settling out of the air column. Increased dust deposition 
in areas within and surrounding the project can lead to health effects (for example if dust is ingested after 
depositing on food sources or being inhaled after resuspension), reduce amenity, and affect plant growth.  

 Increased airborne gaseous pollutants due to: 

- Emissions from diesel generators during construction and from the power plant during operations. 

- Emissions from project vehicles and machinery (construction, operations and closure). 

- Blasting fumes. 

These potential impacts are described further below. 

Increased airborne particulate matter 

The project may increase the amount of airborne particulate matter (dust) resulting in reduced visibility and 
amenity and also inhalation and ingestion by people.  

Particulate matter includes:  

 Total suspended particles (TSP), which comprises dust particles with a diameter of less than 50 µm. Particles 
of this size can remain suspended in air under prevailing meteorological conditions where they can be 
transported out of the project area.  

 Particles of diameter less than 10 µm (PM10), which are associated with health impacts including heart and 
respiratory diseases when inhaled. 

 Particles of diameter less than 2.5 µm (PM2.5), which are very fine particles that typically originate from 
combustion sources, such as vehicles and generators, and can readily enter the lungs and bloodstream when 
inhaled. Short term exposure to PM2.5 can cause acute and chronic health problems. 

The key potential sources of increased airborne particulate matter are outlined below. 

The discussion of potential impacts associated with increased airborne particulate matter is discussed according 
to the project phase in which they occur i.e. construction, operations or closure. The assessment accounts for the 
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combined effects on air quality from multiple simultaneous sources of airborne particulates rather than assessing 
each impact source in isolation. 

Construction Phase 

During construction, airborne particulate emissions will primarily occur during vegetation stripping and site 
earthworks during dry conditions. The main sources of these particulate emissions will be the larger construction 
sites, including the process plant, power station, ROM pad, mine services area, TSF embankments, explosives 
facility, accommodation camp, waste rock dump, haul roads and access roads. 

Construction of the power station (0.3 ha), process plant (10.3 ha), ROM pad (9.2 ha), accommodation village 
and access road (6.8 ha), mine services area (4.4 ha), haul roads (14.8 ha) and access roads (44.4 ha) will result in 
a total of 90.2 ha of land disturbance and potential for dust generation. Additionally, construction of the initial 
TSF embankments, WRD and sediment control dams and pre-stripping of the mine pit (stage 1a) will expose 
another 99.5 ha of land. 

Areas of exposed earth (i.e., sites cleared of vegetation or other cover, including construction sites, unsealed roads 
and soil stockpiles) will be susceptible to wind erosion, which could mobilise dust and emissions of particulates 
to air. Dust emissions will be most prevalent during dry (typically most common during November to April) and 
windy conditions, particularly in exposed elevated areas prone to higher wind speeds.  

The Namtu to Tiger Camp access road and plant access road will be sealed. Roads within the mining operation 
(i.e., pit ramp and haul road) will be unsealed. The public Namtu-Manton Road between Namtu and the project is 
sealed. Heavy vehicles and machinery moving along these roads during dry conditions will generate dust. Dust 
will also be generated during the earthworks and transportation of soils, rock and fill. 

Particulates emitted to air from these sources are likely to have elevated concentrations of heavy metals such as 
lead, due to existing contamination of soils throughout the project area from historic mining and mine waste 
disposal (see Section 6.2). 

Small amounts of particulate material (likely to be mostly PM2.5), will be emitted from vehicle exhaust and 
temporary power sources (i.e., diesel generators) during construction; however, they are expected to be minor 
sources of airborne particulate emissions over the two-year construction period and are not discussed further.  

Operations Phase 

Sources of particulate emissions to air during operations will be mining, mine waste management and ore 
handling. Mining will be performed by conventional open pit drill and blast methods and use of shovels and haul 
trucks. These activities will result in direct emissions of particulates to air throughout project operations, with 
these emissions being greatest during dry and windy conditions.  

Dust will also be generated at TSF sites and during handling and stockpiling of ore and waste rock throughout 
operations. Wind erosion of disturbed earth around the pit, TSF embankments, dry portions of the TSF surface 
and Wallah waste rock dump, and at the soil, ore and waste rock stockpiles will contribute to the ongoing dust 
emissions prior to rehabilitation of these areas.  

Heavy vehicle movements will continue throughout operations as waste rock is hauled to the Wallah waste rock 
dump and ore is hauled to the ROM pad. These activities will suspend dust along the haul roads. 

Regular vehicle movements on public roads will also occur during the export of concentrate and supply of 
materials to the project (e.g., diesel for the power station). As these roads will be all sealed, dust impacts are not 
predicted and are not discussed further for public roads during project operation. 

The project footprint is substantially larger than the existing footprint of the current open pit and associated 
infrastructure. The area that will be exposed to potential erosion and dust generation will vary throughout the 
operations as the footprint expands and as progressive rehabilitation occurs. Up to approximately 422.8 ha area 
will be exposed to potential erosion and dust generation during the course of operations, including the open pit 
(98.2 ha), ROM pad (9.2 ha), TSFs (149.0 ha), Wallah waste rock dump (107.2 ha), haul roads (14.8 ha) and 
access roads (44.4 ha). 
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Some particulates emitted to air during operations are expected to contain elevated concentrations of heavy metals 
such as lead, given the existing levels of land contamination throughout the project area and also the levels of 
metals present in the ore, waste rock and tailing. 

The largest source of particulates in combustion emissions will be the power station and, to a lesser extent, exhaust 
emissions from vehicles and machinery. Combustion typically results in the emission of very fine particles, so it 
is expected that combustion emissions will include a greater proportion of PM2.5. The power station is predicted 
to emit exhaust gases containing up to 47 µg/m3 of particulate matter during operations. Rates of particulate 
emissions from vehicle and machinery combustion sources are expected to be minor sources of airborne 
particulate emissions during operations and are not discussed further. 

Closure Phase 

Airborne particulate emissions during closure are expected to be similar to construction for a short period during 
decommissioning works, mainly from ground disturbance as infrastructure is removed and final landforms are 
created. Dust will also be generated as soil and subsoil material is handled and transported, and during wind 
erosion of disturbed areas and stockpiles. Once decommissioning is complete, airborne particulate emissions are 
predicted to progressively decline as dust generating activities cease and exposed areas are revegetated or 
otherwise rehabilitated.  

Increased dust deposition 

As outlined above, the project will result in the emission of airborne dust particles. These particles have the 
potential to settle and form layers of dust on the ground, vegetation and buildings, depending on the prevailing 
weather conditions. Most dust deposition will occur in proximity to the active areas of the mine (i.e., the mine, 
waste rock dump, ROM pad and TSF areas), major construction areas, and around haul roads. Dust deposition 
will occur throughout the project and will be most prevalent during dry and windy conditions. 

Dust deposition can cause adverse impacts due to physical smothering or covering of vegetation, fauna, water and 
garden resources and populated areas. The deposited particles can directly affect physiological processes of 
organisms (e.g., photosynthesis of plants) and processes such as temperature regulation and breathing by animals. 
Impacts of dust deposition on specific biological values are discussed further in Section 6.8. Physical deposition 
effects can also cause a nuisance to community receptors, reducing amenity and/or causing health effects when 
the dust attaches to skin or is resuspended and breathed in. Deposited dust that contains metal species can also 
have toxic effects on flora and fauna as well as humans. Section 6.11 identified that concentrations of lead in 
deposited dust at Bawdwin are anticipated to be of potential health risk (as is currently the case from baseline 
monitoring of deposited dust in the region). Therefore, this section considers the lead in deposited dust as well as 
the physical effect of smothering or covering the environment and community receptors. 

Increased gaseous pollutants 

The project will emit gaseous pollutants that can adversely impact air quality, including sulphur dioxide (SO2) 
and nitrogen dioxide (NO2). These gases are commonly generated by combustion emissions from power 
generation and from vehicles. Human exposure to these gases can lead to impacts on human health, including 
respiratory problems. Due to their odour, emissions of these gases can also reduce amenity.  

The power station is predicted to emit exhaust gases containing up to 420 µg/m3 of SO2 and 2,469 µg/m3 of NO2 
during operations. Rates of SO2 and NO2 emission from vehicle and machinery combustion sources are considered 
minor in the context of the power plant operations emissions and are not discussed further. The only exception is 
the ongoing movement of traffic along the concentrate export corridor during operations. High volumes of traffic 
are expected to produce noticeable exhaust emissions throughout the 13-years of operations. Other gaseous 
pollutants that will be emitted by the power station include carbon monoxide (CO) (up to 106 µg/m3) and volatile 
hydrocarbons (up to 124 µg/m3). 

Blasting may generate fumes containing carbon monoxide (CO) and several oxides of nitrogen (NOx). These gases 
can potentially pose a health risk to workers and the community. Prior to blasting, a nominal radius of 500 metres 
from the blast will used to determine a blast exclusion zone.  The operational blast radius will be monitored and 
adapted as blasting practices, procedures, and monitoring are optimised. With this exclusion zone in place, along 
with the implementation of a Blasting Management Plan and Community Health, Safety and Security Plan, no 
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impacts to receptors due to blast fumes are predicted and it is not considered further in this assessment. 
Management of blast fumes with respect to occupational health and safety will be addressed in the OSH Plan. 

Summary of sources of potential impact 

Table 6.83 summarises sources of potential impacts to air quality in each of the three project phases. 

Table 6.83 Summary of sources of potential impact  

Potential impacts Construction Operatio
n 

Closure 

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants, due to mobilisation of dust from areas exposed 
by ground disturbance, earthworks and vegetation clearance. 

X X X 

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to direct emission of particles from mining 
excavation and blasting. 

 X  

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to dust generated by handling, transport 
and disposal of soils, ore and waste rock material. 

X X X 

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to wind erosion of disturbed areas, 
stockpiles, TSF surfaces and dumps. 

X X X 

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to raised dust from vehicle movements on 
unsealed roads. 

X X X 

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to combustion emissions from the power 
plant. 

 X  

Increased airborne particulate matter, dust deposition and potential for 
airborne particulate toxicants due to combustion emissions from project 
vehicles and machinery. 

X X  

Increased airborne gaseous pollutants due to emissions from power plant.  X  

X = occurring in this phase 

6.5.3 Proposed mitigation and management measures  
Potential air quality and dust deposition impacts will be avoided through project design and administrative 
controls or minimised through developing and implementing an air quality management plan. Proposed avoidance 
and management measures are outlined below. 

Avoidance measures 

A measure to avoid air quality impacts to human receptors will be the resettlement of communities that are 
located in proximity to the project area where the greatest potential impacts to air quality will occur. The various 
receptors will be resettled at different times depending on their location with respect to project activities.  

Resettlement locations have not been confirmed and further engagement with resettled communities, planning 
and approvals are required, but the resettlement location(s) will almost certainly lie outside the zone of influence 
of air quality impacts that arise from the Bawdwin concession area itself.  

Figure 6.20, 6.21, and 6.22 show the locations of all potential air quality and dust deposition receptor groups and 
Section 6.5.4 provides a description of these receptors, including the timing of resettlement (if applicable) in 
relation to project works. 
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Figure 6.20  Key receptor groups considered in assessment of air, noise, vibration and health assessment and baseline monitoring locations 
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Figure 6.21 Regional village receptor groups considered in assessment of potential air quality and health impacts 
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Figure 6.22 Export corridor receptor groups considered in assessment of potential air quality, noise, vibration and health impacts
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Mitigation and management measures 

Mitigation and management measures to minimise air emission and dust deposition impacts will include the 
following: 

 Conduct real-time monitoring of dust emissions and weather conditions (wind speed and direction) and: 

- Avoid work near villages and settlements and increase dust suppression activities during high-risk 
periods. 

- Avoid blasting when wind speed and direction will blow blast gases over villages or settlements. 

 Use of water to suppress dust in areas that have high potential for dust generation including construction sites, 
the open pit, ore stockpiles, waste rock dumping zones and haul roads.  

 Use surface binding agents for constructed unsealed roads to minimise potential for dust generation. 

 Minimise the extent, and time, that ground surfaces and stockpiles are exposed through staged works 
wherever possible. 

 Cover exposed earth and stockpiles either temporarily with suitable material and/or revegetate to minimise 
the potential for wind erosion. 

 Minimise the handling of soils, ore and waste rock material where practicable. 

 Operate the power station in accordance with equipment operating specifications and regularly monitor 
exhaust emissions to ensure they meet Myanmar air emission criteria.  

 Use vehicles, plant and equipment that is well maintained and minimises emissions to air. 

 Establish and enforce speed limits on roads carrying project vehicles to minimise dust and noise generation. 

 Adopt a tailings deposition strategy to minimise potential for dust generation, within the constraints imposed 
by the overall tailings design and management strategy (Knight Piésold, 2020). 

 Undertake progressive rehabilitation and revegetation of disturbed areas (including the TSFs and waste rock 
dump) to minimise the length of time that disturbed areas are exposed to wind and erosion. 

6.5.4 Residual impact assessment 
This section presents the assessment of potential residual impacts identified in Section 6.5.2 after implementation 
of the management measures outlined in Section 6.5.3.  

The magnitude of each residual impact is assessed based on the impact’s geographic extent, severity and duration, 
taking into consideration the existing air quality and dust deposition conditions and the sensitivity of air quality 
values to receptors. Table 6.84 presents the criteria used to determine the magnitude of each impact. 

Table 6.84 Criteria used to determine the magnitude of impacts to air quality  

Criteria Very low Low Medium High Very high 

Spatial 
extent 

Impact affects a 
very small 
proportion of the 
receptor (i.e., less 
than 5% of 
individual 
residences in the 
receptor group) 

Impact affects a 
small proportion 
of the overall 
receptor (i.e., in 
the order of 5-
25% of individual 
residences in the 
receptor group) 

Impact affects a 
moderate 
proportion of the 
overall receptor 
(i.e., in the order 
of 25-50% of 
individual 
residences in the 
receptor group) 

Impact affects 
most of the 
receptor group 
(i.e., in the order 
of 50-75% of 
individual 
residences in the 
receptor group) 

Impact affects the 
entire receptor 
group (i.e., all 
individual 
residences in the 
receptor group) 

Severity Impact has a very 
low severity and is 

Impact has a low 
severity and is 

Impact is 
detectable against 

Impact is readily 
detectable against 

Impact results in a 
very large change 
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Criteria Very low Low Medium High Very high 

not detectable 
against baseline. 
Changes to air 
quality are well 
below ambient air 
quality criteria at 
receptors. 

barely detectable 
with against 
baseline. Impact is 
not likely to 
contribute 
noticeably to 
ambient air quality 
criteria at 
receptors. 

baseline. Impact 
does not 
contribute more 
than 25% to the 
ambient air quality 
criteria at 
receptors.  

baseline. Air 
quality criteria are 
exceeded at 
receptors, 
contribution is 
more than 25% of 
the ambient air 
quality criteria at 
receptors. 

against baseline. 
Air quality criteria 
are exceeded at 
receptors, 
contribution is 
more than 50% of 
the ambient air 
quality criteria at 
receptors. 

Duration Impact is very 
short in duration 
(i.e., days)   

Impact is short 
term (i.e., months 
or less)  

Impact is medium 
term (1 to 
2 years).  

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

 

Receptor groups 

For the purposes of this impact assessment, the social receptors to air quality and dust deposition impacts are 
defined in Table 6.85. Figures 6.20, 6.21 and 6.22 shows the locations of these receptors and the location of 
baseline monitoring sites. The proximity of the receptors to the baseline monitoring sites is considered when 
assessing the uncertainty of the impact assessment, as more assumptions are made regarding existing air quality 
at sites further from monitoring locations. 

Table 6.85 Receptor groups 

Receptor Name Description Sources of potential impacts Resettlement timing 

Military base Located less than 500 m 
south of the process plant 
and power station and less 
than 500 m from the TSF 
B and C embankments, 
and 1 km from the haul 
road. 

Construction and operation of 
the process plant and power 
station  

Construction of the TSF B and 
C embankments 

Construction and use of the haul 
road 

 

None proposed as this stage. Will 
be decided in consultation with the 
army. 

Bawdwin upper 
village 

Located immediately north 
of the open pit. 

Construction activities 
associated with access and haul 
road construction and 
construction of accommodation, 
mine services area, process 
plant and power station. 

 

Approximately 7 to 9 months after 
commencement of the project 

Prior to commencement of mining 
operations in month 10 

Bawdwin lower 
village 

Located immediately to 
the south of the open pit 
and 1.5 km south of the 
haul road.  

Construction activities 
associated with Bawdwin South 
to Tiger Camp Road upgrades, 
haul road construction and pre-
stripping.  

Operations including blasting, 
mining, haulage. 

Approximately 40 to 42 months 
after commencement of the project 
(30 to 32 months after 
commencement of mining 
operations). 

Bawdwin lower 
village farms 

Scattered farms and 
associated houses located 
more than 1.5 km 
southeast of the open pit. 
This receptor is not 
anticipated to be impacted 
by noise due to its distance 
from project activities and 
is not assessed in this 
chapter. 

Construction activities 
associated with Bawdwin South 
to Tiger Camp road upgrades, 
haul road, plant road and pre-
stripping. 

Operations including blasting, 
mining and haulage. 

Approximately 40 to 42 months 
after commencement of the project 
(30 to 32 months after 
commencement of mining 
operations).  
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Receptor Name Description Sources of potential impacts Resettlement timing 

Tiger Camp 
village (including 
Wallah Gorge) 

Located immediately 
south of the proposed 
waste rock dump, approx. 
1 km to the plant road and 
adjacent to the Namtu-
Tiger Camp access road. 

Construction activities 
associated with plant access 
road and Namtu-Tiger Camp 
access road, approximately 
800 m away. 

Operations activities associated 
with haulage.  

Approximately 29 to 30 months 
after commencement of the project 
(19 to 20 months after 
commencement of mining 
operations, 1 to 2 months before 
waste rock dump sediment dam 
construction and 8 to 9 months 
before waste rock dump 
construction) (and 9 to 10 months 
before deposition to the waste rock 
dump begins). 

Tiger Camp 
farms – north and 
northeast of Tiger 
Camp 

Scattered farms and 
associated houses to the 
east and northeast of Tiger 
Camp. Several of these 
farms and houses are 
within 500 m of the plant 
road and Namtu-Tiger 
Camp access road. 

Construction activities 
associated with plant road, 
Namtu-Tiger Camp access road 
and waste rock dump and 
sediment dam early works. 

Operations including waste rock 
dump development and 
operation of plant road and 
Namtu-Tiger Camp access road. 

Farms on the plant access road will 
be resettled prior to road 
construction 5 to 6 months after 
commencement of the project. 

Remaining farms above Tiger 
Camp resettled 40 to 42 months 
after commencement of the project 
(30 to 32 months after the 
commencement of operations). 

 

Tiger Camp 
farms – Chin Hill 
farms 

Scattered farms about 1 
km to the south of Tiger 
Camp village. 

Construction activities 
associated with Namtu-Tiger 
Camp access road and 
Bawdwin South to Tiger Camp 
road upgrades 

Chin Hill farms will be resettled 
with Tiger Camp village 29 to 30 
months after commencement of the 
project (19 to 20 months after the 
commencement of mining). 

Loi Mi village 
and associated 
farms 

Loi Mi village and 
associated farms located 
less than 500 m south of 
TSF-B and approx. 1.8 km 
from the pit. 

Construction and operation of 
TSFs.  

Operations including blasting, 
mining and haulage. 

To be determined, based on 
engagement and further 
investigation of impacts. 

Nam La farms Scattered farms and 
associated houses located 
between the Nam La water 
harvesting facility, the 
process plant and TSF-A 

Construction of Nam La water 
harvesting facility and process 
plant access roads. 

Operation of process plant and 
power station, and haulage. 

Approximately 7 to 9 months after 
commencement of the project 
when construction of the process 
plant, power plant etc occurs, prior 
to commencement of mining 
operations in month 10 

Residents of Nam 
Pangyun valley 
downstream of 
Tiger Camp 

Includes artisanal miners 
and permanent and 
seasonal residences 
associated with 
agricultural plots along the 
lower Pangyun valley 
downstream of the 
Bawdwin concession area 
alongside the Namtu-Tiger 
Camp access road. 

Construction and operations 
noise from vehicles along the 
Namtu-Tiger Camp access road. 

Wheel generated dust and 
gaseous emissions from 
vehicles along the Namtu-Tiger 
Camp access road. 

General amenity impacts from 
construction and operations  

Closure-related vehicles 

 

None 

Villages in tracts 
adjoining the 
Bawdwin 
concession area  

Includes twelve villages 
within an 8 km radius of 
the Bawdwin concession 
area: Ho Hoke, Ho Pat, 
Haik Taung (Pa), Hu Hsar, 
Haik Taung (Kai), Long 
Jar, Hu Ngway, Hin Poke, 
Ho Chet, Nam Hkun, Hsin 
Li, Loi Ping (Kone Kayar) 

General amenity impacts from 
cumulative dust emissions from 
construction and operations. 

None 
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Receptor Name Description Sources of potential impacts Resettlement timing 

Namtu Namtu town Noise from vehicles along the 
export corridor, which will pass 
through the southern part of 
Namtu town and alongside the 
northern bank of the Myitnge 
River  

Wheel generated dust and 
gaseous emissions from 
vehicles along the export 
corridor 

Closure related vehicles 

None 

Residents along 
the export route. 

Residents (including 
standalone houses, 
settlements, villages and 
towns) along the export 
route from the processing 
plant to the National 
Highway 3, which is 
located approximately 
70 km by road to the east 
of the concession.  

Noise from vehicles along the 
export corridor. 

Gaseous emissions from 
vehicles along the export route. 

None 

Residents along 
the Namtu-
Manton Road 

Residents (including 
standalone houses and 
settlements) along the 
Namtu-Manton Road 
northeast of the Bawdwin 
concession area between 
Namtu and the 
accommodation camp. 

Noise from vehicles along the 
Namtu-Manton Road during the 
early part of construction, 
before the Namtu-Tiger Camp-
plant access roads are 
constructed.  

Gaseous emissions from 
vehicles along the export route. 

None 

Project 
workforce 

Project personnel working 
on construction and 
operations. 

Inhalation of dust including 
particles containing elevated 
lead and other heavy metals. 

N/A 

The locations described in Table 6.85 within the Bawdwin concession area, the Nam Pangyun valley and at Namtu 
(see Figure 6.20) are already affected by degraded air quality from high levels of particulate matter and dust 
deposition from historic mining, industrial and traffic sources, as well as ongoing wind erosion of the landscape. 
The villages outside the Bawdwin concession area are currently exposed to lower background levels of dust. Air 
quality and dust deposition impacts are assessed within this context, as described in Section 5.5.  

This chapter does not assess impacts to project personnel working in the project area (project workforce receptor) 
which may be impacted by changes in air quality during the project. Occupational health and safety risks to project 
workforce are addressed in Section 6.11.  

The environmental receptor referred to in this assessment is the general ecosystem functions in the region (i.e., 
from Bawdwin to Namtu). Impacts to environmental receptors are assessed in terms of the effect on the ecosystem 
generally. Section 6.8 provides further assessment of dust impacts to particular flora and fauna. The credible 
impacts to ecosystems will be via dust deposition, so only this pathway is assessed. Impacts due to air quality and 
dust effects are assessed in more detail in Section 6.8.  

Climatic influences  

Air quality and dust impacts are influenced by the weather conditions, particularly rainfall and wind. During high 
rainfall periods, dust emissions and deposition will be lower than during dry conditions. Sporadic heavy rainfall 
occurs in the wet season typically between May and October, with August being the wettest month, receiving 
almost 300 mm on average. Therefore, particulate air emissions are expected to be generally lower between May 
and October and higher between November and April. This relationship has been demonstrated during baseline 
monitoring, which showed lower levels of particulates in air during the wet season (see Section 5.5). While dry 
conditions may occur within the wet season and wet conditions may occur within the dry season, for the purposes 
of this impact assessment is assumed that suspension of dust is less during the wet season (May to October). 
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Wind data collected between January and May 2020 at the Bawdwin weather station located near the Nam 
Pangyun Reservoir, showed prevailing regional winds to be south-southwesterly. The highest wind speeds were 
recorded in January, reaching over 2.4 m/s in the south-southwesterly direction. In April and May, wind speeds 
in the south-southwesterly direction were still the most prevalent but wind speeds decreased. This pattern indicates 
that for at least some of the year, the predominant winds will tend to transport airborne particulates and dust 
towards the mountainous terrain areas north of the Bawdwin concession area. Further monitoring is needed to 
develop an understanding of the wind trends throughout the year. Wind speed and direction in Bawdwin are 
discussed further in Section 5.4.4. 

Based on climate models prepared by Meteoblue (Meteoblue, 2020), the annual prevailing wind at Namtu is in a 
southerly direction. Here the monsoon creates steady strong winds from December to April, and calm winds from 
June to September. During 2019, modelled wind speeds were strongest between February and May when 
northwesterly winds dominated. Prevailing winds then ease and shift to a southwesterly between June through 
early September before tending south-southeasterly between late September through to January. This modelling 
indicates that during the strongest winds air emissions will be directed to the southeast, but for most of the time 
the dominant winds in the region (i.e., the south- southwesterlies, and southeasterlies) will direct air emissions in 
a northly direction. The May to October period coincides with the wetter months and the amounts of dust 
transported are predicted to be relatively low during this period; however, increased rainfall is assumed to not 
decrease the gaseous pollutants transported by air during this period. From October to May, prevailing wind 
directions vary, and it is expected that gaseous air emissions from the Bawdwin area would also vary in their 
direction.  

This climate information has been used to inform the likely durations of air quality and dust deposition impacts 
experienced at receptor locations around the project area. Though, additional meteorological monitoring may 
change some of the assumptions around rainfall and wind direction influences. 

Increased airborne particulate matter and dust deposition 

Construction Phase 

During construction, the project will result in increased airborne particulate matter due mainly to dust generated 
from site earthworks and vehicle movement on project access and haul roads. Ongoing wind erosion of disturbed 
earth and soil stockpiles will contribute to levels of airborne particulate matter until the sites are covered, either 
with temporary cover or vegetation. Notwithstanding the implementation of dust suppression and minimisation 
management measures, the project will result in suspension and subsequent deposition of some dust in the 
surrounding environment.  

Due to the scale of disturbance during the construction period, increased levels of airborne particulate matter over 
and above the existing conditions are expected. Most of the dust will come from site earthworks in the central 
Bawdwin concession area where the large construction areas (mine services area, process plant, ROM pad, power 
station, TSFs and waste rock dump) are located. To a lesser extent, road construction will contribute to the dust 
emissions in a transient manner, as the road disturbance progresses linearly. Dust emissions from vehicle 
movements are expected to be relatively localised.  

Most of the dust deposition is expected to occur around the major construction sites in the central project area. At 
times finer particles (probably PM10 and smaller) will probably be transported greater distances before being 
deposited. Dust deposition will be sporadic depending on the timing and location of source(s) of raised dust and 
the prevailing weather conditions at the time. For example, under drier, windier conditions, more dust will be 
generated and transported further distances. 

During construction, the emission of dust will be attenuated by ongoing active dust suppression across the site. 
This will be achieved by spraying water onto the key sources of dust during dry conditions. During the wet season 
(i.e., May to October), less active dust suppression is expected to be necessary to mitigate dust generation due to 
rainfall and wet conditions. The effect of wind erosion and suspension of dust will reduce as disturbed areas are 
progressively stabilised and rehabilitated. 

As much of the landscape in the Nam Pangyun catchment is cleared of vegetation, highly eroded and contaminated 
with heavy metals, the area is of low ecosystem value and has minimal associated land and water resource 
beneficial values. Section 6.8 discusses habitat loss and degradation in more detail; however, with dust 
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suppression measures in place increased dust deposition is not expected to be a significant cause or contributor to 
the loss or reduced functioning of ecosystems.  

During the construction period it is unlikely that extensive dust deposition will occur outside of the Bawdwin 
concession area due to the separation distance between the concession boundary and the majority of the dust 
sources. The highest levels of dust deposition will occur closer to project activities/sources.  

Baseline air monitoring has shown that the Bawdwin and Namtu region currently experiences elevated levels of 
particulate concentrations in air. Background ranges exceed the adopted ambient air quality screening criteria for 
total suspended particulates (150 ug/m3) and PM10 (50 ug/m3) at all sites across the Bawdwin, Tiger Camp and 
Namtu monitoring areas (see Figure 6.20 for monitoring locations and Section 5.5 for more detail on the baseline 
data).  

The baseline monitoring also showed that current lead concentrations in the particulates exceed the health 
screening criterion (0.5 ug/m3) across all monitoring sites in Bawdwin, Tiger Camp and Namtu. Within the 
Bawdwin concession area, this is probably due to dust containing elevated lead levels from wind erosion of the 
Bawdwin mine and waste rock disposal areas and cleared hillsides. Within Namtu, historic pollution and the 
remining of tailings (that is being undertaken by a third party) is likely to contribute to dust levels.  

Across the Bawdwin to Namtu region the measured baseline dust deposition rates exceed the adopted screening 
criterion of 4 g/m2/month (with the exception of one of the twelve monitoring sites near Bawdwin village at 13 
Mile; see Figure 6.20). Baseline dust deposition rates were highest at Namtu (average of 1,000 mg/m2/day), which 
is possibly the result of reprocessing/mining of historic tailings deposits. Baseline dust deposition sampling also 
found lead concentrations in deposited dust to be above the WHO (2000) health screening criterion of 
0.25 mg/m2/day at all 12 monitoring sites, with a maximum recorded concentration of about 3 mg/m2/day just 
north of Bawdwin Village (see Figure 6.20).  

The receptors likely to receive the highest levels of dust during the construction period will be the Bawdwin upper 
village (albeit for a short period), Bawdwin lower village and the Bawdwin military base. Bawdwin upper village 
will be resettled approximately 7 to 9 months after commencement of construction and will be exposed to dust 
from construction of the process plant, power station and haul road. If it remains in its current location, the military 
base will also be exposed to dust from these sources throughout the construction period. Bawdwin lower village 
will be resettled 30 to 32 months after the commencement of mining operations (month 10) and will be exposed 
to particulate matter from construction of the haul road and development throughout the construction period. Tiger 
Camp village will be resettled 19 to 20 months after the commencement of mining operations and is expected to 
experience elevated level dust as the Namtu-Tiger Camp access road construction passes adjacent to the village 
(see Figure 6.19).  

Tiger Camp farms are also likely to experience high levels of particulate matter from construction of the Namtu-
Tiger Camp access road and plant road and possibly from construction of the Wallah waste rock dump sediment 
dams. While farms immediately along the plant access road will be resettled prior to road construction, the 
remaining farms will be resettled during the operations phase (29 to 32 months after operations commence). 
Residents of the Nam Pangyun valley will experience dust emissions during the construction of the Namtu-Tiger 
Camp access road along the rail corridor. These receptors will not be resettled. Nam La farms will be exposed to 
particulate matter during construction of the access road to the Nam Law water harvesting facility, from site 
earthworks at the process plant and power station. This receptor will be resettled 7 to 9 months after 
commencement of construction. 

Bawdwin lower village, Tiger Camp village, Tiger Camp farms, residents of the Nam Pangyun valley and Nam 
La farms will be most prone to dust deposition impacts due to their proximity to project activities. The extent of 
dust deposition (i.e., predicted thickness and locations of deposition) at each of these receptors needs to be 
confirmed by predictive dust deposition modelling. Airsheds further away from the Bawdwin concession area will 
be less affected by increased airborne particulate matter. This includes Loi Mi village and associated farms, Namtu 
and the twelve villages in tracts adjoining the Bawdwin concession area and Namtu. These receptors would be 
more likely to experience occasional dust deposition comprising finer particles transported by prevailing winds, 
given these receptors are located further away from construction ground disturbance sources of dust.  

Despite implementation of dust suppression measures Bawdwin upper village will experience dust from 
construction of the process plant, power station, mine services area and haul road. The significance of increased 
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dust to Bawdwin upper village during the construction phase is considered to be of high significance, based on 
the medium magnitude of impact and the high sensitivity of the value (Table 6.86). 
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Table 6.86 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
upper village 

Value Sensitivity of value  

Bawdwin upper 
village airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, human 
health and ecosystems. 

High  

The airshed has high 
levels of existing 
particulate matter and 
rates of dust deposition, so 
has high vulnerability to 
amenity, health and 
wellbeing effects from 
additional air emissions 

Low 

The airshed is not 
resilient to further 
increases in air 
emissions due to high 
levels of existing 
emissions. 

High 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to affect 
the entire receptor given the 
proximity to the dust 
generating activities 

Medium 

There is predicted to be a 
notable increase in dust 
(despite intensive dust 
suppression) given the 
receptor’s proximity to a 
range of construction 
activities (within 500 m of 
the haul road and mine 
services area), which are 
likely to result in a 
cumulative contribution of 
dust. The dust may 
contain elevated heavy 
metals such as lead. 

Low 

Impact is short term 
over 7 to 9 months of 
construction activities 
prior to resettlement of 
the receptor. While the 
impact will vary 
depending on the exact 
location of construction, 
and to an extent the 
prevailing wind and 
rain conditions, the 
increases in dust levels 
will be most 
pronounced in the dry 
season. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 

 

If it remains in its current location, the existing Bawdwin military base will experience dust emissions from 
construction of the process plant, power station, haul road and TSF embankments. The significance of increased 
dust to the military base during the construction phase is considered to be of major significance, based on the 
high magnitude of impact and the high sensitivity of the value (Table 6.87). 
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Table 6.87 Residual impact significance summary – construction phase – reduced  air quality due to 
increased airborne particulate matter and increased dust deposition – affecting the 
Bawdwin military base 

Value Sensitivity of value  

Military base 
airshed- – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The airshed is of high 
importance due to it 
supporting amenity and 
human health. 

High 

The airshed has moderate 
to high levels of existing 
particulate matter and 
rates of dust deposition. It 
has moderate degree of 
attenuation by surrounding 
topography. The airshed is 
highly vulnerable to 
changes in air quality due 
to its close proximity to 
the project.  

Low 

The existing airshed 
experiences moderate to 
high concentrations of 
dust and pollutants. 
Considering the current 
quality of the airshed in 
terms of its physical and 
chemical properties 
(i.e., poor quality), there 
is a little capacity to 
withstand further 
adverse air quality 
changes. 

 

High 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to affect 
the entire receptor given the 
proximity to the dust 
generating activities 

High 

There is predicted to be a 
notable increase in dust 
given the receptor’s 
proximity to a range of 
construction activities 
(approximately 400 m of 
the power station and 
process plant sites and 
TSF-C embankment), 
which are likely to result 
in a cumulative 
contribution of dust. The 
impact will be readily 
detectable with respect to 
existing variability and 
dust may contain elevated 
heavy metals such as lead. 

Medium 

Impact is medium term 
throughout the 
construction period. 
While the impact will 
vary depending on the 
exact location of 
construction, and to an 
extent the prevailing 
wind and rain 
conditions, the 
increases in dust levels 
will be most 
pronounced in the dry 
season. 

High 

Residual impact significance Major 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 
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The residual impact significance of reduced air quality affecting Bawdwin lower village and Tiger Camp village 
receptors during the construction phase due to increased project-related airborne particulate matter and increased 
dust deposition will be of major significance, based on a predicted high magnitude of impact and the high 
sensitivity of the value of the airsheds (Table 6.88 and Table 6.89).  

Table 6.88 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
lower village  

Value Sensitivity of value  

Bawdwin lower 
village airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

High  

The airshed has high levels 
of existing particulate matter 
and rates of dust deposition, 
so has high vulnerability to 
amenity, health and 
wellbeing effects from 
additional air emissions 

Low  

Existing airshed of 
Bawdwin villages 
experiences moderate to 
high concentrations of 
dust and pollutants. 
Considering the current 
quality of the airshed in 
terms of its physical and 
chemical properties 
(i.e., poor quality), there 
is a little capacity to 
withstand further 
adverse air quality 
changes. 

High 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to 
affect the entire receptor 
given the proximity to 
the dust generating 
activities, with highest 
impact expected within 
500 m of the pit pre-
stripping. 

High 

There is predicted to be a 
notable increase in dust 
given the receptor’s 
proximity to construction 
activities (<500 m) (parts of 
Bawdwin Lower village are 
within 500 m from pit pre-
stripping). The impact will 
be readily detectable with 
respect to existing variability 
and dust will contain 
elevated heavy metals such 
as lead. 

Medium 

Impact is medium term 
over the duration of the 
construction activities. 
While the impact will 
vary depending on the 
exact location of 
construction, and to an 
extent the prevailing 
wind and rain 
conditions, the 
increases in dust levels 
will be most 
pronounced in the dry 
season. 

High 

 

Residual impact significance Major 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance.  
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Table 6.89 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition– affecting Tiger 
Camp village 

Value Sensitivity of value  

Tiger Camp 
village airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

High  

The airshed has high levels 
of existing particulate matter 
and rates of dust deposition, 
so has high vulnerability to 
amenity, health and 
wellbeing effects from 
additional air emissions. 
Additionally, the topography 
of the Tiger Camp means 
that it is situated in a valley 
with little opportunity for 
airborne particles to be 
dispersed by wind. 

Low  

Existing airshed of 
Tiger Camp village 
experiences moderate to 
high concentrations of 
dust and pollutants. 
Considering the current 
quality of the airshed in 
terms of its physical and 
chemical properties 
(i.e., poor quality), there 
is a little capacity to 
withstand further 
adverse air quality 
changes. 

High 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to 
affect the entire receptor 
given the proximity to 
the dust generating 
activities 

Medium 

There is predicted to be a 
notable increase in dust from 
construction activities for the 
adjacent the Tiger Camp – 
Namtu access road). The 
dust may contain elevated 
heavy metals such as lead 
due to historic 
contamination. 

Low 

Impact is short term 
over the expected five 
months to construct the 
Namtu to Tiger Camp 
Road. While the impact 
will vary depending on 
the exact location of 
construction, and to an 
extent the prevailing 
wind and rain 
conditions, the 
increases in dust levels 
will be most 
pronounced in the dry 
season. 

Medium 

 

Residual impact significance High 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance.  

 

The residual impact significance of reduced air quality during construction due to increased project-related 
airborne particulate matter and increased dust deposition affecting Tiger Camp farms will be of medium 
significance, based on a predicted medium magnitude of impact and the medium sensitivity of the value (Table 
6.90).  
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Table 6.90 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Tiger 
Camp farms 

Value Sensitivity of value  

Tiger Camp 
farms airshed 
– cleanliness 
of air and 
visual amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it supporting 
amenity, human health and 
ecosystems. 

Medium 

The farms are close to Tiger 
Camp on relatively high, open 
terrain, meaning dust and 
contaminants would possibly 
be able to disperse and not 
linger in those areas. The 
existing airshed is likely to be 
less degraded and 
consequently less vulnerable 
than Tiger Camp village due 
to their location upslope, 
however dust deposition 
levels on the nearby Shar Toe 
Hill exceed guideline levels, 
so the airshed is still likely to 
be moderately degraded and 
have moderate vulnerability 
to further degradation. 

Medium 

As Tiger Camp 
farms are expected 
to have slightly less 
degraded airsheds 
than Tiger Camp 
village, there is 
likely to be some 
capacity to cope 
with further 
increases in air 
emissions. 

Medium 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate 
matter and 
increased dust 
deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

High 

Impact is expected to affect a 
high proportion of the receptor 
given the proximity to the dust 
generating activities (access 
road, plant road and sediment 
dam construction) to some of 
the individual residences. There 
is only a small number of 
residences that are more than 
500 m away, which will 
experience little to no impact. 

Chin Hill farms will be 
relocated prior to sediment dam 
construction. Tiger Camp farms 
on the access and plant roads 
will be relocated prior to road 
construction. 

Medium 

There is predicted to be a 
notable increase in dust given 
the receptor’s proximity to 
construction activities 
(several farms are within 500 
m of the Namtu-Tiger Camp 
access road and plant access 
road). The impact will be 
readily detectable with 
respect to existing baseline 
and dust may contain elevated 
concentrations of heavy 
metals, although the impact 
will be transient in nature 
with receptors likely to be 
exposed to variable and 
fluctuating levels of dust as 
construction moves across the 
terrain.  

Low 

Impact is short term 
over the expected 
five months to 
construct the Namtu 
to Tiger Camp 
Road. While the 
impact will vary 
depending on the 
exact location of 
construction, and to 
an extent the 
prevailing wind and 
rain conditions, the 
increases in dust 
levels will be most 
pronounced in the 
dry season. 

Medium 

 

Residual impact significance Medium 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited meteorological and air quality baseline in this 
area. The use of general recommended separation distances has been adopted for guidance. 

 

 

The residual impact significance of reduced air quality during construction due to increased project-related 
airborne particulate matter and increased dust deposition affecting Bawdwin lower village farms will be of low 
significance, based on a predicted low magnitude of impact and the medium sensitivity of the value 
(Table 6.91).  
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Table 6.91 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
lower village farms 

Value Sensitivity of value  

Bawdwin lower 
village farms 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, human 
health and ecosystems. 

Medium 

These farms are 
reasonably well removed 
from existing project 
activities and are on 
relatively high, open 
terrain meaning dust and 
contaminants would 
probably be able to readily 
disperse and not linger in 
those areas. Receptor 
would have medium level 
of vulnerability to 
additional dust causing 
amenity, health and 
wellbeing impacts given 
relatively moderate 
existing dust levels. 

Medium 

As the lower Bawdwin 
village farms are likely 
to have a less degraded 
airshed than Bawdwin 
lower village, the 
airshed probably has 
some capacity to cope 
with further increases in 
air emissions. 

Medium 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a small 
proportion of the receptor, 
given most of the individual 
residences will be over 
2 km from the Namtu-Tiger 
Camp access road 
construction and mine pre-
stripping. 

 

Low 

Given the distance from 
the Namtu-Tiger Camp 
access road (more than 
500 m at its closest point) 
and other dust generating 
sources, impacts to air 
quality and dust 
deposition are expected to 
be of low severity with 
respect to baseline dust 
conditions. 

Medium 

Impact is medium term 
over the expected two 
years of construction 
activities. The increases 
in dust levels will be 
most noticeable in the 
dry season. 

The increases in dust 
levels will be 
intermittent, with for 
example, little dust 
being generated in the 
wet season. 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the construction phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Nam La farms will be of moderate significance, based 
on a predicted medium magnitude of impact and the medium sensitivity of the value (Table 6.92).  

Table 6.92 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Nam La 
farms 

Value Sensitivity of value 

Nam La farms 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

Medium  

These farms are reasonably 
removed from the existing 
mine, however there are 
expected to be relatively 
moderate existing dust levels 
as dust deposition at the 
nearby Bawdwin Reservoir 
(around 500 m away from 
the closest farm) exceeds 
guideline values. The airshed 
would have medium level of 
vulnerability to additional 
dust causing amenity, health 
and wellbeing impacts. 

Medium  

As the farms are expected 
to have a relatively clean 
airshed compared to 
receptors in the upper Nam 
Pangyun valley, there is 
likely to be capacity to cope 
with further increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Medium 

Impact will affect a 
moderate proportion 
of the receptor (those 
individual residences 
near the access road 
to the Nam La water 
harvesting facility) 
with the remainder 
(i.e., those residences 
more than 500 m 
away) being either 
unaffected or affected 
to a materially lower 
extent.  

High 

Given that the receptor is 
adjacent to sections of the 
access road to the Nam La 
water harvesting facility (50 
m away in some sections) 
and some farms around 100 
m from the power plant site, 
200 m from the process plant 
site and within 500 m of the 
Nam La water harvesting 
facility, it is expected that 
dust will be high compared 
to existing conditions and 
compared to ambient air 
quality criteria. 

Low 

Impact is short term (i.e., in 
the order of months) as 
construction of 
infrastructure near Nam La 
farms is completed and the 
receptors are resettled after 
7 to 9 months after 
commencement of 
construction. The increases 
in dust levels will be most 
noticeable in the dry 
season. 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 

 

The residual impact of reduced air quality during the construction phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Loi Mi village and associated farms will be of low 
significance for receptors that are resettled, based on the low magnitude of impact and the medium sensitivity 
of the value, and low significance for receptors that are not resettled, based on the low magnitude of impact and 
medium sensitivity of the value (Table 6.93). 
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Table 6.93 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Loi Mi 
village and associated farms 

Value Sensitivity of value 

Loi Mi village 
and associated 
farms airshed 
– cleanliness 
of air and 
visual amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

Medium  

The farms are removed from 
existing project activities and the 
airshed is likely to be less 
degraded than receptors within the 
upper Nam Pangyun valley. As 
the farms are on relatively high, 
open terrain, emissions would 
probably be able to readily 
disperse and not linger in those 
areas.  The airshed would have 
medium vulnerability to additional 
dust causing amenity, health and 
wellbeing impacts given the 
expected relatively low existing 
dust levels. 

High 

As the farms are 
expected to have a 
relatively clean airshed 
compared to receptors in 
the upper Nam Pangyun 
valley, there is likely to 
be capacity to cope with 
further increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate 
matter and 
increased dust 
deposition 
during 
construction  

IF RESETTLED (those receptors within the Bawdwin concession area) 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor (those 
farms and residents in 
the concession 
boundary), until they 
are resettled with the 
remainder being 
either unaffected or 
affected to a 
materially lower 
extent.  

Very low 

The closest construction dust 
source is the TSF-B embankment, 
approximately 1 km away from 
individual Loi Moi farms not 
within the Bawdwin concession 
area (i.e., assuming those 
receptors within the concession 
area are resettled to outside the 
concession area). The increase in 
airborne particulates will is 
predicted to be of very low 
severity in the context of baseline 
levels of airborne dust.  

Medium 

Impact is medium term 
over the period of TSF 
embankment 
construction (prior to 
resettlement). The 
increases in dust levels 
will be most noticeable 
in the dry season. 

The increases in dust 
levels will be 
intermittent, with for 
example, little dust being 
generated in the wet 
season. 

Low 

Residual impact significance (if resettled) Low 
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Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate 
matter and 
increased dust 
deposition 
during 
construction  

IF NOT RESETTLED 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor (those 
farms and residents in 
the concession 
boundary) with the 
remainder being 
either unaffected or 
affected to a 
materially lower 
extent.  

Low 

The closest construction dust 
source is the TSF-B embankment, 
about 500 m away from individual 
Loi Moi farms within the 
Bawdwin concession area. Most 
farms and Loi Mi village are 
approximately 1 km away from 
the TSF embankment. The 
increase in airborne particulates is 
predicted to be of low severity in 
the context of baseline levels of 
airborne dust.  

Medium 

Impact is medium term 
over the period of TSF 
embankment 
construction. The 
increases in dust levels 
will be most noticeable 
in the dry season. 

The increases in dust 
levels will be 
intermittent, with for 
example, little dust being 
generated in the wet 
season. 

Low 

Residual impact significance(if not resettled) Low 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the construction phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting residents of the Nam Pangyun valley (along new site 
access road) will be of moderate significance, based on the medium magnitude of impact and the medium 
sensitivity of the value (Table 6.94). 

Table 6.94 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting residents 
of the Nam Pangyun valley  

Value Sensitivity of value 

Nam Pangyun 
valley airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of 
high importance due 
to it supporting 
amenity, human 
health and 
ecosystems. 

Medium 

There are relatively moderate 
existing dust levels and dust 
deposition at the nearby Law Po 
Hill exceeding guidelines levels. 
The narrow valley setting may 
result in dusty conditions lingering 
in the area compared to more open 
terrain. Nam Pangyun valley has 
low topography with little 
opportunity for airborne particles 
and gaseous pollutants to be 
dispersed by wind. 

Medium  

Given the moderate 
existing dust levels, 
there is probably 
some capacity to cope 
with further increases 
in air emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Medium 

This impact will 
affect a moderate 
proportion of the 
receptor (i.e., those 
individual receptors 
adjacent to the road) 
with those further 
away (i.e., in the 
order of 500 m or 
more) experiencing 
little or no impact. 

High 

There is predicted to be temporary 
increases in high intensity dust 
given receptor’s proximity (i.e., 
several residences less than 200 m 
away) to construction activities 
(i.e., Namtu to Tiger Camp access 
road). 

The effect will be readily detectable 
with respect to existing variability 
and dust is expected to contain 
elevated heavy metals such as lead 
(see Figure 5.33). 

Low 

Impact will be short 
term (5 month road 
construction period) 
and transient along 
the access road length 
as construction 
progresses. The 
increases in dust 
levels will be most 
noticeable in the dry 
season, when 
construction is 
planned to occur. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of air quality modelling, limited meteorological and air quality baseline and 
uncertainty of receptor locations. The use of general recommended separation distances has been 
adopted for guidance. 
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The residual impact of reduced air quality during the construction phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Namtu town will be of very low significance, based on 
the very low magnitude of impact and the medium sensitivity of the value (Table 6.95).  

Table 6.95 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Namtu 
town 

Value Sensitivity of value 

Namtu town 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

Medium 

Existing airshed has a medium 
to high vulnerability to 
additional dust causing 
amenity, health and wellbeing 
impacts given relatively 
moderate to high existing dust 
levels. 

Low 

Existing airshed of Namtu 
Town experiences 
moderate to high 
concentrations of 
pollutants and dust 
deposition near Namtu 
exceeds guideline values. 
There is likely to be only a 
limited degree of capacity 
to cope with further 
increases in air emissions. 
 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect a 
very small proportion 
of the receptor, due 
to the distance from 
construction 
activities (within the 
Bawdwin concession 
area) 

Very low 

The Namtu area is expected to 
experience a relatively small 
change to its airshed given its 
distance to major construction 
sites (the Namtu-Tiger Camp 
access road being several 
kilometres from most 
residential areas) and with 
respect to existing baseline 
levels, the existing high levels 
of dust present in the air 
across the region, and the 
active dust suppression to be 
carried out by the project. 

Low 

Impact is short term 
during construction near 
Namtu of access road. The 
increases in dust levels 
will be most noticeable in 
the dry season. 

Very low 

Residual impact significance Very low 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the construction phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting villages in tracts adjoining the Bawdwin concession 
area will be of low significance, based on the low magnitude of impact and the medium sensitivity of the value 
(Table 6.96).   

Table 6.96 Residual impact significance summary – construction phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting villages in 
tracts adjoining the Bawdwin concession area 

Value Sensitivity of value 

Airsheds of 
villages in tracts 
adjoining 
Bawdwin 
concession area – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

Low  

These villages are separated 
from project activities by 
mountainous terrain and 
located more than 3 km from 
project-related air emission 
sources (Ho Chet being the 
closest; see Figure 6.20). It is 
expected that the existing air 
quality of the airshed is 
relatively good and that the 
airshed has low vulnerability 
to changes to health and 
wellbeing due to additional 
dust; although amenity might 
be reduced. 

High 

These villages are 
expected to have 
relatively good air 
quality and would be 
able to withstand some 
amount of additional air 
emissions 

 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction  

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect only 
a very small proportion 
of the receptor, with 
only the closest village, 
Ho Chet, potentially 
exposed to the impact 
(although modelling 
would be needed to 
confirm this). The 
remaining villages 
ranging from 5-10 km 
from project 
construction areas are 
not expected to be 
affected 

Very low 

The regional area is expected 
to experience a relatively 
small change to its airshed 
given the distance to 
construction activities 
(closest receptors being more 
than 2.5 km from TSF-A and 
Nam La Dam). 

Impact is not expected to 
cause or contribute to 
exceedance of air quality 
criteria. 

Medium 

Impact is medium term 
over the expected 
period of construction 
activities. While the 
impact will vary 
depending on the exact 
location of construction, 
and to an extent the 
prevailing wind and 
rain conditions, the 
increases in dust levels 
will be most noticeable 
in the dry season. 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

High 

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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Operations Phase 

During operations, the primary sources of particulate emissions to air will be mining, mine waste management 
and ore handling. The increase in particulate emissions will be more pronounced during dry conditions. Dust 
generated by mining, blasting and handling of rock and, to a lesser extent, soil is likely to comprise a significant 
proportion of large, non-respirable, particles. Large dust particles (i.e., larger than PM10) tend to have a short 
atmospheric presence and are brought to the ground by gravity (Appendix G). Wind erosion of materials in the 
pit, TSFs, Wallah waste rock dump and soil, ore and waste rock stockpiles will be a source of ongoing dust 
emissions prior to rehabilitation of these areas. Dust from these sources may include high concentrations of metals. 
Design of these facilities and dust suppression measures to be developed during the detailed design will reduce 
the dust emissions from these sources.  

Particulate emissions from ore and waste rock handling will occur where materials are collected, tipped into haul 
trucks, hauled, and disposed into stockpiles and dumps. Increases in suspended dust in the air will also occur as 
haul vehicles and operations supply vehicles move along unsealed roads and during ongoing wind erosion of 
exposed earth.  

During operations, most of the dust deposition is expected to occur around the mine pit, along the haul roads and 
near the ROM pad. Wind erosion of the TSF embankments and Wallah waste rock dump prior to these sites being 
rehabilitated with vegetation cover will result in dust deposition in nearby areas. The existing context, the impact 
pathways and influencing factors are mostly the same as described above for construction. By the time of 
commencement of mining operations, 10 months after commencement of the project, Bawdwin upper village, 
some Tiger Camp farms and Nam La farms will be resettled and will no longer be potential receptors. Tiger Camp 
village will remain until 19 to 20 months after the commencement of mining operations and the remaining Tiger 
Camp farms and Bawdwin lower village will remain until 30-32 months after the commencement of mining 
operations. The Bawdwin military base will not be resettled as part of the project and may remain throughout 
operations. If it remains in its current location, the military base will experience increased dust from development 
of the TSF embankments and the haul road. The military base lies within 500 m of the TSFB and TSFC 
embankments. 

Prior to resettlement, Bawdwin lower village and Tiger Camp farms are expected to be impacted by dust emissions 
during operations. At the start of mining year 3, the crest of the open pit will approach to within 100 m of Bawdwin 
lower village as measured horizontally. This is well within the recommended separation distance between mining 
activities and sensitive receptors of 500 m. Bawdwin lower village is expected to be exposed to severe dust 
emissions from mining. 

Those of the Tiger Camp farms which are not resettled until 30 to 32 months after the commencement of mining 
operations may be impacted by dust from the Wallah waste rock dump. The distance between Tiger Camp farms 
and the Wallah waste rock dump will vary, but in some cases the distance will be less than 500 m 

Tiger Camp village will be resettled 19 to 20 months after commencement of mining operations and approximately 
nine months before waste rock is disposed into the waste rock dump. The key source of dust to Tiger Camp village 
during operations will be mining but intervening topography may limit this. 

The nature of the dust generating sources (i.e., locations, timing and rates of dust generation) are likely to differ 
during operations compared to construction as described below: 

 Dust emission sources will be more constant and predictable (i.e., a progressively moving pit, scheduled 
blasting, and routine traffic movements and haulage of ore and waste rock to stockpiles), compared to multiple 
simultaneous construction sites in different locations each with different extents of dust generation. 

 Dust emission sources during operations will occur over a longer period (i.e., 13 years).  However, 
resettlement of the sensitive receptors within the Bawdwin concession area will be complete by 30 to 32 
months from the commencement of mining operations.  

 Dust from mining is likely to comprise coarser material compared to disturbance and handling of large 
quantities of soil during construction. Due to the high concentrations of heavy metals in the ore and waste 
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rock it is probable that the dust will have higher concentrations of lead and other metals than currently present 
in the dust. 

The Bawdwin lower village farms are likely to experience low severity dust impacts as they are about 2 km from 
the open pit and are outside the general recommended separation distance of 500 m. Several Tiger Camp farms 
are within 500 m of the Wallah waste rock dump, within the recommended separation distance, and are therefore 
still expected to be affected. Some of the Loi Mi farms are within 350 m of TSF-A; within the recommended 
separation distance even when adjusted for topography.  

Some of the settlements within the Nam Pangyun valley are located within 200 m of the Namtu-Tiger Camp 
access road, within the 500 m recommended separation distance. Central Namtu town is approximately 1 km from 
the export corridor (although outer parts of the town are in proximity to the export corridor), however this is not 
anticipated to be a source of dust. Namtu town is approximately 8 kilometres from the nearest dust generating 
source during operations, the waste rock dump. The villages in tracts adjoining the Bawdwin concession area are 
approximately 3 km from the nearest dust-generating source. These are both beyond the 500 m recommended 
separation distance and impacts are likely to be less severe than receptors within the buffer. 

As outlined above for construction, active dust suppression and rainfall will attenuate the levels of airborne 
particulates due to the project. Prevailing wind conditions and topography will dictate the directions the dust is 
transported and subsequently, which receptors have their airsheds affected and for how long they are affected. 
During operations the sources of emissions of airborne particulates will be relatively consistent (i.e., consistent 
dust generation as the open pit expands, emissions associated with daily blasting of the pit and 24/7 haulage of 
ore and waste rock). Most of the dust will originate from the mine and mine waste areas in central Bawdwin, with 
minor emissions along the haul roads to the north. Dust from light vehicle movements around the broader 
Bawdwin concession area are negligible due to the adoption of speed limits and are not discussed further.  

Operation of the diesel power station will result in the emission of particulate matter in exhaust gas with 
concentrations of up to 46,875 µg/m3, providing an ongoing contribution of airborne particulate material. This 
material is likely to comprise predominantly finer particles such as PM2.5, which commonly form during 
combustion reactions.  

Table 6.97 presents the predicted emissions of particulates during operation of the diesel power station. The 
highest concentration of emitted particulates in exhaust gases from all operating scenarios is presented in bold. 
The maximum emission concentrations are compared to Myanmar air emission limits for electric power 
transmission and distribution (as outlined in the draft National Environmental Quality (Emission) Guidelines) and 
baseline concentrations measured at Bawdwin.  

Table 6.97 Maximum particulate emission mass flow rates (µg/m3) for power plant engine stack 
cluster  

Parameter Unit Engine loadb Myanmar air 
emission limita 

Baseline range 
(ambient) 

(Bawdwin area) 
100% 75% 50% 

Particulate matter (as dry dust) - 
Based on dry exhaust flow rate 

µg/m3 41,667 41,322 46,875 50,000 3.2-266 

Particulate matter (as dry dust) - 
Based on wet exhaust flow rate 

µg/m3 15,294 15,221 18,293 

Particulate emission rates calculated using data source: Unpublished (2020) 
a. Criteria for liquid fuels for ‘Reciprocating engine’ and plant of ‘50-300 MW’, which are deemed most applicable to the diesel power 
station proposed for the Bawdwin Project. These criteria are based on normal cubic metres (µg/Nm3), which are analogous to µg/m3. 
b Engine load refers to percentage of maximum operating power  

Table 6.97 shows that emissions of particulates from the power station exhaust will be at concentrations below 
the applicable Myanmar air emission limits.  

As outlined above for construction impacts, the Bawdwin to Namtu region currently experiences elevated 
particulate concentrations in air with background ranges exceeding the adopted health screening criteria. 
Widespread elevated particulate lead concentrations (above health screening criteria) are currently present in 
airborne dust at Bawdwin.   
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Bawdwin lower village and Tiger Camp village, as well as farms associated with those villages, will remain in 
situ for various durations during operations before being resettled (see Table 6.85 and Figure 6.20). Loi Mi village 
and associated farms may be resettled or may remain in situ. 

For these community receptors, who will eventually be resettled, impacts will be limited to the period prior to 
resettlement, up to 32 months after the commencement of mining operations, which is 10 months after 
commencement of the project. After resettlement, remaining nearby receptors (e.g., Loi Mi village and associated 
farms, residents of the Nam Pangyun valley, villages in tracts adjoining the Bawdwin concession area and Namtu) 
will generally be distant from dust generation sources. During operations, impacts will be mitigated by active dust 
suppression with water, progressive rehabilitation, management of tailings surfaces, ongoing air quality 
monitoring, community consultation and grievance mechanisms and resettlement procedures. 

The impacts of dust deposition on biological values are discussed further in Section 6.8. As much of the landscape 
in the Nam Pangyun catchment is cleared of vegetation, highly eroded and contaminated with heavy metals, the 
area is of low ecosystem value and has minimal associated land and water resource beneficial values.  
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The residual impact of reduced air quality affecting Bawdwin military base during the operations phase due to 
increased project-related airborne particulate matter and increased dust deposition  will be of major significance, 
based on the high magnitude of impact and the high sensitivity of the value (Table 6.98).  

Table 6.98 Residual impact magnitude summary – operations phase – reduced air quality due 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
military base 

Value Sensitivity of value 

Military base 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The airshed 
influences amenity, 
human health and 
ecosystems 

Medium 

The airshed is likely to have 
moderate levels of existing 
particulate matter and rates of dust 
deposition, so has moderate 
vulnerability to amenity, health and 
wellbeing effects from additional air 
emissions 

Low 

The airshed is not 
resilient to further 
increases in air 
emissions due to 
high levels of 
existing emissions. 

High 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
gaseous 
pollutants during 
operations 

Spatial extent Severity Duration Magnitude 

High 

The impact is likely 
(depending on 
emission scenario 
and weather 
conditions) to affect 
all of this receptor. 

High 

The receptor is within 500 m the 
TSF-B and TSF-C embankments. 
The impact is likely be noticeable 
compared to baseline conditions. 
Dust from the TSFs (in addition to 
the embankments) may also be 
present. 

High 

Impact is long 
term (frequently 
occurring) 
throughout 
operations. 

High 

Residual impact significance Major 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the operations phase (prior to resettlement) due to increased 
project-related airborne particulate matter and increased dust deposition affecting Bawdwin lower village will be 
of major significance, based on the high magnitude of impact and the high sensitivity of the value (Table 6.99). 

Table 6.99 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
lower village prior to resettlement 

Value Sensitivity of value 

Bawdwin lower 
village airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed influences 
amenity, human health 
and ecosystems  

High  

The airshed has high levels 
of existing particulate matter 
and rates of dust deposition, 
so has high vulnerability to 
amenity, health and 
wellbeing effects from 
additional air emissions 

Low  

The airshed is not resilient 
to further increases in air 
emissions due to high 
levels of existing 
emissions.  

High  

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations  

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to 
affect the entire 
receptor given the 
proximity to the dust 
generating activities. 

High 

Increased airborne and 
deposited dust expected to be 
highly noticeable at this 
receptor given its proximity 
to the open pit (less than 200 
m from the main village 
area) where blasting and 
intense surface disturbance 
will occur, and well within 
the recommended separation 
distance of 500 m.  

Medium 

Impact is medium term 
(frequently occurring over 
approximately 30-32 
months of operations) 
prior to the receptor being 
resettled. 

High 

Residual impact significance Major 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Bawdwin lower village farms will be of low 
significance, based on the low magnitude of impact and the medium sensitivity of the value (Table 6.100). 

Table 6.100 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Bawdwin 
lower village farms 

Value Sensitivity of value 

Bawdwin lower 
village farms 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems 

Medium 

These farms are reasonably 
well removed from existing 
project activities and are on 
relatively high, open terrain 
meaning dust and contaminants 
would probably be able to 
readily disperse and not linger 
in those areas. Receptor would 
have medium level of 
vulnerability to additional dust 
causing amenity, health and 
wellbeing impacts given 
relatively moderate existing 
dust levels. 

Medium 

As the lower Bawdwin 
village farms are likely to 
have a less degraded 
airshed than Bawdwin 
lower village, the airshed 
probably has some 
capacity to cope with 
further increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations  

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor, given 
most of the 
individual receptors 
will be over 2 km 
from the open pit 

Low 

The expected increase in 
airborne particulates and dust 
deposition will be of low 
severity given the distance of 
about 2 km from the existing 
open pit, outside the 
recommended separation 
distance, and in the context of 
background levels of airborne 
dust. 

Medium 

Impact is medium term 
(frequently occurring over 
approximately 30-32 
months of operations) 
prior to the receptor being 
resettled. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High   

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Tiger Camp village will be of moderate significance, 
based on the low of impact and the high sensitivity of the value (Table 6.101). 

Table 6.101 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Tiger 
Camp village  

Value Sensitivity of value 

Tiger Camp 
village airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed influences 
amenity, human health 
and ecosystems  

High  

The airshed has high 
levels of existing 
particulate matter and 
rates of dust deposition, so 
has high vulnerability to 
amenity, health and 
wellbeing effects from 
additional air emissions 

Low  

The airshed is not resilient 
to further increases in air 
emissions due to high 
levels of existing 
emissions.  

High 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations  

Spatial extent Severity Duration Magnitude 

Low 

Impact is expected to 
affect only a small 
proportion of the receptor 
given the distance of 
more than 2 km between 
the village and the open 
pit. 

Low 

There is likely to be a 
minor increase in airborne 
dust and dust deposition 
given the receptor’s 
distance to operations dust 
sources (more than 2 km 
to the open pit boundary) 
and this is far greater than 
the recommended 
separation distance of 500 
m. Tiger Camp will be 
resettled prior to 
construction and use of 
the waste rock dump and 
sediment dams. 

Medium 

Impact is medium term 
(frequently occurring over 
approximately 19-20 
months of operations prior 
to the receptor being 
resettled. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 

 

The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Tiger Camp farms will be of moderate significance, 
based on the medium magnitude of impact and the medium sensitivity of the value (Table 6.102). 
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Table 6.102 Residual impact significance summary – operations phase – reduced air quality due to 
increased project-related airborne particulate matter and increased dust deposition – 
affecting Tiger Camp farms 

Value Sensitivity of value 

Tiger Camp 
farms airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems. 

Medium 

The farms are close to 
Tiger Camp on relatively 
high, open terrain, meaning 
dust and contaminants 
would possibly be able to 
disperse and not linger in 
those areas. The existing 
airshed is likely to be less 
degraded and consequently 
less vulnerable than Tiger 
Camp village due to its 
location upslope. However, 
dust deposition levels on 
the nearby Shar Toe Hill 
exceed guideline levels, so 
the airshed is still likely to 
be moderately degraded 
and have moderate 
vulnerability to further 
degradation. 

Medium 

As Tiger Camp farms are 
expected to have slightly 
less degraded airsheds 
than Tiger Camp village, 
there is likely to be some 
capacity to cope with 
further increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations  

Spatial extent Severity Duration Magnitude 

High 

Impact is expected 
to affect a high 
proportion of the 
receptor given the 
proximity to the 
dust generating 
activities to some of 
the individual 
residences. There 
are only a small 
number of 
residences that are 
more than 500 m 
away, which will 
experience little to 
no impact. 

Medium 

There is predicted to be an 
increase in dust given the 
receptor’s proximity to 
operations dust sources 
(largely within 500 m of the 
Wallah waste rock dump 
and plant road). The level 
of dust from plant road 
during operations is 
expected to be less than 
generated during 
construction of the road as 
the road will be sealed. 

Low 

Impact is short-term 
(occurring for 
approximately 2-4 
months of operations) 
prior to the receptor 
being resettled. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited meteorological and air quality baseline 
in this area. The use of general recommended separation distances has been adopted for 
guidance. 

 

The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Loi Mi village and associated farms will be of low 
significance for receptors that are resettled, based on the low magnitude of impact and medium sensitivity of 
the value, and moderate significance for receptors that are not resettled, based on the medium magnitude of 
impact and medium sensitivity of the value (Table 6.103). 
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Table 6.103 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Loi Mi 
village and associated farms 

Value Sensitivity of value 

Loi Mi village 
and associated 
farms airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems 

Medium  

The farms are removed from existing 
project activities and the airshed is 
likely to be less degraded than 
receptors within the upper Nam 
Pangyun valley. As the farms are on 
relatively high, open terrain, emissions 
would probably be able to readily 
disperse and not linger in those areas. 
Airshed would have medium 
vulnerability to additional dust causing 
amenity, health and wellbeing impacts 
given the expected relatively low 
existing dust levels. 

High 

As the farms are 
expected to have a 
relatively clean 
airshed compared 
to receptors in the 
upper Nam 
Pangyun valley, 
there is probably 
some capacity to 
cope with further 
increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased airborne 
particulate matter 
and increased dust 
deposition during 
operations 
affecting Loi Mi 
village and 
associated farms 

IF RESETTLED (those receptors within the Bawdwin concession area) 

Spatial extent Severity Duration Magnitude 

Very low 

Impact may affect a 
small proportion of 
the receptor (outside 
the Bawdwin 
concession area that 
are not resettled, 
with the remainder 
being either 
unaffected or 
affected to a 
materially lower 
extent. 

Low 

The closest project dust source is TSF 
B, which is approximately 1 km away 
from Loi Mi farms, which are not 
within the Bawdwin concession area 
and may elect  to be resettled. There is 
uncertainty around how much dust the 
TSF may produce, however potential 
increases in existing levels of dust and 
particulate lead are likely for the farms 
on the hilltops closest to TSF B. The 
impact to Loi Mi village is expected to 
be less noticeable. 

Medium  

Impact is medium 
term (frequently 
occurring) prior to 
the receptors 
being resettled 

Low 

Residual impact significance IF RESETTLED Low 

 

Table continues on the next page  
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Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased airborne 
particulate matter 
and increased dust 
deposition during 
operations 
affecting Loi Mi 
village and 
associated farms 

IF NOT RESETTLED 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor (those 
farms and residents 
within the Bawdwin 
concession area) 
with the remainder 
being either 
unaffected or 
affected to a 
materially lower 
extent. 

Medium 

The closest project dust source is TSF 
B which for the closest resident is less 
than 500 m away. There is more than 
1.5 km to other major operation areas. 
There is uncertainty around how much 
dust the TSF may produce, however 
potential increases in existing levels of 
dust and particulate lead are likely for 
the farms on the hilltops closest to TSF 
B. The impact to Loi Moi village is 
expected to be less noticeable. 

High 

Impact will be 
long term, 
affecting the 
receptor group 
throughout the 
course of 
operations (13 
years). 

Medium 

Residual impact significance IF NOT RESETTLED Moderate 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting residents of the Nam Pangyun valley will be of 
moderate significance, based on the medium magnitude of impact and the medium sensitivity of the value 
(Table 6.104).  

Table 6.104 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting residents 
of the Nam Pangyun valley  

Value Sensitivity of value 

Nam Pangyun 
valley airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems  

Medium 

There are relatively moderate 
existing dust levels and dust 
deposition at the nearby Law 
Po Hill exceeding guidelines 
levels. The narrow valley 
setting may result in dusty 
conditions lingering in the 
area compared to more open 
terrain.  

Medium  

Given the moderate 
existing dust levels, there 
is probably some 
capacity to cope with 
further increases in air 
emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations 
affecting 
residents of the 
Nam Pangyun 
valley 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor (i.e., 
those individual close 
to the waste rock 
dump, the closest 
source of dust 
approximately 
2.1 km away). 
Concentrate trucks 
and road will be 
sealed.  

Low 

There may be an increase in 
dust associated with use of the 
waste rock dump, which is 
approximately 2.1 km away at 
the closest point. 

Increased dust is not expected 
from export of concentrate as 
the concentrate will be in 
enclosed containers and the 
roads will be sealed. 

High 

Impact is long term, 
occurring intermittently 
throughout operations 
(13 years) as the 
receptors are not being 
resettled. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of air quality modelling, limited meteorological and air quality baseline and 
uncertainty of receptor locations. The use of general recommended separation distances has been 
adopted for guidance. 
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The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting Namtu town will be of very low significance, based 
on the very low magnitude of impact and the medium sensitivity of the value (Table 6.105).   

Table 6.105 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting Namtu 
town 

Value Sensitivity of value 

Namtu town 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed influences 
amenity, human health 
and ecosystems  

Medium 

Receptor would have 
medium vulnerability to 
additional dust causing 
amenity, health and 
wellbeing impacts given 
relatively moderate to high 
existing dust levels.  

Low 

Existing airshed of 
Namtu Town experiences 
moderate to high 
concentrations of 
pollutants and dust 
deposition near Namtu 
exceeds guideline values. 
There is likely to be only 
a limited degree of 
capacity to cope with 
further increases in air 
emissions. 
 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations 
affecting Namtu 
town 

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect a 
small proportion of 
Namtu town, as the 
nearest source of dust 
will be within the 
Bawdwin concession 
area, several 
kilometres away. 

Very low 

The Namtu area is expected 
to experience little noticeable 
change to its airshed given 
the dust-generating project 
activities will be 
approximately 8 km from 
residential areas, outside the 
recommended separation 
distance. Change is expected 
to be very low with respect 
to baseline dust conditions 
which are impact by existing 
sources in Namtu.  

High 

Impact is long term 
(intermittent over 13 year 
operations period) 

Very low 

Residual impact significance Very low 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 

 

The residual impact of reduced air quality during the operations phase due to increased project-related airborne 
particulate matter and increased dust deposition affecting villages in tracts adjoining the Bawdwin concession 
area will be of very low significance, based on the very low magnitude of impact and the medium sensitivity 
of the value (Table 6.106). 

Table 6.106 Residual impact significance summary – operations phase – reduced air quality due to 
increased airborne particulate matter and increased dust deposition – affecting villages in 
tracts adjoining the Bawdwin concession area 

Value Sensitivity of value 

Importance Vulnerability Resilience Sensitivity 
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Airsheds of the 
villages in tracts 
adjoining the 
Bawdwin 
concession area – 
cleanliness of air 
and visual 
amenity 

High  

The airshed influences 
amenity, human health 
and ecosystems 

Low  

These villages are separated 
from project activities by 
mountainous terrain and 
located approximately 2.5 km 
from project-related air 
emission sources (Ho Chet 
being the closest; see 
Figure 6.20). Receptor would 
have low vulnerability to 
changes to health and 
wellbeing due to additional 
dust; although amenity might 
be reduced. 

High 

These villages are 
expected to have 
relatively good air 
quality and would be 
able to withstand some 
amount of additional 
air emissions 

 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during operations 
affecting villages 
in tracts adjoining 
the Bawdwin 
concession area 

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect only 
a very small proportion 
of the receptor, with 
only the closest village, 
Ho Chet, potentially 
exposed to the impact 
(although modelling 
would be needed to 
confirm this). The 
remaining villages 
ranging from 5-10 km 
from project 
construction areas are 
not expected to be 
affected. 

Very low 

The impact is expected to be 
barely detectable with respect 
to existing variability given 
the distance of the villages 
from dust-generating 
activities, well beyond the 
recommended separation 
distance. 

The regional area is expected 
to experience a relatively 
small change to dust 
deposition given that the 
closest receptor is 
approximately 2.5 km from 
the Bawdwin concession area. 

High 

Impact is long term 
(intermittent over 13 
year operations period) 

Very low 

Residual impact significance Very low 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 

Closure and Post-Closure Phases 

The impact sources, pathways and receptors during execution of closure activities will generally be similar to the 
construction phase. The rates of dust generation are likely to be lower during closure as smaller areas of earthworks 
and soil disturbance are required. The key difference is that the receptors that are currently within the Bawdwin 
concession area; i.e., Bawdwin lower village and farms, Tiger Camp village and farms, and Nam La farms, will 
not be present during the closure phase as they were during construction and at least the first year of operations 
before they were resettled. The exception is the Bawdwin military base, which may remain during closure. Rates 
of dust deposition are lower during closure as smaller areas of earthworks and soil disturbance are required.  

Impacts to air quality and levels of dust deposition will gradually diminish once the disturbed sites become 
rehabilitated and covered with vegetation. The major facilities, TSFs and waste rock dump, will be covered by 
vegetation to reduce wind erosion and the open pit will be filled with water from the Nam Pangyun. These factors 
are expected to avoid long term emissions of dust, and subsequent deposition in the adjacent environment, after 
closure. 

The residual impact of reduced air quality during the closure and post-closure phases due to increased project-
related airborne particulate matter and increased dust deposition affecting the Bawdwin military base will be of 
high significance based on the medium magnitude of impact and the high sensitivity of the value (Table 6.107). 
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Table 6.107 Residual impact significance summary – closure and post-closure phases – reduced air 
quality due to increased airborne particulate matter and increased dust deposition – 
affecting the Bawdwin military base 

Value Sensitivity of value  

Military base 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The airshed is of 
high importance due 
to it supporting 
amenity and human 
health. 

High 

The airshed has moderate to high 
levels of existing particulate 
matter and rates of dust 
deposition. It has moderate 
degree of attenuation by 
surrounding topography. The 
airshed is highly vulnerable to 
changes in air quality due to its 
close proximity to the project.  

Low 

The existing airshed 
experiences moderate to 
high concentrations of 
dust and pollutants. 
Considering the current 
quality of the airshed in 
terms of its physical and 
chemical properties 
(i.e., poor quality), there 
is a little capacity to 
withstand further 
adverse air quality 
changes. 

High 

Impact Magnitude of impact  

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during 
construction 
affecting the 
military base 

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected 
to affect the entire 
receptor given the 
proximity to the dust 
generating activities 

Medium 

There is predicted to be a 
moderate increase in dust given 
the receptor’s proximity to a 
range of construction activities 
(approximately 400 m of the 
power station and process plant 
sites and TSF-C embankment), 
which are likely to result in a 
cumulative contribution of dust. 
The rates of dust generation are 
likely to be lower than during 
construction as smaller areas of 
earthworks and soil disturbance 
are required. 

Medium 

Impact is medium term 
over the expected two 
years of closure 
activities. The increases 
in dust levels will be 
most noticeable in the 
dry season. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 

The residual impact reduced air quality during the closure and post-closure phases due to increased project-related 
airborne particulate matter and increased dust deposition affecting Loi Mi village and associated farms will be of 
low significance, based on the low magnitude of impact and the medium sensitivity of the value (Table 6.108). 

Table 6.108 Residual impact significance summary – closure and post-closure phases – reduced air 
quality due to increased airborne particulate matter and increased dust deposition – 
affecting Loi Mi village and associated farms 

Value Sensitivity of value 

Loi Mi village 
and associated 
farms airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems 

Medium  

The farms are somewhat removed 
from existing project activities and 
the airshed is likely to be less 
degraded than receptors within the 
Bawdwin concession area. As the 
farms are on relatively high, open 

High 

As the farms are 
expected to have a 
relatively clean airshed 
compared to receptors 
in the upper Nam 
Pangyun valley, there 

Medium 
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terrain, emissions would probably 
be able to readily disperse and not 
linger in those areas. Airshed 
would have medium vulnerability 
to additional dust causing amenity, 
health and wellbeing impacts given 
relatively moderate existing dust 
levels. 

is likely to be capacity 
to cope with further 
increases in air 
emissions. 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during closure 
affecting Loi Mi 
village and 
associated farms 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a 
small proportion of 
the receptor (those 
farms and residents 
within the Bawdwin 
concession area) 
within 500 m of 
TSF-B, with the 
remainder being 
either unaffected or 
affected to a 
materially lower 
extent.  

Low 

Given the distance of less than 
500 m of some farms from TSFB 
and more than 1.5 km to other 
major project areas, impact is not 
expected to cause or contribute to 
significance changes to air quality 
and will be barely detectable with 
respect to the existing high levels 
of dust and particulate lead present 
in the air across the region, and the 
active dust suppression to be 
carried out by the project. 

Medium 

Impact is medium 
term over the expected 
two years of closure 
activities. The 
increases in dust levels 
will be most 
noticeable in the dry 
season. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is an absence of air quality baseline data, air quality modelling and limited meteorological 
baseline. The use of general recommended separation distances has been adopted for guidance. 
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The residual impact reduced air quality during the closure and post-closure phases due to increased project-related 
airborne particulate matter and increased dust deposition affecting residents of the Nam Pangyun valley will be 
of very low significance, based on the very low magnitude of impact and the medium sensitivity of the value 
(Table 6.109).  

Table 6.109 Residual impact significance summary – closure and post-closure phases – reduced air 
quality due to increased airborne particulate matter and increased dust deposition – 
affecting residents of Nam Pangyun valley  

Value Sensitivity of value 

Nam Pangyun 
valley airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems  

Medium 

There are relatively moderate 
existing dust levels and dust 
deposition at the nearby Law 
Po Hill exceeding guidelines 
levels. The narrow valley 
setting may result in dusty 
conditions lingering in the 
area compared to more open 
terrain.  

Medium  

Given the moderate 
existing dust levels, there 
is probably some capacity 
to cope with further 
increases in air emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during closure 
affecting 
residents of the 
Nam Pangyun 
valley 

Spatial extent Severity Duration Magnitude 

Medium 

This impact will 
affect a moderate 
proportion of the 
receptor (i.e., those 
individual receptors 
adjacent to the road) 
with those further 
away (i.e., in the 
order of 500 m or 
more) experiencing 
little or no impact 

Very low 

There is predicted to be 
overall reductions in dust 
generation and deposition 
since use of access road will 
diminish during active closure 
and then not be used by 
project 

Low 

Impact is short term 
during active closure 
activities. The increases in 
dust levels will be most 
noticeable in the dry 
season. 

Very low 

Residual impact significance Very low 

Assessment of uncertainty 

High  

There is an absence of air quality modelling, limited meteorological and air quality baseline and 
uncertainty of receptor locations. The use of general recommended separation distances has been 
adopted for guidance. 
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The residual impact of reduced air quality during the closure and post-closure phases due to increased project-
related airborne particulate matter and increased dust deposition affecting Namtu town will be of very low 
significance, based on the very low magnitude of impact and the medium sensitivity of the value (Table 6.110).   

Table 6.110 Residual impact significance summary – closure and post-closure phases – reduced air 
quality due to increased airborne particulate matter and increased dust deposition – 
affecting Namtu town 

Value Sensitivity of value 

Namtu town 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed influences 
amenity, human health 
and ecosystems  

Medium 

Receptor would have 
medium vulnerability to 
additional dust causing 
amenity, health and 
wellbeing impacts given 
relatively moderate to high 
existing dust levels.  

Low 

Existing airshed of Namtu 
Town experiences moderate 
to high concentrations of 
pollutants and dust 
deposition near Namtu 
exceeds guideline values. 
There is likely to be only a 
limited degree of capacity 
to cope with further 
increases in air emissions. 
 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during closure 
affecting Namtu 
town 

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect a 
very small proportion 
of the receptor, with 
only those individual 
receptors along the 
road being affected. 

Very low 

The Namtu area is expected 
to experience a relatively 
small change to its airshed 
given its distance to major 
project sites (the Namtu-
Tiger Camp access road 
and export route being 
more than 1 km from most 
residential areas) and with 
respect to existing baseline, 
the existing high levels of 
dust present in the air 
across the region, and the 
active dust suppression to 
be carried out by the 
project. 

Low 

Impact is short term (i.e., in 
the order of months in the 
Namtu area). The increases 
in dust levels will be most 
noticeable in the dry wet 
season. 

Very low 

Residual impact significance Very low 

Assessment of uncertainty 

Medium 

There is an absence of air quality modelling and limited meteorological baseline. The use of general 
recommended separation distances has been adopted for guidance. 
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The residual impact of reduced air quality during the closure and post-closure phases due to increased project-
related airborne particulate matter and increased dust deposition affecting villages in tracts adjoining the Bawdwin 
concession area will be of very low significance, based on the very low magnitude of impact and the medium 
sensitivity of the value (Table 6.111).   

Table 6.111 Residual impact significance summary– closure and post-closure phases – reduced air 
quality due to increased airborne particulate matter and increased dust deposition – 
affecting villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value 

Airsheds of 
villages in tracts 
adjoining the 
Bawdwin 
concession area – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed influences 
amenity, human health 
and ecosystems 

Low  

These villages are separated 
from project activities by 
mountainous terrain and 
located approximately 2.5 
km from project-related air 
emission sources (Ho Chet 
being the closest; see 
Figure 6.20). Receptor 
would have low vulnerability 
to changes to health and 
wellbeing due to additional 
dust; although amenity might 
be reduced. 

High 

These villages are 
expected to have 
relatively good air 
quality and would be 
able to withstand some 
amount of additional air 
emissions 

 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
increased 
airborne 
particulate matter 
and increased 
dust deposition 
during closure 
affecting villages 
in tracts adjoining 
the Bawdwin 
concession area 

Spatial extent Severity Duration Magnitude 

Very low 

Impact will affect only a 
very small proportion of 
the receptor, with only 
the closest village, Ho 
Chet, potentially exposed 
to the impact (although 
modelling would be 
needed to confirm this). 
The remaining villages 
ranging from 5-10 km 
from project construction 
areas are not expected to 
be affected 

Very low 

The regional area is expected 
to experience a relatively 
small change to its airshed 
given the distance to project 
activities. 

Impact is not expected to 
cause or contribute to 
exceedance of air quality 
criteria, given that the closest 
receptor several kilometres 
from the Bawdwin 
concession area where 
closure activities will occur. 

Low 

Impact is short term 
during active closure. 
The increases in dust 
levels will be most 
noticeable in the dry 
season. 

Very low 

 

Residual impact significance Very low 

Assessment of uncertainty 

High  

There is an absence of complete air quality baseline data, air quality modelling and limited 
meteorological baseline. The use of general recommended separation distances has been adopted for 
guidance. 

Increased gaseous pollutants 

The project will result in emissions of gaseous pollutants, primarily from the diesel power station during project 
operations. Emissions from vehicles and equipment in the project area will be low and are assessed in the context 
of existing conditions at Namtu and along the export corridor. 

Table 6.112 shows the predicted gaseous pollutant emissions from the power station during operations during 
three different engine loads and for two exhaust flow conditions (dry and wet) (i.e., six total operating scenarios). 
The highest concentrations of emitted gases from all operating scenarios are presented in bold.  
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Table 6.112 Maximum emission mass flow rates (µg/m3) for power plant engine stack cluster  

Parameter Unit Engine Load 

100% 75% 50% 

Based on dry exhaust flow rate 

Nitrogen oxides (calculated as NO2) µg/m3 2,048,077 1,991,736 2,468,750 

Carbon monoxide (CO) µg/m3 105,769 103,306 88,542 

Sulphur oxides (calculated as SO2) µg/m3 419,872 409,091 354,167 

Non-methane non-ethane hydrocarbons (calculated as 
CH4) 

µg/m3 105,769 123,967 119,792 

Based on wet exhaust flow rate 

Nitrogen oxides (calculated as NO2) µg/m3 751,765 733,638 963,415 

Carbon monoxide (CO) µg/m3 38,824 38,052 34,553 

Sulphur oxides (calculated as SO2) µg/m3 154,118 150,685 138,211 

Non-methane non-ethane hydrocarbons (calculated as 
CH4) 

µg/m3 38,824 45,662 46,748 

Calculated from WMM provided data source: Unpublished (2020). Data should be confirmed as part of detailed design. 

Table 6.113 compares these maximum emission concentrations to Myanmar air emission limits for electric power 
transmission and distribution (as outlined in the draft National Environmental Quality (Emission) Guidelines), 
health screening criteria, and baseline concentrations measured at Bawdwin. 

The Myanmar air emission limits adopted are those for liquid fuel plants of 50-30 MW capacity, which are deemed 
the most relevant to the proposed diesel stack power station (up to 30 MW).  

Table 6.113 Maximum pollutant emissions compared to Myanmar air emission limits, health screening 
criteria and baseline concentration ranges 

Parameter Unit Max predicted 
emission 

Myanmar 
air emission 

limitse 

Health screening 
criteria (ambient 

air)f 

Baseline 
range 

(Bawdwin 
area) 

Nitrogen oxides (calculated as NO2) µg/m3 2,468,750 1,460,000 40c; 200d <LOD – 1.9 

Carbon monoxide (CO) µg/m3 105,769 - 30g, 100h N/A 

Sulphur oxides (calculated as SO2) µg/m3 419,872 585,000 20b; 500a 0.48-8.16b 

Non-methane non-ethane 
hydrocarbons (calculated as CH4) 

µg/m3 123,967 - - N/A 

N/A denotes not assessed 
- denotes no applicable criteria 
<LOD denotes less than limit of detection 
a measured as 10-minute average; b measured as 24-hour average; c measured as a 1-hour average; d measured as a 1-year average 
e Criteria for liquid fuels for ‘Reciprocating engine’ and plant of ‘50-300 MW’, which are deemed most applicable to the diesel power 
station for the Bawdwin Project. These criteria are based on normal cubic metres (µg/Nm3), which are considered analogous to µg/m3. 
f From Ambient Air Quality Standards outlined in Myanmar Mining EIA draft guidelines 2018 except where noted 
g Criterion (1-hour average) adopted from WHO (2000), h Criterion (15-minute average) adopted from WHO (2000) 
 

Table 6.113 shows that the predicted maximum concentrations of SO2 from power plant emissions will be below 
the relevant Myanmar air emission criteria apart from NO2 emissions which will exceed the criteria. There are no 
relevant Myanmar emission or ambient limits for carbon monoxide (CO).  

Although not directly comparable, the maximum predicted emission concentrations are compared to health 
screening criteria and baseline ranges in ambient air to provide indication of the level of dilution the emission 
would require to meet the ambient health screening criteria and baseline ranges. The data shows that maximum 
concentration of NO2 in exhaust at the point of emission is predicted to be well above health screening criteria 
and the baseline concentration range for ambient air quality. Similarly, the predicted maximum SO2 concentration 
at the point of emission will be well above the health screening criteria (24-hour average but not the 10-minute 
average criterion) and the baseline range for ambient air quality. The maximum concentration of CO is predicted 
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to exceed both the 15-minute and 1-hour WHO (2000) guidelines, which have been adopted in place of no 
Myanmar criteria for this gas. 

Gaseous emissions from the stack will be diluted in the air and in concentrations and directions that will be 
determined by factors such as emission rate, topography and weather conditions. Based on baseline wind 
monitoring and climate modelling from literature (Meteoblue, 2020), there is evidence of prevailing southerly 
winds in the region during the year, meaning that a dominant wind direction from the power plant could transport 
gaseous emission towards the north of the power station for much of the year. Nam La farms will be resettled 
prior to operations and so will not be impacted by this source. There are however times of the year where winds 
and dispersion of emissions will be variable and gaseous emission from the power station could be transported 
toward other receptors. Typically, depending on these factors, gaseous pollutants will disperse out from the source 
with concentrations of pollutants reducing over time and distance. Numerical modelling is usually undertaken to 
determine the concentrations of pollutants with distance from the source, in this case the power station stack. In 
the absence of modelling, a conservative approach has been taken for the assessment. This conservatism assumes 
that the maximum predicted gaseous emissions are emitted from the power plant consistently, whereas this may 
not be the case under all operating scenarios. 

The nearest receptor (Bawdwin military base) is approximately 400 m (at the closest point) to the south of the 
power station (see Figure 6.20). Theoretical dilution factors in the order of 62,000; 21,000; and 4,000 would be 
required for NO2, SO2 and CO, respectively to meet the more stringent of each screening criteria (see Table 6.113 
for criteria) at these locations. The dilution factors were calculated by dividing the maximum emission 
concentration by the criteria value. Modelling would be required to determine whether the maximum emitted 
concentrations would reduce down to below the criteria within the distance of 400 m (i.e., the distance to the 
closest receptor). This impact is assessed only for the closest receptor and represents a worst case impact scenario. 
The next closest receptor is the Loi Mi village and associated farms and given the distance of more than 2 km to 
the power plant, impacts from gaseous emissions are not expected. 

The residual impact of reduced air quality during the operations phase due to gaseous pollutants  from power 
station affecting the Bawdwin military base will be of major significance, based on the high magnitude of impact 
and the high sensitivity of the value (Table 6.114).  
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Table 6.114 Residual impact magnitude summary – operations phase – reduced air quality due to 
gaseous pollutants emission from the power station – affecting Bawdwin military base 

Value Sensitivity of value 

Military base 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The airshed is of 
high importance 
due to it 
supporting 
amenity, human 
health and 
ecosystems. 

High 

The airshed has moderate to 
high levels of existing 
particulate matter and rates of 
dust deposition. It has 
moderate degree of 
attenuation by surrounding 
topography. The airshed is 
highly vulnerable to changes 
in air quality due to its close 
proximity to the project.  

Low 

The existing airshed 
experiences moderate to high 
concentrations of dust and 
pollutants. Considering the 
current quality of the airshed 
in terms of its physical and 
chemical properties (i.e., poor 
quality), there is a little 
capacity to withstand further 
adverse air quality changes. 

High 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
gaseous 
pollutants during 
operation of 
power station 
affecting the 
military base 

Spatial extent Severity Duration Magnitude 

High 

The impact is 
likely (depending 
on emission 
scenario and 
weather 
conditions) to 
affect all of this 
receptor. 

High 

Nitrogen dioxide emissions 
are predicted to be above 
Myanmar emission criteria. 

The impact is likely be 
noticeable with respect to 
existing variability at times. 
Other emissions are predicted 
to be below Myanmar 
emission criteria. The military 
base is approximately 400 m 
of the power station, and 
within the recommended 
separation distance.   

High 

Impact is long term 
(frequently occurring) 
throughout operations. 

High 

Residual impact significance Major 

Assessment of uncertainty 

High  

There is an absence of gaseous emission baseline data and air quality modelling. Air quality 
dispersion modelling would be needed to understand concentrations of gaseous pollutants at 
receptors and whether they concentrations will meet criteria at the nearest receptor 400 m away. 
During the detailed design phase WMM will refine selection of power plant generators and this will 
probably alter the emission calculations. Scrubbers or other equipment may be necessary to ensure 
that emissions meet Myanmar emission criteria.  

 

There are no health screening criteria or baseline ranges available for volatile hydrocarbons, so these are excluded 
from the assessment.  

Traffic-related emissions will occur along the public road Namtu-Manton Road during early construction. 
Vehicles will comprise heavy (e.g., trucks) and light vehicles. 
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The residual impact of reduced air quality during the construction phase due to gaseous pollutant emissions 
affecting residents along the Namtu – Manton Road will be of moderate significance, based on the medium 
magnitude of impact and the medium sensitivity of the value (Table 6.115).  

Table 6.115 Residual impact magnitude summary – construction phase – reduced air quality due to 
gaseous pollutants emission from construction-related vehicles along the Namtu-Manton 
road 

Value Sensitivity of value 

Airsheds of 
residents along 
the Namtu – 
Manton Road – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The airshed is of high 
importance due to its 
capacity to support 
amenity, human 
health and 
ecosystems. 

 

Medium 

Villages are located near 
major roads and potentially 
experience intermittent 
increases in pollutants as a 
result of traffic. Increased air 
pollutants would result in 
noticeable reduction in 
amenity. The airshed would 
have medium vulnerability 
to additional pollutants 
causing amenity, health and 
wellbeing impacts. 

Medium 

Potentially experiences 
intermittent increases in 
gaseous emissions and dust 
from traffic along unsealed 
sections of the road due to 
existing traffic along the 
public road. These residents 
probably have some 
capacity to cope with 
further emissions. 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
gaseous 
pollutants during 
construction due 
to vehicle traffic 
along Namtu-
Manton Road 
during 
construction 

Spatial extent Severity Duration Magnitude 

Very high 

Changes to air 
quality would 
probably only be 
noticed by all the 
individual receptors, 
which are all in close 
proximity to the road. 
Some receptors will 
be affected more-so 
than others 
depending on 
proximity to the road. 

Medium 

Impact will probably cause 
noticeable increase in 
exhaust gaseous pollutants at 
receptors due to the 
frequency of vehicle 
movements along the road.   

Low 

The impact is considered 
short term, occurring 
intermittently throughout 
construction. 

 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of gaseous emission baseline data and air quality modelling. Gaseous emissions 
from project vehicles in comparison to background levels, and overall cumulative impact, have not 
been quantified by modelling  

 

Large increases in the traffic volumes are expected along the export corridor between Namtu and Lashio. Heavy 
vehicle movements will be frequent throughout operations and localised emissions of vehicle exhaust will 
probably be experienced by settlements along the route.  

The numbers of trucks travelling along the route (comprising those importing consumables, reagents and fuels, 
and exporting concentrate) have been estimated to provide an indication of the increase in exhaust emissions due 
to project traffic. In year 1 of operations, an additional 20 individual truck movements (i.e., single trips in one 
direction) associated with the project are expected to travel along the export route per day, increasing to an 
additional 93 truck movements per day in year 12. Compared to baseline traffic (Valentis, 2020), truck volumes 
passing through Namtu and the Mansam western junction in year 12 would be 69% and 190% greater than baseline 
volumes, respectively.  
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Based on maximum truck movements of 93 per day (assumed during daylight hours; 12-hour period), this would 
represent between seven to eight additional truck movements on the roads every hour (on average) during the 
peak export traffic period. This represents up to a threefold increase in truck numbers on sections of the export 
corridor roads. This increase will contribute to an ongoing reduction in amenity and air quality at receptors 
adjacent to the corridor. It is expected that gaseous pollutants will remain in the air and result in an elevated 
cumulative level of air pollutants along with other traffic.  

The residual impact of reduced air quality during the operations phase due to gaseous pollutant emissions affecting 
Namtu town will be of moderate significance, based on the medium magnitude of impact and the medium 
sensitivity of the value (Table 6.116).  

 Table 6.116 Residual impact magnitude summary – reduced air quality due to gaseous pollutants 
emission from vehicles passing Namtu town 

Value Sensitivity of value 

Namtu town 
airshed – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed 
influences amenity, 
human health and 
ecosystems  

Medium 

Receptor would have 
medium vulnerability to 
additional pollutants causing 
amenity, health and 
wellbeing impacts.  

Low 

Existing airshed of Namtu 
Town is likely to 
experience pollution 
associated with existing 
vehicle traffic. There is 
likely to be only a limited 
degree of capacity to cope 
with further increases in air 
emissions. 
 

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
gaseous 
pollutants during 
operations due to 
vehicle traffic 
passing Namtu 
town 

Spatial extent Severity Duration Magnitude 

Low 

Changes to air 
quality would 
probably only be 
noticed by receptors 
in close proximity to 
the road. Some 
receptors will be 
affected more-so than 
others depending on 
proximity to the road. 

Medium 

Impact will probably cause 
ongoing and noticeable 
increase in exhaust gaseous 
pollutants at affected 
receptors due to the 
frequency of truck 
movements along the export 
route.  

High 

The impact is considered 
long term (13-year 
operations.    

 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

Gaseous emissions from project vehicles in comparison to background levels, and overall 
cumulative impact, have not been quantified by modelling  
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The residual impact of reduced air quality during the operations phase due to gaseous pollutant emissions affecting 
villages along the export route between Namtu and Lashio will be of moderate significance, based on the 
medium magnitude of impact and the medium sensitivity of the value (Table 6.117).  

 Table 6.117 Residual impact magnitude summary – operations phase – reduced air quality due to 
gaseous pollutants emission from vehicles along the export corridor 

Value Sensitivity of value 

Airsheds of 
villages along the 
export corridor – 
cleanliness of air 
and visual 
amenity 

Importance Vulnerability Resilience Sensitivity 

High  

The airshed is of high 
importance due to it 
supporting amenity, 
human health and 
ecosystems. 

Medium 

Villages are located near 
major roads and are likely to 
have an airshed already 
influenced by traffic 
emissions. The airshed 
would have medium 
vulnerability to additional 
pollutants causing amenity, 
health and wellbeing 
impacts. 

Medium 

Baseline air quality of these 
villages are unknown, 
however potentially 
experiences intermittent 
increases in pollutants as a 
result of traffic along major 
roads. These villages 
probably have some 
capacity to cope with 
further gaseous emissions.  

Medium 

Impact Magnitude of impact to value 

Reduced air 
quality due to 
gaseous 
pollutants during 
operations due to 
vehicle traffic 
along export 
corridor 

Spatial extent Severity Duration Magnitude 

Low 

Changes to air 
quality would 
probably only be 
noticed by receptors 
in close proximity to 
the road. Some 
receptors will be 
affected more-so than 
others depending on 
proximity to the road. 

Medium 

Impact will probably cause 
ongoing and noticeable 
increase in exhaust gaseous 
pollutants at receptors due to 
the frequency of truck 
movements along the export 
route.  

High 

The impact is considered 
long term (13-year 
operations).    

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

Gaseous emissions from project vehicles in comparison to background levels, and overall 
cumulative impact, have not been quantified by modelling  

 

Summary of residual impacts 

Table 6.118 provides a summary of the residual impacts to air quality and dust deposition and their significance. 
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Table 6.118 Summary of assessment of residual impacts to air quality  

Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

Reduced air 
quality due 
to increased 
airborne 
particulate 
matter and 
increased 
dust 
deposition 
during 
constructio
n 

Bawdwin 
upper village 
airshed – 
cleanliness of 
air and visual 
amenity 

 High 
sensitivity 

Constru
ction 

Medium 
magnitude 

 Very 
high 
spatia
l 
extent 

 Medi
um 
severi
ty 

 Low 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

High The entirety of 
Bawdwin upper 
village is 
expected to be 
impacted prior to 
resettlement by 
detectable 
increases in dust 
which may 
contain heavy 
metals due to 
construction of 
the haul road and 
mine services 
area.  

High 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Bawdwin 
military base – 
cleanliness of 
air and visual 
amenity 

 High 
sensitivity 

Constru
ction 

High 
magnitude 

 Very 
high 
spatia
l 
extent 

 High 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Major The military base 
will be present 
through the entire 
construction 
period and is 
located 400 m 
from the process 
plant and power 
station sites, 
resulting in a 
detectable 
increase in dust 
levels which may 
contain elevated 
levels of heavy 
metals. 

High 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Bawdwin 
lower village 
airshed – 
cleanliness of 
air and visual 
amenity 

 High 
sensitivity 

Constru
ction 

High 
magnitude 

 Very 
high 
spatia
l 
extent 

 High 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Major The entire village 
is expected to be 
impacted 
throughout 
construction by 
increased dust 
which may 
contain elevated 
heavy metals, 
however the 
greatest impact 
will occur within 
500 m of pre-pit 
stripping. 

High 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Tiger Camp 
village airshed 
– cleanliness 
of air and 
visual amenity 

 High 
sensitivity 

Constru
ction 

Medium 
magnitude 

 Very 
high 
spatia
l 
extent 

 High 
severi
ty 

 Low 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

High The entire village 
is expected to be 
impact by dust 
generated by the 
construction of 
the Tiger Camp-
Namtu road over 
a five month 
period. 

High 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Tiger Camp 
farms airshed 
– cleanliness 
of air and 
visual amenity 

Constru
ction 

Medium 
magnitude 

 High 
spatia

 Dust suppression 
measures 

 Measures to limit 
dust generation 

Mediu
m 

Some Tiger 
Camp farms will 
be resettled prior 
to access and 
plant road 

High 

 Absence of 
air quality 
modelling 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

 Medium 
sensitivity 

l 
extent 

 Medi
um 
severi
ty 

 Low 
durati
on 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

construction, and 
those on Chin 
Hill will be 
resettled prior to 
sediment dam 
construction. The 
remaining farms 
will largely be in 
proximity to dust 
generating 
activities (access 
and plant roads 
and sediment 
dam 
construction) for 
several months. 

 Limited 
meteorolog
ical and air 
quality 
baseline 

Bawdwin 
lower village 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Constru
ction 

Low 
magnitude 

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low Most receptors 
will be over 2 km 
from dust 
generating 
construction 
activities, 
however those 
that are closer 
may experience 
low severity 
impacts to air 
quality 
intermittently 
over the 
construction 
period 

High 

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

Nam La farms 
airshed – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

Constru
ction 

Medium 
magnitude 

 Medi
um 
spatia
l 
extent 

 High 
severi
ty 

 Low 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Modera
te 

Farms close to 
the northern 
access road and 
Nam La dam may 
experience 
increased dust 
during 
construction of 
the road and dam 
prior to 
resettlement 

High 

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

 

 

 

 

 

Loi Mi village 
and associated 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Constru
ction 

Low 
magnitude 
(if 
resettled) 

 Low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 Medi
um 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low A small 
proportion of 
receptors will be 
impacted until 
resettled, the 
closest remaining 
receptors are 
approximately 1 
km form the TSF 
B embankment 
and may 
experience a very 
low severity 
impact during 
construction of 
the TSF. 

High 

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

durati
on 

Low 
magnitude 
(if not 
resettled) 

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low The receptors 
within the 
Bawdwin 
concession area 
approximately 
500 m from the 
TSF-B 
embankment will 
be mainly 
impacted, and 
may experience a 
low severity 
impact during 
construction of 
the TSF. 

Nam Pangyun 
valley airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Constru
ction 

Medium 
magnitude 

 Medi
um 
spatia
l 
extent 

 High 
severi
ty 

 Low 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Modera
te 

Individual 
receptors 
adjacent to the 
road will be 
impacted by 
temporary 
increases in dust 
due to the 5 
month 
construction of 
the Namtu to 
Tiger Camp 
access road 

High 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical and air 
quality 
baseline 

 Uncertaint
y of 
receptor 
locations 

Namtu town 
airshed – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

Constru
ction 

Very low 
magnitude 

 Very 
low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 Low 
durati
on 

 Traffic and transport 
measures 

Very 
low 

A small 
proportion of the 
receptor will be 
impacted as 
Namtu is several 
kilometres from 
the Namtu-Tiger 
Camp access road 
construction. A 
relatively small 
change in dust 
levels during the 
construction of 
the access road 
may occur. 

 

Medium 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Airsheds of 
villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area  – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

Constru
ction 

Low 
magnitude 

 Very 
low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 Medi
um 
durati
on 

 Traffic and transport 
measures 

Low The closest 
village (Ho Chet) 
to construction 
activities may be 
affected. A small 
change may 
occur during 
construction of 
the TSF-A and 
Nam La dam. 

High  

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

Reduced air 
quality due 
to increased 

Bawdwin 
military base 

Operati
ons 

High 
magnitude 

 Dust suppression 
measures 

Major The entire 
receptor is 
expected to be 

Medium 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

airborne 
particulate 
matter and 
increased 
dust 
deposition 
during 
operations  

 High 
sensitivity 

 High 
spatia
l 
extent 

 High 
severi
ty 

 High 
durati
on 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

impacted 
throughout 
operations as it is 
located within 
500 m of the 
TSF-B and TSF-
C embankments. 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline  

Bawdwin 
lower village 
airshed – 
cleanliness of 
air and visual 
amenity 

 High 
sensitivity 

Operati
ons 

High 
magnitude 

 Very 
high 
spatia
l 
extent 

 High 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Major The entire 
receptor is 
expected to be 
impacted 
throughout 
operations until 
resettled as it is 
located in 
proximity to the 
open pit where 
blasting and 
surface 
disturbance will 
occur 

Medium 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Bawdwin 
lower village 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Operati
ons 

Low 
magnitude 

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low A small 
proportion of the 
receptor will be 
impacted prior to 
resettlement, 
though the impact 
will be limited as 
the farms are 
about 2 km from 
the existing pit 

High  

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

 

 

Tiger Camp 
village airshed 
– cleanliness 
of air and 
visual amenity 

 High 
sensitivity 

Operati
ons 

Low 
magnitude 

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Modera
te 

A small 
proportion of the 
receptor will be 
impacted prior to 
resettlement, 
though the impact 
will be limited as 
the village is 
more than 2 km 
from the existing 
pit 

Medium 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Tiger Camp 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Operati
ons 

Medium 
magnitude 

 High 
spatia
l 
extent 

 Medi
um 
severi
ty 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

Modera
te 

Several farms are 
close to dust 
generating 
sources, such as 
the Wallah waste 
rock dump, and 
may be impacted 
by increased dust 
prior to 
resettlement 

High  

 Absence of 
air quality 
modelling 

 Absence of 
complete 
air quality 
baseline 
data 

 Limited 
meteorolog
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

 Low 
durati
on 

 Erosion and 
sediment control 
measures 

ical 
baseline 

Loi Mi village 
and associated 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Operati
ons 

Low 
magnitude 
(if 
resettled) 

 Very 
low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low There may be an 
increase in dust 
and particulate 
lead affecting 
individual 
receptors in 
hilltops closest to 
TSF-B however 
once resettled the 
impact to the 
overall receptor 
group will be 
minimal  

High  

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

Medium 
magnitude 
(if not 
resettled) 

 Low 
spatia
l 
extent 

 Medi
um 
severi
ty 

 High 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Modera
te 

If receptors close 
to TSF-B aren’t 
resettled they 
may experience 
increased levels 
of dust and 
particulate lead 
throughout 
operations as 
some are located 
as close as 500 m 
from TSF-B. 

Nam Pangyun 
valley airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Operati
ons 

Medium 
magnitude 

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 High 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Modera
te 

The closest 
receptors are 
2.1 km from the 
waste rock dump, 
and may 
experience a 
small increase in 
dust associated 
with dump 
throughout 
operations 

High  

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical and air 
quality 
baseline 

 Uncertaint
y of 
receptor 
locations 

Namtu town 
airshed – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

Operati
ons 

Very low 
magnitude 

 Very 
low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Traffic and transport 
measures 

Very 
low 

Namtu is several 
kilometres away 
from dust 
generating 
project activities, 
small amounts of 
change to air 
quality may occur 
throughout 
operations 

Medium 

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Airsheds of 
villages in 

Operati
ons 

Very low 
magnitude 

 Traffic and transport 
measures 

Very 
low 

The nearest 
village (Ho Chet) High  
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

tracts 
adjoining 
Bawdwin 
concession 
area – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

 Very 
low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

is several 
kilometres away 
from dust 
generating 
project activities, 
small amounts of 
change to air 
quality may occur 
throughout 
operations 

 Absence of 
air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

Reduced air 
quality due 
to increased 
airborne 
particulate 
matter and 
increased 
dust 
deposition 
during 
closure 

Bawdwin 
military base 

 High 
sensitivity 

Closure 
and 
Post-
Closure 

Medium 
magnitude 

 Very 
high 
spatia
l 
extent 

 Medi
um 
severi
ty 

 Medi
um 
durati
on 

 

 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

High Due to its 
location within 
the Bawdwin 
concession area 
the entire 
receptor is 
expected to be 
impacted by a 
moderate 
increase in dust 
during closure 
activities 

High  
 Absence of 

air quality 
modelling 

 Limited 
meteorolog
ical 
baseline 

Loi Mi village 
and associated 
farms airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Closure 
and 
Post-
Closure 

Low 
magnitude  

 Low 
spatia
l 
extent 

 Low 
severi
ty 

 Medi
um 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Low Receptors within 
500 m of TSF-B 
may be impacted 
to a small amount 
over closure. 
Increased are 
expected to be 
barely detectable 
with respect to 
existing 
conditions.  

High  
 Absence of 

air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

Nam Pangyun 
valley airshed 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Closure 
and 
Post-
Closure 

Very low 
magnitude 

 Medi
um 
spatia
l 
extent 

 Very 
low 
severi
ty 

 Low 
durati
on 

 Dust suppression 
measures 

 Measures to limit 
dust generation 

 Revegetation and 
rehabilitation 
measures 

 Traffic and transport 
measures 

 Erosion and 
sediment control 
measures 

Very 
low 

Individual 
receptors 
adjacent to the 
road may be 
impacted by a 
small amount 
during closure 
activities. This is 
expected to be a 
reduction in dust 
generation and 
deposition in this 
area compared to 
operations due to 
reduced use of 
the access road  

High  

 Absence of 
air quality 
modelling 

 Limited 
meteorolog
ical and air 
quality 
baseline 

 Uncertaint
y of 
receptor 
locations 

Namtu town 
airshed – 
cleanliness of 
air and visual 
amenity 

Closure 
and 
Post-
Closure 

Very low 
magnitude 

 Very 
low 
spatia

 Traffic and transport 
measures 

Very 
low 

Individual 
receptors along 
the road may be 
affected, however 
this is expected to 
be a short-term, 

Medium 
 Absence of 

air quality 
modelling 

 Limited 
meteorolog
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

 Medium 
sensitivity 

l 
extent 

 Very 
low 
severi
ty 

 Low 
durati
on 

relatively small 
change. 

ical 
baseline 

Airsheds of 
villages in 
tracts 
adjoining 
Bawdwin 
concession 
area – 
cleanliness of 
air and visual 
amenity 

 Medium 
sensitivity 

Closure 
and 
Post-
Closure 

Very low 
magnitude 

 Very 
low 
spatia
l 
extent 

 Very 
low 
severi
ty 

 Low 
durati
on 

 Traffic and transport 
measures 

Very 
low 

The closest 
village (Ho Chet) 
may experience a 
relatively small 
change during 
closure, however 
this will be 
minimal due to 
the distance from 
the Bawdwin 
concession area 
and closure 
activities 

High  
 Absence of 

air quality 
modelling 

 Absence of 
air quality 
baseline 
data 

 Limited 
meteorolog
ical 
baseline 

 

Reduced air 
quality due 
to gaseous 
pollutants 
during 
operation of 
power 
station 

Bawdwin 
military base – 
cleanliness of 
air and visual 
amenity 

 High 
sensitivity 

Operati
ons 

High 
magnitude 

 High 
spatia
l 
extent 

 High 
severi
ty 

 High 
durati
on 

 Traffic and transport 
measures 

Major Due to the 
proximity to the 
power station 
(approximately 
400 m away), 
increased gaseous 
pollutants may 
affect the entire 
receptor 
throughout 
operations. 
Nitrogen 
emissions are 
predicted to be 
above Myanmar 
emission criteria 

High  
 Absence of 

air quality 
modelling 

 Absence of 
gaseous 
emission 
baseline 
data 

 Air quality 
dispersion 
modelling 
required 

Reduced air 
quality due 
to gaseous 
pollutants 
during 
operations 
due to 
vehicle 
traffic along 
Namtu-
Manton 
Road 
during 
constructio
n 

Airsheds of 
residents along 
the Namtu – 
Manton Road 
– cleanliness 
of air and 
visual amenity 

 Medium 
sensitivity 

Constru
ction 

Medium 
magnitude 

 Very 
high 
spatia
l 
extent 

 Medi
um 
severi
ty 

 Low 
durati
on 

 Traffic and transport 
measures 

Modera
te 

Vehicle 
emissions may 
cause a 
noticeable 
increase in 
gaseous 
pollutants 
affecting 
receptors near the 
road 
intermittently 
throughout 
construction 

High  
 Absence of 

air quality 
modelling 

 Absence of 
gaseous 
emission 
baseline 
data 

Reduced air 
quality due 
to gaseous 
pollutants 
during 
operations 
due to 
vehicle 
traffic 
passing 

Namtu town 
airshed – 
cleanliness of 
air and visual 
amenity  

 Medium 
sensitivity 

Constru
ction, 
operati
ons 

Medium 
magnitude 

 Low 
spatia
l 
extent 

 Medi
um 
severi
ty 

 Traffic and transport 
measures 

Modera
te 

There will be 
frequent truck 
movements 
through Namtu as 
this forms part of 
the export route. 
Vehicle 
emissions may 
cause a 
noticeable 
increase in 
gaseous 

High  

 Gaseous 
emissions 
from 
project 
vehicles in 
compariso
n to 
backgroun
d levels, 
and overall 
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Impact  Value and 
sensitivity 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
significance 

Uncertainty 

Namtu 
town 

 High 
durati
on 

pollutants 
affecting 
receptors near the 
road throughout 
operations.  

cumulative 
impact, 
have not 
been 
quantified 
by 
modelling 

 Gaseous 
emissions 
from 
project 
vehicles in 
compariso
n to 
backgroun
d levels, 
and overall 
cumulative 
impact, 
have not 
been 
quantified 
by 
modelling 

Reduced air 
quality due 
to gaseous 
pollutants 
during 
operations 
due to 
vehicle 
traffic along 
export 
corridor 

Airsheds of 
villages along 
the export 
corridor – 
cleanliness of 
air and visual 
amenity  

 Medium 
sensitivity 

Operati
ons 

Medium 
magnitude 

 Low 
spatia
l 
extent 

 Medi
um 
severi
ty 

 High 
durati
on 

 Traffic and transport 
measures 

Modera
te 

There will be 
frequent truck 
movements along 
the export route. 
Vehicle 
emissions may 
cause a 
noticeable 
increase in 
gaseous 
pollutants 
affecting 
receptors near the 
road throughout 
operations. 

High  

 Gaseous 
emissions 
from 
project 
vehicles in 
compariso
n to 
backgroun
d levels, 
and overall 
cumulative 
impact, 
have not 
been 
quantified 
by 
modelling 
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6.5.5 Monitoring and inspection 
The Environmental Management Plan (air quality, noise and blasting management plan) for the Bawdwin Project 
will provide for regular environmental monitoring and inspection to be completed for all project phases 
(construction, operation and closure). Monitoring will include: 

 Internal audits to confirm that the Bawdwin Project’s environmental management measures, including 
site-specific mitigation measures, are being implemented successfully and management measures are 
effective in minimising impacts to the environment.  

 Long-term monitoring of weather.  

 Monitoring of particulate matter, dust deposition from project activities and gas emissions from the power 
station.  

 Review of community grievance register and follow-up any issues with the local communities.  

 Monitoring of community health for any receptors that are in potential zones of influence. 

 Adjust the monitoring program to adapt to community concerns and emission criteria exceedances. 

6.5.6 Uncertainties and further work 
This section outlines the key uncertainties and further work required to address these uncertainties. 

Key uncertainties and further work required to address these uncertainties are outlined in Table 6.119.    

Table 6.119 Uncertainties and further work in respect of air quality impacts 

Uncertainty Further work required Purpose Assumptions 

Uncertainty with the likely 
levels of gas and dust emissions 
and deposition, since no 
predictive modelling has been 
conducted.  

 

Predictive modelling of 
gas/dust emissions and 
dust deposition as part of 
detailed design phase.  

During the detailed 
design phase refine 
selection of power plant 
generators and this will 
probably alter the 
emission calculations. 
Confirm whether 
scrubbers or other 
equipment will be 
necessary to ensure that 
emissions meet Myanmar 
emission criteria. 

To better understand the 
transport and fate of 
dust and gases from 
project sources and 
more accurately predict 
air quality impacts. 

Qualitative assessment of 
spatial extent and severity of 
impacts, with reference to 
recommended distances to 
receptor from mining and 
mineral processing activity 
as per the approach outlined 
in the Australian Capital 
Territory Government 
Separation Distance 
Guidelines for Air Emissions 
(ACT Government 2018). 
Reference to meteorological 
and terrain conditions was 
also made to support the 
impact assessments.  

Uncertainty exists around the 
level of dust generation from 
the TSF during operations and 
the resulting emissions to air 
and dust deposition 
levels/locations, including 
around operational areas and 
nearest sensitive receptors. 

Conduct assessments 
regarding dust generation 
from the TSF during 
operations as part of 
detailed design phase. 
This may require further 
testwork on tailings 
samples and predictive 
modelling of emissions.  

Determine the level of 
dust generation from the 
TSF during operations 
and the resulting 
emissions to air and dust 
deposition 
levels/locations, 
including around 
operational areas 

Qualitative assessment of 
dust impact severity.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-256

 

Uncertainty Further work required Purpose Assumptions 

Limited baseline meteorological 
data to the period, January to 
May 2020. A longer dataset is 
required to better understand 
seasonality. 

Ongoing meteorological 
monitoring at site and 
collection of regional 
datasets, including longer 
term data. 

Inform modelling of 
gaseous and dust 
emissions and allow 
more accurate 
predictions of exposure 
to receptors 

 

The impact assessment 
makes high-level 
assumptions about prevailing 
weather conditions and how 
these may influence where 
gas and dust emissions will 
disperse, based on five 
months of meteorological 
data.  

Uncertainty on how metal 
concentrations vary with dust 
particle size. Metals 
concentrations were measured 
for TSP and PM10. 

Monitor and investigate 
the concentrations of 
metals associated with a 
range of particle sizes in 
dust generated by the 
project 

Understand relationship 
between dust and metal 
contaminants and 
project impact, potential 
health impacts. 

Improve understanding 
of the composition (and 
particle size fractions) 
of dust. 

Qualitative assessment of 
dust impact severity. 

Insufficient data is available to 
break down particulate 
emissions into PM10 and PM2.5.  

Conduct further sampling 
of dust particles at 
receptor locations 

Quantify the relative 
proportions of PM10, 
PM2.5 and PM50 in dust 
emissions and 
deposition at the project 
site. 

Determine metals 
content and composition 
of PM10 and PM2.5. 

For the purposes of this 
impact assessment, dust is 
assumed to include particles 
up to PM50 and could include 
variable quantities of PM10 

and PM2.5. 

Impacts are not assessed for all 
receptors (i.e., every village or 
settlement); instead, impacts are 
assessed for receptor ‘groups’ 
as outlined in Section 6.5.4.  

It is not feasible, in all cases, to 
delineate impacts for individual 
residences or receptors in the 
community. 

Impacts to individual 
receptors will need to be 
managed by the project, 
including consultation 
with potentially affected 
receptors and reviewing 
results of air and dust 
monitoring in specific 
areas. 

To allow understanding 
of high risk receptors, 
and allow community 
consultation to occur 
with potentially 
impacted receptors 
regarding air quality 
impacts and any 
location-specific 
measures that may need 
to be adopted. 

These receptor ‘groups’ 
would experience a similar 
level of impact and are 
treated as one receptor, 
unless where otherwise 
noted. For example, some 
receptors are spread out over 
a large area and/or are 
resettled at different times. 
Where these such nuances 
warrant, impacts have been 
assessed to individual 
receptors separately rather 
than as one entire group. 

 

6.6 Greenhouse gas impact assessment 
Greenhouse gases (GHG) are gases that trap heat in the earth’s atmosphere. Elevated concentrations of GHG have 
and continue to result in increased global temperatures. Emissions of GHG can result from both natural and 
man-made (anthropogenic) sources. Anthropogenic sources of GHG include:  

 Carbon Dioxide (CO2): an important component of the atmosphere released through natural processes such 
as respiration and volcanic eruptions, but also through human activities such as deforestation, land use change, 
burning fossil fuels (coal, natural gas and oil) and certain chemical reactions.  

 Methane (CH4): a hydrocarbon released through a variety of human activities such as the production and 
transport of fossil fuels, agricultural practices, livestock and the decay of organic waste in landfills. Methane 
is less abundant than CO2. 
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 Nitrous oxide (N2O): a gas produced by soil cultivation practices and industrial activities, the combustion of 
fossil fuels and biomass burning.  

Over the last century, since the industrial revolution, the burning of fossil fuels has increased the concentration of 
CO2 in the atmosphere. To a lesser extent, the clearing of land for agriculture, industry and other human activities 
has also increased GHG concentrations.  

While these emissions will not adversely impact local or regional air quality, they will contribute to Myanmar’s 
national GHG emission inventory and to global GHG concentrations. This section describes the GHG emissions 
of the proposed project, including the assessment method undertaken in order to: 

 Identify the main potential sources of GHG emissions associated with the project. 

 Estimate the annual emissions of GHGs over the life of the project for comparison against recent national 
inventories published for Myanmar.  

 Identify potential GHG management measures and monitoring requirements.  

6.6.1 Relevant legislation, guidelines and policies 
This section provides an overview of the legislation, guidelines and policies relevant to GHG emissions in 
Myanmar.  

The international response to climate change  

The Intergovernmental Panel on Climate Change (IPCC) is the international body tasked with assessing scientific 
knowledge on climate change. It provides policy makers with regular scientific assessment of climate change, its 
impacts and future risks, and the mitigation and adaptation options.  

In 1997, the United Nation Climate Change Conference was held in Kyoto. In August 2003, Myanmar ratified the 
Kyoto Protocol and it came into force on 16 February 2005. This agreement commits industrialised countries and 
economies in transit to limit and reduce GHG emissions in accordance with agreed individual targets.  

In March 2014 the IPCC released the Fifth Assessment Report which considered new evidence of climate change 
based on independent analyses from observations of the climate system. This report included refined estimates of 
impact probability.  

In December 2015, the United Nations Climate Change Conference (COP 21) was held in Paris, which 
encompassed the 21st Conference of Parties (COP) to the UNFCCC and the 11th session of the Meeting of Parties 
to the 1997 Kyoto Protocol. The conference negotiated the Paris Agreement aimed at holding the increase in 
global temperature to below 2°C above pre-industrial levels. The Paris Climate Change Agreement entered into 
force in November 2016 and was ratified by Myanmar 19 September 2017. 

Myanmar is considered a vulnerable least developed country under the current change regime framed by 
UNFCCC. As such Myanmar may be eligible for support through various international mechanisms such as the 
Warsaw International Mechanism for Loss and Damage established in 2013. The mechanism aims to address loss 
and damages associated with the impacts of climate change, including extreme and slow-onset events in 
developing countries. The mechanism aims to address to following key functions: 

i) enhancing knowledge and understanding of comprehensive risk management approaches to address loss 
and damage associated with the adverse effects of climate change; 

ii) strengthening dialogue, coordination, coherence and synergies among relevant stakeholders; 

iii) enhancing action and support, including finance, technology and capacity-building. 

Additionally, Myanmar is to receive financial support under the Global Climate Change Alliance (GCCA) to 
strengthen dialogue and cooperation on climate change between the European Union and developing countries 
most vulnerable to climate change. 
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Myanmar’s response to climate change 

In 2012, Myanmar developed the National Adaption Programme of Action (NAPA) to Climate Change, which 
identifies eight priority sectors as most vulnerable to climate change: agriculture, early warning systems, forests, 
public health, water resources, the coastal zone, energy and industry, and biodiversity. 

The Myanmar Climate Change and Action Plan (MCCSAP) 2016-2030 was developed in 2016 with the aim at 
supporting key sectors at the national and local levels to respond to the challenges, and benefit from opportunities 
associated with climate change. 

The Myanmar Climate Change Policy was developed in 2019 and aims to provide long-term direction and 
guidance to: 

 Take and promote climate change action on adaption and mitigation in Myanmar. 

 Integrate climate change adaption and mitigation considerations into Myanmar’s national priorities and across 
all levels and sectors in an iterative and progressive manner. 

 Take decisions to create and maximise opportunities for sustainable, low carbon, climate resilient 
development, ensuring benefits for all.  

Myanmar’s Initial National Communication Under the UNFCCC was produced by the Myanmar Government in 
2012 (MNREC 2012). This included the National Greenhouse Gas Inventory which reported Myanmar as having 
negative CO2 emissions in 2000. This was because forests absorbed more CO2 than was emitted from human 
activities, such as from industry, energy, transport and agriculture sectors. Myanmar’s main sources of emissions 
were industrial production (especially cement production), transport and energy, land-use change (especially 
deforestation), waste and agricultural sectors (including rice production) and fertilizers.  

Despite Myanmar’s low emission levels, with the expected future economic and population growth, emissions are 
likely to rise. This includes emissions from the energy-intensive sectors, as well as from agriculture and livestock 
production. Furthermore, sustainable forest management is crucial for maintaining low CO2 emission levels in the 
country. 

The Myanmar Climate Change Alliance (MCCA) was established in 2013 with the support of the GCCA. The 
programme has been designed to strengthen capacity in Government, private sector and civil society sectors and 
to facilitate the Government in preparation of a national strategy for climate change that will result in sectoral 
strategies and actions to address climate change. The programme will support the development of appropriate 
institutional structures within Myanmar to implement climate change projects and programmes. The overall 
objective is to mainstream climate change into the Myanmar policy development and reform agenda. 

Relevant GHG performance standards 

This section describes international GHG performance standards which provide GHG emissions guidelines that 
are relevant to the Project.  
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International Finance Cooperation (IFC)  

“The Environmental, Health and Safety (EHS) Guidelines are technical reference documents with 
general and industry-specific examples of Good International Industry Practice (GIIP).” (IFC 2007a) 

The EHS Guidelines for Mining contain performance levels and measures for the mining industry. The guidelines 
provide common sources of GHG emissions as well as recommended management strategies. These guidelines 
should be applied together with the General EHS Guidelines (IFC 2007b), which provide guidance on common 
EHS issues to all industry sectors, including air quality. 

The Greenhouse Gas Protocol Initiative 

The Greenhouse Gas Protocol Corporate Standard (WRI 2004) provides companies with the requirements and 
guidance to prepare a GHG emissions inventory. It is based on five greenhouse gas accounting and reporting 
principles: 

 Relevance: Ensure the GHG inventory appropriately reflects the GHG emissions of the company and serves 
the decision-making needs of users – both internal and external to the company.  

 Completeness: Account for and report on all GHG emission sources and activities within the chosen 
inventory boundary. Disclose and justify any specific exclusions.  

 Consistency: Use consistent methodologies to allow for meaningful comparisons of emissions over time. 
Transparently document any changes to the data, inventory boundary, methods, or any other relevant factors 
in the time series.  

 Transparency: Address all relevant issues in a factual and coherent manner, based on a clear audit trail. 
Disclose any relevant assumptions and make appropriate references to the accounting and calculation 
methodologies and data sources used.  

 Accuracy: Ensure that the quantification of GHG emissions is systematically neither over nor under actual 
emissions, as far as can be judged, and that uncertainties are reduced as far as practicable. Achieve sufficient 
accuracy to enable users to make decisions with reasonable assurance as to the integrity of the reported 
information.  

International Organisation for Standardisation 14064 

The International Organisation for Standardisation (ISO) are an organisation who have developed a set of 
environmental management standards, known as ISO 14000 (ISO 2018). The standards seek to guide other 
organisations to minimise how their operations negatively impact the environment, comply with relevant 
legislation and continually improve these. ISO 14064 is part of the environmental management standards; it refers 
to GHG emissions. The standard provides organisations with a set of tools for programs to quantify, monitor, 
report and verify GHG emissions.   

6.6.2 Approach to GHG assessment 
The Bawdwin project’s GHG emissions were calculated using project-specific data and guided by the 
requirements of the GHG protocol and IPCC and Australian Government emission calculation methodologies. 
The calculation of GHG emissions from the Project has been performed in the five following stages:  

 Defining the project boundary. 

 Identifying emission sources within the project boundary. 

 Identifying the appropriate emission calculation method for each source. 

 Identifying activity data for each emission source. 

 Calculating GHG emissions. 

The calculated emissions were then benchmarked against Myanmar annual emissions.  
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Definition of the project boundary 

The geographical boundary for the GHG assessment covers the mine area and mine access/export route corridor. 
Emissions associated with the project operational, construction and decommissioning phases are included in this 
assessment, including all associated mobile plant and equipment. Any emissions relating to maintenance and 
monitoring during the closure period are considered negligible and have been excluded.  

Emissions associated with the transportation of materials and workforce to the project area have been considered 
(i.e. from the mine to the Myanmar-China border), as well as their movement within the project area. Potential 
emissions associated with international transport of staff and materials have not been included.  

Emission calculation methodologies  

Emission factors allow the quantity of GHG emitted by a source to be calculated from defined units of activity. 
Emissions were calculated based on assumptions provided by WMM. This was then converted to tonnes of CO2 
equivalent (CO2-e) per annum. This is a term used to describe different GHGs with a common unit. For any 
quantity and type of GHG, CO2-e represents the amount of CO2 which would have the equivalent impact on 
climate change. This unit allows GHGs to be grouped together and allows for the comparison of project emissions 
to the country’s total emissions. Countries required to report their national GHG emissions under the UNFCCC 
are required to use the UNFCCC accepted IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006) 
publication and the included emission factors.  

Details of the emission calculation methodology are provided in Appendix A of this Chapter.  

6.6.3 Potential greenhouse gas impacts 
Emissions of GHG can be termed as being Scope 1, Scope 2 or Scope 3 depending on whether they are ‘direct 
(Scope 1) or ‘indirect’ (Scope 2 and Scope 3).  

Direct emissions (Scope 1) 

The World Business Council for Sustainable Development defines direct GHG emissions as emissions from 
sources that are owned or controlled by the reporting entity (WRI 2004). These generally arise from: 

 Generation of electricity, heat and steam.  

 Manufacturing processes.  

 Transportation or materials, products, waste or people.  

 Fugitive emissions, both intentional and unintentional.  

 On-site waste management.  

Direct emissions specific to the project will result from: 

 Combustion of fuel in diesel generators at the site electrical power station during the construction, operation 
and decommissioning phases. 

 Combustion of diesel in mobile equipment, including on-road/off-road vehicles.  

 On-site waste management activities through the decomposition, disposal and incineration of waste. 

Scope 1 emissions can be calculated based on the average fuel consumption and activities for the Project in any 
one year. 

Indirect emissions (Scope 2 and Scope 3) 

Indirect emissions are generated in the wider economy as a consequence of an organisation’s activities but are 
physically produced by the activities of another organisations.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-261

 

Scope 2 emissions 

Scope 2 emissions relate to the GHG emissions from the generation of purchased electricity consumed in owned 
or controlled equipment or operations. As the project will not purchase any electricity during any phase, there will 
be no Scope 2 emissions associated with the project. 

Scope 3 emissions 

Scope 3 indirect emissions are the upstream emissions generated in the extraction and production of fossil fuels 
and in the emissions from contracted or outsourced activities. Scope 3 emissions may be, but are not required to 
be, reported as part of a project’s GHG emissions assessment.  

The IPCC does not provide calculation methodologies for Scope 3 emissions, and they are typically not included 
as part of a GHG emissions assessment. As such, Scope 3 emissions are not included in this assessment. 

Identification of emission sources and activities 

Emission sources have been based on project activities. Table 6.120 details the sources included in the emissions 
inventory for the project.  

Table 6.120 GHG emission sources associated with the project* 

Emission source Scope 1 GHG emissions 

Fuel consumption in trucks moving materials to and from mine area. Emissions from combustion 

Fuel consumption in mine construction, operation and decommissioning fleet. Emissions from combustion  

Diesel consumption in mine power station during construction, operation and 
decommissioning.  

Emissions from combustion (diesel 
fired generators 

Explosive use during mine construction and operation Emissions from explosive use 

Management of solid waste and wastewater during mine construction, operation 
and decommissioning. 

Emissions from organic material 
decomposition 

* The Bawdwin resettlement program will generate Scope 2 emissions. However, due to uncertainty regarding resettlement site and 
associated power requirements and sources emissions, these are excluded from this assessment.   

The amount of emission generated by each project source (Table 6.120) was calculated and then the kilo tonnes 
CO2-e per annum (kt CO2-e / annuum) calculated. The key assumptions used to calculate project emissions and 
key calculations are presented in Appendix A of this Chapter. 

6.6.4 Proposed management measures  
WMM will implement management measures to reduce the generation of GHG emissions. Many of these will be 
similar to air quality management measures as described in Section 6.5. 

Standard management measures to minimise GHG emissions will include the following: 

 Implement energy efficiency measures to minimise diesel consumption in the power station. 

 Maintain plant and equipment and keep in good working order. Limit the use of diesel fuel through the 
optimisation of on-site driving, and measures such as establishing speed limits on site and reducing gradients 
where possible. 

 Develop and implement a greenhouse gas management system that accurately quantifies emissions on a 
regular basis to allow major sources of emissions and the effectiveness of adopted measures to be continually 
identified, measured and indexed. 
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 Investigate application of renewable energy sources to the project as part of the detailed design phase. 

6.6.5 Calculated GHG emissions 
This section determines the project GHG emissions (identified in Section 6.6.3), after implementation of the 
management measures outlined in Section 6.6.4, and benchmarks against Myanmar’s total annual GHG 
emissions.  

A summary of the calculated GHG emissions results is presented in Table 6.121, with details provided in 
Appendix A of this Chapter.  

Table 6.121 Summary of calculated greenhouse gas emissions 

Phase (and duration) 

Emissions (kt CO2-e) 

Scope 1 emissions per annum of 
phase 

Total over project life 

Construction (2 years)  63.79 127.57 

Operation (13 years) 159.88 2078.48 

Decommissioning (2 years) 31.73 63.45 

Total  2,269.50 

Annual emissions of GHG (Scope 1 emissions) from project construction, operation and decommissioning are 
estimated to be on average 133.50 kt CO2-e / annum, generating a total of 2,269.50 kt CO2-e over the life of the 
project. Most of the GHG emissions will occur during the mine’s operational period (13 years). 

The power station is expected to comprise approximately 66% of the total project emissions across all project 
phases. The second highest emissions contribution will come from vehicles, these will make up 33% of project 
related emissions. Explosives and waste will each comprise 0.3% of total emissions.  

The project is expected to result in an overall increase in the nation’s total emissions by approximately 0.06%, 
based on the 2016 emissions of 219.53 Mt CO2-e (WRI 2016). Myanmar’s primary source of GHG emissions 
stems from land use change and forestry, comprising 110.37 Mt CO2-e (WRI 2016).  

6.6.6 Monitoring  
The Environmental Management Plan for the Bawdwin Project will provide for regular environmental monitoring 
and inspections to be completed for all project phases (construction, operation and decommissioning). Monitoring 
will include: 

 Monitoring the emissions from diesel generators, power generation facilities and waste incinerators annually 
to confirm that the emission rates and stack parameters are within the estimates used in this assessment.  

 Maintain a GHG emissions inventory. 

6.7 Noise and vibration impact assessment 

6.7.1 Approach to impact assessment 
This chapter assesses the project noise and vibration impacts to the values identified in Section 5.6. 

Section 5.6 described the levels of importance, vulnerability and resilience associated with each of the values in 
the study area. 

The impact assessment approach adopted in this chapter is a ‘significance assessment’. A significance assessment 
of air quality impacts involves: 
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 Identifying the nature of the impact to a noise amenity value at receptors. Receptors to noise impacts are those 
villages, farms and residences that may be exposed to increased noise and vibration which may affect amenity 
and aesthetic value. 

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and duration 
of the impact at receptors. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of avoidance 
and management measures). The significance (very low, low, medium, high or major) of the impact to a noise 
amenity value is determined by considering the importance, vulnerability and resilience of the value (as 
assessed in Section 5.6) and the predicted magnitude of the impact to the value. Impact magnitude (very low, 
low, medium, high or very high) is determined based on the spatial extent, severity and duration of the impact.  

This chapter assesses impacts associated with noise, ground vibration and air blast. An air blast is the pressure 
wave that is produced by blasting, which is transmitted through the air. When the pressure wave meets a person 
or structure, it is typically experienced as noise and high air pressure. 

No modelling of project noise or vibration emissions has been conducted. Therefore, the assessment of changes 
to ambient noise and vibration adopted a qualitative approach with associated assumptions. This chapter assesses 
noise and vibration impacts in terms of expected changes from existing conditions, with commentary on the 
influence on impact severity as a result of distance between a noise source and the nearest receptor, natural 
attenuation from the topography and meteorological influences. Severity of impacts was informed by making 
sound level estimations using literature sources for typical mining and construction equipment and by using a 
noise propagation equation, inverse square law (see Section 6.7.4), to estimate resulting noise levels at receptors.  

This chapter assesses noise and vibration impacts to human amenity values only; those values are considered to 
be an ambient noise and vibration levels that support human health and wellbeing, sleep and enjoyment of amenity.  
Subsequent impacts to human health and flora and fauna due to noise and vibration are assessed further in Section 
6.11 and 6.8. Increased vibration also has the potential to affect the structural integrity of landform, buildings and 
infrastructure. Impacts to landform (including vibration) are addressed in Section 6.2. Potential impacts and land 
stability risks to project facilities and buildings are addressed in Chapter 7 Hazard and risk. 

This chapter refers to ambient noise standards under the Myanmar draft National Environmental (Emission) 
Quality Guidelines (2014), to provide context as to the existing levels of noise. This is important for understanding 
the predicted severity of impacts due to the project, as in some cases noise standards are already exceeded in the 
project area. Reference to the noise standards allows for understanding of the existing noise in the project area, 
which subsequently informs the impact severity. The Myanmar Environmental Impact Assessment Guidelines for 
the Mining Sector include standards for acceptable levels of ground vibration and air over-pressure due to blasting 
(air blast). The standards stipulate: 

The maximum level for air blasting is 115 dB Linear. The level of 115 dB Linear may be exceeded on up to 5% of 
the total number of blasts over a period of 12 months; however, the level should not exceed 120 dB Linear at any 
time. Blasting is only permitted during daylight hours. 

The recommended maximum level for ground vibration is 5 mm/s (peak particle velocity ppv). The ppv level of 
5 mm/s may be exceeded on up to 5% of the total number of blasts over a period of 12 months. The level should 
not exceed 10 mm/s at any time.  

Reference to these standards is limited because changes in noise levels, potential ground vibration and potential 
air blast due to the project have not been modelled. Therefore, noise and vibration impacts are assessed 
qualitatively with supporting assumptions and a degree of inherent uncertainty. 

6.7.2 Potential noise and vibration impacts 
The project has the potential to increase noise and vibration above existing levels, which may reduce amenity at 
receptors in the vicinity of the project area. Excessive noise and vibration effects have the potential to harm human 
health and wellbeing, primarily due to nuisance, sleep deprivation and physical and mental stress. 
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The greatest sources of ground vibration will be during mining, as mining operations will be in proximity to 
Bawdwin lower village until that village is resettled after 30 to 32 months of mining.  

At the start of mining year 3 the northern half of Bawdwin lower village will be within about 250 m of the mining 
operations at its closest points. As a result, this portion of the village is expected to be exposed to noise, air blast 
and vibration during that stage of the pit development. There is also the potential for ground vibration to affect 
landforms and structural integrity of buildings. In the absence of quantitative vibration modelling, it is not possible 
to predict how vibration from mining will affect Bawdwin lower village. Vibration modelling assessment will be 
required to understand this impact. Noise, vibration and air blast impacts will be dependent on several factors, 
such as the distance from blasting activities, the amount of explosives used, the height differential between the 
blasting location and receptor location, and wind direction and atmospheric pressure. 

Potential key sources of increased noise include: 

 Earthworks, including use of machinery and equipment during construction and operations 

 Traffic (including light and heavy vehicles) during construction and operations 

 Process plant and power station noise during operations 

 Accommodation camp noise during construction and operations. However, no receptors have been identified 
in the vicinity of the camp, so impacts due to noise from this source have not been assessed. 

 Blasting, drilling and excavation and equipment use during mining operations 

Potential sources of increased vibration include: 

 Construction earthworks 

 Blasting, drilling and excavation during mining operations 

 Compaction from vibratory rollers during construction 

 Heavy vehicle traffic 

These potential impacts are described further below. The discussion of potential impacts associated with increased 
noise and vibration is grouped into construction, operations and closure impacts. This is because the impact 
sources listed above, along with the impact location, pathways and timing, will be similar for construction and 
closure activities, and likewise during operations. This approach allows for the assessment of generation of 
increased noise and vibration to be holistic and account for combinatory effects from these multiple simultaneous 
sources rather than assessing each impact source in isolation. 

Construction Phase 

Earthworks and construction activity 

During construction, the primary noise emissions will be from equipment and machinery in the form of engine 
noise and surface impact such as drilling, excavating and scraping. Noise will also include intermittent reverse 
alarms. Construction of buildings and infrastructure will emit noise from sources such as drilling, cutting and 
impact (e.g., hammering, nailing) activities. Diesel generators providing power to construction sites will generate 
ongoing noise during construction. Site earthworks will involve the use of rock breaking equipment and vibratory 
rollers, which will contribute to noise as well as ground vibration.  

Traffic 

The Bawdwin area will experience an increase in traffic along local roads, both around the mine and between 
Namtu and the Bawdwin concession area during construction. Trucks and other vehicles will transport 
construction materials and construction workers over the two-year construction period and cause increased noise 
along the public Namtu-Manton road and project access roads (plant access road and Namtu-Tiger Camp access 
road). Heavy vehicles such as haul trucks may cause ground vibration. The primary project construction traffic 
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routes will be via the Namtu-Tiger Camp access road and the plant access road (Figure 6.1). To a lesser extent, 
the public Namtu–Manton Road will be used by construction traffic to access Bawdwin. Other traffic movements 
within the Bawdwin concession area include access roads to the accommodation camp, TSF and raw water dam. 

Operations Phase 

Mining activity 

Mining activity will occur 24 hours a day, seven days a week. Mining will be performed by conventional open pit 
drill and blast methods using drill rigs, excavators, front-end loaders and articulated haul trucks. Ore and 
overburden will be loosened by blasting. Blasting will occur at a maximum rate of once per day and conducted 
during daytime hours. The use of drill rigs, excavators, front-end loaders and haul trucks will result in noise 
emissions mainly from engines, alarms and ground disturbance during mining. Blasting will also contribute to 
noise emissions as well as air blast overpressure (i.e., the pressure wave produced by blasting and transmitted 
through the air) and ground vibration. 

Waste rock dump and TSF development 

Development of the waste rock dump and TSF embankments will result in noise primarily from excavators, front-
end loaders and haul trucks with noise emissions mainly from engines, alarms and ground disturbance. Once 
construction on the waste rock dump commences it will continue for the duration of the mine life. The TSF 
embankments will be constructed in phases. 

Process plant and power station 

During operations, the process plant and power stations will be key sources of ongoing noise. These facilities will 
operate day and night, 24 hours a day, seven days a week. The process plant will include crushing and milling 
circuits, as well as conveyor belts, pumps and mixing tanks, all of which will be the main sources of noise from 
that facility. The power station will comprise 26 modular diesel generator sets in multi-stack configurations 
housed in shipping containers.  In addition, there will be five containerised fuel tanks and supporting 
infrastructure. 

Traffic 

A key source of traffic noise will be the haul trucks that transport waste rock to the Wallah waste rock dump and 
ore to the ROM pad. Also, conventional road-going trucks will export concentrate from Bawdwin via the plant 
road, the Namtu-Tiger Camp access road, then via public roads from Namtu to Lashio and onwards to its final 
destination. From Namtu to the project area, traffic will use private project roads. From Namtu to the remainder 
of the export corridor, traffic will use public roads. Regular vehicle movements on public roads will also occur 
during transport of people to and from the project site and during the supply of materials to the project (e.g., diesel 
for the power station). These vehicle movements will increase traffic related noise along the road routes.  

Accommodation camp and workshops 

The operations accommodation camp will be constructed by upgrading the construction accommodation camp. 
This camp will be expanded during operations by adding two additional two-storey accommodation blocks. The 
operations camp will accommodate 1,400 people and the potential noise sources will be the same as for the 
construction phase. 

The workshop will be located at the mine services area. Key noise sources from maintenance activities at the 
workshop will include machinery and engine noise and impact activities such as hammering, drilling and cutting. 
Lower noise emissions will be associated with the office complex, crib room and light vehicle parking. 

Closure Phase 

Noise emissions during the active closure phase are expected to be similar to during construction – i.e., mainly 
from earthworks machinery and equipment, vehicle movements, accommodation camp, and from use of tools and 
equipment during dismantling of buildings and infrastructure. 
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6.7.3 Proposed mitigation and management measures  
Potential noise and vibration impacts will be avoided through project design and administrative controls or 
reduced through development and implementation of a management measures under a project environmental 
management plan. Avoidance and management measures are outlined below. 

Avoidance measures 

The primary impact avoidance measure will be the resettlement of communities that are located in proximity to 
the project area where the greatest potential noise and vibration impacts will occur. The various receptors will be 
resettled at different times depending on their location with respect to project activities. 

Figure 6.20 shows the locations of all noise and vibration receptors and Table 6.85 provides description of these 
receptors, including the timing of resettlement (if applicable) in relation to project works. 

Standard management measures 

Standard management measures to minimise impacts of noise generation will include the following: 

 Use modern, well-functioning and well-maintained equipment, vehicles and plant (these have lower noise 
emissions than older machinery and equipment and vehicles that are not properly maintained). 

 Provide the community, where potentially affected, with advanced notice of construction works.  

 Where practicable, schedule high noise activities for during daytime hours and not on religious holidays or 
other important cultural events.  

 Where practicable, limit the hours of operation of high noise and vibration activities near community 
receptors, where practicable. 

 Restrict blasting to once per day at a consistent time during daylight hours. 

 Appoint experienced and competent shotfirers to undertake blasting  

 Optimise blast design to reduce noise and vibration where safe and practicable. 

 Where practicable, avoid heavy vehicle movements near villages at night-time. 

 Where safe to do so, minimise the use of exhaust brakes in vehicles when in proximity to villages. 

 Establish and enforce speed limits on roads carrying project vehicles to minimise dust and noise generation.  

 Use mufflers on vehicles and machinery to minimise noise generation.  

 Develop and implement a grievance management process to allow affected villages and workers to register 
any issues related to noise and vibration emissions or other complaints. 

6.7.4 Residual impact assessment 
This section assesses the residual impacts identified in Section 6.7.2 after implementation of the management 
measures outlined in Section 6.7.3. The magnitude of each residual impact is assessed based on the impact’s 
geographic extent, severity and duration, taking into consideration the existing noise and vibration conditions and 
the importance, vulnerability and resilience of noise amenity values to receptors. Table 6.122 presents the criteria 
used to determine the magnitude of each impact. 
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Table 6.122 Criteria used to determine the magnitude of noise impacts  

 Very low Low Medium High Very high 

Spatial 
extent 

Impact affects a 
very small 
proportion of the 
receptor (i.e., less 
than 5% of 
individual 
residences in the 
receptor group) 

Impact affects a 
small proportion 
of the overall 
receptor (i.e., in 
the order of 5-
25% of individual 
residences in the 
receptor group) 

Impact affects a 
moderate 
proportion of the 
overall receptor 
(i.e., in the order 
of 25-50% of 
individual 
residences in the 
receptor group) 

Impact affects 
most of the 
receptor group 
(i.e., in the order 
of 50-75% of 
individual 
residences in the 
receptor group) 

Impact affects the 
entire receptor 
group (i.e., all 
individual 
residences in the 
receptor group) 

Severity Impact has a very 
low severity and 
not detectable 
with respect to 
natural variability. 
Changes to noise 
are well below 
ambient noise 
standards at 
receptors. 

Impact has a low 
severity and can 
be barely 
detectable with 
respect to natural 
variability. Impact 
does not cause or 
contribute to 
exceedance of 
ambient noise 
standards at 
receptors. 

Impact will be 
readily detectable 
with respect to 
natural variability 
but of medium 
severity. Impact 
does not directly 
cause exceedance 
of ambient noise 
standards at 
receptors but may 
contribute to the 
exceedance when 
combined with 
existing effects. 

Impact probably 
to be large (highly 
severe) with 
respect to natural 
variability. 
Ambient noise 
standards are 
exceeded at 
receptors where 
they were not 
previously. 

Impact has a very 
high severity and 
a very large 
change with 
respect to natural 
variability. 
Ambient noise 
standards are 
exceeded at 
receptors, where 
they were not 
previously. 

Duration Impact is very 
short in duration 
(i.e., days) 

Impact is short 
term (i.e., months 
or less)  

Impact is medium 

term (1 to 2 

years).  
  

Impact is long 

term (3 to 15 

years).  
  

Impact is greater 

than 15 years or 

permanent.  
  

 

Impact assessment context 

This section provides important context for the following assessment of residual impacts. This is because there 
are several factors that underpin the assessment of all project noise and/or vibration impacts. Describing them 
here avoids repetition throughout the assessment. This section provides context regarding receptors to noise and 
vibration impacts and climatic influences that are likely to influence noise effects. 

Receptors 

For the purposes of this impact assessment, the social receptors of noise and vibration impacts are defined in Table 
6.3. Figures 6.20 and 6.22 show the locations of these receptors. 

It is expected that noise impacts to the health and safety of project personnel will be avoided or minimised by use 
of PPE (i.e., ear protection), appropriate building design and sound insulation. Impacts to amenity values for 
project personnel are not assessed given that the workforce will only be at Bawdwin for work purposes. Impacts 
to project personnel are not discussed further. 

Existing sources of impact 

It is important to note that existing ambient noise conditions within the Bawdwin concession area are already 
elevated above ambient noise standards. Baseline noise monitoring in September 2019 showed that existing noise 
levels throughout the Bawdwin concession area exceeded day and night-time (both 70 dBA LAeq) standards for 
industrial and commercial areas on at least one occasion at all monitoring sites across a 24-hour period. The 
monitoring also showed that existing noise exceeded the day (55 dBA LAeq) and night-time (45 dBA LAeq) 
standards for residential areas for Bawdwin Upper Village on four occasions across the 15-hour measurement 
period and exceeded the night-time standard on two occasions at Bawdwin Lower Village. Figure 6.20 shows the 
noise monitoring locations. 
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These existing noise sources have been attributed to residents socialising at nighttime, watching television, playing 
music, and increased traffic movement (cars and motorbikes) as people commute to and from work, with the noise 
levels being amplified by the villages being situated in a valley (see Section 5.6). A level of existing noise is also 
attributed to ongoing mining exploration activity such as drilling, machinery and vehicle movements. Typically, 
the quietest times were between 10:00 P.M. and 3:00 A.M. and the noisiest times were between 5:00 A.M. and 
9:00 A.M. 

It is within this context that the noise and vibration impacts are assessed. Further details on existing impacts are 
given in the sections below where relevant. 

Climatic influences 

Climatic conditions such as prevailing winds and temperature inversions have the potential to enhance or attenuate 
noise transmission to receptors. Typically, light and stable winds up to about 3 m/s enhance noise propagation 
downwind. Stronger winds tend to obscure most noise emissions. A temperature inversion is where a layer of cool 
air at the earth’s surface becomes overlain by a layer of warmer air, and noise passing upwards is bent downwards 
towards the ground, increasing the noise levels experienced at the surface. Anecdotal evidence suggests that the 
Bawdwin area does not experience temperature inversions due to the steep valley gradients, which promote free 
gravitational movement of air down-gradient, but such inversions are relatively common at Namtu. However, no 
data has been collected on temperature inversions in the region, so these have not been incorporated into the 
assessment.  

Some data has been collected on regional wind patterns. Wind data collected between January and May 2020 at 
Bawdwin showed prevailing regional winds to be south-southwesterly. This indicates that for at least some of the 
year, much of the wind-directed noise propagation would be directed towards the north and northeast of the 
Bawdwin concession area. It should be noted that the wind trends are based on limited data (single season only 
with no repeat data) collected over a nine-month period, although supplemented with regional climate models. At 
Namtu, the annual prevailing winds are southerly, which would to an extent attenuate noise travel from the west 
(i.e., Bawdwin) to Namtu. Between October to May regional prevailing wind directions are more variable and the 
direction of enhancement (and attenuation) of noise would also be expected to be more variable.  

This information indicates that there will be periods throughout the year where noise propagation tends towards 
some receptors and away from others. For example, Nam La farms are located north and northeast of the proposed 
TSF location, where prevailing winds during January to May, may enhance noise propagation towards Na La 
farms during construction of the TSF. Noise experienced by the receptors is expected to fluctuate not only due to 
the changing source of the noise but also due to climatic influences. It is likely that noise increases at receptors 
will be of variable severity over a given impact time period, except for where those noise sources are proximal to 
the receptor (e.g., road construction adjacent to a village). As no noise modelling has been conducted, the 
assessment of impact severity has been based on distance from the noise emission source with commentary on 
how the topography and wind conditions may amplify or attenuate the noise. 

Noise estimations 

In the absence of noise modelling, this impact assessment makes use of typical known sound emission levels for 
vehicles and facilities (obtained from literature) and the inverse square law of sound propagation and decay 
(Extron, 2020) to estimate resulting noise levels at receptors. The inverse square law states that for noise that 
radiates in all directions from a source, the doubling of the distance from a sound source results in a 6 decibel 
(dB) reduction in sound intensity. For example, a sound pressure level of 100 dB measured at 10 m from the noise 
source, using the inverse square law, would result in a sound pressure level of 96 dB at 20 m from the noise source. 

These estimations are considered conservative as noise reflection and attenuating factors, such as topography and 
ground cover, are not incorporated into the calculations. These estimations are not substitutes for noise modelling 
and are used for indicative purposes only, in order to inform assessment of impact severity. They are not intended 
to allow assessment of compliance with Myanmar noise standards. Estimated noise levels using this approach are 
compared to Myanmar ambient noise standards for residential land use to inform the assessment of impact 
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severity. The comparison is considered indicative and conservative because it compares maximum noise 
emissions (as LAmax) with the ambient standards, which are based on average noise levels over a given time period 
(as LAeq).  

Construction Phase 

During construction, most of the sources of noise increase will be in the central Bawdwin area where major 
facilities and infrastructure construction sites (i.e., open pit, TSF embankments, waste rock dump, process plant, 
ROM pad, mine services area and power station) and laydown areas will be located. Noise increases will also be 
concentrated along the Namtu-Tiger Camp access road during its construction and to a lesser extent along the 
Namtu to Manton public road due to some construction traffic accessing Bawdwin.  

The closest receptors to construction activities will be (see Figure 6.20): 

 Military base, approximately 400 m from the process plant, power station and TSF B/C embankments and 1 
km from the haul road. 

 Bawdwin upper village, within 1 km of mining area facilities, process plant, and access road construction, 
haul roads, and is near roads used during construction. 

 Tiger Camp village, located approximately 700 m from the plant access road and adjacent to the terminus of 
the Namtu-Tiger Camp road construction and access road from Bawdwin lower village. 

 Tiger Camp farms, within 500 m of the plant road, Namtu-Tiger Camp access road and Wallah waste rock 
dump; and in some cases adjacent to these project areas. 

 Residents of Nam Pangyun valley, which will be adjacent to the Namtu-Tiger Camp access road construction. 

 Residents along Namtu-Manton Road. 

 Bawdwin lower village, approximately 1 km south of the haul road construction and less than 100 m south 
of the open pit. 

 Loi Mi village and associated farms, some of which are less than 500 m southwest of the TSF B embankment. 

 Nam La farms, some of which are 50 m from the northern access road, 200 m from the process plant and 100 
m from the power station.  

Table 6.123 outlines the receptors impacted by construction noise. 

Table 6.123 Construction activities which may impact receptors due to noise and vibration 

Receptor Nearby construction activities 

Military base Process plant, power station, TSFB/C embankments and haul road construction 

Bawdwin upper village Road use by construction vehicles and construction of accommodation, mining area 
facilities, process plant, and access roads (within 1 km) 

Tiger Camp village Plant access road construction 

Tiger Camp farms Plant access road and Namtu-Tiger Camp road construction 

Residents of Nam Pangyun valley Namtu-Tiger Camp access road construction. 

Namtu-Manton Road Construction-related traffic 

Bawdwin lower village Haul road construction and open pit pre-stripping  

Loi Mi village and associated 
farms 

TSF B embankment construction 

Nam La farms Northern access road, TSF-A, process plant and power station construction 

 

Road construction equipment will include dozers, graders, rollers, excavators, front end loaders and articulated 
dump trucks. The noise will be a combination of relatively continuous engine noise with regular impact (e.g., 
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scraping/grading, rolling, drilling and excavating) noise. Intermittent reversing alarms will also be part of the 
noise. The overall noise experienced will gradually increase, then peak, then gradually reduce at each receptor as 
the construction spread passes. Road construction noise impacts to receptors will be temporary and transient over 
the two-year construction period as road construction progresses across the landscape. Road construction will also 
probably result in ground vibration due to the use of graders and rollers.  

Noise from construction of facilities will comprise a combination of a background of engine and generator noise, 
with intermittent impact activities (e.g., drilling, cutting and hammering) and alarms. Some blasting will probably 
be required during ground preparations and these will contribute to noise emissions. Localised vibration will 
probably occur during site grading and rolling and blasting during ground preparation; however, vibration is not 
predicted to be noticeable at the closest receptors. The key noise and vibration sources will be relatively fixed (or 
localised) in their locations throughout the construction of major project facilities and will form an overall 
combined ongoing and variable noise source from numerous activities occurring in parallel. 

A maximum noise emission level of 85 dBA for construction noise emissions has been assumed. This level is 
based on literature values for a range of equipment types, specifically the emission specification for pneumatic 
tools, dozers, excavators and graders at a distance of 15 m outlined in the US Department of Transportation 
Construction Noise Handbook (US DoT, 2018).  

Using the inverse square law, the Myanmar ambient noise criteria of 55 dBA (day) would be met at a distance of 
480 m from the noise source (Figure 6.23). Using the same law, the night-time ambient noise criteria of 45 dBA 
would be met 1,500 m from the construction noise source. However, construction will be limited to daytime hours 
only. No night time noise impacts due to construction are predicted.  

The highest noise and vibration emissions from construction of facilities will originate from the upper central part 
of the Bawdwin concession area, where the process plant, power station, ROM pad, mine services area and TSF 
embankments sites are located. With the exception of the TSF embankments, most of these sites are on elevated 
topography. This indicates that while in-valley sound amplification may be minimal, noise emissions may travel 
further across the landscape (than if the noise source was within the lower valley) without surrounding mountains 
to attenuate the noise. Noise levels at receptors will probably fluctuate depending on wind conditions. 
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Figure 6.23 Area where road and facilities construction noise is predicted to exceed Myanmar daytime ambient noise criteria (55 dBA) using the inverse square law 
(F185)
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Impacts will be partially mitigated by appropriate scheduling of noisier activities and emissions attenuation 
equipment on sources where practicable. A robust complaints and grievance mechanism will also be in place. It 
is probable that people in Bawdwin villages are somewhat tolerant or resilient to some level of industrial-type 
noise and heavy vehicle traffic due to their experience over the previous periods of mine operations at Bawdwin, 
and during more recent mineral exploration activity. The character of the construction noise is likely to be 
consistent with noise sources the communities have been exposed to in the past.  

During construction, there will be an increase in traffic on public and project access roads as vehicles transport 
materials and personnel to and from the construction sites and accommodation camp. Project traffic will comprise 
trucks, buses and light vehicles and will vary in frequency. Most of the early works construction traffic will be 
via the existing public Namtu – Manton road, with traffic accessing the major construction sites via the Namtu-
Tiger Camp access road and plant road once constructed. Traffic movements on public roads will occur during 
daylight hours only, for safety reasons.  

Noise will be largely in the form of engine noise as drivers will be instructed to minimise the use of exhaust brakes 
in village areas where safe to do so. Occasional use of horns will also contribute to the noise. Localised ground 
vibration may occur when heavier vehicles travel on the roads; although, this will be a minor contributor to the 
overall disturbance to amenity due to increased noise.  

A review was made of values for noise emissions outlined in the UK Department for Environment Food and Rural 
Affairs noise database for prediction of noise on construction and open sites (DEFRA, 2005). Based on this 
review, a maximum sound pressure level of 86 dBA generated by a 35-t articulated dump truck has been adopted 
as representative of the likely maximum noise emission for construction machinery at Bawdwin. The adoption of 
this sound source is considered conservative since construction traffic will also include smaller and quieter light 
vehicles.  

The sound levels provided in the DEFRA source database are based on a distance of 10 m from the source. Using 
the inverse square law, the Myanmar ambient noise criteria of 55 dBA (day) would be met at a distance of 360 m 
from the truck noise source (i.e., the road). These estimates indicate that ambient noise criteria are predicted to be 
exceeded at the nearest receptors (Bawdwin upper and lower villages, Tiger Camp village, Tiger Camp farms and 
residents of the Nam Pangyun valley) during the day. As traffic will pass by in proximity to these receptors during 
day and night, there is the potential for night-time amenity to be reduced and sleep disturbed. 

The Bawdwin military base will experience noise from construction of the process plant, power station, TSF B 
and TSB C embankments and haul road. This receptor will not be resettled by the project. The residual impact of 
increased noise and vibration to the Bawdwin military base during the construction phase is considered to be of 
high significance, based on the high magnitude of impact and the medium sensitivity of the receptor (Table 
6.124). 
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Table 6.124 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of process plant, power station, TSF B and TSB C 
embankments and haul road – affecting the Bawdwin military base 

Value Sensitivity of value  

Bawdwin military 
base - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

Although this military base 
is located close to the 
current mine, operations 
have been in care and 
maintenance and current 
noise levels exceed 
Myanmar standards at this 
receptor. A medium level 
of importance is placed on 
the value of the ambient 
noise environment for 
amenity and health during 
the day and night. 

High 

The military base is 
vulnerable to increased 
noise emissions due to its 
location in proximity to 
the project area. Current 
noise levels exceed 
Myanmar standards at 
times and the Military 
Base is vulnerable to any 
additional increases in 
noise-generating project 
activities. 

Medium 

It is expected that this 
receptor would have 
medium resilience to 
increased noise 
emissions, on the basis 
that it is a military base. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
process plant, 
power station, 
TSF-B and TSB-
C embankments 
and haul road 

Spatial extent Severity Duration Magnitude 

High 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would affect most of the 
receptor, given the receptor 
is a relatively small area 
surrounded by a range of 
noise sources. 

High 

Noise levels are expected 
to exceed the Myanmar 
daytime standard of 55 
dBA, given the receptor is 
less than 480 m from 
construction of the process 
plant and TSF 
embankments. Additional 
noise sources from haul 
road construction and 
power station construction 
will combine to form 
cumulative noise increases 
at this receptor, resulting 
in high severity.  

Medium 

While noise and 
vibration emissions 
have not been modelled, 
it is anticipated that 
noise and ground 
vibration will be 
relatively constant 
(although variable in its 
intensity) over the 
construction period. 

High 

Residual impact significance High 

Assessment of uncertainty 

High  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty is relatively high given the distance between the receptor and the noise 
source (where climatic conditions and terrain factors are likely to play a greater role in noise 
propagation) compared to those which are in proximity to the noise source. The assessment is based 
on the use of literature values for typical noise sources and these values adopted may differ from 
actual project equipment and vehicle noise levels.   

 

Bawdwin upper village will experience noise from construction of accommodation, mining area facilities, process 
plant, and access roads which are within 1 km of this receptor. The residual impact of increased noise and vibration 
to Bawdwin upper village during the construction phase is considered to be of moderate significance, based on 
the medium magnitude of impact and the medium sensitivity of the receptor (Table 6.86). 
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Table 6.125 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of mining area facilities, process plant, and access 
roads, and construction related traffic – affecting Bawdwin upper village 

Value Sensitivity of value  

Bawdwin upper 
village - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium  

Although Bawdwin upper 
village is located close to 
the current mine, operations 
have been in care and 
maintenance and existing 
noise sources have been 
limited. Current noise 
levels exceed Myanmar 
standards at this receptor. A 
medium level of 
importance is placed on the 
value of the ambient noise 
environment for amenity 
and health during the day 
and night. 

High 

Bawdwin villages are 
vulnerable to increased noise 
emissions due to their location 
in proximity to the project area 
and noise-generating project 
activities. Current noise levels 
exceed Myanmar standards 
and the villages are vulnerable 
to any additional increases in 
noise-generating project 
activities. 

Medium 

It is expected that 
this receptor would 
have medium 
resilience to 
increased noise 
emissions, on the 
basis that it is a 
village established 
to support mining 
operations and is 
located in an 
existing mining 
concession area.  

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
roads and 
facilities and 
construction-
related traffic 

Spatial extent Severity Duration Magnitude 

Medium 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would affect a moderate 
proportion of the receptor 
(i.e., those residences in the 
northern portion of the 
village within about 1 km 
of the haul road). 
Residences further away to 
the south are likely to 
experience little or no 
impact. 

Medium 

Noise levels at Bawdwin 
upper village due to 
construction noise are 
expected to be moderate and 
cumulative from a range of 
simultaneous sources.  
Impact severity is expected to 
be low at most of the receptors 
given most are more than 1 km 
from the construction 
activities. A small section of 
the haul road passes within 
100-200 m of the central and 
north portions of the receptor 
group and noise will probably 
be elevated above ambient 
noise criteria during these 
times, although short term. 

Low 

While noise and 
vibration emissions 
have not been 
modelled, it is 
anticipated that 
noise and ground 
vibration will be 
relatively constant 
(although variable 
in its intensity) over 
a 7-9 month period 
prior to this 
receptor being 
resettled. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty is relatively high given the distance between the receptor and the noise 
source (where climatic conditions and terrain factors are likely to play a greater role in noise 
propagation) compared to those which are in proximity to the noise source. The assessment is based 
on the use of literature values for typical noise sources and these values adopted may differ from 
actual project equipment and vehicle noise levels.   

Bawdwin lower village may experience some increase in noise levels due to construction of the haul road about 
1 km to the north. Bawdwin lower village, given its distance of 1 km from the haul road construction, is unlikely 
to experience ground vibration. Bawdwin lower village is within 3 km of major construction sites (e.g. process 
plant, power station, mine services area and accommodation camp), located down in the valley at a much lower 
elevation than the key noise sources (construction sites). As a result of this distance, lower Bawdwin village will 
also probably experience low noise levels from construction in upper central Bawdwin. The significance of 
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increased noise and vibration to Bawdwin lower village during the construction phase is considered to be of low 
significance, based on the low magnitude of impact and the medium sensitivity of the impact (Table 6.126). 

Table 6.126 Residual impact significance summary – construction phase - increased noise and 
vibration levels due to construction of haul road and facilities and construction-related 
traffic – affecting Bawdwin lower village 

Value Sensitivity of value  

Bawdwin lower 
village - ambient 
noise and 
vibration levels  
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

Although Bawdwin upper 
village is located close to 
the current mine, operations 
have been in care and 
maintenance and existing 
noise sources have been 
limited. Current noise levels 
exceed Myanmar standards 
at this receptor. A medium 
level of importance is placed 
on the value of the ambient 
noise environment for 
amenity and health during 
the day and night. 

High 

Bawdwin villages are 
vulnerable to increased 
noise emissions due to 
their location in proximity 
to the project area and 
noise-generating project 
activities. Current noise 
levels exceed Myanmar 
standards and the villages 
are vulnerable to any 
additional increases in 
noise-generating project 
activities. 

Medium 

It is expected that this 
receptor would have 
medium resilience to 
increased noise 
emissions, on the basis 
that it is a village 
established to support 
mining operations and 
is located in an existing 
mining concession area. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
roads and 
facilities and 
construction-
related traffic 

Spatial extent Severity Duration Magnitude 

Low 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would affect a small 
proportion of the receptor 
(i.e., those residences in the 
northern portion of the 
village within about 1 km of 
the haul road). Residences 
further away are likely to 
experience little or no 
impact. 

Low 

Noise levels at Bawdwin 
lower village due to haul 
road construction are 
expected to be low given 
it is more than 1 km from 
the haul road 
construction. 

Medium 

While noise and 
vibration emissions 
have not been modelled, 
it is anticipated that 
noise and ground 
vibration will be 
relatively constant 
(although variable in its 
intensity) over the 
construction period. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty is relatively high given the distance between the receptor and the noise 
source (where climatic conditions and terrain factors are likely to play a greater role in noise 
propagation) compared to those which are in proximity to the noise source. The assessment is based 
on the use of literature values for typical noise sources and these values adopted may differ from 
actual project equipment and vehicle noise levels.   

 

 

Traffic noise emissions will occur along the public road Namtu-Manton Road and through Namtu during early 
construction from light and heavy vehicles. The significance of increased noise and vibration to Namtu during 
the construction phase is considered to be of low significance, based on the medium magnitude of impact and 
the medium sensitivity of the impact (Table 6.127). The residual impact of increased noise and vibration to 
residents along Namtu-Manton Road during the construction phase is considered to be of moderate 
significance, based on the medium magnitude of impact and the medium sensitivity (Table 6.128). 
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Table 6.127 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction traffic through Namtu  

Value Sensitivity of value  

Namtu town - 
ambient noise 
and vibration 
levels that 
support human 
health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

Due to the number of 
manufacturing and 
industrial operations in 
Namtu elevated noise levels 
are expected to occur from 
time to time. However, 
residential areas are likely 
to have some reliance on 
low background noise 
levels for amenity. 

Medium 

Namtu has current noise 
levels that exceed 
Myanmar standards and 
the town is vulnerable to 
any additional increases in 
noise-generating activities. 

 

Medium 

It is expected that this 
receptor would have 
some resilience to 
mining, traffic and 
construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction 
traffic through 
Namtu 

Spatial extent Severity Duration Magnitude 

Low 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would only affect the 
settlements in proximity to 
the main transport route.  

Medium 

Noise levels through 
Namtu due to 
construction-related traffic 
are expected to be 
moderate.  

Construction traffic will 
not occur at night and the 
Myanmar ambient noise 
criteria of 55 dBA (day) 
would be met at a distance 
of 360 m from the noise 
source (based on the 
inverse square law).  

Impact severity is 
expected to be moderate at 
this receptor given the 
existing level of noise. 

Medium 

While noise and 
vibration emissions 
have not been modelled, 
it is anticipated that 
noise and ground 
vibration will be 
intermittent and 
variable in intensity 
over project 
construction. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. There is also no baseline noise data for this area. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   
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Table 6.128 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction traffic along Namtu-Manton Road – affecting residents 
along Namtu-Manton Road  

Value Sensitivity of value  

Residents along 
Namtu - Manton 
Road - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

The area is likely to 
experience some level of 
noise due to existing traffic 
noise along this public 
road. The receptor is likely 
to have moderate reliance 
on low background noise 
levels to maintain amenity. 

High 

Receptor is in proximity to 
the Namtu-Manton Road 
(i.e., within 1 km), with 
little to no mountainous 
terrain between noise 
sources and receptor. 
Increased noise would 
result in noticeable 
reduction in amenity. 

Medium 

Receptor has some 
capacity to adapt to 
increased noise levels 
given they are based 
along a public road. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction 
traffic along 
Namtu-Manton 
Road 

Spatial extent Severity Duration Magnitude 

High 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would affect most of the 
residents in proximity to the 
Namtu-Manton Road. 
These are largely stand-
alone houses alongside the 
road and no large 
settlements. 

Medium 

Noise levels at villages 
along the Namtu to 
Manton Road due to 
construction-related traffic 
are expected to be 
moderate. Construction 
traffic will not occur at 
night and the Myanmar 
ambient noise criteria of 
55 dBA (day) would be 
met at a distance of 360 m 
from the noise source 
(based on the inverse 
square law). Impact 
severity is expected to be 
moderate at this receptor 
given several houses are 
located within 360 m of 
the Namtu-Manton road 
which will be used during 
construction. 

Medium 

While noise and 
vibration emissions 
have not been modelled, 
it is anticipated that 
noise and ground 
vibration will be 
intermittent and 
variable in intensity 
over a medium term 
duration (about 1 year) 
until the plant road and 
Namtu-Tiger Camp 
access road are 
constructed. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. There is also no baseline noise data for this area. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   

 

Tiger Camp village will experience noise impacts during construction of the Namtu-Tiger Camp road and plant 
road. Namtu-Tiger Camp road will be completed from Namtu to the intersection with the plant road prior to 
resettlement of Tiger Camp. After resettlement, the road will be extended to allow access to the base of Wallah 
Valley to construct the sediment dams. Tiger Camp village is located at the terminus of the Namtu-Tiger Camp 
access road and as close as 700 m from the southern end of plant road construction, and is located down in the 
valley at a much lower elevations than key noise sources (construction sites). There is possibly a lower degree of 
mountain barrier attenuation of some construction noise as the valley runs down from the plant road construction 
areas to the village. Construction traffic will also increase noise at Tiger Camp village once the plant road is 
complete and provides traffic access to the project area. Tiger Camp village will be resettled prior to construction 
of the waste rock dump, so that impact pathway is not considered. The residual impact of increased noise and 
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vibration to Tiger Camp village during the construction phase is considered to be of moderate significance, based 
on the medium magnitude of impact and the medium sensitivity of the receptor (Table 6.129). 
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Table 6.129 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of haul road and facilities and construction-related 
traffic – affecting Tiger Camp village 

Value Sensitivity of value  

Tiger Camp 
village – ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

Although Tiger Camp is 
located close to the current 
mine facilities, operations 
have been in care and 
maintenance and existing 
noise sources have been 
limited. Current noise levels 
exceed Myanmar standards 
at these receptors. A 
medium level of importance 
is placed on the value of the 
ambient noise environment 
for amenity and health 
during the day and night.  

High 

Tiger Camp is vulnerable 
to increased noise 
emissions due to its 
location in proximity to 
the project area and 
noise-generating project 
activities. Current noise 
levels exceed Myanmar 
standards and the village 
is vulnerable to any 
additional increases in 
noise-generating project 
activities.  

Medium 

It is expected that this 
receptor would have 
medium resilience to 
increased noise 
emissions, on the basis 
that it is a village 
established to support 
mining operations and 
is located in an existing 
mining concession area. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
roads and 
facilities and 
construction-
related traffic, 
affecting Tiger 
Camp village 

Spatial extent Severity Duration Magnitude 

Low 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and ground 
vibration will disturb a small 
proportion of the receptor 
(i.e., those individual 
receptors adjacent to the 
road and in the northern 
portion of the receptor, with 
those further away (i.e., in 
the order of 500 m or more) 
experiencing little or no 
impact.  

Once the roads are 
constructed, traffic during 
the construction phase is 
expected to affect a 
moderate proportion of the 
receptor given roads will be 
located near the south, east 
and north of this receptor. 

Medium 

While noise levels are 
anticipated to exceed 
ambient noise criteria 
during the day when 
construction is in the 
vicinity, works will be 
avoided at night-time. 
Road construction is 
anticipated to provide a 
moderate contribution to 
the overall impact to 
amenity primarily caused 
by noise. 

Impacts caused by traffic 
on the roads will be 
moderate. 

Medium 

It is anticipated that 
increased noise and 
ground vibration will be 
medium term 
(throughout the entire 
construction period) 
until 29-30 months after 
commencement of 
construction, being 
relatively constant 
(although variable in its 
intensity) over that 
period. 

The valley topography 
is likely to transmit 
noise within the valley 
during construction of 
these roads, so noise 
levels may remain high 
at Tiger Camp for a 
period after the 
construction spread 
moves away. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty would be greater for receptors further away from the noise source 
(where climatic conditions and terrain factors are likely to play a greater role in noise propagation) 
compared to those which are in proximity to the noise source. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   

It is predicted that Tiger Camp farms (those that are not resettled prior to construction commencing) will 
experience high levels of noise impact during construction of the Namtu-Tiger Camp road and plant access road. 
Tiger Camp farms are within 3 km of the major construction sites, and somewhat lower in the terrain than these 
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sites, with considerable mountainous landscape between the construction sites and the receptor. Noise emissions 
from major construction works in those areas are therefore likely to be largely attenuated by the terrain, reducing 
sound levels experienced at these receptors. Construction traffic will increase noise at Tiger Camp farms as they 
will be located within 500 m of the main access route to the project area (plant access road and Namtu-Tiger Camp 
access road), although those receptors directly along the plant access road will be resettled prior to road 
construction. Considering resettlement of the closest receptors prior to road construction, the residual impact of 
increased noise and vibration to Tiger Camp farms during the construction phase is considered to be of low 
significance, based on the medium magnitude of impact and the medium sensitivity of the impact (Table 6.130). 
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Table 6.130 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of haul road and facilities and construction-related 
traffic – affecting Tiger Camp farms 

Value Sensitivity of value  

Tiger Camp 
farms - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

A medium level of 
importance is placed on the 
value of the ambient noise 
environment for amenity 
and health during the day 
and night given the farms 
rural setting and their 
location in the mining 
concession area.  

Medium 

 Tiger Camp farms are 
vulnerable to increased 
noise emissions due to its 
location in proximity to 
the project area and noise-
generating project 
activities.  

Medium 

It is expected that this 
receptor would have 
some resilience to 
mining, traffic and 
construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
roads and 
facilities and 
construction-
related traffic, 
affecting Tiger 
Camp farms 

Spatial extent Severity Duration Magnitude 

Medium 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and ground 
vibration will disturb a 
moderate proportion of the 
receptor as the Namtu-
Tiger Camp access road 
and the plant access road 
pass adjacent to much of 
the individual residences 
and construction of the 
sediment dams is within 1 
km of several farms. Farms 
more than 1 km away are 
unlikely to experience 
impact. 

Medium 

While noise levels are 
anticipated to exceed 
ambient noise criteria 
during the day when 
construction is in the 
vicinity, works will be 
avoided at night-time 
which is when amenity 
and health values are more 
sensitive. Impacts to those 
receptors closest to the 
road will be avoided as 
they will be resettled prior 
to road construction. For 
those receptors further 
form the road, the 
topography is expected to 
significantly attenuate the 
noise from construction. 

Medium 

While vibration 
emissions have not been 
modelled, it is 
anticipated that ground 
vibration will be 
relatively constant over 
the two-year 
construction period, 
though with varying 
degrees of intensity. 

 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty would be greater for receptors further away from the noise source 
(where climatic conditions and terrain factors are likely to play a greater role in noise propagation) 
compared to those which are in proximity to the noise source. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   

 

It is predicted that Nam La farms will experience high noise levels during construction of the northern access 
road. Additionally, Nam La farms are the closest receptor to the major construction sites, some of which are within 
200 m of the process plant and power station and 1 km from the TSF-B embankment. The residual impact of 
increased noise and vibration to Nam La farms prior to their resettlement 7 to 9 months after commencement of 
the construction phase, , is considered to be of high significance, based on the medium magnitude of impact and 
high sensitivity of the receptor (Table 6.131). 
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Table 6.131 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of haul road and facilities and construction-related 
traffic – affecting Nam La farms 

Value Sensitivity of value  

Nam La farms - 
ambient noise 
and vibration 
levels that 
support human 
health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

It is likely that this area 
currently  experiences 
relatively low levels of 
ambient noise since it is 
remote from existing 
industrial and traffic noise 
sources. The receptor is 
likely to have high reliance 
on low background noise 
levels to maintain amenity. 

High 

Receptor is in proximity to 
the project area (i.e., 
within 1 km), with little to 
no mountainous terrain 
between noise sources and 
receptor and is vulnerable 
to increased noise.  

Medium 

Receptor has limited 
capacity to adapt to 
increased noise levels 
given its remote setting 
likelihood of amenity 
value being based on 
low levels of 
background noise. 

High 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
construction of 
roads and 
facilities and 
construction-
related traffic 

Spatial extent Severity Duration Magnitude 

Medium 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and ground 
vibration will disturb a 
moderate proportion of the 
receptor (i.e., those 
individual receptors 
adjacent to the road and 
within 500 m of the power 
station/process plant) with 
those further away (i.e., in 
the order of 750 m or more) 
experiencing little or no 
impact 

Medium 

While noise levels are 
anticipated to exceed 
ambient noise criteria 
during the day when 
construction is in the 
vicinity, works will be 
avoided at night-time 
which is when amenity 
and health values are more 
sensitive. Road 
construction is anticipated 
to provide a moderate 
contribution to the overall 
impact to amenity 
primarily caused by noise. 

Low 

It is anticipated that 
ground vibration and 
noise will be being 
relatively constant 
(although variable in its 
intensity) over the 
construction period 
prior to this receptor 
being resettled 7-9 
months after 
construction. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty would be greater for receptors further away from the noise source 
(where climatic conditions and terrain factors are likely to play a greater role in noise propagation) 
compared to those which are in proximity to the noise source. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   

 

Loi Mi village and associated farms are within 1 to 2 km from TSF-B embankment construction site, situated 
lower in the terrain than the major construction sites, with considerable mountainous landscape between the 
construction sites and the receptor. Noise emissions are therefore likely to be largely attenuated by the terrain, 
reducing sound levels experienced at these receptors. No roads will be constructed in proximity to the Loi Mi 
village and associated farms, and no increase in traffic on nearby roads is expected. The residual impact of 
increased noise and vibration to Loi Mi village and associated farms during the construction phase is considered 
to be of low significance, based on the low magnitude of impact and the medium sensitivity of the receptor 
(Table 6.132). 
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Table 6.132 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to construction of facilities – affecting Loi Mi village and associated 
farms 

Value Sensitivity of value  

Loi Mi village 
and associated 
farms - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

The area is likely to 
experience relatively low 
levels of ambient noise 
given it being remote from 
existing industrial and 
traffic noise sources. The 
receptor is likely to have 
high reliance on low 
background noise levels to 
maintain amenity. 

Medium 

Receptor is moderately 
removed from the project 
area (1 to 2 km), with 
mountainous terrain 
between noise sources and 
receptor and has a 
moderate level of 
vulnerability to increased 
noise. 

Medium 

Receptor has some 
limited capacity to 
adapt to increased noise 
levels given its remote 
setting and likelihood of 
amenity value being 
based on low levels of 
background noise. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
facilities 
construction 

 

IF RESETTLED (those receptors within the Bawdwin concession) 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (those farms and 
residents in the concession 
boundary) with the 
remainder being either 
unaffected or affected to a 
materially lower extent 

 

Very low 

Noise levels are predicted 
to be below ambient noise 
standards given the 
distance of farms outside 
the Bawdwin concession 
area more than 1 km from 
closest construction 
activities and significant 
attenuation by the 
topography. 

Medium 

Impact is medium term 
(over the construction 
period prior to 
resettlement), being 
relatively constant over 
that period. 

Low 

Residual impact significance Low 

IF NOT RESETTLED 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (those farms and 
residents within the 
Bawdwin concession area) 
with the remainder being 
either unaffected or affected 
to a materially lower extent 

Low 

Noise levels are predicted 
to be below ambient noise 
standards given the 
distance of approximately 
500 m from closest 
construction activities to 
farms within the Bawdwin 
concession area. 

Medium 

Impact is medium term 
(over the construction 
period), being relatively 
constant over that 
period. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. While there is material uncertainty in the quantitative predictions made using the 
inverse square low, the overall impact rating would have low likelihood of changing given the large 
distance from noise source to receptor and expected very low noise levels reaching the receptor. 

High levels of noise impact due to road construction are predicted to affect residents Nam Pangyun valley during 
construction of the Namtu-Tiger Camp access road. Additionally, construction traffic will increase noise in the 
Nam Pangyun valley, as the main access route to the project area travels down the Nam Pangyun valley adjacent 
to the river and nearby residents. The residual impact of increased noise and vibration to residents of the Nam 
Pangyun valley during the construction phase is considered to be of moderate significance, based on the medium 
magnitude of impact and the medium sensitivity of the receptor (Table 6.133). 
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Table 6.133 Residual impact significance summary – construction phase – increased noise and 
vibration levels due to road construction and construction-related traffic – affecting 
residents of the Nam Pangyun valley 

Value Sensitivity of value  

Residents of the 
Nam Pangyun 
valley - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

The majority of the 
receptors along the valley 
are remote from existing 
industrial and traffic noise 
sources and would probably 
experience low background 
noise levels. 

High 

Receptor is in a 
narrow valley with 
limited sources of 
existing noise and is 
vulnerable to increased 
noise sources within 
the valley.  

High 

It is expected that this 
receptor would have some 
resilience to mining, traffic 
and construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 
Many of the individual 
receptors are known to be 
transient in their locations 
and so would have some 
capacity to temporarily 
relocate from high noise 
and vibration emissions 
when in the vicinity. 

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to road 
construction 

Spatial extent Severity Duration Magnitude 

Medium 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and ground 
vibration will disturb a 
moderate proportion of the 
receptor (i.e., those 
individual receptors 
adjacent to the road) with 
those further away (i.e., in 
the order of 500 m or more) 
experiencing little or no 
impact 

Medium 

Noise levels are 
anticipated to exceed 
ambient noise criteria 
during the day when 
construction is in the 
vicinity, works will be 
avoided at night-time 
which is when amenity 
and health values are 
more sensitive.  

With driver training, 
speed restrictions and 
community 
consultation in place, 
impacts will be 
somewhat mitigated 

Low 

It is anticipated that ground 
vibration will be short term 
and frequently occurring 
over the first year of 
construction. 

While noise levels may 
lower as construction 
moved from one area to 
another, the valley 
topography is likely to 
amplify noise within the 
valley during construction 
of these roads, so noise 
levels may remain high at 
the receptors for a period 
after the construction 
spread moves away. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment and there is no baseline data for this area. This uncertainty would be greater for receptors 
further away from the noise source (where climatic conditions and terrain factors are likely to play a 
greater role in noise propagation) compared to those which are in proximity to the noise source. The 
assessment is based on the use of literature values for typical noise sources and these values adopted 
may differ from actual project equipment and vehicle noise levels.   

 

Operations Phase 

During the operations phase, the main noise sources will be at the mining operation, the haul road, the ROM pad 
and crusher, the process plant, the power station and the waste rock dump. Ground vibration and air blast will be 
generated by blasting during mining. Noise will also occur due to traffic on access and haul roads to the waste 
dump and between the major facilities (camp, mine services area, ROM pad, etc). Noise increases will also be 
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associated with traffic along the export corridor which comprises the plant access road and the Namtu-Tiger Camp 
access road. From Namtu, concentrate will be trucked via Lashio on public roads before being transported to its 
final destination. The export corridor will also be used for operations traffic during movements of materials and 
personnel to/from the project.  

The closest receptors to operations activities will be (see Figure 6.20):  

 Bawdwin military base, which will be less than 500 m from the process plant, power station and TSFB and 
C embankments and about 1 km from the haul road. 

 Residents of the Nam Pangyun valley, which will be adjacent to the Namtu-Tiger Camp access road (part of 
the export corridor). 

 Loi Mi village and associated farms, the closest of which will be approximately 500 m from the TSF-B 
embankment.  

 Bawdwin lower village, which will be within 100 m of the open pit at its closest point. 

 Tiger Camp farms, which will be as close as 150 m to the Wallah waste rock dump and adjacent to the export 
corridor. 

 Namtu and other townships along the export route (see Figure 6.22). All of these receptors are outside the 
Bawdwin concession area.  

Table 6.134 outlines the operations activities which may impact receptors due to noise and vibration. 

Table 6.134 Operational activities which may impact receptors due to noise and vibration  

Receptor Nearby operation activities 

Military base  Process plant and power station operation, TSF embankment development and haul 
road use 

Residents of the Nam Pangyun 
valley 

Namtu-Tiger Camp access road (part of the export corridor) 

Loi Mi village and associated 
farms 

TSF-B embankment development 

Bawdwin lower village Open pit mining 

Tiger Camp village Open pit mining 

Tiger Camp farms Wallah waste rock dump, concentrate export 

Namtu and other townships along 
the export route 

Concentrate export 

 

Mining activity 

Mining will occur 24 hours a day, seven days a week over the 13 years of mining operations. The key noise and 
vibration sources will be from vehicle and equipment engine noise, along with impact activities such as drilling, 
excavating and blasting. Section 4.5.3, outlines the primary and auxiliary mining equipment to be used. The noise 
character will be a relatively continuous background of engine noise with intermittent impact noises as overburden 
and ore is drilled and excavated. Vehicle reversing alarms will also frequently contribute to the overall noise. 
Blasting will represent an impulsive noise source and will occur at a maximum rate of one blast per day at a time 
as agreed by the local community and WMM management. The blast time will either be during the production 
mining lunch hour or at shift change to minimise blasting disruption to production schedule achievement.  

Bawdwin lower village, Tiger Camp village, Tiger Camp farms and Loi Mi village and associated farms will be 
resettled at different stages during operations (see Figure 6.20). Bawdwin upper village and Nam La farms will 
be resettled prior to mining operations.  
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Bawdwin lower village will be resettled approximately 30 to 32 months after mining operations commence. At 
the start of year 2 of mining a small proportion of the village (northern section) will be within 500 m of the mining 
operations and is expected to be exposed to high noise, air blast and ground vibration. At the start of year 3 of 
mining, most of the receptor will be within 500 m of mining operations. With mining activity taking place in a 
deep pit with a final depth of 495 m below the surface, most of the noise emissions will be attenuated by the pit 
walls. However, noise from mining excavation is expected to be noticeable at Bawdwin lower village during the 
day and night, and air blast and vibration from blasting is expected to be noticeable during the day. Noise and 
vibration modelling would be needed to accurately predict the noise and ground vibration levels at Bawdwin lower 
village and how the levels compare to the Myanmar standards for noise and ground vibration. Noise estimations 
using the inverse square law are not appropriate for mining noise, given the noise emissions will be deep within 
the open pit and surrounded by the pit walls. Use of the inverse square law is applicable to noise propagation in 
open environments where soundwaves spread radially without interference. 

Overall, the residual impact of disturbed amenity at Bawdwin lower village due to mining noise and ground 
vibration during the operations phase is assessed to be of high significance, based on the high magnitude of 
impact and the medium sensitivity of the value (Table 6.135). However, there is high uncertainty in the absence 
of noise and ground vibration modelling.  
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Table 6.135 Residual impact significance summary – operations phase – increased noise and vibration 
levels due to mining activity – affecting Bawdwin lower village 

Value Sensitivity of value  

Bawdwin lower 
village - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

An elevated level of 
ambient noise is reasonably 
expected to occur due to the 
extensive mining operations 
that have shaped Bawdwin. 
However, the last decade 
has seen relatively lower 
noise levels. Although 
existing noise levels exceed 
Myanmar standards at this 
receptor, there is still a 
level of importance placed 
on amenity during the day 
and night. 

High 

Bawdwin villages are 
vulnerable to increased 
noise emissions due to 
their location in proximity 
to the project area and 
noise-generating project 
activities. There is little in 
the way of terrain barriers 
(i.e., hills and mountains) 
between the receptor and 
many project noise 
sources, particularly once 
mining is over the crest of 
the hill. 

High 

It is expected that this 
receptor would have 
high resilience to 
mining, traffic and 
construction related 
noise given its existence 
is based on servicing 
such industrial 
purposes.  

Medium 

Impact Magnitude of impact  

Increased noise 
levels due to 
mining activity 

Spatial extent Severity Duration Magnitude 

Very High 

Impact is expected to 
impact the entire receptor 
given the intensity of noise 
and proximity of the pit to 
Bawdwin lower village. 

 

High 

Noise levels are likely to 
exceed ambient standards 
during the day and night 
given the intensity of 
noise sources and 
proximity to the receptor. 
Vibration is also likely to 
be noticeable during the 
day when blasting occurs. 

Noise is expected to be 
attenuated to some degree 
by the pit walls. 

Medium 

Increased noise and 
ground vibration will be 
frequent over a 30 to 
32-month period prior 
to resettlement of the 
receptor.  

High 

Residual impact significance High 

Assessment of uncertainty 

High 

No noise and ground vibration quantitative modelling has been done and this limits the accuracy of 
the assessment. This impact is expected to be of high severity and modelling would be required to 
understand the intensity and frequency of noise and vibration and how levels at the receptor will 
compare to the Myanmar ambient standards for noise and vibration. The level of attenuation of noise 
and vibration from the pit walls would also need to be factored in to modelling. 

 

It is considered that air blast and ground vibration will not be a material impact to the amenity at the receptors 
further away than Bawdwin lower village; the next closest being Loi Mi village and associated farms more than 
1.5 km away, and Tiger Camp village and Tiger Camp farms more than 2 km away, all separated from the pit area 
by steep terrain. Mining noise may be audible at these receptors during the day and night and sound levels will 
vary depending on where in the pit the works are being conducted and on prevailing wind conditions. However, 
noise modelling would be required to determine the noise levels experienced at receptors, the frequency of 
occurrence and how the noise compares to ambient standards.  

Overall, the residual impact of disturbed amenity at Loi Mi village and associated farms that are resettled due to 
mining noise during the operations phase is assessed to be of very low significance, based on the very low 
magnitude of impact and the medium sensitivity of the receptor (Table 6.136). For receptors that are not 
resettled, the residual impact is assessed to be of low significance, based on the low magnitude of impact and the 
medium sensitivity of the receptor (Table 6.136).  
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Table 6.136 Residual impact significance summary – operations phase – increased noise levels due to 
mining activity – affecting Loi Mi village and associated farms 

Value Sensitivity of value  

Loi Mi village 
and associated 
farms - ambient 
noise and 
vibration levels  
that support 
human health 
and wellbeing, 
sleep and 
enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

High 

It is likely that this area 
currently experiences relatively 
low levels of ambient noise 
given it being remote from 
existing industrial and traffic 
noise sources. The receptor is 
likely to have high reliance on 
low background noise levels to 
maintain amenity. 

Medium 

These receptors are 
moderately removed from 
the project area (1 to 2 km), 
with mountainous terrain 
between noise sources and 
receptor. Increased noise 
would result in some 
reduction of amenity but 
impacts to human health 
unlikely. 

Medium 

Receptor has some 
limited capacity to 
adapt to increased 
noise levels given 
its remote setting 
and likelihood of 
amenity value being 
based on low levels 
of background 
noise. 

Medium 

Impact Magnitude of impact  

Increased noise 
levels due to 
mining activity 

IF RESETTLED (those receptors within the Bawdwin concession area) 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect only a 
small portion of the receptor 
(those farms and residents 
within the Bawdwin concession 
area) with the remainder being 
either unaffected or affected to 
a materially lower extent 

Very low 

Noise levels are likely to be 
below ambient standards 
and attenuated further by 
the mountainous terrain 
between the noise sources 
and receptor. 

Medium 

Increased noise and 
vibration will be 
frequent over a one-
year period prior to 
resettlement of the 
receptor. 

Very low 

Residual impact significance Very low 

IF NOT RESETTLED 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect only a 
small portion of the receptor 
(those farms and residents 
within the Bawdwin concession 
area) with the remainder being 
either unaffected or affected to 
a materially lower extent 

Very low 

Noise levels are likely to be 
below ambient standards 
and attenuated further by 
the mountainous terrain 
between the noise sources 
and receptor.  

High 

Increased noise and 
vibration will be 
frequent over the 
lifetime of the mine. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. While there is material uncertainty in the quantitative predictions of noise and vibration 
reaching this receptor, the overall impact rating would have low likelihood of changing given the 
large distance from noise source to receptor and expected very low noise and vibration levels reaching 
the receptor. 

 

Overall, the residual impact of disturbed amenity at Tiger Camp village due to mining noise during the operations 
phase is assessed to be of moderate significance, based on the medium magnitude of impact and the medium 
sensitivity of the receptor (Table 6.137). The residual impact to Tiger Camp farms due to mining noise is assessed 
to be of low significance, based on the low magnitude of impact and the medium sensitivity of the receptor 
(Table 6.138).  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-289

 

Table 6.137 Residual impact significance summary – operations phase – increased noise levels due to 
mining activity – affecting Tiger Camp village 

Value Sensitivity of value  

Tiger Camp 
village - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

An elevated level of 
ambient noise is reasonably 
expected to occur due to the 
extensive mining operations 
and industrial activity that 
have previously occurred at 
Tiger Camp. However, the 
last decade has seen 
relatively lower noise 
levels. Although existing 
noise levels exceed 
Myanmar standards at this 
receptor, there is still a 
level of importance placed 
on amenity during the day 
and night. 

High 

Tiger Camp is vulnerable to 
increased noise emissions due to 
its location in proximity to the 
project area and noise-
generating project activities. 
There is little in the way of 
terrain barriers (i.e., hills and 
mountains) between the receptor 
and many project noise sources. 

 

High 

It is expected that 
this receptor 
would have high 
resilience to 
mining, traffic 
and construction 
related noise 
given its 
existence is based 
on servicing such 
industrial 
purposes. 

Medium 

Impact Magnitude of impact  

Increased noise 
levels due to 
mining activity 

Spatial extent Severity Duration Magnitude 

Medium 

Impact is likely to affect a 
moderate portion of the 
receptor, given they are all 
roughly the same distance 
from the impact source; 
although there will 
probably be some 
variability due to shielding 
from the terrain. 

 

Low 

Noise levels are likely to be 
below ambient standards. 

Additionally, the mountainous 
terrain between the pit and these 
receptors will further attenuate 
noise travelling across the 
landscape. It is considered that 
noise will not materially impact 
the amenity at this receptor, 
particularly when these 
communities are notified of 
scheduled blasting, which is the 
noise source with the highest 
likelihood of being audible. 

Medium 

Increased noise 
and vibration will 
be frequent over 
the operations 
period prior to 
resettlement of 
the receptor after 
19 to 20 months 
of operations. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. While there is material uncertainty in the quantitative predictions of noise and vibration 
reaching this receptor, the overall impact rating would have low likelihood of changing given the 
large distance from noise source to receptor and expected very low noise and vibration levels 
reaching the receptor. 

 

Table 6.138 Residual impact significance summary – operations phase – increased noise levels due to 
mining activity – affecting Tiger Camp farms  

Value Sensitivity of value  

Tiger Camp 
farms - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 

Importance Vulnerability Resilience Sensitivity 

Medium 

An elevated level of 
ambient noise is reasonably 
expected to occur due to the 
extensive mining operations 

Medium 

Tiger Camp farms is 
vulnerable to increased 
noise emissions due to its 
location in proximity to 

Medium 

It is expected that this 
receptor would have 
some resilience to 
mining, traffic and 

Medium 
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Value Sensitivity of value  

and enjoyment of 
amenity 

and industrial activity that 
have previously occurred at 
Tiger Camp. However, the 
last decade has seen 
relatively lower noise 
levels. Although existing 
noise levels exceed 
Myanmar standards at this 
receptor, there is still a 
level of importance placed 
on amenity during the day 
and night. 

the project area and noise-
generating project 
activities. There are some 
terrain barriers (i.e., hills 
and mountains) between 
the receptor and project 
noise sources. 

construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 

Impact Magnitude of impact  

Increased noise 
levels due to 
mining activity 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (i.e., probably only 
those farms closer to Tiger 
Camp village) with the 
remainder being either 
unaffected or affected to a 
materially lower extent due 
to them being an extra 
500 m away from the noise 
source 

Low 

Noise levels are likely to 
be below ambient 
standards. 

Additionally, the 
mountainous terrain 
between the pit and these 
receptors will further 
attenuate noise travelling 
across the landscape. It is 
considered that noise will 
not materially impact the 
amenity at this receptor, 
particularly when these 
communities are notified 
of scheduled blasting, 
which is the noise source 
with the highest likelihood 
of being audible. The 
closest receptors will be 
resettled prior to mining 
operations. 

Medium 

Increased noise and 
vibration will be 
frequent over the 
operations period prior 
to resettlement of the 
receptor after 30 to 32 
months of operations. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium   

No noise and vibration quantitative modelling has been undertaken and this limits the accuracy of 
the assessment. While there is material uncertainty in the quantitative predictions of noise and 
vibration reaching this receptor, the overall impact rating would have low likelihood of changing 
given the large distance from noise source to receptor and expected very low noise and vibration 
levels reaching the receptor. 

 

Process plant and power station 

The process plant and power station will be located adjacent to one another, so the overall noise emission impacts 
from these sources are assessed together. With resettlement of Nam La farms prior to operations, the nearest 
receptor will be the military base. Loi Mi village and associated farms and Tiger Camp farms will be more than 
3 km from the process plant and power station.  

Based on advice from WMM, the maximum sound levels from the process plant and power station will be 
approximately 90 dBA at 1 m from the noise source. Using the inverse square law, the daytime noise standard of 
55 dBA would be met at 60 m from the power and the night-time standard of 45 dBA would be met at 180 m. 
This estimate indicates that ambient noise standards would be met at the nearest receptor (Bawdwin military base) 
approximately 400 m away. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-291

 

As the process plant and power station will be modern facilities equipped with noise attenuation equipment and 
housing, any noise reaching the nearest receptor is expected to be very low. These sites are elevated in the 
topography so the noise may travel considerable distance towards receptors during periods where wind favours 
propagation in those directions. Notwithstanding, any such instances where noise is audible at the closest receptors 
it is likely to be at low sound levels that will not affect amenity or sleep. Using the inverse square law noise levels 
are estimated to be 41 dB at the military base 400 m from the process plant and 21 dBA at the Loi Mi and Tiger 
Camp farms receptors approximately 3 km away; levels of which are below the day and night noise standards of 
55 dBA and 45 dBA, respectively.  

Overall, the residual impact of disturbed amenity at the Bawdwin military base due to operation of the process 
plant and power station is assessed to be of moderate significance based on the medium magnitude and medium 
sensitivity of the receptor (Table 6.139). 
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Table 6.139 Residual impact significance summary – all project phases – increased noise and vibration 
levels due to operation of the process plant and power station – affecting the Bawdwin 
military base 

Value Sensitivity of value  

Military base - 
ambient noise 
and vibration 
levels that 
support human 
health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

An elevated level of 
ambient noise is reasonably 
expected to occur due to the 
extensive mining operations 
that have shaped Bawdwin. 
However, the last decade 
has seen relatively lower 
noise levels. There is still a 
level of importance placed 
on amenity during the day 
and night. 

High 

Military base is vulnerable 
to increased noise 
emissions due to its 
location in proximity to 
the project area and noise-
generating project 
activities. There is little in 
the way of terrain barriers 
(i.e., hills and mountains) 
between the receptor and 
many project noise 
sources. 

High 

It is expected that this 
receptor would have 
high resilience to 
industrial noise given 
its existence is based on 
servicing such industrial 
purposes.  

Medium 

Impact Magnitude of impact  

Increased noise 
and vibration 
levels due to 
operation of 
process plant, 
power station, 
TSFB and TSBC 
embankments and 
haul road 

Spatial extent Severity Duration Magnitude 

High 

While noise and vibration 
emissions have not been 
modelled, it is anticipated 
that noise and vibration 
would affect most of the 
receptor, given the receptor 
is a relatively small area. 

Low 

Noise levels are not 
expected to exceed the 
Myanmar daytime or night 
time ambient noise 
standards based on inverse 
square law calculations. 
However, depending on 
wind conditions, it is 
conceivable that the night 
time standard of 45 dB 
could be exceeded under 
certain conditions. 
Although the intensity and 
frequency of this would 
need to be confirmed by 
noise modelling. 

High 

While noise and 
vibration emissions 
have not been modelled, 
it is anticipated that 
noise will be relatively 
constant (although 
variable in its intensity) 
over the operations 
period of 13 years. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. No baseline noise data exists for this receptor. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   

 

Overall, the residual impact of disturbed amenity due to process plant and power station operation (all project 
phases) for Loi Mi village and associated farms that are resettled is assessed to be of very low significance, based 
on the very low magnitude of impact and the medium sensitivity of the receptor. For receptors that are not 
resettled, the residual impact is assessed to be low significance, based on the low magnitude of impact and the 
medium sensitivity of the receptor (Table 6.140). 

Table 6.140 Residual impact significance summary – all project phases – increased noise levels due to 
processing plant and power station operations, affecting Loi Mi village and associated 
farms 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Value Sensitivity of value  

Loi Mi village 
and associated 
farms - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

High 

The area is likely to 
experience relatively low 
levels of ambient noise 
given it being remote from 
existing industrial and 
traffic noise sources. The 
receptor is likely to have 
high reliance on low 
background noise levels to 
maintain amenity. 

Medium 

Receptor is moderately 
removed from the project 
area (1 to 2 km), with 
mountainous terrain 
between noise sources and 
receptor. Increased noise 
would result in some 
reduction of amenity but 
impacts to human health 
unlikely. 

Medium 

Receptor has limited 
capacity to adapt to 
increased noise levels 
given its remote setting 
likelihood of amenity 
value being based on 
low levels of 
background noise. 

Medium 

Impact Magnitude of impact  

Increase noise 
levels due to 
processing plant 
and power station 
operations, 
affecting Loi Mi 
village and 
associated farms 

 

IF RESETTLED (those receptors within the Bawdwin concession area) 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (those farms and 
residents within the 
Bawdwin concession area) 
with the remainder more 
than 500 m further away 
being either unaffected or 
affected to a materially 
lower extent. 

Very low 

Ambient noise standards 
are estimated to be met at 
this receptor and given the 
distance and steep terrain 
between the receptor and 
noise source, the noise 
experienced is expected to 
be very low. 

Medium 

Increased noise and 
vibration will be 
frequent over a one-year 
period prior to 
resettlement of the 
receptor. 

Very low 

Residual impact significance Very low 

IF NOT RESETTLED 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (those farms and 
residents within the 
Bawdwin concession area) 
with the remainder more 
than 500 m further away 
being either unaffected or 
affected to a materially 
lower extent 

Very low 

Ambient noise standards 
are estimated to be met at 
this receptor and given the 
distance and steep terrain 
between the receptor and 
noise source, the noise 
experienced is expected to 
be very low. 

High 

Increased noise and 
vibration will be 
frequent over the 
lifetime of the mine 
prior to resettlement. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium  

No noise quantitative modelling has been done and this limits the accuracy of the assessment. While 
there is material uncertainty in the quantitative predictions of noise this receptor, the overall impact 
rating would have low likelihood of changing given the large distance from noise source to receptor 
and expected very low noise and vibration levels reaching the receptor. 

 

Overall, the residual impact of disturbed amenity at Tiger Camp farms due to operation of the process plant and 
power station is assessed to be of low significance, based on the low magnitude of impact and the medium 
sensitivity of the receptor (Table 6.141).  

Table 6.141 Residual Impact significance summary - increased noise levels due to operation of the 
processing plant and power station –  affecting Tiger Camp farms 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Value Sensitivity of value  

Tiger Camp 
farms - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Medium 

An elevated level of 
ambient noise is reasonably 
expected to occur due to the 
extensive mining operations 
and industrial activity that 
have previously occurred at 
Tiger Camp. However, the 
last decade has seen 
relatively lower noise 
levels. Although existing 
noise levels exceed 
Myanmar standards at this 
receptor, there is still a 
level of importance placed 
on amenity during the day 
and night. 

Medium 

Tiger Camp farms is 
vulnerable to increased 
noise emissions due to its 
location in proximity to 
the project area and noise-
generating project 
activities. There are some 
terrain barriers (i.e., hills 
and mountains) between 
the receptor and project 
noise sources. 

Medium 

It is expected that this 
receptor would have 
some resilience to 
mining, traffic and 
construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 

Medium 

Impact Magnitude of impact  

Increase noise 
levels due to 
processing plant 
and power station 
operations, 
affecting Tiger 
Camp farms 

 

Spatial extent Severity Duration Magnitude 

Low 

Impact is likely to affect 
only a small portion of the 
receptor (those farms and 
residents in the 
northwestern portion of this 
receptor group 
approximately 3 km from 
the noise sources) with the 
remainder more than an 
additional 1 km further 
away probably being 
unaffected. 

 

Very low 

Ambient noise standards 
are estimated to be met at 
this receptor and given the 
distance and steep terrain 
between the receptor and 
noise source, the noise 
experienced is expected to 
be very low. 

Medium 

Increased noise will be 
frequent during 
operations prior to 
resettlement of the 
receptor after 30-32 
months of operations  

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. While there is material uncertainty in the quantitative predictions of noise and vibration 
reaching this receptor, the overall impact rating would have low likelihood of changing given the 
large distance from noise source to receptor and expected very low noise and vibration levels 
reaching the receptor. 
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Traffic 

Export of concentrate will require a total of 9,885 concentrate container movements per year by road, equating to 
an average of 27 trucked containers per day in each direction. This equates to a total average concentrate traffic 
movement of 54 movements per day. Additional traffic movements will occur to import consumables and fuel to 
Bawdwin. Throughout operations the total average daily truck movements will range from 20 to 92 across 
operations years. Trucks will range in size from 20 to 60 t capacity and will emit noise from engines, brakes and 
horns. Vehicles will use the export corridor route described earlier in this section. In some years, the increase in 
truck traffic volumes will represent an increase in between 150 to 190% of trucks on public roads.  

While some of the Bawdwin to Namtu regional communities are likely to be accustomed to traffic comprising 
trucks and heavy vehicles due to industrial activity, the increases in truck traffic on public roads are significant 
and will be noticeable. Travel along the export route will be restricted to daylight hours due to the road safety 
risks associated with winding and narrow roads between Lashio and Namtu and between Namtu and Bawdwin. 
The noise from the trucks will occur during the day and may reduce amenity at villages as they pass by.  

As outlined for traffic during construction, using literature values for noise emissions from a 29-t truck and 
estimating noise propagation using the inverse square law, the Myanmar day ambient noise criteria of 55 dBA 
would be met at a distance of 600 m from the truck noise source. 

The key receptors impacted will be residents of Namtu, and other towns and villages along the public roads as 
shown in Figure 6.22. Overall, the residual impact of traffic noise on amenity at Namtu and the other villages 
along the export corridor due to project truck movements corridor is assessed to be of moderate significance, 
based on the medium magnitude of impact and the medium sensitivity of the receptors (Table 6.142 and Table 
6.143). 

Traffic along project access roads within the Bawdwin concession area (e.g., those between the ROM pad, process 
plant, power station and mine waste facilities) is not predicted to result in material noise impacts to receptors and 
are not assessed. 
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Table 6.142 Residual impact significance summary – operations phase – increased noise levels due to 
vehicle traffic during operations – affecting Namtu 

Value Sensitivity of value  

Namtu - ambient 
noise and 
vibration levels 
that support 
human health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

Due to the number of 
manufacturing and 
industrial operations in 
Namtu elevated noise levels 
are expected to occur from 
time to time. However, 
residential areas are likely 
to have some reliance on 
low background noise 
levels for amenity. 

Low 

Namtu is located more 
than 2 km from most 
project-related noise 
emission sources with 
mountainous terrain 
between most noise 
sources and Namtu. 

 

Medium 

It is expected that this 
receptor would have 
some resilience to 
mining, traffic and 
construction related 
noise and has some 
capacity to adapt to 
increased noise levels. 

Medium 

Impact Magnitude of impact  

Increased noise 
levels due to 
vehicle traffic 
during 
operations, 
affecting Namtu 

Spatial extent Severity Duration Magnitude 

Low 

Impact will affect a small 
proportion of Namtu 
residences (i.e., those 
adjacent to and within 
about 600 m of the export 
route) 

Medium 

Impact severity will be 
reduced with vehicle 
speed restrictions in place, 
the use of modern and 
well-maintained vehicles, 
driver training around 
exhaust braking and 
community consultation 
regarding project traffic 
impacts. While ambient 
noise standards are 
predicted to be 
intermittently exceeded at 
all villages within about 
600 m of the export route 
through Namtu, in the 
context of existing traffic 
noise, additional noise 
impacts due to project 
traffic are assessed to be 
of medium severity. 

High 

The impact will occur 
over operations (13 
years) 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty would be greater for receptors further away from the noise source 
(where climatic conditions and terrain factors are likely to play a greater role in noise propagation) 
compared to those which are in proximity to the noise source. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   
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Table 6.143 Residual impact significance summary – operations phase – increased noise levels due to 
vehicle traffic during operations – affecting villages along the export route 

Value Sensitivity of value  

Villages along 
the export route - 
ambient noise 
and vibration 
levels that 
support human 
health and 
wellbeing, sleep 
and enjoyment of 
amenity 

Importance Vulnerability Resilience Sensitivity 

Medium 

As these receptors are 
based along a network of 
existing public roads, a 
level of ongoing traffic 
noise would be expected by 
the receptors with limited 
reliance on low background 
noise for amenity.  

High 

Increased noise, 
particularly during the 
night, could result in 
noticeable reduction in 
amenity and potential 
effects to wellbeing. 

Medium 

It is expected that this 
receptor would have 
some resilience to 
traffic related noise and 
has some capacity to 
adapt to increased noise 
levels. 

Medium 

Impact Magnitude of impact  

Increase noise 
levels due to 
vehicle traffic 
during 
operations, 
affecting villages 
along the export 
route 

Spatial extent Severity Duration Magnitude 

Very low 

Impact will only affect a 
very small proportion of 
residences along the route 
(i.e., only those within 
about 2 km) 

Medium 

Impact severity will be 
reduced with vehicle 
speed restrictions in place, 
the use of modern and 
well-maintained vehicles, 
driver training around 
exhaust braking and 
community consultation 
regarding project traffic 
impacts. Ambient noise 
standards are predicted to 
be intermittently exceeded 
at all villages within about 
600 m of the export 
corridor during the day 
and night. 

High 

The impact will occur 
over operations (13 
years) 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

No noise and vibration quantitative modelling has been done and this limits the accuracy of the 
assessment. This uncertainty would be greater for receptors further away from the noise source 
(where climatic conditions and terrain factors are likely to play a greater role in noise propagation) 
compared to those which are in proximity to the noise source. The assessment is based on the use of 
literature values for typical noise sources and these values adopted may differ from actual project 
equipment and vehicle noise levels.   
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Accommodation camp and workshops 

As assessed for construction, the residual impact from accommodation camp and workshops noise is assessed to 
be negligible with the closest receptors being more than 2 km away. This residual impact is negligible and is not 
assessed further. 

Closure Phase 

As Bawdwin lower village and farms, Tiger Camp village and farms, Nam La farms and select Loi Mi farms are 
being resettled during the operations phase, these areas will not be impacted by noise and vibration associated 
with closure activities. The remaining receptors, residents of Nam Pangyun valley, Loi Mi village, Namtu, villages 
in tracts adjoining the Bawdwin concession area may be impacted during the closure phase. Noise and vibration 
impacts to the remaining receptors during closure are anticipated to be similar to and no worse than those for 
construction. Therefore, impacts to the remaining receptors (i.e., military base, residents along the Namtu-Manton 
Road, residences of the Nam Pangyun valley and Namtu) assessed for construction are also applicable to closure.  

Summary of residual impacts 

Table 6.144 provides a summary of the residual noise and vibration impacts and their significance 
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Table 6.144 Summary of assessment of residual noise and vibration impacts 

Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increased noise and 
vibration levels due to 
construction of process 
plant, power station, 
TSF-B and TSB-C 
embankments and haul 
road 

Bawdwin military base - 
ambient noise and vibration 
levels that supports human 
health and wellbeing, sleep 
and enjoyment of amenity 

 Medium sensitivity 

Construction High magnitude 

 High spatial 
extent 

 High severity 

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

High Noise levels at the Bawdwin military 
base are expected to exceed Myanmar 
standards due to the high existing noise 
levels and proximity of the receptor to 
construction of infrastructure, 
especially the process plant and TSF 
embankments. Noise and vibration are 
anticipated to affect most of the 
receptor throughout the construction 
period 

High  

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Increased noise and 
vibration levels due to 
construction of roads 
and facilities and 
construction-related 
traffic 

Bawdwin upper village – 
ambient noise and vibration 
levels that support human 
health and wellbeing, sleep 
and enjoyment of amenity  

 Medium sensitivity 

Construction Medium magnitude 

 Medium spatial 
extent 

 Medium severity 

 Low duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Moderate Residents in the northern part of the 
village are located close to the haul 
road and may be affected by increased 
noise and vibration during construction 
of the haul road. Overall, noise and 
vibration emissions prior to 
resettlement will be moderate and 
cumulative from a range of 
construction related sources. 

High  

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Bawdwin lower village - 
ambient noise and vibration 
levels that support human 
health and wellbeing, sleep 
and enjoyment of amenity  

 Medium sensitivity 

Construction Low magnitude 

 Low spatial 
extent 

 Low severity 

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Low Residents in the northern part of the 
village are located close to the haul 
road and may experience slightly 
increased noise and vibration during its 
construction. Overall, noise and 
vibration emissions during construction 
will be low severity, affecting a small 
proportion of residences. 

High  

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increased noise and 
vibration levels due to 
construction traffic 
through Namtu 

Namtu town - ambient noise 
and vibration levels that 
support human health and 
wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Construction Medium magnitude 

 Medium spatial 
extent 

 Medium severity 

 Medium duration 

 Traffic and 
transport 
measures 

Moderate Existing noise levels exceed Myanmar 
standards so any increase in levels is 
expected to have an impact. Impacts 
are anticipated to affect settlements in 
proximity to the main transport route, 
however, will not occur at night and 
will be variable throughout 
construction.  

High  

 Absence of noise 
and vibration 
modelling and 
baseline data 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Increased noise and 
vibration levels due to 
construction traffic 
along Namtu-Manton 
Road 

Residents along Namtu - 
Manton Road - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Construction Medium magnitude 

 High spatial 
extent 

 Medium severity 

 Medium duration 

 Traffic and 
transport 
measures 

Moderate Most of the residents in proximity to 
the road will be impacted by 
construction related traffic during the 
day until the plant road and Namtu-
Tiger Camp access road are constructed 
(about 1 year). Noise and levels are 
expected to be moderate given the 
distance of some houses (within 360 m) 
of the road. 

High  

 Absence of noise 
and vibration 
modelling and 
baseline data 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Increased noise and 
vibration levels due to 
construction of roads 
and facilities and 
construction-related 
traffic 

Tiger Camp village - 
ambient noise and vibration 
levels that support human 
health and wellbeing, sleep 
and enjoyment of amenity  

 Medium sensitivity 

Construction Medium magnitude 

 Low spatial 
extent 

 Medium severity 

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Moderate Until resettled, Tiger Camp village may 
be impacted by noise and vibration 
from the construction of roads and 
facilities. Noise from construction is 
likely to have minimal impact, however 
construction-related traffic may 
contribute to a moderate portion of the 
receptor located near roads impacted 
during the day.  

Medium 

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increased noise and 
vibration levels due to 
construction of roads 
and facilities and 
construction-related 
traffic 

 

Tiger Camp farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity  

Medium sensitivity 

Construction Medium magnitude 

 Medium spatial 
extent 

 Medium severity 

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Moderate Some residences will be resettled prior 
to construction in the area, however the 
remaining residences may be impacted 
by noise and vibration from 
construction of the Namtu-Tiger Camp 
access road and plant road, and 
sediment dams. Further from 
construction the impact is somewhat 
attenuated by topography, however 
noise may also be amplified within the 
valley. 

Medium 

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Nam La farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 High sensitivity 

Construction Medium magnitude 

 Medium spatial 
extent 

 Medium severity 

 Low duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

High Noise and ground vibration from 
construction of the power station and 
power plant may impact individual 
receptors within 500 m until they are 
resettled.  

Medium 

 Absence of noise 
and vibration 
modelling 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Loi Mi village and 
associated farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Construction Low magnitude (if 
resettled) 

 Low spatial 
extent 

 Very low severity

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Low Only a small portion of receptors are 
expected to be impacted during 
construction prior to resettlement. 
Noise levels are not predicted to be 
high outside the Bawdwin concession 
area due to the distance from 
construction activities and topographic 
attenuation. 

Medium 

 Absence of noise 
and vibration 
modelling 

Low magnitude (if 
not resettled) 

 Low spatial 
extent 

 Low severity 

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Low Only a small portion of receptors are 
expected to be impacted over the 
construction period. Noise levels are 
not predicted to be high due to the 
distance from construction activities 
and topographic attenuation, however, 
will have a greater impact on receptors 
within the Bawdwin concession area. 
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increased noise and 
vibration levels due to 
road construction and 
construction-related 
traffic 

Residents of the Nam 
Pangyun valley - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Construction Medium magnitude 

 Medium spatial 
extent 

 Medium severity 

 Low duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Moderate Individual receptors adjacent to the 
road may be impacted during the day 
while construction is occurring nearby 
in the first year of construction.  

Medium 

 Absence of noise 
and vibration 
modelling and 
baseline data 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 

Increased noise and 
vibration levels due to 
mining activity 

Bawdwin lower village - 
ambient noise and vibration 
levels that support supports 
human health and 
wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Operations High magnitude 

 Very high spatial 
extent 

 High severity 

 High duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

 Blasting 
management 
measures 

High The entire receptor is expected to be 
impacted prior to resettlement (30 to 32 
months after commencement of 
construction) due to mining noises such 
as blasting, drilling and excavation. 
While the noise may be attenuated by 
pit walls, the proximity and existing 
noise levels contribute to the 
significance of this impact. 

High 

 Absence of noise 
and vibration 
modelling 

 Modelling is 
required to 
understand impact 
further 

Loi Mi village and 
associated farms - ambient 
noise and vibration levels 
that support supports human 
health and wellbeing, sleep 
and enjoyment of amenity 

 Medium sensitivity 

Operations Very low magnitude 
(if resettled) 

 Low spatial 
extent 

 Very low severity

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

 Blasting 
management 
measures 

Very low Only a small portion of receptors are 
expected to be impacted by mining 
noises, particularly blasting, prior to 
resettlement. Noise levels are not 
predicted to be high outside the 
Bawdwin concession area due to the 
distance from construction activities 
and topographic attenuation. 

Medium  

Absence of noise and 
vibration modelling  
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increased noise and 
vibration levels due to 
mining activity 

Loi Mi village and 
associated farms - ambient 
noise and vibration levels 
that support supports human 
health and wellbeing, sleep 
and enjoyment of amenity 

 Medium sensitivity 

Operations Low magnitude (if 
not resettled) 

 Low spatial 
extent 

 Very low severity

 High duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

 Blasting 
management 
measures 

Low Only a small portion of receptors are 
expected to be impacted by mining 
noises, particularly blasting, over the 
life of the mine. Noise levels are not 
predicted to be high due to the distance 
from construction activities and 
topographic attenuation, however, will 
have a greater impact on receptors 
within the Bawdwin concession area. 

Medium  

 Absence of noise 
and vibration 
modelling and 
baseline data 

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources Tiger Camp village - 

ambient noise and vibration 
levels that support human 
health and wellbeing, sleep 
and enjoyment of amenity  

 Medium sensitivity 

Operations Low magnitude 

 Medium spatial 
extent 

 Low severity 

 Medium duration 

Low Tiger Camp village may be affected by 
increased noise from mining activities 
prior to resettlement. The impact will 
be attenuated by the distance and 
terrain between the village and the 
open pit.  

Tiger Camp farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity  

 Medium sensitivity 

Operations Low magnitude 

 Low spatial 
extent 

 Low severity 

 Medium duration 

Low Tiger Camp farms may be affected by 
increased noise from mining activities 
prior to resettlement. The impact will 
be attenuated by the distance and 
terrain between the village and the 
open pit.  Some receptors will be 
resettled prior to commencement of 
mining operations. 

Increased noise and 
vibration levels due to 
operation of process 
plant, power station, 
TSFB and TSFC 
embankments and haul 
road 

Military base - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Operations Medium magnitude 

 High spatial 
extent 

 Low severity 

 High duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Moderate The military base is located near the 
process plant, power station and TSFs, 
and may experience increased noise 
and vibration over the life of the mine. 
Noise levels are not expected to exceed 
Myanmar standards, however, may be 
exceed at night during certain 
conditions. 

High  

 Absence of noise 
and vibration 
modelling  

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Increase noise levels due 
to processing plant and 
power station operations 

 

Loi Mi village and 
associated farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Operations Very low magnitude 
(if resettled) 

 Low spatial 
extent 

 Very low severity

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Very low Only a small portion of receptors are 
expected to be impacted by the 
operation of the process plant and 
power station, prior to resettlement. 
Noise levels are not predicted to be 
high outside the Bawdwin concession 
area due to the distance from these 
facilities and topographic attenuation. 

Medium  

 Absence of noise  
modelling  

Low magnitude (if 
not resettled) 

 Low spatial 
extent 

 Very low severity

 High duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Low Only a small portion of receptors are 
expected to be impacted by operation 
of the process plant and power station, 
over the life of the mine. Noise levels 
are not predicted to be high due to the 
distance from these facilities and 
topographic attenuation, however, will 
have a greater impact on receptors 
within the Bawdwin concession area. 

Medium  
 Absence of noise  

modelling 

Tiger Camp farms - ambient 
noise and vibration levels 
that support human health 
and wellbeing, sleep and 
enjoyment of amenity  

 Medium sensitivity 

Operations Low magnitude 

 Low spatial 
extent 

 Very low severity

 Medium duration 

 Traffic and 
transport 
measures 

 Scheduling and 
timing measures 
for noise 
generating 
activities 

Low Only a small portion of the receptor 
group are expected to be impacted by 
increased noise from operation of the 
process plant and power station, prior 
to resettlement, however noise 
standards are estimated to be met due 
to the distance from these facilities. 

Medium  
 Absence of noise  

modelling 

Increased noise levels 
due to vehicle traffic 
during operations 

 

Namtu - ambient noise and 
vibration levels that support 
human health and 
wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Operations Medium magnitude 

 Low spatial 
extent 

 Medium severity 

 High duration 

 Traffic and 
transport 
measures 

Moderate Residences within 600 m of the main 
traffic route may be impacted 
throughout operations due to project-
related vehicle traffic. The severity is 
limited to a degree by the 
implementation of management 
measures, however ambient noise 
standards are predicted to be 
intermittently exceeded. 

Medium  
 Absence of noise 

and vibration 
modelling  

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 
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Impact  Value and sensitivity Impact phase  Impact magnitude Key management 
measure(s) 

Impact significance Justification for impact significance Uncertainty 

Villages along the export 
route - ambient noise and 
vibration levels that support 
human health and 
wellbeing, sleep and 
enjoyment of amenity 

 Medium sensitivity 

Operations Medium magnitude 

 Very low spatial 
extent 

 Medium severity 

 High duration 

 Traffic and 
transport 
measures 

Moderate A small proportion of residences close 
to the export route may be impacted 
throughout operations due to project-
related vehicle traffic. The severity is 
limited to a degree by the 
implementation of management 
measures, however ambient noise 
standards are predicted to be 
intermittently exceeded. 

Medium 
 Absence of noise 

and vibration 
modelling  

 Use of literature 
values for typical 
noise sources which 
may differ from 
actual noise sources 
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6.7.5 Monitoring  
No specific noise or vibration monitoring is proposed, although under the environmental and social management 
plan, the project will record and act upon community grievances in relation to noise and vibration issues. 

6.7.6 Uncertainties and further work 
The key uncertainties and further work required to address these uncertainties is outlined in Table 6.145. 

Table 6.145 Uncertainties and further work in respect of noise and vibration impacts 

Uncertainty Further work 
required 

Purpose Assumptions 

Lack of noise emission 
predictions 

Modelling, incorporate 
climatic influences and 
ground surface and 
topography. 

To determine noise level increases 
at receptors for impacts assessed to 
be of moderate and high 
significance and to predict noise 
and vibration emissions to estimate 
levels, direction and extent at the 
point of exposure for receptor 
groups of concern. 

To assess noise levels quantitatively 
against the Myanmar ambient noise 
standards and determine whether 
project noise will meet ambient 
noise standards outlined in the 
Myanmar draft National 
Environmental (Emission) Quality 
Guidelines (2014). 

To quantify the sound levels at 
receptors and whether ambient 
standards will be exceeded during 
the day and night.  

Noise emission 
levels were 
estimated based 
on literature 
values and the 
inverse square 
law. 

Vibration emissions have not 
been modelled. Assessment of 
vibration impacts is accompanied 
by a relatively high degree of 
uncertainty. Assessment of 
vibration impacts to Bawdwin 
lower village due to mining is not 
possible until modelling is 
conducted. 

Modelling will be 
required to understand 
the impact of ground 
vibration and air blast 
compared to Myanmar 
vibration standards as 
well as potential ground 
vibration impacts to 
land stability and 
structural integrity of 
buildings. 

To determine whether project 
vibration emissions will meet the 
standards outlined in the Myanmar 
draft National Environmental 
(Emission) Quality Guidelines 
(2014) 

Impacts have 
been assumed 
based on distance 
from project 
activities 

Baseline data has not been 
collected in the vicinity of all 
receptors. Also the baseline noise 
data was collected over a 
maximum of 24-hour period in 
September 2019 at each noise 
monitoring station. There is 
uncertainty on how the existing 
noise levels change over time and 
the baseline noise ranges at each 
receptor assessed.  

Establish pre-
construction baseline 
for noise at 
representative sites for 
sensitive receptors that 
are likely to have 
operational exposure.  

To allow better understanding of 
existing noise levels, which will 
allow better understanding of 
predicted changes to ambient noise 
at receptors. 

Existing noise 
levels have been 
assumed. 
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6.8 Biological impact assessment 

6.8.1 Approach to impact assessment 
This section assesses the project impacts to the biological values identified in Section 5.7. Section 5.7 described 
the levels of importance, vulnerability and resilience associated with each of the biological values in the study 
area.  

The impact assessment approach adopted in this section is a ‘significance assessment’. The significance 
assessment method is described in Section 6.1. A significance assessment of biological impacts involves: 

 Identifying the nature of the impact to a biological value in the project area. 

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and duration 
of the impact. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of avoidance 
and management measures). The significance (very low, low, moderate, high or major) of the impact to a 
biological value is determined by considering the importance, vulnerability and resilience of the value (as 
assessed in Section 5.7.6) and the predicted magnitude of the impact to the value. Impact magnitude (very 
low, low, medium, high or very high) is determined based on the spatial extent, severity and duration of the 
impact.  

Context for impact assessment 

Mining at Bawdwin commenced in the 1400s. Prior to that, the area would have consisted of hill and temperate 
evergreen forests, primarily comprised of sub-tropical mixed hill and savannah. However, these forests have been 
significantly reduced by deforestation (primarily for firewood and charcoal to enable ore smelting), the phytotoxic 
effects of smelting fumes, and to a lesser extent cattle grazing and small-scale agriculture. As a result of these 
historical disturbances, it is likely that topsoils in the area have been largely eroded from hills and steep-sided 
slopes, leaving poor quality soils with low organic material. More intact vegetation is present on valley floors and 
along watercourses, particularly along the Nam La stream. 

The dominant terrestrial vegetation in the project area now consists of grasslands dominated by grasses belonging 
to Andropogon, Pennisetum, Phragmites, Sporobolus, and Coix genera. It is considered that this vegetation 
represents a modified or degraded community. Patches of bamboo are also scattered around the Bawdwin 
concession area and are likely to represent re-colonised (or planted) communities as opposed to the intact forests 
in the region. Biological surveys for the project recorded 177 plant species including 49 herbs, 37 trees, 35 shrubs, 
25 small trees, 17 climbers, 8 grasses, 5 bamboos and 1 epiphyte during the study. These included two species of 
conservation significance listed on the IUCN Red List (Cycas pectinata (Vulnerable) and Burmese blackwood 
(Dalbergia cultrate) (Near Threatened)). The highest diversity of plant species was found in more intact sub-
tropical mixed hill forest in the northwest of the Bawdwin concession area, followed by areas near Tiger Camp. 
Riparian vegetation is found around the Nam Pangyun Reservoir, and along riverbanks of the upper Nam Pangyun 
and most of the Nam La.  

A depauperate fauna community was recorded within the study area, with most records restricted to areas of mixed 
hill forest and to a lesser extent bamboo forest. Interviews with hunters reported that some hunting targeting deer 
and wild pigs still continues (although is decreasing), particularly during the wet season. However, hunters 
reported that wild animals are becoming increasingly rare due to deforestation and agricultural practices. 
Interviews of residents of Bawdwin reported that larger mammals such as tiger, leopard and Asian black bear once 
inhabited the vicinity of Bawdwin, but no longer occur locally.  

In terms of aquatic ecosystems, the Nam Pangyun catchment in which the project is mostly situated has been 
heavily influenced by previous anthropogenic activities. The stream, particularly downstream of the Bawdwin 
open pit, is characterised by very poor water quality due to interaction with mineralised areas and discharge from 
the Tiger Tunnel, direct sewage discharge from Bawdwin and Tiger Camp villages, as well as direct disturbance 
of aquatic habitats as a result of sedimentation, aggradation, and in-stream physical modification. The aquatic 
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habitat of the Nam Pangyun has also been impacted from historical mining activities over a number of centuries 
as well as ongoing alluvial mining of the riverbed. As a result, aquatic ecosystems of the Nam Pangyun in the mid 
and lower reaches represent a highly degraded ecosystem.  

The Nam La catchment, in which some project elements are located, experiences lower levels of anthropogenic 
disturbance although it does pass a number of villages, small-scale agricultural areas and plantations, and runs 
adjacent to the Namtu to Manton Road. The Nam La is therefore a higher quality aquatic habitat with a more 
intact aquatic ecosystem in comparison to the Nam Pangyun. The Nam Pangyun and Nam La both discharge into 
the Myitnge River. The Myitnge River is relatively undisturbed compared to the streams in the Project area, 
however, is subject to degradation and ongoing impacts from discharge of the poor-quality Nam Pangyun.  

6.8.2 Sources of potential impact 
Impacts on terrestrial ecosystems and species have the potential to occur as result of: 

 Physical disturbance of terrestrial habitats caused by construction of infrastructure and earthworks, mining 
and mine waste placement (into both waste rock dumps and tailing storage facilities (TSFs), including: 

- vegetation clearance. 

- excavation and earthworks resulting in smothering of vegetation. 

- erosion and sedimentation. 

 Introduction of invasive species, including pests and weeds. 

 Discharges and emissions, including: 

- emissions to air, including dust and sulphur dioxide, and generation of noise and vibration. 

- lighting causing disturbance. 

- accidental spills and leaks of hazardous materials. 

 Traffic movements causing direct mortality. 

These potential sources of impact are described further below. 

Impacts on aquatic ecosystems have the potential to occur as a result of: 

 Physical disturbance of surface water habitats caused by modification of drainage channels during 
construction and operations, construction of water crossings, diversion of the Nam Pangyun during operations 
and construction of infrastructure, including: 

- In-stream erosion, sediment deposition and aggradation. 

- Direct physical loss. 

 Changes to surface water flow: 

- Diversion of the Nam Pangyun through the open pit mine during operations. 

- Increased seepage of water from the Nam Pangyun to the underlying rock due to dewatering around the 
mine pit during operations. 

- Reduced stream flow due to water abstraction from the Nam Pangyun and Nam La for project use during 
construction and operations. 

- Changes to landform and surface drainage during construction, operations and after closure. 
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 Changes to water quality due to increased sediment loads and turbidity, increased metals (metalloids), 
chemicals and hydrocarbons and decreased organic pollutants due to cessation of human and domestic waste 
discharges. Potential causes of water quality degradation include seepage, runoff and discharges from mine 
waste storage facilities (waste rock dump and TSFs), construction areas, the open pit, operational areas, 
dewatering discharge, discharge of project effluents, total suspended solids (TSS) and turbidity increases 
from site erosion, and accidental spills and leaks.  

 Reduced bed sediment quality in downstream rivers due to mobilisation of waste rock material and 
contaminated soils containing high metals concentrations. 

Potential impacts to surface water features and the mechanisms of change that may impact aquatic ecosystems are 
described in detail in Section 6.4.  

Physical disturbance  

Physical disturbance is defined as the vegetation clearance, excavation and earth movements (e.g., stockpiling or 
cut and fill) required to construct infrastructure and operate the mine. Large scale land and vegetation clearance 
and removal of soil will take place during project construction and mining operations. Following the clearance of 
vegetation, earthworks will be required to create suitable surfaces for facilities and infrastructure. While most 
physical disturbance will occur during the construction phase of the project, it will also occur progressively for 
some infrastructure components, such as the TSFs, which will be constructed progressively over the mine life. 
This will largely occur in an extensively modified landscape from centuries of previous mining and processing 
activity. 

The consequence of most physical disturbance will be the loss of habitat. Vegetation clearing and earthworks may 
also bury or smother flora and fauna or displace fauna.   

The degree to which physical disturbance will impact biological values is dependent on the nature and scale of 
disturbance and also the existing sensitivity of the biological environment. Vegetation clearance for the 
development of project infrastructure will result in the loss of vegetation and some natural habitats, and this may 
directly impact individual plants and some less-mobile animals during clearance activities.  

Edge effects and fragmentation 

Linear clearings such as those for roads, pipelines and powerlines have the potential to act as barriers for fauna 
movement and migration. This has the potential to fragment fauna populations. Given the highly modified 
landscape of the project area, which now largely consists of low grasslands, fragmentation effects are not expected 
to be produced by the project.  

In addition to direct physical loss, vegetation clearance during construction may also result in the degradation of 
remaining habitats. This will occur through an ecological process known as ‘edge effect’ (Saunders, et al. 1991). 
This is when intact habitat edges become exposed to modified conditions due to vegetation clearance. Edge effects 
create conditions that facilitate the invasion of exotic species, increase the susceptibility to fire and, in the case of 
forests, increased sunlight (causing drying of the forest understorey) and wind (causing drying and wind damage). 
Considering that the vast majority of vegetation in the project area is already highly modified, clearance of the 
remaining grassland areas is unlikely to produce any material edge effects. The flora and fauna occurring in these 
habitats consisting of generalist and resilient species, as opposed to fauna that typically vulnerable to edge effects 
such as frogs, interior birds and invertebrates adapted to dark humid habitats.  

Erosion, sedimentation and side-casting  

Disturbance and erosion of soils and subsequent loss or degradation of soil during earthworks or stockpiling of 
spoil may reduce the capacity of soils to support vegetation. Ground disturbance reduces soil permeability and 
breaks down soil aggregates. The erosion of soils or soil compaction caused by ground disturbance can also affect 
germination, subsequently affecting the structure and diversity of naturally regenerated forest. Erosion and 
deposition of eroded sediment can occur beyond the area of disturbance, with the potential to affect habitat and 
smother vegetation and tree stems, which can reduce tree root aeration leading to plant death. 
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During construction of infrastructure, particularly roads, most of the excess spoil will be side-cast, whereby 
excavated material will be tipped downslope of the area being excavated. Side-cast material is uncompacted and 
eventually stabilises at a natural angle of repose. In high rainfall areas, side-cast areas can be eroded over time. 
Side-casting is not preferred in locations where the side- cast material will affect the natural flow of drainage 
channels, creeks and rivers or in proximity to occupied villages. In steep terrain that is not suitable for long term 
stability of large volumes of side-cast material, excess spoil will be hauled a short distance to a suitable location 
where the material will be co-located with other side-cast material.  

The terrain in the project area and surrounding region is mountainous, with many slopes in excess of 20%. Soils 
on steep slopes are particularly susceptible to erosion. Historical degradation and clearing of hill forests in the 
Bawdwin area exposed soils, with subsequent erosion leaving poor quality soils with low organic material. This 
probably contributed to the historical conversion of vegetation from primarily forests to the more tolerant grasses 
and bamboo vegetation types now dominant in the Bawdwin mine area.  

Introduction of invasive species  

There is potential for exotic species to be introduced and adversely impact the project biological values. This may 
occur when project vehicles and equipment arrive at site carrying the seeds or spores of invasive species. Invasive 
pests may out-compete or eat local flora and fauna and lead to degradation of habitat. Establishment of invasive 
species can cause permanent changes in the structure and function of ecosystems as a result of competition or 
directly mortality.  

The Bawdwin biodiversity study found two exotic (non-native) flora species, Ageratina adenophora and Mikania 
micrantha were common throughout the study area. Ageratina adenophora is a species of flowering plant in the 
daisy family native to Mexico and Central America but has become invasive into farmland and bushland 
worldwide. Mikania micrantha is a species of vine that is a multi-stemmed perennial creeper and climber native 
to the Americas. It chokes and smothers areas it has colonized and is a serious weed in South-East Asia, Indonesia, 
the Pacific Islands and Australia. Another invasive species, Lantana aculeata was recorded in the baseline study, 
and is also considered a fencing species, supporting ecosystem services. No invasive pests (fauna) were identified 
in the biodiversity study.  

The likelihood of introductions of invasive species is influenced by the effectiveness of quarantine and hygiene 
practices, the number of vehicles and machinery moving through the project area, and logistics routes from other 
parts of Myanmar and internationally.  

Discharges and emissions 

Emissions to air 

Emissions to air that may impact biodiversity values directly and indirectly during the project include fugitive 
dust and sulphur dioxide. Dust may be generated during dry periods by earthmoving machinery during site 
clearing, construction and operational activities such as drilling and blasting, from crushing and, traffic, and wind 
erosion of open areas, stockpiles, TSFs and waste rock dumps. 

Fugitive dust can smother vegetation and block leaf stomata, reducing photosynthetic efficiency and 
compromising the plant. This may indirectly impact fauna due to potential reduced fruit yields. Terrestrial fauna 
may also be directly impacted through reduced habitat conditions.  

Dust may have indirect impacts on terrestrial biodiversity through the contamination of soils. Elevated heavy 
metal concentrations (lead, arsenic and nickel) in soils in the area may be due to air pollution from dust occurring 
in association with historic mining activities. Soil contamination can inhibit rehabilitation as growth reduction 
from changes in physiological and biochemical processes in plants grown in soils contaminated by heavy metals 
has been recorded (Chibuike and Obiora 2014). Contamination of soils is discussed further in Section 6.2.  

Sulphur dioxide emissions from on-site power generation may directly impact terrestrial flora by inhibiting 
photosynthesis. Historically, acid rain due to sulphur dioxide emissions and other emissions from the Namtu 
smelter complex have contributed to deforestation in hilly areas downwind of the smelter. The project has 
committed to meeting Myanmar emission discharge criteria and therefore the likelihood of broad scale impacts 
due to emissions of sulphur dioxide are very low. 
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Lighting and noise 

Temporary and permanent sources of light may affect the behaviour of animals, both for diurnal and nocturnal 
species. Lighting can interfere with nocturnal birds and birds that migrate at night, alter the reproductive behaviour 
of frogs, focus the foraging activities of insectivores such as micro-bats, increase the likelihood of predation for 
some species (e.g., insects attracted to lights) and affect foraging activities of prey species. The impacts of 
extended periods of lighting are not detrimental to all species and some, particularly insectivorous predators (e.g., 
micro-bats that feed on insects attracted to lights), may derive a benefit. 

Project-related activities will generate noise from a number of sources. In addition to increased traffic levels, 
blasting will take place and will generate high levels of instantaneous sound and pressure waves. Excessive noise 
emissions have the potential to adversely affect some fauna species. The severity of the impact will vary depending 
on the proximity to the activities, individual species sensitivity (and their ability to habituate), and the efficacy of 
proposed avoidance and management measures. 

Hazardous materials 

A variety of gaseous, liquid and soil contaminants (e.g., hydrocarbons and process chemicals) will be used by the 
project and have the potential to be released accidentally, for example a spill. If not properly managed and stored, 
these may impact biodiversity through direct mortality, reductions in reproductive output and reduced 
survivability.  

Traffic movement 

The increased traffic on roads within the Bawdwin concession area and on local roads increase the risk of direct 
mortality of slow-moving fauna via vehicle strikes. Most vertebrate fauna are mobile and are able to move away 
from construction sites and avoid vehicles easily. Birds are generally only impacted at fast vehicle speeds and as 
such the risk of a vehicle strike is low for the project. Frogs and reptiles are generally more susceptible to vehicle 
strike than other fauna. However, most traffic will occur during the day while many amphibians and reptile species 
are more active at night. The degree by which biodiversity will be impacted by traffic will depend largely on the 
volume of vehicle movements as well as the location of roads and construction sites in relation to fauna habitat.  

In-migration and land use changes 

Indirect processes linked to social change may also have effects on biodiversity values.  The construction and 
operations phases of the project are expected to increase economic activity in the local area. These factors can 
result in the in-migration of people into the area, as commonly experienced around mines in similar contexts. In-
migration into the Bawdwin concession area is unlikely to occur, but it may occur in Namtu, along roads and 
along the lower Nam Pangyun valley, where artisanal miners already reside in temporary settlements. This has 
the potential to lead to increased impacts to forest clearing for building and shifting cultivation, and an increased 
frequency of patch-burning for shifting cultivation, firewood collection, small-scale logging and hunting.  The 
expansion of shifting cultivation and the establishment of new settlements elsewhere have been shown to cause 
additional and longer-lasting or permanent biological impacts. Due to the proximity of the public Namtu to 
Manton road there is potential for informal settlements to be created adjacent to the road and near to the project 
infrastructure e.g., accommodation camp. Access roads constructed for the project (for example to the Nam La 
water harvesting facility and the TSF access road) may facilitate indirect forest clearance of more intact vegetation 
that occurs in this area. 

The resettlement of the existing Bawdwin villages also has the potential to negatively affect biodiversity values. 
While the site(s) for the resettlement locations are currently uncertain it is difficult to predict the magnitude of 
any impacts. However, it is likely that there will be some disturbance of vegetation to create the resettlement 
village and forest clearing for agricultural purposes around the area may occur.  

Summary of potential sources of impact 

Table 6.146 presents a summary of potential direct and indirect sources of impact to biodiversity values during 
project construction, operation and closure. The nature of the impact mechanism is described, including the project 
phase in which it is concentrated, whether it is increasing, enduring or ameliorating, and in relation to road 
accidents and accidental spills and leaks, whether the risk is heightened. 
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Table 6.146 Summary of potential direct and indirect sources of impact during project construction, 
operation and decommissioning 

Mechanism of change Construction Operation Closure 

Physical disturbance leading to vegetation clearance, edge and 
barrier effects. 

XI XA XA 

Physical disturbance leading to sedimentation or altered 
hydrology and subsequent vegetation loss or degradation. 

XC XA XA 

Physical disturbance leading burial of habitat, and fauna 
entrapment and displacement. 

XC XA - 

Introduction and/or spread of invasive weeds, pests or 
pathogens. 

X X XE 

Accidental spills of hazardous materials or wastes leading to 
exposure of fauna. 

XM XC - 

Emissions of dust from disturbed areas leading to coating of 
vegetation. 

XC X XA 

Emissions of noise and light leading to disturbance to fauna. XC X XA 

Traffic movements leading to collisions of fauna with project 
vehicles and machinery. 

XH X XL 

Sediment-laden runoff and sedimentation leading to physical 
disturbance (in-stream erosion, sediment deposition and 
aggradation) 

XC  X XA 

Construction of mine infrastructure and diversion of Nam 
Pangyun leading to physical disturbance (direct physical loss) 
of surface water habitats  

XC XC XA 

Abstraction from Nam La and Nam Pangyun leading to 
reduced surface water flows 

XL XC  

Runoff and seepage from contaminated sites (including TSF 
and WRD) causing reduced surface water quality 

 XM XA  

Discharge of poor-quality water from mine dewatering causing 
reduced surface water quality 

 XC  

Mobilisation of waste rock material and contaminated soil 
leading to reduced streambed sediment quality 

X X X 

X – occurring in this phase; XC – occurring and concentrated in this phase; XI – occurring and possibly increasing in this phase; XH – 
occurring at a high level or higher risk of occurrence in this phase; XM – occurring at a moderate level or moderate risk of occurrence in this 
phase; XL – occurring at a low level or lower risk of occurrence in this phase; XA – persists in this phase but ameliorates over time; XE – 
endures during this phase. 

6.8.3 Management measures  
WMM is committed to minimising any potential impacts to the biological environmental from the project. This 
can be achieved firstly through design, by selecting project sites that have been previously disturbed and thus will 
have as little impact as possible. When utilising undisturbed sites is unavoidable, WMM will minimise disturbance 
through site-specific mitigation and management measures. 

Physical disturbance 

Vegetation clearance and earthworks are the principal cause of habitat loss as a direct result of project activities. 
Measures aim to reduce impacts of physical disturbance include: 
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 Minimise vegetation clearing by using previously disturbed or degraded areas as a first preference for 
locating infrastructure and mine activities. 

 Minimise the width of clearing required for linear infrastructure as far as practicable. 

 Design road alignment approaches to watercourses as close to right angles as practicable to limit 
disturbances to the banks of watercourses. 

 Preserve riparian vegetation to the greatest extent practical and create a buffer of natural vegetation between 
watercourses and construction areas, where practicable.  

 Mark the extent of vegetation to be cleared on technical drawings and mark in the field. Do not clear 
beyond design limits. 

 Avoid compaction of topsoil and disturbance by restricting vehicle, plant and equipment movement to 
designated tracks, as far as practicable. 

Erosion, side-cast and sedimentation  

Project earthworks, side-casting, stockpiling and soil compaction could reduce the capacity of soils to support 
terrestrial ecosystems via smothering, loss of soils, or altering the existing hydrology. Measures aim to reduce the 
potential for, and extent of, soil erosion and will: 

 Reduce the volume of material to be side-cast, as far as practicable. 

 Avoid side-casting in locations that could impact the natural flow of drainage channels, creeks and rivers. 

 Implement and maintain erosion and sediment controls, including site specific measures as necessary. Typical 
controls to be implemented include: 

- Locate and design infrastructure to limit runoff to watercourses. 

- Install structures to intercept sediment-laden surface runoff to reduce sediment delivery to watercourses. 

- Install diversion drains to intercept uncontaminated surface runoff and divert away from cleared areas, 
where practicable. 

- Stockpile spoil and/or topsoil materials away from watercourses (i.e., maintain a minimum of 10 m from 
watercourse banks), where practicable. 

- Stabilise areas that will be exposed for a substantial period of time using measures such as temporary 
grass or hydromulch. 

- Grade access roads adjacent to watercourses to drain away from watercourses. 

- Install specific soil stabilisation measures on side hill cuts to prevent slumping and/or erosion. 

- Minimise the extent, and time, that ground surfaces and stockpiles are exposed through staged works 
wherever possible. 

- Progressively rehabilitate disturbed areas. 

- Schedule major earthworks in dry season where feasible. 

 Discharge water in a manner that prevents scouring and erosion. 

Dust  

To minimise the generation of dust measures that will be implemented include: 
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 Minimise the extent, and time, that ground surfaces and stockpiles are exposed through staged works 
wherever possible. 

 Undertake progressive rehabilitation and revegetation of disturbed areas (including the TSFs and waste rock 
dump) to minimise the length of time that disturbed areas are exposed to wind and erosion.  

 Maintain roads to a suitable and safe standard to minimise dust generation. 

 Establish and enforce speed limits on roads carrying project vehicles to minimise dust and noise generation. 

 Use water to suppress dust in areas that have high potential for dust generation including construction sites, 
the open pit, ore stockpiles, waste rock dumping and on the haul roads, but not in a manner that causes a 
safety hazard to haul road and village road users.  

Surface water management and hydrology 

Surface water management measures involve maintaining flows and connectivity of the watercourses, as well as 
minimising any reductions in water quality. Measures that will be implemented include: 

 Design and construct linear infrastructure so as to maintain the original drainage patterns of the habitat as far 
as practicable. 

 Establish a minimum passing flow threshold at the point of water extraction from the Nam La, in consultation 
with key stakeholders, that preserves potable water supply requirements for Namtu are met and maintains 
minimum environmental flows.    

 Maintain adequate base water supply for Namtu from the Nam La.  This may be achieved by establishing 
infrastructure to divert small spring flows of suitable quality to the Nam La flume during periods of low flow.    

 Maintain minimum environmental flows in the Nam Pangyun downstream of the project area. 

 Maintain hydraulic connectivity along linear infrastructure corridors for pipelines and roads (e.g., install 
culverts and drains where required). 

 Reduce erosion and sedimentation on riverbanks by adoption of surface water diversion structures. 

 Design and construct watercourse crossings so that they will not divert streamflow out of the stream channel 
and down the road alignment. 

 Where practicable, divert upstream surface water flows from undisturbed catchment areas around the project 
and discharge into adjacent or downstream surface water drainage lines.  

 Ensure TSF supernatant water (including captured seepage), seepage/run-off from the Wallah waste rock 
dump and water from pit dewatering meet discharge criteria prior to discharging into the downstream 
environment, by treating the water if necessary.  

 Capture disturbed catchment runoff through a diversion channel downstream of earthworks during 
construction in the Nam La catchment and allow sediment to settle.  

 Design post closure surface water management to ensure long term physical and chemical stability.  

 Install structures to intercept sediment-laden surface runoff to reduce sediment delivery to watercourses. 

Revegetation 

Revegetation will aid in the rehabilitation of disturbed areas. Management measures concerning revegetation 
include: 
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 Undertake progressive rehabilitation and revegetation of disturbed areas (including the TSFs and waste rock 
dump) to minimise the length of time that disturbed areas are exposed to wind and erosion. 

 Revegetate disturbed riverbanks by indigenous seedlings or by natural colonisation as soon as possible.  

 Use local species for revegetation activities. 

 Stabilise cleared banks to facilitate regeneration of riparian vegetation.  

 Implement a general revegetation program in the Bawdwin concession area, focussing on stabilising and 
covering areas of exposed land to minimise erosion and generation of dust. 

Weeds and pests 

Preventing introduction of weeds, pests and pathogens is more effective than control and elimination. Measures 
that are essential to achieve this goal include:  

 Establish and enforce a project-wide quarantine program using a risk-based approach. 

 Create a weed and plant pathogen identification manual for contractors and personnel, and provide training 
in its use. 

 Visually inspect vehicles, plant and equipment for soil, seeds and weed material. 

 Wash down vehicles, plant and equipment before arrival at site and away from watercourses, using a risk-
based approach. 

 Monitor and manage washdown areas to avoid weed establishment. 

Accidental spills and leaks 

A range of measures will be implemented to reduce the potential for accidental leaks and spills to occur. These 
include: 

 Conduct a hazard and operability study (HAZOPS), which is a structured and systematic examination of a 
complex planned or existing process or operation in order to identify and evaluate hazards that may represent 
risks to personnel, equipment or the environment. 

 Establish protocols for handling, transport, transfer, storage and disposal of hazardous materials, including 
fuel, which comply with all Myanmar regulations and good international practice. 

 Train personnel involved in the handling, transportation and storage of hazardous materials in hazardous 
materials management, transfer procedures and spill prevention and emergency response ...  

 Develop a risk-based spill prevention and response plan that encompasses project-specific work areas and 
activities including measures to reduce risks to as low as reasonably practical, for example: 

- Service vehicle and machinery using measures to contain spills (e.g., drip trays) and in appropriate 
locations (e.g., away from watercourses and drainage lines). 

- Conduct inspections to evaluate the presence and condition of spill prevention measures and replacing 
measures as required. 

- Conduct regular emergency spill drills to practice timely and effective spill response, involving relevant 
site personnel. 

- Keep adequate quantities of spill response materials such as absorbent materials and pH buffer solutions 
adjacent to hazardous material storage areas and in vehicles transporting hazardous materials. 
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- Establish arrangements to mobilise additional resources for responding to larger spills and strategies for 
deployment. 

Traffic 

Management measures aimed at minimising the impact of traffic on biological values include: 

 Implement road safety initiatives to prevent accidents which may cause a spill, damage vegetation and flora, 
or injure/kill fauna, for example.  

- Use sealed concentrate containers for transport. 

- Conduct safety training for all vehicle operators. 

- Establish and enforcing speed limits for project vehicles. 

- Conduct regular vehicle inspections. 

- Hire experienced vehicle operators. 

 

Fauna management 

Fauna management measures will be implemented to minimise impacts caused by project activities. These 
include: 

 Manage waste in a manner that discourages animal access. 

 Rescue fauna that fall into open trenches, TSFs, dams etc, where safe and practicable to do so 

 Maintain WAD cyanide concentration in TSF supernatant water quality below 50 ppm, which is generally 
acknowledged internationally as the value below which water birds will not be negatively affected by cyanide 
(Donato et al., 2007), 

 Prohibit feeding, hunting, collecting, purchasing or harassing of wildlife, keeping wildlife as pets and/or the 
possession and/or transport of wildlife products by workers. 

 Conduct training for project personnel on protecting wildlife and flora.   

6.8.4 Residual impact assessment 
Notwithstanding the expected successful and full implementation of the management measures described in 
Section 6.8.3, a number of residual impacts to biological values will remain, of varying significance. These 
impacts to biological values may be caused by a number of activities or effects as described in Section 6.8.2, 
which are often inter-related and can be cumulative.  

The biological values that may be impacted have been defined at three scales:  

 Habitat or ecosystem types consisting of the key terrestrial and aquatic habitat types. 

 Terrestrial and aquatic flora and fauna assemblages as a whole.  

 Populations of conservation significant species. 

This section assesses the residual impacts identified in Section 6.8.2 after implementation of the management 
measures outlined in Section 6.8.4. The magnitude of each residual impact is assessed based on the impact’s 
geographic extent, severity and duration, taking into consideration the existing conditions of the features and their 
importance, vulnerability and resilience. Table 6.3 presents the criteria used to determine the magnitude of each 
impact.   
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Table 6.147 Criteria used to determine the magnitude of biological impacts 

Factor Magnitude Ratings 

Very low Low Medium High Very high 

Spatial extent Impact affects a 
very small area 
within the project 
footprint 

Impact is 
entirely within 
existing 
disturbance 
areas 

Impact affects 
a localised area 

Impact is partly within 
existing disturbance 
areas but also within 
previously undisturbed 
(or low-level 
disturbance) areas 

Impact affects a 
moderate area 

Impact is 
completely 
within previously 
undisturbed (or 
low-level 
disturbance) 
areas 

Impact affects a 
widespread area 

Impact extent is 
very high 

Severity Impact has a very 
low severity and 
will probably 
recover on its 
own or require 
minimal 
rehabilitation 
effort. 

Effect not 
detectable with 
respect to natural 
variability 

 

Impact can be 
avoided, 
remedied or 
rehabilitated 
using standard 
management 
measures 

Effect barely 
detectable with 
respect to 
natural 
variability. 

Impact can be partly 
avoided, remedied or 
rehabilitated. 

Effect will be readily 
detectable with respect 
to natural variability 
but not severe. 

Impact is very 
difficult to avoid 
or rehabilitate. 

Effect likely to 
be large (severe) 
with respect to 
natural 
variability. 

Impact has a very 
high severity and 
cannot be 
avoided or 
rehabilitated. 

Effect likely to 
be very large 
(severe) with 
respect to natural 
variability. 

Duration Impact is very 
short in duration 
(i.e., days)   

Impact is short 
term (i.e., 
months or 
less)  

Impact is medium 
term (1 to 2 years).  

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

 

Habitat loss and degradation 

Habitat loss and degradation has the potential to occur as a result of: 

 Direct physical disturbance (vegetation clearance causing direct removal of habitat) from earthworks to 
enable the construction of project infrastructure. 

 Deposition of eroded or side-casted sediments (by either wind or water) particularly during the construction 
of the project. 

 Contamination caused by accidental spills of hazardous materials. 

 Project emissions to air and water.  

Due to the combined and interactive nature of these processes, this assessment takes a holistic approach whereby 
the overall significance of changes to each habitat is assessed as opposed to rating each individual process.  

The broad habitat types assessed in this section are grassland and bamboo, sub-tropical mixed hill forest, and 
riparian vegetation. Impacts to smaller communities and individuals which may occur within (or not within) these 
broader habitats are discussed in subsequent sections. 

Habitat loss and degradation of aquatic habitats (Nam Pangyun, Nam La and Myitnge River) are discussed in the 
surface water impact assessment. But the majority (94%) of physical disturbance will occur in the Nam Pangyun 
catchment. A total of 25 hectares (ha) of physical disturbance is predicted within the Nam La mainly as a result 
of constructing the Nam La water harvesting facility, the accommodation camp, a portion of the process plant and 
sections of access roads.  

The most significant cause of habitat loss is vegetation clearance. The project will result in the removal of 
vegetation in order to expand the existing mine pit and construct infrastructure, including the TSFs, diversion dam 
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and Nam La water harvesting facility, waste rock dump and roads. The extent of habitat loss caused by direct 
vegetation removal is summarised in Table 6.148. The project will result in around 458.2 ha of habitat to be lost 
in total. 

Table 6.148 Summary of habitat loss caused by direct vegetation clearance 

Habitat Area to be Lost (within 
project infrastructure 

footprint) (ha) 

Proportion of mapped project footprint 

Grassland 209.9 46% 

Bamboo 126.6 28% 

Bare land 61.5 13% 

Residential area  24.6 5% 

Shrub land 17.1 4% 

Sub-tropical mixed hill forest 11.8 3% 

Agricultural land 3.6 1% 

Waterbody 3.2 1% 

Total 458.2 100% 

Note: approximately 10.4 ha were not mapped 

Habitats most likely to be impacted by direct vegetation removal are grassland, bamboo, bare land and sub-tropical 
mixed hill forest. Grassland occurs widely in the mountainous areas surrounding the Bawdwin concession area 
and as such will be the vegetation most affected by the project with approximately 210 ha cleared for project 
infrastructure.  Bamboo vegetation will also be impacted by vegetation clearance, with approximately 127 ha to 
be removed. The removal of grassland and bamboo in additional to already bare land or urban areas equates to 
more than 92% of the total area of disturbance.  

The project footprint is superimposed over the mapped vegetation types and condition categories and is shown in 
Figure 6.24.  

Grassland 

At a regional level, the project is located within an area that has been broadly mapped as sub-tropical mixed hill 
and savannah vegetation, with elements of mixed deciduous forest, tropical semi evergreen and tropical wet 
evergreen forests. However, forested areas in and surrounding the Bawdwin concession area have largely been 
cleared due to historical mining activities, with most deforestation likely to have occurred centuries ago during 
the Chinese mining era. By the 20th century the entire area represented a denuded landscape that now consists of 
grasslands from Andropogon, Pennisetum, Phragmites, Sporobolus, and Coix genera covering the mountainous 
topography. Continued seasonal burning to promote fodder for cattle grazing has largely ensured that the 
landscape remains a grassland environment. 

The project will result in the direct loss of more than 200 ha of this modified grassland vegetation. In addition, 
side-casting on very steep slopes (e.g., for road construction) and sedimentation resulting from erosion (either by 
air or water) is likely to increase the extent of habitat losses, at least temporarily.  

As discussed, in Section 6.2, the landform of the project area and surrounding region is steep with the majority of 
the terrain having a slope in excess of 20%, and approximately half of the terrain having a slope in excess of 30%. 
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 Figure 6.24 Project footprints superimposed over mapped vegetation types and condition categories
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Historical forest clearing is likely to have exposed topsoils resulting in significant erosion of soils. Soils are 
typically shallow, with a very thin organic layer. Another aspect of the soils is the elevated mineral concentrations, 
with soil sampling showing elevated concentrations of lead, arsenic, and nickel around the former Bawdwin mine 
(see Section 5.1). It is likely that the grassland vegetation present in the area is adaptable and resilient species with 
high colonising abilities. 

Project activities may result in increased levels of dust deposition. Dust deposition is expected to be highest closer 
to sources of dust generation, primarily around the open pit, waste dump, TSFs, haul roads and near any stockpiles. 
Fugitive dust can impact vegetation growth particularly in more exposed open areas that are currently grasslands 
as described in Section 6.8.2. Dust deposition monitoring for the project found that large quantities of dust are 
currently being deposited in the Bawdwin area, with levels ranging between 3.6 g/m2 near the Bawdwin village 
(13 miles) and 29.9 g/m2 at Namtu town near the 32 Mile bridge. Considering the baseline conditions, it is likely 
that grassland vegetation in the project area may be resilient to some degree from dust deposition. The residual 
impact of habitat loss and degradation of grassland habitat is considered to be of low significance, based on the 
high magnitude of impact and the very low sensitivity of the feature (Table 6.149). 

Table 6.149 Residual impact significance summary – construction and operations phases – habitat loss 
and/or degradation of grassland habitat due to vegetation clearance 

Value Sensitivity of value 

Grassland habitat Importance Vulnerability Resilience Sensitivity 

Low 

Grassland has lower 
diversity of species 
compared to more intact 
sub-tropical mixed hill 
forest and does not 
provide critical habitat to 
identified flora and fauna 
species of conservation 
significance in the project 
area. 

Very low 

Grassland is a 
dominant vegetation 
type present in 
previously disturbed 
areas 

High 

grassland is capable 
of recolonising 
previously disturbed 
areas 

Very low 

Impact Magnitude of impact to value 

Habitat loss and 
degradation due 
to vegetation 
clearance and 
dust deposition 

Spatial extent Severity Duration Magnitude 

High  

209.9 ha of grassland will 
be removed, equivalent 
to 46% of the project 
infrastructure footprint 

Medium 

Temporary 
vegetation clearance 
can be rehabilitated. 
Regionally the 
severity of the impact 
would be low due to 
the wide distribution 
of grassland habitat 
beyond the Bawdwin 
concession area. 

Very high  

Areas cleared 
temporarily will be 
impacted long-term 
until rehabilitated. 
Permanently cleared 
areas will be 
impacted 
permanently as 
rehabilitation will not 
be possible and the 
habitat will be 
permanently lost. 

High 

Residual impact significance Low 

Assessment of uncertainty 

Low  

Mapping of this habitat type used satellite imagery combined with field surveys. 

 

Bamboo and shrubland 

In the Bawdwin area, bamboo growth is dominated by species belonging to Bambusa and Dendrocalamus species. 
Bamboo is the dominant vegetation on lower slopes and valley bottoms. These areas are probably most prevalent 
due to deeper soils with higher moisture content. Bamboo is a resilient vegetation type that can rapidly colonise 
land and is widely distributed regionally and nationally. It was assessed that the bamboo vegetation is likely to 
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represent a recolonising vegetation community as opposed to the indigenous/remnant vegetation that occurred 
prior to human settlement and mining activities in the region. Bamboo is also a useful plant for the local 
communities, therefore some of these patches of bamboo may have been intentionally planted. This residual 
impact is considered to be of low significance, based on the medium magnitude of impact and the low sensitivity 
of the feature (Table 6.150). 

Table 6.150 Residual impact significance summary – construction and operations phases –  habitat loss 
and/or degradation of bamboo habitat due to vegetation clearance 

Value Sensitivity of value 

Bamboo habitat Importance Vulnerability Resilience Sensitivity 

Low 

Bamboo has lower 
diversity of species 
compared to more 
intact sub-tropical 
mixed hill forest and 
does not provide 
critical habitat to 
identified flora and 
fauna species of 
conservation 
significance in the 
project area 

Low 

Bamboo habitat 
widely distributed 
regionally and 
nationally 

High 

Bamboo habitat can 
rapidly colonise 
previously disturbed 
areas 

Low 

Impact Magnitude of impact to value 

Habitat loss and 
degradation due to 
vegetation clearance 
and dust deposition 

Spatial extent Severity Duration Magnitude 

Medium  

126 ha of bamboo 
habitat will be lost, 
representing 27% of 
the vegetation lost in 
the project footprint 

Medium  

Bamboo habitat that 
is only temporarily 
lost can be 
rehabilitated. 
Regionally the 
severity of the impact 
would be low due to 
the wide distribution 
of bamboo habitat 
beyond the Bawdwin 
concession area. 

Very high  

Areas cleared 
temporarily will be 
impacted long-term 
until rehabilitated. 
Permanently cleared 
areas will be 
impacted 
permanently as 
rehabilitation will not 
be possible and the 
habitat will be 
permanently lost. 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

Low  

Mapping of this habitat type used satellite imagery combined with field surveys. 
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Sub-tropical mixed hill forest 

Sub-tropical mixed hill forest is found approximately 4 km northwest of the mine pit, and 11.8 ha is expected to 
be cleared during the project primarily due to the construction of the TSFs (approximately 3% of the total project 
footprint). Lateral seepage from the TSFs has the potential to cause additional impacts if this seepage were to 
reach areas of intact forest on the northwestern edges of these facilities. Section 6.3 discusses TSF seepage and 
potential contaminant dispersal.  

There is the potential that the project to introduce or spread invasive species into the region. This could impact 
forested areas beyond the Bawdwin concession area and therefore would be of greater magnitude. The importation 
of vehicles and machinery from other parts of Myanmar particularly for earth moving activities is known to present 
a hazard for the introduction of invasive plant species. In addition, there are a number of invasive plants that 
already occur in the area including Ageratina adenophora and Mikania micrantha. With the implementation of 
management measures particularly quarantine and hygiene measures these risks can be limited, but not eliminated 
and the impact is considered to be of moderate significance, based on the low magnitude of impact and the high 
sensitivity of the feature (Table 6.151). 

Table 6.151 Residual impact significance summary – construction and operations phases – habitat loss 
and/or degradation of sub-tropical mixed hill forest habitat due to vegetation clearance, 
contamination and introduction of invasive species 

Value Sensitivity of value 

Sub-tropical mixed 
hill forest habitat 

Importance Vulnerability Resilience Sensitivity 

Medium 

The habitat supports 
a higher diversity of 
flora and fauna 
compared to other 
habitats in the area 
including several rare 
or threatened species 

High 

This forest type is 
susceptible to clearing for 
land conversion and 
collection of wood 

Low 

the habitat has 
experienced significant 
deforestation and is and 
degraded with lower 
growth rates and a more 
complex structure 

High 

Impact Magnitude of impact to value 

Habitat loss and 
degradation due to 
vegetation clearance, 
contamination and 
introduction of 
invasive species - 
sub-tropical mixed 
hill forest habitat 

Spatial extent Severity Duration Magnitude 

Low 

11.8 ha is expected to 
be cleared, 
representing 
approximately 3% of 
the total project 
footprint 

Medium  

Targeted rehabilitation 
undertaken during 
operation of the project to 
regenerate this habitat type 
around Bawdwin has the 
potential to increase the 
extent of this habitat type 
locally. While the severity 
is considered medium in 
the context of the 
Bawdwin concession area, 
regionally the severity 
would be low. 

Very high  

Impacts will last beyond 
the immediate life of the 
mine due to the longer 
regeneration time of the 
sub-tropical mixed hill 
forest compared to the 
modified grassland and 
bamboo. Impacts will be 
permanent in the case of 
vegetation cleared for 
infrastructure construction 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Low 

Mapping of this habitat type used satellite imagery combined with field surveys. 
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Riparian and aquatic habitat 

Riparian vegetation of varying quality occurs along the Nam Pangyun and Nam La streams. This habitat is known 
to be ecologically important and can act as a refuge for fauna which may move into these habitats in drier parts 
of the year or hot times of the day, such as birds.  Additionally, riparian vegetation can also act as a form of filter 
limiting downstream siltation downstream of areas of disturbance. Therefore, loss of riparian habitat upstream can 
result in increased sedimentation downstream. 

Riparian vegetation alongside the Nam Pangyun and to a lesser extent Nam La will be removed during 
construction of the project associated with construction of watercourse crossings for roads and pipelines, and in 
areas immediately adjacent to waterways. In terms of watercourse crossings, the Namtu – Tiger Camp access road 
crosses the Nam Pangyun four times and the plant road crosses it once. The plant road also has seven crossings 
of smaller tributaries. Abstraction and damming of Nam La also has the potential to result in hydrological 
modifications that could cause localised impacts to these habitats. Increased erosion and sedimentation may also 
impact riparian vegetation due to sediment-laden runoff into watercourses. 

No impacts to riparian habitat are predicted for the Myitnge River as a result of the project. 

With measures implemented to limit disturbance to riparian habitat, maintain hydrological connectivity, minimise 
sedimentation and revegetate disturbed areas, the residual impact to the Nam Pangyun riparian habitat is 
considered to be of low significance, based on the low magnitude of impact and the low sensitivity of the feature 
(Table 6.152). With measures implemented to limit disturbance to riparian habitat, maintain stream flows and 
revegetate disturbed areas, the residual impact to the Nam La riparian habitat is considered to be of low 
significance, based on the low magnitude of impact and the low sensitivity of the feature (Table 6.153). 
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Table 6.152 Residual impact significance summary – construction and operations phases – habitat loss 
and/or degradation of aquatic habitat of the Nam Pangyun due to vegetation clearance, 
reduced stream flow and sedimentation 

Value Sensitivity of value 

Nam Pangyun 
riparian and 
aquatic habitat 

Importance Vulnerability Resilience Sensitivity 

Low 

The Nam Pangyun has 
few beneficial uses or 
biological value as it is a 
highly modified and 
degraded ecosystem due 
to legacy mining impacts 

Low 

The ecosystem is highly 
degraded with tolerant and 
resilient organisms present 

Medium 

The diversity of 
species present are 
highly adaptable 

Low 

Impact Magnitude of impact to value 

Habitat loss and 
degradation due 
to vegetation 
clearance, reduced 
stream flow and 
sedimentation 

Spatial extent Severity Duration Magnitude 

Low  

Localised losses for 
more than 10 
watercourse crossings 
and some downstream 
degradation 

Medium  

The increased sedimentation 
and the potential for reduced 
stream flow particularly during 
the dry season will impact the 
downstream environment. The 
impact severity is not expected 
to be significant considering 
that riparian vegetation is 
along this watercourse is 
variable, often in poor 
condition due to the existing 
legacy mining impacts  

Very high  

The impact will be 
potentially last longer 
than the immediate 
life of the mine due to 
the time taken to 
rehabilitate cleared 
vegetation 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

High 

There are a range of uncertainties relating to the assessment of surface water impacts including the 
prediction of impacts to water quality and stream flows see Section 6.4. 
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Table 6.153 Residual impact significance summary – construction and operations phases – habitat loss 
and/or degradation of aquatic habitat of the Nam La due to vegetation clearance, reduced 
stream flow and sedimentation 

Value Sensitivity of value 

Nam La riparian and 
aquatic habitat 

Importance Vulnerability Resilience Sensitivity 

Medium 

The Nam La 
ecosystem is largely 
undisturbed, with 
aquatic habitat and 
pollution-sensitive 
species present 

Medium 

The ecosystem was 
assessed to be in 
moderate to good 
condition and 
moderately sensitive 
to change 

Medium 

The Nam La 
catchment is mostly 
unmodified and has 
limited resilience to 
changes in the dry 
season 

Medium 

Impact Magnitude of impact to value 

Habitat loss and/or 
degradation of 
aquatic habitat due to 
vegetation clearance, 
reduced stream flow 
and sedimentation 

Spatial extent Severity Duration Magnitude 

Low  

Localised impacts 
and some 
downstream 
degradation due to 
increased 
sedimentation and the 
potential for reduced 
stream flow during 
the dry season. 

Medium  

Localised losses of 
habitat and the 
potential for reduced 
stream flow during 
the dry season.  

 

Very high  

The impact will be 
potentially last 
longer than the 
immediate life of the 
mine due to the time 
taken to rehabilitate 
cleared vegetation 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

There are a range of uncertainties relating to the assessment of surface water impacts including 
the prediction of impacts to water quality and stream flows see Section 6.4. 

 

Flora and fauna assemblages and populations 

Terrestrial  

It is predicted that there will be reduced abundance and/or diversity of flora and fauna populations as a 
consequence of: 

 Changes to available habitat (including food sources, shelter and nesting or roosting sites) due to habitat loss 
and degradation (described above). 

 Injury, death or displacement of flora and fauna from vegetation clearing and earthworks, collision with 
vehicles and predation by exotic species. 

 Increased disturbance (through project-related noise, vibration and lighting) disrupting the behaviour of fauna 
and potentially reducing reproductive success. 

The extent to which flora and fauna populations would be impacted by the project (either directly or indirectly) 
depends on their abundance and distribution, demographics, and ecology and how this relates to processes affected 
by the project.  

As described above, most impacts are predicted to occur within the grassland and bamboo habitats. Based on field 
surveys completed for the project, these habitats represent degraded or secondary regrowth communities and as 
such comprise a flora and fauna assemblage dominated by common, adaptable and wide-spread species. 

Responses to habitat loss or degradation may affect the demographic structure of individual populations or the 
composition of communities. Species that prefer forest interiors and mature forest (particularly in montane 
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ecosystems), and taxa that are subject to other threatening processes are most likely to suffer population declines. 
In contrast species that occur on modified environments are likely to have a degree of resilience. 

Injury, death or displacement causing reduced abundance and/or diversity of species due to vegetation clearing 
and earthworks and collisions with vehicles. The construction of new access roads and haul roads, and subsequent 
use of these roads and the export corridor during operations increases the possibility of direct mortality of fauna 
by collisions with vehicles. Additionally, the vegetation clearance and earthworks during construction may cause 
direct mortality of slow-moving fauna.   

Disrupted behaviour and reproductive success, for example from increased industrial noise, blasting, vibration 
and lighting, may cause reduced local abundance and/or diversity of species due to increased project-related noise 
and light emissions. Herpetofauna and nocturnal birds are more susceptible to this impact, however as the impact 
will be localised, the impact to the overall fauna community is considered to be negligible.  

Overall, reduced abundance and/or diversity of the flora and fauna population in the grassland habitat is considered 
to be a residual impact of low significance, based on the medium magnitude of impact and the very low 
sensitivity of the feature (Table 6.154). 
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Table 6.154 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the grassland habitat 

Value Sensitivity of value 

Grassland habitat 
flora and fauna 
population 

Importance Vulnerability Resilience Sensitivity 

Low 

Grassland has lower 
diversity of species 
compared to more 
intact sub-tropical 
mixed hill forest and 
does not provide 
critical habitat to 
identified flora and 
fauna species of 
conservation 
significance in the 
project area 

Very low 

Grassland is a 
dominant vegetation 
type present in 
previously disturbed 
areas 

High 

Grassland is capable 
of recolonising 
previously disturbed 
areas 

Very low 

Impact Magnitude of impact to value 

Reduced abundance 
and/or diversity of 
flora and fauna 
population 

Spatial extent Severity Duration Magnitude 

Medium  

The grassland habitat 
is the most prevalent 
habitat type in the 
Bawdwin concession 
area, so a larger area 
may be impacted than 
other habitat types 

Low  

Losses of individual 
plants and animals 
located in these areas 
unlikely to affect 
regional populations 

Very high  

The impact to the 
community will be 
last beyond the 
immediate life of the 
mine  

Medium 

Residual impact significance Very low 

Assessment of uncertainty 

Low 

While field surveys are unlikely to have recorded all species present within the habitat, 
ecological impacts can be predicted with a degree of confidence given the distribution of the 
habitat in the region. 
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Overall, reduced abundance and/or diversity of the flora and fauna population in the bamboo habitat is considered 
to be a residual impact of low significance, based on the low magnitude of impact and the low sensitivity of the 
feature (Table 6.155). Due to the higher sensitivity, the residual impact to the sub-tropical mixed hill forest habitat 
is considered to be of moderate significance, based on the low magnitude of impact and the high sensitivity of 
the feature (Table 6.156). 

Table 6.155 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the bamboo habitat 

Value Sensitivity of value 

Bamboo habitat flora 
and fauna population 

Importance Vulnerability Resilience Sensitivity 

Low 

Bamboo has lower 
diversity of species 
compared to more 
intact sub-tropical 
mixed hill forest and 
does not provide 
critical habitat to 
identified flora and 
fauna species of 
conservation 
significance in the 
project area 

Low 

Bamboo habitat 
widely distributed 
regionally and 
nationally 

High 

Bamboo habitat can 
rapidly colonise 
previously disturbed 
areas 

Low 

Impact Magnitude of impact to value 

Reduced abundance 
and/or diversity of 
the flora and fauna 
population 

Spatial extent Severity Duration Magnitude 

Low  

The bamboo habitat 
is less extensive than 
the grassland habitat, 
so the area able to be 
impacted is more 
limited 

Low  

Losses of individual 
plants and animals 
located in these areas 
unlikely to affect 
regional populations 

Very high  

The impact to the 
community will be 
last beyond the 
immediate life of the 
mine  

Low 

Residual impact significance Low 

Assessment of uncertainty 

Low 

While field surveys are unlikely to have recorded all species present within the habitat, 
ecological impacts can be predicted with a degree of confidence given the distribution of the 
habitat in the region. 
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Table 6.156 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the sub-tropical mixed hill 
forest habitat 

Value Sensitivity of value 

Sub-tropical mixed 
hill habitat flora and 
fauna population 

Importance Vulnerability Resilience Sensitivity 

Medium 

The habitat supports 
a higher diversity of 
flora and fauna 
compared to other 
habitats in the area 
including several rare 
or threatened species 

High 

This forest type is 
susceptible to 
clearing for land 
conversion and 
collection of wood 

Low 

the habitat has 
experienced 
significant 
deforestation and is 
and degraded with 
lower growth rates 
and a more complex 
structure 

High 

Impact Magnitude of impact to value 

Reduced abundance 
and/or diversity of 
the flora and fauna 
population 

Spatial extent Severity Duration Magnitude 

Very low  

The sub-tropical 
mixed hill forest 
habitat makes up a 
small area of the 
project footprint, so 
only a small area may 
be impacted 

Low 

The sub-tropical 
mixed hill forest 
habitat supports more 
specialist species 
however the 
proportion of habitat 
to be impacted will 
not result in notable 
loss of abundance or 
diversity. 

High 

The impact to the 
community will be 
long term 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

Due to logistical limitation there were few survey sites located within this habitat and therefore 
there is a moderate degree of uncertainty regarding the composition of the flora and fauna that it 
supports.  

 

Aquatic flora and fauna assemblage  

Nam Pangyun Stream 

The Nam Pangyun stream will be impacted by the construction and operation of the project, as discussed in 
Section 6.4. These changes have the potential to impact the aquatic flora and fauna assemblage of the Nam 
Pangyun stream. The aquatic ecosystem in the Nam Pangyun has very low biological value due to the highly 
degraded existing condition of the stream, primarily due to legacy mining impacts. The biological survey 
(discussed in Section 5.7) recorded aquatic habitats and fauna in the less degraded upper Nam Pangyun stream. 
The aquatic flora and fauna assemblage is limited, lacking in flora species present in the Nam La stream and 
exhibiting an absence of pollution sensitive species such as caddisflies and blackflies. Highly tolerant and resilient 
organisms such as midges were present, and these are probably somewhat adaptable to further degradation.  
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Key processes that may impact this value include: 

 Physical disturbance of aquatic habitat due to direct removal or smothering of instream and riparian habitat. 

 Surface water flow changes due to the Nam Pangyun stream diversion, water abstraction and landform and 
drainage changes causing reduced flows.  

 Reduced water quality (total and dissolved metals, TSS, cyanide, turbidity and acidity) as a result of runoff 
and seepage from contaminated sites (including the TSFs and WRD) and discharge of poor-quality water into 
the Nam Pangyun.  

With measures implemented to minimise impacts to aquatic habitats by limiting and mitigating reductions in 
surface water flows, minimising increased sediment input into the watercourse and minimising further degradation 
of water quality the residual impact to the Nam Pangyun flora and fauna population is considered to be of low 
significance, based on the medium magnitude of impact and the low sensitivity of the feature (Table 6.157). 

Table 6.157 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the Nam Pangyun 

Value Sensitivity of value 

Nam Pangyun flora 
and fauna population 

Importance Vulnerability Resilience Sensitivity 

Low 

The Nam Pangyun 
has few beneficial 
uses or biological 
value as it is a highly 
modified and 
degraded ecosystem 
due to legacy mining 
impacts 

Low 

The ecosystem is 
highly degraded with 
tolerant and resilient 
organisms present 

Medium 

The diversity of 
species present are 
highly adaptable 

Low 

Impact Magnitude of impact to value 

Reduced abundance 
and/or diversity due 
to physical 
disturbance from 
direct removal or 
smothering of aquatic 
and riparian habitat, 
surface water flow 
changes and reduced 
water quality 

Spatial extent Severity Duration Magnitude 

Medium  

Effects are predicted 
to occur from the 
headwaters of the 
stream to the lower 
reaches 

Low to medium  

Implementation of 
management 
measures and 
consideration of the 
natural variability of 
flows and quality of 
the surface water 
feature will minimise 
further potential 
impacts. 

Very high 

Long term effects are 
predicted to extend 
beyond the 
immediate mine life 

Medium 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

There are a range of uncertainties relating to the assessment of surface water impacts including 
the prediction of impacts to water quality and stream flows see Section 6.4.  
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Nam La 

The Nam La stream will be impacted by the construction and operation of the project as discussed in Section 6.4. 
These changes have the potential to further impact the aquatic flora and fauna assemblage of the Nam La 
ecosystem. The aquatic ecosystem in the Nam La stream has higher biological importance than that of the Nam 
Pangyun stream. The aquatic flora and fauna assemblage included six species of aquatic plants, four fish species, 
and a range of macroinvertebrates. Macroinvertebrates sampling identified highly tolerant and resilient organisms 
such as midges, which are probably somewhat adaptable to further degradation, and pollution sensitive organisms 
such as caddisflies and mayflies which may be less adaptable (see Section 5.7). 

Key processes that may impact this value include: 

 Physical disturbance of aquatic habitat for construction of the Nam La water harvesting facility causing 
downstream sedimentation. 

 Reduced water quality as a result of runoff and sedimentation effects during construction of the process plant 
and accommodation camp access road. 

 Water abstraction with the potential to reduce surface water flows.  

 Post closure drainage of TSF A (and TSF B via TSF A) into the Nam La stream. 

Flows in the stream are expected to be maintained by compensation flows offsetting water abstraction, and 
physical disturbance is expected to be limited by rehabilitation of disturbed areas (including dam embankments), 
and recovery of flows and dispersal of sediment after construction is complete.  
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With implementation of management measures that aim to minimise impacts by limiting and mitigating reductions 
in surface water flows, minimising increased sediment input into the watercourse and minimising further 
degradation of water quality, the residual impact to the Nam La flora and fauna population is considered to be of 
moderate significance, based on the medium magnitude of impact and the medium sensitivity of the feature 
(Table 6.158). 

Table 6.158 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the Nam La stream 

Value Sensitivity of value 

Nam La flora 
and fauna 
population 

Importance Vulnerability Resilience Sensitivity 

Medium 

The Nam La ecosystem 
is largely undisturbed, 
with aquatic habitat and 
pollution-sensitive 
species present 

Medium 

The ecosystem was assessed to 
be in moderate to good 
condition and moderately 
sensitive to change 

Medium 

The Nam La catchment 
is mostly unmodified 
and has limited 
resilience to changes in 
the dry season 

Medium 

Impact Magnitude of impact to value 

Reduced 
abundance 
and/or diversity 
due to physical 
disturbance of 
aquatic habitat 
from 
sedimentation 
and surface 
water flow 
changes - Nam 
La 

Spatial extent Severity Duration Magnitude 

Low  

Effects predicted to 
primarily occur in the 
headwaters of the 
stream 

Medium 

The severity of effects to 
aquatic ecosystems of the Nam 
La stream as a result of water 
abstraction during operations 
and post closure water 
discharge from TSF A is more 
difficult to predict, but is 
conservatively assessed as 
medium, provided an 
appropriate cover design is 
constructed and any necessary 
compensatory flows are 
provided to avoid downstream 
impacts.  

High  

Impacts will occur 
mostly during 
construction, however 
long term effects are 
predicted to extend for 
the life of the mine due 
to water abstraction, 
and into the post-
closure period due to 
TSF drainage 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

There are a range of uncertainties relating to the assessment of surface water impacts including the 
prediction of impacts to water quality and stream flows see Section 6.4. 

 

Myitnge River 

The Myitnge River will be impacted by the construction and operation of the project as discussed in Section 6.4. 
These changes have the potential to further impact the aquatic flora and fauna assemblage of the Myitnge River 
ecosystem. The value of the aquatic ecosystem in the Myitnge River relates to its ecological importance in the 
region, with aquatic vegetation providing habitat for aquatic fauna. 

Key processes that may impact this value include: 

 Physical disturbance of aquatic habitat from sediment-rich discharge from the Nam Pangyun stream causing 
downstream sedimentation and reduction of streambed sediment quality. 

 Reduced water quality due to metal and sediment-rich discharge from the Nam Pangyun stream. 

With the implementation of management measures the residual impact to the Myitnge River flora and fauna 
population is considered to be of low significance, based on the low magnitude of impact and the medium 
sensitivity of the feature (Table 6.159). 
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Table 6.159 Residual impact significance summary – construction and operations phases – reduced 
abundance and/or diversity of the flora and fauna population in the Myitnge River 

Value Sensitivity of value 

Myitnge River flora 
and fauna population 

Importance Vulnerability Resilience Sensitivity 

Medium 

The aquatic 
ecosystem in the 
Myitnge is of 
regional importance, 
with turtles and 
several species of fish 
present. Additionally, 
instream and riparian 
plants provide a 
habitat for aquatic 
fauna 

High 

The existing condition of 
the aquatic ecosystem is 
moderate and is 
threatened by 
anthropogenic impacts 

Medium 

The river has some flushing 
capacity and resilience to 
change 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
and/or diversity of 
the flora and fauna 
population in the 
Myitnge River 

Spatial extent Severity Duration Magnitude 

Low  

The effects are 
predicted to be 
localised to the 
confluence with the 
Nam Pangyun 

Low  

The existing natural 
variability of water 
quality in the Myitnge 
River and 
implementation of 
management measures to 
limit contaminants 
entering the Nam 
Pangyun, and by 
extension the Myitnge 
River 

Very high 

Physical disturbance and 
reduced water quality of the 
Nam Pangyun stream 
discharge is expected to 
occur throughout 
construction and operations. 
Long term effects are 
predicted to extend beyond 
the immediate life of the 
mine 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

There are a range of uncertainties relating to the assessment of surface water impacts including 
the prediction of impacts to water quality and stream flows see Section 6.4. 

 

Threatened species 

Flora 

Two flora species of conservation significance were identified in the biological study area (Section 5.7.2). These 
are the palm Cycas pectinata and Burmese blackwood (Dalbergia cultrate), both of which are listed as Vulnerable 
and Near Threatened on the IUCN respectively. One specimen of the palm (Cycas pectinata) was located to the 
northwest of the proposed location of the process plant. One specimen of the Burmese blackwood was located on 
the proposed haul road between near the proposed location of the process plant. 

Cycas pectinata occurs in hill forests of northeastern India, Nepal, Bhutan, Bangladesh. It also extends into 
northern Myanmar and Yunnan Province in southern China, and south and east into northern Thailand, Lao PDR, 
Vietnam and northeastern Cambodia. It has been recorded from a variety of substrates and typically occurs in 
medium to tall, closed forest on deep, often clay-rich and more fertile soils, usually as part of the general shrub 
understory in moderate to deep shade. 

Loss or degradation of the habitat of this species may reduce the abundance within the project area. The residual 
impact to the Cycas pectinata population is considered to be of low significance, based on the low magnitude of 
impact and the medium sensitivity of the feature (Table 6.160). 
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Table 6.160 Residual impact significance summary – construction and operations phases – reduced 
abundance of Cycas pectinata due to habitat loss and degradation 

Value Sensitivity of value 

Cycas pectinata  Importance Vulnerability Resilience Sensitivity 

Medium 

Cycas pectinata is listed 
as Vulnerable on the 
IUCN Red List and is of 
international 
conservation 
significance 

Medium 

The preferred habitat 
of Cycas pectinata is 
being reduced 

Medium 

Cycas pectinata can grow 
on a range of substrates, 
however, requires 
medium to tall closed 
forest on deep soil 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation - 
Cycas pectinata 

Spatial extent Severity Duration Magnitude 

Low  

While there is the 
possibility that the 
species occurs in the 
project footprint, more 
than 95% of the 
footprint area is 
considered to represent 
suboptimal habitat for 
the species. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of the 
species, instead 
representing the 
losses of individual 
plants 

High 

Threats to this species 
associated with the 
project may occur during 
construction or operations 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Uncertainty regarding the distribution of the species within the project area. 
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Burmese blackwood occurs in Myanmar, Cambodia, China (Yunnan province), Lao PDR, Thailand, and Vietnam. 
This medium sized deciduous tree which grows in humid deciduous, evergreen forests as well as open forest, 
bamboo forest, and dry dipterocarp forest. There is the potential that a number of individual trees of this species 
are cleared for the project. The residual impact to the Burmese blackwood is considered to be low significance, 
based on the low magnitude of impact and the medium sensitivity of the feature (Table 6.161). 

Table 6.161 Residual impact significance summary – construction and operations phases – reduced 
abundance of Burmese blackwood due to habitat loss and degradation 

Value Sensitivity of value 

Burmese blackwood  Importance Vulnerability Resilience Sensitivity 

Medium 

Burmese blackwood 
is listed as Near 
Threatened on the 
IUCN Red List and is 
of international 
conservation 
significance 

High 

The population is 
declining, mainly due 
to exploitation for 
timber 

Medium 

Burmese blackwood 
is able to grow in a 
range of habitats 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation - 
Burmese blackwood 

Spatial extent Severity Duration Magnitude 

Low  

Low spatial extent 
predicted due to the 
habitat present with 
the project footprint. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Uncertainty regarding the distribution of the species within the project area.  

Fauna 

The biodiversity study anecdotally reported four threatened fauna species including the Chinese pangolin, dhole, 
Asian black bear and hog badger. These species were historically recorded by hunters in the broader study area 
including near Tiger Camp. However, there is uncertainty as to the currency of such records. Nonetheless, while 
the likelihood of occurrence of these species is low, they have been conservatively included for the assessment. 
After the completion of the biodiversity study, a king cobra was observed within the existing Bawdwin operational 
area. The king cobra is a threatened species, considered Vulnerable on the IUCN Red List.  

Each of these species have wide distributions and broad habitat requirements (Appendix D). As such, there is the 
possibility that individuals of these species occur in the project footprint, albeit with low likelihood of occurrence. 
As medium to large sized and mobile mammals, vehicle strikes also have the potential to result in injury or death 
of individuals. Again, this is assessed to be an unlikely or infrequent occurrence.  

The residual impact to Chinese pangolin is considered to be of moderate significance, based on the low 
magnitude of impact and the high sensitivity of the feature (Table 6.162). 
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Table 6.162 Residual impact significance summary – construction and operations phases – reduced 
abundance of Chinese pangolin due to habitat loss and degradation 

Value Sensitivity of value 

Chinese pangolin  Importance Vulnerability Resilience Sensitivity 

High 

Chinese pangolin is 
listed as Critically 
Endangered on the 
IUCN Red List and is 
of international 
conservation 
significance 

High 

Chinese pangolin is 
threatened by hunting 
and poaching. 

Medium 

The Chinese 
pangolin can be 
found in a range of 
habitat 

 

High 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation  

Spatial extent Severity Duration Magnitude 

Very low  

The majority of the 
project footprint is 
considered to 
represent suboptimal 
habitat and the 
species has a low 
likelihood of 
occurring. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

Uncertainty regarding the current presence of the species due to the reliance on interviews with 
hunters regarding the presence of the species. 
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The residual impact to dhole is considered to be of low significance, based on the low magnitude of impact and 
the medium sensitivity of the feature (Table 6.163). 

Table 6.163 Residual impact significance summary – construction and operations phases – reduced 
abundance of dhole due to habitat loss and degradation 

Value Sensitivity of value 

Dhole  Importance Vulnerability Resilience Sensitivity 

High 

Dhole is listed as 
Endangered on the 
IUCN Red List and is 
of international 
conservation 
significance 

Medium 

Dhole is threatened 
by habitat loss and 
degradation, as well 
as prey depletion 

 

High 

The Dhole is a 
habitat generalist and 
can be found in a 
range of habitats 

 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation 

Spatial extent Severity Duration Magnitude 

Very low  

The majority of the 
project footprint is 
considered to 
represent suboptimal 
habitat and the 
species has a low 
likelihood of 
occurring. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

Uncertainty regarding the current presence of the species due to the reliance on interviews with 
hunters regarding the presence of the species. 
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The residual impact to Asian black bear is considered to be of low significance, based on the low magnitude of 
impact and the medium sensitivity of the feature (Table 6.164). 

Table 6.164 Residual impact significance summary – construction and operations phases – reduced 
abundance of Asian black bear due to habitat loss and degradation 

Value Sensitivity of value 

Asian black bear  Importance Vulnerability Resilience Sensitivity 

Medium 

Asian black bear is 
listed as Vulnerable 
on the IUCN Red 
List and is of 
international 
conservation 
significance 

High 

Asian black bear is 
threatened by habitat 
loss and hunting. 

Medium 

The Asian black bear 
can be found in a 
range of habitats 

 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation 

Spatial extent Severity Duration Magnitude 

Very low  

The majority of the 
project footprint is 
considered to 
represent suboptimal 
habitat and the 
species has a low 
likelihood of 
occurring. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High  

Uncertainty regarding the current presence of the species due to the reliance on interviews with 
hunters regarding the presence of the species. 
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The residual impact to hog badger is considered to be of low significance, based on the low magnitude of impact 
and the medium sensitivity of the feature (Table 6.165). 

Table 6.165 Residual impact significance summary – construction and operations phases – reduced 
abundance of hog badger due to habitat loss and degradation 

Value Sensitivity of value 

Hog badger Importance Vulnerability Resilience Sensitivity 

Medium 

Hog badger is listed 
as Vulnerable on the 
IUCN Red List and is 
of international 
conservation 
significance 

Medium 

Hog badger has a 
wide distribution but 
is threatened by 
hunting  

Medium 

The hog badger can 
be found in a range 
of habitats 

 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation  

Spatial extent Severity Duration Magnitude 

Very low  

The majority of the 
project footprint is 
considered to 
represent suboptimal 
habitat and the 
species has a low 
likelihood of 
occurring. 

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High  

Uncertainty regarding the current presence of the species due to the reliance on interviews with 
hunters regarding the presence of the species. 
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The residual impact to king cobra is considered to be of low significance, based on the low magnitude of impact 
and the medium sensitivity of the feature (Table 6.166). 

Table 6.166 Residual impact significance summary – construction and operations phases – reduced 
abundance of king cobra due to habitat loss and degradation 

Value Sensitivity of value 

King cobra Importance Vulnerability Resilience Sensitivity 

Medium 

King cobra is listed 
as Vulnerable on the 
IUCN Red List and is 
of international 
conservation 
significance 

Medium 

King cobra has a 
wide distribution but 
is threatened by 
hunting and habitat 
loss/degradation 

Medium 

The king cobra can 
be found in a range 
of habitats, usually 
forests. 

 

Medium 

Impact Magnitude of impact to value 

Reduced abundance 
due to habitat loss 
and degradation – 
king cobra 

Spatial extent Severity Duration Magnitude 

Very low  

The majority of the 
project footprint is 
considered to 
represent suboptimal 
habitat and the 
species has a low 
likelihood of 
occurring.  

Low  

Localised physical 
disturbances are 
unlikely to impact 
upon the regional 
populations of these 
species, instead 
representing the 
losses of individuals 

High 

Threats to this 
species associated 
with the project may 
occur during 
construction or 
operations, should 
individuals be 
present in the project 
area 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium  

Uncertainty regarding the total population and distribution of the species within the project area. 

 

Summary of residual impacts 

Table 6.167 provides a summary of the residual impacts and their significance. The importance, vulnerability, and 
resilience of the defined biological value are assessed in Section 5.7.4. 
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Table 6.167 Summary of assessment of residual biological value impacts 

Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

Habitat loss 
and 
degradation 
due to 
vegetation 
clearance and 
dust 
deposition  

Grassland 
habitat 

 Very 
low 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

High 

 High 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 
duratio
n 

 Revegetation 
measures 
(progressive 
rehabilitation) 

 Measures to 
limit physical 
disturbance 
and vegetation 
loss 

 Implement and 
maintain 
erosion and 
sediment 
controls. 

Low 209.9 ha of modified 
grassland vegetation 
will be removed, 
mostly permanently for 
the construction of 
project infrastructure 
e.g., open pit, TSFs and 
waste dump. Grassland 
habitat supports 
common and generalist 
species and where 
temporarily removed 
can probably be 
rehabilitated. There is 
also the potential to 
rehabilitate the waste 
dump and TSFs with 
grassland.  

Low 

 Mapping 
of this 
habitat 
used 
satellite 
imagery 
and field 
surveys 

 

Bamboo 
and 
shrubland 
habitat 

 Low 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

Medium  

 Mediu
m 
spatial 
extent  

 Mediu
m 
severit
y 

 Very 
high 
duratio
n  

 Revegetation 
measures 
(progressive 
rehabilitation) 

 Measures to 
limit physical 
disturbance 
and vegetation 
loss 

 Implement and 
maintain 
erosion and 
sediment 
controls. 

Low 126.6 ha of modified 
bamboo vegetation will 
be removed, mostly 
permanently for the 
construction of 
infrastructure. Bamboo 
habitat does not 
provide critical habitat 
to species of 
conservation 
significance and where 
temporarily removed 
can probably be 
rehabilitated. 

Low 

 Mapping 
of this 
habitat 
used 
satellite 
imagery 
and field 
surveys 

 

Habitat loss 
and 
degradation 
due to 
vegetation 
clearance, 
contaminatio
n and 
introduction 
of invasive 
species 

Sub-
tropical 
mixed hill 
forest 
habitat 

 High 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

Medium 

 Low 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 

 Revegetation 
measures 
(progressive 
rehabilitation) 

 Measures to 
limit physical 
disturbance 
and vegetation 
loss 

 Implement and 
maintain 
erosion and 
sediment 
controls. 

High 11.8 ha of ecologically 
important sub-tropical 
mixed hill forest will 
be removed, with either 
a long term or 
permanent effect. Sub-
tropical mixed hill 
forest has a higher 
diversity of flora and 
fauna compared to 
bamboo or grassland 
habitat and supports 
threatened species.  

Low 

 Mapping 
of this 
habitat 
used 
satellite 
imagery 
and field 
surveys 
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Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

Habitat loss 
and/or 
degradation 
due to 
vegetation 
clearance, 
reduced 
stream flow 
and 
sedimentatio
n 

Riparian 
habitat of 
Nam 
Pangyun 

 Low 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Medium 

 Low 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 
duratio
n 

 Limit and 
rehabilitate 
physical 
disturbance 
and vegetation 
clearance of 
riparian and 
aquatic habitat 

 Implement and 
maintain 
erosion and 
sediment 
controls. 

 Implement 
surface water 
management 
measures to 
reduce 
degradation of 
water quality 
and changes in 
surface flows  

Low More than 10 
watercourse crossings 
will result in loss of 
habitat and 
downstream 
degradation, and the 
habitat will also be 
impacted by 
sedimentation and 
reduced stream flow. 
Riparian habitat along 
the Nam Pangyun is 
typically of poor 
condition, and 
management measures 
are expected to 
mitigate most of the 
impact.  

Medium 

 Uncertainti
es relate to 
surface 
water 
impacts 
and 
prediction 
of impacts 
to water 
quality and 
stream 
flow 

Riparian 
habitat of 
Nam La 

 Mediu
m 
sensiti
vity  

 

Construc
tion and 
operatio
ns 

Medium 

 Low 
spatial 
extent 

 Mediu
m 
severit
y 

 Very 
high 
duratio
n  

 Limit and 
rehabilitate 
physical 
disturbance 
and vegetation 
clearance of 
riparian and 
aquatic habitat 

 Implement and 
maintain 
erosion and 
sediment 
controls. 

 Implement 
surface water 
management 
measures to 
reduce 
degradation of 
water quality 
and changes in 
surface flows 

Modera
te 

There may be some 
downstream 
degradation and 
reduced stream flow 
during the dry season. 
Impacts may last 
longer than the life of 
the mine due to time 
taken to rehabilitate 
cleared vegetation. 
Riparian habitat along 
the Nam La is of higher 
importance and more 
vulnerable than that of 
the Nam Pangyun and 
is typically in better 
condition. 

Medium 

 Uncertainti
es relate to 
surface 
water 
impacts 
and 
prediction 
of impacts 
to water 
quality and 
stream 
flow 
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Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

Reduced 
abundance 
and/or 
diversity due 
to changes to 
available 
habitat due to 
habitat loss 
and 
degradation, 
injury death 
or 
displacement 
from 
vegetation 
clearing and 
earthworks, 
collision with 
vehicles and 
predation by 
exotic 
species, and 
increased 
disturbance 
through 
project-
related noise 
and lighting 

Flora and 
fauna 
assemblag
e of 
grassland 
habitat  

 Very 
low 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Medium 

 Mediu
m 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
duratio
n 

 Measures to 
limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss  

 Traffic 
measures to 
prevent 
collisions 

 Weed and 
pathogen 
prevention 
measures 

 

Very 
low 

Despite the potential 
for a large area to be 
impacted and effects to 
last beyond the life of 
the mine, losses of 
individual plants are 
not expected to affect 
regional populations. 

Low 

 Field 
surveys 
were 
conducted 

 Ecological 
impacts 
can be 
predicted 
with a 
degree of 
confidence 
given the 
distributio
n of the 
habitat in 
the region. 

Flora and 
fauna 
assemblag
e of 
bamboo 
habitat 

 Low 
sensiti
vity 

Construc
tion and 
operatio
ns 

Low 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
duratio
n 

 Measures to 
limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss  

 Traffic 
measures to 
prevent 
collisions 

 Weed and 
pathogen 
prevention 
measures 

Low Despite the potential 
for effects to last 
beyond the life of the 
mine, losses of 
individual plants are 
not expected to affect 
regional populations. 

Low 

 Field 
surveys 
were 
conducted 

 Ecological 
impacts 
can be 
predicted 
with a 
degree of 
confidence 
given the 
distributio
n of the 
habitat in 
the region. 

Flora and 
fauna 
assemblag
e of sub-
tropical 
mixed hill 
forest 

 High 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Mediu
m 
severit
y 

 High 
duratio
n 

 Measures to 
limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss  

 Traffic 
measures to 
prevent 
accidents and 
spills 

 Weed and 
pathogen 
prevention 
measures 

Modera
te 

Only a small area may 
be impacted, however 
more specialist species 
are present in this 
habitat and losses of 
individual plants may 
affect the diversity 
and/or abundance of 
the population.  

Medium 

 Few 
survey 
sites 
within this 
habitat 

Reduced 
abundance 
and/or 
diversity due 
to physical 
disturbance 
from direct 
removal or 
smothering 
of aquatic 
and riparian 
habitat, 
surface water 
flow changes 

Flora and 
fauna 
assemblag
e of Nam 
Pangyun 
aquatic 
ecosystem 

 Low 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

Medium 

 Mediu
m 
spatial 
extent 

 Low to 
mediu
m 
severit
y 

 Very 
high 
duratio
n 

 Implement 
surface water 
management 
measures to 
reduce 
degradation of 
water quality 
and changes in 
surface flows  

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low The Nam Pangyun has 
low biological value, 
supporting tolerant 
species. While effects 
are predicted to occur 
through most of the 
stream, management 
measures and 
consideration of the 
existing condition limit 
the magnitude of this 
impact. 

Medium 

 Uncertainti
es relate to 
surface 
water 
impacts 
and 
prediction 
of impacts 
to water 
quality and 
stream 
flow 
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Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

and reduced 
water quality 

Reduced 
abundance 
and/or 
diversity due 
to physical 
disturbance 
of aquatic 
habitat from 
sedimentatio
n and surface 
water flow 
changes 

Flora and 
fauna 
assemblag
e of Nam 
La aquatic 
ecosystem 

 Mediu
m 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

Medium 

 Low 
spatial 
extent 

 Mediu
m 
severit
y 

 High 
duratio
n 

 Implement 
surface water 
management 
measures to 
reduce 
degradation of 
water quality 
and changes in 
surface flows  

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Modera
te 

Higher ecological 
importance than the 
Nam Pangyun aquatic 
ecosystem, supporting 
several plant, fish and 
macroinvertebrate 
species. Impacts will 
be mainly during 
construction however 
will extend post-
closure due to water 
abstraction during 
operations and post-
closure TSF drainage.   

Medium 

 Uncertainti
es relate to 
surface 
water 
impacts 
and 
prediction 
of impacts 
to water 
quality and 
stream 
flow 

Reduced 
abundance 
and/or 
diversity due 
to physical 
disturbance 
from 
sediment-rich 
poor-quality 
discharge 
from the 
Nam 
Pangyun 

Flora and 
fauna 
assemblag
e of 
Myitnge 
River 
aquatic 
ecosystem 

 Mediu
m 
sensiti
vity 

 

Construc
tion, 
operatio
ns and 
closure 

Low 

 Low 
spatial 
extent 

 Low 
severit
y 

 Very 
high 
duratio
n 

 Implement 
surface water 
management 
measures to 
reduce 
degradation of 
water quality 
and changes in 
surface flows  

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low Impacts to the aquatic 
ecosystem are likely to 
be localised to the 
confluence with the 
Nam Pangyun. The 
Myitnge River aquatic 
ecosystem is regionally 
important; however 
impacts will be 
managed by the 
implementation of 
measures to limit 
contaminants entering 
the Nam Pangyun 
which would then be 
discharged to the 
Myitnge River. 

Medium 

 Uncertainti
es relate to 
surface 
water 
impacts 
and 
prediction 
of impacts 
to water 
quality and 
stream 
flow 

Reduced 
abundance 
due to habitat 
loss and 
degradation 

Cycas 
pectinata 

 Mediu
m 
sensiti
vity  

 

Construc
tion and 
operatio
ns 

Low 

 Low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss  

 Weed and 
pathogen 
prevention 
measures 

Low Unlikely to occur in the 
project area, as the 
habitats are largely 
suboptimal. Any losses 
will probably be of 
individual plants and 
not likely to affect the 
regional population. 

Medium 

 Uncertaint
y 
regarding 
distributio
n 

Reduced 
abundance 
due to habitat 
loss and 
degradation 

Burmese 
blackwood  

 Mediu
m 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Low 

 Low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

 Weed and 
pathogen 
prevention 
measures 

 

Low May occur in the 
project area, within the 
bamboo habitat. Any 
losses are likely to be 
of individual plants and 
not likely to affect the 
regional population. 
The species will be 
included in the 
revegetation program 
to alleviate the impact 
on the population. 

Medium 

 Uncertaint
y 
regarding 
distributio
n 

Reduced 
abundance 
due to habitat 
loss and 
degradation 

Chinese 
pangolin  

 High 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Low 
severit
y 

 Implement 
fauna 
management 
and traffic 
measures to 
minimise 
impacts 
caused by the 
project and 

Modera
te 

The majority of the 
project footprint is 
suboptimal habitat for 
this species, and they 
are unlikely to occur. 
Any losses are likely to 
be of individuals and 
not likely to affect the 
regional population. 

High 

 Uncertaint
y 
regarding 
current 
presence 

 Historic 
presence 
reported 
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Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

 High 
duratio
n 

project-related 
traffic 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

during 
interviews 
with 
hunters 

Dhole 

 Mediu
m 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Implement 
fauna 
management 
and traffic 
measures to 
minimise 
impacts 
caused by the 
project and 
project-related 
traffic 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low The majority of the 
project footprint is 
suboptimal habitat for 
this species, and they 
are unlikely to occur. 
Any losses are likely to 
be of individuals  and 
not likely to affect the 
regional population. 

High 

 Uncertaint
y 
regarding 
current 
presence 

 Historic 
presence 
reported 
during 
interviews 
with 
hunters 

Asian 
black bear 

 Mediu
m 
sensiti
vity 

 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Implement 
fauna 
management 
and traffic 
measures to 
minimise 
impacts 
caused by the 
project and 
project-related 
traffic 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low The majority of the 
project footprint is 
suboptimal habitat for 
this species, and they 
are unlikely to occur. 
Any losses are likely to 
be of individuals  and 
not likely to affect the 
regional population. 

High 

 Uncertaint
y 
regarding 
current 
presence 

 Historic 
presence 
reported 
during 
interviews 
with 
hunters 

Hog 
badger 

 Mediu
m 
sensiti
vity 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Implement 
fauna 
management 
and traffic 
measures to 
minimise 
impacts 
caused by the 
project and 
project-related 
traffic 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low The majority of the 
project footprint is 
suboptimal habitat for 
this species, and they 
are unlikely to occur. 
Any losses are likely to 
be of individuals  and 
not likely to affect the 
regional population. 

High 

 Uncertaint
y 
regarding 
current 
presence 

 Historic 
presence 
reported 
during 
interviews 
with 
hunters 
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Impact Value and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact significance 

Uncertainty 

King cobra 

 Mediu
m 
sensiti
vity 

Construc
tion and 
operatio
ns 

Low 

 Very 
low 
spatial 
extent 

 Low 
severit
y 

 High 
duratio
n 

 Implement 
fauna 
management 
and traffic 
measures to 
minimise 
impacts 
caused by the 
project and 
project-related 
traffic 

 Limit and 
rehabilitate 
physical 
disturbance 
and habitat 
loss 

Low The majority of the 
project footprint is 
suboptimal habitat for 
this species, and they 
are unlikely to occur. 
Any losses are likely to 
be of individuals and 
not likely to affect the 
regional population. 

Medium  

 Uncertaint
y 
regarding 
the total 
population 
and 
distributio
n of the 
species 
within the 
project 
area. 
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6.8.5 Monitoring  
The Environmental Management Plan for the Bawdwin Project will provide for regular environmental monitoring 
and inspections to be completed for all project phases (construction, operation and closure). Monitoring will 
include: 

 Internal audits to confirm that the Bawdwin Project’s environmental management measures, including 
site-specific mitigation measures, is being implemented successfully and management measures are effective 
in minimising impacts to the environment.  

 Routine inspections of the Bawdwin license area to confirm the environment is being managed in accordance 
with the site-specific management measures agreed with local communities.  

 Monitoring of revegetation success in terms of percentage cover, survival, recruitment.  

6.8.6 Uncertainties and further work 
This section outlines the key uncertainties associated with the impact assessment and outlines recommended 
further work to address uncertainties. The uncertainties and further work are outlined in Table 6.168. 

Table 6.168 Uncertainties and further work in respect of biological impacts 

Uncertainty Further work Purpose Assumptions 

Limitations in the baseline 
survey data due to security-
related constraints in access to 
certain areas such as the 
proposed locations of TSFs 
and Nam La water harvesting 
dam.  

Conduct pre-clearance 
surveys for any areas of 
intact vegetation (e.g., TSF 
sites). 

Obtain baseline survey data 
and information regarding 
existing vegetation at TSF 
sites 

Likelihood of occurrence 
was assessed based on 
scientific literature and 
extrapolation of survey 
results from nearby areas 

Potential impacts to water 
quality and water quantity in 
the Nam Pangyun and Nam La 
catchments during 
construction, operations and 
post-closure  

See Section 6.4 for further 
work regarding surface 
water quality and quantity. 

 

To allow for quantitative 
predictions of the severity 
and extent of water quality 
and quantity impacts to 
downstream users. 

Assumptions have been 
made about the degree of 
flow reduction expected 
due to project activities 

Mine closure and rehabilitation 
plan is at conceptual level only 
and the ability to successfully 
rehabilitate the project area is 
uncertain 

Develop a closure and 
rehabilitation plan and 
strategies including 
rehabilitation trials 

Select the optimal species 
mix for revegetation, 
methods of creating suitable 
rehabilitation medium(s), 
refinement of cover designs 
for the TSFs and waste 
dump, and post closure 
water strategy 

Design and management 
measures, including 
rehabilitation measures, 
are assumed to be 
effective in mitigating 
impacts 
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6.9 Cultural heritage impact assessment 

6.9.1 Approach to impact assessment 
This section assesses the project impacts to the cultural heritage values identified in Section 5.8. 

Section 5.8.5 described the levels of importance, vulnerability and resilience associated with each of the cultural 
heritage values in the study area. This approach is in line with Burra Charter (Australia ICOMOS Burra Charter, 
2013) and Myanmar EIA guidelines. 

The impact assessment approach adopted in this section is a ‘significance assessment’ (for further detail see 
Section 6.1). A significance assessment of cultural heritage impacts involves: 

 Identifying the nature of the impact to a cultural heritage value (e.g., physical disturbance, damage or 
destruction resulting in loss of cultural value to people). 

 Determining the magnitude of the impact through an assessment of the spatial extent, severity and duration 
of the impact. 

 Assessing the significance of the residual impact (i.e., with assumed successful implementation of avoidance 
and management measures). The significance (very low, low, moderate, high or major) of the impact to a 
cultural heritage value is determined by considering the importance, vulnerability and resilience of the 
cultural heritage value (as assessed in Section 5.8) and the predicted magnitude of impact to the value.  

Context for impact assessment 

The Bawdwin mine has a long history with mining dating back to the 15th century when Chinese miners extracted 
silver from surface and near surface deposits in the Nam Pangyun valley and ER valley. In the early 1900s, 
underground mining of the lead, zinc and silver resource commenced by British owners under the management 
of Herbert Hoover, prior to his tenure as the 31st President of the United States. Industrial ore extraction and lead 
production began in the early 1900s. A narrow gauge railway was completed in 1909 , followed by the Tiger 
Tunnel in 1918, which allowed efficient access to the massive lead-zinc-silver China Lode orebody, with transport 
of ore to Namtu for concentration, smelting and refining.  

The historical underground operation was based mostly on the China Lode, with vertical access through the 522-
m-deep Marmion Shaft. A 2.7-km-long tunnel (named Tiger Tunnel) intersects the underground mine workings 
at Level 6 and was the main access to the orebody. An underground electric tramway enabled ore transport through 
the tunnel to the Wallah Gorge railway terminal where it was unloaded and stored in ore bins before transport to 
Namtu for processing. 

Much of the cultural heritage value of Bawdwin relates to the historical mining operations, in addition to sites of 
importance to current residents which include religious sites including monasteries and pagodas. Sites of mining 
heritage include examples of mining, mineral extraction and technological advancements spanning six centuries. 
Items of cultural heritage include the remnants of Chinese era occupation, mining and smelting including such 
ramparted encampments and smelting furnaces, as well as colonial mine buildings and infrastructure such as the 
Marmion Shaft and winder house, the railway lines and stations and Tiger Tunnel.  

The site has experienced constant change with advancements in mining methods and occupation. Much of the 
physical evidence of Chinese era mining and mineral processing was lost during development and operation of 
the 20th century mine. WMM now proposes to redevelop the existing Bawdwin mine into a large-scale modern 
mining operation. This would see the mining legacy of the Bawdwin deposits continued but will necessitate 
demolition or removal of some of the existing infrastructure and construction of new infrastructure at Bawdwin 
to support mining and processing activities. This will fundamentally alter the existing historical mining context, 
but provides an opportunity to document, research and conserve aspects of the past operations.  
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6.9.2 Potential sources of impact 
The project has the potential to impact known and as-yet unknown cultural heritage features and their associated 
cultural heritage values. 

Potential impacts to cultural heritage features include: 

 Direct loss (i.e., destruction) of, or disturbance to, the feature. 

 Physical modification of the landscape surrounding the feature and the context of the feature. 

 Restriction of access to the heritage feature. 

These impacts have the potential to impact associated cultural heritage values in the following ways: 

 Loss of connection between people and their places (or features) of cultural value. 

 Loss of information and physical records that could allow research and understanding of historic activities 
and cultural practices at Bawdwin. 

 Loss of heritage tourism potential, which has not been comprehensively realised to date, other than sporadic 
ventures. 

The potential impacts to cultural heritage features and their associated values are described below. 

As a result of six centuries of continuous occupation and intensive mining/industrial exploitation, the Bawdwin 
area represents a living, dynamic and complex cultural heritage landscape comprising rich layers and high level 
of disturbance. As the study area includes hundreds of known (and potentially thousands of unknown) individual 
features of cultural heritage value, it is not feasible to individually describe and assess impacts to each one. This 
impact assessment therefore assesses impacts to key cultural heritage structures, buildings, sites and artefacts as 
well as for defined areas or ‘precincts’, which have a higher collective heritage value than their components 
individually. This approach also allows for the fact that in many cases, the heritage value of a site, place or feature 
relies on a broader context, such as its setting in the landscape or its proximity to other important sites.  

Twenty-nine distinct cultural heritage features are known to occur within the project footprint as shown on 
Figure 6.25. Potential impacts to known cultural heritage sites as defined in Section 5.8 (see figures 5.3 to 5.9) 
are provided in Table 6.169. 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-350

 

Table 6.169 Potential impacts to known cultural heritage sites 

Name Type Location Potential Impact 

Hillfort and ridge defence 
system 

A network of Chinese-era hillforts, 
defences and occupied ridges 

Surrounding 
Bawdwin 

Partial loss, landscape 
modification, restricted 
access 

Scattered artefact fragments Chinese-era artefacts and evidence of 
occupation 

Bawdwin Partial loss, disturbance 

Occupation terraces Chinese-era artefacts and evidence of 
occupation 

North of the 
open pit 

Partial loss 

Chinese furnace Chinese-era mining and smelting 
evidence 

Steep hillside 
opposite the 
existing open pit 

Complete loss 

Graveyard 1 Graveyard Drill track above 
the Police 
Station 

Complete loss 

Graveyard 2 Graveyard Below Hillfort 1 Disturbance, landscape 
modification, restricted 
access 

Graveyard 3 Graveyard Below Hillfort 2 Disturbance, landscape 
modification, restricted 
access 

Graveyard 4 Graveyard Meingtha Ridge Disturbance, landscape 
modification, restricted 
access 

Graveyard 5 Graveyard Sand Plant Ridge Complete loss 

Graveyard 6 Graveyard Very end of Sand 
Plant Ridge 

Disturbance, landscape 
modification, restricted 
access 

Graveyard 7 Graveyard Bawdwin, side 
valley 

Disturbance, landscape 
modification, restricted 
access 

Graveyard 8 Graveyard Behind Catholic 
Church 

Disturbance, landscape 
modification, restricted 
access 

Graveyard 9 Graveyard Hillfort 7 Disturbance, landscape 
modification, restricted 
access 

Graveyard 10 Graveyard Hillfort 8 (near 
new cellphone 
tower) 

Disturbance, landscape 
modification, restricted 
access 

Graveyard 11 Graveyard Hillfort 9 Disturbance, landscape 
modification, restricted 
access 

Graveyard 12 Graveyard Tiger Camp Disturbance, landscape 
modification, restricted 
access 

Graveyard 13 Graveyard Lower Bawdwin Disturbance, landscape 
modification, restricted 
access 

Graveyard 14 Graveyard Lower Bawdwin Disturbance, landscape 
modification, restricted 
access 

Graveyard 15 Graveyard Upper Bawdwin Disturbance, landscape 
modification, restricted 
access 
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Name Type Location Potential Impact 

Graveyard 16 Graveyard Upper Bawdwin Disturbance, landscape 
modification, restricted 
access 

Graveyard 17 Graveyard Below Hillfort 3 
(Mt Battle) 

Disturbance, landscape 
modification, restricted 
access 

Graveyard 18 Graveyard Hillfort 20 Disturbance, landscape 
modification, restricted 
access 

Graveyard 19 Graveyard Above Goldhole 
Valley 

Complete loss 

Graveyard 20 Graveyard Above open pit 
(slopes of Mt 
Lakeland) 

Complete loss, 
disturbance, landscape 
modification 

Graveyard 21 Graveyard Below Tiger 
Camp 
(downstream 
from spiral) 

Disturbance, landscape 
modification, restricted 
access 

Marmion shaft and winding 
house complex 

Colonial-period mining heritage 
infrastructure 

Bawdwin Disturbance, landscape 
modification 

Independence monument Monument Bawdwin Disturbance, landscape 
modification, restricted 
access 

Central Bawdwin Precinct 

(compressor house, mine 
office, post office, company 
store, the Bawdwin railway 
station and adjacent railway 
line, Mine Superintendent’s 
and staff bungalows, Dead 
Chinaman Tunnel, Bawdwin 
timber yard) 

Colonial-period mining heritage 
infrastructure 

Bawdwin Partial loss, landscape 
modification, restricted 
access 

Tiger Camp precinct (Tiger 
Tunnel portal, electric 
railway, railway yards, 
electric substation, office, 
clubhouse, stone store, 
police station, wagon 
tippler, ore bins, and Tiger 
Camp railyards) 

Colonial-period mining heritage 
infrastructure 

Tiger Camp Partial loss, landscape 
modification, restricted 
access 

Railway (between Bawdwin 
and Namtu, and between 
Namtu and Namyao) 

Colonial-period mining heritage 
infrastructure 

Bawdwin, Tiger 
Camp, Namtu 

Partial loss 

Unknown ruin 
(temple/shrine) 

Religious site (Temple/shrine)a Aung Chan Tha, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Aye Say Di Buddhist 
Temple 

Religious Site (Buddhist temple) Thiri Mingala, 
Bawdwin 

Complete loss 

Dha Mi Kha Ya Ma 
Buddhist Temple/Monastery 

Religious site (Buddhist 
temple/monastery) 

Yadanar Myay, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Zi Nat Man Aung Temple Religious site (Buddhist temple) Pyi Daw Ayi, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

‘Light of Dhama’  Religious site (Buddhist chapel) Aung The Pye 
(Gurka Hill), 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 
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Name Type Location Potential Impact 

Dha Pu Nya Karyi  Religious site (Buddhist chapel) Aung The Pye 
(Gurka Hill), 
Bawdwin 

Complete loss 

Thiri Mingala Ward Library 
and Buddhist Chapel 

Religious site (Buddhist chapel) Thiri Mingala, 
Bawdwin 

Partial loss, landscape 
modification, restricted 
access 

Chinese Temple Religious site (Chinese temple) Ydanar Myay, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Bawdwin Mosque Religious site (Muslim mosque) Pyi Daw Ayi, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Shree Krishna  Religious site (Indian temple) Aung The Pye 
(Gurka Hill), 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Maha Karli Religious site (Indian temple) Aung The Pye 
(Gurka Hill), 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Sikh Temple Religious site (Sikh temple) Yadanar Myay, 
Bawdwin 

Complete loss 

Catholic Church Religious site (Christian church) Pyi Daw Aye, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Union Baptist Church of 
Bawdwin 

Religious site (Christian church) Mingalar Kway, 
Bawdwin 

Disturbance, landscape 
modification, restricted 
access 

Aung Chandra Temple Religious site (Buddhist temple) Tiger Camp Disturbance, landscape 
modification, restricted 
access 

Aung Mingala Temple Religious site (Buddhist temple) Top of Wallah 
Gorge 
settlement, Tiger 
Camp 

Complete loss 

Wee Motee Reitha Religious site (Buddhist chapel) Lower Wallah 
Gorge, Tiger 
Camp 

Disturbance, landscape 
modification, restricted 
access 

Aung Mingala Chapel Religious site (Buddhist chapel) Tiger Camp Complete loss 

Union Baptist Church Religious site (Christian church) Tiger Camp Disturbance, landscape 
modification, restricted 
access 

Remaining stone buildings 
in the Chinese Bazaar area 
(Bawdwin upper village) 

Bawdwin village building Bawdwin, 
adjacent to 
concentrator 
plant 

Complete loss 

Stone stores Tiger Camp village buildings Tiger Camp Complete loss 

Goldhole Valley area 
(stonework revetments) 

Bawdwin village buildings Goldhole valley Complete loss 

Areas and structures that are 
of pre-World War II 
construction 

Bawdwin village buildings Bawdwin Partial loss, landscape 
modification, restricted 
access 

a The vast majority of religious sites are in current or recent use. The status of use of each site will be confirmed during further community 
consultation. 

Direct loss and disturbance 
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The project has the potential to result in direct loss of cultural heritage features within the project footprint. The 
‘loss’ of a feature means the feature is completely destroyed or is completely covered by a project element (e.g., 
building or stockpile).  

The project may also result in disturbance of cultural heritage features. ‘Disturbance’ means that the feature and/or 
its immediate physical location is not ‘lost’ but modified from its original (i.e., pre-project) condition and this 
includes physical alteration of, damage to, or relocation of, the feature. 

Direct loss and/or disturbance of cultural heritage features can occur due to vegetation clearance, topsoil stripping, 
subsoil excavation, open pit mining and quarrying. Placement of project buildings and infrastructure on top of 
cultural heritage features can also result in the loss of cultural heritage features.  

Some cultural heritage features (Marmion shaft and winding house and Namtu to Bawdwin railway) will also be 
decommissioned and removed or relocated to allow for project development.  

In addition, some areas have a high likelihood of containing sub-surface cultural heritage features of high value, 
which may be either inadvertently lost or disturbed during earthworks and mining. Graves may be encountered 
anywhere in the Nam Pangyun valley around Bawdwin and the hillsides. Populations of the early Chinese mining 
community ranged from 1,000 to 20,000 (Appendix H), so graves at Bawdwin are likely to be numerous. The area 
including the existing Bawdwin communities is highly likely to contain sub-surface archaeological evidence of 
earlier Chinese occupation – particularly at either side of the open pit, around the Mine Office and Post Office 
areas and upstream to the Goldhole Valley. For example, two furnaces that pre-date the colonial period have been 
discovered so far during project activities and this indicates that more could possibly be situated beneath the 
surface.  

Modification of surrounding landscape 

Modification of the landscape surrounding, or adjacent to, a feature has the potential to impact associated value 
of that feature if it relies on the context of the existing landscape for its inherent value. Modification of the 
surrounding landscape due to the project may reduce aesthetic, spiritual and social qualities of some heritage 
features. This could occur if the heritage feature is associated with a high level of connection to the landscape 
(e.g., the nature of the feature is tied to its position in the landscape or it has had long term prominent visibility to 
local communities and reminds them of historic events); aesthetic value (e.g., picturesque viewsheds, position in 
the topography, proximity to natural features); or spiritual value (e.g., intangible connections to the surrounding 
landscape. 
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Figure 6.25  Locations of cultural heritage features with respect to Project footprint
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Significant modification of the landscape will occur due to development of the following: 

 Tailings storage facilities (TSFs) and embankments. 

 Waste rock dump (WRD). 

 Expansion of the open pit. 

 Haul roads. 

 ROM pad. 

 Power station. 

 Processing plant. 

 Mine services area. 

 Visible air emissions from the processing plant, vehicles, equipment and dust. 

 Access road. 

 Dams and water reservoirs. 

Three-dimensional examples of the changes in landscape due to construction of infrastructure are shown in figures 
6.26 and 6.27. 

Restriction of access to sites 

Development of the project will result in control of access around mining activities and facilities. In addition, 
some existing roads, paths and access may be altered or removed. As a result, access to cultural heritage features 
during the construction and operation of the project by local communities will be either very difficult or not 
possible. A consequence of this could be a reduced or severed connection between local communities and the 
cultural heritage features they value. The severing of connection with sites of cultural heritage significance can 
also lead to site deterioration if they are no longer in use or receiving maintenance and repair. 
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Figure 6.26 Visualisation photomontage: View of the stockpile reclaim and ROM pad infrastructure 
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Figure 6.27 Visualisation photomontage: View at Upper Bawdwin Village of the proposed TSF-C 
embankment 
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Summary of sources of potential impact 

Table 6.170 provides a summary of potential impacts to cultural heritage at different phases of the project.  

Table 6.170 Summary of potential impacts to cultural heritage during the project life 

Potential impacts  Construction Operation Closure 

Direct loss (i.e. destruction) of, or disturbance to the 
feature due to vegetation clearance, topsoil stripping, 
subsoil excavation, earthworks, open pit mining and 
quarrying.  

X X X 

Direct loss (i.e. destruction) of, or disturbance to the 
feature due to placement of project building and 
infrastructure on top of features. 

X X X 

Reduced value of the feature due to physical 
modification of the landscape surrounding the feature 
due of project activities and development. 

X X X 

Restriction of access to the cultural heritage feature X X Uncertain 

X = occurring in this phase 

6.9.3 Proposed mitigation and management measures 
Potential impacts to cultural heritage will be managed through development and implementation of the Bawdwin 
Project Cultural Heritage Management Plan (CHMP). The Bawdwin Project CHMP will provide for the protection 
and management of cultural heritage within, and in the immediate vicinity of, the project area, and will contain a 
range of management measures pertaining to project planning and design, site clearance work, inductions and 
training, ground disturbing works, site-specific management measures for known sites, relocation and 
preservation of features and response to chance finds. 

The CHMP will address requirements of Myanmar legislation and regulations as well as other international 
standards and conventions. The applicable Myanmar legislation includes The Protection and Preservation of 
Ancient Monuments Law (2015) and The Protection and Preservation of Antique Objects Law (2015). Under 
these pieces of legislation an ‘ancient monument’ means building sites, lived, made, used and built by human 
beings where fossils/remains are more than 100 years old; and an ‘antique object’ means an object which was 
used by human beings, including fossils, that are over 100 years old. Section 5.8.5 explains how each of the 
cultural heritage features at Bawdwin relate to these criteria, and how these have informed the inherent sensitivity 
of each feature.  

Myanmar is a ‘State Party’ to the UNESCO World Heritage Convention Concerning the Protection of the World 
Cultural and Natural Heritage. As a State Party, Myanmar has a duty to ensure the identification, protection, 
conservation, presentation and transmission to future generations of the country’s cultural heritage. As a State 
Party, Myanmar is obligated to endeavour, in so far as possible, to (UNESCO, 1972):  

 Adopt a general policy which aims to give the cultural and natural heritage a function in the life of the 
community and to integrate the protection of that heritage into comprehensive planning programmes;  

 Set up within its territories, where such services do not exist, one or more services for the protection, 
conservation and presentation of the cultural and natural heritage with an appropriate staff and possessing the 
means to discharge their functions;  

 Develop scientific and technical studies and research and to work out such operating methods as will make 
the State capable of counteracting the dangers that threaten its cultural or natural heritage;  

 Take the appropriate legal, scientific, technical, administrative and financial measures necessary for the 
identification, protection, conservation, presentation and rehabilitation of this heritage; and  
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 Foster the establishment or development of national or regional centres for training in the protection, 
conservation and presentation of the cultural and natural heritage and to encourage scientific research in this 
field. 

Key requirements of the Protection and Preservation of Ancient Monuments Law include: 

 If a person finds an ancient monument, which has no owner or custodian, they must promptly inform the 
relevant Ward or Village-Tract Administrative Office. 

 Any person proposing to do any of the following must obtain permission from the Department of Archaeology 
and National Museum of the Ministry of Religious Affairs and Culture (MORAC) or its delegate: 

- Repair and maintain the whole or a part of an ancient monument 

- Plaster, modify, whitewash or paint the ancient monument 

- Construct, extend or fence Buddhist ordination hall, monastery, public rest-house, covered passage, 
gateway courtyard, planet staff, flagstaff, lake, statues, God statues, religious buildings and other buildings 
near an ancient monument. 

- Reconstruct ancient monuments to their original workmanship 

- Survey, dig and research places where an ancient monument is situated. 

- Protect and preserve an ancient monument by forming trustee or organisations. 

- Undertake a range of activities within a specified area of an ancient monument including: 

 Extending towns, wards, villages. 

 Extending or repairing buildings. 

 Connecting underground cables. 

 Developing wells, lakes and ponds. 

 Constructing a building which is not consistent with the terms and conditions stipulated according 
to the region by the Ministry near and surrounding the ancient monument. 

Key requirements of the Protection and Preservation of Antique Objects Law include: 

 If a person finds an object known, or reasonably suspected to be, an antique object they must promptly inform 
the relevant Ward or Village-Tract Administrative Office. 

 Any person proposing to do any of the following must obtain permission from the Department of Archaeology 
and National Museum of the Ministry of Religious Affairs and Culture (MORAC) or its delegate: 

- Excavate or search of an antique object. 

- Transport an antique object to a foreign country for exhibition and/or preservation. 

- Transport an antique object to another location within Myanmar. 

- Take photos or videos of the antique object and use these for commercial purposes. 

 

The objectives of the Bawdwin Project CHMP will include: 

 Provide guidance to all WMM employees and contractors regarding appropriate management of known 
cultural heritage values and response to chance finds. 
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 Comply with the requirements of with Myanmar legislation and regulations and WMM Cultural Heritage 
Policy and Cultural Heritage Management Procedure.  

 Meet international standards (including IFC Performance Standard 8) and conventions. The IFC Performance 
Standard measures to be adopted include: 

- Use internationally recognised practices for the protection, field-based study and documentation of cultural 
heritage. 

- Engage competent and qualified professionals to assist in identification and protection (i.e., including 
developing site-specific management measures) of cultural heritage. 

- Implement a chance finds procedure and commit to not disturbing any chance find until an assessment is 
made by competent professionals and actions consistent with PS8 are identified.  

- Consult with affected communities (who have connection to cultural heritage) and Myanmar government 
in relation and incorporate the views of these stakeholders in cultural heritage management. 

- For cultural heritage sites that will no longer be accessible, provide alternative access to the site where safe 
and practicable. Where not possible, provide replacement sites at new locations, incorporating community 
and government feedback into the decision making. 

- Do not move non-replicable cultural heritage (i.e., “cultural heritage which may relate to the social, 
economic, cultural, environmental, and climatic conditions of past peoples, their evolving ecologies, 
adaptive strategies, and early forms of environmental management, where the (i) cultural heritage is unique 
or relatively unique for the period it represents, or (ii) cultural heritage is unique or relatively unique in 
linking several periods in the same site” unless: [IFC, 2012]) 

 There are no technically or financially feasible alternatives to removal; 

 The overall benefits of the project conclusively outweigh the anticipated cultural heritage loss from 
removal; and 

 Any removal of cultural heritage is conducted using the best available technique. 

 Where impacts to items considered critical cultural heritage are unavoidable (e.g., railway, Marmion Shaft 
and hillforts and defended ridges, which may be designated as critical cultural heritage), use a process of 
Informed Consultation and Participation (ICP) of the Affected Communities as described in Performance 
Standard 1 and which uses a good faith negotiation process that results in a documented outcome.  

 Avoid impacts to significant cultural heritage and protect and preserve in-situ key cultural heritage features 
where possible.  

 Identify, record and conduct archaeological investigation and analysis, and conservation of artefacts where 
appropriate, for cultural heritage features that can’t be protected or preserved in-situ. Engage competent and 
qualified professionals to do this following the Myanmar laws outlined above and using internationally 
recognised practices as outlined in IFC Performance Standard 8 (see above). In line with IFC Performance 
Standard 8, impacts to cultural heritage features will be mitigated with the informed participation of affected 
communities. 

 Work with local communities, regulators, cultural heritage experts and key stakeholders to manage cultural 
heritage features, optimise retention of cultural values and connections and compensate for loss of tangible 
cultural heritage features. 

The CHMP will contain standard management measures to be implemented during all project phases (e.g., 
planning and design, construction, operations and closure). It will also include site specific management measures 
for identified cultural heritage features that have the potential to be impacted by the project.  
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The CHMP will be a live document that is updated as further knowledge on cultural heritage items is gained and 
more detailed engagement with the community and relevant regulatory authorities is progressed. The details of 
the CHMP will be discussed and agreed with affected communities and relevant regulatory authorities prior to 
implementation. 

Key avoidance and management measures that will be in the CHMP are summarised below. 

Further details are provided below. 

Avoidance through design 

Key cultural heritage features within the study area have been identified by desktop and field surveys. The project 
design and siting of key infrastructure has considered these key cultural heritage features during the planning 
phase. Specific areas where WMM has committed to realigning the project during detailed design is where the 
plant road traverses adjacent to Hillfort 20 and a small, defended ridge about 250 m southwest of Hillfort 20 (see 
Figure 6.25). Options for realigning these sections of the road will be assessed during detailed design and the final 
road alignment will avoid impacting the hillfort and defended ridge. 

During the feasibility study and preliminary design of the project, WMM directed design contractors that the site 
infrastructure layout must be designed to avoid direct disturbance to the ring of Chinese hillforts and defended 
ridges.   

Management measures 

The Bawdwin mine and associated area is rich in heritage and cultural significance. Much of the cultural heritage 
significance is directly associated with the former mining and ancillary areas used over the past six centuries. 
Redevelopment of the Bawdwin mine will result in direct impacts to sites and evidence of earlier mining activities 
and its associated habitation. 

Declaration of historical sites and objects to authorities 

All sites that are designated to be an antique object or monument protected by Myanmar law will be reported to 
the Myanmar authorities (i.e., the Department of Archaeology and National Museum of MORAC or its delegate). 
Advice will be sought from the authorities on processes for management of such sites and objects, which may 
include pre-disturbance surveys.  
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Pre-disturbance documentation of sites 

For all key cultural heritage features and landscapes in the project area that will be adversely affected by the 
project either through direct disturbance or loss or by landscape scale changes, pre-disturbance documentation of 
the sites is required. This step is important to record the site context of features and to provide information that 
will then inform the plan for site survey and archaeological investigation and analysis, and conservation of 
artefacts. This step will be conducted by appropriate qualified archaeologists. As part of the pre-disturbance 
documentation and research, visual and 3-dimensional recording and archiving of all key cultural heritage 
landscape features is proposed. This will include: 

 Producing high-quality professional video and still recordings of the Bawdwin infrastructure prior to any 
construction work commencing. This would be conducted in a thematic approach ensuring that the some of 
the most modest aspects of Bawdwin are recorded as well as more significant aspects such as mine 
infrastructure, villages, railway and Chinese hillfort system. The video should document the infrastructure 
and facilities in use where possible (e.g., the train on the railway, the winding house in operation). The current 
workforce and villagers should be given the opportunity to feature in the video records. The video and still 
image documentation will be created and presented as part of a systematic study of Bawdwin cultural heritage 
under the guidance of qualified archaeologists/historians.  

 Producing professional 3-dimensional scanning/recording of key buildings and structures that will be 
disturbed (e.g., winder house, headframe). This will allow virtual models of buildings to be built and faithful 
reconstructions if they are relocated.  

In-situ protection 

Cultural heritage features that can be avoided by project development will be protected in situ by the following 
measures: 

 Locations of identified cultural heritage features will be recorded in GIS and restriction zones will be 
established around the feature. A spatial database with all protected zones georeferenced and labelled and 
provision of relevant spatial layers will be maintained.  

 Restriction zones will be marked in the field using physical barriers where appropriate and clear signage.  

 No disturbance will be allowed to occur within restriction zones without necessary approvals and 
management plans being in place (archaeologist clearance, community and regulatory engagement). 

 Access to established no-go zones around cultural heritage features within the Bawdwin license area will be 
approved by an internal permit process. 

 Maintenance and monitoring plans will be developed for key cultural heritage features that remain in situ. 
This may include the Central Bawdwin Precinct buildings: compressor house, mine office, post office, 
company store, the Bawdwin railway station and adjacent railway line, Mine Superintendent’s and staff 
bungalows, Dead Chinaman Tunnel, Bawdwin timber yard. 

Provisions for access to culturally significant sites that have been used by affected communities within living 
memory for long-standing cultural purposes will be facilitated where possible, subject to overriding health, safety, 
and security considerations.  

Pre-disturbance surveys 

Pre-disturbance surveys are required for all areas of the site that may be subject to direct disturbance (either full 
or partial) . These will be conducted by suitably qualified, internationally recognised archaeologist in conjunction 
with Myanmar archaeologists and with the appropriate government approvals in place.  The scope and approach 
of the pre-disturbance surveys will be elaborated on a case-by-case basis. 
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The development and construction schedule will allow appropriate time for cultural heritage management 
measures (including pre-disturbance surveys, excavation planning and excavations) to be implemented ahead of 
ground disturbing works. The time required for pre-disturbance surveys will depend on field conditions and the 
size/complexity of the area to be cleared. It is recommended that this work is scheduled to occur a dry season in 
advance of planned site disturbance the following dry season.  

For those sites that have pre-disturbance surveys and there are no identified cultural heritage values disturbance 
work may progress subject to issue of an internal approval via a land disturbance permit and compliance with the 
chance find procedure.  

For those sites for which pre-disturbance surveys have been completed and there is identified cultural heritage 
values or features that cannot be avoided by the project development, the following measures for archiving and 
preserving are proposed: 

 Engage a suitably qualified archaeological team (including international experts and Myanmar nationals) to 
develop necessary work plans and to undertake archaeological investigation, analysis and conservation plans 
for each site. 

 Engage with regulators, community and other relevant stakeholders (e.g., religious leaders) so their input has 
been taken into consideration with respect to a) cultural heritage importance and b) the preparation of work 
plans and archaeological investigation, analysis and conservation . The plans will ensure that appropriate 
consultation occurs with community and landholders regarding the management of cultural heritage sites 
including obtaining endorsement prior to the disturbance of any sites. 

 Establish a procedural requirement to obtain internal approval to conduct and works that will disturb ground 
that has not previously been disturbed by the project, via a land disturbance permit. 

 Minimise other disturbance by restricting vehicle, plant and equipment movement to designated tracks, as far 
as practicable. 

Site specific processes for disturbance and preservation of cultural heritage features 

Management measures will vary depending on the nature of the cultural heritage features or values that will be 
disturbed. It is important that a process of controlled archaeological excavation and detailed research is conducted 
as part of the process to ensure that the interpretative value of artefacts is captured. Where feasible and in line 
with community feedback and directives from the Myanmar authorities (i.e., Department of Archaeology and 
National Museum or its delegate and ME-1), the project will relocate heritage features to a mining 
museum/historic precinct to allow preservation of artefacts and structures from Bawdwin’s mining history.  

The project will hand over the operation of the mining museum/historic precinct to the local community (while 
measures for maintaining the artefacts and structures will be overseen by qualified experts). This may provide 
ongoing opportunities for employment, economic and social benefits for the community and allow for the 
preservation of living cultural heritage values (i.e., the foundry skills required to maintain the rail engines). The 
following measures are proposed as a base case: 

 For key mining-related cultural heritage features, detailed work plans for the retrieval, dismantling and 
storage of the features will be developed, endorsed and overseen by a suitably qualified archaeologist. This 
may include: 

- Identification and agreement of key mining-related cultural heritage features that will be retrieved, 
dismantled and stored. 

- Storage of all plant, machinery and artefacts of cultural heritage significance within or around buildings 
that will be removed for later display or beneficial use. 

- Dismantling of key buildings/structures of significance for later reinstatement off site. 
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- Establishment of a mining museum/historic precinct to preserve and display artefacts and structures from 
Bawdwin’s mining history. This may include (subject to feedback from consultation with the community 
and Myanmar authorities (including Department of Archaeology and National Museum or its delegate and 
ME-1) such key items as the reinstated headframe and winding house from the site, together with selected 
mine railway infrastructure at Namtu, as well as the mine office, post office, timekeeper’s office, company 
store, rail station building, lower management house and representative examples of workers’ houses. It is 
likely that the museum will be established in Namtu. A site has not been selected to date. WMM has already 
commenced engagement of ME-1 on this subject. 

- Additional preservation of cultural heritage features may possibly include (subject to feedback from the 
authorities and community):  

 Relocate the tippler from Tiger Camp precinct to the mining museum/historic precinct as a working 
exhibit. 

 Restore and preserve a working example of the underground electric locomotive, man cars and ore 
wagons at the mining museum/historic precinct as a working exhibit.  

 Retain the ore bins in situ at the Tiger Camp precinct. 

 Retain the rail spiral near Tiger Camp in situ in its entirety. 

 Retain the rail bed and track running from the Tiger Camp railyard to the mouth of the Tiger Tunnel. 

 Retain and preserve the Tiger Tunnel portal and approach. 

- For the portion of railway that will be disturbed, the rail line and associated infrastructure will be 
dismantled and stored for potential reuse elsewhere. WMM has identified an opportunity to reinstate a 
portion of railway. This may be able to restore some cultural association with the railway and offer tourism 
opportunities, particularly when combined with the new mining museum to be established. The railway 
from Namtu to Namyao has not been maintained for at least a decade and is currently not passable (Petchey, 
2020). 

 For graves, a process for the inspection, exhumation, archiving and relocation will be established with 
qualified archaeologists, regulators, the community and appropriate religious leaders. It is expected that those 
graveyards that have strong cultural ties or active community use with the local community (see Table 5.68 
in Section 5.8 for identified graveyards still currently in use) will be re-established/relocated as part of the 
community resettlement plan. Other graves dating back to the Chinese mining area are likely to have less of 
a community connection, but high bioarchaeological and historic value. Further engagement and investigation 
into the appropriate management of these graves is required as soon as feasible to avoid any delays in 
development of some areas. For graves to be relocated, the process will involve culturally and legally 
sanctioned exhumation and relocation of individual graves. 

 For religious sites, a process for managing the loss of sites will be established with qualified archaeologists, 
regulators, the community and appropriate religious leaders. Initial stakeholder feedback has indicated that 
some items are able to be relocated or recreated in the new resettlement villages however for other items e.g., 
pagodas, it is culturally inappropriate to actively dismantle or move them.  

 Artefacts and evidence of Chinese occupation in the Nam Pangyun valley. The initial cultural heritage survey 
found a range of artefacts and evidence from this period and identified high potential for more artefacts to be 
present and discovered with further investigation. Sites of artefacts and evidence of Chinese occupation that 
will be disturbed will require formal archaeological excavation, research, analysis and conservation of 
artefacts. This work will be conducted by qualified archaeologists with the process and final deposit of 
artefact collections being agreed with Myanmar authorities (i.e., the Department of Archaeology and National 
Museum of MORAC or its delegate) as well as affected communities.  
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Chance find management 

A chance find procedure will be developed and implemented, which will outline actions required if previously 
unknown cultural heritage resources, particularly archaeological resources, are encountered during project 
construction or operation. It is a process that prevents chance finds from being disturbed until an assessment by a 
competent specialist is made and actions consistent with the CHMP are implemented.  

The chance finds procedure will involve ceasing work in the immediate vicinity of the potential feature, 
investigation and evaluation of the cultural significance of the feature by a suitably qualified archaeologist and 
development of site-specific management measures. 

Cultural heritage team 

It is essential to have cultural heritage personnel with appropriate experience at site to: 

 Interpret the CHMP on a day-to-day basis and advise managers and operational personnel on cultural heritage 
issues and legislative requirements. 

 Lead activities related to graves, including liaison with authorities and community leaders and oversight of 
exhumation/relocation activities. 

 Provide rapid response to chance finds, particularly during development and construction. It is anticipated 
that finds will be frequent, although many will be minor.  

The following measures are proposed as a base case: 

 Establish a cultural heritage team as part of the SHEC team at Bawdwin, including at least one qualified 
archaeologist. 

 Assign archaeological resources during the construction period, including qualified archaeologists with 
suitable experience.  

 Provide appropriate facilities for storage and initial examination of cultural heritage artefacts 

Other measures 

The CHMP will also outline procedures to ensure that the workforce including contractors is made aware of the 
cultural heritage values and the importance of complying with the mitigation and management measures. This 
will involve a combination of methods such as incorporating requirements into contracts, workforce induction, 
cultural awareness training, workforce training, education and awareness, compliance audits and monitoring.  

Cultural heritage features that are relocated or stored will need appropriate management plans in place to ensure 
that they have the necessary levels of safeguard and care and maintenance. Sites that are relocated within the 
Bawdwin concession area will become registered on the GIS and have appropriate no-go zones established around 
the features. 

The closure and rehabilitation of the Bawdwin mine also offers an opportunity to improve on the landscape scale 
impacts to cultural heritage values in the long-term. Further refinement of closure design should consider how to 
optimise cultural heritage values.  

6.9.4 Residual impact assessment 
This section assesses the residual significance of impacts identified in Section 6.9.3 after implementation of the 
management measures outlined in Section 6.9.4. The residual impact assessment is also based on the project 
design approach of avoiding impacts to sites/features of cultural heritage. This includes, for example, the plant 
access road, which will be redesigned during detailed design to avoid the road construction impacting on Hillfort 
20 and the small defended ridge 250 m to the southwest (see Figure 6.25). The magnitude of each residual impact 
is assessed based on the impact’s geographic extent, severity and duration, taking into consideration the existing 
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conditions of the features and their importance, vulnerability and resilience. Table 6.171 presents the criteria used 
to determine the magnitude of each impact. 

Table 6.171 Criteria used to determine the magnitude of impacts to cultural heritage  

 Very low Low Medium High Very high 

Spatial 
extent 

Impact affects a 
very small area 
and/or a very low 
portion of the 
heritage value of 
type of feature 
(<10%). 

Impact affects a 
localised area 
and/or a low 
portion of the 
heritage value or 
type of feature 
(e.g., 10 to 40%). 

Impact affects a 
moderate portion 
of the heritage 
value or type of 
feature (e.g., 40 to 
70%).  

Impact affects a 
high portion of the 
heritage value or 
type of feature 
(e.g., >70%). 

Impact affects all 
remaining value(s) 
associated with the 
feature or features. 

Severity Insignificant 
disturbance to the 
feature. 

Extent of change 
in the context of 
existing changes 
due to historic 
mining is very low 
and sites are likely 
to retain nearly all 
of their value. 

Community access 
to the feature will 
continue. 

Minor disturbance 
to the feature. 

Extent of change 
in the context of 
existing changes 
due to historic 
mining is low and 
sites are likely to 
retain most of 
their value. 

Community access 
to the feature will 
continue but 
tightly controlled. 

 

Significant 
disturbance to the 
feature and/or 
relocation of a 
feature.  

Extent of change 
in the context of 
existing changes 
due to historic 
mining is 
moderate and the 
inherent value of 
the system will be 
partially lost.  

Community access 
to the feature will 
be limited and 
alternative access 
may be required.  

Very significant 
disturbance to the 
feature and/or 
relocation. 

Extent of 
landscape change 
in the context of 
existing changes 
due to historic 
mining is severe 
and the inherent 
value of the 
system will be 
lost. 

Community access 
to the feature will 
be lost. 

Severe disturbance 
or loss of feature.  

Extent of 
landscape change 
in the context of 
existing changes 
due to historic 
mining is very 
severe and the 
high inherent 
value of the 
system will be lost 

Community access 
to the feature will 
be lost. 

Duration Impact is very 
short in duration 
(i.e., days) 

Impact is short 
term (i.e., months 
or less) 

Impact is medium 
term (1 to 2 
years).  

Impact is long 
term (3 to 15 
years).   

Impact is greater 
than 15 years 
or permanent.  

Direct loss and disturbance 

Notwithstanding avoidance and management measures in place, heritage features are predicted to be directly lost 
due to ground clearance and excavation; positioning of buildings, stockpiles, dumps and infrastructure; and 
decommissioning activities to make way for new project infrastructure. 

Features that will be directly lost inside the project footprint include: 

 Evidence of Chinese-era mining and smelting from within the open pit footprint and in Goldhole Valley.  

 Removal of the remaining Chinese Bazaar buildings. 

 Four graveyards from within the open pit footprint and areas that will be excavated. 

 Religious sites within the open pit, tailings storage embankment and Wallah Gorge waste rock dump 
footprints. 

 Colonial era infrastructure, including the Namtu to Bawdwin railway, the Independence Monument, the 
settling pond and dam diversion. 

Features that will be directly disturbed within and around the project footprint include: 

 Colonial era infrastructure, including the decommission and removal of Marmion Shaft and winding house. 
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 Chinese-era mining and smelting evidence – in the cases where earthworks or mining inadvertently damages 
or modifies such feature or it is relocated by the project. 

 Some components of the hillforts and defended ridges. While only one hillfort will be removed from the open 
pit area, the hillfort and defended ridges are treated as a collective system so the loss of one hillfort is 
considered to be partial loss or disturbance of the overall feature. The loss of the hillfort (Hillfort 4; see Figure 
6.25) from within the open pit area is assessed in the context of this hillfort being already extensively damaged 
from historical mining activities and natural degradation. 

 Artefacts and evidence of Chinese occupation in the Nam Pangyun valley – in the cases where earthworks or 
mining inadvertently damages or modifies such a feature or it is relocated by the project. 

 Graves and/or graveyards – in the cases where earthworks or mining inadvertently damages or modifies such 
feature or it is relocated by the project. 

The residual significance of these impacts is assessed below. 

Mining and smelting evidence from the Chinese era 

One of the two known Chinese-era furnaces (known as Bawdwin furnace) will be lost from within the open pit 
footprint (see Figure 6.25). Additional furnaces may possibly lie under the surface and may also be lost from 
within the footprint. 

While there may be more furnaces that are not impacted (see Section 5.8.4), the loss of any individual furnace 
will represent a significant portion of furnaces of that type and age in a regional, national and international context. 
Due to the design of these furnaces being cut into the steep hillsides, it is unlikely such a feature can be successfully 
archaeologically investigated, analysed and preserved. 

Surface and underground mine workings from the Chinese era will also be lost as the open pit expands during 
mining. Much of the original Chinese surface mine workings (i.e., from the Chinaman Lode area) has already 
been destroyed during the Colonial-era and modern mining periods. However, the numerous workings that survive 
in the peripheral areas around the current open pit will be lost as the open pit expands. Mine workings from 
Goldhole Valley will also be lost. The final pit lake (see Chapter 4) will inundate the entire pit area and any 
remnants of the Chinese-era underground workings. 

Two types of direct loss and disturbance to the Chinese era mine workings (surface and underground workings) 
and smelting evidence (furnaces) have been identified: the loss of known sites; and the loss of unknown sites (i.e., 
those that have not yet been identified). The residual impact of loss of known Chinese era mining and smelting 
evidence during the operations phase will be of major significance, based on the high magnitude of impact and 
the high sensitivity of these features (Table 6.172).  
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Table 6.172 Residual impact significance summary – operations phase – loss of known sites of mining 
(underground workings) and smelting from the Chinese era due to earthworks and mining 

Value Sensitivity of value 

Chinese era mining 
and smelting 
evidence 
(underground 
workings) 

Importance Vulnerability Resilience Sensitivity 

High  

These sites have high potential 
archaeological and technological 
research value, particularly as 
little is known about the early 
minerals exchange network 
throughout southeast Asia and 
the mining methods at the centre 
of it. Such features provide 
important archaeological and 
technological evidence of early 
mining activity and also aid in 
the overall interpretation of the 
Chinese occupation at Bawdwin. 

The collective evidence of 
mining and smelting during 
Chinese occupation was 
assessed as having high historic, 
scientific (archaeological) and 
technological importance. 

While the known mining and 
smelting evidence of from the 
Chinese era have been assigned 
a high importance, this rating is 
also conservatively applied to 
as-yet unencountered Chinese 
mining and smelting evidence. 
However, further assessment 
would be needed to confirm the 
actual importance of such 
features once discovered. 

Low likelihood of being 
classified as critical heritage 
under IFC Performance Standard 
8. 

High  

Two furnaces that are of 
possible Chinese 
original have been 
located to date (on the 
hillside adjacent to the 
open pit and on the hills 
more than 1.5 km north 
of the open pit), but 
more may exist. These 
sites are vulnerable to 
project disturbance as 
they are typically 
located on valley slopes 
and any direct 
disturbance or alteration 
to the slopes will cause 
damage. Ancient 
Chinese underground 
workings are highly 
vulnerable to project 
disturbance as these are 
concentrated mostly 
around the current open 
pit and mineral 
resource. 

Low  

Damage to or loss 
of ancient 
furnaces or mine 
workings cannot 
be reversed. It is 
unlikely that if 
significantly 
damaged that any 
heritage value 
associated with 
these features 
would be 
retained. 

High 

Impact Magnitude of impact  

Loss of known sites 
of mining 
(underground 
workings) and 
smelting from the 
Chinese era due to 
earthworks and 
mining 

Spatial extent Severity Duration Magnitude 

Medium 
Impact is likely to be restricted 
to a localised area but one of the 
two known smelting furnaces 
will be lost, representing half of 
the known features. 

High 
The loss of these 
features would 
represent a significant 
proportion of similar 
examples regionally, 
nationally and 
internationally. 

Very high 
Loss will be 
permanent as 
such features are 
unsalvageable. 

High 

Residual impact significance Major 

Assessment of uncertainty 

Low  

It is known that these items will be within the mining footprint and will be lost permanently. 

The residual impact of disturbance to Chinese era smelting evidence (furnaces) during the operations phase will 
be of high significance based on the medium magnitude of impact and the high sensitivity of this feature 
(Table 6.173).  
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Table 6.173 Residual impact significance summary – operations phase – disturbance to currently 
unknown Chinese era smelting evidence (furnaces) due to earthworks and mining 

Value Sensitivity of value 

Currently unknown 
Chinese era smelting 
evidence (furnaces) 

Importance Vulnerability Resilience Sensitivity 

High  

Such features provide 
important 
archaeological and 
technological 
evidence of early 
mining activity but 
also aid in the overall 
interpretation of the 
Chinese occupation 
at Bawdwin 

High  

Only two Chinese era 
furnaces have been 
identified 

Low  

Damage to the features 
would be irreversible 
and it is unlikely 
heritage value would 
remain 

High 

Impact Magnitude of impact  

Disturbance to 
currently unknown 
Chinese era smelting 
evidence (furnaces) 
due to earthworks 
and mining 

 

Spatial extent Severity Duration Magnitude 

Medium 
Impact is likely to be 
restricted to project 
footprint  

Medium 
Medium intensity impact 
with sites damaged but not 
lost. Extent of change in 
the context of existing 
changes due to historic 
mining is moderate and 
the inherent value of the 
system will be partially 
lost. 

Very high 
Any damage to such 
features will be 
permanent. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is 
uncertainty in the location and number of possible subsurface heritage features and artefacts, 
which cannot be confirmed until excavation works are conducted. It is assumed that some 
Chinese era smelting evidence (furnaces) will be disturbed based on the proximity of the pit to 
historic Chinese mining practices. 

 

Bawdwin Village buildings 

 The buildings of key cultural heritage significance include the remaining stone buildings in the Chinese 
Bazaar area and the remains of a Chinese-era bridge (stone foundations) in the Goldhole Valley area. The 
Chinese Bazaar was a group of buildings from the British colonial era located in the northern part of the mine 
pit footprint. These buildings and structures were constructed for the Chinese workforce at Bawdwin during 
the colonial period. 

The impact of loss of the remaining Chinese bridge foundation in the construction phase will be of major 
significance, based on the very high magnitude of impact and the high sensitivity of the features (Table 6.174). 

Table 6.174 Residual impact significance summary – construction phase – direct loss of old Chinese 
bridge foundation due to earthworks and mining 

Value Sensitivity of value 

Chinese bridge 
foundation 

Importance Vulnerability Resilience Sensitivity 

High  

This feature has high 
historical and 
scientific 
(archaeological) 

High  

This is the last known 
feature of its type in 
this setting, and its 
removal would 

Low  

This feature would 
lose most of its 
heritage value if 
dismantled and 

High 
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Value Sensitivity of value 

significance as it is 
evidence of the early 
Chinese community 
in Bawdwin. The 
bridge foundation is a 
rare remaining 
feature of the ancient 
Chinese occupation 
from the early 
settlements at 
Bawdwin 

constitute a complete 
loss of the bridge 
foundation from the 
mining setting 

removed, even if 
portions of it were 
preserved in 
museums 

Impact Magnitude of impact  

Direct loss of old 
Chinese bridge 
foundation due to 
earthworks and 
mining 

 

Spatial extent Severity Duration Magnitude 

Very high 
Last known Chinese 
bridge foundation in 
Bawdwin village will 
be lost. 

High 
High intensity impact 
as structure will be 
completely 
dismantled and 
removed.  

Very high 
The remains of the 
bridge will be 
removed, so the 
feature and 
associated heritage 
values will be 
permanently lost. 

Very high 

Residual impact significance Major 

Assessment of uncertainty 

Low 

It is known that the bridge will be lost during project construction. 
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The residual impact of loss of the remaining Chinese Bazaar buildings during the construction phase will be of 
major significance, based on the very high magnitude of impact and the medium sensitivity of the features 
(Table 6.175). 

Table 6.175 Residual impact significance summary – construction phase – direct loss of Chinese bazaar 
buildings due to earthworks and mining 

Value Sensitivity of value 

Chinese 
bazaar 
buildings 

Importance Vulnerability Resilience Sensitivity 

Medium 

They have medium 
historical and scientific 
significance as 
remaining evidence of 
the early colonial-
period Chinese 
community at Bawdwin 

Medium 

This feature comprises a group of 
buildings in Nam Pangyun valley 
close to existing mining operations. 
As a group of buildings, it has 
medium vulnerability to impact given 
some overall heritage value of the 
area will be retained due to the 
remaining unimpacted buildings. 

Medium 

The Bawdwin village 
buildings (including 
Chinese Bazaar 
buildings) are a 
collection of buildings, 
which provides some 
resilience to localised 
changes affecting the 
area as a whole 

Medium 

Impact Magnitude of impact  

Direct loss 
of 
Bawdwin 
village 
buildings 
(Chinese 
bazaar 
buildings) 
due to 
earthworks 
and mining 

Spatial extent Severity Duration Magnitude 

Very high 

All remaining Chinese 
Bazaar buildings will 
be lost. 

High 

High intensity impact as the buildings 
and structures will be completely 
dismantled and removed. Aspects of 
these buildings will be kept available 
for inclusion in museums but most of 
the cultural heritage value will be lost 
given most of the heritage value is 
due to the buildings being complete 
and part of a group of historic 
buildings in a mining setting. 

Very high 

The buildings will be 
removed, so the 
features and associated 
heritage values will be 
permanently lost. 

Very high 

Residual impact significance Major 

Assessment of uncertainty 

Low 

It is known which buildings will be removed during construction. 

 

Graveyards 

The level of significance pertaining to graveyards (or individual graves) is highly subjective and may be greater 
for particular groups such as the families of buried relatives, while for others the site may be valued for its general 
archaeological and historical importance. 

Given the long running occupation by mining communities at Bawdwin and recent accidental discoveries of 
graves and human remains around Bawdwin, it is likely that undiscovered graveyards and individual graves are 
widespread in Nam Pangyun valley, including in those areas to be excavated or mined. 

The permanent loss of graves or graveyards will occur if currently unknown graveyards are inadvertently 
destroyed during earthworks and mining. Known graves or graveyards will be exhumed and relocated by qualified 
archaeologists under a cultural heritage management plan and as such will not be lost but disturbed. 

The residual impact to currently unknown graveyards in the construction and operations phases will be of high 
significance, based on the medium magnitude of impact and the high sensitivity of this feature (Table 6.176).   

Table 6.176 Residual impact significance summary – construction and operations phases – loss of 
currently unknown graveyards due to earthworks and mining 

Value Sensitivity of value 
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Graveyards Importance Vulnerability Resilience Sensitivity 

High  

Modern graveyards 
probably have social and 
spiritual value to existing 
communities, whilst older 
graveyards probably have 
bioarchaeological and 
historical value 

High  

Graveyards are highly 
vulnerable to disturbance, 
particularly the graveyards that 
are not known or clearly marked 
as these are more likely to be 
accidentally encountered or 
damaged. 

Low to medium  

Damage to, or loss of, 
graveyards cannot be 
reversed and if 
relocated the original 
heritage value may be 
lost or reduced.  

Many of the graveyards 
are located in prominent 
positions in the 
landscape and have 
little resilience to being 
relocated without losing 
some aesthetic (and 
potentially spiritual) 
value, but would 
probably retain their 
social, and potentially 
archaeological, value 
with appropriate 
measures put in place. 

High 

Impact Magnitude of impact  

Loss of 
currently 
unknown 
graveyards 
due to 
earthworks 
and mining 

 

Spatial extent Severity Duration Magnitude 

Medium 
The impact is predicted to 
be localised to within the 
project footprint, but could 
impact a moderate portion 
of the overall number of 
graves (potentially 
thousands more grave sites 
are likely to exist) being 
impacted; although there is 
uncertainty due to fact that 
the complete distribution of 
these features is not 
known.  

Medium 
Graves contain human remains 
and can provide significant 
bioarchaeological information 
about the early populations at 
Bawdwin (e.g., ethnicities, 
health, quality of life, working 
conditions, cultural practices, 
customs), and additionally, 
community access to these sites 
will be lost. 
With management measures 
implemented to relocate graves, 
the disturbance to graveyards 
will be of medium severity.  

Very high 
Any damage to or loss 
of graveyards will be 
irreversible 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is uncertainty in 
the location and number of possible graveyards and associated artefacts, which cannot be confirmed until 
excavation works are conducted. It is assumed that numerous previously undiscovered graveyards will be 
disturbed during mining, given the long running occupation at the site and the widespread graveyards 
around the valley. Also, the level of sensitivity pertaining to graveyards (or individual graves) is highly 
subjective; although for the purposes of the impact assessment, sensitivity has been assumed to be high 
for all graveyards given they contain or are associated with human remains. 

 

Four known graveyards occur with the project footprint (see Figure 6.25):  

 A grave of unknown ethnicity at the southern edge of the open pit. 

 A number of Chinese graves on a summit in the northern section of the open pit. 

 Several Chinese stacked rock graves on a spur in the northeastern margin of the open pit 
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 A Chinese graveyard located on the crest of a ridge just beyond the site of the old sand plant. Consists of 
approximately 12 visible stone mounds. 

These graveyards will be exhumed and relocated prior to mining. As a result, some of the cultural heritage value 
of the graves can be preserved. It is not clear what connection the current community has with the four known 
graveyards that will be disturbed; however, given their likely age (historic Chinese period) and state of disrepair, 
it is unlikely the graveyards are highly valued by the local community. 

The residual impact to four known graveyards in the construction and operations phases will be of high 
significance, based on the medium magnitude of impact and the high sensitivity of this feature (Table 6.177). 

Table 6.177 Residual impact significance summary – construction and operations phases –  
disturbance to known graveyards due to earthworks and mining 

Value Sensitivity of value 

Graveyards 

 

Importance Vulnerability Resilience Sensitivity 

High  

Modern graveyards 
probably have social 
and spiritual value to 
existing 
communities, whilst 
older graveyards 
probably have 
bioarchaeological and 
historical value 

High  

Graveyards are highly 
vulnerable to disturbance 
because human remains 
should always be treated 
with dignity and respect and 
this cannot be always 
achieved if accidentally 
encountered or damaged 

Low to medium  

Damage to or loss of 
graveyards cannot be 
reversed and if 
relocated the original 
heritage value may be 
lost 

High 

Impact Magnitude of impact  

Disturbance to 
known graveyards 
due to earthworks 
and mining 

 

Spatial extent Severity Duration Magnitude 

Very low 
A very small portion 
(4 of 21 known 
graveyards) is likely 
to be affected. 

Medium 
Although management 
measures will be 
implemented to ensure 
known graveyards will be 
exhumed and relocated prior 
to mining, the value is 
diminished once taken from 
their original and prominent 
positions in the landscape.  
Community access to these 
sites will also be lost. 

Very high 
Damage to or loss of 
graveyards cannot be 
reversed and if 
relocated the original 
heritage value may be 
reduced. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Low 

It is known that the graveyards will be removed, so there is low uncertainty on this impact 
significance rating. The level of significance pertaining to graveyards (or individual graves) is 
highly subjective; although for the purposes of the impact assessment, sensitivity has been 
assumed to be high for all graveyards given they contain or are associated with human remains. 

Religious sites 

Two religious sites (Aye Say Di Buddhist Temple and Sikh Temple) will be removed from within the open pit 
footprint, two sites (Dha Pu Nya Karyi Buddhist Chapel and Thiri Mingalar Buddhist Chapel) will be removed 
from within the tailings storage embankment footprint and two sites (Aung Mingalar Buddhist Temple and Aung 
Mingalar Buddhist Chapel) are within the waste rock dump footprint. Aye Say Di Buddhist Temple was the first 
Buddhist temple to be established at Bawdwin in the modern era and is one of the three main Buddhist temples at 
Bawdwin. The Sikh temple no longer has an active congregation and is now used as a private house. Dha Pu Nya 
Karyi Buddhist Chapel was constructed in 1974 and serves the local community as a chapel and Buddhist school. 
In Wallah Valley, Aung Mingalar Buddhist Temple was built in the 1980s and Aung Mingalar Buddhist Chapel 
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was built in about 1970. Thiri Mingalar Buddhist chapel has a small library downstairs and was built by the 
community in 2014. 

While the loss of these particular sites will be permanent, the project will consult with the community to ensure 
alternative facilities are available or the sites are relocated/rebuilt at the resettlement sites. Apart from their 
prominent elevated positions in the remote, mountainous landscape, there is nothing particularly unique about the 
buildings themselves in a Myanmar or southeast Asian context. The impact will not represent a significant loss 
(regionally and nationally) in the context of other similar religious sites. The impact is considered to be of medium 
magnitude for the Aye Say Di Buddhist Temple, Dha Pu Nya Karyi Buddhist Chapel, Aung Mingalar Chapel, 
Aung Mingalar Temple and Thiri Mingalar Buddhist Chapel and low magnitude for the Sikh Temple, given the 
latter is not currently used for its original purpose as a place of worship. It is noted that the magnitude and 
significance of impact will vary between community members depending on their use of these sites and spiritual 
connection to these sites.  

The residual impact of loss of religious sites during the construction phase will be of low (for Sikh temple) to 
moderate (all other sites) significance, based on the low (for Sikh temple) to medium (all other sites) 
magnitude of impact and the medium sensitivity of the features (Table 6.178). 
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Table 6.178 Residual impact significance summary – construction phase – loss of religious sites 
(currently used and currently unused) for religious purposes due to being decommissioned 
and removed from project footprint 

Value Sensitivity of value 

Bawdwin and 
Tiger Camp 
religious sites 

 

Importance Vulnerability Resilience Sensitivity 

Medium to high  

Many of the religious site 
at Bawdwin and Tiger 
Camp areas are still in 
use and further 
consultation with 
communities is required 
to better understand the 
significance of these sites 
to them.  

The religious sites are 
assessed to have high 
social and spiritual 
significance, medium to 
high aesthetic and historic 
significance, and low 
scientific or technological 
significance and have 
been given an overall 
ranking of medium to 
high importance.  

Low to medium  

Many of the religious sites 
are located on prominent 
locations on hillsides and 
are susceptible to loss of 
aesthetic value. 

Medium to high  

Most sites are likely 
to retain their 
heritage value after 
some degree of 
change (i.e., 
replacing 
components of, or 
upgrading of, the 
buildings). If 
relocated they are 
likely to lose 
aesthetic (and 
potential spiritual) 
value but would 
probably retain their 
social value with 
appropriate 
measures put in 
place. 

Medium 

Impact Magnitude of impact  

Loss of religious 
sites (currently 
used and currently 
unused) for 
religious purposes 
(Aye Say Di 
Buddhists 
Temple, Dha Pu 
Nya Karyi 
Buddhist Chapel, 
Aung Mingalar 
Chapel, Aung 
Mingalar Temple, 
Thiri Mingalar 
Buddhist Chapel 
and the Sikh 
Temple) due to 
being 
decommissioned 
and removed from 
project footprint 

 

Spatial extent Severity Duration Magnitude 

Medium 
A moderate portion (six 
of the nineteen religious 
sites) identified in the 
baseline study will be 
lost. 

Very low (Sikh temple) 
Temple no longer has an 
active congregation and is 
now used as a private 
house, so loss of cultural 
heritage value expected to 
be very low 
Medium (all other sites) 
With the availability of 
alternative or new religious 
sites that accommodate the 
interests of the local 
community, it is likely that 
some values (to the 
community) will continue 
to be realised. 

Very high 
The loss of these 
religious sites and 
any associated value 
will be permanent.   

Low (for Sikh 
Temple) 

Medium (all 
other sites) 

Residual impact significance Low (Sikh 
temple) 

Moderate (all 
other sites) 

Assessment of uncertainty 

Medium 

It is known which sites will be permanently removed. However, the importance each site to the 
community should be further investigated. A sensitivity rating of medium has been assumed but this 
may vary between members of the community and for each site. 

Colonial-period infrastructure 

Marmion shaft and winding house 
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The Marmion shaft and winding house lie within the proposed footprint of the expanded open pit and will have 
to be documented, surveyed, dismantled and removed. The distinctive steel headframe, the winding house, 
winding equipment and engines will be relocated to a mining museum, possibly together with associated 
infrastructure in the shaft yard; therefore, some cultural heritage value will be retained. The mining museum may 
provide employment, economic and social benefits to the local communities and allow for preservation of living 
cultural heritage. Qualified cultural heritage experts will advise on which parts of the Marmion shaft and winding 
house should be displayed in the museum. The project will result in the loss of the majority of a rare and highly 
sensitive feature from its natural setting.  

The residual impact to the Marmion shaft and winding house during the construction phase will be of major 
significance, based on the very high magnitude of impact and the medium to high sensitivity of the features 
(Table 6.179).  Notwithstanding the assessed significance of the impact, reinstatement of the Marmion shaft and 
winding house at a purpose-built museum will, to a certain degree, preserve this as an example of colonial mining 
infrastructure. 
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Table 6.179 Residual impact significance summary – construction phase – disturbance of Marmion 
shaft and winding house due to being decommissioned and removed from project footprint 

Value Sensitivity of value 

Marmion shaft 
and winding 
house 

Importance Vulnerability Resilience Sensitivity 

High  

The Marmion shaft and 
winding house is a rare 
example of a complete 
British 20th-century 
winding plant located in 
its original context in the 
remote Myanmar 
mountains that is largely 
in its original condition. 
This site was assessed as 
having high aesthetic, 
historic, scientific 
(archaeological) and 
technological importance 
and has a high likelihood 
of being classified as 
critical heritage under 
IFC Performance 
Standard 8. 

Medium  

Heritage value is vulnerable 
to degradation, loss or 
replacement of the building, 
equipment or their elements 
and also loss of the 
functional integrity of the 
winding house. 

Given that the Marmion 
shaft and winding house are 
complete features that are 
almost entirely in their 
original condition, their 
value is vulnerable to 
change. 

 

Medium  

Would probably still 
retain some of its 
heritage value if 
relocated and 
refurbished however, 
key to its current 
value is its current 
functionality and 
surrounding context 
in the Bawdwin 
mining landscape and 
with other key mining 
heritage features. 

Medium to 
high 

Impact Magnitude of impact  

Disturbance of 
Marmion shaft 
and winding 
house due to 
being 
decommissioned 
and removed 
from project 
footprint 

 

Spatial extent Severity Duration Magnitude 

Very high 
This is a single feature 
and the impact will affect 
the entirety of the value 
associated with it. 

High 
This is a rare example of a 
complete and functioning 
British 20th-century winding 
plant in its original 
condition. The removal of 
this feature from the site is 
considered a significant loss 
in the regional and 
international context of 
mining infrastructure. 
The feature will be 
dismantled and reassembled 
(but not functionally) in a 
museum. 

Very high 
Remove of the feature 
from site and loss of 
functionality will be 
permanent. 

Very high 

Residual impact significance Major 

Assessment of uncertainty 

Low 

It is known that this feature will be disassembled, relocated and reassembled. There is an assumption 
that the feature will be adequately managed in a museum by third parties once handed over by the 
project. 
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Namtu to Bawdwin railway 

The Namtu to Bawdwin railway will be dismantled and removed to make way for the project access road between 
Namtu and Tiger Camp. The rail sheds, workshops, station master’s house and some of the railyard sidings can 
be retained. However, the rail line and associated infrastructure will be stored for potential re-use elsewhere. 
WMM will examine the feasibility of using the retained rail line and associated infrastructure for a new/reinstated 
section of railway that may be able to provide future tourism opportunities, which may bring economic and social 
benefits to local communities.  

The residual impact to the Namtu to Bawdwin railway during the construction phase will be of major 
significance, based on the very high magnitude of impact and the medium sensitivity of the features (Table 
6.180).  Notwithstanding the assessed significance of the impact, preserving elements of the existing rail, railyards 
and working steam and diesel railway engines in combination with a purpose-built museum to document the 
history of the Bawdwin mine will, to a certain degree, conserve this as an example of colonial mining 
infrastructure. 

Table 6.180 Residual impact significance summary – construction phase – loss of Namtu to Bawdwin 
railway due to being decommissioned and removed from project footprint 

Value Sensitivity of value 

Namtu to 
Bawdwin 
railway 

Importance Vulnerability Resilience Sensitivity 

High  

The railway is a prominent 
feature of the Pangyun Valley 
and an important example of 
early twentieth century 
British engineering in a 
mountainous location. Its 
significance comes from its 
engineering, unique setting 
and that it is still largely intact 
(apart from some sections that 
need repair) and a complete 
system. Similar railways 
around the world are 
recognised by UNESCO as 
world heritage sites and as 
such it is expected that the 
railway would be of high 
international importance and 
potential future heritage 
tourism potential. The railway 
also has importance to the 
local community as it is key 
representation of the link 
between the Bawdwin mine 
and the Namtu communities 
over the last 100 years. 

The Namtu to Bawdwin 
railway was assessed as 
having high aesthetic, 
historic, scientific 
(archaeological) and 
technological importance.  

It is highly likely to be 
classified as critical heritage 
under IFC Performance 
Standard 8. 

Medium  

The railway has some inherent 
vulnerability because it is 
heavily reliant on its location 
and setting for its cultural 
heritage value and these two 
aspects cannot be changed. 
Therefore, changes to the 
setting (particularly visual 
aesthetics) within the Nam 
Pangyun valley could detract 
from the heritage value of the 
railway itself. The condition 
and integrity of the railway is 
also vulnerable to change and 
deterioration if not maintained 
and this would detract from its 
aesthetic, historic and 
technological significance.  

While wooden and metal 
structures have been, and will 
continue to be, exposed to 
weathering and degradation 
(i.e., corrosion, rotting, erosion 
of adjacent ground, etc.), 
ongoing natural degradation of 
these is not expected to 
materially influence the 
vulnerability of their heritage 
value over the project timescale. 

Medium  

As fixed 
infrastructure, the 
railway has 
limited resilience 
to change, 
particularly 
considering its 
location and the 
importance of this 
setting to its 
value., which 
provides access to 
the Nam Pangyun 
and Tiger Camp. 
The age of the 
railway also 
makes it 
susceptible to 
further 
degradation and 
deterioration.  

Preservation of 
the rail 
infrastructure or 
sections of the rail 
would provide 
some resilience to 
maintaining the 
heritage value of 
the site. 

Medium 

Impact Magnitude of impact  

Spatial extent Severity Duration Magnitude 
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Value Sensitivity of value 

Loss of Namtu 
to Bawdwin 
railway due to 
being 
decommissione
d and removed 
from project 
footprint 

 

High 
The entire section of rail 
between Namtu and Tiger 
Camp will be removed, 
representing a loss of all of 
the operational portion of the 
feature. 

Very high 
The railway will no longer be a 
(largely) complete system, 
which provides most of its 
heritage value. 
Although not in its original 
setting, the reuse of the rail line 
would allow some cultural 
heritage and tourism value to be 
retained. As there are few 
examples like it in the world, 
this feature has the potential for 
international heritage 
recognition, and loss of would 
be considered a significant loss 
in the regional and international 
contexts. The loss of the 
railway has a high potential to 
also result in the loss of heritage 
tourism potential. 

Very high 
The railway 
between Namtu 
and Tiger Camp 
will be removed, 
so the feature and 
its associated 
heritage values 
will be 
permanently lost. 

Very high  

Residual impact significance Major 

Assessment of uncertainty 

Low 

It is known that this feature will be disassembled and relocated. Although any potential reuse of the 
rail line to reinstate other degraded sections is still to be confirmed. There is an assumption that 
representative components of the feature will be adequately managed in a museum by third parties 
once handed over by the project. 

 

Independence Monument 

The Stone Pillar of Independence is located in the grounds of No.1 Primary School in Yadanar Myae ward, north 
of the Chinese Bazaar buildings and existing mine pit. The monument is located in the footprint of the proposed 
haul road to the TSF. It is assumed that this feature will be able to be translocated to a new area being largely 
intact (i.e., with probable damage at the base of the feature when removing it). WMM will consult authorities and 
village leaders to determine whether they wish the monument to be relocated. 

The residual impact of loss of the independence monument during the construction phase will be of low 
significance, based on the low magnitude of impact and the low sensitivity of the feature (Table 6.181). 
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Table 6.181 Residual impact significance summary – construction phase – disturbance of independence 
monument due to being decommissioned and removed from project footprint 

Value Sensitivity of value 

Independence 
monument 

Importance Vulnerability Resilience Sensitivity 

Medium  

This feature 
represents an 
important moment in 
Myanmar’s history 
but probably has 
medium 
archaeological, social 
and cultural value 
given its degraded 
condition and its low 
prominence in the 
overall landscape 

Low  

This feature is 
already degraded 
(weathered, 
discoloured, weeds 
growing at the base) 

High  

This feature can 
probably be relocated 
and retain its heritage 
value 

Low 

Impact Magnitude of impact  

Disturbance of 
independence 
monument due to 
being 
decommissioned and 
removed from project 
footprint 

 

Spatial extent Severity Duration Magnitude 

Very high 
This is a single 
feature and the 
impact will affect the 
entirety of the value 
associated with it. 

Low 
The monument can 
probably be 
preserved and 
potentially put in a 
more prominent 
location, in 
consultation with the 
local community. 

Low 
The heritage value of 
this feature will only 
be lost during the 
time that it is being 
relocated. 

Low   

Residual impact significance Low 

Assessment of uncertainty 

Low 

It is known that this feature will be removed and relocated. 

 

Chinese hillforts and defended ridges 

Nearly all of the Chinese hillforts and defended ridges system has been avoided by the direct project footprint. 
However, one hillfort (Hillfort 4) will be removed from within the open pit footprint and parts of the defended 
ridges associated with hillforts 1, 4 and 20 will be disturbed (see Figure 6.25). This represents the loss of only a 
small portion of the overall hillfort and defended ridges system and is therefore considered ‘disturbance’ to this 
overall heritage feature. Hillfort 4 has been extensively modified by previous mining activity, with approximately 
three quarters of the fort being removed from mining and construction of a drill pad. 

The residual impact of disturbance to the hillfort and defended ridges system during the operations phase will be 
of moderate significance, based on the low magnitude of impact and the high sensitivity of the features overall 
(medium for Hillfort 4 only) (Table 6.182).  
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Table 6.182 Residual impact significance summary – operations phase – disturbance to the hillfort and 
defended ridges system due to mining 

Value Sensitivity of value 

Chinese hillfort 
and defended 
ridges system 

Importance Vulnerability Resilience Sensitivity 

High  

The hillforts served as a 
collective defence (and 
probably administrative) 
system for the mine. The 
remnants of the hillforts are 
largely intact which is 
unusual for features older 
than 500 years in a monsoon 
climate.  

The hillforts and defended 
ridges are unlike any 
features found elsewhere in 
Myanmar. These features 
have high aesthetic, historic, 
scientific (archaeological) 
and technological 
importance and are highly 
likely to be classified as 
critical heritage under IFC 
Performance Standard 8. 

High 

These features are located 
in prominent positions of 
the landscape and are highly 
vulnerable to changes to 
both the feature and 
surrounding landscape.  

Hillfort 4, however, is 
considered to have medium 
vulnerability as it is already 
highly damaged. 

Medium  

The hillfort and 
defended ridges 
system would be able 
to withstand some 
localised changes to 
the surrounding 
landscape, but cultural 
heritage values would 
be difficult to re-
establish if damaged. 
Some of the hillforts, 
e.g., Hillfort 4 and the 
hills at Hillfort 1, 
have been extensively 
modified from their 
original condition by 
twentieth century 
mining activities, and 
have some resilience 
to further disturbance. 

High  
Medium 
for Hillfort 
4 

Impact Magnitude of impact 

Disturbance to 
the hillfort and 
defended ridges 
system due to 
mining 

 

Spatial extent Severity Duration Magnitude 

Low 

Although only a small area 
is lost, it is part of an 
already 
fragmented/damaged feature 
(with some hillforts being 
removed completely during 
historic mining, drilling and 
road construction activities) 
with its remaining elements 
being rare in regional and 
international contexts. 

Low 

The hillfort to be removed 
(after start of year 3 of 
mining) is already 
extensively damaged with 
only a small portion of it 
remaining. Investigation of 
the area for artefacts and 
archaeological evidence is 
required as per mitigation 
and management measures 
prior to disturbance. 

With the loss of this hillfort 
the overall heritage values 
of the hillfort and defended 
ridges system will largely 
be preserved. 

Very high 

The impact will be 
permanent. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

The magnitude and significance ratings for Hillfort 4 have medium uncertainty. This hillfort was in 
proximity to the Chinese-era gossan quarry, and as it would have been at the top of the slope, 
looking down over the quarry, it may have played an important role in the oversight and defence of 
that quarry and employed numerous personnel. As this site may have had a concentration of many 
personnel over a long period, there could be a high potential for artefacts in this area. Site 
investigation of this hillfort will be conducted prior to its clearance to investigate the presence of 
sensitive cultural heritage features and to allow development of appropriate management measures. 
Until those investigations are conducted, there is moderate uncertainty with the impact rating.  

Artefacts and evidence of Chinese occupation in Nam Pangyun valley 
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Given the long history of mining and occupation at Bawdwin, it is likely that a variety of artefacts and evidence 
exists buried under the landscape in the valley. The archaeological value of evidence of Chinese occupation relates 
to allowing for an understanding of the Chinese occupation and the historic operation of the mine and hillfort 
system. Some artefacts and evidence could date back to the very first mining activity at Bawdwin in the fifteenth 
century. 

The baseline survey investigated and observed surficial material only. The survey identified numerous small and 
fragmented artefacts including ceramics, coins, tools and waste slag from earlier Chinese occupation as well as 
some stone revetment along watercourses, stone foundations on a bridge, and stone terraces which may be of pre-
Colonial Chinese origin. Smaller artefacts such as ceramics, fragments and tools are expected to be widespread 
throughout the valley and deeply buried. Additional, larger features such as buildings or parts of buildings are 
likely to be present deep below the surface. Archaeological excavations would be needed to further investigate 
the locations and sensitivities of buried artefacts and evidence of Chinese occupation.  

Material in the valley has already been subjected to substantial impact by subsequent mining phases and 
occupation with direct disturbance, placement of waste as fill, mining and placement of buildings. Documents 
from the early 20th century detail the range of Chinese-era features that remained at Bawdwin prior to construction 
of the colonial-era mine. At higher elevations along the hillsides there are known and potentially unknown remains 
of Chinese terraces in a less modified form but these too are likely to have experienced extensive degradation over 
the centuries.  

The project will result in the direct removal of stone revetments, which may possibly be of pre-Colonial Chinese 
origin (although archaeological investigation would be required to confirm this) in the eastern part of the tailings 
storage embankment (Figure 6.25). Other known larger heritage features such as terraced hillsides will be avoided 
by the project footprint. 

It is expected that earthworks and mining will result in destruction of buried (and as-yet unknown) artefacts and 
evidence of earlier occupation. Due to the nature of mining it is likely that in most cases encountering features 
under the surface will result in their complete destruction (i.e., loss). There will also probably be cases where 
chance discoveries are made and those features are potentially archaeologically investigated, analysed, and 
conserved for scientific research. 

The residual impact of loss of smaller, widespread artefacts and evidence of Chinese occupation during the 
construction and operations phases will be of high significance, based on the medium magnitude of impact and 
the high sensitivity of the features (Table 6.183).   
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Table 6.183 Residual impact significance summary – construction and operations phases – loss of 
smaller, widespread artefacts and evidence of Chinese occupation due to earthworks and 
mining 

Value Sensitivity of value 

Smaller, 
widespread 
artefacts and 
evidence of 
Chinese 
occupation 

Importance Vulnerability Resilience Sensitivity 

High 

These features allow for an 
understanding of the Chinese 
occupation and the historic 
operation of the mine and 
hillfort system, and have high 
historic, archaeological and 
technological importance. 
While the known artefacts and 
evidence of Chinese 
occupation have been assigned 
a high importance, this rating 
is also conservatively applied 
to as yet unencountered 
artefacts and evidence. Since it 
is likely that archaeological 
evidence from the initial 
Chinese occupation and earlier 
periods (especially if from the 
Bronze Age) would have high 
historic, archaeological and 
technological importance. 
However, further assessment 
would be needed to confirm 
the actual importance of 
currently unknown features 
once discovered.  

High  

These features are 
vulnerable to being 
disturbed or destroyed 
due to the widespread 
location of features and 
likely presence of 
unknown features. 
Artefacts and other 
evidence generally hold 
higher significance if 
they can remain intact 
(including when in situ 
or when excavated) and 
their heritage context is 
understood. 

Medium  

The artefacts and 
evidence of Chinese 
occupation are expected 
to be widespread 
throughout the Nam 
Pangyun valley but 
concentrated in the valley 
floors. This material has 
already been subjected to 
substantial impact by 
historic mining and 
occupation with direct 
disturbance, placement of 
waste, mining and 
placement of buildings. 
Identification of features 
and artefact material may 
allow for its relocation, 
conservation and use in 
scientific research. The 
success of regaining the 
value of the features will 
be dependent on 
appropriate 
archaeological recording, 
analysis and reporting. 

High 

Impact Magnitude of impact  

Loss of smaller, 
widespread 
artefacts and 
evidence of 
Chinese 
occupation due 
to earthworks 
and mining 

 

Spatial extent Severity Duration Magnitude 

Medium 
The project area will affect a 
moderate portion of the area 
where Chinese artefacts and 
evidence of previous 
settlement is likely to occur 
(i.e., in the valley, around 
Bawdwin and near the open 
pit). 

Medium 
These fragments are 
expected to be 
widespread in the 
valley and loss of 
portion of these 
artefacts and evidence 
due to the project 
footprint is considered 
to be of moderate 
severity. 

Very high 
The impact will be 
permanent. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is uncertainty 
in the location and number of possible subsurface heritage features and artefacts, which cannot be 
confirmed until excavation works are conducted. It is assumed that some evidence of Chinese 
occupation will be disturbed based on the proximity of the pit to historic Chinese mining practices and 
residences. 

The impact of disturbance of smaller, widespread artefacts and evidence of Chinese occupation during the 
construction and operations phases will be of moderate significance, based on the low magnitude of impact and 
the high sensitivity of the features (Table 6.184).  
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 Table 6.184 Residual impact significance summary – construction and operations phases – disturbance 
of smaller, widespread artefacts and evidence of Chinese occupation due to earthworks 
and mining 

Value Sensitivity of value 

Smaller, 
widespread 
artefacts and 
evidence of 
Chinese 
occupation 

 

Importance Vulnerability Resilience Sensitivity 

High 

These features allow for an 
understanding of the Chinese 
occupation and the historic 
operation of the mine and 
hillfort system, and have high 
historic, scientific 
(archaeological) and 
technological importance. 

While the known artefacts and 
evidence of Chinese 
occupation have been assigned 
a high importance, this rating 
is also conservatively applied 
to as yet unencountered 
artefacts and evidence. Since it 
is likely that archaeological 
evidence from the initial 
Chinese occupation and earlier 
periods (especially if from the 
Bronze Age) would have high 
historic, archaeological and 
technological importance. 
However, further assessment 
would be needed to confirm 
the actual importance of 
currently unknown features 
once discovered.  

High 

These features are 
vulnerable to being 
disturbed or destroyed 
due to the widespread 
location of features 
and likely presence of 
unknown features. 
Artefacts and other 
evidence generally 
hold higher 
significance if they 
can remain intact 
(including when in 
situ or when 
excavated) and their 
heritage context is 
understood.  

Medium 

The artefacts and 
evidence of Chinese 
occupation are expected 
to be widespread 
throughout the Nam 
Pangyun valley but 
concentrated in the 
valley floors. This 
material has already 
been subjected to 
substantial impact by 
historic mining and 
occupation with direct 
disturbance, placement 
of waste, mining and 
placement of buildings. 
Identification of features 
and artefact material 
may allow for its 
relocation, conservation 
and use in scientific 
research. The success of 
regaining the value of 
the features will be 
dependent on 
appropriate 
archaeological 
recording, analysis and 
reporting. 

High 
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Impact Magnitude of impact  

Disturbance of 
smaller, 
widespread 
artefacts and 
evidence of 
Chinese 
occupation due to 
earthworks and 
mining 

 

Spatial extent Severity Duration Magnitude 

Medium 
The project area will disturb a 
moderate portion of the area 
where Chinese artefacts and 
evidence of previous 
settlement is likely to occur 
(i.e., in the valley, around 
Bawdwin and near the open 
pit). 

Low 
These fragments are 
expected to be 
widespread in the 
valley and 
disturbance of portion 
of these artefacts and 
evidence due to the 
project development 
is considered to be of 
low severity. Low 
Additionally, where 
features are able to be 
translocated and 
preserved, it is 
considered that in 
those cases such 
opportunities may 
provide for positive 
outcomes in a cultural 
heritage context and 
allow some of the 
associated value of 
the features to be 
retained. 

High 

Disturbance of sites 
may be able to be 
remediated in some 
cases, but in other cases 
it may be permanent 
damage. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is 
uncertainty in the location and number of possible subsurface heritage features and artefacts, which 
cannot be confirmed until excavation works are conducted. It is assumed that some evidence of 
Chinese occupation will be disturbed based on the proximity of the pit to historic Chinese mining 
practices and residences. 

 

The residual impact of loss of larger/rarer artefacts (rather than smaller and less significant artefacts) and evidence 
of Chinese occupation during the construction and operations phases will be of major significance, based on the 
high magnitude of impact and the high sensitivity of the features (Table 6.185).   
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Table 6.185 Residual impact significance summary – construction and operations phases – loss of 
larger/rarer artefacts and evidence of Chinese occupation due to earthworks and mining 

Value Sensitivity of value 

Larger/rarer 
artefacts and 
evidence of 
Chinese 
occupation 

Importance Vulnerability Resilience Sensitivity 

High 

These features allow for an 
understanding of the Chinese 
occupation and the historic 
operation of the mine and 
hillfort system, and have high 
historic, scientific 
(archaeological) and 
technological importance. 

While the known artefacts and 
evidence of Chinese occupation 
have been assigned a high 
importance, this rating is also 
conservatively applied to as yet 
unencountered artefacts and 
evidence. Since it is likely that 
archaeological evidence from the 
initial Chinese occupation and 
earlier periods (especially if 
from the Bronze Age) would 
have high historic, 
archaeological and technological 
importance. However, further 
assessment would be needed to 
confirm the actual importance of 
currently unknown features once 
discovered.  

High 

These features are 
vulnerable to being 
disturbed or 
destroyed due to 
the widespread 
location of features 
and likely presence 
of unknown 
features. Artefacts 
and other evidence 
generally hold 
higher significance 
if they can remain 
intact (including 
when in situ or 
when excavated) 
and their heritage 
context is 
understood.  

Medium 

The artefacts and evidence 
of Chinese occupation are 
expected to be widespread 
throughout the Nam 
Pangyun valley but 
concentrated in the valley 
floors. This material has 
already been subjected to 
substantial impact by 
historic mining and 
occupation with direct 
disturbance, placement of 
waste, mining and 
placement of buildings. 
Identification of features 
and artefact material may 
allow for its relocation, 
conservation and use in 
scientific research. The 
success of regaining the 
value of the features will 
be dependent on 
appropriate archaeological 
recording, analysis and 
reporting. 

High 

 

Impact Magnitude of impact  

Loss of 
larger/rarer 
artefacts and 
evidence of 
Chinese 
occupation due 
to earthworks 
and mining 

 

Spatial extent Severity Duration Magnitude 

Medium 
The project area will affect a 
moderate portion of the area 
where Chinese artefacts and 
evidence of previous settlement 
is likely to occur (i.e., in the 
valley, around Bawdwin and 
near the open pit). 

High 
These features 
would be 
completely 
destroyed. 

Very high 
The impact will be 
permanent. 

High 

Residual impact significance Major 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is uncertainty 
in the location and number of possible subsurface heritage features and artefacts, which cannot be 
confirmed until excavation works are conducted. It is assumed that some evidence of Chinese 
occupation will be disturbed based on the proximity of the pit to historic Chinese mining practices 
and residences. 

 

The residual impact of disturbance of larger/rarer artefacts and evidence of Chinese occupation during the 
construction and operations phases will be of high significance, based on the medium magnitude of impact and 
the high sensitivity of the features (Table 6.186).  
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Table 6.186 Residual impact significance summary – construction and operations phases – disturbance 
of larger/rarer artefacts and evidence of Chinese occupation due to earthworks and 
mining 

Value Sensitivity of value 

Larger/rarer 
artefacts and 
evidence of 
Chinese 
occupation 

Importance Vulnerability Resilience Sensitivity 

High 

These features allow for an 
understanding of the Chinese 
occupation and the historic 
operation of the mine and hillfort 
system, and have high historic, 
scientific (archaeological) and 
technological importance. 

While the known artefacts and 
evidence of Chinese occupation 
have been assigned a high 
importance, this rating is also 
conservatively applied to as yet 
unencountered artefacts and 
evidence. Since it is likely that 
archaeological evidence from the 
initial Chinese occupation and 
earlier periods (especially if from 
the Bronze Age) would have high 
historic, archaeological and 
technological importance. 
However, further assessment 
would be needed to confirm the 
actual importance of currently 
unknown features once 
discovered.  

High 

These features are 
vulnerable to being 
disturbed or destroyed 
due to the widespread 
location of features 
and likely presence of 
unknown features. 
Artefacts and other 
evidence generally 
hold higher 
significance if they 
can remain intact 
(including when in 
situ or when 
excavated) and their 
heritage context is 
understood.  

Medium 

The artefacts and evidence 
of Chinese occupation are 
expected to be widespread 
throughout the Nam 
Pangyun valley but 
concentrated in the valley 
floors. This material has 
already been subjected to 
substantial impact by 
historic mining and 
occupation with direct 
disturbance, placement of 
waste, mining and 
placement of buildings. 
Identification of features 
and artefact material may 
allow for its relocation, 
conservation and use in 
scientific research. The 
success of regaining the 
value of the features will 
be dependent on 
appropriate archaeological 
recording, analysis and 
reporting. 

High 

 

Impact Magnitude of impact  

Disturbance of 
larger/rarer 
artefacts and 
evidence of 
Chinese 
occupation due 
to earthworks 
and mining 

Spatial extent Severity Duration Magnitude 

Medium 
The project area will affect a 
moderate portion of the area 
where Chinese artefacts and 
evidence of previous settlement 
is likely to occur (i.e., in the 
valley, around Bawdwin and near 
the open pit). 

Medium 
Where features are 
able to be translocated 
and preserved, it is 
considered that in 
those cases such 
opportunities may 
provide for positive 
outcomes in a cultural 
heritage context and 
allow some of the 
associated value of 
the features to be 
retained. 

Very high 
The impact will be 
permanent. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

The field survey was limited to surface observations only from a single site visit. There is uncertainty 
in the location and number of possible subsurface heritage features and artefacts, which cannot be 
confirmed until excavation works are conducted. It is assumed that some evidence of Chinese 
occupation will be disturbed based on the proximity of the pit to historic Chinese mining practices and 
residences. 

Modification of surrounding landscape 

Notwithstanding avoidance and management measures in place, the following heritage features are predicted to 
have their aesthetic, spiritual and social qualities diminished due to nearby landscape modifications (i.e., rather 
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than being directly disturbed) via construction of buildings, embankments, dumps and infrastructure; and air and 
dust emissions: 

 Chinese hillforts and defended ridges (treated as a collective system – see section 6.9.2). 

 Religious sites at Bawdwin (two sites) 

 Graveyards in the central study area between the open pit and tailings storage embankment, adjacent to the 
southern boundary of the open pit, near the mine services area and adjacent to the northern plant road and 
process plant.  

 Central Bawdwin precinct 

 Bawdwin village buildings 

 Tiger Camp precinct  

 Tiger Camp village buildings 

These impacts are assessed below. 

Chinese hillforts and defended ridges 

Chinese hillforts and defended ridges are elevated fortified structures in the topography such that they overlook 
the valley and surrounds. Their landform and position in the landscape are major contributors to their inherent 
value as an historic defence system. While largely avoided by the project footprint, project components will 
modify the landscape around the hillforts and defended ridges, particularly in the central and north portions of the 
study area (see Figure 6.25). In these areas, the hillforts and defended ridges will be surrounded by the process 
plant, power station (and emissions plume), haul roads, open pit and Wallah Gorge waste dump – all of which 
will be significant changes to the landscape. The remainder of the hillforts and defended ridges system to the south 
and west is unlikely to be impacted given its greater distance from the project. 

The residual impact of modification of the landscape surrounding the hillfort during the construction and 
operations phases and defended ridges system will be of high significance, based on the high magnitude of 
impact and the medium sensitivity of the features (Table 6.187).   
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Table 6.187 Residual impact significance summary – construction and operations phases - reduced 
heritage values due to modification of landscape Chinese hillforts and defended ridges  

Value Sensitivity of value 

Chinese hillforts and 
defended ridges 

Importance Vulnerability Resilience Sensitivity 

High  

These features are 
unique to Bawdwin, 
have high aesthetic, 
historic, scientific 
(archaeological) and 
technological 
importance and are 
highly likely to be 
classified as critical 
heritage under IFC 
Performance 
Standard 8 

Medium  

These features are 
located in prominent 
positions of the 
landscape and are 
vulnerable to changes 
to both the feature 
and surrounding 
landscape 

Medium  

These features would 
be able to withstand 
some localised 
changes to the 
surrounding 
landscape, but 
cultural heritage 
values would be 
difficult to re-
establish if damaged 

Medium 

Impact Magnitude of impact  

Reduced heritage 
values due to 
modification of 
landscape 
surrounding Chinese 
hillforts and defended 
ridges  

 

Spatial extent Severity Duration Magnitude 

High 
Extensive landscape 
change as 
approximately 1 to 
2 km of the hillforts 
and defended ridge 
system 
(approximately one-
third of the total 
system) will 
experience significant 
surrounding 
landscape change 
(even in the context 
of existing mining-
related landscape 
changes), 
representing impact 
of a major proportion 
of the feature. 

High 
Changes to the 
surrounding 
landscape will be 
significant and is 
expected to reduce 
the level of 
prominence of the 
hillforts and defended 
ridges in the central 
and north study area. 
The viewsheds from 
the hillforts and 
defended ridges 
themselves will also 
be adversely affected. 

High to very high 
the impact will be 
long term in the case 
of buildings (i.e., 
until they are 
decommissioned) but 
the changes in 
topography (i.e., 
open pit and tailings 
storage facility and 
waste rock dumps) 
will be permanent. 

High 

Residual impact significance High 

Assessment of uncertainty 

Low 

Three-dimensional visualisation of the predicted changes to landscape demonstrates that changes 
to surrounding landform will be significant and the hillforts are likely to lose some of their 
prominence in the landscape. 
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Bawdwin religious sites 

Two temples (Dha Mi Kha Ya Ma Buddhist temple and Chinese temple) will experience extensive change to their 
surrounding landscape. These religious sites will be surrounded by the open pit to the south, haul roads to the east 
and tailings storage embankment to the northwest. This could diminish aesthetic, spiritual or social value of these 
sites. These will be long term impacts for buildings and permanent for landform modifications. Of the three 
religious sites, the Dha Mi Kha Ya Ma Buddhist temple is on a hilltop and probably has the highest associated 
aesthetic value. While the Chinese temple is located on a prominent spur it is not currently used by the community.  

The residual impact of modification of the landscape surrounding religious sites in Bawdwin and Tiger Camp 
during the construction and operations phases will be of low significance, based on the low magnitude of impact 
and the medium sensitivity of the features (Table 6.188).   

Table 6.188 Residual impact significance summary – construction and operations phases – reduced 
heritage values due to modification of landscape surrounding Bawdwin and Tiger Camp 
religious sites 

Value Sensitivity of value 

Bawdwin and Tiger 
Camp religious sites 

Importance Vulnerability Resilience Sensitivity 

Medium to high  

Religious sites are 
valuable to 
communities and 
have high social and 
spiritual significance 

Low to medium  

The sites are 
susceptible to loss of 
aesthetic value 

Medium to high  

Most or all of their 
value would 
probably remain if 
changed or relocated 

Medium 

Impact Magnitude of impact  

Reduced heritage 
values due to 
modification of 
landscape 
surrounding 
Bawdwin religious 
sites 

 

Spatial extent Severity Duration Magnitude 

Very low 
Extensive landscape 
change, however only 
two of the nineteen 
identified religious 
sites in Bawdwin and 
Tiger Camp will be 
impacted, 
representing impacts 
to less than 10% of 
religious sites. 

Low 
It is likely that the 
sites will still retain 
some (or possibly 
most) of their 
aesthetic, spiritual or 
social value, 
particularly in the 
context of existing 
mining and industrial 
operations in the 
broader area. 
Communities from 
the area will be 
resettled during 
project operations 
and will be provided 
with alternative 
religious places. 

High to very high 
The impact will be 
long term in the 
cases of buildings 
(i.e., until they are 
decommissioned) but 
the changes in 
topography (i.e., 
open pit and tailings 
storage facility and 
waste rock dumps) 
will be permanent. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Low 

Three-dimensional visualisation of the predicted changes to landscape demonstrate that changes 
to surrounding landform will be significant. However, it is unlikely the impact magnitude and 
significance would be greater than low, given the location of the sites within and around an 
existing mining landscape. 

 

Graveyards 

The landscape will be significantly modified around existing known graveyards as follows: 
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 Area between the open pit and tailings storage embankment (central study area): 

- Burmese graveyard located in a small side gully off the main Nam Pangyun valley. This graveyard is still 
in use. 

- Chinese cemetery on a vegetated ridge. The graveyard is overgrown and not in use. 

- Chinese, Christian and Myanmar graves located on a ridge. These vary from small piles of stones and small 
headstones to larger cement tombs. The graveyard appears recent and is probably still in use. 

 Adjacent to the southern boundary of the open pit: 

- Chinese graves located on the crest of Meingtha Ridge and marked by stone mounds.  

- Graves of unknown ethnicity located on the hillside beside the Catholic Church. 

 Near the mine services area: 

- Chinese graves comprising two distinctive stone mounds beside two large earth mounds, with more graves 
scattered down the ridgeline.  

 Adjacent to the northern plant road and process plant: 

- Chinese graveyard comprising a number of stone-ringed mounds and piles of displaced stone, which mark 
the graves. 

- Chinese graveyard located on a crest of a ridge with a range of grave types, including simple mound as 
well as more elaborate graves with headstones. There is evidence of artisanal mining in and around the 
graves. 

- Chinese graveyard located on the ridgeline to the southeast of Mt Battle. The graveyard consists of a 
number of stone mounds on the crest of the descending ridge.  

- Chinese graveyard located on the ridge to the east of Hillfort 20. Graves are marked by stone outlines and 
low stone mounds.  

As these sites are generally located on prominent ridges and crests, they are expected to have high aesthetic and 
spiritual value and are vulnerable to changes in the surrounding landscape.  

The residual impact of modification of the landscape surrounding graveyards during the construction and 
operations phases will be of high significance, based on the medium magnitude of impact and the high 
sensitivity of this feature (Table 6.189).   
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Table 6.189 Residual impact significance summary – construction and operations phases – reduced 
heritage values due to modification of landscape surrounding graveyards  

Value Sensitivity of value 

Graveyards Importance Vulnerability Resilience Sensitivity 

High  

Modern graveyards 
probably have social 
and spiritual value to 
existing communities, 
whilst older graveyards 
probably have 
bioarchaeological and 
historical value 

High  

Graveyards are highly vulnerable 
to disturbance because human 
remains should always be treated 
with dignity and respect and this 
cannot be always achieved if 
accidentally encountered or 
damaged 

Low to medium  

Damage to or loss 
of graveyards 
cannot be reversed 
and if relocated the 
original heritage 
value may be lost 

High 

Impact Magnitude of impact  

Reduced 
heritage values 
due to 
modification of 
landscape 
surrounding 
graveyards 

 

Spatial extent Severity Duration Magnitude 

Medium 
Extensive landscape 
change impacting 
around half of the 
known graveyards with 
10 of the 21 known 
graveyards will be 
impacted by landscape 
modification, 
representing half of the 
known graveyards. 

Medium 
Due to the context of existing 
changes to the landscape and 
viewsheds due to historic mining 
and associated activities. As these 
graveyards would have all been 
established after mining of the 
nearby landscape had 
commenced, a level of 
surrounding landscape 
modification would have been 
experienced (and expected) by 
those that originally constructed 
them and those that visit those 
graveyards to this day. 

High to very high 
The changes to the 
surrounding 
landscape will be in 
some cases long 
term (i.e., buildings 
and plant emissions) 
and for other cases 
permanent (tailings 
storage 
embankments, haul 
roads and open pit). 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

Three-dimensional visualisation of the predicted changes to landscape demonstrate that changes to 
surrounding landform will be significant. There is some uncertainty as to how alterations to 
surrounding landscape would detract from cultural heritage value of some graveyards given many 
were located in prominent positions based on views over the valley, although with an existing degree 
of visual impact from long running mining at Bawdwin. 

Central Bawdwin precinct 

The central Bawdwin precinct contains a group of key structures (e.g., mine office, clubhouse, Dead Chinaman 
Tunnel, Bawdwin timberyard, compressor house) relating to historic mine operation and key buildings of 
importance to the wider community (e.g., post office, company store, railway station). This has been a key area 
of social importance throughout Bawdwin’s history, from the early Chinese, through to the Colonial period, to the 
current day. 

The southern portion of the open pit mine footprint will be within 100 to 200 m of the central Bawdwin precinct 
to the north and east (see Figure 6.25). In this area, the visual landscape will change with the extension of the open 
pit and the change is considered significant as the open pit will essentially cut off the top of the ridgeline adjacent 
to the precinct.  

The residual impact of modification of the landscape surrounding the central Bawdwin precinct during the 
construction and operations phases will be of moderate significance, based on the medium magnitude of impact 
and the medium sensitivity of the features (Table 6.190).   
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Table 6.190 Impact significance summary - Reduced heritage values due to modification of landscape 
surrounding Central Bawdwin precinct 

Value Sensitivity of value 

Central 
Bawdwin 
precinct 

Importance Vulnerability Resilience Sensitivity 

High  

The precinct contains key structures 
of importance to historic mine 
operations and the modern wider 
community, and was assessed as 
having high historic, scientific 
(archaeological), technological and 
social importance This precinct 
contains key structures relating to 
historic mine operation and key 
buildings of importance to the wider 
community. This precinct has been a 
key area of social importance 
throughout Bawdwin’s history, from 
the early Chinese, through to the 
Colonial period, to the current day. 
While the significance of each 
building or structure within this 
precinct may vary in its specific 
values and attributes, it is important 
to recognise the heritage value of this 
area as a whole.  

This precinct was assessed as having 
high historic, scientific 
(archaeological), technological and 
social importance. 

Medium  

This precinct has some 
vulnerability to loss of heritage 
value as it is in a fixed location 
and setting that cannot be 
moved. This is relevant to both 
changes to the visual setting 
(i.e., if additional buildings are 
to be constructed nearby in the 
future), or if they may be 
impacted directly to make way 
for more modern infrastructure 
for development of the project.  

While wooden and metal 
buildings and structures have 
been, and will continue to be, 
exposed to weathering and 
degradation (i.e., corrosion, 
rotting, erosion of adjacent 
ground, etc.), ongoing natural 
degradation of these is not 
expected to materially 
influence the vulnerability of 
their heritage value over the 
project timescale. 

Medium  

The area 
would be able 
to withstand 
some 
localised 
changes in 
terms of 
additional 
buildings and 
changes to the 
landscape 
without 
materially 
affecting the 
aesthetic, 
historic and 
social appeal 
of the area as 
a whole 

Medium 

Impact Magnitude of impact  

Reduced 
heritage 
values due 
to 
modification 
of landscape 
surrounding 
Central 
Bawdwin 
precinct 

 

Spatial extent Severity Duration Magnitude 

High 
Extensive landscape change (most of 
the viewshed surrounding the precinct 
will change). 

Medium 
Given that the precinct, its 
buildings and their values are 
associated with the mining 
context, it is unlikely that 
increased visibility of a nearby 
open pit mining operation 
would significantly reduce the 
historic and social values of the 
area as a whole but may 
materially reduce aesthetic 
value. 

Very high 
Changes to 
the landscape 
will be 
permanent. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Low 

Three-dimensional visualisation of the predicted changes to landscape demonstrate that changes to 
surrounding landform will be significant. However, it is unlikely the impact significance would be greater 
than moderate, given the location of the sites within and around an existing mining landscape. 
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Tiger Camp precinct 

This precinct contains a group of key industrial structures and buildings associated with historic mine operation 
(e.g., Tiger Tunnel and electric railway, railway yards, tippler and ore bins). It is an important industrial 
archaeological area that has also historically been an important workplace.  

The residual impact of modification of the landscape surrounding the Tiger Camp precinct during the construction 
and operations phases will be of low significance, based on the low magnitude of impact and the medium 
sensitivity of the features (Table 6.191).   

Table 6.191 Residual impact significance summary – construction and operations phases – reduced 
heritage values due to modification of landscape surrounding Tiger Camp precinct 

Value Sensitivity of value 

Tiger Camp 
precinct 

Importance Vulnerability Resilience Sensitivity 

High  

This precinct contains a group 
of key industrial structures 
and buildings associated with 
historic mine operation (e.g., 
Tiger Tunnel and electric 
railway, railway yards, tippler 
and ore bins). 

It is an important industrial 
archaeological precinct, 
containing evidence for the 
development of the mine and 
the use of electric motive 
power. 

Overall the precinct was 
assessed to have high historic 
and technological 
significance. 

The precinct is not likely to be 
classified as critical heritage 
under IFC Performance 
Standard 8. 

Medium  

This precinct has some 
vulnerability to loss of 
heritage value as it is in a 
fixed location and setting that 
cannot be moved. This is 
relevant to both changes to the 
visual setting (i.e., if 
additional buildings are to be 
constructed nearby in the 
future), or if they may be 
impacted directly to make 
way for more modern 
infrastructure for development 
of the project.  

While wooden and metal 
buildings and structures have 
been, and will continue to be, 
exposed to weathering and 
degradation (i.e., corrosion, 
rotting, erosion of adjacent 
ground, etc.), ongoing natural 
degradation of these is not 
expected to materially 
influence the vulnerability of 
their heritage value over the 
project timescale. 

Medium  

The area would be 
able to withstand 
some localised 
changes in terms of 
additional buildings 
and changes to the 
landscape without 
materially affecting 
the aesthetic, historic 
and social appeal of 
the area as a whole. 

Medium 

Impact Magnitude of impact  

Reduced 
heritage 
values due to 
modification 
of landscape 
surrounding 
Tiger Camp 
precinct 

 

Spatial extent Severity Duration Magnitude 

Low 
Minor landscape change as 
the only key change to the 
surrounding area will be due 
to construction of the 
explosives facility adjacent 
and to the west of the 
precinct, and are not in the 
immediate vicinity of key 
buildings and structures (only 
a small portion of the 
viewshed will be affected). 

Low 
The degree of landscape 
change will be minor with the 
area able to withstand 
localised changes without 
losing the values associated 
with the key industrial 
structures and buildings as a 
collective. The impact is not 
expected to materially reduce 
the aesthetic or social heritage 
value of the Tiger Camp 
precinct. 

 

High 
Changes to the 
landscape will be 
long term. 

Low 

Residual impact significance Low 

Assessment of uncertainty 
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Low 

Three-dimensional visualisation of the predicted changes to landscape demonstrate that changes to 
surrounding landform will be of low severity in this location. It is unlikely the impact significance 
would be greater than low, given the location of the sites within and around an existing mining 
landscape. 

 

Tiger Camp buildings 

The residual impact of modification of the landscape surrounding Tiger Camp buildings during the construction 
and operations phases will be of low significance, based on the low magnitude of impact and the medium 
sensitivity of the features (Table 6.192).   

Table 6.192 Residual impact significance summary – construction and operations phases – reduced 
heritage values due to modification of landscape surrounding Tiger Camp buildings 

Value Sensitivity of value 

Tiger Camp 
buildings 

Importance Vulnerability Resilience Sensitivity 

Medium  

The buildings include 
the stone stores which 
have medium historical 
significance as they are 
an example of the 
development of 
permanent community 
resources in early 
Bawdwin 

Medium 

While these buildings are 
located away from 
proposed project 
activities, they’re 
susceptible to loss of 
aesthetic value to 
changes nearby 

Medium  

Most or all of the 
heritage value would 
remain after change, 
provided the key 
characteristics (i.e., 
key buildings and any 
important contents) 
were not lost or 
materially altered 

Medium 

Impact Magnitude of impact  

Reduced heritage 
values due to 
modification of 
landscape 
surrounding Tiger 
Camp buildings 

 

Spatial extent Severity Duration Magnitude 

Low 
Minor landscape change 
as the only key change 
to the surrounding area 
will be due to 
construction of the 
explosives facility 
adjacent and to the west 
of the precinct, and are 
not in the immediate 
vicinity of key buildings 
and structures (only a 
small portion of the 
viewshed will be 
affected). 

Low 
The degree of landscape 
change will be minor 
with the area able to 
withstand localised 
changes without losing 
the values associated 
with the key industrial 
structures and buildings 
as a collective. The 
impact is not expected to 
materially reduce the 
aesthetic or social 
heritage value of the 
Tiger Camp precinct. 

High 
Changes to the 
landscape will be long 
term. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Low 

Three-dimensional visualisation of the predicted changes to landscape demonstrate that changes to 
surrounding landform will be of low severity in this location. It is unlikely the impact significance 
would be greater than low, given the location of the sites within and around an existing mining 
landscape. 

 

Restriction of access to sites 

To manage health, safety and security, heritage features that are likely to have access restricted are those closest 
to and surrounded by project infrastructure and activities. These instances are described, and impacts assessed, 
below. 
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This assessment addresses restricted access for the local community only. It is considered that over the timescale 
of the project, the site will not be a key heritage tourism location or area of archaeological or heritage study for 
outside visitors but rather those opportunities may be realised at some stage in the future after mining operations 
cease. Therefore, this impact assessment does not address the impact of restricted access to outside (i.e., visitors 
from within Myanmar and from overseas) visitors. 

Chinese hillforts and defended ridges 

Access to sections of the Chinese hillforts and defended ridges along the northern plant haul road and processing 
plant site will be restricted. Access to the other southern and western parts of the system will remain as is.  

The residual impact of restriction of access to the hillfort and defended ridges system during the construction and 
operations phases will be of low significance, based on the low magnitude of impact and the medium sensitivity 
of the features (Table 6.193).  

Table 6.193 Residual impact significance summary – construction and operations phases – restricted 
access to Chinese hillforts and defended ridges 

Value Sensitivity of value 

Chinese 
hillforts and 
defended 
ridges 

Importance Vulnerability Resilience Sensitivity 

High  

These features are 
unique to Bawdwin, 
have high aesthetic, 
historic, scientific 
(archaeological) and 
technological 
importance and are 
highly likely to be 
classified as critical 
heritage under IFC 
Performance Standard 8 

High 

These features are located in prominent 
positions of the landscape and are highly 
vulnerable to changes to both the feature 
and surrounding landscape.  

Hillfort 4, however, is considered to have 
medium vulnerability as it is already 
highly damaged. 

Medium  

These features 
would be able to 
withstand some 
localised changes 
to the surrounding 
landscape, but 
cultural heritage 
values would be 
difficult to re-
establish if 
damaged 

Medium 

Impact Magnitude of impact  

Restricted 
access to 
Chinese 
hillforts and 
defended 
ridges 

 

Spatial extent Severity Duration Magnitude 

High 
Access largely 
prevented with the 
development of the 
project. 

Very low 

The degree to which the local community 
currently accesses the site is not clear but 
the value of this feature is most likely 
based on its visual presence in the 
landscape rather than from being 
accessed. Loss of access is unlikely to 
significantly affect the associated value of 
the Chinese hillforts and defended ridges 
system. 

High 
Access around 
this area will be 
restricted in the 
long term during 
both construction 
and operations. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Low 

Although the degree to which the local community currently accesses (and values) the hillforts and 
defended ridges is not clear, loss of access is unlikely to significantly affect the associated value of the 
Chinese hillforts and defended ridges system and the impact is unlikely to be greater than low 
significance. 

Bawdwin religious sites 

Access will be restricted to Bawdwin religious sites, which will be surrounded by the Bawdwin open pit and 
tailings storage embankment, haul road and mine services area. Local communities still use the majority of these 
sites and as such they have important spiritual and social values. Access to these sites will be tightly controlled to 
manage safety around the mining activities but this is consistent with previous practices throughout operation of 
the mine in the modern era and as such would be expected or anticipated by the local community.  
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It is not clear, for each religious site, whether the community will want to return during or after project construction 
and operations. This will need to be determined by community consultation and development of site-specific 
management approaches with religious leaders.  

Subject to community feedback and health and safety considerations, the project may provide intermittent 
community access to religious sites for certain events and maintenance activities or, if required, carry out 
maintenance of buildings on behalf of the community. In addition, the project will commit to providing alternative 
religious sites outside the project area if deemed appropriate during community consultation. 

As the requirements of the community and specific management approaches for each of the religious sites will 
not be confirmed until after further stakeholder engagement (with religious leaders, affected community and 
relevant Myanmar authorities), this impact is associated with a moderate degree of uncertainty. 

The residual impact of restriction of access to religious sites in Bawdwin and Tiger Camp during the construction 
and operations phases will be of moderate significance, based on the medium magnitude of impact and the 
medium sensitivity of the features (Table 6.194).  

Table 6.194 Residual impact significance summary – construction and operations phases – restricted 
access to Bawdwin religious site 

Value Sensitivity of value 

Bawdwin and 
Tiger Camp 
religious sites 

Importance Vulnerability Resilience Sensitivity 

Medium to high  

Religious sites are 
valuable to 
communities and 
have high social 
and spiritual 
significance 

Low to medium  

The sites are susceptible to restricted access 
given their locations amongst project 
activities 

Medium to high  

Most or all of 
their value would 
probably remain if 
changed or 
relocated 

Medium 

Impact Magnitude of impact  

Restricted 
access to 
Bawdwin 
religious sites 

 

Spatial extent Severity Duration Magnitude 

High 

Access will be 
restricted to all 
religious sites in 
Bawdwin. 

Very low 

While access will largely be restricted to 
the present religious sites, there will be 
support for alternative religious services, 
either new or relocated. The project will 
consult with the community to determine 
arrangements to allow continuation of 
religious practices by the community. 
Depending on community feedback, the 
project may provide intermittent access to 
existing sites (subject to health and safety 
risks) for certain events and maintenance 
activities or carry out maintenance on 
behalf of the community if required. 
Overall, with this range of management 
approaches, loss of cultural heritage value 
of existing religious sites is predicted to be 
very low. 

High 

This impact has 
the potential to be 
long term (i.e., 
during 
construction and 
operations) 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

The requirements of the community and specific management approaches for each of the religious sites 
will not be confirmed until after further community consultation (and with Myanmar authorities). It is 
currently not confirmed whether the community would prefer to return to existing religious sites or be 
more content with alternative sites provided. The uncertainty is limited however, given that the project 
has a range of approaches to manage this impact to suit the requirements of the community and 
Myanmar authorities. Further, community consultation to date has not indicated the loss of access to 
existing religious sites as being a concern of local people. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services|  6-398

 

Central Bawdwin precinct 

Access will be restricted to and within the Central Bawdwin precinct, which will be adjacent to open pit mining 
operations. This area is unlikely to have high heritage importance to the local community given that most of the 
key features of cultural heritage value will probably be relocated to a mining museum (subject to confirmation 
with Myanmar authorities ((i.e., the Department of Archaeology and National Museum of MORAC or its delegate 
and ME-1) and community). It is anticipated that features that will remain in situ will include the compressor 
house and Bawdwin timber yard.  . The project will avoid direct disturbance of these features. Depending on 
feedback from Myanmar authorities and the community the project will allow periodic maintenance to be carried 
out (subject to safe access) or WMM will conduct the maintenance on behalf of the community, if required. Access 
will be tightly controlled given this is central part of the project area; however, the community is unlikely to have 
high cultural heritage connection to the sites remaining in situ. However, this and the requirement for community 
access will be confirmed during community consultation, and as such there is a moderate level of uncertainty with 
the assessment of this impact. 

The residual impact of restriction of access to the central Bawdwin precinct during the construction and operations 
phases will be of low significance, based on the low magnitude of impact and the medium sensitivity of the 
features (Table 6.195).   
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Table 6.195 Residual impact significance summary – construction and operations phases – restricted 
public access to and within the Central Bawdwin precinct 

Value Sensitivity of value 

Central 
Bawdwin 
precinct 

Importance Vulnerability Resilience Sensitivity 

High  

The precinct contains key 
structures of importance to 
historic mine operations and 
the modern wider community, 
and was assessed as having 
high historic, scientific 
(archaeological), technological 
and social importance. 
However, for this particular 
impact, the area is deemed to 
be of medium importance 
once the key features of 
cultural heritage significance 
(e.g., mine office, post office, 
timekeeper’s office, company 
store, rail station, lower 
management house and 
specimens of workers’ houses) 
are relocated to a mining 
museum and sites of lower 
cultural heritage value 
(compressor house and timber 
yard) remain in situ 

Medium  

The precinct has some 
vulnerability to loss of heritage 
value as it is in a fixed location 
and setting that cannot be 
moved 

Medium  

The area would be 
able to withstand 
some localised 
changes in terms 
of additional 
buildings and 
changes to the 
landscape without 
materially 
affecting the 
aesthetic, historic 
and social appeal 
of the area as a 
whole 

Medium 

Impact Magnitude of impact  

Restricted 
public access 
to and within 
the Central 
Bawdwin 
precinct 

 

Spatial extent Severity Duration Magnitude 

Medium 

Very limited access to the 
Central Bawdwin precinct, 
although features of highest 
value will be accessible in a 
mining museum/precinct 
(subject to directives from 
Myanmar authorities and the 
community). 

Very low 

Access will be restricted to the 
most apparent historically 
important area in the context of 
previous mining activities, 
however operation of the mine 
and employment opportunities 
are likely to take precedence 
over the restriction of access. 
Also, access restriction is 
consistent with previous 
practices throughout operation 
of the mine in the modern era 
and as such would be expected 
or anticipated by the local 
community. Access to the key 
features of cultural heritage 
value will be maintained in the 
form of a mining/museum, 
which will also aid in 
preserving these items from 
degradation. It is unlikely that 
the community will have high 
cultural heritage connection to 
the sites remaining in situ and 
any restricted access would be 
very low severity in the context 
of the range of management 
approaches outlined. 

High 

This impact has 
the potential to be 
long term (i.e., 
during 
construction and 
operations) 

Low  

Residual impact significance Low 
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Assessment of uncertainty 

Medium 

The requirements of the community and specific management approaches for each of the sites will not 
be confirmed until after further community consultation (and with Myanmar authorities). It is currently 
not confirmed whether the community would prefer to return to features to remain in situ for cultural 
heritage connection or maintenance of the features. The uncertainty is limited however, given that the 
project has a range of approaches to manage this impact to suit the requirements of the community and 
Myanmar authorities. 

 

Bawdwin village buildings 

After the Bawdwin lower village community is resettled there will be no community access to and around 
Bawdwin village area. The Bawdwin village buildings will be surrounded by the Bawdwin open pit and tailings 
storage embankment, haul road and mine services area.  The Bawdwin village buildings comprise mostly old 
housing from the Colonial period which are in variable condition. These buildings and structures range in 
historical cultural heritage value from low (post- second world war buildings) to medium (pre- second world war 
buildings). Some of these buildings may be used by the project for accommodation (where deemed suitable) 
during the early stages of project construction. The buildings will be assessed for cultural heritage value before 
being removed. Old buildings from the Chinese bazaar and the Chinese-era stone revetment have higher cultural 
heritage value but it is unlikely that the community will have strong connection to these features that would be 
disrupted once the community is resettled elsewhere. If identified during community consultation and engagement 
with Myanmar authorities (i.e., the Department of Archaeology and National Museum of MORAC or its delegate), 
that certain buildings are preferred to be maintained or relocated, or alternative buildings provided elsewhere, this 
will be addressed on a case-by-case basis and in consultation with the Myanmar authorities.  

The residual impact of restriction of access to Bawdwin village buildings during the construction and operations 
phases will be of low significance, based on the low magnitude of impact and the medium sensitivity of the 
features (Table 6.196).   
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Table 6.196 Residual impact significance summary – construction and operations phases – restriction  
of access to and around Bawdwin village buildings 

Value Sensitivity of value 

Bawdwin 
village 
buildings 

Importance Vulnerability Resilience Sensitivity 

Medium  

The buildings of key 
cultural heritage 
significance include the 
remaining stone buildings 
in the Chinese Bazaar area 
and the remains of ancient 
Chinese bridges in the 
Goldhole Valley area. 
These buildings have 
medium historical and 
scientific significance as 
remaining evidence of the 
early colonial-period 
Chinese community at 
Bawdwin. 

Medium  

The Bawdwin village buildings are 
vulnerable to loss of aesthetic value 
from landscape changes in proximity 
to these sites and vulnerable to direct 
disturbance as they are in a fixed 
location close to existing mining 
operations. 

While wooden and metal buildings 
and structures have been, and will 
continue to be, exposed to 
weathering and degradation this 
does not materially influence the 
vulnerability of their heritage value 
over the project timescale. 

Medium  

The area would be 
able to withstand 
some localised 
changes in terms of 
additional buildings 
and changes to the 
landscape without 
materially affecting 
the aesthetic, 
historic and social 
appeal of the area 
as a whole 

Medium 

Impact Magnitude of impact  

Restriction 
of access to 
and around 
Bawdwin 
village 
buildings 

 

Spatial extent Severity Duration Magnitude 

Medium 

Very limited access to and 
within the village 
buildings, although 
depending on the approach 
to managing the impact, 
buildings and structures 
may be relocated or 
alternatives provided, 
resulting in impact to only 
some of these features. 

Very low 

Access restriction is consistent with 
previous practices throughout 
operation of the mine in the modern 
era and as such would be expected 
or anticipated by the local 
community. In addition, some 
people who currently reside in the 
area will be resettled to safer areas 
with access to other services and 
resources. 

Access to the key features of cultural 
heritage value will be maintained in 
the form of a mining/museum, 
which will also aid in preserving 
these items from degradation. It is 
unlikely that the community will 
have high cultural heritage 
connection to the sites remaining in 
situ and any restricted access would 
be very low severity in the context 
of the range of management 
approaches outlined. 

High 

This impact has the 
potential to be long 
term (i.e., during 
construction and 
operations). Some 
buildings will be 
removed 
permanently.  

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

The requirements of the community and specific management approaches for each of the sites will not be 
confirmed until after further community consultation (and with Myanmar authorities). It is currently not 
confirmed whether the community would prefer to return to features to remain in situ for cultural heritage 
connection or maintenance of the features. The uncertainty is limited however, given that the project has 
a range of approaches to manage this impact to suit the requirements of the community and Myanmar 
authorities. 
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Tiger Camp precinct  

This precinct contains a group of key industrial structures and buildings associated with historic mine operation 
(e.g., Tiger Tunnel and electric railway, railway yards, tippler and ore bins). It is an important industrial 
archaeological area that has also historically been an important workplace. The key features of cultural heritage 
value (or in some cases, examples of) will be either relocated to a mining museum/precinct (i.e., tippler, electric 
locomotive, man cars, ore wagons – some of which potentially as functioning exhibits) or protected in situ (i.e., 
ore bins, electric rail bed and track, Tiger Tunnel portal and approach). Active maintenance may be carried out by 
the project or facilitated access to the community subject to safety considerations and feedback from the 
community and Myanmar authorities (i.e., the Department of Archaeology and National Museum of MORAC or 
its delegate) on the preferred management approaches. 

Given that community access to the key features of higher cultural heritage value will be maintained, although in 
a new location (mining museum) and some limited access may be facilitated, the residual impact of  restriction of 
access to the central Tiger Camp precinct during the construction and operations phases will be of low 
significance, based on the low magnitude of impact and the medium sensitivity of the features (Table 6.197).   
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Table 6.197 Residual impact significance summary – construction and operations phases – restricted 
public access to and within the Central Tiger Camp precinct 

Value Sensitivity of value 

Central Tiger 
Camp 
precinct 

Importance Vulnerability Resilience Sensitivity 

High  

The precinct contains 
key structures of 
importance to historic 
mine operations and is 
an important industrial 
archaeological area, 
with high historic and 
technological 
significance 

Medium  

The precinct has some 
vulnerability to loss of heritage 
value as it is in a fixed location 
and setting that cannot be moved 

Medium  

The area would be able 
to withstand some 
localised changes in 
terms of additional 
buildings and changes 
to the landscape without 
materially affecting the 
aesthetic, historic and 
social appeal of the area 
as a whole 

Medium 

Impact Magnitude of impact  

Restricted 
public access 
to and within 
the Central 
Tiger Camp 
precinct 

 

Spatial extent Severity Duration Magnitude 

Medium 

Very limited access at 
all religious sites in the 
Tiger Camp precinct. 
Although depending 
on the approach to 
managing the impact, 
buildings and 
structures may be 
relocated or 
alternatives provided, 
resulting in impact to 
only some of these 
features. 

Very low 

Access restriction is consistent 
with previous practices 
throughout operation of the mine 
in the modern era and as such 
would be expected or anticipated 
by the local community. In 
addition, some people who 
currently reside in the area will 
be resettled to safer areas with 
access to other services and 
resources. Access to the key 
features of cultural heritage 
value will be maintained in the 
form of a mining/museum, 
which will also aid in preserving 
these items from degradation. It 
is unlikely that the community 
will have high cultural heritage 
connection to the sites remaining 
in situ and any restricted access 
would be very low severity in 
the context of the range of 
management approaches 
outlined. 

High 

This impact has the 
potential to be long 
term (i.e., during 
construction and 
operations). Some 
buildings will be 
removed permanently. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

The requirements of the community and specific management approaches for each of the sites will not 
be confirmed until after further community consultation (and with Myanmar authorities). It is currently 
not confirmed whether the community would prefer to return to features to remain in situ for cultural 
heritage connection or maintenance of the features. The uncertainty is limited however, given that the 
project has a range of approaches to manage this impact to suit the requirements of the community and 
Myanmar authorities. 

 

Tiger Camp village buildings 

Access will be restricted to and around Tiger Camp village, since the new access road between Namtu and Tiger 
Camp will not be for public use.  The Tiger Camp village buildings comprise mostly old housing from the Colonial 
period which are in variable condition and the buildings and structures range from low (post-war buildings) to 
medium (pre-war buildings) historical cultural heritage value. Many of these will be used by the project for 
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accommodation (where deemed suitable) and may be removed prior to operations to avoid squatting. The 
buildings will be assessed for cultural heritage value before being removed. It is unlikely that the community will 
have strong connection to these buildings that would be disrupted once the community is resettled elsewhere. If 
identified during community consultation and engagement with the Myanmar authorities, that certain buildings 
are preferred to be maintained or relocated, or alternative buildings provided elsewhere, this will be addressed on 
a case by case basis and in consultation with the Myanmar authorities (i.e., the Department of Archaeology and 
National Museum of MORAC or its delegate and ME-1).   

The residual impact of restriction of access to Tiger Camp village buildings will be of low significance, based on 
the low magnitude of impact and the medium sensitivity of the features (Table 6.198).   
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Table 6.198 Residual impact significance summary – construction and operations phases – restriction 
of access to and around Tiger Camp village buildings 

Value Sensitivity of value 

Tiger Camp 
village 
buildings 

Importance Vulnerability Resilience Sensitivity 

Medium  

The buildings include 
the stone stores which 
have medium 
historical significance 
as they are an example 
of the development of 
permanent community 
resources in early 
Bawdwin. 

The buildings are 
unlikely to be 
considered critical 
heritage under IFC 
Performance Standard 
8. 

Medium 

The sites are vulnerable to some loss 
of aesthetic value from landscape 
changes or if other buildings are 
constructed in proximity to these 
sites. They are also vulnerable to 
direct disturbance as they are in a 
fixed location. 

While wooden and metal buildings 
and structures have been, and will 
continue to be, exposed to 
weathering and degradation (i.e., 
corrosion, rotting, erosion of 
adjacent ground, etc.), ongoing 
natural degradation of these is not 
expected to materially influence the 
vulnerability of their heritage value 
over the project timescale. 

Medium  

The precinct would 
probably still retain 
most or all of its 
heritage value after 
change, provided 
the key 
characteristics (i.e., 
key buildings and 
any important 
contents) were not 
lost or materially 
altered. As this 
feature is a 
collection on 
buildings, it does 
provide some 
resilience to 
localised changes. 

Medium 

Impact Magnitude of impact  

Restriction of 
access to and 
around Tiger 
Camp village 
buildings 

 

Spatial extent Severity Duration Magnitude 

Medium 

Very limited access to 
and within the Tiger 
Camp village 
buildings. Although 
depending on the 
approach to managing 
the impact, buildings 
and structures may be 
relocated or 
alternatives provided, 
resulting in impact to 
only some of these 
features. 

Very low 

Replacement buildings will be 
provided at the resettlement 
location. Existing buildings are 
likely to have low value to 
communities that are being resettled 
to newer and safer housing. It is 
unlikely that the community will 
have high cultural heritage 
connection to the sites remaining in 
situ and any restricted access would 
be very low severity in the context 
of the range of management 
approaches outlined. 

High 

This impact has the 
potential to be long 
term (i.e., during 
construction and 
operations). Some 
buildings will be 
removed 
permanently. 

Low  

Residual impact significance Low 

Assessment of uncertainty 

Medium 

The requirements of the community and specific management approaches for each of the sites will not 
be confirmed until after further community consultation (and with Myanmar authorities). It is currently 
not confirmed whether the community would prefer to return to features to remain in situ for cultural 
heritage connection or maintenance of the features. The uncertainty is limited however, given that the 
project has a range of approaches to manage this impact to suit the requirements of the community and 
Myanmar authorities. 
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Summary of residual impacts 

As described above, much of the cultural heritage at Bawdwin relates to the continued mining presence over the 
last six centuries. The development of the project will continue this mining operation into modern times, but as a 
consequence there will be loss of some of the existing (historical) infrastructure. This will fundamentally alter the 
current historical mining context, but provides an opportunity to document, research and conserve aspects of the 
past operations. Proposed measures are aimed to minimising impacts to known cultural heritage sites, and where 
avoidance is not possible putting in measures to comprehensively document and preserve key items to highlight 
and display the history of the Bawdwin mine into the future. 

Table 6.199 provides a summary of the residual impacts and their significance. 
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Table 6.199 Summary of assessment of residual cultural heritage impacts 

Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

Direct 
loss due 
to 
earthwo
rks and 
mining 

 

Chinese 
era 
mining 
and 
smelting 
evidence 
(known 
sites of 
mining 
(undergro
und 
workings) 
and 
smelting)   

 High 
sensit
ivity 

Construc
tion and 
operation
s 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

Major Permanent loss of rare and 
highly sensitive cultural 
heritage features.  

Low 

 It is known 
that these 
items will 
be within 
the mining 
footprint 
and will be 
lost 
permanentl
y 

Disturba
nce due 
to 
earthwo
rks and 
mining 

 

Currently 
unknown 
but 
expected 
Chinese 
era 
smelting 
evidence 
(furnaces) 

 High 
sensit
ivity 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

High Permanent damage to rare 
and sensitive cultural 
heritage features. May result 
in partial loss of inherent 
value. 

Medium 

 Field 
survey 
limited to 
surface 
observation
s from a 
single site 
visit 

 Uncertainty 
in the 
location 
and number 
of 
subsurface 
features and 
artefacts 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

Direct 
loss due 
to 
earthwo
rks and 
mining 

 

Chinese 
stone 
bridge 
foundatio
n 

 High 
sensit
ivity 

Construc
tion and 
operation
s 

Very high 
magnitude 

 Very 
high 
spatial 
extent 

 High 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

Major Permanent loss of the last 
known Chinese Bridge 
foundation in Bawdwin, a 
feature of key cultural 
heritage significance which 
provides evidence of the 
early Chinese community at 
Bawdwin. 

Low 

 It is known 
that the 
bridge will 
be lost 
during 
project 
constructio
n 

Chinese 
bazaar 
buildings 

 Medi
um 
sensit
ivity 

Construc
tion and 
operation
s 

Very high 
magnitude 

 Very 
high 
spatial 
extent 

 High 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 In situ 
protection (i.e., 
no go zones) 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 Chance finds 
procedure 

Major Permanent loss of buildings 
of key cultural heritage 
significance which are 
evidence of the early 
colonial-period Chinese 
community at Bawdwin. 
However aspects of these 
buildings will be kept 
available for inclusion in 
museums. Some cultural 
heritage value will be lost as 
its value is associated with 
the buildings being 
complete and part of a 
group of historic buildings 
in a mining setting. 

Low 

 It is known 
which 
buildings 
will be 
removed 
during 
constructio
n 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

Direct 
loss due 
to 
earthwo
rks and 
mining 

 

Graveyar
ds 
(currently 
unknown) 

 High 
sensit
ivity 

 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

 Implement a 
process for the 
inspection, 
exhumation and 
archiving of 
graves with 
input from 
qualified 
archaeologists, 
regulators, the 
community and 
appropriate 
religious 
leaders.  

 For graveyards 
still in use,  
re-
establish/relocat
e them as part 
of the 
community 
resettlement 
plan.  

 Conduct further 
engagement and 
investigation of 
graves from the 
Chinese mining 
era. For graves 
to be relocated, 
the process will 
involve 
culturally and 
legally 
sanctioned 
exhumation and 
relocation of 
individual 
graves.  

High Permanent loss of currently 
unknown graveyards that 
include human remains 
(highly sensitive features). 
This impact will be 
localised to the project 
footprint and management 
measures to relocate graves 
will be implemented.  

Medium 

 Field 
survey 
limited to 
surface 
observation
s from a 
single site 
visit 

 Uncertainty 
in the 
location 
and number 
of 
graveyards 

 Sensitivity 
is highly 
subjective 
for 
individual 
graves 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

Disturba
nce due 
to 
earthwo
rks and 
mining 

Graveyar
ds 
(known) 

 High 
sensit
ivity 

 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Very 
low 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Chance finds 
procedure 

 In situ 
protection (i.e., 
no go zones) 

 Implement a 
process for the 
inspection, 
exhumation and 
archiving of 
graves with 
input from 
qualified 
archaeologists, 
regulators, the 
community and 
appropriate 
religious 
leaders.  

 For graveyards 
still in use,  
re-
establish/relocat
e them as part 
of the 
community 
resettlement 
plan.  

 Conduct further 
engagement and 
investigation of 
graves from the 
Chinese mining 
era. For graves 
to be relocated, 
the process will 
involve 
culturally and 
legally 
sanctioned 
exhumation and 
relocation of 
individual 
graves.  

 

High Permanent disturbance of 
four graveyards that include 
human remains (highly 
sensitive features). Damage 
or loss will be permanent 
and despite relocation of the 
graveyards, cultural heritage 
value may be lost. 

Low 

 It is known 
that the 
graveyards 
will be 
removed 

 Sensitivity 
is highly 
subjective 
for 
individual 
graves 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

Loss 
due to 
being 
decomm
issioned 
and 
remove
d from 
project 
footprin
t 

 

 

 

Religious 
sites 
(currently 
used and 
currently 
unused) 
for 
religious 
purposes 
(Aye Say 
Di 
Buddhists 
Temple, 
Dha Pu 
Nya 
Karyi 
Buddhist 
Chapel, 
Aung 
Mingalar 
Chapel, 
Aung 
Mingalar 
Temple, 
Thiri 
Mingalar 
Buddhist 
Chapel 
and the 
Sikh 
Temple) 

 Medi
um 
sensit
ivity 

 

Construc
tion 

Low 
magnitude 
(Sikh 
Temple) 

 Mediu
m 
spatial 
extent 

 Very 
low 
severi
ty 

 Very 
high 
durati
on 

Medium 
magnitude 
(all other 
temples) 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Consult with 
qualified 
archaeologists, 
regulators, the 
community and 
appropriate 
religious leaders 
to develop a 
process for 
managing the 
loss of religious 
sites 

 Where feasible, 
and in line with 
stakeholder 
feedback, 
provide 
alternative 
religious sites 
for the 
community 

Low 
(Sikh 
Temple
) 

Modera
te (the 
Aye 
Say Di 
Bhuddi
st 
Temple 
and 
Dha Pu 
Nya 
Karyi 
Bhuddi
st 
Chapel) 

 

Permanent loss of features. 
However, project will 
provide alternative access to 
religious sites. With the 
availability of alternative or 
new religious sites that 
accommodate the interests 
of the local community, it is 
likely that some values (to 
the community) will be 
retained. 

The impact for the Sikh 
Temple is lower given it 
does not have a 
congregation currently. 

Medium 

 It is known 
which sites 
will be 
permanentl
y removed 

 Importance 
to 
communitie
s requires 
further 
investigatio
n 

 Sensitivity 
may vary 
between 
community 
members 
and each 
site 

Colonial-
period 
infrastruc
ture – 
Marmion 
shaft and 
winding 
house 

 Medi
um to 
high 
sensit
ivity 

 

Construc
tion 

Very high 
magnitude 

 Very 
high 
spatial 
extent 

 High 
severi
ty 

 Very 
high 
durati
on  

 Relocate 
Marmion shaft 
headframe and 
winding house 
to a mining 
museum/precin
ct, subject to 
feedback from 
community and 
regulators 

Major Permanent removal of a 
unique heritage feature that 
is likely to be classified as 
Critical Heritage under IFC 
guidelines and which has 
potential for international 
heritage recognition. The 
feature will be dismantled 
and reassembled in a 
museum (although not 
functioning).  

Low 

 It is known 
that this 
feature will 
be 
disassemble
d and 
relocated 

 Assumed 
that the 
feature will 
be 
adequately 
managed in 
a museum 
by third 
parties once 
handed 
over by the 
project. 

Namtu to 
Bawdwin 
railway 

 Medi
um 
sensit
ivity 

Construc
tion 

Very high 
magnitude 

 High 
spatial 
extent 

 Very 
high 
severi
ty 

 Where feasible, 
retain sections 
of the original 
railway 

 Reinstate or 
create sections 
of railway 
elsewhere 
(subject to 

Major Permanent loss of a unique 
heritage feature that is likely 
to be classified as Critical 
Heritage under IFC 
guidelines and which has 
potential for international 
heritage recognition. 

The railway between Namtu 
and Tiger Camp will be 

Low 

 It is known 
that this 
feature will 
be 
disassemble
d and 
relocated 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

 Very 
high 
durati
on  

community and 
regulator 
feedback) 

 Preserve 
railway 
infrastructure in 
the mining 
museum/precin
ct 

removed and some 
associated value will be lost. 
However some cultural 
heritage tourism value may 
be retained if reused. 

 Potential 
reuse to be 
confirmed 

 Assumed 
that 
representati
ve 
components 
of the 
feature will 
be 
adequately 
managed in 
a museum 
by third 
parties once 
handed 
over by the 
project. 

Independ
ence 
monumen
t 

 Low 
sensit
ivity 

 

Construc
tion 

Low 
magnitude 

 Very 
high 
spatial 
extent 

 Low 
severi
ty 

 Low 
durati
on 

 Monument to 
be translocated 
in consultation 
with local 
community 

Low The monument can be 
relocated while retaining 
most of its heritage value. 

Low 

 It is known 
that this 
feature will 
be removed 
and 
relocated. 

Disturba
nce due 
to 
mining 

Hillfort 
and 
defended 
ridges 
system  

 High 
sensit
ivity 
(Hillf
ort 4 
medi
um) 

Operatio
ns 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

Modera
te  

Hillfort 4 will be lost, 
however this is only a small 
portion of the overall 
hillforts and defended ridge 
system. The remaining 
elements of the system still 
able to provide the inherent 
value of the overall feature.  

 

Medium 
(Hillfort 4) 

 High 
potential 
for artefacts 
due to 
location 

 Site 
investigatio
n required 
to 
investigate 
features and 
develop 
appropriate 
managemen
t measures 

Loss 
due to 
earthwo

Smaller, 
widesprea
d 
artefacts 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Mediu
m 

 Avoidance 
through design, 
where 
practicable 

High 

 

Significance of impact will 
depend on the feature 
affected (particularly its 
level of rarity and 

Medium 

 Field 
survey 
limited to 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

rks and 
mining 

and 
evidence 
of 
Chinese 
occupatio
n 

 High 
sensit
ivity 

spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

distribution). Smaller, 
widespread artefacts include 
fragments of ceramics 
which are expected to be 
widespread in the valley and 
not particularly unique from 
that time period. 

surface 
observation
s from a 
single site 
visit 

 Uncertainty 
in the 
location 
and number 
of 
subsurface 
features and 
artefacts 

 Some loss 
assumed 
based on pit 
location 
relative to 
historic 
mining 
activities 

Disturba
nce due 
to 
earthwo
rks and 
mining 

Smaller, 
widesprea
d 
artefacts 
and 
evidence 
of 
Chinese 
occupatio
n 

 High 
sensit
ivity 

Construc
tion and 
operation
s 

Low 
magnitude 

 Mediu
m 
spatial 
extent 

 Low 
severi
ty 

 High 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

Modera
te 

 

As above, significance of 
impact will depend on the 
feature affected. Impacts are 
lower as the features are 
disturbed as opposed to lost, 
and in some cases they may 
be able to be exhumed and 
preserved and some heritage 
value retained. 

Medium 

 Field 
survey 
limited to 
surface 
observation
s from a 
single site 
visit 

 Uncertainty 
in the 
location 
and number 
of 
subsurface 
features and 
artefacts 

 Some 
disturbance 
assumed 
based on pit 
location 
relative to 
historic 
mining 
activities 

Loss 
due to 
earthwo
rks and 
mining 

Larger/rar
er 
artefacts 
and 
evidence 
of 
Chinese 
occupatio
n  

Construc
tion and 
operation
s 

High 
magnitude 

 Mediu
m 
spatial 
extent 

 High 
severi
ty 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 

Major  Significance of impact will 
depend on the feature 
affected (particularly its 
level of rarity and 
distribution). Larger 
features such as buildings 
(e.g., houses) are expected 
to be rarer than small 
artefacts and may be 
completely destroyed when 
encountered. 

Medium 

 Field 
survey 
limited to 
surface 
observation
s from a 
single site 
visit 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

 High 
sensit
ivity 

 Very 
high 
durati
on 

historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) for 
significant 
heritage areas 
that will not be 
disturbed by the 
project 

 Chance finds 
procedure 

 Uncertainty 
in the 
location 
and number 
of 
subsurface 
features and 
artefacts 

 Some loss 
assumed 
based on pit 
location 
relative to 
historic 
mining 
activities 

Disturba
nce due 
to 
earthwo
rks and 
mining 

Larger/rar
er 
artefacts 
and 
evidence 
of 
Chinese 
occupatio
n 

 High 
sensit
ivity 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

 Ground 
disturbance 
permit process 

 Pre-disturbance 
surveys 

 Archaeological 
excavation, 
research, 
analysis and 
conservation of 
artefacts 

 In situ 
protection (i.e., 
no go zones) 

 Chance finds 
procedure 

High As above, significance of 
impact will depend on the 
feature affected. Impacts are 
lower as the features are 
disturbed as opposed to lost, 
and in some cases they may 
be able to be exhumed and 
preserved and some heritage 
value retained. 

Medium 

 Field 
survey 
limited to 
surface 
observation
s from a 
single site 
visit 

 Uncertainty 
in the 
location 
and number 
of 
subsurface 
features and 
artefacts 

 Some loss 
assumed 
based on pit 
location 
relative to 
historic 
mining 
activities 

Reduce
d 
heritage 
values 
due to 
modific
ation of 
surroun
ding 
landsca
pe 

 

Chinese 
hillforts 
and 
defended 
ridges  

 Medi
um 
sensit
ivity 

 

Construc
tion and 
operation
s 

High 
magnitude 

 High 
spatial 
extent 

 High 
severi
ty 

 High 
to 
very 
high 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

High Approximately 1 to 2 km of 
the hillforts and defended 
ridge system (approximately 
one-third of the total 
system) will experience 
significant surrounding 
landscape change (even in 
the context of existing 
mining-related landscape 
changes), and this represents 
long term impact to a major 
proportion of the feature. 

Low 

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes  
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

 

 

 

 

durati
on 

 Carefully 
rehabilitate 
project 
disturbance, 
where possible, 
to blend with 
surrounding 
landforms 

The viewsheds from the 
ridges will also be impacted. 

Bawdwin 
religious 
sites 

 Medi
um 
sensit
ivity 

 

Construc
tion and 
operation
s 

Low 
magnitude 

 Very 
low 
spatial 
extent 

 Low 
severi
ty 

 High 
to 
very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

Low While the impact is long 
term to permanent, it is 
likely that the sites will still 
retain some (or possibly 
most) of their aesthetic, 
spiritual or social value, 
particularly in the context of 
existing mining and 
industrial operations in the 
broader area. 

Low 

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes  

 

Graveyar
ds (10 
known 
graveyard
s) 

 High 
sensit
ivity 

Construc
tion and 
operation
s 

Medium 
magnitude 

 Mediu
m 
spatial 
extent 

 Mediu
m 
severi
ty 

 High 
to 
very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

High As these sites are generally 
located on prominent ridges 
and crests, they are expected 
to have high aesthetic and 
spiritual value and are 
vulnerable to changes in the 
surrounding landscape. 
While the changes to the 
surrounding landscape will 
be in some cases long term 
(i.e., buildings and plant 
emissions) and for other 
cases permanent (tailings 
storage embankments, haul 
roads and open pit), it is 
considered that the severity 
will be medium in the 
context of existing changes 
to the landscape and 
viewsheds due to historic 
mining and associated 
activities. 

Medium 

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes  

 Uncertain 
how 
alterations 
to 
surrounding 
landscape 
would 
detract 
from 
cultural 
heritage 
value of 
some 
graveyards 
given their 
location 
and existing 
visual 
impact 

Central 
Bawdwin 
precinct 

 Medi
um 
sensit
ivity 

 

Construc
tion and 
operation
s 

Medium 
magnitude 

 High 
spatial 
extent 

 Mediu
m 
severi
ty 

 Very 
high 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

Modera
te 

The visual landscape will 
change with the extension of 
the open pit and the change 
is considered significant as 
the open pit will essentially 
cut off the top of the 
ridgeline adjacent to the 
precinct. However, given 
that the precinct, its 
buildings and their values 
are associated with the 
mining context, it is 
unlikely that increased 
visibility of a nearby open 

Low 

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes  
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

pit mining operation would 
significantly reduce the 
aesthetic, historic and social 
values of the area. 

Tiger 
Camp 
precinct 

 Medi
um 
sensit
ivity 

 

 

Construc
tion and 
operation
s 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severi
ty 

 High 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

Low The degree of landscape 
change will be minor with 
the area able to withstand 
localised changes without 
losing the values associated 
with the key industrial 
structures and buildings as a 
collective. This impact is 
not expected to materially 
reduce the heritage value of 
the Tiger Camp precinct. 

Low  

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes 

Tiger 
Camp 
buildings 

 Medi
um 
sensit
ivity 

 

Construc
tion and 
operation
s 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severi
ty 

 High 
durati
on 

 Avoidance 
through design, 
where 
practicable 

 Declare 
historical sites 
and objects to 
authorities 

 Record and 
document 
historical sites 
and objects 

Low The degree of landscape 
change will be minor with 
the area able to withstand 
localised changes without 
losing the values associated 
with the key industrial 
structures and buildings as a 
collective. This impact is 
not expected to materially 
reduce the heritage value of 
the Tiger Camp buildings. 

 

Low  

 Significanc
e supported 
by three-
dimensiona
l 
visualisatio
n of 
changes 

Restrict
ed 
access 

 

 

 

Chinese 
hillforts 
and 
defended 
ridges 

 Medi
um 
sensit
ivity 

  

Construc
tion and 
operation
s 

Low 
magnitude 

 High 
spatial 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites  

Low While access around this 
area will be restricted in the 
long term during both 
construction and operations, 
loss of access is unlikely to 
significantly affect 
associated value of the 
Chinese hillforts and 
defended ridges system, as 
most of its value comes 
from its visual presence in 
the landscape rather than 
from ability to access the 
feature. 

Low 

 Loss of 
access is 
unlikely to 
significantl
y affect 
value 

Bawdwin 
religious 
sites 

 Medi
um 
sensit
ivity 

 

Construc
tion and 
operation
s 

Medium 
magnitude 

 High 
spatial 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites  

 For cultural 
heritage sites 
that will no 
longer be 
accessible, 
provide 
alternative 
access to the 
site where safe 
and practicable. 
Where not 
possible, 

Modera
te   

 

Access to these sites will be 
tightly controlled to manage 
safety around the mining 
activities (long term 
potential inconvenience) but 
this is consistent with 
previous practices 
throughout operation of the 
mine in the modern era and 
as such would be expected 
or anticipated by the local 
community. Furthermore, 
the project will provide 
alternative access to 
religious sites in cases 
where they cannot be 
accessed by the community. 

Medium 

 Further 
community 
consultatio
n required 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

provide 
replacement 
sites at new 
locations, 
incorporating 
community and 
government 
feedback into 
the decision 
making. 

 Subject to 
community 
feedback and 
health and 
safety 
considerations, 
provide 
intermittent 
community 
access to 
religious sites 
for certain 
events and 
maintenance 
activities or, if 
required, carry 
out maintenance 
of buildings on 
behalf of the 
community. 

 

 

 

Central 
Bawdwin 
precinct 

 Medi
um 
sensit
ivity 

Construc
tion and 
operation
s 

Low 
magnitude 

 Mediu
m 
spatial 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Key features of 
cultural heritage 
value will 
probably be 
relocated to a 
mining museum 

 Avoid direct 
disturbance of 
remaining 
features, where 
practicable 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites  

Low   

 

It is unlikely that the 
community will have high 
cultural heritage connection 
to the sites remaining in 
situ. Operation of the mine 
and employment 
opportunities are likely to 
take precedence over the 
restriction of access to 
features of heritage value. 
Also, access restriction is 
consistent with previous 
practices throughout 
operation of the mine in the 
modern era and as such 
would be expected or 
anticipated by the local 
community. Once the 
mining operations cease, 
access to the features will be 
returned. 

Medium 

 Further 
community 
consultatio
n required 

Bawdwin 
village 
buildings 

 Medi
um 
sensit
ivity 

Construc
tion and 
operation
s 

Low 
magnitude  

 Mediu
m 
spatial 
extent 

 Very 
low 
severi
ty 

 Key features of 
cultural heritage 
value will 
probably be 
relocated to a 
mining museum 

 Avoid direct 
disturbance of 
remaining 
features, where 
practicable 

Low   

 

It is unlikely that the 
community will have high 
cultural heritage connection 
to the sites remaining in 
situ. Operation of the mine 
and employment 
opportunities are likely to 
take precedence over the 
restriction of access to 
features of heritage value. 
Also, access restriction is 

Medium 

 Further 
community 
consultatio
n required 
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Impact  Value 
and 
sensitivit
y 

Impact 
phase  

Impact 
magnitud
e 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for impact 
significance 

Uncertainty 

 High 
durati
on 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites 

consistent with previous 
practices throughout 
operation of the mine in the 
modern era and as such 
would be expected or 
anticipated by the local 
community. Buildings or 
structures may be relocated, 
or alternatives provided, and 
once the mining operations 
cease, access to the features 
will be returned. 

Tiger 
Camp 
precinct 

 Medi
um 
sensit
ivity 

Construc
tion and 
operation
s 

Low 
magnitude  

 Mediu
m 
spatial 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Key features of 
cultural heritage 
value will 
probably be 
relocated to a 
mining museum 

 Avoid direct 
disturbance of 
remaining 
features, where 
practicable 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites 

Low   

 

It is unlikely that the 
community will have high 
cultural heritage connection 
to the sites remaining in 
situ. Operation of the mine 
and employment 
opportunities are likely to 
take precedence over the 
restriction of access to 
features of heritage value. 
Also, access restriction is 
consistent with previous 
practices throughout 
operation of the mine in the 
modern era and as such 
would be expected or 
anticipated by the local 
community. Buildings or 
structures may be relocated, 
or alternatives provided, and 
once the mining operations 
cease, access to the features 
will be returned. 

Medium 

 Further 
community 
consultatio
n required 

Tiger 
Camp 
village 
buildings 

 Medi
um 
sensit
ivity 

Construc
tion and 
operation
s 

Low 
magnitude 

 Mediu
m 
spatial 
extent 

 Very 
low 
severi
ty 

 High 
durati
on 

 Key features of 
cultural heritage 
value will 
probably be 
relocated to a 
mining museum 

 Avoid direct 
disturbance of 
remaining 
features, where 
practicable 

 Subject to 
overriding 
health, safety, 
and security 
considerations 
provide 
community 
access to 
culturally 
significant sites  

Low   

 

Restriction of access to the 
area is likely to result in the 
loss of connection between 
the community and the area. 
However, operation of the 
mine and employment 
opportunities are likely to 
take precedence over the 
restriction of access to 
features of heritage value. 
Also, access restriction is 
consistent with previous 
practices throughout 
operation of the mine in the 
modern era and as such 
would be expected or 
anticipated by the local 
community. Buildings or 
structures may be relocated, 
or alternatives provided, and 
once the mining operations 
cease, access to the features 
will be returned. Some 
people who currently reside 
in the area will be resettled 
to safer areas with access to 
other services and resources. 

Medium 

 Further 
community 
consultatio
n required  
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6.9.5 Monitoring 
The Bawdwin Project CHMP will provide for regular cultural heritage monitoring and inspection to be completed 
for all project phases (construction, operation and closure), with particular focus on ground disturbing activities 
(e.g., earthworks, excavation, mining) and confirmation of protection measures. Monitoring will include: 

 Internal audits to confirm that the Bawdwin Project CHMP, including site-specific and standard management 
measures and chance finds procedure, is being successfully implemented and management measures are 
effective in minimising impacts to cultural heritage. 

 Routine inspections of known cultural heritage features within the Bawdwin license area to confirm they are 
being managed in accordance with the site-specific management measures agreed with local communities 
and landholders. 

 Ongoing liaison with local communities and other relevant stakeholders regarding cultural heritage issues, 
including receipt of complaints or concerns through the grievance procedure. 

6.9.6 Uncertainties and further work 
The key uncertainties and further work required to address these uncertainties are outlined in Table 6.200. 

Table 6.200 Uncertainties and further work in respect of cultural heritage impacts 

Uncertainty Further work Purpose Assumptions 

The field survey was 
limited to surface 
observations only from a 
single site visit. It is highly 
likely that further 
information on cultural 
heritage features in the 
study area would be found 
by conducting detailed 
visual surveys and 
archaeological excavation 
surveys combined with 
consultation with local 
communities. 

Pre-disturbance visual recording 
of sites and pre-disturbance 
surveys as outlined in Section 
6.9.3. 

Pre-disturbance surveys in 
predicted disturbance areas as 
outlined in Section 6.9.3. 

Conduct broader consultation 
with relevant archaeological 
experts, affected communities 
and religious leaders, 
international experts and 
relevant Myanmar authorities 
(i.e., the Department of 
Archaeology and National 
Museum of MORAC or its 
delegate) regarding cultural 
heritage management.  

To determine the 
locations, extent and 
nature of archaeological 
artefacts and features 
that may be impacted. 

To aid in developing 
site/feature specific 
management measures 
that incorporate input 
from the community. 

For impacts to currently 
unknown features, the 
assessments were based on 
interpolation from 
locations of known features 
recorded during the visual 
survey and known historic 
occupation and land uses at 
Bawdwin and surrounds. 

There is high uncertainty in 
the location of possible 
subsurface heritage features 
and artefacts, which cannot 
be confirmed until 
excavation works are 
conducted.  

Pre-disturbance visual recording 
of sites above ground and pre-
disturbance surveys as outlined 
in Section 6.9.3. 

Pre-disturbance surveys in 
predicted disturbance areas as 
outlined in Section 6.9.3. 

 

To better understand the 
locations of subsurface 
features of cultural 
heritage significance 
and aid in development 
of appropriate 
management measures. 

The approximate extent 
and locations of subsurface 
features were interpreted 
from observations of 
landform, surface 
expressions or features, and 
knowledge of past 
activities and events during 
the baseline survey. 

In many cases, the exact 
age of the cultural heritage 
feature cannot be confirmed 
but only interpreted from 
available evidence.  

Conduct broader consultation 
with relevant archaeological 
experts, affected communities 
and religious leaders, 
international experts and 
relevant Myanmar authorities 
(i.e., the Department of 
Archaeology and National 
Museum of MORAC or its 

To better understand the 
cultural heritage value 
of features. 

In such cases, best 
estimates have been made 
of the associated time 
periods by a professional 
cultural heritage 
archaeologist, Dr Peter 
Petchey. 
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Uncertainty Further work Purpose Assumptions 

delegate) regarding age of 
features 

Uncertainty surrounding 
specific management 
measures that will be 
adopted for cultural 
heritage features 

Pre-disturbance visual recording 
of sites above ground and pre-
disturbance surveys as outlined 
in Section 6.9.3. 

Pre-disturbance surveys in 
predicted disturbance areas as 
outlined in Section 6.9.3. 

Conduct broader consultation 
with relevant archaeological 
experts, affected communities 
and religious leaders, 
international experts and 
relevant Myanmar authorities 
(i.e., the Department of 
Archaeology and National 
Museum of MORAC or its 
delegate) regarding cultural 
heritage management.  

Develop a CHMP with 
site/feature specific measures. 

To ensure that 
management measures 
are being implemented 
as required and are 
successful (Section 
6.9.5). 

The assessment of 
significance of residual 
impacts assumes that 
avoidance and management 
measures are successfully 
implemented. 

There is an assumption that 
selected features or 
representative components 
of the feature will be 
adequately managed in a 
museum by third parties 
once handed over by the 
project. 

The cultural heritage field 
survey relied on 
opportunistic consultation 
with local people during the 
field survey. As a result, the 
significance and 
sensitivities of cultural 
heritage values do not 
factor in the specific views 
of the local community or 
the broader scientific 
community for each 
cultural heritage feature.  

Consult applicable 
communities, religious leaders, 
Myanmar authorities (i.e., the 
Department of Archaeology and 
National Museum of MORAC 
or its delegate) and local 
administrators. 

Management measures will be 
discussed and agreed with 
affected communities and 
relevant stakeholders and 
regulators prior to 
implementation. 

Declare identified existing 
cultural heritage findings to the 
Department of Archaeology and 
National Museum of MORAC 
in line with The Protection and 
Preservation of Ancient 
Monuments Law (2015) and 
The Protection and Preservation 
of Antique Objects Law (2015).  

To confirm the 
sensitivity of all 
potentially disturbed 
cultural heritage 
features and to assist in 
developing appropriate 
site/feature specific 
management measures. 

The assessment of 
significance and 
importance is based on the 
professional judgement of 
the archaeologist, Dr Peter 
Petchey, who conducted 
the baseline survey. The 
assessment of impact 
magnitude is based on the 
professional judgement of 
Coffey’s environmental 
and social impact 
assessment consultants, 
with input from Dr Peter 
Petchey. 
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Uncertainty Further work Purpose Assumptions 

The magnitude and 
significance ratings for 
Hillfort 4 have medium 
uncertainty as this site may 
have had a concentration of 
many personnel over a long 
period, there could be a 
high potential for artefacts 
in this area. 

 

Site investigation of this hillfort 
prior to its disturbance. 

 

To investigate the 
presence of sensitive 
cultural heritage 
features and to allow 
development of 
appropriate 
management measures 

Medium impact magnitude 
and moderate impact 
significance has been 
assumed given the hillfort 
has been extensively 
damaged from historic 
mining activities and 
natural degradation. 
However, medium 
uncertainty has been 
acknowledged until the site 
is surveyed for potential 
cultural heritage artefacts. 

It is currently not confirmed 
whether the community 
would prefer to return to 
existing features, features to 
remain in situ for cultural 
heritage connection or 
maintenance of the features 
or be more content with 
alternative sites provided 
(religious sites only). 

The degree to which the 
local community currently 
accesses (and values) some 
features (i.e. the hillforts 
and defended ridges) is not 
clear. 

The requirements of the 
community and specific 
management approaches for 
each of the religious sites and 
other sites which will have 
access restricted will be 
confirmed after further 
community consultation (and 
with Myanmar authorities). 

To better understand the 
severity and duration of 
impact due to restricted 
access to cultural 
heritage sites and 
features and confirm 
appropriate 
management measures. 

Assumptions regarding the 
requirements have been 
made considering the 
project has a range of 
approaches to manage this 
impact to suit the 
requirements of the 
community and Myanmar 
authorities.  

 

6.10 Social impact assessment 

6.10.1 Approach to impact assessment 
This section assesses the project impacts to the social values identified in Section 5.9. 

The social impact assessment method used in this section is a ‘significance assessment’. This approach assesses 
the potential significance of impacts by considering the sensitivity of social aspects to change, and the magnitude 
of change that they are predicted to experience as a result of project-related activities.  

The assessment of potential impacts is based on specialist judgement and technical assessment supported by field 
data and scientific literature. Particular emphasis has been placed on ensuring that the impact assessment describes 
the rationale, justification and any limitations and uncertainties of the assessment.   

Further details on the significance assessment method is described in Section 6.1. 

 

Context for impact assessment 

The project is located in Namtu township in Kyaukme District. Namtu township comprises 24 village tracts 
including Bawdwin (also known as Baw Twin) and Namtu Town. The Bawdwin village tract borders Hu Hsar 
village tract to the west, Hin Poke village tract to the northwest, Kyu Hsawt village tract to the northeast, Namtu 
Town to the east, and Hko Mo village tract to the southeast.  
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The Bawdwin village tract consists of Bawdwin upper and lower villages (made up of nine wards) and Tiger 
Camp and surrounding farms and scattered houses. The Bawdwin and Tiger Camp villages were established to 
accommodate Bawdwin mine workers. Surrounding the Bawdwin concession area, there are several dozen 
villages lying within the Hu Hsar, Hin Poke, Kyu Hsawt, Man Pun, Man Pat 2, Hko Mo, Tun Hsay and Hkay 
Hkin village tracts, which have a combined population of approximately 9,000 people (excluding the Bawdwin 
village tract). Several of these villages interact with Bawdwin and Namtu to varying degrees, for example to 
access schools and for religious purposes. See Figure 6.28 for locations of Bawdwin and villages of interest within 
the surrounding village tracts. 

The Bawdwin upper and lower villages are currently primarily accessed by a gravel road running along the Nam 
Pangyun stream valley from the Namtu – Manton Road. The area includes former mining and processing 
infrastructure, some with historical significance, including the Marmion Shaft headframe and winding house, 
flotation and concentrator plant, mine offices, workshops, power station, railway lines and yards and rail loading 
facility.   

Tiger Camp contains historical mineral handling infrastructure and a small collection of settlements situated 
around the confluence of the Nam Pangyun and Wallah streams. Infrastructure in the Tiger Camp area was a 
critical part of the mine’s operation during the colonial period and includes the ore tippler, ore bins, railyards, the 
Tiger Tunnel portal, electric substation, office, clubhouse, stone store and police station.  

The Nam Pangyun valley hosts the railway corridor and is a relatively narrow valley at Tiger Camp before 
broadening into a wider valley at lower elevations towards the junction with the Myitnge River (known locally as 
the Namtu River). The narrow gauge railway runs from the Bawdwin Mine offices to the Tiger Camp rail loading 
facilities, via the lower village and Wallah Gorge. From the loading facilities the line runs down the Nam Pangyun 
valley to the Namtu Railway Station, which is located on the edge of the Myitnge River, on the south-eastern side 
of Namtu township.  

Namtu township is centred on the Myitnge River, which bisects the town. Namtu is a large regional town and hub 
for several dozen surrounding villages and farms, providing commercial supplies, fuel, schooling, banking, local 
employment and medical services. Namtu Town contains the Pang Hai Ward and the Tha Ta La Wards, the latter 
of which means 'mining enterprise'. Tha Ta La Ward is made-up of seven wards. Like the Bawdwin villages, Tha 
Ta La Ward was originally established to accommodate workers in the Bawdwin-Namtu mineral industry and 
government officers involved in the mine operations.  

Social values and impact zones 

Social values are qualities of the social environment that are conducive to individual wellbeing now and into the 
future, and for which community stakeholders have a high regard. Each social value is characterised by a range 
of indicators.  

The identification of social values held by stakeholders is central to the social impact assessment process. These 
values are developed by assessing stakeholder interests in relation to social conditions and their indicators. The 
identification of social values allows consideration of the local aspirations for transformation of the existing 
environment to better support sustainable livelihoods and avoids a singular focus on preservation of the existing 
environment which, in a developing country context, is often a lower priority aspiration. It also establishes a basis 
for dialogue with and between stakeholders with differing interests and strategies for achieving a sustaining social 
environment. It facilitates an integrative approach to impact assessment where potentially multiple impact 
pathways combine to affect a single value, in either a positive or negative sense. 

Three overarching socio-economic components have been defined for the project. These are: 

 Local economies, land use and livelihoods 

 Living conditions, social cohesion and security 

 Access to health, education, religious and other services 

Associated social values within these components have been defined based on the information derived from the 
social baseline study (Appendix E), engagement with Bawdwin and Tiger Camp communities, engagement with 
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communities in the surrounding village tracts (Chapter 9), and research on social conditions in northern Shan 
State. Defined social values are described in the following section.  

Local economies, land use and livelihoods 

Bawdwin and Tiger Camp villages were originally established to accommodate Bawdwin mine workers and those 
involved in supporting the mine operations. The economy and livelihoods of people in the villages within the 
Bawdwin concession area remain linked to the mine. There are, however, several areas where small scale farming 
and grazing has been established within the Bawdwin concession area and some livelihoods are based on or 
supplemented by small-scale trading and artisanal mining or scavenging of the slag on hillsides and in the Nam 
Pangyun valley downstream of the mine.  

Nearly all community members have a regular income from either a Government paid pension or a monthly salary 
from WMM for mining activities. Of the respondents from the surveys and focus group interviews in the vicinity 
of Bawdwin, the majority remain working in the mining sector (56%) or are retired (18%). After WMM took over 
the mining license in 2009, the workforce has decreased from approximately 2,000 to nearly 900. There are 
currently 362 WMM employees (WMM) at Bawdwin (including 158 females) and 526 WMM employees at 
Namtu (including 281) females.  

WMM provides housing and accommodation to the majority of its employees under rental agreements. Rental 
rates differ between persons employed by WMM, and residents not employed by WMM. Local economies in the 
village tracts adjacent to Bawdwin are based primarily on upland agriculture. Traditionally this has been shifting 
cultivation where fields are rotated and fallowed to restore productivity with the most important shifting 
cultivation crop in Myanmar being upland rice and maize (during the monsoon season from May to September), 
with pumpkin, beans and pulses also being important (Jepsen, et al. 2019). However, there is a transition from 
shifting cultivation in upland areas to annual commodity cropping. In Shan State, the ethnic minority-populated 
uplands have become a major maize production area for the China market (e.g., Woods, 2015), and some of the 
villages in the vicinity of Bawdwin may be engaging in this type of cropping. Crop farming in the Bawdwin 
concession area is primarily for subsistence, but some agriculture products are sold in local markets and some also 
sold in Namtu and Lashio. Corn and jengkol (also known as dogfruit), are the primary agricultural products being 
sold by Bawdwin community members. While agriculture is dominant, it is still vulnerable to climate variability, 
forcing households to adopt other livelihood strategies such as labour migration for work in manufacturing in 
Yangon or border townships. In 2011, Namtu Township was assessed by the World Food Program as having 26% 
of households with severe or moderate food insecurity and 28% of households with a poor or medium level of 
food access (World Food Program, 2011). 

The social values associated with the local economies, land use and livelihoods have been identified as: 

 Employment opportunities (including the equality of access to employment opportunities) 

 Business sectors providing goods and services 

 Sustainable livelihoods (either secure access to productive agricultural land or non-agricultural employment 
opportunities) 

 

Living conditions, social cohesion and security 

Within Bawdwin and Tiger Camp, housing, water and sanitation infrastructure has been deteriorating over time, 
and combined with high levels of land contamination due to previous mining and processing activities, has resulted 
in current poor environmental amenity which is of concern to residents.  

Housing in the Bawdwin and Tiger Camp villages is generally made of wood or bamboo with tin roofing and 
most residents have lived in the same dwelling for a number of decades, many for over four decades. The majority 
of residential houses on the Bawdwin concession area are assets of the WMM and ME-1 defined by the Production 
Sharing Contract (PSC). Rentals are subsidised for persons employed by WMM, and residents not employed by 
WMM pay an unsubsidised rate. Unsubsidised rental rates are between 4,000 and 8,000 MMK per month. Housing 
extensions and new dwellings have been erected by some residents, at their own cost, to allow for family growth. 
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In addition, there has been unauthorised settlement and construction of houses in small hamlets outside the existing 
Bawdwin villages.  

While residents of Bawdwin and Tiger Camp villages are predominantly of Bamar ethnic origin, there is a high 
level of cultural respect and harmonious relations with other minority ethnic groups. This is evident both within 
the villages (where there are religious and cultural facilities for a number of religious denominations, including 
Buddhist, Christian, Hindu and Islam) and with surrounding ethnic minority villages who access services available 
within the Bawdwin concession area (e.g., health and education, including sending their children to board within 
Bawdwin while attending school) despite there being continuing social tension with the presence and activity of 
ethnic armed organisations (EAOs).   

Various non-government armed groups operate in Northern Shan State. Members of both the Ta’ang National 
Liberation Army, an ally of the Kachin Independence Army, and the Shan State Army live in the villages in tracts 
adjoining the Bawdwin concession area. Infantry Battalion No. 66 of the Myanmar national army (the Tatmadaw) 
is also deployed near Bawdwin and Namtu with one base currently located on the northern edge of the Bawdwin 
concession area. Armed conflict severely disrupts livelihoods, fostering a lack of community trust in the 
government, the Tatmadaw and EAOs.  

A peace process between the EAOs and the Myanmar government and military is ongoing. The most recent Union 
Peace Conference took place in mid-August 2020 resulting in the signing of the Union Accord III that lays out a 
framework for the implementation of the National Ceasefire Agreement (SFCG, 2020). However, the Myanmar 
national army continues to clash with the TNLA from time to time in Northern Shan State. Heavy fighting 
occurred in Namtu Township in March 2019 between EAOs (MIPS, 2020). In April 2019, the Tatmadaw and 
TNLA also clashed in Namtu Township near an area highly contested in inter-EAO conflict (MIPS, 2020). While 
Namtu remains affected by social tensions, a drop in clashes between state security forces and the TNLA occurred 
between 2018 (25 clashes) and 2019 (15 clashes) (MIPS, 2020). Overall, inter-EAO conflict also decelerated in 
Namtu between 2018 and 2019 (MIPS, 2020). However, conflict is still present between the TNLA, Shan State 
Army and Myanmar national army in and around Namtu Township with recent clashes near Man Sam, Namtu, 
Namhsan and Hispaw some of which resulted in injuries to villagers. 

Based on stakeholder consultation and socio-economic baseline surveys, communities are concerned about the 
lack of job opportunities and economic security, with young people particularly concerned with poor access to 
quality education being an impediment to improving livelihoods.  

The social values associated with living conditions, social cohesion and security have been identified as:  

 Adequate living conditions and infrastructure (housing, roads, communications, water, power etc) 

 Harmonious social relations (cohesion, wellbeing and identity) and security 

 Effective local and regional governance 

 Consideration of vulnerable groups 

 Environmental amenity (i.e., clean air, water and soils) to support community health and wellbeing  

Access to health, education and other services 

Currently the Bawdwin communities have access to a range of medical facilities. These include a small 
government hospital staffed by nurses. The facility lacks a resident doctor, is not well equipped or supplied, lacks 
essential prescription drugs and is not suited to emergency situations. In Tiger Camp, there is one sub healthcare 
centre. In addition, there is a company clinic in Bawdwin (operated by WMM), which is available for company 
employees. The clinic currently has one doctor on roster at any given time and is well-equipped with basic 
essential medicines and medical devices. A well-equipped ambulance with assigned drivers is available for 
emergency transportation. Diagnostic facilities are not available in either the Bawdwin public hospital or the 
WMM clinic and therefore residents must travel to Namtu or Lashio for these or other higher level services.  

The Bawdwin and Namtu study areas were found to have a higher proportion of people who had completed some 
form of higher education compared with the Shan State average. Levels of basic education were 79% for 
Bawdwin, 76% for Namtu compared to Shan State overall in which 49% of people have basic education. The 
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higher level of education is attributed to the availability of education facilities. In Bawdwin and Tiger Camp there 
are nine educational facilities ranging from nursery to high school. Results from the household surveys show a 
small proportion of respondents in Bawdwin and all wards across Namtu have a percentage of the population that 
is illiterate, with illiteracy rates generally higher for females. It is unclear why this is the case but it may be 
connected to traditional concepts of gender roles. 

In a report on local governance UNDP (2015) Myanmar found that: ‘Overall, in Shan State, as in all other Regions 
and States, people clearly acknowledge the improvements in service delivery, notably for road infrastructure, 
education, health and, although to a lesser extent, water supply. People mentioned access to safe drinking water 
as the largest challenge in service delivery and people also asked for enhanced investments in this sector’. The 
main development issues identified by UNDP (2015) in Namtu Township, compared to Shan State more broadly 
are shown in Table 6.201. Poor health was identified as a development issue in Namtu Township at almost double 
the rate identified in Shan State. 

Table 6.201 Main development issues identified in Namtu Township and Shan State  

Development issue Rate identified by Namtu Township 
residents (%) 

Rate identified by Shan State 
residents (%) 

No access to water 25% 25% 

No grid electricity 27% 18% 

Poor health 23% 12% 

Not enough jobs 13% 10% 

Poor education 8% 8% 

Poor road access to villages/wards 3% 17% 

Source of data: UNDP (2015) 

Whilst the aforementioned UNDP report dates from 2015, the social baseline study and interviews with leaders 
of villages in tracts adjoining the Bawdwin concession area confirm the findings of the UNDP report and identify 
that provision of basic services in the Bawdwin concession area is regarded as highly important, particularly since 
alternative services in other centres (e.g., Namtu and Lashio) are more difficult, time-consuming and costly to 
access. 

The social values associated with access to health, education and other services have been identified as: 

 Access to health services 

 Access to schools and training opportunities 

 Access to spiritual and religious support venues and services 

 Access to commercial services 

Defined impact zones 

The social baseline assessment was used to characterise which groups of people, in which locations, may be 
subject to different types of impact. These zones of influence have been termed ‘impact zones’. They have been 
broadly defined through consideration of: community location (including watershed boundaries, and proximity to 
the project’s footprint, lease boundaries and logistics support corridors), and the type of project activity that may 
occur in proximity to villages in the impact zone. The study area for socio-economic impacts has been categorised 
into one of five groups. The grouping reflects both the geographic location of the people (and proximity to impacts 
of mine redevelopment) and also their affiliation with the mine and the concession areas. 

The defined socio-economic impact zones are presented in Table 6.202 and shown in Figures 6.28 and 6.29. 
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Table 6.202 Defined socio-economic impact zones 

Impact zones Description 

Impact Zone 1 - Bawdwin 
communities consisting of 
upper and lower Bawdwin 
villages and Tiger Camp 
(and Nam La village and 
scattered hamlets and 
houses within the south 
and eastern portions of the 
Bawdwin concession area 
but outside of the village 
settlements) 

Comprises the mine villages, namely Bawdwin upper village, Bawdwin lower village and 
Tiger Camp. Current Bawdwin residents are generally 2nd or 3rd generation in-migrants, 
80% of whom are of Bamar ethnic origin, who consider Bawdwin as their permanent place 
of residence, with no access to residential areas elsewhere.  

A considerable portion (~30%) of the current Bawdwin population has temporarily 
emigrated elsewhere for the purpose of work and remits income home to families at 
Bawdwin.  

Persons in this impact zone includes workers currently employed by WMM, retired workers 
living in company housing and families of these workers as well as other residents of the 
villages that do not have official ties to the mine site but support and are dependent on the 
towns (e.g., monks, teachers, shop owners). The impact zone includes public assets that 
have been developed to service the community, including monasteries, temples and other 
places of worship, hospitals and schools, post office, police station etc. 

In addition to the formal village settlements, there are a number of scattered hamlets and 
individual houses within the Bawdwin concession area, which are also included in this 
category, including the Nam La village and associated farms. These residents have 
constructed homes outside the formal village areas and have developed areas for 
agricultural activities. This latter group is considered as a sub-group to the overall impact 
zone. 

Impact Zone 2 – Villages 
in village tracts adjoining 
the Bawdwin concession 
area (and the Loi Mi 
village and associated 
farms that use land within 
the Bawdwin concession 
area) 

This zone is defined as the villages in the village tracts adjoining the Bawdwin concession 
area. These are the villages of interest which lie closest to the project, other than the 
Bawdwin and Tiger Camp communities. In accordance with the 2020 Myanmar 
Information Management Unit (MIMU) Place Code list (MIMU, 2020b), these are: 

 Hu Hsar village tract to the southwest, containing six villages of interest (Haik 
Taung (Pa), Hu Hsar, Haik Taung (Ka), Long Jar, Yaw Ba Gang and Hu Ngway) 

 Hin Poke village tract to the northwest¸ containing six villages of interest (Hin 
Poke, Loi Mi, Nam Ma La, Loi Ping (Kone Kayar), Hsin Li, Nam Hkun).  

 Kyu Hsawt village tract to the northeast which is sparsely populated (population 
of less than 1,000) with no listed villages.  

Combined, this zone contains 12 villages. Note: there is a discrepancy between MIMU 
(2020b) spatial data and excel database for Loi Mi, Hsin Li and Loi Ping (Kone Kayar) 
villages, which geographically appear to be located in Baw Twin and Kyu Hsawt village 
tracts, respectively, whilst are registered within Hin Poke village tract. 

Some scattered hamlets within and immediately adjacent to the Bawdwin concession area 
are included in this category, for example, residences adjacent to Loi Mi village in the 
northwestern corner of the Bawdwin concession area. The Loi Mi village and associated 
farms also currently use a small portion of the Bawdwin concession area for small-scale 
agricultural plots for agricultural purposes and may graze livestock in some of the 
concession area. 

These villages interact with Bawdwin and Namtu to varying degrees, to access schools, 
markets, medical and other services and for religious purposes. 

Impact Zone 3 – Namtu 
Town 

This zone covers the urban areas of Namtu Town and is defined as Namtu (Urban) village 
tract, which covers the majority of Namtu (Urban) and Hko Mo village tract that covers the 
south eastern portion of the town and immediately adjacent areas to the south.  

Namtu Town is a large regional town and hub for several dozen surrounding villages and 
farm tracts, providing commercial supplies, fuel, schooling, banking, local employment and 
medical services. Namtu Town contains the Pang Hai Ward and the Tha Ta La Wards, 
which means 'mining enterprise'. Based on census data the main employment group is ‘own 
account worker’, followed by household worker, students, private employees, 
retired/elderly, and government employees.   
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Impact zones Description 

Impact Zone 4 - Nam 
Pangyun valley 

There are a number of permanent residences outside the Bawdwin concession area along 
the riverbanks of the Nam Pangyun, where inhabitants have small agricultural plots, some 
permanent and some seasonal.   

The valley between Tiger Camp and the Myitnge River junction is also periodically used by 
artisanal miners who fossick for the lead-zinc slag which was discarded during the 
historical smelting in the Chinese period of occupation and has washed into the Nam 
Pangyun. The number of miners varies by the time of the year (more in the dry season and 
depending on the regional security climate) and ranges from a few hundred to a few 
thousand. Most accommodate themselves in self-constructed timber, bamboo and tarpaulin 
shelters within the riverbed and on the riverbanks.  

Impact Zone 5 – Namtu to 
Lashio road  

This zone includes villages along the road between Namtu and the intersection with 
National Highway 3 (Oriental highway) near Lashio. This corridor will be the main supply 
and export route for the project.  

This area includes two towns of roughly 3,000 people (Man Sam and Ei Naing), and 
numerous smaller villages. Man Sam and Ei Naing have medical clinics and limited shops. 
The lower elevation lands are farmed with relatively broad-acre plantation crops such as 
corn and bananas, with some rubber plantations. Rice fields occupy higher level locations 
which are closer to water sources.  

Impact Zone 6 - Lashio Lashio is the largest town in northern Shan State, with a population of more than 130,000 
people, about 200 kilometres (120 mi) northeast of Mandalay. As a regional city it is the 
regional business centre and has a range of services such as the Lashio General Hospital, 
three universities and a broad range of services available. 

 

In addition to the local and regional social impact zones defined in Table 6.202, a number of socio-economic 
impacts will affect the Shan State and Myanmar more broadly. 
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Figure 6.28 Local social impact zones 
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Figure 6.29 Regional social impact zone
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6.10.2  Sources of potential impact 
The project has the potential to impact a range of social and socio-economic aspects at differing spatial scales. In 
order to predict direct and indirect socio-economic impacts caused by project, it is critical to understand the key 
sources of potential impact or drivers of change. Direct cause and effect relationships in for socio-economic 
impacts can be influenced by a range of factors independent of the project such as (but not limited to) Union, State 
and district level government policies and regulations; the existing socio-economic environment; regional security 
and stability; and transport linkages that enable to import and export supply of goods. Furthermore, the magnitude 
of predicted impacts will depend on the implementation of avoidance and management measures outlined in this 
EIA. Therefore, it is acknowledged that there is a degree of uncertainty associated predicted impacts.  

Sources of potential impacts are essentially the causes or triggers that result in changes or effects to social and 
socio-economic aspects, both positive and negative. Based on experiences of resource developments in Myanmar 
and around the world in similar socio-economic contexts, sources of potential impact that will occur as a result of 
the project include: 

 Physical disturbance and displacement of settlements. 

 Increased infrastructure use (accelerating deterioration) as well as any infrastructure improvements and 
upgrades. 

 Project workforce sourcing, accommodation and management. 

 Supply of goods and supporting services for the project.  

 Project emissions and discharges.  

 Altered road traffic composition (increased proportion of heavy vehicles, traffic levels by time-of-day etc). 

 In-migration. 

Physical disturbance and displacement 

The proposed project with its large open pit, new mineral processing plant and mine waste storage facilities has a 
substantially larger footprint than the historical Bawdwin mining operation. The total footprint area is 
approximately 470 ha. The new footprint comprises: 

 An expanded open pit of 98.2 ha (from approximately 21.9 ha). 

 Tailings storage facilities including embankments, diversion dam and closure spillways, covering 149 ha in 
the north-western corner of the Bawdwin concession area. 

 A waste rock dump and sediment dams within the Wallah Valley, covering 107 ha.  

 New access roads to project components from Namtu, covering 44 ha. 

 New water dams and reservoirs in the northern parts of the Bawdwin concession area, covering 24 ha. 

Large footprint projects, by definition, have a need for land and this may impact existing land users. This can 
displace people and/or impact on their livelihoods. The physical fragmentation of the landscape and restrictions 
on access that occur from the construction and operation of a project can also cause disruption to daily living and 
to people’s livelihoods (Vanclay, 2017). In addition, large development projects may exacerbate existing levels 
of conflict. Research has identified that there are often low levels of community satisfaction with the peace process 
between the EAOs and the Myanmar government and military, and concern over the relationship between the 
peace process and large development projects (SFCG, 2020).   

The Bawdwin project is a brownfield development and will occur within the existing Bawdwin concession area 
and supporting infrastructure easements. In this respect, the project will not materially alter the intended use of 
the land within the Bawdwin concession area.  
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While the project will be located within the existing Bawdwin concession area and associated easements, it has 
the potential to result in the loss of land for agricultural or other land uses. In addition, the development will 
restrict the existing informal use land within the Bawdwin concession area (e.g., for free roaming cattle grazing, 
scavenging for slag on the hillsides, artisanal mining along the rail corridor in the Nam Pangyun valley). 
Continuation of these informal land uses in proximity to an active and large-scale mining operation such as the 
Bawdwin project poses significant health and safety risks to the Bawdwin communities. The activities will 
therefore be restricted to minimise risk. 

The existing Bawdwin villages and nearby scattered hamlets are located in areas that will be heavily impacted by 
the project, either through direct expansion of the mine pit and associated facilities or increased exposure to 
environmental and safety hazards (e.g., reduced air quality, blasting impacts) and reduction in amenity (e.g., 
noise). To minimise significant impacts to existing Bawdwin communities during the operation of the project, 
resettlement of those communities is proposed.  

The proposed resettlement program and schedule is summarised in Table 6.85.  

The timing of resettlement is highly dependent on required government approvals, finding suitable resettlement 
locations, project financing and reaching an agreeable outcome with the affected communities. 

Resettlement due to mining and other large infrastructure developments is common in Asia. Resettlement is a 
major change process for affected communities and a poorly, planned or implemented resettlement program can 
have a number of adverse impacts and risks including: 

 Disruption to social cohesion. This may include altered social and community dynamics, loss of social 
networks and governance through the process of resettling and re-organisation of the resettled households, 
loss or disruption to social networks, isolation and or abandonment of people from the community. 

 Livelihood impacts including impoverishment, food insecurity (often due to loss of subsistence agriculture), 
unemployment or loss of employment. Resettlement can also lead to homelessness, particularly in situations 
where cash compensation is provided rather than replacement housing. 

 Conflict. This can be internal conflict within the resettled community due to perceived inequity between 
defined social groupings and their eligibility and entitlements. It can also relate to conflict with the host 
community and project proponent. In conflict settings such as Myanmar it can also relate to changes to the 
broader level of conflict exposure and security associated with the resettlement location.  

 A sense of community loss of identity and sense of place, due to loss of land, homes and assets and potentially 
important cultural and religious sites. A deeper immersion in the mainstream economy is likely to influence 
perspectives on identity and sense of place, especially for the next generation. It can also lead to a loss of 
wellbeing. 

 Perceived inequity and potential non-acceptance between resettled communities and host communities due 
to resettling households being seen as privileged with new housing and facilities and securing mine 
employment, and potentially imposing additional demands on existing (often inadequate) services such as 
health and education facilities. 

MCRB (2018) noted that resettlement and relocation resulting from mining development often disproportionately 
affect women, resulting in negative physical, social, cultural, and economic displacement. Gender inequality often 
commences during the consultation and initial negotiation of resettlement programs, which is typically male-led 
(MCRB, 2018). Careful planning and consideration of the physical displacement of a community is important for 
a successful long-term resettlement. 

The most significant change as a result of resettlement will be the construction of an entirely new village or 
villages to host the existing communities that live within the Bawdwin concession area. If implemented well, this 
has the potential to improve the living conditions of people by providing new and improved housing and access 
to essential services (e.g., water, electricity, sanitation). Through the resettlement planning process, improvements 
in village planning, housing, and essential and supporting infrastructure can be agreed in consultation with the 
resettled communities.  
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Vanclay (2017) notes that one of the most critical issues facing resettlement is the availability of adequate land to 
relocate people. In more densely populated areas, unused land is limited and therefore the acquisition of land for 
the resettlement site itself causes creates social impacts on the host communities. In less populated areas, vacant 
land might be available, but is not necessarily adequate or equal to the land that is being taken for the project in 
terms of key attributes (e.g., suitability for agriculture, availability of water, distance of markets and provision of 
public services and infrastructure). 

WMM envisages that a resettlement site(s) will be located in proximity to Namtu, with security of tenure, adequate 
land and water resources, and access to project employment opportunities. Employment opportunities with WMM 
will be independent of any agreement with resettled villages and individuals, but ability to access such 
opportunities is a consideration for determining the suitability of resettlement sites. 

Based on reported experiences of resettlement programs elsewhere, the potential socio-economic impacts as a 
consequence of community resettlement include changes to: 

 Standard of housing and infrastructure.  

 Quality and level of facilities and services provided (e.g., water supply, sanitation and health care clinics).  

 Amenity and health outcomes.  

 Trade and business opportunities.  

 Livelihoods. 

The other key cohort of people potentially impacted by the resettlement of Bawdwin and Tiger Camp villages 
include people that live in impact Zone 2. These persons reside outside of the Bawdwin concession area but use 
and rely on services and facilities in Bawdwin and Tiger Camp villages, but. In addition, people in impact Zones 
3, 4 and 5 may be impacted by ancillary infrastructure including roads used by the project. This may include 
people living in, owning land or earning some portion of livelihood from land along the impacted corridors, for 
example the artisanal miners that operate along the proposed access route.  

Closure of existing community services in the Bawdwin wards and Tiger Camp will include: 

 Health facilities consisting of a small public hospital, a public sub-health care centre and private clinic 
operated by WMM.  

 Education facilities consisting of one nursery, one preschool, one primary school, two-primary schools and 
one high school in the Bawdwin villages and one nursery, one primary school and one middle school in Tiger 
Camp village.  

 Commercial services consisting of shops, markets and small-scale business services.  

 Policing from the Bawdwin upper village police station.  

During community engagement, residents of neighbouring villages and farms outside the Bawdwin concession 
area stated that they access commercial services from Bawdwin. When asked about alternative locations for 
accessing these services, Namtu was cited as the most likely alternative, but at least half of those interviewed 
mentioned the distance and additional expense of accessing services there as a constraint. 

 

Emissions and discharges  

The project will result in emissions and discharges to the environment. That environment is already degraded, 
particularly with high levels of metal, due to historical mining, mineral concentrating and smelting. The projected 
emissions and discharges will include: 
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 Discharges of water generated through the mineral concentration process, surface water run-off, and seepage 
from the Wallah waste dump and TSFs. These discharges are described in detail in Section 6.3 and Section 
6.4. 

 Vibrations from blasting associated with open mining described in detail in Section 6.7.  

 Emissions to air in the form of particulate matter (dust) and gases. These emissions are described in detail in 
Section 6.5. 

 Generation of noise from fixed and mobile machinery and vehicles. Noise and vibration generated by the 
project described in detail in Section 6.7. 

 Production of waste described in Chapter 4. 

These have the potential to influence living conditions, health and amenity for people in proximity to the mine.  

Health impacts associated with discharges and emissions are described and assessed in Section 6.11. 

Physical landscape modification  

The presence of the project will alter the visual landscape of the local area by the expansion of the open pit and 
major landforms including the TSFs and Wallah waste rock dump. Visual amenity may also be temporarily 
impacted by activities such as vegetation clearance and soil stockpiling. The use of artificial lighting during project 
construction and operations may also impact visual amenity at night. Increased heavy vehicle traffic as a result of 
the project may also impact visual amenity, both in the Bawdwin concession area and along the export route. This 
may impact road users and residents of the Bawdwin concession area, Namtu and villages along the export route.  

Views from the Namtu to Manton Road, which passes through the northern section of the concession area, will 
be altered due to the proximity of proposed facilities and development to the road. In general, the steep topography 
in the vicinity of Bawdwin, with a significant portion of slopes in excess of 20%, facilitates the screening of 
development, with the potential to block development from being seen from some locations. 

Project infrastructure  

A range of new or upgraded infrastructure is proposed as part of the project. Most infrastructure for mining and 
mineral processing will be within the Bawdwin concession area and will not directly benefit existing communities. 
Potential infrastructure improvements regionally will include the upgrade of Namtu – Mansam – Lashio road, 
upgrade of mobile telecommunications and community investment, which may include infrastructure 
improvements. 

The public road between Namtu – Mansam – Lashio will require sections to be upgraded to allow the project to 
use vehicles up to the maximum Gross Combination Mass limits of 50.5 tonnes in dry season and 48.5 tonnes in 
wet season. This will include the replacement of two concrete culvert bridges and replacement of one wooden 
bridge, replacement of several existing steel culvert road crossings which have low load bearing capacity and 
general widening of tight sectional curves. 

While infrastructure improvements have the potential to benefit communities, the use of public infrastructure also 
has the potential to negatively impact these assets. The transport of supplies to the project, and the export of final 
concentrates will use public roads including the Manton – Namtu – Lashio public road. This will increase the 
volume of trucks on the road and may lead to increased road wear and damage, an impact which has been reported 
elsewhere as a consequence of other mining operations in Myanmar (MCRB, 2018). 

At the end of the mine life, fixed infrastructure and mobile equipment will be either decommissioned and 
demolished or divested to a third party. All assets have management requirements associated with them and the 
recipient of a transferred asset should have a full understanding of these management requirements and associated 
liabilities. While there are potential post-closure opportunities related to project infrastructure, the base case is for 
all infrastructure to be dismantled and removed or disposed of. 
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While the location and details of resettlement sites have not been finalised and are subject to ongoing consultation, 
WMM has committed to support the reinstatement/provision of the following, in collaboration with the 
appropriate government authorities and non-government organisations: 

 Essential services (i.e., water, electricity, sanitation, communications, waste management). 

 Access to health, education and religious services.  

The operation of these services is and will continue to be the responsibility of the government and non-government 
organisations. WMM will engage with relevant stakeholders to determine the best way to support the delivery of 
these services to the relocated village(s). 

Depending on the final chosen location of the relocated village(s) there is also potential that relocation will 
indirectly provide residents:  

 Closer access to commercial services and to larger markets, which will provide an opportunity for the sale of 
goods and services, which may encourage the establishment of small-scale family enterprises.  

 Access to better transport services (i.e., public road network) providing easier access to educational, health 
and other commercial services located in Namtu and or Lashio.  

Project related employment 

The project will require a large construction and operations workforce. Direct and indirect employment created 
by the project and development of skills and educational and training opportunities have the potential to benefit 
local and regional communities. However, project-related employment can have several potential negative direct 
social effects, such as gender imbalances and income inequality, either in the form of new effects or reinforcement 
of existing social norms. The change in employment patterns and income can indirectly lead to increased drug 
and alcohol use, disorderly behaviour and prostitution.  

The predicted construction workforce is up to 2,285 people at its peak. A steady-state workforce of 1,100 people 
will be required during operations. This workforce will comprise roughly half WMM employees and half 
contractor employees. Roles will include mining, laboratory and accommodation camp personnel. WMM wishes 
to assign as many of the available jobs as possible to local community members, subject to their skills, expertise 
and experience, and to build the capacity and knowledge of the local workforce. WMM will also work with 
relevant authorities and organisations to create indirect employment opportunities for local people in the provision 
of goods and services to the mining operation.   

WMM is seeking to optimise the proportion of the workforce that is local, adopting a model of employment 
similar to the Phu Kham Copper-Gold Operation and Ban Houayxai Gold-Silver Operation operated by Phu Bia 
Mining (PanAust) in Laos. In 2018, the proportion of local workforce (i.e., Lao nationals) at both mines was 92% 
(PanAust, 2019). Similarly, the Sepon copper-gold mine has a large proportion of local Lao employees. In 2015, 
the Sepon workforce consisted of 94% Lao nationals, with most from the local region, of whom 25% were women 
(MMG, 2016). 

High portions of local employment can yield significant benefits, particularly if framed to enable women’s 
economic empowerment or targeting other rights-holders who may be marginalised, discriminated against or 
otherwise at risk in communities impacted by mining activities (MCRB, 2018). These combined economic 
benefits have the potential to raise income levels, which in turn provide further opportunities for local businesses, 
such as trade stores and local markets, stimulating business activity.   

Challenges to maximising local employment include the availability of necessary skills that can be sourced locally; 
ensuring contracting entities have the same objectives for local employment; and ensuring employment is fair and 
equitable between affected communities. In Laos, laws stipulate that no more than 10% of a company’s workforce 
should comprise foreign employees (Kyophilvong 2016); however, no such laws are currently in place in 
Myanmar. MCRB (2018) noted that in their research of the limestone, gold and tin mining sectors in Myanmar, 
only one large-scale mine was found to have a policy for employment of local community members. In most of 
the large- and small-scale operations visited, only a few local community members were identified to be working 
for the companies as low-skilled workers (e.g., security guards, cooks), often on a casual daily basis (MCRB, 
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2018). Despite these findings, MCRB noted that local village officials in many villages cited the prospect of jobs 
as a positive for the region, and the inclusion of villages in local employment and training programs would enhance 
this. 

The management of workforce accommodation will be a key factor influencing the way the project workforce 
interacts with the surrounding communities. A portion of the construction and operations workforce will interact 
with communities close to project activities, which can lead to a range of negative effects on those communities 
including health (such as facilitating the spread of diseases), increased disorderly behaviour, rates of prostitution 
and increases in rates of consumption of drugs and alcohol.  

Employment either directly through the operating company or indirectly through contractors and suppliers has the 
potential to negatively impact human rights, including discrimination against vulnerable groups, lack of 
stakeholder inclusion and respect of indigenous populations (Mancini and Sala, 2018). Income inequality as a 
result of uneven distribution of the employment can trigger social tensions between those with project-related 
employment and those without.  

In-migration 

A typical effect of large resource developments in the context of largely rural and developing economies is in-
migration, whereby people are attracted to the site of the development in the hope of gaining employment or other 
benefits. This can cause a disruption to social dynamics, social wellbeing, and security of the local population, 
and place greater demands on existing services. In this respect, in-migration is classified as an indirect negative 
source of impact.  

In-migration and subsequent changes in demography caused by resource developments have commonly been 
shown to reduce social cohesion and wellbeing. There may be tensions between existing residents and in-migrants 
moving to the area seeking employment and commercial opportunities associated with the project, as different 
cultures and values can cause conflict. 

Based on their assessment of gold and tin mining in Myanmar, MCRB (2018) noted that a significant number of 
internal migrant workers had moved to work either at large-scale mine sites or as subsistence miners. While 
employees were usually accommodated in specific areas by the companies and did not have much contact with 
the local communities, daily workers and subsistence miners lived either in their own villages (created as a result 
of the in-migration) or in pre-existing villages alongside the local population.  

In his paper on migration patterns to the Sepon and Phu Kham copper‐gold mining projects in Laos, Jackson 
(2018) establishes numbers, sources and types of migrants towards these mines and the distribution of project‐
generated cash flows captured by such groups in comparison with those accruing to pre‐existing populations. The 
bulk of migration was demonstrated to be due to personal ties between migrants and pre‐existing residents. He 
hypothesised that in‐migration ultimately tends to dilute and partly undermine the immediate and positive impact 
of any intentional efforts to maximize local economic opportunities. Prescott, et al. (2020) noted that most 
migrants in a study of informal gold mining listed economic push and pull factors as the key reason for having 
migrated. On this basis, it could be expected that there would almost certainly be some level of incentive to migrate 
to Namtu Township in the expectation that work may be available.  

While in-migrants are unlikely to get direct employment from the mine there is potential for them to pursue small 
business opportunities such as establishing small road-sides stalls selling goods.  

Procurement of goods and services to the project 

The construction and operation will require significant procurement of goods and services. This has the potential 
to positively influence local and regional businesses. The magnitude of this benefit is dependent on purposeful 
company policies on procurement of goods and services locally, and the availability of these goods and services 
to be provided locally. Typically, high value services (e.g., earth moving, trades, support services) are drawn 
from larger, regional cities. 

In Myanmar however, the MCRB’s sector wide impact assessment of limestone, gold and tin mining (MCRB, 
2018) concluded that there was often limited local procurement by mining operations in Myanmar. They noted 
that there were sometimes opportunities to sell products and services (for example selling fresh produce or 
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operating small shops and restaurants) to mining companies, but not on a wide scale. Their field research found 
that generally mining companies were not sourcing goods and services from neighbouring communities to an 
extent that meaningfully contributed to local economies.  

As a result of increased demand on local goods and services from the project there is also the potential for 
increased local inflation and pressure on existing services. This pattern has commonly been observed surrounding 
large resource developments. MCRB (2018) reported that during field investigations of the potential impacts of 
mining in Myanmar, community members reported higher food prices linked to the increase of the population due 
to mining activities. They also noted that the local healthcare centre was reportedly overstretched, as only 
permanent employees of the company had access to the company’s healthcare centre while the local population 
and most migrant workers had to access a single community hospital. 

Other economic stimulus 

Project related employment and the distribution of project benefits all serve to raise income levels which in turn 
provide further opportunities for local businesses, such as trade stores and local markets, stimulating business 
activity.  

The Republic of the Union of Myanmar will benefit economically from this project, as will state and local-level 
governments. Cash will be injected into the regional economy through the procurement of goods and services, 
payment of wages and the distribution of project benefits such as taxes, royalties and equity dividends. This wealth 
will filter into other sectors of the economy, thereby increasing market activity at the regional scale and 
contributing to Myanmar’s gross domestic product.  

A positive stimulatory effect has been observed for the Sepon copper-gold mine in Laos where over the course of 
the mine life the overall wealth of the Savanahket province has increased significantly. At the peak of its operation 
capacity, Sepon mine was the second largest employer in the Lao PDR after the public sector. In 2016, household 
incomes had increased tenfold since the commencement of operations. The mine has partly influenced rapid 
regional economic growth and a reduction of poverty at the provincial level.  

In addition, development of the Bawdwin project may stimulate mineral exploration in Myanmar and development 
of other large-scale mineral projects and associated economic stimulus. Whilst this is a potential impact of the 
project it is not assessed further within the EIA given the high level of uncertainty regarding success of other 
mining and exploration projects separate to WMM activities. 

Traffic 

The project will generate additional heavy vehicle traffic. During steady state operations there will be between 60 
and 93 additional 30-tonne trucks travelling on public roads between Lashio and Namtu per day. As these roads 
are narrow and winding, travel will be restricted to daylight hours only, for safety reasons. During the construction 
phase there will be increased heavy vehicle use initially to bring pioneering supplies to the site, and there will be 
significant road works to deviate the existing Namtu-Manton road around the proposed process plant site. During 
the construction of this diversion there will be some disruption to local traffic users and increased truck traffic.  

Increased heavy traffic has the potential to reduce amenity of villages along the transport corridor due to increased 
truck noise and air emissions, which can in turn impair community amenity and promote health concerns because 
of air emissions (e.g., dust, vehicle emissions) and noise. Increased volumes of traffic also pose a physical safety 
risk to other road users (predominantly being motorcycles and pedestrians) as well as causing inconvenience due 
to increased traffic congestion and temporary partial road closures to enable road upgrades. 

Safety risks associated with project-related traffic are assessed in Chapter 7 Hazard and risk. 

Summary of sources of potential impact 

Potential impacts to socio-economic values can be complex as they: can occur at a variety of scales; can be 
dependent on the context of the social value; can be triggered from multiple sources of impact; and are often 
interrelated. There may also be multiple impact pathways that cause a single impact. Socio-economic impacts can 
also lead to secondary or tertiary impacts that may be direct or indirectly caused by the project or may have a 
cumulative effect. As such, the assessment of potential impacts to socio-economic values is complex, depending 
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not only on the direct actions of the project, but also on the regulatory and political context in the future and human 
behaviour.  

In order to provide a robust and transparent assessment of potential socio-economic impacts, a screening 
assessment was completed to identify credible impact linkages for subsequent assessment of significance. 
Whereby a: 

 Source is a project component or process that can affect and interact with the socio-economic environment. 

 Pathway is a medium by which the effect reaches a receptor from a project source for example employment 
or relocation.  

 Impact zone is defined as a discrete area that can be impacted by from a project source via a pathway. 

Where possible the most likely direct impacts are assigned and likely secondary impacts are described, including 
indirect impacts. When a source – pathway – impact linkage is confirmed for any particular impact zone, 
mitigation and management measures are developed and an assessment of residual impact significance is 
completed. The screening assessment does not consider either the sensitivity of defined impact zones or the 
magnitude of impact that these areas will experience.  

The initial screening assessment to identify likely source – pathway – impacts is presented in Table 6.203.
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Table 6.203 Screening assessment of sources of impact, pathways and residual impacts across defined 
impact zones and over time 

Sources of 
impact 

Impact 
pathway 

Impact  

Nature 
of 

residual 
impact 

Impact 
zones 

Timing 

Construction Operation Closure 

Physical 
disturbance and 
displacement 
(and emissions 
and discharges) 

Resettlement Living conditions and 
livelihood  +/- 

1, 3 X X  

Altered governance  - 1  X  

Social cohesion  - 1, 2, 3 X X  

Social wellbeing  - 1, 2, 3 X X  

Removal of services at 
Bawdwin (medical, schools, 
places of worship) 

- 
2 X X  

Increased pressure on services  - 3 X X  

Social identity  - 1 X X X 

Vulnerable groups  - 1, 2, 3 X X  

Loss or reduced 
access to land or 
riverbed  

Living conditions and 
livelihood  - 

1, 2, 3, 4 X X X 

Emissions and 
discharges 

Living conditions, reduced 
amenity, vulnerable groups  - 

1, 2 X X  

Physical 
landscape 
modification 
and project 
infrastructure 

Physical 
landscape 
modification 

Altered visual amenity  

- 

1,2, 4 X X X 

Project related 
employment 

Employment Direct and indirect local 
employment + 

1,2,3,6 X X  

In-migration Social cohesion  - 1,2,3,4 X X  

Social wellbeing  - 1,2,3,4 X X  

Vulnerable groups  - 1,2,3,4 X X  

Procurement of 
goods and 
services and 
other economic 
stimulus 

Provision of 
goods and 
services 

Business opportunities + 1,2,3,6 X X  

Direct and indirect 
employment  + 

1, 2, 3,6 X X  

Local inflation  - 1,2,3,4,5  X  

Regional 
economic 
stimulus 

Business opportunities  + 1,2,3,6 X X  

Direct and indirect 
employment + 

1,3,5,6 X X  

Traffic Emissions (dust, 
particulate 
matter, gases) 
and noise 

Living conditions (reduced 
amenity)  

- 

1,2,3,4,5 X X  

Trucks  Safety hazards (traffic 
accidents)  - 

1,2,3,4,5 X X  

Residual impacts: + = positive, - = negative; and +/- = both positive and negative 
Impact zones: 1 = Bawdwin and Tiger Camp villages and farms within the Bawdwin concession area; 2 = villages in tracts adjoining the Bawdwin 
concession area; 3 = Namtu Town, 4 = inhabitants of the Nam Pangyun valley downstream of the mine; 5 – transport corridor between Namtu and 
Lashio; and 6 = Lashio 
Timing: X – occurring in this phase 
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6.10.3 Mitigation and management measures 
To minimise the project’s potential impacts a range of measures have been proposed to limit the sources of 
potential impact that are described in Section 6.10.2. 

These measures are based on a hierarchy of management and mitigation, which are to:  

 Avoid impacts to key socio-economic values (described in Section 5.9.10) where feasible. 

 If avoiding an impact is not feasible, implement management and mitigation measures in order to reduce the 
severity of the impact. 

Due to the proximity of the Bawdwin and Tiger Camp communities (i.e., Impact Zone 1) to the project, the key 
proposed avoidance measure is a resettlement program to remove these communities from most of the physical 
impacts associated with the project in the long term. This proposed resettlement program is significant (affecting 
around 3,800 people) and will take time to plan and implement properly. The timing of resettlement has been 
phased into three stages (see Table 6.85). The phasing of resettlement reflects the necessity for WMM to carefully 
manage capital expenditure during the period before revenue is being generated from production and sale of 
mineral concentrate. 

The mitigation strategy for directly affected communities is to:  

 Resettle communities from potentially hazardous conditions in the Bawdwin concession area in the longer 
term through a formal resettlement and livelihood replacement program. 

 Ensure sustainable livelihoods are maintained for directly affected communities.  

 Maintain the community structure and cohesion. 

 Maintain or improve the quality and availability of health and educational services at the resettlement 
destination, compared to existing services at Bawdwin and Tiger Camp.  

 Implement a community development plan to guide investment in projects that will contribute to sustainable 
development while being respectful of human rights, culture and community aspirations of project-affected 
communities.  

Socio-economic impacts associated with all project construction and operation activities will be managed through 
implementation of the integrated project environmental and social management framework. The environmental 
and social management framework will manage socio-economic impacts and support the capture of socio-
economic opportunities through implementation of the environmental and social management plan (ESMP) 
subplans, including the community development plan, cultural heritage management plan and the outline of the 
land access and resettlement plan. The environmental and social management framework is presented in Chapter 
10.  

Plans aimed at maximising project benefits and minimising potential negative impacts, addressing the sources of 
project impact outlined above, include: 

 Community and business development plans  

- Employment and Training Plan 

- Community Development Plan 

- Business Development, Supply and Procurement Plan 

- Community Health, Safety and Security Management Plan 

 Outline of the Land Access and Resettlement Plan 
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 Public Participation Plan that also includes a Grievance Procedure, which are essential for maintaining a 
constructive dialogue with affected people. Details regarding stakeholder engagement and participation are 
outlined in Chapter 9.  

In addition, an Occupational Safety and Health Plan will manage employee health and safety whilst working for 
the project.  

The following section outlines the key commitments and measures that will be contained within the plans listed 
above. In addition, there are a range of specific measures that WMM have committed to implementing to avoid 
or minimise potential adverse social impacts.  

Employment and training 

WMM will promote local employment and training through a recruitment policy and process with the goal of 
maximising local participation in the workforce. In addition, WMM will establish and operate the 
accommodation camp in a manner that is conducive to an ongoing environment of mutual respect within the 
workforce and between the workforce and surrounding communities, while building workforce awareness of 
environmental health and personal wellbeing.  

A central part of maximising employment benefits from the project will be development and implementation of 
a Preferential Employment Policy that targets employment of local residents (from communities in proximity to 
the project) on the basis that it is they who stand to be most impacted by the presence of the project. The policy 
will outline where two or more equally skilled and experienced candidates are considered for an applicable 
position, WMM will preferentially seek to employ candidates from the following zones in order of preference: 

1. Residents of local communities.  

2. Residents of Shan State.  

3. Other Myanmar citizens. 

4. Expatriates. 

While a preferential recruitment system will be implemented, candidates must possess the relevant skills and 
experience to be able to fulfil the requirements of each position, or demonstrate aptitude in the absence of 
formal education. If suitably qualified and experienced candidates cannot be sourced from local communities, 
candidates will be sourced from Shan State, nationally or internationally in that order, on a preferential basis. 
Best efforts will be made to identify suitable candidates locally, provincially or nationally before considering the 
need to source expatriates.  

WMM will develop and implement an employment and training plan that includes: 

 A Preferential Employment Policy that targets employment of local residents (from communities in 
proximity to the project) on the basis that it is they who stand to be most impacted by the presence of the 
project, and maximises employment that is linked to preservation and maintenance of cultural heritage 
relating to the mine. 

 A baseline skills assessment and skills gap assessment of the local workforce to identify priority training 
areas.  

 Robust procedures for hiring practices which promote equal opportunity, non-discrimination and measures 
to discourage in-migration (e.g., a no-gate hire employment or similar).  

 A community pre-employment training program that will be implemented in the pre-construction phase of 
the project, to maximise local employment during the construction phase of the project. 

 Training and development initiatives to ensure that workforce capability is developed and maintained. This 
will include on the job professional development opportunities for all roles and genders, such as industry 
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training, apprenticeships, traineeships, and graduate programmes, as well as personnel development 
initiatives such as literacy, numeracy and financial training. 

 A scholarship program to support local residents and employees pursuing opportunities to gain tertiary 
qualifications. 

 Measures to support the participation of women in training, employment and business development 
activities. 

 An inclusive communications and engagement strategy to clearly articulate proposed employment and 
commercial participation (through business development, supply, procurement) policies and systems, 
including the designated preferential zones, and ensure that stakeholders have clear and regularly updated 
information on how to access employment and procurement opportunities. 

WMM will develop and implement a workforce Code of Conduct that serves as the foundation of a governance 
framework. The Code of Conduct will:  

 Prohibit drugs, gambling and prostitution in camps and project sites. 

 Mandate fitness-for-work and return-to-work examinations for project workers, including testing for the 
presence of communicable disease diagnosis, drugs and alcohol.  

 Stipulate WMM’s zero tolerance stance on forced labour, child labour, human trafficking and unfair 
discrimination for employees and contractors and throughout the supply chain. 

 Require the rights of fellow employees and local communities to be respected, and any suspected human 
rights abuse to be reported to management. 

 Include a worker grievance process. 

Business development, supply and procurement 

WMM will seek to maximise the opportunities for local, state and national companies to contract to WMM, 
subject to meeting cost and quality considerations. WMM will also seek to identify opportunities to assist local 
businesses to develop their skills and products in order to facilitate contractual opportunities with WMM. 
Proposed mitigation and management measures include: 

 Conduct a baseline business assessment of the regional economy to identify areas of potential business 
involvement in the project. A program to address how opportunities can be optimised for regional 
businesses will then be developed. 

 Develop and implement a Business Development, Supply and Procurement Plan that will include: 

- Targets for local business participation for procurement of local and regional goods and services to the 
project. 

- Assessment requirements of local content as part of the selection of contract tenders.  

- Contract conditions that include protocols to comply with local procurement, equal opportunity, non-
discrimination and human rights.  

- Advertisement of procurement opportunities readily available and accessible to regional small and 
medium enterprises and locally-based businesses.  

 

- A household-scale development program developed in consultation with affected people. This may 
include: 
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 Agricultural development support such as food production, processing (e.g., fruit, 
vegetables, chickens etc)   

 Small-scale service provision program (transport, retail, mechanical maintenance etc) 

- A medium scale enterprise development program to facilitate local businesses to participate in the 
project supply chain. This may include: 

 Road maintenance, quarrying, and labour hire. 

 Nursery and revegetation services. 

 Set out clear expectations of suppliers and contractors in a Supplier Code of Conduct written in Shan, 
Myanmar, and English languages and publicly available. 

 Develop and implement a Supplier Risk Management program that integrates human rights risk evaluations 
into key stages of the supplier lifecycle, including pre-qualification, scope of work risk assessments, 
ongoing supplier management and closeout. 

 Develop a supplier human rights training program. 

Resettlement and livelihoods restoration 

Resettlement and livelihood restoration planning has been guided by seven principles that will dictate the 
subsequent planning stages of resettlement, through to implementation and then ongoing monitoring and 
evaluation. These principles are: 

 The need to resettle communities will be avoided or minimised through effective project design and 
planning to the extent possible. 

 Establish clearly defined responsibilities, commitments and governance mechanisms for all aspects of 
resettlement planning and implementation, ensuring that staff have the required skills and alignment with 
the adopted standards. 

 Promote cooperation, inclusive planning and co-ownership of resettlement plans and processes with all 
relevant stakeholders. 

 Resettlement will be approached as an opportunity for achieving long-term improvements in the socio-
economic status of resettling and host communities and ensure that these communities are no worse off. 

 Resettlement activities will foster social cohesion and respect the cultural integrity of affected communities. 

 Dealings with households and communities affected by resettlement, and related planning and 
implementation, will be undertaken in a thorough, fair, equitable and transparent manner that fosters full 
participation, avoids forced eviction and respects human rights. 

 Resettlement activities will comply with WMM social policies and standards as well as Myanmar law and 
international standards where appropriate, ensuring that resettling and host communities are aware of their 
legal rights. 

The project has developed an Outline of the Land Access and Resettlement Plan (Attachment 4) to guide 
resettlement planning and livelihoods restoration. The detail of this plan is commensurate with the current level 
of project definition and noting the requirement of participatory engagement with affected people and 
communities.  

Resettlement planning is a sequential process with steps that need to be completed in succession before physical 
relocation can take place. No physical relocation of people will occur until the resettlement site is constructed 
and commissioned. This will be achieved through a series of progressively more detailed planning steps 
covering: 
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 Land Access and Resettlement Plan – Development of this plan will guide the assessment, planning and 
community approval process. It will include but is not limited to the establishment of resettlement 
committees, asset identification and declaration of cut-off, a draft eligibility and compensation framework, 
and options for the type and delivery of livelihood restoration support. 

 Detailed Resettlement Action Plan(s) – this plan(s) will includes detailed asset surveys, documentation of 
agreed compensation and livelihood restoration assistance, detailed schedule and arrangements for physical 
relocation, outcomes of all participatory planning, consultations and negotiations, proposed compensation 
arrangements, valuation methodologies, site selection issues and decisions, the design of the proposed 
resettlement housing, planned  livelihood restoration activities, anticipated arrangements for vulnerable 
people, and monitoring and evaluation arrangements. 

 Implementation and handover – including construction of resettlement housing and related infrastructure; 
sign-off and payment of all compensation; and the process of moving people and settling-in. A handover 
process completes this stage of resettlement.  

 Livelihood restoration and enhancement – this involves all the activities around restoring people’s 
livelihoods and income earning activities and/or assisting them to transform into other activities that 
enhance their wellbeing. 

 Monitoring and evaluation – includes ongoing performance (process) monitoring, impact monitoring and a 
completion audit. 

In accordance with the Outline of the Land Access and Resettlement Plan (Attachment 4), WMM proposes the 
following stages for resettlement and livelihoods restoration: 

 Inception phase, including: 

- Identification and consideration of issues and the development of the RPF to guide further planning. 

- Initiate a community engagement strategy with the convening of a Resettlement Oversight Group 
(ROG) with members of WMM and key government regulatory agencies. This group will be required 
to agree on approach regarding the resettlement process and framework. 

- Following agreement with the ROG formal disclosure to affected communities will be scheduled and a 
resettlement forward work plan will be developed and integrated with mine and support infrastructure 
planning and technical assessments. 

 Land Access and Resettlement Plan phase, including: 

- Ongoing close consultation with the ROG and affected communities through the establishment of 
resettlement committees comprised of PAP and relevant government representatives.  

- Asset identification based on household asset and census surveys. 

- Development of an overarching Land Access and Resettlement Plan (LARP) based on the 
identification, technical assessment and selection of resettlement sites in consultation with the ROG 
and affected communities. 

- Development and agreement of entitlement criteria and evaluation of technical options for housing 
replacement and infrastructure provision. 

- Requirements and options for livelihood restoration support will be assessed and a draft Livelihood 
Restoration Plan prepared. 

- Formal ‘cut-off’ date will be announced in conjunction with the implementation of a detailed Asset 
Survey (AS) and population census in conjunction with the Government. 
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 Resettlement Action Plan phase, including: 

- A resettlement project management unit will be established within WMM to deliver subsequent phases 
of Resettlement Implementation and Resettlement Monitoring and Evaluation. 

- Resettlement Action Plans (RAPs) will be prepared for affected villages. 

- Development and supervision of contracting arrangements for the provision of physical infrastructure, 
housing, logistics support for household movement and the delivery of transitional support for short to 
medium-term livelihood maintenance and long-term livelihood restoration. 

- On-going stakeholder engagement during the phase through the ROG and Village Tract Development 
Support Committees where established. 

 Implementation phase (including monitoring and evaluation), including: 

- Establishment an internal Resettlement Steering Committee (RSC) to ensure that the joint venture 
partners at director level remain abreast of resettlement issues and are able to consider and input to 
policy positions required to effectively address these issues. 

- Establishment of a WMM resettlement planning team led by the Safety, Health, Environment & 
Community (SHEC) Manager. This team will be supported by experienced planning advisors drawn 
from consulting and social research organisations. 

- Maintain coordination and input from the Resettlement Oversight Group (ROG) with ME-1, the Namtu 
General Administrative Department (GAD) and Village Tract Administrators.  

Other measures related to resettlement and livelihood restoration include: 

 Consult with communities in advance of potential changes to land resources (productivity and access) and 
accommodate arrangements, where required. If changes affect livelihoods, manage in accordance with 
physical and economic displacement principles. 

 Manage the loss of, or restricted access to land or assets, by WMM accessing land in a transparent manner 
that enables landowners the opportunity to relinquish access to an area in a culturally appropriate manner. 

 Ensure that fair and equitable compensation is provided to parties affected by project related impacts on 
subsistence resource use or existing income generating resources or activities. 

 Establish a museum and cultural centre that promotes the history and culture of the Bawdwin operation (see 
Section 6.9).  

 Interview and record the history of the Bawdwin mine from current Bawdwin residents.  

Community development  

WMM will engage with relevant directly affected communities and other stakeholders, including township / 
district / state / national government and external parties to identify community investment priorities.  

It is recognised that the government and civil society organisation play a vital role in delivering health, 
education and policing, services and therefore any investments in the services will be made in consultation with 
service providers to maximise benefits and sustainability.   

WMM will develop and implement a detailed Community Development Plan. This plan will comply with the 
current Myanmar Mining Law and Rules that require all mining companies to allocate a percentage of their 
revenue into Community and Social Responsibility initiatives. WMM will continue to develop its knowledge of 
community conditions and needs through a formal process of community engagement and will use this knowledge 
to progressively refine the Community Development Plan. WMM wishes to align investment priorities with the 
hierarchy of impact zones. That is, development investment would prioritise the communities directly affected by 
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the project (e.g., Impact Zone 1), followed by the other impact zones. This approach is dependent on further 
stakeholder engagement and endorsement by key stakeholders such as the district authority. 

It is anticipated that investment priorities are likely to focus on: 

 Improvement or expansion of health services to affected communities including villages in tracts adjoining 
the Bawdwin concession area that are impacted by the removal of health services at Bawdwin, and Namtu 
residents following resettlement. Investment will most likely be in the form of upgraded health infrastructure 
and supplies. 

 Improvement or expansion of education services, most likely in the form of upgraded school and training 
infrastructure and supplies. 

 Improvement of infrastructure to provide or improve access to clean water, electricity, sanitation, and mobile 
telecommunications. 

 Business development. 

Community safety and security 

The objective of the Community Health, Safety and Security Management Plan is to establish measures to manage 
potential Project-related risks to community health, safety and security. The plan will apply to villages 
immediately surrounding the project area that are potentially subject to impact from project construction and 
operation. 

The success of implementation of the Community Health, Safety and Security Management Plan will be 
influenced by relevant state and district level governments and therefore close engagement with key stakeholders 
regarding the content and implementation of the plan is required. Community health measures are described in 
Section 6.11.  

Community safety measures will include: 

 Implement the Traffic Management Plan to prevent injuries to road users, which includes measures for the 
management of road and pedestrian traffic, include:  

- Ensuring WMM (and contractor) drivers have the relevant level of competency for the vehicle they need 
to drive and carry relevant licences 

- Establishing and enforcing speed limits on project roads and for project vehicles 

- Conducting regular vehicle inspections 

- Journey management protocols including driver fatigue management 

- Avoiding, where practicable, dangerous routes and times of day e.g., night time driving 

- Running safety awareness and education programs for impacted communities, including school programs 

- Coordinating with emergency responders to provide first aid in the event of accidents 

- Notify relevant communities as required about of significant changes in traffic conditions (e.g., high 
project traffic periods or road/ river diversions/ blockages) and the associated hazards with these changes. 

 Deliver a program to project-affected communities including schools in project-affected communities to raise 
awareness of risks to safety posed by project activities, and personal behaviours which can reduce risk and 
improve safety. 

 Implement a Project-wide induction process that covers, as a minimum: ethics; human rights; health; 
environment; safety; alcohol and drug use; workforce diversity; harassment; and cultural and social 
sensitivities of workers and communities 
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 Develop, implement and monitor compliance with a workforce code of conduct that governs internal 
workforce interaction and interaction between the workforce and project-affected communities. 

 Complete a human rights impact assessment for the project that is continually reviewed to ensure impacts to 
human rights are appropriately identified, assessed and addressed over life of mine.  

Measures to limit the effects of in-migration will include: 

 Communicate potential impacts of in-migration to local communities to assist them to devise strategies to 
manage in-migration. 

 Engage with the state, township and village-level government representatives to assist them to devise 
strategies to prepare for in-migration. 

 Select workers in accordance with the geographic priorities determined by the project (Preferential 
Employment Policy). 

 Establish multiple points of hire that provide access to affected communities and do not encourage people to 
move to project sites. 

 Communicate to the community the recruitment process that requires applicants’ place of origin to be 
identified. 

 Do not allow public access to services (such as health and transportation services) provided to project 
employees. 

Security measures will include: 

 Implement a Security Management Plan that includes the following measures:  

- Implement security controls to protect the safety of project employees. 

- Conduct background checks on security personnel and train them in the Voluntary Principles on Security 
and Human Rights. 

- Provide training in the use of force and conduct toward workers and the local community for all security 
workers. 

- Conduct evaluations on the performance of security providers. 

- Conduct community engagement on security arrangements. 

- Actively monitor and restrict incursions of non-workers onto or across work sites, particularly if the sites 
are unfenced.   

- Establish a checkpoint on roads to monitor traffic and admit authorised vehicles only. 

 Maintain a neutral company position with regard to internal conflicts within Shan State and being a good 
neighbour.  

6.10.4 Residual impact assessment 
This section assesses the residual significance of impacts identified in Section 6.10.2 after implementation of the 
mitigation and management measures outlined in Section 6.10.3. The magnitude of each residual impact is 
assessed based on the impact’s geographic extent, severity and duration, taking into consideration the existing 
conditions of the features and their importance, vulnerability and resilience. Table 6.204 presents the criteria used 
to determine the magnitude of each impact. An overall magnitude rating was produced based on subjective 
weighting of extent, severity and duration. 
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Table 6.204 Criteria used to determine the magnitude of socio-economic impacts 

Factor Magnitude Ratings 

Very low Low Medium High Very high 

Spatial extent Local scale social 
impacts that 
effect a small 
number of people 
(<5%) within the 
defined impact 
zone. 

Mostly local 
scale social 
impacts that 
effect some 
people (5 – 15%) 
within the 
defined impact 
zone. 

Intermediate 
scale social 
impacts that 
effect a notable 
proportion of 
people (15 – 
50%) within the 
defined impact 
zone.  

Far reaching 
social impacts 
that effect the 
majority (i.e. 50 
– 75%) of people 
within the 
defined impact 
zone. 

 

Far reaching 
social impacts 
that effect the 
almost all people 
(>75%) within 
the defined 
impact zone. 

 

Severity   Impacts are very 
minor in nature.  

Impact to the 
community will 
probably recover 
on its own or 
require minimal 
management. 

  

Impact is minor 
and can is 
straightforward 
to remedy or 
manage using 
standard 
management 
measures. 

 

Impact is of 
moderate severity 
to the 
community. 

Impact can be 
partly remedied 
or managed by 
implementing 
management 
measures 

Impact is of high 
severity and/or 
results in high 
levels of social 
disruption to 
affected 
community. 

Impact is very 
difficult to 
mitigate despite 
implementation 
of management 
measures. 

Impact is of very 
high severity 
and/or has very 
high levels of 
social disruption 
to affected 
community.  

Impact cannot be 
avoided despite 
implementation 
of management 
measures. 

Duration Impact is very 
short in duration 
(i.e., days)  

Impact is short 
term (i.e., months 
or less) 

Impact is 
medium term (1 
to 2 years). 

Impact is long 
term (3 to 15 
years).  

Impact is greater 
than 15 years or 
permanent. 

Positive  Some limited 
value to the 
community. 

Impacts some 
value to 
community. 

Impacts can 
provide 
substantial social 
value to 
community.  

Impacts can 
provide high 
value to 
communities.  

Impacts can 
provide very high 
value to 
communities. 

 

Local economies, land use and livelihoods  

The socio-economic component covering local economies, land use and livelihoods focuses largely on direct 
impacts generated by the project. Social values covering employment, business opportunities and land use are 
discussed and assessed. These direct impacts can also result in secondary or indirect impacts that are not purely 
financial, but can encompass a range of other social aspects (such as social cohesion, living conditions and 
disadvantaged vulnerable groups). These secondary and indirect impacts are discussed in the following section.  

Employment 

The project has the potential to provide, stimulate or influence diverse employment opportunities, which has been 
defined as a key social value. 

The creation of jobs (both in the mining sector and indirectly in other sectors) is a positive impact of mining at 
local, regional and national level. Educational opportunities offered by the company and employee skill 
development are further potential positive outcomes. WMM will seek to maximise the proportion of available 
jobs that are allocated to members of local communities, through its Preferential Employment Policy.  

Although detailed procedures to implement the commitments contained in the Preferential Employment Policy 
have not yet been developed, it is expected that the ‘local workforce’ will largely comprise persons currently 
living in the Bawdwin villages, Namtu Town and villages in tracts adjoining the Bawdwin concession area. The 
exact breakdown between these localities will depend on the skills of residents and the types of skills required. 
While the exact number of construction positions sourced from each impact zone for the project have not been 
determined it is expected that between 1,000 and 1,500 construction positions will be sourced locally. If suitable 
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skills are not available within these areas, a broader catchment focussing on Namtu village tract is likely. During 
operations it is estimated that WMM will directly employ approximately 450 Myanmar nationals, with 
approximately 560 Myanmar nationals positions employed by contractors. Remaining positions will be filled by 
expatriates.   

Direct employment opportunities will, to large degree, be influenced by the procurement strategy of WMM, which 
will see contractors responsible for project construction and also key aspects of mining (e.g., using a mining 
contractor). WMM is likely to engage lead contractor(s) to provide engineering, procurement and construction 
management services, including management of subcontractors and vendors. WMM will add local content 
requirements as part of contract conditions with these third parties; however, will not be directly responsible for 
employment decisions as part of these contracts.  

In Myanmar the mining sector is not well developed and therefore skills required in a modern mining operation 
may be limited nationally. For example, in 2018 mining and quarrying accounted for only 1.2% of the nation’s 
employment (GoM 2017). WMM recognises that training will be required for the local workforce, although some 
local residents may have previously worked at the Bawdwin mine or in other industries and therefore may already 
have experience and skills acquired through relevant training.  Changes to employment opportunities (defined as 
a key social value) either directly or indirectly as a result of the project are identified in Impact Zone 1 (Bawdwin 
and Tiger Camp villages and surrounding farms), Impact Zone 2 (villages in tracts adjoining the Bawdwin 
concession area, Impact Zone 3 (Namtu Town) and Impact Zone 6 (Lashio). The magnitude and significance of 
these impacts are assessed in the following section. However, direct employment for existing inhabitants of the 
Nam Pangyun valley and in the villages along the export corridor is assessed to be unlikely and therefore no 
impacts are predicted. 

Impact Zone 1 – Villages within the Bawdwin concession area  

In contrast to greenfield mining developments in remote locations, the Bawdwin communities have a long 
association with mining and mineral processing (albeit limited over the last decade). This provides greater 
potential for the existing community to be re-employed in the project workforce. However, it is noted that the 
current WMM Bawdwin employees are typically from older age groups, who may be approaching or past the 
maximum working age permitted under national law and may hence have limited employment potential in terms 
of remaining years of work at Bawdwin. Although younger people may have greater employment potential 
because of their age, they may not have had the opportunity to be directly involved in the previous mining 
operations, due to the long tenure of older workers.  

Following resettlement and development of the project, it is expected that a portion of resettled households will 
derive income from residents who will be employed by the project. Bawdwin and Tiger Camp residents will also 
have preferential access to employment and training opportunities associated with the mine. The higher level of 
skills, and settlement in proximity to Namtu Town (the likely centre for the resettlement villages), will allow 
residents of resettled households to access a more diverse range of employment opportunities as Namtu develops 
over time as a supply and maintenance centre providing services to the re-developed mine. 

WMM will implement measures to maximise local employment, increase the skills base through training and 
development. In addition, the Resettlement Action Plan will contain measures to restore livelihoods or to provide 
alternative livelihood opportunities. On this basis, the residual impact of creation of jobs (both in the mining sector 
and indirectly in other sectors) for the Bawdwin communities during the construction and operations phases will 
be of positive (high) significance, based on the medium impact magnitude and the high sensitivity of 
employment conditions within the defined impact zone (see Table 6.205).  

Table 6.205 Residual impact significance summary – construction and operations phases – 
employment for villages within the Bawdwin concession area (Impact Zone 1) 

Value Sensitivity of current employment conditions 

Diverse 
employment 
opportunities  

Importance Vulnerability Resilience Sensitivity 

High 

Due to the nature of these 
communities with 
employment and 

High 

Due to the ability to 
earn an income and 
participate in the cash 

Low 

Bawdwin and Tiger Camp 
villages are highly 
dependent on the Bawdwin 

High 
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Value Sensitivity of current employment conditions 

accommodation linked to the 
Bawdwin and Namtu 
concession permits, the 
Bawdwin mine is highly 
important to their livelihoods 
and economic security. There 
are few other sources of 
income or other livelihoods in 
these communities. 

economy being 
intrinsically related to 
the Bawdwin mine with 
few other sources of 
income the villages are 
highly vulnerable to any 
material changes in 
their existing 
employment 
arrangements. 

mine for employment and 
support of the local 
economy and therefore have 
limited resilience. 

Impact Magnitude of impact  

Mining 
related 
employment 
opportunities 
for the 
Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale social 
impact that is predicted to 
affect between 5 and 15% of 
people of the Bawdwin and 
Tiger Camp communities.  

High 

Impact can provide high 
social value to the 
affected people within 
the defined impact 
zone, providing a more 
diversified employment 
base. 

High 

Long-term impact term with 
the potential to extend over 
the mine life however the 
experience and skills 
developed through this 
employment may lead to 
further opportunities after 
mine closure. 

Medium 
(positive) 

 

Residual impact significance Positive 
(high) 

Assessment of uncertainty 

Medium  

The number of people in the communities with suitable skills to transition to a modern mining operation 
is currently unknown.  

Impact Zone 2 – Villages in tracts adjoining the Bawdwin concession area 

Employment opportunities during construction and operation of the project will provide value to villages in 
tracts adjoining the Bawdwin concession area. The residual impact will be of positive (low) significance, based 
on the low impact magnitude and the low sensitivity of employment conditions within the defined impact zone 
(Table 6.206).  

Table 6.206 Residual impact significance summary – construction and operations phases – 
employment for villages in tracts adjoining the Bawdwin concession area (Impact Zone 2) 

Value Sensitivity of current employment conditions  

Diverse 
employment 
opportunities  

Importance Vulnerability Resilience Sensitivity 

Low 

Livelihoods in the 
area are dependent on 
agriculture as their 
main source of 
livelihoods. The 
Bawdwin concession 
area is of low 
importance to their 
livelihoods or local 
economies.    

High 

Low vulnerability due to 
changes to the Bawdwin 
concession area due to their 
high reliance on agriculture 
and limited economic 
connectivity with Bawdwin 
villages. 

Low 

Livelihoods and local 
economies are based 
almost exclusively on 
agriculture, which is 
susceptible to drought and 
environmental changes. 

Low 

Impact Magnitude of impact  

Mining related 
employment 
opportunities for 
communities in 
tracts adjoining 

Spatial extent Severity Duration Magnitude 

Very low  

Local scale impact 
that is predicted to 
affect less than 5% of 

High 

Impact can provide high 
social value to the affected 
people within the defined 

High 

Long-term impact term 
with the potential to 
extend over the mine life 
however the experience 

Low 
(positive) 
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the Bawdwin 
concession area 

the defined impact 
zone.  

impact zone, providing a more 
diversified employment base. 

 

and skills developed 
through this employment 
may lead to further 
opportunities after mine 
closure. 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

Medium  

The number of people in the communities with suitable skills to transition to a modern mining 
operation is currently unknown. 
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Impact Zone 3 – Namtu Town 

WMM will implement measures to maximise local employment, increase the skills base through training and 
development and provide business and supply opportunities for businesses in Namtu to support the project during 
the construction and operations phases. The residual impact of creation of jobs (both in the mining sector and 
indirectly in other sectors) for the Namtu communities will be of positive (low) significance, based on the 
medium impact magnitude and the medium sensitivity of employment conditions within the defined impact 
zone (Table 6.207).  

Table 6.207 Residual impact significance summary – construction and operations phases – 
employment opportunities for Namtu (Impact Zone 3)  

Value Sensitivity of value  

Diverse 
employment 
opportunities  

Importance Vulnerability Resilience Sensitivity 

Medium 

Currently mining 
provides a small 
proportion of jobs for 
Namtu based on the last 
census. The broader 
Namtu community is less 
dependent on the 
Bawdwin operations with 
other employment 
opportunities including 
government and other 
services.   

Medium 

Namtu town is somewhat 
vulnerable to changes in 
the local economy and 
livelihoods as many 
residents are employed in 
the mining sector, 
however there are 
alternative forms of 
employment in the area. 

Medium  

Namtu town is somewhat 
resilient to changes in the 
local economy or 
livelihoods as a result of 
mining as 
employment/income is 
more diversified and the 
town is less reliant on the 
Bawdwin mine than 
residents in the Bawdwin 
concession area. 

Medium 

Impact Magnitude of impact  

Mining related 
employment 
opportunities for 
the Namtu Town 

Spatial extent Severity Duration Magnitude 

Very low  

While there may be job 
opportunities created for 
residents of Namtu as a 
proportion of the total 
population these are 
predicted to affect less 
than 5% of the defined 
impact zone.  

 

Medium 

Namtu is proposed to be 
a central employment 
hub for employment 
providing access to 
existing Namtu residents 
and probably the 
resettled Bawdwin 
communities. 

This impact can provide 
social value to the 
affected people within 
the defined impact zone. 

 

High 

Long-term impact term 
with the potential to 
extend over the mine life 
however the experience 
and skills developed 
through this employment 
may lead to further 
opportunities after mine 
closure 

Low 
(positive) 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

Medium  

The number of people in Namtu Town with suitable skills to transition to a modern mining operation 
is currently unknown. 

 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Environmental Services |  6-452

 

Myanmar  

Skilled workers will be required to be sourced from across Myanmar and internationally. The residual impact of 
employment opportunities during construction and operation of the project will be of positive (low) significance, 
based on the low impact magnitude and the low sensitivity of employment conditions within the defined impact 
zone (Table 6.208).  

Table 6.208 Residual impact significance summary – construction and operations phases – 
employment opportunities for Myanmar 

Value Sensitivity of value  

Diverse 
employment 
opportunities  

Importance Vulnerability Resilience Sensitivity 

Low 

Mine related 
employment is minor 
at a national and 
international scale 

Low 

Due to many alternative 
employment opportunities 
available at a national and 
international scale 

Medium to High 

Communities have some 
resilience to changes to 
the current arrangement 

Low 

Impact Magnitude of impact  

Mining related 
employment 
opportunities for 
skilled workers 
located across 
Myanmar and 
internationally 

Spatial extent Severity Duration Magnitude 

Very low  

While there will be 
job opportunities 
created for residents 
of Myanmar these 
represent a very 
small proportion of 
the defined area.  

 

Medium 

This impact can provide social 
value to the affected people 
within the defined impact zone. 

 

High 

Long-term impact term 
with the potential to 
extend over the mine 
life however the 
experience and skills 
developed through this 
employment may lead 
to further opportunities 
after mine closure 

Low 
(positive) 

 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

Low  

There is relatively high confidence that suitable skills would be expected to be available at the 
national scale.   

 

Economy 

Business sectors providing goods and services has been defined as a key social value with the potential to be 
influenced by the project. 

Economic impacts are likely to occur at a local, regional and national scale. Mining often gives stimulus to the 
local economy and increases population income and business opportunity, also in other sectors. However, income 
inequality, i.e., an unfair distribution of the benefits coming from resource extractions and corruption due to the 
bad management of mineral wealth, can trigger social tensions (Mancini and Sala, 2018).  

The direct capital investment to construct the project is estimated to be around US$360 million in real terms. 
Recurrent operating expenditure, including a level of local spending on support services, is estimated to be US$1 
billion over the life of the mine. The purchase of such materials and services from within Myanmar is predicted 
to result in a higher level of activity in the local, regional and national economy. This growth will lead to the 
creation of additional employment opportunities and stimulate further growth and development of the economy.  

The same system of preference will apply towards commercial opportunities related to the project. These may 
include business contracts, supply of goods and services or procurement of local goods.    

WMM will seek to procure goods and services required during the construction phase from local businesses. 
Where the goods or services offered are competitive in quality and price, and subject to compliance with WMM’s 
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standards for safety, commercial and human rights management, WMM will give procurement preference to (from 
highest to lowest preference): 

 Businesses based within the Namtu Town and resettled communities.  

 Businesses based in proximity to the project e.g., neighbouring village tracts. 

 Business based in other parts of Shan State. 

 Businesses based elsewhere in Myanmar. 

 Business based outside Myanmar. 

The project is expected to generate economic activity across numerous business in the local region. This will 
primarily occur through the procurement of goods and services, payment of wages and the distribution of project 
benefits. Economic activity associated with construction and operation (through local contracts for the 
procurement of materials, goods and services) will also lead indirectly to the creation of employment opportunities 
in the local economy. This will increase the capacity of people employed by the project to purchase goods, health 
and education services and other items. Flow-on effects from the injection of wealth into the local economy has 
the potential to allow new businesses to establish and existing businesses to expand operations.  

The types of goods and services the project could procure locally include but are not limited to: 

 Provision of food (e.g., vegetables) 

 Camp support services such as cooking and cleaning. 

 Labour hire business providing machinery operators and drivers and trade skills. 

 Fabrication and metalwork. 

 General supplies. 

 Provision of work clothing. 

WMM will support current business enterprises to relocate to the resettlement location. This will require 
adjustment to the new conditions. These businesses may benefit due to proximity to a large population centre of 
Namtu (should this be the chosen resettlement location). But there is also the potential that current businesses may 
struggle to re-establish at the relocation site, due to increased competition with existing commercial businesses. 

There may be an increase in business turnover through participation in the mine supply chain or supply to relocated 
population. Currently, Namtu businesses are likely to be supplying to Bawdwin and Tiger Camp retail outlets so 
the effect of an increased population on business may be limited. After mining, the main business sectors in Namtu 
are construction, retail sales and services with a small manufacturing capacity. Each of these sectors could be 
expected to grow with the redevelopment of the mine which will have a local procurement and business support 
policy. 

Expenditure occurring locally will constitute income for other individuals or businesses, thereby distributing cash 
more generally throughout the community.  Operators of shops and stalls are among those who would benefit 
from this redistribution of wealth.   

A potential negative impact associated with a stimulated local economy is the potential for local inflation of the 
price of goods and services.  While a potential positive impact for providers of goods and services, people whose 
incomes do not increase proportionally to inflation may be negatively impacted.   

Economic stimulus and business opportunities are assessed to effect impact zone 1 (Bawdwin and Tiger Camp 
communities), Impact Zone 2 (villages in tracts adjoining the Bawdwin concession area), Impact Zone 3 (Namtu 
Town) and Impact Zone 6 (Lashio). The magnitude and significance of these impacts are assessed in the following 
section. However, business opportunities for inhabitants of the Nam Pangyun valley (Impact Zone 4) and in the 
villages along the export corridor (impact Zone 5) is assessed to be unlikely and therefore no impacts are predicted. 
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Impact Zone 1 – Villages within the Bawdwin concession area 

Businesses currently in operation in Bawdwin are largely shops, markets and services providing goods and 
services to the Bawdwin community. With measures implemented to maximise local business opportunities with 
the project, facilitate the development of new businesses and measures to re-establish existing businesses, local 
and regional economic stimulus is assessed to have a positive overall impact, noting that there is the potential for 
some negative effects. Business opportunities as a result of the project have the potential to provide value to 
Bawdwin communities. The residual impact will therefore be of positive (moderate) significance, based on the 
low impact magnitude and the high sensitivity to changes of the current business sector provided management 
measures and commitments are successfully implemented (Table 6.209). 
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Table 6.209 Residual impact significance summary – construction and operations phases – business 
opportunities for villages within the Bawdwin concession area (Impact Zone 1) 

Impact Sensitivity of the current business sector 

Business sectors 
providing goods 
and services  

Importance Vulnerability Resilience Sensitivity 

High 

Due to the nature of these 
communities with 
employment and 
accommodation linked to the 
Bawdwin and Namtu 
concession permits, the 
Bawdwin mine is highly 
important to their livelihoods 
and economic security. 
There are few other sources 
of income or other 
livelihoods in these 
communities. 

High 

Due to the ability to earn 
an income and 
participate in the cash 
economy being 
intrinsically related to the 
Bawdwin mine with few 
other sources of income 
the villages are highly 
vulnerable to any 
material changes in their 
existing employment 
arrangements. 

Low 

Bawdwin and Tiger 
Camp villages are 
highly dependent on 
the Bawdwin mine for 
employment and 
support of the local 
economy and therefore 
have limited 
resilience. 

High 

Impact Magnitude of impact  

Business 
opportunities and 
economic 
stimulus created 
by the project and 
impact on the 
Bawdwin and 
Tiger Camp 
villages 

Spatial extent Severity Duration Magnitude 

Very low 

While preferential business 
opportunities will be 
investigated there are likely 
to be few local businesses 
with capacity to directly 
provide goods and services 
to the project. Therefore, few 
existing businesses within 
Bawdwin are expected to 
benefit. 

Medium 

Impacts can provide 
substantial value to 
businesses that are able 
to provide goods and 
services to the project. 

High 

Long-term impact with 
the potential to extend 
over the mine life.  

Low 
(positive) 

 

Residual impact significance Positive 
(moderate) 

Assessment of uncertainty 

Medium 

Economic stimulus as a result of the project is reasonably certain; however, there a moderate degree 
of uncertainty regarding the magnitude of consequent impacts of businesses within the Bawdwin and 
Tiger Camp communities economic stimulus and the flow on effects to local and regional 
economies.  

It is assumed that the proposed Community and Business Development Plans will be successfully 
implemented, however, the plans have not yet been developed 

 

Impact Zone 2 – Villages in tracts adjoining the Bawdwin concession area 

Livelihoods for these villages are primarily based on agriculture, with cultivation of seasonal crops such as maize 
and vegetables, and raising of poultry, goats and cattle. There are likely to be few new business and economic 
development opportunities in future for these villages as livelihoods and local economies are based almost 
exclusively on agriculture. Business opportunities would therefore largely be restricted to providing produce such 
as vegetables for the mine. Nonetheless regional economic development could have a positive impact. Conversely, 
the resettlement of Bawdwin communities may reduce the demand for agricultural goods currently sold by the 
surrounding communities to Bawdwin village residents. 

Business opportunities as a result of the project have the potential to provide value to Hu Hsar, Hin Poke and Kyu 
Hsawt village tracts communities, however resettlement of Bawdwin communities may reduce demand for local 
business. Therefore, the residual impact is of neutral significance, based on the neutral impact magnitude and 
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the low sensitivity to changes of the current business sector (Table 6.210) provided management measures and 
commitments were successfully implemented. 

Table 6.210 Residual impact significance summary – construction and operations phases – change in 
existing demand for business including business opportunities for villages in tracts 
adjoining the Bawdwin concession area 

Value Sensitivity of the current business sector 

Business sectors 
providing goods 
and services  

Importance Vulnerability Resilience Sensitivity 

Low 

Livelihoods in the area are 
dependent on agriculture as 
their main source of 
livelihoods. The Bawdwin 
concession area is of low 
importance to their 
livelihoods or local 
economies.    

Low 

Low vulnerability due to 
changes to the Bawdwin 
concession area due to 
their high reliance on 
agriculture and limited 
economic connectivity 
with Bawdwin villages. 

Low 

Livelihoods and local 
economies are based 
almost exclusively on 
agriculture, which is 
susceptible to drought 
and environmental 
changes. 

Low 

Impact Magnitude of impact  

Change in 
existing demand 
for business, 
including 
opportunities and 
potential 
economic 
stimulus created 
by the project and 
impact on 
villages in tracts 
adjoining the 
Bawdwin 
concession area 

Spatial extent Severity Duration Magnitude 

Medium 

The proportion of people 
impacted by change in 
existing demand is probably 
intermediate scale given the 
agricultural livelihoods. 
Whereas only a very small 
number of businesses within 
the defined impact zone are 
likely to benefit from 
business opportunities or 
project related economic 
stimulus  

Medium (positive) 

Impacts can provide 
value to businesses that 
are able to provide goods 
and services to the 
project.  

Medium (negative) 

Benefits may be offset by 
adverse impacts to those 
businesses that currently 
sell goods in Bawdwin 
villages. 

High 

Long-term impact with 
the potential to extend 
over the mine life.  

Neutral 

Residual impact significance Neutral 

Assessment of uncertainty 

Medium 

Understanding of the current businesses that operate in these villages is not well understood, 
including the reliance on Bawdwin communities for demand for agricultural goods. Economic 
stimulus as a result of the project is reasonably certain; however, there is a moderate degree of 
uncertainty regarding the magnitude of consequent impacts of businesses within these communities, 
the economic stimulus and the flow on effects to local and regional economies.  

It is assumed that the proposed Community and Business Development Plans will be successfully 
implemented, however, the plans have not yet been developed. 
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Impact Zone 3 – Namtu Town 

As the closest major town with commercial, government and support services, regional economic development is 
likely to be focussed in this area. As it has a reasonably diversified business sector, it is likely that business 
opportunities, particularly small to medium sized enterprises, will be available in Namtu, particularly if measures 
are implemented to maximise local business opportunities.  

The residual impact of economic (business-related) opportunities during construction and operation of the project 
will provide value to Namtu communities and will be of positive (low) significance, based on the low impact 
magnitude and the medium sensitivity to changes of the current business sector (Table 6.211).  

Table 6.211 Residual impact significance summary – construction and operations phases – business 
opportunities for Namtu 

Value Sensitivity of value 

Business sectors 
providing goods 
and services  

Importance Vulnerability Resilience Sensitivity 

Medium 

Currently mining 
provides a small 
proportion of jobs for 
Namtu, based on the 
last census. The 
broader Namtu 
community is less 
dependent on the 
Bawdwin operations 
with other 
employment 
opportunities 
including 
government and other 
services.   

Medium 

Namtu town is somewhat 
vulnerable to changes in the 
local economy and livelihoods 
as many residents are employed 
in the mining sector, however 
there are alternative forms of 
employment in the area. 

Medium  

Namtu town is 
somewhat resilient to 
changes in the local 
economy or livelihoods 
as a result of mining as 
employment/income is 
more diversified and the 
town is less reliant on 
the Bawdwin mine than 
residents in the 
Bawdwin concession 
area. 

Medium 

Impact Magnitude of impact  

Business 
opportunities and 
economic 
stimulus created 
by the project and 
impact on Namtu 

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale 
impacts that is 
predicted to affect 
some within the 
defined impact zone. 

High 

Impacts can provide substantial 
value to businesses that are able 
to provide goods and services to 
the project. 

 

High 

Long-term impact with 
the potential to extend 
over the mine life.  

Medium 
(positive) 

 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

Medium 

Understanding of the current businesses that operate in Namtu that could provide goods and services 
is not well understood.  

Economic stimulus as a result of the project is reasonably certain; however, there a moderate degree 
of uncertainty regarding the magnitude of consequent impacts of businesses within these 
communities economic stimulus and the flow on effects to local and regional economies.  

It is assumed that the proposed Community and Business Development Plans will be successfully 
implemented, however, the plans have not yet been developed 

 

  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Environmental Services |  6-458

 

Impact Zone 6 – Lashio 

Lashio and other major population centres are likely to benefit from larger project contracts. The residual impact 
of economic stimulus as a result during construction and operation of the project will be of positive (low) 
significance, based on the medium impact magnitude and the low sensitivity (Table 6.212).  

Table 6.212 Residual impact significance summary – construction and operations phases – business 
opportunities for Lashio 

Value Sensitivity of value 

Business sectors 
providing goods 
and services 

Importance Vulnerability Resilience Sensitivity 

Very low 

No businesses 
currently depend on 
the Bawdwin mine. 

 

Low 

Due to many alternative business 
opportunities available within 
the city and regionally.  

High 

The business sector 
within Lashio have 
resilience as a well-
developed economy. 

Low 

Impact Magnitude of impact  

Business 
opportunities and 
economic 
stimulus created 
by the project and 
impact on Lashio 

Spatial extent Severity Duration Magnitude 

Low 

While larger 
contracts may be 
sourced from 
businesses in Lashio, 
these would represent 
a small proportion of 
the business sector 
within the city.  

High 

Business opportunities can 
provide substantial value to 
those businesses that are able to 
provide goods and services to 
the project. 

 

High 

Long-term impact term 
with the potential to 
extend over the mine 
life. 

Medium 
(positive) 

 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

Medium - Regional economic benefits will to a large degree depend on the location of successful 
contracting companies, which is not yet known.  

 

Land use  

Secure access to productive agricultural land or access to the Nam Pangyun riverbed / Bawdwin hillsides for 
fossicking for mineral waste were defined as social values. 

The project infrastructure will be located within the current Bawdwin and Namtu concession areas and supporting 
infrastructure easements (e.g., the rail corridor) that have been established to support the historic mining 
operations. The Bawdwin project will continue to use the concession areas for the purpose for which they were 
established (i.e., to support mining, processing and export operations). As such there will be no change to land 
tenure type and no change to the primary land uses of the concession areas as defined by the government in 
concession leases. Notwithstanding this, construction of project infrastructure, particularly expansion of the mine 
pit, development of three TSFs, a waste rock dump and industrial areas, will result in some loss of land within the 
Bawdwin concession area that is currently used for agricultural or other land uses by community members. In 
addition, the development will restrict the use of remaining land within the Bawdwin concession area that will not 
be disturbed (e.g., for grazing cattle), in order to minimise health and safety risks.  

The dominant land type of the Bawdwin concession area is grassland and more limited areas of bamboo forest. 
Both of these vegetation types are likely to have been influenced by many centuries of disturbances from mining 
activities. It is likely that topsoils in the area have been largely eroded from hills and steep-sided slopes leaving 
poor quality soils with low organic material. Periodic burning of grasslands also occurs during the dry season to 
stimulate vegetation regrowth for grazing cattle. 

At Bawdwin, there is limited agricultural activity, although there are some areas used to grow vegetables and 
crops that are sold in local markets and some also sold in Namtu and Lashio with jengkol and corn being the 
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primary produce being sold. During social baseline surveys most (86%) survey respondents of the Bawdwin study 
area stated that they use the land for residential purposes, with only smaller areas/garden plots of land being used 
for growing vegetable and crops and raising domestic animals. While generally there is limited commercial 
agriculture in the Bawdwin concession area, it is likely that there is some level of household dependence on 
agriculture for livelihoods (i.e., growing and selling crops in local markets, Namtu and Lashio), particularly since 
the mine was placed on care and maintenance in 2009 and overall employment was reduced since this time.  

There are four main areas where there are rural residences or hamlets that pursue primarily agriculturally based 
livelihoods. These consist of: 

 Rural houses and sheds to the south and southeast of Bawdwin south village. 

 Rural houses and sheds to the northeast and south of Tiger Camp. 

 Houses (seven in total) and sheds in the northwest corner of the Bawdwin concession area, which are linked 
to the Loi Mi village. 

 Houses (seven in total) and sheds in the northeast corner of the Bawdwin concession area, which are termed 
here as Nam La Farms. 

These hamlets contain one or a number of families that either permanently live there or reside within Bawdwin 
and Tiger Camp and temporarily reside in these locations. These families raise livestock (such as cows, goats and 
chickens) and grow vegetables and other crops. These hamlets typically access shops and services at Bawdwin 
and children often attend the Bawdwin schools.  

With the development of the project there will be some losses of cultivatable and grazing land. Further, there will 
be access constraints within the Bawdwin concession area. WMM acknowledge that for farming hamlets adjacent 
to Tiger Camp and south of the open pit there will be significant impacts and therefore propose that these residents 
are included within the proposed resettlement program of Bawdwin and Tiger Camp communities. The farming 
hamlet on the north-northwestern edge of the Bawdwin concession area, referred to as Loi Mi village farms, may 
be resettled depending on engagement and further investigation of impacts.  While direct impacts to this hamlet 
is unlikely, there is the potential to impact or restrict some land used for grazing and agricultural crops.  

The valley between Tiger Camp and the Myitnge River junction is also periodically inhabited by artisanal miners 
who fossick for the lead-zinc slag which was discarded during the historical smelting in the Chinese period of 
occupation and has washed into the Nam Pangyun. Due to proximity of the proposed Namtu – Tiger Camp access 
road there is some potential for these people to be temporarily impacted by the project for example some access 
restrictions.  

Impacts to land and associated effects on livelihoods are assessed to affect Impact Zone 1 (Bawdwin and Tiger 
Camp communities) and Impact Zone 4 (inhabitants of the Nam Pangyun valley). The magnitude and significance 
of these impacts are assessed in the following section. However, no adverse changes to land use or livelihoods as 
a result of the project are predicted to affect Namtu Town (Impact Zone 3), villages along the export corridor 
(Impact Zone 5) or Lashio (Impact Zone 6). 

Impact Zone 1 – Villages within the Bawdwin concession area 

Within Impact Zone 1 there are residents that reside within formal village settings i.e., within Bawdwin village 
(upper and lower) and Tiger Camp, and rural residents that practice agricultural livelihoods. Given this difference 
this assessment of impacts to access of productive agricultural land was been separated into within villages 
(termed Impact Zone 1a) and then rural residents and farms (Impact Zone 1b). In addition, the village of Loi Mi 
is partly located within the Bawdwin concession area and while it is a formal village practice, the residents largely 
agricultural livelihoods. This community has been separated for assessment and is termed Impact Zone 1c. 

Communities in Impact Zone 1a will be resettled and lose access to the land/resources that help to support current 
livelihoods. As part of the resettlement program these communities will be assisted by compensation as 
appropriate and the implementation of a Livelihood Restoration Program. The residual impact of loss of land for 
livelihood purposes for the communities in Impact Zone 1a (Bawdwin villages and Tiger Camp) during the 
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construction and operations phases is predicted to be of low significance, based on the medium impact 
magnitude and the low sensitivity of secure access to productive agricultural land (Table 6.213).  

Table 6.213 Residual impact significance summary – construction and operations phases – impacts to 
livelihoods – affecting villages within the Bawdwin concession area 

Value Sensitivity of Value 

Access to 
productive 
agricultural land 
and scavenging 
sites 

 

Importance Vulnerability Resilience Sensitivity 

Medium 

Smaller gardens and 
areas of fruit trees 
provide households 
with seasonal foods, 
although few 
residents reported 
being reliant on 
agriculture. 
Scavenging for slag 
residues is conducted 
by some residents of 
the Bawdwin and 
Namtu concession 
areas. 

Low 

Few residents reported being 
reliant on agriculture, but are 
somewhat vulnerable to losses of 
supplementary seasonal food 
supply.  

 

High 

Agriculture plays a 
minor role supporting 
the Bawdwin 
community. 

Low 

Impact Magnitude of impact  

Loss of or access 
to land/resources 
for livelihood 
purposes for the 
Bawdwin village 
communities 
(Impact Zone 1a) 

Spatial extent Severity Duration Magnitude 

High 

With relocation the 
majority of people 
will be affected.  

 

Low 

Existing land use and livelihoods 
will be disrupted by the project 
with most residents losing access 
to current gardens and 
agricultural plots. WMM has 
committed to providing access to 
land of similar quality if the 
persons concerned wish to 
continue to pursue agricultural 
opportunities.  

 

Medium 

With provision of 
alternative land there is 
still predicted to be a 
medium-term impact 
(i.e., 1 to 2 years) until 
this land provides 
similar produce and 
livelihood security  

 

Medium 

 

Residual impact significance Low 

Assessment of uncertainty 

High  

Given the stage of resettlement planning there is a high degree of uncertainty associated with 
livelihood restoration. 

The assessment assumes that access to adequate cultivatable land is available at the relocation site 
for resettled communities. This will be further investigated as resettlement planning progresses. 

 

Impact Zone 1b consists of six households located to the south and southeast of Bawdwin lower village (but which 
are recognised as part of the village), 14 households located to the northeast of Tiger Camp and four households 
located to the south of Tiger Camp, and seven households in the northeast corner of the Bawdwin concession area, 
which are termed here as Nam La Farms. Livelihoods for of these hamlets area are primarily based on agriculture. 
Common crops include maize, jengkol, wheat and seasonable vegetables. Livestock including cattle, goats and 
chickens are also typically kept.  

Communities in Impact Zone 1b (estimated to be in the order of 100 people) will be resettled and will lose access 
to the land/resources that help to support current livelihoods. As part of the resettlement program these 
communities will be assisted by compensation as appropriate and the implementation of a Livelihood Restoration 
Program. 
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The residual impact of loss of land for livelihood purposes for the Impact Zone 1b during the construction and 
operations phases is predicted to be of high significance, based on the medium impact magnitude and the high 
sensitivity of secure access to productive agricultural land (see Table 6.214). 

Table 6.214 Residual impact significance summary – construction and operations phases – impacts to 
livelihoods - affecting farms within the Bawdwin concession area 

Value Sensitivity of value 

Access to 
productive 
agricultural land 

 

Importance Vulnerability Resilience Sensitivity 

High 

These communities 
are primarily 
agricultural and 
access to land for 
these purposes is 
highly important. 

High 

Residents are dependent on 
agriculture for livelihoods and 
they have high vulnerability to 
change as a consequence of 
changes to the Bawdwin 
operations due to their locations. 

Low 

These households have 
limited resilience to 
reduced access to 
productive agricultural 
land.  

High 

Impact Magnitude of impact  

Loss of or access 
to land/resources 
for livelihood 
purposes for the 
Bawdwin farm 
communities 
(Impact Zone 1b) 

Spatial extent Severity Duration Magnitude 

Very high 

All households 
within these defined 
areas will be affected.  

 

Low 

Existing land use and livelihoods 
will be disrupted by the project 
with these residents losing 
access to current agricultural 
areas. WMM has committed to 
providing access to land of 
similar quality if the persons 
concerned wish to continue to 
pursue agricultural 
opportunities. However, this will 
take time to establish and reach 
the required level of livelihood 
support. 

Medium 

With provision of 
alternative land there is 
still predicted to be a 
medium-term impact 
until this land provides 
similar produce and 
livelihood security in 
the interim period 
livelihood support is 
likely to be required for 
the affected community. 

 

Medium 

 

Residual impact significance High 

Assessment of uncertainty 

High 

Given the stage of resettlement planning there is a high degree of uncertainty associated with 
livelihood restoration. 

The assessment assumes that access to adequate cultivatable land is available at the relocation site 
for resettled communities. This will be further investigated as resettlement planning progresses. 

 

Impact Zone 1c consists of the village of Loi Mi partly within the northwestern edge of the Bawdwin concession 
area, and two associated hamlets consisting seven households residents, which are located totally within the 
Bawdwin concession area. The area is located approximately 500 m from the proposed TSF-B. The population of 
the Impact Zone 1c community is estimated to be 50 people. Impact Zone 1c may be resettled dependent on further 
engagement and investigation of impacts. Development of the project is not predicted to result in the direct loss 
or access to cultivatable land. However, due to the proximity of project infrastructure, there is the potential for 
impacts on cultivatable land for example from dust deposition.  
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Whether they are resettled or not resettled, the residual impact of loss of land for livelihood purposes for the 
Impact Zone 1c (Loi Mi village) during the construction and operations phases is predicted to be of high 
significance, based on the medium impact magnitude and the high sensitivity of secure access to productive 
agricultural land (Table 6.215). 

Table 6.215 Residual impact significance summary – construction and operations phases – impacts to 
livelihoods – affecting farms within the Bawdwin concession area 

Value Sensitivity of value 

Secure access to 
productive 
agricultural land 

 

Importance Vulnerability Resilience Sensitivity 

High 

The livelihoods of people in 
this community are primarily 
agricultural and access to land 
for these purposes is highly 
important. 

High 

Residents are dependent on 
agriculture for livelihoods and 
have high vulnerability to 
change as a consequence of 
changes to the Bawdwin 
operations due to their 
location. 

Low 

These households 
have limited 
resilience to 
reduced access to 
productive 
agricultural land.  

High 

Impact Magnitude of impact  

Loss of or 
access to 
land/resources 
for livelihood 
purposes for the 
Loi Mi 
community 
(Impact Zone 
1c) 

Spatial extent Severity Duration Magnitude 

IF RESETTLED (those receptors within the Bawdwin concession area) 

Medium 

The development of the 
project is not predicted to 
result in the direct loss or 
access to cultivatable land. 
However, there are potential 
impacts on existing land use 
and potential for access 
constraints. 

Medium 

While noting that there is 
considerable uncertainty, 
impacts on agricultural land 
from dust deposition prior to 
resettlement could be partly 
remedied or managed by 
implementing management 
measures if necessary and 
agreements regarding access 
will need to be established. 

Medium 

Impact is medium 
term (1 to 2 years), 
prior to resettlement 
(if resettled). 

Medium 

Residual impact significance High 

IF NOT RESETTLED 

Medium 

The development of the 
project is not predicted to 
result in the direct loss or 
access to cultivatable land. 
However, there are potential 
impacts on existing land use 
and potential for access 
constraints. 

Medium 

While noting that there is 
considerable uncertainty, 
impacts on agricultural land 
from dust deposition could be 
partly remedied or managed 
by implementing management 
measures if necessary and 
agreements regarding access 
will need to be established. 

High 

Long-term impact 
(3 to 15 years). 

Medium 

 

Residual impact significance High 

Assessment of uncertainty 

High  

There is a high degree of uncertainty regarding potential dust impacts from the project. While the 
community is located in the adjacent catchment, the village is located in close proximity (~500m) to 
the TSF-B location with some farms closer.  
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Impact Zones 4a and 4b – Nam Pangyun valley 

Residents within the Nam Pangyun valley (Impact Zone 4) have been differentiated into two sub-groups. 

 Permanent residents that live along the river with subsistence agricultural livelihoods, termed Impact Zone 
4a. It is estimated that between 15 and 20 households live within this area. Like villages in tracts adjoining 
the Bawdwin concession area, these rural residents rely on agricultural to support livelihoods.   

 Temporary occupants that fossick within the Nam Pangyun riverbed for discarded slag primarily during the 
dry season, termed Impact Zone 4b.   

Due to key differences in livelihoods between these two groups, the assessment of land use change within this 
area has been assessed individually. Permanent residents practicing subsistence agricultural livelihoods along the 
Nam Pangyun valley have the potential to impacted by land use changes as a result of the project. The project 
proposes to construct a two-lane sealed access road within the existing railway easement from Namtu to Tiger 
Camp. While there is unlikely to be direct loss of agricultural land for residents of Impact Zone 4a, the rail/ road 
corridor may be temporarily restricted and therefore there may be access constraints. WMM will engage with the 
affected residents to identify options for maintaining safe access to Namtu and also across the Namtu-Tiger Camp 
access road as required. Potential approaches may include, for example, providing safe transport during 
construction and construction of an access track that parallels the Namtu-Tiger Camp access road, with crossing 
points as necessary. There may also be construction impacts such as the generation and deposition of dust, which 
could impact crops in close proximity to the construction zone. Considering this, the residual impact to residents 
of Impact Zone 4a during the construction and operations phases from constraints to access to land currently used 
for agricultural purposes will be of moderate significance, based on the low impact magnitude and the high 
sensitivity of secure access to productive agricultural land (Table 6.216).  
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Table 6.216 Residual impact significance summary – construction and operations phases – impacts to 
livelihoods – affecting permanent inhabitants of the Nam Pangyun valley 

Value Sensitivity of value 

Secure access to 
productive 
agricultural land 

 

Importance Vulnerability Resilience Sensitivity 

Very high 

The livelihoods of 
people in this 
community are 
primarily 
agricultural and 
access to land for 
these purposes is 
highly important. 

Medium 

Residents are dependent on 
agriculture for livelihoods and 
therefore vulnerable to any changes 
in their access to productive 
agricultural land. Noting their 
location well beyond the Bawdwin 
concession area, their vulnerability 
to altered access is moderately 
vulnerable.  

Low 

These households 
have limited 
resilience to 
reduced access to 
productive 
agricultural land. 

High 

Impact Magnitude of impact  

Loss of or access 
to land/resources 
for livelihood 
purposes 

for the permanent 
residents that live 
along the river 
with subsistence 
agricultural 
livelihoods 
(Impact Zone 4a) 

Spatial extent Severity Duration Magnitude 

High 

It is likely that most 
households within 
these defined areas 
will be affected to 
some degree.  

Low 

While noting that there is 
considerable uncertainty impacts on 
cultivatable land, it is likely that 
most impacts will consist of 
temporary access restrictions during 
the construction of the Namtu – 
Tiger Camp access road.   

Low 

Most effects will be 
short-term (i.e., 
months) during the 
construction of the 
Namtu – Tiger 
Camp access road.  

Low 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

Due to access and security concerns at the time of the socio-economic field survey this area, there 
has not been detailed investigation and documentation regarding the details of inhabitants along the 
Nam Pangyun valley. As such, estimates regarding the number and location of residences has been 
based on analysis of satellite imagery.  

 

The development of the access road will be located within the current rail corridor, which runs alongside the Nam 
Pangyun. In some locations, there may be some disturbance to the existing river cross-section to improve 
geotechnical stability, for example the construction of gabion weirs. In addition, there is the potential for some 
access restriction to ensure safety, particularly during construction. Therefore, the construction and operation of 
the road may have a disruptive effect on the ability of artisanal miners to work in certain areas of the river bed. 

Artisanal miners who temporarily reside in the Nam Pangyun to fossick for lead-zinc slag are likely to still access 
the Nam Pangyun riverbed.  

The residual impact to occupants of Impact Zone 4b during the construction and operations phases from 
constraints to the access to the Nam Pangyun riverbed currently used for artisanal mining/fossicking will be of 
moderate significance, based on the low impact magnitude and the high sensitivity of secure access to the Nam 
Pangyun riverbed for fossicking for mineral waste (Table 6.217).  
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Table 6.217 Residual impact significance summary – construction and operations phases - impacts to 
livelihoods – affecting temporary inhabitants of the Nam Pangyun valley 

Value Sensitivity of value 

Access to the 
Nam Pangyun 
river bed for 
fossicking for 
mineral waste  

Importance Vulnerability Resilience Sensitivity 

Medium 

People are able to 
support livelihoods 
through artisanal 
mining of the river 
bed for minerals. 
These people are 
thought to reside in 
the location 
temporarily to exploit 
discarded minerals. 

 

High 

Livelihood (at least temporarily) 
is vulnerable to change if ability 
to continue artisanal mining 
changes due to mining activities. 

 

Low 

Communities have little 
capacity to recover 
from changes to 
livelihood due to 
limited resources for 
alternative income 

High 

Impact Magnitude of impact  

Loss of or access 
to Nam Pangyun 
riverbed for 
livelihood 
purposes for 
temporary 
occupants that 
fossick within the 
Nam Pangyun 
river bed during 
the dry season 
(Impact Zone 4b) 

Spatial extent Severity Duration Magnitude 

Medium 

It is likely that only a 
portion of people will 
be affected at any 
given time.  

 

Low 

While noting that there is 
considerable uncertainty, it is 
likely that most impacts will 
consist of temporary access 
restrictions during the 
construction of the Namtu – 
Tiger Camp access road.   

Low 

Most effects will be 
short-term (i.e., months) 
during the construction 
of the Namtu – Tiger 
Camp access road.  

 

Low 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is a high degree of uncertainty regarding the livelihoods and land use of artisanal miners along 
the Nam Pangyun. 

 

Living conditions, social cohesion and security 

This social component covers a broad range of values that relate to the ability of communities to have access to 
suitable housing and services, in a safe, equitable, harmonious and amenable environment. The project will have 
a direct impact on living conditions (in the case of the Bawdwin and Tiger Camp communities),  infrastructure 
and amenity. In addition to these direct impacts, it is predicted that the project will influence social values due to 
secondary or indirect impacts. These impacts include changes to social dynamics (i.e., cohesion, wellbeing, and 
identity), security and governance, which may have a disproportionate effect on vulnerable groups. 

Physical living conditions 

Living conditions and infrastructure is defined as a discrete social value (Section 5.9.11). Physical living 
conditions are defined as the circumstances affecting the way in which people live with a focus on their well-
being. 

The most material change to living conditions of potential affected communities will be the resettlement of 
villages and farms on the Bawdwin concession area. This will result in the establishment of a new settlement(s) 
in a mutually agreed location with:  

 Newly constructed houses access with adequate ventilation and floor space equal to or greater than current 
conditions. 

 Access to clean, running water. 
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 Reliable electricity, sanitation in the form of toilets and solid waste management. 

 Access to arable land for the purposes of kitchen garden/agricultural plot. 

 Proximity to supporting health, educational, commercial and religious services.  

These measures will be further developed as part of the resettlement planning and consultation processes, 
primarily through the development of agreed Resettlement Action Plans (RAPs).  

The resettlement of the communities will also remove the people from their current exposures to a range of 
hazardous contaminants (predominantly lead) in the current location due to historical mining activities (see 
Section 6.11).  

As a consequence of resettlement, the following positive effects are predicted to occur when compared to the 
current conditions: 

 Security of land tenure in mutually agreed location (note WMM intend to provide land tenure if legally 
feasible to do so). Achievement of this is subject to regulatory approval. 

 Higher standard of housing and infrastructure. 

 Improved facilities including water supply, with probable positive health outcomes. 

Living conditions may also indirectly be influenced by increased employment (direct and indirect), and economic 
stimulus through greater business opportunities, resulting in higher incomes. This impact has the potential to 
extend beyond the immediate resettlement communities and positively impact Namtu Town and villages outside 
the Bawdwin concession area. In addition, the WMM will implement a Community and Business Development 
Plan, which ultimately aims to improve living conditions of project affected communities. 

Resettlement for the project is planned to occur in three phases. The first phase will see Bawdwin upper village, 
Nam La farms and farms along the plant access road relocated ahead of major construction works to enable the 
construction of key pieces of project infrastructure. The second and third phases of resettlement will relocate Tiger 
Camp and Bawdwin lower villages and surrounding rural farms. However, these phases of resettlement are 
currently scheduled to commence after the project is in operation and mining of ore has started. As such, the living 
conditions at Tiger Camp and Bawdwin lower villages and rural farms within the mining concession area will be 
negatively impacted by project construction activities and initial operations activities for a period. 

The project will also directly negatively affect the physical living conditions of potentially affected communities 
during construction and operation of the project. Sources of impact include: 

 Emissions of dust and particulate matter generated by earthworks and operation of the mine. 

 Generation of noise and vibration generated by construction activities and mining. 

 Disturbance from increased local traffic, temporary restrictions of access or inconveniences cause by delays. 

 Introduction of night time lighting sources. 

 Reduced water quality caused by earthworks and associated construction activities.  

Given that living conditions will be affected by a variety of sources, the following assessment takes a holistic 
approach to consider changes (both positive and negative) in a cumulative fashion. Given that separate 
assessments have been completed for changes in air quality (see Section 6.5), noise (see Section 6.7), water quality 
(see Section 6.3 and Section 6.4). 

Access to services (e.g., schools and medical facilities) do affect overall living conditions but are assessed as 
separate values in Table 6.238 to Table 6.245).  

Impacts to physical living conditions are assessed to affect all defined impact zones with the exception of Lashio 
(Impact Zone 6).  Considering that resettlement will be conducted in several phases, future living conditions of 
communities in Impact Zone 1 are assessed in respect of two periods: 
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 Prior to resettlement, during construction and initial operations. 

 Following resettlement.  

Impact Zone 1 – Tiger Camp Village and surrounding rural farms prior to resettlement 

Tiger Camp Village and surrounding farms will experience adverse impacts to their living conditions during 
construction and early operations until they are relocated.  

Initial construction and infill to form the Wallah waste rock dump will progress down-gradient in the Wallah 
valley, eventually reaching the planned toe of the dump, a short distance up-gradient of the community in Wallah 
Gorge. Sediment dams will also be constructed at the latter location and access will be required from Tiger Camp, 
passing through the current location of the Wallah Gorge community. 

Under the current resettlement schedule all Tiger Camp and surrounding rural farms will be resettled prior to the 
time at which initial construction of the Wallah waste rock dump approaches the Wallah Gorge community and 
before sediment dams are constructed. There are also some rural residents of Tiger Camp area that will be resettled 
as part of the first phase of resettlement ahead of construction of the road due to the direct physical impact on 
those properties. Project activities and effects that will influence living conditions include: 

 Emissions of particulate matter and dust generated by earthworks and associated construction activities to 
construct the Namtu to Tiger Camp access road; the plant road and the subsequent use of these roads. These 
effects have been assessed in Section 6.5, and which concluded the significance of increased project-related 
airborne particulate matter and dust deposition to Tiger Camp village and surrounding farms during 
construction and is considered to be of high significance. Impact to the village and surrounding farms during 
mining operations is considered major and moderate significance, respectively.  

 Noise generated by earthworks and associated construction activities to enable the construction of the Namtu 
to Tiger Camp access road; the plant road; and the subsequent operation of these components. This effect has 
been assessed in Section 6.7, and which concluded the significance of increased noise and vibration to Tiger 
Camp village and surrounding farms during construction and early operations is considered to be of moderate 
and low significance, respectively. 

 Access restrictions and inconvenience due to permanent restriction of movement north to the Manton – Namtu 
road via the Bawdwin villages, and temporary restrictions south during construction of the Namtu – Tiger 
Camp access road within the existing rail corridor. 

 Disturbance from increased local traffic during construction and operation of the aforementioned 
infrastructure components.  

The adverse effect on living conditions of residents from Tiger Camp Village and surrounding farms prior to their 
resettlement will extend over the construction and initial operation phases of the project and will impact the 
existing amenity, convenience and liveability. The residual impact during the construction and initial operation 
phase prior to resettlement is rated as high significance, based on the medium impact magnitude and the high 
sensitivity to changes of living conditions and infrastructure due to proximity to these activities (Table 6.218). 

Table 6.218 Residual impact significance summary – construction and initial operation phase – 
impacts on living conditions – affecting Tiger Camp Village and surrounding farms, prior 
to resettlement  

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

High 

Reasonable living 
conditions within the 
Bawdwin and Tiger 
Camp villages, which are 
the accommodation 
facilities for the former 

High 

Due to the intrinsically 
related linkages between the 
communities and the mine 
the villages are highly 
vulnerable to any material 

Low 

Limited resilience due 
to organisational 
structure influenced by 
the operation of the 
Bawdwin mine (e.g., 

High 
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mine and associated 
infrastructure workforce. 

changes caused by the 
project.  

Most housing in Bawdwin 
and Tiger Camp villages is 
leased from ME-1.  

Living conditions are 
influenced by numerous 
exposure pathways to 
contaminants associated with 
legacy mine operations with 
limited prevention of 
exposure to potentially 
harmful or hazardous 
materials. 

land tenure, house 
ownership etc). 

Impact Magnitude of impact  

Adverse physical 
living conditions 
for the Tiger 
Camp community 
as a result of 
project 
construction 
activities 

Spatial extent Severity Duration Magnitude 

Very high 

Adverse living 
conditions are predicted 
to affect most people 
(>75%) within the 
defined impact zone. 

 

Medium 

The effect will have a 
noticeable effect on living 
conditions from increase 
dust, noise and traffic during 
construction activities. The 
most severe impacts will be 
during the construction of 
the roads. 

Medium 

Medium-term impact (1 
to 2 years). The 
construction periods for 
the roads is less than 12 
months and after this 
the severity of impacts 
reduces.  

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

 

Impact Zone 1 – Bawdwin Lower Village and surrounding farms prior to resettlement 

Bawdwin lower village and surrounding farms will experience adverse impacts to their living conditions during 
construction and operations until they are relocated. Project activities and effects that will influence living 
conditions include: 

 Emissions of particulate matter and dust generated by earthworks and associated construction activities to 
construct haul roads, supporting mine infrastructure and preparatory works around the open pit (e.g., pre-
stripping); and subsequent operation of these infrastructure components including blasting and open pit 
mining with subsequent haulage of ore and waste rock.  These effects have been assessed in Section 6.5, and 
which concluded the significance of increased project-related airborne particulate matter and dust deposition 
to Bawdwin lower village and surrounding farms during construction and is considered to be of high and low 
significance, respectively. During early operations, the impact to the village and surrounding farms is 
considered of major and low significance, respectively.  

 Noise generated by earthworks and associated construction activities to enable the construction of 
components noted above; and subsequent operation of these components. This effect has been assessed in 
Section 6.7, and which concluded the significance of increased noise and vibration to Bawdwin lower village 
during construction and early operations is considered to be of low and high significance, respectively. 

 Vibration from blasting in the open pit from mining.  These effects are discussed and assessed in Section 6.7. 

 Risk of fly rock from blasting in the open pit from mining. These effects are discussed and assessed in Chapter 
7. 
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 Access restrictions and inconvenience due to permanent restriction of movement north to the Manton – Namtu 
road via the Bawdwin villages. While the existing track between Bawdwin South Village and Tiger Camp 
will be upgraded there will also be temporary restrictions and potential inconvenience during construction of 
the Namtu – Tiger Camp access road within the existing rail corridor.  

 Potential disruption to the existing water supply due to placement of infrastructure covering springs that 
provide existing potable water. These effects are assessed in Section 6.3. WMM will provide alternative water 
sources for any affected households to mitigate this impact. 

 Disturbance from increased local traffic. 

The adverse effect on physical living conditions of residents from Bawdwin lower village and surrounding farms 
prior to their resettlement will extend over the construction and initial operation phases of the project and will 
impact the existing amenity, convenience and liveability. The residual impact is rated as high significance, based 
on the high impact magnitude and the medium sensitivity to changes of living conditions and infrastructure due 
to proximity to these activities (Table 6.219). 
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Table 6.219 Residual impact significance summary – construction and operations phases – impacts on 
living conditions – affecting Bawdwin Lower Village and surrounding farms, prior to 
resettlement  

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

High 

Reasonable living 
conditions within the 
Bawdwin and Tiger 
Camp villages, which are 
the accommodation 
facilities for the former 
mine and associated 
infrastructure workforce.  

High 

Most housing in Bawdwin 
and Tiger Camp villages is 
leased from ME-1.  

Living conditions are 
influenced by numerous 
exposure pathways to 
contaminants associated with 
legacy mine operations with 
limited prevention of 
exposure to potentially 
harmful or hazardous 
materials. 

Low 

Limited resilience due 
to organisational 
structure influenced by 
the operation of the 
Bawdwin mine (e.g., 
land tenure, house 
ownership etc). 

Medium 

Impact Magnitude of impact  

Adverse physical 
living conditions 
for Bawdwin 
lower community 
as a result of 
project activities 

Spatial extent Severity Duration Magnitude 

Very high 

Adverse living 
conditions are predicted 
to affect most people 
(>75%) within the 
defined impact zone. 

 

High 

The effect will have a 
noticeable effect on living 
conditions from increase 
dust, noise and traffic during 
construction and operation 
activities. Due to the close 
proximity of the villages to 
the mine the severity is high. 

Medium 

Medium-term impact (1 
to 2 years) 

High 

Residual impact significance High 

Assessment of uncertainty 

Medium 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

 

Impact Zone 1c – Loi Mi village 

Loi Mi village and associated farms are located around 500 m southwest of TSF-B. The village and farms may 
experience adverse impacts to their living conditions during construction and operations. Residents may be 
resettled during early operations, depending on the outcomes of engagement and further investigation of impacts. 

Project activities and effects that will influence living conditions include: 

 Dust generated by earthworks and associated construction activities mostly related to the construction of the 
TSFs. These effects are discussed and assessed in Section 6.5. 

 Noise generated by earthworks and associated construction activities, mostly related to the construction of 
the TSFs. These effects are discussed and assessed in Section 6.7. 

 Access constraints during construction of the bypass around the process plant on the Manton-Namtu Road. 

If Loi Mi village is not resettled, the adverse effect on living conditions of residents will extend over the 
construction and operation phases of the project and will impact the existing amenity and convenience. If resettled, 
the impact will be shorter duration. 

The residual impact is rated as moderate significance, based on the medium impact magnitude and the 
medium sensitivity to changes of living conditions and infrastructure due to proximity to these activities 
(Table 6.220). 
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Table 6.220 Residual impact significance summary – construction and operations phases – impacts on 
living conditions – affecting Loi Mi village 

Value Sensitivity of value  - 

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

Medium 

Typical living conditions 
of rural Myanmar 
supported by agriculture. 
Utilise some social 
services in Bawdwin 
concession area. 

Medium 

Dependent on agriculture for 
livelihoods, which also 
influences living conditions. 
Adequate infrastructure with 
linkages to major villages. 
Some vulnerability to change 
due to social services and 
markets accessed in the 
Bawdwin concession area. 

Medium 

Due to their isolated 
nature there is some 
resilience to changes in 
living conditions, social 
cohesion and security. 

Medium 

Impact Magnitude of impact  

Adverse physical 
living conditions 
for Loi Mi village 
as a result of 
project 
construction and 
operation 
activities (Impact 
Zone 1c) 

Spatial extent Severity Duration Magnitude 

IF RESETTLED (those receptors within the Bawdwin concession area) 

Medium 

Adverse living 
conditions are predicted 
to affect a notable 
proportion of people 
within the defined impact 
zone. 

Low 

The effect will have a low 
but noticeable effect on 
living conditions with most 
of the construction activity 
being distant from the 
residents. 

Medium 

Impact is medium term 
(1 to 2 years), prior to 
resettlement (if 
resettled). 

Medium 

Residual impact significance Moderate 

IF NOT RESETTLED 

Medium 

Adverse living 
conditions are predicted 
to affect a notable 
proportion of people 
within the defined impact 
zone. 

Low 

The effect will have a low 
but noticeable effect on 
living conditions with most 
of the construction activity 
being distant from the 
residents.  

High 

Impact will occur over 
mine life with 
construction periods 
and rehabilitation 
periods having the 
higher amenity impacts.  

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

As the bulk of Loi Mi village is located on the opposite side of a catchment divide from the project 
area, some of the village will have no direct line of sight to the project area. There is uncertainty 
whether this community will be exposed to project generated dust and what noise conditions will be 
like. Modelling is required to quantify these impacts.  

 

Impact Zone 1 - Bawdwin villages (upper and lower), Tiger Camp village and surrounding farms 
including Nam La farms, following resettlement 

Provided the resettlement commitments are implemented effectively, the living conditions of Bawdwin and Tiger 
Camp communities and farming communities on the Bawdwin concession area following resettlement are 
predicted to improve. With provision of standards of housing and improved essential services, the residual impact 
to living conditions for the Bawdwin communities is rated as positive (major) significance, based on the high 
impact magnitude and the high sensitivity to changes of living conditions and infrastructure (Table 6.221). 

Table 6.221 Residual impact significance summary – altered living conditions – affecting Bawdwin and 
Tiger Camp villages and farms within the Bawdwin concession area following resettlement 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Living conditions 
and infrastructure  

High 

Reasonable living 
conditions within the 
Bawdwin and Tiger 
Camp villages, which 
are the 
accommodation 
facilities for the 
former mine and 
associated 
infrastructure 
workforce. 

High 

Due to the intrinsically related 
linkages between the 
communities and the mine the 
villages are highly vulnerable to 
any material changes caused by 
the project.  

Most housing in Bawdwin and 
Tiger Camp villages is leased 
from ME-1.  

Living conditions are influenced 
by numerous exposure pathways 
to contaminants associated with 
legacy mine operations with 
limited prevention of exposure 
to potentially harmful or 
hazardous materials. 

Low 

Limited resilience due 
to organisational 
structure influenced by 
the operation of the 
Bawdwin mine (e.g., 
land tenure, house 
ownership etc). 

High 

Impact Magnitude of impact  

Improved 
physical living 
conditions for 
resettled 
Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Very high 

The entire resettled 
population will be 
affected.  

Medium 

If planned and implemented 
effectively resettlement will 
provide substantial value to 
resettled communities  

Very high 

Long-term social 
impacts that will 
extend indefinitely. 

High 
(positive) 

Residual impact significance Positive 
(major) 

Assessment of uncertainty 

High  

Resettlement planning is at the early stages and a resettlement location has not been chosen. 
Realised benefits relating to living conditions will be heavily influenced by the success of 
constructive participation and engagement, planning and implementation of the resettlement 
program.  

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

Villages in tracts adjoining the Bawdwin concession area are located more than 3 km from the Bawdwin 
concession area boundary, and therefore typical environmental living conditions (e.g., ambient noise and air 
quality) within these villages are unlikely to materially change, with the exception of infrequent changes to air 
quality during abnormal events (see Section 6.5).   

These villages are accessed and interconnected via a network of smaller roads and tracks that connect to the Namtu 
– Manton public road. While WMM does not propose to use Namtu – Manton road for project access there is still 
likely to be some increased traffic, particularly during construction of the Namtu to Tiger Camp road. In addition, 
the project includes diversion of the Namtu-Manton Road to enable construction of the process plant. During the 
construction of this diversion there would be expected to be some disruption and increased truck traffic. 

The residual impact to living conditions of residents of villages in tracts adjoining the Bawdwin concession area 
due to traffic delays, and to a lesser extent impacts to amenity is rated of low significance, based on the low 
impact magnitude and the medium sensitivity to changes of living conditions and infrastructure (Table 6.222). 

Table 6.222 Residual impact significance summary – construction and operations phases – altered 
living conditions - affecting villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

Medium 

Typical living 
conditions of rural 
Myanmar supported 

Medium 

Dependent on agriculture for 
livelihoods, which also 
influences living conditions. 

Medium 

Due to their isolated 
nature there is some 
resilience to changes in 

Medium 
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Value Sensitivity of value  

by agriculture. Utilise 
some social services 
in Bawdwin 
concession area. 

Adequate infrastructure with 
linkages to major villages. Some 
vulnerability to change due to 
social services and markets 
accessed in the Bawdwin 
concession area. 

living conditions, social 
cohesion and security. 

Impact Magnitude of impact  

Adverse effects 
of traffic in terms 
of delays, access 
and amenity  

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale 
impacts that effect 
some people within 
the defined impact 
zone. 

Low 

The effect will have a limited 
effect on living conditions from 
increased traffic and reduced 
amenity. 

 

High 

Long-term impact for 
the life of the mine. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High 

The level of use of the Namtu – Manton Road is uncertain.  

There is some potential opportunity following the implementation of Community and Business 
Development Plans and from broader regional economic stimulus as a result of the project. 
However, this benefit has not been formally assessed due to the degree of uncertainty as to whether 
this benefit would be realised. 

 

Impact Zone 3 – Namtu Town 

There is potential for living conditions for Namtu Town to be positively influenced as a result of increased 
employment and regional economic development. However, the overall population will substantially increase 
(approximately 25% increase in population) if the chosen resettlement location is near Namtu. In addition, it is 
predicted that the project may indirectly cause in-migration, which will result in an influx of migrants to Namtu 
in search of project-related opportunities. The substantial increase in the total population of Namtu has the 
potential to reduce the living conditions of existing residents by placing increased pressure on services, and 
reducing overall liveability. However, these impacts will be mitigated by the support and investment in existing 
or new services for the relocated village. Namtu will also experience a notable increase in project related traffic 
that will generate noise and emissions to air.  

Namtu will experience increased traffic due to project vehicles commencing in construction, but continuing 
throughout the operation of the project. Both construction and operational traffic will pass through residential 
areas of Namtu. While Namtu does have a range of industrial activities and there is already some truck traffic 
present, there will be a substantial increase in 30-tonne trucks.  Based on yearly estimates of truck movements 
and consideration of the baseline estimate of existing truck traffic, operational project traffic is expected to equate 
to an increase of 40-60% of daily truck traffic on public roads that are used by project vehicles. 

As a result of the project, there may also be positive influences on living conditions for residents of Namtu. These 
include benefits associated with increased disposable income associated with direct and indirect project 
employment and business opportunities, regional economic stimulus, and community investment by the WMM. 
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The residual impact to living conditions of residents of Namtu due to reduced amenity due to project traffic delays, 
and to a lesser extent from the effects of in-migration is rated of low to moderate significance, based on the low 
impact magnitude and the medium to high sensitivity to changes of living conditions and infrastructure (Table 
6.223). 

Table 6.223 Residual impact significance summary – construction and operations phases – impacts on 
living conditions – affecting residents of Namtu during construction and operations 

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

High 

The community is 
accustomed to 
reasonable living 
conditions within 
Namtu Town 

Medium 

Due to the linkages between the town and 
the mine, Tha Ta La Wards 1-7 wards are 
vulnerable to material changes caused by 
the project.  

Some exposure pathways to contaminants 
associated with legacy mine operations. 

Medium 

Some resilience 
due to distance to 
the mine and the 
size of the town 
with a range of 
other sectors.  

 

Medium to 
high 

Impact Magnitude of impact  

Changes in 
physical living 
conditions for 
residents of 
Namtu due to 
changes in living 
conditions 

Spatial extent Severity Duration Magnitude 

Medium 

Intermediate scale 
impact that is 
predicted to affect 
the living 
conditions of a 
notable proportion 
of the defined 
impact zone. 

Low 

Increased total population size due to 
resettlement and in-migration as a result 
of the project is predicted to result in 
increased pressure on services however 
will be mitigated by WMM support and 
investment in existing or new services for 
the relocated village. Project related noise 
and emissions from project traffic will 
reduce overall liveability. However, 
benefits may also be realised from project 
related employment, economic stimulus 
and business opportunity. 

High 

Long-term impact 
for the life of the 
mine. 

Low 

 

Residual impact significance Low to 
moderate  

Assessment of uncertainty 

High  

Resettlement planning is at the early stages and a resettlement location has not been chosen.  

Impact Zone 4 – Nam Pangyun valley 

It is proposed that the project will construct a two-lane sealed access road from Namtu to a point 2km downstream 
of Tiger Camp along the existing rail corridor, which runs adjacent to the Nam Pangyun. This road will carry all 
project-related traffic once constructed for the duration of the project. This will result in the introduction of new 
road, traffic and associated effects to amenity (e.g., generation of noise and exhaust emissions) to residents (both 
permanent and temporary) along the valley.  
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The residual adverse impacts of project traffic and operation of this road during construction and operations phases 
on residents of the Nam Pangyun valley due to access restrictions and reduced amenity is rated of moderate 
significance, based on the medium impact magnitude and the medium sensitivity of this community due to 
proximity to these activities (Table 6.224). 

Table 6.224 Residual impact significance summary – construction and operations phases - traffic 
impacts – affecting Namtu 

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

Medium 

Some permanent 
inhabitants with 
agricultural 
livelihoods along the 
valley. However, 
most inhabitants are 
artisanal miners that 
are believed to be 
displaced persons 
seeking livelihoods 
that access the area 
on an as 
needs/temporary 
basis. 

High 

The permanent inhabitants are 
located on the upper banks of the 
Nam Pangyun and have some 
vulnerability to changes along 
the valley. 

The artisanal miners have no 
legal status or rights and are 
therefore vulnerable to changes. 

Medium 

The permanent 
inhabitants are likely to 
have some resilience to 
change so long as 
livelihoods are 
maintained. The 
artisanal miners reside 
in temporary shelters 
along the Nam Pangyun 
valley and are expected 
to have some resilience 
to changes due to 
mobility. 

Medium 

Impact Magnitude of impact  

Adverse effects 
of traffic in terms 
of delays, access 
and amenity  

 

Spatial extent Severity Duration Magnitude 

Medium 

Intermediate scale 
impacts that effects a 
notable proportion of 
people immediately 
adjacent to the export 
corridor in Namtu.  

Medium 

Introduction of traffic from 
project vehicles (during 
construction and operations), 
which will reduce amenity 
(noise and dust)  

High 

Long-term impact for 
the life of the mine. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

Due to access and security concerns at the time of the socio-economic field survey this area, there 
has not been detailed investigation and documentation regarding the details of inhabitants along the 
Nam Pangyun valley.  

 

Impact Zone 5 - Export corridor 

There are several villages along the export route (see Figure 5.56) of varying sizes and road conditions. During 
operations the Namtu-Manton road between Namtu and the intersection with National Highway 3, will experience 
higher traffic particularly trucks for the export of concentrate and import of reagents, supplies and fuel. During 
steady state operations there will be between 60 and 93 additional trucks travelling on public roads between Lashio 
and Namtu per day. Over the mine life this equates to an average annual increase in truck traffic between 105% 
to 186% at Man Sam based on the baseline weekday estimate. This traffic will negatively influence the amenity 
of villages located along the road corridor. Given the volume of traffic there is also the potential for congestion 
around intersections particularly during peak road use times.  

The residual adverse impacts of project traffic on villages along the export corridor due to traffic delays, and 
amenity impacts is rated of moderate significance, based on the medium impact magnitude and the medium 
sensitivity of this community due to proximity to these activities (Table 6.225). 
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Table 6.225 Residual impact significance summary – construction and operations – traffic impacts – 
affecting Namtu to Lashio road 

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

Medium 

Typical living 
conditions of rural 
Myanmar supporting 
agriculture.  

Medium 

Due to proximity to the 
proposed transport corridor, 
these communities are 
moderately vulnerable to 
material change in the road use.   

Medium 

Communities have 
some capacity and/or 
resources to absorb, 
adapt to and recover 
from changes to current 
conditions. 

Medium 

Impact Magnitude of impact  

Adverse effects 
of traffic in terms 
of delays, access 
and amenity  

 

Spatial extent Severity Duration Magnitude 

Low 

Intermediate scale 
impacts that is 
predicted to affect a 
small proportion of 
people who live 
within villages along 
the proposed 
transport corridor 
between Namtu and 
Lashio.  

Medium 

Marked increased traffic from 
project vehicles (during 
construction and operations), 
which will reduce amenity 
(noise and dust)  

High 

Long-term impact for 
the life of the mine. 

Medium 

Residual impact significance Moderate 

Assessment of uncertainty 

 Medium 

In the absence of air quality modelling and limited baseline data collection for this receptor. 

 

Visual amenity 

Visual amenity is defined as social value for assessment. 

The project area is predominantly steep mountainous terrain, covered in modified vegetation, primarily grassland 
and bamboo forest. Historic mining has left infrastructure, the open pit and waste rock material in the vicinity of 
Bawdwin and the Nam Pangyun Valley, as well as residential infrastructure associated with the upper and lower 
Bawdwin villages, Tiger Camp, and small informal settlements in the Nam Pangyun Valley. 

The visual amenity of the area surrounding the central Bawdwin mining area (i.e., open pit, haul roads and waste 
dump), the process plant and other industrial areas will be substantially changed. The impacts of altered visual 
amenity on people or groups will vary due to the subjective nature of visual amenity. Affected people may have 
differing perspectives on what is considered visually important and whether changes are positive or negative, and 
to what degree, based on their personal experiences and relationship with the mine. Bawdwin has experienced 
extensive mining in the past and mining-related infrastructure and changes may not be perceived as significant or 
negative to residents of Bawdwin and Tiger Camp. Instead, increased development associated with the mine may 
be perceived positively due to its association with potential employment and income for local people. 
Contrastingly, residents of nearby areas and visitors to the area who currently do not see evidence of mining 
activities and may not experience the benefits of mining may be more sensitive to changes in visual amenity. 

The assessment of visual amenity assumes receptors are sensitive to changes in visual amenity and the degree of 
change. As complete resettlement is proposed for the residents on the Bawdwin concession area, exposure to many 
impacts to amenity of mining operations that would normally be experienced by the Bawdwin communities will 
largely be removed. However, construction related amenity impacts will still occur for a portion of the 
communities. 

Factors influencing the degree of change in visual amenity as a result of the project include: 
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 The ability to absorb and screen development. 

 The distance between the viewpoint and development. 

 The size of the development from the viewpoint (e.g. how much of the view is changed by development). 

The hilly topography in the vicinity of Bawdwin is likely to obscure views of a significant portion of the 
development from surrounding areas. Views of the Bawdwin concession area from the high-elevation Namtu to 
Manton Road will be altered, as well as views from Tiger Camp and Upper Bawdwin village. At greater distances 
from the Bawdwin concession area at lower elevations, there is likely to be minimal impact to visual amenity due 
to the hilly topography. 

Changes in visual amenity are presented in figures 6.30, 6.31 and 6.32. These show visualisations of the current 
views from selected viewpoints as well as predicted views of the project from the same locations. Except for views 
of the project area from the Namtu to Manton Road, visual changes as a result of the project, will largely be 
avoided due to residents on the Bawdwin concession area being resettled.  

Impact Zone 1 – Bawdwin Lower Village, Tiger Camp Village and farms on the Bawdwin concession prior 
to resettlement 

Bawdwin lower village, Tiger Camp Village and surrounding farms will experience adverse impacts to their visual 
amenity during construction and early operations until they are relocated. 

The visual amenity of the Bawdwin open and surrounding areas will be significantly modified with large-scale 
permanent landforms created and industrial activity expanded in the form of construction of a modern process 
plant, mining services area with workshops, haul roads, stockpiles, and conveyors. Changes to visual amenity 
may occur due to the use of artificial lighting associated with the construction and operations phases of the project 
that be visible at night, and increased numbers of heavy vehicles. 

Visual changes within the Bawdwin concession area will be significant. However, the impact of landform changes 
and artificial lights to people is expected to be minimal once Bawdwin and Tiger Camp residents are resettled.  

The residual adverse impacts to visual amenity of residents from Bawdwin Lower Village, Tiger Camp Village 
and farms on the Bawdwin concession area during the construction and operations phases will be substantially 
modified due to extensive construction activities and development of new infrastructure and landforms prior to 
their resettlement. The impact is rated as moderate significance, based on the medium impact magnitude and 
the medium sensitivity to changes of visual amenity (Table 6.226).  
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Figure 6.30 Landform visualisation looking southeast from Namtu to Manton Road near the Bawdwin 
concession area boundary 
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Figure 6.31 Landform visualisation looking from Namtu to Manton Road towards the open pit beyond 
the proposed TSF-C 
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Figure 6.32  Visualisation photomontage: View of proposed process plant and power station area 
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Table 6.226 Residual impact significance summary – construction and operations phases – impacts on 
visual amenity – affecting Bawdwin Lower and Tiger Camp communities and farms 
within the Bawdwin concession area prior to resettlement 

Value Sensitivity of value  

Living conditions 
and infrastructure  

Importance Vulnerability Resilience Sensitivity 

Medium 

The existing visual 
amenity is influenced by 
the historical mining 
activities. However, 
views are picturesque 
and valued. 

High 

Visual amenity is 
intrinsically linked to the 
Bawdwin operation and 
therefore somewhat 
vulnerable to changes in the 
local landscape.  

High 

Communities have high 
resilience to changes to 
the altered visual 
amenity due to their 
connection to mining. 

Medium 

Impact Magnitude of impact  

Reduced visual 
amenity through 
construction and 
operation of the 
project. 

Spatial extent Severity Duration Magnitude 

High 

Visual modification 
noticeable to the majority 
(i.e. 50 – 75%) of people 
within the defined impact 
zone. 

Medium 

The effect will have a 
noticeable effect on visual 
conditions for these 
communities prior to 
resettlement, but unlikely to 
result in high social impact. 

Medium 

Medium-term impact (1 
to 2 years) until 
complete resettlement 
has occurred. 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

Perceptions of communities to visual changes of the Bawdwin concession area are not well 
understood.  

The impacts of altered visual amenity on people or groups will vary due to the subjective nature of 
visual amenity. The impact assessment assumes receptors are sensitive to changes in visual amenity 
and the degree of change. 

 

Impact Zone 2 – Villages on Namtu to Manton Road 

Two locations along the Namtu to Manton road were selected to compare the visual amenity of the existing view 
with the view after the proposed development, as well as one location near the road at the proposed site of the 
Process Plant (see Figure 6.32). The Namtu to Manton road traverses the hills on the western side of the Bawdwin 
concession area. One location is at the northern end of the Bawdwin concession area, facing southeast (Figure 
6.30), and the other is located north of the open pit, facing southeast (Figure 6.31). The area viewed from these 
viewpoints is steep mountainous terrain (see Figure 6.2), with several ridges and valley slopes visible. The area is 
modified, with the vegetation on the hills largely grassland (see Figure 5.43).  

From the location at the northern end of the Bawdwin concession area (Figure 6.30), there is currently no evidence 
of historic mining visible. After development of the mine and associated infrastructure, TSF-A and the closure 
spillway to TSF-B will be prominent features visible from this viewpoint, as tailings will fill the valleys to a height 
where it will not be obscured by the terrain. The outwards view will be largely unchanged, with only a small 
amount of infrastructure (the ROM pad) visible. Figure 6.30 displays the existing landform and the landform after 
development of proposed infrastructure.   

From the location north of the open pit (Figure 6.31), the Nam Pangyun valley and existing open pit can be seen. 
After development of the mine and associated infrastructure, the expanded open pit will be more prominent, and 
the TSF-A embankment and TSF-C will be visible. Figure 6.31 displays the existing landform and the landform 
after development of proposed infrastructure.   

The view towards the open pit from the proposed Process Plant shows evidence of historic mining and the open 
pit in the distance. This area will be heavily impacted by changes in landform, with processing infrastructure and 
the expanded open pit visible from this location. 
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The people using the Namtu to Manton Road are not fixed receptors therefore will be impacted for a very short 
period as they travel through the Bawdwin concession area. Despite an increase in heavy vehicles through Namtu 
and along the export route, this is not likely to have a significant impact on the visual amenity of these areas due 
to the existing usage of the roads by trucks and heavy vehicles. For those who live near the Bawdwin concession 
area and who will experience changes in visual amenity due to the construction of new infrastructure and mine 
development, the presence of similar landscapes in the surrounding area should be considered, as well as the 
context of extensive historic mining in Bawdwin and the presence of existing infrastructure. 

The residual adverse impacts of altered visual amenity on villages in tracts adjoining the Bawdwin concession 
during the construction and operations phases is rated of low significance, based on the low impact magnitude 
and the medium sensitivity to changes in the visual landscape (Table 6.227).  

Table 6.227 Residual impact significance summary – construction and operations phases – impacts to 
visual amenity – affecting residents of villages in tracts adjoining the Bawdwin concession 
area 

Value Sensitivity of value  

Visual amenity Importance Vulnerability Resilience Sensitivity 

Medium 

Typical viewsheds up 
rural upland areas in 
Shan State.  

Low 

Low vulnerability to change as a 
consequence of changes to the 
Bawdwin 

Medium 

Due to their isolated 
nature there is some 
resilience to changes to 
the current conditions 

Medium 

Impact Magnitude of impact  

Reduced visual 
amenity for 
villages in tracts 
adjoining the 
Bawdwin 
concession area 

Spatial extent Severity Duration Magnitude 

Low 

Local scale visual 
impacts that effect 
some people within 
the defined impact 
zone.  

 

Very low 

Due to the distance from the 
project, the visual amenity 
within villages in tracts 
adjoining the Bawdwin 
concession area is unlikely to 
materially change. 

Very high 

The infrastructure that 
may be visible in the 
viewshed will be 
permanent, however the 
impact associated with 
artificial lighting will 
not extend past mine 
closure. 

Low 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

Changes to the visual landscape as a result are well understood. However, the impacts of altered 
visual amenity on people or groups will vary due to the subjective nature of visual amenity. The 
impact assessment assumes receptors are sensitive to changes in visual amenity and the degree of 
change. 

Governance 

Governance in the form of democratically elected leaders to represent the Bawdwin and Tiger Camp communities 
is defined as a social value. 

As described in Chapter 2, the Region and State Government Law (2010) established the General Administrative 
Department (GAD) as the administration for all State or Region governments. Below the state and regions are 
District Administrators and Township Administrators. The Township Administrator provides direction to the 
Village Tract and Ward Administrators. The Namtu township GAD Officer is the focal contact person to 
coordinate and communicate with Namtu and Bawdwin Administrations, including Tiger Camp. At village level, 
elections are held for Ward or Village Tract Administrators. Under the current system, representatives from each 
household elect a Household Leader which represents 10 households, who in turn elect a Household Leader to 
represent 100 households. 
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Impacts to village governance in relation to the project are assessed to effect villages within the Bawdwin 
concession area and their residents (Impact Zone 1). However, no material changes to governance are predicted 
to occur as a result of the project for the remaining impact zones. 

Impact Zone 1 – Villages within the Bawdwin concession area 

The current governance structure for Bawdwin and Tiger Camp villages is based on the Baw Twin Village Tract. 
This representation may change dependent on the relocation site. If relocated to or near Namtu Town, this may 
alter the influence of village leaders in Namtu Township administration depending on the classification of the 
relocation site. However, these changes would be expected to be determined democratically and therefore some 
control would remain with the Bawdwin communities.  

The greatest shift in governance is likely to be the formation of a single settlement with altered power dynamics 
as opposed to three fairly discrete villages. However, it is unlikely that the Namtu Township administrative 
structure would change as a result of the resettlement site being located within the Township. With resettlement 
planning undertaken in a thorough, fair, equitable and transparent manner with relevant stakeholders, and a focus 
on establishing responsibilities, commitments and governance mechanisms, the residual impact on village 
governance during the construction and operations phases is rated of low significance, based on the low impact 
magnitude and the medium sensitivity (Table 6.228). 
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Table 6.228 Residual impact significance summary – construction and operations phases – impacts to 
governance – affecting  Bawdwin and Tiger Camp communities, following resettlement 

Value Sensitivity of value  

Governance in 
the form of 
democratically 
elected leaders to 
represent 
communities 

Importance Vulnerability Resilience Sensitivity 

High 

Currently Bawdwin 
villages have 
supportive and stable 
social structures and 
value is placed in 
supportive systems of 
social organisation 

Medium 

The existing governance 
framework is vulnerable to 
changes due to the intrinsically 
related linkages between the 
Bawdwin communities and the 
mine  

Medium 

Communities have 
some resilience to 
changes to the current 
arrangement. 

Medium 

Impact Magnitude of impact  

Altered 
governance of 
Bawdwin villages 
as a result of 
resettlement for 
the project 

Spatial extent Severity Duration Magnitude 

Medium 

While village 
governance will 
change as a result of 
the project, negative 
impacts are not likely 
to be experienced for 
all residents.  

 

Low 

Altered governance is likely to 
affect individuals differently; 
however, overall the impact is 
predicted to be of low severity.    

Very high 

Long-term social 
impacts that will extend 
indefinitely 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen.  

Social cohesion 

Social cohesion within and between communities is defined as a social value. Social cohesion is defined as the 
bonds, common values, beliefs, and behaviours that enable the community to operate in a cooperative way.  

The social cohesion or fabric of a community is influenced by a range of measures, including the availability of 
work, security of land access and shelter, recreation opportunities, perceptions of fair treatment and the bonds that 
result from living in proximity to members of one’s ethnic or religious group. There is potential for this fabric to 
be impaired through the development of the project.  

Social cohesion is complex and can be influenced by a range of interrelating factors. Furthermore, negative 
impacts may not be uniform and can change over time. As such the following assessment aims to provide a holistic 
assessment for impact zones as a whole, but recognises that impacts may differ between village wards, households 
and individuals.  

The key driver with the potential to alter the social cohesion of communities (both host and Bawdwin 
communities) is the resettlement of existing Bawdwin communities. This will alter the existing social network, 
relationships and structures at the village level. The impact on social cohesion may be amplified by disparities in 
income due to non-uniform participation in project opportunities and the receipt of project benefit entitlements 
may invoke division, inequality and conflict within and between communities.   

Population relocation through a resettlement program has the potential to cause social discord as existing 
households in proximity to the relocation site may perceive the resettling households to be privileged with new 
housing and facilities, and potentially imposing additional demands on existing (often inadequate) services such 
as health and education facilities. While cultural differences between resettling and host populations may 
exacerbate this discord, this should not be an issue in this case, where Bamar is the dominant ethnicity in both 
Namtu and Bawdwin (70% and 90% respectively). 

There is potential for the social cohesion of resettled communities to be impaired if the resettlement planning 
process does not recognise and collaborate with resettling households and host communities to address issues that 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Environmental Services |  6-485

 

cause social disruption and implement management measures to mitigate potential adverse effects. The 
resettlement of Bawdwin and Tiger Camp residents may be accompanied by issues regarding perceptions by 
existing residents neighbouring the resettlement site that resettling households are privileged in employment 
which is detrimental to the exiting residents securing mine employment. The perceived inequity may cause tension 
between resettled communities and host communities and potential non-acceptance.  

In a similar way, there may be internal conflict within the resettled community. The process of resettlement of 
Bawdwin communities involves assessing eligibility and entitlements. However, there may be perceived inequity 
between defined social groupings (e.g., WMM housing residents and informal settlements or hamlets), which 
could have social consequences. For example, the proposed staging of resettlement groups, with Bawdwin upper 
village being resettled two years before the remainder of the community, may result in resentment in the remaining 
communities that will experience negative impacts to current living conditions. There is high potential that there 
will be negative impacts to social cohesion due to the need to resettle all residents in a similar fashion. Tensions 
may be created if residents feel that one group of residents have been disadvantaged over another or one group 
gained a disproportionate benefit. Tension within the communities could arise and impact the existing harmonious 
social relations in the communities. 

Finally, while not confirmed, it is likely that a single resettlement site will be chosen to accommodate all residents. 
This has the potential to alter the existing community dynamics. Currently there are three fairly discrete villages 
– Bawdwin upper and lower villages, and Tiger Camp. In addition, there are smaller hamlets and single dwellings 
outside these formal villages. With the formation of a single, larger village social dynamics will change. In 
addition, it is likely that the chosen resettlement location will have different neighbouring communities and new 
relationships will be formed. The removal of the existing villages will also influence social linkages of the 
Bawdwin community to surrounding villages. These villages currently access commercial, educational and health 
services from Bawdwin (see Section 5.9.5).  

In recognition of the potential impacts on social cohesion, WMM intend to implement community development 
programs that will focus on leadership, problem solving and conflict resolution, and will be implemented in 
partnership with non-government organisations. The Resettlement Action Plan will address resettlement 
eligibility and entitlement determination to ensure equity and identify measures to mitigate perceived inequity.  
The project will also provide support for community and government administration and seek to partner with 
government and non-government development agencies to sustain stable and safe living environments, 
particularly for women, children and those who are vulnerable. 

Impacts to social cohesion are assessed to effect villages within the Bawdwin concession area and their residents 
(Impact Zone 1), villages in tracts adjoining the Bawdwin concession area (Impact Zone 2) and Namtu (Impact 
Zone 3); however, no material changes to social cohesion as a result of the project are predicted to be experienced 
for the Nam Pangyun valley (Impact Zone 4), villages along the export corridor (Impact Zone 5) or Lashio (Impact 
Zone 6). 

Impact Zone 1 – Villages within the Bawdwin concession area 

While assessing social cohesion for any community is complex, the current situation is made more difficult due 
to that fact that resettlement planning is at the early stages and a resettlement location has not been chosen. 
Acknowledging these uncertainties, and with implementation of community development programs, support for 
community and government administration and partnerships with government and non-government development 
agencies, the residual impact of impaired social cohesion within and between resettled communities (all phases) 
is rated as high significance, based on the medium impact magnitude and high sensitivity to disruption the 
existing social cohesion (Table 6.229).   
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Table 6.229 Residual impact significance summary – all phases – impacts to social cohesion – affecting 
Bawdwin and Tiger Camp communities, following resettlement 

Value Sensitivity of value  

Social 
cohesion 
within and 
between 
communities  

Importance Vulnerability Resilience Sensitivity 

High 

A high value is placed in 
harmonious family and 
community relationships and 
supportive systems of social 
organisation. 

High 

Due to the intrinsically 
related linkages 
between the 
communities and the 
mine the villages are 
highly vulnerable to any 
material changes caused 
by the project.  

Low 

Limited resilience due to 
organisational structure 
influenced by the operation 
of the Bawdwin mine (e.g., 
land tenure, house 
ownership etc). 

High 

Impact Magnitude of impact  

Altered social 
cohesion of 
Bawdwin 
communities 
as a result of 
the project 

Spatial extent Severity Duration Magnitude 

Medium 

Impaired social cohesion is 
not likely to be experienced 
for all residents, but is 
predicted to effect a notable 
portion of the community. 

Medium 

Impaired social 
cohesion is likely to 
affect individuals 
differently; however, 
the overall impact is 
predicted to be of 
medium severity.    

High 

Long-term social impacts 
(3 to 15 years). Whilst 
resettlement is permanent, 
any hostility caused by 
changes in social cohesion 
are predicted to dissipate 
over time. 

Medium 

 

Residual impact significance High 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen.  

 

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

Villages in tracts adjoining the Bawdwin concession area have differing degrees of social connectivity to the 
Bawdwin communities but have the potential to be impacted by their relocation and the closure of existing 
Bawdwin services and facilities, and while not confirmed the potential to be affected by the new resettlement 
village in the case of Namtu.   

Surrounding village tracts (Hu Hsar and Hin Poke) have important social links to Bawdwin villages based on 
education (children attending Bawdwin schools and boarding in Bawdwin in mine-provided housing) and 
interaction with religious institutions (such as the monastery and churches). The removal of this interaction due 
to the resettlement of Bawdwin villages will have an impact on the social fabric of surrounding villages as 
residents may have to establish relationships with new religious institutions. The development and implementation 
of a local Community Development Program that supports the presence of religious communities in proximity to 
the Bawdwin concession area, and that considers overall community investment needs will mitigate some of the 
effect of stress caused by reduced interaction with religious facilities. 
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It is predicted that development of the project will result in impaired social cohesion within and between villages 
in tracts adjoining the Bawdwin concession area and the resettled communities. This residual impact is rated of 
low significance, based on the low impact magnitude and medium sensitivity to disruption the existing social 
cohesion (Table 6.230).  

Table 6.230 Residual impact significance summary – all phases - impacts of impaired social cohesion – 
affecting villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value  

Social cohesion 
within and 
between 
communities  

Importance Vulnerability Resilience Sensitivity 

High 

Supportive and stable 
social structures and 
value is placed in 
harmonious family and 
community relationships 
and supportive systems 
of social organisation 
and social cohesion.  

Medium 

Dependent on agriculture for 
livelihoods, which also 
influences living conditions. 
Adequate infrastructure with 
linkages to major villages. 
Some vulnerability to change 
as a consequence of changes 
to the Bawdwin due to social 
services and markets accessed 
in the Bawdwin concession 
area.  

Medium 

Due to their isolated 
nature there is some 
resilience to changes in 
living conditions, social 
cohesion and security. 

Medium 

Impact Magnitude of impact  

Altered social 
cohesion of 
villages in tracts 
adjoining the 
Bawdwin 
concession area 
as a result of the 
project and 
resettling of 
Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Low 

Local scale social 
impact that is predicted 
to affect some people 
within the defined 
impact zone. 

 

Low 

Tensions caused as a result of 
the resettlement of the 
Bawdwin communities is 
predicted to be of low 
severity. 

High 

The impact may be 
long-term (3 to 15 
years). Whilst 
resettlement is 
permanent, any hostility 
caused by changes in 
social cohesion may 
dissipate over time. 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

High  

Resettlement planning is at the early stages and a resettlement location has not been chosen 

 

Impact Zone 3 – Namtu Town 

Social cohesion of Namtu Town has the potential to be impacted if the chosen resettlement location that is selected 
is in close proximity. While some residents may welcome the resettled Bawdwin and Tiger Camp communities, 
there may also be negative reactions or opposition. While perceptions are difficult to predict, communities of 
Namtu Town may feel disadvantaged in comparison to the resettled village. They may also feel that the resettled 
communities will place additional strain on existing public services. The key management measure to limit this 
impact will be for to conduct consultation and provide opportunities for input into the resettlement planning from 
residents of the host community. In addition, the project is predicted to indirectly cause in-migration, which will 
result in an influx of migrants to Namtu in search of project-related opportunities. This additional population may 
also adversely affect social cohesion within Namtu.  
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It is predicted that development of the project will result in impaired social cohesion within and between Namtu 
and the resettled communities. This residual impact is rated as moderate significance, based on the medium 
impact magnitude and medium sensitivity to disruption of the existing social cohesion (Table 6.231).  

Table 6.231 Residual impact significance summary – all phases – impacts to social cohesion – affecting 
Namtu, following resettlement 

Value Sensitivity of value  

Social cohesion 
within and 
between 
communities  

Importance Vulnerability Resilience Sensitivity 

High 

Currently there are supportive 
and stable social structures. 
Value is placed in harmonious 
community relationships and 
supportive systems of social 
organisation and cohesion 

Medium 

Due to the linkages 
between the town and 
the mine, Tha Ta La 
Wards 1-7 wards are 
vulnerable to material 
changes caused by the 
project.  

 

Medium 

Some resilience due to 
distance to the mine and 
the size of the town 
with a range of other 
sectors.  

 

Medium 

Impact Magnitude of impact  

Altered social 
cohesion of 
Namtu as a result 
of the project and 
resettling of 
Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Medium 

Intermediate scale social 
impacts that effect a notable 
proportion of people in Namtu 

Medium 

Measures to be 
implemented by WMM 
to be outlined in a Land 
Access and 
Resettlement Plan will 
foster social cohesion 
and respect the cultural 
integrity of affected 
communities. Effects of 
in-migration are more 
challenging for WMM 
to manage. 

High 

The impact may be 
long-term (3 to 15 
years). Whilst 
resettlement is 
permanent, any hostility 
caused by changes in 
social cohesion may 
dissipate over time. 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen  

 

Social wellbeing  

Social wellbeing is defined as a social value. Social wellbeing is defined as people’s personal security, positive 
social relationships and physical and mental health. Personal and community wellbeing of villagers neighbouring 
the project also has the potential to be affected by the interactions with the project workforce and potentially in-
migrants.  

People have social and cultural lives that are incredibly intricate. Being resettled, or having livelihoods disrupted 
by a project, can create a major upheaval to people, their lives, and to the effective functioning of culture and 
society (Vanclay, 2017). The disruption to people’s lives and livelihoods also creates harm, sometimes on a long-
term basis, especially when there is not adequate restoration of the livelihoods and/or income-earning activities 
of the resettled people. Being displaced, even if the resettlement is conducted according to world’s best practice, 
is likely to create some degree of stress and anxiety in the people being relocated (Bisht, 2009).  

Based on experiences in communities surrounding large resource developments, there is the possibility for 
interaction between existing communities, migrant workforces and in-migrants. Changes in demography such as 
a gender imbalance, tensions between existing residents, project workers and in-migrants, inequality of incomes 
and gender-based violence have been associated with reduced social wellbeing. MCRB (2018) reported that 
communities surrounding tin and gold mines in Myanmar felt that theft and crime had increased as a result of the 
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presence of large numbers of mine migrant workers in the area. Women sometimes expressed that they felt unsafe 
due to the presence of a large male workforce in the area. Some cases of harassment and rape were reported. Local 
community members interviewed linked the increase in drug use to the presence of mining, as this meant money 
was more readily available. Community members in these areas also expressed concerns about children starting 
to use drugs at an early age.  

To minimise these potential impacts the project will support community capacity to develop and sustain an 
environment conducive to the physical, spiritual and emotional wellbeing of its members, in particular women, 
children and those who are vulnerable. The project will implement a workforce code of conduct and induction 
process to guide workplace behaviour and respectful interaction with host communities. WMM will work in 
consultation with the GAD to manage administrative governance and potential in-migration. 

Impacts to social wellbeing are assessed to effect people from villages within the Bawdwin concession area and 
their residents (Impact Zone 1), people from villages in tracts adjoining the Bawdwin concession area (Impact 
Zone 2) and residents of Namtu Town (Impact Zone 3), and residents of the Nam Pangyun valley (Impact Zone 
4); however, no material changes to social cohesion as a result of the project are predicted to be experienced for 
people from villages along the export corridor (Impact Zone 5) or Lashio (Impact Zone 6). 
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Impact Zone 1 – Villages within the Bawdwin concession area 

It is predicted that development of the project will result in impaired social wellbeing within Bawdwin and Tiger 
Camp communities. This residual impact is rated of moderate significance, based on a medium impact 
magnitude and medium sensitivity to changes in social wellbeing (Table 6.232). 

Table 6.232 Residual impact significance summary – all phases – impacts to social wellbeing – affecting 
Bawdwin and Tiger Camp communities 

Value Sensitivity of value  

Social wellbeing  Importance Vulnerability Resilience Sensitivity 

High 

Currently the 
Bawdwin 
communities place 
value in harmonious 
family and 
community 
relationships and 
supportive systems of 
social organisation 
and social cohesion 

Medium 

Communities have supportive 
and stable social structures but 
are vulnerability to changes in 
the existing social dynamics due 
to the intrinsically related 
linkages between the Bawdwin 
communities and the mine 

 

Medium 

Communities having 
some resilience to 
changes to the current 
arrangement, 
particularly since they 
are mine villages. 

Medium 

Impact Magnitude of impact  

Reduced personal 
and community 
wellbeing of 
Bawdwin villages 
as a result of 
resettlement and 
in-migration 
generated by the 
project 

Spatial extent Severity Duration Magnitude 

Medium 

Impaired social 
wellbeing is not 
likely to be 
experienced for all 
residents and it may 
even improve for 
some, but overall it is 
predicted to effect a 
notable portion of the 
community. 

 

Medium 

Impaired social wellbeing is 
likely to affect individuals 
differently; however, overall the 
impact is predicted to be of 
medium severity as the project 
will support community capacity 
to develop and sustain an 
environment conducive to the 
physical, spiritual and emotional 
wellbeing of its members.    

 

High 

The impact may be 
long-term (3 to 15 
years). Whilst 
resettlement is 
permanent, any effects 
on social wellbeing 
from hostility caused by 
changes in social 
cohesion may dissipate 
over time 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

Resettlement planning is at the early stages and a resettlement location has not been chosen. 
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Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

While there is a possibility of in-migration of people seeking work, some of whom may reside in surrounding 
villages, the effects are expected to be minor as WMM administration responsible for recruitment and training is 
likely to be based with existing facilities in Namtu rather than at the mine itself. This should act to encourage 
jobseekers to Namtu rather than to surrounding villages. 

It is predicted that development of the project will result in impaired social wellbeing within communities in tracts 
adjoining the Bawdwin concession area. This residual impact is rated of low significance, based on a low impact 
magnitude and medium sensitivity to changes in social wellbeing (Table 6.233).  

Table 6.233 Residual impact significance summary – all phases – impacts to social wellbeing – affecting 
residents of villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value  

Social wellbeing  Importance Vulnerability Resilience Sensitivity 

High 

While there is 
uncertainty regarding 
this aspect it is 
assumed that these 
communities place 
value in harmonious 
family and 
community 
relationships  

Medium 

Communities have supportive 
and stable social structures but 
are vulnerability to regional 
district level and village 
structures.  

Medium 

Villages are typically 
remote and somewhat 
isolated and therefore 
have a degree of 
resilience to regional 
changes in village 
structures.  

Medium 

Impact Magnitude of impact  

Reduced personal 
and community 
wellbeing of 
villages in tracts 
adjoining 
Bawdwin as a 
result of in-
migration 
generated by the 
project 

Spatial extent Severity Duration Magnitude 

Low 

Local scale social 
impacts that affects 
some people within 
the defined impact 
zone. 

Very Low 

In-migration would probably be 
minor and WMM will work with 
the GAD to manage 
administrative governance. Mine 
workers will operate under a 
Code of Conduct. 

High 

The impact may be 
long-term with the 
potential to extend over 
the mine life 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

Medium 

There is reasonable uncertainty regarding the extent of potential in-migration, as it is outside the 
control of WMM. 
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Impact Zone 3 - Namtu 

It is predicted that development of the project will result in impaired social wellbeing within the Namtu Town 
community due to in-migration and influx of mine workers. This residual impact is rated of moderate 
significance, based on a medium impact magnitude and medium sensitivity to changes in social wellbeing 
(Table 6.234).  

Table 6.234 Residual impact significance summary – all phases – impacts to social wellbeing – affecting 
residents from Namtu 

Value Sensitivity of value  

Social wellbeing  Importance Vulnerability Resilience Sensitivity 

High 

Currently Namtu 
Township has 
supportive and stable 
social structures and 
value is placed in 
harmonious family 
and community 
relationships and 
supportive systems of 
social organisation 
and social cohesion 

Medium 

The broader Namtu community 
is less influenced on the 
Bawdwin operations, with 
separate governance and other 
services. However its position to 
the operations and status as the 
main centre outside of the 
Bawdwin concession area make 
it vulnerable to change.  

Medium 

As a large regional 
town there is some 
capacity and/or 
resources to absorb, 
adapt to and recover 
from changes to current 
conditions 

Medium 

Impact Magnitude of impact  

Reduced personal 
and community 
wellbeing of 
Namtu due to in-
migration and 
influx of mine 
workers 

Spatial extent Severity Duration Magnitude 

Medium 

Local scale social 
impacts that affects 
some people within 
the defined impact 
zone.  

 

Low 

In-migration would probably be 
minor and WMM will work with 
the GAD to manage 
administrative governance. Mine 
workers will operate under a 
Code of Conduct. 

High 

The impact may be 
long-term with the 
potential to extend over 
the mine life 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

There is reasonable uncertainty regarding the extent of potential in-migration, as it is outside the 
control of WMM. 
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Impact Zone 4 – Residents of Nam Pangyun valley  

It is predicted that development of the project will result in impaired social wellbeing within the inhabitants of the 
Nam Pangyun valley due to in-migration and influx of mine workers. This residual impact is rated of low 
significance, based on a low impact magnitude and medium sensitivity to changes in social wellbeing (Table 
6.235).  

Table 6.235 Residual impact significance summary – all phases – impacts to social wellbeing – affecting 
residents Nam Pangyun valley 

Value Sensitivity of value  

Social wellbeing  Importance Vulnerability Resilience Sensitivity 

Low 

Rural inhabitants 
with little social 
structure and 
organisation in place 

High 

Artisanal miners within the 
valley have no legal status or 
rights and therefore vulnerable 
to changes. 

Medium 

Given the lack of 
permanent residents 
some resilience is 
expected 

Medium 

Impact Magnitude of impact  

Reduced personal 
and community 
wellbeing of 
inhabitants of the 
Nam Pangyun 
valley as a result 
of in-migration 
generated by the 
project 

Spatial extent Severity Duration Magnitude 

Low 

Local scale social 
impacts that affects 
some people within 
the defined impact 
zone.  

 

Very Low 

In-migration is not expected 
within Nam Pangyun valley 
however may occur in proximity 
(i.e., Bawdwin and surrounding 
village tracts).  

High 

The impact may be 
long-term with the 
potential to extend over 
the mine life 

Low  

Residual impact significance Low 

Assessment of uncertainty 

High  

Due to access and security concerns at the time of the socio-economic field survey this area, there 
has not been detailed investigation and documentation regarding the details of inhabitants along the 
Nam Pangyun valley. Estimates regarding the number and location of residences has been based on 
analysis of satellite imagery.  

There is reasonable uncertainty regarding the extent of potential in-migration, as it is outside the 
control of WMM. 

 

Social identity 

Social identity is defined as a social value. Social identity is defined as person's sense of who they are based on 
their connection to place.  

The Bawdwin communities and, to a somewhat lesser extent, Namtu are intrinsically linked to the Bawdwin mine 
and mineral processing. The majority of families at Bawdwin and some at Namtu have worked at the mine or 
supporting facilities over a number of generations.  Even while the mine has been in care and maintenance over 
the last decade a large workforce has been employed and has continued to maintain certain infrastructure elements. 
Interviews with the community revealed that there is a strong sense of pride and recognition of the historical 
importance of the Bawdwin operation. With complete resettlement of the Bawdwin communities, there is a strong 
likelihood that there will be a sense of community loss in community identity.  This sense of community loss may 
also be influenced by the loss of access to mine area and potentially importance cultural sites. This impact is likely 
to be experienced more severely by the older members of these communities who have greater connections to the 
earlier mining and processing operations.   

The development of the project will necessitate the decommissioning of much of the existing mine infrastructure. 
The project will ultimately continue mining of the Bawdwin deposit by developing a modern mine. Without such 
development it is likely that this infrastructure would continue to degrade. Nonetheless the mine in its current 
form in terms of layout, amenity and scale will be changed permanently. Although some historical elements will 
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be retained, the area will consist of a large-scale mining operation with restricted access for health and safety 
reasons. 

Another element of social identity is associated with the current roles and skills that the Bawdwin and Namtu 
employees currently have. The workforce has continued to maintain infrastructure including but not limited to 
mineral processing infrastructure and the Marmion head frame winder,. With the project development, new 
modern infrastructure such as the mineral process plant will be constructed and the need for the current skill sets 
will not necessarily be required.  In some instances, these skills may be transferrable, but in many instances they 
will not.  

To minimise the potential impact of the Bawdwin communities losing or altering their social identity with respect 
to their relationship with the Bawdwin mine, WMM will: 

 Establish a museum and cultural centre that promotes the history and culture of the Bawdwin operation (see 
Section 6.9 cultural heritage).  

 Interview and record the history of the Bawdwin mine from current Bawdwin residents.  

 Maximise local employment, which is likely to include employment that is linked to preservation and 
maintenance of cultural heritage relating to the mine. 

Impacts to people’s social identity as a result of the project is assessed to be restricted to the Bawdwin and Tiger 
Camp villages (Impact Zone 1).  
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With measures implemented to promote the cultural history of the Bawdwin mine, providing preferential 
employment opportunities and training programs, the residual impact of loss or reduction of social identity for the 
Bawdwin communities is rated of high significance, based on a medium impact magnitude and high sensitivity 
to changes in people’s social identity (Table 6.236).  

Table 6.236 Residual impact significance summary – all phases –loss of community identity – affecting 
Bawdwin and Tiger Camp communities 

Value Sensitivity of value  

Social identity  Importance Vulnerability Resilience Sensitivity 

High 

Bawdwin 
communities have a 
long history and 
association with the 
Bawdwin mine with 
many households 
working on the mine 
for a number of 
generations and their 
identity is closely 
linked to the mine. 

High 

Due to the intrinsically related 
linkages between the Bawdwin 
communities and the mine they 
are vulnerable to changes in the 
existing arrangements. 

Low 

Communities have low 
resilience to changes to 
the current arrangement 

High 

Impact Magnitude of impact  

Loss or reduction 
of social identity 
of Bawdwin 
communities as a 
result of 
resettlement 

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale 
impacts that is 
predicted to affect 
some people within 
the defined impact 
zone. 

Medium 

The impacts would be 
moderately severe for those 
people affected and can only be   
partly remedied by 
implementation of management 
measures 

High 

The impact may be 
long-term with the 
potential to extend over 
the mine life 

Medium  

 

Residual impact significance High 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

Social equality 

Social equality is defined as a social value. Social equality is defined as the right of different groups of people to 
have a similar social position and receive the same treatment. 

Experiences of mining developments around the world has shown that socio-economic impacts as a result of these 
developments are rarely gender neutral. Vulnerable groups within communities (e.g., elderly and people with 
disabilities) can also experience socio-economic impacts in differing degrees to the community as a whole. 
Women typically experience both direct and indirect impacts of mining developments in different ways and often 
of greater magnitude compared to men. In addition, the potential benefits that are produced as a result of mining 
developments have typically been shown to be less for females than for male counterparts (Jenkins, 2014).  

In the context of Myanmar, there are also additional regulatory and cultural barriers to achieving social equality. 
As described in MCRB (2018), there is no legal definition of discrimination against women in the 2008 
Constitution or other legislation. This ultimately hinders the formulation, interpretation, and dissemination of laws 
and policies impacting women’s rights. Furthermore, while there are some references to equal opportunity and 
non-discrimination based on sex, there are still a range of laws and policies that reinforce restrictive gender 
stereotypes and hinder gender equity. 

As described above, one of the benefits of the mining industry for local communities is the potential direct and 
indirect employment opportunities it can provide. Historically the workforce within mining operations is male 
dominated. In recent times, there have been efforts to increase the proportion of females within the mining 
workforce and this has been shown to increase the benefits to the local community.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Environmental Services |  6-496

 

Even if employment is secured by woman within a mine, in Myanmar women are often faced with issues of 
sexual harassment and abuse, salary inequity, and other types of discrimination (MCRB, 2018). Culturally, there 
is also an expectation that woman maintain their traditional domestic role as well as their new role as an income 
earner. 

While mining can provide positive benefits and create economic opportunities for family units, evidence suggests 
that mining can also increase the level and extent of economic inequality through redistribution of financial 
resources (MCRB, 2018). Negative changes to community life that woman often experience can also be triggered 
by one of the key benefits of increased disposable income. The sudden influx of cash from direct or indirect 
employment (usually of men) can result in adverse social and health impacts for women, including an increase in 
alcohol related abuse, gender-based violence and general social disruption (see above). This will be difficult to 
influence for the WMM since it is planned that most of the local workforce will be transported to site each day 
and will not be accommodated in the project accommodation camp. This can lead to decreased security for women 
and children and an increase in inter-personal violence. There may also be violence and other forms of 
inappropriate behaviour by project workers or security personnel. 

MCRB (2018) noted that resettlement and relocation resulting from mining development often disproportionately 
affect women, resulting in negative physical, social, cultural, and economic displacement. In Myanmar, rural 
communities are especially dependent upon women for tasks ranging from raising families to tending to crops and 
animals. The loss of access to arable land as a result of resettlement can have negative impacts on families, even 
though they may be compensated for this loss. Gender inequality often commences during the consultation and 
initial negotiation of resettlement programs, which is typically male-led (MCRB, 2018).  

During public consultation to date, WMM has publicly and unequivocally stated that the company sees no barrier 
to women applying for any job and has committed to assessing all job applications equally, irrespective of the 
gender of the applicant. Within other mining operations in neighbouring countries (e.g., Phu Kham in Laos) there 
has been good success in employment of women in operational roles of the operations (e.g., truck driving) and 
WMM intends to employ similar approaches to what has succeeded in these locations to training and recruitment 
of women at Bawdwin.  While the project does plan to implement a range of measures (see Section 6.10.3), 
cultural and institutional barriers remain.  

Impacts to people’s social identity as a result of the project is assessed to be restricted to the Bawdwin and Tiger 
Camp villages (Impact Zone 1).  
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It is predicted that development of the project including implementation of measures for equal access to 
employment and the community development and business plans will have some positive impacts on social and 
physical wellbeing of women and vulnerable groups, however it is possible some women and vulnerable people 
in the communities may still have adverse impacts associated with the project due to social changes that will occur 
(e.g., resettlement).. This residual impact is rated of moderate significance, based on a medium impact 
magnitude and medium sensitivity of this group to change (Table 6.237).  

Table 6.237 Residential impact significance summary – all phases – impacts to women and vulnerable 
groups – affecting Bawdwin and Tiger Camp communities 

Value Sensitivity of value  

Social equality Importance Vulnerability Resilience Sensitivity 

High 

Currently the 
Bawdwin 
communities have 
levels of social 
inequality even 
though the context is 
a generally 
supportive and stable 
social structures. 
Engagement 
indicated gender 
equality is valued by 
females.  

Medium 

There are existing levels of 
social inequality and 
communities are somewhat 
vulnerable to changes in the 
existing arrangements 

Medium 

Communities have low 
resilience to changes to 
the current arrangement 

Medium 

Impact Magnitude of impact  

Negative effects 
on women and 
other vulnerable 
groups as a result 
of the project 

Spatial extent Severity Duration Magnitude 

Medium 

Confined to some 
members of the 
Bawdwin 
communities 

Medium 

WMMs employment approach 
and code of conduct will help to 
improve existing inequalities. 
However, some impacts may be 
difficult to manage despite 
implementation of management 
measures, due to the limited 
influence WMM will have over 
employees in private residences, 
contractors and subcontractors 

High 

The impact may be 
long-term with the 
potential to extend over 
the mine life 

Medium 

 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium 

The success of management measures has been assumed however WMM will have limited influence 
over employees in private residences, contractors and subcontractors 

 

Access to health, education and other services 

The socio-economic component covering access to services and facilities focuses largely on direct impacts 
generated by the project.   

Resettlement of Bawdwin and Tiger Camp will result in existing health and education services, religious and 
spiritual facilities, markets, shops and other commercial services becoming closed in their current location.  

Access to health services  

It is predicted that villages in tracts adjoining the Bawdwin concession area (Impact Zone 2) and Namtu (Impact 
Zone 3) will experience impaired access to medical and health services as a result of the project. No material 
changes to access of medical facilities as a result of the project are predicted to be experienced for the Bawdwin 
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and Tiger Camp communities (Impact Zone 1), residents of the Nam Pangyun valley (Impact Zone 4), residents 
of villages along the export corridor (Impact Zone 5) or Lashio (Impact Zone 6). 

Impact Zone 1 – Villages within the Bawdwin Concession Area 

WMM has committed to providing the same or improved access to health services for resettled communities. 
Since Bawdwin lower village, Tiger Camp Village and surrounding farms will not be resettled until after 
operations have commenced, WMM will ensure that access to medical facilities for these communities is 
maintained. As a result, there is no material impairment to accessing the current level of medical facilities.   

While the resettlement location has not been confirmed, following resettlement there may also be positive impacts 
for the resettled residents who will gain greater access to health facilities from existing facilities at Namtu and 
Lashio, where there is a public hospital (150 beds) that is in reasonable condition compared to other township 
hospitals in Myanmar.  While this hospital has many deficiencies in equipment and level of service provided, it is 
superior to the current facilities at Bawdwin. While presentations to the Namtu Hospital can be expected to 
increase following resettlement, it is apparent that Bawdwin and Tiger Camp residents currently use Namtu 
Hospital due to the inadequate level of service from the Bawdwin Hospital, indicating that the population/staff 
ratio at the Namtu Hospital should not change significantly. The potential benefit has not been formally assessed 
since the resettlement location has not been confirmed.  

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

Removal of health services currently within Bawdwin and Tiger Camp villages will impact residents of villages 
in tracts adjoining the Bawdwin concession area that currently use these services. During consultation with village 
officials from surrounding village tracts it was stated that there is a significant level of dependence on services 
available in Bawdwin village. Health services accessed include trauma treatment, obstetrics, supply of medicine 
and referrals to higher order centres. While all considered the level of services provided was mediocre (primarily 
due to a lack of doctors and nurses), all expressed a high level of concern should the service not be available at 
Bawdwin due the next alternative location for health services (Namtu) being distant with travel and 
accommodation being expensive.  

As part of the Community and Business Development Plans for the project, it is anticipated that one of the 
investment priorities will be the provision of health services most likely in the form of upgraded health 
infrastructure and supplies. WMM will provide basic medical facilities for all project employees.   
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It is predicted that development of the project will result in impaired access to health services due to the removal 
of medical facilities at Bawdwin villages. This residual impact is rated of moderate to high significance, based 
on a medium impact magnitude and medium to high sensitivity of this group to changes in the existing medical 
facilities (Table 6.238).  

Table 6.238 Residual impact significance summary – all phases – impaired access to health services – 
affecting residents of villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value  

Access to 
medical and 
health facilities  

Importance Vulnerability Resilience Sensitivity 

Medium to High 

Many of the 
surrounding villages 
have a significant 
level of dependence 
on Bawdwin 
healthcare services 
and the services are 
important to the 
community 

Medium to High 

Due to the reliance on services 
within Bawdwin villages, there 
is moderate to high vulnerability 
to any changes of these services 
with limited alternative options. 

Low to Medium 

Due to the remote 
nature of these villages, 
there is limited 
alternatives and 
therefore a lower level 
of resilience due to 
changes of these 
existing services. 

Medium to 
high 

Impact Magnitude of impact  

Impaired access 
to health services 
for villages in 
tracts adjoining 
the Bawdwin 
concession area 
due to resettling 
of Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale 
impacts that effects 
some people (5 – 
15%) within the 
defined impact zone. 

Medium 

Due to the current reliance of the 
villages on Bawdwin facilities 
and the lack of alternative 
locations nearby. WMM plan to 
work with the district authority 
to implement a plan to minimise 
the severity of this impact. 

Very high 

The impact will be 
permanent, as 
healthcare facilities in 
Bawdwin will be 
permanently closed 

Medium 

 

Residual impact significance Moderate 
to high 

Assessment of uncertainty 

High  

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

There is some uncertainty regarding the project’s investment priorities as the Community and 
Business Development Plans are yet to be developed and will require consultation with the district 
authority. The investment priorities are likely to include provision of health services however the 
nature, extent and responsibilities are yet to be defined. 

 

Impact Zone 3 – Namtu Town 

Given the WMM has committed that access to health facilities will be provided to the resettled communities there 
is potential for investment in local services which may improve access to and quality of healthcare services in 
Namtu. In addition, some of the increased demand may be offset by greater proportions of the Namtu population 
being employed by the mine and thus being eligible for private healthcare. However, there may be slight 
impairment in access to services due to increased pressure on existing health services due to the additional demand 
generated by the resettled communities and potentially in-migrants seeking employment by the mine.  
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The residual impact of impaired access to health services due to increased demand for existing healthcare facilities 
is rated of low significance, based on a low impact magnitude and medium sensitivity of this group to changes 
in the existing medical facilities (Table 6.239).  

Table 6.239 Residual impact significance summary – all phases – impaired access of health services – 
affecting residents of Namtu  

Value Sensitivity of value  

Access to 
medical facilities  

Importance Vulnerability Resilience Sensitivity 

High 

As there are existing 
health facilities at 
Namtu and these 
services are 
important to the 
community 

Low 

As the health facilities are not 
affiliated with the mine and 
therefore have low vulnerability 
to change as a result of mining 
activities. 

High 

There are several health 
facilities in Namtu and 
these are not influenced 
by mining 
activities/organisational 
structure 

 

Medium 

Impact Magnitude of impact  

Impaired access 
to health services 
due to increased 
demand pressure 
from resettled 
populations 

Spatial extent Severity Duration Magnitude 

Very low 

Local scale impact 
that effects a small  
number of people 
(<5%) within the 
defined impact zone. 

Low 

The increased demand is not 
expected to be significant and 
may be offset by a greater 
proportion of the population 
being employed by the mine and 
being eligible for private 
healthcare 

High 

Long-term impact with 
the potential to extend 
over the mine life 

Low 

 

Residual impact significance Low 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

There is some uncertainty regarding the project’s investment priorities as the Community and 
Business Development Plans are yet to be developed and will require consultation with the relevant 
district administrations. The investment priorities are likely to include provision of health services 
however the nature, extent and responsibilities are yet to be defined. 

 

Access to education 

It is predicted that villages in tracts adjoining the Bawdwin concession area (Impact Zone 2) will experience 
impaired access to schools as a result of the project. No material changes to access of education facilities as a 
result of the project are predicted to be experienced for the Bawdwin and Tiger Camp communities (Impact Zone 
1), residents of the Nam Pangyun valley (Impact Zone 4), residents of villages along the export corridor (Impact 
Zone 5) or Lashio (Impact Zone 6). 

Impact Zone 1 – villages within the Bawdwin concession area 

Resettlement of the population of Bawdwin communities will involve upgrading existing education facilities near 
the resettlement location (likely to be near Namtu) to cater for the increase in student numbers or to build new 
facilities at the resettlement destination or other agreed location. It is expected that educational authorities of 
Namtu Township, Kyaukme District and possibly Shan State will provide input on their preferences in this regard. 
WMM has committed that access to the same or improved education facilities will be provided to the resettled 
communities. The upgraded or newly constructed facilities at the relocation site are expected to be of higher 
building standard than the facilities currently present in the Bawdwin concession area. While the resettlement 
location has not been confirmed, there may also be positive impacts for the resettled residents who will gain 
greater access to education and training from existing facilities at Namtu and Lashio where there are two 
universities and additional opportunities for training and skill acquisition. Access to a more diverse business sector 
in Namtu and Lashio should also afford more opportunities for training and associated employment. As a result, 
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no adverse impact on Bawdwin or Tiger Camp is predicted, with potential for minor positive impact. However, 
there is uncertainty regarding the potential for positive impact given the resettlement location and design of the 
new or upgraded education facilities is not yet known. 

Since Bawdwin lower village, Tiger Camp Village and surrounding farms will not be resettled until after 
operations have commenced, WMM will ensure that access to educational facilities for these communities is 
maintained. As a result, there is no material impairment to accessing to access the current level of education 
facilities.   

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area  

Survey data indicated that almost 800 students attended schools in Bawdwin and Tiger Camp. Of these students, 
approximately 20% of all students reside outside the Bawdwin concession area and travel or temporarily reside to 
attend school. Most of the students who travel from villages outside Bawdwin to attend school attend the high 
school (68%), with the remainder attending primary schools. Of the students travelling from outside Bawdwin, 
69% come from villages in Namtu township and 23% from villages in Manton township. Of the 22 villages 
students travel from, students from five villages (Lon Jar, Hai Taung, Hu Ngwe and Hu Hsar villages in Namtu 
and the Man Pat village in Manton) make up 60% of the total number of students travelling to Bawdwin.  

While most villages in tracts adjoining the Bawdwin concession area currently have a primary school, they rely 
on the high-school services only available at Bawdwin where the quality of schooling was considered acceptable 
with good teachers overall. Based on interviews with leaders from these villages, there was a high level of concern 
with the potential loss of the high school in Bawdwin, with the cost of attending school in Namtu (the next 
alternative location) being a significant impediment. 

In recognition of this potential impact, WMM will work will the district authority to implement a plan to minimise 
this impact. This may involve investigating educational options for providing regional educational support as part 
of the community development program.  
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It is predicted that development of the project will result in impaired access to educational services due to the 
removal of schools facilities at Bawdwin villages. This residual impact is rated of moderate to high significance, 
based on a medium impact magnitude and medium to high sensitivity of this group to changes in the existing 
schooling facilities (Table 6.240).  

Table 6.240 Residual impact significance summary – all phases - impaired access to schools due to 
removal of school services at Bawdwin – affecting children in villages in tracts adjoining 
the Bawdwin concession area 

Value  Sensitivity of value  

Access to schools 
and training 
facilities  

Importance Vulnerability Resilience Sensitivity 

Medium to High 

Many of the 
surrounding villages 
have a significant 
level of dependence 
on Bawdwin 
education facilities 
and are important to 
the community 

Medium to High 

Due to the reliance on facilities 
villages within the Bawdwin 
concession area, there is 
moderate to high vulnerability to 
any changes of these services 
with limited alternative options 

Low to medium 

Due to the remote 
nature of the villages 
and limited 
alternatives. While 
there are similar 
services available at 
Namtu, these would be 
less convenient and 
costlier. 

Medium to 
high 

Impact Magnitude of impact  

Impaired access 
to education 
facilities for 
villages in tracts 
adjoining the 
Bawdwin 
concession area 
due to resettling 
of Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Low 

Mostly local scale 
impacts that effects 
some people (5 – 
15%) within the 
defined impact zone. 

Low 

High severity due to the current 
reliance of the villages on 
Bawdwin facilities and the lack 
of alternative locations nearby, 
however WMM will work with 
the district authority to 
implement a plan to minimise 
the severity of this impact 

Very High 

The impact will be 
permanent, as 
education facilities in 
Bawdwin will be 
permanently closed 

Low 

 

Residual impact significance Moderate to 
low 

Assessment of uncertainty 

High  

Resettlement planning and community development planning is at the early stages. 

 

Impact Zone 3 – Namtu Town  

In terms of access to education services for Namtu, there may be an increase in demand on current education 
facilities. This will be completely mitigated by WMM’s commitment to either upgrade the existing facilities at 
Namtu to cater for the increase in student numbers or to build new facilities at the resettlement destination or other 
agreed location. It is expected that educational authorities of Namtu Township, Kyaukme District and possibly 
Shan State will provide input on their preferences in this regard. 

Access to religious support 

It is predicted that the Bawdwin and Tiger Camp communities (Impact Zone 1), villages in tracts adjoining the 
Bawdwin concession area (Impact Zone 2) and Namtu Town (Impact Zone 3) will experience impaired access to 
religious institutions and support venues and services. No material changes to access of religious institutions as a 
result of the project are predicted to be experienced for residents of the Nam Pangyun valley (Impact Zone 4), 
residents of villages along the export corridor (Impact Zone 5) or Lashio (Impact Zone 6). 
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Impact Zone 1 – villages within the Bawdwin concession area  

There are currently seven monasteries, three Sikh temples and two churches in Bawdwin. As a result of the project, 
these institutions will need to be re-established as a component of resettlement support. Individuals may 
experience a sense of loss or anxiety associated with this process due to the time taken for this to occur and the 
potential changes in physical distance people are from the re-established institutions. Rebuilding shrines and 
pagodas may take some time as typically community members will have contributed their labour and funds for 
the original institutions and may wish to undertake construction in the new location to engender the required sense 
of ownership. Furthermore, if the location of re-established institutions in the resettlement area is distant from the 
community for whatever reason, there may be a sense of loss that accompanies the separation, inducing a level of 
anxiety, or at least a level of inconvenience to fulfilling religious obligations.  

Re-establishment of religious institutions will be conducted in close engagement with religious leaders, 
congregations and authorities. It is noted that through the engagement process the head monks have indicated that 
Buddhist pagoda and special inauguration relics should not be intentionally destroyed by human hand’ and if 
facilities are no longer able to be used, decay or become damaged and the local people have agreed to creation of 
new facilities ’that will be okay’. Further engagement is required to determine the appropriate management of 
these sites on a case by case basis. Further details on mitigation and management of religious infrastructure is 
contained in the CHMP (Attachment 4) and Section 6.9.  
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The residual impact of impaired access to religious support due to the relocation or rebuilding of places of worship 
in Bawdwin is rated of moderate significance, based on the low impact magnitude and the high sensitivity of 
this group to changes to access of existing religious institutions (Table 6.241).  

Table 6.241 Residual impact significance summary – impaired access to religious institutions and 
community support due to relocation or rebuilding of existing institutions during 
resettlement  - affecting Bawdwin communities  

Value Sensitivity of value  

Access to places 
of worship and 
religious support 

Importance Vulnerability Resilience Sensitivity 

High 

As there are existing 
religious institutions 
at Bawdwin and 
Tiger Camp and 
access to these 
services is important 
to the community 

High 

Access to places of worship and 
religious support is vulnerable to 
changes due to the intrinsically 
related linkages between the 
Bawdwin communities and the 
mine 

 

Low 

Limited resilience due 
to organisational 
structure influenced by 
the operation of the 
Bawdwin mine.  

 

High 

Impact Magnitude of impact  

Impaired access 
to places of 
worship due to 
increased demand 
pressure from 
resettled 
populations 

Spatial extent Severity Duration Magnitude 

Very High 

Far reaching social 
impacts that effect 
the almost all people 
(>75%) within the 
defined impact zone. 

 

Low 

Whilst the severity of the sense 
of loss or anxiety surrounding 
religious support will be 
managed through the relocation 
process with the implementation 
of the Livelihood Restoration 
Plan and facilities will be 
replaced/rebuilt. 

Medium 

The majority of effects 
will be short term (i.e., 
months), concentrated 
in the relocation phase 
while institutions are 
being relocated or 
rebuilt. 

Low 

 

Residual impact significance Moderate 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

There is a degree of uncertainty surrounding where religious institutions will be relocated to. 
Detailed procedures for relocation have not yet been developed. 

 

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

The villages in tracts adjoining the Bawdwin concession area currently utilise the religious institutions in 
Bawdwin for attending services, visiting shrines and engaging with religious community leaders. These 
institutions will no longer be available for use by the villagers, which may reduce the ability of these communities 
to easily interact with religious institutions. A sense of loss and anxiety may result from the loss of religious 
institutions from Bawdwin and Tiger Camp due to the resettlement process.  

The development and implementation of a local Community Development Program that supports the presence of 
religious communities in proximity to the Bawdwin concession area, and that considers overall community 
investment needs, will mitigate some of the effects and stress caused by reduced interaction with religious 
institutions.  

The residual impact to villages in tracts adjoining the Bawdwin concession area from possible separation from 
religious institutions will be of high to major significance, based on the high impact magnitude and the medium 
to high sensitivity of this group to changes to access of existing religious institutions (Table 6.242).  
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Table 6.242 Residual impact significance summary – all phases – impaired access to religious 
institutions and community support due to closure of places of worship – affecting 
residents of villages in tracts adjoining the Bawdwin concession area 

Value Sensitivity of value  

Access to places 
of worship and 
religious support  

Importance Vulnerability Resilience Sensitivity 

Medium to High 

Bawdwin religious 
institutions are highly 
valued by residents 
of adjoining villages 

Medium to High 

Due to the reliance on 
institutions within Bawdwin 
villages there is moderate to 
high vulnerability to any 
changes of these services with 
limited alternative options 

Low to Medium 

Due to the remote 
nature of these villages, 
there is limited 
alternatives and 
therefore a lower level 
of resilience due to 
changes of these 
existing services. 

Medium to 
high 

Impact Magnitude of impact  

Impaired access 
to places of 
worship from 
closure of places 
of worship  

Spatial extent Severity Duration Magnitude 

Very High 

Far reaching social 
impacts that effect 
the almost all people 
(>75%) within the 
defined impact zone. 

 

Medium 

As the loss of this interaction 
may be a significant cause of 
personal stress for residents in 
these communities and there is a 
degree of uncertainty 
surrounding where religious 
institutions will be located after 
relocation 

Medium to Very High 

The majority of effects 
will be short term (i.e., 
months), concentrated 
in the relocation phase 
while institutions are 
being relocated or 
rebuilt, if the new 
location is accessible. 
However, the effects 
associated with 
separation may be 
permanent if the new 
location is difficult to 
access. 

High 

 

Residual impact significance High to 
major 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

There is a degree of uncertainty surrounding where religious institutions will be relocated to. 
Detailed procedures for relocation have not yet been developed. 

 

Impact Zone 3 – Namtu Town 

The additional population in Namtu following resettlement of Bawdwin and Tiger Camp villages is likely to result 
in increased use of existing places of worship and may reduce accessibility for the existing Namtu community 
who rely on the institutions.  The additional pressure on existing services is expected to be met by relocation of 
the Bawdwin institutions as a component of the resettlement process.  

The residual impact to Namtu township from increased demand for religious and spiritual institutions is rated of 
very low significance, based on the very low impact magnitude and the medium sensitivity of this group to 
changes to access of existing religious institutions (Table 6.243).  

Table 6.243 Residual impact significance summary – all phases – impaired access to places of worship 
due to increased demand pressure from resettled populations – affecting residents of 
Namtu 

Value Sensitivity of value  

Importance Vulnerability Resilience Sensitivity 
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Value Sensitivity of value  

Access to places 
of worship and 
religious support  

High 

As there are existing 
religious institutions 
at Namtu and access 
to these services is 
important to the 
community 

Low 

As the existing religious 
institutions are not affiliated 
with the mine 

High 

There are several, religious 
institutions in Namtu and 
these are not influenced by 
mining 
activities/organisational 
structure. 

 

Medium 

Impact Magnitude of impact  

Impaired access 
to places of 
worship due to 
increased demand 
pressure from 
resettled 
populations 

Spatial extent Severity Duration Magnitude 

Very Low 

Local scale social 
impacts that effect a 
small number of 
people (<5%) within 
the defined impact 
zone. 

Low 

The increased demand is 
expected to be met through 
relocation of Bawdwin 
institutions or upgrades to 
existing Namtu institutions 

Medium to Very High 

The majority of effects will 
be short term (i.e., months), 
concentrated in the 
relocation phase while 
institutions are being 
relocated or rebuilt, 
however the effects 
associated with increased 
demand for existing 
institutions at Namtu may 
be longer-term and extend 
over at least one generation. 

Very Low 

 

Residual impact significance Very low 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

There is a degree of uncertainty surrounding where religious institutions will be relocated to. 
Detailed procedures for relocation have not yet been developed. 

 

Access to commercial services  

It is predicted that development of the project will result in changes in access to commercial services that will 
affect the Bawdwin and Tiger Camp communities (Impact Zone 1) and villages in tracts adjoining the Bawdwin 
concession area (Impact Zone 2). It is predicted that no material changes to access of commercial services as a 
result of the project will be experienced by Namtu (Impact Zone 3), residents of the Nam Pangyun valley (Impact 
Zone 4), residents of villages along the export corridor (Impact Zone 5) or Lashio (Impact Zone 6). 

Impact Zone 1 – villages within the Bawdwin concession area 

There is currently a limited range of commercial services and shops located within the Bawdwin villages. Support 
and assistance will be provided to relocate these to the chosen resettlement location.  

To support local businesses and the relocation of commercial services and shops WMM will develop and 
implement Community and Business Development Plans, which shall include aim to maximise local business 
contracts for goods and services; and target investment priorities based on need, but likely to include a component 
of business development and microfinance. 

As a large regional town with a more diversified economy, there is likely to be improved access to markets, shops 
and other services if the communities are resettled near Namtu. 

The residual impact of improved access to commercial services from the relocation site will be of positive (low) 
significance, based on the low impact magnitude and the medium sensitivity of this group to changes in the 
existing commercial facilities (Table 6.244).  
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Table 6.244 Residual impact significance summary – all phases – improved access to commercial 
services – affecting Bawdwin and Tiger Camp communities, following resettlement 

Value Sensitivity of value  

Access to 
commercial 
services  

Importance Vulnerability Resilience Sensitivity 

Medium 

There are existing 
commercial services 
and shops used and 
valued by the 
Bawdwin 
communities 

Medium to High 

Due to the reliance on services 
within Bawdwin villages and 
lack of alternative options 
available 

 

Medium 

Communities have 
some capacity to adapt 
to new conditions at the 
relocation site 

Medium 

Impact Magnitude of impact  

Improved access 
to commercial 
services from the 
relocation site for 
resettled 
Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

High 

Social impacts may 
be widespread but 
will depend on 
location and 
configurations of the 
resettled 
communities  

Low 

Improved access to markets, 
shops and other commercial 
services will be of minor benefit 
to resettled communities 

High 

Long-term impact (3 to 
15 years) 

Low 

(positive) 

Residual impact significance Positive 
(low) 

Assessment of uncertainty 

High 

Resettlement planning is at the early stages and a resettlement location has not been chosen. 

 

Impact Zone 2 – villages in tracts adjoining the Bawdwin concession area 

During community engagement, residents of villages in tracts adjoining the Bawdwin concession area stated that 
they currently access commercial services in Bawdwin. This mostly occurs when convenient, but some services 
are accessed more regularly, such as buying fuel and mechanical repairs. When asked about alternative locations 
for accessing these services, Namtu was cited as the most likely alternative. However, at least half of those 
interviewed mentioned the distance and additional expense of accessing services there as a constraint. Retail 
services were most valued, with use of the food market being a service of minor value.   
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The residual impact of impaired access to commercial services will be of low to moderate significance, based 
on the low impact magnitude and the medium to high sensitivity of this group to changes in the existing 
commercial services (Table 6.245).  

Table 6.245 Residual impact significance summary – all phases – impaired access to commercial 
services due to closure of services – affecting residents of villages in tracts adjoining the 
Bawdwin concession area due to closure of services 

Value Sensitivity of value  

Access to 
commercial 
services  

Importance Vulnerability Resilience Sensitivity 

Medium to High 

The adjoining 
villages value the 
minimal distance and 
low expense 
associated with 
accessing 
commercial services 
in Bawdwin 

Medium to High 

Due to the reliance on facilities 
within Bawdwin villages and 
lack of alternative options 
available 

Low to Medium 

Due to the remote 
nature of the villages 
and limited alternatives. 
While there are similar 
services available at 
Namtu, these would be 
less convenient and 
costlier. 

Medium to 
high 

Impact Magnitude of impact  

Impaired access 
to commercial 
services for 
villages in tracts 
adjoining the 
Bawdwin 
concession area 
due to resettling 
of Bawdwin 
communities 

Spatial extent Severity Duration Magnitude 

Very High 

Far reaching social 
impacts that effect 
the almost all people 
(>75%) within the 
defined impact zone. 

 

Low 

Despite the additional distance 
and expense associated with 
alternatives there are available 
alternatives and the 
implementation of a regional 
Community Development 
Program aimed at servicing 
villages near the Bawdwin 
concession area, which may 
mitigate some of these effects. 

Medium 

The majority of effects 
will be short (i.e., 
months) to medium 
term (1 to 2 years) 
during the period of 
adjustment 

Low  

 

Residual impact significance Low to 
moderate 

Assessment of uncertainty 

Medium 

Understanding of the current businesses that operate in these villages is not well understood. 

Impact Zone 3 – Namtu Town 

Economic stimulus generated by the project and investment by WMM via the Community Development Program 
may encourage growth of local commercial services in Namtu. However, the additional population and demand 
on these services due to resettlement of Bawdwin and Tiger Camp may restrict access to these services for the 
broader Namtu community. Overall, a neutral impact is predicted. 

Summary of residual impacts 

Table 6.246 provides a summary of the residual impacts and their significance.  
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Table 6.246 Summary of assessment of residual social impacts 

Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Mining 
related 
employment 
opportunitie
s  

 

Villages 
within the 
Bawdwin 
concession 
area – 
Impact Zone 
1 – Diverse 
employment 
opportunities 

 High 
sensitivi
ty 

Constructio
n and 
operations 

Medium 
(positive
) 
magnitu
de 

 Low 
spatial 
extent 

 High 
severity 

 High 
duration 

 Maximise 
local 
employment 

 Implement 
the 
resettlement 
action plan 
and 
livelihood 
restoration 
measures 
therein 

 Training and 
Development 
Plan 

 Development 
and 
implementati
on of the 
Preferential 
Employment 
Policy 

Positive 
(high) 

The project 
will create 
jobs (both 
directly and 
indirectly), 
and 
educational 
opportunities 
will be 
provided. 
Bawdwin and 
Tiger Camp 
residents will 
have 
preferential 
access to 
employment 
and training 
opportunities 
associated 
with the 
mine. 
Resettled 
households 
will probably 
have access 
to 
employment 
opportunities 
in Namtu. 
This will lead 
to a more 
diversified 
employment 
based, and 
skills 
developed 
may lead to 
further 
opportunities 
after mine 
closure. 

Medium 

 The number 
of people in 
the 
communities 
with suitable 
skills to 
transition to a 
modern 
mining 
operation is 
currently 
unknown. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 –diverse 
employment 
opportunities 

 Low 
sensitivi
ty 

Low 
(positive) 
magnitude 

 Very 
low 
spatial 
extent 

 High 
severity 

 High 
duration 

 Maximise 
local 
employment 

 Training and 
Development 
Plan 

 Development 
and 
implementati
on of the 
Preferential 
Employment 
Policy 

Positive 
(low) 

The project 
will create 
jobs (both 
directly and 
indirectly), 
and 
educational 
opportunities 
will be 
provided. it is 
expected that 
the ‘local 
workforce’ 
will largely 
comprise 
persons 
currently 
living in the 
Bawdwin 
villages, 
Namtu Town 
and villages 
in tracts 
adjoining the 
Bawdwin 
concession 
area. This 
will lead to a 
more 
diversified 
employment 
based, and 
skills 
developed 
may lead to 
further 
opportunities 
after mine 
closure 

Medium 

 The number 
of people in 
the 
communities 
with suitable 
skills to 
transition to a 
modern 
mining 
operation is 
currently 
unknown. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Namtu – 
Impact Zone 
3 – Diverse 
employment 
opportunities 

 Medium 
sensitivi
ty 

Low 
(positive) 
magnitude 

 Very 
low 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Maximise 
local 
employment 

 Training and 
Development 
Plan 

 Development 
and 
implementati
on of the 
Preferential 
Employment 
Policy 

Positive 
(low) 

The project 
will create 
jobs (both 
directly and 
indirectly), 
and 
educational 
opportunities 
will be 
provided. it is 
expected that 
the ‘local 
workforce’ 
will largely 
comprise 
persons 
currently 
living in the 
Bawdwin 
villages, 
Namtu Town 
and villages 
in tracts 
adjoining the 
Bawdwin 
concession 
area. Skills 
developed 
may lead to 
further 
opportunities 
after mine 
closure 

Medium 

 The number 
of people in 
Namtu Town 
with suitable 
skills to 
transition to a 
modern 
mining 
operation is 
currently 
unknown. 

 

Mining 
related 
employment 
opportunitie
s  

 

Myanmar – 
Diverse 
employment 
opportunities 

 Low 
sensitivi
ty 

Low 
(positive) 
magnitude 

 Very 
low 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Training and 
Development 
Plan 

 Development 
and 
implementati
on of the 
Preferential 
Employment 
Policy 

Positive 
(low) 

Jobs will be 
created for 
residents of 
Myanmar, 
particularly 
for skilled 
workers. 
Skills 
developed 
may lead to 
further 
opportunities 
after mine 
closure 

Low  

 There is 
relatively 
high 
confidence 
that suitable 
skills would 
be expected 
to be 
available at 
the national 
scale.   
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Business 
opportunitie
s and 
economic 
stimulus 
created by 
the project 
and impact 
to zones 

Villages 
within the 
Bawdwin 
concession 
area – 
Impact Zone 
1 – Business 
sectors 
providing 
goods and 
services 

 High 
sensitivi
ty 

Constructio
n and 
operations 

Low 
(positive) 
magnitude 

 Very 
low 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Development 
and 
implementati
on of the 
Business 
Development
, Supply and 
Procurement 
Plan 

Positive 
(moderate) 

The few local 
businesses 
with capacity 
to directly 
provide 
goods and 
services to 
the project 
may benefit 
over the life 
of the mine. 
Economic 
stimulus will 
be created by 
the project. 
There may be 
some 
negative 
effects 
however 
overall the 
impact is 
positive as 
the project 
will explore 
preferential 
business 
opportunities 
and facilitate 
the 
development 
of new 
businesses 
and re-
establish 
existing 
businesses. 

Medium 

 Uncertainty 
regarding the 
magnitude of 
consequent 
impacts of 
businesses 
economic 
stimulus and 
the flow on 
effects to 
local and 
regional 
economies 

 Success of 
the proposed 
Community 
Development 
Plan is 
assumed. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 6  E Guard Environmental Services |  6-513

 

Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 – Business 
sectors 
providing 
goods and 
services 

 Low 
sensitivi
ty 

Neutral 
magnitude 

 Medium 
spatial 
extent 

 Medium 
(positive
) and 
medium 
(negativ
e) 
severity 

 High 
duration 

 Development 
and 
implementati
on of the 
Supply and 
Procurement 
Management 
Plan 

Neutral Tracts 
adjoining the 
Bawdwin 
concession 
area are 
expected to 
benefit 
slightly from 
business 
opportunities 
or related 
economic 
stimulus. The 
minimal 
benefits may 
offset the 
effects to 
businesses 
that currently 
sell goods in 
Bawdwin. 
These 
businesses 
may be 
impacted by 
reduced 
demand for 
goods (e.g. 
vegetables) in 
the Bawdwin 
area. 

Medium 

 Understandin
g of the 
current 
businesses 
that operate 
in these 
villages is not 
well 
understood 

 Uncertainty 
regarding the 
magnitude of 
consequent 
impacts of 
businesses 
economic 
stimulus and 
the flow on 
effects to 
local and 
regional 
economies 

 Success of 
the proposed 
Community 
Development 
Plans is 
assumed 

Business 
opportunitie
s and 
economic 
stimulus 
created by 
the project 
and impact 
to zones 

Namtu – 
Impact Zone 
3 – Business 
sectors 
providing 
goods and 
services 

 Low 
sensitivi
ty 

Constructio
n and 
operations 

Medium 
(positive) 
magnitude 

 Low 
spatial 
extent 

 High 
severity 

 High 
duration 

 Development 
and 
implementati
on of the 
Supply and 
Procurement 
Management 
Plan 

Positive 
(low) 

Business 
opportunities 
may lead to 
economic 
benefits in 
Namtu. 
Namtu has a 
reasonably 
diversified 
business 
sector and 
may have 
business 
opportunities 
available for 
those 
businesses 
that can 
provide 
goods and 
services to 
the mine over 
its lifetime.  

Medium 

 Understandin
g of the 
current 
businesses 
that operate 
in Namtu is 
not well 
understood 

 Uncertainty 
regarding the 
magnitude of 
consequent 
impacts of 
businesses 
economic 
stimulus and 
the flow on 
effects to 
local and 
regional 
economies 

 Success of 
the proposed 
Community 
Development 
Plans is 
assumed 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Lashio – 
Impact Zone 
6 – Business 
sectors 
providing 
goods and 
services 

 Low 
sensitivi
ty 

Medium 
(positive) 
magnitude 

 Low 
spatial 
extent 

 High 
severity 

 High 
duration 

Positive 
(low) 

Business 
opportunities 
may lead to 
regional 
economic 
benefits. 
Larger 
contracts may 
be source 
from 
businesses in 
Lashio, 
benefitting a 
small number 
of businesses 
that can 
provide 
goods and 
services to 
the project 
over tis 
lifetime.  

Medium  

 Regional 
economic 
benefits will 
to a large 
degree 
depend on 
the location 
of successful 
contracting 
companies, 
which is not 
yet known. 

Loss of 
access to 
land/resourc
es for 
livelihood 
purposes 

Bawdwin 
village 
communities 
– Impact 
Zone 1a – 
Access to 
productive 
agricultural 
land and 
scavenging 
sites 

 Low 
sensitivi
ty 

Medium 
magnitu
de 

 High 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

Low The majority 
of people will 
be affected 
due to 
resettlement 
associated 
with the 
project. This 
will result in 
loss of 
current land 
and the 
provision of 
access to 
alternative 
land in the 
resettlement 
location. 
Disruption to 
livelihoods as 
a result of 
loss of land 
will occur 
until the 
alternative 
land provides 
similar 
produce and 
livelihood 
security. 

High 

 Given the 
stage of 
resettlement 
planning 
there is a 
high degree 
of uncertainty 
associated 
with 
livelihood 
restoration. 

 The 
assessment 
assumes that 
access to 
adequate 
cultivatable 
land is 
available at 
the relocation 
site for 
resettled 
communities. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Loss of 
access to 
land/resourc
es for 
livelihood 
purposes 

Bawdwin 
farm 
communities 
– Impact 
Zone 1b – 
Access to 
productive 
agricultural 
land and 
scavenging 
sites 

 High 
sensitivi
ty 

Constructio
n and 
operations 

Medium 
magnitu
de 

 Very 
high 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

High All 
households 
will be 
affected due 
to 
resettlement 
associated 
with the 
project and 
the 
dependence 
on agriculture 
for 
livelihoods. 
This will 
result in loss 
of current 
land and the 
provision of 
access to 
alternative 
land in the 
resettlement 
location. 
Disruption to 
livelihoods as 
a result of 
loss of land 
will occur 
until the 
alternative 
land provides 
similar 
produce and 
livelihood 
security. 

High 

 Given the 
stage of 
resettlement 
planning 
there is a 
high degree 
of uncertainty 
associated 
with 
livelihood 
restoration. 

 The 
assessment 
assumes that 
access to 
adequate 
cultivatable 
land is 
available at 
the relocation 
site for 
resettled 
communities. 

Loi Mi 
community – 
Impact Zone 
1c – Access 
to productive 
agricultural 
land and 
scavenging 
sites 

If resettled Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

High The 
development 
of the project 
may impact 
on existing 
land use and 
potential for 
access 
constraints 
due to the 
project, such 

High 

 There is a 
high degree 
of uncertainty 
regarding 
potential dust 
impacts from 
the project 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

 High 
sensitivi
ty 

If not 
resettled 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

High as from 
increased 
dust 
deposition. If 
receptors 
within the 
Bawdwin 
concession 
area are 
resettled this 
impact will 
be limited to 
1 to 2 years 
prior to 
resettlement, 
however if 
not resettled, 
the impact 
may extend 
throughout 
the lifetime 
of the mine.  

Loss of 
access to 
land/resourc
es for 
livelihood 
purposes 

Nam 
Pangyun 
valley 
(permanent 
residents that 
live along 
the river 
with 
subsistence 
agricultural 
livelihoods) 
– Impact 
Zone 4a – 
Access to 
productive 
agricultural 
land and 
scavenging 
sites 

 High 
sensitivi
ty 

Constructio
n and 
operations 

Low 
magnitu
de 

 High 
spatial 
extent 

 Low 
severity 

 Low 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

Moderate Most 
households 
will be 
affected due 
to temporary 
loss of access 
to land 
associated 
with the 
project and 
their 
subsistence 
agriculture 
livelihoods. 
Disruption to 
livelihoods as 
a result of 
loss of access 
to land will 
probably be 
limited to 
during 
construction 
of the Namtu 
– Tiger Camp 
road. 

High 

 There has not 
been detailed 
investigation 
and 
documentatio
n regarding 
the details of 
inhabitants 
along the 
Nam 
Pangyun 
valley. 
Estimates 
regarding the 
number and 
location of 
residences 
has been 
based on 
analysis of 
satellite 
imagery.  



Bawdwin Project/ Environmental Impact Assessment Report 

 

Chapter 6  E Guard Environmental Services |  6-517

 

Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Loss of 
access to the 
Nam 
Pangyun 
river bed for 
fossicking 
for mineral 
waste 

Nam 
Pangyun 
valley 
(temporary 
occupants 
that fossick 
within the 
Nam 
Pangyun 
river bed 
during the 
dry season) – 
Impact Zone 
4b– Access 
to productive 
agricultural 
land and 
scavenging 
sites 

 High 
sensitivi
ty 

Constructio
n and 
operations 

Low 
magnitu
de 

 Medium 
spatial 
extent 

 Low 
severity 

 Low 
duration 

 Livelihood 
restoration 
and 
compensatio
n measures in 
accordance 
with the 
Land Access 
and 
Resettlement 
Plan 

Moderate A portion of 
residents will 
be affected 
due to 
temporary 
loss of access 
to the Nam 
Pangyun and 
subsequent 
inability to 
fossick and 
partake in 
artisanal 
mining 
activities. 
Disruption to 
livelihoods as 
a result of 
loss of access 
to land will 
probably be 
limited to 
during 
construction 
of the Namtu 
– Tiger Camp 
road. 

High  

 There is a 
high degree 
of uncertainty 
regarding the 
livelihoods 
and land use 
of artisanal 
miners along 
the Nam 
Pangyun 

Adverse 
physical 
living 
conditions 
as a result of 
project 
construction 
activities 

 

Tiger Camp 
Village and 
surrounding 
rural farms 
prior to 
resettlement 
– Impact 
Zone 1 - 
Living 
conditions 
and 
infrastructur
e 

 High 
sensitivi
ty 

Constructio
n and 
operations, 
prior to 
resettlemen
t 

Medium 
magnitu
de 

 Very 
high 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
of 
infrastructure 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

High Most 
residents are 
expected to 
be impacted 
by increased 
dust, noise 
and traffic 
during 
construction. 
This will 
impact the 
existing 
amenity, 
convenience 
and 
liveability 
during this 
time. 

Medium 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Adverse 
physical 
living 
conditions 
as a result of 
project 
construction 
activities 

 

Bawdwin 
Lower 
Village and 
surrounding 
farms prior 
to 
resettlement 
– Impact 
Zone 1 - 
Living 
conditions 
and 
infrastructur
e 

 Medium 
sensitivi
ty 

Constructio
n and 
operations, 
prior to 
resettlemen
t 

High 
magnitu
de 

 Very 
high 
spatial 
extent 

 High 
severity 

 Medium 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
of 
infrastructure 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

High Most 
residents are 
expected to 
be impacted 
by increased 
dust, noise 
and traffic 
during 
construction 
and 
operations 
until 
resettled. 
This will 
have a high 
severity 
impact to the 
existing 
amenity, 
convenience 
and 
liveability 
during this 
time, as the 
village is 
located in 
close 
proximity to 
the mine.  

Medium 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 

 

Loi Mi 
village – 
Impact Zone 
1c – Living 
conditions 
and 
infrastructur
e 

  
Medium 
sensitivi
ty 

If resettled Medium 
magnitude 

 Medium 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

Moderate Some 
residents of 
Loi Mi may 
experience 
increased 
dust, noise 
and access 
constraints 
during 
construction 
and operation 
of the project, 
particularly 
related to 
TSF-B which 
is the closest 
project 
infrastructure.  
If receptors 
within the 
Bawdwin 
concession 
area are 
resettled, the 
impact will 
only occur 
for a limited 
period until 
this occurs.  

High 

 Uncertainty 
whether this 
community 
will be 
exposed to 
project 
generated 
dust and what 
noise 
conditions 
will be like 

If not 
resettled 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Low 
severity 

 High 
duration 

Moderate 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Improved 
physical 
living 
conditions 
for resettled 
Bawdwin 
communities 

Bawdwin 
villages 
(upper and 
lower), Tiger 
Camp 
village and 
surrounding 
farms 
including 
Nam La 
farms 
following 
resettlement 
– Impact 
Zone 1 - 
Living 
conditions 
and 
infrastructur
e 

 High 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

High 
(positive
) 
magnitu
de 

 Very 
high 
spatial 
extent 

 Medium 
severity 

 Very 
high 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
of 
infrastructure 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan 

Positive 
(major) 

Once 
resettled, 
living 
conditions are 
expected to 
improve due 
to the 
resettlement 
commitments 
surrounding 
housing and 
improved 
essential 
services. The 
entire 
resettled 
population 
will benefit 
from 
improved 
living 
conditions, 
which will 
provide long 
term value. 

High  

 A 
resettlement 
location has 
not been 
chosen.  

 Realised 
benefits will 
be heavily 
influenced by 
the success of 
constructive 
participation 
and 
engagement, 
planning and 
implementati
on of the 
resettlement 
program.  

Adverse 
effects of 
traffic in 
terms of 
delays, 
access and 
amenity  

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 - Living 
conditions 
and 
infrastructur
e 

 Medium 
sensitivi
ty 

Constructio
n 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

Low Most of this 
receptor 
group will be 
impacted by 
adverse 
traffic 
changes for 
the life of the 
mine, 
however, this 
will have a 
limited effect 
on living 
conditions. 
There is 
likely to be 
some 
increased 
traffic during 
construction, 
particularly 
during 
construction 
of the process 
plant, as the 
Namtu-
Manton Road 
will be 
diverted to 
enable this, 
which may 
result in 
increased 
truck traffic.  

High 

 The level of 
use of the 
Namtu – 
Manton Road 
is uncertain.  

 There is 
some 
potential 
opportunity 
following the 
implementati
on of a 
Community 
Investment 
Plan and 
from broader 
regional 
economic 
stimulus as a 
result of the 
project has 
not been 
formally 
assessed due 
to the degree 
of uncertainty 
as to whether 
this benefit 
would be 
realised. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Changes in 
physical 
living 
conditions 
for residents 
of Namtu 
due to 
changes in 
living 
conditions 

Namtu town 
– Impact 
Zone 3 - 
Living 
conditions 
and 
infrastructur
e 

 Medium 
sensitivi
ty 

Constructio
n and 
operations 

Low 
magnitu
de 

 Medium 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan 

 Measures to 
limit the 
effects of in-
migration 

Low Namtu may 
benefit from 
improved 
living 
conditions 
due to 
increased 
income and 
business 
opportunities 
associated 
with the 
project, 
however, 
may be 
affected over 
the life of the 
mine by 
increased 
project-
related traffic 
and increased 
population 
due to 
resettlement 
and potential 
in-migration. 

High  

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 

Adverse 
effects of 
traffic in 
terms of 
delays, 
access and 
amenity  

 

Nam 
Pangyun 
valley – 
Impact Zone 
4 - Living 
conditions 
and 
infrastructur
e 

Medium 
sensitivity 

Constructio
n and 
operations 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

Moderate Residents 
immediately 
adjacent to 
the Namtu – 
Tiger Camp 
road will be 
impacted by 
its 
construction 
and use over 
the life of the 
mine. 
Amenity will 
be reduced by 
increased 
noise and 
exhaust 
emissions.  

High  

 Due to access 
and security 
concerns at 
the time of 
the socio-
economic 
field survey 
this area, 
there has not 
been detailed 
investigation 
and 
documentatio
n regarding 
the details of 
inhabitants 
along the 
Nam 
Pangyun 
valley 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Export 
corridor – 
Impact Zone 
5 - Living 
conditions 
and 
infrastructur
e 

Medium 
sensitivity 

Operations Medium 
magnitu
de 

 Low 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan, Air 
Quality 
Management 
Plan and 
Noise and 
Vibration 
Management 
Plan 

Moderate Export of 
concentrate 
will result in 
an increase in 
truck traffic 
along the 
Namtu-
Manton road 
between 
Namtu and 
the 
intersection 
with National 
Highway 3 
during 
operations. 
This will 
affect 
residents 
close to the 
road in the 
villages along 
this route by 
causing an 
increase in 
noise and 
exhaust 
emissions. 

Medium 

 There is an 
absence of air 
quality 
modelling 
and limited 
baseline data 
collection for 
this receptor 

Reduced 
visual 
amenity 
through 
construction 
and 
operation of 
the project. 

Bawdwin 
Lower 
Village, 
Tiger Camp 
Village and 
farms within 
the Bawdwin 
concession 
area prior to 
resettlement 
– Impact 
Zone 1 – 
Living 
conditions 
and 
infrastructur
e 

 Medium 
sensitivi
ty 

Constructio
n and 
operations, 
prior to 
resettlemen
t 

Medium 
magnitude 

 High 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan 

Moderate The project 
will result in 
large-scale, 
permanent 
modification 
of landforms, 
increased use 
of artificial 
lighting and 
increased 
numbers of 
heavy 
vehicles 
impacting 
visual 
amenity. The 
impact will 
affect the 
majority of 
residents 
until 
resettlement 
has occurred. 

Medium 

 Perceptions 
of 
communities 
to visual 
changes of 
the Bawdwin 
concession 
area are not 
well 
understood. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area (Namtu 
to Manton 
Road) –
Impact Zone 
2 – Living 
conditions 
and 
infrastructur
e 

 Medium 
sensitivi
ty 

Low 
magnitude 

 Low 
spatial 
extent 

 Very 
low 
severity 

 High 
duration 

 Implementati
on of the 
Traffic 
Management 
Plan 

Low The project 
will result in 
large-scale, 
permanent 
modification 
of landforms, 
increased use 
of artificial 
lighting and 
increased 
numbers of 
heavy 
vehicles 
which may 
have an 
impact visual 
amenity. 
Permanent 
residents may 
be impacted 
by this 
change, but 
the impact to 
people using 
the road will 
only be 
impacted for 
a short period 
as they travel 
through. 

Medium 

 Changes to 
the visual 
landscape as 
a result are 
well 
understood 

 The impacts 
of altered 
visual 
amenity on 
people or 
groups will 
vary due to 
the subjective 
nature of 
visual 
amenity. 

Altered 
governance 
as a result of 
resettlement 
for the 
project 

Bawdwin 
and Tiger 
Camp 
communities 
– Impact 
Zone 1 - 
Governance 
in the form 
of 
democratical
ly elected 
leaders to 
represent 
communities 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Low 
magnitude 

 Medium 
spatial 
extent 

 Low 
severity 

 Very 
high 
duration 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan 

Low Some 
residents will 
be impacted 
by altered 
governance 
once 
resettled, and 
each 
individual is 
likely to be 
affected 
differently. 
Overall, 
while the 
impact will 
extend 
indefinitely, 
the impact is 
low as 
changes 
would be 
expected to 
be 
determined 
democraticall
y 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Altered 
social 
cohesion as 
a result of 
the project 

Resettled 
Bawdwin 
and Tiger 
Camp 
communities 
– Impact 
Zone 1 - 
Social 
cohesion 
within and 
between 
communities 

 High 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan 

High A notable 
portion of the 
Bawdwin 
communities 
may be 
impacted by 
changes to 
social 
cohesion 
once 
resettled. 
Individuals 
will be 
affected 
differently, 
and hostility 
caused by 
changes to 
social 
cohesion are 
predicted to 
dissipate over 
time. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 

Altered 
social 
cohesion as 
a result of 
the project 
and 
resettling of 
Bawdwin 
communities 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 - Social 
cohesion 
within and 
between 
communities 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan 

 Development 
and 
implementati
on of a local 
Community 
Development 
Plan that 
supports the 
presence of 
religious 
communities 
in proximity 
to the 
Bawdwin 
concession 
area 

Low The 
resettlement 
of Bawdwin 
communities 
and 
subsequent 
removal of 
social links to 
Bawdwin 
may cause 
changes to 
social 
cohesion that 
impacts some 
residents 
within the 
surrounding 
villages. 
Individuals 
will be 
affected 
differently, 
and hostility 
caused by 
changes to 
social 
cohesion are 
predicted to 
dissipate over 
time. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Namtu town 
– Impact 
Zone 3 - 
Social 
cohesion 
within and 
between 
communities 

 Medium 
sensitivi
ty 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan 

Moderate A notable 
portion of the 
Namtu 
community 
may be 
impacted by 
changes to 
social 
cohesion if 
Bawdwin 
communities 
are resettled 
in Namtu. 
Individuals 
will be 
affected 
differently, 
and hostility 
caused by 
changes to 
social 
cohesion are 
predicted to 
dissipate over 
time. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 

 

Reduced 
personal and 
community 
wellbeing as 
a result of 
resettlement 
and in-
migration 
generated by 
the project 

Bawdwin 
and Tiger 
Camp 
communities 
– Impact 
Zone 1 – 
Social 
wellbeing 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Measures to 
limit the 
effects of in-
migration 

 Implementati
on of a 
workers 
Code of 
Conduct 

Moderate A notable 
portion of the 
community 
will 
experience 
impaired 
social 
wellbeing 
throughout 
operations as 
a result of 
resettlement 
and in-
migration. 
Individuals 
will be 
affected 
differently, 
and effects on 
social 
wellbeing are 
predicted to 
dissipate over 
time. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
personal and 
community 
wellbeing as 
a result of 
resettlement 
and in-
migration 
generated by 
the project 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 – Social 
wellbeing 

 Medium 
sensitivi
ty 

Constructio
n and 
operations, 
following 
resettlemen
t  

 

Low 
magnitude 

 Low 
spatial 
extent 

 Very 
low 
severity 

 High 
duration 

 Measures to 
limit the 
effects of in-
migration 

 Implementati
on of a 
workers 
Code of 
Conduct 

Low A small 
portion of the 
community 
may 
experience 
impaired 
social 
wellbeing 
throughout 
operations as 
a result of in-
migration of 
people 
seeking work. 
This is likely 
to be minor 
as job-seekers 
are more 
likely to be 
attracted to 
Namtu where 
recruitment 
and training 
is likely to be 
based. 

Medium 

 There is 
reasonable 
uncertainty 
regarding the 
extent of 
potential in-
migration, as 
it is outside 
the control of 
WMM. 

Reduced 
personal and 
community 
wellbeing 
due to in-
migration 
and influx of 
mine 
workers 

Namtu town 
– Impact 
Zone 3 – 
Social 
wellbeing 

 Medium 
sensitivi
ty 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Measures to 
limit the 
effects of in-
migration 

 Implementati
on of a 
workers 
Code of 
Conduct 

Moderate A small 
portion of the 
community 
may 
experience 
impaired 
social 
wellbeing 
throughout 
operations as 
a result of in-
migration of 
people 
seeking work. 
This is likely 
to be minor 
as while job-
seekers will 
be attracted 
to Namtu 
where 
recruitment 
and training 
is likely to be 
based, WMM 
will work 
with the 
GAD to 
manage 
administrativ
e governance 
and a Code of 
Conduct will 
be 
implemented 
for workers. 

Medium 

 There is 
reasonable 
uncertainty 
regarding the 
extent of 
potential in-
migration, as 
it is outside 
the control of 
WMM. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Reduced 
personal and 
community 
wellbeing of 
inhabitants 
as a result of 
in-migration 
generated by 
the project 

Residents of 
Nam 
Pangyun 
valley – 
Impact Zone 
4 – Social 
wellbeing 

 Medium 
sensitivi
ty 

Low 
magnitude 

 Low 
spatial 
extent 

 Very 
low 
severity 

 High 
duration 

 Measures to 
limit the 
effects of in-
migration 

Low A small 
portion of the 
community 
may 
experience 
impaired 
social 
wellbeing 
throughout 
operations as 
a result of in-
migration of 
people 
seeking work 
in nearby 
communities. 

High  

 There has not 
been detailed 
investigation 
and 
documentatio
n regarding 
the details of 
inhabitants 
along the 
Nam 
Pangyun 
valley. 

 There is 
reasonable 
uncertainty 
regarding the 
extent of 
potential in-
migration, as 
it is outside 
the control of 
WMM. 

Loss or 
reduction of 
social 
identity as a 
result of 
resettlement 

Bawdwin 
and Tiger 
Camp 
communities 
– Impact 
Zone 1 – 
Social 
identity 

 High 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Medium 
magnitude 

 Low 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Establish a 
museum and 
cultural 
centre that 
promotes the 
history and 
culture of the 
Bawdwin 
operation 
(see Section 
6.9 cultural 
heritage).  

 Interview 
and record 
the history of 
the Bawdwin 
mine from 
current 
Bawdwin 
residents.  

 Maximise 
local 
employment, 
which is 
likely to 
include 
employment 
that is linked 
to 
preservation 
and 
maintenance 
of cultural 
heritage 
relating to 
the mine 

High The social 
identity of 
some 
residents of 
Bawdwin and 
Tiger Camp 
may be 
impacted by 
the project 
due to 
resettlement 
that may 
cause a sense 
of loss, 
changes in 
the current 
form of the 
mine, and 
impacts to 
cultural sites. 
The impact 
can be partly 
remedied by 
the 
implementati
on of 
management 
measures. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Negative 
effects on 
women and 
other 
vulnerable 
groups as a 
result of the 
project 

Women and 
vulnerable 
groups in the 
Bawdwin 
and Tiger 
Camp 
communities 
– Impact 
Zone 1 – 
Social 
equality 

 Medium 
sensitivi
ty 

Constructio
n. 
Operations, 
following 
resettlemen
t 

Medium 
magnitude 

 Medium 
spatial 
extent 

 Medium 
severity 

 High 
duration 

 Implementati
on of a 
workers 
Code of 
Conduct 

 All job 
applications 
will be 
assessed 
equally, 
irrespective 
of the gender 
of the 
applicant 

Moderate Some women 
or vulnerable 
groups within 
the 
communities 
may 
experience 
impaired 
social and 
physical 
wellbeing 
over the mine 
life as a result 
of inequality 
and mining 
development. 

Medium 

 The success 
of 
management 
measures has 
been 
assumed 
however 
WMM will 
have limited 
influence 
over 
employees in 
private 
residences, 
contractors 
and 
subcontractor
s 

Impaired 
access to 
health 
services for 
villages 
surrounding 
the 
Bawdwin 
Concession 
due to 
resettling of 
Bawdwin 
communities 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 – Access 
to medical 
and health 
facilities 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Medium 
magnitu
de 

 Low 
spatial 
extent 

 Medium 
severity 

 Very 
high 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
or expansion 
of health 
services 

Moderate These 
communities 
will be 
impacted by 
the removal 
of health 
services in 
Bawdwin, as 
there is a 
degree of 
dependence 
on Bawdwin 
for these 
services. 
While these 
facilities will 
be 
permanently 
removed and 
there is a lack 
of available 
facilities 
nearby, 
WMM plan 
to work with 
the district 
authority to 
implement a 
plan to 
minimise the 
severity of 
this impact. 

High  

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 

 There is 
some 
uncertainty 
regarding the 
project’s 
investment 
priorities as 
the 
Community 
Investment 
Plan is yet to 
be developed 
and will 
require 
consultant 
with the 
relevant 
district 
administratio
ns. The 
investment 
priorities are 
likely to 
include 
provision of 
health 
services 
however the 
nature, extent 
and 
responsibiliti
es are yet to 
be defined. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Impaired 
access to 
health 
services due 
to increased 
demand 
pressure 
from 
resettled 
populations 

Namtu town 
– Impact 
Zone 3 – 
Access to 
medical and 
health 
facilities 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Low 
magnitu
de 

 Very 
low 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
or expansion 
of health 
services 

Low Once 
Bawdwin 
communities 
are resettled 
there may be 
increased 
pressure on 
health 
services is 
Namtu as a 
result of the 
increased 
population. 
This may be a 
long term 
impact to 
residents of 
Namtu , 
however may 
be offset by a 
greater 
proportion of 
the 
population 
being 
employed by 
the mine and 
being eligible 
for private 
healthcare. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 

 There is 
some 
uncertainty 
regarding the 
project’s 
investment 
priorities as 
the 
Community 
Investment 
Plan is yet to 
be developed 
and will 
require 
consultant 
with the 
relevant 
district 
administratio
ns. The 
investment 
priorities are 
likely to 
include 
provision of 
health 
services 
however the 
nature, extent 
and 
responsibiliti
es are yet to 
be defined. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Impaired 
access to 
education 
facilities for 
villages in 
tracts 
adjoining 
the 
Bawdwin 
Concession 
due to 
resettling of 
Bawdwin 
communities 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 – Access 
to schools 
and training 
facilities 

 Medium 
to high 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Low 
magnitude 

 Low 
spatial 
extent 

 Low 
severity 

 Very 
high 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
improvement 
or expansion 
of education 
services 

Moderate 
to low 

The 
surrounding 
villages may 
be impacted 
by the 
removal of 
education 
facilities in 
Bawdwin and 
Tiger Camp, 
as around 
20% of 
students in 
Bawdwin and 
Tiger Camp 
travel to 
attend the 
schools there 
from nearby 
villages. 
While these 
facilities will 
be 
permanently 
removed and 
there is a lack 
of available 
facilities 
nearby, 
WMM plan 
to work with 
the district 
authority to 
implement a 
plan to 
minimise the 
severity of 
this impact. 

High  

 Resettlement 
planning and 
community 
development 
planning is at 
the early 
stages. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Impaired 
access to 
religious 
support due 
to the 
relocation or 
rebuilding of 
places of 
worship in 
Bawdwin 

Bawdwin 
communities 
– Impact 
Zone 1 - 
Access to 
places of 
worship and 
religious 
support 

 High 
sensitivi
ty 

Constructio
n, during 
resettlemen
t 

Low 
magnitu
de 

 Very 
high 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Implementati
on of the 
Land Access 
and 
Resettlement 
Plan, 
including 
measures 
surrounding 
relocation of 
religious 
institutions 

 Development 
and 
implementati
on of a 
Community 
Development 
Plan 

Moderate As a result of 
the project, 
several 
religious 
institutions 
will need to 
be re-
established 
during 
resettlement. 
Individuals in 
these 
communities 
may 
experience a 
sense of loss 
or anxiety 
associated 
with this 
process. 
While some 
effects will 
be restricted 
to the 
relocation 
phase, effects 
associated 
with 
separation 
may be 
longer-term 
and extend 
over at least 
one 
generation. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 

 There is a 
degree of 
uncertainty 
surrounding 
where 
religious 
institutions 
will be 
relocated to.  

 Detailed 
procedures 
for relocation 
have not yet 
been 
developed. 

Impaired 
access to 
religious 
institutions 
and support 
for residents 
villages in 
tracts 
adjoining 
the 
Bawdwin 
concession 
from closure 
of places of 
worship  

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 - Access to 
places of 
worship and 
religious 
support 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

High 
magnitu
de 

 Very 
high 
spatial 
extent 

 Medium 
severity 

 Medium 
to very 
high 
duration 

  

 Development 
and 
implementati
on of a local 
Community 
Development 
Plan that 
supports the 
presence of 
religious 
communities 
in proximity 
to the 
Bawdwin 
concession 
area 

High The 
surrounding 
villages may 
be impacted 
by the 
removal of 
religious 
institutions in 
Bawdwin and 
Tiger Camp, 
causing a 
sense of loss 
and anxiety. 
These 
facilities will 
be 
permanently 
relocated, and 
the impacts 
may be 
permanent 
depending on 
the location 
of the re-
established 
institutions.  

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 

 There is a 
degree of 
uncertainty 
surrounding 
where 
religious 
institutions 
will be 
relocated to.  

 Detailed 
procedures 
for relocation 
have not yet 
been 
developed. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Impaired 
access to 
places of 
worship due 
to increased 
demand 
pressure 
from 
resettled 
populations 

Namtu town 
– Impact 
Zone 3 - 
Access to 
places of 
worship and 
religious 
support 

 Medium 
sensitivi
ty 

After 
resettlemen
t 

Very low 
magnitu
de 

 Very 
low 
spatial 
extent 

 low 
severity 

 Medium 
to very 
high 
duration 

 Development 
and 
implementati
on of a 
Community 
Development 
Plan 

Very low Once 
Bawdwin 
communities 
are resettled 
there may be 
increased 
pressure on 
religious 
institutions in 
Namtu as a 
result of the 
increased 
population. 
While some 
effects will 
be restricted 
to the 
relocation 
phase, effects 
associated 
with 
increased 
demand for 
existing 
institutions 
may be 
longer-term 
and extend 
over at least 
one 
generation. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 

 There is a 
degree of 
uncertainty 
surrounding 
where 
religious 
institutions 
will be 
relocated to.  

 Detailed 
procedures 
for relocation 
have not yet 
been 
developed. 

Improved 
access to 
commercial 
services 
from the 
relocation 
site for 
resettled 
Bawdwin 
communities 

Bawdwin 
concession 
area villages 
– Impact 
Zone 1 - 
Access to 
commercial 
services 

 Medium 
sensitivi
ty 

After 
resettlemen
t 

Low 
(positive
) 
magnitu
de 

 High 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Develop and 
implement a 
Business 
Development
, Supply and 
Procurement 
Management 
Plan, which 
shall include 
aim to 
maximise 
local 
business 
contracts for 
goods and 
services 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
business 
development 

Positive 
(low) 

If the 
communities 
are resettled 
to near 
Namtu they 
will have 
improved 
access to 
commercial 
services. 

High 

 Resettlement 
planning is at 
the early 
stages and a 
resettlement 
location has 
not been 
chosen. 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase  

Impact 
magnitude 

Key 
management 
measure(s) 

Impact 
significan
ce 

Justification 
for impact 
significance 

Uncertainty 

Impaired 
access to 
commercial 
services for 
villages in 
tracts 
adjoining 
the 
Bawdwin 
concession 
area due to 
resettling of 
Bawdwin 
communities 

Villages in 
tracts 
adjoining the 
Bawdwin 
concession 
area – 
Impact Zone 
2 - Access to 
commercial 
services 

 Medium 
sensitivi
ty 

All phases, 
following 
resettlemen
t 

Low 
magnitu
de 

 Very 
high 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Development 
and 
implementati
on of 
Community 
Development 
Plan, which 
is anticipated 
to include 
focus on 
business 
development 

Low The villages 
in tracts 
adjoining 
Bawdwin 
have limited 
access to 
alternative 
commercial 
services due 
to distance 
and expense. 
While most 
people will 
be impacted, 
it is expected 
that they will 
adjust to 
changes over 
a 1-2 year 
period, 
particularly 
considering 
the 
implementati
on of a 
regional 
Community 
Development 
Program.  

Medium 

 Understandin
g of the 
current 
businesses 
that operate 
in these 
villages is not 
well 
understood. 
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6.10.5  Uncertainties and further work 
This section outlines the key uncertainties associated with the impact assessment and outlines recommended 
further work to address uncertainties. 

The key uncertainties are associated with: 

 Resettlement planning is at the early stages and a location for resettlement has not been chosen. The Outline 
of the Land Access and Resettlement Plan (Appendix 4) has been prepared that will guide resettlement 
planning into the next stages. Potential relocations are currently being identified and assessed, which will 
then be presented for discussion with communities and Government agencies as part of further development 
of a Land Access and Resettlement Plan. 

 Of the four study areas (Bawdwin, Namtu, regional villages, Shan State regional villages), only Bawdwin 
and Namtu communities participated in detailed socio-economic surveys. Consequently, there is a focus on 
these communities (also since they are in the highest zone of project influence) and details regarding the 
socio-economic environment of the artisanal miners and other inhabitants of Nam Pangyun Valley and 
regional villages (including those along the export route) have not been captured to the same extent. 

 The extent of project-related regional economic stimulus, as it is largely dependent on the location of 
successful contracting companies which is not yet known. 

 Perceptions of communities to visual changes of the Bawdwin concession area. 

 The extent of potential in-migration, as it is outside the control of WMM. 

 The limited influence WMM will have over employees’ behaviour while offsite and in private residences, 
contractors and subcontractors. 

 Which religious support venues and services will be re-established, detailed procedures for how the re-
establishment is undertaken and where they will be relocated to.  

Further work required to address these uncertainties is outlined in Table 6.247 and the relevant sections of the 
impact assessment (as indicated in Table 6.247). 

Table 6.247 Uncertainties and further work in respect of social impacts 

Uncertainty Further work required Purpose Assumption 

Resettlement planning is at the 
early stages and a location for 
resettlement has not been chosen.  

Given the current stage of 
resettlement planning there is a 
high degree of uncertainty 
associated with livelihood 
restoration 

The Outline of the Land 
Access and Resettlement 
Plan (Appendix 4) has been 
prepared that will guide 
resettlement planning into 
the next stages. Potential 
relocations are currently 
being identified and 
assessed, which will then be 
presented for discussion 
with communities and 
Government agencies as 
part of further development 
of a Land Access and 
Resettlement Plan. 

To identify resettlement 
locations.  

To determine whether 
the resettlement location 
will have access to 
adequate cultivatable 
land. 

The assessment assumes 
the resettlement location 
will be near Namtu. 

The assessment assumes 
that access to adequate 
cultivatable land is 
available at the 
relocation site for 
resettled communities. 

The assessment assumes 
success of constructive 
participation and 
engagement, planning 
and implementation of 
the resettlement program. 
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Uncertainty Further work required Purpose Assumption 

Details regarding the socio-
economic environment of the 
artisanal miners and other 
inhabitants of Nam Pangyun 
Valley and regional villages 
(including those along the export 
route) have not been captured to 
the same extent as other study 
areas (Bawdwin, Namtu, regional 
villages, Shan State regional 
villages). 

WMM will commit to 
undertaking further socio-
economic assessments 
during pre-construction 
planning. 

Detailed inventory and 
baseline surveys will be 
conducted as part of the 
resettlement program. 

To develop of 
mitigation measures for 
any anticipated impacts 
from road construction 
and operations. 

To set the baseline on 
which monitoring can 
be based. 

Estimates regarding the 
number and location of 
Nam Pangyun residences 
has been based on 
analysis of satellite 
imagery. 

The extent of project-related 
regional economic stimulus, as it 
is largely dependent on the 
location of successful contracting 
companies and detailed 
procurement plan which is not yet 
known. 

Develop the Business 
Development, Supply and 
Procurement Plan  

To develop the plan 
which will seek to 
maximise the 
opportunities for local, 
state and national 
companies to contract to 
WMM, subject to 
meeting cost and quality 
considerations. 

The success of the 
proposed Community 
Development Plans is 
assumed at this stage as 
the plans have not yet 
been developed. 

Perceptions of communities to 
visual changes of the Bawdwin 
concession area. 

WMM will commit to 
undertaking further socio-
economic assessments 
during pre-construction 
planning  

To develop mitigation 
measures for any 
anticipated impacts 
from road construction 
and operations. 

The impact assessment 
assumes receptors are 
sensitive to changes in 
visual amenity and the 
degree of change. 

The extent of potential in-
migration, as it is outside the 
control of WMM. 

Ongoing engagement with 
the GAD. 

To manage 
administrative 
governance. 

The impact assessment 
assumes in-migration 
will primarily be to 
Namtu as this is where 
WMM administration 
responsible for 
recruitment and training 
is likely to be based. 

Which religious support venues 
and services will be re-
established, detailed procedures 
for how the re-establishment is 
undertaken and where they will 
be relocated to is not yet known.  

Development of a Land 
Access and Resettlement 
Plan and detailed 
Resettlement Action 
Plan(s). 

WMM will engage with 
relevant directly affected 
communities and other 
stakeholders, including 
township / district / state / 
national government and 
external parties 

To identify community 
investment priorities as 
part of its community 
development planning 
process. 

Re-establishment of 
religious institutions will 
be undertaken in 
consultation with 
relevant stakeholders and 
follow appropriate 
cultural practices and 
norms. 

Concentrations and compositions 
of dust and gaseous emissions, 
and contaminants in dust and the 
level of dust deposition at 
receptors 

Further work to address 
uncertainties regarding air 
quality impacts, as outlined 
in Table 6.119.  

 

To quantify exposure to 
environmental hazards 
impact via air exposure 
pathways 

 

Qualitative assessment 
adopting recommended 
separation distances  

 

Level and distance of noise and 
vibrations emissions are not 
known 

Further work to address 
uncertainties regarding 
noise impacts, as outlined in 
Table 6.145. 

To quantify the sound 
levels at receptors 

Noise emission levels 
were estimated based on 
literature values and the 
inverse square law. 

6.10.6 Monitoring  
WMM will establish procedures to monitor and measure the effectiveness of the environmental and social 
management plan, as well as compliance with any related legal and/or contractual obligations and regulatory 
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requirements. The monitoring will be undertaken on a participatory basis with communities and in collaboration 
with government agencies. The monitoring program will be focussed on key social indicators, which are likely to 
include: 

 General population and demographics. 

 Social wellbeing, health and nutrition. 

 School attendance. 

 Economic and livelihood indicators such as employment, household income and business turnover. 

 Physical housing conditions. 

 Access to essential services.  

 Worker and public grievances. 

Monitoring specific to resettlement will be developed as part of the detailed Resettlement Action Plan(s). The 
monitoring program will cover all stages of resettlement, and will probably include: 

 Process monitoring, such as tracking of resettlement program expenditure and resource use, number of people 
relocated and number of people receiving compensation and type of compensation. 

 Impact monitoring to indicate whether implementation of the resettlement program is effective, unintended 
impacts have occurred or if corrective measures are required. 

Completion audit to assess whether the objectives of the resettlement program have been met or if further work is 
required. 

6.11 Health impact assessment 

6.11.1 Approach to impact assessment 
This chapter assesses the project impacts to community and occupational health values. 

The health impact assessment method adopted in this chapter is a significance assessment. This approach assesses 
the potential significance of impacts by considering the sensitivity of community and occupational health values 
to change, and the magnitude of change that they are predicted to experience as a result of project-related activities. 

The assessment is based on the framework in the IFC Good Practice publication, Introduction to Health Impact 
Assessment (IFC, 2009) which lists environmental health aspects for consideration, including: 

 Exposure to potentially hazardous materials. 

 Accidents and injuries (e.g., traffic accidents, injuries or fatalities from mine blasting operations). 

 Soil- and water-sanitation–related diseases. 

 Health services infrastructure and capacity. 

 Respiratory and housing issues (including respiratory effects from housing and overcrowding). 

 Food- and nutrition-related issues. 

 Non-communicable diseases (e.g., hypertension, diabetes, stroke, heart disease, cancer and mental health). 

 Sexually transmitted infections. 

 Vector-related diseases (such as malaria, dengue fever and lymphatic filariasis). 
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 Social determinants of health. 

 Veterinary medicine and zoonotic issues (i.e., diseases transmissible from animals to humans). 

 Cultural health practices. 

While veterinary medicine and zoonotic issues and cultural health practices were considered, such impact 
pathways from the project, either directly or indirectly, were not considered to be credible and therefore were not 
assessed. 

The sensitivity of communities is based on:  

 The importance of health to the community. 

 The vulnerability of the community with consideration of baseline exposures and potentially sensitive sub-
populations (e.g., children and women of childbearing age).  

 How resilient the health of each population is if exposures to contaminants or hazards were to increase.  

The magnitude of project related hazards is assessed on the proportion of the community likely to be impacted, 
the concentrations or levels of the hazard and its toxicity, and duration of their exposure. 

The assessment of potential impacts has been completed on a qualitative basis and is based on specialist judgement 
and technical assessment supported by field data and scientific literature. The health baseline study (Appendix G) 
was informed by the socioeconomic baseline study (Appendix E) and environmental investigations described in 
Section 5.1 for soils and existing contamination, Section 5.2 groundwater, Section 5.3 surface water, Section 5.5 
air quality and Section 5.6 noise. Particular emphasis has been placed on ensuring that the impact assessment 
describes the rationale, justification and any limitations and uncertainties of the assessment. 

Further details on the significance assessment method are provided in Section 6.1. 

Context for impact assessment 

Community health was investigated in both Bawdwin and Namtu using publicly available health statistics, 
questionnaires and investigation of environmental conditions (see Section 5.9). A baseline investigation of blood 
lead levels in current workers at Bawdwin was also completed by WMM on behalf of WMM.  

Overall, the populations of Bawdwin and Namtu seem to be in good health, with low incidence of chronic disease, 
infectious disease and vector-borne disease. The communities have adequate nutrition and housing, and possess 
positive health-related social determents including above average education and income. However, there are 
known health issues associated with the quality of potable water, poor sanitation, access to specialist medical 
services and supplies, and exposure pathways to known contaminants due to the historical operation of the mine, 
processing and smelting facilities. The hazardous environmental health exposure pathways that currently exist in 
Bawdwin and Namtu communities primarily relate to the inhalation, ingestion of or dermal contact with dust, 
metals (mainly lead) and bacteria (E. coli). 

Contaminants such as particulate material and metals can cause toxic and other health effects in humans. Chronic 
exposures to certain metals can cause a number of long-term health effects. Metal toxicity is dependent on the 
route of exposure (primarily entering the body’s system via inhalation or ingestion), the type of metal and what 
form it is in which will also influence its absorption into the body. Metals that are inhaled or ingested (via sources 
such as food or drink) have the potential to cause adverse health effects, depending on the dose and period of 
exposure.  

In humans, exposure to lead can result in a wide range of biological effects depending upon the level and the 
duration of the exposure. Health effects range from inhibition of enzymes to the production of significant changes 
to body functions and death. Such changes occur over a broad range of doses. For neurological, metabolic and 
behavioural reasons, children are more vulnerable to the effects of lead than adults.  

The occupational, safety and health blood lead level testing of both workforces and contractors that was 
undertaken by WMM on behalf of WMM found that all permanent workers who were tested exceeded at that time 
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the 10 ug/dL threshold value for blood lead concentration, above which adverse health effects are expected 
(NHMRC, 2015). It is likely that most of the current Bawdwin workers experience adverse health effects, but 
symptoms and onset of lead poisoning may vary due to individual susceptibility. Many of the determinants of 
health are strongly influenced by individual factors, such as genetic, biological, lifestyle or behavioural factors, 
and specific personal circumstances. Examples of such circumstances include gender, age, diet, exercise, alcohol 
and tobacco use, educational attainment, and nature of employment. 

Exposure pathways 

Identification of exposure pathways is a four-step process involving the identification of contaminant sources, 
how contaminants are transported to other media and locations, and which receptors may be exposed as a result. 
The process of identifying potentially complete exposure pathways in the context of the proposed project is 
illustrated in the following example: 

 Source. Project mine area construction, operations, processing and related activities such as mined ore 
brought to the surface and stockpiled.  

 Transport pathways. The fate and transport of contaminants once released from the source. This is usually 
via wind, water, sediments, soil, food etc. Examples include: 

- dust generated during the blasting of ore in the mine pit 

- dust generated by the filling of ore haul trucks in the mine and their subsequent movement on unsealed 
mine pit and access roads to the ROM 

- dust generated from stockpiled ore awaiting processing 

- dust generated from the loading of stockpiled ore into the primary crusher in the processing area. 

The dust then becomes airborne and may be transported to residential areas downwind of these activity 
areas. In addition, dust fallout and deposition can occur in waterways and water storage areas, on crops 
and gardens and in residential and community areas. 

 Receptors. The point of exposure will depend on where the receptor is located. In this example, the receptors 
would include villager communities using the water for drinking or washing, swimming or consuming aquatic 
biota (such as fish) that resided in the impacted downstream region of the river. 

 Exposure route. Once the source-pathway-receptor linkages have been identified, the potential direct and 
indirect routes of exposures can be determined. The route of exposure describes how a contaminant enters 
the body either via ingestion, inhalation or dermal contact. 

Exposure assessment 

Health impacts as a result of exposure to environmental hazards are dependent on a number of factors that will 
vary for each receptor, as generally described as follows: 
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Where: 

 Route/s of exposure. How a contaminant enters the body and whether the contaminant enters the body by 
more than one route. 

 Exposure period. Dependent on the time a receptor is exposed and range from acute (less than 24 hours or 
up to 2 weeks) to sub-chronic (2 weeks to 6 months) to chronic (greater than 6 months).  

 Contact rate. For the ingestion pathway, this relates to the amount of impacted material consumed, for the 
inhalation pathway, how much is inhaled and the dermal contact pathway, how much skin comes into contact. 

 Concentration of a contaminant at the point of exposure. 

 Toxicity of the contaminant. A chemical’s toxicity can differ depending on life stage of the receptor, 
residence time or storage in the body and the body systems it affects. The toxicity will also depend on whether 
the contaminant exhibits health effects at a level where the body is no longer able to metabolise or eliminate 
the chemical, and whether the contaminant is genotoxic and causes changes to the body’s DNA which may 
result in cancer.  

 The impact of other hazards such as noise or vibration. 

 Background exposures to a contaminant from other sources. The intake from background sources can 
contribute a significant portion to the acceptable intake. In some instances, the background intakes can exceed 
to the acceptable intake which is the case for blood lead levels recorded in contract workers who had no 
history of working or living in Bawdwin or Namtu. 

 Tolerable chronic intake. An estimate of intake (usually daily) of a substance that can occur over a lifetime 
without appreciable health risk. It is an established health limit below which lifetime exposure should not 
have any adverse health effects. It is usually expressed on a body weight basis. The US CDC considers blood 
lead levels to be elevated when above 5 µg/dL (https://wwwn.cdc.gov/nndss/conditions/lead-elevated-blood-
levels/case-definition/2016/), with adverse effects when levels are above 10 µg/dL including increased blood 
pressure, and impacts to renal, reproductive and neurological functions (NHMRC 2015). 

A qualitative assessment was undertaken to assess the nature and extent of potential impacts to environmental 
media at the point where receptors may be exposed. Where exposures to multiple contaminants is likely, the key 
contaminants of concern have been selected based on prevalence in media measured in baseline data, potential 
release to the environment during project activities and their toxicity and impact on sensitive populations within 
the receptor groups. 

The key contaminants considered were lead, PM2.5 and PM10 given the number of baseline exceedances in various 
media and or locations, and their toxicity. The sensitive populations to these contaminants are young children and 
pregnant women due to known health effects on the developing foetus. 

6.11.2 Sources of potential impact 
Project-related activities may directly, indirectly, and even cumulatively change community exposures to 
environment-based health risks, such as communicable diseases and exposure to hazardous materials or 
conditions. The project has the potential to affect a broad range of environmental and social determinants of health 
either positively or negatively. 

Fundamental to the prediction of direct and indirect health impacts caused by the project is to understand the key 
sources of potential impact or drivers of change. Furthermore, the magnitude of predicted impacts will depend on 
the implementation of avoidance and management measures outlined in this EIA. Therefore, it is acknowledged 
that there is a degree of uncertainty in assessing predicted health impacts of the project.  
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Sources of potential impact that will occur as a result of the project include: 

 Physical disturbance and displacement of communities. 

 Occupational safety and health hazards (e.g., hazardous substances, blasting). 

 Project related alteration to hydrology and water storages. 

 Project emissions and discharges.  

 Altered road traffic composition (increased proportion of heavy vehicles, traffic levels by time of day etc). 

 Project workforce interactions. 

 In-migration. 

In the following section sources of potential health impact as a result of the project are described. 

Physical disturbance and displacement 

The proposed project with its large open pit, new mineral processing plant and mine waste storage facilities has a 
substantially larger footprint than the historical Bawdwin mining operation. The total footprint area of the future 
project will be approximately 470 ha. The existing Bawdwin villages and nearby scattered hamlets will have 
increased exposure to environmental and safety hazards (e.g., reduced air and water quality) as a result of the 
project. To minimise significant impacts to existing villages in the Bawdwin concession area during the operation 
of the project, resettlement is proposed.  

The resettlement of all communities is the most effective method of reducing their exposures to lead, fine 
particulate matter, combustion gases and noise resulting from project construction and operation. It is noted the 
resettlement timing is highly dependent on required government approvals, project financing and reaching an 
agreeable outcome from the selected communities. As such, it is expected that only Bawdwin upper village will 
be resettled during construction, with Bawdwin lower village, Tiger Camp and the nearby scattered hamlets and 
farms being resettled during early operations. The timing of resettlement for each group with regard to project 
commencement and mining operations is presented in Table 6.85.. The other significant change as a result of 
resettlement will be the construction of an entirely new village or villages. If implemented well, this has the 
potential to improve the living conditions of people by providing new and improved housing and reliable access 
to modern essential services (e.g., water, electricity, sanitation) to support community wellbeing and health. 
Through the resettlement planning process, improvements in village planning, housing, and essential and 
supporting infrastructure can be agreed in consultation with the resettled communities. 

Other impacts associated with resettlement which are not related to community health are described and assessed 
in Section 6.10.  

Occupational safety and health hazards 

The existing Bawdwin mine will be redeveloped into a larger, modern mining operation. Occupational safety and 
health hazards occur in all workplaces. Key hazards associated with open pit mining projects include exposure to 
hazardous substances (including chemicals and hydrocarbons and lead or other heavy metals in air, dust, water or 
soils), noise and vibration, use of explosives for blasting, fly rock, use of electrical systems and equipment, fatigue, 
work at height, slips, trips and falls, thermal stress, lifting and hoisting devices and moving machinery and 
vehicles. Given the proximity of Bawdwin lower village to open pit mining operations, industrial hazards such as 
blasting and fly rock have the potential to impact safety of nearby communities or damage private buildings or 
infrastructure. 

Exposure of the project workforce to hazardous substances is addressed within this section of the EIA. Air quality 
and noise and vibration impacts are described and assessed in Section 6.5 and Section 6.7, respectively. The 
potential for occupational safety and health incidents (e.g., electrical, explosive, vehicle) and blasting and fly rock 
are addressed in Chapter 7. 

Project related changes to hydrology and water storages 
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The project will involve construction of new or larger sources of standing water (e.g., new reservoirs, sediment 
dams and drainage lines) that may provide mosquito habitat. Key sources include construction of the Nam La 
water harvesting facility, Wallah waste dump sediment dams 1 to 3, TSF water reservoirs and diversion dams and 
expansion of the existing Nam Pangyun Reservoir. These sites with clean, slow-moving water are considered 
optimal habitats for mosquito egg-laying and breeding. Favourable conditions for mosquitos may increase the risk 
of vector-related diseases such as malaria, dengue and yellow fever in nearby communities. However, traditional 
household water storage containers such as metal drums and clay jars that are close to houses represent more 
common breeding sites for Aedes aegypti, a major vector of dengue fever and yellow fever, as opposed to large 
dams and reservoirs that are situated at distance from houses and people (Harrington et al., 2005). 

Due to the elevation and climate of the project, the area is not considered to provide optimal conditions for the 
growth and spread of malaria locally. This is supported by results of the Bawdwin and Namtu household surveys 
in which vector borne disease was not commonly reported. 

Emissions and discharges 

Since the Bawdwin project will be occurring in a ‘brownfield’ environment that has had a long history of mining, 
mineral concentrating and smelting, high levels of metals are present in the existing environment. As a result, the 
communities of Bawdwin and Namtu have been and are currently being exposed to the impacts of environmental 
degradation. 

The project will result in emissions and discharges to the environment. These include: 

 Discharges of water generated through the mineral concentration process, surface water run-off, and seepage 
from the Wallah waste rock dump and TSFs. These discharges are described in detail in Section 6.3 and 
Section 6.4. 

 Fly rock from blasting associated with open mining described in detail in Chapter 7.  

 Emissions to air in the form of particulate matter (dust) and gases. These emissions are described in detail in 
Section 6.5. 

 Generation of noise from fixed and mobile machinery and vehicles. Noise and vibration generated by the 
project described in detail in Section 6.7. 

 Production of waste described in Chapter 4. 

These have the potential to influence the health of communities in proximity to the mine and access roads. 
Contaminants such as particulate material and metals can cause toxic and other health effects in humans. Chronic 
exposures to certain metals can cause a number of long-term health effects. Metal toxicity is dependent on the 
route of exposure (primarily entering the body’s system via inhalation or ingestion), the type of metal and what 
form it is in which will also influence its absorption into the body. Metals that are inhaled or ingested (via sources 
such as food or drink) have the potential to cause adverse health effects, depending on the dose and period of 
exposure. Metals such as arsenic, cadmium, copper, lead, mercury, selenium and zinc usually occur in soil at low 
concentrations as a result of natural processes such as weathering of rocks and minerals. 

Particulates in airborne dust enter the body via inhalation. Very fine particulates are able to reach the lower parts 
of the lung where they may become lodged or enter the bloodstream. Laboratory and epidemiological studies have 
identified that these particles, if present in elevated levels, have the potential to cause adverse health impacts in 
susceptible people. However, it should be noted that very fine particulates typically represent a relatively small 
fraction by mass of the total dust that is inhaled. 

People living near lead mining and processing operations (even ones currently not in production, such as the 
historical Bawdwin mine) may be exposed to lead (and other contaminants) by breathing dust particulates in air, 
drinking water, eating foods, or swallowing dust or dirt that contain lead. Fresh vegetables grown in lead 
containing soils may have lead dust particulates on the surface and hand-to-mouth contact may also occur after 
exposure to lead-containing soil or dust. In humans, exposure to lead can result in a wide range of biological 
effects depending upon the level and the duration of the exposure. Health effects range from inhibition of enzymes 
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to the production of significant changes to body functions and death. Such changes occur over a broad range of 
doses.  

The communities of Bawdwin and Namtu share many similarities; both have been and are currently being exposed 
to the impacts of environmental degradation brought about by a long history of mining and smelting in the local 
area. Currently the exposure to contaminant metals is higher at Bawdwin than in Namtu, due to the extent of 
historical disturbance, rural nature of the villages in the Bawdwin concession area and the local geology with high 
levels of natural as well as mine-derived contaminants. Contaminant exposures at Namtu are probably influenced 
by both historical and current (but separate from the Project) processing activities at Namtu. 

The levels of lead measured in environmental media in Bawdwin indicates that residents are potentially exposed 
to elevated lead (and other metals) via multiple media (e.g., soil, water, air and food) and multiple exposure 
pathways (e.g., ingestion, inhalation, dermal contact). There is a significantly high potential these exposures may 
pose a serious health risk to the population in this study area. 

The assessment of environmental exposure pathway was completed in the health baseline study (Appendix G), 
which was informed by the socioeconomic baseline study (Appendix E), as well as environmental investigations 
described in Section 5.1 for soils and existing contamination, Section 5.2 groundwater, Section 5.3 surface water, 
Section 5.5 air quality and Section 5.6 existing noise. A summary of health baseline conditions is presented in 
Section 5.9. 

Investigations of air, water, and soil showed that a range of contaminants are present at elevated concentrations 
in the Bawdwin and Namtu study areas, but particularly the Bawdwin study area. To ensure the protection of 
human health, international agencies have derived health-based screening criteria for water, soil and air for 
contaminants of concern or pollutants that may cause ecological or human health impacts. Contaminants of 
concern recorded above these health screening criteria levels in the Bawdwin and Namtu study areas are presented 
in Table 6.248.  

The number of exceedances in all of the media that were tested indicates the potential exposure pathways 
identified for the populations of interest in Bawdwin are complete (or confirmed). That is, the identified exposure 
pathways, the connections between the source and the receptor, are credible and have potential to expose 
populations to contaminants. Whilst there are strong indicators that a number of the exposure pathways occur for 
the populations in the Namtu study area, there is increased uncertainty due to the smaller dataset in this location, 
as the focus of this study is on the Bawdwin and Tiger Camp communities.  

Community interviews on the subject of health indicators, together with anthropometric measurements and non-
invasive clinical examinations, did not demonstrate any clear relationships between exposure to contaminants 
such as lead and chronic health conditions self-reported by surveyed community members at Bawdwin and Namtu, 
despite the fact that lead and other metals are known to be present in both study areas. However, the data must be 
treated with caution, as there are several limitations associated with the lack of primary health and public health 
data, and reliance on self-reporting of health conditions from members of the public who are not formally educated 
or trained in medical health. 

Table 6.248 Confirmed contaminants of concern above recommended health screening criteria 

Source Exposure Pathway Bawdwin Namtu 

Surface water 

 

Ingestion of drinking water 

Ingestion of water used in 
cooking. 

Incidental ingestion of water 
during washing, cleaning, 
irrigation etc 

Inhalation of aerosols 

Dermal contact 

Antimony, arsenic, cadmium, 
lead, nickel, and zinc. 

Lead 

Groundwater (springs) Antimony, arsenic, cadmium, 
copper, lead, nickel, and zinc 

No data available. 

Drinking water Bacteria (E. coli), arsenic, 
cadmium, lead, manganese 

Lead and manganese 

Soils (general) Inhalation of particulates 

Incidental ingestion 

Dermal contact 

Antimony, arsenic, cadmium, 
chromium, cobalt, lead, 
nickel, and zinc 

Antimony, arsenic, 
cadmium, cobalt, lead, 
nickel, and zinc 
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Source Exposure Pathway Bawdwin Namtu 

Garden (gardens) Ingestion of home grown 
produce/ animal products 

Antimony, arsenic, cadmium, 
chromium, copper, cobalt, 
lead and selenium 

No data available. 

Food Ingestion of food Arsenic, cadmium, and lead Arsenic, cadmium and lead 

Ambient air Inhalation of particulates 

Incidental ingestion 

Dermal contact 

TSP, PM10, chromium, and 
lead 

TSP, PM10, chromium, lead 

Dust Inhalation of particulates 

Incidental ingestion 

Dermal contact 

Dust deposition and lead 
content 

Dust deposition and lead 
content 

Noise Audible noise Noise exceedances Noise exceedances 

 

Traffic 

The project will generate additional heavy vehicle traffic. During steady state operations there will be between 60 
and 93 additional 30-tonne trucks travelling on public roads between Lashio and Namtu per day. As many of these 
roads are narrow and winding, road travel will be restricted to daylight hours only for safety reasons. The 
interaction of local populations with project vehicular movements poses a safety risk, heightened by the volume 
of traffic during construction. This may lead to injury and trauma resulting from accidents. Safety risks associated 
with project-related traffic are assessed in Chapter 7. 

Increased heavy traffic along the transport corridor may impact nearby villages due to increased air emissions 
(e.g., dust, vehicle emissions) and noise. Amenity impacts associated with project-related traffic are assessed in 
Section 6.5. Exposure of the project workforce to hazardous substances, including wheel generated dust and 
vehicle exhaust emissions, is addressed within this section of the EIA. 

Project-related employment and in-migration 

The project will require a large construction and operations workforce, predicted up to 2,285 people at its peak. 
Ongoing employment will be provided for around 1,100 people during operations. This will include roughly half 
WMM employees and half contractor employees, including mining, laboratory and accommodation camp 
personnel. WMM intends that the project will optimise the employment of locals and build the capacity and 
knowledge of the local workforce. WMM will also work with relevant authorities and organisations to stimulate 
indirect employment opportunities for local people in the provision of goods and services to the mining operation.   

Projects have significant potential to increase community and household income, which can have a significant 
impact on a variety of health performance indicators for all populations in a community, including vulnerable 
groups (e.g. women, children and the elderly). Projects also have the potential to trigger inflation in nearby 
communities, impacting both food and housing availability.  

While not directly caused by the project, a typical effect of large resource developments in the context of largely 
rural and developing economies is in-migration, whereby people are attracted to the site of the development in the 
hope of gaining employment or other benefits.  

A large influx of new people to the area and interaction with the existing communities can facilitate the spread of 
communicable diseases including respiratory diseases, vector related diseases such as malaria, dengue and yellow 
fever and sexually transmitted infections. 

Other social impacts associated with project related employment and in-migration are described and assessed in 
Section 6.10. 

Summary of sources of potential impact 

These project impacts may affect community health. Table 6.249 summarises potential impacts to health in each 
of the project phases. The sources of potential impact and impact magnitude during decommissioning and active 
closure are expected to align with construction phase impacts, with the exception of impacts related to the project 
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workforce (i.e., communicable diseases and household income) given active closure will require a smaller 
workforce than construction.  

Table 6.249 Summary of sources of potential impact during project construction, operations, closure 
and post-closure phases 

Potential impacts Construction 
Phase 

Operations 
Phase 

Decommissioning 
and Closure Phase 

Post-Closure 
Phase 

Reduced air quality due to increased airborne 
particulate matter 

X X X  

Increased dust deposition X X X  

Reduced air quality due to gaseous pollutants  X X X  

Reduced groundwater quality due to 
decreased flow and increased total and 
dissolved metals 

X X X X 

Reduced surface water quality due to 
increased total and dissolved metals 

X X X X 

Reduced groundwater quality due to 
increased hydrocarbons 

X X X  

Reduced surface water quality due to 
increased hydrocarbons 

X X X  

Increased noise and vibration levels X X X  

Increased spread of communicable diseases X X   

Increased community and household income X X   

X = predicted to occur during this phase 

6.11.3 Mitigation and management measures 
Potential health impacts will be avoided through project design and resettlement of affected communities or 
minimised through developing and implementing a project Environmental Management Plan and Community 
Health, Safety and Security Management Plan. Proposed avoidance and management measures are outlined 
below.  

Avoidance measures 

The primary impact avoidance measure will be to physically remove residents from exposure to hazardous health 
conditions. This will be achieved by resettling the populations of the Bawdwin upper village, lower village and 
Tiger Camp areas, which would otherwise be located in proximity to the project area where the greatest potential 
impacts to health, including from exposure to contaminated dust, soils and runoff will occur.  

Although resettlement will achieve the aim of removing residents from exposure to hazardous health conditions 
in the long term, the entire population will not be resettled prior to commencement of operations. The timing of 
resettlement is highly dependent on required government approvals, finding suitable resettlement locations, 
project financing and reaching agreement on resettlement plans with the affected communities. It is currently 
proposed that resettlement will be completed in three phases, based on the geographical layout of the various 
village clusters within the Bawdwin concession area, the locations of the proposed development areas and the 
proximity of villages. The resettlement locations have not been confirmed and further consultation with resettled 
communities is required to inform the decision. 

Resettlement of Bawdwin upper village, Nam La farms and some farms near Tiger Camp will occur during 
construction, somewhere between 7 to 9 months after project commencement. It is planned to resettle Tiger Camp 
village before construction of the Wallah waste rock dump sediment dams starts and 8 months before WMM 
commences deposition of waste into the waste rock dump. Bawdwin lower village and associated farms, together 
with remaining farms near Tiger Camp are planned to be resettled between 30 and 32 months after commencement 
of mining operations. WMM does not propose to resettle the military base located on the Bawdwin concession 
area, although the Myanmar army may subsequently decide to do so. Populations located outside the Bawdwin 
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concession area, including those along the primary access road in the Nam Pangyun valley and the residents of 
Namtu, will not be resettled. 

Mitigation and management measures 

Development and implementation of a project environmental management plan and community health, safety and 
security management plan will minimise potential health impacts of the project. Key management measures are 
provided in Attachment 4 and EIA sections 6.2, 6.4, 6.5, 6.7 and 6.10. 

 Environmental Management Plan 

Key management measures to minimise adverse health impacts caused by environmental changes are outlined in 
the relevant sections of the EIA. This includes management measures associated with: 

 Air emission and dust deposition (see Section 6.5). 

 Runoff and seepage (see Section 6.4). 

 Contaminated soils and erosion (see Section 6.2). 

 Noise and vibration (see Section 6.7). 

Community Health, Safety and Security 

The objective of the Community Health, Safety and Security Management Plan is to establish measures to manage 
potential Project-related risks to community health, safety and security. The plan will apply to villages 
immediately surrounding the project area that are potentially subject to impact from project construction and 
operation. 

The success of implementation of the Community Health, Safety and Security Management Plan will be 
influenced by relevant state and district level governments and therefore close engagement with key stakeholders 
regarding the content and implementation of the plan is required. 

Community health measures will include: 

 Implement a Health Awareness Program with government and non-government agencies in project-affected 
communities addressing key issues of:  

- Minimising exposure to metal contaminants i.e., lead. 

- Hygiene including waste disposal and sanitation. 

- Preventative health. 

- Lifestyle risk management and disease prevention.  

- Infectious disease management. 

- Vector-related disease management including mosquito management. 

 Support the delivery of public health services to project-affected communities through engagement with 
government and service providers addressing key issues of: 

- Improve services (supplies, infrastructure, staff oversight). 

- Occupational safety and health.  

- Communicable disease management (malaria, TB, STIs, HIV etc). 

- Improve child mortality (immunisation, neonatal care, nutrition etc). 

- Improve maternal health (family planning, birthing, ante-natal care). 

 Facilitate the improvement of water (reliability, quality, quantity) and sanitation facilities (hygienic disposal) 
at the resettlement village(s) in partnership with local-level government and other relevant agencies and 
organisations.  
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 Maintain the current standard of water (reliability, quality, quantity) and sanitation facilities (hygienic 
disposal) for residents remaining within the Bawdwin concession area. 

 Community blood lead level monitoring program, with women of child-bearing age, pregnant women and 
children prioritised for testing. 

 Monitoring project related water storages such as dams and reservoirs for mosquito breeding activity, with 
additional management controls implemented if required, such as provision of mosquito nets to 
communities at higher risk based on proximity to breeding grounds. 

Community safety measures will include: 

 Implement the Traffic Management Plan to minimise the potential for injuries to road users and minimise 
wheel-generated dust and vehicle emissions. The plan will include:  

- Ensure WMM (and contractor) drivers have the relevant level of competency for the vehicle they need 
to drive and carry relevant licences. 

- Establish and enforce speed limits on project roads and for project vehicles. 

- Conduct regular vehicle inspections. 

 Notify relevant communities as required about significant changes in traffic conditions (e.g., high project 
traffic periods or road/ river diversions/ blockages) and the associated hazards with these changes. 

 Deliver an education and awareness program to project-affected communities, including schools in project-
affected communities, to raise awareness of risks to safety posed by project activities and personal 
behaviours which can reduce risk and improve safety. 

 Implement a Project-wide induction process that covers, as a minimum: ethics; health; environment; safety; 
alcohol and drug use; workforce diversity; harassment; and cultural and social sensitivities of workers and 
communities. 

 Develop, implement and monitor compliance with a workforce code of conduct that governs internal 
workforce interaction and interaction between the workforce and project-affected communities. 

Measures to limit the effects of in-migration will include: 

 Communicate potential impacts of in-migration to local communities to assist them to devise strategies to 
manage in-migration. 

 Engage with the state, township and village-level government representatives to assist them to devise 
strategies to prepare for and discourage in-migration. 

 Select workers in accordance with the geographic priorities determined by the project. 

 Establish multiple points of hire that provide access to affected communities and do not encourage people 
to move to project sites. 

 Communicate to the community the recruitment process that requires applicants’ place of origin to be 
identified. 

 Do not allow public access to services (such as health and transportation services) provided to project 
employees. 

Occupational Safety and Health Management Plan 

The Occupational Safety and Health Management Plan will be implemented by WMM to protect the health, safety 
and wellbeing of the project workforce. The plan will identify safety, health and hygiene hazards in the project 
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area and operations and will determine appropriate controls in accordance with the level of risk. Lead exposure 
risks associated with both the existing contamination at site from historical mining practices and the future 
operations will be addressed by a separate Lead Management Plan. Other occupational safety and health issues 
common to open pit mining operations, such as fatigue management, fitness for work, working at height, working 
in confined spaces and operation of electrical equipment will also be addressed within the plan.  

Strategies to manage blood lead levels in workers include: 

 Equip enclosed workplaces with air management equipment to minimise ambient dust and metals in the air. 

 Overarching principle of separating ‘dirty’ areas from ‘clean’ ones (e.g., quarantine area where all 
contaminated clothing is removed, including boots). 

 Provide change room facilities with clean water to shower and the ability to remove contaminated clothing 
before a shower and clean locker room to change into street clothes. Coveralls will be laundered before re-
use on the next shift.  

 Provide appropriate PPE to workers. Workers will be issued with clean coveralls, clean respirator/dust mask 
and clean gloves before starting each shift. The potential requirement for respirators will be based on results 
of personal exposure monitoring and the nature of the work being undertaken and the work environment. 
Disposable coveralls will be issued whilst washing and quarantine facilities are being established. 

 Keep offices, accommodation and meal areas dust free, including floors and all surfaces. Wet mopping and 
wet dusting are preferable over vacuuming. 

 Implement education programs regarding hygiene measures (i.e., hand and face washing, protocols for eating, 
no smoking) and healthy diet. 

 Consult and provide counselling for workers with elevated exposures. 

 Periodically monitor blood lead levels of all workers using onsite testing equipment, and selection of blood 
samples to undergo laboratory analysis for heavy metals. The monitoring program will be continuous to detect 
any change in blood lead levels. 

 Monitor the exposure of workers using personal dust inhalation samplers and personal aerosol monitors 

 Monitor of ambient air quality conditions in workplaces, with particular emphasis on the process plant 

 Monitor dust in the project area in real time. 

Blasting and Explosives Management Plan 

WMM will develop and implement a blasting and explosives management plan which will include site and 
project-specific measures to manage blasting and blasting-related impacts associated with mining operations. The 
objective of the blasting and explosives management plan is to protect the amenity and safety of the project 
workforce and also residents of Bawdwin lower village and Tiger Camp prior to resettlement, and to prevent 
damage to infrastructure and cultural heritage features due to open pit mining operations.  

The blasting and explosives management plan will include the following: 

 Quantify the baseline noise and vibration levels in the project area and nearby villages, including Bawdwin 
lower village and Tiger Camp. 

 Comply with relevant statutory requirements regarding explosives transport and storage, blasting and 
blasting-related impacts. 

 Measure performance indicators and criteria, such as air blast overpressure and ground vibration criteria, that 
the project will comply with. 
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 Describe management measures that will be implemented to comply with the defined criteria, such as limiting 
the frequency and duration of blasts where practicable and maximising design and quality control on blasts 
within 500 m of Bawdwin lower village residences. These management measures will be aligned with current 
good practice in the international mining industry.  

 Implement a blast monitoring program to monitor vibration and air blast overpressure at Bawdwin lower 
village, and other potential locations relevant to the project workforce and sensitive receptors in other 
directions. 

 Communicate procedures regarding notification of scheduled blasting, and process for receiving and 
responding to complaints or grievances regarding blasting to residents within the Bawdwin concession area. 

 Implement an incident response procedure, including relevant authorities and/or stakeholders to be notified. 

 Develop and implement a process for review of the blast management plan and stipulated criteria in the event 
that blasting impacts are observed, as well as periodic review of the plan. 

Mine Closure Plan 

The Mine Closure Plan will define a set of closure objectives, addressing physical, biological and socio-economic 
aspects. Linked to these objectives, WMM will define conceptual post-closure land uses that can feasibly achieve 
the closure objectives, as well as closure completion criteria, which allow WMM and stakeholders to measure and 
assess whether closure objectives have been achieved. 

At this stage, the closure plan is conceptual and WMM has identified preliminary closure objectives and land uses 
(Attachment 4). Under Myanmar law, WMM is required to update the conceptual closure plan to a detailed plan 
within 3 years of physically commencing the Bawdwin project. Consultation will be carried out during that process 
to identify and agree suitable closure objectives, post-closure land uses and closure completion criteria. 

WMM’s primary goal for closure is to rehabilitate disturbed areas in a manner that, where possible, will support 
self-sustaining vegetation that is consistent with that of surrounding natural areas, limits post-closure 
contamination of the host environment and leaves a lasting positive legacy for impacted communities in the form 
of transferred skills and self-sustaining community development programs. 

Health impacts associated with dust emissions will be managed at major residual sources (e.g., TSF and Wallah 
waste rock dump) via capping. However, clean cap is unlikely to extend over the whole area where dust has been 
deposited given the significant volumes required. 

6.11.4 Residual impact assessment 
Despite the management measures that are to be implemented, there will be a number of impacts to community 
health. These impacts may be caused by a number of activities or effects as described in Section 6.11.2, which are 
often inter-related and can be cumulative.  

This section assesses the potential impacts identified in Section 6.11.2 after implementation of the management 
measures outlined in Section 6.11.3. The magnitude of each residual impact is assessed based on the impact’s 
geographic extent, severity and duration, taking into consideration the existing conditions of the features and their 
importance, vulnerability and resilience. Table 6.250 presents the criteria used to determine the magnitude of 
impact. The severity descriptors depend on the nature of the impact. For example, concentrations / levels of the 
hazard are only relevant to impacts arising from exposure to environmental hazards. An overall magnitude rating 
was produced based on subjective weighting of spatial extent, severity and duration.  
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Table 6.250 Criteria used to determine the magnitude of impacts related to exposure to hazardous 
materials 

Factor Magnitude Ratings 

Very low Low Medium High Very high 

Spatial extent Local scale 
impacts that affect 
a small number of 
people (<5%) 
within the defined 
impact area 

Mostly local scale 
impacts that affect 
some people (5 – 
15%) within the 
defined impact 
area 

Intermediate scale 
impacts that affect 
a notable 
proportion of 
people (15 – 
50%) within the 
defined impact 
area 

Far reaching 
impacts that affect 
the majority (i.e. 
50 – 75%) of 
people within the 
defined impact 
area 

Far reaching 
impacts that affect 
the almost all 
people (>75%) 
within the defined 
impact area 

 

Severity   These health 
impacts impose 
limited costs on 
community.  

Impact will 
probably recover 
on its own or 
require minimal 
management. 

Hazardous 
material has very 
low or 
undetectable 
concentrations / 
levels of the 
hazard.1 

Impact can be 
straightforwardly 
remedied or 
managed using 
standard 
management 
measures. 

Hazardous 
material has low 
concentrations / 
levels of the 
hazard.1 

Health impacts 
impose moderate 
costs on 
community. 

Impact can be 
partly remedied or 
managed by 
implementing 
management 
measures. 

Concentrations 
will be readily 
detectable at 
levels posing an 
exceedance when 
combined with 
existing effects.1 

High social 
disruption to 
affected 
community. 

Impact is very 
difficult to 
mitigate despite 
implementation of 
management 
measures. 

Elevated levels / 
concentrations 
above acceptable 
levels.1 

Very high 
disruption to 
affected 
community.  

Impact cannot be 
avoided despite 
implementation of 
management 
measures. 

High elevated 
levels / 
concentrations 
well above 
acceptable levels.1 

Duration Impact is very 
short in duration 
(i.e., days). 

 

Exposure to 
hazardous 
material is very 
short in duration 
(i.e., less than 24 
hours) and very 
infrequent.2 

Impact is short 
term (i.e., months 
or less). 

 

Exposure to 
hazardous 
material is short 
term (i.e., less 
than 2 weeks).2 

Impact is medium 
term (1 to 2 
years).  

 

Exposure to 
hazardous 
material is 
medium term 
(i.e., less than 6 
months).2 

Impact is long 
term (3 to 15 
years).  

 

Exposure to 
hazardous 
material is long 
term (i.e., 1 to 2 
years) and is 
frequently 
occurring.2 

Impact is greater 
than 15 years or 
permanent.  

 

Exposure to 
hazardous 
material and/or 
hazard is greater 
than 2 years and 
is either frequent 
or continuous 
during such time.2 

Positive  Some limited 
value to the 
community. 

Impacts some 
value to 
community. 

Impacts can 
provide 
substantial social 
value to 
community.  

Impacts can 
provide high 
value to 
communities.  

Impacts can 
provide very high 
value to 
communities. 

1. Based on the level and toxicity of expected contaminant/hazard at the point of exposure 

2. Very acute exposures: <24 hours, acute: 24hours – 2 weeks, sub-chronic: 2 weeks – 6 months, chronic < 6 months 
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Receptor groups 

The potential receptor groups have been identified based on their location within or in the vicinity of the Bawdwin 
concession area or their proximity to downstream waterways or proposed transport routes. The receptors relevant 
to the health impact assessment include: 

 Villages in the Bawdwin concession area (Figure 6.20): 

- Bawdwin upper village. 

- Bawdwin lower village. 

- Bawdwin lower village farms. 

- Tiger Camp village. 

- Tiger Camp farms. 

- Nam La farms. 

- Loi Mi village and farms. 

 Project workforce. 

 Villages in tracts adjoining the Bawdwin concession area (Figure 6.21). 

 Namtu Town (Figure 6.20 and 6.21). 

 Residents of Nam Pangyun valley (Figure 6.20). 

 Residents along the export route (road between Namtu and the intersection with National Highway 3 (Oriental 
highway) near Lashio) (Figure 6.22). 

Table 6.85 provides a summary of the receptors, proposed resettlement and timing and concurrent project activities 
for the construction, operations, decommissioning and closure.  

Exposure to environmental hazards 

The key contaminants considered were lead and general dust of PM2.5 and PM10 fractions, based on the number 
of baseline exceedances in various media and or locations, and their toxicity. The sensitive populations to these 
contaminants are young children and pregnant women due to known health effects on the developing foetus. Other 
environmental hazards include airborne particulate matter (i.e., dust). 

Villages in the Bawdwin concession area 

The villages within the Bawdwin concession area are currently located in areas where significant historical mining 
activities took place and hence they are currently exposed to elevated levels of contaminants in air, soil, drinking 
water sourced from groundwater and noise that exceed the adopted health screening levels. Resettlement of these 
communities will remove residents from their current exposure to elevated lead (and other metals).  

As a result of the existing contamination, the sensitivity of these communities to changes in community health 
from exposure to environmental hazards is high for all residents living within the Bawdwin concession area, with 
the exception of Nam La farms and Loi Mi farms which are assessed as medium sensitivity due to the lesser extent 
of contamination of air, soil and water in these areas (see Section 5.9.10).  

During project construction and operations the exposure of villages in the Bawdwin concession area to 
environmental hazards will temporarily increase as a result of project disturbance, emissions and discharges, prior 
to their resettlement. Inhalation, incidental ingestion and, to a lesser extent, dermal contact of contaminants (such 
as lead) in airborne particulate matter, water or soil will add additional exposures and will increase existing body 
burdens of lead. Any further exposures will increase the potential incidence of adverse health effects. WMM will 
implement a range of management measures to minimise emissions of dust and contaminated water and soil. Key 
measures include water carts for dust suppression, erosion and sediment controls such as sediment dams and 
capture and treatment of seepage from the TSFs and waste rock dump prior to discharge. In addition, WMM will 
implement a Health Awareness Program as part of the Community Health, Safety and Security Plan to education 
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communities on how to identify signs and symptoms of lead poisoning, availability of appropriate medical 
resources, healthy diet to help decrease lead absorption (e.g., milk products, green leafy vegetables and calcium 
fortified foods), hygiene practices such as hand and face washing and protocols for eating. 

Bawdwin upper village will be resettled approximately 7 to 9 months after commencement of construction and 
will be exposed to dust from construction of the process plant, power station, mine services area and haul road. 
These areas are largely outside the identified areas with existing elevated metals concentrations in soil from 
historic mining, except for the southern portion of the haul road as it approaches the existing open pit (Section 
5.1.4). The key areas where project ground disturbance will encounter soils containing high metals concentrations 
are around the existing open pit and ER valley, the Tiger Tunnel area and Tiger Camp village. Wind data collected 
between January and May 2020 at Bawdwin showed prevailing regional winds to be south-southwesterly. This 
indicates that for at least some of the year, much of the dust generated during the project activities would be 
transported / deposited to uninhabited mountainous terrain areas north of the Bawdwin concession area. It should 
be noted that the wind trends described here are based on very limited data (single season only with no repeat 
data).  

Prior to resettlement, the residual impact of temporarily increased exposure to environmental hazards from 
existing conditions on community health of Bawdwin upper village is rated of high significance, based on the 
medium magnitude of impact and the high sensitivity of this community to changes in health (Table 6.251). 

The residual impact of reduced exposure to environmental hazards on community health of Bawdwin upper village 
following resettlement is rated of positive (major) significance, based on the positive (high) magnitude of 
impact and the high sensitivity of this community to changes in health (Table 6.251). 
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Table 6.251 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards - affecting Bawdwin upper village  

Value Sensitivity of value  

Bawdwin upper 
village – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Highly vulnerable, due to the 
existing exposure to 
environmental hazards from 
historical mining (soil, dust, 
water and food), the 
community’s proximity to the 
project, use of groundwater fed 
springs for drinking water and 
presence of sensitive receptors 
(children or women of 
childbearing age). 

Low 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect. 
Existing exposures are 
assumed to be high 
based on baseline 
environmental results. 

Communities have low 
resilience to changes 
with limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes to 
the value or health 
effects. 

High 

Impact Magnitude of impact  

Bawdwin upper 
village exposure 
to environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Prior to resettlement 

Spatial extent Severity Duration Magnitude 

Very High 

Almost all people 
(>75%) within 
Bawdwin upper 
village are expected 
to be impacted given 
the proximity to dust 
generating activities 
(construction of haul 
road, mine services 
area, process plant 
and power station) 

Medium 

Residents are in close proximity 
to dust generating activities 
(within 500 m of the haul road 
and 1 km of the process plant 
and power station). Inhalation of 
very fine airborne particulate 
matter has the potential to cause 
adverse health impacts in 
susceptible people. 

Medium 

Exposure to 
environmental hazards 
is medium term (7 to 9 
months) during 
construction and prior to 
resettlement 

Medium 

Residual impact significance High 

Following resettlement 

Spatial extent Severity Duration Magnitude 

Very High 

All residents of 
Bawdwin upper 
village are proposed 
to be resettled 

High 

Reduced exposure to 
environmental hazards can 
provide substantial social value 
to community 

Very High 

Reduced exposure to 
environmental hazards 
will be for greater than 
2 years and is 
continuous during such 
time 

Positive 
(high) 

Residual impact significance Positive 
(major) 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline. 

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

Bawdwin lower village is located in proximity to the open pit and haul road and will be resettled 30 to 32 months 
after the commencement of mining operations. Pre-stripping of the open pit and construction of the haul road will 
result in a temporary increase in emissions of dust with potentially elevated metals concentrations. During mining 
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operations, it is expected that Bawdwin lower village will be exposed to highly elevated dust emissions from open 
pit mining and haulage.  

Prior to resettlement during the operations phase, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions on community health of Bawdwin lower village is rated of major 
significance, based on the very high magnitude of impact and the high sensitivity of this community to changes 
in health (Table 6.252). 

Following resettlement, the residual impact of reduced exposure to environmental hazards on community health 
of Bawdwin lower village is rated of positive (major) significance, based on the positive (high) impact 
magnitude and the high sensitivity of this community to changes in health (Table 6.252). 
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Table 6.252 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – affecting Bawdwin lower village 

Value Sensitivity of value  

Bawdwin lower 
village – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly valued by 
the community 

High 

Highly vulnerable, due to 
the existing exposure to 
environmental hazards from 
historical mining (soil, dust, 
water and food), the 
community’s proximity to 
the project, use of 
groundwater fed springs for 
drinking water and presence 
of sensitive receptors 
(children or women of 
childbearing age). 

Low 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect. 
Existing exposures are 
assumed to be high 
based on baseline 
environmental results. 

Communities have low 
resilience to changes 
with limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes to 
the value or health 
effects. 

High 

Impact Magnitude of impact (prior to resettlement) 

Bawdwin lower 
village exposure 
to environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Prior to resettlement 

Very High 

Almost all people (>75%) 
within Bawdwin lower 
village are expected to be 
impacted due to the 
proximity to sources of 
contaminants, including 
dust generating sources 
(<100 m from the open 
pit), and use of 
groundwater and surface 
water resources 

High 

Residents are in close 
proximity (<100 m) to the 
open pit and haul road. 
Inhalation, incidental 
ingestion or dermal contact 
of contaminants (such as 
lead) in airborne particulate 
matter, water or soil will 
add additional exposures 
and increase the existing 
body burdens of lead. 

Very High 

Exposure to 
environmental hazards 
is greater than 2 years 
and is frequent during 
such time  

Very High 

Residual impact significance Major 

Following resettlement  

Very High 

All residents of within 
Bawdwin lower village 
are proposed to be 
resettled 

Medium 

Resettlement will avoid the 
existing environmental 
exposures resulting from 
historic mining activities 

Very High 

Reduced exposure to 
environmental hazards 
will be for greater than 
2 years and is 
continuous during such 
time 

Positive 
(high) 

Residual impact significance Positive 
(major) 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

Tiger Camp village is located in proximity to a temporary access road connecting to the Namtu-Tiger Camp access 
road, and Wallah waste rock dump. Some existing contamination may be present along the access road due to the 
proximity to areas of high existing contamination (i.e., Tiger Tunnel portal and Tiger Camp village) and use of 
the existing railway corridor during historic mining activities. Two samples from this area (approximately 800 m 
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east of Tiger Camp village along the access road) returned concentrations of lead above the adopted health 
screening criteria (300 mg/kg) (NEPM, 2013) (Section 5.1.4). Other contaminants including zinc, copper, nickel 
and arsenic were found to be below the adopted screening criteria (NEPM, 2013) within the sampled soils. 
However, the majority of the Namtu-Tiger Camp access road has not been sampled for soils and therefore 
predicted metals concentrations in dust emissions are not known. Construction of the sections of the Namtu-Tiger 
Camp access road in proximity to the village may result in a temporary increase in emissions of dust with 
potentially elevated metals concentrations and run off from construction sites containing elevated suspended 
sediments. Residents of Tiger Camp village will be resettled prior to construction of the Wallah waste rock dump 
sediment dams and deposition of waste rock to the dump.  

Prior to resettlement during the construction phase, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions on community health of Tiger Camp village is rated of high 
significance, based on the medium impact magnitude and the high sensitivity of this community to changes in 
health (Table 6.253). 

Following resettlement, the residual impact of reduced exposure environmental hazards on community health of 
Tiger Camp village is rated of positive (major) significance, based on the positive (high) impact magnitude 
and the high sensitivity of this community to changes in health (Table 6.253). 
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Table 6.253 Residual impact significance summary – construction phase – exposure to environmental 
hazards – affecting Tiger Camp village  

Value Sensitivity of value  

Tiger Camp 
village – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Highly vulnerable, due to the 
existing exposure to 
environmental hazards from 
historical mining (soil, dust, 
water and food), the 
community’s proximity to the 
project, being located in a 
valley with minimal dispersal 
of particulates, dust and noise, 
use of groundwater fed springs 
for drinking water and presence 
of sensitive receptors (children 
or women of childbearing age). 

 

Low 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect. Existing exposures 
are assumed to be high 
based on baseline 
environmental results. 

Communities have low 
resilience to changes with 
limited capacity and/or 
resources to absorb, adapt 
to, and recover from 
changes to the value or 
health effects. 

High 

Impact Magnitude of impact (prior to resettlement) 

Tiger Camp 
village exposure 
to environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Prior to resettlement  

High 

Majority of people 
(50 to 75%) within 
Tiger Camp village 
are expected to be 
impacted due to the 
proximity to sources 
of contaminants, 
including dust 
generating sources 
(construction of a 
temporary access 
road), and use of 
groundwater and 
surface water 
resources 

Medium 

Residents are adjacent to a 
temporary access road 
connecting to the Namtu-Tiger 
Camp access road.  

Inhalation of very fine airborne 
particulate matter from access 
road construction has the 
potential to cause adverse 
health impacts in susceptible 
people. 

Existing metals concentrations 
in soil along the existing 
railway corridor are not 
expected to be high.  

Medium 

Exposure to 
environmental hazards is 
medium term (i.e., less 
than 6 months during 
construction of the access 
road) 

Medium 

Residual impact significance High 

Following resettlement  

Very High 

All residents of 
within this subgroup 
are proposed to be 
resettled 

Medium 

Resettlement will avoid the 
existing environmental 
exposures resulting from 
historic mining activities 

Very High 

Reduced exposure to 
environmental hazards 
will be for greater than 2 
years and is continuous 
during such time 

Positive 
(high) 

Residual impact significance Positive 
(major) 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited meteorological baseline.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

The Bawdwin lower village farms are likely to experience lesser dust impacts as they are about 2 km from the 
open pit and are outside the recommended separation distance of 500 m. 
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Prior to resettlement during the construction phase, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions on community health of Bawdwin lower village farms is rated of 
moderate significance, based on the low impact magnitude and the high sensitivity of this community to 
changes in health (Table 6.254). 

Following resettlement, the residual impact of reduced exposure to environmental hazards on community health 
of Bawdwin lower village farms is rated of positive (high) significance, based on the positive (medium) impact 
magnitude and the high sensitivity of this community to changes in health (Table 6.254). 
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Table 6.254 Residual impact significance summary – construction phase –exposure to environmental 
hazards – affecting Bawdwin lower village farms 

Value Sensitivity of value  

Bawdwin lower 
village farms – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Due to some areas being 
likely to be contaminated 
from historical mining (soil, 
dust, water) to a lesser 
degree than Bawdwin 
villages, the farms use of 
groundwater fed springs for 
drinking water and presence 
of sensitive receptors 
(children or women of 
childbearing age). 

Low 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect and are not readily 
eliminated from the body 
following chronic exposure 
periods. Current levels of 
exposure are likely to be 
less than Bawdwin villages 
due to separation from 
current mine footprint. 
Community health strongly 
reliant on facilities/services 
at Bawdwin.  

High 

Impact Magnitude of impact (prior to resettlement) 

Bawdwin lower 
village farms 
exposure to 
environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Prior to resettlement 

Very Low 

Impacts are expected 
to affect a very small 
proportion of the 
receptor given most of 
the individual 
residences will be over 
2 km from access 
roads and open pit. It 
is assumed residents 
use groundwater fed 
springs for drinking 
water. 

Low 

Residents are at a distance 
from the Namtu-Tiger 
Camp access road and open 
pit (over 2 km). Inhalation, 
incidental ingestion or 
dermal contact of 
contaminants (such as lead) 
in airborne particulate 
matter, water or soil will 
add additional exposures 
and increase the existing 
body burdens of lead. 

Very High 

Exposure to environmental 
hazards is greater than 2 
years and is frequent (e.g. 
dust emissions) during such 
time 

Low 

Residual impact significance Moderate 

Following resettlement  

Very High 

All residents within 
this subgroup are 
proposed to be 
resettled 

Low 

Resettlement will avoid the 
existing environmental 
exposures resulting from 
historic mining activities 

Very High 

Reduced exposure to 
environmental hazards will 
be for greater than 2 years 
and continuous during this 
time 

Positive 
(medium) 

Residual impact significance Positive 
(high) 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited baseline data collection for this receptor.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

 

Tiger Camp farms are likely to experience high levels of particulate matter from construction of the Namtu-Tiger 
Camp access road and plant road and construction of the Wallah waste rock dump sediment dams. Farms 
immediately along the plant access road will be resettled prior to road construction and will therefore not be 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 6 E Guard Environmental Services |  6-558

 

impacted by construction activities. The remaining farms will be resettled during the operations phase (29 to 32 
months after operations commence). 

Prior to resettlement during the operations phase, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions on community health of Tiger Camp farms is rated of high 
significance, based on the medium impact magnitude and the high sensitivity of this community to changes in 
health (Table 6.255). 

Following resettlement, the residual impact of reduced exposure to environmental hazards on community health 
of Tiger Camp farms is rated of positive (medium) significance, based on the positive (high) impact magnitude 
and the high sensitivity of this community to changes in health (Table 6.255). 
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Table 6.255 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – affecting Tiger Camp farms (not located along plant access road) 

Value Sensitivity of value  

Tiger Camp 
farms (not 
located along 
plant access 
road) – 
community 
health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Due to some areas being likely 
to be contaminated from 
historical mining (soil, dust, 
water) to a lesser degree than 
Tiger Camp village, their 
proximity to the project, use of 
groundwater fed springs for 
drinking water and presence of 
sensitive receptors (children or 
women of childbearing age). 

Low 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect and are not readily 
eliminated from the body 
following chronic exposure 
periods. 

Communities have low 
resilience to changes with 
limited capacity and/or 
resources to absorb, adapt to, 
and recover from changes to 
the value or health effects. 

High 

Impact Magnitude of impact (prior to resettlement) 

Tiger Camp 
farms (not 
located along 
plant access 
road) 
exposure to 
environmenta
l hazards 
(contaminated 
dust and 
water) as a 
result of the 
project 

Spatial extent Severity Duration Magnitude 

Prior to resettlement  

High 

Impact is expected 
to affect a high 
proportion of the 
receptor, taking into 
account the 
proximity to sources 
of contaminants 
(several farms are 
within 500 m of the 
Namtu-Tiger Camp 
access road, plant 
access road or waste 
rock dump and 
sediment dams) and 
use of groundwater 
and surface water 
resources 

Low 

Residents are at a distance from 
dust generating construction 
activities. The nearest farms to 
the Wallah waste rock dump 
sediment dams that are not 
being resettled prior to access 
road construction are 
approximately 1 km from the 
sediment dams.  

Inhalation, incidental ingestion 
or dermal contact of 
contaminants (such as lead) in 
airborne particulate matter, 
water or soil will add additional 
exposures and increase the 
existing body burdens of lead. 

Medium 

Exposure to environmental 
hazards (dust potentially 
containing elevated metals) is 
medium term during 
construction of Wallah waste 
rock dump sediment dams 
(approximately 6 months) and 
construction of the access 
roads and is frequent (e.g., 
dust emissions) during such 
time. 

Medium 

Residual impact significance High 

Following resettlement  

Very High 

All residents of 
Tiger Camp are 
proposed to be 
resettled 

Low 

Resettlement will avoid the 
existing environmental 
exposures resulting from 
historic mining activities 

Very High 

Reduced exposure to 
environmental hazards will be 
long term 

Positive 
(medium) 

Residual impact significance Positive 
(high) 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited baseline data collection for this receptor.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is that 
they are safe for habitation and will not have harmful levels of contamination. 

Nam La farms will be exposed to particulate matter during construction of the northern access road, from site 
earthworks at the process plant and power station. Soil testing results indicated concentrations of metals (lead, 
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arsenic and zinc) were largely below adopted health screening criteria (NEPM, 2013) in these areas, with the 
exception of four samples which returned exceedances of adopted lead criteria (Section 5.1.4) 

This receptor will be resettled 7 to 9 months after commencement of construction and will therefore not experience 
increased exposures during operations.  

Prior to resettlement during the construction phase, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions on community health of Nam La farms is rated of moderate 
significance, based on the medium impact magnitude and the medium sensitivity of this community to changes 
in health (Table 6.256). 

If Nam La farms are resettled, the residual impact of reduced exposure to environmental hazards on community 
health of Nam La farms is rated of positive (high) significance, based on the positive (medium) impact 
magnitude and the medium sensitivity of this community to changes in health (Table 6.256). 
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Table 6.256 Residual impact significance summary – construction phase – exposure to environmental 
hazards – affecting Nam La farms 

Value Sensitivity of value  

Nam La farms 
– community 
health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium 

There may be some contamination 
of air, soil, water, however, though 
to a lesser degree than villages 
closer to historic mining operations. 
The community health of the farms 
may be vulnerable due to some 
existing contamination, the farms 
proximity to the project, use of 
groundwater fed springs for 
drinking water and presence of 
sensitive receptors (children or 
women of childbearing age) 

Medium 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect. Existing exposures 
are assumed to be moderate 
based on baseline 
environmental results. 

Communities have low 
resilience to changes with 
limited capacity and/or 
resources to absorb, adapt 
to, and recover from 
changes to the value or 
health effects. 

Medium 

Impact Magnitude of impact 

Nam La farms 
exposure to 
environmental 
hazards 
(contaminated 
dust and 
water) as a 
result of the 
project 

Spatial extent Severity Duration Magnitude 

Prior to resettlement 

Medium 

Impact will affect 
a moderate 
proportion of the 
receptor (those 
individual 
residences near 
the northern 
access road and 
Nam La water 
harvesting 
facility), and use 
of groundwater 
and surface water 
resources 

Medium 

Residents are adjacent to sections of 
the northern access road (<100 m) 
and some farms around 500 m from 
the power plant or Nam La water 
harvesting facility. 

Whilst metals concentrations in 
soils in the area were largely below 
adopted health screening criteria, 
inhalation, incidental ingestion or 
dermal contact of contaminants 
(such as lead) in airborne 
particulate matter, water or soil will 
add additional exposures and may 
increase the existing body burdens 
of lead. 

Medium 

Exposure to environmental 
hazards is medium term (7 
to 9 months) during 
construction and prior to 
resettlement. 

 

Medium 

Residual impact significance Moderate 

Following resettlement 

Very High 

All residents 
within this 
subgroup are 
proposed to be 
resettled 

Low 

Resettlement will avoid the existing 
environmental exposures resulting 
from historic mining activities 

Very High 

Reduced exposure to 
environmental hazards will 
be long term 

Positive 
(medium) 

Residual impact significance Positive 
(high) 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited baseline data collection for this receptor.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is that 
they are safe for habitation and will not have harmful levels of contamination. 

Loi Mi village and associated farms will be exposed to particulate matter during construction and operation of the 
TSFs, as well as blasting, mining and haulage. This receptor may be resettled. However this will depend on the 
outcomes of engagement and further investigation of environmental impacts. 
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If Loi Mi village and associated farms are not resettled, the residual impact of temporarily increased exposure to 
environmental hazards from existing conditions during the construction and operations phases on community 
health is rated of low significance, based on the low impact magnitude and the medium sensitivity of this 
community to changes in health (Table 6.257). 

If Loi Mi village and associated farms are resettled, the residual impact of reduced exposure to environmental 
hazards on community health is rated of positive (moderate) significance, based on the positive (medium) 
impact magnitude and the medium sensitivity of this community to changes in health (Table 6.257). 
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Table 6.257 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – affecting Loi Mi farms 

Value Sensitivity of value  

Loi Mi farms – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium  

There may be some 
contamination of air, soil, water, 
though to a lesser degree than 
villages closer to historic mining 
operations. The community 
health of the farms may be 
vulnerable due to some existing 
contamination, their proximity to 
the project, use of groundwater 
fed springs for drinking water 
and presence of sensitive 
receptors (children or women of 
childbearing age). 

Medium 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect. 
Existing exposures are 
assumed to be moderate 
based on baseline 
environmental results. 

Communities have low 
resilience to changes 
with limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes to 
the value or health 
effects. 

Medium 

Impact Magnitude of impact  

Loi Mi exposure 
to environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

IF NOT RESETTLED 

Low 

Impact is expected to 
affect a small 
proportion of this 
receptor (those farms 
and residents within 
the Bawdwin 
concession area), 
given the proximity 
to contaminants, 
including dust 
generating sources 
(i.e., TSF-B). 

Low 

The closest project dust source is 
the TSF B embankment about 
500 m away from individual Loi 
Mi farms. However, most farms 
are further than 500 m away. 
Inhalation, incidental ingestion 
or dermal contact of 
contaminants (such as lead) in 
airborne particulate matter, 
water or soil will add additional 
exposures and increase the 
existing body burdens of lead. 

High 

Exposure to 
environmental hazards 
is medium term during 
TSF-B embankment 
construction. 

 

Low 

Residual impact significance Low 

IF RESETTLED (those receptors within the concession) 

Very High 

If resettled, all 
affected residents of 
within this subgroup 
will be resettled 

Low 

Resettlement will avoid the 
existing environmental 
exposures resulting from historic 
mining activities 

Very High 

Reduced exposure to 
environmental hazards 
will be for greater than 
2 years and is 
continuous during such 
time 

Positive 
(medium) 

Residual impact significance Positive 
(moderate) 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and limited baseline data collection for this receptor.  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

During construction, the Bawdwin military base will experience dust emissions from construction of the process 
plant, power station, haul road and TSF embankments. During operations, the military base will experience 
reduced air quality due to gaseous pollutants during operation of the power station. This receptor will not be 
resettled as part of the project and may remain throughout operations. If it remains in its current location, the 
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significance of increased dust and gaseous pollutants to the military base during construction and operations is 
considered to be of major significance, based on the high magnitude of impact and the high sensitivity of this 
community to changes in health (Table 6.258). 

Table 6.258 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – affecting Bawdwin military base  

Value Sensitivity of value  

Military base –
health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by people 
residing within the 
military base 

High 

Due to the existing exposure to 
environmental hazards and their 
proximity to the project.  

Low 

The key contaminants 
of concern (lead, PM2.5 
and PM10) have a 
cumulative effect. 
Existing exposures are 
assumed to be high 
based on baseline 
environmental results. 

 

High 

Impact Magnitude of impact  

Military base 
exposure to 
environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to 
affect the entire 
receptor given the 
proximity to the dust 
generating activities 
and the power plant 
(approximately 
400 m). 

High 

There is predicted to be a 
notable increase in dust given 
the receptor’s proximity to a 
range of construction activities 
(approximately 400 m of the 
power station and process plant), 
which are likely to result in a 
cumulative contribution of dust. 
Inhalation, incidental ingestion 
or dermal contact of 
contaminants (such as lead) in 
airborne particulate matter, 
water or soil will add additional 
exposures and increase the 
existing body burdens of lead. 

Very high 

Exposure to 
environmental hazards 
(hazardous materials) is 
greater than 2 years 

High 

Residual impact significance Major 

Assessment of uncertainty 

High 

There is an absence of air quality modelling and limited baseline data collection for this receptor.  

The source of drinking water for the military base is not known. 

 

Project workforce 

An accommodation camp for approximately 1,400 people will be used during construction and operation of the 
project. It is expected that the local workforce will reside in their homes and be transported to site daily. As such, 
the project workforce will be exposed to the existing contamination at Bawdwin mine and project-induced 
exposures from disturbance, emissions and discharges.  

As mentioned in the previous section, WMM will implement a range of management measures to minimise 
emissions of dust and contaminated water and soil. In addition, WMM will develop and implement an 
Occupational Safety and Health Management Plan and Lead Management Plan which will include strategies to 
manage blood lead levels in the project workforce, including providing washing facilities for contaminated 
clothes, segregating ‘clean’ and ‘dirty’ areas and eating areas, education awareness on good hygiene, monitoring 
personal exposures and blood lead level testing.  
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The residual impact of increased exposure to environmental hazards during the construction and operations phases 
on occupational health of the project workforce is rated of high significance, based on the medium impact 
magnitude and high sensitivity of this receptor to changes in health (Table 6.259). 
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Table 6.259 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – affecting project workforce 

Value Sensitivity of value  

Project workforce 
–occupational 
health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the project 
workforce and it is 
important that WMM 
provide and maintain 
a health and safe 
workplace. 

High 

Blood lead concentration testing 
indicated all permanent 
Bawdwin workers and 48% of 
contractors working at Bawdwin 
who were tested in 2020 had 
elevated blood lead levels.  The 
existing conditions/health levels 
of the future workforce are 
unknown at this stage.  

Medium 

The key contaminants 
of concern (lead, PM2.5 
and PM10) have a 
cumulative effect. 
Workers have some 
capacity and/or 
resources to absorb, 
adapt to, and recover 
from changes to the 
value or health effects 
(i.e. WMM operated 
health facilities). 

 

High 

Impact Magnitude of impact  

Project workforce 
exposure to 
environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Very high 

Impact is expected to 
affect the entire 
receptor given the 
proximity to the dust 
generating activities 
and the power plant. 
Personnel with 
primarily indoor roles 
may be less affected 
than those who are 
outdoors during their 
shift. 

Low 

The workforce will be 
introduced to exposure pathways 
to environmental hazards, 
however with the application of 
the project’s Occupational, 
Safety and Health Management 
and the Lead Management plans 
these impacts are predicted to be 
manageable.  

 

Very high 

Exposure to 
environmental hazards 
(hazardous materials) is 
greater than 2 years 

Medium 

Residual impact significance High 

Assessment of uncertainty 

Medium  

Other modern mining operations have successfully applied similar management and mitigation 
measures to occupational health exposures associated with lead mining. 

 

Surrounding villages 

The sensitivity of communities located in the regional area surrounding the Bawdwin concession area varies 
depending on their location in relation to the historical mining activities, proximity to the Namtu-Manton Road, 
the prevailing wind direction, use of downstream waterways for drinking water and food, and reliance on 
groundwater fed springs. 

Periods of increased dust emissions are expected during construction of TSF embankment, Nam La water 
harvesting facility and other infrastructure components such as plant road, haul road and access roads. Similar 
impacts (nature and scale) are expected during decommissioning and active closure works. The primary exposure 
pathway identified for communities in tracts adjoining the Bawdwin concession area is inhalation of airborne 
particulate matter.  

 

The residual impact of increased dust emissions during all phases on community health of villages and hamlets in 
tracts adjoining the Bawdwin concession area is rated of low significance, based on the low impact magnitude 
and the medium sensitivity of this community to changes in health (Table 6.260). 
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Table 6.260 Impact significance summary – all phases – exposure to environmental hazards - affecting 
villages and hamlets in tracts adjoining the Bawdwin concession area  

Value Sensitivity of value  

Villages and 
hamlets in tracts 
adjoining the 
Bawdwin 
concession area – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium 

Vulnerability of villages and 
hamlets in tracts adjoining 
the Bawdwin concession 
area is considered moderate. 
The influence of historic 
contamination from the site 
is expected to be low.  

 

Medium 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect. Existing exposures 
are assumed to be low 
based on distance from 
historic operations.  

Communities have low 
resilience to changes with 
limited capacity and/or 
resources to absorb, adapt 
to, and recover from 
changes to the value or 
health effects. 

Medium 

Impact Magnitude of impact 

Villages and 
hamlets in tracts 
adjoining 
Bawdwin 
exposure to 
environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Low 

The impact is limited 
to those who use 
surface water 
resources in 
proximity to or 
downstream of the 
project, groundwater 
resources in the 
impacted catchments 
or those in proximity 
to dust generating 
sources (probably 
only Ho Chet village) 

Low 

Periods of increased dust 
emissions during 
construction of the TSF 
embankment, Nam La water 
harvesting facility and other 
infrastructure components 
may result in inhalation of 
airborne fine particulate 
matter. 

Very High 

Exposure to environmental 
hazards is greater than 2 
years and is frequent (e.g., 
dust emissions) during such 
time 

 

Low 

Residual impact significance Low 

Assessment of uncertainty 

High  

There is an absence of air quality modelling, limited meteorological baseline, and limited baseline 
data collection for this group.  
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Namtu 

Namtu wards and villages evaluated in the baseline health assessment were generally observed to have potentially 
high exposures to gases, metals (particularly lead), fine particulate matter and noise. Minor changes to the current 
conditions in Namtu are expected due to the distance from project construction and decommissioning activities. 
The primary source of exposure related to the project for these communities is vehicle transport during 
construction of the Namtu-Tiger Camp access road and ongoing use as a transport corridor during operations.  

Contamination of groundwater in the saprolite and fractured rock aquifers due to seepage from the TSFs has the 
potential to discharge to Nam La, which is a major source of drinking water for the township of Namtu 
downstream. WMM will implement an underdrainage system to capture seepage, however some seepage into the 
underlying aquifer is expected to occur and may result in discharges to the Nam La catchment. The impacts to the 
aquifers are discussed further in Section 6.4.4. Construction of the Nam La raw water harvesting facility and 
earthworks associated with the processing plant site are expected to result in some minor and temporary increases 
in sediment reporting to the Nam La. After closure, runoff from the capped TSF A will be released to the Nam La 
via a spillway. Geochemical modelling has not been completed and the quality of water released via the spillway 
has not been predicted, but may include concentrations of sediment and metals above background conditions in 
the Nam La. Further modelling work of potential impacts to the Nam La will be undertaken to address uncertainty 
on downstream water quality see Section 6.4.6. See Table 6.16 for further assessment on potential water quality 
impacts to Nam La drinking water source for Namtu wards and villages as a result of the project.  

The residual impact of increased exposure to environmental hazards during all phases on community health of 
Namtu wards and villages is rated of moderate significance, based on the low impact magnitude and the high 
sensitivity of this community to changes in health (Table 6.261). 
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Table 6.261 Residual impact significance summary – all phases – exposure to environmental hazards – 
affecting Namtu 

Value Sensitivity of value  

Namtu villages 
and wards – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Potentially high existing 
exposures to gases, metals 
(particularly lead), fine 
particulate matter and noise, 
reliance on the Nam La for 
drinking water which may be 
impacted by the project and 
presence of sensitive receptors 
(children or women of 
childbearing age). 

Low 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect. 
Existing exposures are 
assumed to be high 
based on baseline 
environmental results. 

Communities have low 
resilience to changes 
with limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes to 
the value or health 
effects. 

 

High 

Impact Magnitude of impact 

Namtu wards and 
villages exposure 
to environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Very Low 

Local scale impacts 
that effect some 
people (<5%) within 
Namtu living along 
the project vehicle 
transport route 

Low 

An increase in emissions of 
particulate matter (potentially 
with elevated metals) from 
construction and operation of the 
Namtu-Tiger Camp access road. 

Incidental ingestion or dermal 
contact with dust, water or dust 
deposited in soil. 

Very High 

Exposure to 
environmental hazards 
is greater than 2 years 
and is frequent during 
such time. Peak periods 
and traffic volumes 
across the construction 
and operations phases 
will be variable. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

There is an absence of air quality modelling and limited meteorological baseline. 

 

Nam Pangyun valley 

The mid and lower catchments of the Nam Pangyun are considered to be highly degraded at the present time. The 
artisanal miners operating in this valley are likely to have been historically exposed to metal and particulate 
contaminants due to their location and frequent use of the lower Nam Pangyun for mining and possibly other uses.  

The baseline soil investigation analysed soil samples from a small portion (approximately 800 m) of the existing 
railway corridor closest to Tiger Camp village (Section 5.1.4). Two samples from this area returned concentrations 
of lead above the adopted health screening criteria (300 mg/kg). The Namtu - Tiger Camp access road has not 
been sampled and therefore soil quality and predicted metals concentration of dust emissions is not known. Some 
existing contamination may be present as a result of use of the existing railway corridor during historic mining 
activities, however the extent is expected to be limited given the increasing distance from the areas of high existing 
contamination at Tiger Tunnel portal and Tiger Camp village. Construction of the Namtu-Tiger Camp access road 
will result in a temporary increase in emissions of dust and run off from construction sites containing elevated 
suspended sediments. Exposure to fine particulate matter and gaseous emissions from project vehicles will be 
ongoing during operations.  
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Groundwater in the Nam Pangyun catchment may be impacted by seepage from the TSF complex (discussed 
further in Section 6.4.4). Seepage beneath the TSFs will be collected by an underdrainage system, however some 
seepage to the surrounding groundwater may still occur, adversely impacting groundwater quality, resulting in 
increased concentrations of dissolved and total metals, sulphate and cyanide. Modelling is required to confirm the 
degree of impact to water quality expected as a result of seepage from the TSF and Wallah waste rock dump (see 
Section 6.3 and Section 6.4). 

The residual impact of increased exposure to environmental hazards during all phases from existing conditions on 
community health of residents of the Nam Pangyun valley is rated of high significance, based on the medium 
impact magnitude and the high sensitivity of this community to changes in health (Table 6.262). 
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Table 6.262 Residual impact significance summary – all phases – exposure to environmental hazards – 
affecting Nam Pangyun valley farms and artisanal miners 

Value Sensitivity of value  

Residents of the 
Nam Pangyun 
valley – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Due to some areas being in 
proximity to expected 
contamination in the Nam 
Pangyun riverbed from 
historical mining, and 
uncertainty regarding current 
source of drinking water. 

Medium 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect. Existing exposures 
are assumed to be high 
based on baseline 
environmental results.  

The artisanal mining 
community is transient and 
has some resilience to 
change due to this. 
However, in general the 
community is assessed to 
have low resilience to 
changes with limited 
capacity and/or resources to 
absorb, adapt to, and 
recover from changes to the 
value or health effects. 

High 

Impact Magnitude of impact 

Residents of Nam 
Pangyun valley 
exposure to 
environmental 
hazards 
(contaminated 
dust and water) as 
a result of the 
project 

Spatial extent Severity Duration Magnitude 

Medium 

Impact will affect 
a moderate 
proportion of the 
receptor (i.e., those 
individual 
receptors adjacent 
to the road).  

 

Low to Medium 

An increase in emissions of 
dust is predicted from 
construction of the Namtu-
Tiger Camp access road 
(medium severity), and then 
ongoing exposure of fine 
particulate matter and gaseous 
emissions from project vehicles 
during operations (low 
severity). Several residences 
are located <200 m from the 
access road. 

Inhalation of very fine airborne 
particulate matter has the 
potential to cause adverse 
health impacts in susceptible 
people.   

Medium to Very High 

Exposure to increased dust 
is medium term (i.e., 
approximately 7 months) 
during construction of the 
Namtu-Tiger Camp access 
road and is frequent during 
such time.  

Exposure to exhaust 
emissions is long term 
during operations (i.e., 
greater than two years) and 
is frequent during such 
time. Peak periods and 
traffic volumes across the 
construction and operations 
phases will be variable. 

Medium 

Residual impact significance High 

Assessment of uncertainty 

High  

There is an absence of air quality modelling and baseline data collection for this group. 

There is limited baseline stream flow data and lack of quantitative predictions of downstream water 
quality chemistry. To reduce uncertainty and allow for understanding of changes to water quality in 
relation to existing concentrations in ambient waters and international water quality guidelines, 
geochemical modelling of runoff contaminant concentrations and predicted changes to water quality 
will be necessary. 

 

Export corridor 
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The residents located along the proposed export transport corridor beyond Namtu are considered to have existing 
exposures commensurate with living near a major road with elevated levels of particulates, dust, gases and noise. 
The residents will experience increased gaseous emissions from project vehicles during construction and operation 
of the project. During the peak export traffic period, up to threefold increase in truck numbers is predicted on 
sections of the export corridor roads. The road is sealed and will not be a source of wheel generated dust. 
Furthermore, vehicles used to export concentrate will be enclosed and are not expected to be a source of dust with 
elevated concentration of lead. The residual impact of increased gaseous emissions during the construction and 
operations phases on community health of villages along the export corridor between Namtu and Highway 3 is 
rated of moderate significance, based on the medium impact magnitude and the medium sensitivity of this 
community to changes in health (Table 6.263). 

Table 6.263 Residual impact significance summary – construction and operations phases – exposure to 
environmental hazards – villages along the export route  

Value Sensitivity of value  

Villages along the 
export route – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium 

Existing exposures 
commensurate with living 
near a major road with 
elevated levels of 
particulates, dust, gases 
and noise, and presence of 
sensitive receptors 
(children or women of 
childbearing age). The 
vulnerability to change is 
assessed to be moderate. 

Medium 

The key contaminants of 
concern (lead, PM2.5 and 
PM10) have a cumulative 
effect. Existing exposures to 
lead are assumed to be low 
based on distance from 
historic operations. However 
exposures relating to road use 
are expected to be high.  

Communities have low 
resilience to changes with 
limited capacity and/or 
resources to absorb, adapt to, 
and recover from changes to 
the value or health effects. 

Medium 

Impact Magnitude of impact  

Villages along the 
export route 
exposure to 
particulates, dust, 
gas and noise ) 
and noise as a 
result of the 
project 

Spatial extent Severity Duration Magnitude 

Low 

Impacts would 
probably only be 
noticed by receptors 
in close proximity to 
the road. Some 
receptors will be 
affected more-so than 
others depending on 
proximity to the road. 

Low 

Exhaust emissions 
increases are unlikely to 
exceed emission criteria, 
or cause exceedance of air 
quality criteria.  

Inhalation of gases 
associated with vehicles.  

 

Very High 

Exposure to environmental 
hazards is greater than 2 years 
and is frequent during such 
time. Peak periods and traffic 
volumes across the 
construction and operations 
phases will be variable. 

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

High  

There is an absence of baseline data and modelling. Gaseous emissions from project vehicles in 
comparison to background levels, and overall cumulative impact, have not been quantified by 
modelling. 

 

Occupational and community safety 

Several mining industrial hazards and risks are related to the design or operation of the Project. These include 
events which may be induced by extreme natural events. Earthquakes or extreme rainfall events with magnitudes 
above design allowances have the potential to result in failure of the TSFs, Wallah waste rock dump, water storage 
dams and pit wall. Pipeline breaks, chemical spills or leaks, fire and explosion, electrical failures or buildings 
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failures may result from degradation, malfunction, operator error, accidental or deliberate interference, landslides 
or earthquakes. These unplanned events have the potential to impact occupational and community health and 
safety through injuries or fatalities, or contamination of drinking water supplies.  

The sudden influx of cash from direct or indirect employment associated with the project (usually predominantly 
of men) can result in adverse social and health impacts for women and other vulnerable community members, 
including an increase in alcohol related abuse and gender-based violence. This can lead to decreased security for 
women and children and an increase in inter-personal violence. Most of the local workforce will be transported to 
site each day and will not be accommodated in the project accommodation camp. There may also be violence and 
other forms of inappropriate behaviour by project workers or security personnel. 

Given these are unplanned events (i.e., hazards) and not planned project events, the risk of accidents and injuries 
is assessed in Chapter 7 and a residual assessment of impacts is not completed here. 

Water and sanitation 

Sanitation is known to directly influence community health, particularly availability and type of toilets and waste 
disposal practices, and also access to clean, non-contaminated water.  

Currently the sanitation situation and waste facilities are more developed in Namtu than in Bawdwin. Sewage 
disposal in villages within the Bawdwin concession area is currently limited to direct disposal to the Nam Pangyun 
or its tributaries. Sewage disposal by Namtu residents is primarily into pit toilets or septic tanks.  

Most households in both communities have ready access to piped water, although these sources may be substituted 
during periods of rain due to consequent turbidity. Microbiological testing of water samples in Bawdwin showed 
that most of the drinking water sources sampled (24 of the 29 samples) contained total coliforms and/or E. coli. 
The presence of coliforms and/or E. coli in drinking water indicates potential for recent contamination with soil 
or faeces and disease-causing organisms (pathogens) in the water system, which can lead to diarrhoeal disease 
and associated poor health outcomes. During community surveys 55% of survey respondents in Bawdwin stated 
that they treat their drinking water by either boiling, ultraviolet irradiation or chlorination, as they believe it to be 
of poor quality.  

The baseline health study (Appendix G) recorded a high prevalence of gastritis in Bawdwin and Namtu, which 
can probably be attributed to H. pylori, which has a prevalence (i.e., proportion of people in a population that are 
infected by H.pylori) of 50% to 90% in Asian countries. This bacterium can be transmitted between people and 
by water, particularly in areas where water quality is poor and rates of H. pylori are high (Brown, 2000).  

As noted by IFC (2013), a significant portion of the underlying community burden of disease in poor or rural 
communities (for example, diarrheal-related) is often effectively addressed by engineering strategies such as 
housing design, water access and supply. Design of a robust water supply system to ensure reliable and non-
contaminated water supply system to the resettlement village will be a key design feature. Similarly, a modern 
community sanitation system will be designed and constructed. 

With resettlement of the villages in the Bawdwin concession area and the construction of a new village(s) with 
essential services including clean water and modern sanitation systems, the project is expected to have a positive 
effect on the gastrointestinal conditions related to water and sanitation for the resettled populations.  

Villages within the Bawdwin concession area 

Drinking water for the Bawdwin upper and lower villages is currently sourced from the spring-fed settling pond 
which is located to the northwest of the mine area, supplemented by inflows from various springs in the area. 
Drinking water is either sourced directly from the smaller springs when located within walking distance of a ward, 
or via an extensive piped network that distributes the spring or pond water to other wards. Some residents in the 
upper Nam Pangyun catchment may possibly use water from the Nam Pangyun for drinking water, domestic and 
recreational purposes, although this is not confirmed. The mid and lower Nam Pangyun segments are not used by 
these populations as the water is known to be polluted with historical mine runoff and sewerage. 

A screening assessment of the quality of surface waters in Namtu and Bawdwin against drinking water criteria 
was completed. This assessment demonstrated that existing (baseline) water quality exceeds several of the water 
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quality criteria. The average concentrations of lead exceed adopted guidelines in all surface waters with the 
exception of the Myitnge River as it flows through Namtu, before the convergence with the Nam Pangyun stream. 
The average concentrations of arsenic, cadmium, nickel and zinc exceed the health screening criteria in the Nam 
Pangyun stream. The maximum concentrations of antimony, arsenic, cadmium, nickel and zinc exceed the health 
screening criteria in the Nam Pangyun stream. 

Surveys of Loi Mi farms identified the use of springs as a water source. The springs are outside and up-gradient 
of mineralised zones and areas of historic mining disturbance.  Several springs that emerge towards the base of 
the Wallah Gorge are used for potable water (see surface water baseline report, Appendix C), by Tiger Camp 
village. The waste rock dump will be constructed over the spring during operation, thereby removing it as a 
potential potable water source. However, regardless of its current use by Tiger Camp village the water quality of 
one of these springs (SWPS01) is poor (see Section 6.3) and is therefore not an ideal drinking water source.  At 
least four springs around the general lower Bawdwin region (see Figure 6.5) are potable water supplies (see 
surface water baseline report, Appendix C), which may be used by Bawdwin lower village and farms. Tiger Camp 
farms use different springs to Tiger Camp village, which are located in proximity to the farms at higher elevation. 
The nature of groundwater use by Nam La farms is unknown. 

Most construction activity will take place within the Nam Pangyun catchment around the headwaters north of 
Bawdwin, at Bawdwin and Tiger Camp and in the Wallah Valley. Construction of a new access road will also 
extend through the lower catchment from Namtu to Tiger Camp. Construction activities will have increased risk 
of sediment laden and potentially contaminated runoff entering the Nam Pangyun and to a less extent the Nam 
La. Construction of the processing plant north of Bawdwin will take place on the catchment divide between the 
Nam Pangyun and Nam La. Similar water quality risks may exist for the Nam La catchment during construction. 

Tiger Camp village and associated farms, Bawdwin upper village, Bawdwin lower village and associated farms 
and Nam La farms will be resettled during operations. Loi Mi village and associated farms may be resettled during 
operations, but this will only be confirmed following discussion with the villagers and further investigation of 
impacts. Communities residing within the Bawdwin concession area will be present during some or all of the 
project construction program and may experience a temporary reduction of water quality from upstream 
construction activities. As a result, the communities may ingest contaminants in groundwater, spring water or 
surface water used for drinking water. An assessment of water quality impacts as a result of the project is provided 
in Section 6.4.  

WMM will avoid locating infrastructure close to drainages or watercourses, where practicable, and will implement 
erosion and sediment mitigation measures such as conducting earthworks preferentially during the dry season and 
installing downstream sediment dams to facilitate the settlement of suspended sediment from runoff. WMM has 
committed to providing clean alternative water sources if the existing water supply is compromised during 
construction or early operations. As a result of this mitigation measure the impact pathway is not complete and 
has not been assessed further. 

The new village(s) at the resettlement location will provide access to clean, non-contaminated water and improved 
sanitation facilities. The residual impact of improved water and sanitation at the resettlement village(s) on 
community health of villages within the Bawdwin concession area is rated of positive (moderate to high) 
significance, based on the positive (medium) impact magnitude and the medium to high sensitivity of this 
community to changes in health (Table 6.264). 

Table 6.264 Residual impact significance summary – construction phase onwards – changes in 
sanitation and access to clean, non-contaminated water – affecting villages in the Bawdwin 
concession area  

Value Sensitivity of value  

Villages in the 
Bawdwin 
concession area– 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium to High 

Due to the occurrence of, or 
potential for, existing exposure 
to environmental hazards from 
historic mining (soil, dust, water 
and food), proximity to the 
project, use of groundwater fed 

Low to Medium 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect. 

Communities have low 
to medium resilience to 

Medium to 
High 
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Value Sensitivity of value  

springs for drinking water and 
presence of sensitive receptors 
(children or women of 
childbearing age) 

changes with limited to 
some capacity and/or 
resources to absorb, 
adapt to, and recover 
from changes to health, 
dependent on the level 
of existing exposure. 

Impact Magnitude of impact (prior to resettlement) 

Changes in 
sanitation and 
access to clean, 
non-contaminated 
water for 
residents within 
the concession 
area 

Spatial extent Severity Duration Magnitude 

Prior to resettlement 

No impact is expected as WMM has committed to providing clean alternative water sources if the 
existing water supply is compromised during construction or early operations. 

Following resettlement 

Very High 

As the majority of 
residents living 
within the Bawdwin 
concession area will 
be resettled 

Medium 

Resettlement will avoid the 
existing environmental 
exposures resulting from historic 
mining activities 

Very High 

Impact is greater than 
15 years and is 
continuous during such 
time 

Positive 
(medium) 

Residual impact significance Positive 
(moderate 
to high) 

Assessment of uncertainty 

High  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

 

Villages in tracts adjoining the Bawdwin concession area 

It is assumed that residents of villages in tracts adjoining the Bawdwin concession area use similar types of 
drinking water sources as those living within the concession area, namely groundwater-fed springs. No impact is 
expected as WMM has committed to providing clean alternative water sources if the existing water supply is 
compromised during construction or early operations. 

Nam Pangyun valley 

No impacts to downstream users of the Nam Pangyun are predicted given the mid and lower Nam Pangyun 
segments is known to be polluted with historical mine runoff and sewerage. It is assumed this waterway is not 
relied on as a source of drinking water however will require confirmation through additional baseline data 
collection and community engagement regarding resource use. 

Namtu 

Residents of some wards of Namtu are known to use water from the Nam La stream, as well as the Kho Mo water 
source (a natural pond) which is used by all the Tha Ta La wards located south of the Myitnge (Namtu) River. 
The Kho Mo source has been noted to be insufficient during the summer period with a corresponding decrease in 
water quality. As outlined in the previous section, the Nam La catchment may be impacted by sedimentation and 
erosion from project disturbance during construction. Initial impact may be minimal due to distance from source 
and dilution before the point of exposure at Namtu. In addition, there is potential for water quality of the Nam La 
stream to be affected by poor quality groundwater discharge from the TSF and Wallah waste rock dump during 
operations, closure and post closure. However this impact is not expected to occur due to implementation of 
management measures by WMM. Further modelling work of potential impacts to the Nam La will be undertaken 
to address uncertainty on downstream water quality see Section 6.4.6. 

Project impacts to surface water features will be reduced due to a combination of avoidance (i.e., by designing the 
project in a way that removes the impact pathway) and management (i.e., by implementing controls to minimise 
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the effects on the environment). Refer to Section 6.4 for proposed surface water management measures to be 
implemented by WMM. 

The residual impact of reduced quality of Nam La drinking water during all phases on Namtu wards and villages 
is rated of moderate significance, based on the low impact magnitude and the high sensitivity of this 
community to changes in health (Table 6.265). 
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Table 6.265 Residual impact significance summary – all phases - reduced quality of drinking water 
source – affecting Namtu 

Value Sensitivity of value  

Namtu villages 
and wards – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

High 

Potentially high existing 
exposures to gases, metals 
(particularly lead), fine 
particulate matter and noise, 
reliance on the Nam La for 
drinking water which may be 
impacted by the project and 
presence of sensitive receptors 
(children or women of 
childbearing age) 

Low 

The key contaminants 
of concern (lead, PM2.5 

and PM10) have a 
cumulative effect.  

Existing exposures are 
assumed to be high 
based on baseline 
environmental results. 

Communities have low 
resilience to changes 
with limited capacity 
and/or resources to 
absorb, adapt to, and 
recover from changes to 
the value or health 
effects. 

High 

Impact Magnitude of impact 

Reduced quality 
of Nam La 
drinking water 
source for Namtu 
wards and 
villages as a 
result of the 
project 

Spatial extent Severity Duration Magnitude 

Medium 

The Nam La River 
supplies the area 
north of Myitnge 
(Namtu) River. The 
Kho Mo water source 
(a natural pond) is the 
main water supply 
for all the Tha Ta La 
wards located south 
of the Myitnge 
(Namtu) River.  

Very Low 

The impact will be minimal as it 
can be managed through 
standard mitigation. 

Initial impact may be minimal 
due to distance from source and 
dilution before the point of 
exposure at Namtu. 

Medium  

Impact is medium term 
during construction 
disturbance in the Nam 
La catchment (i.e., 1 to 
2 years). The frequency 
of impact is not known 
due to the lack of 
surface water 
modelling.  

Low 

Residual impact significance Moderate 

Assessment of uncertainty 

Medium  

There is an absence of surface water modelling and limited baseline. 

 

There is opportunity for improved water and sanitation in surrounding villages as a result of project investment in 
line with the Community Development Plan to be developed and implemented by WMM. This plan will comply 
with the amended Mining Laws that require all mining companies to put a percentage of profits into a fund that 
will contribute to Community and Social Responsibility initiatives. WMM will continue to develop its knowledge 
of community conditions and needs through a formal process of community engagement and will use this 
knowledge to progressively refine the Community Development Plan. It is anticipated that investment priorities 
are likely to focus on infrastructure to support essential services, including water and sanitation. As the community 
investment priorities have not yet been decided this potential positive impact has not been assessed further. 

Respiratory and housing issues 

Overcrowding and poor ventilation are widely recognised as important factors for health, particularly the 
prevalence of respiratory infections such as pneumonia.  

Based on survey observations, housing is generally basic in Bawdwin and Namtu. As discussed in Section 5.9.12, 
most residents appear to be long-term, both in the community and in a particular house. The average household 
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size in both Bawdwin and Namtu is six people, often with extended family living together in the same dwelling. 
The majority of homes are less than 50 m2 in total floor area with generally larger dwellings in Namtu compared 
to Bawdwin. As such, the majority of Bawdwin and Namtu communities were not assessed to be particularly 
overcrowded. 

The air quality experienced by the surveyed householders depends not just on natural ventilation but also on 
whether the family cooks inside and what type of fuel is used. As discussed in Section 5.9.9, food was generally 
cooked with electricity or wood and electricity, and coal/charcoal was generally regarded as a back-up fuel for 
when electricity was not available. Few houses (less than 3% in Bawdwin and 17% in Namtu) were considered to 
be poorly ventilated and most householders did not cook inside the house. As such, the majority of Bawdwin and 
Namtu communities were not assessed to be particularly susceptible to respiratory issues from indoor smoke 
inhalation.  

A higher population density (driven by in-migration indirectly cause by the project) has the potential to contribute 
to overcrowding, which in turn could lead to increased physical contact and heighten the risk of spreading 
communicable diseases, including tuberculosis. WMM will implement measures to limit the effects of in-
migration to be developed and detailed in the Community Health, Safety and Security Plan such as selecting 
workers in accordance with the geographic priorities determined by the project and establishing multiple points 
of hire that do not encourage people to move to the project site. The development of management measures will 
involve engaging state, township and village-level government representatives to assist them to devise strategies 
to prepare for in-migration. At the resettlement location, key requirements for the new village(s) will be housing 
design with appropriate floor space, ventilation and cooking facilities.  

Respiratory health may be indirectly influenced by the project potentially through increased prevalence of 
smoking. It is well known that smoking damages the respiratory system and increases the risk for respiratory 
infections or diseases such as tuberculosis, chronic obstructive pulmonary disease, asthma and lung cancer (US 
DHHS, 2014). The Noncommunicable Disease Risk Factor Survey by WHO (2011) reported that in Myanmar in 
2009, of those surveyed, 22.0% were current smokers, with 75.8% of smokers smoking daily. The baseline health 
survey reported that a person who smoked lived in 37% of households in Bawdwin and 49% of households in 
Namtu.  

The project has the potential to indirectly influence the rates of smoking through higher disposable incomes and 
thereby reduce respiratory health. However, high disposable incomes may also increase other aspects of living 
standards (e.g., housing with improved ventilation) and access to health services and medicine. With the 
implementation of a Health Awareness Program by WMM which will focus on lifestyle risk management and 
disease prevention the magnitude of impact is assessed to be very low.  

Villages in the Bawdwin concession area 

Following implementation of management measures to limit in-migration and promote health awareness, the 
project was assessed to be unlikely to directly influence overcrowding and associated respiratory conditions pre-
resettlement. Following resettlement during the construction and operations phases, the residual impact of 
improved housing at the resettlement village(s) and potential indirect effect of increase smoking rates on 
community health of the villages in the Bawdwin concession area is rated of positive (low to moderate) 
significance, based on the positive (low) impact magnitude and the medium to high sensitivity of this 
community to changes in health (Table 6.266). 
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Table 6.266 Residual impact significance summary – all phases – reduced respiratory and housing 
issues following resettlement – affecting villages in the Bawdwin concession area 

Value Sensitivity of value  

Villages in the 
Bawdwin 
concession area – 
community health 

Importance Vulnerability Resilience Sensitivity 

High 

Health is highly 
valued by the 
community 

Medium to High 

Due to the occurrence of, or 
potential for, existing exposure 
to environmental hazards from 
historic mining (soil, dust, water 
and food), proximity to the 
project, use of groundwater fed 
springs for drinking water and 
presence of sensitive receptors 
(children or women of 
childbearing age) 

 

Low to Medium 

The key contaminants 
of concern (PM2.5 and 
PM10) have a 
cumulative effect. 

Communities have low 
to medium resilience to 
changes with limited to 
some capacity and/or 
resources to absorb, 
adapt to, and recover 
from changes to health, 
dependent on the level 
of existing exposure. 

 

High 

Impact Magnitude of impact (following resettlement) 

Reduced 
respiratory and 
housing issues 
following 
resettlement of 
villages in the 
Bawdwin 
concession area 

Spatial extent Severity Duration Magnitude 

Very High 

As the majority of 
residents living 
within the Bawdwin 
concession area will 
be resettled 

Low 

Bawdwin houses are not 
particularly overcrowded or 
susceptible to respiratory issues 
from indoor smoke inhalation 
however the design of the new 
village(s) will be improved. 

Smoking rates may indirectly 
increase as a result of higher 
disposable incomes of the 
project workforce, however the 
Health Awareness Program will 
mitigate this impact by 
educating the workforce on 
lifestyle disease management. 

Very High 

Impact is greater than 
15 years and is 
continuous during such 
time 

Positive 
(low) 

Residual impact significance Positive 
(low to 
moderate) 

Assessment of uncertainty 

High  

The resettlement sites have not yet been selected. However, one of the requirements of the site is 
that they are safe for habitation and will not have harmful levels of contamination. 

 

Food and nutrition 

Food and nutrition play a vital role influencing health. Depending on individuals’ choices, the project may 
indirectly exacerbate nutritional issues. The project is likely to increase income levels and therefore result in 
greater disposable income (see Section 6.11.2). While increased incomes can provide improved access to a 
diversity of foods and therefore better nutrition, it has more frequently been shown to encourage some people to 
rely more on store-bought foods potentially of lower nutritional value. Aside from increasing purchasing power, 
employment may reduce the time available to undertake subsistence activities, further encouraging reliance on 
store-bought foods. This impact would affect people who find employment as a result of the project. 
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To mitigate the potential for reliance on store-bought foods of lower nutritional value WMM will provide the 
project workforce with access to a good diversity of food in the kitchen / dry mess that is comparable to their 
current diets. 

As a result of increased demand on local goods and services from the project there is also the potential for 
increased local inflation. MCRB (2018) reported that during field investigations of the potential impacts of mining 
in Myanmar, community members reported higher food prices linked to the increase of the population due to 
mining activities. Furthermore, poorly planned or implemented resettlement program can result in food insecurity, 
often due to loss of subsistence agriculture. The assessment assumes that access to adequate cultivatable land is 
available at the relocation site for resettled communities. This will be further investigated as resettlement planning 
progresses. 

The annualised food consumption frequency results indicated the household diets in all of the wards/villages 
studied contained a good diversity of food, with remarkable similarities between the Bawdwin and Namtu 
communities. Rice was a primary carbohydrate source in all households. Bananas, pumpkins and potatoes were 
also significant carbohydrate sources as was bread and biscuits while sweets and snacks were minor sources. The 
consumption of protein-rich food is dominated by fish and chicken, with pork, lamb, mutton, tinned meats, prawns 
and shellfish or beef also common protein sources. Eggs were also frequently consumed. Legumes and beans 
added to the diverse sources of proteins. 

Consumption of green vegetables was high at all the community wards/villages with mean consumption varying 
between 4 to 6 times a week and daily. The consumption of fresh fruit at an average of two to three times a week, 
was significant. To some degree, this result may be a consequence of the timing of the survey (May 2019), but 
direct observation would indicate there was widespread availability of garden produce at all times during the year. 
This is supported by the results of the survey of seasonal availability. 

Laboratory analysis of foods indicated the potential ingestion of lead and other metal contaminants in or on locally 
grown foods, or foods grown and transported from local areas. This was particularly the case for villages in the 
Bawdwin concession area where more than three quarters of sampled food exceeded the recommended metal 
concentration of at least one element (typically lead). Food sampled in Namtu was only marginally better with 
more than one third exceeding the recommended metal concentration of at least one element.  

Prior to resettlement, villages in the Bawdwin concession area will experience increased exposure to hazardous 
materials as a result of project disturbance, emissions and discharges through ingestion of home grown produce 
or animal products (see Table 6.205 to Table 6.257). WMM will implement a range of management measures to 
minimise emissions of dust and contaminated water and soil. Key measures include water carts for dust 
suppression, erosion and sediment controls such as sediment dams and capture and treatment of seepage from the 
TSFs and waste rock dump prior to discharge.  

Many factors can influence the absorption of lead including nutritional status, the form of lead and the route of 
exposure. Implementation of a Health Awareness Program with government and non-government agencies in 
project-affected communities will assist in educating communities with methods to minimise exposure to metal 
contaminants (i.e., lead). Examples include following good hygiene practices such as thoroughly washing hands 
and rinsing garden produce prior to eating, keeping eating areas clean and free of dust, and maintaining a diverse 
diet inclusive of milk products, green leafy vegetables and calcium-fortified foods such as orange juice, soy milk 
and tofu.  

Local expenditure by the project will provide business opportunity to local providers of goods and services and 
may result in economic stimulus and a redistribution of wealth. A potential negative impact associated with a 
stimulated local economy is the potential for local inflation of the price of goods and services, such as store-
bought food. While a potential positive impact for providers of goods and services, people whose incomes do not 
increase proportionally to inflation may be negatively impacted and not able to access store-bought foods. 

Overall, with the implementation of management measures including providing the project workforce with access 
to a good diversity of food, and supporting public health services through engagement with government and 
services providers during implementation of the Community Health, Safety and Security Plan no direct material 
change in nutritional levels is expected. As a result, food and nutrition related issues have not been assessed 
further.  
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Non-communicable diseases 

In 2016, 68% of deaths in Myanmar were estimated to be due to non-communicable diseases. The majority of 
these were cardiovascular disease (25%), cancers (13%), chronic respiratory disease (8%), digestive disease (8%) 
and diabetes (4%) (WHO, 2018). Risk factors for the most prevalent non-communicable diseases include 
behaviour-based factors (physical activity, fruit and vegetable consumption, tobacco use and alcohol use) and 
physical factors (obesity and hypertension) (WHO, 2011). 

There is an established association between non-communicable diseases and increased income, particularly in 
developing countries (Di Cesare et al., 2013; Habib and Saha, 2010; Pi et al., 2018). The risk of non-communicable 
diseases (such as heart disease, high blood pressure and cancer) may be exacerbated by lifestyle choices (e.g., 
diet, tobacco, marijuana, alcohol). Consumption of unhealthy food and harmful substances may be driven by 
increased income – which makes unhealthy store-bought foods and harmful substances (such as tobacco and 
alcohol) more affordable. 

The health baseline study found that cardiovascular accidents were the leading cause of mortality in Namtu 
township in 2017 and 2018. The incidence of diabetes is low, consistent with the dietary habits and lack of obesity 
in the population. 

The measured waist circumferences of all surveyed adults indicated that for approximately 23% all the surveyed 
adult males were at elevated risk of cardiovascular disease. The corresponding value for all surveyed adult females 
was about 39%. Despite this, the blood pressure measurements reported only 15% of males and 15% of females 
were hypertensive indicating an overall healthy lifestyle in both communities. 

Whilst there may be an indirect effect on prevalence of non-communicable diseases as a result of increased income 
from project employment, there are also a range of benefits. This includes being able to afford travelling further 
for education, health and commercial services such as stores and markets, access to more advanced levels of 
education, access to better and/or more frequent healthcare and purchasing more and greater range of food from 
stores and markets. WMM will support delivery of public health services through engagement with government 
and service providers and will implement a Health Awareness program to address key issues of lifestyle risk 
management and disease prevention. 

Overall, with the implementation of management measures, project-induced increase in non-communicable 
diseases in the project workforce or other communities effected by economic stimulus of the project is considered 
unlikely, noting the uncertainty regarding individuals spending habits. 

Communicable diseases 

The report of the Commission on AIDS in Asia stated that Asia’s epidemics depend to a considerable extent on 
incomes and mobility of workers outside their family settings (UNAIDS, 2008). The report stated that “men who 
have disposable income, and who travel or migrate to work opportunities, provide most of the demand for 
commercial sex” (UNAIDS, 2008). Experiences around resource developments has shown that higher incomes 
(from employment) and greater mobility can lead to unsafe sexual practices. The number of people living with 
HIV in Myanmar was 240,000 in 2019 according to UNAIDS, with a high level of transmission through injecting 
drug users and prostitution (Avert, 2020). The prevalence of HIV in Myanmar is second highest in Southeast Asia 
(Avert, 2020). The World Health Organisation (WHO) estimated that 2.1% of deaths in Myanmar in 2016 could 
be attributed to sexually transmitted diseases (WHO, 2020). 

The health baseline survey reported zero incidences of HIV/AIDS in the previous 12 months in Namtu and 
Bawdwin. There is the potential that the project to indirectly increase the prevalence of HIV/AIDS and other STDs 
through increased income and mobility.  

Myanmar has one of the highest tuberculosis rates in the world; WHO estimated a TB prevalence of 473 per 
100,000 population in 2013 (MOH, 2014), and a rate of 53 deaths per 100,000 people in 2014. The United Nations 
Development Programme (UNDP) reports that the Myanmar TB incidence rate has been in decline since 1997. 
During the health baseline survey, one respondent in Bawdwin reported having tuberculosis in the previous 12 
months, indicating a very low prevalence of tuberculosis.  
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Many health issues can be resolved with the application of well-established, simple, and cost-effective public 
health interventions, such as treated bed nets, immunizations, and information, education, and communication 
programs. WMM will develop a Health Awareness Program as part of the Community Health, Safety and Security 
Plan to address key issues influencing communicable disease transmission such as hygiene, preventative health 
and infectious disease management. The awareness program will provide education to communities on 
communicable diseases, such as tuberculosis and STDs, and provide advice regarding seeking medical treatment. 

The ICMM good practice guidance on HIV/AIDS, tuberculosis and malaria (2008) includes a range of practical 
measures for the mining industry regarding management of communicable diseases. Other guidance documents 
include the IFC HIV/AIDS guide for the mining sector (Golder, 2004), which was developed for mining 
communities in South African however contains relevant learnings applicable to other geographical areas. With 
implementation of management measures to raise awareness on communicable diseases and to limit the potential 
for in-migration, project-induced spread of communicable diseases is considered unlikely. Increase in 
communicable disease is an unplanned event (i.e., hazard) and not planned project events. As such, a residual 
assessment of impacts is not completed here. 

Vector-related diseases 

Malaria is prevalent in Myanmar. The disease is endemic in 86% of townships in Myanmar and about 70% of the 
national population lives in malaria-endemic areas. As of 2013, morbidity and mortality rates were 6.44 per 1000 
people and 0.48 per 100,000 people, respectively (MOH, 2014). Malaria is primarily spread by mosquitos as the 
vector. 

Vector borne disease was not commonly reported during the Bawdwin and Namtu household surveys. Most 
households reported the use of mosquito bed-nets and/or the use of repellents, as well as attention to control of 
mosquito breeding areas. Mosquito control methods were practiced in the majority of homes but were not 
universal. The use of repellents was common to about 50% of households although almost no households used 
insect screens. Most households were aware of the risks of standing water for mosquito breeding and most used 
mosquito nets, although almost no households re-treated nets with insecticide to optimise their effectiveness. 

Of the 230 people surveyed in Bawdwin and 190 people surveyed in Namtu as part of the health baseline study, 
six respondents in Bawdwin and four respondents in Namtu reported having malaria in the previous 12 months. 
One respondent in Bawdwin and no respondents in Namtu surveyed in the health baseline study reported having 
filariasis (a parasitic disease caused by roundworms and their larvae), a vector-borne parasitic disease in the 
previous 12 months.  

Currently the transmission risk of malaria and other vector-related diseases around the project area is assessed to 
be low, based on the low reported incidences. The project may increase the risk of mosquito-borne diseases 
through the construction of new or larger sources of standing water (e.g., new reservoirs, sediment dams and 
drainage lines) that may provide mosquito habitat. Mosquitoes have an average maximum flight distance of 
between 50 m and 50 km, depending on the species (Verdonschot & Besse-Lototskaya, 2014). Other influential 
factors include local environmental conditions (e.g., landscape, topography, and meteorological conditions, 
including prevailing wind direction), the mosquito population density and the presence, and position and density 
of potential hosts (Verdonschot & Besse-Lototskaya, 2014). In a metadata analysis study by Verdonschot & 
Besse-Lototskaya (2014) the average flight distance of malaria carrying mosquitos (i.e., genus Anopheles) ranged 
between 24 m (A. Subpictus) and 1.25 km (A. Minimus), dependent on the species. 

The impact to Bawdwin upper village will be largely avoided as residents will be resettled during construction. 
Receptors at higher risk of communicable diseases spread by mosquitos during the pre-resettlement period include 
Tiger Camp, Tiger Camp farms and Bawdwin lower village farms near the Wallah waste dump sediment dams, 
and Nam La farms near the Nam La water harvesting facility. Resettlement of Loi Mi and Loi Mi farms near the 
TSF water reservoirs is dependent on the outcomes of further consultation. If these communities remain in their 
current location they would also fall within the higher risk category (i.e., within 1.25 km of project-related water 
storages). WMM will monitor project reservoirs and dams for mosquito breeding activity. If a high level of 
breeding activity is observed or if health monitoring results indicate an increase in the prevalence of vector-related 
diseases WMM will explore additional controls. This may include pesticide control and/or provision of mosquito 
nets, treated or untreated, to surrounding villages. 
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The nearest project water storage to the accommodation camp is the existing Nam Pangyun Reservoir. Whilst this 
facility will be expanded to greater water storage capacity it is not considered to pose an increased risk of vector-
related disease from mosquitos. The accommodation camp will be sealed and may be regularly fumigated if 
additional controls are required to manage mosquitos. The workforce will be provided with PPE including long 
sleeved coveralls and long pants and insect repellent.  

Due to the elevation and climate of the project, the area is not considered to provide optimal conditions for the 
growth and spread of malaria locally. Additionally, with the planned resettlement many of the communities that 
may be at an increased risk of exposure will be resettled.  

WMM will support the delivery of public health services to project-affected communities through engagement 
with government and service providers to address vector-related diseases. 

 

Summary of residual impacts 

Table 6.267 provides a summary of the residual impacts and their significance. 
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Table 6.267 Summary of assessment of residual health impacts 

Impact Value 
impacted 
and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact 
significance 

Uncertainty 

Exposure to 
environmen
tal hazards 
(contaminat
ed dust and 
water) as a 
result of the 
project 

Bawdwin 
upper 
village 
– 
commu
nity 
health 

 High 
sensitivi
ty 

Constructi
on (prior 
to 
resettleme
nt) 

Medium 

 Very high 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

 

High Community health 
in Bawdwin upper 
village is highly 
sensitive, and 
exposure to 
contaminants is 
expected to impact 
75% of people due 
to the proximity of 
dust generating 
activities. 

Once resettled, 
reduced exposure 
to environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
meteorol
ogical 
baseline 

 Resettle
ment 
sites 
have not 
been 
selected 

Operations
, closure 
(following 
resettleme
nt) 

Positive (high) 

 Very high 
spatial 
extent 

 High 
severity 

 Very high 
duration 

Positive 
(major) 

Bawdwin 
lower 
village 
– 
commu
nity 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 
(prior to 
resettleme
nt) 

Very high 

 Very high 
spatial 
extent 

 High 
severity 

 Very high 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

Major Community health 
in Bawdwin lower 
village is highly 
sensitive, and 
exposure to 
contaminants is 
expected to impact 
75% of people due 
to the proximity of 
dust generating 
activities and use of 
groundwater and 
surface water. 

Once resettled, 
reduced exposure 
to environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
meteorol
ogical 
baseline 

 Resettle
ment 
sites 
have not 
been 
selected 

Operations
, closure 
(following 
resettleme
nt) 

Positive (high) 

 Very high 
spatial 
extent 

 Medium 
severity 

 Very high 
duration 

Positive 
(major) 

Tiger Camp 
village – 
community 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 
(prior to 
resettleme
nt) 

Medium 

 High 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

High Community health 
in Tiger Camp is 
highly sensitive, 
and exposure to 
contaminants is 
expected to impact 
the majority of 
people due to the 
proximity of dust 
generating 
activities and use of 
groundwater and 
surface water. 

Once resettled, 
reduced exposure 
to environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
meteorol
ogical 
baseline 

 Resettle
ment 
sites 
have not 
been 
selected 

Operations 
and 
closure 
(following 
resettleme
nt) 

Positive (high) 

 Very high 
spatial 
extent 

 Medium 
severity 

 Very high 
duration 

Positive 
(major) 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact 
significance 

Uncertainty 

Exposure to 
environmen
tal hazards 
(contaminat
ed dust and 
water) as a 
result of the 
project 

Bawdwin 
lower 
village 
farms – 
community 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 
(prior to 
resettleme
nt) 

Low 

 Very low 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

 

Moderat
e 

Community health 
in Bawdwin lower 
village farms is 
highly sensitive, 
and exposure to 
contaminants is 
expected to impact 
a small proportion 
of people due to the 
distance from dust 
generating 
activities. Once 
resettled, reduced 
exposure to 
environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
baseline 
data 
collectio
n 

 Resettle
ment 
sites 
have not 
been 
selected 

 

Operations 
and 
closure 
(following 
resettleme
nt) 

Positive 
(medium) 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

Positive 
(high) 

Tiger Camp 
farms (not 
located 
along plant 
access road) 
– 
community 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 
(prior to 
resettleme
nt) 

Medium 

 High 
spatial 
extent 

 Low 
severity 

 Medium 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

 

High Community health 
in Tiger Camp 
farms is highly 
sensitive, and 
exposure to 
contaminants is 
expected to an 
impact a high 
proportion of 
people due to the 
proximity of dust 
generating 
activities and use of 
groundwater and 
surface water. 

Once resettled, 
reduced exposure 
to environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
baseline 
data 
collectio
n 

 Resettle
ment 
sites 
have not 
been 
selected 

 

Operations 
and 
closure 
(following 
resettleme
nt) 

Positive 
(medium) 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

Positive 
(high) 

Nam La 
farms – 
community 
health 

 Medium 
sensitivi
ty 

Constructi
on and 
operations 
(prior to 
resettleme
nt) 

Medium 

 Medium 
spatial 
extent 

 Medium 
severity 

 Medium 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

 

Moderat
e 

Community health 
in Nam La farms is 
highly valued but 
less vulnerable to 
changes than other 
villages due to their 
distance from the 
mine. Exposure to 
contaminants is 
expected to impact 
residences near the 
northern access 
road and Nam La 
water harvesting 
facility (where dust 
generating 
activities will 
occur). 

Once resettled, 
reduced exposure 
to environmental 
hazards are 
expected to benefit 
community health 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
baseline 
data 
collectio
n 

 Resettle
ment 
sites 
have not 
been 
selected 

 

Operations 
and 
closure 
(following 
resettleme
nt) 

Positive 
(medium) 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

Positive 
(high) 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact 
significance 

Uncertainty 

Exposure to 
environmen
tal hazards 
(contaminat
ed dust and 
water) as a 
result of the 
project 

Loi Mi 
farms – 
community 
health 

 Medium 
sensitivi
ty 

If not 
resettled 

Medium 

 Low 
spatial 
extent 

 Low 
severity 

 High 
duration 

 Resettlement 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

 Implementatio
n of a Health 
Awareness 
Program 

 

Low If Loi Mi village 
and associated 
farms are not 
resettled, the effect 
of temporarily 
increased exposure 
to environmental 
hazards from 
existing conditions 
on community 
health will be 
greater than if they 
are resettled. 
Community health 
of this receptor 
group is somewhat 
vulnerable due to 
existing 
contamination and 
use of groundwater, 
and part of this 
receptor group is 
close to dust 
generating sources 
(TSF-B). 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
baseline 
data 
collectio
n 

 Resettle
ment 
sites 
have not 
been 
selected 

 

If resettled Positive 
(medium) 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

Positive 
(modera
te) 

Bawdwin 
military 
base 

 High 
sensitivi
ty 

 

Constructi
on and 
operations 

High 

 Very high 
spatial 
extent 

 High 
severity 

 Very high 
duration 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

Major The military base is 
exposed to existing 
environmental 
hazards and is 
located in 
proximity to dust 
generating 
activities 
(approximately 
400 m from the 
power station and 
process plant) 

High 

 Absence 
of air 
quality 
modellin
g and 
limited 
baseline 
data 
collectio
n 

 Source of 
drinking 
water is 
unknown 

Project 
workforce 

 Medium 
sensitivi
ty 

Constructi
on and 
operations 

Medium 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Implementatio
n of the 
Occupational 
Safety and 
Health 
Management 
Plan 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

Moderat
e 

The project 
workforce highly 
value occupational 
health and will be 
exposed to 
environmental 
hazards, however 
the impact will be 
managed by 
implementing the 
Occupational 
Safety and Health 
Management Plan. 

Medium 

 Other 
modern 
mining 
operation
s have 
successfu
lly 
applied 
similar 
managem
ent and 
mitigatio
n 
measures 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact 
significance 

Uncertainty 

Exposure to 
environmen
tal hazards 
(contaminat
ed dust and 
water) as a 
result of the 
project 

Villages and 
hamlets in 
tracts 
adjoining 
the 
Bawdwin 
concession 
area – 
community 
health 

 Medium 
sensitivi
ty 

Constructi
on and 
operations 

Low 

 Low 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

Low The villages and 
hamlets in tracts 
adjoining the 
Bawdwin 
concession area 
may be impacted 
by changes to 
surface water and 
groundwater and 
increased dust 
emissions, however 
this is only 
expected to have a 
low severity impact 
to a limited 
proportion of the 
receptor group. 

High 

 Absence 
of air 
quality 
modellin
g, limited 
meteorol
ogical 
baseline 
and 
limited 
baseline 
data 
collectio
n 

Namtu 
villages and 
wards – 
community 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 

Low 

 Very low 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

Moderat
e 

Impact to Namtu 
will be localised to 
those living along 
the transport route, 
and may 
experience an 
increase in 
emission over 
construction and 
operations. 

Medium 

 Absence 
of air 
quality 
modellin
g and 
limited 
meteorol
ogical 
baseline 

Residents of 
the Nam 
Pangyun 
valley – 
community 
health 

 High 
sensitivi
ty 

Constructi
on and 
operations 

Medium 

 Medium 
spatial 
extent 

 Low to 
medium 
severity 

 Medium 
to very 
high 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

 Erosion and 
sediment 
control 
measures 

High Receptors close to 
the road may be 
impacted by 
increased dust 
during construction 
and from project 
vehicles during 
operations. 
Receptors 
dependent on the 
Nam Pangyun 
water may 
experience changes 
to contaminant 
concentrations in 
the water.  

High 

 Absence 
of air 
quality 
modellin
g and 
baseline 
data 
collectio
n 

 Limited 
baseline 
stream 
flow data 
and lack 
of 
qualitativ
e 
predictio
ns of 
downstre
am water 
quality 

Villages 
along the 
export route 
– 
community 
health 

 Medium 
sensitivi
ty 

Constructi
on and 
operations 

Low 

 Low 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Dust 
suppression 
measures 

Moderat
e 

Receptors closest 
to the road are 
expected to be 
affected, and 
emission criteria 
are unlikely to 
exceed emission 
criteria or air 
quality criteria 

High 

 Absence 
of 
baseline 
data and 
modellin
g 
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Impact Value 
impacted 
and 
sensitivity 

Impact 
phase 

Impact 
magnitude 

Key management 
measure(s) 

Impact 
signific
ance 

Justification for 
impact 
significance 

Uncertainty 

Changes in 
sanitation 
and access 
to clean, 
non-
contaminat
ed water  

Communitie
s within the 
Bawdwin 
concession 
area – 
community 
health 

 Medium 
to High 
sensitivi
ty 

Constructi
on, 
operations, 
closure 
(following 
resettleme
nt) 

Positive 
(medium) 

Very high 
spatial extent 

Medium 
severity 

Very high 
duration 

 Facilitate the 
improvement 
of water and 
sanitation 
facilities at 
resettlement 
village(s) 

 Manage the 
current 
standard of 
water and 
sanitation 
facilities 

Positive 
(modera
te to 
high) 

Residents within 
the Bawdwin 
concession area 
will be provided 
clean drinking 
water prior to 
resettlement if the 
existing supply is 
compromised. 
After resettlement 
the existing 
environmental 
exposure will be 
avoided. 

High 

 Resettle
ment 
sites 
have not 
been 
selected 

Reduced 
quality of 
Nam La 
drinking 
water 
source for 
Namtu 
wards and 
villages as 
a result of 
the project 

Namtu 
villages and 
wards – 
community 
health 

 High 
sensitivi
ty 

Constructi
on  

Low 

 Medium 
spatial 
extent 

 Very low 
severity 

 Medium 
duration 

 Measures to 
minimise 
emissions of 
dust, and 
contaminated 
water and soil 

 Erosion and 
sediment 
control 
measures 

Moderat
e 

Community health 
of Namtu is highly 
sensitive and may 
be impacted by 
reduced drinking 
water quality 
throughout 
construction, 
however this can be 
managed with 
standard mitigation 
measures. 

Medium 

 Absence 
of 
surface 
water 
modellin
g and 
limited 
baseline 

Reduced 
respiratory 
and 
housing 
issues 
following 
resettlemen
t of villages 
in the 
Bawdwin 
concession 
area 

Villages 
within the 
Bawdwin 
concession 
area – 
community 
health 

 Medium 
to High 
sensitivi
ty 

Constructi
on, 
operations 
and 
closure 
(following 
resettleme
nt) 

Positive (low) 

 Very high 
spatial 
extent 

 Low 
severity 

 Very high 
duration 

 Measures to 
limit the effects 
of in-migration 

 Implementatio
n of a Health 
Awareness 
Program 

Positive 
(low to 
moderat
e) 

The community 
health of villages 
within the 
Bawdwin 
concession area is 
highly sensitive, 
and once resettled 
there are expected 
to be reduced 
respiratory and 
housing issues due 
to limited in-
migration and 
appropriate housing 
at the new 
resettlement 
locations. 

High 

 Resettle
ment 
sites 
have not 
been 
selected 
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6.11.5 Uncertainties and further work 
This section outlines the key uncertainties associated with the impact assessment and outlines recommended 
further work to address uncertainties. 

The key uncertainties are associated with: 

 Baseline blood lead levels for all receptor groups (there is only data for a portion of the current Bawdwin 
workforce blood lead levels). 

 The project schedule indicates all Group 1 receptor groups will be present during construction and Group 1B, 
1C and 1D will be present for the first year of open mine pit operations. 

 The effectiveness of design measures to minimise the release of dust, gases, runoff, drainage or 
release/seepage of contaminated water to groundwater and surface waters is uncertain and detailed design 
and modelling work has not yet been conducted. 

Further work required to address these uncertainties is outlined in Table 6-22 and the relevant sections of the 
impact assessment (as indicated in Table 6.268). 

Table 6.268 Uncertainties and further work in respect of health impacts 

Uncertainty Further work required Purpose Assumption 

Lack of data regarding 
community blood lead levels 

Blood lead analysis of 
young children and adults in 
all receptor groups 

Establish a baseline in 
order to assess future 
project impacts 

Baseline blood lead 
levels for all receptors 
have been assumed to be 
at or above the 
recommended levels 

Lack of environmental baseline 
data for farms within the 
Bawdwin concession area, Loi Mi 
and villages in tracts adjoining 
the Bawdwin concession area, 
residents of the Nam Pangyun 
valley and residents along the 
export route beyond Namtu 

Collect baseline 
environmental data for at 
these locations, including: 

 Socio-economic data 

 Health data 

 Air quality data 

Establish a baseline in 
order to assess future 
project impacts 

Contamination from 
historic mine activities is 
concentrated near mine  

Baseline contaminant exposure 
levels in the resettlement location 
are not known 

Collect baseline 
environmental data at the 
resettlement locations, 
including: 

 Socio-economic data 

 Health data 

 Air quality data 

Establish a baseline in 
order to assess future 
project impacts 

The resettlement location 
is assumed to be safe for 
habitation and to not 
have harmful levels of 
contamination. 

Resettlement location and the 
resettlement period in relation to 
the project schedule 

Identify and secure 
appropriate resettlement 
location and confirm timing 
of resettlement for each 
receptor 

Validate key 
assumptions of impact 
assessment 

The resettlement location 
is assumed to be safe for 
habitation and to not 
have harmful levels of 
contamination. 

Refer to Table 6.85 for 
assumed timing of 
resettlement. 

Effectiveness of design measures 
and dust suppression measures 

Refer to Section 6.11.6. Validate key 
assumptions of impact 
assessment 

Design and management 
measures are assumed to 
be effective in mitigating 
impacts 

Concentrations and compositions 
of dust and gaseous emissions, 
and contaminants in dust and the 

Further work to address 
uncertainties regarding air 
quality impacts, as outlined 
in Table 6.31.  

To quantify exposure to 
environmental hazards 
impact via air exposure 
pathways 

Qualitative assessment 
adopting recommended 
separation distances  
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Uncertainty Further work required Purpose Assumption 

level of dust deposition at 
receptors 

Level and distance of noise and 
vibrations emissions are not 
known 

Further work to address 
uncertainties regarding 
noise impacts, as outlined in 
Table 6.145. 

To quantify the sound 
levels at receptors 

Noise emission levels 
were estimated based on 
literature values and the 
inverse square law. 

Lack of quantitative predictions 
of downstream water quality 
(total and dissolved metals, pH) 
during construction, operations 
and post-closure. 

Further work to address 
uncertainties regarding 
surface water impacts, as 
outlined in Table 6.82. 

To quantify the severity 
and spatial extent of 
water quality impacts 
on downstream water 
users 

Qualitative assessment 

Quality of groundwater at the 
points of discharge as a result of 
changes to flow rate, direction, 
drawdown, seepage from TSFs, 
Wallah waste rock dump and 
mine pit are not known. 

Further work to address 
uncertainties regarding 
groundwater impacts, as 
outlined in Table 6.49. 

To quantify the severity 
and spatial extent of 
groundwater quality 
impacts on groundwater 
users 

Qualitative assessment 

Significant volume of topsoil is 
required for capping of landforms 
at closure. The extent, thickness 
and adequacy are not known. 

Further work to address 
uncertainties regarding soil 
impacts, as outlined in 
Table 6.22. 

To validate key 
assumptions of impact 
assessment 

Assumed sufficient 
volume of capping 
material is available 

 

6.11.6 Monitoring  
Environmental monitoring, inspecting and auditing commitments for landform and soils, surface water and 
groundwater, air quality and noise are outlined in sections 6.2 to 6.5 and 6.7.  

Air quality, noise and blast monitoring programs will be established at Bawdwin lower village and Tiger Camp 
during operations given their proximity to open pit mining activities.  

Ongoing regular monitoring of human health aspects, including blood lead levels, for all receptor groups and 
workers is planned throughout the life of mine in order to detect emerging issues early. Exposure of Bawdwin 
workers will be monitored using personal dust inhalation samplers, personal aerosol monitors and real time 
monitoring of dust in the project area. 

WMM will establish procedures to monitor and measure the effectiveness of the environmental and social 
management plan as well as compliance with any related legal and/or contractual obligations and regulatory 
requirements. The monitoring will be undertaken on a participatory basis with communities and in collaboration 
with government agencies. A community grievances register will be maintained and regularly reviewed with any 
issues followed up with local communities. 

 



 

 

 

 

Appendix A - Greenhouse 
gas impact assessment 

calculations 
 

  



 

 

 

 

Appendix A - Greenhouse gas impact 
assessment calculations 

Introduction 
This report briefly outlines the calculation methodology used to determine the greenhouse gas emissions 
generated by source for the Bawdwin project and the carbon dioxide equivalent (CO2-e) for each emission 
source for various project stages.  

Emissions from land clearance of primarily grasslands (where carbon storage is minimal) are considered 
negligible.  

Operation 
It was assumed that the operation period would last for 13 years. The method used to calculate the emissions are 
presented in Section 0 to Section 0. 

Fuel consumption in trucks moving materials to and from mine area 
Average daily fuel consumption was calculated to be 5,804 L for the transport of materials to and from the mine 
area. This was calculated based on the following assumptions:  

 63.09 trucks/day (WMM 2020) 
 37.7 L/100 km (ICCT 2017): 

o 30 tonne capacity trucks 
o N3 Rigid vehicles 
o 8x4 axle configuration  
o 60 km/h  
o Consumption at upper weight limit 

 Distance from Bawdwin to Muse of 244 km 

The CO2-e was calculated using the following equation (DEE 2018): 

𝐸௜௝ ൌ  
𝑄௜  ൈ 𝐸𝐶௜  ൈ 𝐸𝐹௜௝௢௫௘௖

1000
 

where: 

 𝐸௜௝  is the emissions of gas type (j), (carbon dioxide, methane or nitrous oxide), from fuel type (i) (CO2-e 

tonnes). 

 𝑄௜  is the quantity of fuel type (i) (kilolitres) combusted for stationary energy purposes. 

 𝐸𝐶௜  the energy content factor of fuel type (i) (gigajoules per kilolitre) for stationary energy purposes. 

 𝐸𝐶஽௜௘௦௘௟ ௢௜௟ ൌ 38.6 𝐺𝐽/𝑘𝐿  

 𝐸𝐹௜௝௢௫௘௖  the emission factor for each gas type (j) 

 𝐸𝐹௜ሺ஼ைଶሻ ൌ 69.9 𝑘𝑔𝐶𝑂ଶି௘/𝐺𝐽 

 𝐸𝐹௜ሺ஼ுସሻ ൌ 0.1 𝑘𝑔𝐶𝑂ଶି௘/𝐺𝐽 

 𝐸𝐹௜ሺேଶைሻ ൌ 0.5 𝑘𝑔𝐶𝑂ଶି௘/𝐺𝐽 



 

 

 

 

Fuel consumption in mine operation fleet 
Average daily fuel consumption for the mine operation fleet was assumed to be 48,168 L per day (WMM 2020). 

The CO2-e was calculated using the following equation (DEE 2018): 

𝐸௜௝ ൌ  
𝑄௜  ൈ 𝐸𝐶௜  ൈ 𝐸𝐹௜௝௢௫௘௖

1000
 

Diesel consumption in power station for mine infrastructure during 
operation 

Average daily fuel consumption of the power station on site was taken to be to be 106,552 L (WMM 2020). 

The CO2-e was calculated using the following equation (DEE 2018): 

𝐸௜௝ ൌ  
𝑄௜  ൈ 𝐸𝐶௜  ൈ 𝐸𝐹௜௝௢௫௘௖

1000
 

Explosive use during mine operation 
The total explosives used in the project operation phase was based on the total amount of mineral mined in bulk 
cubic meters (BCM). The total amount mined year was assumed to be 6,268,422 BCM (WMM 2020), with 
0.52 kg of explosives used per BCM.  

The CO2-e was calculated using 0.17 CO2-e per tonne of explosive (DCC 2008). 

Waste production during mine operation 
Both the amount of waste produced by the project and the CO2-e were based on a mining project of similar size.  

Construction 
It was assumed that the construction period would last for two years.  

For all emissions sources during the construction period, a value of 40% of the operational value was taken 
(WMM 2020). The emissions sources for the construction period comprised of: 

 Fuel consumption in trucks moving materials to and from mine area. 

 Fuel consumption in mine construction fleet.  

 Diesel consumption in power generation during construction.  

 Explosive use during mine construction.  

 Waste production during mine construction.  

Decommissioning 
It was assumed that the decommissioning period would last for two years. Emissions associated with the closure 
monitoring and maintenance period were excluded as these would be negligible compared to the construction, 
operation and decommissioning periods.  

For all emissions sources during the decommissioning period, a value of 20% of the operational value was taken 
(WMM 2020). The emissions sources for the construction period comprised of: 

 Fuel consumption in mine decommissioning fleet. 

 Power generation.  



 

 

 

 

Summary  
Table A1 presents the greenhouse gas emissions generated by each project source and the equivalent tonnes of 
CO2 per annum (t CO2-e / annum).  

Table A1 Activity data and emissions for each GHG emission source 

 

 

Project source emissions Emission value Units GHG emissions  

(t CO2-e / annum) 

Construction (2 years) 

Fuel consumption in trucks moving materials to 

mine area 

847 kL/annum 2,306 

Fuel consumption in mine construction fleet 7,033 kL/annum 18,994 

Diesel consumption in power generation for mine 

infrastructure during construction 

15,557 kL/annum 42,154 

Explosive use during mine construction  1,304 tonnes/annum 221 

Waste production during mine construction  513 tonnes/annum 111 

Total  63,787 

Operation (13 years) 

Fuel consumption in trucks moving materials to 

and from mine area 

2,118 kL/annum 5,764 

Fuel consumption in mine operation fleet 17,581 kL/annum 47,486 

Diesel consumption in power generation for mine 

infrastructure during operation 

38,891 kL/annum 105,385 

Explosive use during mine operation 3,260 tonnes/annum 554 

Waste production during mine operation 644 tonnes/annum 693 

Total  159,883 

Closure (2 years) 

Fuel consumption in mine decommissioning fleet 3,940 kL/annum 10,650 

Power generation 7,778 kL/annum 21,077 

Total 31,727 
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7 Assessment of hazard and risk 

7.1 Background 
In addition to the potential impacts caused by the planned or known events associated with the project (identified 
in Chapter 6), there is the potential for impacts to occur due to unplanned events. These unplanned events include 
natural hazards and disasters and industrial mining hazards. The unplanned events can have consequences that 
may impact the success of the project and/or increase the magnitude of project impact on the surrounding 
environment. These are considered unplanned events as they are not expected to occur as a result of the project’s 
normal operating conditions. However, they have the potential to result in significant consequences if they do 
occur.  

There are key differences between undertaking a risk assessment of unplanned events and completing an impact 
assessment of known events associated with a project. The impact assessment in Chapter 6, assesses, quantifies 
and describes impacts that will occur if the project is constructed, operated and closed in accordance with its scope 
and design, albeit with varying levels of significance. While only credible impacts from the project are assessed 
in Chapter 6, a range of other hazards exist that are unlikely or very unlikely to occur such as extreme natural 
events (including earthquakes, landslides, flooding, storms and droughts) or significant industrial mining hazards. 
However, if these were to occur they would have serious consequences and therefore it is important that they are 
considered, and measures put in place to reduce the likelihood of them occurring or their consequences. Technical 
codes and relevant legislation have been considered when designing aspects of the project, including 
infrastructure, in order to prevent potential incidents and their subsequent consequences from eventuating. 

The focus of this section is on the risk associated with natural hazards that may affect the project, and mining 
industrial hazards associated with project activities that may impact human health or lives or have environmental 
impacts. This includes discharges of hazardous and non-hazardous materials that occur as a result of these events 
that would not normally occur, or not occur to the same degree as during normal project activities. 

7.2  Assessment approach 
Hazards and unplanned events relating to the project have been identified based on the location and nature of the 
project. The hazards and events presented are those that may cause high or extreme consequences such as adverse 
off-site impacts on the natural environment, acute or chronic human health issues, and injuries or fatalities. The 
hazard and risk assessment is structured by presenting different groups of hazards or unplanned events and within 
each group outlining the nature of the hazard or unplanned event and: 

 Consequences: Description of the consequences associated with the unplanned event.  

 Management measures and design controls: Identification of design controls and mitigation measures to 
reduce the likelihood and/or minimise consequences of the event. 

 Assessment of risk: The overall risk is determined as a function of the consequences of the event, and the 
likelihood of it occurring. As per the risk assessment framework summarised below. 

Risk assessment framework 

Risks have been assessed qualitatively in accordance with the risk assessment process outlined in AS/ISO 
31000:2018 Risk management – guidelines, and handbook HB 203:2012 Managing environment-related risk.  

 

The environmental risk assessment method adopted involved the following steps: 
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 Hazard and risk identification: Description of the hazard, potential unplanned event, pathway between 
hazard and receptor, and potential consequences.  

 Risk analysis: Assessment of the consequences associated with the event, should it occur and assessment of 
the likelihood of the consequence occurring, taking existing controls and management measures into account. 

 Risk evaluation: Qualitative determination of the overall risk as a function of the consequences of the event 
and likelihood of the consequences occurring. Risk is assessed as being very low, low, moderate, high or 
major. 

The definitions for consequence and likelihood are provided in Table 7.1 and Table 7.2 respectively. Assessment 
of consequences associated with the event and likelihood of those consequences occurring, following the 
implementation of design controls and management measures.  

Table 7.1 Definitions for consequence 

Receptors Consequences 

Negligible  Minor Severe Major Extreme 

People Minimal impact 
on health. 

Minimal impact 
to community. 

Injuries requiring 
first aid treatment. 

Minor impact to 
community. 

Injury or illness 
requiring hospital 
treatment. 

Moderately 
impacting the 
community. 

Few fatalities or 
several people 
with life 
threatening 
injuries. 

Major impacts to 
the community. 

Multiple 
fatalities. 

Significant 
impacts to wider 
community. 

Environment No effect or 
minor on site 
effects rectified 
immediately with 
negligible 
residual effect. 

Effect very 
localised 
(<0.1 ha) and 
short term 
(weeks), minimal 
rectification 
required. 

Localised (<1 ha) 
and medium term 
(<2 years) effects, 
easily rectified. 

Major off-site 
impact or long-
term severe 
effects or 
rectification 
difficult. 

Effects 
widespread, 
viability of 
ecosystem or 
species affected, 
permanent major 
changes. 

Project 
activities (in 
the context of 
employment 
and 
socioeconomic 
benefits)  

Negligible 
interruption to 
project activities. 

Minor 
interruption to 
project activities. 

Interruption to 
project activities, 
with the potential 
for delays or 
short-term mine 
closure. 

Major 
interruption to 
project activities, 
with the potential 
for temporary 
mine closure. 

Severe 
interruption to 
project activities, 
with the potential 
for permanent 
mine closure. 

 

Table 7.2 Definitions for likelihood  

 Likelihood Categories 

Rare Remote Unlikely Probable Frequent 

Frequency Theoretically 
possible but has 
never occurred in 
the past 

Not anticipated to 
occur. 

Unlikely to occur 
but possible  

Will probably 
occur during the 
project life. 

Expected to occur 
during the project 
life 

 

The risk was determined by applying consequence and likelihood in the matrix presented in Table 7.3. 
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Table 7.3 Risk matrix 
 

Likelihood 

Rare Remote Unlikely Probable Frequent 

C
on

se
q

u
en

ce
s 

Negligible Very low Very low Very low Low Moderate 

Minor Very low Low Low Moderate Moderate 

Severe Low Low Moderate High High 

Major  Low Moderate High Major Major 

Extreme Moderate High Major Major Major 

7.3 Natural hazards and disaster risk 
Extreme natural events may affect the project and have associated social and/or environmental consequences. 
These include earthquakes, landslides, storms, flooding and drought. Natural events may cause an environmental 
or safety incident at the mine such as infrastructure failure, which in turn can have environmental and social 
impacts. This section discusses the potential for extreme natural events to occur in the project area and Section 
7.4 discusses the project incidents that may eventuate as a result of these extreme natural events. 

7.3.1 Climate change 
Climate change has the potential to exacerbate certain natural hazards, including storms, flooding and droughts. 
Myanmar has been the second most affected country by extreme weather events between 1999 and 2018 
(Germanwatch, 2020). Future climate change is expected to impact Myanmar, with changes in precipitation and 
temperature anticipated. The project is located within the Eastern Hilly Region of Myanmar, which receives the 
lowest annual precipitation in Myanmar, and the lowest wet-season and hot-season precipitation (Horton et al., 
2017). Precipitation is predicted to increase annually and in the wet seasons in the 2011 to 2041 period compared 
to baseline rates (Table 7.4). In the same period, there is a possibility precipitation may either increase or decrease 
from baseline rates in the hot season and cool season with the magnitude of increases greater than predicted 
decreases. Temperature is predicted to increase annually and in all seasons in the 2011 to 2041 period compared 
to baseline temperatures (Table 7.4).  

Table 7.4 Projected changes in precipitation and temperature in the Eastern Hilly Region in the 
2011 to 2040 period compared to average precipitation and temperature between 1980 and 
2005 

 Annual  Hot Season (March 
to May)  

Wet Season 
(June to 
October) 

Cool Season (November 
to February) 

Low  High  Low  High  Low  High  Low  High  

Precipitation  
(% change from baseline) 

0 +10 -11  +11 +2 +12 -2 +9 

Temperature  
(°C change from baseline) 

+0.7 +1.2 +0.9 +1.4 +0.6 +1.2 +0.7 +1.3 

Source: Horton et al. (2017) 
 

7.3.2 Earthquakes and landslides 
The project lies within an area of moderate seismic activity, with several major faults nearby, such as the Sagaing 
Fault, which is 150 km to the west. The project is located in the Bawdwin Fault Zone, with minor faults mapped 
within the vicinity of the mine. Knight Piésold (2020b; Appendix A) carried out a seismic analysis for the project, 
as input to the design of open pit slopes, TSFs and the Wallah waste rock dump. Their assessment indicates that 
the nearby Kyaukme Fault and Lashio Fault typically experience earthquakes lower than magnitude 4.5. The 
region could expect to experience a maximum seismically-induced peak ground acceleration (PGA) of 
approximately 0.15 g to 0.2 g units of gravity) with a recurrence interval of 50 years (WMM, 2019). The means 
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the maximum acceleration of the ground during an earthquake that occurs on average once every 50 years is 15% 
to 20% of the average acceleration of earth due to gravity.  Seismic hazard modelling has indicated the maximum 
credible earthquake (MCE) which could feasibly occur in Bawdwin has a peak ground acceleration of 0.35 g 
(Knight Piesold, 2020b). The MCE represents the maximum possible ground acceleration during an earthquake 
based on available seismic and tectonic information.  

Landslides may occur as a result of sustained heavy rainfall, earthquakes and slope instability. Landslides caused 
by floods have been known to occur in the Eastern Hilly Region of Myanmar (Horton et al., 2017). There is little 
evidence of large slips in the Nam Pangyun, ER and Wallah valleys; however, large landslides may obstruct 
watercourses, reducing surface water flows should they occur. Landslides have occurred in the Thabeikkyin area, 
approximately 140 km west of Bawdwin, in 1991 and the Shwebo area, approximately 175 km southwest of 
Bawdwin, in 2012 as a result of earthquakes on the nearby Sagaing Fault (Knight Piésold, 2020b). 

The steep terrain and high rainfall frequently induce landslips along the Namtu-Manton Road (Valentis 2020). 
This road will be used to a limited extent during construction. The landslip risk varies along the main route 
between Bawdwin mine and Lashio that will be used for the transport of materials, consumables, equipment and 
personnel to site and export of concentrate to National Highway 3 in accordance with different terrain. Some 
sections are in steeper terrain and may be susceptible to slips whilst others are in gentle or rolling terrain and are 
therefore at lower risk. 

Earthquakes and landslides have the potential to cause the following project related events: 

 Damage to project facilities, including failure of the tailings storage facilities (TSFs), Wallah waste rock 
dump, water storage dams, open pit wall and pipelines. Such an event was observed in August 2020 when a 
landslide on the valley flank supporting Namtu-Manton Road damaged the head of the Nam La flume and 
the weir head. The flume has since been repaired. 

 Damage to project facilities, vehicles or equipment, resulting in uncontrolled release of contaminated 
materials, hazardous materials or product concentrate into the environment, posing a risk to the environment 
and human health. 

The risk of these events occurring are assessed in Section 7.4. 

7.3.3 Storms and flooding  
Whilst projected changes in cyclone severity and frequency remain uncertain, flooding is known to occur in the 
Eastern Hilly Region (Horton et al. 2017) and specifically in the Myitnge River basin due to heavy rainfall 
associated with low pressure waves from monsoons moving across the country (DOMH, 2019). There is little 
evidence of major flooding occurring in Namtu, with flooding in the Myitnge River at the monitoring station 
near Hsipaw recorded every 1 in 50 years (2%). This is likely due to the deeply incised valley restricting 
flooding extent. However, high water levels were observed in Myitnge River in August 2020 with some 
localised flooding north of Namtu. Contrastingly, flooding has been recorded in the Myitnge River in 78% of 
years between 1972 and 2016 at the monitoring station closer to central Myanmar (DOMH, 2019). In 2015, 
unusually heavy rainfall during the monsoon season followed by Cyclone Komen caused severe flooding and 
associated landslides across Myanmar, affecting 12 states and regions, including Shan State (Kawasaki et al., 
2017; DOMH, 2019).  

Anecdotal evidence suggests high rainfall has the potential to damage infrastructure located on or near 
watercourses, with the Nam La weir controller indicating the Nam La flow rate and level rises rapidly during 
storm events with high rainfall. This has historically resulted in damage to the Nam La flume and a bridge of the 
Namtu to Tiger Camp railway. The intensity of the storm is evidenced by the movement of large boulders down 
the watercourse.   

The probable maximum precipitation (PMP) storm event for Bawdwin has been modelled as 485 mm per 
24 hours, representing the theoretical maximum amount of precipitation that could be expected in a 24-hour 
period under modern meteorological conditions (Knight Piésold, 2020c).  

Storms and flooding have the potential to cause the following project related events: 
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 Damage to project facilities, including failure of the TSFs, WRD, water storage dams and open pit wall. 

 Damage to project facilities resulting in uncontrolled release of contaminated materials into the 
environment, posing a risk to the environment and human health. 

The risk of these events occurring are assessed in Section 7.4. 

7.3.4 Drought 
Droughts or extended periods of lower than normal rainfall may occur and impact the project. Parts of Myanmar 
have experienced droughts recently, with a significant drought in 2010 causing water shortages in several parts of 
Myanmar (Yi et al., 2014). Increases in drought frequency may be associated with increases in temperature due 
to climate change, however droughts may not always be accompanied by decreased precipitation (Horton et al., 
2017). 

Droughts may reduce the availability of water for the project, which requires 150.9 m3/hr or 2.8 M m3 at steady 
state operations (WMM, 2020). These large amounts of water will be collected during the wet season, stored in 
dams and used year-round. Abnormally dry wet seasons may not provide sufficient water to be drawn down over 
the dry season. 

Average annual rainfall was calculated by Knight Piésold as 1,568 mm, with a 1 in 100 dry average recurrence 
interval (ARI) as 1,065 mm and 1 in 100 wet ARI as 2,066 mm. Water balance modelling indicates the Nam La 
water storage dam capacity of 1.13 M m3 will be adequate to prevent water shortfalls under 1 in 100 ARI dry 
conditions. Should 1 in 100 ARI dry conditions occur in any year between Years 5 and 10, make-up water will be 
supplied to the process plant from the Nam La water harvest dam at rates of between 35,000 m3 and 141,000 m3 
per year. Downstream of the abstraction point and dam, communities in Namtu source potable water from the 
Nam La. Abstraction of water from the Nam La to the Nam La water harvest dam during unanticipated dry 
conditions may result in reduced flows in the Nam La, thus reducing the amount of water available for 
communities.  

Consequences 

The potential consequences of this hazard include: 

 Reduced water supply, potentially putting pressure on water resources, including limited drinking water 
supply for local communities in Namtu, and raw water for project activities.  

Management measures and design controls 

Management measures and design controls implemented to reduce the consequences of droughts and likelihood 
of consequences are to: 

 Conduct scenario planning for drought circumstances to consider during detailed design phase. 

 Design the project with multiple water sources. 

 Conduct further work to estimate the baseline flows of the Nam La to quantitatively assess impacts to existing 
water supply to Namtu and potential ecological effects of reduced stream flow. Investigate options to 
supplement Namtu water supply if predicted to have impact under possible scenarios due to the project.  

Assessment of risk 

The risk of droughts has been assessed considering the consequences and likelihood of the consequences 
occurring. The consequences are considered severe, and are unlikely to occur, resulting in an overall risk that is 
assessed to be moderate (Table 7.5).  
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Table 7.5 Risk assessment of droughts 

Hazard Consequences Likelihood Overall Risk 

Drought Severe 

Potential temporary impacts to the 
Namtu community due to reduced 
water supply 

Unlikely 

Unlikely to occur but possible 

Moderate 

7.4 Mining industrial hazards 
Mining industrial hazards and risks are related to the design or operation of the project. This includes events which 
may be induced by the extreme natural events outlined above. An earthquake or extreme rainfall event with 
magnitudes above design allowances (MCE and PMP, respectively) have the potential to result in failure of 
infrastructure, including the TSFs and dams. 

7.4.1 Vehicle accident 
In Myanmar there has been a dramatic increase in the number of road fatalities and injuries, more than doubling 
between 2008 to 2016 with the number expected to double again by 2020 (noting that these are likely under 
estimates do to under-reporting). Key factors underpinning the rapid increase in road fatalities and injuries 
includes the rapid increase in motorization being experienced, the large proportion of motorbikes, bicycles and 
pedestrians using roads, and the poor condition of roads (Wegman et al., 2017; ADB, 2016). 

The road infrastructure is particularly unsafe for pedestrians and those travelling on motorbikes. There is little in 
the way of pedestrian facilities; footpaths are often non-existent along high-speed sections of road and pedestrian 
crossings are considered inadequate. Signage for drivers, alerting to the presence of pedestrians, is also lacking, 
with no appropriate advanced signage, no signage at pedestrian crossings and no lighting. Driver behaviour also 
contributes to the unsafe roads, as there is little emphasis on safety in the country. Speeding and not giving way 
to pedestrians is common, as is driving while under the influence of alcohol. Many motorcyclists often do not 
wear helmets (ADB, 2016).  

The project requires the use of heavy and light vehicles, including 25 light vehicles/buses, and truck fleets for 
transporting supplies and concentrate. The route between Bawdwin and Lashio primarily comprises public roads 
and will be utilised during project activities for the transport of materials, consumables, equipment and personnel 
to site and export of concentrate from the site.  Project activities will increase the traffic on these roads and add 
additional pressure to existing roading infrastructure, consequently increasing the risk of vehicle accidents. 

Vehicle accidents on roads within the mine concession area may have consequences for mining personnel, 
equipment and infrastructure. Vehicle accidents on public roads may have implications for the general public and 
infrastructure and buildings unrelated to the project.  

Vehicle accidents on public roads may have implications for the general public and infrastructure and buildings 
unrelated to the project. These trucks may transport hazardous materials, including concentrate, fuel and reagents 
required during the operation phase of the project. Over the mine life there is expected to be an additional 20 (year 
1) to 93 (year 12) trucks per day associated with the project. Compared to the baseline traffic report (Valentis, 
2020), this represents up to a 69% increase the number of trucks passing through Namtu on weekdays, and up to 
a 190% increase in the number of trucks passing through the Man Sam western junction on weekdays. 

Consequences 

The potential consequences of accidents involving project-related vehicles include: 

 Potential injuries or fatalities to project and non-project related people. 

 Damage to project and non-project related infrastructure and property. 

 Social tension between affected parties and mining personnel/authorities (see Section 7.6). 
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 Environmental contamination, if the accident results in spills of hazardous materials. 

Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of vehicle 
accidents are to: 

 Implement the Traffic and Transport Management Plan and Hazardous Materials Plan when hazardous 
materials are involved. 

 Use only competent and licenced WMM (and contractor) drivers. 

 Establish and enforce speed limits on project roads and for project vehicles on public roads. 

 Conducting regular vehicle inspections. 

 Deliver a program to project-affected communities including schools in project-affected communities to raise 
awareness of road and traffic risks to safety, and personal behaviours which can reduce risk and improve 
safety. 

 Operate a grievance mechanism that all project-affected communities have access to. 

 Conduct a hazard and operability study (HAZOPS), which is a structured and systematic examination of a 
complex planned or existing process or operation, in order to identify and evaluate hazards that may represent 
risks to personnel, equipment or the environment. 

 Design and construct haul roads and access roads to international standards. 

 Equip special purpose vehicles such as fuel trucks with equipment necessary to respond to an accident that 
may result in a spill. 

 Maintain project roads to a suitable and safe standard. 

 Install signage to advise road users of safe operating speeds and conditions. 

 Develop a risk-based spill prevention and response plan to reduce risks to as low as reasonably practical. 

 Create an Emergency Response Team and include spill response in the team’s responsibilities. Specifically: 

- Equip the team with reference material, spill response and decontamination equipment (including PPE), 
using a risk-based approach that is appropriate to the nature of hazardous materials on site 

- Train the team in spill response techniques and implement regular practice of those techniques 

 Establish arrangements to mobilise additional resources for responding to larger spills and strategies for 
deployment. 

Assessment of risk 

The risk of vehicle accidents has been assessed taking into consideration the consequences and likelihood of the 
consequences occurring (Table 7.6). The high risk of vehicle accidents is common across the mining industry 
and will be managed through implementation of good industry practice, as outlined above.  

Table 7.6 Risk assessment of vehicle accidents 

Hazard Consequences Likelihood Overall Risk 

Vehicle accident Major 

Potential fatalities and/or severe 
injuries 

Unlikely 

Unlikely to occur but possible 

High 

Minor Unlikely Low 
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Hazard Consequences Likelihood Overall Risk 

Minor impacts to community with 
respect to damage to infrastructure 
and property, and associated social 
tension 

Unlikely to occur but possible 

Minor 

Accidents resulting in spills and leaks 
causing localised environmental 
contamination which are easily 
remedied 

Probable 

May occur during the project life 

Moderate 

 

7.4.2 Tailings storage facility failure 
Tailings will be stored in three interconnecting tailings storage facilities (TSFs). TSF A and B have capacity to 
store up to 8.2 Mt and 9.1 Mt of tailings, respectively. TSF C has capacity to store 7.9 Mt of tailings and 7.3 Mt 
of waste rock (including up to 1.5 Mt of PAF waste rock).  

Tailings are not expected to be net acid forming, however are expected to have high concentrations of metals and 
metalloids. Geochemical analysis of tailings by Knight Piesold (2020a) indicates the enrichment of several metals, 
including concentrations of arsenic, cadmium, lead and nickel that exceed the health standards adopted by Knight 
Piésold, and concentrations of antimony, arsenic, cadmium, chromium, cobalt, copper, nickel, silver, zinc, sulfur 
and sulfate that exceed the ecological soil standards adopted by Knight Piésold. 

Failure of the TSFs may occur as a result of seismic events which are greater than accounted for in the design 
criteria, geotechnical failure of the embankments, failure of the underdrains and decant return, or landslides.  

The TSF seismic design parameters recommended by Knight Piésold follow ANCOLD guidelines and consider 
an operating basis earthquake (OBE) for normal operations, a safety evaluation earthquake (SEE) for extreme 
(dam safety) conditions during operations, and a maximum credible earthquake (MCE) for post-closure stability 
(Knight Piésold, 2020b). These parameters are outlined in Table 7.7.  

Table 7.7 Recommended seismic design criteria (Knight Piésold, 2020b) 

Design 
earthquake 

Annual exceedance 
probability 

Distance from site 
(km) 

Magnitude Peak ground acceleration 
(g) 

OBE 1 in 1,000 15 7.1 0.25 

SEE 1 in 5,000 10 8.2 0.50 

MCE Same as SEE (1 in 10,000) 10 8.2 0.50 

Structural design 2,500 10 7.5 0.34 

 

The TSF design was informed by seismic hazard assessment (Knight Piésold, 2020b) and assessing the 
consequence of dam failure as per ANCOLD guidelines for Dam Failure Consequence Category and 
Environmental Spill Consequence Category (Knight Piésold, 2020c). The overall severity of TSF failure was 
deemed major by Knight Piésold based on medium impacts to other infrastructure, public health, a medium 
affected area and duration; major impacts to business; and minor impacts to the natural environment. The 
ANCOLD Consequence Category is a ‘High B’ considering the overall severity level and population of less than 
10 to 100 at risk. The severity of a tailings dam spill (from each TSF) was considered minor, based on the minor 
impacts to infrastructure, business, public health, and natural environment, and minor area and duration. The 
ANCOLD Consequence category is a ‘High C’ considering the overall severity level and population of less than 
10 to 100 at risk. This risk assessment allows the design criteria to manage the identified risks.  

The TSFs are be designed to withstand a probable maximum flood (PMF) event of a 1:1,000 72 hr flood (or PMP 
before spillway is built) (Knight Piésold, 2020). Blockage or failure of the TSF spillway may reduce the ability 
of the TSF to withstand a PMF event and may lead to more significant failure of the dam.  
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As the tailings embankment dams are adjacent and connected, failure of TSF A and B could subsequently lead to 
the failure of TSF C (Knight Piésold, 2020c). Failure could result in tailings (and PAF waste rock in the case of 
TSF C) entering the open pit and/or Nam Pangyun catchment.  

Consequences 

The potential consequences of TSF failure include: 

 Potential injuries or fatalities to project and non-project related people. 

 Damage to mine pit and subsequent temporary or permanent mine closure. 

 Damage to project and non-project related infrastructure, equipment and buildings. 

 Damage to terrestrial/aquatic habitat by tailings causing smothering or introduction of elevated levels of 
contaminants to waterways/soils.  

 Contamination of drinking water supplies for local communities. 

Management measures and design controls 

Management measures and design controls that will be implemented to reduce the likelihood and consequences 
of TSF failure are to: 

 Resettlement of Bawdwin concession communities to remove these communities from the physical impacts 
and risks associated with the project in the long term. 

 WMM will comply with the Global Industry Standard on Tailings Management (ICMM et al., 2020) in 
relation to design, construction, operation, monitoring, management, governance, emergency response and 
community consultation of the TSF facilities, including associated water quality treatment plant. This will 
include implementation of Construction vs Design Intent Verification (CDIV), which will ensure that design 
intent is implemented and continues to be met in the case that site conditions vary from design assumptions. 
It will also involve preparation and implementation of an Operations, Maintenance and Surveillance (OMS) 
Manual that outlines critical controls for safe TSF operations and allows tracking. 

 Design the dimensions, embankments, benches, and sediment dams associated with the TSFs and waste rock 
dump based on detailed assessment of site conditions and in line with relevant Australian guidelines and 
design principles outlined in the Global Industry Standard on Tailings Management (ICMM et al., 2020) and 
with sufficient factors of safety (see Chapter 4 Project Description). This will involve developing a design 
that considers the technical, social, environmental and local economic context, the results of risk analysis for 
TSF failure scenarios, site conditions, water management, mine operations, construction issues and 
requirements for safe closure. 

 Incorporate geotechnical earthquake and slope stability studies and analysis, including drilling and the seismic 
hazard assessment, into the TSF design. 

 Design TSFs to include a spillway to prevent accumulation of water, allowing rainfall runoff from a 24-hour 
duration PMP storm (485 mm in 24 hours) to safely pass. 

 Design the embankment crest height in stages 1 and 2 to take into account the supernatant pond under 1 in 
100 year ARI wet conditions, along with probably maximum precipitation (PMP inflow) and allow an extra 
metre of height as a contingency (Knight Piésold, 2020c).  

 Design the embankment crest height in stage 3 to take into account the 1 in 100 year ARI wet conditions, 1 
in 100 ARI 72 hour inflow, 1 metre of contingency freeboard, PMP spillway depth, and 1 metre dry freeboard 
(Knight Piésold, 2020c). 
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 Ensure the TSF geotechnical design and hydraulic design criteria are aligned with ANCOLD guidelines for 
large dams.  

 Incorporate a factor of safety (FoS) into the design for the Bawdwin TSF embankments (Chapter 4) that is 
greater than the minimum values for tailings facilities recommended by ANCOLD guidelines. This has been 
adopted in the Tailings and Waste Rock Management DFS Design Report (Knight Piésold, 2020c) and 
stability modelling confirms that the desired FoS is effective.  

 Monitor the TSFs with a series of inclinometers to monitor settlement and internal movements within the 
foundations and embankments fill.  

 Monitor groundwater levels and quality with two pairs of monitoring bores at the downstream toe of each 
TSF embankment.  

 Develop a comprehensive TSF monitoring plan, including deformation, saturation levels, pore pressures, 
groundwater level and quality, internal deformation and settlement (Knight Piésold, 2020c). 

 Select the TSF sites considering the required height of facilities into account, contributing to the decision to 
construct three adjacent facilities.  

 Implement measures to manage vibration as outlined in Section 6.7. 

Assessment of risk 

The risk of TSF failure has been assessed considering the consequences and likelihood of the consequences 
occurring (Table 7.8). The high risk of TSF failure is common across the mining industry and will be managed 
through implementation of good industry practice, as outlined above. 
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Table 7.8 Risk assessment of tailings storage facility failure 

Hazard Consequences Likelihood Overall Risk 

TSF failure Minor 

According to ANCOLD severity 
level assessment (Knight Piésold, 
2020c) degraded land would be 
affected and would likely be able to 
be remediated 

Remote 

Not anticipated to occur 

Moderate 

Extreme 

Multiple injuries and/or fatalities 

Remote 

Not anticipated to occur 

High 

Major 

Long-term damage to terrestrial 
and/or aquatic habitats 

Remote 

Not anticipated to occur 

Moderate 

Minor 

Contamination of drinking water 
supplies impacting local communities 

Remote 

Not anticipated to occur 

Low 

Severe 

Moderate impacts to the community 
through mine closure or damage to 
infrastructure and property 

Remote 

Not anticipated to occur 

Low 

 

7.4.3 Wallah waste rock dump failure 
The project is expected to produce 163.9 Mt of waste rock, the majority of which will be stored in the Wallah 
waste rock dump. The waste rock dump design incorporates benches, batters and ramps (see Section 4.7.2 Waste 
dump design). Modelling by Knight Piésold (2020c) indicated that most likely form of failure of the Wallah waste 
rock dump would be localised landslips associated with individual benches. Geochemical characterisation of 
waste rock by Knight Piésold determined sample waste material was highly enriched in silver, arsenic, lead and 
antimony, and significantly enriched in bismuth (Knight Piésold, 2020d).  At present it is proposed that PAF waste 
rock will be stored under water in TSF C (Section 7.4.2). However, WMM will continue to assess the possibility 
of storing PAF waste rock within encapsulated cell(s) within the waste rock dump.  

Failure of the Wallah waste rock dump could occur during a seismic event exceeding the design criteria. 
Additionally, flows from rainfall greater than a 1 in 1,000 ARI 24-hour storm event may result in the erosion of 
waste which the sediment dams cannot contain, resulting in additional metal enriched sediments entering the Nam 
Pangyun. Stability criteria and FoS were determined based on the consequence of failure and low confidence level 
in input parameters. The consequence of failure was deemed low during operations and high after closure (Knight 
Piésold, 2020c). Stability assessments to determine the waste dump stability acceptance criteria indicated the FoS 
of the waste rock dump are greater than the minimum FoS criteria (Table 7.9). 

Table 7.9 Waste rock dump stability assessment results and minimum FoS values 

 Modelled 
drained FoS 

Minimum 
drained FoS 

Modelled 
undrained 
FoS 

Minimum 
undrained 
FoS 

Modelled 
post-seismic 
FoS 

Minimum 
post-seismic 
FoS 

Operation 1.77 1.3 1.46 1.1 1.36 1.05 

Closure 1.5 1.5 1.15 

 

Failure caused by instability is unlikely to occur during project operations as minor failures or instabilities that 
are detected are able to be remediated prior to significant failure. After closure, it is more likely that developing 
instabilities will not be remediated, increasing the risk of failure and resulting in waste material entering the Nam 
Pangyun catchment (Knight Piésold, 2020c). Additionally, after the mine is closed, further development and 
changes in land use in the Nam Pangyun valley downstream of the waste rock dump may occur. 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 7 E Guard Environmental Services |  7-12

 

Consequences 

The potential consequences of failure of the Wallah waste rock dump include: 

 Damage to downstream infrastructure after mine closure may occur if local residents utilise the surrounding 
area after closure. 

 Downstream contamination (total suspended solids, particulate and dissolved metals) in the Nam Pangyun 
catchment which may cause environmental degradation (including harm to aquatic habitat and ecosystems), 
and deterioration of the quality of potable water. 

 Contamination of land and potential harm to terrestrial habitat and ecosystems. 

 Potential injuries or fatalities to project and non-project related people. 

Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of failure of 
the Wallah waste rock dump are to: 

 Resettlement of Bawdwin concession communities to remove these communities from most of the physical 
impacts and risks associated with the project in the long term. 

 Install a series of inclinometers to monitor settlement and internal movements within the waste rock dump, 
foundations and embankments fill. 

 Design the waste rock dump so surface drains can safely pass flows generated from a 1 in 1,000 year ARI 
24-hour storm event (187.5 mm, note that the PMP is 485 mm (Knight Piésold, 2020c) and maximum daily 
recorded rainfall between 2000 and 2018 in Bawdwin was 108.7 mm (Coffey, 2020)).  

 Design waste rock dump sediment dams as a cascade system, to reduce the likelihood of downstream flash 
flooding occurring during periods of heavy rainfall. 

 Design the waste rock dump in accordance with appropriate guidelines (Knight Piésold, 2020c).  

 Construct and operate Wallah waste rock dump in accordance with detailed designs and operating manual. 

 Progressively revegetate inactive areas of the waste rock dump and conduct final rehabilitation of the site 
after mine closure. 

 Cover the front face of the dump with a 25 m wide external surface layer of fresh waste to improve 
geotechnical stability and reduce the long-term erosion potential. 

Assessment of risk 

The risk of failure of the Wallah waste rock dump has been assessed considering the consequences and likelihood 
of consequences occurring (Table 7.10).  
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Table 7.10 Risk assessment of the failure of Wallah waste rock dump 

Hazard Consequences Likelihood Overall Risk 

Failure of the 
WRD 

Major 

Potential injuries or fatalities 

Remote 

Not anticipated to occur 

Moderate 

Minor (operations) 

Localised, short term environmental 
contamination affecting Nam 
Pangyun, and terrestrial and aquatic 
ecosystems 

Remote 

Not anticipated to occur 

Low 

Major (after closure) 

Potential long term environmental 
contamination with no rectification 

Remote 

Not anticipated to occur  

Moderate 

Severe (after closure) 

Moderate impacts to community due 
to damage of infrastructure, property 
after project closure 

Remote 

Not anticipated to occur 

Low 

 

7.4.4 Water storage dam failure 
The project has three main water storage dams. The existing Nam Pangyun Reservoir will be upgraded and two 
new dams will be constructed, the Nam La raw water dam and TSF A diversion dam. Failure of the dams may 
occur due to geotechnical failure, earthquakes exceeding the design criteria, or blocking of the spillway and 
eventual embankment failure. 

Stability analyses of the proposed Nam La water harvest dam has not yet been conducted as geotechnical 
investigation of the site is still required (Knight Piésold, 2020c). Hence the facility has been conservatively 
designed. Failure of the Nam La water harvest dam could result in the loss of up to 1,125,840 m3 water.  

The Nam Pangyun Reservoir will be upgraded to have a capacity of 483,390 m3. Stability analyses by Knight 
Piésold (2020c) determined the Nam Pangyun Reservoir upgrade will have acceptable FoS values. Failure of the 
dam could result in the loss of water and inundation of the Nam Pangyun valley.  

A smaller diversion dam will be constructed on the northwestern arm of TSF A, to intercept water flowing from 
upstream in the catchment and divert it around the TSF, thereby reducing run-on to the dam. The dam also provides 
an opportunity to pump the accumulated water for use as process water. Knight Piésold, (2020c) have designed 
an embankment based on the same features used for the Nam La water harvest dam. Failure of the dam could 
result in the loss of water into the Nam Pangyun catchment. 

Overtopping of dams may occur during operations and after closure if the PMF (probable maximum flood) is 
exceeded, potentially causing downstream flooding. 

Consequences 

The potential consequences of failure of the Nam La water storage dam include: 

 Loss of water with the potential to limit the ability to maintain compensation flows in the Nam La.  

 Loss of water from the Nam La water storage dam, resulting in downstream flooding and potential injuries 
and/or fatalities. 

The potential consequences of failure of the Nam Pangyun reservoir and TSF A diversion dam include: 

 Loss of water from the reservoir, resulting in downstream flooding and potential injuries or fatalities. 

Management measures and design controls 
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Management measures and design controls implemented to reduce the likelihood and consequences of water 
storage dam failure are to: 

 Design dams in accordance with the recommended seismic design criteria (Knight Piésold, 2020). 

 Design dam spillways to safely pass a probable maximum flood event. 

Assessment of risk 

The risk of failure of the water storage dams have been assessed considering the consequences and likelihood of 
the consequences occurring (Table 7.11).  

Table 7.11 Risk assessment of water storage dam failure 

Hazard Consequences Likelihood Overall Risk 

Nam La water 
storage dam 
failure 

Severe 

Moderate impacts to communities 
due to reduced flows (and water 
supply) in the Nam La and/or 
flooding 

Remote 

Not anticipated to occur. 

Low 

Major 

Potential injuries and/or fatalities 

Remote 

Not anticipated to occur. 

Moderate 

Nam Pangyun 
Reservoir water 
storage dam 
failure 

Major 

Potential injuries and or fatalities 

Remote 

Not anticipated to occur. 

Moderate 

TSF A diversion 
dam failure 

Major 

Potential injuries and or fatalities 

Remote 

Not anticipated to occur. 

Moderate 

 

7.4.5 Pit wall failure 
The existing open pit will be expanded from 21.9 ha to 98.2 ha. The open pit comprises a series of benches and 
batters, with haul roads connecting the benches. Recommended geotechnical designs for the open pit lithologies 
are outlined in Section 4.5 Mining (Table 4-5). Modelling and slope stability analysis indicated the pit design is 
stable, exceeding the acceptance criterion of a FoS of 1.3. After closure of the mine, the pit will fill with surface 
water inflow and groundwater recharge, resulting in a permanent pit lake. 

During operations and after closure, failure of the pit wall could occur as a result of heavy rainfall leading to 
landslips. During operation or post-closure, failure could be caused by an earthquake causing a section of wall to 
collapse. After closure once the pit lake is filled this could result in a wave of poor-quality water from the pit-lake 
spilling into the Nam Pangyun catchment. This may cause downstream flooding and contamination in the Nam 
Pangyun catchment. 

Consequences 

The potential consequences of failure of the pit wall during operations include: 

 Potential injuries or fatalities to non-project related people. 

 Temporary or permanent mine closure. 

The potential consequences of failure of the pit wall after project closure include: 

 Potential injuries or fatalities to non-project related people. 

 Disturbance to terrestrial and aquatic habitats and ecosystems. 

 Contamination of watercourses and groundwater systems. 
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Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of pit wall 
failure include: 

 Incorporating the results of slope-stability modelling and testing into the slope designs, based on ongoing 
geotechnical and hydrological data collection throughout the life of mine. 

 Implement measures to manage vibration as outlined in Section 6.7. 

Assessment of risk 

The risk of failure of the pit wall has been assessed taking the consequences and likelihood of consequences 
occurring into consideration (Table 7.12).  

Table 7.12 Risk assessment of failure of the pit wall 

Hazard Consequences Likelihood Overall Risk 

Failure of pit wall 
(operations and 
after closure) 

Major 

Potential injuries/fatalities  

Remote 

Not anticipated to occur. 

Moderate 

Severe 

Mine closure causing moderate 
impacts to communities 

Remote 

Not anticipated to occur. 

Low 

Failure of pit wall 
(after closure once 
the pit lake is 
filled) 

Major 

Potential long-term effects to the 
environment, including disturbance 
to habitats and ecosystems and 
contamination of waterways 

Remote 

Not anticipated to occur. 

 

Moderate 

Major 

Potential injuries/fatalities 

Remote 

Not anticipated to occur. 

Moderate 

 

7.4.6 Pipeline breaks 
Tailings slurry and decant water will be transported between the process plant and the TSFs through HDPE pipes 
located within bunded corridors. As described in Section 7.4.2, the tailings are expected to be enriched in heavy 
metals. Decant water is the supernatant water from the TSFs, which is expected to be of poor quality, with elevated 
levels of metals.  

Pipeline breaks may occur as a result of pipe degradation, malfunction, accidental or deliberate interference, or 
by earthquakes greater than the design of the pipeline allows. The degree of failure may vary from a leak to full 
loss of containment. 

Failure of the pipeline transporting tailings slurry and decant water between the process plant and the tailings 
storage facilities could result in the release of poor-quality tailings or decant water into the surrounding 
environment. 
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Consequences 

Consequences will vary based on the severity of the break (i.e., leaking, or total loss of containment). The bunded 
corridor is designed to contain most spills and leaks, limiting the extent of failure. The potential consequences of 
pipeline breaks include: 

 Contamination of waterways or soils, with subsequent impacts on aquatic or terrestrial habitats and 
ecosystems, and potable water supply. 

 Temporary or permanent project closure. 

 Potential minor injuries or illness of project personnel. 

Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of pipeline 
breaks and reduce the likelihood of consequences occurring are to: 

 Comply with the Global Industry Standard on Tailings Management (ICMM, 2020) in relation to design, 
construction, operation, monitoring, management, governance, emergency response and community 
consultation of the TSF facilities, including associated water quality treatment plant. 

 Design pipelines to be able to contain spills, including the use of HPDE pipes and bunded corridors to contain 
spills. 

 Implement a maintenance regime to reduce likelihood of breaks occurring 

 Regularly monitor the tailings pipeline for leaks, ruptures or failures and, in the event of such failures, 
implementing shutdown procedures.  

 Monitor pump pressure and flows to assist with detecting leaks or blockages within the tailings pipeline.  

 Regularly complete visual inspections of the pipeline during operations. 

 Ensure there are provisions for emergency containment in the event of pipeline failure. 

 Use seismic data and geohazard assessment, including test pit and drilling data, to inform route selection and 
subject it to third party independent design review. 

Assessment of risk 

The risk of pipeline breaks has been assessed taking the consequences and likelihood of the consequence occurring 
into consideration (Table 7.13).  

Table 7.13 Risk assessment of pipeline breaks 

Hazard Consequences Likelihood Overall Risk 

Pipeline breaks Severe 

Localised contamination of the 
environment, including contamination 
of soils and waterways. 

Unlikely 

Unlikely to occur but possible 

Moderate 

Minor 

Potential temporary mine closure may 
have short-term minor effects on 
communities 

Remote 

Not anticipated to occur 

Low 

Minor 

May cause illness or injury to project 
personnel requiring first-aid 

Unlikely 

Unlikely to occur but possible 

Low 
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7.4.7 Chemical spills, leakages and unintended releases of hazardous 
materials 

Hazardous materials such as diesel, fuel, oils, lubricants and processing reagents will be transported to and within 
the project area and stored on site for use. Handling of hazardous materials such as chemicals, fuels, lubricants 
and oils will be at its peak during construction, and the bulk of the hazardous materials will be handled and stored 
at key construction areas including the power station, process plant, ROM pad and mine services area, explosives 
facility and accommodation camp. Processing reagents include sodium metabisulfite, sodium cyanide, sodium 
ethyl xanthate and copper sulphate. Chapter 4 outlines the volumes of each hazardous substance to be stored.  

During construction, spills and leaks have the highest likelihood of occurring around key construction areas. 
During operations, spills and leaks could occur around the process plant as large volumes of process reagents will 
be stored at this site. The process plant is located on the catchment divide between the Nam Pangyun and Nam La 
catchments and represents a risk to both catchments. Localised spillage of fuels and oils could also occur during 
both construction and operations around road and vehicle fuelling and warehouse areas. 

Accidental spills or leaks have the potential to occur in the construction and operations phase of the project during 
transport or storage as a result of equipment failure or operator error, or as a result of vehicle accidents (see Section 
7.4.1). This may include spills or leaks of lead and zinc concentrate during export. 

Contamination of soils may occur as a result of uncontained spills or leaks of hazardous materials. Contamination 
of shallow groundwaters or surface water features may occur if contaminants seep to the water table or 
watercourse, respectively. People and biota may be exposed to hazardous materials through direct contact with 
the material or by exposure to contaminated soil or water.  

Consequences 

Consequences of large-scale accidental spills, leaks and unintended releases of hazardous materials will vary 
based on the amount and type of material and the location the incident occurs. Consequences to the Nam Pangyun 
catchment would be less severe than the Nam La or Myitnge River catchments due to the highly degraded nature 
of the stream. The potential consequences of chemical spills, leaks and unintended release of hazardous materials 
include: 

 Large spills or leaks may cause contamination of soil or surface water, potentially affecting drinking water 
and terrestrial or aquatic habitats and biota. 

 Depending on the type and extent of the release, spills and leaks may reduce the water quality within the 
saprolite or fractured rock aquifer and limit their ability to support groundwater-fed springs, aquatic 
ecosystems and other beneficial uses. Once the contaminant is cleared, aquifers are expected to recover. 

 Increases in dissolved and particulate metal concentrations, TSS and turbidity in streams if material reaches 
watercourses. 

 Potential illness to project and non-project related people. 

 Adversely impacts to the soils’ capacity to support vegetation growth, depending on the type and extent of 
the release. 

Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of chemical 
spills, leaks and unintended releases of hazardous materials are to: 

 Meet and comply with good international practice for hazardous materials transportation, storage, handling 
and disposal.  
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 Store and handle hazardous materials including fuels, oils and chemicals in accordance with good 
international practice, including designing appropriately secured and bunded facilities to meet appropriate 
standards for storage of hazardous materials.  

 Train personnel involved in the handling, transportation and storage of hazardous materials in hazardous 
materials management, transfer procedures and spill prevention and emergency response. 

 Implement a hazardous materials management plan, detailing specific requirements for the handling, 
transport, storage and disposal of hazardous materials. 

 Create an Emergency Response Team and include spill response in the team’s responsibilities. Specifically: 

- Equip the team with reference material, spill response and decontamination equipment (including PPE), 
using a risk-based approach that is appropriate to the nature of hazardous materials on site. 

- Train the team in spill response techniques and implement regular practice of those techniques. 

 Refuel vehicles at designated sites and approved locations. 

 Store processing reagents in the dedicated reagent shed. 

 Bund zinc and lead concentrate areas to fully contain uncontrolled discharge. 

 Regularly inspect hazardous materials storage facilities and work sites for accidental spills and leaks of 
hazardous materials. 

 Treat and dispose of hazardous waste including chemicals, lubricants, oils and contaminated soil offsite using 
suitably qualified contractors. 

 Treat and dispose of, or manage on site, contaminated soils based on the type and scale of contamination. 

 Complete routine soil testing to identify contaminated soils and ensure they are not used for land 
rehabilitation. 

 Monitor groundwater around the process plant to provide an early warning of potential groundwater 
contamination so that risk assessment and, if warranted, remediation efforts can be implemented to prevent 
impacts to groundwater receptors. 

 Implement measures to manage vibration as outlined in Section 6.7. 

Assessment of risk 

With implementation of management measures, it is considered that accidental spills or leaks would be localised 
and able to be cleaned up without permanent impacts to land capability. With these management measures in 
place the likelihood of this incident occurring is probable.  

The risk of chemical spills, leakages and unintended releases of hazardous materials has been assessed taking the 
consequences and likelihood of the consequences occurring into consideration (Table 7.14) 
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Table 7.14 Risk assessment of chemical spills, leakages and unintended releases of hazardous 
materials 

Hazard Consequences Likelihood Overall Risk 

Chemical spills, 
leakages and 
unintended 
releases of 
hazardous 
materials 

Minor 

Spills and leaks may cause localised, 
short term contamination to soils, 
waterways and aquifers, with 
potential impacts to terrestrial 
habitats and biota. 

Unlikely 

Unlikely to occur but possible 

Low 

Minor 

Illness or injury requiring hospital 
treatment 

Unlikely 

Unlikely to occur but possible 

Low 

 

7.4.8 Fire and explosion 
Flammable and explosive materials are required for project operations, including diesel, oils, fuels and explosives. 
Up to 10,000 kg of explosives can be stored in the emulsion and explosives magazine facility north of the proposed 
pit. These explosives will be transported and used for blasting during mining. 

Potential causes of fire or explosions include electrical failures, equipment malfunctions, operator error, and 
accidental spills or leaks of flammable/hazardous materials. Fires that have the potential to affect the project may 
occur in periods of drought or in nearby communities. Dry conditions may enhance the magnitude of project- and 
non-project-related fires. 

Explosions as a result of unexploded ordnance (UXO) are unrelated to the project and are not typically considered 
mining industrial hazards. Nonetheless, UXO is considered in the fire and explosion risk assessment as there may 
be the potential for UXOs to be encountered during project construction.  

Explosions and fires generally have direct consequences to the environment they occur in, as well as consequences 
relating to the transport of emissions of burning contaminants by water or air. 

Consequences 

The potential consequences of fire and explosion include: 

 Potential injuries or fatalities to project and non-project related people. 

 Damage to buildings and infrastructure in nearby communities. 

 Loss of terrestrial habitat and biota. 

 Contamination of waterways, potentially affecting drinking water quality and aquatic habitat and biota.  

 Reduced air quality from emissions from burning of contaminants. 

 Potentially combustible emissions released from explosions. 

 Temporary or permanent project closure. 
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Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of fire and 
explosion are to: 

 Store explosives in the emulsion and magazine facility located approximately 400 m from the mine pit, 
complying with Australian Standard 2187 1998 (Explosives - Storage, Transport and Use) to have a 
separation distance of 960 m to any vulnerable facility.  

 Transport explosives in accordance with national regulations. 

 Store and handling all flammable and combustible substances, including waste, under conditions that 
minimise the risk of fire and toxic emissions, in accordance with national regulations. 

 Apply good international practice form the mining industry for all aspect of explosives management and 
usage. 

 Specify plant and facility design criteria for fire prevention, detection, control and personnel safety 
requirements. 

 Ensure that ‘hot works’ do not take place in the vicinity of flammable or combustible materials. 

 Identify fire-fighting equipment suitable for the level of risk at hand, and regular maintenance and testing to 
ensure that this equipment remains in good working order. 

 Implement a hazardous materials management plan, detailing specific requirements for the handling, 
transport, storage and disposal of hazardous materials. 

Assessment of risk 

The risk of fire and explosions have been assessed taking the consequences and likelihood of the consequences 
occurring into consideration (Table 7.15). The high risk of fire and explosions is common across the mining 
industry and will be managed through implementation of good industry practice, as outlined above. 

Table 7.15 Risk assessment of fire and explosions 

Hazard Consequences Likelihood Overall Risk 

Fire and/or 
explosions 

Major 

Major effects to environment and 
nearby communities. 

Unlikely 

Unlikely to occur but possible 

High 

Major 

Potential injuries and/or fatalities. 

Unlikely 

Unlikely to occur but possible 

High 

Severe 

Moderate effects on communities due 
to damage to infrastructure. 

Unlikely 

Unlikely to occur but possible 

Moderate 

 

7.4.9 Electrical failures, equipment malfunction and mechanical failures 
A range of mining and processing equipment will be utilised throughout the project (outlined in Chapter 4 Project 
description), along with equipment for construction and dewatering. 

Major electrical failures, equipment malfunction and mechanical failures may occur as a result of faulty 
equipment, malfunction, degradation or operator error and have the potential to cause fires (see Section 7.4.8), 
explosions (see Section 7.4.8), infrastructure failure, electrocution or other injuries.  
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Consequences 

The potential consequences of electrical failures, equipment malfunction and mechanical failures include: 

 Potential injuries or fatalities, particularly project workforce. 

Consequences associated with fires and explosions are addressed in Section 7.4.8. 

Management measures and design controls 

Management measures and design controls implemented to reduce the likelihood and consequences of electrical 
failures, equipment malfunction and mechanical failures include: 

 Maintain equipment in accordance with the manufacturers specifications. 

 Follow applicable electrical standards/codes/legislation during all project phases, including design.  

 Implement permit-to-work and lockout and tagout procedures in accordance with good international practice 

 Avoid the use of the old transmission lines and connections, which would have higher electrocution risk. 

 Ensure that employees, including electricians, at all levels receive appropriate training and are competent to 
safely carry out their duties and accountabilities. 

Assessment of risk 

The risk of major electrical failures, equipment malfunctions and mechanical failures have been assessed taking 
the consequences and likelihood of the consequences occurring into consideration (Table 7.16).  

Table 7.16 Risk assessment of electrical failures, equipment malfunction and mechanical failure 

Hazard Consequences Likelihood Overall Risk 

Electrical failures, 
equipment 
malfunction and 
mechanical failure 

Major 

Potential injury/fatalities. 

Unlikely 

Unlikely to occur but possible 

High 

7.4.10 Building failure 
Mining-related ground vibration has the potential to affect the structural integrity of landform and buildings and 
may result in landslips and building damage and/or collapse, however this is an unplanned event given the 
implementation of management measures outlined in Section 6.7, including development and implementation of 
a Blast Management Plan (Attachment 4). Causes of vibration associated with the project (discussed further in 
Section 6.7) include:  

 Construction earthworks. 

 Blasting, drilling and excavation during mining operations. 

 Compaction from vibratory rollers during construction. 

 Heavy vehicle traffic. 

Bawdwin lower village will remain until 40 to 42 months after commencement of the project (30 to 32 months 
after commencement of mining operations). During this time, vibration-generating activities, outlined above will 
be taking place. Due to the proximity of Bawdwin lower village to the open pit and mining activities (blasting and 
drilling), there is the potential for buildings to be damaged and/or collapse in response to vibration exceeding 
expected levels, or by ground vibration induced landslips. 

Consequences 
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The potential consequences of building failure include: 

 Potential injuries or fatalities. 

 Damage to buildings and infrastructure in nearby communities. 

Management measures 

Management measures and design controls implemented to reduce the likelihood and consequences of vibration-
induced building failure include: 

 Implement measures to manage vibration as outlined in Section 6.7.3 and contained within the Blast 
Management Plan (Attachment 4). 

Assessment of risk 

The risk of vibration-induced building failure has been assessed taking the consequences and likelihood of the 
consequences occurring into consideration (Table 7.17).  

Table 7.17 Risk assessment of vibration-induced building failure 

Hazard Consequences Likelihood Overall Risk 

Building failure Major 

Potential injury/fatalities. 

Remote 

Not anticipated to occur. 

Moderate 

Severe 

Moderate effects on communities due 
to damage to infrastructure. 

Remote 

Not anticipated to occur. 

Low 

7.4.11 Blasting and fly rock 
Blasting is required during open pit mining operations given not all material will be free dig. Blasting introduces 
the risk of overpressure, flyrock and vibration impacts to the project workforce and infrastructure, and nearby 
communities and private property, particularly Bawdwin lower village whose residents will remain for 30 to 32 
months after commencement of mining operations.  

Overpressure is a pressure wave in the atmosphere caused by the use of explosives and consists of both audible 
and inaudible energy measured in dB. Sudden increases in pressure can cause damage to pressure sensitive organs 
such as the lungs and ears. Fly rock is the unplanned projection of rock fragments beyond the blasting zone. Fly 
rock may travel large distances and therefore represents a safety risk to mine workers and Bawdwin lower village. 
Expected (i.e., residual) project impacts to receptors regarding vibration are assessed separately in Section 6.7. 
The risk of ground vibration resulting in building failure is outlined in Section 7.4.10 above. 

Consequences 

The potential consequences of blasting and fly rock incidents include: 

 Potential injuries or fatalities. 

 Temporary or permanent hearing loss. 

 Damage to buildings and infrastructure in nearby communities. 
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Management measures 

Management measures and design controls implemented to reduce the likelihood and consequences of blasting 
and fly rock incidents include: 

 Resettlement of Bawdwin concession communities to remove these communities from most of the physical 
impacts and risks associated with the project in the long term. 

 Development and implementation of a Blast Management Plan which includes site and project-specific 
measures to manage blasting and blasting-related impacts associated with mining operations. 

 Compliance with statutory requirements regarding blasting and blasting-related impacts, including the criteria 
for overpressure and ground vibration stipulated in Myanmar EIA Guidelines. 

 Establishment of an exclusion zone from the blast to be enforced by a clearance team who will inspect the 
blast radius, sound a pre-blast siren and warn surrounding personnel of the upcoming blast. The exclusion 
zone will be monitored and adapted as blasting practices, procedures and monitoring are optimised. 

 Communication procedures with the project workforce and residents within the Bawdwin concession area 
regarding notification of scheduled blasting, and process for receiving and responding to complaints or 
grievances regarding blasting. 

 Implement measures to manage vibration as outlined in Section 6.7. 

Assessment of risk 

The risk of fire and explosions have been assessed taking the consequences and likelihood of the consequences 
occurring into consideration (Table 7.18).  

Table 7.18 Risk assessment of blasting and fly rock incidents 

Hazard Consequences Likelihood Overall Risk 

Blasting and fly 
rock 

Major 

Potential injury/fatalities 

Unlikely 

Unlikely to occur but possible 

High 

Severe 

Moderate effects on communities due 
to damage to infrastructure 

Unlikely 

Unlikely to occur but possible 

Moderate 

7.5 Occupational and community safety and health 
hazards 

Key occupational and community safety and health associated with open pit mining projects include exposure to 
hazardous substances (including chemicals and hydrocarbons and lead or other heavy metals in air, dust, water or 
soils), noise and vibration, use of explosives for blasting, fly rock, use of electrical systems and equipment, fatigue, 
work at height, slips, trips and falls, thermal stress, lifting and hoisting devices and moving machinery and 
vehicles. Given the proximity of Bawdwin lower village to open pit mining operations, industrial hazards such as 
blasting and fly rock have the potential to impact safety of nearby communities. 

7.5.1 Consequences 
The potential consequences of occupational safety and health hazards include: 

 Potential injuries or fatalities. 

 Temporary or permanent hearing loss. 

 Acute or chronic illness or disease. 
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7.5.2 Management measures 
The management measures associated with occupational health and safety hazards are primarily outlined in the 
Occupational Safety and Health Plan, Community Health and Safety Plan and Blast Management Plan 
(Attachment 4).  

Additional measures can be found in the following sections: 

 Air quality (Section 6.2). 

 Noise and vibration (Section 6.7). 

 Human health (Section 6.11). 

Other commitments made by WMM regarding occupational safety and health (OSH) are as follows: 

 WMM will fully comply with the Myanmar Occupational Safety and Health Law, 2019. 

 Provide a working environment that is conducive to OSH. 

 Place the management of OSH as a prime accountability of line management from the executive through 
management and employees. 

 Comply with all relevant national, regulations, and other requirements as a minimum standard for WMM 
OSH practices and management procedures. 

 Define OSH objectives on an annual basis and measure performance against those objectives.  

 Maintain and continuously improve OSH management programs, standards and procedures to achieve the 
OSH objectives. 

 Prevent occupational injuries, illness and other loss by adopting proactive hazard identification and a risk 
focused approach. 

 Investigate all incidents to ensure remedial actions are identified and completed to prevent reoccurrence. 

 Integrate OSH considerations into all designs and activities. 

 Provide all necessary resources to enable compliance with OSH management procedures. 

 Require all contractors to comply with WMM OSH policies and standards while undertaking work for WMM. 

 Ensure that employees at all levels receive appropriate training, including in OSH and are competent to safely 
carry out their duties and accountabilities. 

 Communicate and consult openly on OSH issues with all employees, contractors, OSH committees and other 
stakeholders to gain commitment to the implementation of the policy. 

 Promote innovation and best practice to continually improve OSH performance. 

 WMM will develop a OSH management system to give effect to the commitments in the WMM OSH Policy. 
Key aspects of this system will include: 

- A register of risks and focus on reducing risks to as low as a reasonably practicable. 

- An OSH Committee involving workers’ representatives to review OSH issues. 

- OSH standards and procedures and training in these to relevant personnel. 

- Nominated persons with responsibility for OSH and an OSH team to provide guidance and monitoring of 
OSH performance, as shown in Figure F119. 
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- An emergency response plan. 

- An emergency response team with responsibility for primary response to emergency situations. 

7.5.3 Risk assessment 
The risk associated with occupational health safety hazards have been assessed taking the consequences and 
likelihood of the consequences occurring into consideration (Table 7.19). 

Table 7.19 Risk assessment of occupational health and safety hazards 

Hazard Consequences Likelihood Overall Risk 

Falls from height Major 

Potential injury/fatalities. 

Unlikely 

Unlikely to occur but possible 

High 

Hearing loss Severe 

Requires hospital treatment/ 
long term injury 

Unlikely 

Unlikely to occur but possible 

Moderate 

Exposure to hazardous 
substances as a result of 
a spill, leak or incident 

Severe 

Requires hospital treatment/ 
long term injury 

Unlikely 

Unlikely to occur but possible 

Moderate 

7.6 Civil unrest and conflict 

Ethnic armed groups control parts of Shan State, including areas close to the mine concession, and often clash 
with each other and the Myanmar military, posing a risk to project activities at Bawdwin. Armed conflict primarily 
occurs as groups fight for autonomy, resources and territory. The major groups in Northern Shan State are the 
Ta’ang National Liberation Army (TNLA), Shan State Army (SSA), Restoration Council of Shan State (RCSS), 
Myanmar Nation Democratic Alliance Army (MNDAA) and United Wa State Army (UWSA).  

The Union Government of Myanmar has designated Self-Administered Zones within Shan State and initiated a 
Nationwide Ceasefire agreement (NCA), both aimed at curbing tension. Despite these efforts, armed conflict 
remains an issue in the State. Members of the SSA and TNLA reside in the villages surrounding Bawdwin, and 
conflict occurred between these two groups in the Mine Yin village tract in Namtu township in December 2017.  

The project will involve the resettlement of Bawdwin and Tiger Camp villages. Conflict within communities could 
occur as a result of conflicts surrounding resettlement or as a result of changes in social structure and the 
distribution of wealth within local villages. Real or perceived inequality concerning employment, benefits, and 
wealth may cause conflict within or between social groups or communities. Additionally, tension may develop 
between new migrants employed by the project and local communities.  

Grievances regarding the Bawdwin project may cause conflict between local communities and project authorities.  

7.6.1 Consequences 
Civil unrest or conflict and associated demonstrations or riots may result in: 

 Potential injuries or fatalities. 

 Damage to project and/or non-project related infrastructure and property. 

 Impairment of wellbeing and security. 

7.6.2 Management measures 
Management measures and design controls implemented to reduce the likelihood and consequences of civil unrest 
and conflict include: 
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 Establish buffer zones and site access control strategies along the infrastructure corridor to control access to 
the mine site.  

 Preferential use of local labour where possible to limit in-migration. 

 Develop and follow the Community Health, Safety and Security Management Plan. 

 Develop and implement a grievance management process to allow affected villages and workers to register 
any issues or other complaints. 

 Engage displaced communities in resettlement planning and implementation, in a thorough, fair, equitable 
and transparent manner that fosters their full participation and respects human rights.  

 Develop, implement and monitor compliance with a workforce code of conduct that governs internal 
workforce interaction and project affected communities. 

 Facilitate the development of measures to manage issues that have the potential to induce social conflict and 
tension in partnership with local level governments, NGOs and local churches.  

 Implement effective community engagement and community development strategies in line with the 
Community Development Plan (Attachment 4). 

 Ensure community benefits are shared with host community.  

7.6.3 Assessment of risk 
The risk of civil unrest and conflict as a result of the project has been assessed taking the consequences and 
likelihood of the consequences occurring into consideration (Table 7.20).  

Table 7.20 Risk assessment of civil unrest and conflict 

Hazard Consequences Likelihood Overall Risk 

Civil unrest and 
conflict as a result 
of the project 

Major 

Few fatalities and injuries possible 
and major off-site social impacts 

Unlikely 

Unlikely to occur but possible 

High 

Major 

Major impacts to the wider 
community due to social disruption 
and unrest 

Unlikely 

Unlikely to occur but possible 

High 
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8 Cumulative impact assessment 

This cumulative impact assessment considers potential impacts of other operating, approved or proposed 
developments within the area of influence of this project and assesses the potential combined impacts from these 
projects and the Bawdwin project on key environmental, social and cultural values.  

The assessment focuses on material residual impacts from the Bawdwin project identified in Chapter 6; and how 
the magnitude of these impacts could change after considering the impacts of other identified projects. The 
assessment takes into consideration the context of the Bawdwin project as a brownfields development in a remote 
mountainous area that has had a long history of lead-silver-zinc mining and smelting.  

The greenhouse gas assessment includes cumulative impacts and this aspect is not discussed further in this chapter.  

The assessment took a high-level approach, whereby the impacts of the Bawdwin project were compared to 
potential impacts of other proposed projects in Northern Shan State, Myanmar. The cumulative impacts where 
looked at in nine categories: 

 Landforms and soil. 

 Air quality. 

 Surface water. 

 Groundwater. 

 Biological. 

 Cultural heritage. 

 Noise and vibration. 

 Social. 

 Human health.  

8.1 Cumulative impact assessment method 
Cumulative impact in relation to a project means the impact or impacts of a project that in itself or themselves 
may not be significant but may become significant when added to the existing and potential impacts eventuating 
from similar or diverse projects or undertakings in the same geographic area or region (i.e., area of influence). For 
practical reasons, identification and management of cumulative impacts are limited to those effects generally 
recognized as important on the basis of scientific concerns and/or concerns of affected communities. 

The assessment of potential cumulative impacts of the project draws on the findings of the impact assessments 
carried out by technical specialists for relevant environmental, social, health and cultural aspects (as presented in 
Chapter 6). Publicly available information on other projects up to 375 km from the Bawdwin project was also 
reviewed. These projects may have discrete localised impacts and are present over a broad geographic area. 
Cumulative impacts may occur when these impacts overlap within the same spatial or temporal boundaries. 

The cumulative impact assessment follows the general approach outlined in the Good Practice Handbook on 
Cumulative Impact Assessment and Management prepared by International Finance Corporation (2013) 
(IFC 2013). This is the approach recommended in Myanmar’s EIA Mining Guidelines (Myanmar Mining EIA 
Guidelines Working Group).  
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The approach has six steps, as follows: 

1. Assess the potential impacts and risks of a proposed development over time, in the context of potential effects 
from other developments and natural environmental and social external drivers on a chosen environmental or 
social value. 

2. Verify that the proposed development’s cumulative social and environmental impacts and risks will not 
exceed a threshold that could compromise the sustainability or viability of selected values. 

3. Confirm that the proposed development’s value and feasibility are not limited by cumulative social and 
environmental impacts. 

4. Support the development of governance structures for making decisions and managing cumulative impacts 
at the appropriate geographic scale (e.g., air shed, river catchment, town, regional landscape). 

5. Ensure that the concerns of affected communities about the cumulative impacts of a proposed development 
are identified, documented, and addressed. 

6. Manage potential risks. 

8.1.1 Material residual impacts of the project  
Material residual impacts of the Bawdwin project are defined as residual impacts of high or major significance. 
The material environmental, socio-economic and cultural residual impacts of the Bawdwin project have been 
summarised from Chapter 6 and include: 

Landforms and soils: Material impacts to landforms and soil due to the Bawdwin project  were associated with 
changes to landform due to formation and operation of the open pit, construction of the tailings storage facility 
and Wallah waste rock dump and loss of topsoil due to increased erosion or poor soil management. 

Air quality: Impacts to the airsheds of the Bawdwin Concession villages from increased dust from vegetation 
stripping and earthworks, mining, mine waste management and ore handling. The residual project impact on the 
cleanliness of air and visual amenity was assessed as high to major significance for airsheds of Concession villages 
and the military base. Reduced air quality due to gaseous pollutants from operation of the power station was also 
assessed as high significance for the airshed of the military base. 

Surface water: Impacts to the upper Nam Pangyun catchment from direct loss of aquatic habitat, disturbance of 
habitat in the Myitnge River, changes to surface water flow in the Nam La, altered flood risk from construction 
of project infrastructure affecting the Nam La and reduced water quality from runoff with elevated turbidity, TSS, 
metal contaminants and potentially residual processing reagents affecting the upper Nam Pangyun, Nam La and 
Myitnge River. The residual project impact on the ability of these catchments to support ecosystems and beneficial 
uses was assessed as high significance. 

Groundwater: Impacts to the Nam Pangyun catchment and Nam La catchment will be due to changed 
groundwater flow and contamination of groundwater from seepage from the TSFs and Wallah waste rock dump. 
Seepage is likely to contain elevated metals and sulphate, and potentially residual cyanide. The saprolite and 
fractured rock aquifers in each catchment may be affected to varying degrees. Springs will be impacted by 
seepage, by direct loss due to project facility placement and by groundwater drawdown.  This residual project 
impact on groundwater values was assessed as high or major significance, noting the high uncertainty due to lack 
of geochemical or groundwater modelling.  

Biological: Material impacts to the biological environment due to the Bawdwin project identified by the EIA were 
limited to habitat loss and degradation of the sub-tropical mixed hill forest habitat.  

Cultural heritage: As the Bawdwin mine is one of the world’s oldest mine sites the project area contains a 
substantial number of heritage sites and artefacts. Material impacts to cultural heritage are expected to include 
restricted access to sites and direct loss or disturbance of historical physical features or infrastructure due to ground 
clearance and excavation, positioning of buildings, stockpiles, dumps and infrastructure, and decommissioning 
activities to make way for new project infrastructure. This residual impact was assessed as high to major 
significance to cultural heritage.  
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Noise and vibration: Impacts to the military base, Nam La farms and Bawdwin lower village from project-related 
noise and ground vibration during construction and operations are expected to be of high significance. The residual 
project impact on the acoustic environment that supports human health and wellbeing, sleep and enjoyment of 
amenity was assessed as high significance.  

Socio-economic: Impacts to the physical living conditions of communities within the concession during 
construction and operation of the project due to reduced amenity, convenience and liveability are expected. These 
communities may also face altered social cohesion and loss of identity as a result of resettlement. With provision 
of improved housing and essential services following resettlement, the residual impact to living conditions of the 
Bawdwin communities is considered of major positive significance.  

Human health: Project disturbance, emissions and discharges will increase exposure of nearby receptors to 
hazardous materials and may affect community health. The significance of this to the community health of most 
communities within the concession and the Nam Pangyun valley is considered high or major. Conversely, 
resettlement of these communities to an area with lower exposures to hazardous materials is considered positive 
(high to major) significance. Community health of the resettled communities is expected to improve due to 
improved water and sanitation facilities (positive moderate to high impact).  

8.1.2 Temporal boundaries 
Three studies have been undertaken by WMM to assess the feasibility of the Bawdwin project: scoping study, 
pre-feasibility study (PFS) and definitive feasibility study (DFS). The project scoping study was completed in 
September 2018, the PFS report was prepared in February 2019 and the DFS report was completed in June 2020. 
This EIA assumes that the construction of the Bawdwin project will commence in late 2021 and first concentrate 
production will take place in late 2023. This timeframe is however dependent on all approvals being obtained and 
financing in place by mid-2021. Open pit mining will take place for a 13-year period and WMM intends that with 
further exploration work, a mine life of up to 50 years may be feasible. Assuming a 13-year operation period, 
cessation of mining will begin nominally in 2035. Decommissioning will last for up to 24 months while 
rehabilitation works will last up to 36 months. Following decommissioning and rehabilitation there will be a 
period of post-closure monitoring and maintenance. When monitoring has provided evidence that the closure 
objectives and closure criteria have been met to the satisfaction of ECD, the WMM will be formally released from 
all obligations regarding the Bawdwin mineral concession, with a third-party assuming responsibility. Some 
residual impacts are predicted to extend into the post-closure period. 

8.1.3 Spatial boundaries 
The spatial boundaries of the cumulative impact assessment coincide with the locations where the material residual 
impacts are expected to occur, and where impacts from other projects may occur that would, together, add to the 
material residual impacts from the Bawdwin project. The spatial boundaries differ according to the environmental 
or socio-economic aspect under assessment and are defined as follows: 

Landforms and soil: Includes the same ‘terrain units’ as defined in Section 5.1, located within the Bawdwin 
concession. These terrain units include steep mountain terrain, lower mountain slopes and valley floors, 
undulating hills of the northern and western area of the concession.  

Air quality: Includes airsheds of all individual residences in the receptor groups: Bawdwin lower village and 
associated farms, Tiger Camp village and associated farms,  Loi Mi village and associated farms, Nam La farms, 
project workforce, military base, villages surrounding the concession, residents of Nam Pangyun valley, Namtu 
and residents along the export route beyond Namtu. 

Surface water: Includes areas where the Bawdwin project is likely to have residual impacts (i.e., downstream of 
the mine, specifically Nam La, Myitnge River and Nam Pangyun (upper, mid and lower) catchments). 

Groundwater: Includes the Nam Pangyun and Nam La catchments and local springs, partly within existing 
disturbance areas and within previously undisturbed (or low-level disturbance) areas.  

Biological: Includes areas of grassland, bamboo, sub-tropical mixed hill forest, Nam Pangyun catchment and 
Nam La which may lie in partly or completely undisturbed areas within the concession.  
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Cultural heritage: Includes areas around the Bawdwin project infrastructure and activity and downstream of the 
mining area, wherever cultural heritage values are present within the concession, and along the existing rail 
corridor.  

Noise and vibration: As per air quality defined spatial boundary. 

Social: As per the defined spatial boundary for air quality at the local scale, as well as the regional and national 
economy. 

Human health: Receptor groups defined within the air quality spatial boundary. 

8.1.4 Projects that could contribute to cumulative impacts 
Northern Shan state hosts a number of large-scale development projects due to its proximity to the Myanmar-
China border trade area. The state also has high potential for future development of mineral resources. Projects 
which may contribute to cumulative impacts were identified and collated through desktop research, local 
knowledge and investigation by Valentis staff. A list of these is presented in Table 8.1 and shown in Error! 
Reference source not found.. The list in the table includes some projects that were identified and initially 
considered, but have not been included in the assessment as they were unlikely to fall within the area of influence 
of the Bawdwin project. 
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Table 8.1 Projects that could contribute to cumulative impacts 

Project Project Proponent Project description Spatial boundary  
(area of influence) 

Temporal boundary Status in 2020 Sources 

Mineral Projects 

Small-scale 
oxide mining 
and 32 Mile 
Processing  

Win Myint Mo 
Industries Company 
Limited (WMM) 

This project commenced development in late 2020 to 
process ore from oxide resources from the Bawdwin 
mine. The ore will be mined and crushed on the 
Bawdwin concession at a rate of around 1,000 tonnes 
per day and transported via truck to Namtu for 
processing at the existing 3 Mile processing plant. 
Trucking movements are expected to be about 90 to 
100 return journeys per day on the Namtu-Manton 
public road. 

Note: The project is not part of the Bawdwin project 
being assessed by this EIA and is outside the scope of 
its assessment. The oxide mining project is being 
conducted by WMM under the existing Bawdwin 
project approvals and mineral licence. 

The mining activity will occur 
within the Bawdwin concession 
area, largely within the 
footprint of existing 
disturbance (with all mining 
within the existing open pit). 
The processing activity will 
occur at the existing 32 Mile 
processing plant within the 
WMM Namtu concession area. 
The transport of ore will occur 
on the Namtu-Manton public 
road. 

Haul road construction 
commenced in 2020 and 
operations are scheduled to 
commence in mid-2021 and 
continue until 2024, or until ore 
mining commences for the 
Bawdwin project.  

The project has 
commenced 
preparatory works in 
the Bawdwin 
concession area to 
support mining 
operations.  

WMM Company 
Presentation 

Zinc production 
from slag in 
Namtu 

 

Myanmar Apex 
Mining Company 
Limited 

This project is privately owned and run under a small-
scale mineral processing license issued by the 
Ministry of Natural Resources and Environmental 
Conservation (MONREC). The company purchases 
stockpiled slag located in Namtu from the government 
that come from the former Bawdwin mine operations 
and processes it in Namtu for sale to China via the 
land border. The local community is concerned that 
the operation emits chemicals to the atmosphere as 
well contaminated discharge to the Namtu river.  

The operation is located in a 5 
acres area containing a 
processing plant in the Namtu 
concession itself where the slag 
stockpiles are located. The 
operation is approximately 
6 km away from the Bawdwin 
concession area.  

The license was issued in 2001 
but had limited operations. In 
2010, the company 
renegotiated with the 
government and continued 
operations. It employed 200 
people and had purchased 
63,000 tonnes (t) of slag from 
the government.  

Still under operation.  Htoon 2018 

Lead, zinc and 
copper 
exploration 

Unity E & R Metal 
Co.,Ltd 

This project is at exploration stage. It focuses on lead, 
zinc and copper in Namtu and Lashio. (Mong Yin)  

The concession area size is 
23,852 acres. This area is 
16 km away from the Bawdwin 
concession area. 

The concession is valid until 
01/07/2023.  

Exploration  Department of 
Mines, (August 
Permits) 

Lead, zinc and 
copper 
exploration  

Unity E & R Metal 
Co.,Ltd 

This project is at exploration stage. It focuses on lead, 
zinc and copper in Namtu, Manton, Lashio and 
Theinni. (Mon Par)  

The concession area size is 
18,250 acres. This area is 
33 km away from the Bawdwin 
concession area. 

The concession is valid until 
01/07/2023.  

Exploration  Department of 
Mines, (August 
Permits)  
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Project Project Proponent Project description Spatial boundary  
(area of influence) 

Temporal boundary Status in 2020 Sources 

Lead exploration New Day Asia Mining 
Company Limited 

This project is at exploration stage. It focuses on lead 
and associate minerals in Manton, Baho Chaung.  

The concession size is 4,200 
acres. This area is around 
37 km away from the Bawdwin 
concession area. 

The concession is valid until 
18/09/2021 

Exploration  Department of 
Mines, (August 
Permits) 

Lead and zinc 
exploration  

Asia Pacific Mining 
Limited 

This project is at exploration stage, focuses on lead, 
zinc and associated minerals in Namtu, Manton.  

The concession area size is 
46,232.41 acres. This area is 
54 km away from the Bawdwin 
concession area. 

The concession is valid until 
02/10/2021.  

Exploration  Department of 
Mines, (August 
Permits)  

Coal mining  Mandalay Distribution 
and Mining Company 
Limited 

This project focuses on production of coal in Thibaw 
Township, Namtu Region.  

The concession area size is 
2,796.75 acres. This area is 
around 66 km away from the 
Bawdwin concession area. 

The concession is valid until 
30/08/2020 

Production  Department of 
Mines, (August 
Permits) 

Lead and  zinc 
mining  

Lin Pyae Mining 
Company Limited 

This project focuses on production of lead, zinc and 
associate minerals located in Nyaungkio (Shan North), 
Yadanar Theingi Region.  

The concession area size is 
2,479.33 acres. This area is 
around 100 km away from the 
Bawdwin concession area. 

The concession is valid up to 
30/04/2025.  

Production Department of 
Mines, (August 
Permits) 

Copper and gold 
exploration 

 

Locrian Precious 
Metals Co. Ltd 

This project is in the exploration phase for copper, 
gold and associated minerals.  

The concession area size is 
approximately 470 square 
kilometers (km2). This area is 
around 375 km away from the 
Bawdwin concession area. 

The concession is valid until 
2029.  

Exploration  Department of 
Mines, (August 
Permits) 

Electricity and Power Projects 

The Namtu 
(Hsipaw) Dam 
Project 

Natural Current 
Energy Hydropower 
Co.,Ltd (NCEH). 

This project involves a 210 megawatt (MW) dam on 
the Namtu/Myitnge river, about 25 kilometres (km) 
north of Hsipaw town. Dam height is 114 meters (m).  

The project is located on 
Namtu/Myitnge river flowing 
down to Hsipaw. Area to be 
submerged under the reservoir 
is 866.69 hectares and villages 
to be submerged are Li Lu 
Village (47 houses, 212 
people); and most of them are 
Shan.  This area is around 
36 km downstream of the 
Bawdwin concession area. 

Construction period (66 
weeks). Construction cost 
436.28 million USD. 

Ministry of 
Electricity and 
Energy is still 
considering 
feasibility of the 
project. The 
company has 
constructed building 
worker 
accommodations and 
temporary bridge in 
March 2020. 

Complaint 
document by 
Shan Human 
Rights 
Foundation 
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Project Project Proponent Project description Spatial boundary  
(area of influence) 

Temporal boundary Status in 2020 Sources 

Shweli 3 
Hydropower 
Project  

Implemented by the 
Ministry of Electricity 
and Energy 

The 671-MW hydropower project is located on Shweli 
River, about 19 km north of Moemeik, Northern Shan 
State. It projects to generate 3,000 million kilowatt 
hours (kWh) of annual electric energy to the national 
grid and supply electricity to more than 8.5 million 
residents nationwide.  

By 2025-2026, it plans to 
contribute to electrification of 
about eight million households. 
This area is around 65 km from 
the Bawdwin concession area 
in a different river catchment. 

The project is targeted to 
complete in Fiscal Year 2022-
2023 with the project cost of 
1.51 billion USD.  

It is still under 
construction.  

Myanmar Project 
Banks, Save 
Namtu River by 
Shan Human 
Rights 
Foundation 

66kV Muse-
Nanphatkar line 
(30 miles) and 
substations  

Understood to be 
commissioned by the 
Ministry of Electricity 
and Energy 

The project is located in Muse and Nanphatkar, 
Northern Shan State. 

This project includes line 
installation and construction of 
Nanphatkar Substation. This 
project is around 81 km from 
the Bawdwin concession area. 

The project is to end in 2020 
approximation.  

Ongoing  Ministry of 
Electricity and 
Energy, new 
projects in Shan 
State.  

Upper Yeywa 
Dam for Hydro 
Power 

Led by the Myanmar 
Electric Power 
Enterprise (MEPE) 

This project involves a 280 MW dam on the 
Namtu/Myitnge river between Kyaukme and 
Naungkio. It is planned to produce 1.409 billion 
kilowatts (kW) and is located 20 miles from 
Kyaukme. There will be two 41 foot length iron 
reinforced tunnels with 70 MW turbine. 40% of the 
project is completed. It is financed by China Exim 
Bank. 

It is located on Dotawaddy 
river known as Namtu or 
Myitnge river. It is 1.5 miles 
from Taung Che Vilalge, Loi 
Jong tract, Kyaukme township. 
This area is around 97 km 
downstream of the Bawdwin 
concession area. 

Due to protest, it halted but 
again it plans to continue and 
finish in 2022.  

Under construction 
headed by the MEPE. 
Other companies 
involved in 
construction are 
China – Yunnan 
Machinery Import 
and Export Co.,Ltd, 
Zhejian Orient  
Engineering, 
Germany, Lahmeyer 
International GmbH 
Switzerland – Stucky 
SA, Japa – Toshiba, 
High Tech Concrete 
Technology Co., Ltd 
(Japan) 

Save the Namtu 
River by Shan 
Human Rights 
Foundation, 
Eleven Myanmar 
Media news 
article.  
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Project Project Proponent Project description Spatial boundary  
(area of influence) 

Temporal boundary Status in 2020 Sources 

Highway and railway projects 

Muse – 
Htikyaing-
Mandalay 
Express Way 
Project 

Implemented under 
the Department of 
Highways, Ministry of 
Construction 

The project will involve construction of a 446 km, 4-
lane asphalt concrete expressway. The first part of the 
expressway will be a new construction with a length 
of 206 km, from the border trade township of Muse in 
Shan State, passing through Si-u in Kachin State and 
to Htigyaing in Sagaing Region, will be an important 
part of the main trunk line of the country’s east-west 
highway. The second part of the expressway has a 
length of 240 km and starts at Htigyaing, passes 
through Male, Kyauk Myaung, Sagaing and ends at 
Mandalay.  

The project is aimed at 
improving regional 
connectivity of China-
Myanmar border and North 
South Corridor of Myanmar 
and further boosts Mandalay-
Yangon trade flow. Given the 
country’s strategic location 
between China and the Indian 
Ocean, Myanmar is expected to 
become an international trade 
logistics hub. This area is 
around 8 km from the 
Bawdwin concession area at its 
closest point. 

Project is targeted to start fiscal 
year 2019-2020 and end fiscal 
year 2024-2015. The project 
cost is 820.00 million USD  

Pre-
feasibility/Feasibility 
Study 

Myanmar Project 
Bank 

Muse-Mandalay 
Railway Project  

(Myanmar 
government and 
China Railway 
Eryuan Engineering 
Group 

This project is part of the lines to Mandalay – 
Kyaukphyu line. The line would connect a deep sea 
port in Kyaukphyu, which is developed by China with 
Kunming, China, via Muse on the Myanmar-China 
border. This project would also connect Mandalay 
with Yangon, and improve access between China and 
the India ocean.  

The project will involve the 
construction of the 431 km- 
long Muse-Mandalay line. The 
line will be built for 160 km/h 
operation between Mandalay 
and Muse to support the China-
Myanmar Economic Corridor. 
The project cost is predicted to 
be 8.9 billion USD. This rail 
line is still in early stage of 
feasibility and may pass 
through the Bawdwin 
concession or around 35 km 
from the Bawdwin concession 
area. 

The government of Myanmar 
signed the Memorandum of 
Understanding with China 
Railway Eryuan Engineering 
Group (CREEG) in October 
2018. Project is still at early 
stage of feasibility.  

Feasibility stage International 
Railway Journal 
(Jun 30, 2020) 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 8 E Guard Environmental Services |  8-9 

 

Project Project Proponent Project description Spatial boundary  
(area of influence) 

Temporal boundary Status in 2020 Sources 

Goteik Bridge 
Project 

The Ministry of 
Construction, local 
company Oriental 
Highway Co, China 
Harbour Engineering 
Co Ltd, and China 
Communications 
Construction Co Ltd 
will the build the 
project 

The GoTeik Bridge project consists of a 887 m bridge 
and a 19.3 km link road. This will shorten the original 
route by 7.5 miles and greatly shortened travel time. 
Once finished, traffic along Mandalay-Muse road will 
become more convenient, improve the investment 
environment between China and Myanmar.  

The project area is located in in 
western Shan State in 
Nwaungkio township and near 
the famous Goteik railway 
viaduct (115 years old). It is 
between Pyin Oo Lwin and 
Kyaukme. It is also a major 
infrastructure project along the 
Mandalay-Muse road, a 
significant border-trade route, 
and this expect significantly 
boost the transportation of 
goods between China and 
Myanmar once it is completed. 
This area is around 95 km from 
the Bawdwin concession area. 

It is targeted to be complete in 
2022.  

Feasibility 
Study/Planning stage 

National 
Infrastructure 
Holding Co.Ltd, 
Myanmar Times, 
Article dated 10 
Jan 2019 by 
Chan Mya Htwe, 
Yee Ywal Myint 

New Muse 105th 
Mile Trade Zone 
Import Vehicle 
Inspection Area 
Development 
Project 

Proposed by the 
Department of Trade 

Muse 105th Mile Trade Zone is congested with the 
capacity not being enough to provide sufficient 
services for average maximum of 1600 heavy-loading-
twenty-two wheelers vehicles per day. Therefore, the 
new Muse 105th Mile Trade Zone Import Vehicle 
Inspection Area Development Project aims to reduce 
traffic at Muse (105 Miles) Trade Zone and along the 
Mandalay-Lashio-Muse Union Road, by developing 
and constructing the modernized trade related 
infrastructure, implementing of Single Window 
inspection and exercising the containerized cargo with 
e-lock system. 

In the short term, the project will solve the heavy 
traffic contributing the trade facilitation of the Trade 
Zone with the smooth cargo flow. In the long term, it 
is expected to bring the socio-economic benefits to the 
local people creating the job opportunities and 
enhancement of trading across border and being 
supportive to the elimination of illegal trade.  

Total acres of existing Muse 
105th Mile Trade Zone is 
370.83 acre including the 
vehicle inspection area, vehicle 
waiting area, warehouses area. 
This area is around 123 km 
from the Bawdwin concession 
area. 

Project is expected to 
commence and be complete 
within three years after 
receiving commitment. Project 
cost is 25.40 million USD.  

Pre-
feasibility/Feasibility 
Study 

Myanmar Project 
Bank 
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Figure 8.1 Location of projects that could contribute to cumulative impac



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 8 E Guard Environmental Services |  8-11

 

8.2 Cumulative impact assessment 
The potential cumulative impacts associated with the projects identified in Table 8.1 that could contribute to 
cumulative impacts, taking into consideration the temporal and spatial boundaries of the assessment, are outlined 
in the following section. The potential cumulative impacts identified are discussed in Section 8.2.1and Table 8.2. 

8.2.1 Cumulative impact discussion  

Landforms and soil 

Material impacts to landforms and soil due to the Bawdwin project identified by the EIA were associated with 
changes to landform due to formation and operation of the open pit, construction of the tailings storage facility 
and Wallah waste rock dump and loss of topsoil due to increased erosion or poor soil management. 

At a broader landscape scale, all of the mining and exploration projects listed in Table 8.1 are likely to locally 
impact landforms and soil in the region, caused by ground disturbance and erosion due to mining activities. The 
construction activities associated with the electricity and power projects as well as the railway and road projects 
are also likely to impact landforms and soils. The number of mining and exploration projects represent a further 
(cumulative) threat to landforms and soil quality in Northern Shan State.  

Air quality 

Impacts to air quality from the Bawdwin project will occur primarily due to increased dust generation from 
earthworks and mining, dust deposition and gaseous emissions from the power station. These material impacts of 
the Bawdwin project are limited to the airsheds in proximity to mine area and will therefore overlap with the oxide 
mining within the Bawdwin concession. The temporal overlap is expected to be minimal as oxide mining will 
conclude at or very shortly after the commencement of mining by the Bawdwin project. Some cumulative air 
quality impacts may occur due to dust generation from construction of the Bawdwin project, alongside oxide 
mining. All other identified projects do not fall within the Bawdwin project area of influence relevant to air quality.  

Processing activities by other projects are occurring and will continue in Namtu during the timeframe of the 
Bawdwin project. These projects include processing of oxide ore by WMM (proposed between 2021 and 2024) 
and zinc by Myanmar Apex Mining Company Limited (in operation currently). Whilst no material residual air 
quality impacts from the Bawdwin project are expected at this location, the resettlement site may be located within 
the area. 

At a broader scale, mining and exploration projects are likely to impact air quality in similar ways to the Bawdwin 
project. Electricity and power projects are likely to have similar impacts though to a lesser extent, while impacts 
to air quality from road projects are likely to stem from earthworks and construction. The identified proposed and 
current projects are expected to have cumulative impacts to air quality (along with the Bawdwin project) in 
Northern Shan State, albeit in separate airsheds apart from the projects mentioned above at Bawdwin and Namtu.  

Surface water 

Surface water impacts due to the Bawdwin project will occur due to runoff with elevated metals and TSS entering 
waterways, aquatic habitat removal and altered flood risk from construction of project infrastructure. It is unlikely 
the oxide mining operation will contribute to cumulative impacts during construction of the Bawdwin project as 
it is assumed surface water runoff will be collection within the catchment of the open pit. No other identified 
projects are located within the Nam La or Nam Pangyun catchments.  

However, several projects are located along or may discharge to the Myitnge River, including zinc production 
from slag in Namtu by Myanmar Apex Mining Company Limited (operational) and the processing of oxide ore 
at the existing 32-Mile concentrator plant by WMM (in development). Collectively, these projects may impact 
the water quality and beneficial uses of Myitnge River.  

The Namtu (Hsipaw) Dam Project by NCEH (proposed) and Upper Yeywa Dam for Hydro Power headed by the 
MEPE (in construction) may impact hydrological regimes, flood risks and cause inundation as well as construction 
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related impacts to water quality. While these impacts will potentially affect the same river (Myitnge), the impacts 
are likely to occur in separate areas of the Myitnge to the area of influence of the Bawdwin project.  

Groundwater 

The Bawdwin project’s primary impacts to groundwater will stem from contamination of groundwater within 
Nam Pangyun catchment and potentially the Nam La catchments due to seepage from the TSFs and Wallah waste 
rock dump which is likely to contain elevated metals and sulphate, and residual processing reagents (in the case 
of TSF seepage). Other mining projects are likely to have similar impacts to groundwater such as coal mining by 
Mandalay Distribution and Mining Company Limited and lead and zinc mining by Lin Pyae Mining Company 
Limited. However, these mining projects are located at a significant distance from the Bawdwin project, around 
66 km and 100 km, respectively and are not expected to fall within the area of influence relevant to groundwater. 
The remainder of the identified mining projects are in the exploration phase. There may be some groundwater-
related cumulative impacts if these exploration projects proceed to large scale mining and development. However, 
they range from around 16 km to 365 km from the Bawdwin project, and are therefore not likely to impact the 
saprolite or fractured rock aquifers within the Nam Pangyun and Nam La catchments.  

The other project types (i.e. electricity and power projects, and highway and railway projects) are unlikely to have 
groundwater-related cumulative impacts. 

Biological 

Material impacts to the biological environment due to the Bawdwin project identified by the EIA were limited to 
habitat loss and degradation of the sub-tropical mixed hill forest habitat.  

All of the other proposed projects are expected to impact the biological environment to some extent, resulting in 
cumulative impacts at a broader landscape scale. The impacts will depend on the exact location of projects and 
their impacts on vegetation, habitats and flora and fauna. 

Cultural heritage 

Material impacts to cultural heritage from the Bawdwin project are expected to include, loss or disturbance of 
cultural heritage, and modification to the surrounding landscape. No cumulative impacts to cultural heritage values 
as a result of the oxide mining are expected given its disturbance will fall within the larger Bawdwin project 
disturbance footprint and occur prior to the Bawdwin project.  

No cumulative impact is currently expected impact between the Muse-Mandalay Railway Project and the 
Bawdwin project given the existing Bawdwin-Namtu railway corridor lies within a concession held by WMM. 
However, it is noted that the rail line project is still in early stage of feasibility and information on its alignment 
is uncertain. 

Given most of the significance and uniqueness of cultural heritage at the Bawdwin mine is related to the history 
of the mine itself, it is not expected that there will be any cumulative impacts to cultural heritage features within 
the Bawdwin concession and along the existing railway corridor related to the other proposed projects.  
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Noise and vibration 

Increased levels of noise and vibration from the Bawdwin project will arise from a number of activities including 
construction, vehicle traffic, mining activities and the operation of processing plant and power station. Material 
noise and vibration impacts are limited to the receptor groups residing within the Bawdwin concession, who may 
experience cumulative impact during the temporal overlap between oxide mining and construction of the 
Bawdwin project. Given the location of the other proposed projects, cumulative impacts related to noise and 
vibration are not expected. 

Socio-economic 

Changes in physical living conditions as a result of construction and operation of the Bawdwin project will impact 
those communities residing within the concession, in an adverse manner prior to resettlement and positively 
following resettlement through provision of improved housing and essential services. These impacts will therefore 
overlap with the oxide mining within the Bawdwin concession which is also expected to reduce amenity and 
increased traffic and road use However, the temporal overlap is expected to be limited to the Bawdwin project 
construction period, with some Bawdwin communities being resettled during this time.  

Projects that are located in Namtu may lead to cumulative socio-economic impacts with the Bawdwin project. 
Particularly, if the Bawdwin concession villages are resettled to a location near Namtu. These cumulative socio-
economic impacts may include impacts to convenience and liveability associated with potential in-migration from 
all projects and altered social cohesion. There may also be positive cumulative impacts of all the projects 
associated with increased local employment and procurement.  

The period of initial construction of the Bawdwin project, which will utilise the Namtu-Manton Road for site 
access while the Namtu-Tiger Camp Access Road is under construction, presents a substantial increase in the 
traffic levels on this public road from both projects. 

All other identified projects do not fall within the Bawdwin project area of influence relevant to socio-economic 
impacts. 

Human health 

Material impacts to human health as a result of the Bawdwin project are primarily related to the Concession 
villages, which will be resettled either during construction or within the first few years of mining operations. 
Cumulative human health impacts may result during the temporal overlap between operation of the oxide mining 
project and construction of the Bawdwin project from inhalation, ingestion or dermal contact of dust emissions 
with elevated metals. Given the significant distance between the Concession villages and other identified projects 
prior to their resettlement, , cumulative human health impacts are not expected during this period. Following 
resettlement, the communities will face significantly lower exposures from the Bawdwin project. However, if 
resettled to a location near Namtu they may be impacted by reduced air quality resulting from the processing 
projects in the area including oxide ore processing by WMM (proposed) and zinc processing from slag by 
Myanmar Apex Mining Company Limited (operational).  
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Table 8.2 Potential cumulative impacts 

Aspect Potential cumulative impacts 

Mineral Projects 

Landforms and 
soil 

 Potential for cumulative impact with other mining projects in Northern Shan State at a regional 
scale given the extent of ground disturbance associated with mining projects. 

Air quality 

 Potential for cumulative impact during Bawdwin project construction phase and oxide mining 
occurring within the Bawdwin concession. 

 Potential for cumulative impact may be observed at a regional scale , albeit in different 
airsheds. 

Surface water 

 No cumulative impact expected during Bawdwin project construction and oxide mining 
occurring within the Bawdwin concession given surface water runoff will likely be captured in 
the open pit and allowed to settle before discharge or reuse. 

 Potential for cumulative impact to water quality of Myitnge River due to the Bawdwin project 
and other processing projects in Namtu. 

Groundwater 

 No cumulative impact with the oxide mining expected given the operations lack of interaction 
with groundwater. 

 No cumulative impacts on groundwater systems in the Bawdwin project area are expected from 
other mining projects within the region given the significant distance from the Bawdwin 
concession. 

Biological 

 No cumulative impact expected between Bawdwin project and oxide mining operations as 
disturbance is contained to the same footprint. 

 No cumulative impacts on the biological values from other mining projects are expected given 
the separation distance. 

Cultural heritage 

 No cumulative impact expected between Bawdwin project and oxide mining operations as 
disturbance is contained to the same footprint. 

 No cumulative impacts from other mining projects are expected given their distance from 
Bawdwin cultural heritage features. 

Noise and 
vibration  

 Potential for cumulative impact during construction of the Bawdwin project and oxide mining 
occurring within the Bawdwin concession. 

 No cumulative impacts from other mining projects are expected given their distance from 
residents living within the Bawdwin concession. 

Social 

 Potential for cumulative impact on physical living conditions due to Bawdwin project and oxide 
mining occurring within the Bawdwin concession. 

 Potential for cumulative impact on Namtu due to inmigration associated with the other local 
mining and processing projects and the Bawdwin project and the resettlement of Bawdwin 
communities in Namtu (potentially). 

 Potential for cumulative impact relating to positive socio-economic impacts in Namtu due to 
increased employment and wealth due to Bawdwin project and other local mining and processing 
projects. 

 No cumulative impacts from other mining projects are expected given their distance from 
residents. 

Human health 

 Potential for cumulative impact during Bawdwin project construction and oxide mining 
occurring within the Bawdwin concession. 

 No cumulative impacts from other mining projects are expected prior to resettlement of residents 
of Bawdwin given their distance from communities at highest risk of exposure. If resettled to a 
location near Namtu, the communities may be impacted by reduced air quality from processing 
activities. 

 

 

Exploration projects 

Landforms and 
soil 

 Potential for cumulative impact at a regional scale given the ground disturbance associated with 
mining and exploration projects. 

Air quality  Potential for cumulative impact at a regional scale , albeit in different airsheds. 
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Aspect Potential cumulative impacts 

Surface water 
 No cumulative impacts to surface water are expected as a result of exploration projects and the 

Bawdwin project. 

Groundwater 
 No cumulative impact on groundwater are expected as a result of exploration projects and the 

Bawdwin project. Exploration activities may have an impact on groundwater levels however these 
are not expected to be significant.  

Biological 
 Potential for cumulative impact to forest habitat at a regional scale, as exploration projects are 

understood to be located in an area of medium impacted mountainous forest.  

Cultural heritage 
 No cumulative impact expected as there potential cultural heritage are local to the Bawdwin 

project and discrete from exploration projects. 

Noise and 
vibration  

 No cumulative impact as there is no causal pathway between potential noise and vibration 
impacts from exploration projects and the Bawdwin project. 

Social 
 No cumulative impact as there is no causal pathway between potential socio-economic impacts 

from exploration projects and the Bawdwin project. 

Human health 
 No cumulative impact as the exploration projects are outside the catchment where health impacts 

from the Bawdwin project are likely. 

Electricity and power projects 

Landforms and 
soil 

 Potential for cumulative impact at a regional scale given the ground disturbance associated with 
both project types. 

Air quality 
 No cumulative impacts are expected given the distance between the mine area and electricity 

and power projects. 

Surface water 
 Potential for cumulative impact on the water quality and flow regime of the Myitnge River, 

albeit in different reaches of river. 

Groundwater 
 No cumulative impact as there is no causal pathway between potential groundwater impacts 

from electricity and power projects and the Bawdwin project. 

Biological 
 No cumulative impact as there is no electricity or power projects within the Bawdwin area of 

influence related to biodiversity. 

Cultural heritage 
 No cumulative impact as there is no causal pathway between potential cultural heritage impacts 

from this project and the Bawdwin project. 

Noise and 
vibration  

 No cumulative impact as there is no causal pathway between potential noise and vibration 
impacts from electricity and power projects and the Bawdwin project. 

Social 
 No cumulative impact as there is no causal pathway between potential socio-economic impacts 

from electricity and power projects and the Bawdwin project 

Human health 
 No cumulative impacts are expected given the distance and dilution between the mine area and 

electricity and power projects and the small proportion of the Myitnge River total catchment area 
impacted by the Bawdwin project. 

Highway and railway projects 

Landforms and 
soil 

 Potential for cumulative impact at a regional scale given the ground disturbance associated with 
both project types. 

Air quality 
 No cumulative impacts are expected given the limited impacts the highway and railway projects 

will have. 

Surface water 
 No cumulative impacts expected as water quality and aquatic ecology impacts from these 

projects are expected to be localised and minor. 

Groundwater 
 No cumulative impacts as there is no causal pathway between potential groundwater impacts 

from highway and railway projects and the Bawdwin project 

Biological 

 No cumulative impacts expected as the highway and railway projects are not in the proposed 
area of influence of the Bawdwin project. Road and railway construction will have specific 
regional impact on terrestrial biodiversity. It is unlikely to be combined with the impact of the 
Bawdwin project. 

Cultural heritage 
 No cumulative impacts as there is no causal pathway between potential cultural heritage impacts 

from highway and railway projects and the Bawdwin project. 
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Aspect Potential cumulative impacts 

 The Muse-Mandalay Railway Project potentially falls within the Bawdwin project area of 
influence (dependent on final alignment). However, no overlap in impacts to the Namtu-Bawdwin 
rail lines is expected.  

Noise and 
vibration  

 No cumulative impacts as there is no causal pathway between potential noise and vibration 
impacts from highway and railway projects and the Bawdwin project. 

Social 
 Potential cumulative impacts that are positive as these projects will potentially support 

economic development of the region and improve transport and access.  

Human health 
 No cumulative impacts as the highway and railway projects are unlikely to impact the human 

health in a cumulative manner with impacts associated with the Bawdwin project. 
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8.2.2 Cumulative impact management strategies 
WMM has developed mitigation measures to avoid and/or minimise cumulative impacts and mitigate risk to the 
greatest extent possible. These management measures are outlined in Chapter 6. Cumulative impacts fall within 
the remit of the environmental and social management framework (Chapter 10) and environmental and social 
management plan (ESMP) (Attachment 4). The governance, responsibilities and accountabilities for 
implementation of the ESMP and environmental and social management are outlined in Attachment 4. Concerns 
of affected communities regarding potential cumulative impacts will be identified, documented and addressed 
through the community grievance mechanism, to be established by WMM. 

In addition, WMM will undertake the following to help limit cumulative impacts: 

 Cooperate with relevant government agencies and others with an interest in development of Northern Shan 
State to help facilitate its ongoing protection of the environment and human health and optimisation of socio-
economic outcomes. 

 Cooperate with WMM on the oxide mining project and seek to limit potential for cumulative impacts for the 
period of overlap between the two projects. In particular, a plan for the interaction of traffic for the two 
projects during the initial phases of Bawdwin project construction should be developed. 

 Mitigate and manage water quality impacts to the Nam Pangyun to limit downstream impacts to the Mytinge 
and minimise potential for any cumulative impacts to this water course between the Bawdwin project and the 
processing activities that are (or are planned) to be taking place in Namtu. 

 Look for opportunities to work collaboratively with other industries and companies in Namtu to improve 
environmental and social outcomes.  

8.3 Conclusion 
Mining, exploration, electricity and power and railway and road projects within Northern Shan State, ranging 
from locations within the Bawdwin concession up to 375 km away were identified and assessed for the potential 
to contribute to a significant cumulative impact. Whilst all projects were initially considered, not all were 
determined to fall within the area of influence of the Bawdwin project and therefore most were determined not to 
be a source of significant cumulative impact. 

Material residual impacts of the Bawdwin project are primarily associated with the environment in close proximity 
to the mine area and residents living within the Concession. The current oxide mining within the Bawdwin 
concession and processing of oxide and zinc in Namtu pose the greatest potential for cumulative impact with the 
Bawdwin project, given they overlap in terms of airsheds and water discharge to the Myitnge River. WMM will 
cooperate with the proponents of these operational projects to ensure management measures support each 
operation and the local environment, as well as relevant government agencies to help facilitate ongoing protection 
of the environment and human health at the regional scale within Northern Shan State. 

The value and feasibility of the Bawdwin project are not limited by cumulative social and environmental impacts. 
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9 Public consultation and disclosure 

This chapter provides an overview of the public consultation and community engagement undertaken in relation 
to the project. The chapter provides a summary of all public consultation and disclosure activities conducted since 
the planning of the mine redevelopment started up until December 2020. The results of consultations and other 
community engagement activities are described in this chapter, together with a summary of the main public issues 
and concerns and WMM’s response to address those issues and concerns. 

9.1 Overview  
Public participation in the environmental impact assessment (EIA) process is critical to ensure potential 
environmental and socioeconomic impacts of the project are clearly understood and appropriately assessed in the 
EIA process. The Draft Guideline on Public Participation in Myanmar’s EIA Processes (31 May 2017), hereafter 
referred to as the Public Participation Guideline, is a guide to public participation as part of the EIA process in 
Myanmar. This Public Participation Guideline has been followed when planning and delivering the consultation 
in relation to the project.  

9.2 Consultation requirements 
Under Myanmar’s Environmental Conservation Law and Environmental Conservation Rules an EIA is required 
for projects having potential significant impacts. The Environmental Impact Assessment Procedure (EIA 
Procedure) issued in 2015 sets out the requirements for environmental impact assessment of projects.  

EIA Procedures  

The EIA Procedures has some specific requirements related to consultation activities including:  

 In accordance with Article 45 of the EIA Procedure, the Project Proponent must appoint a registered third 
person or organisation to carry out the EIA investigation and reporting.  

 The scoping stage of the EIA process will produce a detailed Terms of Reference (ToR) for the EIA which 
shall include a Public Participation Plan. Both the ToR and Public Participation Plan are to be approved by 
the ECD in accordance with Article 54 of the EIA Procedure.  

 Articles 49(e) and Article 61 deals with the notification requirements of meetings.  

 Articles 50(b) deals with the number of meetings to be held during the process.  

 Article 51(g) and Article 63 deals with records of meetings.   

 Article 63 of the EIA Procedure requires the EIA Report to address: methodology and approach; summary 
of consultations and activities undertaken, results of consultations, further ongoing consultations; and 
disclosure.  

 Article 67 requires public participation during ECD’s review of the final EIA report.  

 The EIA Procedure requires the EIA to consider the results of the public participation, not just to summarise 
the public participation process.  
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Draft Guideline on Public Participation  

The Draft Guideline on Public Participation in EIA Processes (31 May 2017) has been prepared to guide public 
participation conducted as part of the EIA process in Myanmar. The guideline is designed to implement the EIA 
Procedure’s public participation requirements. The guideline is highly prescriptive and describes the 
recommended participation activities that should be completed during the EIA process. 

The Public Participation Guideline contains the following relevant requirements for EIA projects: 

 Third party EIA Consultant: requires the consultation to be conducted by a third party consultant rather 
than the Project Proponent.  

 Notifications: Provides detail on the required timing, content and distribution methods for consultation 
notifications.   

 Information disclosure: Provides detail on the type of information that is required to be disclosed during 
public consultation and outlines that the information must be relevant to the PAPs and in sufficient detail to 
be useful to the PAP. The Public Participation Guidelines require distribution of information on:  

- Project Proponent website  

- Project Proponent and Consultant offices 

- Locations near the project site  

- Other relevant distribution methods  

 Public participation activities: Explains the suggested number of public participation meetings; the 
requirement to liaise with relevant Government departments to organise the meetings; and an outline of the 
content of the information disclosure at the meetings.  

 Public participation outcomes: The Guidelines require the feedback received to be incorporated into the 
Scoping document and EIA drafting. The Guidelines further require comments received by the PAP to be 
responded to by the Project Proponent and any feedback and ideas incorporated into the planning and 
concerns addressed.   

 Other requirements such as the requirement for a call for public submissions on the EIA report.  

Public Participation Plan  

At the commencement of the project and as outlined in the Scoping Report, WMM prepared a Public Participation 
Plan (Attachment 3) to guide the consultation and disclosure of project information and feedback. This Public 
Participation Plan was used to guide public consultation and disclosure for the project EIA and has been based on 
the Public Participation Guidelines and International Finance Corporation (IFC) Performance Standards (IFC, 
2012). Potential lender requirements and guidelines have also been considered, including the Equator Principles 
(EPFI, 2013) and Stakeholder Engagement: A good practice handbook for companies doing business in emerging 
markets (IFC, 2007).  

The Public Participation Plan sets out the objectives of public participation and disclosure process as follows:  

 Identify key stakeholders, their relationship to the mine and/or proposed mining and processing activities, 
and their concerns. 

 Provide comprehensive information about the proposed project and its potential impacts, risks and 
opportunities to the identified stakeholders (consistent with international good practice). 

 Provide stakeholders (including consultants, relevant authorities, project developers, and interested and 
affected parties) with the opportunity to express their views and concerns regarding the project. 

 Understand thoughts, perceptions and concerns associated with redevelopment of the mine. 
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 Document and provide feedback to stakeholders on the outcomes of the public participation process, and how 
the participation process has shaped the project design. 

 Reduce the potential for project-affected persons (PAP) and other stakeholder disaffection, which can result 
from a misunderstanding of the project, and, particularly for local communities, either a real or perceived 
exclusion from the EIA process. 

 Provide input to the development and implementation of a community/stakeholder relations program by 
WMM, to be used as the project and operation progress. 

9.3 Identification of stakeholders and project affected 
people  

Stakeholder identification is the process of determining who the project stakeholders and interested parties are, 
the particular interests held by those groups and the influence they may have on the project. This informs the 
development of a suitable stakeholder engagement strategy. Stakeholders have been identified through both a ‘top 
down’ and ‘bottom up’ process drawing on previous work in the area and verified through engagement with 
stakeholders and host communities to ensure that all likely stakeholders have been identified.  

A detailed stakeholder identification and analysis exercise was undertaken in 2018 as part of the initial planning 
meetings at the commencement of the feasibility studies. This initial stakeholder identification exercise has 
continually been reviewed and updated on completion of various baseline studies and surveys as well as 
consultation as the EIA has progressed.  

The review of project stakeholders and interested parties was based on the IFC’s Performance Standard 1: Social 
and Environmental Assessment and Management Systems. This process was based on the following steps: 

1. Identify individuals, groups or local communities that may be affected by the Project positively or 
negatively, and directly or indirectly, making special effort to identify those who are directly affected, 
including those who are disadvantaged or vulnerable.  

Stakeholders were initially identified through a stakeholder mapping workshop in 2018 in which the 
Project Proponent and all key consultants participated. The list has been expanded through the 
consultants’ time spent working on site, conduct of the baseline studies and surveys and engagement 
with the various stakeholders.  

2. Identify broader stakeholders who may be able to influence the outcome of the Project because of their 
knowledge about the affected communities or political influence over them.  

This involved consideration of the geographic footprint of the project and assessment of the various 
Myanmar government organisations, institutions and non-government organisations that may have an 
interest in and/or influence over the project.  

3. Identify legitimate stakeholder representatives, including elected officials, non-elected community 
leaders, leaders of informal and traditional community institutions and elders within the affected 
community.  

Stakeholder representatives were identified through engagement with the various levels of Government, 
from the relevant Natural Resource Parliamentary Committees, Union level Government, Shan State 
Government and local administration as well as during engagement with the communities.  

4. Map the impact zones by placing the affected groups and communities within a geographic area to define 
or refine the Project’s area of influence.  

Stakeholders were mapped and arranged into groups based on their level of interaction with the project 
and stakeholder engagement methods.  
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Stakeholder identification and analysis will continue to be undertaken iteratively throughout the progression of 
the project as new information becomes available and annually thereafter.   

Myanmar context  

In the context of Myanmar’s EIA Procedures, the stakeholder identification process described above resulted in 
identification of project-affected persons (PAP). A PAP is defined in accordance with EIA Procedure (2015), 
Article 2(f) as: 

a natural person, legal entity, or organisation that is, or is likely to be, directly or indirectly affected by a 
project or a proposed project, including without limitation effects in the nature of legal expropriation of 
land or real property, changes of land category, and impacts on the ecological and environmental systems 
in the settlement areas of such person, entity or organization. 

A stakeholder is defined in the Public Participation Guideline as persons, groups, or communities external to the 
core operations of a project who may be affected by the project proposal, or have interest in it, at any stage in the 
project cycle (whether planning and construction, operation, or closure and decommissioning); this includes 
individuals, vulnerable and disadvantaged groups and individuals, businesses, communities, other government 
ministries, local government authorities, academia, national and international non-government organisations 
(NGOs), the media, and people who are concerned about the project proposal that may not live in the area directly 
impacted by the project.   

To place this project in a cultural and historical context, there are various ethnic groups in the region that have 
lived alongside and been employed or worked in the Bawdwin mining operations over its 600-year history. It is 
understood, the term ‘indigenous’ is not used locally and is not a term with which people self-identify. Coffey-
Valentis and WMM adhered to the principles and intent of the Public Participation Guidelines, as they relate to 
indigenous groups and public participation, in identifying and engaging with ethnic groups in the project affected 
area and providing translated materials and opportunities for engagement. 

Stakeholder categorisation   

The ongoing stakeholder identification process has resulted in the categories of stakeholders (PAP) and interested 
parties as shown in Table 9.1. 

Table 9.1 Stakeholder categories / project affect people  

Category  Stakeholder / PAP 

Communities   Tha Ta La Ward, Namtu 

 Bawdwin village (Upper and Lower – 8 wards) 

 Tiger Camp Community 

 Hillside communities surrounding the concession 

 Mansam Falls Village  

 Manton Village  

Community 
leaders  

 Namtu Town Dignitaries  

 Bawdwin elders and leaders  

 Religious leaders  

Religious groups   Islam, Christian and Hindu religious groups at Bawdwin 

 Buddhist Monks, Township Buddhist Association, Bawdwin 

Ethnic groups  Shan persons  

 Palung persons  

 Kachin persons 

 Kayin persons  

 Chin persons 
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Category  Stakeholder / PAP 

Vulnerable 
groups 

 Disabled persons 

 Women headed households  

 Single person households  

Government   Natural Resources Parliamentary Committee (Upper House) 

 Natural Resources Parliamentary Committee (Lower House) 

 Locally elected Parliamentary Representatives 

 Ministry of Natural Resources and Environmental Conservation - Minister's Office 

 Ministry of Natural Resources and Environmental Conservation - Mining Enterprise 
Number 1 

 Ministry of Natural Resources and Environmental Conservation – Department of 
Geological Survey and Exploration 

 Ministry of Natural Resources and Environmental Conservation - Department of Mines 

 Ministry of Natural Resources and Environmental Conservation - Environmental 
Conservation Department 

 Ministry of Natural Resources and Environmental Conservation - Environmental 
Conservation Department 

 Ministry of Home Affairs - District Police, Immigration Department, Township 
administration, General Administration Department 

 Myanmar Military (Tatmadaw) - The Office of Commander-In-Chief; North East 
Command Office in Lashio; Tactical Operation Command Office, Namtu 

 Shan State Cabinet (Taunggyi) 

 Kyaukme District Office - General Administration Department; Land Department; Other 
Departments 

 Namtu Township Office - General Administration Department; Land Department 

 National Economic Committee 

 Ministry of Planning and Finance 

 Ministry of Health 

 Ministry of Religious Affairs and Culture 

 Ministry of Ethnic Affairs 

 Ministry of Transport and Communications 

 Ministry of Electricity and Energy 

 Ministry of International Cooperation 

 Border authority/customs 

Non-government 
organisations  

 Myanmar Centre for Responsible Business (MCRB) 

 Myanmar Alliance for Transparency and Accountability (MATA) 

 World Bank Extractive Industries Transparency Initiative Committee (EITI) 

 Natural Resources Governance Institute (NRGI) 

 Oxfam 

 Publish What You Pay 

 Myanmar Mining Watch Network  

 Historical Narrow Gauge Railway Society 

 Northern Shan State Women Network and International Rescue Committee 

 Mana 

 Karuna Mission Social Solidarity 

Existing 
workforce 

 Bawdwin Labour Organisation  

 Existing workforce at Bawdwin and Namtu 

Ethnic armed 
organisations  

 Ta’ang National Liberation Army (TNLA) 

 Kachin Independence Army (KIA) 
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Category  Stakeholder / PAP 

 Restoration Council of Shan State (RCSS) 

Railway corridor   Artisanal miners in railway corridor  

 Internally displaced persons  

Contractors, 
suppliers and 
service providers 

 Existing and future contractors, suppliers and service providers 

Media   Local and international media  

Owners and 
investors 

 Myanmar Metals Limited and public shareholders 

 Win Myint Mo Company Limited  

 East Asia Power Global Mining Company Limited  

9.4 Public consultation methods 
Different stakeholder groups require methods of communication and consultation to be tailored according to their 
interest and understanding of the project, how they may be affected by the project and their language and literacy 
skills. Tailored mechanisms for engagement were used for each stakeholder group, depending on their needs. The 
project has planned its engagement activities to align to the needs of the project and of the specific stakeholder 
groups across the following two themes:  

1. Seeking views, input and feedback. 

2. Building general project awareness and awareness of the EIA process.  

Table 9.2 outlines the mechanisms of engagement for each engagement theme along with a description of the 
methods employed for respective stakeholder groups. Throughout the EIA process there were several periods in 
which Coffey-Valentis had limited or no ability to engage directly face to face with PAP, due to security and 
access restraints and also the COVID19 pandemic.  

Table 9.2 Types of stakeholder engagement  

Type  Description  Stakeholder / PAP 

Seeking view and input  

Formal public 
consultation rounds   

 Three comprehensive rounds of formal public 
consultation took place with PAPs and 
stakeholders prior to the submission of the EIA 

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

Ad hoc community 
meetings and updates  

 Since 2018 informal consultation meetings have 
been held onsite between the Bawdwin, Namtu 
and Tiger Camp communities and members of 
WMM’s management, led by the Health, Safety, 
Community and Environment Manager 

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

 Vulnerable groups 

Stakeholder meetings and 
one-on-one briefings   

 The formal consultation rounds have also 
included formal briefings to individual 
stakeholders as described below 

 Government 

 Vulnerable groups 
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Type  Description  Stakeholder / PAP 

 In addition, numerous meetings have been held 
on an ongoing basis between WMM Management 
and various Union Government Ministries 

 Non-government 
organisations 

Community information 
centres   The establishment of Information Centres in 

Bawdwin North, Bawdwin South and Tiger Camp 

villages as described below. 

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

 Vulnerable groups 

Liaison officer in 
communities  

 The Project’s EIA consultant, Coffey-Valentis, 
has had a full time Community Liaison Officer on 
site since project inception. This person is 
responsible for the running of the community 
Information centres and managing the community 
question and answer process described below.  

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

 Vulnerable groups 

Community newsletters 
and publications  

 Throughout the project various community 
presentations have taken place by WMM 
Management. Information has also been 
disseminated via newsletters and fact sheets.  

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

 Vulnerable groups 

 Local Government 

EIA baseline surveys   The socio-economic survey that took place, along 
with other community meetings and engagement 
with surrounding villages also presented an 
engagement opportunity with various local 
stakeholders.  

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

 Vulnerable groups 

 Local Government 

Workforce presentations 
and meetings  

 Various meetings have been held with the Win 
Myint Mo workforce as well as the workforces of 
the various contractors on site, throughout the 
project development. 

 Existing workforce 

General project awareness and EIA process 

Project videos   Various videos have been produced to provide 
stakeholders the opportunity to review detailed 
project information in their own time.  

 The videos are available on the WMM website 
and also on You Tube.  

 The videos include: 

a) Project overview 

b) Detailed project description  

c) Resettlement overview 

d) ESIA and EMP overview   

 All stakeholders  
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Type  Description  Stakeholder / PAP 

WMM website  
 WMM created a project specific website which 

contains detailed project information: 

https://www.bawdwinjv.com/ 

 All stakeholders 

Myanmar Metals ASX 
announcements  

 Regular and ongoing project announcements are 
made via the Australian Stock Exchange website 
by Myanmar Metals Limited: 
https://www2.asx.com.au/markets/company/MYL

 Owners and investors  

 All stakeholders  

Media interviews   Senior management of Myanmar Metals Limited 
make regular project updates through media 
interviews. For example: 
https://hotcopper.com.au/asx/myl/  

 All stakeholders 

 Media 

Community development 
projects  

 Some community development projects have 
been undertaken during the feasibility study stage 
of the project, including donations and 
celebrations during public holidays, upgrade of 
school infrastructure and donations of computers. 

 Communities 

 Community leaders  

 Religious groups 

 Ethnic groups 

 Existing workforce 

In addition to the formal consultation rounds, other channels have been used to keep the PAP and other 
stakeholders up to date on the progress of the project and provide the stakeholders with opportunities to provide 
comment, suggestions and lodge grievances with WMM as outlined below.  

Community Information Centres  

The Community Information Centres were established in April 2020 to provide a communication channel with 
local community stakeholders. The information centres:  

 Are located in three community centres of Bawdwin North, Bawdwin South and Tiger Camp. 

 Are open every week and staffed by an EIA consultant staff member. 

 Contain hard copies of project information such as the Scoping Report, TOR and Public Participation 
Plan and the Draft EIA including Draft EMP. 

 Contain visual diagrams and pictures of the current concession and the planned infrastructure 
development.  

 Contain the WMM Grievance mechanism.  

The Community Information Centres provide the opportunity for stakeholders to ask questions about the project. 
The questions can be lodged in an anonymous way if desired. Questions and answers are logged and recorded. To 
date a total of 26 questions have been lodged and answered.  

Grievances and complaints can also be lodged at the Community Information Centres and can be lodged 
anonymously if desired. Grievances are addressed by WMM Management per the WMM Grievance Mechanism. 
Any actions required from the grievances are tracked on a regular basis. To date a total of four (4) grievances have 
been lodged and actioned. 

Project website 

WMM developed a project website which contains detailed project information: https://www.bawdwinjv.com/ 

The website is in both Myanmar and English language.  
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The following information can be found on the website: 

 Overview of the project. 

 History of the mining operations. 

 Overview of the development plans. 

 Key project phases. 

 Feasibility study overview.  

 Planned mining operations.  

 Information about the owners of the mine. 

 Information on the project development team.  

 Environmental and social impact assessment information.  

 Public consultation information.  

 Various downloads including: 

- Project videos. 

- Community newsletters. 

- Question and answer records from public consultation.  

- Public consultation presentations.  

- Formal notifications. 

- The Scoping Study Report.  

- The Grievance Mechanism.  

The website also provides the opportunity for stakeholders to lodge questions to WMM or the Consultant.  

Project videos  

Various videos have been produced to provide stakeholder the opportunity to review detailed project information 
in their own time.  

The videos are available on the WMM website and also on You Tube. The videos have been produced in English, 
Myanmar and Shan languages.  

The videos include: 

a) Project overview: https://www.youtube.com/channel/UCUJGqk7W6NQYaU6rKE2Fy9Q/featured 

b) Project development overview https://www.youtube.com/watch?v=pj7stIATYfM&t=2s  

c) Resettlement overview https://www.youtube.com/watch?v=nWaPYbE2cHI  

Community newsletters  

Throughout the project various community presentations have taken place by WMM Management. Information 
has also been disseminated via newsletters and fact sheets. The newsletters and fact sheets have helped to keep 
the community up to date on feasibility study progress, planned consultation rounds and general project 
developments.  
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9.5 Formal public consultation  
Three rounds of formal public consultation took place with PAPs and stakeholders prior to the submission of the 
EIA as outlined in Table 9.3 and Table 9.4. Various additional informal consultations took place throughout the 
EIA through the following channels: 

 Onsite meetings between the Bawdwin, Namtu and Tiger Camp communities and members of WMM’s 
management, led by the Health, Safety, Community and Environment Manager, and 

 Discussions during attendance at the Information Centres established in three locations at Bawdwin and Tiger 
Camp, as discussed further below.  

The public participation was advertised in accordance with the Public Participation Guidelines, as follows:  

 Public meetings were advertised locally via posters displayed in Namtu, Bawdwin and Tiger Camp.  
 Advertisements were placed into local newspapers at least 14 days prior to the meetings. 
 Notifications were placed on WMM’s website.  
 Targeted invitations were issued to Government, religious and community leaders.  
 Meetings were advertised at the Community Information Centres established in Bawdwin and Tiger Camp 

villages.  

Examples of the advertisements, notices and posters as contained in Appendix B. 
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Plate 9.1 Bawdwin North Information Centre (outside)  

 

Plate 9.2 Bawdwin North Information Centre (inside)  

 

Plate 9.3 Bawdwin South Information Centre 
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Plate 9.4 Tiger Camp Information Centre 

 

Plate 9.5 Project website  

 

Plate 9.6 Downloads section of website  
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Plate 9.7 You Tube channel hosting project videos 

 

Plate 9.8 Example of community newsletter  

 

Plate 9.9 Meeting with Parliamentary Natural Resources Committee   
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Plate 9.10 Bawdwin community meeting   

  

Plate 9.11 Namtu community meeting    

 

Plate 9.12 Monks Association meeting     

 

 

Public consultation round 1: January/February 2019 
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Consultation meetings as part of the first round of public participation were held with a cross section of project-
affected persons and other stakeholders including Union, Shan and Township Governments and NGOs. The 
meetings took place in January and February 2019. Meeting photos are displayed in Appendix A and attendance 
records are displayed in Appendix C.  

This first round of public participation intended to disclose project and provide high level information on the 
Project Proposal. A presentation was provided during the meetings, which was followed by questions and answers. 
The presentation included information on:  

 Details of the project proponent (WMM). 

 The history of the project. 

 The proposed project including type, size and location. 

 The main phases of the project (design, preconstruction, construction, operation, 
decommissioning/closure/post closure). 

 Planned timeframes for the project. 

 Planned mining operations at a high level. 

 The EIA process. 

 The EIA consultants. 

 The baseline study process (including field surveys and interviews) and timeframes. 

 The draft Scoping Report, TOR and Public Participation Plan. 

 Potential environmental and social issues to be investigated in the EIA process. 

 The public participation process.  

Key issues raised in the first round of public consultation related to resettlement, employment opportunities, access 
to health services, mine waste handling, education and care for the elderly as further described below.  

Table 9.3 PAPs and stakeholders consulted in public participation Round 1 

PAP/Stakeholder 

Union Government 

Ministry of Natural Resources and Environmental Conservation – Mining Enterprise Number 1 

Ministry of Natural Resources and Environmental Conservation – Mines Department 

Ministry of Natural Resources and Environmental Conservation – Minister’s Office 

Townships Government 

Kyaukme District Office – General Administration Department 

Namtu Township Office – General Administration Department 

Shan State Government 

Shan State Cabinet 

Local Communities 

Tha Ta La Ward, Namtu 

Engagement with Bawdwin monks 

Bawdwin Police Chief 

Bawdwin Village 

Tiger Camp Community 

Tiger Camp Community #2 

Bawdwin Village #2 
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PAP/Stakeholder 

Mansam Falls Village 

Military 

Myanmar Military (Tatmadaw) – Tactical Operation Command Office, Namtu 

NGOs 

Myanmar Centre for Responsible Business (MCRB) 

Natural Resources Governance Institute (NRGI) 

Myanmar Alliance for Transparency and Accountability (MATA) 

World Bank 

Myanmar EITI 

International Labour Organisation (ILO) 

Oxfam 

Bawdwin and Tiger Camp Schools 

 

Public consultation round 2: August 2020 

Consultation following round 1 was made challenging by the outbreak of the COVID19 pandemic. Despite this, 
the second formal round of public consultation proceeded and was organized in close collaboration with the Namtu 
General Administration Department and in adherence to the ECD guide for EIA processes during the pandemic 
(ECD, 2020). COVID19 prevention protocols were developed and adhered to in the delivery of the consultation.   

The second round of public consultation was held with a cross section of project-affected persons and other 
stakeholders including local communities, Union, State and Township Governments, NGOs and the military. 
Stakeholders were given the opportunity to raise their concerns, suggestions and recommendations. This round of 
consultation included 37 engagements with 1,088 attendees. Separate meetings were held with female community 
members via meetings organised by the Women’s Affairs Federation. Meetings held are shown in Table 9.4. 
Meeting photos are displayed in Appendix A and attendance records are displayed in Appendix C.  

During each of the meetings, a presentation was provided which was followed by questions and answers. The 
information presented included: 

 Details of the project proponent (WMM). 

 A description of the proposed project including planned infrastructure location, layout and operations. 

 An overview of the requirement to resettle residents of Bawdwin and Tiger Camp, including: 

- The rationale for resettlement. 

- The resettlement planning and consolation process. 

- The objectives, principles and aims of resettlement. 

 Description of the EIA process including the identification and assessment of impacts and the process of 
planning of impact management. 

 An overview of the approved Scoping Report, TOR and Public Participation Plan. 

 Potential impacts of the project and possible mitigation measures. 

 Description of each of the baseline studies that were completed to support the Bawdwin Project EIA including 
findings, as follows: 

- Soils and existing contamination.  

- Surface water and groundwater. 
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- Biodiversity.  

- Air quality and noise. 

- Socio-economic.  

- Health.  

- Cultural heritage and archaeology.  

- Landscape and visual.  

 An overview of possible changes to consultation during COVID19. 

 Overview of the WMM grievance mechanism and other channels for comments and complaints.  

 An overview of the next steps.  

Key issues raised during this round of consultation focused on the process and outcomes of resettlement and job 
opportunities following development.    

Table 9.4 PAPs and stakeholders consulted in public participation Round 2 

PAP/Stakeholder 

Union Government 

Ministry of Natural Resources and Environmental Conservation – Mining Enterprise Number 1 

Townships Government 

Kyaukme District Office – General Administration Department 

Namtu Township Office – General Administration Department 

Shan State Government 

Shan State Cabinet 

Local Communities and related Groups 

Pang Hai Ward residents, Namtu 

Tha Ta La Ward residents, Namtu 

Namtu Township Buddhist Monks Association 

Namtu Township Dignitaries 

Local Civil Society Organizations 

Political Parties 

Ethnic Culture Organizations 

Labour Unions (in both Namtu and Bawdwin) 

Bawdwin monks 

Women’s Affairs Federation   

Islam Religious Group (Bawdwin) 

Christian Religious Group (Bawdwin) 

Hindu Religious Group (Bawdwin) 

Heads monks from three monasteries in Bawdwin and Two monasteries in Tiger Camp 

Bawdwin Police Chief 

Bawdwin Village both Upper and Lower (All residents) - (8 wards – Aung Tha Pyay Ward, Aung Chan Thar Ward, Aung 
Theik Dhi Ward, Yadanar May Ward, Mingalar Kwe Ward, Thiri Mingalar Ward, Yan Naing Kwe Ward and Pyi Taw 
Aye Ward)  

Tiger Camp Community (All residents) 

Communities surrounding the Bawdwin concession (village heads – Kon Kayar village, Nan Kun Village, Sin Li Village, 
Hpar Sum Village, Hsaik Hkawng Village, Loi Mwe Village, Namla Village, Kachin Village, Palaung Village, Lawbran 
Village, Hu Hsar Village and Hu Ngway Village 

Mansam Falls and Kon Nyaung Village 

Military 
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PAP/Stakeholder 

Myanmar Military (Tatmadaw) – Tactical Operation Command Office, Namtu 

NGOs 

Myanmar Centre for Responsible Business (MCRB) 

World Bank 

Oxfam 

 

Public consultation round 3: October to December 2020  

This round of consultation was made challenging by the significant spread of the COVID19 virus and the 
lockdown placed on Yangon residents by the Ministry of Health and Sports. The restrictions meant that the 
consultation team was not able to visit the project at the time planned. Government mandated gathering restrictions 
further hampered the ability for large groups to gather for the consultation. To enable the consultation to continue, 
a process of digital consultation was established, whereby a series of videos were created to provide updated 
project information to the communities. The videos have been prepared in Myanmar, English and Shan languages. 
This form of consultation is consistent with ECD’s notification relating to consultation guidelines during Covid19. 
  

The following videos were produced: 

a) Project overview: https://www.youtube.com/channel/UCUJGqk7W6NQYaU6rKE2Fy9Q/featured 

b) Project development overview https://www.youtube.com/watch?v=pj7stIATYfM&t=2s  

c) Resettlement overview https://www.youtube.com/watch?v=nWaPYbE2cHI  

The video files were distributed via memory stick widely in Bawdwin and Namtu and through website to other 
stakeholders. The video files were specifically distributed to the following stakeholders:  

1. Mining Enterprise (1) ME 1 
2. Win Myint Mo Industries Co., Ltd and Senior staff 
3. WMM Staff 
4. Shan Government 
5. Kyaukme District GAD 
6. Namtu GAD 
7. PMs (2) Daw Nan Kham Aye (SNLD), Newly elected PM (NLD) 
8. CSOs in Namtu 
9. Namtu Town Dignitaries 
10. Bawdwin Village Administration team 
11. Bawdwin Tiger Camp dignitaries 
12. Bawdwin nearby villages 
13. Women’s associations and representatives of vulnerable groups 
14. PAPs in Bawdwin and Tiger Camps 
15. Community in Namtu 

In Bawdwin and Namtu, video files will be distributed to all 10 houses leaders and all other interested people. A 
team of five people visited each ward and distributed the videos. Video file recipients were recorded as outlined 
in Appendix C. Each of the household leaders in each ward collected questions from the community after viewing 
the video files. The questions were passed back to the EIA consultant and WMM and answered accordingly.  

The videos contain information on: 

 Details of the project proponent (WMM) 

 A description of the proposed project including: 

- the main phases of the project 
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- the status of the existing and planned infrastructure, including locations, descriptions and 
access plans  

- construction period works and phasing  

- project alternative considerations 

- potential environmental and biological impacts  

- potential socio-economic, health, safety and cultural impacts of the project  

- impact avoidance, mitigation and management, including tabling the draft EMP. 

 An overview of the requirement to resettle residents of Bawdwin and Tiger Camp, including: 

- Detailed process description  

- Consultation and decision making: Formation of committees - current status, objectives, 
composition 

- Asset survey process: objectives, process 

- Process of site selection: current high-level areas of investigation, community feedback process 

- New housing and infrastructure: process for design of new housing and infrastructure, 
Government approval and community feedback 

- Entitlements: process of determining entitlements (high-level) 

 An overview of the process of incorporating community feedback and comment into project planning and the 
EIA. 

 An overview of the draft EIA and the report review and approval process.  

 An overview of the WMM grievance mechanism and other channels for comments and complaints.  

 An overview of the next steps.  

In February 2021 the public consultation team plans to visit the Bawdwin and Namtu and hold community 
meetings of whatever size is permitted to supplement the engagement process.  

9.6 Results of consultation and activities 

9.6.1 Government Feedback  
Areas of interest and issued raised by the Government in the three consultation rounds are displayed in Table 9.5 
to Table 9.7 below.  

Public consultation round 1: January/February 2019 

Table 9.5 Government areas of interest and issues raised: round 1 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Lower house (Pyithu 
Hluttaw) Natural 
Resources and 
Environmental 
committees 

 Benefits to the local community and Myanmar  

 EIA and consultation material availability in multiple 
languages   

 The size of the mine, whether mining will be underground 
or open pit 

 Development of WMM 
website in dual language  

 Development of summary 
material in Shan and 
Kachin languages  
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 Road safety issues during redevelopment of the mine  Development of 
Community Development 
Plan  

Shan State Cabinet  Namtu town planning and impact of mine development  

 Employment opportunities for locals  

 The importance of public consultation with local 
communities   

 EIA and consultation material availability in multiple 
languages 

 Tourism opportunities post mine closure / preservation of 
buildings of historical significance  

 Infrastructure requirements to support the mine such as 
transport/logistics links and energy 

 Domestic waste management in the mining community  

 Publication of the WMM 
employment policy 
promoting local 
employment  

 Development of WMM 
website in dual language  

 Consideration of 
development of museum 
in cultural heritage plan  

Parliamentary 
Member from Namtu 

 Project needs to be transparent and local community should 
be informed throughout planning   

 Importance of the project to regional development  

 Broad ranging 
consultation  
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Public consultation round 2: August 2020 

Table 9.6 Government areas of interest and issues raised: round 2 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Shan State Cabinet  Suggestion for the scoping study to cover the concession 
area and beyond  

 Accountability of project proponent for any issues arising 
from resettlement  

 Consideration for internally displaced persons and refugees 
in the project area 

 The significance of the resettlement process and the 
challenge of undertaking resettlement in a conflict zone 

 The importance of incorporating community opinions and 
concerns in the EIA 

 Consideration of ethnic minorities and their rights 

 The importance of understanding any land ownership 
issues during the resettlement process and the need to 
avoid community confrontation in this area 

 The opportunity for the project to bring more peace and 
tranquillity to the region 

 Broadening of 
consultation to include 
villages surrounding the 
concession  

 High-level study, 
including drone survey of 
artisanal miners in the 
vicinity of the mine  

 Development of a Land 
Acquisition and 
Development Plan to 
guide the objectives and 
principles of resettlement  

Kyaukme district and 
Namtu township 
General 
Administrators 

 The importance of following international standards and 
Myanmar Laws relating to resettlement 

 Recognition of the significance of the challenge of 
resettlement  

 Development of an outline 
of the Land Acquisition 
and Development Plan 
(Attachment 4) to guide 
the objectives and 
principles of resettlement 

Parliamentary 
members 

 Importance of local community consultation during 
planning stage 

 Understanding of the local community needs  

 Transparency of project development plans and impacts 
during consultation   

 Broad ranging 
consultation 
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Public consultation round 3: January 2021 

Table 9.7 Government areas of interest and issues raised: round 3 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Namtu GAD and 
Government 
Departments 

 Project is large and involves multiple stakeholders. Desire 
to make this project happen and see Namtu flourish again.  

 Resettlement needs to go through a series of processes 
starting from Union Government to local authorities such 
as, road department, education department, social security 
and housing departments. 

 Resettlement planning should include water resources 
management, education, agricultural planning and disaster 
prevention. 

 When relocation is planned, it should avoid Hpakant 
scenarios or Mawchi mine, because people resettle near the 
mine and live on the waste rock dump by collecting 
discarded ore waste pile.  

 Road use from Namtu to Lashio, bridges and road width 
and truck weight should be considered. If needed, the road 
should be upgraded.  

 There have been missed infrastructure upgrade 
opportunities for Bawdwin because of the belief this 
project will kick off soon. This has meant the Government 
has not allocated any budget to infrastructure upgrades.  

 It is necessary to conduct planning for any archaeological 
sites and consider establishment of a small museum in the 
resettled area.  

 It is estimated that one third of the community would like 
to go back to their native land in middle part of Myanmar, 
but they cannot and are stuck now.  

 During this interval before obtaining the permit, the 
company should look at providing some assistance on the 
ground such as schools and roads and it should be done 
through coordination with Namtu GAD.  

 During the assessment period, the mental and physical 
impacts on the community should be identified, with 
different age groups considered.  

 When the project is permitted, the police station should be 
informed as well because they have police station in 
Bawdwin. When the work starts, they would like to be 
aware of workers list. 

 When the investment comes in, we would like to suggest 
upgrading the Namtu airport. 

 Proposal to ME1 for 
formation of resettlement 
committees at the Union, 
State and 
Township/Community 
levels.  

 Consideration of 
infrastructure requests in 
development planning  

Bawdwin GAD, and 
100 houses leaders 

 Although there are job prospects from this project, most 
people are retiring soon.  

 The local community expects to own the resettled house 
and land. They are worried about where they will be 
relocated to and concerned about the peace issues, conflict 
and illegal taxation around Namtu.  

 The phrase “Standard not lower than current housing” is 
not satisfactory because most people are living in small 
space.  

 Old people are already affected by the news of relocation 
and their health starts deteriorating. 

 Proposal to ME1 for 
formation of resettlement 
committees at the Union, 
State and 
Township/Community 
levels.  

 Further community 
consultation during the 
resettlement planning 
phase.  
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Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

 There is a general sad sediment to lose intangible value 
such as culture, religious buildings and donation that 
generations of people made.  

 If the Government approvals the relocation, the people will 
move, however they would like to request consideration is 
given to both tangible and intangible community values.  

Parliamentary 
Members 

 The Shan National League for Democracy plans to hold 
discussions on Bawdwin within their party.   

 The party wants to understand the resettlement timeframe 
as this impacts various other plans for the area. 

 It is understood that the company is investigating a 
resettlement site near the village of Khyu Sawt in Namtu. It 
is expected that this will not be accepted by the local 
community.  

 Concerns raised over water supply and less water flow to 
the Namtu river due to the project. 

 Tiger Tunnel should be closed from the start of the 
operation as it is going to be used for the operation.  

 The importance of community consultation and community 
involvement in decision making.  

 Project should happen and people should also be treated 
well.  

 Proposal to ME1 for 
formation of resettlement 
committees at the Union, 
State and 
Township/Community 
levels.  

 Further community 
consultation during the 
resettlement planning 
phase. 
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9.6.2 Community Feedback  
Areas of interest and issued raised by the community in the three consultation rounds are displayed in Table 9.8 to Table 9.10 below. A comprehensive list of questions raised 
by the community and answered provided by WMM is contained at Appendix D.  

Public consultation round 1: January/February 2019 

Table 9.8 Key issues, questions and suggestions raised by the community at the first round of public consultation 

Interest or Issues Stakeholder Groups to Express 
Issues or Issue 

Main Areas of Interest / Issue Raised Outcomes/how the issue was 
addressed 

Project Proponent and 
Transparency 

 Stakeholders from Namtu 
including town dignitaries and 
wards leaders 

 Stakeholders from Bawdwin 

 Requests for greater transparency regarding the contracting 
arrangements between ME-1, WMM, and WMM particularly 
regarding employment as part of the redevelopment.  

 Project proponent background and ownership structure 

 Development of WMM website 
with information about Project 
Proponent  

Resettlement 

 

 Stakeholders from Bawdwin and 
Tiger Camp 

 

 Resettlement for people affected by the Bawdwin mine 
redevelopment, including Bawdwin village, monastery, police 
station and administrative office located in the mine area 

 Development of an outline of 
the Land Acquisition and 
Development Plan (Attachment 
4).  

Employment and livelihoods   Stakeholders from Bawdwin and 
Tiger Camp 

 

 Plans to improve the living standards of local communities 
including job opportunities, education, health and economy. 

 Employment opportunities - whether existing WMM employees 
will be employed at the mine once redeveloped;  salaries and 
contractual arrangements. 

 Requests for the project proponent to coordinate with local people 
before the start of mining activities and create job opportunities and 
local development plans.  

 Queries regarding retired personnel (from ME-1 and WMM) and 
elders currently living in mine accommodations. Participants 
wanted to know the plans of WMM for the retirees and older 
people living in Bawdwin village.  

 Concerns regarding the declining student population at Bawdwin 
and Tiger Camp and suggestions that WMM should improve the 
education for the next generation. 

 Compensation arrangements for destruction of plantation areas. 

 Establishment of plans to 
undertake consultation with the 
community and establish 
resettlement working 
groups/committees   
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Interest or Issues Stakeholder Groups to Express 
Issues or Issue 

Main Areas of Interest / Issue Raised Outcomes/how the issue was 
addressed 

Environmental, health and social 
impact 

 

 Stakeholders from Namtu 

 Stakeholders from Bawdwin and 
Tiger Camp 

 Queries regarding locations of the waste dump and plans to protect 
residents from failure of waste dump including maintenance of ER 
valley drainage system and potential for flooding.  

 Suggestions that WMM should provide drinking water to Bawdwin 
residents because the reservoir water is not sufficient for drinking 
water during the summer season.  

 Queries regarding mining activity waste management. 

 Queries regarding the current stage of the study. 

 Plans for tailing/waste dumps locations.  

 Health services arrangement for mine redevelopment. 

 Feedback taken into 
consideration in the engineering 
planning and resettlement plans  

 Feedback taken into 
consideration in EIA and 
forward work plans. 

Infrastructure   Stakeholders from Namtu 

 Stakeholders from Bawdwin and 
Tiger Camp 

 Road infrastructure upgrade plans.  

 Provision of electricity to houses/tents which are not properties of 
WMM, education and medical services as part of project planning. 

 Addressed through resettlement 
of the communities to company 
built new housing  
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Public consultation round 2: August 2020 

Table 9.9 Key issues, questions and suggestions raised by the community at the second round of public consultation 

Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Project development timing and 
design 

 Local residents and PAP from 
Bawdwin and Tiger camp 

 International NGOs 

 Labour Union, Women Association 

 Project timing for commencement of mining  

 The location of project infrastructure and accommodation for 
workers  

 Timeframe for resettlement 

 Further information and 
updates provided on WMM 
website  

 

 Local NGOs and PAP in Bawdwin 
and Tiger Camp 

 Ongoing provision of information to stakeholders regarding the 
project  

 Further information and 
updates provided on WMM 
website  

 Labour Union  Activities under current license holder and future mining plans 
by WMM for which water quality is a concern 

 Taken into consideration in 
developing engineering plans   

Resettlement, community 
development and livelihoods in 
resettled area 

 PAP from Bawdwin and Tiger 
Camp 

 Possibility of land tenure to be granted to residents at resettled 
site.  

 The need to ensure resettlement compensation/benefits are 
greater than current situation. 

 Taken into consideration in 
development of resettlement 
plans    

 Pensioners, and people who 
worked in the farm 

 Availability of land for gardening/farming in resettlement sites  

 Concerns by pensioners regarding lack of employment 
opportunities in redevelopment  

 Taken into consideration in 
development of resettlement 
plans    

 Local residents and PAP from 
Bawdwin and Tiger Camp 

 Resettlement site location is a concern if the relocated area is not 
peaceful. Community desires the same security condition they 
have now.  

 Community expressed concern around access to jobs at the mine 
if the resettlement site is not close to the mine  

 Taken into consideration 
options for resettlement site    
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Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

 Government Department  

 Town dignitaries,  

 Community of Namtu, Bawdwin 
and Tiger Camp 

 Community infrastructure, services and development are major 
concerns if they are relocated. Desires to ensure relevant 
community infrastructure is provided at the resettlement site 
including; schools, hospitals, market, electricity and water. 

 Taken into consideration in 
development of resettlement 
plans    

 Religious leaders from Buddhists, 
Christian, Islam and Hindu in 
Bawdwin  

 Religious leaders of four major religions prefer to have their 
worship places close to their communities  

 Any destruction of buildings should be done in accordance with 
religious belief and practice. Particularly, Buddhist temples and 
Hindu temples (Shrine or Pagoda)  

 Need to ensure burial grounds are provided in resettlement site  

 Taken into consideration in 
development of resettlement 
plans    

 PAP from Bawdwin and Tiger 
Camp 

 Concerns expressed about livelihoods e.g. not having customers 
for shop keepers or finding jobs nearby 

 Taken into consideration in 
development of livelihood 
restoration plans     

Security and Conflict  PAP from Bawdwin and Tiger 
Camp 

 Military Strategist, Namtu 

 Town Dignitaries 

 Security risks of Ethnic Armed Organizations (EAO) in the 
vicinity of the project and whether the development will 
encourage clashes with the Myanmar army or between EAOs.  

 

 Noted by WMM 

 Hamlets/Villages leaders 

 Mine Super Intendant and Bawdwin 
Administrator 

 Ethnic Communities (surrounding villages), rely on Bawdwin 
for education and health services. Concerns for these 
communities.  

 Communication strategy with EAOs 

 

 WMM intends to specifically 
engage these communities for 
further discussion of this 
subject 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 9 E Guard Environmental Services |  9-28 

 

Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Employment, training and local 
businesses 

 Labour Union  

 PAP from Bawdwin and Tiger 
Camp 

 Concerns that the community will not have the skills or relevant 
certifications for a modern mine  

 Concerns expressed regarding in-migration of workforce from 
other regions, taking jobs of local residents  

 Request for preferential treatment for employment of local 
residents and emphasis on youth employment and training to 
assist with the development of the next generation  

 

 Local training and development 
plan established by WMM as 
part of the Community 
Development Plans      

 Residents from Namtu and 
Bawdwin 

 MCRB – inclusion of Ethnic 
Enterprise association 

 Opportunities for local businesses and how these can be fostered 
in favour to businesses established by those outside the 
community  

 Taken into consideration in 
development of livelihood 
restoration plans     

Environmental and Health 
Impacts 

 General Administration Department 

 PAP from Bawdwin and Tiger 
Camp 

 Residence from Namtu 

 Industrial and domestic waste are management concerns 
especially, chemical waste that can impact nearby communities.  

 Addressed in management 
plans developed as part of the 
EIA     

 Namtu residents  

 PAP from Bawdwin and Tiger 
Camp 

 Health impacts, both physical and mental due to resettlement or 
mineral processing.  

 Addressed in management 
plans developed as part of the 
EIA     

Project Benefit Sharing  Namtu residents  

 PAP from Bawdwin and Tiger 
Camp 

 Transparency of contractual agreement with the Government  

 Profit sharing / benefit sharing to assist with regional 
development 

WMM will comply with recent 
directives on contract transparency 
issued by the Union government 
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Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Cultural Heritage  PAP from Bawdwin and Tiger 
Camp 

 Village Elders and Towns elders 

 Namtu residents  

 MCRB 

 Consideration of preservation of items of cultural heritage 
significance  

 Development of a museum in/around Namtu.  

 Social coercion of the community when relocated. Preference to 
be located in the same place.  

 Development of cultural 
heritage management plan 
(Attachment 4)    

Project Alternatives  Woman’s Affairs Association  Given the history of underground mining, the query was raised as 
to whether the mine can continue as an underground mine or if 
there are other alternatives to the Project. 

 Considered as part of project 
alternatives analysis in EIA      

 

Public consultation round 3: January 2021  

Table 9.10 Key issues, questions and suggestions raised by the community at the third round of public consultation 

Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Project Description, timing and 
design 

 Local residents in upper Bawdwin 
villages 

 Residence from Tiger Camp and 
Yan Naing Kwe 

 PAP from Bawdwin and Tiger 
Camp and some residence from 
Namtu 

 Project timing is of concern as they are unsure about the timing 
of the resettlement.   

 Current oxide mining activities on site, such as road and 
sedimentation dam construction is of great concern especially in 
the lead up to the rainy season. 

 Sadness expressed to see the location of the proposed TSF – C 
because it covers Aung Chan Thar Ward.  

 Preparation and distribution of 
a community flyer describing 
the oxide mining activities and 
the companies responsible  

 Local NGOs and PAP in Bawdwin 
and Tiger Camp 

 Less interested in project description, but worried that once the 
operation starts no one will be able access to this stie. 

 To be considered in 
resettlement planning 
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Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Resettlement, community 
development and livelihoods in 
resettled area 

 PAP from Bawdwin and Tiger 
Camp 

 Request for land tenure to be granted to residents at resettled site.  

 The need to ensure resettlement compensation/benefits are 
greater than current situation. 

 To be considered in 
resettlement planning  

 Pensioners, and people who 
worked in the farm 

 Availability of land for gardening/farming in resettlement sites  

 Concerns by pensioners regarding lack of employment 
opportunities in redevelopment.  

 To be considered in 
resettlement and livelihoods 
planning  

 Local residents and PAP from 
Bawdwin and Tiger Camp 

 Resettlement site location is a concern if the relocated area is not 
peaceful. Community desires the same security condition they 
have now.  

 Strong desire to know the place for the resettlement. Objections 
raised to Namtu as a resettlement site due to concerns relating to 
illegal tax from ethnic groups and drug issues.  

 To be considered in site 
location options  

 Government Department  

 Town dignitaries,  

 Community of Namtu, Bawdwin 
and Tiger Camp 

 Community infrastructure, services and development are key 
areas of interest for the resettlement site. Desire to ensure 
relevant community infrastructure is provided at the resettlement 
site including; schools, hospitals, market, electricity and water. 

 To be considered in 
resettlement site infrastructure 
planning and discussed at 
resettlement working groups  

 PAP from Bawdwin and Tiger 
Camp 

 Concerns expressed about when they are relocated, they will need 
six months or so support before they are fully settled.  

 Concerns expressed about relocation. Questions raised about the 
consent rights of the community in relation to the resettlement 
process.  

 Majority of the people know that ultimately, they will have to be 
relocated, so they want to make sure they have safe place, own 
the property and have a livelihood. 

 Concerns expressed over loss intangible heritage such as  culture, 
landscape and monasteries.  

 Continual consultation and 
community discussion during 
the resettlement planning.  

 Take into consideration in 
development of livelihood 
restoration plans     
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Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

Neighbouring villages  Villagers from Nam La and 
Lwemwe 

 Village head (Hin Poke Village 
Tract) 

 Nam La and Lwemwe villages expressed their interest and 
concern for the resettlement because they are entirely relying on 
Bawdwin and if they are relocated, it is going to be very difficult 
for them to survive. 

 They also request to be relocated together with Bawdwin 
residence. 

 Other Kachin and Palaung villages are concerned about dust and 
gas that will be emitted from the plant during operation. 

 They are also concerned about water supply that WMM is 
planning to source from Nan Pangyun and Nam La creeks which 
they are also using for their livestock and plantations. 

 To be considered in 
resettlement planning 

 Hamlets/Villages leaders and 
Hinpoke Village Tract leader 

 

 They would like to request for electricity connection when there 
is a power station installed.  

 To be considered in 
resettlement planning  

Employment, training and local 
businesses 

 PAP from Bawdwin and Tiger 
Camp 

 Many of the older residents will be within retirement age in the 
short term and therefore there is concern about their lack of skills 
and employment prospects.  

 Taken into consideration in 
development of livelihood 
restoration plans     

 Residents from Namtu and 
Bawdwin 

 GAD Bawdwin and 100 houses 
leaders 

 Concerns raised regarding the mental health of older residents 
resulting from the news of resettlement. Requests for assistance.  

 Taken into consideration in 
development of livelihood 
restoration plans     

Environmental and Health 
Impacts 

 General Administration Department 

 PAP from Bawdwin and Tiger 
Camp 

 Residence from Namtu 

 The Tiger Camp community is concerned about possible flooding 
in the rainy season due to earth works in Wallah Gorge.  

 Residence from Yan Naing Kwe and Yadanar Myay are worried 
because there is road construction on the mountain. They are 
worried of landslide and boulders falling in the rainy season.  

 Construction of sedimentation 
ponds      

 To be considered in 
resettlement planning 
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Issue or Interest  Stakeholder Groups to Express 
Issue or Interest  

Main Areas of Interest / Issue Raised  Outcomes/how the issue was 
addressed 

 Namtu residents  

 PAP from Bawdwin and Tiger 
Camp 

 Health impacts, both physical and mental due to resettlement or 
mineral processing.  

 To be considered in 
resettlement planning 

Resettlement Process  PAP from Bawdwin and Tiger 
Camp 

 Requests for further explanation of the resettlement process and 
representation on the resettlement committees.  

 Desire to know the location of the resettlement site, whether the 
land will be owned by the community and the design of the 
housing prior to acceptance of the process.  

 The explanation of the process to date is helpful, but it does not 
confirm the promise.  

 Continual consultation and 
community discussion during 
the resettlement planning and 
including in planning 
committees.  

 

Missed opportunities  Parliamentary Members 

 General Administration Department, 
Bawdwin 

 Bawdwin as a village listed in Namtu township, has the right to 
be considered for Government budget for development work such 
as road upgrades and construction of schools.  

 The prospect of the mine redevelopment bars them from being 
considered for development budget from the Parliament or the 
Government budget. 
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9.6.3 NGO / Other Stakeholder Feedback  
Areas of interest and issued raised by the NGOs and Other Stakeholders in the three consultation rounds are 
displayed in Table 9.11 to Table 9.13 below.  

Public consultation round 1: January/February 2019 

Table 9.11 Key issues, questions and suggestions raised by NGOs at the first round of public 
consultation 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Myanmar Alliance 
for Transparency 
Accountability 
(MATA)  

 Disclosure of Government arrangements / contracts  

 Disclosure of WMM company history, accounts and how it 
came to obtain the original concession from ME1 

 Desire to see broad consultation on the project with local 
communities   

 Participation by WMM the 
EITI process and 
disclosure of accounts  

 Broad and transparent 
project plan disclosure via 
community consultation, 
website and video updates  

Myanmar Centre for 
Responsible 
Business (MCRB) 

 Importance of wide-ranging consultation and inclusion of 
ethnic monitories  

 The importance of development of a project website for 
continuous disclosure and transparency  

 Development and launch 
of WMM website  

 Broadening of 
consultation to villages 
surrounding the 
concession  

Natural Resources 
Governance Institute 
(NRGI) 

 Importance of transparency in relation to development 
plans  

 Development and launch 
of WMM website  

 

 

Public consultation round 2: August 2020 

Table 9.12 Key issues, questions and suggestions raised by NGOs at the second round of public 
consultation 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Myanmar Centre for 
Responsible 
Business (MCRB) 

 Importance of national level public consultation for this 
project  

 Ensure clear understanding of Government expectations for 
environmental /community funds management  

 Consideration of ethnic minorities are important, by 
referring to ethnic by-laws   

 Consultation plans include 
wide ranging consultation  

 Plan to expand 
consultation to village 
surrounding the 
concession to incorporate 
ethnic groups  

Oxfam  Concerns around possible exacerbation of conflict with 
EAOs. It is important that WMM has policy. 

 Considerations of Free, Prior and Informed Consent of the 
community in relation to the project development.  

 Management of in-migration. 

 Issue under consideration 

 Consideration in EIA and 
public participation 
program. 

Natural Resources 
Governance Institute 
(NRGI) 

 Resettlement management  

 Residual contamination from historical mining activities 

 Management of water resources for the mine operation and 
downstream impact.  

 Environmental impacts 
managed through 
development of 
management plans in the 
EIA 



Bawdwin Project/ Environmental Impact Assessment Report 

 

 

Chapter 9 E Guard Environmental Services|  9-34

 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

World Bank   EAO consultation  

 Suggestion for WMM to volunteer to be part of EITI 
process 

 Development of WMM 
policy related to EAOs 

 

Public consultation round 3: January 2021 

Table 9.13 Key issues, questions and suggestions raised by NGOs at the third round of public 
consultation 

Stakeholder  Main Areas of Interest / Issues Raised  Outcomes/how the issue 
was addressed 

Labour Union  There are some people living in monasteries and religious 
buildings, they do not live in a house or workers 
accommodations. 

 To be considered in 
resettlement planning  

  Concerns about increased road traffic and requirement for 
resettlement of people living near the road or railway line.   

 To be considered in 
resettlement planning 

 Request for the community to also be consulted in the 
resettlement planning, not only the Government 
Administration.  

 Inclusion of community 
leaders in the resettlement 
committees  

 

 

 



 

 

Appendix A Meeting Photos 
 

  



 

 

Meetings photos for Public Consultation Round 1 

Figure 01 Meeting in Namtu Figure 02 Meeting in Bawdwin 

Figure 03 Meeting in Tiger Camp Figure 04 Meeting Parliamentary Natural Resources 
Management Committee 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Meetings photos for Public Consultation Round 2 
 

 
Figure 1: Shan State Cabinets (4 Aug 2020)  

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 2: WMM Senior Staff (10 Aug) 
  

 
Figure 3: Parliamentarian Daw Nan Kham Aye

 
Figure 4: Bawdwin Administrator and team 

 
Figure 5 Namtu Town Hall Public Meeting 

 
Figure 6: Monks Association Namtu Township 



 

 

 
Figure 7: Namtu Labour Union 

 
Figure 8: Islam Religion Leader 

 
Figure 9: Chief Police Office acting 

 
Figure 10: Christian Religion Leader 

 
Figure 11: Hindu Religion Leader 

 
Figure 12: Head Monk Lower Monastery 



 

 

 
Figure 13: Head Monk Middle Monastery 

 
Figure 14: Head Monk Upper Monastery 

Figure 15: Labour Union, Bawdwin 
 

Figure 16: Aung Tha Pyay Ward, Bawdwin 

 
Figure 17: Aung Chan Thar Ward, Bawdwin 

 
Figure 18: Women Association 

 
Figure 19: Aung Theikdhi/Yadanar Myay, Bawdwin 

 
Figure 20: Mingalar Kwe Ward, Bawdwin 



 

 

 
Figure 21: Charity Organizations, Bawdwin 

 
Figure 22: Thiri Mingalar ward, Bawdwin 

 
Figure 23: Yan Naing Kwe Ward, Bawdwin 

 
Figure 24: Pyi Taw Aye Morning, Bawdwin 

 
Figure 25: Pyi Taw Aye Ward, Bawdwin (PM) 

 
Figure 26: Daw Nan San Hwan at Tiger Camp 

 
Figure 27: Tiger Camp Morning 

 
Figure 28: Tiger Camp Afternoon 



 

 

 
Figure 29: Tiger Camp Lower Monastery 

 
Figure 30: Tiger Camp Upper Monastery 

 
Figure 31: 12 villages leader (near concession) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meetings photos for Public Consultation Round 3 



 

 

Figure (1) Bawdwin and Tiger Camp GAD group Figure (2) Labour Union Bawdwin 

Figure (3) Parliamentarian Daw Nan Kham Aye Figure (4) Aung Chan Thar Ward 

Figure (6) Yan Naing Kwe Ward Figure (7) Yadanar Myay Ward 



 

 

Figure (8) Thirimingalar Ward Figure (9) Thirimingalar Ward 

Figure (10) Pyi Taw Ayev Ward Figure (11) Pyi Taw Aye Ward 

Figure (12) Pyi Taw Aye Ward Figure (13) Aung Tha Pyay Ward 



 

 

Figure (14) Aung Tha Pyay Ward Figure (15) Women Groups (general) 

Figure (16) Mingalar Gwe Ward Figure (17) Hin Poke VT (Namla and Lwemwe) 

Figure (18) Aung Theikdhi Ward Figure (19) Tiger Camp  



 

 

Figure (20) Tiger Camp Figure (21) Namtu GAD, Town dignitaries and 
Government Staff 

Figure (22) Labour, Civil Society Namtu  

 

 

 

 

  



 

 

 

Appendix B Meeting 
Notices and Advertisements 

 



 

 

 

Figure 32 Notice of Commencement of EIA Investigation Phase – in The Global New Light of Myanmar (English) 



 

 

 

Figure 33 Notice of Commencement of EIA Investigation Phase – in New Light of Myanmar (Myanmar) 

 



 

 

 

Figure 34 Notice of Completion of Draft EIA and Consultation Update – in Global New Light of Myanmar 
(Myanmar) 

 



 

 

 

Figure 35 Notice of Completion of Draft EIA and Consultation Update – in Myanma Alinn (Myanmar) 

 



 

 

 

Figure 36 Vinyl Advertisement at Bawdwin upper Village Information Centre 

 

 

Figure 37 Vinyl Advertisement at Namtu Town Centre 

 

 



 

 

 

Figure 38 Vinyl Advertisement at Main Market in Bawdwin 

 

 

 

Figure 39 Vinyl Advertisement at Tiger Camp Information Centre 

 



 

 

 

Appendix C Consultation 
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Appendix D Stakeholder 
Question and Answers  
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10 Environmental and Social Management 
Framework 

10.1 Introduction 
This chapter provides an overview of the environmental and social management framework (ESMF) that will be 
developed and implemented to manage the environmental, social, health and cultural impacts associated with the 
project.  

10.2 Environmental and social management framework 
The ESMF provides the project with a system for designating roles/responsibilities, management measures and 
performance outcomes so that legislative, stakeholder and good practice requirements are addressed in the 
Environmental and Social Management Plan (ESMP) (Attachment 4), and to allow ongoing monitoring of 
performance so that improvements are made where identified. Other operational plans to be developed and 
implemented by WMM, such as the Tailings Storage Facility (TSF) Operations, Maintenance and Surveillance 
Manual and the waste rock management plan, will also feed into the development and continual improvement of 
the ESMP. 

The framework is implemented through the ESMP. The ESMP comprises a series of integrated management 
subplans covering environmental, social and cultural aspects which are tailored to address the impacts identified 
in the Bawdwin Project environmental impact assessment (EIA). The management plans are supported by 
additional project-specific procedures and mechanisms, including the community grievance mechanism which 
will document and address stakeholder and community concerns.  

Figure 10.1 provides an overview of the environmental and social management framework and associated 
management plans. 

10.3 Environmental and social management plan 
The ESMP (see Attachment 4) outlines the integrated management, monitoring, auditing and reporting processes 
and requirements for specific environmental, social and cultural aspects during pre-construction, construction, 
operation, closure and post-closure of the project.  

This ESMP includes the following components:  

 Project phases (see summary in 10.3.1). 

 The policy and regulatory framework for the management of environmental, social, health and cultural 
heritage (see summary in 10.3.2). 

 Responsibilities of personnel implementing the ESMP (see summary in 10.3.3). 

 A summary of the impacts and hazards associated with the project and mitigation measures (see detail in 
Chapter 6 and Chapter 7). 

 Overall budget for implementation of the ESMP (see summary in 10.3.4). 

 The monitoring and reporting regime that will be implemented (see summary in 10.3.5). 

 Sub-plans to address specific mitigation and management requirements for different environmental, social, 
health and cultural heritage aspects.
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Figure 10.1      Environmental and social management framework
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The purpose of the sub-plans is to outline measures to be implemented by WMM employees and contractors that 
aim to avoid or minimise potential adverse impacts and risks to the environment and communities and where 
relevant, enhance opportunities and project benefits through community development.  

The sub-plans outline: 

 The objectives of environmental, social or cultural management. 

 Associated plans and procedures relevant to each subplan. 

 The hazards and impacts associated with the project. 

 Applicable laws, rules and guidelines surrounding the management of each aspect. 

 Management measures to avoid, minimise or mitigate the hazards and impacts and meet environmental 
obligations during construction, operations and closure of the project. 

 Inspection and monitoring requirements and performance and compliance criteria. 

The ESMP subplans and their purpose are listed in Table 10.1. 

Table 10.1 Environmental and social management sub-plans  

Management sub-plan Purpose 

Air Quality, Noise and 
Vibration  

To avoid, minimise and manage impacts to human health and amenity through 
management of air, noise and vibration emissions caused by construction and mining 
activities. This is approached in accordance with the National Environmental Quality 
(Emission) Guidelines (MOECAF, 2014) and relevant national and international 
standards. 

Biodiversity Management 
Plan 

To avoid, minimise and manage impacts to terrestrial and aquatic biodiversity values. 
Management measures concern impacts to habitats and flora and fauna populations, 
including measures to address revegetation. 

Blasting Management Plan To avoid, minimise and manage impacts to human health and amenity through 
management of air blast and fly rock caused by blasting. 

Community and business development plans comprising: 

Business Development, 
Supply and Procurement  

To outline how opportunities will be optimised for regional businesses, a supply and 
procurement plan, supplier risk management program, supplier human rights training 
program, supplier code of conduct, a household-scale development program and a 
medium scale enterprise development program. 

Community Development 
Plan 

To outline the approach to community and social responsibility initiatives. Community 
investment priorities will include health services, education services, infrastructure and 
business development. 

Community Health, Safety 
and Security Management 
Plan 

To manage Project-related risks associated with community health, safety, the effects of 
in-migration, and security. 

Employment and Training To guide the projects’ preferential employment practices, an inclusive communications 
and engagement strategy, and robust procedures for hiring practices providing for reflect 
equal opportunity, non-discrimination and measures to support the participation of 
women in training, employment and business development activities. In addition, the 
plan will include development of a community pre-employment training program, 
scholarship program and implementation of on-going training and development 
initiatives and on the job professional development. 

Cultural Heritage 
Management Plan 

To protect and manage cultural heritage features in the project area. Management is in 
accordance with relevant legislation, conventions and requirements of the IFC 
Performance Standard 8: Cultural Heritage.  

Emergency Response To outline potential emergencies and their consequences and include actions and 
procedures to follow to manage these emergencies if they occur. This includes detailed 
spill response procedures. 
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Management sub-plan Purpose 

Hazardous Materials 
Management Plan 

To manage storage, handling, use, transport, transfer and disposal of hazardous 
materials including chemicals and hydrocarbons, to avoid, minimise and manage 
accidental spills and leaks, and impacts to human health or the environment.  

Mine Closure and 
Rehabilitation Plan 

To provide a basis for implementing the progressive rehabilitation during operations, 
closure of each mine domain at the end of production, detailed rehabilitation activities 
for the project and post-closure responsibilities. 

Waste Management Plan To avoid, minimise and manage potential adverse impacts and risks to the environment, 
safety and human health by appropriately managing of hazardous and non-hazardous 
waste, excluding bulk mine waste (i.e., waste rock and tailings) which is managed 
separately within WMM operational plans. This is approached in accordance with the 
National Environmental Quality (Emission) Guidelines (MOECAF, 2014) and relevant 
national and international standards. 

Occupational Safety and 
Health Management Plan 

To avoid, minimise and manage occupational safety and health risks to project workers. 

Outline of Land Access and 
Resettlement Plan 

To guide resettlement planning and livelihoods restoration. This is approached in 
accordance with Myanmar laws and international standards, including IFC Performance 
Standards. This includes outlining the proposed stages for resettlement and livelihood 
restoration and planning steps to be undertaken, including development of a Land 
Access and Resettlement Plan and Resettlement Action Plan(s). 

Soil, Erosion and Sediment 
Management Plan 

To avoid, minimise and manage erosion of soils and subsequent sedimentation of 
watercourses. Management measures address topsoil preservation, erosion control, 
sediment management and surface water and drainage management. 

Traffic and Transport 
Management Plan 

To limit the potential for incidents involving traffic and transport to occur and to avoid, 
minimise and manage impacts caused by vehicle traffic. 

Water Management Plan To minimise impacts to beneficial uses of surface water and groundwater through 
reduced water quality or change in availability (i.e., flows or groundwater drawdown or 
mounding). This is approached in accordance with the Myanmar mining effluent 
standards outlined in Mining Guidelines for Environmental Impact Assessment 
(Myanmar Mining EIA Guidelines Working Group, 2018).  
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10.3.1 Project phases 
A description of key project activities by project phase is outlined below. The ESMF is applicable to all project 
phases.  

 

Pre-construction 
(planning and 
approvals) 

Construction 
(implementation) 

Operations 
(mining and 
production of 
concentrate) 

Decommissioning 
and Closure 

Post-closure 

3 Years Prior Year 1 to 6 Year 1 to 16 Year 16 to 18 Year 18 + 

 Detailed design 

 Further 
environmental 
and social 
investigations 

 Resettlement 
planning 

 Stakeholder 
engagement 

 Design, 
construction and 
commissioning of 
project 
infrastructure 

 Resettlement of 
some 
communities 

 Stakeholder 
engagement 

 Open pit mining 

 Deposition of 
waste rock to 
Wallah WRD 

 Deposition of 
tails to TSFs 

 Resettlement of 
remaining 
communities 

 Stakeholder 
engagement 

 Surface 
infrastructure 
dismantled and 
disposed with 
reusable and 
recyclable 
materials sold 

 Rehabilitate land 

 Stakeholder 
engagement 

 Post-closure 
monitoring and 
maintenance 

 Stakeholder 
engagement 

10.3.2 Policy and regulatory framework overview 
The environmental, social, health and cultural policies, commitments, legal requirements and institutional 
arrangements are outlined in EIA Chapter 2.  

All new projects and project expansions having the potential to cause adverse impacts are required to submit an 
EIA and obtain approval in the form of an Environmental Compliance Certificate (ECC) which sets out the 
conditions on which a project is approved. Various ancillary permits and approvals will be required from relevant 
Myanmar government authorities for specific aspects of the Bawdwin project, such as water usage, upgrading of 
public roads, building construction and onsite health and safety. 

The ESMF guides the implementation of environmental, social and cultural management through integrating 
WMM policies and procedures with Myanmar legislation, guidelines and standards as well as adopted 
international guidelines and standards (see Chapter 2). Key legal requirements and commitments will be detailed 
in each ESMP subplan. 

The ESMF and ESMP align with WMM policies and procedures regarding the environment, communities and 
cultural heritage. These policies and procedures will be followed throughout the project alongside the management 
sub-plans and include: 

 Environmental Policy. 

 Lead Management Policy. 

 Occupational Safety and Health Policy. 
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 Fitness for Work Policy. 

 Drugs and Alcohol Policy. 

 Community Engagement Policy. 

 Recruitment Policy. 

 Preferential Employment Policy. 

 Cultural Heritage Policy. 

 Cultural Heritage Procedure.  

 Community Relations Policy.  

10.3.3 Responsibilities 
The responsibilities and accountabilities of key roles involved in the implementation of the ESMP and 
environmental and social management of the project are outlined in this section. Under the EIA Procedure (2015) 
WMM is required to fully implement the ESMP, all project commitments and conditions and is liable to ensure 
that all contractors and subcontractors of the project fully comply with all applicable Laws, the Rules and this 
ESMP.  

The General Manager Operations at Bawdwin will have overall accountability for the environmental, social, 
health and cultural management of the project and operational responsibility for the project. The Safety, Health, 
Environment and Community (SHEC) Manager will report to the General Manager Operations and is responsible 
for overseeing relevant aspects of the project and following WMM policies and procedures as outlined in 
Section 10.3.  

The operational SHEC Department will have a number of senior staff members responsible for managing 
environmental, social, safety, health and cultural heritage aspects of the project. These are:  

 Environmental and Community Relations Manager who will be responsible for the implementation of the 
ESMP and environmental, social and cultural heritage social aspects of the project. 

 Safety and Health Manager who will be responsible for the implementation of occupational safety and health 
management measures, including community health aspects of the project. 

 Environmental Superintendent will be responsible for day-to-day environmental management and 
implementation of the ESMP. The Environmental Superintendent will report to the Environmental and 
Community Relations Manager. 

 Community Relations Superintendent who will oversee the implementation of the social and cultural aspects 
of the ESMP. The Community Relations Superintendent will report to the Environmental and Community 
Relations Manager. 

 Safety and Health Superintendent who will oversee the implementation of occupational and community-
related aspects of the ESMP. This position will also oversee the company medical function and company 
clinics. 

The ESMP describes further details regarding responsibilities and accountabilities of people involved in the 
environmental, social and cultural management of the project. 

10.3.4 Implementation budget 
Implementation of the ESMP will incur costs associated with: 

 Employment of staff and subconsultants. 
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 Training of staff in the implementation of the ESMP, including: 

 Comprehensive training in implementation of the ESMP, compliance and enforcement, followed by 
onsite training on the application of the ESMP. 

 Annual refresher training. 

 Monitoring and inspection procedures, monitoring equipment, consumables and laboratory analysis as 
outlined in Section 9.2 and ESMP sub-plans. 

 Materials required in implementation of the ESMP. 

 Engagement of subject matter experts, peer reviewers, technical specialists and other subconsultants as 
required to implement components of the ESMP. 

The projected budget required to implement the ESMP and subplans is outlined in Table 10.2. The overall cost of 
implementing the ESMP is estimated to be approximately USD 1,450,000 (2,039,005 Kyat) annually, this 
excludes technical investigations and modelling required by further work programs.  

Table 10.2 Estimated costs associated with implementing the ESMP, including subplans 

 Cost (USD) Cost (kyats) 

Staff  800,000 1,124,968 

Training 100,000 140,621 

Monitoring and inspection 200,000 281,242 

Materials 200,000 281,242 

Engagement of subcontractors and consultants 150,000 210,931 

Total 1,450,000 2,039,005 

 

10.3.5 Monitoring and reporting 

Approach 

The approach taken towards environmental and social management will involve monitoring, auditing, recording 
and reporting results of monitoring and compliance with commitments and regulatory obligations. This will be 
undertaken to measure impacts and verify the predictions made in this EIA, determine the effectiveness of 
management measures and demonstrate compliance with permits and regulations.  

Monitoring, inspections and audits 

Environmental and social monitoring will include continued and additional baseline monitoring of some 
parameters for defined periods during pre-construction, and during construction, and operations, closure and post-
closure monitoring. An overview of monitoring to be undertaken during the project is outlined in Chapter 6 Impact 
Assessment. Monitoring commitments made in this EIA are outlined in the ESMP.  

The specific monitoring requirements will be developed further during detailed design following the collection of 
further baseline data and completion of further works, as outlined within the sub-plans. The monitoring programs 
will include objectives, performance/compliance criteria; monitoring parameters, locations and frequencies; and 
monitoring methods. This includes monitoring in accordance with the Myanmar National Environmental Quality 
(Emission) Guidelines (MOECAF, 2014) and other criteria adopted by the project.  

Monitoring also includes routine and ad hoc inspection in addition to the systematic capture of data. Inspections 
of the Bawdwin concession area and the area of influence of operations will be undertaken periodically to confirm 
that the environment is being managed in accordance with the site-specific management measures agreed with 
regulators and potentially local communities. 

Results from monitoring programs will be reviewed, reported and recorded as per Section 10.3.5. 
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In addition to the internal inspections and monitoring undertaken, Environmental Conservation Department 
(ECD) (or independent consultants) may conduct routine or ad hoc inspections and audits to assesses performance 
against the ESMP, or in response to an incident, such as an environmental emergency, including infrastructure 
failure, natural hazards or accidental discharges.   

Compliance and reviewing 

The project’s success in achieving the environmental and social management objectives will be reviewed 
throughout the project. The ESMP will be regularly reviewed and updated as required to ensure that: 

 Project activities are undertaken in compliance with statutory obligations. 

 The environmental and social objectives of the project are achieved. 

 The environmental and social management measures are effectively implemented. 

 A system of continuous improvement is established. 

 Further information is incorporated into the plan as it is obtained and evaluated. 

 Stakeholder and community concerns raised through the community grievance mechanism are addressed. 

A record of compliance requirements which captures relevant legislation and permit conditions/commitments will 
be maintained and updated regularly. Regular reviews will be undertaken against relevant standards and criteria 
outlined in the ESMP to ensure compliance with the management plans and regulatory requirements. Reporting 
requirements are outlined in Section 10.3.5. Monitoring and reviewing and incorporation of outputs of further 
works will also allow continual improvement of the management systems and processes for the project. Raised 
grievances concerning environmental, social or cultural heritage management will also be addressed in the 
continual review and development of the management plans, as will monitoring results from operational plans 
such as tails and waste rock management. 

Reporting 

Results from reviews and monitoring programs outlined in the ESMP will be recorded and regular reports will be 
prepared by in-house staff or suitably qualified and experienced third parties on no less than an annual basis. A 
monitoring report will be prepared and provided to regulators for review as required in accordance with the ECC. 
The requirements for reports to be submitted to regulators are outlined in the ESMP. 

Reports outlining environmental and social management performance and compliance will be communicated and 
distributed as required by permit conditions and as outlined in the public participation plan.  

Reports will contain the results from the monitoring programs outlined in the ESMP to assess the effectiveness of 
mitigation measures, and will assist in identifying areas where management measures need to be improved or 
corrective actions taken. Regular reporting will allow issues to be identified and addressed in a timely manner. 
Monitoring reports will generally contain: 

 Introduction. 

 Legislative framework and standards. 

 Compliance/performance criteria. 

 Methods. 

 Results and discussion. 

 Conclusion. 

 Recommendations and corrective actions. 

 Appended data and quality assurance information. 
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Record keeping 

A record system will be established to document the ESMP results from monitoring programs outlined in the 
management plans, and any associated monitoring or audit reports. This record system will be periodically 
reviewed and revised as necessary.  



 

 

Chapter 11 E Guard Environmental Services

 

 

 

 

Bawdwin Project 

Environmental Impact Assessment 
Chapter 11 - References 

 

October 2023 

 

  



 

 

Chapter 11 E Guard Environmental Services

 

 

Bawdwin Project 

 

Prepared for 

Win Myint Mo Industries Company Limited 

Prepared by Revised by 

Coffey Myanmar Ltd. 
c/- No. 234, Pyay Road 
Level 7, Central 9 Office Tower 
Mayangone (9 Mile), Yangon, Myanmar  
t: + 95 (0) 1 230 5383 

Valentis Services Limited 
C-4, Thazin 1 Street, Hlaing Yadanar Housing 
Hlaing, Yangon, Myanmar 
t: + 95 (0) 9 250 716 667 

E Guard Environmental Services 
No. (145- A2- 3), Thiri Mingalar Street, 
Ward No. (4), 8th Mile, Mayangone 
Township, 
Yangon 11062, Myanmar 
+959 797005160/797005161 

 

Quality information 

Revision history 

Revision Description Date Originator Reviewer Approver 

v1 EIA Chapter 11 5/2/2021 Erin Good Tara Halliday Tara Halliday 

Rev0 EIA Chapter 11 5/2/2021 Erin Good Tara Halliday Tara Halliday 

Rev1 EIA Chapter 11 13/07/2023 Moe Cho Thinn Thein Mwe Khin Tin Aung Moe 

 

Distribution 

Report status No. of copies Format Distributed to Date 

v1 1 electronic Andy Witcomb, Rob Cicchini (BJV) 5/2/2021 

Rev0 1 electronic Rob Cicchini (BJV) 5/2/2021 

Rev1 Electronic Word, PDF Win Myint Mo Industries Co., Ltd. 22/09/2023 

 



 

 

Chapter 11 E Guard Environmental Services  11-1

 

11 References 

ADB 2016. Myanmar Transport Sector Policy Note: Road Safety Publication. Asian Development Bank. July 
2016. Manila, Philippines. 

Agriculture Victoria 2020. Testing and Interpretation of Salinity and pH. A WWW publication accessed on 26 
May 2020 at https://www.vgls.vic.gov.au/client/en_AU/search/asset/1280927/0. 

ANZG. 2018. Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New 
Zealand Governments and Australian state and territory governments, Canberra ACT, Australia. A WWW 
publication accessed at www.waterquality.gov.au/anz-guidelines. 

Aung M,M., New, W.W., and Oo, T.N. 2018. Report on Assessment of Plant Species Diversity and Wildlife in 
Pindaya Township, Shan State, Myanmar. [REDD+ Himalayas: Developing and using experience in 
implementing REDD+ in the Himalayas] Forest Research Institute, Yezin, Myanmar. 

Aung, L.L., Zin, E.E., Theingi, P., Elvera, N., Aung, P.P., Han, T.T., Oo, Y. and Skaland, R.G. 2017. Myanmar 
climate report. Climate, Record and Research Section, Department of Meteorology and Hydrology 
(Yangon), Division for climate services (MET). Norwegian Meteorological Institute, Norway. 

Avert 2020. HIV and AIDS in Myanmar. A WWW publication accessed on 16 December 2020 at: 
https://www.avert.org/professionals/hiv-around-world/asia-pacific/myanmar.  

Bawdwin General Administration Office 2019. Population Statistics (2018), (February, 2019). 

Bawdwin General Administration Office 2020. Population Statistics (2019) (unknown). 

BGAD, 2018. Population Statistics (2018). Bawdwin General Administrative Department, (February, 2019)  

BGAD, 2019. Population Statistics (2019). Bawdwin General Administrative Department, (unknown). 

Bhagwat, T., Hess, A., Horning, N., Khaing, T., Thein, Z.M., Aung, K.M., Aung, K.H., Phyo, P., Tun, Y.L., 
OO, A.H., Neil, A., Thu, W.M., Songer, M., LaJeunesse Connette, K., Bernd, A., Huang, Q. Connette, G. 
and Leimgruber, P. 2017. Losing a jewel— Rapid declines in Myanmar’s intact forests from 2002-2014. 
PLOS One 12(5): e0176364. https:// doi.org/10.1371/journal.pone.0176364. Maryland, USA 

Bisht T 2009. Development-Induced Displacement and Women: The Case of the Tehri Dam, India. Asia Pacific 
Journal of Anthropology, 10:4, 301–317, DOI: 10.1080/14442210903271312. 

BJV 2019. Pre-feasibility study report. 2019. Prepared by Bawdwin Joint Venture. 

BJV 2020. Definitive feasibility study report. May. Prepared by Bawdwin Joint Venture. 

British Standards Institution 1993. Evaluation and Measurement for Vibration in Buildings. Published by the 
British Standards Institution, London.  

Brown, LM 2000. Heliobacter pylori: Epidemiology and Routes of Transmission. Epidemiologic reviews, 22(2). 
DOI: 10.1093/oxfordjournals.epirev.a018040. PMID: 11218379. 

CABI, 2021. Lantana camara (lantana). In Invasive Species Compendium. Wallingford, UK: CAB 
International. A WWW publication accessed 03 February 2021 at https://www.cabi.org/isc/datasheet/29771. 

CDC 2016. National Notifiable Diseases Surveillance System. Centers for Disease Control and Prevention. A 
WWW publication accessed at https://wwwn.cdc.gov/nndss/conditions/lead-elevated-blood-levels/case-
definition/2016/. 

CDC. 2016. Lead Elevated Blood Levels: 2016 Case Definition. Centers for Disease Control and Prevention, 
U.S. Department of Health and Human Services. A WWW publication accessed 
https://wwwn.cdc.gov/nndss/conditions/lead-elevated-blood-levels/case-definition/2016/. 

CEICData. 2020. Myanmar GDP: per Capita. Census and Economic Information Center Data. A WWW 
resource accessed 10 June from: https://www.ceicdata.com/en/myanmar/sna-1968-gross-domestic-product-
current-price-annual/gdp-per-capita.  



 

 

Chapter 11 E Guard Environmental Services  11-2

 

Chibuike, GU and Obiora, SC 2014. Heavy Metal Polluted Soils: Effect on Plants and Bioremediation Methods. 
Applied and Environmental Soil Science, vol. 2014, Article ID 752708. 
https://doi.org/10.1155/2014/752708. 

Coffey 2020. Bawdwin Mine Baseline Soil and Water Assessment. March. Prepared by Coffey, a Tetra Tech 
Company, for Bawdwin Joint Venture.  

Coffey. 2020. Bawdwin Project Health Baseline Report. Prepared by Coffey, a Tetra Tech Company, for 
Bawdwin Joint Venture. 

Coffey-Valentis 2019. Bawdwin Project Socio-economic Baseline Report. A report prepared for the Bawdwin 
Joint Venture.  

CSA 2020. Bawdwin Project Mine Water Management. Feasibility Report. May. Prepared by CSA for Bawdwin 
Joint Venture. 

DCC. 2008. National Greenhouse Accounts (NGA) Factors. Published by Australian Government Department 
of Climate Change, Canberra. 

 DEE. 2018. National Greenhouse Accounts Factors. Published by Commonwealth of Australia Department of 
Environment and Energy, Canberra. 

DEFRA. 2005. Update of Noise Database for Prediction of Noise on Construction and Open Sites. UK 
Department for Environment, Food and Rural Affairs. A WWW publication accessed on 8 August 2020 at 
http://randd.defra.gov.uk/Document.aspx?Document=NO01043_5581_FRP.pdf.  

Di Cesare et al 2013. Inequalities in non-communicable diseases and effective responses. Lancet NCD Action 
Group. February 2013. 16;381(9866):585-97. doi: 10.1016/S0140-6736(12)61851-0. Epub. PMID: 
23410608. 

DOMH 2019. Country report: floods and flood forecasting system in Myanmar. Department of Meteorology 
and Hydrology, Myanmar. A WWW publication accessed on 16 July 2019 at http://www.ifi-
home.info/20170110_side_event_tokyo/pdf/4_3_myanmar.pdf. 

DOP, 2015a. The 2014 Myanmar Population and Housing Census: The Union Report, Volume 2 (May, 2015). 
Department of Population, Ministry of Immigration and Population, Myanmar. 

DOP, 2015b. The 2014 Myanmar Population and Housing Census: Shan State, Volume 3-M (May, 2015). 
Department of Population, Ministry of Immigration and Population, Myanmar. 

DOP, 2015c. Myanmar Population – Census 2014: Population for State and Region, District, Township, Village 
Tract, Ward. Department of Population, Ministry of Immigration and Population, Myanmar. Accessed 12 
January 2021 at https://data.humdata.org/dataset/myanmar-population-census-2014.  

DOP, 2016a. The 2014 Myanmar Population and Housing Census: The Union Report: Occupation and 
Industry, Volume 2-B (March, 2016). Department of Population, Ministry of Immigration and Population, 
Myanmar. 

DOP, 2016b. The 2014 Myanmar Population and Housing Census: The Union Report: Religion, Volume 2-C 
(July, 2016). Department of Population, Ministry of Immigration and Population, Myanmar. 

DSEWPC 2012. National Pollutant Inventory – Emission estimation technique manual for mining version 3.1. 
Department of Sustainability, Environment, Water, Population and Communities. Published by 
Commonwealth of Australia, Canberra.  

EC. 2015. Commission Regulation No 1881/2006 setting maximum levels for certain contaminants in 
foodstuffs. Amended 2015. European Commission. 

Evans, T.S., Myat, T.W., Aung, P., Oo, Z.M., Maw, M.T., Toe, A.T., Aung, T.H., Hom, N.S., Shein, K.T., 
Thant, K.Z. and Win, Y.T., 2020. Bushmeat hunting and trade in Myanmar’s central teak forests: Threats to 
biodiversity and human livelihoods. Global Ecology and Conservation, 22. 

Extron 2020. Inverse square law. A WWW publication accessed on 30 November 2020 at 
https://www.extron.com/calculators/inverse-square-law/?tab=tools. 

Facchinetti, S. 2014. Cultural Heritage Management in Myanmar: A Gateway to Sustainable Development. 
European Institute for Asian Studies. EIAS Briefing Paper 2014. October. A WWW publication accessed on 



 

 

Chapter 11 E Guard Environmental Services  11-3

 

2 April 2020 at https://www.eias.org/wp-content/uploads/2016/02/EIAS_Briefing_Paper_2014-
6_Facchinetti.pdf. 

FAO 2015. Myanmar Forest Resource Assessment. Food and Agriculture Organisation, Rome.  

FAO 2016. Formulation and Operationalization of National Action Plan for Poverty Alleviation and Rural 
Development through Agriculture (NAPA) Working Paper – 10: Land Tenure and Administration. Food and 
Agriculture Organization of the United Nations and the Ministry of Agriculture and Livestock and Irrigation. 
Yangon. 

FSANZ. Food Standards Australia and New Zealand. A WWW publication accessed at 
https://www.foodstandards.gov.au/code/Pages/default.aspx. 

Gardiner et al 2017. The Bawdwin Mine, Myanmar: a review of its geological setting and genesis. From: Barber, 
AJ, Khin Zaw & Crow, MJ (eds) 2017. Myanmar: Geology, Resources and Tectonics. Geological Society, 
London, Memoirs, 48, 669–686. 

Germanwatch 2020. Global Climate Risk Index 2020. Who Suffers Most from Extreme Weather Events? 
Weather-Related Loss Events in 2018 and 1999 to 2018. Briefing Paper. Germanwatch e.V. Bonn A WWW 
publication accessed at https://germanwatch.org/sites/germanwatch.org/files/20-2-
01e%20Global%20Climate%20Risk%20Index%202020_14.pdf. 

Golder 2004. HIV/AIDS Guide for the Mining Sector. International Finance Corporation and Golder Associates 
Pty Ltd. 

GoM 2011. National Biodiversity Strategy and Action Plan Myanmar. Published by The Government of the 
Republic of the Union of Myanmar.  

GoM 2016. Economic Policy of the Union of Myanmar. The Government of the Republic of the Union of 
Myanmar. 

GoM 2017. Annual Labour Force Survey 2017. Ministry of Labour, Immigration and Population – Department 
of Labour. The Government of the Republic of the Union of Myanmar. 

GoM 2018. Myanmar Sustainable Development Plan (2018-2030). The Government of the Republic of the 
Union of Myanmar. 

GoM 2019. National Environmental Policy of Myanmar. The Government of the Republic of the Union of 
Myanmar. 

Habib SH and S. Saha 2010. Burden of non-communicable disease: Global overview. Diabetes and Metabolic 
Syndrome Clinical Research and Reviews. March 2010. 4(1):41-47. DOI: 10.1016/j.dsx.2008.04.005. 

Harrington et al 2005. Dispersal of the dengue vector Aedes aegypti within and between rural communities. The 
American journal of tropical medicine and hygiene 72(20: 209-20).  

Horton, R., De Mel, M., Peters, D., Lesk, C., Bartlett, R., Helsingen, H., Bader, D., Capizzi, P., Martin, S. and 
Rosenzweig, C. 2017. Assessing Climate Risk in Myanmar: Technical Report. New York, NY, USA: Center 
for Climate Systems Research at Columbia University, WWF-US and WWF-Myanmar. 

Htoon, KL 2018. Fluctuating fortunes at the Bawdwin mine. Published by Frontier Myanmar. A WWW 
publication accessed at https://www.frontiermyanmar.net/en/fluctuating-fortunes-at-the-bawdwin-mine/. 

ICCT. 2017. Fuel Consumption Standards for Heavy-duty Vehicles in India. Published by International Council 
on Clean Transportation. 

ICMM 2008. Good Practice Guidance on HIV/AIDS, Tuberculosis and Malaria. International Council on 
MinMetals. 

ICMM 2012. Sustainable Development Framework. International Council on Mining and Metals 

ICMM, UNEP and PRI. 2020. Global Industry Standard on Tailings Management. August. Prepared by 
International Council on Mining & Metals (ICMM), the United Nations Environment Programme (UNEP) 
and the Principles for Responsible Investment (PRI) as part of the Global Tailings Review. Available at 
https://globaltailingsreview.org/wp-content/uploads/2020/08/global-industry-standard_EN.pdf 



 

 

Chapter 11 E Guard Environmental Services  11-4

 

ICOMOS 2013a. Understanding and assessing cultural significance. Australia ICOMOS Practice Note Version 
1: November 2013. International Council on Monuments and Sites Incorporated. A WWW publication 
accessed on 21 April 2020 at https://australia.icomos.org/wp-content/uploads/Practice-Note_Understanding-
and-assessing-cultural-significance.pdf. 

ICOMOS 2013b. The Burra Charter. The Australia ICOMOS Charter for Places of Cultural Significance 2013. 
International Council on Monuments and Sites. Burwood, Australia. 

IFC 2002. Handbook for preparing a resettlement action plan. March 2002. Published by World Bank Group. 
International Finance Corporation. Washington DC.  

IFC 2007a. Environmental, Health and Safety General Guidelines. Published by World Bank Group. 
International Finance Corporation. Washington DC. 

IFC 2007b. Environmental, Health and Safety Guidelines for Mining. December. International Finance 
Corporation. Washington DC. 

IFC 2007c. Stakeholder Engagement: A Good Practice Handbook for Companies Doing Business in Emerging 
Markets. International Finance Corporation. Washington DC. 

IFC 2009. Introduction to Health Impact Assessment. International Finance Corporation. Washington DC. 

IFC 2012. Guidance notes to perform standards on Environmental and Social Sustainability. Published by 
World Bank Group, International Finance Corporation. Washington, DC.  

IFC 2012b. IFC Performance Standard 8 – Cultural Heritage. International Finance Corporation. Washington 
DC. 

IFC 2013. Good Practice Handbook on Cumulative Impact Assessment and Management. Prepared by 
International Finance Corporation. Washington DC. 

IFC 2017. Baseline Report - Strategic Environmental Assessment of the Hydropower Sector in Myanmar. 
International Finance Corporation, Ministry of Electricity and Energy, Ministry of Natural Resources and 
Environmental Conservation. Washington DC. 

IFC. 2007. Environmental, health, and safety (EHS) guidelines: general EHS guidelines. April 2007. Report 
prepared by International Finance Corporation. 

ILO 2019. Myanmar – Employment and Environmental Sustainability Fact Sheets 2019. May 2013. University 
of Geneva Research Paper No. 9. International Labour Institute. 

IPCC 2003. Good Practice Guidance for Land Use Land-Use Change and Forestry. Intergovernmental Panel on 
Climate Change. Published by the Institute for Global Environment Strategies (IGES), Kanagawa.  

IPCC 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Prepared by the National Greenhouse 
Gas Inventories Programme. Published by Institute for Global Environmental Strategies. International Panel 
on Climate Change. Japan. 

IRJ 2020. Mandalay – Kyaukphyu railway moves to feasibility study stage. International Railway Journal. 30 
June 2020. A WWW publication accessed at https://www.railjournal.com/infrastructure/mandalay-
kyaukphyu-railway-moves-to-feasibility-study-stage/. 

ISO 2018. ISO 14064 - International Standard for GHG Emissions Inventories and Verification. Published by 
World Bank Group. International Organisation for Standardisation. 

IUCN 2016. A Global Standard for the Identification of Key Biodiversity Areas, Version 1.0. First edition. 23 
March 2016. International Union for Conservation of Nature and Natural Resources. Gland, Switzerland. 

Jackson, RT 2018. Migration to two mines in Laos. Sustainable Development, 26(5), 471-480. 

Jenkins, Katy 2014. Women, mining and development: An emerging research agenda. The Extractive Industries 
and Society, 1(2), pp.329-339. November.  

Jepson, MR et al 2019. Land. What Awaits Myanmar’s Uplands Farmers? Lessons Learned from Mainland 
Southeast Asia. 8(2), 29, https://doi.org/10.3390/land8020029. 

Kawasaki, A et al 2017. Disaster response and river infrastructure management during the 2015 Myanmar 
floods: A case in the Bago River Basin. International journal of disaster risk reduction, 24, 151-159. 



 

 

Chapter 11 E Guard Environmental Services  11-5

 

Knight Piésold 2020a. Geochemical characterisation of tailings. KP Memorandum No. BR701-00114 EJT 
M20001, (6th March 2020). 

Knight Piésold 2020b. Seismic hazard assessment. Prepared for Bawdwin Joint Venture/MM. 

Knight Piésold 2020c. Tailings and waste rock management DFS design report. Prepared for Bawdwin Joint 
Venture. 

Knight Piésold 2020d. Geochemical characterisation of waste rock. Prepared for Bawdwin Joint Venture . 

Kyophilvong, P 2016. Mining Sector in Laos. p.69-100. 

Lwin, T 2002. The Climate Changes over Myanmar during the Last Five Decades. Water Resources Journal, 
95-106. 

Mancini, L and S. Sala. 2018. Social impact assessment in the mining sector: Review and comparison of 
indicators frameworks. Resources Policy, 57, 98-111. 

MCRB. 2018. Sector Wide Impact Assessment of Limestone, Gold and Tin Mining in Myanmar. Institute for 
Human Rights and Business, and Danish Institute for Human Rights. Version May 2018. Myanmar Centre 
for Responsible Business. 

meteoblue 2020. Weather archive Namtu. A WWW publication accessed on 2 June 2020 from 
https://www.meteoblue.com/en/weather/historyclimate/weatherarchive/namtu_myanmar_1306349. 

MIMU 2020a. Myanmar Information Management Unit. A WWW publication accessed from 
http://themimu.info. 

MIMU. 2020b. Myanmar PCodes Release_9.1_Jan2020_Shan. Myanmar Information Management Unit. 
Accessed from https://www.themimu.info/node/91946. 

Minoletti, P., 2016. Gender (in)Equality in the Governance of Myanmar: Past, Present, and Potential Strategies 
for Change, The Asia Foundation and UK Aid (April, 2016). 

MIPS 2020. Annual Peace & Security Review 2020. The Myanmar Institute for Peace and Security. 

MMG 2016. Women and Mining in Laos. Minerals and Metals Group. A WWW publication accessed at 
https://www.mmg.com/media-release/women-and-mining-in-laos-d36/. 

MOECAF. 2015. National Biodiversity Strategy and Action Plan 2015-2020. Republic of the Union of 
Myanmar. 

MOECAF 2015 Environmental Impact Assessment Procedure. Final. Ministry of Environmental Conservation 
and Forestry. December. 

MOECAF, 2014. Draft national environmental quality (emission) guidelines. Ministry of Environmental 
Conservation and Forestry.  

MOECAF 2012. Myanmar’s Initial Nation Communication Under the United Nations Framework Convention 
on Climate Change. Ministry of Environmental Conservation and Forestry. 

MOECAF. 2011. National Biodiversity Strategy and Action Plan, The Republic of the Union of Myanmar. 

MoH 2014. Health in Myanmar. Ministry of Health. The Republic of the Union of Myanmar.  

MONREC 2014. Myanmar National Environmental Quality (Emission) Guidelines – Mining. Ministry of 
Natural Resources and Environmental Conservation. 

Mu Mu Aung et al 2018. Report on Assessment of Plant Species Diversity and Wildlife in Pindaya Township, 
Shan State, Myanmar. [REDD+ Himalayas: Developing and using experience in implementing REDD+ in 
the Himalayas] Forest Research Institute. Yezin, Myanmar. 

Myanmar Mining EIA Guidelines Working Group 2018. Mining guidelines for environmental impact 
assessment. Final draft. Prepared for Myanmar Mining EIA Guidelines Working Group by ADB TA 8786-
MYA: Environmental Safeguard Institutional Strengthening. 

Myat, Z.L. 2016. Heritage in the Myanmar Frontier: Shan State, Haws and Condition for Public Participation, 
Colombia University.  



 

 

Chapter 11 E Guard Environmental Services  11-6

 

National Environment Protection Council 2013. National Environment Protection (Assessment of 
Contamination) Measure. Published by the Commonwealth of Australia, Canberra.  

NBSAP 2011. National Biodiversity Strategy and Action Plan. The Republic of the Union of Myanmar. 2011. 

NBSAP 2015. National Biodiversity Strategy and Action Plan 2015-2020. Republic of the Union of Myanmar. 
2015. 

NEPM 2013. National Environment Protection Measure Schedule B1 – Guideline on Investigation Levels for 
Soil and Groundwater. A WWW publication accessed on 29 April 2020 at 
http://www.nepc.gov.au/system/files/resources/93ae0e77-e697-e494-656f-afaaf9fb4277/files/schedule-b1-
guideline-investigation-levels-soil-and-groundwater-sep10.pdf. 

NGAD, 2018., Population Statistics (2018). Namtu General Administrative Department (unknown). 

NHMRC 2015. NHMRC Information paper: evidence on the effects of lead on human health. Canberra: 
National Health and Medical Research Council. May 2015. Canberra. 

NIOSH 2017. Registry of Toxic Effects of Chemical Substances. National Institute for Occupational Safety and 
Health. 

NSW EPA 2017. Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales 
(NSW Approved Methods). Published by Environment Protection Authority, Sydney. 

NWRC 2014. Proposed national drinking water quality standards (Myanmar). Proposed by Expert Group, 
National Water Resources Committee. May 2014. Myanmar. 

NWRC 2017. Ayeyarwady state of the basin assessment (SOBA). National Water Resources Committee. 
December 2017. Myanmar. 

OMECC 2019. Ontario Ambient Air Quality Criteria. Ontario Ministry of the Environment and Climate 
Change. 

Ott, C 2008. The Shan: Culture, Art and Crafts. International Mountain Society: Mountain Research and 
Development 28(1) 95:96. A WWW publication accessed on 2 April 2020 at 
https://bioone.org/journals/mountain-research-and-development/volume-28/issue-1/mrd.mm031/The-Shan-
Culture-Art-and-Crafts/10.1659/mrd.mm031.full. 

Owen, JR and D. Kemp 2015. Mining-induced displacement and resettlement: a critical appraisal. Journal of 
Cleaner Production, 87, 478-488. 

Prescott, GW et al 2020. Gold, farms, and forests: Enforcement and alternative livelihoods are unlikely to 
disincentivize informal gold mining. Conservation Science and Practice, 2(3), e142. 

Pryce, T., Kalayar LM M H, Georgakopoulou, M., Martin, T., Vega, E., Rehren, T., Win, T. T., Win T. T., 
Petchey, P., Innanchai, J., Pradier, B. 2016. Metallurgical traditions and metal exchange networks in late 
prehistoric central Myanmar, c. 1000 BC to c. AD 500. November. Archaeological and Anthropological 
Sciences, Springer-Verlag Berlin Heidelberg. 

Queensland Government 2013. Land and Vegetation Management: soil pH. A WWW publication accessed on 
26 May 2020 at https://www.qld.gov.au/environment/land/management/soil/soil-properties/ph-levels. 

Queensland Government Environmental Protection Agency 2005. Manual for recycled water agreements in 
Queensland. Published by the State of Queensland, Brisbane.  

Searle, M. P., Noble, S. R., Cottle, J. M., Waters, D. J., Mitchell, A. H. G., Hlaing, T., & Horstwood, M. S. A. 
2007. Tectonic evolution of the Mogok metamorphic belt, Burma (Myanmar) constrained by U‐Th‐Pb dating 
of metamorphic and magmatic rocks. Tectonics, 26(3). 

SFCG 2020. Briefing Paper, Communicating the Future: Building Trust and Confidence in the Myanmar Peace 
Process, Search for Common Ground. June 2020. Accessed at https://www.sfcg.org/tag/myanmar-reports/. 

Simmance, A. 2013. Environmental Flows for the Ayeyarwady (Irrawaddy) River Basin, Myanmar. 
Unpublished. UNESCO-IHE Online Course on Environmental Flows. 

Southern Archaeology 2019. Bawdwin Mine EIA - Culture Heritage Study. Prepared by P.G., Petchey of 
Southern Archaeology Ltd for Bawdwin Joint Venture. October. 



 

 

Chapter 11 E Guard Environmental Services  11-7

 

Standards Association International 2006. Australian Standards 2187.2-2006 – Explosives – storage and use – 
use of explosives. Published by SAI. 

TCEQ 2018. Texas Air Monitoring Information System (TAMIS) database. Texas Commission on 
Environmental Quality. 

TICCIH 2003. The Nizhny Tagil Charter for the Industrial Heritage. The International Committee for the 
Conservation of the Industrial Heritage. July. A WWW publication accessed on 21 April 2020 at 
https://www.icomos.org/18thapril/2006/nizhny-tagil-charter-e.pdf. 

UNAIDS 2008. Redefining AIDS in Asia Crafting an Effective Response Report of the Commission on AIDS in 
Africa. The Joint United Nations Programme on HIV/AIDS. Oxford University Press. New Delhi. 

UNDP 2015. The State of Local Governance Trends in Shan. United Nations Development Programme. 
Accessed at 
https://themimu.info/sites/themimu.info/files/documents/Report_The_State_of_Local_Governance-
Trends_in_Shan_UNDP_2015.pdf. 

US DHHS 2014. The Health Consequences of Smoking—50 Years of Progress: A Report of the Surgeon 
General. United States Department of Health and Human Services, Centers for Disease Control and 
Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and 
Health, 2014. Accessed 22 Feb 2018. Atlanta, USA. 

US DoT 2018. Construction Noise Handbook. United States Department of Transportation Federal Highway 
Administration. A WWW publication accessed on 8 August 2020 at 
https://www.fhwa.dot.gov/Environment/noise/construction_noise/handbook/handbook09.cfm. 

USEPA 2010. National Ambient Air Quality Standards. Office of Air Quality Planning and Standards. United 
States Environmental Protection Authority. Accessed on 10 January 2020 at https://www.epa.gov/criteria-
air-pollutants/naaqs-table. 

USEPA 2003. Guideline on air quality models – Appendix W to Part 51. United States Environmental 
Protection Authority. 

Valentis 2020. Bawdwin Project road and traffic characterisation report. Prepared for Bawdwin Joint Venture. 

Verdonschot, P.F.M & Besse-Lototskaya,A.A. 2014. Flight distance of mosquitoes (Culicidae): A metadata 
analysis to support the management of barrier zones around rewetted and newly constructed wetlands, 
Limnologica, 45:69-79. 

Wegman, F et al 2017. Road Safety in Myanmar. Recommendations of an Expert Mission invited by the 
Government of Myanmar and supported by the Suu Foundation. Paris, FIA. 

Welch and Allen 2014. Hydraulic conductivity characteristics in mountains and implications for 
conceptualizing bedrock groundwater flow. Hydrogeology Journal, 22: 1003-1026. 

Western Australia Environmental Protection Authority 2005. Separation distances between industrial and 
sensitive land uses. Published by the Environmental Protection Authority. Perth.  

WFP 2011. An Analysis of the Food Security Situation in Lashio Area, Myanmar. Vulnerability, Analysis & 
Mapping (VAM) Unit. May 2011. World Food Program. 

WHO 2020. Disease burden and mortality estimates. A WWW resource accessed on 20 May 2020 from 
www.who.int/healthinfo/global_burden_disease/estimates/en/. 

WHO 2019. Regional Office for South-East Asia. Expanded programme on Immunization factsheet 2019: 
Myanmar. World Health Organization. Regional Office for South-East Asia. Accessed 22/07/2020 
(https://apps.who.int/iris/handle/10665/329987). 

WHO 2017. Guidelines for drinking-water quality, 4th edition. Report published by World Health Organization, 
Geneva. 

WHO 2011. Noncommunicable Disease Risk Factor Survey Myanmar 2009. India. 

WHO 2005. Air Quality Guidelines: WHO Air Quality Guideline – Global Update – Particulate Matter, Ozone, 
Nitrogen Dioxide and Sulfur Dioxide. World Health Organisation. 



 

 

Chapter 11 E Guard Environmental Services  11-8

 

WHO 2000. Air quality guidelines for Europe, second edition. World Health Organisation. Copenhagen, 
Denmark. 

WHO 1999. Guidelines for community noise. Published by the World Health Organization, Geneva. 

WHO 1995. Physical status: The use of and interpretation of anthropometry, Report of a WHO Expert 
Committee. World Health Organization. 

WHO and UNICEF 2020. Estimates of national immunization coverage. World Health Organisation and United 
Nations International Children’s Emergency Fund. Accessed 22 July 2020 
https://www.who.int/immunization/monitoring_surveillance/data/mmr.pdf. 

Witcomb, pers com 2020. Comment from Andy Witcomb of Bawdwin Joint Venture to Michael Sale of Coffey 
in document ‘754-MELEN211912_9_Ch5-1_Soils_v1_AW comments’ via email on 27 May 2020. 

Woods, K 2015. CP maize contract farming in Shan State, Myanmar: A regional case of a place-based corporate 
agro-feed system. Land grabbing, conflict and agrarian‐environmental transformations: perspectives from 
East and Southeast Asia - an international academic conference 5 to 6 June 2015. Chiang Mai University. 

World Bank 2020. Pupil-teacher ratio, secondary – Myanmar. The World Bank. UNESCO Institute for 
Statistics. https://data.worldbank.org/indicator/SE.SEC.ENRL.TC.ZS?display=graph--
%3E&end=2018&locations=MM&start=1971&view=chart. 

World Bank 2019. The World Bank statistical data for Myanmar. A WWW resource accessed 31 July 2019 at 
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations=MM. 

WRI 2016. CAIT Climate Data Explorer – Myanmar Greenhouse Gas Emissions and Emissions Targets. World 
Resource Institute. Accessed 6 October 2020 at https://www.climatewatchdata.org/countries/MMR. 

WRI 2004. Accounting and Reporting Standard – Revised Edition. World Resources Institute / World Business 
Council for Sustainable World Business Council for Sustainable Development. 

WWF. 2002. The Global 200: Priority ecoregions for global conservation. Annals of the Missouri Botanical 
Garden 89(2):199-224. World Wildlife Fund.  

Yi, T, Hla, WM, and Htun, AK 2013. Drought conditions and management strategies in Myanmar. Accessed 21 
July 2020 https://www.droughtmanagement.info/literature/UNW-
DPC_NDMP_Country_Report_Myanmar_2014.pdf. 

Zaw Lin Myat 2016. Heritage in the Myanmar Frontier: Shan State, Haws and Condition for Public 
Participation. Colombia University.  


	Report Review Form_Bawdwin Project
	Chapter 0 Bawdwin Project_EG
	Executive Summary- Bawdwin Project_EG_combined
	Chapter 1 Bawdwin Project_EG
	Chapter 2 Bawdwin Project _EG
	Chapter 3 Bawdwin Project_EG
	Chapter 4 Bawdwin Project EG
	Chapter 5 Bawdwin Project_EG
	Chapter 6 Bawdwin Project_EG
	Chapter 7 Bawdwin Project_EG
	Chapter 8 Bawdwin Project_EG
	Chapter 9 Bawdwin Project_EG
	Chapter 10  Bawdwin Project_EG
	Chapter 11 Bawdwin Project_EG
	Blank Page
	Blank Page

