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LIST OF ABBREVIATION

% - Percentage

BOD - Biological Oxygen Demand

COoD - Chemical Oxygen Demand

TSS - Total Suspended Solids

EC - Electricity Conductivity

TDS - Total Dissolved Solid

CEC - Cation exchange capacity

VvOC - Volatile Organic Compound

CSR - Corporate Social Responsibility

ECC - Environmental Compliance Certificate

ECD - Environmental Conservation Department

ECR - Environmental Conservation Rules

EHS - Environmental Health and Safety

EIA - Environmental Impact Assessment

ESIA - Environmental and Social Impact Assessment

EMP - Environmental Management Plan

EMR - Environmental Monitoring Report

EPA - Environmental Protection Agency

MBCCD - Mandalay Business Capital City Development Ltd
HA - Hexagonal Angle International Consultants Co., Ltd.
IEE -Initial Environmental Examination

IFC - International Finance Corporation

ILO - International Labor Organization

kVA - Kilovolt-ampere

MONREC - Ministry of Natural Resources and Environmental Conservation
NEQEG - National Environmental Quality (Emission) Guideline
FAO - Food and Agriculture Organization of the United States
NO; - Nitrogen Dioxide

Os -Ozone

OHS - Occupational Health and Safety

PCM - Public Consultation Meeting
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PD - Public Disclosure

PM1o - Particulate Matter 10 micrometers or less in diameter

PM:s - Particulate Matter 2.5 micrometers or less in diameter

WS - Windspeed

WD - Wind direction

PPE - Personal Protective Equipment

QGIS - Quantum Geographic Information System

TSP -Total Suspended Solid

U.S EPA - United States Environmental Protection Agency

UNESCO - United Nations Educational, Scientific and Cultural Organization
WHO - World Health Organization

OBOR - One Belt One Road

IUCN - International Union for Conservation of Nature

MIC - Myanmar Investment Commission

PPAH - Pollution Prevention and Abatement Handbook

UNFCCC - United Nations Framework Convention on Climate Change
CITES - Convention on International Trade in Endangered Species of Wild Fauna and
Flora

NBSAP - National Biodiversity Strategies and Action Plans

CBD - Convention on Biodiversity

UNCCD - United Nations Convention to Combat Desertification

ITTA - International Tropical Timber Agreement

POPS - Persistent Organic Pollutants

MARPOL - International Convention for the Prevention of Pollution from Ships
WHC - World Heritage Convention

MAB - Man and the Biosphere

ASEAN-WEN - Association of Southeast Asian Nations' Wildlife Enforcement Network

UNDHR - Universal Declaration of Human Rights

MoU - Memorandum of Understanding

ELV - Extra Low Voltage

BOD - Board of Directors

MOLES - Ministry of Labour, Immigration & Population
MOALI - Ministry of Agriculture, Livestock and Irrigation

Hexagonal Angle International Consultants Co., Ltd. Page 38



NECCCCC - National Environmental Conservation and Climate Change Central Committee

FESR - Framework for Economic and Social Reform

NCDP - National Comprehensive Development Plan

ECL - Environmental Conservation Law

ETC - Environmental Technology Centre

UNEP - United Nations Environment Programme

IGES - Institute for Global Environmental Strategies

CCET - Center for Communication and Educational Technology
MCCP - Myanmar Climate Change Policy’ (MCCP) principles
NAPA - National Adaptation Programme of Action

NDC - Nationally Determined Contribution

MCCS - Myanmar Climate Change Strategy

ECRs -Environmental Conservation Rules

MNBC - Myanmar National Building Code

MES - Myanmar Engineering Society

POPs - Stockholm Convention on Persistent Organic Pollutants
FCCC - Framework Convention on Climate Change

UNDHR - Universal Declaration of Human Rights

CEDAW - Convention on Elimination of All Forms of Discrimination against women
MLC - Maritime Labour Convention

CPTu - Piezocone Test

SPT - Standard Penetration Test

DWIR - Directorate of Water Resources and Improvement of River Systems
FS - Factor Safety

USACE - United States Army Corps of Engineers

USBR - United States Bureau of Reclamation

PGA - Peak Ground Acceleration

RA - Roundabout

ANSI - American National Standards Institute

NEC - National Electrical Code

IEFT - Internet Engineering Task Force

IEEE - Institute of Electrical and Electronics Engineered

EIA - Electronics Industries Association
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MOEP - Ministry of Electricity and Energy

LED - Light-Emitting Diode

kv - Kilovolt

kVA - Kilo-Volt-Amperes

MVA - Mega Volt-Amperes

XLPE - Thermoset Insulation Material

PVC - Polyvinyl Chloride

HDPE - High Density Polyethylene

PACI - Poly Aluminum Chloride

JICA - Japan International Cooperation Agency
DMA - Designated Market Area

OSWT - Onsite wastewater treatment system

ANSI - American National Standard Institute

ASTM - American Society for Testing and Materials Standard
BS - British Standard

DIN - Deutsch Industrial Norm, German

IS - Indian Standard

ISO - International Organization for Standardization
JIS - Japanese Industrial Standards

MNBC - Myanmar National Building Code (2016)
MCDC - Mandalay City Development Committee Regulations
TIS - Thai Industrial Standard

YCDC - Yangon City Development Committee Regulations
STP - Sewage Treatment Plant

uv - Ultraviolent

DMH - Department of Meteorology and Hydrology

N - North

E - East

NE - Northeast

S - South

w - West

SW - Southwest

SE - Southeast
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NW - Northwest

RC - Reinforced concrete

USGS - United States Geological Survey

IRIS - Incorporated Research Institutions for Seismology
GMPEs - Ground Motion Prediction Equations
PSHA - Probabilistic Seismic Hazard Assessment
FSliq - Factor of Safety Against Liguefaction
MNBC - Myanmar National Building Code

ADT - Average Daily Traffic

LOS - Level of Service

V/C - A Volume to Capacity

LRP - Livelihood Restoration Plan

AOI - Area of Influence

PAPs - Project Affected Person

LPI - Liquefaction Potential Index
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CHAPTER 1
CONTEXT OF THE PROJECT

1.1. BACKGROUND OF THE PROJECT

The Amarapura Urban Development project is situated in the Amarapura
Township, Mandalay Region, Myanmar. The project proponent is Mandalay Business
Capital City Development Ltd (MBCCD) which type is a wholly Myanmar investment
with an authorized capital investment of 1,305,285.44 million Myanmar Kyat. It was
established in 28" January, 2016 as a private company with company registration number
112465421 under the Myanmar Companies Act (1914) as shown in Appendix A. The
project is planning to implement the urban development with an area of approximately
2,500 acres (1000 hectares) with different development sectors.

Mandalay Business Capital City Development Ltd., (MBCCD) has signed the
Memorandum of Understanding (MoU) with Mandalay Regional Government in Mach
2016 for the Amarapura Urban Development Project at Amarapura Township, Mandalay
Region. According to the agreement, Mandalay Business Capital City Development Ltd.,
has to develop an urban development at an area of around 2500 acres in Amarapura
Township. The Amarapura Urban Development will be constructed following the laws of
Myanmar including environmental law and regulations.

1.1.1. The Project Type and Location

The type of project is an urban development at an area of around 2500 acres in
Amarapura Township. Currently, the condition of the project is construction phase and
soil improvement, dyke wall construction and other construction activities are still
construted in the project area. The project area is located beside the Ayeyarwaddy river.
Therefore, most part of the project area is cropland which covered with shrub-land and
seasonal crops such as ground nut, water melon, vegetables and seasonally flooded by the
Ayeyarwady River water. The location map of the project site is presented in Figure 1-1.
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Figure 1-1  Location Map of the Project Site
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1.1.2. Purpose of the Project Implementation

The purpose of the project is to develop an environmentally sustainable a modern
urban center, which will play an important role in the social economic growth of
Mandalay City. In accordance with green growth and the green economy, the proposed
project intends to develop a new urban area with a complete infrastructure. The project is
intended to be built with the purpose of fostering sustainable urban development and
offering the populace high-quality urban infrastructure. In Amarapura Township's Shan
Kalay Kyun alluvial plain, MBCCD plans to develop a substantial new urban area with
natural scenic views of the Ayeyarwady River and Sagaing highlands.

1.2. PURPOSE OF THE EIA STUDY

Environmental Impact Assessment (EIA) is mandated by the Environmental
Conservation Law (No. 9/2012). Section 42 (b) of this law allows the Environmental
Conservation Committee to establish and implement a system of environmental and social
impact assessment. The EIA procedure (2015) provides detailed legal guidance on how the
EIA process should work and outlines the responsibilities of government institutions and
project proponents as well as the decision-making process surrounding initial
environmental examination (IEE) and EIA report and/or environmental management plan
(EMP) approval. The Ministry of Natural Resources and Environmental Conservation
issues a certificate in accordance with Notice No. 616/2015. According to that
announcement, the project proponent requested Hexagonal Angle International
Consultants Co., Ltd (HA). to implement the Environmental Impact Assessment (EIA) for
Amarapura Urban Development project in strict compliance with applicable national laws,
rules, and regulations issued especially by the Environmental Conservation Department
(ECD) under the Ministry of Natural Resources and Environmental Conservation
(MONREC). The third-party confirmation approval letter is presented in Appendix B.

The EIA for the project identifies the principal approaches, procedures, and
methods to control and minimize the environmental and social impacts of the project’s
operation. The main objectives of the EIA are (a) to identify, evaluate, and report the
environmental and socio-economic impacts; (b) to define details of who, what, where, and
when environmental management and mitigation measures are to be implemented; and (c)
to ensure that the environmental quality of the area does not deteriorate due to the project.

The scoping report of the project was submitted to ECD on 10th November, 2021
and this report is approved from MONREC on 26" August, 2022. According to the
approval letter, the final EIA report must be continuously submitted to MONREC after
assessed the environmental impact during implementation of a project. In addition, the
project proponent must follow up the article 55 of the EIA Procedure (2015),
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1.3. EIASTUDY SCHEDULE

The HA Company starts the EIA research in October 2022, and it is completed in
August 2023. According to Table 1-1, the estimated time frame for studying is six months.
The HA company will proceed through each stage as planned.
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Table 1-1 EIA Study Schedule

2022-2023

No. Stages
October | November | December | January | February | March April May June July August

First Time Field Survey
1. (Environmental and
Biodiversity Survey)

2. Third Party Confirmation

3. Data Processing and Analysis

Impact assessment and

4. .
analysis
Second Time Field Survey
5 (Biodiversity Survey and

Social Survey and Public
Disclosure)

6. Data Processing and Analysis

7. Third Time Field Survey

Prepare Impact Assessment
8. | and Mitigation Measure of the
Project

Prepare Environmental
Management Plan

Conduct Public Consultation
10. Meeting (Government and
Local People)

11. EIA Report Preparation

EIA Report Submission to

12. Client
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1.4. ECONOMIC STRATEGY

The project will be carried out in two stages, from 2017 to 2021 for the phase (1)
and from 2022 to 2026 for the phase (2).

The project phase (1) includes design work, land purchasing, land reclamation, dyke
wall construction, ground improvement work, and infra-structure work. In design work, it
includes feasibility study, master plan, infrastructure design, dyke wall design, and ground
improvement design. In infrastructure work, it includes road construction, storm drainage
system, water supply system, wastewater system, solid waste system, power supply system,
and communication and ELV system.

In the project phase (2), it intends to conduct continuing land purchasing, land
reclamation, ground improvement work, and infrastructure work. In the infrastructure work, it
also includes road construction, storm drainage system, water supply system, wastewater
system, solid waste system, power supply system, and communication and ELV system.

The project proponent will employ the most of local people as worker for each
phase. They purchase the necessary sand from a local provider for the land reclamation
stage in order to compact the project site's land. For all construction projects, buy rock and
other construction materials as a raw material from a nearby provider and it will build the
infrastructure with both local and foreign contractors for each sector.

The project area is situated in the Amarapura Township and close to the Chan
Mya Tha Zi and Maha Aung Myay Townships, the Ayeyarwaddy River bank and Sagaing
Hill which have beautiful natural scenery. The project's goal is to create a modern,
environmentally sustainable urban core that will be crucial to Mandalay City's social and
economic development. As a result, it will be developed to increase the city's
infrastructure and high level of living. In the future, the project proponent will sell or lent
the land plot of residential and commercial area as well as relax and greening area to
buyer. From a business standpoint, the location will develop into a key location for the
economy.

1.5. RELATED PROJECTS AND DEVELOPMENT ACTION

There are three related projects near the study area. These are Shwege
Stormwater pumping station, Shwe Kyet Yat port projects and Sagaing Bridge. Shwege
stormwater pumping station is situated near the project area in west. Shwe Kyet Yat port
projects and Sagaing Bridge is situated in the east west. Shwege Stormwater pumping
station is the wastewater generation station of Mandalay city and the wastewater will be
generated to the Ayeyarwaddy River. Shwe Kyet Yat port is the general cargo and fuel
port of the Mandalay. Moreover, there is a famous bridge connecting Sagaing and
Mandalay and it has been built to enhance trade and connectivity in the region. The bridge
plays a crucial role in facilitating trade and transportation by providing easier access and
connectivity between different regions.
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1.6. THE INFORMATION ABOUT PROJECT PROPONENT

The organization chart of Mandalay Business Capital City Development Ltd. is
shown in Figure 1-2 and List of Project Managers is shown in Table 1-3. A brief
description of the project is given below Table 1-2.

Table 1-2 List of Information about Project Proponent
Company Name Mandalay Business Capital City Development Ltd.
Types of Business Amarapura Urban Development Project
Amount of Investment 500 billion Kyat
Land use Area 2500 Acres
Project Location 21°55°7.02>> N, 96° 2’ 19.51”’E.

No. (17/10), Corner of Myasandarst and 27" St, Pyigyimyetmhan

OHEE a1 Quarter, Chanayetharsan Township, Mandalay Region, Myanmar

Name U Than Htike San
Position Managing Director
Project Proponent No. (17/10), Corner of Myasandarst and 27" St,
Address Pyigyimyetmhan Quarter, Chanayetharsan
Township, Mandalay Region, Myanmar
Phone Number 09-969988890, 09-969988897
Name U San Nyunt Zaw
Position Deputy Managing Director
Contact Person No. (17/10), Corner of Myasandarst and 27" St,
Address Pyigyimyetmhan Quarter, Chanayetharsan
Township, Mandalay Region, Myanmar
Phone Number 09-969988011

The responsible persons of project for construction and operation phase and their
responsibility and contact information are presented in Table 1-3.
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Table 1-3 List of Project Manager ( Construction and Decomission Phases)

No Name Position Email Website Address
1 U Than Htike San Managing Director thanhtikesan@saepaing.com

. . . https://mbccd.com/ i i i
2 U San Nyunt Zaw Deputy Managing Director Sannyuntzaw262@gmail.com P Mandalay Business Capital City

Development Ltd

3 U Zaw Ye Win Director zawyewin@saepaing.com
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MBCCD LTD. Organization Chart
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Figure 1-2 Organization Chart of Mandalay Business Capital City Development Ltd.
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1.6.1. List of Directors

There are eleven members of directors in the company and lists of them are

described in Table 1-4.

Table 1-4 List of Directors

No. Name NRC Number Position
1. Hsu Paik Yadanar 12/PABATA(N)033523 Director
2. Khin San Dar 12/TAMANA(N)096351 Director
3. Lan Chan 9/MAMANA(N)000447 Director
4. Lwin Hnin Hnin 12/PABATA(N)005637 Director
5. Phyu Thwe Hnin 8/THAYANA(N)078213 Director
6. Su Su Myat Aye 8/KHAMANA(N)068017 Director
7. Than Htike San 12/KHAYANA(N)001938 Director
8. Than Lwin 9/YAMATHA(N)027059 Director
9. Weik 12/PABATA(N)000908 Director
10. Zaw Htay 12/IKAMAYA(N)027634 Director
11. Zaw Ye Win 12/MAGATA(N)011708 Director

1.7. THE DESCRIPTION OF ENVIRONMENTAL, HEALTH AND

SOCIAL EXPERTS TEAM

1.7.1. EIA Consultant

Hexagonal Angle International Consultants Co., Ltd. (HA) is the third-party

organization, which conducted the EIA of this project. The contact’s name and address of
the Environmental Consulting Organization described below:

Representative : Ms. Thu Thu Aung

Position : Managing Director

Mobil Phone ; +95 9898333733

Office Phone : +95 13551620

Email : thuthuaung@hexagonalangle.com

Address : No. 99/1, Nan Thar Phyu Street, 14/3 Quarter, South

Okkalapa Township, Yangon, Myanmar.
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1.7.2. Background Information of HA Company

Hexagonal Angle International Consultants is a local company, leading the
transport sector projects, environmental consulting, research & survey, business
consultancy, coaching and trainings in Myanmar. The company is motivated by its
intention to provide high quality services. We carefully select our consultants in order to
offer our customers foremost quality of expertise together with extensive experience of
industry practices. We have successfully teamed with Transport Specialist, GIS Specialist,
Business Advisor, Environmental Specialist, Geologist, Engineer, Research and Survey
Specialist, Project Management Specialist and Project Coordinator.

Its office is located at No. 99/1, Nan Thar Phyu Street, 14/3 Quarter, South
Okkalapa Township, Yangon, Myanmar. The company was founded in September 2017
by Ms. Thu Thu Aung and the main idea is to collaborate with local experts and foreign
consultants for government and development partners’ transport sector projects. Since that
time, our company participated in activities which are ADB’s Myanma Railway
Modernization project, ADB’s Yangon-Pyay Railway On-board Passenger Survey and
ADB & CDIA’s Yangon Urban Transport Development project, Yangon Smart Car
Parking System for YCDC, Traffic Survey Project for Shwe Taung Company, Level
Crossing Survey Project for Yangon Circular Railway Upgrading Project and Mandalay-
Lashio-Muse Railway Traffic Study and Freight Forwarding Survey Project. In addition,
we will start the World Bank’s Road Safety Project in Yangon & Mandalay Region.

Hexagonal Angle (HA) is supporting the services for environmental and social
sector. The company have experts and team for environmental and social services which
are Environmental and Social Impact Assessment (ESIA), Environmental Impact
Assessment (EIA), Initial Environmental Examination (IEE), Environmental Management
Plan (EMP), Social Survey and Monitoring Projects in Myanmar. There are over 20
projects which are Garment, Foundry, Pulp & Paper, Cement, Construction, Hotel,
Mining, and Food & Beverages Industries in Myanmar Table 1-5 presents the key team
members for the preparation of this IEE report who completed the report.

Hexagonal Angle (HA) has another business which is called “HA INSTITUTE”
that was established on August 2019. HA Institute is now running the training programs
for GIS, Data Visualization and Analysis, Environmental Studies, Social Studies and other
online trainings. Furthermore, QGIS, social impact assessment and pollution control
online training program are starting in mid-2020. The consultant registeration are
described in Appendix B.
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Table 1-5 Environmental Consultants Profile

Name Role Responsibility
Write physical environment of soil and analysis of soil characteristics and topography
Soil conservation and erosion study, soil contamination studies and impact on soils
Write potential impact on soil and landscape and soil contamination and landscaping
management plan
Produce soil map, seismic map and other maps
Daw Thu Thu Aung Team Leader Study and write waste generation, identification of hazard and hazardous substances.
Analysis the risk and hazard and write mitigation measures of risk and hazardous
Write mitigation measure and management plan of waste pollution
Prepare the scope of environmental management and write environmental management plan
Lead public consultation & disclosure and stakeholder engagement
Lead project management
Study the baseline air quality measurement and write potential impact on ambient air quality
for construction and operation/maintenance phases
Write air quality management plan
Study and analysis of alternative for water supply, flood protection alternative, alternative of
revetment waterfront and typical storm drainage system
Analysis on river level statistics, establishing of the project elevation level, ground water
I level, differences of elevation between water level and land level
Daw Ei Ei Zaw Member

Study the river morphology of the project area

Study and write hydrology, water level impact, flow velocity, morphological impacts,
sediment extraction from nearby river bed and erosion of river bank

Assessing and mitigating natural disaster risk of earthquake, floods and ground subsidence

Identifying the environmental impact assessment methodology, potential environmental
impacts of the projects and potential impacts and sources for each project phases

Study and write potential environmental impacts and mitigation measures of ambient air
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Name

Role

Responsibility

quality

Daw Thandar Kyaw

Member

Study and write the baseline environmental air quality of wet and dry seasons for different
locations

Designing and development of questionnaire formats for baseline surveys

Compiling, tabulating and analyzing the collected data including demographic and socio-
economic

Study and write socio economic component for demography, minority and religious,
education level, economic condition

Analyze and write social impacts and mitigation measures of livelihood, local population
during construction and operation/maintenance phases

Prepare and write the public consultation and disclosure for scoping and EIA stages
Study physical environment of climate and metrology and geology
Write cumulative impact assessment of the affected projects

U Win Thein

Member

Conduct baseline environmental quality for noise and vibration monitoring in wet and dry|
seasons

Analysis the potential environmental impact on noise and vibration
Write impact assessment and management plan of noise and vibration
Write risk assessment methodology for hazard identification and risk evaluation and control

Assessing and mitigating the risks for occupational safety risk, community risk, health impact
assessment Risk Assessment and Hazard Management

Write risk management plan and emergency response plan for occupational health and safety
and natural disasters

Study current transportation system and traffic data
Support traffic management plan
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Name Role Responsibility

= Collect baseline data of birds and biodiversity
= Make taxonomy for resource inventory of fauna
= Prepare the status of endangered animal species

U Kyaw Thet Member .
y = Analysis of collected data
= Study of habitat and rehabilitation system of project area
= Report writing of mitigation measure and management plan for fauna
= Studies the international, regional and domestic rules and regulation
= Conduct and analyze the legal related documents of project
= Conduct assessment of legal requirements for project
Daw Su Myat Noe Member gatreq prol

= Prepare Myanmar Government Institutional Framework

= Prepare commitments table

= Report writing of standard guideline, rules, laws, standards

= Prepare water supply for project utilities

= Study the analysis of water supply alternative

Daw Chue Shwe Sin Kyi Member = Write water quality monitoring in wet and dry seasons

= Analysis the potential environmental impacts and mitigation measures of water pollution
= Write water pollution management plan

= Study the context of the project and background, purpose and study team
= Write project description of the project and overview of the project
= Study the component of the project for technology, infrastructure and land use

= Analysis of the project development alternative, location, technology and power supply
alternative

= \Write the characteristics of residential area, infrastructure and landuse

Dr. Khin Khin Wai Member

Hexagonal Angle International Consultants Co., Ltd. Page 1-15



Name Role Responsibility
Identification and analysis of hazard and hazardous substances
Write mitigation measures of risk and hazardous
Daw Khant Zin Thant Member Planning of risk management and hazard management

Prepare waste and sewage management
Report writing of mitigation measure and management plan of solid waste and hazardous
waste
Manage and collect the baseline environmental quality of air, water and soil quality for dry
and wet seasons
Collect socio economic component, demography, religious, education and health data of
project surrounding area
Facilitating and coordinating for social and cultural activities of local communities
Designing and development of questionnaire formats for baseline surveys

U Win Naing Oo Member Compiling, tabulating and analyzing the collected data including demographic and socio-
economic data
Collect health questions to community of surrounding project area.
Conduct questions to key stakeholders and the relevant host community health authorities
Report writing of health management plan and analysis report
Lead traffic data collection for traffic survey
Collect insect and flora for the study area for three seasons
Make taxonomy for resource inventory of fauna
Prepare the status of endangered plant and animal species

Daw Su Myat Mon Member

Analysis of collected data
Study of habitat and rehabilitation system of project area
Report writing of mitigation measure and management plan for fauna
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Name

Role

Responsibility

Daw Myat Noe Pwint

Member

Write project utilities for raw material, machineries and equipment, employment, water and
power supply

Collect social and traffic data for study

Study landuse type and coverage of project area

Analysis on soil type and conservation due to project

Township and project area landuse type study and analysis and report writing
Produce GIS maps for study

U Aung Kyaw Phyo

Member

Check & analyze the ambient air quality for project & study scope
Write the wind speed, wind direction, meteorology and hydrology data
Write the assessment of climate change and air quality analysis
Conduct noise & vibration data of project area

Analysis of data collection and report writing of noise & vibration
Define sensitive area of noise & vibration impact

Analyze and write control measures for vehicular noise, noise from project area, noise from
community activities & indoor noise

Daw Khin Htet Tay Zar
Maung

Member

Participate the study team for project implementation.

Support public consultation meeting

Attend the concept plan and implementation plan meeting with study team
Report reviewing the report contents, concept and report

Dr. Aung Swe

Member

River channel assessment and river sediment analysis,
Remote sensing and GIS,

Alluvial channel morphology

River bank drainage network study

Dr. Pyi Soe Thein

Member

Seismic data analysis and processing
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Name

Role

Responsibility

Geotechnical analysis and engineering
Geotechnical data research
Ground motion research

Dr. Aung Kyaw Myat

Member

Landslide prediction and management

Geotechnical engineering

Hydrology, ground water and modeling,

Geology and soil,

Earthquake and seismic assessment and management,
Flood analysis and management,

Seismic analysis, landslide analysis, geophysics

Daw Hnin Aye Aye
Naing

Member

Signaling design and traffic forecast

Traffic impact assessment

Geometric design and cost estimation
Prepare technical report and site supervision
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CHAPTER 2
POLICY, LEGAL AND INSTITUTIONAL FRAMEWORK

2.1. THE INTRODUCTION

The Hexagonal Angle Company Limited has been appointed by the Mandalay
Business Capital City Development Ltd (MBCCD) to prepare the EIA report for the
Amarapura Urban Development Project. This chapter of the report mainly entailed stating
and recommending a legal and regulatory framework for existing legal rights of national
laws and regulations relating to natural resource conservation, labour rights, land use
rights, and laws relating to employees within Myanmar, whilst sub-chapters include the
international laws, international treaties, and conventions. It is essential for MBCCD to
identify and implement appropriate legal arrangements which were required for
performing the urban development project. This chapter will be the summary of the
regulations and legal framework for the proposed project and recommendations to
regulatory frameworks that fit with the Myanmar context and requirements will be
covered. The project proponent is committed to the existing relevant Myanmar Laws,
rules, and regulations. The Project Proponent will be followed and committed to National
laws and regulations for environmental protection of Myanmar which are as the following
Table 2-1.

Table 2-1 Commitment of the National Laws and Regulations in Myanmar
Sr Laws and regulations Enacted Year Commltted
Section
Environmental Conservation
1 The Constitution of the Republic of the Union of 2008 37,45, 390
Myanmar
2 The Environmental Conservation Law 2012 ! (02);113515’
3 The Environmental Conservation Rules 2014
102, 103, 104,
. 105, 106, 107,
4 Environmental Impact Assessment Procedure 2015 108, 109, 110,
113, 115, 117
5 National Enwronmgnta! Quality (Emission) 2015 )
Guidelines
Forest, Biodiversity and Natural Resources
6 Underground Water Act 1930 3,5
7 Forest Law 2018 12 (a)
8 Forest Rules 1995 20, 22, 36, 60
9 The Conservation of Biodiversity and Protected 2018 35 (a), (c), (d),
Area Law 29 (e), 39 (d)
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Sr Laws and regulations Enacted Year Cosmm_ltted
ection
The Conservation of Water Resources and Rivers 2006 6.8 (), 11, 19,
10 Law (Amended 2017) 21(b), 22,24
(b), 30
1 The Conservation of Water Resources and Rivers 2013 8
Rules
Human Rights and Cultural Heritage
12 The Ethnic Rights Protection Law 2015 5
13 The Ethnic Rights Protection Rules 2019 20, 21
The Protection and Preservation of Cultural 2,18,19,21
14 . . 2019
Heritage Regions Law (b)
15 The Protection and_ Preservation of Antique 2015 212,13
Objects Law
16 The Protection and Preservation of Ancient 2015 2,12, 15, 20
Monuments Law
Land use
17 National Land Use Policy 2016 -
18 Land Law 2012 30
19 The Vacant, Fallow and Virgin Lands 2012 (Amended 10 (a), 19 (a),
Management Law 2018) (d)
Urban Development and Industrial
20 The City of Mandalay Development Law 20022(OAlr2)e nded 8
21 Myanmar National Building Code 2016 (Amended -
2020)
20, 21 (), 24,
22 The Electricity Law 2014 27, 29, 33, 40,
68
23 Private Industrial Enterprise Law 1990 27
24 The Industrial Zone Law 2020 3,28, 29
Prevention of Hazard from Chemical and Related 15 (a), (.b)’ 16
25 Substances Law 2013 (b) to (), 17,
22,27 (a) to (d)
26 Prevention of Hazard from Chemical and Related 2016 )
Substances Rules
. 1951 (Amended 7,47, 48, 49,
27 The Factories Act 2016) 62
28 Myanmar Engineering Council Law 2013 34
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Sr Laws and regulations Enacted Year Cosmm_ltted
ection
Economic and Investment
29 Myanmar Investment Law 2016 (Amended 50, 51, 65, 73
2019)
30 Myanmar Investment Rules 2017 202, 22(1:2 206,
31 The Myanmar Companies Law 2017 2to 10
32 Myanmar Insurance Law 1993 15, 16
1974 (Amended
33 Income Tax Law 2016) 26
34 The Export and Import Law 2012 7
35 The Shop and Establishment Act 1951 3,20, 24
Workers and Workplace
11 (a), 15 (a),
36 The Social Security Law 2012 (Amended | ) "18 (1), 48
2014)
(b), 75
37 The Minimum Wage Law 2013 (Amended 12,13
2023)
38 The Minimum Wages Rules 2013 (Amended 43, 44
2015)
3,4,5, 14,
39 The Payment of Wages Law 2016 Chapter 3
40 The Leave and Holidays Act 1951 5
. 2011 (Amended 18, 19, 20, 21,
41 The Labour Organization Law 2012) 99
42 The Labour Organization Rules 2012 29, 30
. 2012 (Amended 38 (a), 39, 40,
43 The Settlement of Labour Dispute Law 2019) 51
44 The Employment and Skill Development Law 2013 5,14, 30
45 The Workmen’s Compensation Act 1923 12,13
12,14, 16, 17,
46 Occupational Safety and Health Law 2019 18, 26, 27, 34,
36
8 (a), (c), 9 (a),
47 The Petroleum and Petroleum Product Law 2017 (e), 10 (a), (b),
(d),(e), 11
48 The Petroleum Rules 1937 Chapter 3 and 5
49 The Standardization Law 2014 16, 17, 19
Health
50 Public Health Law 1972 3,5
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Committed

Sr Laws and regulations Enacted Year Section
Prevention and Control of Communicable
51 Diseases Law 1995 3(@)(9),4,11
The Control of Smoking and Consumption of
52 Tobacco Product Law 2006 9
Transportation
9(@),12(c), 14
53 Vehicle Safety and Vehicle Management Law 2020 (r), 18 (a), 81
(9)
252, 253, 254,
54 | Vehicle Safety and Vehicle Management Rules 2022 256, 261, 262,
263, 269, 271
55 Multimodal Transport Law 2015 3
Emergency
56 Natural Disaster Management Law 2013 14t0 18
57 The Myanmar Fire Force Law 2015 25

2.2. MYANMAR GOVERNMENT INSTITUTIONAL FRAMEWORK

Myanmar has 23 ministries under the Office of the President as of 2021. The
leading ministries in charge of environmental and social considerations are the
Environmental Conservation Department of the Ministry of Environmental Conservation
and Forestry (MOECAF), now transformed into the Ministry of Natural Resources and
Environmental Conservation (MONREC), the Ministry of Agriculture, Livestock and
Irrigation (MOALLI), the Ministry of Labour, Immigration & Population (MOLES) and the
Ministry of Social Welfare, Relief & Resettlement. Institutional structure of MONREC is
shown in Figure 2-1.
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National Environmental Conservation and

Climate Change Central Committee (NECCCCC)

State and Region
Environmental
Conservation Department

Central Committees

Ministry of Natural Recourses and
Environmental Conservation

MONREC
Mining Department ( ) Union Minister Office

Planning and Statistics

Number (1) Mining
Enterprise

Number (2) Mining

Enterprise

Department

Dry Zone Greening
Department

Environmental
Department of
Geological Survey and

_ ] Environmental
Mineral Exploration

Conservation Department

Myanmar Gems

Enterprise Myanmar Timber

Enterprise

Myanmar Pearls
Survey Department

Figure 2-1 Institutional Structure of the Ministry of Natural Resources and Environmental Conservation
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2.2.1. National Policy and Legal Framework

According to the Myanmar Constitution (2008) - Section 45: 'the Union shall protect
and conserve natural environment'. Additionally, Section 390 (b) states that 'every citizen has
the duty to assist the Union in carrying out the following matters:

. Preservation and safeguarding of cultural heritage
. Environmental conservation

. Striving for development of human resources

. Protection and preservation of public property

This represents the highest commitment of the Republic of the Union of Myanmar to
responsible environmental management.

Part of Myanmar’s reform process involves updating and enforcing environmental
policy and legislation. The Government of Myanmar has publicly stated its commitment to a
development path that is economically strong, but also socially and environmentally
sustainable for its citizens. The Framework for Economic and Social Reform (FESR 2013)
and the National Comprehensive Development Plan (NCDP 2011-2030) express this vision.

The Environmental Conservation Law (ECL 2012) and Rules (ECL Rules 2014)
both have implications for domestic and foreign investors in Myanmar. Section 7 of the ECL
states the duties and powers of the Ministry of Environmental Conservation and Forestry
(MOECAF), which includes prescribing environmental quality standards on emissions,
effluents, solid waste, production procedures, processes and products, facilitating the
settlement of environmental disputes, specifying categories and classes of hazardous wastes
generated from the production and use of chemicals or other hazardous substances used in
industry, agriculture, mineral production, sanitation and other activities, prescribing
categories of hazardous substances that may significantly affect the environment, prescribing
the terms and conditions for effluent treatment in industrial estates, buildings, and other sites
and emissions of machines, vehicles and mechanisms, developing and implementing a system
of environmental impact assessment (EIA) and social impact assessment (SIA), enforcing
compensation by polluters for environmental impacts; collecting funds from organizations
which benefit from natural ecosystems and revenues from businesses which explore, trade
and use natural resources, in order to support environmental conservation works.

The National Environmental Conservation and Climate Change Central Committee
(NECCCCC) was formed in 2011 with the aim to achieve sound environmental management
in the country. With a view to effectively implementing the protection and conservation of
the environment the new government in 2016 has created the new ministry, Ministry of
Natural Resources and Environmental Conservation (MONREC). It is believed that effective
and meaningful management of the environmental affair will be achieved. The
Environmental Conservation Department (ECD) is the focal and coordinating agency for the
overall and detail environmental management throughout the country.
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As this project is carrying out in Myanmar, the project proponent will follow and
commit to the laws and regulations enacted by the Ministry of Environmental Conservation
and Forestry, Ministry of Natural Resources & Environmental Conservation and the laws
enacted by the Pyidaungsu Hluttaw that are relating to the environmental conservation,
workplace and environment safety and health. The project proponent to follow laws, rules
and regulations, procedures and guidelines are included in this chapter.

2.2.1.1. National Environmental Policy (2019)

The National Environmental Policy provides long-term, strategic guidance for
achieving a sustainable future for Myanmar. It requires the mainstreaming of environmental
protection into planning and decision-making at all levels of government and in all sectors.
Its detailed principles respect livelihood needs and development objectives while at the same
time recognizing the full value of Myanmar’s ecosystems and the implications of climate
change. This Policy ensures that environmental protection continues to be a central objective
in Myanmar’s sustainable development pathway. This Policy builds on Myanmar’s 1994
National Environment Policy and reaffirms its core values:

(a) The wealth of the nation is its people, its cultural heritage, its environment and its
natural resources.

(b) It is the responsibility of the State and every citizen to preserve our natural resources
in the interests of present and future generations.

(c) Environmental protection should always be the primary objective in seeking
development.

(d) Section 3, This Policy builds on Myanmar’s 1994 National Environment Policy and
reaffirms its core values:

(e) The wealth of the nation is its people, its cultural heritage, its environment and its
natural resources.

(F) It is the responsibility of the State and every citizen to preserve our natural resources
in the interests of present and future generations.

(9) Environmental protection should always be the primary objective in seeking
development.

Section 4, It also builds on the 1997 Myanmar Agenda 21, the 2009 National
Sustainable Development Strategy. It is grounded in the environmental responsibilities in the
2008 Constitution of the Republic of the Union of Myanmar, and the obligations contained in
the 2012 Environmental Conservation Law. It also aligns with, and expands upon, the
environmental considerations in the 2015 National Comprehensive Development Plan and the
2018 Myanmar Sustainable Development Plan. The Policy recognizes and integrates
Myanmar’s commitments to Multilateral Environmental Agreements, including the 2015
Paris Agreement.
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As this project is carrying out in Myanmar, the project proponent will follow and
commit to the laws and regulations enacted by the Ministry of Environmental Conservation
and Forestry, Ministry of Natural Resources & Environmental Conservation and the laws
enacted by the Pyidaungsu Hluttaw that are relating to the environmental conservation,
workplace and environment safety and health.

National Environmental Policy
4 Vision )

A clean environment, with healthy and functioning
ecosystems, that ensures inclusive development and

wellbeing for all people in Myanmar
N /

Mission
To establish national environment policy principles for guiding
environmental protection and sustainable development and for

mainstreaming environmental considerations into all policies, laws,
regulations, plans, strategies, programmes and projects in Myanmar

National Environmental Policy Principles

Clean environment and  Sustainable economic and Mainstreaming
healthy, functioning social development environmental protection

ecosystems and management

- Sustainable Development Goals -

National Environmental Strategic Framework ]
<4 L 4 L <4 L
p
States and
National Regions Thematic Area ET“ :mml
l:mrun:mntal Environmental Master Plan/s H:;r l"""-'f"ﬁ'ph‘";5
L e Master Plans

Figure 2-2  Linkages between the National Environmental Policy, Strategic
Framework and Master Plans
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2.2.1.2. National Waste Management Strategy and Master Plan (2018-2030)

Myanmar has had to face tremendous challenges in waste management in the recent
past, due to many factors including the growing population, economy, increasing complexity
of waste streams and lack of effective waste management systems, proper infrastructure,
capital investment, financial and human resources, as well as effective policy and regulatory
environment. To solve these issues, the National Waste Management Strategy and Master
Plan (2018-2030) was developed by the MONREC with the assistance of the International
Environmental Technology Centre (ETC) of the United Nations Environment Programme
(UN Environment) and the IGES Centre Collaborating with UNEP on Environmental
Technologies (CCET).

The aim of the National Waste Management Strategy and the Master Plan is to
develop and implement the holistic and integrated waste management strategy based on the
principles of inclusiveness, zero waste, zero emissions, and circular economy to achieve a
greener, cleaner and healthier environment in Myanmar.

2.2.1.3. Myanmar Climate Change Strategy (2018-2030)

The Myanmar Climate Change Strategy (MCCS) 2018-2030 has been formulated
and adopted to provide a roadmap for Myanmar to strategically address climate-related risks,
and also seize opportunities, over the next 13 years and beyond. The MCCS fully builds on
the Myanmar Climate Change Policy’ (MCCP) principles and also upholds principles of
inclusive development, resource-efficient development, integrated development, results-
oriented development.

The MCCS is aligned with Myanmar’s development policies and supports the
National Comprehensive Development Plan (NCDP), Myanmar Sustainable Development
Plan (MSDP) and National Sustainable Development Strategy and is mandated by the MCCP
as well as the National Adaptation Programme of Action (NAPA) and the Nationally
Determined Contribution (NDC). The MCCS also complements the country’s Green Growth
Strategy which is currently under preparation.

2.2.1.4. National Land Use Policy (2016)

Myanmar is a country that has rich natural resources and environment, the land
resources shall be managed, administered and used, with special attention, by adopting long-
term objectives for the livelihood improvement of the citizens and sustainable development
of the country, When the land resources are systematically used and well managed, the more
it will be possible to fulfill the basic needs of the citizens, develop the social and economic
life of the people, and develop the country harmoniously.

Under section 37 of the Constitution of the Republic of the Union of Myanmar, it is
provided that the Union is the ultimate owner of all lands in the Union, shall enact necessary
law to supervise extraction and utilization of State-owned natural resources by economic
forces; shall permit citizens right of private property, right of inheritance, right of private
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initiative and patent in accord with the law. According to such provision, the President of the
Union also guided on 19th June, 2012 to adopt a necessary, strong and precise policy for the
sustainable management, administration and use of the land resources of the country, as such,
" the National Land Use Policy " has been developed.

This National Land Use Policy aims to implement, manage and carry out land use
and tenure rights in the country systematically and successfully, including both urban and
rural areas, in accordance with the objectives of the Policy and shall be the guide for the
development and enactment of a National Land Law, including harmonization and
implementation of the existing laws related to land, and issues to be decided by all relevant
departments and organizations relating to land use and tenure rights.

The objectives of the National Land Use Policy are as follows:

a. To promote sustainable land use management and protection of cultural areas,
environment, and natural resources for the interest of all people in the country;

b. 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;

c. To recognize and protect customary land tenure rights and procedures of the ethnic
nationalities;

d. To develop transparent, fair and independent dispute resolution mechanisms in
accordance with rule of law;

e. To promote responsible investment in land resources in order to support the equitable
economic development of the country

f. To develop a National Land Law in order to implement the above objectives of
National Land Use Policy.
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2.3. PROJECT PROPONENT INSTITUTIONAL FRAMEWORK

The institutional framework of project proponent consists of seven sections and the organizational structure of the institutional
arrangement of the project proponent is shown in Figure 2-3.

MBCCD LTD. Organization Chart

BOD

l L
ED (1) ED (2) ED (3)
l GROUP-| GROUP-I| ‘ GROUP-III GROUP-IV GROUP-V

. l L - L | !
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i i Admin & HR
Devlopment PR Section Account Marketing Management Supply Sach
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. i l .
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X Business Project Real PR . Cash & . SAP & . Planning &|| Design & . QA,QC & o Supply & .
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Development | | Monitoring Estate Department Assets Server Qs Techanical LAB Store

Figure 2-3  Institutional Arrangement of the Project Proponent
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The EMP cell is a small core organization consisting of ten staff members that manages environmental management plan, monitoring
plan and mitigation measure implementation. The EMP member list will be updated as needed with more employees. The organization structure
of environmental management and monitoring team is shown in Figure 2-4 and their responsibilities is described in Table 7-1 and Table 7-21.

Environmental Management Department

Team Leader

Environmental Monitoring Occupation Health Social
Operation Sector Sector and Safety Sector Sector
Team Team Team Team
Leader Leader Leader Leader
Member Assistant Member Member
Leader
Member

Figure 2-4 Organization Structure of Environmental Management and Monitoring Team
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The list of responsible government departments involved in the stages of project
operations and the activities of government departments and organizations related to the
project.

Table 2-2 Related department to the Project

Sr. Related Departments Related Context Location
Mandalay City Development . . .
1 . Project Permission Manadalay Region
Committee (MCDC) J Yy Reg
Ministry of Religious Affairs and Pagoda repairing and .
2 ) Manadalay Region
Culture (MORAC) renovations yReg
- Submission of project
Myanmar Investment Comission . .
3 (MIC) completion report once Manadalay Region
every 3 months
Directorate of Water Resources and | Permits to build dyke walls,
4 Improvement of River Systems licensing for sand mining Manadalay Region
(DWIR) production location
Sand Pumping Permit and .
5 Inland Water Transport (IWT) . . Manadalay Region
Licensing
. . Amarapura Township,
Environmental Conservation s
6 EIA Matters Amarapura District, Nay
Department (ECD) .
Pyi Taw
S . . Amarapura Township,
General Administration Department Land issues, sand mining o
7 . Amarapura District,
(GAD) license and general .
Manadalay Region
Department of Agricultural Land Amarapura Township,
8 Management and Statistics Land issues Amarapura District,
(DALMYS) Manadalay Region
. Amarapura Township,
Mandalay Electricity Supply . . P . P
9 . Electrical energy issues Amarapura District,
Corporation (MESC) .
Manadalay Region
. Amarapura Township,
L Inland fisheries in the -
10 Department of Fisheries (DOF) . Amarapura District,
project area .
Manadalay Region
Amarapura Township,
11 Internal Revenue Department Taxation Amarapura District,
Manadalay Region
12 Planning Department - Amarapura Township
13 Municipal Administration Office Licesening Amarapura Township
Amarapura Township,
14 Fire Department Fire safety Amarapura District,
Manadalay Region
15 Ministry of Energy Fuel matters Manadalay Region
16 Ministry of Mines Fuel matters Manadalay Region
17 | Petroleum Products Supervision and Fuel matters Manadalay Region
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Sr. Related Departments Related Context Location

Inspection Department

Directorate of Industrial Supervision License applying for .
18 . P PPyIng Manadalay Region
and Inspection Transformers
Factories and General Labour Laws .
19 Labour matters Amarapura Township

Inspection Department

2.4. LAWS AND REGULATIONS RELATED TO THE PROJECT

The Project Proponent is committed to follow these laws relating to environmental
and social issues and their relevance to the EIA study for the proposed project:

2.4.1. Laws Relating to Environmental Conservation

2.4.1.1. The Constitution of the Republic of the Union of Myanmar, 2008

The Constitution of the Republic of the Union of Myanmar (2008) states in the
Section 37 that the Union (a) Is the ultimate owner of all lands and all-natural resources
above and below the ground, above and beneath the water and in the atmosphere in the
Union, (b) the Union shall enact necessary law to supervise extraction and utilization of
State-owned natural resources by economic forces, (c) the Union shall permit citizens right of
private property, right of inheritance, right of private initiative and patent in accord with the
law

Section 45, the Union shall protect and conserve natural environment.

Section 390, Every citizen has the duty to assist the Union in carrying out the
following matters (a) preservation and safeguarding of cultural heritage, (b) environmental
conservation, (c) striving for development of human resources, and (d) protection and
preservation of public property. As the Sections said, the following and implementation of
the conservation of the environment is one of the most important priorities of the
government.

2.4.1.2. The Environmental Conservation Law (2012)

The Environmental Conservation Law was enacted in March 2021 by MOECAF,
and this law the fundamental law of environmental management and environmental
conservation in Myanmar. The laws related to the proposed project are as these following
Sections:

Section 4 mentioned that the duties and powers relating to the environmental
conservation of the Ministry are as follows:

(a) implementing the environmental conservation policies;

(b) planning and laying down national or regional work plans relating to environmental
management;
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(c) laying down, carrying out and monitoring programs for conservation and
enhancement of the environment, and for conservation, control and abatement not to
cause environmental pollution;

(d) prescribing environmental quality standards including standards on emissions,
effluents, solid wastes, production procedures, processes and products for
conservation and enhancement of environmental quality;

(e) submitting proposals to the Committee for economic incentive mechanisms and terms
and conditions which may not affect the environment or cause least environmental
affect for sustainable development in addition to legal affairs and guidelines relating
to environment;

(F) facilitating for the settlement of environmental disputes and, if necessary, forming
bodies to negotiate such disputes;

(9) specifying categories and classes of hazardous wastes generated from the production
and use of chemicals or other hazardous substances in carrying out industry,
agriculture, mineral production, sanitation and other activities;

(h) prescribing categories of hazardous substances that may affect significantly at present
or in the long run on the environment;

(i) promoting and carrying out the establishment of necessary factories and stations for
the treatment of solid wastes, effluents and emissions which contain toxic and
hazardous substances;

(1) prescribing the terms and conditions relating to effluent treatment in industrial estates
and other necessary places and buildings and emissions of machines, vehicles and
mechanisms;

(K) negotiating, cooperating and implementing in respect of international, regional and
bilateral agreements, instruments and programs relating to matters of environment;

() implementing the international, regional and bilateral agreements accepted by
Myanmar for environmental conservation and enhancement of environmental quality
in accord with the guidance adopted by the Union Government or the Committee;

(m)causing to lay down and carry out a system of environmental impact assessment and
social impact assessment as to whether or not a project or activity to be undertaken by
any Government department, organization or person may cause a significant impact
on the environment;

(n) laying down guidance relating to the management, conservation and enhancement of
environment for the matters of protection of ozone layer, conservation of biological
diversity, conservation of coastal environment, mitigation and adaptation of global
warming and climate change, combating desertification and management of non-
depleting substances and management of other environmental matters;
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(o) managing to cause the polluter to compensate for environmental impact, cause to
contribute fund by the organizations which obtain benefit from the natural
environmental service system, cause to contribute a part of the benefit from the
businesses which explore, trade and use the natural resources in environmental
conservation works;

(p) carrying out other functions and duties assigned by the Union Government relating to
environmental conservation.

Section 7, The duties and powers relating to the environmental conservation of the
Ministry are as follows:

(0) managing to cause the polluter to compensate for environmental impact, cause to
contribute fund by the organizations which obtain benefit from the natural environmental
service system, cause to contribute a part of the benefit from the businesses which explore,
trade and use the natural resources in environmental conservation works;

Section 14, A person causing a point source of pollution shall treat, emit, discharge
and deposit the substances which cause pollution in the environment in accord with stipulated
environmental quality standards.

Section 15, The owner or occupier of any business, material or place which causes a
point source of pollution shall install or use an on-site facility or controlling equipment in
order to monitor, control, manage, reduce or eliminate environmental pollution. If it is
impracticable, it shall be arranged to dispose the wastes in accord with environmentally
sound methods.

Section 24, The Ministry may, in issuing the prior permission, stipulate terms and
conditions relating to environmental conservation. It may conduct inspection whether or not
it is performed in conformity with such terms and conditions or inform the relevant
Government departments, Government organizations to carry out inspections.

Section 25, The Ministry may, if it is found that a holder of the prior permission fails
to comply with any of the terms and conditions relating to environmental conservation
contained in the prior permission, pass any of the following administrative penalties:

(a) causing to comply with in accord with the terms and conditions after warning, causing
to sign the bond;

(b) causing to comply with in accord with the terms and conditions after paying a fine.

Section 29, No one shall violate any prohibition contained in the rules, notifications,
orders, directives and procedures issued under this Law.

Section 30, No one shall, without permission of the Ministry, import, export,
produce, store, carry or trade any material which causes impact on the environment
prohibited by the Ministry.
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Section 31, Whoever, without the prior permission, operates business, work-site or
factory, workshop which is required to obtain the prior permission under this Law shall, on
conviction, be punished with imprisonment for a term not exceeding three years, or with fine
from a minimum of one hundred thousand kyats to a maximum of one million kyats, or with
both.

Section 32, Whoever violates any prohibition contained in the rules, notifications,
orders, directives and procedures issued under this Law shall, on conviction, be punished
with imprisonment for a term not exceeding one year, or with fine, or with both.

Section 34, Whoever imports, exports, produces, stores, carries or trades any
material prohibited by the Ministry due to its impact on environment shall on conviction, be
punished with imprisonment for a term from a minimum of three years to a maximum of five
years, or with fine from a minimum of one hundred thousand kyats to a maximum of two
million kyats, or with both. Moreover, he shall incur the expenditure for the treatment and
disposal of such material until the process that has no impact on the environment.

2.4.1.3. Environmental Conservation Rules (2014)

Environmental Conservation Rules (ECRs) as detailed enforcement regulations for
ECL was gotten through parliament in July 2013 and going to be issued. ECRs stipulates
basic policy and concept on EIA application of the development of Projects. The project
proponent is comply with Section 69, (a) Any person shall not emit, cause to emit, dispose,
cause to dispose, pile and cause to pile, by any means, the pollutants to environment and the
hazardous waste or hazardous material stipulated by notification under the Law and any of
these rules at any place which may affect the public directly or indirectly, (b) Any person
shall not carry out the actions which can be damaged to natural environment which is
changing due to ecosystem and such system, except permission of the relevant Ministry in
order to the interest of the public.

2.4.1.4. Environmental Impact Assessment Procedure (2015)

The Ministry of Environmental Conservation and Forestry, in exercise of the power
conferred by sub-section (b) of Section 42 of the Environmental Conservation Law, issued
the Environmental Impact Assessment Procedure in 2015. This procedure mentioned the
legal responsibilities for the project proponent and the project proponent is commit to follow
the procedures in performing the proposed project.

In Article 102 of EIA Procedure, the Project Proponent shall bear full legal and
financial responsibility for:

(a) all of the Project Proponent's actions and omissions and those of its contractors,
subcontractors, officers, employees, agents, representatives, and consultants
employed, hired, or authorized by the Project acting for or on behalf of the Project, in
carrying out work on the Project; and
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(b) PAPs until they have achieved socio-economic stability at a level not lower than that
in effect prior to the commencement of the Project, and shall support programs for
livelihood restoration and resettlement in consultation with the PAPs, related
government agencies, and organizations and other concerned persons for all Adverse
Impacts.

Article 103, The Project Proponent shall fully implement the EMP, all Project
commitments, and conditions, and is liable to ensure that all contractors and subcontractors of
the Project comply fully with all applicable Laws, the Rules, this Procedure, the EMP, Project
commitments and conditions when providing services to the Project.

Section 104, The Project Proponent shall be responsible for, and shall fully and
effectively implement, all requirements set forth in the ECC, applicable Laws, the Rules, this
Procedure and standards.

Section 105, The Project Proponent shall timely notify and identify in writing to the
Ministry, providing detailed information as to the proposed Project's potential Adverse
Impacts.

Section 106, The Project Proponent shall, during all phases of the Project (pre-
construction, construction, operation, decommissioning, closure and post-closure), engage in
continuous, proactive and comprehensive self-monitoring of the Project and activities related
thereto, all Adverse Impacts, and compliance with applicable laws, the Rules, this Procedure,
standards, the ECC, and the EMP.

2.4.2. Laws Relating to Forest, Biodiversity and Natural Resources
2.4.2.1. Underground Water Act (1930)

Section 3, No person shall sink a tube for the purpose of obtaining underground
water except under and in accordance with the terms of a license granted by the water officer.
Every person owning a tube which was in existence before the extension of this Act to the
local area concerned shall apply to the water officer for a license for the said tube, and such
license shall be granted free of charge.

Section 4, (1) Any magistrate taking cognizance of an offence under section 3 may
at any time order the tube inspect of which the offence has been or is alleged to have been
committed to be forthwith closed until such time as a license for the same has been taken out
in accordance with the provisions of the said section.

(2) If the order for the closure of a tube under sub-section (1) is not complied with,
the Deputy Commissioner, Subdivisional Officer or township Officer exercising jurisdiction
over the local area concerned may cause the said tube to be closed, and the expense of such
closure shall be recoverable from the owner of the tube as if it were an arrear of land-revenue.

Section 5, Every person obtaining or attempting to obtain underground water shall
supply the water officer with such information as the Governor may by rule prescribe.
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2.4.2.2. Forest Law (2018)

The Forest Law was enacted in September 2018 by the Forest Department and this
law mentioned the objectives and duties of the government. The project proponent hereby
commits that they’re aware of this law. In Section 3, The objectives of this Law are:

(a) to implement the forest policy of the Government;

(b) to implement the policy of the Government related to natural resources and
environmental conservation;

(c) to promote public cooperation in implementing the forest policy and the natural
resources and environmental conservation policy of the Government;

(d) to support economic development of the State, to contribute towards food, clothing
and shelter needs of the public and to enjoy benefits perpetually through conservation
and protection of forests;

(e) to comply with the international agreements relating to conservation of forests,
conservation of natural resources and environment, climate change and natural
disaster risk reduction;

(F) to prevent deforestation, biodiversity decline, outbreak of fires, insect infestation and
plant disease incidence;

(9) to conserve natural forests and establish forest plantations simultaneously;
(h) to contribute towards fuel requirement of the State;

(i) to implement sustainable forest management in order to support sustainable
development.

Section 9, The functions of the Forest Department are:
(@) implementation of the Myanmar forest policy of the Government;

(b) implementation of the plans relating to conservation of water, soil, biodiversity and
environment, sustained yield of forest products and protection of forest covered land,;

(c) management of forest land in accordance with the provisions of this Law;

(d) submission of proposals to the Ministry for constitution or declaration, alteration or
cancellation of reserved forests, protected public forests and species of reserved trees;

(e) upgrading forestry practices, forestry extension and human resource development in
natural environment and forest sector;

(F) upgrading forest management database system, inventorying forest resources and
disseminating information to the public;

(g) conducting forestry research;
(h) supporting and supervising implementation of community forestry;

(i) determining the payment for environmental services for doing business in forest land;

Hexagonal Angle International Consultants Co., Ltd. Page 2-37



(J) carrying out other forestry related tasks assigned by the Ministry.

2.4.2.3. Forest Rules (1995)

As the Forest Law was first enacted in 1992, the Forest Rules were essential in
sustaining the long-lasting forest. This forest rules mention in Section 20, In the forest area
and forest-covered land at the disposal of the government:

(a) the Ministry of Forestry may allow for carrying out any development work or any
economic scheme if it does not affect or damage the natural environment;

(b) the Director General or a forest officer delegated by him may allow carrying out
education or research work, conducting a training course or establishing study camp if
it does not affect or damage the natural environment.

Rule 22, According to sub-rules (a) or (b) of rule 20, the permission holder:
(a) is entitled to carry out only the matters determined and allowed in the relevant

(b) permission. In doing so, it shall take care not to damage or destroy the natural
environment;

(c) shall not transfer the relevant permission without the agreement of the person who
issued permission;

Rule 36, In establishing the forest plantations according to sub-section (a) of section
13 of the Forest Law, the following principles shall be based:

() planting at the depleted or degraded forests;

(b) planting at the forest where commercially fewer valuable trees are grown;

(c) planting tree species which are compatible with water, soil and climate;

(d) planting tree species which have good yield and valuable in extraction and use;
(e) planting by the methods which do not affect the water, soil environment;

(F) contributing to improvement of living standard of local people and development of
local area.

Rule 60, Any person, if he does not obtain the special permit issued by the Director
General or a person who is delegated by him, in moving the forest produces;

(a) shall not cause reducing water flow, change or blockage of watercourse in the rivers;

(b) shall not cause any traffic jam along the motor road or rail road.

2.4.2.4. The Conservation of Biodiversity and Protected Area Law (2018)

This law hereby indicates the duties of the government as in Section 19, With the
approval of the Ministry, the Forest Department:
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(@) shall declare the following categories of endangered wild fauna that need to be
protected from extinction, in accordance with the necessity of the State:

(b) completely protected wild fauna;

(c) normally protected wild fauna;

(d) seasonally protected wild fauna.

(e) may revise categories of endangered wild fauna declared under sub-section (a);

(F) shall declare species and associated site to conserve wild flora that need to be
protected from extinction, in accordance with the necessity of the State;

(9) shall declare conservation status of wild fauna and wild flora from time to time to
conserve for sustainability and to prevent their extinction in accordance with the
necessity of the State;

(h) shall declare the appendices designated by the Convention for the public
(i) shall take measures to protect endangered wild fauna and wild flora species;

(j) shall coordinate with the relevant department and organization if protected
endangered wild fauna and wild flora are under the administration of other Ministries.

2.4.2.5. The Conservation of Water Resources and Rivers Law 2006 (Amended 2017)
Section 8, No person shall;

(a) carry out any act or channel shifting with the aim to ruin the water resources and
rivers and creeks.

(b) cause the wastage of water resources willfully.
Section 11, No person shall;

(a) dispose of engine oil, chemical, poisonous material and other materials which may
cause environmental damage, or dispose of explosives from the bank or from a vessel
which is plying, vessel which has berthed, anchored, stranded or sunk.

(b) catch aquatic creatures within river-creek boundary, bank boundary or waterfront
boundary with poisonous materials or explosives.

(c) dispose of disposal soil and other materials from panning for gold, gold mineral
dredging or resource production in the river and creek, into the river and creek or into
the water outlet gully which can flow into the river and creek.

Section 13, No person shall carry out sand suction, sand dredging, sand excavating,
river shingle suction, panning for gold, gold mineral dredging or resource production for
commercial purpose in the river-creek boundary, bank boundary and waterfront boundary
without the recommendation of the Directorate.
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Section 19, No one shall dispose of any substance into the river-creek that may
cause damage to waterway or change of watercourse from the bank or vessel which is plying,
vessel which has berthed, anchored, stranded or sunk.

Section 21, No one shall (a) build lavatories unsuitable to the urban and rural
community lifestyle in the bank area and waterfront area, (b) drill well or pond or dig earth
without the permission of the Directorate.

Section 22, No one shall, without the permission of the directorate, pile sand, shingle
and other heavy materials for business purposes in the bank area and waterfront area.

Section 24, No one shall;

(a) violate the conditions relating to navigation of vessel in rivers and creek prescribed by
the Directorate for conservation of water resources, rivers and creeks.

(b) violate the conditions prescribed by the Directorate so as not to cause water pollution
and change of watercourse in rivers and creeks.

Section 30, Any government department and organization or any person desirous of
constructing drainage, utilizing river water intake, constructing bridges spanning rivers,
connecting underground pipe, connecting underground electric power cable, connecting
underground telecom cable or digging in rivers and creeks, bank boundary and waterfront
boundary, under the requirement of work, shall in order not to adversely affect the water
resources and rivers and creeks, carry out only after obtaining the approval of the Ministry of
Transport. As the proposed project is located nearly a mile from the river, the project
proponent must comply with the laws of not disposing wastes and not harming the natural
resources by dumping or releasing the harmful substances into the natural rivers.

2.4.2.6. The Conservation of Water Resources and Rivers Rules (2013)
Section 8, No person shall;

(a) carry out any act or channel shifting with the aim to ruin the water resources and
rivers and creeks.

(b) cause the wastage of water resources willfully.
2.4.3. Laws Relating to Human Rights and Cultural Heritage
2.4.3.1. The Ethnic Rights Protection Law (2015)

Section 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.
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2.4.3.2. The Ethnic Rights Protection Rules (2019)

Rules 20, In relation to the project to be developed in the area inhabited by ethnic
peoples, the project proponent:

(a) The benefits and contents of the project must be fully and accurately explained in
advance, using languages and methods that they can understand so that the local
ethnic groups who are settled in the area where the project is planned to be
implemented are aware of it.

(b) The policy directions of the Myanmar Sustainable Development Plan (MSDP);
strategies; It must be carried out in accordance with the procedures.

(c) In order to find out whether it can cause changes to the environment and socio-
economic life in the area, environmental impact assessment and socio-economic
development impact assessment shall be carried out in accordance with the relevant
department's guidelines.

(d) In all stages of the environmental impact assessment and socio-economic
development impact assessment process, discussions and consultations with ethnic
peoples shall be carried out in an open manner.

Rules 21, The project proponent:

@ Before starting the project, the implementation according to Rule 20 must be
reported to the Ministry and get comments.

(b) Upon completion of project implementation, pre-planned activities and
completion conditions shall be submitted to the Ministry.

2.4.3.3. The Protection and Preservation of Cultural Heritage Regions Law 2019

Section 2, The following expressions contained in this Law shall have the meaning
given hereunder:

(a) Cultural Heritage means ancient monument or ancient site which is required to be
protected and preserved by reason of its historical, cultural artistic or anthropological
value

Section 18, No person can construct a building in the zone where the ancient
monument or ancient site is located or shall amend or extend the boundaries of its courtyard
within the zone without obtaining prior permission issued by this law.

Section 19, No person shall do any of the following to any building within the
protected zone without obtaining prior permission issued under this Act -

(a) construction or extension of construction;
(b) amending or extending the boundary of its premises.

Section 21, No person shall, without prior permission granted under this Law, carry
out any of the following in the cultural heritage region: -

carrying out archaeological excavation;
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2.4.3.4. The Protection and Preservation of Antique Objects Law (2015)

Section 2, The following expressions contained in this Law shall have the meanings
given hereunder:

€)) Antique Object means objects which are used by human beings including fossils
over one hundred years old in above or under the ground or in above or under the
water;

Section 3, The objectives of this law are as follows:

(a) to implement the policy of protection and preservation for the perpetuation of antique
objects;

(b) to protect and preserve antique objects so as not to deteriorate due to natural disaster
or man-made destruction;

(c) to uplift hereditary pride and to cause dynamism of patriotic spirit by protection and
preservation of antique objects;

(d) to have public awareness of the high value of antique objects;

(e) to carry out in respect of protection and preservation of antique objects in conformity
with the International Convention and Regional Agreement ratified by the State.

Section 12, The person who finds any object which has no owner or custodian, he
shall promptly inform the relevant Ward or Village-Tract Administrator if he knows or it
seems reasonable to assume that the said object is an antique object.

Section 13, (a) If the information is received under section 12, the Ward or Village-
Tract Administrator shall keep the said object as may be necessary and shall forward the
information to the relevant Township Administrative Office within 14 days. The Township
Administrator shall promptly carry out the necessities and inform the Department within 7
days from the date on which the information is received,

(b) The Department shall inspect whether it is a real antique object or not and keep
or cause to keep as may be necessary in accord with the stipulations when the information is
received under sub-section (a).

2.4.3.5. The Protection and Preservation of Ancient Monuments Law (2015)
Section 2, The following expressions in this Law shall have the meanings given
hereunder:

(a) Ancient Monument means building sites lived, made, used and built by human beings
including geological environments where fossils of over one hundred years old are
found above or under the ground or above or under the water;

(b) Listed Ancient Monument means a building included in the listed ancient monuments
prescribed by the Ministry by notification;
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(c) Protection and preservation include protecting and preserving an ancient monument
and its environment, fencing that monument and carrying out to access easily there in
accord with the requirement, repairing without altering the original form, renovating,
cleaning, and modifying by scientific method including archaeological engineering,
chemical and other methods for the purpose of perpetuation of them;

Section 3, The objectives of this Law are as follows:

(a) to implement the policy of protection and preservation for the perpetuation of ancient
monuments;

(b) to protect and preserve ancient monuments so as not to deteriorate due to natural
disaster or man-made destruction;

(c) to uplift hereditary pride and to cause dynamism of patriotic spirit by protecting and
preserving ancient monuments;

(d) to have public awareness of the high value of ancient monuments;
(e) to protect and preserve ancient monuments from destruction;
(F) to search and maintain ancient monuments;

(9) to carry out in respect of protection and preservation of ancient monuments in
conformity with the International Convention and Regional Agreement ratified by the
State.

Section 4, The following buildings which are consistent with the definitions in sub-
section (a) of Section 2 are specified as ancient monuments:

(@) religious buildings including zedi, stupa, temple, monastery, brick monastery, rest
house, buddhist ordination hall, worship monument, brick mounds and collapsed
damages;

(b) ancient city, palace, city wall, moat, earth bunker, gate, archway, gateway, forts,
residential buildings, residential site, garden, working site, and ancient mounds dwelt
by ancient people and their remains;

(c) natural or man-made cave where human beings had dwelt, natural cave, ancient rock
cave, other residential place and geological environments including mound, brook,
depression, hole, ravine, and river terrace where ancient people had dwelt and the
places where primates and other fossils are found,

(d) place where objects of ancient people were made, pottery kiln, glazed Kiln, iron
furnace, glass furnace and other metal furnace and places related to them;

(e) ancient monument, road, bridge, excavations, well, lake, pond and, gravel stone made
as monumental structure, stone pillar, heaped stone, cemetery, burial site, burial
building, cave and pavilion;
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(F) epigraphy, archive and the building where they are placed or epigraph cave,
monumental structure, pillars and stone slabs;

(9) the buildings that should be protected and preserved by the State because of their high
cultural, historical, architectural and artistic value;

(h) Other buildings stipulated as listed ancient monuments by the Ministry by
notification.

Section 12, If a person who finds an ancient monument of over one hundred years
old and above or under the ground or above or under the water which has no owner or
custodian knows or it seems reasonable to assume that the said monument is an ancient
monument, he shall promptly inform the relevant Ward or Village-Tract Administrative
Office.

Section 15, A person desirous of any of the followings within the specified area of
an ancient monument shall apply to get prior permission to the Department:

(a) extending towns, wards and villages;

(b) constructing or extending or repairing new buildings including hotels, factories and
residential buildings or fencing or extending a fence;

(c) digging to search petroleum, natural gas, gem or mineral, piping petroleum and natural
gas, constructing factories, connecting national grid, constructing communication tower,
constructing or extending infrastructures such as road, bridge, airfield, irrigation and
embankment;

(d) connecting underground electric cable, communication cable and other underground
works;

(e) digging or extending wells, lakes, cannels and ponds;

(F) gold sieving, digging, burning bricks, digging well, lake, creek, ditch, gully, pit digging,
refilling, levelling, mining, quarry, gravel digging and unearth sand, removing the
mounds and hills which can damage the physical feature of the land;

(9) placing and fencing ancient monuments in a private compound and area;

(h) constructing a building which is not consistent with the terms and conditions stipulated
according to the region by the Ministry near and at the surrounding of an ancient
monument.

Section 17, No one shall fail to inform in accord with the provision in Section 12 of
this Law if he finds an ancient monument which has no owner or custodian.

Section 20, No one shall carry out any of the following acts which is assumed to
cause damage to an ancient monument within the specified area of an ancient monument or
of a listed ancient monument without a written prior permission:
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(a) taking photo, video, film or copying and modeling an ancient monument stipulated as
a listed ancient monument for commercial purposes;

(b) using machines which causes vibration within the specified place of an ancient
monument and running various types of vehicles;

(c) cultivating, gardening, breeding, fencing by blocking nearby an ancient monument or
doing any other act which can affect an ancient monument;

(d) emission of gas such as hot-air balloon which can affect an ancient monument;

(e) landing and taking off and, flying aeroplane and helicopter which can directly or
indirectly affect an ancient monument;

(F) discarding chemical substance and rubbish which can affect an ancient monument and
the environment.

2.4.4. Laws Relating to Land use

2.4.4.1. Land Law (2012)
Section 12, The person who gets the right to farm land:
(a) Farm land shall be operated as provided in this law.

(b) Land tax and other taxes levied by the Ministry shall be paid in relation to agricultural
land.

(c) Sale of land rights; mortgage rental When exchanging and giving, the stamp duty and
contract registration fee set by the Department must be paid and registered at the
relevant Township Department office.

(d) In accordance with existing law, when the right to farm land is obtained through
inheritance, it must be registered at the relevant township department office in
accordance with the requirements.

(e) The right to mortgage agricultural land is allowed only for agricultural production
capital and must be mortgaged only in a government bank or a bank recognized by the
government.

(F) No trespassing without permission from the relevant farmland management group.
(9) The agricultural land shall not be used in any other way without obtaining a permit.

(h) The agricultural land must not be changed from the type of crop that is originally
cultivated to another type of crop without permission.

(i) The land shall not be occupied without a valid reason.

() Selling the agricultural land during the period before obtaining the right to the
agricultural land or during the period when there is a dispute regarding the right to the
agricultural land; mortgage rental Not to be exchanged or given away.
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Section 13, After this law comes into force, if there is a dispute over the right to farm
land, it can only be legally resolved after it has been registered with the Department.

Section 14, The person who gets the right to farm land has all the right to farm land or
sell any part of it to any foreigner or foreigner-owned organization without the permission of
the national government; mortgage rental Not to be exchanged or given away.

2.4.4.2. The Land Acquisition Act (1894 (Amended up to 1954)
Publication of preliminary notification and powers of officers thereupon. In Act (4),

(1)  Whenever it appears to the President of the Union that land in any locality is needed
or is likely to be needed for any public purpose, a notification to that effect shall be published
in the Gazette, and the Collector shall cause public notice of the substance of such
notification to be given at convenient places in the said locality.
(2)  Thereupon it shall be lawful for any officer, either generally or specially authorized
by the President of the Union in this behalf, and for his servants and workmen, -
(a) to enter upon and survey and take levels of any land in such locality;
(b) to dig or bore into the subsoil;
(c) to do all other acts necessary to ascertain whether the land is adapted for such
purpose;
(d) to set out the boundaries of the land proposed to be taken and the intended line of the
work (if any) proposed to be made thereon;

(e) to mark such levels, boundaries and line by placing marks and cutting trenches; and,

Where otherwise the survey cannot be completed and the levels taken and the
boundaries and line marked, to cut down and clear away any part of any standing crop, fence
or jungle:

Provided that no person shall enter into any building or upon any enclosed court or
garden attached to a dwelling-house (unless with the consent of the occupier thereof) without
previously giving such occupier at least seven days’ notice in writing of his intention to do
SO.

Payment for damage. Act (5) The officer so authorized shall at the time of such entry
pay or tender payment for all necessary damage to be done as aforesaid, and, in case of
dispute as to the sufficiency of the amount so paid or tendered, he shall at once refer the
dispute to the decision of the Collector or other chief revenue-officer of the district, and such
decision shall be final.

Act 38 (a), An industrial concern, ordinarily employing not less than one hundred
workmen owned by an individual or by an association of individuals and not being a
company, desiring to acquire land for the erection of dwelling houses for workmen employed

Hexagonal Angle International Consultants Co., Ltd. Page 2-46



by the concern or for the provision of amenities directly connected therewith shall, so far as
concerns the acquisition of such land, be deemed to be a company for the purposes of this
Part, and the references to company in sections 5A,6,7,17 and 50 shall be interpreted as
references also to such concern.

Acquisition of land at cost of a local authority or company. In Act 50.

(1) Where the provisions of this Act are put in force for the purpose of acquiring land at
the cost of any fund controlled or managed by a local authority or of any company,
the charges of and incidental to such acquisition shall be defrayed from or by such
fund or company.

(2) In any proceeding held before a Collector or Court in such cases the local authority or
company concerned may appear and adduce evidence for the purpose of determining
the amount of compensation:

Provided that no such local authority or company shall be entitled to demand a
reference under section 18.

2.4.4.3. The Land Acquisition, Resettlement and Rehabilitation Law (2019)

Section (2) of this law mentions that the provisions of this Law shall apply to land
acquisition, payment of compensation and damages, resettlement and, social and economic
rehabilitation when the land is acquired by the Union Government or with the approval of the
Union Government for public purpose, including permanent or temporary use of, holding of
and supervision on land, as may be necessary, and shall also apply to:

(a) land requirements for national defence and security;

(b) projects to be carried out for the development of the State in accordance with the
national economic policy;

(c) socioeconomic development projects as set out in the National Planning Law;

(d) projects for urban and rural extension, and infrastructure development projects;

(e) rehabilitation and resettlement matters; and

(F) acquisition of land under any other existing law other than payment of compensation
and damages for acquisition of farmland in accordance with the Farmland Law and
for reclamation of vacant, fallow and virgin land in accordance with the Vacant,

Fallow and Virgin Land Law.

Section (4), the objectives of this Law are as follows:

(a) to implement land acquisition process in accordance with this Law based on the
National Land Use Policy approved by the Union Government for public purpose;

(b) to protect the interest of the persons whose land is legally acquired for public purpose;
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(c) to acquire land through a process involving affected persons and local people to be
transparent in the issuance of prior notice, negotiation and decision-making;

(d) to ensure fair compensation and damages for affected persons;

(e) to resettle or rehabilitate landowners in accordance with any rights negotiated and
agreed with the department or organization proposing land acquisition, for being
affected by land acquisition; and

(F) to reduce adverse environmental and socioeconomic impacts resulting from the use of

the acquired land.

2.4.4.4. The Vacant, Fallow and Virgin Lands Management Law (2012)

In this law, the right to carry out or use vacant, fallow and virgin lands described as
in Section (4) the Central Committee may permit the right to carry out or use vacant, fallow
and virgin lands in the State for the following businesses:

(a) agricultural business;
(b) livestock breeding business;
(c) mineral production business;

(d) other businesses permitted by the Government which are in accord with law.

Section (5) The following persons and organizations may, if it is desirous to obtain
the right to carry out or use vacant, fallow and virgin lands in the State for the businesses
contained in section 4, apply to the Central Committee in accord with the stipulations:

(a) Myanmar citizen investors;

(b) Government departments, Government organizations and non- Government
organizations;

(c) persons who are exempted in accord with section 14 of the Transfer of Immoveable
Property Restriction Law, 1987;

(d) investors permitted under the Foreign Investment Law who shall carry out matters for
the common interest with any Government department and Government organization;

(e) investors permitted under the Foreign Investment Law who shall carry out matters for

the common interest with Myanmar citizen investors.

2.4.5. Laws Relating to Urban Development and Industrial
2.4.5.1. The City of Mandalay Development Law (2002)

Section 8, The Committee shall, in respect of the following functions and duties lay
down policy, give guidance, supervise and implement within the City territory:

(a) drawing up civil project and establishing new towns;
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(b) administering the lands in accordance with the existing laws;
(c) constructing, maintaining and demolishing buildings;

(d) demolishing and resettlement of squatter houses, squatter buildings and squatter
wards;

(e) constructing roads and bridges and maintaining thereof;

(F) stipulating conditions and in respect of traffic and parking of vehicles and Slow-
moving Vehicles;

(9) determining road regulations and road use and naming of the road and determining
the number of the building;

(h) carrying out environmental conservation works;

(i) building gardens, parks, playgrounds and recreation centres and maintaining thereof;
(j) carrying out works for lighting of roads;

(k) carrying out works for water supply;

() carrying out works for sanitation;

(m)carrying out works for public health;

(n) constructing, maintaining and administering of markets;

(o) prescribing conditions in respect of food businesses, restaurants and roadside stalls;

(p) granting permission to open guest houses to accommodate local travellers only and
inspecting hotels, motels, inns and guest houses in respect of development matters;

(g) granting permission and administering ferry services, braking businesses and private
pawn shops businesses;

(r) building slaughter houses and granting permission to slaughter cattle for
consumptions;

(s) holding and managing cattle fair;

(t) granting permission for keeping and breeding animals and catching and impounding
the stray animals;

(u) carrying out tasks to look after the stray insane persons, lepers and beggars;
(v) carrying out precautionary measures against fire, flood, storm and natural disaster;

(w)determining and demolishing graveyards, cremating building and administering
crematories;

(x) carrying out other development works beneficial to the general public;

(y) carrying out other functions and duties assigned from time to time by the Prime
Minister.
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2.4.5.2. Myanmar National Building Code (2016 (Amended up to 2020))

The Myanmar National Building Code (MNBC) was created as a crucial instrument
for the planning, design, construction, and upkeep of buildings and the built environment, as
well as for raising living standards, enhancing quality of life, and ensuring public safety. The
Ministry of Construction, UN-Habitat, and the Myanmar Engineering Society (MES)
collaborated to create the Myanmar National Building Code with funding assistance from the
Norwegian Ministry of Foreign Affairs. MNBC consist of 7 parts as follows:

(1) Administration of Planning, Building and Built Environment
(2) Architecture and Urban Design

(3)  Structural Design

(4) Soil and Foundation

(5) Building Services

(6) Building Materials

(7) Constructional Practices, Safety and Building Maintenance

MNBC shall apply to the construction, alteration, movement, enlargement,
replacement, repair, equipment, use and occupancy, location, maintenance, removal and
demolition of every urban development plan, building or structure or any appurtenances
connected or attached to such buildings or structures.

2.4.5.3. The Electricity Law (2014)
The objectives of this laws are as follows:

(9) to have the right to use the electric power which has the standardized voltage, current,
and frequency by the users of electric power and to protect from causing damages to
the electrical equipment of users due to the electric power which is not consistent with
standardization

(h) to adhere in accord with the international environmental protection treaties which
Myanmar has ratified.

Section 20, The permit holder shall 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.

Section 21, (a) The permit holder shall, if causes damages and losses to any person
and entity for failing to abide by this laws, rules, procedures, regulations, bye-laws, order and
directives and failing to abide by the prescribed qualities and standardization, be liable
according to law.

Section 24, 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 shall be paid.

Section 27, In the event of electricity hazard occurs in respect of generation,
transmission, distribution and utilization of electric power, the permit holder and the
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electrical authorized person shall report to the Chief Inspector and in-charge of the relevant
department as soon as possible.

Section 29, The Ministry shall inspect the specification of quality and standardizations
in respect of the factories, equipments installed to them, business buildings, and electrical
equipment which are manufactured, imported and sold from the local and foreign country.

Section 33, The Chief Inspector, Inspectors and persons conferred duty by them have
the right to enter and inspect any place or building to perform their duties in accord with
stipulations.

Section 40, The permit holders shall carry out in accord with the rules,
standardizations and procedures issued by the Ministry and shall be subjected to necessary
inspection of relevant Government department and organizations.

Section 68, If a person is injured, or disabled or killed by the electric shock or
outbreak of fire due to negligence or default of the permit holder or the person designated by
him, the aggrieved person shall have the right to claim for compensation from the permit
holder as follows:

(@) if the aggrieved person is applied to the existing Workmen’s Compensation Act, the
compensation prescribed under such law;

(b) if the aggrieved person is not applied to the existing Workmen’s Compensation Act,
the compensation prescribed by the rules issued under this Law.

2.4.5.4. Private Industrial Enterprise Law (1990)
Section 27, An entrepreneur:

(@ in distributing and selling the goods he has produced shall not sell without a
trade mark;

(h)  shall not violate any provision of section 13;

(c) shall not fail to comply with any order or decision passed by the Minister and
the Director Genera

2.4.5.5. The Industrial Zone Law (2020)
The objectives of this law are as follows:

(a) Sustainable development of industrial businesses and successful establishment and
implementation of industrial zones

(b) Systematic establishment of industrial zones under the economic development
policies of the Union and enablement of investments in these zones by domestic and
foreign investors

(c) Creation of competitive industrial businesses by catering to the needs of
manufacturing and services businesses and creation of business networks within
industrial zones

(d) Promotion of the operation of industrial businesses within industrial zones, systematic
management reducing environmental and social impacts, implementation of the
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relevant rules, procedures, and standards for the reduction of these impacts caused by
industrial businesses

(e) Promation of living standards of citizens and narrowing the development gaps among
the regions through employment opportunities created by the development of
industrial zones

(F) Development networks among industrial zones, catering to the needs of industrial
zones, promotion of responsibility and accountability among industrial zones

(9) Promotion of economic growth of the Union and employment opportunities through
the actual use of land for which permission was granted.

As the duties of the investor, Section 27 mentioned that the investor
(a) Shall register with the relevant departments according to the laws in force

(b) Shall implement the business as specified by the relevant departments and
organizations

(c) Shall report the implementation status to the Management Committee as prescribed

(d) Shall comply with the laws, rules, orders, and directives regarding hazardous raw
materials and inferior goods.

Section 28 mentioned that the investor shall comply with the provisions of the
Environmental Conservation Law, and with the laws in force concerning occupational safety
and healthcare matters.

Section 29 mentioned that the investor shall notify the relevant departments and the
Management Committee in advance about business commencement, closure, or liquidation
and proceed as prescribed.

2.4.5.6. Prevention of Hazard from Chemical and Related Substances Law (2013)

The nature of the proposed project fits with the Section 2 (c) which describes as
Chemical and Related Substances Business means the business that are storing, treating by
technique, for the commercial purpose of producing, using, import, export, transporting,
possessing, distributing, purchasing, selling or discharging of the chemical or the related
substances. Section (3) of the aims of this law set out as follows:

@) to protect from being damaged the natural environment resources and being
hazardous any living beings by chemical and related substances

(b) to supervise systematically in performing the chemical and related substances
business with permission for being safety

(c) to perform the system of obtaining information and to perform widely educative and
research for using the chemical and related substance systematically

(d) to perform the sustainable development for the occupational safety, health and
environmental conservation.
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Section 15, A person who has obtained a licence, before starting the respective

chemical and related substances business:-

(@) shall be inspected for the safety and the power of resistance of the machinery and

equipments by the respective Supervisory Board and Board of Inspection;

(b) shall be attended the person who serve in the work to the respective foreign trainings

or the trainings and the expert trainings on prevention of hazard from the chemical
and related substances opened by the government department and the government
organizations.

Section 16 of this law described a person who has obtained a licence permitted for

the chemical and related substances business:

(a)
(b)

(©)

(d)

(€)

(f)

(@)

(h)

)

(k)

shall abide the licence regulations,

shall perform to abide strictly the instructions for being safety in using the chemical
and related substances by himself and also the persons who serve the work,

shall keep the required safety equipments enough in the chemical and related
substances businesses, furthermore shall grant the personal protection equipments and
dresses free of charge to the working persons;

shall make the course of training and study and instruction if necessary to the working
persons for using the occupational safety equipment, the personal protection
equipment and the dresses systematically in the chemical and related substances
business,

shall be inspected by the respective Supervisory Board and Boards of Inspection in
respect of whether or not the hazard may impact on the Human Being and Animals’
health and the environment,

shall make medical checkup the working persons who will work in the chemical and
related substances business and shall permit to serve in that work after obtaining the
recommendation that his health is suitable for that work. This medical checkup
records shall be kept systematically,

shall send the copy of informative letter of the permission to the respective
Department of Township Administration, if the hazardous chemical or related
substances are permitted to store,

shall acquire in advance the guidance and agreement of the respective Department of
Fire Brigade, if the business that is worried to fire hazard is operated by using the fire
hazard substances or the explosive substances,

shall transport only the permitted amount of the chemical and related substances in
accordance with the prescriptive stipulations, if they are transported in local,

shall 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,

shall abide and perform in accordance with the related environmental laws not to
impact and damage to the environment in operating the chemical and related
substances business.
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Section 17, A person who has obtained a licence, shall put the insurance in
accordance with the prescriptive stipulations to be able to pay the compensation, if the impact
and damage is occurred on the Human Being and Animals or the environment in respect of
the chemical and related substances businesses.

Section 22, A person who has obtained the registration certificate shall abide the
regulations consisted in the registration certificate furthermore shall also abide the order and
instructions issued occasionally by the Central Supervisory Board.

Section 27, the prevention of the hazard control and decrease mentioned, a person
who has obtained the licence to be complied the following matters to control and decrease the
hazard of the chemical and related substances,

@ classifying the hazard level to protect in advance the hazard according to the
properties of the chemical and related substances,

(b) expressing the Material Safety Data Sheet and Pictogram,

(©) providing the safety equipments, the personal protection equipments to protect and
decrease the accident and attending to the training to be used systematically,

(d) performing in accordance with the stipulations in respect of transporting, possessing,
storing, using, discharging the chemical and related substances

(e not being imported or exported the chemical and related substances banned by the
Central Supervisory Board and the machinery and equipments which are used them.

2.4.5.7. Prevention of Hazard from Chemical and Related Substance Rules (2016)

The Ministry of Industry issued the Prevention of Hazard from Chemical and related
Substances Rules on 12" January, 2016. The rules mentioned the aspects of the prevention of
hazard from chemical and related substances.

2.4.5.8. The Factories Act (1951) (Amended 2016)

The Factory Act stipulates the work condition of the workers in the factory such as
working hours, worksite safety and health measures. According to the act, worker at age 18
or over shall not work exceed 8 working hours per day or 44 hours per week, and the working
days shall not exceed 6 days per week. As for worksite safety, the factory shall be kept clean
with proper ventilation, light and heat and the workspace shall be situated away from drains,
latrines, or other things which create a bad or unhealthy smell. Some of the important
sections of the Act are as follows.

Section 7 of working hours of adults mentions in Section 59 that no adult worker
shall be required or allowed to work in a factory for more than forty-fours hours in a week;
Provided that an adult male worker in a factory engaged in work which for technical reasons
must be continuous throughout the day may work forty-eight hours in a week.

In the section of the Power to require specifications of defective parts or tests of
stability of Section 47 mentions that if it appears to the Inspector that any building or part of a
building, or any part of the passage ways, machinery or plant in a factory is in such a
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condition that it will be dangerous to human life or safety, he may serve on the manager of
the factory an order in writing requiring him before a specified date-

(@) To furnish such plans, specifications and other particulars as may be necessary to
determine whether such building, passage ways, machinery or plant can be used with
safety, or

(b) To carry out such tests in such manner as may be specified in the order and to inform
the Inspector of the results thereof.

Section 48,

(1) The President may make rules requiring that in any specified factory or class of
factories where in more than two hundred and fifty workers are ordinarily employed,
a canteen adequate for the use of workers shall be provided and maintained by the
occupier.

(2) Without prejudice to the generality of the foregoing power, such rules may provide
for

(a) the date by which such canteen shall be opened;

(b) the plans of the canteen to be constructed, and the method of accommodation,
furniture and other equipment to be provide therein;

(c) the foodstuffs to be served therein and the charges to be made there for; and

(d) the constitution of a committee for the management of the canteen and the
inclusion of workers’ representative there on.

Section 49,

(1) In every factory wherein more than one hundred workers are ordinarily employed
adequate and suitable rest-sheds or rest rooms and an adequate and suitable lunch
room, with drinking water facilities, where workers can take meals brought by them,
shall be provided and maintained for the use of the workers:

Provided that any canteen maintained in accordance with the provide

Section 62, subject to the provision of section 59 no adult worker shall be required
or allowed to work in a factory for more than eight hours in any day.

2.4.5.9. Myanmar Engineering Council Law (2013)

Section 34, If, whoever has received a registration certificate, is found to have
breached any rules contained in the registration certificate or violated any prohibition
contained in a rule, order or directive enacted under this law or in any stipulation of this law,
the executive committee may take the following administrative actions-

(a) giving a warning;

(b) assessing a suitable fine;
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(c) suspending the registration certificate;
(d) cancelling the registration certificate.

Section 37, No one shall perform any engineering work and technological work
which are specified as being dangerous to the public by a rule enacted under this law without
having received a registration certificate issued by the council, except for engineers appointed
in a government department or an organization in the performance of their duties.

2.4.6. Laws Relating to Economic and Investment
2.4.6.1. The Myanmar Investment Law (2016) (Amended 2019)
Section 51, The investor:

(a) may appoint any citizen who is a qualified person as senior manager, technical and
operational experts, and advisor in his investment within the Union in accordance
with the Laws;

(b) shall appoint them to replace, after providing for capacity building programs in order
to be able to appoint citizens to different level positions of manager, technical and
operational experts, and advisors;

(c) shall appoint only citizens for works which do not require skill;

(d) shall appoint skilled citizen and foreign workers, technicians, and staffs by signing an
employment contract between employer and employee in accordance with the labour
laws and rules;

(e) shall ensure to obtain the entitlements and rights in the labour law and rules, including
minimum wages and salary, leave, holiday, overtime fee, damages, compensation of
the workman, social welfare, and other insurance relating to workers in stipulating the
rights and duties of employers and employees and the occupational terms and
conditions in the employment contract.

(F) shall settle disputes arisen among employers, among workers, between employers and
workers and technicians or staff in the investment in accordance with the existing law.

Section 65, The investor:

(@) shall respect and comply with the customs, traditions, and traditional culture of the
ethnic groups in the Union;

(b) shall establish and register a company or sole proprietorship or legal entities or
branches of such entities under the Laws in order to invest;

(c) shall abide by the terms and conditions, stipulations of a special license, permit, and
business operation certificates issued to them, including the rules, notifications, orders
and directives and procedures issued by this Law and the existing laws, terms and
conditions of contract and tax obligations;
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(d) shall carry out in accordance with the stipulations of the relevant department if it is,
by the nature of the business or by other need, required to obtain any license or permit
from the relevant Union Ministries, government departments and government
organizations, or to carry out registration;

(e) shall immediately inform the Commission if it is found that natural mineral resources
or antique objects and treasure troves are not related to the investment permitted
above and under the land on which the investor is entitled to lease or use and not
included in the original contracts. If the Commission allows, the investor shall
continue to carry out the investment in such land, and if not allowed, the investor shall
transfer and carry out, by obtaining the permission, at the substituted place which is
selected and submitted by him;

(F) shall not make any significant alteration of topography or elevation of the land on
which he is entitled to lease or to use, without the approval of the Commission;

(g) shall abide by the existing laws, rules, procedures and best standards practiced
internationally for his investment so as not to cause damage, pollution, and loss to the
natural and social environment and not to cause damage to cultural heritage;

(h) shall list and keep proper records of books of account and annual financial statements,
and necessary financial matters relating to the investments performed by permit or
endorsement in accordance with internationally and locally recognized accounting
standards;

(i) shall close and discontinue the investment only after payment of compensation to
employees in accordance with the existing laws for any breach of employment
contracts, closure of investment, sale and transfer of investment, discontinuation of
investment, or reduction of the workforce;

(j) shall pay wages and salaries to employees in accordance with the existing laws, rules,
procedures, directives and so forth during the period of suspension of investment for a
credible reason;

(k) shall pay compensation and indemnification in accordance with the existing laws to
the relevant employee or his successor for injury, disability, disease and death due to
the work;

() shall supervise foreign experts, supervisors and their families, who employ in his
investment, to abide by the existing laws, rules, orders and directives, and the culture
and traditions of Myanmar,;

(m)shall respect and comply with the labour laws;
(n) shall have the right to sue and to be sued in accordance with the laws;

(o) shall pay effective compensation for loss incurred to the victim, if there are damage to
the natural environment and socio-economic losses caused by logging or extraction of
natural resources which are not related to the scope of permissible investment, except
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carrying out the measures required to conduct investment in a permit or an
endorsement;

(p) shall allow the Commission to inspect in any places when the Commission informs
the prior notice to inspect the investment;

(g) shall take in advance permit or endorsement of the Commission for the investments
which need to obtain prior approval under the Environmental Conservation Law and
the procedures of environmental impact assessment, before undertaking the
assessment, and shall submit the situation of environmental and social impact
assessment to the Commission along the period of the activities of the investments
which obtained permit or endorsement of the commission.

Section 73, The investor shall insure the types of insurance stipulated in the
provision of the rules at any insurance enterprise which is entitled to carry out insurance
businesses within the Union.

2.4.6.2. Myanmar Investment Rules (2017)

Rules 202 states the Investor must comply with the conditions of the Permit and
other applicable laws when making an investment.

Rules 203 states the Investor shall fully assist while negotiating with the Authority
for settling the grievances of the local community that have been affected due to Investments.

Rules 206 states if the Investor is desirous to appoint a foreigner as senior
management, technician expert or consultant according to section 51 (a) of the Law, it shall
submit such foreigner’s passport, expertise evidence or degree and profile to the Commission
Office for approval.

Rules 212 states every Investor that holds the Permit or Tax Incentives must have
taken out the relevant insurance out of the following types of insurance at any insurance
business that holds the license in the Union based on the nature of the business:

(a) Property and Business Interruption Insurance;

(b) Engineering Insurance;

(c) Professional Liability Insurance;

(d) Professional Accident Insurance;

(e) Marine Insurance; and

(f) Workmen Compensation Insurance.

2.4.6.3. The Myanmar Companies Law (2017)
Companies in Myanmar shall be incorporate and registered as the following:

Section 2, The following types of company may be incorporated and registered
under this law:
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(a) a company limited by shares, which may be either:

(i) a private company which may have no more than 50 members not
including persons who are in the employment of the company; or

(i) a public company which may have any number of members;
(b) a company limited by guarantee which may have any unlimited number of members; and
(c) an unlimited company which may have any number of members.

Other corporations that may be registered under this law, Section (3), As further
provided by and subject to Chapter 1X, the following bodies corporate formed under this law
or other laws may be registered under this law:

(a) a business association;
(b) an overseas corporation;

(c) any other corporation which is entitled to register as a company by this law or any
other applicable law; and

(d) such other entities as may be prescribed by the Union Minister from time to time.
As an essential Requirements of Companies, Section 4,

(a) A company registered under this law shall have the following facts:
(i) a name;
(ii) a constitution;

(iii) at least one share in issue (provided that a company limited by guarantee need
not have a share capital);

(iv) at least one member;

(V) subject to sub-section (vi), at least one director who shall be ordinarily resident
in the Union;

(vi) if the company is a public company, at least three directors, one of whom shall
be a Myanmar citizen who is ordinarily resident in the Union; and

(vii) a registered office address in the Union.

(b) A company may appoint a company secretary and have a common seal.
Section 5, Capacity and powers of companies

(a) A company:

(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; and
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(ii) subject to this law and any other law, has both within and outside the Union full
legal capacity to carry on any business or activity, do any act, or enter into any
transaction, including the power to:

(aa) issue shares, debentures or securities which convert into shares in the
company;

(bb) grant options to subscribe for shares or debentures in the company;
(cc) grant a security interest over any of its property; and

(dd) distribute any of the company’s property among the members, in kind or
otherwise.

(b) 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.

(c) A company may act as a holding company of another company and incorporate and
hold shares in any number of subsidiaries.

Mode of incorporating a company, Section 6,

(a) Any person or persons in association may apply to the registrar to incorporate and
register a company under this law:

(i) a company having the liability of its members limited by the
constitution to the amount, if any, unpaid on the shares respectively held by
them in a company limited by shares; or

(if) a company having the liability of its members limited by the constitution
to such amount as the members may respectively thereby undertake to
contribute to the assets of the company in the event of its being wound up in
a company limited by guarantee; or

(iii) a company not having any limit on the liability of its members in an
unlimited company.

(b) The application to the registrar for the registration of any company under this law
shall be made in the prescribed form and shall state the following facts:

(i) the proposed name of the company;
(i) the proposed type of the company;
(iii) the full name and address of each applicant;

(iv) the full name, date of birth, gender, nationality and address of every
director and any secretary of the proposed company;

(v) that each individual named as a director or secretary of the proposed
company has given their written consent to act as a director or secretary of
the proposed company;
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(vi) the address of the registered office of the proposed company, which in
the absence of any other notice will be taken to be the address for service of
documents to the proposed company;

(vii) the address of the company's principal place of business if different to
the registered office; and

(viii) in the case of a private, public or unlimited company:

(aa) the full name and address of every member of the proposed
company;

(bb) that each member of the proposed company has given their
written consent to be a member and subscribe for the shares to be
allotted to them;

(cc) the number and class of shares to be issued to each member;

(dd) the currency in which the company's share capital is to be
denominated;

(ee) the amount that each member agrees to pay for each share;
(ff) whether these shares will be fully paid on registration;

(gg) whether the proposed company has an ultimate holding
company;

(hh) whether the proposed company will, on incorporation, be a
foreign company;

(ix) in the case of a company limited by guarantee:

(aa) the full name and address of every member of the proposed
company;

(bb) that each member of the proposed company has given their
written consent to be a member;

(cc) the proposed amount of the guarantee that each member agrees
to provide;

(dd) if the company have a share capital:
(i) the number and class of shares to be issued,;
(i) the currency in which the company's share capital is to be denominated,;
(iii) the amount (if any) each member agrees to pay for each share; and
(iv) whether these shares will be fully paid on registration.
(c) An application for registration shall:

(i) be signed by each applicant;
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(if) include a declaration by each applicant that all matters stated in the application are
correct; and

(iii) where the company proposes to use a constitution, which differs in any substantive way
from the model constitution, be accompanied by a copy of the proposed company's
constitution certified by at least one applicant, otherwise a statement that the company
proposes to use the model constitution.

(d) The prescribed fee shall be paid to the registrar when filing the application.

(e) Duplicate originals of the application and all documents accompanying it shall be kept
by the applicants together with the originals of the consents referred to in sub-sections
(b)(Vv), (viii) and (ix). On incorporation, these should be passed to the company and
then maintained with the company's records.

Section 7, The penalty for an applicant making a false declaration in an application
under section 6 shall be a fine of 2,500,000 kyats.

Registration, Section 8

@ When the registrar receives a completed application which upon any necessary
examination meets the requirements of this law, the registrar shall:

(i) register the application; and
(ii) issue a certificate of incorporation which states:
(aa) the company's name;
(bb) the company's type;
(cc) that the company is incorporated and registered as a company under this law;
(dd) the date of registration; and
(ee) any other matters that may be prescribed.
(b) The registrar shall keep a record of the registration.

(© The registrar may not require the submission of any other documents in connection
with the registration other than those referred to in sub-sections 6(b) and (c) or save as
may be prescribed by the Union Minister.

Effect of registration, Section 9, From the date of registration mentioned in the
certificate of incorporation, the members named in the application shall become members of
the company having a separate legal personality and the name contained in the certificate of
incorporation. Without limiting section 5 or any other provision of this law, the company will
be capable forthwith of exercising all the functions of an incorporated company, and have
perpetual succession.

Conclusiveness of certificate of incorporation, Section 10. A certificate of
incorporation given by the registrar under section 8 shall be conclusive evidence that all the
requirements of this law in respect of registration have been complied with, and that from the
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date of incorporation stated in the certificate the company is incorporated and duly registered
under this law.

2.4.6.4. Myanmar Insurance Law (1993)

Section 15 states owners of motor vehicles shall affect compulsory Third Party
Liability Insurance with the Myanmar Insurance.

Section 16 states an entrepreneur or an organization operating an enterprise which
may cause loss to State-owned property or which may cause damage to the life and property
of the public or which may cause pollution to the environment shall affect compulsory
General Liability Insurance with the Myanmar Insurance.

2.4.6.5. Income Tax Law (1974) (Amended 2016)

Section 26 (a) If a non-resident foreigner has received Income by any of the
following means, that income received shall be deemed to be income received within
Myanmar and income-tax shall be assessed accordingly;

(i)  Income received from any capital asset within Myanmar;
(i) Income received from any source of income within Myanmar;

(b) In lieu of the non-resident foreigner, income-tax may be assed and collected
from his agent in respect of the said incomes. Any arrear of income-tax may be recovered
from any assets of the non-resident foreigner which are or may at any time come, within
Myanmar.

2.4.6.6. Export Import Law (2012)
Section 5, No person shall export or import restricted, prohibited and banned goods.

Section 6, Without obtaining license, no person shall export or import the specified
goods which is to obtain permission.

Section 7, A person who obtained any license shall not violate the conditions
contained in the license.

2.4.6.7. The Shop and Establishment Act (1951)
Section 3, The objectives of this Law are as follows:
@) to fix working hour of workers in shops and establishments;
(b) to enjoy wages accurately;
(c) to be safe at the workplace;
(d) to safeguard the rights to health.

Section 20, An employer shall send the inspector a notice with the copy of license
issued by the respective department and committee in the prescribed form within 10 days
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from the date of opening, transferring of place any shop or establishment or changing of
business, extension of business, changing of employer, closing of business or appointing and
changing of employee.

Section 24, An employer shall, in every shop or establishment, comply with the
followings:

(a) manage to be sanitation, free from bad smell, and hygiene;
(b) manage well ventilation and good lighting;

(c) manage not to exceed the prescribed noise;

(d) manage not to overheat and to take the fire safety precaution;

(e) manage sufficiently first aid box and medicines for employees in accordance with the
stipulations.

2.4.7. Laws Relating to Workers and Workplace
2.4.7.1. The Social Security Law (2012) (Amended 2014)
Section 3, The objectives of this Law are as follows:

(a) Causing to support the development of the State's economy through the increase of
production to enjoy more security in social life and health care of workers who are
major productive force of the Union by the collective guaranty of the employer,
worker and the Union for enabling to fulfill health and social needs of the workers;

(b) Causing to enjoy more security in social life and health care by the public by their
voluntary insurance;

(c) Causing to raise public reliance upon the social security system by providing benefits
which are commensurate with the realities;

(d) Causing to have the right to draw back some of the contributions paid by the
employers and the workers as savings, in accord with the stipulations;

(e) Causing to obtain the right to continued medical treatment, family assistance benefit,
invalidity benefit, superannuation benefit, survivors’ benefit, unemployment benefit,
the right to residency and ownership of housing after retirement in addition to health
care and pecuniary benefit for sickness, maternity, decease and employment injury of
the workers.

2.4.7.2. The Minimum Wage Law (2013) (Amended up to 2018)

Section 12, The employer:

(a) shall not pay wage to the worker less than the minimum wage stipulated under this
Law;

(b) may pay more than the minimum wage stipulated under this Law;
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(c) shall not have 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;

(d) shall 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;

(e) may 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.

Section 13, The employer:

(@) shall inform the workers the rates of minimum wage relating to the business among
the rates of minimum wage stipulated under this Law and advertise it at the workplace
to enable to be seen by the relevant workers;

(b) shall record the lists, schedules, documents and wages of the workers correctly in
accord with the stipulation;

(c) shall report the lists, schedules and documents recorded under sub-section (b) to the
relevant department in accord with the stipulations;

(d) shall accept the inspection when summoned by the inspection. Moreover, he shall
produce the said lists and documents when so required,;

(e) shall allow the entry and inspection of the inspector workplaces of commerce,
production and service, agriculture and livestock breeding and give necessary
assistances;

(F) shall give them holiday for medical treatment in accord with the stipulations if the
workers cannot work due to sickness;

(9) shall give holiday without deducting from the minimum wage, in accord with the
stipulations if the funeral matter of the family of worker or his parent occurs.

Section 15, The worker who is entitled to obtain the wage and other benefits under
section 14:

(a) if he does not obtain all wages or other benefits entitled to be obtained, or obtains less
than the stipulated minimum wage, may submit to the relevant Union Territory
Committee, Region committee or State committee and Department within one year
from the day he is entitled to obtain such injured wages and other benefits;

(b) may sue under civil proceeding for all wages that is entitled to obtain.
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Section 16, If an employer is convicted by a court for his failure to pay the minimum
wages and other benefits stipulated under this Law or for the payment to worker less than
such minimum wage and ordered to pay defaulted wages and other benefits to the relevant
worker as fine, and if such worker does not obtain fully the wages and other benefits which is
entitled under section 14, it shall not affect the right to institute civil proceeding for such
wages and benefits.

The National Committee for Minimum Wage finally issued the Notification 2/2018
on 14th May 2018, repealing and replacing Notification 2/2015. With immediate effect, this
notification set that employee in the entire Republic of the Union of Myanmar — regardless of
the location or the type of business shall enjoy an increased minimum wage at 600 kyats per
hour for each standard 8 hour working day (total of 4,800 Kyats per day). This stipulated the
rate of minimum wage applies uniformly to all workers nationwide and across all industries
except those in small, family-run businesses with a workforce of fewer than 15 workers.

2.4.7.3. The Minimum Wages Rules (2013) (Amended 2015)
Rule 43, The employer:

(@) shall increase the remuneration depending on the skill, to promote the productivity
and the employment skill of the employees;

(b) shall perform in accord with the factory act 1951, leave and holiday act 1951 under
section 13 (b) at the law for the list, schedule and document, remunerations;

(c) when the employees are not able to work due to ill health, injury at work site:

i. if they are under premium paid insurance to the health and social care fund,
the insurance Under health and social security care 2012, or

ii. if they are not entitled to enjoy social security law 2012, they must be
arranged to enjoy the leave and holiday act 1951.

(d) in the event of family or parents’ funeral affairs, his entitled remuneration should not
be deducted and shall be arranged to enjoy according to leave and holiday act 1951;

(e) before fixing of the minimum wage by the National Committee under this rule, if his
remuneration is less than the prescribed amount, he should be paid up to the full
amount;

(F) part time, hourly job employees shall be paid the prescribed minimum wage for the
working hours;

(g) for the salary employees one day day-off shall be allowed in a week. If he has to work
on the off day, overtime wage shall be paid in accord with the existing law;

(h) if the employee has to work less than the prescribed working hour and if it is not due
to his will or he has to stop the work due to the shortage of work from the employer,
he shall be entitled to enjoy the remuneration as if he has to work full time;
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(i) the prescribed minimum wage shall be paid without discrimination of the male or
female;

(j) although he has the obligation to pay the minimum wage in cash, separate entitlement,
benefit in accord with the stipulation shall be given due to the employee's will,
majority of the employees' will, collective consent, in cash or partial in cash or
prevailing regional rate or regional tradition;

(k) overtime work shall be allowed according to the law after negotiation with the
employees;

() the employee who is not capable to fulfill the standard norm or production norm
prescribed in accord with the factory, workshop, department, shall be trained to be
skillful in the probation period. If necessary, the relevant factory, workshop,
departments under this law shall be paid for not less than 50% of the remuneration
within three months. In the probation period 75% of the remuneration shall be paid.

Rule 44, The employees:
(@) shall perform to fulfill the productivity in accord with the employment grade of skill;

(b) shall be responsible to continue to serve the duty in accord with the employment
grade of skill, if sent by the employer to attend the skill training;

(c) unable to work due to ill health, injury at work site:

i. if they are under premium paid insurance to the health and social care fund,
the insurance under health and social security care 2012, or

ii.  if they are not entitled to enjoy social security law 2012, he is entitled to enjoy
the leave and holiday act 1951.

(d) in the event of family or parents’ funeral affairs, his entitled remuneration should not
be deducted and shall be entitled to enjoy according to leave and holiday act 1951;

(e) salary earner, wages earner, piece rate employees are entitled to enjoy allowed leave
and public holidays;

(F) if the remuneration given to the skillful and competent employee is more than the
minimum wage, the said remuneration shall be continued to be confirmed;

(9) if employment agreement, any other contract, the accepted remuneration is less than
the minimum wage the said employment agreement or the prescribed remuneration
contained in the agreement shall be repealed.

2.4.7.4. The Payment of Wages Law (2016)

The Payment of Wages Act was firstly enacted in 1936, the act was repealed on 25th
January 2016 as the Payment of Wages Law, 2016. The purpose of this law is the employer
must pay wage or salary to the employee (working part-time, weekly or monthly) within a
designated time frame. This Act contains 9 main Chapters.
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In Chapter 2 (Method of Payment and period) of the law, Section 3 and 4 describe
the following:

Section 3, The employer must;

(a) Pay in local currency or foreign currency recognized by the central bank of Myanmar.
This may be in cash, check or deposit into the bank account of the Employee.

(b) Moreover, pay can be in the mean of;

i.  Totally in cash or half the cash and half in things set as local price according
to the local price to those employees working in trade, manufacturing and
service sector.

ii.  Totally in cash or half the cash and half in things set as local price according
to local traditions or common agreement to those working in agriculture and
livestock sectors. However, this must be for the sake of the employees and
their families. Moreover, it must be reasonable and fair.

iii. ~ An employee shall receive the payment for 60 days when he/she is in
Alternative Civil Service.

Section 4. An employer must pay for;

(a) Part-time, daily, weekly or other part-time job, temporary or piecework when the
work is done or at the agreed time.

(b) According to the Section (a), the period shall not exceed one month.
(c) Wages for the permanent work must pay per monthly basic as below.

i.  Must pay at the end of the payment period when there are not more than 100
workers.

ii.  If there are 100 workers and above, pay must not be administered later than 5 days
after the end of the payment period.

(d) Upon termination, wages must pay within 2 days from the date of termination.

(e) If a resignation letter submitted, wages must pay at the ending day of the payment
period.

(F) If an employee dies, wages must pay to legally recognized person within 2 working
days after the day he/she died.

(g) All wages must pay during the working day.
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2.4.7.5. The Leave and Holiday Act (1951)
Section 5,

(1) An employee shall be admissible to casual leave with wages or pay (as the case may
be) aggregating six days in a year: Provided that he shall only be admissible to a
maximum casual leave of three days at any one time.

(2) Casual leave shall not be combined with any other kind of leave.

(3) If the employee does not take the casual leave which he is entitled to within the year,
it shall lapse.

2.4.7.6. The Labour Organization Law (2011) (Amended 2012)

Section 18, The labour organization has the right to demand the relevant employer to
re-appoint a worker if such worker is dismissed by the employer and if there is cause to
believe that the reasons of such dismissal were based on labour organization membership or
activities, or were not in conformity with the labour laws.

Section 19, The labour organizations have the right to send representatives to the
Conciliation Body in settling a dispute between the employer and the worker. Similarly, they
have the right to send representatives to the Conciliation Tribunals formed with the
representatives from the various levels of labour organizations.

Section 20, In discussing with the Government, the employer and the complaining
workers in respect of worker’s rights or interests contained in the labour laws, the
representatives of the labour organization also have the right to participate and discuss.

Section 21, The labour organizations have the right to participate in solving the
collective bargains of the workers in accord with the labour laws.

Section 22, The labour organizations shall carry out peacefully in carrying out
holding of meetings, going on strike and carrying out other collective activities in accord with
their procedures, regulations, by-laws and any directives prescribed by the relevant Labour
Federation.

Section 43, No employer shall, without permission of the relevant conciliation body,
lock-out a public utility service or service which is not included in public utility service.

Section 44, No employer shall:
(a) lock-out a work due to such dispute during the pendency of a trade dispute settlement;

(b) carry out an illegal lock-out which is involved with any provision contained in sub-
sections (a) and (c) of section 41,

(c) dismiss a worker who opposes an illegal lock-out which is involved with any
provision contained in sub-sections (a) and (c) of section 41,

(d) dismiss a worker for his membership in a labour organization for the exercise of
organizational activities or participating in a strike in accord with this Law.
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2.4.7.7. The Labour Organization Rules (2012)

Rule 29, The employer shall recognize the labour organizations of his trade as the
organizations representing the workers.

Rule 30, The employer shall allow the worker who is assigned any duty on the
recommendation of the relevant executive committee to perform such duty not exceeding two
days per month unless they have agreed otherwise. Such period shall be deemed as if he is
performing the original duty of his work.

2.4.7.8. The Settlement of Labour Dispute Law (2012) (Amended 2019)

Section 3, In any trade in which more than 30 workers are employed to obtain the
collective agreement by negotiating, the employer shall:

(a) if there is any labour organization, shall form the Workplace Coordinating Committee
with the view to make a collective bargaining as follows:
i.  two representatives of workers nominated by each of the labour organizations;
ii.  representatives of worker and an equivalent number of representatives of
employer;
(b) if there is no labour organization, shall form the Workplace Coordinating Committee
as follows:
i.  two representatives of workers elected by them;

ii.  two representatives of employer.

Section 15, The dispute relevant to interest that cannot be settled by negotiating and
coordination between employer and the labour organizations, the employer may appoint the
representatives of the employer or the labour organizations may appoint the representative of
the workers before the period of conciliation. Where no labour organization exists, the
workers shall elect their representatives.

Section 23, An employer or worker, may complain individual dispute relating to his
grievance to the Conciliation Body and if he is not satisfied with the conciliation made by in
accord with stipulated manners, such party may apply to the competent court in person or by
the legal representative.

Section 24, The relevant Conciliation Body shall, in respect of the collective dispute
known or received by the complaint of employer or worker, in respect of the dispute;
information sent by the Minister or the Region or State Government or any other means,
carry out as follows:

(a) conciliating so as to be settled within three days, not including the official holidays,

from the day of knowing or receipt of such dispute;
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(b) concluding mutual agreement if the settlement is reached in conciliating under sub-

section (a), before the Conciliation Body.

Section 34, No one shall do the following in the any freshwater fisheries waters:

(a) catching fish or causing mischief with explosive substance, poison, chemicals and
dangerous material of a like nature;

(b) catching fish by a prohibited method and fishing implement;

(c) catching fish of a prohibited species and size;

(d) catching fish during a prohibited period and at a prohibited place.

Section 38, No employer shall fail to negotiate and coordinate in respect of the
complaint within the prescribed period without sufficient cause.

Section 39, No one shall cultivate agricultural crops within the boundary of a fishery
creek.

Section 40, No one shall cause harassment of fish and other aquatic organisms or
pollution of the water in a freshwater fisheries water.

Section 51, If any employer, in the course of settlement of dispute, commits any act
or omission, without sufficient cause, which by causing a reduction in production resulting so
as to reduce the workers' benefits shall be liable to pay full compensation in the amount
determined by the Arbitration Body or Tribunal. Such money shall be recovered as the arrear
of land revenue.

2.4.7.9. The Workmen’s Compensation Act (1923)

Section 13, Where a workman has recovered compensation in respect of any injury
caused under circumstances creating a legal liability of some person other than the person by
whom the compensation was paid to pay damages in respect thereof, the person by whom the
compensation was paid and any person who has been called on to pay an indemnity under
section 12 shall be entitled to be indemnified by the person so liable to pay damages as
aforesaid.

2.4.7.10.Occupational Safety and Health Law (2019)
This law was enacted on 15" March 2019 with the objectives of

(a) To implement Occupational Safety and Health matters effectively in the respective
industries or businesses

(b) To determine the duties of relevant persons applicable under this law including
employers and workers to lessen and mitigate occurrence of occupational disease and
occupational accidents
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(c) To cause relevant persons applicable under this law, employers and workers to take
precaution and prevention against occupational hazards and occupational diseases

(d) To improve the productivity and health of workers by preventing the occurrence of
occupational accidents and occupational disease for their safety

(e) To create workplaces that are safe and good for health by prescribing the occupational
safety and health standards relevant to the Union’s status after considering
international and regional standards and

(f) To support and help research activities carried out for the development of
occupational safety and health matters.

2.4.7.11. The Petroleum and Petroleum Product Law (2017)
The objectives of this Law are as follows:

(a) to carry out the petroleum and petroleum product business activities systematically in
accordance with the provisions of the law, stipulated standards, procedures and
conditions;

(b) to enable the petroleum and petroleum product business activities to carry out safely
without environmental impact;

(c) to establish free and fair competition in carrying out petroleum and petroleum product
business activities;

(d) to secure energy requirement and energy security of the Union;
(e) to obtain tax revenue of the Union.

When applying for the License, Issue of Permit, Determining Conditions to be
abided by, and Supervision, the project proponent is committed to comply with the laws as
followings:

Section 9, The Ministry of Transport and Communications shall carry out the
following functions relating to any petroleum and petroleum product:

(a) issuing license to vehicles, vessels and barges that carry any petroleum and petroleum
product;

(b) determining period, form, conditions, means of applying for license, permitting
authority and fees to be assessed for licenses under subsection (a);

(c) determining and supervision on ports for vessels and barges that carry out import,
export, and transport by water in accord with procedures;

(d) taking action, as necessary, in accordance with the existing laws if it occurs spill or
accident in carrying out import, export, transport, and sale and distribution of
petroleum and petroleum product by water;
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(e) determining procedures and conditions to be abided by in carrying out transport
business except transport by pipeline.

Section 10, The Ministry of Natural Resources and Environmental Conservation
shall carry out the following functions relating to any petroleum and petroleum product:

(a) issuing license for the right to store for the storage tanks and warehouses;

(b) issuing transport permit for the vehicles, vessels and barges that shall carry any
petroleum and petroleum product;

(c) determining the period, form and terms and conditions, manners of applying license,
permitting authority and fees to be assessed for license under subsection (a) and
permit under subsection (b);

(d) if it occurs environmental impacts in carrying out petroleum and petroleum product
business activities, taking action, as necessary, in accordance with the existing laws of
on-site inspection;

(e) determining, in coordination with ministries concerned, procedures and conditions
relating to standard and quality of storage tanks and warehouse, and tanks of vehicles,
vessels and barges that carry any petroleum and petroleum product.

Section 11, On all receptacles containing any dangerous petroleum and petroleum
product, the warning sign of danger by stamping, embossing, painting, printing or any other
means shall be expressed. If it is impossible to express as such, similar warning signs of the
nature of danger of gasoline, spirit or petroleum shall be expressed in writing at the ostensible
place in salient words or signs near to the receptacle.

Section 12, The provisions contained in section 11 shall not apply to any following
receptacles:

(@) any glass, stone or metal receptacle in which the dangerous petroleum lesser than two
gallons is put with secure cap;

(b) a tank attached to machine-powered vehicle or machinery that uses any petroleum and
petroleum product;

(c) astorage tank absolutely buried underground;

(d) any class of receptacles, by notification, exempted from the application of this section
by the Ministry.
Section 30, Any person shall, without the relevant license, not carry out any business
activities or measures required to obtain license under this law.

Section 37, Any person who violates the prohibition contained in section 30 shall, on
conviction, be punished with imprisonment for a term not exceeding one year, or with fine
from a minimum of three hundred thousand Kyats to a maximum of five million Kyats, or
with both, and the property concerned with the commission of offence shall be confiscated.
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2.4.8. Laws Relating to the Public Health
2.4.8.1. Public Health Law (1972)

The law deals with the provisions to promote and safeguard public health including
preventive measures to promote environmental health. The laws related to public health are
provided in Sections 2 to 5. It is concerned with the protection of people’s health by
controlling the quality and cleanliness of food, drugs, environmental sanitation, epidemic
diseases, and regulation of private clinics.

Section 3, Notwithstanding any other existing laws, the government shall further
improve the health of the working people. To prevent the health of workers from being
affected, and advising on the health issues described below; checking supervision; and repair
Works such as prohibition shall be carried out.

(1) Environmental health activities:

(a) Garbage in the residential environment; Storage and disposal of waste.

(b) Establishing and protecting public drinking water to international standards.

(c) Smoke that will cause danger to people in the surrounding atmosphere where
people live; width age powder, Protection from contamination by noise and
radiation.

(d) City and village municipalities; Buildings used by housing construction and
workers to travel and live. Or for the health and hygiene of places.

(2) Matters related to food produced and sold by workers:

(@) food manufacturing and selling workshop; factory Registration of business units;
Cancellation and re-registration of registration.

(b) Making the food sold to the workers healthy and clean.

(c) adulteration of food sold to the working public; mixed with other inferior
materials; Protection from the extraction of addictive substances in food.

(d) Workshops that produce and sell food; factory Keeping business departments
healthy and clean.

(e) Keeping premises where food is sold healthy and clean.

(f) Preventing people with infectious diseases from entering and serving in places
where food is produced and sold to the working public.

(g) Storage and destruction of hazardous food.

(h) Sending food-related matters to government laboratories for inspection if
necessary.

(i) Ensuring that food meets the standards set by the government from time to time.

(3) Matters related to home appliances and beauty products to be used by working people:

(@ A workshop that manufactures home appliances and beauty products;
Registration of factories; Cancellation and re-registration.

(b) If the manufactured home appliances and beauty products may cause danger to
workers, or if it can be poisonous, Prohibition of manufacturing even if it
contains harmful radiation.
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(c) Destruction of dangerous manufactured home appliances and beauty products in
a way that does not pose any danger to workers.

(d) Seizing and destroying dangerous household items and cosmetics from shops.

(e) Making home appliances and beauty products conform to the standards set by
the government from time to time.

(4) Matters related to infectious diseases:

(@) To suppress and prevent the spread of infectious diseases; Promulgation of
diagnoses to be reported by region from time to time.

(b) for the prevention of infectious diseases; investigation Establishing a vaccination
program for the entire workforce; vaccination; Extermination of pest animals and
other necessary activities.

(c) If there is a situation where the health of the workers may be affected by an
infectious disease. or if an infectious disease occurs; The government is the state,
every district Township neighborhood village Or declaring a certain area as an
emergency area of concern for health and carrying out the necessary disease
prevention activities.

(5) Matters related to private medical centers:

(@) Prescribing requirements regarding private medical facilities.

(b) registration of all private medical facilities; Deregistration and re-registration.
(6) Matters related to medicine required for use by workers:

(@) Manufacture of medicines for distribution and sale; Registration of businesses

such as retail and wholesale sales; Cancellation and re-registration.

(b) To ensure that the medicines are safe and effective for the workers, and to send
samples of the medicines to the organizations that the government will set up for
this purpose.

(c) more or more than the medicinal power. or lying Prohibition of advertising.

(d) Distribution of medicines imported from abroad only after verification of
potency.

(e) To test the potency of medicine. Assignment to a laboratory designated by the
government.

Section 5, Organizations established by this law, or Those who have been assigned
by these groups, or Government departments and organizations subordinate to the
government assigned under this law; matters related to environmental health activities; issues
related to food; Issues related to home appliances and beauty products for the working
people. Issues related to infectious diseases; Matters related to private medical centers;
Workshop for matters related to medicines used by workers, etc. factories, business
departments, shops, metaphors Places He has the right to enter and inspect the buildings at
any time.

2.4.8.2. Prevention and Control of communicable Diseases Law (1995)

This law was enacted in March, 1995 by the Ministry of Health & Sports. This law
describes functions and responsibilities of health personnel and citizens in relation to
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prevention and control of communicable diseases. It also describes measures to be taken in
relation to environmental sanitation, reporting and control of outbreaks of epidemics and
penalties for those failing to comply. The law also authorizes the Ministry of Health to issue
rules and procedures, when necessary, with approval of the government.

Section 3, (a) In order to prevent the outbreak of communicable diseases, the
Department of Health shall implement the following activities systematically under the
guidance of the Ministry of Health:

(ixX)  giving advice to and coordinating with relevant Government departments,
organizations and non-governmental organizations for construction of healthy
housing, obtaining safe drinking water and fresh water for use, proper waste
disposal in order to prevent occurrence of communicable disease for workers
who are carrying out activities of social and economic development;

Section 9, When the head of the household, any member of the household or any
entrepreneur knows the occurrence of any of the following matters, he shall report
immediately to the nearest health department or hospital:

(a) enmasse death of animals including chicken and birds;
(b) rat fall,

(c) suspicion or occurrence of epidemic disease;

(d) occurrence of notifiable disease.

Section 11, In order to prevent and control the spread of a Epidemic Disease, the
Health Officer may undertake the following measures: -

(a) investigation of a patient or any other person required;
(b) medical examination;

(c) causing laboratory investigation of stool, urine, sputum and blood samples to be
carried out;

(d) other necessary investigation;

(e) prohibition of the right of movement of the vehicle carrying animal or animal product
suspected of having epidemic disease.

2.4.8.3. The Control of Smoking and Consumption of Tobacco Product Law (2006)

Section 9, The person in charge shall:

(a) keep the caption and mark referring that it is a non-smoking area at the place mentioned in
section 6 following the stipulations;

(b) arrange the specific place where smoking is allowed as mentioned in section 7 and keep the
caption and mark also referring that it is a specific place where smoking is allowed,
following the stipulations;

(c) supervise and carry out measures so that no one shall smoke in the non-smoking area;
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(d) accept the inspection when the supervisory body comes to the place for which he is
responsible.

2.4.9. Laws Relating to the Transportation
2.4.9.1. Vehicle Safety and Vehicle Management Law (2020)

Section 9, The Ministry shall undertake the following matters with the approval of
the Union Government -
€)) Determining and restricting the areas where domestic vehicles are allowed to travel.

Section 12 (c), The Ministry shall approve and publish the standards and
criteria relating to the safety and environmental protection regulations about the initial
registration of motor vehicles.

Section 14 (r), The powers and responsibilities of the Department are as follows -
Speed setting for the safe movement of vehicles traveling on public roads.

Section 18, The owner of the vehicle -

@ The vehicle must be maintained and repaired following the standards set by the
Department to drive it safely.

Section 81 (g), No one in a public place
(9) Dangerous Goods shall not be loaded or transported in a vehicle without complying
with the requirements;

2.4.9.2. Vehicle Safety and Vehicle Management Rules (2022)

Rule 5, The motor vehicle owner must register the motor vehicle with the relevant
registration and submitted to the officer in the form prescribed by the Department.

Rule 7, The concerned registration officer shall receive the reservation under rule 5.
Whether or not the specified documents are fully attached or comply with the standards for
safe driving, regardless of whether or not the motor vehicle is equipped, Export document,
verify whether or not the motor vehicle does not meet the requirements. The registration of
the motor vehicle must be completed.

2.4.9.3. Multimodal Transport Law (2014)
Section 3, The objectives of this Law are as follows:

(a) to implement the provisions contained in international convention and promises
contained in regional agreement related to the multimodal transport;

(b) to support the development of commercial business systematically through the
cooperation and coordination of multimodal transport operators in land and at abroad,;

(c) to cause more development of, effective and fast multimodal transport services to
fulfill the requirements of international trade;

(d) to perform operation by the multimodal transport operators in accord with the terms
and conditions by registering under this Law;
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(e) to enable to enjoy fair interests between users and operators in multimodal transport
services and to settle the problems peacefully arising thereof;

(F) to reduce and free from difficulties and problems in every step-in transporting good
through intermediary countries by formal method and to facilitate the transport of
goods more quickly.

2.4.10. Laws Relating to the Emergency
2.4.10.1.Natural Disaster Management Law (2013)

Section 3, the objectives of this Law are as follows:

(@ to implement natural disaster management programs systematically and
expeditiously to reduce disaster risks;

(b) to form the National Committee and Local Bodies to implement natural
disaster management programs systematically and expeditiously;

(c) to coordinate with domestic and foreign government departments and
organizations, social organizations, other non-government organizations or
international organizations and foreign regional organizations in carrying out
natural disaster management activities;

(d) to conserve and restore the environment affected by natural disasters;

(e) to provide health, education, social and livelihood programs to bring about
better living conditions for victims.
Section 14, Preparatory measures for natural disaster risk reduction before the natural
disaster strikes include the followings:

(a) prioritization of the natural disaster risk reduction by the National Committee and
each Local Body;

(b) carrying out improvement on early warning system of natural disaster;

(c) applying education, knowledge and innovation to be a habit of safety and
resilience at every level from the national level to the ward or village tract level;

(d) incorporating measures of natural disaster risk reduction in development plans of
the State;

(e) establishing sound preparations to confront the natural disaster at every level from
the national level to the ward or village tract level.

Section 15, Preparatory measures to be organized before the natural disaster in the

area where it is likely to strike include the followings:

(a) indentifying the area where the natural disaster is likely to strike and preparing the
natural disaster risk assessment and drawing emergency plans;

(b) assuring public awareness of knowledge of the natural disaster, keeping the early
warning systems, training for search and rescue and holding rehearsal;

(c) enhancing the capacity of the public for emergence of a disaster resilient community
in compatible with climate change for reduction of damage and losses due to
unforeseen disaster risk caused by climate change;
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(d) guiding, maotivating and implementing active participation of the community
including youth volunteers in the community-based natural disaster management
activities and disaster reduction activities by the National Committee and Local Body;

(e) issuing information and early warning to the public to enable timely evacuation of
their properties and cattle to a safety area;

(F) stockpiling to provide readily the minimum requirement of food and relief items and
rehabilitation materials according to the type of natural disaster;

(g) taking measures to enable to get assistance of the Defence Services, the Myanmar
Police Force, the Fire Brigade, the Red Cross, volunteer organizations, civil societies
and other non-government organizations for search, rescue and assistance
expeditiously;

(h) communications network for providing necessary assistance by foreign countries,
international organizations and foreign regional organizations in case of serious
damage and heavy losses caused by the natural disaster;

(i) taking preparatory measures for rehabilitation and reconstruction of health, education,
social and other sectors for improving better living standard after the natural disaster
strikes;

(j) performing other duties assigned by this Law in respect of the preparatory measures.
Section 16, Preventive measures to be carried out in the area where the natural

disaster is likely to strike before the natural disaster include the followings:

(@) building cyclone shelters and life-saving hillock-sanctuaries in the area where easy
evacuation is impossible;

(b) constructing embankments along the coast and in the possible flooded areas;

(c) preservation of mangroves along the coast and planting fast-growing trees;

(d) taking preventive measures according to the type of natural disaster;

(e) performing other duties assigned by this Law in respect of the preventive measures.
Section 17, When the natural disaster strikes, emergency responses including search

and rescue include the following:

(a) emergency search and rescue of missing persons due to the natural disaster;

(b) evacuation of the victims to a safety area and providing accommodation in temporary
shelters;

(c) emergency providing of food and relief items;

(d) clearance of damage and collecting preliminary data on losses and making
examinations for necessaries to provide;

(e) opening an emergency natural disaster management centre and supervising closely;

(FH providing emergency health care to the local people and prevention of the outbreak of
contagious diseases by forming mobile healthcare teams;

(9) providing medical treatment to the injured and the sick by opening temporary clinics
and hospitals;

(h) conducting emergency responses including search and rescue according to the type of
natural disaster;
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(i) performing other duties assigned by this Law in respect of emergency responses
including search and rescue.
Section 18, Rehabilitation and reconstruction activities to be carried out after the
disaster include the following:

(a) collecting data and confirming damage and losses due to natural disaster;

(b) providing the continuation of sufficient food, relief items and rehabilitation items and
appropriate financial assistance from the allotted funds to the victims;

(c) laying down the plan for rehabilitation and reconstruction on the situation of damage
and losses;

(d) reconstructing buildings and houses damaged by the natural disaster in an appropriate
place as disaster-resilient buildings;

(e) rehabilitating to restore agriculture, livestock breedings and other vocations required
for victims;

(F) establishing reintegration into society by uplifting the mental affected person due to
the natural disaster;

(9) providing medical treatment to the victims and taking preventive measures against
contagious diseases that is likely to cause as consequences;

(h) taking measures for the continuation of students’ studies out of the victims and
reconstruction of schools;

(i) taking measures for the safety of the victims and the rule of law in the disaster
affected area;

(j) coordination with the relevant body of prevention against human trafficking to the
victims;

(K) performing other duties assigned by this Law in respect of rehabilitation and
reconstruction.

2.4.10.2. The Myanmar Fire Force Law (2015)
The main objectives of this Law are as follows:

(a) to prevent destruction of State-owned property, private property, cultural heritage and
the lives and property of the public by fire and other natural disaster;

(b) to organize the Fire brigade systematically and to train members of the fire brigade;

(c) to carry out extinguishing fire, prevention and search and rescue when fire, other
natural disaster, epidemic disease or any kind of sudden disaster occurs;

(d) to educate, organize and incite extensively so as to achieve public cooperation when
any disaster occurs;

(e) to participate and help, if necessary, for the State safety, peace of the public and the
rule of law.

The project proponent must comply with Section 14, The Reserve Fire Brigade
shall:
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2.4

(a) accept supervision and inspection of the head of the relevant Department of Fire
Services

(b) coordinate with the relevant fire service personnel and members of the Auxiliary Fire
Brigade in performing the activities of fire safety and in the occurrence of fire hazard,
other disaster, epidemic disease or sudden disasters

(c) accept the direction of the Department of Fire Services for training and acquiring
skills and technology of fire safety.

Section 16, The person-in-charge of the Township Fire Services Department shall:

(b) issue, from time to time, the directives on fire safety to be abided by the residents in
the city, ward or village - tract;

(c) inspect or cause to inspect in accord with the stipulations whether the residents in the
city, ward or village - tract abide by the directives issued under sub-section (a) and
arrange to enable warning or taking action, as may be necessary, against those who do
not abide by.

A1, International Environmental and Social Conventions,
Protocols and Agrements

Myanmar participated in ratifications of the international environmental conventions

in which directly or indirectly related to biological diversity, chemical and waste, climate and
atmosphere, environmental governance, land and agriculture, marine and freshwater. The
Project Proponent have proposed to follow and commit to the following environmental
conventions, protocols, and agreements related to the project:

Table 2-3 Conventions and Agreements
No. Conventions/Agreements
1 | United Nations Framework Convention on Climate Change (UNFCCC), 1992,
2 International Tropical Timber Agreement (ITTA), 1994,
3 | UN Convention on Biological Diversity, 1995
4 | United Nations Convention to Combat Desertification (UNCCD) 1997
5 Botanic Gardens Conservation International, 1998
5 The qutageqa Bipsafety Protocol, a subsidiary agreement to the UN Convention on
Biological Diversity, 2000
7 | Convention on Biological Diversity (CBD), Rio de Janeiro, 1992 (1994)
9 International Labour Organization Conventions, 2012
10 | National Biodiversity Strategy Action Plans (NBSAP) 2011)
11 Kyoto Protocol to the United Nations Framework Convention on Climate Change (UNFCCC),
2005
12 | Vienna Convention for the Protection of the Ozone Layer, Vienna, 1985
13 | Montreal Protocol on Substances that Deplete Ozone Layer, Vienna, 1985 (1993)
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No. Conventions/Agreements
15 Montreal Amendment, 1997 and Beijing Amendment, 199 to the Montreal Protocol on
Substances that Deplete Ozone Layer, 1997 (2012)
16 | Plant Protection agreement for the South-East Asia and the Pacific Region, 1956 (1959)
17 C(_Jnvention on International Trade in Endangered Species of Wild Fauna and Flora, 1973, and
this Convention as amended in 1979 (CITIES) (1997)
18 ASEAN Agreement on the Conservation of Nature and Natural Resources, Kuala Lumpur,
1985 (1997)
19 | ASEAN Agreement on Transboundary Haze Pollution, 1997
20 | International Convention for the Prevention of Pollution from Ships (MARPOL)
21 | Agreement on the Networks of Aquaculture Centers in Asia and the Pacific Region
22 | International Treaty on Plant Genetic Resources for Food and Agriculture, 2001 (2004)
23 | Stockholm Convention on Persistent Organic Pollutants (POPs), 2001 (2004)
24 The _Ramsar Convention on Wetlands of International Importance especially as Waterfowl
Habitat, 1971 as amended in 1982 and 1987 (2004)
25 | Establishment of ASEAN Regional Centre for Biodiversity (2005)
26 | Framework Convention on Climate Change (FCCC) 1995
27 | Universal Declaration of Human Rights (UNDHR)
28 | Convention on Elimination of All Forms of Discrimination against women (CEDAW)
ILO Conventions ratified for Myanmar that still in force
C029 - Forced Labour Convention, 1930 (No.29)
CO087 - Freedom of Association and Protection of the Right to Organise Convention, 1948
(No. 87)
C138 - Minimum Age Convention, 1973 (No. 138)
C182 - Worst Forms of Child Labour Convention, 1999 (No. 182)
CO001 - Hours of Work (Industry) Convention, 1919 (No. 1)
C002 - Unemployment Convention, 1919 (No. 2)
C006 - Night Work of Young Persons (Industry) Convention, 1919 (No. 6)
CO011 - Right of Association (Agriculture) Convention, 1921 (No. 11)
20 C014 - Weekly Rest (Industry) Convention, 1921 (No. 14)

CO017 - Workmen's Compensation (Accidents) Convention, 1925 (No. 17)

C018 - Workmen's Compensation (Occupational Diseases) Convention, 1925 (No. 18)
CO019 - Equality of Treatment (Accident Compensation) Convention, 1925 (No. 19)

C026 - Minimum Wage-Fixing Machinery Convention, 1928 (No. 26)

C027 - Marking of Weight (Packages Transported by Vessels) Convention, 1929 (No. 27)

C042 - Workmen's Compensation (Occupational Diseases) Convention (Revised), 1934 (No.
42)

CO052 - Holidays with Pay Convention, 1936 (No. 52)

C063 - Convention concerning Statistics of Wages and Hours of Work, 1938 (No. 63)
C185 - Seafarers' Identity Documents Convention (Revised), 2003, as amended (No. 185)
MLC, 2006 - Maritime Labour Convention, 2006 (MLC, 2006)
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2.5. NATIONAL ENVIRONMENAL QUALITY (EMISSION)
GUIDELINES (2015)

Objectives of the National Environmental Quality (Emission) Guidelines
(NEQG) are to provide the regulation and control of noise and vibration, air emissions,
solid wastes, and effluent discharges from various sources to prevent pollution and
protection of human health and the ecosystem.

NEQG guidelines are set out as a basic principle to control the emission levels of
noise, vibration, air emission, and water quality. Emission guidelines and standards should
consider in the impact assessment and the Environmental Management Plans of the
proposed project.

The type of the proposed project must follow with the guidelines applied to
Section 1.1 (Air emission), Section (1.2) Wastewater, Section 1.3 (Noise) and 1.4 (Odor)
of National Environmental Quality (Emission) Guidelines (2015). Guidelines for
parameters relevant to the Proposed Project are shown in Table 2-4 to Table 2-9.

Table 2-4 National Guidelines of Air Quality
Parameter Averaging Period Guideline Value pg/ m3
. .. 1-year 40
Nitrogen dioxide
ttrogen cioxd 1-hour 200
Ozone 8-hour daily maximum 100
Particulate matter PMy¢? Lyear 20
. 24-hour 50
Particulate matter PM s° L-year 10
2o 24-hour 25
24-hour 20
Iphur dioxi
Sulphur dioxide 10 -minute 500
2 Particulate matter 10 micrometers or less in diameter
P Particulate matter 2.5 micrometers or less in diameter
Table 2-5 Wastewater, storm water runoff, effluent and sanitary discharges
(general application)
Parameter Unit Guideline Value
5-day Biochemical oxygen demand mg/l 50
Ammonia mg/l 10
Arsenic mg/l 0.1
Cadmium mg/I 0.01
Chemical oxygen demand mg/l 250
Chlorine (total residual) mg/l 0.2
Chromium (hexavalent) mg/l 0.1
Chromium (total) mg/Il 0.5
Copper mg/l 0.5
Cyanide (free) mg/l 0.1
Cyanide (total) mg/l 1
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Parameter Unit Guideline Value

Fluoride mg/l 20

Heavy metals (total) mg/l 10
Iron mg/l 3.5

Lead mg/l 0.1

Mercury mg/l 0.01

Nickel mg/l 0.5

Oil and grease mg/l 10

pH S.uU.’c 6-9

Phenol mg/l 0.5
Selenium mg/l 0.1

Silver mg/l 0.5
Sulphide mg/l 1
Temperature increase °C <3P

Total coliform bacteria 100ml 400
Total phosphorus mg/l 2
Total suspended solids mg/Il 50
Zinc mg/l 2

a Standard unit

b At the edge of a scientifically established mixing zone which takes into account ambient water quality receiving water use, potential
receptors and assimilative capacity; when the zone is not defined, use 100 meters form the point of discharge

Table 2-6 Site Runoff and Wastewater Discharges (Construction Phase
Parameter Unit Maximum Concentration
Biological oxygen demand mg/l 30
Chemical oxygen demand mg/l 125
Oil and grease mg/l 10
pH S.U. 6-9
Total coliform bacteria 100ml 400
Total nitrogen mg/l 10
Total phosphorus mg/l 2
Total suspended solids mg/l 50

The surface water quality is compared with TCVN 5942-1995: Water Quality-
Surface Quality Standard of the people’s Socialist Republic of Vietnam. In the standards,
Barium, DDT, Cadmium, Detergent, Gross Alpha Activity, Gross Beta Activity, Tin and
Total Pesticide (except DDT) parameters cannot tested in laboratories in Myanmar.
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Table 2-7 TCVN 5942-1995: Water Quality-Surface Quality Standard

Surface water Unit Standard

Arsenic mg/| 0.1
BOD mg/I <25
COoD mg/I <35
Dissolved Oxygen mg/I 22
Iron mg/I 2
pH mg/l 55-9
Lead mg/I 0.1
Oil and Grease mg/I 0.3
Ammonia (as N) mg/l 1
Barium mg/I 4
Chromium (Hexa) mg/l 0.05
Coliform MPN/100 ml 10000
DDT mg/| 0.01
Cadimium mg/I 0.02
Chromium (Tri) mg/I 1
Copper mg/I 1
Cyanide mg/I 0.05
Detergent mg/I 0.5
Flouride mg/I 1.5
Gross Alpha Activity Bo/l 0.1
Gross Beta Activity Bq/l 1.0
Manganese mg/| 0.8
Mercury mg/I 0.002
Nickel mg/l 1
Nitrate (as N) mg/I 15
Nitrites (as N) mg/l 0.05
Phenol compounds mg/| 0.02
Suspended Solids mg/I 80
Tin mg/l 2
Total Pesticide (except DDT) mg/I 0.15
Zinc mg/I 2

The ground water quality is compared with Myanmar National Drinking water
standard (2019). In the standards, the parameters of Tast and odor cannot test in
laboratories at Myanmar.
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Table 2-8 Myanmar National Drinking water standard (2019)

No. Parameters Unit Limitation
1 pH mg/L 6.5-8.5
2 Total Dissolved Solid mg/L 1000
3 Hardness mg/L (as CaCO3) 500
4 Arsenic mg/L 0.05
5 Total Coliform MPN/100ml 3
6 Iron mg/L 1
7 Turbidity NTU (Nephelometric Turbidity Units) 5
8 Color TCU (True Color Unit) 15
9 Lead mg/L 0.01
10 Fecal coliform MPN/100ml 0
11 Manganese mg/L 0.4
12 Chloride mg/L 250
13 Sulphate mg/L 250
14 Taste Acceptable/ No objectionable taste
15 Odor Acceptable/ No objectionable taste
16 Nitrate mg/L 50

Table 2-9 National Guidelines on Noise Level

One Hour LAeq (dBA)a

Receptor Daytime 07:00-22:00 Night time 22:00-07:00
(10:00-22:00 for public (22:00-10:00 for public
holidays) holidays)
Residential, mstltutlonal, 55 45
educational
Industrial, commercial 70 70

National Guidelines on Odor

Point and diffuse source odors from industries should be minimized using
available prevention and control techniques as described in the IFC EHS industry-specific
guidelines. Point source activities are those that involve stack emissions of odor and which
generally can be controlled using waste reduction, waste minimization and cleaner
production principles or conventional emission control equipment. Diffuse source
activities are generally dominated by area or volume source emissions of odor (e.g.
intensive agricultural activities) and which can be more difficult to control. Projects should
control odors to ensure that odors that are offensive or unacceptable to neighbors do not
occur. Generally, odor levels should not exceed five to ten odorant units6 at the edge of
populated areas in the vicinity of a project. Projects with multiple odorous point or diffuse
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releases, or emitting complex odors should conduct an odor impact assessment to
determine ground-level maximum concentrations considering site-specific factors
including proximity to populated areas.

2.6. INTERNATIONAL POLICIES, STANDARDS AND GUIDELINES
FOR ENVIRONMENTAL AND SOCIAL

International policies, guidelines and standards relevant to environmental and
social impacts of projects that referred to by most countries are those issued by the NEQG,
World Health Organization (WHO), the U.S Environmental Protection Agency (EPA), the
World Bank, and the International Finance Corporation (IFC). The policies, guidelines and
standards of the World Bank and IFC are cross-referenced and complementary as the IFC
is an organization of the World Bank Group. They are also adopted by most development
organizations such as the Asian Development Bank, and Japan Bank for International
Cooperation. It should be noted that the guidelines and standards recommended by the
World Bank and IFC, especially those related to environmental pollution, also provide due
consideration to the guidelines and standards of U.S. EPA and WHO.

Only those international policies, guidelines and standards relevant to this Project
discussed herein.

2.6.1. International Finance Corporation (IFC)’S Environmental,
Health, And Safety (EHS) Standards and Guidelines

IFC’s standards and guidelines relevant to this project described in two
documents:

(1) Performance Standards on Environmental and Social Sustainability, January 1,
2012 and

(2) Environmental, Health and Safety-General Guidelines, April 30, 2007.

The first document describes eight performance standards on environmental and
social sustainability, which IFC requires its clients to apply throughout the project life
cycle.

The second document provides general guidelines for environmental, health and
safety (EHS) for development projects.

IHlumination standards

Work area light intensity should be adequate for the general purpose of the
location and type of activity, and should be supplemented with dedicated work station
illumination, as needed. The minimum limits for illumination intensity for a range of
locations/activities of IFC are described in Table 2-10.

Table 2-10 Minimum Limits for workplace illumination intensity

Location / Activity Light Intensity (Lux)
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Emergency light 10

Outdoor Non-working Area 20
Simple orientation and temporary visits (machine storage, garage, 50
warehouse)
Workspace with occasional visual tasks only (Corridors, stairways,
100
lobby, etc.)

Medium precision work (simple assembly, rough machine works,

welding, packing, etc.) 200
Precision work (reading, moderately difficult assembly, sorting, 500
checking, medium bench and machine works, etc.)
High precision work (difficult assembly, color inspection, fine sorting, 1000-3000

etc.)

2.6.1.1. IFC Performance Standards

IFC strives for positive development outcomes in the activities it supports in
developing countries. IFC pursues and expects to achieve through the application of this
Policy on Environmental and Social Sustainability (the Sustainability Policy or the
Policy), and a comprehensive set of environmental and social Performance Standards. The
Performance Standards that the project proponent must comply are as the followings:

Performance Standard 1: Assessment and Management of Environmental and Social
Risks and Impacts

Performance Standard 2: Labour and Working Conditions

Performance Standard 3: Resource Efficiency and Pollution Prevention

Performance Standard 4: Community Health, Safety, and Security

Performance Standard 5: Land Acquisition and Involuntary Resettlement

Performance Standard 6: Biodiversity Conservation and Sustainable Management of
Living Natural Resources

Performance Standard 7: Indigenous Peoples

Performance Standard 8: Cultural Heritage

2.6.2. Regulation of Occupational Safety, Health and Environment in
Relation to Heat, Light and Noise (2006)

The regulation of occupational safety, health and environment in relation to heat,
light and noise (2006) was issued by the Kingdom of Thailand, the Minister of Labour and
Social Welfare. This regulation was acknowledged by the International Labour
Organization (ILO) and was places as a standard for the heat, light and noise pollution
within the workplace of industrial sectors. Clause 3 of this regulation states that the
workers shall control and maintain the heat level within the workplace in which employees
are working not to exceed the standard of 30 - 34 degrees Celsius of the wet bulb globe
temperature.
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2.6.3. World Bank’s Pollution Prevention and Abatement Handbook
(1988) “Towards Clear Production”

The World Bank’s Pollution Prevention and Abatement Handbook (PPAH) is a
comprehensive document providing guidelines for industrial pollution control, and it
recommends emission and ambient quality standards to apply in environmental
management. These recommends standards have considered the standards enforced by
U.S.EPA and those recommended by WHO. They are referred to in the IFC’s EHS
Guidelines.

2.7. CORPORATE ENVIRONMENTAL AND SOCIAL POLICIES

Mandalay Business Capital City Development Ltd., acknowledges that the
company and its activities have special design reducing the negative impact on the
environment. The company has identified the key areas as energy, water, waste, transport,
hazardous materials, business operations, biodiversity and health. The company aims to
protect and improve the environment by an in-depth analysis, identification and
measurement of these environmental aspects and impacts and to set targets to reduce them.

The company’s Commitment is to:

e Continuously improve the environmental performance and integrate environmental
best practice into the business operations

e Reduce our consumption of resources and improve the efficient use of those
resources

e Assess, measure, record and take action to reduce the carbon footprint of the
business activities

e Manage waste generated from our business operations according to the principles
of reduction, re-use and recycling

e Continue to improve our environmental performance through effective
communication, provision of staff training and adoption of best techniques
available

e Manage our business operations to prevent pollution Ensure environmental,
including climate change, criteria are taken into account in the procurement of
goods and services

e Be a respectful neighbor by minimizing the impact that our activities, sites and
premises have on local communities

e Protect and, where feasible, enhance biodiversity on sites and premises where we
hold responsibility or can influence those who do

e Seek to Influence our clients to adopt, and our designers to provide, solutions that
benefit the environment

To meet commitments the company will:

e Reduce and replace the use of toxic chemicals ‘with _green’ replacements where
possible
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Regular maintain and service our vehicles to ensure emissions are kept as low as
possible

Maximize delivery of materials and reduce return trips made by unladen vehicles.

Identify our waste streams and reduce material wastage by carefully planning
recycling, reusing and selective ordering

Make lighting and power energy savings both at work and on site,

Use peat alternatives in landscaping and ensure that mature trees are retained,
wherever possible, on site

Minimize the need to travel but, where travel is unavoidable, use modern and
efficient modes of transport

Establish, measure and monitor key objectives and targets annually
Apply the following standards

2.8. GUIDELNES AND STANDARDS FOR PROJECT DESIGN

The project proponent will comply with to the standards and requirements listed

in the table for project design.

Table 2-11Guidelines and Standards for Project Design

No

Items Referred Design code & Standard

Traffic and » MNBC 2020: Urban Road Hierarchies/Design speed/Lane
transportation width/ Internal Turning Radius.

» AASHTO 2018: Horizontal and Vertical geometric design/
Design vehicle/ Intersection and Roundabout Design.

MNBC 2016,2020

Ministry of Electricity and Energy standard (MOEP)
International Electro-technical Commission (IEC)
American National Standards Institute (ANSI)

National Electrical Code (NEC)

Institute of Electrical and Electronics Engineered (IEEE)
Internet Engineering Task Force (IETF)

Electronics Industry Association (EIA)

Electrical and
communication

system

VV VYV V VYV VY

MNBC 2020

World Health Organization (WHO)
World Bank

Asian Development Bank (ADB)

Water supply

YV V V V
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No Items Referred Design code & Standard
4 Fire Protection » Myanmar Fire Safety Code 2020
» NFPA
» US Fire Administration
5 Wastewat » MNBC 2020
» World Health Organization (WHO)
» World Bank
» Asian Development Bank (ADB)
6 Solid waste (Waste » NEQG
transfer station) » United States Environmental Protection Agency (USEPA)
7 Population Regard to FAR, BCR and occupant loads
estimation » MNBC 2020
» International Code Council (ICC)
8 Storm Drainage » ANSI
System » American Concrete Institute (ACI)
» American Society for Testing and Materials Standard
(ASTM)
» British Standard (BS)
» Engineering Institute of Thailand Standard (EIT)
9 MNBC 2020 » Administration of Planning, Building and Built
Environment
» Architectural and Urban Design
» Structural Design
» Soil and Foundation
» Building Services
» Building Materials
» Constructional Practices, Safety and Building Maintenance
10 Seismic Design » Geotechnical Engineering Circular No. 3, Design

Criteria and
Performance level
of ground
Improvement

Guidance: geotechnical Earthquake Engineering for
Highways, Volume 1 — Design Principles (1997)

Indian Institute of Technology Kanpur — Gujarat State
Disaster Management Authority Guidelines for Seismic
Design of Earth Dams and Embankments (2007)

Myanmar National Building Code (2016)
Myanmar National Building Code (2020)

Seismic Coefficients for Pseudo-static Slope Analysis by
Cristino MELD and Sunil SHARM (2004)

Seismic Design Guidelines for Dikes, 2nd Edition, British
Columbia (2014).
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No Items Referred Design code & Standard

» Project-Specific Probabilistic Seismic Hazard Analysis (Dr
Myo Thant)
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2.9. COMMITMENTS OF THE EIA

Commitment List No Explanation of Commitment Chapter
Environmental policy and legal framework
Legal requirement 1 Chapter 2
The project proponent will follow all the legal requirements mentioned in Chapter 2.
Environmental Measured based on National Environmental Quality (Emission) Guidelines (2015) and
quality monitoring 2 international environmental guidelines and Environmental management guidelines Chapter 4
Paragraph Section 4.7.1, 4.7.2,
. . The results of outdoor air quality measurements are presented by comparing with | 4.7.3,4.7.4,4.7.5,4.7.6, 4.7.7,
Outdoor A lit 2.1
uidoor Al quattty NEQEG (2015). 47.8,4.7.9,4.7.10,4.7.11,
4.7.12
Surface water and ground water quality were collected and the results are indicated by .
. . . _— . Paragraph Section 4.7.13,
Water quality 2.2 comparing NEQEG (2015), National Drinking Water Quality Standard of Myanmar and 4714
WHO Guidelines. o
Noise Quality Results are described by comparing NEQEG (2015). Vibration results are
Noise and Vibration 2.3 described by comparing Assessing Vibration: a technical guideline, 2006, Department Paragraph Section 4.7.15
of Environment and Conservation, NSW (New South Wales), Australia.
Soil 2.4 Soil results are presented by comparing with FAO Guidelines. Paragraph Section 4.7.16
Environmental Responsible organization, responsibilities, estimated budget and emergency response
3 plan for implementing mitigation measures and monitoring to mitigate environmental Chapter 7

management plan

impacts are completely described.
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Commitment List No Explanation of Commitment Chapter
Construction Phase
Air Quality Management Plan mentioned in section 7.4.1.1 and Table 7.6 will be
Air pollution 31 followed and implemented by the project proponent and contractor. Paragraph Section 7.4.1 and
Operation/ Maintenance Phase Table 7.6
Air Quality Management Plan mentioned in section 7.4.1.2 and Table 7.6 will be
followed and implemented by the project proponent.
Construction Phase
Water Quality Management Plan mentioned in section 7.4.2.1 and Table 7.7 will be
Water pollution 30 followed and implemented by the project proponent and contractor. Paragraph Section 7.4.2 and
Operation/ Maintenance Phase Table 7.7
Water Quality Management Plan mentioned in section 7.4.2.2 and Table 7.7 will be
followed and implemented by the project proponent.
Construction Phase
Water Quality Management Plan mentioned in section 7.4.3.1 and Table 7.8 will be
) followed and implemented by the project proponent and contractor. Paragraph Section 7.4.3 and
Solid Wastes 33
Operation/ Maintenance Phase Table 7.8
Water Quality Management Plan mentioned in section 7.4.3.2 and Table 7.8 will be
followed and implemented by the project proponent.
Construction Phae
‘ o Noise and Vibration Quality Management Plan mentioned in section 7.4.4.1 and Paragraph Section 7.4.4 and
Noise and Vibration 34

Table 7.9 will be followed and implemented by the project proponent and
contractor.

Operation/ Maintenance Phase

Table 7.9
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Commitment List

No

Explanation of Commitment

Chapter

e Noise and Vibration Quality Management Plan mentioned in section 7.4.4.2 and
Table 7.9 will be followed and implemented by the project proponent.

Soil Contamination

3.5

Construction Phase

e Soil contamination and landscaping Management Plan mentioned in section 7.4.5.1
and Table 7.10 will be followed and implemented by the project proponent and
contractor.

Operation/ Maintenance Phase

e Soil contamination and landscaping Management Plan mentioned in section 7.4.5.2
and Table 7.10 will be followed and implemented by the project proponent.

Paragraph Section 7.4.5 and
Table 7.10

Biodiversity

3.6

Construction Phase

e Biodiversity Management Plan mentioned in section 7.4.6.1 and Table 7.11 will be
followed and implemented by the project proponent and contractor.

Operation/ Maintenance Phase

e Biodiversity Management Plan mentioned in section 7.4.6.2 and Table 7.11 will be
followed and implemented by the project proponent.

Paragraph Section 7.4.6 and
Table 7.11

Traffic Congestion

3.7

Construction Phase

e Traffic Congestion Management Plan mentioned in section 7.4.7.1 and Table 7.12
will be followed and implemented by the project proponent and contractor.

Operation/ Maintenance Phase

e Biodiversity Management Plan mentioned in section 7.4.7.2 and Table 7.12 will be
followed and implemented by the project proponent.

Paragraph Section 7.4.7 and
Table 7.12

Environmental
Monitoring

The objectives of environmental monitoring program are outlined in five points.

Paragraph Section 7.3.
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Commitment List No Explanation of Commitment Chapter
Program
e Parameter - PM2.5 and PM10, TSP, NO2, SO2, CO2, CO, VOC,
03, Humidity
) ) e Guidelines - NEQEG (2015)
Outdoor Air Quality 4.1 . . . Table 7.4, Table 7.5,
¢ For construction, operation/ maintenance phase
e Area to be Monitored - Lat:21°56'12.27"N Long: 96°2'59.27"E,
Lat:21°54'57.92"N Long: 96°2'7.89"E, Lat:21°53'55.89"N, long: 96°0'54.32"E
Parameter - Surface Water Quality (BOD, COD, Iron, Oil &
Grease, pH, chlorine(free), Total Suspended Solid, Hardness, Total Dissolved Solid,
Total Nitrogen, Conductivity, Turbidity, Color, Temperature, Arsenic, Dissolved
Oxygen, Lead, Total Phosphorus, Total Coliform Bacteria, Ammonia (as N),
Chromium (Hexa), Chromium (Tri), Copper, Cyanide, Manganese, Flouride, Mercury,
Nikkel, Nitrate (as N), Nitrite (as N), Phenol compounds and Zinc
Guidelines - NEQEG (2015) and National Drinking Water Quality
Standards of Myanmar, TCVN 5942 : 1995 Water Quality Standards (Vietnam)
Water Quality 4.2 . . . Table 7.4, Table 7.5
e For construction and Operation/ maintenance phase
e Frequency - Twice a year
e Area to be Monitored
e Ayeyarwady River, downstream, Lat:21°53'39.49"N, Long: 96°0'13.72"E
e Ayeyarwady River, upstream, Lat:21°57'47.38"N, Long: 96°2'9.03"E
e Ayeyarwady River, middle stream, Lat:21°55'18.37"N, Long: 96°1'33.96"E
Wastewater outlet point, beside the project boundary
Lat:21°54'32.69"N, Long:96° 1'17.29"E
e Parameter - BOD, COD, Iron, Oil & Grease, pH, chlorine(free),
Wastewater 4.3 Total Suspended Solid, Hardness, Total Dissolved Solid, Total Nitrogen, Table 7.4, Table 7.5

Conductivity, Turbidity, Color, Temperature, Arsenic, Dissolved Oxygen, Lead,
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Commitment List No Explanation of Commitment Chapter
Total Phosphorus, Total Coliform Bacteria)
e Guidelines - NEQEG (2015)
e For construction phase
Area to be Monitored - Final water discharge point from construction site
e Frequency - Twice a year
e For operation/ maintenance phase
e Area to be Monitored - wastewater discharge points (11 points) from the
project site
e Frequency - Twice a year
e Parameter - pH, Iron, QOil and Grease, Total Phosphorus,
Total Suspended Solid, Total Dissolved Solid, Hardness, Total Nitrogen,
Conductivity, Turbidity, Color, Temperature, Arsenic, Dissolved Oxygen,
Lead, Total Coliform, Fecal Coliform, Manganese, Chloride, Sulphate,
Nitrate
e Guidelines - NEQEG (2015), National Drinking Water Quality
Ground Water 4.4 Standards of Myanmar (2019) Table 7.4, Table 7.5
e For construction phase/ operation/ maintenance phase
Area to be Monitored -
Lat: 21°56'20.22"N ,Long: 96°03'15.66"E
Lat: 21°54'45.49"N , Long: 96°02'32.26"E
e Frequency - Twice a year
e Parameter - For 24 hours Noise level (dB(A) Pascale), For
Noise and Vibration | 4.5 Vibration level, Acceleration (m/s2), Velocity (mm/s) Table 7.4, Table 7.5
e Guidelines - NEQEG (2015), a technical guideline, 2006,
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Commitment List No Explanation of Commitment Chapter

Department of Environment and Conservation, NSW (New South Wales),
Australia.

For construction, operation/ maintenance phase

e Frequency - Twice a year

e Area to be Monitored

Lat:21°56'12.27"N, Long: 96°2'59.27"E
Lat:21°54'57.92"N, Long: 96°2'7.89"E
Lat:21°53'55.89"N,Long: 96°0'54.32"E

e Parameter - The amount of waste generation and classification,
Daily weighing and recording of segregated waste, Recording the quantity and
method of waste disposal, checking whether or not there is a systematic disposal of
waste, Checking the waste burning or not

e Guidelines - Standards of Myanmar National Master Plan
Solid waste and 46 | For construction phase Table 7.4, Table 7.5
Hazardous waste » Area to be Monitored - Waste generation source of each operation process at
project area
e Frequency - Daily
e For operation/ maintenance phase
e Area to be Monitored - Waster Transfer Station within the project site
e Frequency - Daily
e Parameter - Plantation, growing and conservation within the
project area, Conservation and checking the species of bird, insect and fish.
Biodiversity 4.7 Law Table 7.4, Table 7.5

e The Conservation of Biodiversity and Protected Area Law (2018)
For construction, operation/ maintenance phase

e Frequency - 3 seasons
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Commitment List No Explanation of Commitment Chapter
e Area to be Monitored -
For fish survey,
Within the project site 21°53'46.99"N &96° 1'11.37"E and
surrounding environment 21°56'12.42"N & 96° 2'30.57"E
For Flora & Fauna
Urban Area (1); 21°55'39.24"N & 96° 3'12.65"E
Urban Area (2); 21°54'27.74"N & 96° 3'7.13"E
Cultivated Area (1); 21°55'38.90"N & 96° 2'14.17"E
Cultivated Area (2); 21°54'57.61"N & 96° 2'36.18"E
e Parameter - Record of incident/accident report, first aid training
report, health checkup and seasonal diseases
e Guideline
Occupational 43 e EHS Gmd(.ellne for Oc.cupatlor.lal Health & Safety (2007) Table 7.4, Table 7.5
Health and Safety For construction, operation/ maintenance phase
e Area to be Monitored - The whole project area, supply of PPE, Providing
warning signs, First Aid Kid, Emergency Contact Number
e Frequency - Monthly
e Parameter - Social impact situation, Health Issue to the
Community Health surroundin.g environm.ent due :[0 the project implementation
and Safety 4.9 For construction, operation/ malntelllance phase . Table 7.4, Table 7.5
e Area to be Monitored - Project Surrounding Area
o Frequency - Twice a year
e Parameter - monthly inspection of pressure gauge and seal on fire
extinguisher, monthly inspection on smoke detector, water sprinklers
Fire Hazard 410 | Law Table 7.4, Table 7.5

e .The Myanmar Fire Brigade Law (2015)
For construction, operation/ maintenance phase
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Commitment List No Explanation of Commitment Chapter
e Area to be Monitored - The whole project area
e Frequency - Quarterly
Parameter - Practicing emergency drill, records of emergency plan,
education and training, Emergency Response Plan
Law
Emergency Risk 411 | e Natural Disaster Management Law (2013) Table 7.4, Table 7.5
For construction, operation/ maintenance phase
e Area to be Monitored - The whole project area
e Frequency - Twice a year
Environmental 412 The names and positions of people who are responsible for environmental monitoring Table 7.1
monitoring team ' program are described in table 7.1. '
Estimated budget
for environmental 4.13 The estimated budget for environmental monitoring program is described in table 7.2. Table 7.2
monitoring
Corporate Social . . . . . .
4.14 CSR program of project proponent is mentioned in paragraph section 7.7. Paragraph Section 7.8

Responsibilities
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If the standards to be followed due to the nature of the project have not yet been set in
Myanmar, international standards and best available practices will be followed. Regarding the
socio-economy, the project proponent will comply with the commitments to be followed by
the project (e.g. land compensation issue, crop compensation issue, employment opportunity

issue). In addition, the project proponent will implement the above commitment during project
implementation.

| Q
! o)
J ’E‘; ,. ‘
/8 / U Tlan Htike San
N\ J Managing Director

Mandalay Business Capital City Development Ltd.
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CHAPTER 3
PROJECT DESCRIPTION AND ALTERNATIVE
SELECTION

3.1. DESCRIPTION OF THE PROJECT

Amarapura Urban Development Project is located between Mandalay city
circular road and Ayeyarwady River, Amarapura Township, Mandalay Region. The exact
GPS location of the project area is 21° 55 7.02>° N, 96° 2’ 19.51”’E. The average
elevation of the project location is around 239 ft above the sea level. The project area is
about 15 miles from Mandalay International Airport and about 4 miles from Mandalay
Railway Station. The location of the project is free from national/regional/protected areas,
historical/cultural heritage zones, and other project areas. The project area photo and
location map of the project is as shown in Figure 3-1 and Figure 3-2.
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Figure 3-1  Project Area Photos
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Figure 3-2  Overview Map of the Project Area
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3.2. OVERVIEW OF THE PROJECT

In the project area boundary, Shan Kalay Kyun Village is located. Shan Kalay
Kyun Village has total population of over (3,590) in 2016 and its gender ratio of male to
female is about (1:1.09). There are more than (588) households in the village. In addition,
Ka Di Par village, War Kote village, Kyan Tan village, Yin Taw village, Koe Taung
village, Moe Kaung village, Let Ywey village, etc are also located near the project area.

Mandalay Kandawgyi Lake is situated in north-east of project area. It covers
322.43 hectares. It is 3657.6 m long from north to south and 975.36 m from east to west.
Other famous places near the project area such as Kandawgyi lake are the Taungthaman
lake and Sagaing Hill. Taungthaman lake is an idyllic body of water in Amarapura and
located south-east part of the project area. Sagaing Hill is one of the main places for
meditation in the country and home to numerous Buddhist monasteries and pagoda.
Sagaing Hill is located west part of the project area. Shwege stormwater pumping station
is situated near the project area in east.

In conclusion, the project area is surrounded by the Ayeyarwaddy River in the
west, Chanmyathazan Township in the north, Pyigyitagon township and Chanmyathazi
township in east, and Tada-U township in the south. Famous places near the project area is
shown in Figure 3-3.

Sagaing Hill Mandalay Kandawgyi Lake

Figure 3-3  Famous places near the project area

3.3. COMPONENT OF THE PROJECT

The Amarapura Urban Development Project is an urban development project that
focuses in particular on promoting social sustainability and community growth. Pagoda
and religious buildings, residential buildings, commercial buildings, markets, office
buildings, workshops, recreation areas, centers, hotels, a mix of commercial space and
residential units, clinics and hospitals, police station and administrative offices, fire
fighting stations, nursing homes and orphanages, libries, football field and stadium, silk
weaving factory and showrooms, primary schools, high schools, vocational school, staff
housing and rental housing which contain 1,200 rooms with 600 square feet per room are
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all part of the proposed project. Additionally, other infrastructures such as dyke walls,
roads, drianges and sewage disposal system, water supply and fire system, communication
and electricity supply system, and waste disposal systems are also included in the
proposed project.

In Amarapura Urban Development Project, drainage system, wastewater
treatment system and water supply are systematically arranged. Sport ground, gymnasium
and public spaces are designed in the Amarapura Urban Development Project. Mixed
residential buildings, fire station, recreation area and shopping mall are included. Among
them, amenities building manages the spaces systematically. Moreover, the waste storage
area and wastewater treatment system are arranged with safety first designs.
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Figure 3-4  Project Concept Master Plan
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3.3.1. Technology

The Amarapura Urban Development involves the number of operations such as
land ownership and land purchasing, land reclaiming and leveling, dyke wall construction,
soil improving, road construction, drainage and sewage disposal system construction,
communication and electricity supply system construction, etc.

Land leveling is the important step of the project. Since the project area is
planned to develop the floodplain area of the Ayeyarwady River, a low project elevation
will lead to frequent flooding of the project area. Therefore, dyke wall construction and
land level process are using to prevent from flooding in the project area currently. The
Revetment Riprap Structure method is used to construct the dyke wall. Land leveling
process is continued after dyke wall construction. After the land leveling, the soil
improvement is required to prevent the site liquefaction and to increase the bearing
capacity of ground.

The standard elevation of th project level is +73.00 MSL so the land leveling will
advance to 5 to 6 m above the ground. This will be carried out until the northern part of
the project have the same elevation and the city road circuit is higher 0.5 to 1.0 m
compared to previous condition. When the project is complete, Shankalay village which
borders with project will have ground difference by 5 ~ 6 m. According to normal
condition of Shankalay village, the low flood plain area is already situated 5~6 m
difference from the Proposed project. Depending on the current statuts of the project, the
land leveling of Shankalay Village will not be proceeded, instead the construction of water
collection area and Main U Ditch will facilitate the systematic disposal of wastewater and
rain water which flow through the village will release into the Main Channel of the
Amarapura Urban Development.

Vibroflotation compaction method or double axis vibroflotation compaction
method will be used to soil improving. Since the project is related to the Sagaing Fault
line, soil strengthening activities are required to achieve the Relative Density of the soil
adjacent to the retaining wall along the project. In order to prevent movement caused by
earthquake and to avoid liquefaction, the project proponents are working to strengthen the
sandy soil by Vibro-flotation Method. In the process of strengthening the sandy soils, PGA
0.3g-Magnitude 6~6.5 will be able to withstand, and the buildings of urban housing
included in the project will be able to withstand Magnitude 7~7.5.

3.3.2. Infrastructure

The project aims to be an important modern urban project in the socio-economic
development sector of Mandalay City, to emerge a River City Business Zone that
contribute to the development of Mandalay Region and environmental beauty, and to
remain a good example in the urban construction sector by implementing Green growth
and Green economy system.
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In the project area, the basic infrastructures such as retaining wall, drainage
channel, roads, water treatement plant, wastewater treatement plant, power supply system,
communication system and other structures like public places, hospital, schools will be
implemented.

The project construction plan is divided into 7 sectors and sector 1 is divided into
2 parts, which is section 1 A and section 1B. In each section, landed housing, shop houses,
supermarket and public buildings, etc. are planned to construct. The specific tentative plan
of the project site is shown in Table 3-1 and Figure 3-5.
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Table 3-1

Details Estimate Arrangement of Building Construction in Each Sector

No Sector (1) Sector (2) Sector (3) Sector (4) Sector (5) Sector (6) Sector (7)
Riverside L .
1. Resort shopping & Cruise centre Large-scale retail Riverside ngh school & Public housing
; park vocational school
leisure complex
2. Exhibition centre Restaurant Promenade Resort Execu_tlve Football_fleld &
housing Stadium
3. | Executive housing Private hospital Cog:sgml Single family housing Supermarket Public hospital
4, Slnhgle f_am|ly Public buildings Pagoda Terraced houses Cargo Jetty
ousing

i Agri commodities trade
5. Business park Avrea for utilities Rlverfr_ont market & heavy truck Area _for

shopping ; utilities

terminal
A Auto parts & accessories

Mid-rise .
6. Jade market apartment market & construction

P materials market
7 Textile, flower and Public car parkin Mid-rise apartment

' fruits market P g P

8. Showrooms
9. Hi-rise apartment
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3.3.3. Land Use in the Project Area

Land use in the project area is divided by two land which is the developable land
and supportive land. In the developable land, low rise apartment, high rise apartment,
hotel/ condominium/ resort, business places, mixed use building, educational building, etc.
are divided and the land use percentage is 59 percent. The remaining percent includes
public buildings, government offices, open space (park, plaza, green area) and
infrastructures. The specific land use area and percentages are shown in Table 3-2 and
Figure 3-6.

Table 3-2 Land use are and percentage in project area
No. Type Land Percentage
1 Low rise apartment
2 High rise apartment
3 High end apartment
4 Hotel/ Condominium/ Resort
5 Business places DevELcI:%able 59 %
6 Mixed Use Building
7 Educational Building
8 Health Care Building
9 Trade and Transportation Works
10 Public Buildings/ Government Offices 2%
11 Open Space (Park/ Plaza/ Green Area) 6 %
12 Roads (Infrastructure) Supportive Land 12 %
13 Connecting Roads (Infrastructure) 7%
14 Dyke Walls (Infrastructure) 14 %

Hexagonal Angle International Consultants Co., Ltd. Page 3-11




LAND USED PARCENTAGE

Public Building
2%

Road (Maj
& Minor)...

Internal Road
7% Developable land

59%

Dyke
14%

Figure 3-6 Land Used Percentage in the project area

3.4. PROJECT DEVELOPMENT AND IMPLEMENTATION TIME
SCHEDULES

The project will be implemented within two phases, 1% phase is from 2017 to
2021 and 2" phase is from 2022 to 2026. The project phase (1) includes design work, land
purchasing, land reclamation, dyke wall construction, ground improvement work, and
infrastructure work. In design work, it includes designing urban building designs,
infrastructure designs, geotechnical design and dyke wall structure design. In
infrastructure work, it includes road construction, drainage and sewage disposal system
construction, water supply system construction, wastewater system implementation, solid
waste system implementation, communication and electricity supply system construction,
etc.

In the project phase (2), it intends to conduct continuing land purchasing,
continuing land reclamation, ground improvement work and continuing infrastructure
work. If the construction of this phase exceeds the proposed timeline, this construction
phase can be prolonged to five years with the permission of Myanmar City Development
Committee (MCDC). There are two possible Five-year extension to this construction
phase. Once the project advances to the stage of constructing infrastructure, the project
approver will grant a 60-year lease agreement for the land. Currently, the main activities
are land purchasing and initiation of construction in B2 Black areas of the project. Time
schedule of the project is shown in Table 3-3.
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Table 3-3 Time Schedule of the project

Period Year
No. Project Sector 1%t Period 2017 — 2021 (5 Years) 2" Period 2022 — 2026 (5 Years)
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
1 | B-1(426 Acre) Sector-1 10% 10% 10% 15% 15% 20% 10% 10%
2 B-2 (454 Acre) Sector-2 10% 10% 10% 10% 20% 20% 20%
3 B-3 (493 Acre) Sector-3 5% 5% 10% 20% 20% 20% 20%
4 | B-4 (426 Acre) Sector-4 5% 5% 10% 20% 20% 20% 20%
5 B-5 (337 Acre) Sector-5 5% 5% 10% 20% 30% 30%
6 | A-2 (185 Acre) Sector-6 5% 5% 10% 20% 30% 30%
7 | A-1(178 Acre) Sector-7 5% 5% 10% 20% 30% 30%
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3.4.1. Main Category of the project

The implementation of Amarapura Urban Development project includes 3 stages,
which is pre-construction stage, construction stage and operation stage/ maintenance stage. In
Pre-construction stage, land ownership & land purchasing, designing for project (water
supply, flood prevention, waste management, waste water treatment, transportation, etc.),
river level analyzing and project elevation analysis are conducted.

The second stage is the construction stage which is the current condition of the
project area. Land reclaiming & levelling, soil improvement and dike wall construction are
all carried out during the construction stage. In addition, constructing the infrastructures like
storm drainage, roads, water treatment plant, communication system, etc. will also conduct in
the construction stage. In the operation stage/ maintenance stage of the project, the
maintenance process will be conducted such as maintaining the basic infrastructures such as
roads, drainage channels, dyke wall, electrical system, communication system, etc.

3.4.2. Pre-construction Stage

The following process activities are conducted in the pre-construction stage.

Land Ownership

and Land
Purchasing

River Engineering
Assessment

Geotechnical
Engineering
Assessment and
Ground Treatment

Designing

(Urban, Infrastructure,
Geotechnical, Dyke
Design)

Preparing

neccessary
documents

Figure 3-7  Pre-construction Process Activities
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3.4.2.1. Land Ownership and Land Purchasing

The first step of pre-construction stage is land ownership & purchasing for the
project area. The designed acre of project area is 2,500 acres and the most part of the project
area is located at an open land where seasonal cultivation is undertaken. The land which will
be used for the proposed Amarapura Urban Development Project was permitted by the
Mandalay Regional Government. An agreement contract was signed by MBCCD and MCDC
in March 2016. Land-ownership status of all the land areas was previously managed by the
Mandalay Regional Government. Most of the land areas were purchased and owned by
MBCCD for the Amarapura Urban Development project. The purchased remaining lands
were all privately owned and came from other villages, including Shangalay Kyun village.
The lands are purchased under the guidelines of MCDC and according to the Land
Acquisition Law (2015). Land ownership and land purchasing activities are shown in Figure
3-8 and example document are shown in Appendix C.

In the project area, most of the land are alluvial soil cultivation land, Form 7 land
and the village land. The project lands will be acquired by two main methods for
implementation of the over project.

(1) According to the relevant land type, buying a land with negotiating a fair market
price from each land owner. In the current stage, the company have been purchased
approximately 2,000 acres of the land and 500 acres remains.

(2) For the land owners who do not want to sell with negotiating price, the land will
be exchanged with developed city land with the accordance of the terms of the project
contract. For the example, the land owner which has Form 7 land 1 acre, he or she can
exchange (80’x 80”) town plot which mean that 15% of the property area. The plot was ready
to build a house with complete infrastructure and the value of exchanged land will be higher
than the current Form 7 land value.

For alluvial land 1 acre, he or she can exchange (30°x80”) town plot which mean
that 5% of the property area.

For village land owner, he or she can directly exchange 100% to developed land. If
there has some building on the village land, it will be compensated with reasonable price. If
the Shankalay Kyun Village does not wish to participate with the project, it will be left.
Currently, the village area was excluded and the surrounding environment will be upgrade
with green area, landscaping and also drainage system. (note: The exchanged plan with
developed town will start later 2024)
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3.4.2.2. River Engineering Assessment

Figure 3-8

Land Ownership and Purchasing Activities

River engineering assessment is the important statistical analysis because the project
area is located beside the Ayeyarwaddy river. The establishment of the project elevation
strongly depends on expected river levels statistics. For Mandalay station, annual maxima of
water levels of the Ayeyarwaddy river are available from 1968 to 1986, while daily data are
available from 1994 to 2013 (Ministry of Hydrology DMH). For Sagaing station, daily data
on water levels and discharges are available from 1980 to 2014. Due to the Mandalay
station’s proximity and the slightly higher water levels observed at that station, the water
levels measured at Mandalay station are considered to be normative. The mean value of the
water level is shown for various probabilities of occurrence in the third column of Table 3-4.
The confidence levels of 5% and 95% for the mean are provided in columns two and four as a
measure of the statistical uncertainty.

Table 3-4 River Level Statistics Ayeyarwaddy River at Mandalay

5 :

Pr((i?yi?;:;ty 5‘Vc|>_§2\2arl1f(ilc\jﬂeglt_:e+v:/na)ter Water Level (MSL + m) W?i?e/ro Ee:)\z(;e?((jﬁ/lnsc E +
1 69.64 69.77 69.91
0.5 69.93 70.07 70.25
0.2 70.21 70.52 70.90
0.1 70.41 70.84 71.36
0.04 70.66 71.25 71.95
0.02 70.84 71.55 72.37
0.01 71.02 71.83 72.76
0.001 71.58 72.71 74.01

3.4.2.3. Geotechnical Engineering Assessment and Ground Treatment

Since the project area is located near the Ayeyarwady river, geotechnical
engineering assessment and ground treatment is need. Field survey is conducted containing
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CPTu measurements and boreholes with SPT measurements. According to the results, the top
soil layers at the project site is packed sands and silts. At larger depths, around 30 m below
ground level, densely packed sands are found. The field survey is stopped at a depth of 35 m
below ground level. At two locations borings are made attempting to establish the bed rock
depth. Each of the borings is stopped at a depth of 100 m, while not reaching bed rock.
Therefore, the bedrock depth at the project area is unknown, but at least at these two
locations, larger than 100 m below ground level. The large bed rock depth is remarkable
since at the other side of the river the bed rock extents to more than MSL + 200 m.

As the ground water levels, CPTu measurements show a hydrostatic pore pressure
development in the sand layers. No differences in hydraulic head for the different sand layers
are found. The pore pressures, as measured by CPTu, indicate that the hydraulic head follows
the river level.

One of the key geotechnical design parameters is the future ground level of the
project area. The low elevation ground level of project area can lead to frequent flooding if
the river water level increases. Therefore, the designed ground elevation level needs to
calculate. The establishment of the project elevation strongly depends on expected river
levels. The designated project elevation is set to +73.00 MSL.

3.4.2.1. Designing for the Project

During the pre-construction stage, tentative plan, the master plan of the project and
layout plan of infrastructures are designed. In tentative plan, the project area is divided into 7
sections among them Sector 1 is divided into Sector 1A and Sector 1B. Various type of
buildings are mix in each sector and Shan Kalay Kyun village is located at the boundary of
the project area. The tentative plan and master plan of the project is shown in section 3.3.2.

3.4.2.2. Preparing Necessary Documents

River Engineering Assessments, Geotechnical Engineering Assessments and
Waterfront Revetment Structurer Design reports for the project area are conducted by
Deltares (Netherlands). Seismic Hazard Analysis is conducted by Dr. Myo Thant (Local
Sepcialist) at 2017. Urban Planning by Morrow Architects & Planners Pte. Ltd. (Singapore)
at 2018, Infrastructure Design by TEAM Consulting Engineering and Management Co., Ltd.
(Thailand) at 2018, Ground Improvement Design by Tokin & Taylor (New Zealand) and CTI
International Co., Ltd. (Japan) (2018-2021) and EIA Scoping report by Environment
Myanmar Cooperative — EMC Ltd. at 2022 are conducted. Building Designs are still prepared
by Mr Joel (Philippines), D&B Design & Construction Team and Inhouse Design Team. The
deatails records of the design and report prepared for the implementation of the project are
shown in Table 3-5.
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Table 3-5

Details records of the design and report prepared for the

implementation of the project

No. Report Name Period Responsible Organization
1 River Engineering 2017 Deltares (Netherlands)
Assessments
Geotechnical Engineering
2 Assessments 2017 Deltares (Netherlands)
3 Seismic Hazard Analysis 2017 Dr. Myo Thant (Local Specialist)
Morrow Architects & Planners Pte.Ltd
4 Urban Planning 2018 .
(Singapore)
5 Waterfront Revet_ment 2018 Deltares (Netherlands)
Structurer Design
6 Ground Improvement 2018- Tokin & Taylor (New Zealand)
Design 2021 CTI International Co., Ltd. (Japan)
. TEAM Consulting Engineering and Management
7 Infrastructure Design 2018 Co., Ltd. (Thailand)
. Environment Myanmar Cooperative-EMC Ltd.
8 EIA Scoping Report 2022 (Local Specialist)
MR. JOEL A. PARCON (Filipinos
i : still Architect)
9 Building Designs Prepare D&B Design & Construction Team (Local)

MBCCD Design Team

3.4.3. Construction Stage

Construction stage is a main stage of the project since the project is an urban
development project. The current situation of the project is construction stage and it is still
implemented the dike wall and soil improving process. The following steps will be
implemented in the construction as shown in Figure 3-9.
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Figure 3-9 Construction Process activities

3.4.3.1. Land Ownership and Land Purchasing

Some of the land in the project area remained for purchase during the pre-
construction period. As a result, during the construction phase, these lands are purchased
from locals.

3.4.3.2. Land Reclaiming and Levelling

In reclaiming, the bush and small tree are clear in the project area to avoid the risk
from the dangerous insects like snake. Sands are extracted by water pumps on sand barge
vessels from the river and transported to the project area via pipes in the land filling process.

A large quantity of sand needs to be dredged and pumped out to the project site for
the land fill of the project. The estimated demand of the sand is approximately 30 million
suds for the whole project. Dredging was carried out in accordance with the instructions,
technical recommendations, simulation research, local consultants, and dredging places
designated by the Directorate of Water Resources and Improvement of River Systems
(DWIR). Dredging activity will be conducted in coordination with Directorate of Water
Resources and Improvement of River Systems (DWIR). The Dredging procedure will be
conducted through the Simulation Study with the consultation of River Morphology Experts
from Local and Deltares Institute, also with the supervision of Directorate of Water
Resources and Improvement of River Systems-DWIR), it will be conducted at designated
place. The permission of sand transportation by departmental authorities is described in
Appendix (L).
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The navigation of the river adjacent to the project side can be improved by dredging
from the Ayeyarwaddy and construction a dyke wall. Hence, it can save the National Budget
as well as the World Bank loan that the Directorate of Water Resources and Improvement of
River Systems (DWIR) received for the Ayeyarwaddy River's improvement and training
programs.

Since the calculated project elevation level is +73.00 MSL, land filling and leveling
process will be conducted to reach the specific ground level. Photo of the land filling process
and dredging process are shown in Figure 3-10 and Figure 3-11.
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Some Reference Figures for Sand Dredging area (Sources DWIR)
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Figure 3-11 Dredging Process
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3.4.3.3. Retaining Structure Construction (Dyke Wall Structure)
3.4.3.3.1 General

There are several types of retaining structure including gravity, sheet pile, cantilever,
and anchored earth/mechanically stabilized earth (reinforced earth) walls and slopes. The
mixed type of retaining structures should be employed in the design and construction of
steps, steep slopes, or walls in infrastructure projects when space must be conserved or land
acquisition must be limited. Retaining structures are used to retain the compacted sand
backfill for the Amarapura urban development project.

3.4.3.3.2 Review and Evaluation of Available Data

The project area is located in the low level of the river bank and needs to be filled up
to the high flood level. In addition, part of the project area contains loose sand in the
subsurface layer and is prone to the effect of liquefaction during and after major earthquakes.
The following criteria will be used to develop retaining structures:

(1) Earthquake Loading
(2) Stability of Retaining Structures and

(3) Erosion, Scour and Toe Protection of River Bank
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3.4.3.3.3 Design Criteria

The waterfront comprises of retaining structures and revetment. The function of retaining structures is to retain the compacted sand

backfill that filled up to the high flood level.

Table 3-6 Design Criteria

Waterfront

Slope Stability

Hydraulic

The standard of design codes that follow are as
below

e Myanmar National Building Code 2016, Part1 to
Part7 ¢ USACE - Shore Protection Manual 1984
volumel & 2 e USBR - Bank Stabilization Design

e Factor safety (FS) of slope stability
waterfront
i Normal conditions (FS. allowble
1.5)
ii. ii. Earthquake conditions case 0.1g
-0.4g (FS. allowable 1.0)
iii. iii. Post-earthquake conditions case
0.1g -0.4g (FS. allowable 1.0)
e The design of retaining structures will base

on the subsoil improved conditions.

e Design revetment for return periods are smaller
flood 10 years (32,168 m3 s)

¢ Flow velocity condition

¢ Height wave condition
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3.4.3.3.4 Conceptual design of the Waterfront

According to the conceptual design report, earthquake loading, the stability of
permanent waterfront, erosion, scour and toe protection of river bank, the basic geotechnical
design for a landfill special attention is given to the river bank for which a natural slope 1:4 to
1:7 and summary optimize F.S. slope 1:7-1:5-1:4-1:3.5-1:3-1:2.5 with PGA.(0.1g - 0.49) in
basic design report and previewed in the preliminary drawings. The related analysis and
design comparison for each slope of waterfront will be performed on the accepted
preliminary drawings as shown in Figure 3-12.

Slope 1:4 Slope 1:2.5

Figure 3-12 Comparison for each Slope of Waterfront
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3.4.3.3.5 Factor of Revetment Design

There are two types of design for revetment which are structure design and slope design. The detail description of each design is
following table.

Table 3-7 Description of Revetment Design
No. Type of Design Hydrauli::;lt):i/sl;lydrology Geotechnical Analysis Design structure of erosion protection
1 Structure Design 1. Water Level (max/min) - 1. Type of erosion protection
2. Water velocity 2. Size, thickness and length of material
3. Appropriate erosion protection
distance
2 Slope Design - 1. Soil properties 1. Excavation level
2. Slope stability 2. Height and slope ratio
3. Soil movement 3. Type, size, spacing of reinforced
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According to the conceptual design report, from consider the basic geotechnical
design a natural slope 1(V):4(H) to 1(V):7(H). TEAM proposed conceptual global slope
1(V):4(H) against erosion due to wave and water erosion as shown in Figure 3-13. In general,
the step slope consists of maintenance parts global slope 1(V):4(H) with berm, first the slope
protection layer. Second the walk way maintenance, as shown in Figure 3-14.

4R NN
A

Figure 3-14 Global Slope 1(V):4(H) with Berm

3.4.3.3.6  Component of the waterfront

1. Upper Part or Crest (Top) consists of a usable area behind the waterfront and other
utilities such as sidewalks, drainage systems and roads. Typically, the waterfront
is above the maximum water level and it should be considered as part of the
design due to erosion surface of water flow. Such erosion protection can be
achieved by plant with deep root which can resist erosion well.

2. Protection Part (Slope) is to protect the bank from erosion due to tides and waves.
Designers may choose to use structural for surface protection or permanent
structures, such as a retaining wall to protect surface erosion.
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3. Lower or toe is the bottom of the waterfront. It is the base of the waterfront and
prevents erosion of the water surface at the foot of the waterfront. The problem of
erosion is a major problem it can be damage to the waterfront.

Component of waterfront is described in Figure 3-15.

Typical Section of Revetment

Figure 3-15 Components of the Waterfront

Followings are the factors to consider type of revetment slope —
1. Strength and durability

2. Availability of construction material

3. Construction methodology

4. Time or Rapidity of construction

5. Construction cost for revetment slope,

TEAM proposed conceptual revetment overhead protection against erosion due to
wave and water erosion. In general, the surface slope structure consists of two parts, first The
Armor layer and second, the Filter layer, as shown in Figure 3-16.
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Figure 3-16 Structure of Slope Surface

3.4.3.3.7 The Waterfront Revetment Structure (Dyke Wall Design)

According to the scoping report, the soil type of the project area was investigated by
MBCCD before urban structures, a riverfront, and a dike wall were built to prevent river
flooding. The soil tests are measuring for the strength of the project area. Soil tests include
local professionals of geology and professionals from Deltares Team in Netherlands. The soil
was confirmed to be strong enough for the project's implementation based on the results of
the soil test.

The Ayeyarwady River's upstream and downstream (20 km) sections, which are
connected to the project region, were surveyed for sedimentation, river flow conditions, river
flow, and other factors. The Deltares Team from Netherland obtained the yearly river level of
Ayeyarwady and Dr. Kees Sloft is building the Technical River Model. This model can
explain the comparison of River Flow Condition of Ayeyarwady River with project and
without project within the project related 40 km.

Dike walls along the river of project related 40 km will be calculated by Dr. Cornells
Zwanenburg from Deltares Team. The strength of the Dike Walls and the River Flow
conditions relating with them will be analyzed in the River Model. In constructing the dyke
wall, the 1st layer will be constructed by compacting the sand and for the 2nd layer,
geotextile (MR 501) will be laid and armour rocks (0.7m ~ 1.0 m thick) will be laid on the
geotextile layer. Currently, the construction work is completed approximately 9.55 km within
the project site.

The Amarapura Urban Development project intends to build a 11.8-kilometer-long
waterfront revetment structure that will follow the Ayeyarwaddy river. Currently in
construction stage and completed up to about 6.1km. The main source of the 400,000 tons of
rock needed for the revetment construction is from Ohn Chaw Quarry, which is 30 km away
from the Amarapura Urban Development project.
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Figure 3-17 Dike Plan of Project Area
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3.4.3.4. Soil Improvement

The project area is located in seismic zone and potential to be earthquake. The
project is also beside the Ayeyarwaddy river and thus, the sand layer needs to be improved to
reduce potential liquefaction which could damage to the buildings and utilities. In soil
improvement process, two process are need to conduct which is elimination of site
liquefaction and increase bearing capacity of ground.

The criteria of soil improvement are as follows:
e Ground bearing capacity > 100 kpa
e Solve the site liquefaction problem, based on the classification of building
For Classification B — Eliminate liquefaction completely

For Classification C — Eliminate liquefaction partially, accordingly the
foundation and upper structure design shall be improved.

3.4.3.4.1 Conceptual Soil Improvement

The conceptual soil improvement for this project is governed by two factors: (1)
underground water level (3 m and 6 m) and (2) classification of building (B and C). Based on
the two factors, four scenarios are developed, as shown in Table 3-8 and the calculation
results (treatment depth and SPT values) is shown in Table 3-9. Based on soil improvement
requirement and site condition, the treatment depth will mainly be between 10 to 20 m. Clay
content of sand is assumed to be 10%. Vibrofloation Compaction method is preferred as soil
improvement solution proposal and Double Axis Vibrofloation Compaction method is
recommended method.

Table 3-8 Scenarios for Liquefaction Analysis
Underground (Importance)
Option/ | water level portan .
: Classification Description Remark
Scenario | from surface L
of buildings
ground (m)
Important buildings
Functions of buildings cannot be Or prioritized
1 3 B interrupted or need F prioritize
. follow local
To be restored as soon as possible
Serious consequences by seismic
2 3 c Exclude A, B and D Or prioritized
follow local
Important buildings
Functions of buildings cannot be Or prioritized
3 6 B interrupted or need r prioritize
) follow local
To be restored as soon as possible
Serious consequences by seismic
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Underground (Importance)
Optloq/ sl oyl Classification Description Remark
Scenario | from surface o
of buildings
ground (m)
Or prioritized
4 6 C Exclude A, Band D follow local
Table 3-9 Summary of Calculation Results of Different Options
Option/ Scenario Treatment depth (m) Required SPT N value
1 15.6-20 13-25
2 10.5-16.4 13-23
3 14.4-20 11-22
4 8.5-16.4 11-20

3.4.3.5. Road Construction

The project area's road network that will be constructed is divided into four groups
based on the functions and capacities: Central Road, Major Arterials Road, Collector Road,
and Local Road. Moreover, there is Myo Pat highway connecting to the road network within
the project area. The criteria using to the geometric road design in the project is based on
Myanmar National Building Code 2016 in conjunction with international criteria and design
guideline such as AASHTO 2011 and Ausroads Guide to Road Design 2015. The geometrical
requirements for road design, typical section figurations, and design speeds for each category
of the project road, including the Myo Pat highway are displayed in Table 3-10. The main
road to be built in the project area are shown in Figure 3-18.
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Table 3-10

Road Design Standards of the project

Highway Classification | MYO PAT Highway Central Road Major Arterials Road Minor Road Local Road
Max. Design speed
130) ((70 70 50 50 30
) (130) ((70))
Total No. of L Mai
otal No. of Lane (Main 6 6 4 ) »
Road)
2 2 -
Bus/Truck Lane - -
(1 Lane for each side) (1 Lane for each side)
1 2 2
Parking Lane - -
(beside the Project area) (1 Lane for each side) (1 Lane for each side)
1
Frontage Road for side beside the - - - -
Project area
Right of way 40.00-60.00 36.58 25.00 18.30 12.20
dith -3.50 for Normal Lane | - 3.50 for Normal Lane
Widt
(m) Lane -3.97 for Bus/Truck - 3.97 for Bus/Truck 3.50 3.50 3.50
Lane Lane
Median 4.27 4.27 1.22 - -
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Highway Classification | MYO PAT Highway Central Road Major Arterials Road Minor Road Local Road
Shoulder - - - 2.44 -
Separator 4.57 - - - -
Sidewalk 1.83 5.19 2.44 3.21 2.60
Min. Hor. curve radius (830) ((190)) 190 80 80 20
(m)
Type of pavement Bituminous Concrete Bituminous
Max. superelevation (%) (8) ((6)) 6 6 6 6
Max. vertical grade (%) 5.0
Min. vertical cl
in. ver I(C,Z)C earance £ 0
Design Vehicle SU 12 SU9
Min. Turning Radius (m) 15.00 11.00
Total Distance (m) 9,323 6,585 35,672 30,015 65,110
Page 3-35
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Figure 3-18 Main Road to be Built in the Project Area
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3.4.3.5.1 Typical Section

The sufficient number and size of lanes in the roads, facilities for motorists and
pedestrians such as parking pocket, shoulder, sidewalk and street lighting etc. will also
construct for each road type according to the following Figure 3-19 to Figure 3-24.
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3.4.3.5.2 Design Vehicle

Vehicle types are also considered in road design for construction. The two types of
typical design vehicles are taken into consideration for usage in the project road design,
according AASHTO 2011. Firstly, the SU 9 with minimum turning radius 11.0 meters is use
for only for Local Road. Then, SU 12 with wider minimum turning radius 15.0 meters for
MYO PAT highway, Central Road, Major Road and Minor Road are designed to
accommodate large trucks for logistic connected to the road network of the project.
Dimension and figurations of turning paths of both Design Vehicles are shown in Figure 3-25
and Figure 3-26.
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Dimension and figurations of turning paths of SU9 (AASHTO 2011)
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Figure 3-26  Dimension and figurations of turning paths of SU12 (AASHTO 2011)

3.4.3.5.3 Intersection and Roundabout

In the project area, there are two high volume traffic roads, MYO PAT highway and
Central Road, crossing together into 6 locations. Two types of at-grade intersection will be used
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in the project area, which is signalized intersection and roundabout. The intersection points that

will be constructed are shown in Table 3-11 and Figure 3-27.

According to the conceptual design report of the project, the physical conjunction with
sharp angle of road connections at the starting point (RA1) and the end of the central road (RA4)
will be constructed signalized intersection. The at-grade intersection at (RA5) shall be designed
as signalized intersection because of the low traffic volume on the connection local road. The at-
grade intersection (RA4) will also be constructed signalized intersection while the other at-grade
intersections shall be constructed as roundabouts. The specific intersection points are shown in

Figure 3-28 to Figure 3-33.

Table 3-11 Intersection points in project area

At-grade Intersection No.

Recommendation

Remark

RA1 Signalized Intersection Beginning of the Central Road
MYO PAT connectd with
RA2 Roundabout Major Arterail road and Local
Road
. . . MYO PAT connected with
RA3 Signalized Intersection
Local Road
RA4 Signalized Intersection End of the Central Road
. . . MYO PAT connected with
RA5 Signalized Intersection
Local Road
| 1 ion in Proj
RAG Roundabout nternal Intersection in Project

Area

Hexagonal Angle International Consultants Co., Ltd.
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3.4.3.5.4 Pavement Design Consideration

The road pavement design is necessary for considering the benefit of the project. In
considering for construction of pavement, traffic volume, durability, skid resistance/vehicle
traction, construction cost, maintenance cost, maintenance frequency and traffic impact
during the maintenance are also considered. Two types of pavements will be constructed
which are rigit pavement and flexible pavement. Flexible pavement will be constructed along
most of the roads in project area. The rigid pavement will be constructed along the Central
Road which has high traffic volumes and many important utilities because the rigid pavement
structure is more resist seismic force from the earthquake vibration. The preliminary design
of rigid and flexible pavement is shown in Figure 3-34 and Figure 3-35.
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‘qﬂml'lw I II
OL AGGREGATE TYPE SUBBASE - - . = "= . .

U ISUBORADE o | L8 T et T

EXISTING GROUND LEVEL

Figure 3-34 Preliminary Design of Rigid pavement
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Figure 3-35 Preliminary Design of Flexible pavement
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3.4.3.5.5 Batching Plant

The project's internal roads will use the rigid pavement. Only about thirty percent of
the concrete needed for the project will be used by the batching plant; the remaining part will
be purchased from suppliers. The location of the batching plant is Plot 606, Yin Taw ward,
Amarapura Township. 21° 54.744'N and 96° 2.421'E are the coordinates of the location. The
plant has a 3600 square foot space. For the purpose of implementing batching plants, the
license certificate has been completed and is detailed in Appendix (M). The location map of
batching plant is shown in Figure 3-36 and Figure 3-37.

Batching Plant

Figure 3-36 Location Map of Batching Plant

Figure 3-37 Batching Plant
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3.4.3.6. Drainage and Sewage Disposal System Construction

Drainage system need to design and construct based on the rainfall data of project
area for safe discharge into the receiving watercourse or the river. In addition, the magnitude
of peak flows that have to be accommodated will depend primarily on the intensity of rainfall
and features of the catchment, such as size, topography, soil type, configuration and land use.

In drainage system construction, U-shape drainage channel, storm drainage pipe,
manhole, outfall, main drainage along village and main drainage connection are included.
Some examples of components in typical systems are shown in Figure 3-38 to Figure 3-42.
The drainage system zones and an example of planned drainage system for sector 1A that
will be constructed are shown in Figure 3-43 and Figure 3-44.

Sewage from the project area will be treated by Onsite Waste Water Treatment —
OSWT in each area and disposed according to the NEQEG after treatment. This treated
sewage water will be disposed of through (11) final outlets in operation area. The specific
water treatment system is shown in Section 3.5.6.2.
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Figure 3-38 Typical Section of U-Shape Drainage channel
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Figure 3-40 Typical Section of Circular Pipe

Page 3-55



61.20

70 50 B2 [
e "
! k.
] ” stetetete
b
8 T :
§+ b [~ -~ ™ A
5300 | (2] s b ?—- 0|0 @M“'“’H"
¥f e 4 — 20
—
3
o
= x4

BASCUN/M © 62.5SL, ROCK SZE-G'H'/ ARMOUR ROCK:0.7M THK: ROCK SIZE C'lﬁ'/ ARMOUR ROCK:0.7M THK: ROCK SIZE 6'X9"

(MIN THICNOT LESS THAN 184)

Figure 3-41 Typical Plan and Section of Outfall

SCWN 0 ELS, XX STE-6"
18)

i 02 4
ﬂ ! 22 P T 00 im 3300 (WAt
(BR) W)
N o RIS WY ! PR RONRE O
| | | ARMOUR HOCK:07M THK: RORK SIZE 699"
|y TR mrANADDY e | | CHANAGE S -
s H ‘ 0 o= oo son s -t
=t L ! | ORNAGE QU "
T | | | | 7 — — e =
—— | ‘ 461, T Loy ;
!l e prapp—— b HUTE BLOKK N “‘”%J " : g \
— | | | ‘ : 1 COMPACTED S0 010 M. (1) ;
| |y moay ", b I

+ o (N THCNOT LESS AN SO PG
|yt W i3

1 46200 [1
vame S e L0 RN VIS NP4
EXSTNIG GROUND
+ 5o

Figure 3-42 Typical Plan and Section of Outfall

Hexagonal Angle International Consultants Co., Ltd.

Page 3-56




OUTFALLI - Ayeyarwaddy River -

OUTFALL H OUTFALL A
OUTFALL COUTFALL B
OUTFALL G OUTFALL F OUTFALLE OUTFALLD

OUTFALL] OUTFALL K AUD PROJECT

[[] CATCHMENT AREA

4mmm  PROPOSED OUTFALL Shwe Ta Chaung Canal

Figure 3-43 Overall Drainage System with Outfalls
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3.4.3.7. Communication and Electricity Supply System Construction
3.4.3.7.1 Communication System

Source of communication network in the planning area is from existing
communication network service provider. Optic cable will be installed from the
telecommunication supplier's exchange point to the end-user's network access point to meet
the demand of large bandwidth including internet, cable television, telephone and ensuring
expansion of bandwidth capacity in future as per the requirement of national development
orientation of telecommunication infrastructure. In addition, international technical standards
such as American National Standards Institute (ANSI), National Electrical Code (NEC),
Institute of Electrical and Electronics Engineered (IEEE), Internet Engineering Task Force
(IEFT), Electronics Industries Association (EIA) will be followed in implementation of
communication system.

The major components of the communication system are as follows.

Main cable: Single mode 96 core optic cable using optic cable will be installed in
underground HDPE pipe. Cable pull box will be used on the main cable network for the
purpose of connecting and installing cables and branch cables. Using concrete pull box adds
to advantages of strong bearing capacity, minimizing distortion of chamber walls while being
buried and also keeping cable duct, chamber, jointing chamber stable under the ground with a
durability of over 20 years. Additional holes for future expansion will be provided for cable.
Interval of cable chambers will be not more than 500m.

Optical distribution cabinets on the main fiber optic cable lines will be used to
ensure service radius of not more than 50m for each cabinet. Fiber optic converter or fiber
optic switching module will be installed in the cabinet.

Distribution cable line: Distribution cable line will use single mode optic cable and
will be buried with optical distribution frame location in main road.

Customer cable line: Will use a single mode optical cable connected to over head
network access point.

The estimated bandwidth demand and cost estimate for telecommunication system is
shown in Table 3-12 and Table 3-13.

Hexagonal Angle International Consultants Co., Ltd. Page 3-59



Table 3-12

Estimated Bandwidth Demand

Estimated Estimated Estimated Estimated Estimated Estimated Estimated Estimated
Item Area Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth
Sector 1 MbDs Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7 Sector 1-7
P Mbps Mbps Mbps Mbps Mbps Mbps Mbps
1 Warehouse - - - 120 - 60 - 180
2 Transportation - - - 10 10 - - 20
3 School 10 280 - - - - - 290
4 Tennis Court - 10 - - - 10 - 20
5 Utilities 70 10 - 30 - 10 10 130
6 Public 30 10 50 40 ; i ; 130
Building
7 Business - - 8730 3600 5400 - 5100 22,830
8 Shophouse 630 480 650 570 50 150 150 2,680
9 Commercial 3,720 1,680 1,680 1,080 840 300 480 9,780
10 Residential 18,060 4,140 130 180 40 8,070 11,190 41,810
Total Estimated
Bandwidth (Gbps) 22.52 6.61 11.24 5.63 6.34 8.60 16.93 77.87
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Table 3-13 Summary of Quantity and Preliminary Cost Estimate for Telecommunication Investment

PART TITLE TOTAL AMOUNT (U.S. DOLLAR)
6.2 Communication
6.2.1 Sector 1A/ Sector 1B 90,780.00
6.2.2 Sector 2 67,880.00
6.2.3 Sector 3 81,230.00
6.2.4 Sector 4 106,990.00
6.2.5 Sector 5 59,970.00
6.2.6 Sector 6 50,420.00
6.2.7 Sector 7 51,120.00
6.2.8 Service 14,672.00
GRAND TOTAL 523,062.00
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3.4.3.7.2 Electricity Supply System

Electricity supply is designed and planned on the land use plan map of Mandalay
Business Capital City Development Ltd (MBCCD) and Ministry of Electricity and Energy
Standard (MOEP).

For the Amarapura Urban Development Project, 4 sub stations (66/11kV or 33/11 KV
substations) are considered. In the first phase, a substation of 20 MVA will be installed in Sector
(1) which will fulfill the expected demand for the phase 1, utilities for the whole project
construction process. Installation of the subsequent substations will be subjected to each
development phase as per requirement.

3.4.3.7.2.1 Medium Voltage 11 kV Network

The power distribution voltage will be of 11kV. The plants, administrative facilities
and residential facilities will be supplied at this voltage from the overhead/underground
distribution lines as per requirement. The transmission lines parallel to the Myo-Pat Road,
Central Road and Major Arterial Road will be underground as per requirement and for the
other locations overhead transmission system is considered.

For 11kV lines, spaced aerial cable type will be installed on centrifugal concrete
pole at 14-16m height, the average interval of pole will be 30 m. Total length of 11kV line in
the entire area is 51km. Low-voltage stations supply power for plants, public service works,
and technical infrastructure will be identified in the subsequent future development.

3.4.3.7.2.2 Lighting Network 0.4 kV

Low-voltage transformers of 11/0.4kV are proposed to supply low-voltage power for
street lights. 3-phased pole type transformers with a total expected capacity of 100kVA for 11
sets will be used for this purpose.

Low-voltage lines supplying for street lights will use bronze cable (Cu/XLPE/PVC,
0.6/1kV) installed in buried HDPE conduit. For lighting lines on twin roads, double lighting
poles to be installed on separated strips. LED 220V Street lights with capacity ranging from
110W to 200W, to be installed on steel tube at 9m height in an average interval of 25m-40m
along the roads.

3.4.3.8. Water Supply and Fire System Construction

Water supply system will be established up for the entire Amarapura Urban
Development project by pumping water from the Ayeyarwady River and ground water. The
river water will be used directly for firefighting system and irrigation system (spraying trees)
by distribution system in each sector. In construction phase, the required amount of water
consumption rate is 1300 m3/day for the whole project by pumping water from the river.

Pumping test & Draw-down tests are conducted in order not to affect the recharge
and discharge of the underground aquifers and Geophysical survey are conducted to know the
ground water condition, hydrogeology condition before using the ground water. Pumping test
& Draw-down test and Geophysical survey photo are shown in Figure 3-45. Ground water
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will be treated with treatment system and used for household and other buildings in the
project area.

Figure 3-45 Pumping test & Draw-down test and Geophysical survey activities
3.4.3.8.1 Water Treatment Process

Water may be treated differently in different communities depending on the quality
of the water source that enters the treatment plant. The water that enters the treatment plant is
generally from either surface water or groundwater. Surface water, lakes, rivers and streams,
typically require more treatment and filtration than groundwater because of high
contaminants of sediment (sand, clay, silt and other soil particles), germs, chemicals, and
toxins than groundwater.

3.4.3.8.1.1 Surface Water

Major method for surface water treatment process is turbidity demolition. The
conventional treatment process is usually used for treating surface water because the process
is practically non-complexity and require simple operation as Figure 3-46.
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Figure 3-46  Conventional Treatment, Surface Water

As described in above figure, conventional water treatment process includes the
following treatment process;

v" Coagulation and Flocculation Process (Rapid Mixing System and Slow Mixing
System)

v Sedimentation Process

v" Filtration Process

v Chemical Storage and Feeding System
(@) Coagulation and Flocculation Process

To demolish turbidity or colloid particle from surface raw water to gain clearer
water, filling of some chemical is needed such as Alum to accelerate self-sedimentation
capability. Process that colloid particle gathering and bonded together to form bigger sizing
particle called Coagulation.

All waters, especially surface waters, contain both dissolved and suspended
particles. Coagulation and flocculation processes are used to separate the suspended solids
portion (turbidity) from water. Coagulation and flocculation occur in successive steps
intended to overcome the forces stabilizing the suspended particles, allowing particle
collision and growth of floc.

Coagulation, rapid mixing, is the first step to destabilize the particle ‘s charge.
Coagulants with charges opposite those of the suspended solids are add to the water to
neutralize the negative charges on dispersed non-settable solids such as clay and color-
producing organic substances.

Rapid mixing (Coagulation process) is the first step that supports major role to
accelerate chemical reaction of alum in raw water for affecting colloid particle to be unstable
and formulate floc particle in slow mixing tank.

Hexagonal Angle International Consultants Co., Ltd. Page 3-64



Important parameter for equipment mixing design of rapid mixing tank is Velocity
Gradient which is defined as symbol —Gl. In Velocity Gradient water is turbulent, turbulent
water in rapid mixing tank is needed to be high to stimulate mixing between water and
chemical in every spot. Another important parameter is mixing time as defined by symbol
“T” which means contact time in between chemical and turbidity. Time in rapid mixing tank
is consumed only 1 minute or less.

For this project the consultant selected to use Static Mixer in rapid mixing system
because of its easy to be controlled, cheaper cost and not required electrical supply. Design of
Static Mixer is as follow:

i. Installing on ground for convenient maintenance.

ii. By-pass is available in case of taken off raw water pipeline for washing or
maintenance.

iii. Chemical Filler at water inlet point is existed.

iv. Water Baffle Plate in raw water mixing pipeline is made of stainless.
v. Criteria for Raw water mixing design is as follow:

G =500-1,000 second-1

GT = not more than 1,500

T =1-3 second

After the first step of coagulation is finished, the second process called flocculation
will be occurred. Flocculation, slow mixing (Flocculation process) parameters are majorly
nearly the same as those used in Rapid Mixing. The differences are in slow mixing G is
required to be low but T to be long. Water Baffle Plate to be used in slow mixing system is
Baffle Type with horizontal flow.

(b) Sedimentation Process

Sedimentation Process is to subtract colloid particles (turbidity) that formulated as
floc out of mixing water then water will become clearer. Good sedimentation tank performed
demolition of almost all floc particles without burden need of filtration tank.

To design sedimentation tank, Surface Overflow Rate and Water Detention Time are
needed to be considered. Moreover, Ratio of Tank Width per Tank Length, Tank Bedding
slope, Details of water inlet and water outlet for uniform water distribution inside the tank
without any shortcuts and turbulence occurred are also considered.

(c) Filtration Process

Filtration tank performed separation of suspended particle out of water spilling over
sedimentation tank. Water passing through filtration tank will be very clear without any
suspended solids and with less turbidity. In general sand is major material to be applied in
filtration tank to catch suspended load.
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Filtration process in water treatment system is majorly composed of Rapid Sand
Filter. As time goes by, to keep filtration performance effective backwashing of sand filter is
needed. As long as operation period goes, suspended particles will be accumulated in
between filter void until clogging can be occurred. Washing of filter material will be needed
and can be done by letting clear water flow backward to filter direction. Turbidity and other
clogging particles shall be wiped away by inputting additional clear water. In this project
backwash water operating to wash the filter material while washing the surface of the filter
layer.

Factors to be considered for designing filtration system are Filtration Rate, Type and
Size of Filter Material, Thickness of Filter Layer, Filtration Control System, Subsurface
Drainage of Filter Layer, Spilling Drainage System, Backwashing System, and Piping system
in filtration system.

(d) Chemical Storage and feeding system
Design concepts are as follows:

1) Space of Chemical Storage must be sufficient for keeping chemical for 1-month
use including with installation of feeder system equipment.

2) Chemical Feeder Capacity must be sufficient to supply for feeding 0.5-1 of daily
usage.

3) Location of entrance/exit and chemical storage layout must be convenient for
operating such as relocating, mixing and feeding.

Chemical Use in Water Treatment System can be categorized in 3 types as follows:
1) Coagulation Chemical (coagulant) to be used can be alum, ferric salts,
poly Aluminium Chloride (PACI) and various types of polymers.

2) Chemical for pH adjustment such as Sodium Hydroxide, Sodium Carbonate and
Lime.

3) Disinfection Chemical properly uses Chlorine

In chemical feeding process, normally the chemicals are prepared in the form of
solution before passing through the feeder typed Diaphragm Metering Pump.

Chemical Dosing in Water Treatment System should be applied as follows:
v Alum should be ranging in between 20 - 100 mg./I.
v Lime should be ranging in between 10 - 50 mg./I.
v Chlorine should be ranging in between 0.5 - 10 mg./l. (in the form of CI2)
(e) Clear water tank

Design Criteria for clear water tank are as follows:
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v’ Storage Capacity of the clear water tank is not less than 6 hours of Maximum
Daily Demand.

v" Connection to existing clear water tank must be installed at the bottom
elevation of the clear water tank.

v Pipe Connectors for future extension of clear water tank must be provided
and installed.

3.4.3.8.1.2 Groundwater

Groundwater treatment process is designed to remove natural and anthropogenic
contaminants. Efficacy, capital, and operation and maintenance (O & M) costs, and owner’s
preference are considered to select proper treatment. A flow schematic for a typical
conventional groundwater treatment including some form of oxidation, coagulation/
clarification process, filtration, and disinfection is presented in Figure 3-47.

Filter Aid (Optional)

pH adjustment

(Optional)

Chemical Oxidant Oxidation Contact
High
Tank or Aerator Filter Clear Well 1?
Service
m Pump
® To Distribution
g | L7 S
Corrosion
i Backwash Cantrol
X Water Chemicals
(Optional)
Secondary
Disinfectant
(Optional)
§ y . To Sludge To Backwash Disposal or
Groundwater Well Treatment and Treatment and Recovery
Disposal with Sludge Disposal

Figure 3-47 Basic Groundwater Treatment Plant with Iron and Manganese Oxidation
and Removal

(a) Oxidation Contact Tank or Aerator

The groundwater is aerated (supplied with air) by passing it over a series of steps to
take in oxygen from the air. This process helps in expelling soluble gases such as carbon
dioxide and hydrogen sulphide (both of which are acidic, soo this process makes the water
less corrosive) and expels any gaseous organic compounds an undesirable taste to the water.
Aeration also removes iron or manganese by oxidation of these substances to their insoluble
form. Iron and manganese can cause peculiar tastes and can stain clothes. Those substances
can be removed by filtration when they are in insoluble forms.

Iron and manganese removal is one of the most common objectives of groundwater
treatment. Many systems remove iron and manganese with a combination of oxidation,
coagulation/ precipitation, and filtration. Oxidation is normally placed at the plant headwork
to change the form of iron and manganese from the bivalent form (Fe2+ or Mn2+), which is
soluble to the trivalent form (Fe3+ or Mn3+), which is both insoluble and colored
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(Mongtomery, 1985). Oxidation methods used in drinking water treatment are aeration,
chlorine, permanganate, ozone, and chlorine dioxide (Kawamura, 2000).

(b) Filter

The process is same as described in Filtration process of Section 3.4.3.4.1.1 (c):
Surface water.

(c) Disinfection

Typically, some form of disinfection is the last step in the treatment process to
ensure that the water is microbiologically safe (free from bacteria, viruses, and protozoan
parasites) before the water is consumed.

Because water quality is deteriorated as soon as it enters the distribution system and
water in the distribution system can be contaminated by a variety of pollution sources, such
as backflow, pipe leaks and intrusion, and bacterial regrowth in the distribution pipe,
therefore many utilities apply a secondary disinfectant to maintain the microbiological quality
of water.

(d) Clear Well

The clear well collects filtered water once the pH and chlorine levels are adjusted to
assure optimum levels when the water leaves the plant.

3.4.3.9. Waste Disposal System Establishing

Waste from residential (domestic waste) and commercial (non-hazardous waste) will
be collected door-to-door system with compactor trucks. Waste will be collected from each
household/building 3 days per week. Waste truck will collect waste along the routing which
design for each zoning area. Each zoning area will be collected 3 days per week. Waste truck
will collect waste to the transfer station 2-3 trips per day. Hazardous waste and hospital waste
will be collected by the specific truck and transfer to specific waste disposal site of
Mandalay.

Waste transfer station will be constructed in (4) parts. Waste transfer station for
sector 1 has an area of 0.33 ha and a design capacity of 15 tons per day. Waste transfer
station for the rest sectors area is 0.88 ha for design capacity of 96 tons per day. The specific
details plan is shown in 3.5.6.1.

3.4.3.10.Building Construction

The first step of infrastructure construction is to build the ground foundation. Since
the project area is exist beside the Ayeyarwaddy River, to avoid long term settlement of those
clay layer, the consolidation acceleration is needed which can do by put few meters thick of
extra surcharge (act as preload) onto the backfilled area and let the layer squeeze out of any
pore water in clay as shown in Figure 3-48. Compaction method of Vibrofloting is presented
and accepted by MBCCD. Moreover, a piling technique will be used to reinforce the
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infrastructures' foundation on the area affected by clay pocket underneath as shown in Figure
3-49.

In the project area, some buildings such as hospital, technical school and high school
will be constructed by project proponent and transfer to the Mandalay City Development
Committee (MCDC) after the constructed. The construction designs and layout plan of these
buildings are shown in Figure 3-50 to Figure 3-57.

735 msl / Additional 2~3m preload

Sand Fill compacted to 95% /
SEPMDD —
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Figure 3-48 Additional Surcharge of 2-3m to Preload Clay Pocket (For Consolidation
Acceleration)
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Figure 3-49 Proposed Pilling Scheme on the Area Affected by Clay Pocket
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Figure 3-57 Ground floor and 1%t floor plans of the high school
3.4.4. Operation/ Maintenance Stage

Since the proposed project is an urban development project, there is no specific
maintenance phase. Thus, it is assumed that the operating and maintaining phases are
identical. In the operation stage, the basic infrastructures in the project area such as dike wall,
drainage channels, roads, power supply facilities, water supply facilities and communication
facilities will be maintained. In addition, the project committee will be in charge of managing
the project area's waste generation, including solid waste and wastewater. The operation/
decommission stage activities are shown in Figure 3-58.
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Figure 3-58 Operation/ Maintenance stage activities

3.5. PROJECT UTILITIES

3.5.1. Raw Material Requirement

The current condition of the project is in the construction stage and retaining
structure construction, land reclaiming and levelling processes are underway. The raw
materials used in retaining structures such as stones were brought from Hton Bo township. To
build the essential basic infrastructure like Main Roads and Channels, 30% of the required
350,000 m® concrete will be supplied from our internal batching plant and the remaining will
be obtained from outer source. The estimated demand of the sand is approximately 30 million
suds for the whole project. For the revetment structure, the rock demand is approximately
400,000 suds and the main source is from Ohn Chaw Quarry, 30 km far from the project site.

3.5.2. Machineries and Equipment

Various types of vehicles and equipment are needed to use in implementation of
Amarapura Urban Development project. The current project phase is the construction phase
and thus, many sand barge vessel and ships are used in the sand extraction process. The
current usage of sand barge vessel and ships are 58 Nos and will be increased to 119 Nos.
Other machineries such as excavator, dozer, roller compactor, grader, wheel loader, etc. are
also used for project implementation in the current construction phase of the project. For
transportation purpose, various types of vehicles such as motor cars and motorcycles are used
and the exact number is shown from Table 3-14 to Table 3-109.
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Table 3-14

Summary of Machineries and Equipment list used in process

. AB - Future Increase
No. Type Current List Consurr_lptlon L
Rate (Lit/day)
1 Sand Ship + Ship 58 Nos 3840 119
2 Vehicle/ Machinery 48 Nos 1449 65
3 Vessel 21 Nos 2439 42
Total 127 Nos 7728 7728
Table 3-15 Specific list of Sand Ship and Ship Used in the Process
No Ship Name Suds No: Fuel Co(r:_s;:/rgs}t/i)on Rate
1 Amarapura -1 39.00 1 No 56.00
2 Amarapura -2 40.75 1 No 63.00
3 Amarapura -3 39.25 1 No 45.00
4 Amarapura -4 41.75 1 No 70.00
5 Amarapura -5 41.25 1 No 55.00
6 Amarapura -6 41.75 1 No 80.00
7 Amarapura -7 41.75 1 No 60.00
8 Amarapura -8 41.25 1 No 62.50
9 Amarapura -9 45.00 1 No 40.00
10 Amarapura -10 26.00 1 No 45.00
11 Amarapura -1 41.75 1 No 58.00
12 Amarapura -12 41.75 1 No 55.00
13 Amarapura -13 41.75 1No 40.00
14 Amarapura -14 41.75 1No 68.00
15 Amarapura -15 47.00 1 No 98.00
16 Amarapura -16 47.00 1No 80.00
17 Amarapura -17 46.75 1No 75.00
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Fuel Consumption Rate

No Ship Name Suds No: (Lit/day)
18 Amarapura -18 46.00 1No 75.00
19 Amarapura -19 50.25 1 No 55.00
20 Amarapura -20 40.75 1No 90.00
21 Amarapura -21 56.00 1No 65.00
22 Amarapura -22 64.50 1 No 125.00
23 Amarapura -23 36.25 1 No 70.00
24 Amarapura -24 43.50 1 No 110.00
25 Amarapura -25 31.00 1 No 50.00
26 Amarapura -26 49.50 1 No 55.00
27 Amarapura -27 68.75 1 No 110.00
28 Amarapura -28 36.75 1 No 55.00
29 Amarapura -29 35.50 1 No 60.00
30 Amarapura -30 54.25 1 No 50.00
31 Amarapura -31 125.75 1 No 250.00
32 Bagan Min Thar 187.50 1 No 73.00
33 Bagan Thar 273.25 1 No 94.00
34 Zz?zrr:ip')l'har(CB)ﬂwater 97395 1 No 94.00

Bagan Min 60.00
35 Thar(CB)+(water  test 273.25 1 No

ship)
36 Dredger-01 1 No 100.00
37 Dredger-02 1 No 125.00
38 Service Boat-02 1 No 5.00
39 Speed Boat 1 No 30.00
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No Ship Name Suds No: Fuel Co(rll_sil:/r;l;t/i)on Rate
Total sand ship and boat 39 Nos 2851.50
Table 3-16 Specific list of Other Supplier for Sand Ship and ship used in the
process
No Ship Name Suds No: e Co(r:_sil:/rgg;i)on Rate
1 Aung Takhon 43.25 1 No 63.00
2 Aung Takhon -1 32.00 1 No 50.00
3 Than Gabar 54.00 1 No 50.00
4 Aung Myin Tun 41.00 1 No 55.00
5 Yan Myo Ag Ag 20.50 1 No 45.00
6 Yan Myo Ag Ag -1 27.50 1 No 45.00
7 Yan Myo Ag Ag -2 28.50 1 No 45.00
8 Paing -3 25.00 1 No 45.00
9 Nyne Hylan 30.50 1 No 50.00
10 Phyone Mg Mg 68.50 1 No 110.00
11 Phyone Mg Mg -3 38.75 1 No 50.00
12 Phyone Mg Mg -6 39.00 1 No 50.00
13 Phyone Mg Mg -9 49.25 1 No 55.00
14 Phyone Mg Mg -10 53.25 1 No 50.00
15 Thidar Mya Aye 42.75 1 No 50.00
16 Myanmar Nyunt 24.25 1 No 45.00
17 Tun Kyaw 42.50 1 No 50.00
18 5 Star 25.50 1 No 40.00
19 5 Star -1 21.25 1 No 40.00
Total sand ship 19 Nos 988.00
Hexagonal Angle International Consultants Co., Ltd. Page 3-78




Table 3-17

Specific list of Vehicle/ Machinery and Vessel

Sr. Vehicle/ Machinery No Fu;;io(rfittjjrgg;l)on
1 Excavator-01 (30 TON) (Liugong) 1 No 95.00
2 Excavator-02 (30 TON) (Liugong) 1 No 95.00
3 Excavator-03 (25 TON) (Liugong) 1 No 70.00
4 Excavator-04 (25 TON) (Liugong) 1 No 70.00
5 Excavator-05 (21 TON) (Volvo) 1 No 70.00
6 Excavator-06 (21 TON) (Volvo) 1 No 70.00
7 Dozer-01 (16 Ton) 1 No 65.00
8 Dozer-02 (16 Ton) 1 No 65.00
9 Roller Compactor-01 (14 Ton) 1 No 30.00
10 Roller Compactor-02 (14 Ton) 1 No 30.00
11 Grader-01 (14 Ton) 1 No 30.00
12 Wheel Loader-01 (11 Ton) 1 No 30.00
13 Trailer Jeep (G-01) 1 No 3.00
14 Trailer Jeep (G-02) 1 No 3.00
15 Boxer-01-1B-9087 (Water) 1 No 27.00
16 Boxer-02-5Q-8440 (Oil) 1 No 13.00
17 Dump Truck -01 (3M-9617) 1 No 15.00
18 Dump Truck-02 (3M-9760) 1 No 15.00
19 Dump Truck-03 (1M-8688) 1 No 15.00
20 Dump Truck-04 (3M-9762) 1 No 15.00
21 Dump Truck-05 (7M-1366) 1 No 15.00
22 Dump Truck -06 (7M-1369) 1 No 15.00
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23 Dump Truck-07 (2C-6799) 1 No 25.00
24 Dump Truck-08 (48-7496 1 No 25.00
25 Dump Truck-09 (7M-1368) 1 No 15.00
26 Dump Truck -10 (7M-1357) 1 No 15.00
27 Trailer (91-9588) 1 No 65.00
28 Trailer (3J-6072) 1 No 65.00
29 6520503 (TRL-8137) 1 No 65.00
30 6500503 (TRL-4281) 1 No 65.00
31 6500503 (TRL-8836) 1 No 65.00
32 14'(5L-1364) 1 No 10.00
33 10’ (3J-6903) 1 No 10.00
34 Lighting Tower-01 1 No 10.00
35 Lighting Tower-02 1 No 10.00
36 Lighting Tower-03 1 No 10.00
37 Lighting Tower-04 1 No 10.00
38 200KVA Generator 1 No 72.00
39 150KVA Generator 1 No 36.00
40 Weigh Bridge 2 No

41 Cone Penetration Test Machine 1 No 20.00
42 Breaker 2 No

43 Vibro Hammer 1 No

44 Compaction Probe 3 No

Total 48 Nos 1,449.00

No. Vessel No:

Fuel Consumption rate
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(Lit/Day)

1 MBCCD-01(8DC-10)(430950) 1No 145
2 MBCCD-02(8DC-10)(417704) 1INo 115
3 MBCCD-03(6D-22 Engine) 1No 117
4 MBCCD-04(6D-22 Engine) 1No 105
5 MBCCD-05(6D-22 Engine) 1No 125
6 MBCCD-06(6D-22 Engine) 1No 124
7 MBCCD-07(6D-22 Engine) 1No 118
8 MBCCD-08(6D-24 Engine) 1INo 115
9 MBCCD-09(6D-24 Engine) 1No 80
10 MBCCD-10(6D-24 Engine) 1INo 80
11 MBCCD-11(6D-24 Engine) 1INo 80
12 MBCCD-12(6D-24 Engine) 1No 80
13 MBCCD-13(Hino) (EF-750,8 a9:032) 1No 195
14 MBCCD-14(FE6-206 Engine) 1No 100
15 MBCCD-15(FE6-170 Engine) 1No 130
16 MBCCD-16(6D-24 Engine) 1No 125
17 MBCCD-17(6D-24 Engine) 1No 115
18 MBCCD-18(Hino 7 C, machine-02) 1No 130
19 MBCCD-19(6D -24 Engine) 1No 155
20 MBCCD-20(Machine -03,04) (FE6-170 Engine) 1No 130
21 MBCCD-21(Nissan, MD92 Engine 1No 145
Total Vessel 21Nos 2439
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Table 3-18 Specific list of Vehicle List (Car) Used for Transportation
Sr. Vehicle Type (Car) Current Usage List Future Usage List
1 Hilux surf 2
2 Alphard 1
3 Prado 2
4 Ford 1
5 Pajero 2
6 Isuzu 3
7 Succeed 4
8 Belta 1
9 Hilux 1
10 Avanza 1
11 Caldina 1
12 Toyota Vigo 1
13 Toyota Hiace 1
14 Fielder 2
15 Hijet 5
Total 28 53
Table 3-19 Specific list of Motorcycle List used for Transportation
Sr. Motorcycle Type Current Usage List Future Usage List
1 Suzuki 2
2 Canda Czi (125) 14
3 Kamax Czi (125) 5
4 Lonxuan 3
5 Super cub 2
6 Kenbo 1
7 FZ 1
8 YES SUMBO (125) 1
9 Yin Xing 1
Total 30 60
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3.5.3. Employment

The project needs a lot of staff and labours. The total estimated number of labours
that will be employed is 3,598 labors which include consultants, permeant staffs, supplier
staffs, contractor staffs, daily labours, etc. The working time is from 8:30 AM to 5:30 PM and
lunch time is 12:00 PM to 1:00 PM. The office staff is in the office Monday through
Saturday, with Sundays off. The holiday of the site labour is one day off per week. The
specific number of project staff and labour is shown in Table 3-20.

Table 3-20 Number of Project Staff and Labour

No Employment Type Number
1 Consultant 20
2 Adviser 40
3 Permanent Staff 442
4 Monthly/ Daily Staff 1,266
5 Piecework Staff 320
6 Supplier Staff 450
7 Contractor Staff 1,060
Total 3,598

Working Hour: 8:30 AM to 5:30 PM

Lunch Time: 12:00 PM to 1:00 PM

Working Day Monday to Saturday (Office Staff)

Holiday Sunday (Office Staff)

One day off per week (Site Labour)
3.5.4. Water Supply

Water supply system will be established up for the entire Amarapura Urban
Development project by pumping water from the Ayeyarwady River and underground water.
The river water will be pumped and stored in a reservoir. The river water will be used directly
for firefighting system and irrigation system (spraying trees) by distribution system in each
sector. Ground water will be treated with treatment system and used for household and other
buildings in the project area.

3.5.4.1. Water Demand

Water demand in terms of quantity and distribution depends on the projected
population, land use and behaviors of water users. Techniques and approached for projecting
future water demands are based on the premise that an analysis of historic trends can serve as
the basis for predicting future trends.
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To estimate water demand, these water demand rates are proposed as shown in Table
3-21. There are temporary and permanent population in project area and the total average
water demand is approximately 2,910,000 gallon/day for 7 sectors. The estimated water

demands are shown in Table 3-22 and Table 3-23.

Table 3-21 Rate of Water Demand
Item Land use categories tatenConsumphonRate
(liter/person/day) (gallon/person/day)

1 Residential 200 44
2 Commercial 100 22
3 Shophouse 100 22
4 Business 75 16
5 Public 75 16
6 Utility 75 16
7 Sport 40 9
8 Education 75 16
9 Transport 10 2
10 Warehouse 60 13
11 Hospital 1,000 220

Source: Conceptual Design Report of Amarapura Urban Development Project
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Table 3-22

Water Demand Rate

Water Demand (gallon/day)
Item | Land use categories Phase 1 Phase 2 Phase 3 Phase 4
Sector 1A Sector 1B Sector 3 Sector 5 Sector 4 Sector 6 Sector 2 Sector 7
1 Residential 71,710 239,327 91,727 22,437 137,701 56,312 209,191 197,093
2 Commercial 27,496 107,345 182,135 462,157 93,707 27,056 89,528 44,654
3 Shophouse 3,300 31,676 67,311 - 42,234 15,398 47,953 35,415
4 Business - - 100,966 - 42,454 31,456 - -
5 Public 440 660 166,957 11,878 440 5,279 6,819 220
6 Utility - 660 - - 440 220 - 220
7 Sport - - - - 220 - - 220
8 Education - 5,059 - - 106,905 - 113,724 -
9 Transport - 2,420 - 2,420 3,520 - - -
10 Warehouse - - - - 2,200 1,320 - -
11 Hospital - - - - - - - -
Sub-Total (in Sectors) 102,946 387,147 609,097 498,892 429,821 137,041 467,216 277,822
Total (in Phases) 490,093 1,107,989 566,863 745,038

Total

2,910,000 (APPROXIMATE)

Hexagonal Angle International Consultants Co., Ltd.

Page 3-85




Table 3-23 Summary of Average water demand, ADD, MDD and MHD
Average Useful | Average Daily IS . Maximum Maximum Maximum
Unaccounted Average Daily .
Water Demand Demand Water Demand Demand (ADD) Daily Demand Hourly Demand | Hourly Demand
(Water Scale) (ADD) (MDD) (MHD) (MHD)
(NRW)
Phase | Sector
(Water (Water Scale) o (Water Scale +
Demand) * (1-%NRW) (10% of ADD) NRW) (1.3x ADD) (1.5x MDD) (1.5x MDD)
(gallon/day) (gallon/day) (gallon/day) (gallon/day) (gallon/day) (gallon/day) (gallon/hour)
1A 102,946 114,384 11,438 114,384 148,700 223,050 9,293.73
1
1B 387,367 430,481 43,048 430,415 559,540 839,310 34,971
3 680,367 756,037 75,604 755,971 982,762 1,474,143 61,423
2
5 499,112 554,544 55,454 554,566 720,936 1,081,404 45,059
4 429,821 477,555 47,755 477,577 620,850 931,275 38,803
3
6 136,821 151,999 15,200 152,021 197,628 296,441 12,352
2 467,436 519,349 51,935 519,371 675,183 1,012,774 42,199
4
7 277,822 318,618 30,862 308,684 401,289 601,934 25,081
Total 2,981,693 3,312,968 331,297 3,312,990 4,306,887 6,460,331 269,180
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3.5.4.2. Water Source

Amarapura Township is the place that the Mandalay water supply system is not
available including the project site area. Therefore, the water supply system will be provided by
MBCCD.

3.5.4.2.1 Ayeyarwaddy River

Since the project area is located at Ayeyarwaddy river bank, Ayeyarwaddy River
serves as the major river transportation route connecting north to south. The river provides
water supply for both the majority of the population in the country, and being the major
contributor for most of the country ‘s irrigation water need. The river flow varies from 2,300
m 3 /s in the summer to 32,600 m 3 /s flow in the monsoon season (EB, 2000).

As total water demand is approximately 15,000 m3/day or 0.2 m3/s which is small
amount when compare with the river flow of Ayeyarwaddy. Therefore, the river is sufficient
in term of quantity.

The water quality of Ayeyarwaddy River has been in decline for many years and the
failure to deal urgently with various critical issues can lead the river to a point of no return.
Siltation from mining operations, the result of deforestation, and lack of soil protection or
over exploitation of land poses as a major threat the river has been facing. Serious levels of
arsenic and cyanide can be traced seasonally in the river. During site survey in September
2017, the water sampling was collected nearby the project area at the north, where is Yan
Myo Lone Pawdawmu Pagoda location. According to the currently water quality, arsenic and
cyanide are lower amount when compare with the results of year 2013 and less than the
limited level of WHO standard. However, to use water from the river shall need water quality
monitoring every month from now until construction state and operation state.

3.5.4.2.2 Ground Water

Groundwater is another source to be considered for alternative when the water
quality of Ayeyarwaddy river is lower the water resource standards. The Study on Water
Supply Systems in Mandalay City and in the Central Dry Zone (July 2003) by JICA reported
that the collected hydrogeological data and the results of the electrical resistivity prospecting
for 110 m to 120 m deep ground conducted by the JIC team, it was confirmed there were a
high resistivity zone along the left bank of the Ayeyarwaddy River.

Permeability coefficients gained through the hydrogeological survey were 220
m/day in the northwest area including the present well field and 1.3 m/day in the southern
area. This difference suggested that the northwest area has 6 to 8 times bigger potential of
groundwater than the south area. The water yield in the northwest area was estimated at about
5,000 m 3 /day per one well, on the other hand, 800 m3/day from a well in the southern area.
The JICA study on water supply systems in Mandalay City concluded that most of the
groundwater belongs to non-carbonate hardness type or mixture type, except that some of
shallow confined groundwater contains slightly higher magnesium and/or lower calcium. It
was found that the wells from downtown have low ion concentration in deep confined
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groundwater. On the other hand, in the southern and eastern side of the city, deep confined
groundwater is relatively high in sodium, chloride and calcium. If most of the wells are
chemically potable, their contamination by coliforms, from septic tanks and surface
wastewater drains represent a major public health issue for the population of Mandalay.

3.5.4.3. Water Distribution System

A looped distribution system helps reduce stagnant water, chlorine residual loss
problems, and taste and odor complaints. Water distribution system of tap water and water for
firefighting is via a combined pipeline system. There are 7 storages for firefighting systems
besides main water treatment plant. Water Pipe from water treatment plant is transmitted by
pipeline network to service each land plots and water using area. High Density Polyethylene
(HDPE) and Steel pipe sleeves are used for water distribution system along the road. The
velocity of water in the pipe is not to exceed 1.5 m/s and the pressure at the end of the pipe is
not to be less than 1.5 bar. Using EPANET Program to model of water distribution piping
system.

There are 7 DMA s that related to phasing development are proposed for this project.
To summary of length of water distribution pipe of each 7 sectors as described in the
following table. The main pipe of 630 mm. was counted to each sector. The total length of
water distribution pipe is approximately 260,000 meters. Length of water distribution pipe in
each sector is shown in Table 3-24.

The main HDPE water distribution pipe diameter of 630 mm that be laid along to
main road with the length of pipe is 16,200 meters and location of DMA metering chambers.
As a priority, most of water pipelines are located on sidewalk and along roads. Water supply
pipe network is installed to ensure minimum length of pipeline and flow as well as pressure
for all water consuming points in the project, at the same time ensure the intersection with
other utility pipes. For each DMA areas, 160 - 315 mm HDPE water pipe diameter will be
laid under sidewalk. HDPE water pipes will be proposed are similar to other area for other
sectors. The flow diagram of water supply system is shown in Figure 3-59.

Table 3-24 Length of Water Distribution Pipe in Each Sector

Sector DMA Length (Meter)
1A 1 11,910
1B 1 46,188
2 2 41,649
3 3 52,816
4 4 45,069
5 5 19,660
6 6 21,528
7 7 21,056
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Sector DMA Length (Meter)

TOTAL 259,877

Source: Conceptual Design Report of Amarapura Urban Development Project
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Source: Conceptual Design Report of Amarapura Urban Development Project

Figure 3-59 Flow diagram of water supply system Power Supply
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3.5.5. Power Supply

Power supply is designed and planned on the land use plan map of MBCCD and
Ministry of Electricity and Energy Standard (MOEP). For the Amarapura Urban
Development Project, 4 sub stations (66/11kV or 33/11 KV substations) are considered. The
estimated demand for each sector is as shown in Table 3-25.

Table 3-25 Estimated Power Load

Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7

7.0IMVA | 11.37MVA | 16.84MVA | 9.04 MVA | 16.67 MVA | 524 MVA | 13.23 MVA

3.6. STAFF FACILITIES

The project provides accommodations that include inside the project area and
outside of the project area for the staff and staff’s families. In addition, food, medicines,
employee loan, vehicles are support for the staff and staff’s families including welding gift,
funeral supporting, celebrate birthday party, excursion. An advance salary payment program
is also included for the staff.

As the transportation, shuttle bus services are provided for the staff who far from the
project site and motorcycles are provided to the staff who can’t reach shuttle bus services
including fuel charges. In the working places, meal allowance (3 meals a day), uniforms and
necessary PPE are provided to staff and employees. If the incident is occurred and employees
get injured, the project provides the necessary medical expenses including salary.

For the Covid-19 protection and treatment, the project provides food delivery,
oxygen concentrator and cylinders, surgical mask, hand sanitizers, Vitamin-C, supplements,
Covid-19 vaccinate (3) times to the staff and employees. The project proponent takes
thorough precautions to maintain a safe environment by regularly sanitizing both its outdoor
and indoor areas using disinfectant spray. Furthermore, the office ensures the well-being of
individuals by offering dedicated infirmary and isolation wards. These facilities are
particularly designed for patients diagnosed with contagious (Covid-19) or infectious diseases
and are placed under the careful supervision of medical professionals.

3.7. TRANSPORTATION SYSTEM

In the Amarapura Urban Development Project, the project area is consisting of 7
sectors and divided to 4 phases to develop. Phase development will be divided in 2 stages.
According to the plan, the first stage will construct the Central Road and Myo Patt Road,
which will only encompass Sector 1 as shown in Figure 3-60. When Phase 2 is complete,
Central Road will be built along the project corridor that connects Sectors 1 and 5 to begin
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the second stage as shown in Figure 3-61. Phases 3 and 4 of the development processes can
then be carried out along Central Road, respectively.

The traffic flow of the project area is also pre-arranged according to the
development of the transportation system as shown in Figure 3-62 to Figure 3-65. Traffic
flow at sector 1A and 1B has the same layout. An example of traffic flow at sector 1A is
shown in Figure 3-66. According to the traffic flow figure in sector 1A, local roads are
connected to collector roads and some major arterial roads, preventing direct traffic
interference on the Myo Patt Road.

The traffic flow at sector 2 to 7 has the same layout. An example of traffic flow at
sector 1A is shown in Figure 3-67. Local roads are connected with collector road and some
major arterial road where the traffic will not directly interfere on the Central Road and Myo
Patt Road. Then, collector road and major arterial road are connected to Central Road and
Myo Patt Road respectively.

Collecting traffic & transportation data in the design of the roads to be used in the
Amarapura urban development project; Road widths and Design speed has been set by
collecting traffic surveys and considering future traffic volumes and growth rates. Signalized
analysis roundabouts will be installed depending on the traffic growth rate in order to avoid
traffic congestion in connection with the city ring road. The infrastructure designers were
planned motorcycle lane in the main road of within the project to use motorcycle as described
in Figure 3-68.
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Figure 3-60 Development of Transportation System in Stage 1
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Figure 3-61 Development of Transportation System in Stage 2

Hexagonal Angle International Consultants Co., Ltd. Page 3-92




Figure 3-64 Traffic Flow Phase 1,2 & 3
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Figure 3-66 Example of Traffic Flow at Sector 1A
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Figure 3-68 Motorcycle Lane

3.8. WASTE GENERATION
3.8.1. Solid Waste

In the construction phase, the solid waste generation was increased depend on the
construction sector and it can be generated about 79,000 kg/day for the whole project.
Currently, the solid waste is generating about 2,000 kg/day and it disposes to the regarded
area of the project site. The solid waste generation system during project period will be
implemented as per below section
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3.8.1.1. Solid Waste Generation

According to World Bank (2012), it was estimated that the solid waste generation in
Myanmar was 5,616 tonnes/ day with the per capita waste generation of 0.44 kg/capita/day.
This figure was expected to reach about 21,012 tonnes/day with 0.85 kg/capita/day by 2025.
As that figure was for the whole country, the generation rate was cross-checked with city
income generation rate. As Mandalay is at lower middle-income level, solid waste generation
rate for such level as per World Bank was 1.2 kg/ capita/ day in 2025. Thus, in this report,
waste generation rate was taken the average of these two figures which was 1 kg/ capita/ day
and generation volume for each sector as shown in Table 3-26.

Table 3-26 Waste Generation Rate per Sector
Phase Population Solid Waste (T/d) sallle V‘(’;fgt /%;/olume

P1A 2,784 3 13
P1B 10,911 11 50

P1 13,694 14 63

P2 (Sec 3) 18,225 18 83
P2 (Sec 5) 23,273 23 106
P2 41,498 41 189
P3(Sec 4) 13,582 14 62
P3(Sec 7) 17,495 17 80
P3 31,077 31 142
P4(Sec 2) 17,261 17 79
P4(Sec 6) 6,727 7 31
P4 23,988 24 110
Full Phases 110,258 110 503

3.8.1.2. Solid Waste Collection

Domestic and non-hazardous waste will be collected by the internal sanitation team
to the waste transfer station in site where such waste will be transported to land fill area.
Collection trucks by internal sanitation team are classified into the following types:

v' Compaction truck, capacity: 10-15 m®

v' Waste collection vehicles will be selected by taking into consideration the
following factors:

v" Waste amount and characteristics
v" Collection method

v" Solid waste collection cost
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v
v

Distance between service area and disposal site

With those factors, it is estimated that at least 2 vehicles are required for sector 1
and 13 vehicles for overall project area, with 2-3 trips per day.

3.8.1.3. Waste Transfer Station

The collected waste from the sectors will be transferred to the waste transfer station.
It is proposed that waste will be transferred to disposal site by the transfer truck capacity 30
ton. The frequency of transfer will be depending on the amount of waste generated. Number
of trip and working day of transfer truck will be 1-2 trips per day and working day might be
every day or every twice day.

Each site contains transfer station, administration office and parking lots. Site for
sector 1 has an area of 0.33 ha and a design capacity of 15 tons per day. Site for the rest
sectors area is 0.88 ha for design capacity of 96 tons per day. It serves both the general public
and waste collection vehicles, but does not allow the resident drop-off for safety and security.
Site plan for sector 1 and site plan of waste transfer station for the rest of the sectors are
shown in Figure 3-69 and Figure 3-70.

Site design plan typically show the following features:

v

Road entrance and exit: Since the transfer station for sector 1 is at small scale, the
opening for entrance and exit is given the same to have better control. However,
the station for the rest of the sectors has a separate access for entrance and exit for
better traffic flow.

Traffic flow routes on site: Sharp turns, intersection and steep ramps are
eliminated as much as possible and turning radius is kept at 12 m radius for truck
turning.

Buildings: Include entrances and exits for vehicles and people
Parking areas: for employees, visitors and transfer vehicles

Buffer areas: Open space, landscaping, trees, and walls that reduce impacts on the
community
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Figure 3-69 Site design plan for sector 1 (Station A)
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3.8.1.4. Transfer Area Design

The operation system of both transfer station is direct dumping system where trucks
unload their waste onto the floor directly as the stations aim only for temporary storage and
this operation system can simplify operations. For reloading, the waste will directly reload
from floor to transfer truck and loader truck will be used for compacting and picking up the
waste from floor to truck. Both the stations will be enclosed building where walling will be
built with pre-cast concrete panels and deep rib metal panels. Glass panels are installed at the
top of walling for lightning and whirl louvers are used for better air flow inside the station.
Whirlybirds louvers (14 in diameter) are used and the numbers of ventilation louvers are
determined based on standards.

The estimated area for transfer station storage area for each sector based on
generated waste per population as shown in Table 3-27. Station for sector 1 has a total area,
including both storage and circulation areas, of 864 m2 and has only one entrance for vehicle
and one for people (Figure 3-69). It can accommodate one loader truck and one compaction
truck or waste loading truck at maximum. Another station, as shown in Figure 3-70, has a
total area of 2,340 m2 and has only three entrances for vehicle and one for people. For that
station, at least 2 loader trucks and 3 waste trucks can be operated at the same time.

Table 3-27 Estimated Transfer Station Design Area
P1A 2,784 3 13 1 1 38 51
P1B 10,911 11 50 2 1 149 199
P1 13,694 14 63 3 2 188 250 300
P2
(Sec 3) 18,225 18 83 3 2 250 333
P2 23,273 23 106 4 2 319 425
(Sec 5) ’
P2 41,498 41 189 8 4 568 758 800
P3
(Sec 4) 13,582 14 62 3 2 186 248
PS_ | 17495 17 80 3 2 240 320
(Sec 7) ’
P3 31,077 31 142 6 4 426 568 600
P4
(Sec 2) 17,261 17 79 3 2 236 315
P4
(Sec 6) 6,727 7 31 1 1 92 123
P4 23,988 24 110 5 3 329 438 600
Al 110,258 110 503 21 13 1,510 2,014 2,300
Phases
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3.8.1.5. Waste Separation

Separating the different elements found in waste streams is essential for enabling the
recovery of useful materials, minimizing the amount of material sent to landfill and allowing
recyclable materials to find a new incarnation. Waste sorting can occur manually at the
household and collected through curbside collection schemes, or automatically separated in
materials recovery facilities.

3.8.1.6. Recycling

Waste for recycling will be separated before waste disposition. Recyclable materials
include plastic, PVC plastic pipe, cardboard, paper, iron, steel, tins, aluminum sheet, bottle
glass, copper, lead, rubber, etc.

Refer to ADB report, Integrated Solid Waste Management Plan in Mandalay in
2016, the waste samples were collected and classify the components shown in Table 3-28.

Table 3-28 Waste Components of Mandalay
Waste Type % by Weight

Organic Waste 55
Paper and Cardboard 5
Plastic 14
Textiles 3.6
Glass 5.7
Metal

Wood 3
Soil & Dirt 8.3
Miscellaneous 0.4
Total 100

According to waste generation which presented in the above section, the estimated
of recycling waste is shown in Table 3-29. The total recycling waste is 30% of total waste
which is 32.75 ton/day. This amount includes paper 5.51 ton/day, plastic 15.44 ton/day, glass
6.28 ton/day and metal 5.51 ton/day.

Table 3-29 Estimated Recyclable Waste
Solid . Ve
Phase Population Waste I?_?_E)g)r P(I.?/Sél)c ?‘Il?;; '{.:.%’;I Rs/zyg;ltl:g
(T/d) (T/d)
P1A 2,784 3 0.14 0.39 0.16 0.14 0.83
P1B 10,911 11 0.55 1.53 0.62 0.55 3.24
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Solid . VeiEl

Phase Population \?'/Sfjt)e F(’_?_[;Jg)l’ P(I_I'o_lfél)c ((31!71;; Iz/_:_e/tda)l Rs/t\:/);iltlgg
(T/d)
P1 13,694 14 0.68 1.92 0.78 0.68 4,07
P2 (Sec 3) 18,225 18 0.91 2.55 1.04 0.91 541
P2 (Sec 5) 23,273 23 1.16 3.26 1.33 1.16 6.91
P2 41,498 41 2.07 5.81 2.37 2.07 12.33
P3(Sec 4) 13,582 14 0.68 1.90 0.77 0.68 4.03
P3(Sec 7) 17,495 17 0.87 2.45 1.00 0.87 5.20
P3 31,077 31 1.55 4.35 1.77 1.55 9.23
P4(Sec 2) 17,261 17 0.86 242 0.98 0.86 5.13
P4(Sec 6) 6,727 7 0.34 0.94 0.38 0.34 2.00
P4 23,988 24 1.20 3.36 137 1.20 7.12
Full Phases 110,258 110 551 15.44 6.28 551 32.75

3.8.1.7. Waste Disposal

The waste generated from the site will be transferred and disposed at sanitary
landfill sites designated by Mandalay City Development Committee. Waste is also taken to
one of two dumping sites located to the north and the south of the city respectively. Both dump
sites are operated essentially as uncontrolled open dumps but with some attempts to provide
limited compaction and cover. The dumping site at the south is nearest which far from the project

site around 15 kilometers as shown in Figure 3-71.
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Figure 3-71  Existing Solid Waste Disposal Site
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3.8.2. Waste Water System

Wastewater treatment system is the process of removing contaminants from
wastewater, primarily from household sewage. It includes physical, chemical, and biological
processes to remove these contaminants and produce environmentally safer treated
wastewater. A by-product of sewage treatment is usually a semi-solid waste or slurry, called
sewage sludge that has to undergo further treatment before being suitable for disposal or land
application.

3.8.2.1. Design Concept

The project area is located in the earth quake sensitive zone, the civil/structure
design of wastewater systems will be taken into account the Myanmar earth quake code. In
addition, part of project area contains loose sand in the subsoil layer and subject to quicksand
conditions with earth quake thus civil/structure design of wastewater systems will be
considered of this condition.

Onsite wastewater treatment system (OSWT) is recommended for this project, as the
OSWT is one of the most technical, economic and environmental feasible treatment systems.

Packaged wastewater treatment plants are suitable for onsite applications, especially
for wastewater disposal at outlying areas and places where no central municipal sewer or
sewage collection and treatment system is available. The advantages include: easy
installation, less mechanical and moving parts. This OSWT will consist of septic, anaerobic,
aerobic and sediment chamber. The small individual package OSWT for household and some
small shop house shall be consist of septic and anaerobic chamber while the medium and big
package OSWT for commercial and public buildings shall consist of septic, aerobic and
sediment chamber.

dem] | ‘-_‘ :
—.J i} il £ I
b T 2 -@ﬂn

Medium & Large Building

Figure 3-72 Wastewater treatment system and flow diagram
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3.8.2.2. Technical Standards Applied

For conceptual design of wastewater collection systems will be referred in
accordance with these following technical regulations and standards. The following is a list of
acceptable Myanmar and International standards and abbreviations are given for each of the
standards used to achieve the following standard:

ANSI
ASTM
BS
DIN
IS
1SO
IS
MNBC
MCDC
TIS
YCcDC
NEQG

American National Standard Institute

American Society for Testing and Materials Standard
British Standard

Deutsch Industrial Norm, German

Indian Standard

International Organization for Standardization
Japanese Industrial Standards

Myanmar National Building Code (2016)

Mandalay City Development Committee Regulations
Thai Industrial Standard

Yangon City Development Committee Regulations

National Environmental Quality (Emission) Guidelines

3.8.2.3. Wastewater Flow Rate

Wastewater generation will be estimated to be 80% of the water requirement, which
will vary depending on the various land use categories, since the project development area is
separated into seven (7) sectors. Total wastewater generation for sector 1 to sector 7 is
222,228 gallon/day. Wastewater generation of each sector is presented in Table 3-30.
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Table 3-30

Wastewater Generation

Wastewater Generated (gal/day)
Item cI;?en;ol:iS; Phase 1 Phase 2 Phase 3 Phase 4
Sector 1A |Sector 1B| Sector 3 | Sector 5 | Sector 4 |Sector 6|Sector 2| Sector 7
1 Residence | 57,356 | 191,416 | 73,411 | 17,963 | 110,230 | 45,026 | 167,403 | 157,676
2 |Commercial | 21,942 | 85,958 | 145,741 | 369,761 | 74,993 | 21,707 | 71,691 | 35,796
3 | Shophouse | 2,598 25,424 | 53,864 - 33,749 | 12,293 | 38,443 | 28,329
4 Business - - 80,819 - 33,968 | 25,079 - -
5 Public 324 590 133,641 | 9,548 286 4,190 | 5,383 134
6 Utility 70 598 70 70 282 141 70 141
7 Sport - - - - 181 - - 152
8 | Education - 4,035 - - 85,565 - 90,934 -
9 Transport - 1,906 - 1,916 2,852 - - -
10 | Warehouse - - - - 1,723 | 1,040 - -
11 Hospital - - 56,763 - - - - -
Total 82,291 | 309,927 | 544,310 | 399,258 | 343,828 | 109,475 | 373,925 | 222,228

Source: Conceptual Design Report of Amarapura Urban Development Project

3.8.2.4. Wastewater Characteristic

As almost of project areas are residential and commercial which is domestic
wastewater, therefore the inlet wastewater characteristics will be assumed as shown in the
following Table 3-31. However, the wastewater characteristic of some land use category shall
be verified during land use development state such as hotel, hospital, market, restaurant and
department store.

Table 3-31 General Inlet Wastewater Characteristics
Design Parameters Unit Volume

1. pH 6-8
2. TSS mg/I 300
3. BODs mg/I 250

4. Total N mg/I 35

5. Total P mg/I 4

6. Max Temperature c° 30
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Effluent must be released to the storm drainage system after treatment. The quality
of the treated effluent must meet with the Effluent Standard as allowable limits for pollutant
substance discharging to prevent negative environmental effects. The Effluent Standard is
indicated in Myanmar Environmental Quality (Emission) Guidelines which presented in the
following Table 3-32.

Table 3-32 Discharge Standard of Wastewater, Stormwater Runoff, Effluent and
Sanitary Discharges

Parameter Limit Unit
rate
BODs 50 mg/l
COD 250 mg/l
Oil & grease 10 mg/l
TSS 50 mg/l
pH 5.5-9.0
Metals
Heavy Metals, Total 10 mg/I
Iron(Fe) 35 mg/l
Cadmium (Cd) 0.1 mg/l
Arsenic (As) 0.1 mg/l
Chromium
Hexavalent 0.1 mg/l
Total 0.5 mg/I
Copper (Cu) 0.5 mg/l
Mercury 0.01 mg/I
Lead (Pb) 0.1 mg/l
Zinc (Zn) 2 mg/l
Selenium 0.1 mg/I
Nickel 0.5 mg/I
Selenium 0.1 mg/l
Silver 0.5 mg/I
Cyanide
Free 0.1 mg/l
Total 1 mg/I
Ammonia 10 mg/I
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Parameter Lr:[]: Unit
Fluoride 20 mg/l
Chloride, Total residual 0.2 mg/l
Phenols Compound 0.5 mg/I
Phosphous 2 mg/I
Sulfide 1 mg/l
Coliform Bacteria <400 MPN/ 100 ml
Temperature increase <3 Cc

3.8.2.5. Onsite Wastewater Treatment System (OSWT)

OSWT is available in different sizes (for treating different volume of wastewater)
and treatment processes. Examples of OSWT models are shown in the following Table 3-33.
Treated wastewater from onsite wastewater treatment system is drained into storm drainage
system before it is discharged to the river.

Table 3-33 Examples of OSWT Models

_ Effluent (mg/l)
Type of Building Model
BOD* Ss**
Residential Anaerobic treatment process
Villa/Household
Some small shop house
50 30
Small sized building
Office
Shop house
20 30
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o Effluent (mg/l)
Type of Building Model
BOD* SS**

Medium sized building )
_Condominium Aerobic treatment process
-School
-Market

20 30
Large sized building
_Hotel Aerobic treatment process
-Department Store
-Hospital

20 30

3.8.2.6. Sludge Disposal

All onsite wastewater treatment tanks require to collect the sludge every 6-12
months. The vacuum truck is required to collect these sludges to the disposal site. The
amount of sludge for overall project area is around 30 m3/d. The vacuum truck capacity
generally is 5 to 15 m3. The vacuum truck capacity 15 m3 is required for 2 trucks. The trucks
will collect sludge from each household and building to disposal site outside the project by
the Authority (MCDC).
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Figure 3-74 Layout plan of bio-filter septic tank
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3.9. ANALYSIS OF ALTERNATIVE
3.9.1. General

During the preparation of the strategic development plan for the Amarapura Urban
Development Project, various possibilities were specifically investigated, and this chapter
provides an analytical summary of these alternatives.

3.9.2. Project Development

This option would result in the construction of the development project
recommended by the developers. Employment opportunities throughout construction and
operation would be positive consequences. According to its multiplier effect, this form of
development would also have a positive significant economic impact on the area. By
preserving the environment in the greatest number of areas, the proposed project would also
improve social infrastructure, general residential development, maintenance, and renovation
of the residential area.

3.9.3. Location Alternatives

Since the current property has many benefits over any other potential locations to be
considered, including land size, view, geographic position, infrastructure, and permits, no
other locations could be considered in conjunction with the proposed location for the
implementation of this project.

3.9.4. Technology

The Sewage Treatment Plant (STP) feasibility study was conducted by Mandalay
Business Capital City Development Ltd. (MBCCD), which also studied at alternative
locations for the STP site and different technologies.

3.9.5. Power Supply

The power supply will get from the Ministry of Electricity and Energy Standard
(MOEP) to the project area. There is no other method to use energy, and it is sufficient.

3.9.6. Water Supply

Pumping water from the Ayeyarwady River will be used to set up a water supply
infrastructure for the entire Amarapura Urban Development project. When the Ayeyarwaddy
river's water quality drops below of acceptable levels, groundwater should be considered as
an alternative source of water.

3.9.7. Project Design Plan

The project proponent has two alternative plans for project design to implement the
urban project in proposed area. There are design A and B which will be more benefit to the
community. The main difference between alternative design A and alternative design B is

that a small land area will be created at the sand bar that is located at the river's edge in the
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eastern part of the planned project area. The river will be able to run more freely as a result,
making it more navigable and protecting the village of Shan-Ga-Lay Kyun from seasonal
erosion and flood hazards. In order to increase the project's positive effect on the community,

it was finally decided to choose design A.

Figure 3-76 Design B

3.9.8. Flood Protection Alternative

Flooding in Ayeyarwady River is caused by intense rainfall during the period of
monsoon season, some of the water is retained in ponds or soil, others are absorbed by grass
and vegetation, some evaporate and the rest travels over the land as surface runoff. There are
three alternative option to prevent flooding in the project area. These are polder construction,
landfill and partly filled polder.

Dikes must be built at the waterfront in accordance with the polder idea. The project
area is connected to portions of Mandalay city that are already protected by dikes. Regarding
the polder construction, it should be mentioned that at the Mandalay site of the project area,
breaching of the dikes next to the project area could lead in flooding of the project area. For

Hexagonal Angle International Consultants Co., Ltd. Page 3-112



polder construction and partly filled polder, design conditions should be related to the
possibility of a dike breach with rapid inundation of the polder as a consequence. The ground
level of the complete project is raised to the design level by a landfill. In the event of river
water levels exceeding the future project ground level, the project area will be flooded
gradually. The landfill is chosen as the project's flood protection alternative for the reasons
stated above.

In this urban development project, flood prevention dyke will be built along river
banks so that if the river floods, the water will not be able to cause damage. The dyke will be
built without disturbing the river beauty and scenic view. The dyke construction is most
proper flood prevention technique in the project area. It is cheaper than flood walls, dam and
reservoir construction. A river water flow model will be made with the support of TUDelft
from Netherlands, and based on this model the dyke construction will be conducted so that
the speed of the water in the river will not cause any potential erosion and flooding further
downstream.

As alternatives, some methods of flood control other than dyke construction include
planting vegetation to retain excess water, terrace slopes to reduce slope flow, and building
alluviums (man-made channels to divert water from flooding), construction of dams,
reservoirs or holding tanks to store extra water during flood periods and straightening and
deepening the river channel. The planting vegetation, terrace slope construction and building
alluviums will not be effective in preventing the Ayeyarwady River flood. In the
straightening and deepening the river channel, the altering the river channel may lead to a
greater risk of flooding downstream, as the water is carried there faster.

3.9.9. Alternative of Revetment Waterfront

Compared to other forms of flood walls, the waterfront riverbank with an
appropriate side slope is typically the least expensive. While pumping river sand for land
filling is inexpensive for this project, Type Alt.1 - Alt.8 are acceptable options. It's also a
simple procedure to construct. There is no special equipment or construction technique
needed. However, the backfilling of the side slope will need to go into the river in order to
maintain the land boundary. It is crucial to verify with the relevant government departments
whether an activity is legal.

Preliminary slope stability analyses were conducted to establish the most appropriate
side slope based on the typical riverbank cross section and soil conditions at the project site.
The analyses' findings indicate that the riverbank's side slope shouldn't be greater than 1(V):4
(H).

As was previously mentioned, in order to maintain the stability of the riverbank over
the long term, erosion protection along the side slope is essential. For slope protection, it is
advised to use either Rock Riprap with a Thickness of 0.50-1.20 m (Type Alt.1,3,5), 30 cm
Thick Concrete Block Mattress (Type Alt.2,4,7), or 30 cm Thick Rock Mattress (Type Alt.8).
This is because water velocity is estimated to be less than 2.5-3.5 m/s. Use size for the
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Geotube Slope System is 50.50 x 4.50 x 1.80 meters (Type Alt.6). The alternative for
waterfront of river type is described in Figure 3-77 and Figure 3-84.
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Figure 3-77 Section of Waterfront (dump rip ap + rip ap) Alternative 1
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Figure 3-79 Section of Waterfront (gabion + rip ap) Alternative 3
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Figure 3-81 Section of Waterfront (riprap geotube + riprap) Alternative 5
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Figure 3-82 Section of Waterfront (riprap geotube + geotube) Alternative 6
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Figure 3-84 Section of Waterfront (rip rap geotube + rock mattress) Alternative 8

3.9.9.1. Comparison Revetment of Waterfront

Based on the comparison, it is advised that flood wall Type Alt.5 (Geotube with
riprap slope protection) is clearly more suitable for the project due to easy construction and
fast construction, easy material source, and easy quality control. If backfilling of the side
slope of the river bank can be extended into the river. The comparison of revetment of
waterfront system in terms of constructability is shown in Table 3-34.
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Table 3-34 Comparison of Slope Protection System
Name Type Alt.1 Type Alt.2 Type Alt.3 Type Alt.4 Type Alt.5 Type Alt.6 Type Alt.7 Type Alt.8
Example Toe . Dumpriprap + . Gabion + Geotube+Conc
+ Slope Durgﬁ)rlrp;rap * Concrete block Glg?'?; * Concrete block GeRoitlize * Geotuubbe;rGeot rete Flexible Ge?\;ual::fr:iock
prap Mattress prap Mattress prap Mattress
Rapldlty_of Moderate Moderate Slow Fast Fast Fast Fast Slow
construction
Material - - - - -
source Easy Difficult Difficult Difficult Moderate Moderate Difficult Difficult
. Resist o Resist s Resist . L Resist
Water velocity Moderate Resist High Moderate Resist High Moderate Resist Low Resist High Moderate
CO&S;ESEOH Moderate Easy Moderate Moderate Easy Easy Difficult Moderate
Maintenance Easy Easy Difficult Difficult Easy Easy Difficult Moderate
Constr_uctlon Only in dry All season Only in dry All season All season All season All season All season
Period season season
Quality control Easy Difficult Moderate Difficult Easy Easy Difficult Moderate
watce?::ont 3,550 USD/m | 6,250 USD/m | 4,050 USD/m | 6,750 USD/m | 3,750 USD/m | 5,350 USD/m | 4,400 USD/m | 3,750 USD/m
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3.9.9.2. Alternative Structural Revetment of waterfront

There are five types of alternative structural revetment for waterfront which are
Armour layer, Pre-cast Concrete Block Revetments, Concrete Flexible Mattress Systems,
Gabion rock mattress and Geotube Systems as accordingly conceptual design report.

3.9.9.2.1 Armour layer

Overhead protection against erosion due to wave and water erosion. In general,
the surface structure consists of two parts, first The Armor layer. Second, the Filter layer,
as shown in Figure 3-85.

() !

Armour layer = o V7
<. VA \\ ~
v N ?"-\' “,/
Nt St

LW | Filter layer
-
-,",);0/ F. . —— —
7 Sand fill compacted
Figure 3-85 Surface Structure of Revetment

1. Armor layer is a structure that protects the bank from erosion by waves and direct tides.
The designer must be designing a protective layer against erosion, absorb the waves and
tides from the waves, and be strong enough to withstand erosion. They must have enough
weight to not be torn down. The main material made from rock that it out to be cheap and
convenient to build. Riprap is widely graded rock, (D85/D15~ 2 —2.5) which is placed in
bulk to give an armor layer about 2 to 3 layers thick.

1. Construction is simple and uses standard plant and a small work force
2. Can be costly when haulage distance is large
3. Rock may not be available in some locations

2. Filter layer the material in Armor layer is much larger than filled soil. Therefore, the
filled soil can be removed by the gap of the Armor layer. It is necessary to have a layer of
filter material, which is between the Armor layer and the sand fill compacted. In part
design of the filter material layer consideration the size of the original soil and the size of
Armor layer. Consider the ability to provide water through to reduce the pressure of water.
Materials used for filtering materials include Stone or gravel, and synthetic fiber
(Geotextile).
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3.9.9.2.2 Pre-cast Concrete Block Revetments

Components of a pre-cast concrete block revetment design include layout of a

general scheme or concept, bank preparation, mattress and block size, slope, edge
treatment, filter design, and surface treatment. Design information is provided below in
each of these areas. As illustrated as shown in Figure 3-86 and example Pre-cast Concrete
Block Mattress with Geotextile as shown in Figure 3-87.

1.

The pre-cast block revetments are placed on the channel bank as continuous
mattresses. The vertical and longitudinal extent of the mattress should be set based on
information provided. Emphasis in design should be placed on toe design, edge
treatment, and filter design.

. Channel banks should be graded to a uniform slope. Any large boulders, roots, and

debris should be removed from the bank prior to final grading. Also, holes, soft areas,
and large cavities should be filled.

. The graded surface, either on the slope or on the stream bed at the toe of the slope on

which the revetment is to be constructed, should be true to line and grade.

. Light compaction of the bank surface is recommended to provide a solid foundation for

the mattress.

. The overall mattress size is dictated by the longitudinal and vertical extent required of

the revetment system. Articulated block mattresses are assembled in sections prior to
placement on the bank; individual mattress sections should be constructed to a size that
is easily handled on site by available construction equipment.

. The size of individual blocks is quite variable from manufacturer to manufacturer. In

addition, individual manufacturers usually have several standard sizes of a particular
block available. Manufacturer's literature should be consulted when selecting an
appropriate block size for a given hydraulic condition.

This work consists of furnishing materials and performing all work necessary to

place pre-cast concrete block revetment on bottoms and side slopes of channels or as
directed by the engineer. The types of pre-cast concrete blocks included in this
specification are:

1. Cellular pre-cast concrete blocks: Cellular blocks which interlock with each
other in some manner when placed on the embankment slope, and allow
vegetation to grow through the blocks.

2. Articulated concrete blocks: Concrete blocks held together by steel rods or
cables and placed on the embankment slope.
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Figure 3-86 Mattress Placement Underwater by Crane
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Figure 3-87 Example Pre-Cast Concrete Block Mattress with Geotextile

3.9.9.2.3 Concrete Flexible Mattress Systems
Concrete mattress can be used:
1. Erosion control/stabilization of embankments and steep slopes
2. Erosion protection in tidal zone area

3. Protection of slopes and beds of canals, rivers and other flowing bodies of
water, jetties, inshore and offshore structures.

Concrete mattress can be installed onto the existing soil profile and thereby
provides specific erosion protection for the unprofiled natural beds and slopes, even in
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areas below water where access is difficult. A highly fluid sand/cement mortar is pumped
into this fabric envelope after it has been placed on the areas to be protected.

Range of concrete mattress is a geotextile concrete shuttering forming a cellular
mattress suitable for soil erosion protection of slopes, canals, riverbanks and coastal
shorelines. The versatile mattress offers cost advantage and ease of installation.

1. Flexi Type: This flexible block mattress is designed to accommodate
movement in the underlying ground and is recommended for high hydraulic
loads. The two-layered geo-fabric is weaved together with a special designed
hydrostatic filter which allows water behind the installed structure to pass
through thus eliminating the build-up of hydrostatic pressure behind the
structure. The mattress is available in thicknesses of 120mm and 180mm.

2. Rigid Type: This is a rigid monolithic mattress recommended for medium
hydraulic loads. The two-layered geo-fabric is weaved together with a special
designed hydrostatic filter which allows the mattress to be permeable. The
rigid mattress is available in thicknesses of 1220mm and 180mm.

3. Standard Type: This mattress is impermeable and suitable for erosion
protection of rigid-based subgrade. Made from a double-weave fabric with
internal distance threads to stabilize the upper- and lower-layer fabrics, this
ensures the concrete-filled mattress achieves a uniform thickness. This
concrete mattress is available in thicknesses of 200mm, 200mm and 300mm.

4. Green Type: This mattress allows concrete injection into the specially designed
two-layer weaved geo-fabric to form a rectangular tubular perimeter. Inside the
tubular perimeter, openings can be made to allow filling of topsoil for
vegetation growth for better integration to the environment. This mattress is
suitable for low hydraulic loads. View of slope Concrete Flexible Mattress and
Example Concrete Flexible Mattress Systems as shown in Figure 3-88 and
Figure 3-89.
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Figure 3-88 View of slope Concrete Flexible Mattress

Figure 3-89 Example Concrete Flexible Mattress System
3.9.9.2.4 Gabion rock mattress

Gabion rock mattress features: 1. Improve the stability of river bed slope 2.
Protect the river from being prevented erosion. 3. Increase the roughness coefficient of

river bank Structure of Gabion Rock Mattress and Example of Gabion Rock Mattress
Figure as shown in Figure 3-90 and Figure 3-91.
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Figure 3-90 Structure of Gabion Rock Mattress

Figure 3-91 Example of Gabion Rock Mattress

Step of Installation Gabion Rock Mattress

For easy handling and shipping, Mattresses are supplied folded flat in bundles of
25. Lids are packaged in separate bundles or in rolls for larger units of Mattresses.

1. Individual Mattress is first unfolded on flat, hard ground and stamped to
remove all kinks. The two long sides and both end panels are then lifted
upright and secured in position by tying the selvedge wires together.

2. The vertical edges of all internal diaphragms are attached to the sides and laced
with typing wire or approved interlocking wire fastener.

3. The assembled Mattress is then aligned in the required position and tied or
fastened to adjacent mattress along the whole length of selvedge wire. Mattress
units should be placed in proper position so that movement of rock fill inside
the cage -- due to gravity or flowing current -- is minimal. Thus, on slopes,
Mattresses should be placed with its internal diaphragms at right angles to the
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direction of the slope. On river beds, position Mattress with the internal
diaphragms at right angles to the direction flow.

4. The stone is placed into the compartments (cells). If it's a slope, start from the
bottom. One or more Mattresses can be filled at the same time. 5. Sequence the
installation by keeping the stone filling crew well ahead of the lid placement
crew. Lids or top panels must be securely tied or fastened to side-tops and end
panels and also to the top of the inner partitions. 6. The Mattresses may be
either telescoped or cut to form and tied at required shape, when necessary, e.g.
when Mattresses are laid on a radius. For a sharp curve, it may be necessary to
cut the Mattress diagonally into triangular sections and tie the open side
securely to an intact side panel.

3.9.9.2.5 Geotube Systems

Geotube systems are Geo-containment systems replace rock in erosion protection
works for waterways and impoundments. It has the widest range of engineered fabrics and
composites for the fabrication of Geotube Geo-containment systems. These engineered
fabrics are designed for strength, robustness, abrasion resistance, UV resistance, etc. for
the most demanding of site conditions.

For Geotube, high tenacity woven polypropylene is used. Special fibers and yarns
may be incorporated to form engineered composites for additional engineering functions.
Geotube Dyke Systems can also be manufactured with a coarse grain fiber substrate that
enhances resistance to sand abrasion, debris impact resistance. Geotube dewatering
technology has become the dewatering method of choice for organizations around the
world and used for both large and small projects. They are simple and low cost. There is in
no need of belts, gears, or complicated mechanics.

Geotube containers are constructed of high-strength, permeable, specially
engineered textiles designed for containment and dewatering of high moisture content
sludge and sediment. They are available in a variety of sizes, depending on volume and
space requirements. Geotube Dewatering containers are effective drain technology
fabricated from an engineered textile that provides confidence of fine solids inside the
container, while allowing water to permeate through the engineered textile. As water
drains, continue to densify and consolidate over time.

Once the solids are fully consolidated or have met minimum requirements for
transport, several options are available for disposal of the drain material. In the
construction process Geotube is used to block the water from the construction site and to
use as a barrier to prevent soil damage. The examples of Geotube are as shown in Figure
3-92 and Figure 3-93.
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Benefits of Geotube Structures
1. Costs.

Costs can be saved from the availability of local sand. This reduces the cost for
filling materials and logistics from quarrying and transporting rocks to the site.

2. Environmentally friendly.

It has a smaller footprint than other traditional structures, resulting more
environmentally friendly and reduces impacts on environment. Geotextiles have been
proven to encourage greater marine growth and diversity than rock or concrete, creating a
natural marine habitat. A smaller footprint has lesser impact on the sensitive coastal
habitats.

3. Visual aesthetic.

Geo-containers allow for a more precise design than rock. The lower crest and
reduced footprint is ideally suited to beach where an unrestricted view is required. A
combination of sand-coloured geotextile and enhanced marine growth help the containers
blend in with the environment.

4. Sand-filled geo-containers are proven to have the duration of over 30 years in
all conditions.

5. Safety.

The use of sand-filled geo-containers’ provide a sac structure that is safe.
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Figure 3-92 Continuous Lapping of Geotube
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Figure 3-93 Examples of Geotube Systems

3.9.10. Typical Storm Drainage System

Circular, rectangular, and U-shaped pipes and U-ditsches were used in the
drainage system's design to collect rainwater from smaller catchments on the project site
before discharging flows into the Ayeyarwaddy River. There are two conceptual design
alternatives for the proposed drainage system outside the project area.

Alternative 1: The drainage system similar to current conditions consist of the
new improvements canal connected with the box culvert size 4-3.00x3.00-meter drain
water through sector 4 and install the floodgate and 4 sets of pumping size 3.0 ma/s (12.0
ma/s) at the end of culvert to drain out water from the urban and nearby.

Alternative 2: To allow drainage water from the cities can flow by gravity, so
there is new concept to design drainage canal elevation can flow when the water level in
the Ayeyarwaddy River is lower than the highest average water level and the side drainage
system can use the existing pumping stations.
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Figure 3-94 Typical Plan and Section of Main Drainage along Village
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3.10.ALTERNATIVE OF PROJECT

3.10.1. Description

The project is the urban development project which is located in Mandalay. Other
places are considered before choosing the current project site but they are not chosen due
to the difficulties in water requirement, land requirement and to reduce environmental
impact from the project. The current site is chosen because it has more positive facts over
other places.

3.10.2. Comparison

The comparison of the project is described about project location and other places
as following table.
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Table 3-35 Method of Comparison

Possible environmental and social

Alternative The current project area Other places impacts of other sites
-Since it is an urban development project,|-Not getting enough land in other places; '\:\ﬁi; odir:]a??:n may be a problem for
location selection is very important. The view is not beautiful. pP ! ) T i di
Location -The project site is located next to the river and|Unable to implement urban development| otential = impact - on _ surrounding

have wide land area, good view and geography;
has easy transportation.

project due to factors such as bad
geographical location.

residential areas due to waste water and
garbage produced from the project's
properties.

Water source

-The project area is located on the banks of the
Ayeyarwaddy River, so it has sufficient water
resources.

-Sufficient supply of drinking water and water
for the whole zone from river water and
underground water to carry out the work.

-Treatment process is used for used underground
water and use of distribution system.

-Not having enough water resources;

-Low groundwater recharging rate in
other places;

-water demand may happen in the region.

-The possibility of water demand in the
region;
-In dry seasons, fresh water may be
scarce;

- Groundwater drying up,

-If there is no proper disposal system of
waste water from the project zone, it may
cause water pollution in the surrounding
area

Energy

-Because the current project location is an urban
area, it is easy to get electricity.

-1t takes longer to get electricity in other
places.

-There may be a case of insufficient
electrical power due to the need for
electricity to run the business.
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Possible environmental and social

Alternative The current project area Other places impacts of other sites
-Since the project implementation site is located
on the banks of the Ayeyarwaddy River, the o . .
Retaining wall  |Dyke wall was designed gy)éxperts f¥om Deltares|-Because it will be built on the banks of|-Modern technologies can be a source of
desi ngand in the Netherlands and local experts to protect the|(1€ Aeyarwaddy River, a dyke wall is|negative impact on the environment and
techgology river from flooding needed, and other areas do not need such|society

-Building with Revetment Riprap structure
method.

design and techniques

-Can cause internal technical conflicts.

Soil strength, seismic
design and
technology

-For soil strengthening and seismic works. local
experts Coordinate with experts from Japan and
New Zeland and drawing up designs

-In order to obtain the specified relative density
of soil, stiffening of sandy soils by Vibro-
floatation Method (Vibro-compaction) in order to
prevent the movements that may occur due to
water and to avoid liquefaction.

- Since the project is located on the banks
of the Ayeyarwaddy River, it is necessary
to carry out soil strengthening works and
because it is located on the Sagaing fault,
it is necessary to carry out seismic works,
and other areas do not need such design
and techniques.

-Due to soil strengthening activities,
negative impact of vibration can cause for
environment and society.

Socioeconomic

-Being a type of urban development project leads

-In other places, if the population is
dense, there may be social problems with

-Due to the presence of commercial areas
and residential area can cause possible

status to the development of socioeconomic conditions.|the locals. Possible problems with| ™ .
social problems.
workers.
-The project location is located on the banks of . - Cultural buildings in the vicinity of the
L. . |-Other areas may not be suitable for . R N
the Ayeyarwaddy River in Amarapura Township,|. - project area; religious buildings; Pagodas
Culture . . implementing urban development .
so there is no cultural impact due to the projects may be affected by the construction of the

construction of the project.

project.
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3.10.3. No Project Option

The No Action Alternative would result in no additional environmental impacts
compared to the proposed project. This alternative would not increase potential impacts
associated with soil, water quality, biodiversity, traffic and circulation, air quality, noise,
aesthetics and other utilities.

However, if this alternative would be adopted, it will likely have the greatest
implications on the socioeconomic environment. This action would result in the loss of a
major direct and indirect employment generating activity and foreign exchange revenue;
benefits associated with the construction tourism industry and potentially significant business
opportunities for existing and new tourism support businesses. In addition, the site is likely to
undergo erosion, which may be a possibility due to natural effects that are already taking
place at the site.

If the proposed project is not implemented, economic benefits generated by the
project would not be gained. Benefits loss would include:

* Employment generation and project expenditures during the development and operation of
the project;

* Loss of revenue for the Union and region governments;
* Potential loss of infrastructure upgrading in Mandalay region;
* Potential slowdown in the economic development of Mandalay region;

Table 3-36 Zero Option of Proposed Project

Aspect Conditions without the project Conditions with the project

v" It is an urban development project
that will be implemented with
modern design and technology
coordinated by international experts
and local experts, so it can be a
pioneer in the country.

v' Lack of high-tech design and
implementation of urban
development projects in the
country along the banks of the
river.

Design and
technology

environmental v No impact on the environment [ v" Potential impacts on environmental

and social and social situation due to the quality due to project construction
conditions project. and operation.
v Loss of revenue to the state. v Increasing of revenue to the state.
v' Mandalay Region's economic | v Development of Mandalay Region's
development potential may be economic situation.
Economic slow down. v' Getting employment opportunities
Aspect v Scarcity of employment for locals.
opportunities for local residents. | v Development of the socio-economic
v' Unable to develop the socio- status of local residents near the
economic status of the locals. project.
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Aspect

Conditions without the project

Conditions with the project

v" Recession of urban development
in Mandalay Region.

v' Risk of loss of upgrading
infrastructure in Mandalay
Region.

v" Amarapura Township, where the
project is located, can be developed
and infrastructure can be upgraded.
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CHAPTER 4
DESCRIPTION OF THE SURROUNDING ENVIRONMENT

4.1. INTRODUCTION

The purpose of this section is to predict how environmental and socio-economic
conditions will be impacted because of the operation of the proposed project. This requires a
sound understanding of the baseline conditions at the project site, which established through
desktop study research, site surveys, primary data collection and projections for future
developments. Findings provide the current and future characteristics of the project site and
the value and vulnerability of the key environmental and socio-economic resources and
receptors. The following sections provide a description of the environmental and socio-
economic aspects of the project.

In this chapter, the area of about 5 km radius around the project site has been studied
to check the impacts for the surrounding environment. Three groups of components are
consisted in studying surrounding environment. They are (i) Physical Components including
description with data and maps of topography; water resources; geology and soils,
hydrology/hydrogeology; environmental quality; climate; vegetation cover; and natural
hazards (ii) Biological Components: descriptions on fauna and flora (iii) Socio-economic
Components: descriptions of income and livelihoods, living conditions and access to public
services and natural resources, land use maps, population distribution maps, maps and charts
of other socio-economic indicators such as poverty, employment and education.

4.2. AREA OF THE INFLUENCE OF THE STUDY AREA

e In the project area, soil improvement activities, dyke wall construction, road
construction, communication system implementation, water supply system, drainage and
wastewater generation system will be constructed.

e The area of influence (AQI) of the study area is regarded as 1 km in the scoping stage. In
addition, in the EIA stage, AOI is recognized as 5 km to consider the overall impact of
the study area.

e However, there has little direct impact on the surrounding environment from the project
site.

Area of the influence map of the project area as shown in Figure 4-1.
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4.3. PHYSICAL ENVIRONMENT

Air quality, water quality, noise, vibration, soil, climate and meteorology,
hydrology, and geology had been studied to know the physical environmental condition.

4.3.1. Climate and Meteorology

The proposed project location is situated in Mandalay's Amarapura Township, which
experiences tropical monsoon weather. Mandalay has a tropical monsoon climate under the
climate classification system. The difference in temperature between the coolest and hottest
months is less noticeable. Summer, rainy season, and cool season roughly correspond to the
three main seasons of the atmosphere. The summer season lasts from mid-March to mid-
May. The southeast monsoon wind is the main source of rain and the study area receives rain
during the period from mid-May to end of September. The cool season lasts from November
through February. The weather is good for cultivation and different crops are cultivated in the
area. The months like November, December and January have low temperature and defined
as cold months.

According to the Department of Meteorology and Hydrology (DMH), Yangon
Division, Myanmar (2022), the mean monthly temperature is highest in May at 42.3 °C and
lowest in January at 13.5°C. Except in December and January, the monthly temperatures are
above 27.0 °C. The southwest monsoon wind is the main source of rain, and receives rain
during the period from May to November. Rainfall sharply decreases from November and
continues to be less than 0 mm from January to February.
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Table 4-1

2017-2022 Rainfall Data in Mandalay (mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2017 Trace 0 14 63 194 28 153 122 233 313 34 )
2018 51 Trace Trace 74 150 95 25 195 170 179 1 11
2019 46 Trace 1 9 94 40 24 226 29 o4 100 Trace
2020 24 0 0 12 174 44 69 81 82 118 102 0
2021 0 Trace 0 83 124 22 95 197 154 255 15 Trace
2022 2 Trace 27 109 249 60 31 94

(Source: Regional Data, Department of Meteorology and Hydrology (DMH), Yangon Division, Myanmar, 2022)

Table 4-2 2017-2022 Temperature Data in Mandalay (°C)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2017 22.1 25.0 26.9 29.6 30.5 31.1 30.4 30.3 29.9 28.7 26.9 22.9
2018 21.7 25.2 29.1 31.3 31.2 29.8 31.2 30.0 30.5 27.6 25.8 23.7
2019 22.0 25.3 28.3 32.9 34.2 32.2 31.3 30.5 30.3 29.7 27.7 22.9
2020 22.1 24.6 29.8 32.2 33.2 32.3 31.2 30.8 31.8 30.7 26.2 23.7
2021 23.9 25.7 30.1 324 32.9 32.3 31.2 30.4 29.7 30.0 27.1 23.9
2022 22.7 23.0 30.6 32.0 30.2 31.4 31.9 30.7

(Source: Regional Data, Department of Meteorology and Hydrology (DMH), Yangon Division, Myanmar, 2022)
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4.3.2. Topography

Topographically, Amarapura Township is located on the Mandalay-Kyaukse plain
and it is mostly flat plains. The topographic feature of the Amarapura Township is a level
plain which is situated at the junction of the Ayeyarwady River and the Myitnge River. It is a
flat plain with a height that about 192 feet above sea level in the west and 250 feet above sea
level in the east. The topographic surface is slightly higher in the eastern part and the land
gradually slopes towards the Ayeyarwady River in the west.

The proposed project site is located in Amarapura Township surrounded by the
Ayeyarwady River and other private lands and villages. The area is flat and no protected area
is found around the area. The landscape can therefore be classified as flat area covered with
wasteland and scattered vegetation.

The landscape of the proposed project area is an alluvial plain which is flooded in
monsoon season. In dry season when the land is exposed, various kinds of crops including
pulses, beans, water melon and cucumber are cultivated by the local farmers. Small-scale
fishing activities are practiced in the small wetlands which emerge when the monsoon water
flow back to the river. The topography map of the study area is shown in Figure 4-2.
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4.3.3. Geology

On the geological map, the Amarapura Urban Development Project region is located
at the centre. This area is mainly underlain by younger alluvial deposits (Holocene). The E
and NE of the project area are formed by the Carboniferous-aged portions and Paleozoic,
partially Jurassic-aged Metamorphosed unit. In metamorphosed unit mainly consists of lower
Paleozoic rocks. This unit can also occur in the W and NW of the project area. Moreover,
there is an active strike-slip fault in this unit along the NS trending. Jurassic age of the Loi-
An Group, Namyau Group, Upper Miocene, and Pliocene of the Irrawaddy Formation can
also be found in NW of the project area. Then Miocene age of Upper Pegu Group of Minbu
Basin is situated in both NW and SW of the project area. And in the E and SE of the project
area, can be occurred Silurian and Middle Permian, Middle Triassic age of the Plateau
Limestone Group known as Moulmein Limestone Group respectively. Additionally, this
project area is also formed along the river- bank of Irrawaddy River. The geology map of the
study area is shown in Figure 4-3.
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4.3.4. Soil

According to the modern classification, there are 24 main soil types being
recognized in the Union of Myanmar. The characteristics of these soils are determined upon
(1) the physical and mineral composition of the parent material, (2) the relief (physical
features), (3) the climate under the which the soil material has been developed and, (4) the
vegetation. The soil types of the project located division Mandalay are meadow & meadow
alluvial soils, red brown forest soils, yellow brown forest soils, yellow brown dry forest and
indaing soils, light forest soils, cantena of savana soils on depressions, compact soils, red
earth and yellow earth, mountainousred forest soils, popa complex soils and primitive
crushed stonesoils. The soil type of the project area is located in the compact soil. The dark
compact soils occur in the dry zone in the level plains of Sagaing, Mandalay and Magway
Regions. The soils are deep and mostly composed of clayey materials. The soil map of the
study area is shown in Figure 4-4.
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Figure 4-4 Soil Map of the Project Area

4.3.5. Seismic Background

Myanmar is located in a seismic zone with a moderate to strong earthquakes.
According to earthquake observatory, most earthquakes that occur in Myanmar are in the

Hexagonal Angle International Consultants Company Limited

Page 4-10




western part of Myanmar, it is caused by the Active Subduction Zone in the Andaman
Megathrust zone and the Sagaing fault zone in central Myanmar. The project site is located in
seismic zone V by earthquake zone. This zone is a destructive zone of (0.4g - 0.5g) according
to the Probable Range of Ground Acceleration. The seismic zone map of the project area is as
shown in Figure 4-5. Therefore, even if there is an earthquake because of the project areas is
a destructive zone, major damage in good RC buildings and damage in specially designed
structures.
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Figure 4-5 Seismic Map of the Project Area
4.3.6. Seismic Hazard Analysis

From the seismicity point of view, it is situated closed to the most active fault of
Myanmar, right-lateral strike-slip Sagaing Fault. The Project area is about 4 to 8 km far from
the Sagaing Fault. In the historical records, about ten major earthquakes struck in and around
this area in 1429, 1467, 1501, 1602, 1696, 1762, 1771, 1776, 1830 and 1839. Among them,
the most destructive and deadliest one is 1839 Innwa (Ava) earthquake and that caused
several pagodas destroyed and 300 — 400 deaths. Based on the current research works, the
magnitude of this event is ~ 8 (Wang Yu et al., 2015). In the instrumental record, the most
recent event around this area is 1956 Sagaing earthquake that struck on July 16 and the
magnitude is Mw 7.0. Due to this earthquake 50 people’s dead in Sagaing and several
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pagodas were severely damaged. All of these events are generated by Sagaing Fault, 1839
event from Innwa (Ava) Segment and 1956 event from Sagaing Segment. Therefore, it is
very clear, this area lies in high seismic hazard area. When the project is implemented and to
design various sorts of buildings and infrastructures as seismic resistant ones, the seismic
hazard parameters are very important to take account.

The seismic hazard assessment is carried out by using the classical probabilistic way
which consists of 4 steps. For different building performance levels, the seismic hazards are
calculated for 4 different recurrence intervals: 50% probability of exceedance in 50 years (75
years recurrence interval); 20% probability of exceedance in 50 years (225 years recurrence
interval); 10% probability of exceedance in 50 years (475 years recurrence interval); and 2%
probability of exceedance in 50 years (2475 years recurrence interval).

The seismic hazards are presented in terms of peak ground acceleration (pga) in g;
spectral acceleration at the periods of 0.2 s and 1.0 s in g; peak ground velocity (pgv) in cm/s.
Therefore, 16 seismic hazard maps are developed for the project area.

4.3.6.1. Methodology

The four steps procedure of Probabilistic Seismic Hazard Assessment (PSHA)
(Cornell, 1968, McGuire, 1976, Reiter, 1990 and Kramer, 1996) is applied for the seismic
hazard analysis for the Project area.

Moreover, the Guttenberg and Richter’s classical earthquake recurrent law is also
based for earthquake recurrence modeling. The standard PSHA integrates the mean annual
rate of occurrence of earthquakes over all possible earthquake sources, which means all
possible locations and earthquake magnitudes are considered for all potential seismic sources;
faults and areal zones (Marin et al., 2004).

The procedure of PSHA is as follows:

1) Identification of earthquake sources: Source areas or zones that are capable to
produce the significant ground motion at the site must be defined.

2) Characterization of earthquake sources: A recurrence relationship which specifies
the average rate at which an earthquake of certain size will be exceeded is used to
characterize the seismicity of each source zone and then the maximum magnitude of the
earthquake is determined for each seismic source.

3) Choosing the ground motion prediction equations: the ground motion at the site,
resulted by earthquakes of any possible size at a point in each seismic source zone can be
determined by using the most suitable ground motion prediction equations.

4) Estimation of the seismic hazard: By considering the uncertainties of the seismic
sources’ geometrical information, earthquake size, and ground motion prediction and by
combining the effects of all the earthquakes with the different magnitude, different distance
and diverse occurrence probability on a specific site are integrated and the probability of
exceedance of different levels of accelerations are estimated for specific periods of time.
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The mathematical expression of the probability of the ground motion parameter Z
will exceed a specified value z, during a specified time period T at a given site is as follow:

P (Z>2) = 1 V@1

where v(z) is the mean annual rate of events from which the ground motion
parameter Z will exceed z at a certain site resulting from the earthquakes from all seismic
sources in a region. It can be calculated by applying the following equation:

N

V() = z A(my) f f fur () fo().P (2 > %r) drdm

n=1

where A (m) i = the frequency of earthquakes on seismic source n above a minimum
magnitude of engineering significance, mi;

f (m) M = the probability density function of event size on source n between m 0 and
maximum earthquake size for the source, m u;

f (r) R = the probability density function for distance to earthquake rupture on source
n, which may be conditional on the earthquake size; and

P(Z>z|m, r) = the probability that, at a given a magnitude m earthquake and at a
distance r from the site, the ground motion exceeds value z.

On the other hand, the seismic hazards calculation includes the following steps;

1) Calculating the frequency of the occurrence of the event of magnitude m on
source n,

2) Computing the probability density function of event size on source n between m
0 and mu,

3) Computing the probability distribution for the distance from the site to source n
where the event with the magnitude m will occur, and

4) Calculating, at each distance, the probability that an event with magnitude m will
exceed the specified ground motion level z, i.e. calculating the ground motion amplitude
parameters for a certain recurrence interval.
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4.3.6.2. Seismicity of the Project Area

According to the seismicity of the project area, almost all of the events are shallow
focus earthquakes (< 40 km in focal depth) as shown in Figure 1-2. However, there are some
deep focus earthquakes (> 80 km in focal depth), while some medium deep earthquakes (40 —
80 km in hypocentral depth) also happened in the west of the project area. This is based on
the earthquake catalog of ISC (1900 — 2012), with complement of USGS and IRIS catalog.

This area has experienced about ten major earthquakes in the historical record and
with regards to the instrumental record, 1956 Sagaing earthquake and very recent one is 2012
Thabeikkyin earthquake. The events are listed in Table 4-3and Table 4-4 and shown Figure
4-6, Figure 4-7 and Figure 4-8. It can be noticed that the events happened in the west of the
project site were originated by Subduction zone of Indo-Austrilia Plate beneath Myanmar
(Myanmar (Burma)) Platelet and its related faults.

Table 4-3 List of the past earthquakes happened in the west of the project area,
within 250 km radius of the project area
Date Latitude Longitude Magnitude Depth
24.8.1858 19.3 94.8 - -
16.8.1938 23.5 94.25 7.2 60
21.3.1954 24.6 95.2 7 150
8.7.1975 21.5 94.7 6.8 84
16.3.1927 24.5 95 6.5
22.9.1930 25 94 6.25
2.6.1934 24.5 95 6.5
23.4.1935 24 94.75 6.25
14.4.1938 23.5 95 6.75
27.5.1939 24.5 94 6.75
11.5.1940 23.75 94.25 6.5
12.3.1952 24.6 95.2 1.7
29.2.1956 23.5 94.5 6.5
19.9.1956 23.5 94.5 6.3
6.8.2023 25.12 95.17 7.5
Table 4-4 List of the past earthquakes happened in and around the project area,
from the active fault

Date Location Magnitude or brief description

1429 Innwa Fire-stoping enclosure walls fell

1467 Innwa Pagodas, solid and r:jc;lsl?rv(;/),lsgd brick monasteries
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Date Location Magnitude or brief description
24.7.1485 Mandalay 3 well-known pagodas fell
1501 Innwa Pagodas, etc. fell
6.6.1620 Innwa Ground surface broken.qFljzllfer fishes were killed after
10.9.1646 Innwa
11.6.1648 Innwa
1.9.1660 Innwa
3.4.1690 Innwa
15.9.1690 Innwa
15.9.1696 Innwa
8.8.1714 Innwa 4 well-known pagodas destroyed
15.7.1771 Innwa
9.6.1776 Innwa A well-known pagoda fell
2.4.1830 Innwa
Old palace and many buildings demolished; pagodas
shattered, death tolls-300 to 400
93.5.1912 Taunggyi M=8.0, almost glol g Zgigzoigllg/lsygaer;adr were shocked,
16.7.1956 Mandalay Several pagodas severely dead
M= 6.8, Landslide and liquefaction occurred, above
11.11.2012 Thabeikkyin 500 buildings such as pagodas, houses, schools
damaged; 26 deaths and231 injures.
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Figure 4-6 Seismicity map of the Amarapura New Capital project area
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Figure 4-7 Map of the large earthquakes around the project area
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Figure 4-8 Map of the large earthquakes around the project area
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4.3.6.3. Seismic Hazard of the Project Area

Based on the probabilistic seismic hazard maps of Myanmar (Figure 7 and 8) as the
nation level; of Mandalay Region (Figure 9 and 10), the maximum peak ground acceleration
(PGA) for the project area is 0.4 to 0.5 g for 10% probability of exceedance in 50 years (475
years recurrence interval) and 0.7 to 0.8 g for 2% probability of exceedance in 50 years (2475
years recurrence interval). All of these PGA values are calculated by assuming the site
condition as rock. To understand the PGA level of the project area, the seismic hazard maps
of Mandalay City is also presented in Figure 4-9 to Figure 4-14.
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Figure 4-9 Probabilistic seismic hazard map of Myanmar for 10% probability of
exceedance in 50 years (475 years recurrence interval)
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Figure 4-10 Probabilistic seismic hazard map of Myanmar for 2% probability of
exceedance in 50 years (2475 years recurrence interval)
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Figure 4-11 Probabilistic seismic hazard map of Mandalay Region for 10%
probability of exceedance in 50 years (475 years recurrence interval).
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Figure 4-13 Probabilistic Seismic Hazard Map of Mandalay for 10% of
Probability of exceedance in 50 years by means of peak ground acceleration, PGA (g),
considering site condition, Vs30.
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Figure 4-14 Probabilistic Seismic Hazard Map of Mandalay for 2% of Probability
of exceedance in 50 years by means of peak ground acceleration, PGA (g), considering
site condition, Vs30.

4.3.6.4. Seismic Hazard Assessment

As the first step, the seismic sources that can contribute seismic hazard on the
Amarapura New Capital Project area are identified. The seismic sources can be identified as
fault specific seismic sources and areal seismic sources based on the available information
such as geology and seismicity. Myo Thant et al. (2012) proposed seismic sources model
when they developed probabilistic seismic hazard models for Myanmar, based on the active
fault information of Soe Thura Tun et al. (2011) and seismicity of the country. In their 2012
seismic sources model, the active faults in the Eastern Highlan (Shan Plateau) are identified
as areal seismic sources, because the information available the active faults in Eastern
Highland is not enough to model as fault specific sources. During a couple of years, the
available information of the active faults in Eastern Highland is more sufficient. Therefore,
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the new seismic sources model was proposed by Myo Thant et al., (2016) for new hazard
model of Myanmar, by modifying areal seismic sources in the west of Myanmar.

For the Project area, the seismic sources from new seismic sources model as shown
in Figure 4-15, that lies within 250 km radius of the project area are taken into an account for
seismic hazard assessment. the fault specific seismic sources are therefore identified for the
project site. Within 250 km radius of Project area, the active faults that can cause the
considerable seismic hazard, i.e. large ground motion, for the project are are Sagaing Fault
(Middle and Northern segments), Kabaw Fault, and Gwegyo Fault in the west; Kyaukkyan
Fault, Nampon Fault, Moemeik Fault, Kyaukkme Fault, and Shweli Fault in the east; as the
fault specific seismic sources and MAS_8, MAS 10, MAS 11, MAS-14 and MAS_15 as the
areal seismic sources, are identified as the seismic sources for seismic hazard analysis for
Amarapura New Capital Project area.
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Figure 4-15 Map of seismic sources of Myanmar (Myo Thant et al., 2016), in which
the blue-colored rectangles are the areal seismic sources corresponding to the
subduction zone and collision zone.

4.3.6.5. Site Characterization

The intensity of seismic hazard, i.e. the ground motion level depends on the site
condition. Most of ground motion prediction equations (GMPESs) as mentioned in the above
use the site parameters in terms of average shear wave velocity to the upper 30 m (Vs30). In
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2012, Faculty of Engineering, Chulalongkorn University developed the map of average shear
wave velocity to the upper 30 m (Vs30) by using Multichannel Analysis of Shear Wave
velocity method. Myo Thant et al., 2014 conducted mircrotremor survey and H/V spectral
ratio analysis for 43 sites in Mandalay, and developed the map of average shear wave
velocity to the upper 30 m (Vs30) by using Multichannel Analysis of Shear Wave velocity
method. However, the project area is not included in those analysis. Therefore, geophysical
survey (microtremor survey in here) is carried out at some sites of Amarapura New Capital
Project area. Then H/V spectral ratio analysis is carried out by using the computer code of
Prof. Shinichi Matsushima (Disaster Prevention Research Institute, Kyoto University), with
the consideration of 39 Borehole Logs (SPT, N values). Then, the Vs30 Map of the project
area is developed for site specific seismic hazard estimation.

4.3.6.6. Seismic Hazard Calculation and Results

As mentioned in the methodology session, identification of seismic sources
(seismogenic fault sources and areal seismic sources in this seismic hazard analysis for
Amarapura New Capital Project); study on previous seismicity (together with developing the
seismotectonic map of the area) as the first step; estimation of seismic source parameters such
as temporal earthquake occurrences: a- and (B) bvalues, maximum ecarthquake potentials
(Mmax), the return period (annual of occurrence) of earthquake magnitude are carried out as
the seismic sources characterization as the second step.

By assumption of different seismic source models (exponential and characteristic
models), applying the different ground motion prediction models (GMPESs), the seismic
hazard assessment is conducted by probabilistic seismic hazard assessment (PSHA) by
considering the site condition. It means that site specific 43 peak ground acceleration are
calculated for 50%, 20%, 10% and 2% probability of exceedance in 50 years (75, 225, 475-
and 2475-years recurrent intervals).
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Figure 4-16 The Possibility of Seismic Hazard (PGA) on the Project Site by the

Fault Specific Seismic Sources

The annual rate of exceedance of seismic hazard, peak ground acceleration (PGA)
that can be distributed by all seismic sources: fault seismic sources and areal seismic sources
on the project area is illustrated in Figure 4-16.

4.3.6.7. Conclusion for Seismicity

The project area is located very closed to the seismically active Sagaing Fault that is
right-lateral strike-slip fault with average slip rate of 18 — 20 mm/yr. With regards to the
previous seismicity, several strong earthquakes struck in this area, the largest events are
probably 1839 Innwa (Ava) originated by Sagaing Fault and 1912 Burma (Maymyo)
Earthquake by Kyaukkyan Fault. Recently 2012 Thabeikkyin Earthquake (Mw6.8) is the last
one to this area, rather than 1856 Sagaing Earthquake. Among them, 1839 is the most severe
earthquake and caused 300 — 400 deaths, and several buildings, most are pagodas, damaged
and the second one 1956 Sagaing Earthquake that caused 50 deaths in Sagaing and several
buildings damaged. In the previous time, most assumed 1839 event and 1956 event are
shocked by the same segment of Sagaing Fault, however, current research works suggest that
these two events are from different segments; 1856 event by Sagaing Segment which run
from Sagaing to Singu; and Wundwin Segment that run from Innwa till north of Nay Pyi
Taw. All of these segments belong to the middle segment of Sagaing Fault, the maximum
possible magnitude of the earthquake potentials is estimated as from 7.6 to 7.9 Mw. By
Gutenberg-Richter law, the recurrence interval for the earthquake > 7.5 Mw is around 130
years and for the event with the magnitude > 8.0 is 290 years recurrence interval. Based on
those estimation, the occurrence of large event by Wundwin Segment of Sagaing Fault from
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where 1839 event happened is high in possibility. This is the important issue taken into an
account for seismic resistant design in this the Project area.

On the other hand, the area is closed to the Sagaing Fault, it is a little bit difficult to
correlate the intensity of earthquake ground motion and frequency contents with site
condition, because the main controlling factors on the ground motion are probably the source-
to-site distance and the magnitude of the earthquake. Moreover, the frequency contents of the
ground motion are probably from low to high frequency. This is another important fact to
consider in developing the seismic resistant designs for various buildings.

In this seismic hazard analysis, since the fundamental frequency map is also
prepared and the PSHA maps of four different recurrence intervals are developed, the
information to be considered are fulfill with the needs. The summarized ground motion
intensity in terms of peak ground acceleration (PGA) and (PGV) are listed in Table 4-5.

Table 4-5 Summarize ground motion intensity level for the project area
Peak ground acceleration intensity

50% probability | 20% probability | 10% probability | 2% probability
Type in50 years (75 | in50years (225 | in 50 years (475 | in 50 years (2475
years recurrence | years recurrence | years recurrence | years recurrence

interval) interval) interval) interval)

PGA (ing) 0.31-0.38 0.48-0.7 0.59-0.93 0.65-1.47
PGV (in cm/s) 30-42 60 - 88 81-121 78 - 209

4.3.6.8. Recommendation

1. The Project area is located very closed to the seismically active Sagaing Fault that is
right-lateral strike-slip fault with average slip rate of 18 — 20 mm/yr. All of these
segments belong to the middle segment of Sagaing Fault, the maximum possible

magnitude of the earthquake potentials is estimated as from 7.6 to 7.9 Mw.

2. The area is closed to the Sagaing Fault, it is a little bit difficult to correlate the
intensity of earthquake ground motion and frequency contents with site condition,
because the main controlling factors on the ground motion are probably the source-to-
site distance and the magnitude of the earthquake. Moreover, the frequency contents
of the ground motion are probably from low to high frequency.

3. This is another important fact to consider in developing the seismic resistant designs

for various buildings.
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4. For geotechnical consideration. a thorough and detailed geotechnical investigation of
each building site, leading to development of a full site model, should be recognized

as a key requirement for achieving good foundation performance.

5. There should be greater focus on geotechnical investigations to reduce the risk of

unsatisfactory foundation performance.

6. For seismic design consideration, the response spectral shape factor, for deep alluvial

soils under Amarapura Urban Area, should be considered.

7. The likely change in spectral shape with earthquakes on more distant faults also needs
to be considered. The shape of response spectra for vertical ground motion should be

considered.

8. The implications of vertical ground motion for seismic design actions should be
considered and locations identified where high vertical accelerations may be expected

in earthquakes.

9. Design actions for floors acting as diaphragms need to be more clearly identified in
the Standard as:

1. the weight of the floor and its associated gravity loading and the acceleration

of the floor;
2. shear transfer between the lateral-force-resisting elements;
3. self-strain forces induced by elongation and bending of beams; and

4. local forces induced by structural elements such as T-shaped walls that have

differing strengths for displacement in the forward and backward directions.

While the initial lateral strength of a building may be acceptable, critical non-ductile
weak links in load paths may result in rapid degradation in strength during an earthquake. It
is essential to identify these characteristics and allow for this degradation in assessing
potential seismic performance. The ability of a building to deform in a ductile mode and

sustain its lateral strength is more important than its initial lateral strength.
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4.4, GEOTECHNICAL CONCEPTUAL DESIGN

Since the project area is flooded yearly, measures, like a landfill, are needed to
project the urban development. The project area is also subjected to occurrence of severe
earthquakes. To withstand these two natural hazards and to create a sufficiently safe
environment for the urban development, a geotechnical design is needed.

4.4.1. Introduction

The following data are described base on the geotechnical conceptual design of the
Amarapura urban development project. The report focusses on Phase 1, the northern part of
the project. Based on an extended field survey, the subsoil stratification is determined and
relevant geotechnical parameters have been assessed. The geotechnical conceptual design
consists of determination of the project elevation level, the stability of the water front
including a sheet pile design, erosion protection, stability of the south boundary of Phase 1
and the expected surface settlements due to sub soil compaction.

The geotechnical analysis shows that the design earthquake causes the normative
loading conditions in geotechnical design. Without further measures large parts of the subsoil
will liquefy during design earthquake loading, with a nearly complete loss of strength as
consequence. To prevent subsoil liquefaction, the landfill and the top 20 m of the subsoil
should be mechanically densified. It is strongly recommended to densify the entire project
area to form a good foundation for future construction. However, densification should at least
be done near the river bank. In the geotechnical conceptual design, it is assumed that the
subsoil is densified and calculations are based on the improved subsoil characteristics.

There are two options for the waterfront position, Figure 4-17. The first position
follows the present-day river bank. The second position smoothens the river bank and is
located further into the flood plain. The field survey shows no significant differences in
subsoil characteristics for the two options. The stability analyses are conducted for the subsoil
characteristics found at the present-day river bank, option 1. However, the conclusions
resulting from the geotechnical conceptual design also holds for option 2.
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Figure 4-17 Project area phase 1, left option 1 right option 2

4.4.2. Objectives

This report describes the relevant geotechnical design principles for the geotechnical
design of the Amarapura urban development project and provides for Phase 1 of the project a
conceptual geotechnical design for a landfill. Special attention is given to the river bank for
which a natural slope and a stepped slope using sheet pile wall are elaborated.

4.4.3. Subsoil

According to the geotechnical conceptual design report, the subsoil is the project area
consist of alluvial deposits, mainly containing sands, silts and silty sands. An extended field
survey is conducted containing CPTu measurements and boreholes with SPT measurements.
Based on the field survey data geotechnical profiles are created. At the project site, the top
layers consist of loosely packed sands and silts. At larger depths, around 30 m below ground
level, densely packed sands are found. The field survey is stopped at a depth of 35 m below
ground level. At two locations borings are made attempting to establish the bed rock depth.
The location of these two borings is given in Figure 4-18 . Each of the borings is stopped at a
depth of 100 m, while not reaching bed rock. Therefore, the bedrock depth at the project area
is unknown, but at least at these two locations, larger than 100 m below ground level. The
large bed rock depth is remarkable since at the other side of the river the bed rock extents to
more than MSL + 200 m. In the Phase 1 area some clay layers are found near Myo Patt Road,
at the east side of the project area. Along the river bank no clay layers are detected within the
surveyed depth.
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Figure 4-18 Location of deep holes meant to establish bed rock depth

4.4.4. Project Elevation

To prevent flooding of the project area, an elevated landfill will be constructed as
foundation for the urban expansion. The level of top of the landfill, the project elevation
level, is carefully selected based on river statistics measured at the Sagaing and Mandalay
River station. The proposed project elevation is MSL + 74 m and corresponds to a river level
with a probability of occurrence of 0.001 1/year.

4.45. River Level Statistics

For Mandalay station, annual maxima of water levels of the Ayeyarwaddy river are
available from 1968 to 1986, while daily data are available from 1994 to 2013 (Ministry of
Hydrology DMH). For Sagaing station, daily data on water levels and discharges are
available from 1980 to 2014. Table 4-6 shows the results of the river levels statistics for the
Mandalay station. Due to the Mandalay station’s proximity and the slightly higher water
levels observed at that station, the water levels measured at Mandalay station are considered
to be normative. Table 4-6 gives for different probabilities of occurrence, the mean value of

Hexagonal Angle International Consultants Company Limited Page 4-34



the water level in the third column of the table. Columns two and four provide a measure for
the statistical uncertainty by providing the 5% and 95% confidence levels for the mean.

Table 4-6 River level statistics Ayeyarwaddy river at Mandalay (1997-2014)
5% Confidence Water level 95% Confidence
Probability [1/year] Water level [MSL+m] Water Level
[MSL+m] [MSL+m]
1 69.64 69.77 69.91
0.5 69.93 70.07 70.25
0.2 70.21 70.52 70.90
0.1 70.41 70.84 71.36
0.04 70.66 71.25 71.95
0.02 70.84 71.55 72.37
0.01 71.02 71.83 72.76
0.001 71.58 72.71 74.01

Source: Mandalay Station, Ministry of Hydrology DMH (1997-2014)
4.4.6. Establishing of the Project Elevation Level

Discussions in the project team about obtaining the project elevation level showed
two approaches. The first approach starts with the water level corresponding to a probability
of Amarapura Urban Development Project 1231018-002-ZWS-0001, Version 1, 17 July
2017, final 6 of 78 occurrence of 0.01 1/year and adds extra margins for wave run-up and
uncertainty in river level statistics e.g. due to climate change. The second approach uses a
lower probability of occurrence, 0.001 1/year and does not add extra safety margins.

Elaborating the two approaches leads to the following elevation levels:
Approach 1:
In approach 1 the derivation of the project elevation consists of three components:

e Design river water level, with a probability of occurrence of 0.01 1/year.
According to Table 4-6, the 95% confidence level is MSL + 72.76 m.

e A safety margin to account for wave run up. In daily engineering the safety
margin is taken as 0.5 m.

e A safety margin for uncertainty in river statistics, e.g., due to climate change,
this safety margin is taken as 0.5 m. The project elevation following this
approach becomes MSL + 72.67 m+ 0.5 m + 0.5 m =MSL + 73.67 m.

Approach 2:

Approach 2 consists of only 1 component, the river level with a probability of
occurrence of 0.001 1/year. According to Table 4-6 the 95 % confidence level is MSL +
74.01 m. Since the difference between the two approaches is small, it is decided to establish
the project elevation at MSL + 74.00 m.

Regarding the project elevation it should be noted that:
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e The proposed project elevation does not include compaction of the subsoil due to
the weight of the landfill. The subsoil compaction is further elaborated in section
5.6.

e Due to the sandy subsoil the settlement will be relatively small, will also occur
relatively rapidly.

e The river level statistics are based on a 20-year record. This means that
extrapolation is needed to get the water levels belonging to the probability of
occurrence of 0.02 1/year and smaller. The uncertainty of in the river statistics is
reflected by the 5% and 95 % confidence level in Table 4-6.

4.4.7. Ground Water Level

The CPTu measurements show a hydrostatic pore pressure development in the sand
layers. No differences in hydraulic head for the different sand layers are found. The pore
pressures, as measured by CPTu, indicate that the hydraulic head follows the river level.

4.4.8. The Differences of Elevation Between Water Level and Land Level

By embankment of the project area, effectively the cross-sectional profile (or
conveyance) during flood will be reduced. This will initially cause flood-level to rise
upstream in a way as shown in Figure 4-19. The situation with project, i.e. with narrowed
section, will create a backwater effect relative to the undisturbed situation (without the
project). This river reach is presently already subject to back water from the narrow section at
Sagaing, and the Amarapura Urban Development Project is located such that it has only
limited through flow. Furthermore, the maximum effect is located in the widest part of the
flooded river. As such, the effect of the planned project is expected to be somewhat less than
in a free-flowing river with high discharges through the flood plain. In Figure 4-20 is shown
how after some time (one or two decades) the bed level reaches a new equilibrium with a
lower river bed, and lower flood levels. In the final situation the flood levels can be even
somewhat lower than the present flood levels.

T T
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Figure 4-19 Schematic representation of INITIAL water-level change during flood
with the project (after narrowing the flood plain). The dotted line represents the water-
level for the present situation (without project)
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Figure 4-20

Schematic representation of LONG-TERM water-level change during
flood with the project (narrowing the flood plain), due to morphological adjustment
(bed-level lowering). The dotted line represents the water-level for the present situation

(without project)

The following table shows the water-level difference with and without Amarapura
project for the design conditions. High flow requires a roughness value of Chezy = 65 m1/2/s.

Table 4-7 The water level difference with and without Amarapura project for
design conditions
Probability of . 95% Confidence | 95% Confidence Wgter—level
Discharges . difference
occurrence Discharges Water Level
(/year) (m3/s) (m3/s) (M+MSL) calculated for 95
y % discharge (m)
1 23129 23861 69.91 +0.11
0.5 24725 25650 70.25 +0.12
0.2 27170 29318 70.90 +0.13
0.1 29020 32168 71.36 +0.14
0.04 31466 35937 71.95 +0.15
0.02 33316 38806 72.37 +0.17
0.01 35166 41673 72.76 +0.18
0.001 41311 51458 74.01 +0.21
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Calculated water-level difference at Mandalay
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Figure 4-21 Calculated difference in water level at Mandalay due to the project:
positive values mean that water levels are higher with the project, relative to the present
situation.
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Figure 4-22 Computed water-level difference plotted along the river axis for
different return periods. Positive values mean that water levels are higher with the
project, relative to the present situation.
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4.4.9. Design Principles

The project proponent will follow the Myanmar National Building Codes (MNBC)
(2016) and MES (2016) for the design of the landfill. For some aspects regarding earthquake
loading, information from the Unified Building Codes1997, ICBO (1997), hereafter referred
to as UB97 and Idriss & Boulanger (2008) are used. Handbook (CIRIA, 2013), hereafter
referred to as ILH. The regarding the in-situ measurements primary guidance is based on the
American Standards for Testing Materials (ASTM).

The following sectors will include the geotechnical design for Phase 1 of the project
implementation;

1)  Liquefaction of subsoil or landfill due to earthquake loading;

2) Instability of water front due to either earthquake loading or hydraulic
conditions;

3) Instability of the canal bank, south side of Phase 1, due to earthquake loading
or hydraulic conditions;

4)  Subsoil compaction due to landfill weight.
4.4.10. Liguefaction

The first step in design is checking the liquefaction potential for subsoil and
proposed landfill. Liquefaction represents the condition of complete loss of strength. So, in
the first design step sufficient reduction in liquefaction potential during design earthquake
loading should be guaranteed. The relevance of liquefaction can be subdivided into
liquefaction potential at the waterfront, which endangers the stability of the river bank and
the liquefaction potential underneath the landfill. It should be noted that if the subsoil, at
some distance from the river bank, liquefies, the landfill itself is not endangered. However,
the structures built upon it will be and the measures taken to reduce the liquefaction potential
should be considered for the entire project area. This point forms the interaction between the
geotechnical design and the structural design.

4.4.10.1. Methodology

The subsoil liquefaction risk will be determined from the CPTu measurements at the
site. For the landfill, the liquefaction risk might lead to design considerations regarding the
required characteristics for sand to be used for building the landfill and density of the landfill
including the need for mechanical densification.

The susceptibility of the subsoil for liquefaction will be determined from the CPTu’s
in accordance to MNBC2016 section 4.5.1.4 and Idriss & Boulanger (2008). The summary of
working procedure and relevant formulae are bellowed.
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4.4.10.2. Design Calculation for Liquefaction

The safety against liquefaction for design earthquake situation is checked as the first
stage in determining the foreshore stability. For Phase 1, a total of 37 CPTu measurements
have been analyzed. The factor of safety against liquefaction (FSliq) is calculated for two
conditions for each CPTu measurement:

1.  Present day conditions, based on the CPTu measurements according to
equation (4).

2. After construction, including the weight of the landfill and mechanical
densification of the subsoil.

4.4.10.3.Formula Approach

The analysis of a CPTu in terms of FSlig provides an in-depth profile of FSlig. In
these, in depth profiles, layers with a low FSlig and high FSlig values might be present. This
might result in a difficulty in evaluating the susceptibility for liquefaction at a specific
location. A further analysis of the data can be made by calculating the Liquefaction Potential
Index, LPI, Iwasaki et al (1978):

LPI=| (z=0)"(z=20) [F xw(z)dz]
F=1-FS liq, F=0 for FS_(liq )>1
w=10-0.5%z (Eq 1)

As shown by the equations above, the LPI provides a scaled average liquefaction
potential of the top 20 m of the subsoil. The data is scaled such that the FSlig at the top
attributes more to the LPI than the bottom. It should be noted that liquefaction at a depth
larger than 20 m is not considered relevant for constructions at ground level. It should be
noted that in equation (1) z starts at ground level. The ground water level is situated at a
lower level, leading to a dry landfill and top of the original subsoil. Since dry soil will not
liquefy, raising the ground level will reduce the susceptibility for liquefaction.

In evaluating the LPI data the following criteria are applied.
LPI <5 = no susceptibility for liquefaction during design earthquake conditions.
5 < LPI < 15 = some liquefaction might occur.

LPI > 15 = the subsoil will liquefy during design earthquake conditions

4.4.10.4. Description of Result

For phase 1 of the project, the CPTu analysis is conducted within the project area.
Figure 4-23 shows the result of the analysis of CPTu-029, which is considered typical for the
CPTu measurements along the river bank. Figure 5.1 shows the measured cone resistance, qc
in the first graph. The second graph shows the normalized cone resistance, qc1INCS, as
defined by equation (6). The third graph shows the soil behavior type index, Ic, which is used
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for soil type identification, see Table 4-8. The fourth graph shows the relative density, Dr
using the Villet & Mitchell (1981) correlation. The fifth graph shows the calculated FSlig, as
defined by equation (4) and further. Finally, the sixth graph shows the relative excess pore
pressure during design earthquake, ru.

The Figure 4-24 shows an overview of the calculated LPI values for Phase 1. The
LPI values are well beyond 15, indicating the strong susceptibility for liquefaction.

Table 4-8 Relation Between the Soil Type Behaviour Index, Ic and Soil Type
according to Robertson & Cabal, 2015
No. Soil Type Ic [-]
1 Organic soil/clay >3.6
2 Clays —silty clay to clay 2.95-3.6
3 Silt mixtures — clayey silt to silty clay 2.60-2.95
4 Sand mixtures — silty sand to sandy silt 2.05-2.60
5 Sands — clean sands to silty sand 1.31-2.05
6 Gravelly sand to dense sand <1.31
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Figure 4-23 Analysis of CPTu-029, results of other CPTu data
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Figure 4-24 Overview of calculated LPI for initial conditions

The CPTu analysis shows low values for FSliq and consequently high values for
LPI. This means that liquefaction and accompanied loss of subsoil strength during design
earthquake conditions is relevant. To reduce the susceptibility for liquefaction the subsoil can
be densified. Mechanical densification leads to a strength increase of the subsoil. The residual
strength during liquefaction is given by ru. For ru =1 the excess pore pressure Du equals the
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initial effective stress level s’v representing a nearly complete loss of strength. As an
example, Figure 4-25 shows for CPTu 012 how ru changes for changing relative density Dr.
The left graph shows that without densification, i.e. for original soil conditions, ru = 1 during
design earthquake conditions. The following graphs in Figure 4-25 show how ru changes
when Dr is increased in steps from 60% to 85%. For Dr = 85% a ru equal to 0.1 is found,
resulting in a limited increase in excess pore pressure.
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Figure 4-25 Analysis of CPTu 012; r. as function of relative density, initial LPI = 78

To provide enough safety against liquefaction it is strongly recommended to densify
the subsoil and landfill. Complete densification, Dr = 100%, will not be achieved in the field.

Instead, based on engineering judgement, it is assumed that after mechanical
densification Dr= 75% for sands and Dr = 65% for silts are reasonable values. Field tests at
the site are required to verify the achieved densities after densification.

Since subsoil densification is part of the proposed design, the future conditions
include both the weight of the landfill and densification of the subsoil. Several relations are
available to estimate the relative density from CPTu data. The general shape of these
relations is given by equation (2). The parameters A, B and C for the different relations are
given by Table 2 4.

D_r=A Ini/o{q_c/(Bo™(C))) (Eq2)

Table 2 4 Parameters for different correlatins between relative density Dr and cone
resistance qc

No. Description A B C

1 Schmertmann 34.36 0.047 0.71

2 Lunne & Christofferson 34.36 0.061 0.71
3 Baldi 40 0.14 0.6
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4 Villet & Mitchell 41.67 0.08 0.78

In further analysis the relation according to Villet & Mitchell (1981) is used. The
LPI after construction is calculated by including the positive effect of densification and the
effective stress increase due to the weight of the landfill. The change in effective stress not
only influences the analysis through Cn in equation (6) and CSR in equation (8) but also
themeasured cone resistance, qc, according to equation (7).

In adjusting qc to the new stress condition, the ratio, (o (v, new)"")/(c_(v,old)') is
cut off at a value of 5. This is done to avoid extreme values due to the low effective stress
level at the top of the CPTu.

4.4.10.5. Liquefaction Potential Index (LPI) Calculation
The LPI for future conditions is then found by the following steps:

Calculate the relative density Dr according to equation (2) using the Villet &
Mitchell (1981) constants and present-day stress condition

If Dr < 65% for silt layers and < 75% for sand layers densification is simulated
by

calculating qc from rewriting equation (2) to:

g_(c, dens)=Bc"(,C) exp (D_r/A) (Eq 3)

In which Dr = 65% for silts and Dr = 75% for sands and qc, dens is the cone
resistance after densification.

Increase qc, dens for the stress conditions after the landfill has been
constructed according to equation (7).

Evaluate the FSliq and LPI for the increased qc, dens.

An overview of the calculated LPI is shown by Figure 2 10. The calculated LPI
values shows that after densification and landfill construction full liquefaction during design
earthquake conditions is not to be expected. It should be noted that ru values show that still
some strength reduction will occur. This strength reduction is accounted for in the stability
analyses that are discussed in the following sections as the post-earthquake conditions.

The LPI after constructing the landfill represents the relevant conditions for the
project. However, these values are calculated based on estimations of the influence of
densification and landfill weight on the cone resistance. It is mandatory to check and verify
these assumptions by conducting new CPTu measurements after densification and
construction of the landfill.

Figure 2 10 Overview of LPI after landfill construction
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The factor of safety against liquefaction, FS_liq is given by:
FS_lig= CRR/CSR (Eq 4)
In which:
CRR = Cyclic Residence Ratio of the situ subsoil
CSR = Cyclic Shear stress Ratio of the in situ subsoil
The subsoil strength, CRR, is derived from the CPTu measurements. For a reference
Earthquake, M = 7.5 and reference stress level, o v*,= 100 kPa (=1 atm), follows:

[CRR] (M=7.5, c vV =1)= exp(q_c1Ncs/540 +(q_c1Ncs/67)"2-
(g_c1Ncs/80)"3+ (g_c1Ncs/114)M - 3) (Eq 5)

In which q_c1Ns is the normalized corrected cone resistance. The correction
accounts for the fine content, FC; q_c1Ns is given by:

q cINs=q cIN+Aq cIN
g CcIN = g.cl/P a
gcl=CNgc; CN-=(FPaI[c] v)os<i7

Aq cIN= (54 + q.cIN/16) exp  (1.63+9.7/(FC+0.01)-
(15.7/(FC+0.01))"2) (Eq 6)

Fc=2.8 x Ic"2.6
In which:
g_c= cone resistance, [kN/m2]
g_c1= cone resistance corrected for stress level, [kN/m2]
g_c1N= normalised corrected cone resistance, [-]

g_c1Ncs= normalized cone resistance corrected for stress level and fine
content, [-]

C_N = correction factor, [-]

P_a = atmospheric pressure, 100 kN/m2

o v, = vertical effective stress in the field, [kN/m2]

FC = fine content, [%)]

Ic = soil classification index, according to Robertson & Wride, 1998, [-]

It should be noted that safety against liquefaction, [FS] _liq is relevant for future
conditions, after construction of the landfill. The weight of the landfill will have an impact on
subsoil stresses and therefore on the g_c value. The expected cone resistance after
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construction of the landfill can be estimated from the expected increase in stress level and
present q_c value, by:

q_(c,new)=q (c,0ld) (o (v,new)")/(c_(v,0ld)") (Eq 7)
In which:
g_(c,new) =the cone resistance after construction of the landfill
g_(c,old) = the cone resistance before construction of the landfill
[o'] _(v,new) = the vertical effective stress after construction of the landfill
[o'] _(v,old) = the vertical effective stress before construction of the landfill

By using q_(c,a) instead of g_c in equation (6) the positive influence of future stress
increase is taken into account. It should be noted that landfill weight will not only affect the
g_c but also the measured friction f_s. Changes in f_s might have some effects on the final
determination of [FS] _lig. However, these changes are negligible and are not further
considered in the analysis.

Since the CRR is given for a reference earthquake and reference stress level, the
CSR should be determined for the same reference levels:

[CSR)] (M=75, [o'] v-1)=0.65 a max/g o v/(c ¢~ )rd 1/MSF 1/K o
/K o

rd=expi/o; [ (ot px] M)
o=-1.012-1.126xsin/0{(z/11.73+5.133)
B=0.106+0.118xsinl/0}(z/11.28+5.143) (Eq 8)
K 06=1-C_o Ini/oi((c_v")/P_a)<I.1
C o= 1/(37.3-8.27 [(q_c1IN)] 20.264)<0.3
MSF=6.9xexpi/0i((-M)/4)-0.058
In which:

o._max = maximum acceleration during earthquake, 0. max=PGA x g, [m/s2]

g =9.8 [m/s2]

o v  =overburden pressure, [KN/m2]

o v~ =vertical effective stress in the field, [kN/m2]

r_d  =depth reduction factor, [m]

z =depth [m]

M =earthquake magnitude, [-]
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MSF =Magnitude Scaling Factor, correction for earthquake magnitude
different form M=7.5, [-]

K o =correction for reference stress level, [-]
K o =correction for static shear stress, see below, [-]
P_a  =atmospheric pressure, 100 KN/m2.

A static pre-shearing influences the susceptibility for liquefaction. The influence can
be positive or negative. The correction for static shear stress is given by:

K_o=a+b expi/oi((-§_r)/C)

a=1267+636a"2-634 expi/o; [(a)-632 expi/o; [(a)] ]
b=expi/o} [ (-1.11+12.32"2+1.31 Ini/0} [(a+0.0001)] ]
c=0.138+0.126a+2.52a"3 (Eq 9)
a=t_s/(c_v"")
£ _r= 1/(Q-In/0{((100(1+2K_0)c_v ")/(3P_a)) )-(0.478(q_c1N )"0.264-1.063)
In which

K o = correction factor for static shear stress, [ - ]

T_s = static shear stress, [kN/m2]

Q = parameter in I_RD-£_r relationship, here Q=10, [ - ]

K_0 = ratio of horizontal to vertical stress, K_0=1-sin/0} [(@")] , [-]

@' = angle of internal friction, [ °]

Application of the above given equations (4) to (9) requires, besides the CPTu data,
information on the fine content, FC, the overburden pressure and the vertical effective stress.
Information on these parameters is mainly based on the CPTu results and when possible,
validated against laboratory measurements or in situ tests.

4.4.10.6. Stability Waterfront

The geotechnical conceptual design considers two options for constructing the
waterfront. The first is a natural slope. The second is a stepped slope in which sheet piles are
used to construct the steps. The stability of the slopes is evaluated for normative hydraulic
conditions, earthquake loading and post-earthquake conditions.

The calculated factor of safety for the natural slope under normative hydraulic
conditions is evaluated by slip circle analysis. The results show a sufficiently high factor of
safety for slopes up to 1(V):2(H). As is to be expected, for more gentle slopes higher safety
factors are found. For earthquake loading the safety factor is not relevant due to the very
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short duration of the loading conditions. Instead, the resulting residual displacements have
been assessed. The assessment is based on a comparison between calculation results and data
base information of displacements observed during earthquakes around the world. Two
approaches have been followed resulting in different results. The differences in results
illustrate the range of expected displacements. After testing several slopes, the calculations
are focused on a 1(V):4(H) and 1(V):7(H) slope.

Besides maximum displacements along the slope, also the displacements at near the
road, situated at 5 m from the top of the slope are evaluated. It should be noted that maximum
displacement along the slope causes only damage, while displacements at 5 m from the crest
of the slope might result in blocking the road reducing the accessibility of the area after a
design earthquake event.

The expected displacements are in the order of 0.5 — 1.8 m along the slope and 0.3 —
1.1 m at 5 m distance from the crest for a 1(V):4(H) slope. A reduction of the slope to
1(V):7(H) slightly reduces the expected displacements; 0.5 — 1.4 along the slope and 0.2 — 0.7
m at 5 distance from the crest. At this moment no maximum tolerated displacements have
been established. Expected residual displacements > 1 m near the road will hamper its use.
Based on these results it is suggested not to construct the 1(V):7(H) slope, or gentler, unless
more information on the earthquake loading is available allowing more accurate displacement
calculations.

For post-earthquake conditions superficial sliding is to be expected for a 1(V):4(H)
slope. It should be noted that for these calculations the positive effect of the erosion
protection on superficial sliding is not considered. For the 1(V):7(H) slopes no superficial
stability problems are expected for post-earthquake conditions.

The option of a stepped slope is elaborated for a four-stepped slope with an overall
slope of 1(V):7.5(H) and 1(V):4(H). The stability of the stepped slope is checked for the
same loading conditions as applied for the natural slope. It should be noted that for the
stepped slope design the earthquake is simulated by a time series of horizontal acceleration.
A representative time series is selected for this project based on engineering judgement in
combination to a data base of worldwide earthquake measurements. The modelling of the
earthquake for the stepped slope is therefore different than for the natural slope. Calculations
show the feasibility of a stepped slope with an overall slope of 1(V):7.5(H) for sheet piles
applied to a depth of MSL + 51 m, using a general sheet pile type, AZ36-700N-240.
Optimisations have been tested for reduction of sheet pile length to a depth of MSL + 59.5 m,
the mutual distance of the sheet piles, to an overall slope of 1(V):4(H) and a combination
sheet pile reduction and mutual distance. The calculations show that a reduction in sheet pile
length can be obtained.

To provide sufficient stability during earthquake conditions for both tested slope
angles the subsoil should be densified at the waterfront up to the top of the layer which is
identified as very dense sand in the geotechnical profiles. If the sand layer between the end of
the sheet piles and the top of the very dense sand layer is not densified, the post - earthquake
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reduced strength of this layer will lead to large displacements and / or failure of the
construction independent of the applied slope. The residual strength strongly depends on the
earthquake characteristics and the ability for densifying the subsoil, which in its turn depends
on subsoil conditions and available methods and techniques. With more information on both
topics a better estimate of post-earthquake stability can be given.

Further optimisations in design of the stepped slope are only relevant when more
information is available for the design earthquake and available construction materials and
techniques.

4.4.10.7.Slope South Side Phase (1)

A natural slope forms the southern side for Phase 1 landfill. A canal is planned along
the south boundary of Phase 1 and therefore it is optional that the south boundary of Phase 1
is incorporated in the canal slope. The canal depth is not established yet. Instead, a series of
calculations for different slope angles in combination to different canal depths is conducted.
If no excavation is applied, the canal bottom equals present day ground level than a slope as
steep as 1(V):1.5(H) is sufficiently stable for normative hydraulic loading and for
postearthquake conditions. However, large displacements are to be expected during
earthquake loading. For 2 m or 4 m excavation a 1(V):3(H) or gentler is needed to provide
sufficient stability.

4.4.10.8. Settlement

The settlement and pore pressure development are calculated by Finite Element
Analysis, FEM, using PLAXIS 2Dv2015.02, using the Hardening Soil small strain model
with the Parameters. The bedrock level is not established for the project area and lies beyond
MSL - 30 m. For thicker compressible layers more settlement and longer settlement duration
will be found. Therefore, two schematisations have been applied. In the first schematisation,
the bedrock is assumed at MSL — 30 m. This represents a total layer thickness of
approximately 100 m. In the second schematisation, the bedrock is assumed at MSL — 80 m.
This represents a total layer thickness of 150 m.

Schematisation 2 includes a clay layer. The Soft Soil Creep model, as implemented
in PLAXIS, is used to model the clay behaviour. The Soft Soil Creep model is a material
model based on the isotache concept. For this type of model, the initial creep rate, the creep
rate before loading, is an important parameter in settlement prediction. The initial creep rate
is given by:

d e/dt=p**/t, 1=t_0 OCRMN(A*-x*)/u* ), OCR= (6_vy™)/(c_vi')
(Eq 10)

In which:
de/dt =strain rate

AMNF A un* o =stiffness parameter,
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OCR = Over Consolidation Ratio
c vy =pre-consolidation stress

c viM =initial vertical effective stress

Due to the weight of the landfill the subsoil will compact. This compaction will
result in settlement of the ground level. The amount of compaction depends on the stiffness
of the different soil types and the thickness of the compressible layers. Densification of the
landfill and subsoil will have a reducing effect on the settlement. Since the bed rock depth is
not established at the project site, it is unavoidable to assume on the total thickness of the
compressible layer. Fortunately, the compressibility of the soil is highest near the surface and
smaller deeper at depth, hence this assumption is not too critical for the design. Apart from
the magnitude of the settlement also settlement rate is important.

The settlement rate is determined by the subsoil permeability and creep. In contrast
to sands and silts, clay is more susceptible for creep. As a consequence, settlement and
settlement development is calculated for two subsoil schematisations; a schematisation
without clay and a schematisation with the largest clay layer thickness found in the field
survey. The schematisation without clay results in a small settlement in the order of 0.1 to
0.15 m that will already develop during the construction of the landfill.

The schematisation that includes a clay layer results in settlement in the order of 0.3
m that will develop over a period of 27 years. For the schematisation containing a clay layer,
the majority of the settlement will occur during the construction of the landfill. The amount
of remaining settlement after construction of the landfill, the residual settlement, depends on
the construction time which is not established yet. When it is assumed that the construction
period of the landfill is approximately 1 year, the residual settlement will be in the order of
0.1 m. This is an acceptable value for general urban areas. For sensitive structures, e.g. like
chemical plants or some types of high tech industry, more strict requirements on the residual
settlement might be needed.

To reduce the residual settlement, it is recommended to start constructing the landfill
at the location where clay layers are present in the subsoil. The settlement calculations are
based on only a few laboratory tests. More information will improve the accuracy of the
settlement prediction. Besides extra oedometer tests, it is recommended to measure the
settlement during construction and use these measurements for updating the settlement
prediction.

4.4.10.9. Revetment and Scour Hole

Relevant parameters for designing a stone revetment have been established and a
stone revetment for a 1(V):4(H) slope has been designed. The design shows the feasibility of
a stone revetment for project conditions and gives guidance for further detailed design. For a
detailed revetment design more information on available materials are needed and preferably

Hexagonal Angle International Consultants Company Limited Page 4-50



a choice in final slope is needed. The boundary conditions can be optimized if more
information on normative wind fields is established.

The analysis of relevant parameters for designing the stone revetment reveals the
possibility for the development of scour hole near the waterfront of the project area. Such a
scour hole can reach a depth of 22 m below present river bed and will endanger the stability
of the waterfront.

In the analysis it is assumed that the development of a scour hole is not related to
earthquake loading. To prevent a scour hole causing damage to the waterfront a falling apron
can be constructed. When activated, the falling apron will result in a 1(V):2(H) under water
slope of the scour hole. Such a slope is stable under normal conditions, but will result in large
deformations during earthquake loading. This means that if a scour hole develops and the
falling apron is activated, some maintenance measures are required to prevent slope failure
during earthquake loading. This forms a topic to be elaborated in the detailed design.
Although the dimensions of the scour hole parallel to the waterfront might be limited, a
falling apron is needed along the entire length of the waterfront.

4.4.10.10. Earthquake

According to article 3.4.1.8.3 from MNBC (2016), peak ground acceleration of our
project is 0.4 and seismic coefficient is 0.16. therefore, selection of seismic coefficient,
kh=0.3 is reasonable. According to MNBC (2020), Ss (MCE spectral response at short
periods) and S1 (MCE spectral response acceleration at a period of 1 sec) values of Mandalay
region are 1.2 and 0.7 respectively.
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Figure 4-26 Maximum Considered Earthquake Ground Motion for 0.2 Sec
Spectral Response Acceleration at 2% Probability in 50 Years with 5% Critical
Damping, Site Class B.
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Figure 4-27 Maximum Considered Earthquake Ground Motion for 1 Sec Spectral
Response Acceleration at 2% Probability in 50 Years with 5% Critical Damping, Site
Calss B
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4.4.10.11. Seismic Design Guidelines for Dikes, 2nd Edition (2014), British
Columbia

Design Objectives
The design objective for dikes are established as follows,

e Dikes subjected to seismic ground motions with a short return period or a
high annual exceedance probability event during the desing life should
perform with insignificant damage to the dike body, withour compromising
the post-earthquake flood protection ability.

e Dikes subjected to seismic ground motions with an intermediate return
period or an intermediate annual exceedance probability event during the
design life may experience some repairable damage to the the dike body,
without compromising the post-earthquake flood protection ability and

e Dikes subjected to seismic ground motions with a long return period or a rare
or a low annual exceedance probability event during the design life may
undergo significant damage to the dike body potentially requiring more
complex subsurface repairs, with the shot-term post-earthquake flood
protection ability possibly compromised.

Typical return periods or annual exceedance probabilities considered are
summarized in Table 4-9.

Table 4-9 Return Periods and Annual Exceedance Probabilities
Annual Percent Change
Return Period Event Return Period Exceedance of Being
Classification Classification (YYears) - Excedded in 100
Probability
Years
Short Frequent 100 to 200 0.01 to 0.005 65% to 40%
Intermediate Intermediate 47510 975 0.0021 to 0.001 20% to 10%
Long Rare 2475 to 10000 0.0004 to 0.0001 4% to 1%
4.4.10.12. Performance Based Seismic Design Criteria

A performance — based seismic design is accomplished by defining appropriate
levels of desing earthquake ground motions and corresponding acceptable levels of demage.

1. Design Earthquade Ground Motions

Ground motions that correspond to three different return periods described below
shall be considered in seismic design.

e Earthquake Shaking Level 1 (EQL-1)

1:100-yr return period ground motions that are equivalent to having a 40%
chance of exceedance in 50 years or 63% chance of exceedance in 100 years.
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For dikes located in the lower mainland, this level of shaking is associated
with an M6 earthquake.

e Earthquake Shaking Level 2 (EQL-2)

1:475-yr return period ground motions that are equivalent to hacing a 10%
chance of exceedance in 50 years or 19% chance of exceedance in 100years.

For dikes located in the lower mainland, this level of shaking is associated
with an Mw7 earthquake.

e Earthquake Shaking Level 3 (EQL-3)

1:2475-yr return period ground motions that are equivalent to having a 2%
chance of exceedance in 50 years or 4% chance of exceedance in 100 years.

For dikes located in the lower mainland, this level of shaking is associated
with an My 7 earthquake.

2. Performance Categories and Permissible Displacements

Performance Category A: No significant damage to the dike body, post seismic
flood protection ability is not compromised.

Performance Category B: Some repairable damage to the dike body, post-seismic
flood protection ability is not compromised.

Performance Category C: Significant damage to the dike body, post-seismic flood
protection ability is possibly compromised.

Table 4-10 Summary of Maximum Allowable Crest Displacement Corresponding
to Performance Categories
. . Maximum Allowable
Performance Earthquake Shaking | Maximum Allowable .
. . Horizontal
Category Level Vertical Displacement .

Displacement
A EQL-1 Small (<0.03 m) Small (<0.03 m)
B EQL-2 0.15m 0.3m
C EQL-3 0.5m 0.9m

The maximum allowable displacements given in Table have been established with

the intent of preserving the structural integrity of the dike body. They represented total
displacements. It is implied that for earthen dikes, satisfying the maximum horizontal
distance of 300m along the dike would reduce the hazards associated with a dike breach as a
result of differential or relative displacements.

According to MNBC (2020) as explained before, peak ground acceleration of the project
for 2475 years return period that is equivalent to 2% probability of exceedance in 50 years design
period (EQL-3) is 0.48.
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4.4.10.13. Recommendation

1.

10.

The Amarapura Urban Development Project is located in the Sagaing Region of
Central Myanmar that is a suitable site for the establishment of the urban area
according to not only good transportation but also topography. Being located on the
bank of the Ayeyarwaddy River, it is also a good location for water resource
utilization.

There is not too much variation in elevation between the level of the river and the
level of the land where it is necessary to make the landfill with a suitable height and a
type of soil having good engineering properties.

According to the field survey of CPTu measurements and boreholes with SPT
measurements, the top layers consist of loosely packed sands and silts at the project
site and these types of soil are prone to liquefaction if affected by an earthquake.
Moreover, this area has the liquefaction potential in case of an earthquake according
to the liquefaction potential analysis in the report. Liquefaction generated by the
earthquake’s surface wave can only affects about 20 meters of ground depth.

Therefore, the commonly used techniques such as dynamic compaction, vibro-
compaction and grouting will have to be conducted to reduce the risk of liquefaction. .

The new CPTu measurements should be done to explore engineering properties of
subsoils and the situation of liquefaction potential after densification and construction
of the landfill. Moreover, in case of an earthquake, liquefaction potential analysis and
settlement probability based on new CPTu measurements after landfilling should be
provided with detailed layer by layer calculations.

Besides, clay layers are found near Myo Patt Road, at the east side of the project area
where settlement potential can be happened according to the laboratory measurement.
In this area, after landfilling, the settlement problem should be rechecked and
foundation design for buildings should be selected with the suitable settlement
resistance design like mat foundation.

According to the waterfront stability analysis, stone revetment and scour hole
protection by sheet piles are mentioned to reduce the risk of river bank erosion.

Since this area is close to the Sagaing Fault, when constructing the buildings, it should
be made in an accordance with detailed earthquake micro-zonation maps and chosen
the type of foundation that can withstand earthquake.

This project area may be a high-risk area in case of an earthquake, hence a long term
and short term earthquake monitoring system or earthquake warning system should be
installed in place based on the precursors of an earthquake such as the sudden rise of
groundwater, the changes of elasticity in rocks and soils, etc.

Monitoring systems for river bank erosion and the stability of retaining walls should
be implemented with a long-term plan.
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11. Groundwater use should not exceed the amount of water that can be extracted based
on the results of the pumping test. It is suggested that surface water should be
primarily concerned to water utilization in this project area.

4.5. RIVER MORPHOLOGY
4.5.1. Hydrology of Ayeyarwady river in the project area

The Amarapura Urban Development project (AUDP) is aiming at considerable
improvement of the relation between the inhabitants of the city of Mandalay and the river and
its surrounding. As its location is in the area that is presently still inundated during floods and
therefore part of the river bed (flood plain), it is important to study the effects of these works
on the water levels, the river bed, and the river banks.

The project is located in the wide section of the Ayeyarwady River at Mandalay,
where the flow is contracted towards the narrow control section at Sagaing. Due to its
position between ‘hard points’ at Mandalay and the downstream Shwekyet Kya Pagoda, the
main flow is mostly directed away from the project. Therefore, the project area has shown to
be quite stable historically. Only its lower end is located in a more dynamic section, affected
by migrating channels. The overall behavior of the river is controlled by the channel
trifurcation upstream of Mandalay, near Mingun, which has shown periodic shifts in
importance of the left (Mandalay) and right (Sagaing channel). A stable Mandalay channel is
controlling the stability of the project area. The understanding of the large-scale channel and
bar behavior from historic imagery and model simulations in this study has provided crucial
knowledge on the influence of the project on the river, and the forces that have to be resisted
by the protection works. The land-reclamation of this project, is found not ‘acting against’ the
natural migration of the main channels.

River dynamic and hydrology including flood and impact on the water level by the
proposed project is studied by the hydrologist group of Deltares from Netherland. A
modeling software, Delft3D, is used to assess the possible effects from the proposed project
on flood level and river water discharge. River-bed topography (Bathymetry) study is
undertaken and the information and data collected from the study are used in modeling for
the change of river dynamic and hydrology by the proposed project. To determine the
relevant flood conditions for risk-assessment of Mandalay and the project area, some
hydrological analyses are carried out using the historical data of Mandalay water-level gauge.
The statistical properties of observed hydrological data series are used to establish the safety
levels, characteristic conditions, and potential risks for the project site.

4.5.2. Methodology

Two methodologies are intended to investigate the river morphological behavior in
the Ayeyarwady River. The first one refers to the analyses of satellite and aerial images
which determine the historic changes in plan form by comparing the satellite and aerial
images of the river for several years/decades. The second approach uses the Delft3D
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modelling system of Deltares which simulates the hydraulic and morphodynamic behavior of
river in the future developments after implementation of the project. Delft3D simulates the
time-dependent development of the river bed at the project area and the river sections
upstream (near Mandalay Port) and downstream (up till Innwa), flow velocities and water-
level variations along the river banks of the project, and the flow conditions during design
conditions (extreme events).

An advanced hydrodynamic and morphodynamic model, using the Delft3D
software, has been developed based on recent survey data and with a dense computational
grid to allow a high-resolution output of the future hydraulics, sediment loads, and
morphological developments with and without the project. The comparison of conditions
with and without project is relevant input for impact assessment and mitigation. The model
reproduces the development and propagation of sand bars and migration of channels for
several tenths of years, as well as the flood levels for extreme conditions.

4.5.3. Water Level Impact of the Project

To determine the relevant flood conditions for risk-assessment of Mandalay and the
project area, some hydrological analyses were carried out using the historical data of
Mandalay water-level gauge. The statistical properties of observed hydrological data series
are used to establish the safety levels, characteristic conditions, and potential risks for the
project site.

In the first years high flood levels will rise roughly 0.1 m to 0.2 m directly upstream
of the project area. This effect extends upstream over a distance of several tenths of
kilometers, gradually decaying in upstream direction (backwater). There are no impacts on
flood levels downstream. The effect is limited because the largest effects occur in the wide
part of the river (islands and channels opposite of Mandalay water front). Also, its
(backwater) extension in upstream direction is located on the very wide flood plain section
that extends upstream of Mandalay. In time, the water level rise at floods will reduce and
disappear due to the deepening of the river bed by erosion (as an effect of the project). When
the river bed has eroded to its final level (dynamic equilibrium) after some decades, the flood
levels will be equal or lower than the situation without project. The (initial) flood-level rise
can be reduced by dredging of the river channel next to the plan to set-it more quickly to its
final equilibrium level.

In time by erosion of the river bed, as well as by dredging operations, the flood
levels become slightly lower again. The highest flow velocities during extreme floods can be
found along the bank line in the lower section of the project bund. At this point velocities
between 2.5 and 3.5 m/s can be expected in extreme conditions. Bank protection can be
designed to withstand these velocities.
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Figure 4-28 Schematic representation of INITIAL water-level change during flood

with the project (after narrowing the flood plain). The dotted line represents the water-
level for the present situation (without project)
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Figure 4-29 Schematic representation of LONG-TERM water-level change during
flood with the project (narrowing the flood plain). The dotted line represents the water-
level for the present situation (without project)

4.5.4. Impacts on flow velocity

The flow velocity in the river during design conditions (extreme floods) is relevant
for design of the bank protection works. To prevent bank erosion and failure of the bund, it is
relevant that the protection works can withstand the high flow velocities during these
conditions.

The highest flow velocities during design floods are found at the lower most
downstream part of the project. This is true for both the situation with and without the
project, because flow velocities are increased by the narrowing towards Sagaing bridges
anyway. In the present situation, simulated flow velocities vary between 1 and 2.5 m/s during
the extreme floods (1/50-year and 1/1000 year). Due to the project the velocities show some
increase in the main channel, from 1 - 1.5 m/s to 1.5 - 2 m/s next to the project area. The
velocities in the narrow section near Sagaing increase from 2.5 to 3.5 m/s for the 1/1000
flood.

Hexagonal Angle International Consultants Company Limited Page 4-59



24321

2431+

2430+

2429+

2428+

2 2427+

y coordinate (km) >

2426+

2425}

2424}

2432
e 2431
i 2430
8
s
g 2429
z
2 P
i E @ 2428
5 <
8 B
s 8§ 2427
2 3 >
3
g
H 2426
155
8
© 2425
L 2424
05

188 189 190 191

192 193 194 195 196 197
x coordinate (km) >

x coordinate —

depth averaged velocity, magnitude (m/s)

05

Magnitude of flow velocity calculated for a 1/1000-year discharge (51,458 ma3/s) for
velocities between 0.5 and 4 m/s: left figure shows present situation, right figure shows

situation with project.

04-Jan-2016 00:00:00
2432 >

2431

2430

2429

2428

y coordinate (km) —>
m
S
&
[

2426

2425

2424

188 189 190 191 192 193 194 195 196 197

x coordinate (km) -

4 2432
1|
35 243
e 2430
@
3 E
2
g 2429
2 %
b4 -
25 € E 2u8
£ 2
8 2
y 2 B 2427
g 8
8 -
2 2426
158
3
2425
1 2424
05 188 189 190 192 193 194 195 196 197
x coordinate (km) -

depth averaged velocity, magnitude (m/s)

05

Magnitude of flow velocity calculated for a 1/50-year discharge (38,806 m3/s), for
velocities between 0.5 and 4 m/s: left figure shows present situation, right figure shows

situation with project.

04-Jan-2016 00:00:00
2432 1

2431

2430

2429

2428

2427

y coordinate (km) —»

2426

2425

2424

188 189 190 191 192 193 194 195 196 197

x coordinate (km) —

4 04-Jan-2016 00:00:00
2432

35 2431}
% 2430+
3 E
2
3 2429
& 1
25 £
§ € 2u8}
Z ®
8 g
$ B 2427
2 3 5
g 8
8 =
2 2426
&
155
g
“ 2425+
1 2424}
05 188 189 190 191 192 193 194 195 196 197

x coordinate (km) —

depth averaged velocity, magnitude (m/s)

05

Magnitude of flow velocity calculated for a 1/10-year discharge (32,168 m3/s), for
velocities between 0.5 and 4 m/s: left figure shows present situation, right figure shows

situation with project.

Figure 4-30

Calculated Flow Velocity
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The flow velocities are also plotted near the two bridges at Sagaing for a 1/1000-year
extreme flood. The results show an increase upstream of the bridges (just below the lower tip
of the project), but do not show a noticeable increase at the bridge site itself. This is relevant
for scour processes at the bridge piers during such extreme events. For lower floods the

differences are even less pronounced.
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Figure 4-31 Calculated magnitude of flow velocity for a 1/1000-year flood peak (51458
ma3/s) for velocities higher than 2 m/s: left figure shows present situation, right figure
shows situation with project.

4.5.5. Stability of the Project Area

The major part of the Amarapura Project Area has been a stable area for many
decades. Only the most downstream part can be considered more dynamic, and has been
affected by migrating channels and bars in the past. Most of the morphological changes to the
area occur during floods, when the project area and the islands opposite this area are
inundated. The channel shift upstream of Mandalay, where the river splits into the Sagaing
channel and Mandalay channel may pose a relevant risk to the lower part of the project area.
If Sagaing channel becomes the dominant channel, a risk occurs that the end of this channel
turns towards the project. This will cause the outflow from this channel to hit the bank
protection works almost perpendicular. Other potential shifts in upstream inflow are also a
potential risk, as the consequences from these large-scale changes for Mandalay City and the
AUDP cannot be predicted with the models. As these will occur very gradually, it is expected
that impacts of such developments can be mitigated with proper river-management
approaches.

The presence of a stable main channel in front of Mandalay is an important control for
the stable presence of Amarapura Project area. As indicated in Figure 4-32 the main channel
entering from the North-West hits the water front of Mandalay, by which it is deflected and
continues In South-West direction. Due to this enforced curvature, its natural (meandering)
path causes the main channel to move away from the Amarapura Project area. The secondary
channels on the right (Sagaing channel) show more braids and more dynamic evolution
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during the past decades. According to simulations with the model, that the lower parts of the
project area are more dynamic than the upstream part as shown in Figure 4-33.

Towards the lower end of the Amarapura Urban Development Project area (before the
bridges), the flow converges gradually to the geological constraint with much higher flow
velocity as shown in Figure 4-35. This constraint acts as a bottleneck during flood, causing
backwater to inundate the project area and islands. It also forces the main channel to its
present position. Presently, the red zone indicated (lower end of the project area), is a
downstream developing sand bar which can be considered as part of the active river bed. This
sand bar is considered to negatively affect the location of the navigation channel downstream
of Sagaing. It pushes the channel towards the right bank at Sagaing, which in turn causes the
channel to turn to the left bank further downstream. This is adding up to the increase of bank
erosion at Inwa, and positions the channel over the rock outcrop at Inwa. This has become a
navigation bottleneck. Figure 4-34 shows with colours the zones that have been more
dynamic in the past due to presence of channels and due to higher velocities during flood
conditions.

MANDALAY BUSINESS CAPITAL CITY DEVELOPMENT LTD.
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Figure 4-32 Left panel: change from land to water and from water to land between
1985 and 2015 (left) with major controls; and right panel: zoomed picture of recent
geomorphic changes (right) with trends at Amarapura Project location. Also indicated
are proposed river training works for navigability study.
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Figure 4-35 Calculated Flow Velocity during Flood Conditions (10 years Return
Period)

4.5.6. Morphological Impacts of the Project

Building the project will reduce the available flow cross-sectional area of the river
during floods. Although presently the flow velocities and discharges over the considered
project area are small, the closure of the project area will lead to a small increase of flow
velocity in the main channel. The morphological impacts (bed-level change) of this increased
velocity can be separated for the short term and the long term. Figure 4-36 schematically
presents the general impact on bed levels after narrowing the river.

The short-term geomorphological response of the river bed to AUDP is a
downstream propagating erosion wave starting from the upstream of the project location, and
downstream propagating sedimentation wave starting from the lower end of the project area.
On the long term, the section next to the project area will have a lower bed level (relative to
the situation without project). The simulated bed-level impacts over a period of 10 years are
relatively small compared to the variations in bed level that occur naturally over a period of
10 year. AUDRP is causing the cross-sections to become slightly more stable. The formation of
stable channel along the left bank (along the project bund) is positive for navigability. Figure
4-37 shows the model simulation of bed level after 0,5,10 and 20 years without (left) and
with the project.
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River bed: short term impact:
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Figure 4-37 Computed bed-level (Delft3D) after 0, 5, 10 and 20 years without (left)
and with the Amarapura Urban Development Project

4.5.7. Sediment Extraction from nearby River Bed

Sediment dredged from the river bed can be used for land fill. Required quantities
for Phase 1 are approximately 20 million m® which is in the same order of magnitude as the
calculated annual sediment load. Dredging will help to lower the flood levels (compensate for
the increased levels after completion of the project phases), at least temporarily. The
simulations of dredging scenarios show that the best dredging locations for land fill for Phase
1 are in the main channel directly next to the project site. Second option is to dredge from
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several locations in the main channel upstream of Mandalay Port, and third is the wide
section downstream of the Sagaing bridges. Locations along the Sagaing Channel (right side)
are not recommended as these will lead to diversion of flow from the main channel,
eventually leading to sedimentation and less navigable depth in the main channel. Dredging
operations proposed in the section do not have noticeable impact on the foundation of the two
bridges or the bank erosion at Innwa.

To find appropriate locations for dredging or sediment extraction from the river bed,
several locations have been tested. The aim of these calculations is to assess the impacts of
the dredging operation on the surrounding river bed as function of time. The investigated
locations for sediment-extraction scenarios were particularly selected because of the presence
of large sediment bars and shallow parts. In the Delft3D simulations the initial bed
topography was lowered (‘instantaneously’) at the respective areas to represent the effect of
dredging. Figure 4-38 presents the areas that were lowered for the Delft3D simulations.
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Figure 4-38 Investigated dredging locations for sediment-extraction scenarios
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Based on these results it is recommended to first find the dredging locations in the
main channel according to dredging scenario 3, and secondly find additional dredging
locations in the reach upstream of Mandalay port according to scenario 2. The use of
sediment from the island and sand bars opposite of the project area (Scenario 1) and from the
Sagaing Channel (scenario 0A) is not recommended, because it will negatively affect the
navigability of the main channel. Although a little away from the project area, it is also very
well possible to excavate and use the sediment downstream of Sagaing. It might be beneficial
to dredge a ‘channel’ in the river axis which will attract the flow away from the eroding
Innwa river bank.

4.5.8. Practical Considerations

For design of the dredging operations, it is relevant to consider local impacts on the
bank line as well as the large-scale geomorphological responses. To look for the appropriate
dredging locations it is necessary to look at both the local impacts on the river banks, and at
the larger picture. The amount of sediment needed is enormous, and requires careful
spreading of the dredging locations. Therefore, it is recommended to consider three dredging
zones: the zone directly next to the project area, in the main channel, the zone upstream of
Mandalay and in front of Mandalay Port, in the main channel and the zone downstream of the
bridges to Sagaing.

Goog[e garth

Figure 4-39 Location of three zones for searching dredging locations for
Phase 1 reclamation works. These polygons do not show an exact contour of the
dredging works, as that should follow from a more detailed survey and advice from the
contractor as well as DWIR.

Hexagonal Angle International Consultants Company Limited Page 4-68



The reason to select the zones 1 and 2, is that with dredging in these sections the
large-scale response will be a deepening of the Mandalay channel, which will be beneficial
for navigation. The dredging zone downstream of Sagaing bridges is a relatively shallow sand
bar that covers most of the cross-section. The preferred dredging operation would be to
dredge a relatively deep channel (3 to 4 m) through this sediment bar in the middle of the
river. This will draw water to the middle, and reduces the pressure of flow on the eroding
river bank of Innwa. The zones are added as figures and kml. The kml-files give polygons
that may be used for searching the right sediment and do excavations. They do not show an
exact contour of the dredging work, as this should follow from a more detailed survey and
advise from the contractor as well as DWIR consider these as optional zones.

4.5.9. Erosion of River Bank at Innwa and Sagaing, and bridge scour at
Sagaing Bridge

The erosion processes at the Innwa river bank started more or less directly after the
start of operations of Yeywa dam in the Myitnge River around 2010. The observed impact of
Yeywa dam on the mouth of the Myitnge River can be explained from hydrological impacts
on the Myitnge River due to the start of operation of the dam, and the effects on sediment
loads into the Ayeyarwady River as observed from some of the Delft3D simulations.
Although the explanations, cannot be verified with observed data so far, the observations and
model results show that bank erosion processes can be coupled directly to the impacted
outflow of sediment.

To illustrate the impact of reduced sediment load from Myitgne river, Figure 4-40
shows the results for two Delf3D simulations with a low sediment outflow from Myitgne
River (left) and with a very high outflow of sediment (right). It shows how high sediment
load causes sand to be deposited in front of the river bank of Inwa, while with a low sediment
outflow the river bed along the Inwa bank shows a very deep channel. It also shows that even
the larger pattern is affected by this input of sediment. Obviously, the reduction of sediment
outflow from Myitgne River causes the Ayeyarwady channel in front of the Inwa river bank
to become deeper, and allowing the bank to collapse. Figure 4-41 and Figure 4-42 shows that
the bed level in the main channel.
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Figure 4-40 Computed bed elevation for a simulation with low sediment

outflow from Myitnge River (left) and with a high sediment outflow from Myitnge River
(right), illustrating the impact of sediment outflow on erosion of the river bed in front of
the river bank at Innwa

The Delft3D model runs have been used to evaluate the impacts of the project to the
bed levels and flow velocities at both the bridges and at Innwa and Sagaing. Simulations
show that, with partial removal of the lower part of the Amarapura Project-area edge, only
small changes in flow velocities and bed-levels occur compared to the simulation without the
project. These velocity changes are of the order of 0.1 m/s for extreme floods near Sagaing
bank and bridge piers, which are too small to enhance local scour near the banks and piers.
Additionally, it was found that along Sagaing bank and the right half of the river bed under
the bridges shows higher bed levels, which will contribute to the stability of the bank and
piers. Only in the left half of the river the bridge piers may experience a roughly 1 m lower
bed compared to the situation without the project, but this is well within the natural variations
in this part of the river, and does not cause any risks. It is caused by repositioning of the main
channel towards the South (left bank).

In front of the river bank at Innwa some sedimentation is expected, which reduces the
on-going erosion of the left bank. There are signs that the bank erosion problem is closely
connected to the operation of Yeywa dam. No further measures are required to mitigate these
effects, as they are not increasing erosion risk. However, sand mining in the area next to the
project may eliminate the reduced impact of bank erosion at Innwa. Based on the findings it
has been concluded by that this project is feasible and well aligned with the natural
geomorphology of the Ayeyarwady River.
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Figure 4-41 Bed-level computed without the project (left) and with the
project (right) near Sagaing bridges and Innwa river bank (short term)
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Figure 4-42 Bed-level computed without the project (left) and with the

project (right) near Sagaing bridges and Inwa river bank (long term)

4.6. RECOMMENDATIONS

The project is located in the wide section of the Ayeyarwady River at Mandalay,
where the flow is contracted towards the narrow control section at Sagaing. Due to its
position between ‘hard points’ at Mandalay and the downstream Shwekyet Kya Pagoda, the
main flow is mostly directed away from the project. Therefore, the project area has shown to
be quite stable historically. Only its lower end is located in a more dynamic section, affected
by migrating channels. The overall behavior of the river is controlled by the channel
trifurcation upstream of Mandalay, near Mingun, which has shown periodic shifts in
importance of the left (Mandalay) and right (Sagaing channel). A stable Mandalay channel is
controlling the stability of the project area. The understanding of the large-scale channel and
bar behavior from historic imagery and model simulations in this study has provided crucial
knowledge on the influence of the project on the river, and the forces that have to be resisted
by the protection works. The land-reclamation of this project, is found not ‘acting against’ the
natural migration of the main channels.

The recommendations for river morphology are as follows;

1. Amarapura Urban Development Project area lies within the production zone and
deposition zone of the Ayeyarwady River.
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2. At the upper most northern point of the project area is 72.76 (95% confidence water
level (m+MSL)) and the elevation of bank line is 73.76 m+MSL. So, bank line rises 1
meter above 95% confidence water level (m+MSL). If there is a flash flood, one
meter difference is not a reliable situation. It needs to calculate using the highest
water level data to get more accurate conclusion.

3. Even when external conditions are constant, the braided pattern is continually
changing, yet statistically consistent: a true dynamic equilibrium.

4. 1t is considered necessary to fully understand the nature of braided channel
morphology.

5. The project area falls on the meandering channel headwaters. Therefore, you should
systematic study the path of headwaters. It is necessary to know the flow path of the
active channel where the highest velocity is along the channel cross section.

6. the current situation of the project site area related to inundation or flood should be
clearly described with photographs and ground evidence.

7. The cross-section at Mandalay Port shows that the bed level in this section is slightly
more stable than the Phase 1 bed level without dredging. There are no noticeable
impacts on the bed level near the bridges. In this project, river training is considered
to be a very important aspect. The way to solve it must be considered sediment
problem from the up-stream area.

8. During rainy season, Ayeyarwady river velocity must conduct regular monitoring one
time per year.

9. Regular monitor and make record the measurement of riverbed level during Dry and
Rainy seasons.

4.7. BASELINE ENVIRONMENTAL QUALITY

The purpose of the baseline quality measurement is to assess the existing
environmental conditions in the project area. This section will be provided to proponent and
employees to assist them in carrying out the project to avoid or mitigate the impacts on the
environment. Environmental baseline quality (air quality, noise quality, water quality and soil
quality) is used to assess the environmental impact of the operation phase and monitored. The
baseline quality measurement was carried out three time, once in October during the wet
season, once in March and once in February during the dry season. The baseline
measurement is conducted to cover the project area and 5 km area of influence (AQI). In
addition, the measurement location is generally located at east, west, south, north, middle
points and measured 2 seasons to cover the impact influence of the project. Therefore, the
measurements are sufficient for the construction and operation phase. Outlines of the
monitoring process are shown in Table 4-11 and Table 4-12.
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Table 4-11

Outlines of Monitoring Item in the Monitoring Report for Wet Season
S Monitoring Number - Monitoring
Monitoring Date ltem Parameters of Point Location Methodology
Gas Emission:
O3, SO2, NO,
CO, CO,, TVOC .
Dust Emission: Amarapura On site
20" October — 25 PM1o, PMys, 5 U{ ban t m‘f?”gm‘mt by
October, 2022 i i | evelopmen Ir fuality
Alr Quality TSP, 5 Project Area, Monitoring
Meteorology: and the study | Station (AQM-
RH%, villages 09)
Temperature,
Wind Speed,
Wind Direction
An&e;rg;l;#ra On site
20" October — 25t Noi Devel ¢ | measurement by
October, 2022 olse dB (A) 5 evelopmen
Quality

Project Area G“S/I(;iigE;L[g\'/glltal
and the study

. Meter
villages
BOD, CQOD, lIron,
Oil and Grease,
pH, Free
Chlorine, Total
Phosphorus, Total On site
Surface Suspend_ed Solid, measurement by
Total Dissolved
Water - Ayeyarwaddy | Hanna Instrument
: Solid, Hardness, :
Quality ; 5 river and the and collect
: Total Nitrogen, .
from River L study villages | sample water to
Conductivity, send the
Turbidity, Color, laborator
Temperature, y
Arsenic,
Dissolved
24th October and Oxygen, Lead,
25th October, 2022 Total Coliform
pH, Iron, Oil and
Grease, Total
Phosphorus, Total
Suspended Solid, On site
Total Dissolved
Solid, Hardness measurement by
Ground - ' Ground water | Hanna Instrument
Total Nitrogen, . .
Water L 2 in the project and collect
Quality Cor_1d_uct|V|ty, area sample water to
Turbidity, Color, send the
Temperature, laboratory
Arsenic,
Dissolved

Oxygen, Lead,
Total Coliform
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Table 4-12

Outlines of Monitoring Item in the Monitoring Report for Dry Season

S Monitoring Number . Monitoring
Monitoring Date Item Parameters of Point Location Methodology
Gas Emission:
03, S02, NO2,
CO, CO2, TVOC )
Dust Emission: Amarapura On site
o | et
March, 2023 Air Quality TSP, 5 Project Area Monitoring
Meteorology: and the study | Station (AQM-
RH%, villages 09)
Temperature,
Wind Speed,
Wind Direction
Amarapura On site
Urban th
1% March — 6™ Noise q Development measurement by
March, 2023 Quality B (A) S Project Area GM-1356 Digital
d Level
and the study Soun
. Meter
villages
BOD, COD, Iron,
Oil and Grease,
pH, Free
Chlorine, Total
Phosphorus,
Total Suspended On site
Surface Solid, Total measurement by
Water Dissolved Solid, Ayeyarwaddy Hanna
Quality Hardness, Total 5 river and the | Instrument and
from River Nitrogen, study villages | collect sample
Conductivity, water to send the
Turbidity, Color, laboratory
Temperature,
Arsenic,
21 March- 37 Dissolved
Oxygen, Lead,
March, 2023 Total Coliform
pH, Iron, Oil and
Grease, Total
Phosphorus,
Total _Suspended On site
Solid, Total measurement by
Ground Dissolved Solid, Goundwater Hanna
Water Hardness, Total 2 in the project | Instrument and
Quality N|trog§r1_, area collect sample
Cor_ld_uctlwty, water to send the
Turbidity, Color, laboratory
Temperature,
Arsenic,
Dissolved

Oxygen, Lead,
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S Monitoring Number . Monitoring
Monitoring Date Item Parameters of Point Location Methodology
Total Coliform
Ammonia (as N),
Chromium .
On site
(Hexa), measurement b
Surface Chromium (Tri), y
. Ayeyarwaddy Hanna
Water Copper, Cyanide, ;
. . 5 river and the Instrument and
Quality Flouride, .
. study villages | collect sample
from River Manganese, water to send the
Mercury, Nickel< laboratory
1st February 2024 Nitrate (as N),
Nitrite (as N)
On site
. measurement by
Ground Fe&ﬂan::Ef}ggm, Goundwater Hanna
Water Chl%ri de ’ 2 in the project Instrument and
Quality ) area collect sample

Sulphate, Nitrate

water to send the
laboratory
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4.7.1. Ambient Air Quality Monitoring for Wet Season

Outdoor air quality assessment was conducted 24 hours measuring from 20" to 25%
October 2022, which could identify sources of air emissions and assess the potential effects
on sensitive receptors due to proposed project. The air quality measurement was conducted at
five locations as Project area site (1), Project area site (2), ECD office at Amarapura
township, Myahinthar village, and Warchat village which are the nearest villages to the
project site.

4.7.1.1. Method and Methodology

Air quality measurement was conducted at the project area during the wet season of
20" to 25" October, 2022. During this survey, Particulate Matters (PMio and PMzs) and
gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Oz), Sulphur dioxide (SO>),
Nitrogen dioxide (NO), VOC, Total suspended particulate (TSP), Wind speed (WS), Wind
direction (WD), Relative humidity (Rh), Air pressure and Temperature have been measured
using the OCEANUS-AQMAO09. The results were compared with National Environmental
Quality (Emission) Guidelines (NEQEG). The measurement station for air quality is
displayed in Table 4-13. Outdoor air quality monitoring location map is as shown in Figure
4-43.

Table 4-13 Air quality Location Point for Wet Season
GPS .
Item . Locations Parameters
Air Quality
Monitoring Point 21°56'19.6"N Amarapura
on 20" — 21 96°02'59.38"E Project Site-1
October, 2022
Air Quality
Monitoring Point | 21°54'55.22"N Amarapura
on 21t 22 96°02'12.66"E Project Site-2
October, 2022 o
Air Qualit Gas Emission: Oz, SO, NO,, CO,
ir Quality ; CO,, TVOC
Monitoring Point | 21°54'46.14"N Ef&%a?;ﬁﬁfaat Dust Emissionz' PMio, PM,5, TSP
on 22" 23 96°03'52.68"E pu - TVH0, TIVIZS, :
October, 2022 Township Meteorology: RH%, Temperature,
Wind Speed, Wind Direction
Air Quality
Monitoring Point | 21°53'37.82"N Myahinthar
on 231 24t 96°01'07.40"E Village
October, 2022
Air Quality
Monitoring Point | 21°55'38.28"N .
on 24t — 250 96°012.11 | archat Village
October, 2022
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4.7.2. Ambient Air Quality Monitoring for Dry Season

Outdoor air quality assessment was conducted 24 hours measuring from 1% to 2"
March 2023, which could identify sources of air emissions and assess the potential effects on
sensitive receptors due to proposed project. The air quality measurement was conducted at
five locations as Project area site (1), Project area site (2), ECD office at Amarapura
township, Myahinthar village, and Warchat village which are the nearest villages to the
project site.

4.7.2.1. Method and Methodology

Air quality measurement was conducted at the project area during the dry season of
1% to 2" March 2023. During this survey, Particulate Matters (PMio and PMzs) and gases
Carbon monoxide (CO), Carbon dioxide (COz), Ozone (Os), Sulphur dioxide (SO), Nitrogen
dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed (WS), Wind direction
(WD), Relative humidity (Rh), Air pressure and Temperature have been measured using the
OCEANUS-AQMO09. The results were compared with National Environmental Quality
(Emission) Guidelines (NEQEG). The measurement station for air quality is displayed in
Table 4-14. Outdoor air quality monitoring location map is as shown in Figure 4-43.

Table 4-14 Air quality Location Point for Dry Season
GPS .
Item . Locations Parameters
Air Quality
Monitoring Point 21°56'19.6"N Amarapura
on 18t —2nd 96°02'59.38"E Project Site-1
March, 2023
Air Quality

21°54'55.22"N
96°02'12.66"E

Monitoring Point
on 2" — 39 March,
2023

Amarapura
Project Site-2

; B Gas Emission: Os, SO,, NO,, CO,
Air Quality

Monitoring Point

21°54'46.14"N

ECD Office at

on 39 - 4"March, | 96°03'52.68"E '?‘rrg\i‘/ffh“ira
2023 P
Air Quality
Monitoring Point | 21°53'37.82"N Myahinthar
on 4" — 5" March, | 96°01'07.40"E Village
2023
Air Quality

Monitoring Point
on 5" — 6™ March,
2023

21°55'38.28"N
96°01'2.11"E

Warchat Village

CO,, TVOC
Dust Emission: PMyo, PM3s, TSP,

Meteorology: RH%, Temperature,
Wind Speed, Wind Direction
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4.7.3. Air Quality Measurements of Amarapura Project Site (1) in Wet
Season

The air quality measurement for project site (1) is located inside Amarapura Urban
Development Project Site and the exact location is at North Latitude 21°56'19.6"N and East
Longitude 96°02'59.38" on 20" to 21t October, 2022. The outdoor air quality monitoring
photos of the project site is shown in Figure 4-44.

The OCEANUS-AQMO09 Air Quality Monitoring

Figure 4-44 Air Quality Monitoring Photos at Project Site (1)

4.7.3.1. Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement in the
project site area. The measured parameters are Particulate Matters (PM1o and PMzs) and
gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Oz), Sulphur dioxide (SO>),
Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed (WS), Wind
direction (WD), Relative humidity (RH) and Temperature for outdoor air quality. Both results
of the study and guidelines are as shown in Table 4-15.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-45 and Figure 4-46 respectively.
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Table 4-15 Air Quality Monitoring Results at Amarapura Project Site (1) (20t to
215t October, 2022)

NEQ(E)G*
No. | Parameter Meelajs:rrigr(;]ent Result | Unit Alg\;errigge Guideline Remark
Value
Particulate 3 -
11Y *2
1 Matter 24-Hour 47.82 | pg/m? ear 0 ug/m W't.hm _the
(PMy) 24 | Hour | *50 pg/m® | Guideline
Particulate *1 3 -
2 Matter 24-Hour 20.19 | pg/m3 | 1 | Year *20 pg;m3 V(;/Ltizl(;it::
(PM.s) 24 | Hour | "25Hg/m
Total
Suspended 3
3 Particulate 24-Hour 88.87 | pg/m 24 Hours NG -
(TSP)
Sulphur 10 | mi * 3 I
4 Dioxide 24-Hour 19.36 | pg/m?® 0 Ins | *500 pg/m W't.hm _the
(SO») 24 | Hour | *20 ug/m® | Guideline
Nitrogen 1 | Year | 40 pg/im® -
s Within the
- 3
5 Ezllil)élge 1-Hour 25 pg/m 1 | Hour | *200 HO/M® | Guideline
8 Hour
6 | Ozone (Os) 8-Hour 23 ug/m? daily *100 pg/m3 -
maximum
Carbon
7 | Monoxide 24-Hour 0.19 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 330.08 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.22 ppm - NG -
(VOC)
Relative
10 - 24-Hour 59 RH% - NG -
humidity
11 | Temperature 24-Hour 31.05 °C - NG -
12 | Wind Speed 24-Hour 1.7 m/s - NG -
13 .qu 24-Hour 284.02 | Degree - NG -
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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NEQEG Guideline for PM10
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Figure 4-46 Demonstration Graphs of SO2 Emission at Amarapura Project Site (1)
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According to the air quality analysis, the ambient air parameters are within the
guidelines of National Environmental Quality (Emission) Guidelines in the project site area
(1). The 24-hour average result of particulate matter (PM1o and PM25s) are 47.82 pug/m® and
20.19 pg/m3 respectively and Sulphur Dioxide (SO) is 19.36 pg/m® under the NEQ(E)G
standard guidelines. The highest results of PMio and PM2sand SO; are 29.08 pg/m3, 58.83
png/m3, and 30.5 pg/m3 respectively at around 10:00 AM and 05:00 PM, but they are still
relevant to the guidelines. The point source of emission and SO is that vehicular passing
through on the roads of the project area occasionally in day time.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Table 4-15.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.3.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area (1). The observation period is from 20" to 21% October, 2022.

Wind speed and wind direction’s average values of project area are 1.71 m/s and
284.02° (SWINW) respectively. The wind is generally blowing from the South West to North
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-47.
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Figure 4-47 Wind Speed and Wind Direction of Amarapura Project Site (1)
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4.7.4. Air Quality Measurements of Amarapura Project Site (1) in Dry
Season

The air quality measurement for project site (1) is located inside Amarapura Urban
Development Project Site and the exact location is at North Latitude 21°56'19.6"N and East
Longitude 96°02'59.38" on 1%'to 2" March, 2023. The outdoor air quality monitoring points
map and field photos of the project site as shown in Figure 4-43 and Figure 4-48.

Air Quality Monitoring

Figure 4-48 Air Quality Monitoring Photos at Project Site (1)

4.7.4.1. Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement in the
project site area. The measured parameters are Particulate Matters (PM1o and PMa2s) and
gases Carbon monoxide (CO), Carbon dioxide (COz), Ozone (O3), Sulphur dioxide (SO2),
Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed (WS), Wind
direction (WD), Relative humidity (RH) and Temperature for outdoor air quality. Both results
of the study and guidelines are as shown in Table 4-16.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO2) are shown in Figure 4-49 and Figure 4-50 respectively.
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Table 4-16 Air Quality Monitoring Results at Amarapura Project Site (1) on (1%tto
2" March, 2023)

NEQ(E)G*
No. | Parameter Meelajs:rrigr(;]ent Result | Unit Alg\;errigge Guideline Remark
Value
Particulate 3 -
11Y *2
1 Matter 24-Hour 48.67 | pg/m? ear . 0 pg/m3 Wlt_raml_the
(PMy) 24 | Hour | *50 pg/m Guideline
Particulate 1 | Year | *10 pg/m® | Within the
2 Matter 24-Hour 23.33 | pg/m3 N \ -
(PM_5) 24 | Hour | *25pg/m® | Guideline
Total
Suspended 3
3 Particulate 24-Hour 85.84 | pg/m 24 Hours NG -
(TSP)
Sulphur 10 | mi * 3 I
4 Dioxide 24-Hour 1554 | pg/m? 0 s *500 ug/ms W't.hm _the
(SO») 24 | Hour | *20 pg/m Guideline
Nitrogen 1 | Year | 40 pg/im® -
s Within the
- 3
5 Ezllil)élge 1-Hour 27.66 | pg/m 1 | Hour | *200 HO/M® | Guideline
8 Hour
6 | Ozone (Os) 8-Hour 57.95 | pg/md daily *100 pg/m3 -
maximum
Carbon
7 | Monoxide 24-Hour 0.26 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 258.96 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.24 ppm - NG -
(VOC)
10 rf{e""‘.“‘.’e 24-Hour | 43.95 | RH% . NG .
umidity
11 | Temperature 24-Hour 29.17 °C - NG -
12 | Wind Speed 24-Hour 151 m/s - NG -
13 .qu 24-Hour 238.30 | Degree - NG -
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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According to the air quality analysis, the ambient air parameters are within the
guidelines of National Environmental Quality (Emission) Guidelines in the project site area
(1). The 24-hour average result of particulate matter (PM1o and PM2s) are 48.67 pug/m® and
23.33 pg/m?3 respectively, and Sulphur Dioxide (SO2) is 15.54 pg/m?® under the NEQ(E)G
standard guidelines. The highest results of PMyo and PM2sand SO are 172.92 pg/m3, 67.35
pMg/m3, and 58.43 pg/m3 at around 9:00 AM and 10:00 AM, but they are still relevant to the
guidelines. Land filling process and dump trucks that occasionally go through the project area
during the day time on its roadways are the main source of SO, and particulate matter
emissions.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Table 4-16.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.4.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area (1). The observation period is from 1%to 2" March, 2023.

Wind speed and wind direction’s average values of project area is 1.51 m/s and
238.30° (SE/NW) respectively. The wind is generally blowing from the South East to North
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-51.

Hexagonal Angle International Consultants Company Limited Page 4-88



96°0000"E 96°00'36"E 1 96°03'36"E

Date Period
Start 1ate:01.03.2023
End Date:02.03.2023

21958"23"N

‘Wind Rose Plot Location
(21°56'19.60"N,96° 2'59.38"E)

21°57'47°N

“lotal Count Avg Wind Speed
24 Hr 1.51 ms.

Display: Wind Speed Direction
(blowing from Southcast and Northwest)

€
n
e
ey
g
5
~

Legend
Wind Speed and Wind Direction (ms)
| ERE
B os-1
s
| BEE

2-25

W i oo s

96°03'00"E

Figure 4-51 Wind Speed and Wind Direction of Amarapura Project Site (1)

Hexagonal Angle International Consultants Company Limited Page 4-89



4.7.5. Air Quality Measurements of Amarapura Project Site (2) in Wet
Season

The air quality measurement for project site (2) is located inside Amarapura Urban
Development Project Site and the exact location is at North Latitude 21°54'55.22™" and East
Longitude 96°02'12.66" on 21 to 22" October, 2022. The outdoor air quality monitoring
points field photos of the project site (2) is as shown in Figure 4-52.

The OCEANUS-AQMO09 Air Quality Measurement

Figure 4-52 Air Quality Monitoring Photos at Project Site (2)

4.7.5.1. Result of the Study

These measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines in the project site area (2). The measured
parameters are Particulate Matters (PM1o and PM2s) and gases Carbon monoxide (CO),
Carbon dioxide (CO2), Ozone (O3), Sulphur dioxide (SO2), Nitrogen dioxide (NO2), VOC,
Total suspended particulate (TSP), Wind speed (WS), Wind direction (WD), Relative
humidity (RH) and Temperature for outdoor air quality. Both results of the study and
guidelines are as shown in Table 4-17.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-53 and Figure 4-54 respectively.
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Table 4-17 Air Quality Monitoring Results at Amarapura Project Site (2) (21 to
22" October, 2022)

NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period
Value
Particulate 3 -
1 | Year | *20 pg/m
1 Matter 24-Hour 36.13 | pg/m3 N M9 \ Vc\;llt_rynl_the
(PMy0) 24 | Hour | *50 pg/m uiaeline
Particulate 1 | Year | *10 pg/m® | Within the
2 Matter 24-Hour 11.57 | pg/m? N \ el
(PM,2) 24 | Hour | *25 ug/m Guideline
Total
g | Suspended | o) e | 5054 | pg/m® | 24Hours | NG i
Particulate '
(TSP)
Sulphur - *500 L
S 10 | Mins
4| Dioxide 24-Hour 13.69 | pg/md o1 | pg/m? VC\;/S%I; it::
(SO2) O | %20 pg/m?
Nitrogen 1 | year | 740 pg/m? -
5 Dioxide 1-Hour 6.62 | pg/m? *200 W't.hm.the
1 | Hour Guideline
(NO2) pg/m?
8 Hour «100
6 | Ozone (O3) 8-Hour 8.19 | pg/m® daily m3 -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.01 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 346.54 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.23 ppm - NG -
(VOC)
10 Ee""‘.“‘.’e 24-Hour | 50.29 | RH% . NG .
umidity
11 | Temperature 24-Hour 34.63 °C - NG -
12 | Wind Speed 24-Hour 1.65 m/s - NG -
13 qu 24-Hour 225.73 | Degree - NG -
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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PM, ; and PM,, graph at Amarapura project site (2)
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According to the air quality analysis, the ambient air parameters are within the
National Environmental Quality (Emission) Guidelines (NEQEG) (2015). The average result
of Particulate matters as PMzs and PMio are 36.13 pg/m® and 11.57 pg/m® within the
NEQ(E)G Guideline. The 24-hour average result of Sulphur Dioxide (SO.) is 13.69 pg/m?
and is under the NEQ(E)G guidelines of 20 pg/m3. According to the data analysis graph
shown in Figure 4-54 peak of 02:00 PM to 08:00 PM are exceeded above the NEQ(E)G
Guideline. During the peak hour, there are vehicles passing nearby in day time.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Table 4-17.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.5.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 21%to 22" October.

Wind speed and wind direction’s average values of project area are 1.65 m/s and
225.73° (NE/SW) respectively. The wind is generally blowing from the North East to South
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-55,
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4.7.6. Air Quality Measurements of Amarapura Project Site (2) in Dry
Season

The air quality measurement for project site (2) is located inside Amarapura Urban
Development Project site and the exact location is at North Latitude 21°54'55.22" and East
Longitude 96°02'12.66" on 2" to 3@ March, 2023. The outdoor air quality monitoring points
field photos of the project site (2) is as shown in Figure 4-56.

The OCEANUS-AQMO09 Air Quality Measurement

Figure 4-56 Air Quality Monitoring Photos at Project Site (2)

4.7.6.1. Result of the Study

These measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines in the project site area (2). The measured
parameters are Particulate Matters (PMyo and PM.s) and gases Carbon monoxide (CO),
Carbon dioxide (CO.), Ozone (Os3), Sulphur dioxide (SO2), Nitrogen dioxide (NO2), VOC,
Total suspended particulate (TSP), Wind speed (WS), Wind direction (WD), Relative
humidity (RH) and Temperature for outdoor air quality. Both results of the study and
guidelines are as shown in Table 4-18.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO2) are shown in Figure 4-57 and Figure 4-58 respectively.
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Table 4-18 Air Quality Monitoring Results at Amarapura Project Site (2) (2" to 3"
March, 2023)

NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period
Value
Particulate 3 -
1 | Year | *20 pg/m
1 Matter 24-Hour 34.83 | pg/m3 N M9 \ Vc\;llt_rynl_the
(PMy0) 24 | Hour | *50 pg/m uideline
Particulate 1 | Year | *10 pg/m® | Within the
2 Matter 24-Hour 17.33 | pg/m? N \ el
(PM,2) 24 | Hour | *25 ug/m Guideline
Total
g | Suspended 24-Hour | 49.21 | pg/m?® | 24 Hours NG -
Particulate '
(TSP)
Sulphur - *500 L
- 10| M
4| Dioxide 24-Hour | 1637 | pgim® | H'ns ug/m? \g’:}g’;fﬁs
(SO2) O | %20 pg/m?
Nitrogen 1 | year | 740 pg/m? -
5 Dioxide 1-Hour 425 | pg/m?d *200 W't.hm _the
(NO) 1 | Hour ug/m? Guideline
8 Hour «100
6 | Ozone (O3) 8-Hour 60.86 | pg/md daily m3 -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.49 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 303.93 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.38 ppm - NG -
(VOC)
10| Relative 24-Hour | 4170 | RH% . NG .
humidity
11 | Temperature 24-Hour 28.6 °C - NG -
12 | Wind Speed 24-Hour 0.83 m/s - NG -
13 qu 24-Hour 196.98 | Degree - NG -
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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According to the air quality analysis, the ambient air parameters are within the
National Environmental Quality (Emission) Guidelines (NEQEG) (2015). The average result
of Particulate matters as PMio and PMzs are 34.83 pg/m® and 17.33 pg/m® within the
NEQ(E)G Guideline. The 24-hour average result of Sulphur Dioxide (SO) is 16.37 pg/m?
and is under the NEQ(E)G guidelines of 20 pg/m3. According to the data analysis graph
shown in Figure 4-58 peak of 03:00 PM to 05:00 PM are higher than the NEQ(E)G
Guideline. During the peak hour, there are transport vehicles and truck passing nearby in day
time. The particles can also include wind-blown dust from uncovered soil and fields in the
project area.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Table 4-18.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.6.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 2" to 3@ March, 2023.

Wind speed and wind direction’s average values of project area are 0.83 m/s and
196.98° (SE/NW) respectively. The wind is generally blowing from the South East to North
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-59.
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4.7.7. Air Quality Measurements of ECD Office in Wet Season

The air quality measurement for ECD office at Amarapura township is located near
Amarapura Urban Development Project and the exact location is at Latitude 21°54'46.14"
and East Longitude 96°03'52.68" on 22" to 23 October, 2022. The outdoor air quality
monitoring field photos of ECD office is as shown in Figure 4-60.

The OCEANUS-AQMO09 Air Quality Monitoring

Figure 4-60 Air Quality Monitoring Photos at ECD Office

4.7.7.1. Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement at ECD
office near the project site area. The measured parameters are Particulate Matters (PM1o and
PM2s5) and gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Oz), Sulphur
dioxide (SO3), Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed
(WS), Wind direction (WD), Relative humidity (RH) and Temperature for outdoor air
quality. Both results of the study and guidelines are as shown in Table 4-19.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-61 and Figure 4-62 respectively.
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Table 4-19 Air Quality Monitoring Results at ECD Office (22" to 23" October,

2022)
NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period
Value
Particulate 3 -
1 | Year | *20 pg/m
1 Matter 24-Hour 28.12 | pg/m3 N Mg \ Wlt_hml_the
(PMy) 24 | Hour | *50 pg/m® | Guideline
Particulate 1 | Year | *10 pg/im® | Within the
2 Matter 24-Hour 19.16 | pg/m?® 5 .
(PM,2) 24 | Hour | *25 pg/m® | Guideline
Total
g | Suspended | o) e | 3755 | pgim® | 24Hours | NG i
Particulate '
(TSP)
Sulphur 10 | Mins *500 o
4| Dioxide 24-Hour 19.73 | pg/md o1 | H pg/m? \g:izl(; |tr? :
(SO2) OUr | %20 pg/m?
Nitrogen 1| Year *40 pg/m?® -
5 Dioxide 1-Hour 55.95 | pg/m® *200 W't.hm.the
1 | Hour Guideline
(NO2) pg/m?
8 Hour «100
6 | Ozone (O3) 8-Hour 38.18 | pg/md daily m3 -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.2 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 362.65 | ppm - NG -
(COy)
Volatile
Organic
9 Compound 24-Hour 0.16 ppm - NG -
(VOC)
10| FRelative 24-Hour | 67.54 | RH% - NG .
humidity
11 | Temperature 24-Hour 31.05 °C - NG -
12 | Wind Speed 24-Hour 0.32 m/s - NG -
13| _ Wind 24-Hour | 197.25 | Degree ; NG i
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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Figure 4-61 Demonstration Graphs of Particulate Matter as PMzsand PMio at
ECD Office
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Figure 4-62 Demonstration Graphs of SO2 Emission at ECD Office

According to the air quality analysis, the ambient air parameters are within the
National Environmental Quality (Emission) Guidelines (NEQEG) (2015). The average result
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of Particulate matters as PM2s and PMyo are 28.12 pug/m?® and 19.16 pg/m? within the NEQE
Guideline. The 24-hour average result of Sulphur Dioxide (SO2) is 19.73 pug/m?® and is under
the NEQ(E)G guidelines of 20 pg/m?®. According to the data analysis graph shown in Figure
4-62 peak of 10:00 AM on 22" October, 2022 are exceeded above the NEQ(E)G Guideline.
During the peak hour, vehicular traffic passes through the roads near the monitoring station
occasionally during the day time and office hour, and it is also located in the corner of the
Sagaing Mandalay Road.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Table 4-19.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.7.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 22" to 23" October, 2022.

Wind speed and wind direction’s average values of project area is 0.32 m/s and
197.25° (SE/NW) respectively. The wind is generally blowing from the South East to North
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-63.
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Figure 4-63 Wind Speed and Wind Direction of ECD Office
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4.7.8. Air Quality Measurements of ECD Office in Dry Season

The air quality measurement for ECD office at Amarapura township is located near
Amarapura Urban Development Project and the exact location is at Latitude 21°54'46.14"
and East Longitude 96°03'52.68" on 3™ to 4" March, 2023. The outdoor air quality
monitoring field photos of ECD office is as shown in Figure 4-64.

The OCEANUS-AQMO09 Air Quality Monitoring

Figure 4-64 Air Quality Monitoring Photos at ECD Office

4.7.8.1. Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement at ECD
office near the project site area. The measured parameters are Particulate Matters (PM1o and
PM25) and gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Os), Sulphur
dioxide (SO3), Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed
(WS), Wind direction (WD), Relative humidity (RH) and Temperature for outdoor air
quality. Both results of the study and guidelines are as shown in Table 4-20.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO2) are shown in Figure 4-65 and Figure 4-66 respectively.

Hexagonal Angle International Consultants Company Limited Page 4-105



Table 4-20 Air Quality Monitoring Results at ECD Office (3™ to 4" March, 2023)
NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period
Value
1| CMater | oavow | a373 ug/me | 1| Year | "20ug/m* ) Within the
(PMy) ' 24 | Hour | *50 pg/m® | Guideline
Particulate 1 | Year | *10 ua/m? -
2| Matter 24-Hour | 25.39 | pg/m? Mgim™ | Within the
(PM2s) 24 | Hour | *25 ug/m*® | Guideline
Total
Suspended 3
3 Particulate 24-Hour 39.73 | pg/m 24 Hours NG -
(TSP)
Sulphur 10 | Mins *500 I
4| Dioxide 24-Hour 19.85 | pg/m? ” HI pHg/m? V(;/Ltir;';it::
(SO2) OUr | %20 pg/m?
Nitrogen 1 | Vear *40 pug/m?® -
5| Dioxide 1-Hour 189 | pg/m? 00 | Within the
1 | Hour Guideline
(NO2) pg/m3
8 Hour *100
6 | Ozone (O3) 8-Hour 59.12 | pg/m® daily m? -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.48 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 336.17 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.32 ppm - NG -
(VOC)
10| Relative 24-Hour | 30.7 | RH% . NG .
humidity ' 0
11 | Temperature 24-Hour 30.54 °C - NG -
12 | Wind Speed 24-Hour 0.26 m/s - NG -
13| Wind 24-Hour | 172.55 | Degree ; NG i
Direction
*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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According to the air quality analysis, the ambient air parameters are within the
National Environmental Quality (Emission) Guidelines (NEQEG) (2015). The average result
of Particulate matters as PMio and PMs are 33.73 pg/m® and 25.39 pg/m® within the
NEQ(E)G Guideline. The 24-hour average result of Sulphur Dioxide (SO) is 19.85 pg/m?
and is under the NEQ(E)G guidelines of 20 pg/m3. According to the data analysis graph
shown in Figure 4-66 peak of 9:00 AM to 10:00 AM on 3" March, 2023 are higher than the
Guideline. During the peak hour, vehicular traffic passes through the roads near the
monitoring station occasionally during the day time and office hour, and it is also located in
the corner of the Sagaing-Mandalay Road.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO>) are not exceeding the guideline values of NEQ(E)G
Guidelines as shown in Figure 4-66.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.8.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 3" to 4" March, 2023.

Wind speed and wind direction’s average values of the study area is 0.26 m/s and
172.55° (SW/NW) respectively. The wind is generally blowing from the South West to North
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-67.
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4.7.9. Air Quality Measurements of Myahinthar Village in Wet Season

The air quality measurement at Myahinthar Village is located near the Amarapura
Urban Development Project Site and the exact location is at North Latitude 21°53'37.82" and
East Longitude 96°01'7.40" on 23" to 24™ October, 2022. The outdoor air quality monitoring
points map and field photos of Myahinthar Village is as shown in Figure 4-68.

The OCEANUS-AQMO09 Air Quality Measurement

Figure 4-68 Air Quality Monitoring Photos at Myahinthar Village

4.7.9.1. Result of the Study

These measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines at Myahinthar Village which is around 5
kilometers from the project site. The measured parameters are Particulate Matters (PM1o and
PM2s5) and gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Oz), Sulphur
dioxide (SO3), Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed
(WS), Wind direction (WD), Relative humidity (RH) and Temperature for outdoor air
quality. Both results of the study and guidelines are as shown in Table 4-21.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO2) are shown in Figure 4-69 and Figure 4-70 respectively.
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Table 4-21 Air Quality Monitoring Results at Myahinthar Village (23% to 24t
October, 2022)
NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period
Value
Particulate 3 -
1 | Year | *20 ug/m
1 Matter 24-Hour 42.78 | pg/m3 Hd Within the
24 | Hour | *50 ug/m® | Guideline
(PM1o)
Particulate 1 | Year | *10 ug/m® | Within the
2 Matter 24-Hour 21.14 | pg/m? . -
(PM..5) 24 | Hour | *25 pg/m Guideline
Total
g | Suspended |, 00 | 6918 | pgim® | 24Hours | NG i
Particulate '
(TSP)
Sulphur : *500 -
L 10 | Mins
4| Dioxide 24-Hour 18.99 | pg/m? ot | pg/m? VC\;/:%I;:::
(SO2) OUr | %20 pg/m?
Nitrogen 1 | Year *40 pg/m?® -
5 Dioxide 1-Hour 15 ug/m3 *200 W't.hm _the
Guideline
(NO,) 1 | Hour ug/m
8 Hour «100
6 | Ozone (Os) 8-Hour 20 pg/m?® daily m? -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.22 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 281.30 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.15 ppm - NG -
(VOC)
10| Relative 24-Hour | 60.88 | RH% . NG -
humidity
11 | Temperature 24-Hour 32.18 °C - NG -
12 | Wind Speed 24-Hour 0.26 m/s - NG -
13 .qu 24-Hour 203.96 | Degree - NG -
Direction
*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
Hexagonal Angle International Consultants Company Limited Page 4-111




NEQ(E)G Guideline for PM10

NEQ(E)G Guideline for PM2.

Demonstration Graph of Myahinthar Village (PM2.5 and PM10)

80
70
60
50
30
20
10

0

o
<

ug/m3

NWV00:80-INWw00:20
INV00:£0-INV00:90
NWV00:90-IWWv00:50
NWV00:50-INWv00:70
NWV00:70-INWV00:€0
NWV00:€0-INWV00:¢0
INV00:¢0-INV00-TO
NWV00:T0-INWV00:¢T
INV00-¢T-INd00:TT
INdOO:TT-INd00-0T
Nd00:0T-INd00:60
INd00:60-INd00:80
Nd00:80-INd00:20
INd00:20-INd00:90
Nd00:90-INd00:S0
Nd00:S0-INd00:170
INd00:70-INd00:€0
INd00:€0-INd00:20
INd00:¢0-INd00:TO
INd00:TO-INd00-CT
INd00:¢T-INV00:TT
NV00:TT-INV00-0T
NWV00:0T-INWv00:60
INV00:60-INV00-80

PM10 (ug/m3)

Myahinthar Village

PM2.5 (ug/m3)
Demonstration Graphs of Particulate Matter as PM2sand PM1o at

Sulphur Dioxide Emission at Myahinthar Village

Figure 4-69

ug/m3

Lo
—

10

INV00:80-INWV00:L0
INV00:£0-WWv00:90
INV00:90-NWv00:50
INV00:50-NWV00:70
NV00:70-INWV00:€0
INV00-€0-NWV00:¢0
NV00:¢0-INWV00:T0
NV00:T0-NWV00:CT
NWV00:¢T-INd00:TT
INd00:TT-INd00-0T
Nd00:0T-INd00:60
Nd00-60-INd00:80
Nd00-80-INd00:20
Nd00:20-INd00:90
Nd00-90-INd00:S0
Nd00:S0-INd00:¥0
Nd00:70-INd00:€0
Nd00:€0-INd00:20
Nd00:¢0-INd00:T0
Nd00:TO-INd00-CT
Nd00:¢T-INV00:TT
WV00:TT-WWV00:0T
NV00:0T-INWV00:60
NV00:60-NWv00:80

Page 4-112

SO2 (ug/m3) = == NEQ(E)G Guideline
Demonstration Graphs of SO2 Emission at Myahinthar Village

Figure 4-70

Hexagonal Angle International Consultants Company Limited



According to the air quality analysis, the ambient air parameters are within the
guidelines of National Environmental Quality (Emission) Guidelines in the study area. The
24-hour average result of particulate matter (PM1o and PM2s) are 42.78 pg/m? and 21.14
ug/m? respectively and Sulphur Dioxide (SO2) is 18.99 pg/m?® under the NEQ(E)G standard
guidelines. The highest result of SO is 32.5 g/m3 at around 11:00 AM and 12:00 PM, but
they are still relevant to the guidelines. During peak hours, there were vehicular passing
through on the roads near the monitoring station occasionally in day time.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO.) are not exceeding the guideline values of NEQ(E)
Guidelines as shown in Table 4-21.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.9.2. Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 23" to 24™ October, 2022.

Wind speed and wind direction’s average values of project area is 0.26 m/s and
203.96° (SE/SW) respectively. The wind is generally blowing from the South East to South
West direction. The result of the analyzed wind speed and wind speed is shown in Figure
4-71.
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4.7.10. Air Quality Measurements of Myahinthar Village in Dry
Season

The air quality measurement for Myahinthar Village is located near Amarapura
Urban Development Project Site and the exact location is at North Latitude 21°53'37.82" and
East Longitude 96°01'7.40" on 4" to 5" March, 2023. The outdoor air quality monitoring
points map and field photos of Myahinthar Village is as shown in Figure 4-72.

The OCEANUS-AQMO09 Air Quality Measurement

Figure 4-72 Air Quality Monitoring Photos at Myahinthar Village

4.7.10.1. Result of the Study

These measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines at Myahinthar Village which is around 5
kilometers from the project site. The measured parameters are Particulate Matters (PM1o and
PM2s5) and gases Carbon monoxide (CO), Carbon dioxide (CO2), Ozone (Oz), Sulphur
dioxide (SO3), Nitrogen dioxide (NO2), VOC, Total suspended particulate (TSP), Wind speed
(WS), Wind direction (WD), Relative humidity (RH) and Temperature for outdoor air
quality. Both results of the study and guidelines are as shown in Table 4-22.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-73 and Figure 4-74 respectively.
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Table 4-22 Air Quality Monitoring Results at Myahinthar Village (3" to 4" March,

2023)
NEQE*
No. | Parameter Measurjement Result | Unit Aver_age Guideline Remark
Period Period value
Particulate 3
1Y *2
1|  Matter 24-Hour | 5617 | pg/m?® ear | "20[gim™ | - Above the
(PMy) 24 | Hour | *50 ug/m® | Guideline
Particulate 1 | Year | *10 ug/m® | Above the
2 Matter 24-Hour 38.08 | pg/m?® o
(PM>2) 24 | Hour | *25 ug/m*® | Guideline
Total
g | Suspended |, 00 | 8543 | pgim® | 24Hours | NG i
Particulate '
(TSP)
Sulphur . *500 o
L 10 | Mins
4| Dioxide 24-Hour 18.65 | pg/m? pg/m? VC\;/'t.Zml.the
(SO») 24 | Hour %20 pg/m? uideline
Nitrogen 1 | year | 40 pg/m? -
5 Dioxide 1-Hour 4530 | pg/md 1 | Hour *200 V(;/lljtify;itr?:
(NO2) pg/m3
8 Hour «100
6 | Ozone (Os) 8-Hour 82.38 | pg/m?® daily m? -
maximum H9
Carbon
7 | Monoxide 24-Hour 0.61 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 33171 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.26 ppm - NG -
(VOC)
10| Relative 24-Hour | 40.78 | RH% . NG .
humidity
11 | Temperature 24-Hour 31.37 °C - NG -
12 | Wind Speed 24-Hour 0.11 m/s - NG -
13| Wind 24-Hour | 186.10 | Degree i NG i
Direction

*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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According to the air quality analysis, the ambient air parameters are within the
guidelines of National Environmental Quality (Emission) Guidelines in the study area expect
PM parameters. The 24-hour average result of particulate matter (PM1o and PM3s) are 56.17
pg/m?® and 38.08 pg/m?3 respectively that exceeded the guidelines. Sulphur Dioxide (SOy) is
18.99 pg/m? under the NEQ(E)G standard guidelines. The highest result of SO is 34.20
pg/m? at around 07:00 AM and 09:00 AM as shown in demonstration graph, but they are still
relevant to the guidelines. During peak hours, there were vehicular passing through on the
roads near the monitoring station occasionally in day time.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO.) are not exceeding the guideline values of NEQ(E)
Guidelines as shown in Table 4-22.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.10.2.Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 4" to 5" March, 2023.

Wind speed and wind direction’s average values of project area is 0.11 m/s and
186.10° (SE/SW) respectively. The wind is generally blowing from the South East to South
West direction. direction. The result of the analyzed wind speed and wind speed is shown in
Figure 4-75.
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4.7.11. Air Quality Measurements of Warchat Village in Wet Season

The air quality measurement for Warchat village is located near their project site and
the exact location is at North Latitude 21°55'38.28" and East Longitude 96°01'2.11" on 24™
to 25" October, 2022. The outdoor air quality monitoring points map and field photos of
Warchat Village is as shown in Figure 4-76.

The OCEANUS-AQMO09 Air Quality Measurement

Figure 4-76 Air Quality Monitoring Photos at Warchat Village

4.7.11.1.Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement at
Warchat Village which is around 5 kilometers from the project site. The measured parameters
are Particulate Matters (PM1o and PM25) and gases Carbon monoxide (CO), Carbon dioxide
(CO2), Ozone (0O3), Sulphur dioxide (SO2), Nitrogen dioxide (NO2), VOC, Total suspended
particulate (TSP), Wind speed (WS), Wind direction (WD), Relative humidity (RH) and
Temperature for outdoor air quality. Both results of the study and guidelines are as shown in
Table 4-23.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-77 and Figure 4-78 respectively.
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Table 4-23 Air Quality Monitoring Results at Warchat Village (24™ to 25t
October, 2022)
NEQE*
No. | Parameter Measurement Result | Unit Aver_age Guideline Remark
Period Period v
alue
Particulate 3 -
1 | Year | *20 pg/m
1 Matter 24-Hour 9.23 | pg/m? N M9 \ Wlt_rynl_the
(PMy) 24 | Hour | *50 pg/m Guideline
Particulate 1 | Year | *10 pg/m® | Within the
2 Matter 24-Hour 4.49 | pg/md N \ .
(PM,2) 24 | Hour | *25 ug/m Guideline
Total
Suspended 3
3 Particulate 24-Hour 19.07 | pg/m 24 Hours NG -
(TSP)
Sulphur - *500 L
S 10 | Mins
4| Dioxide 24-Hour | 17.94 | pg/m? ug/m® \g"t.zml_the
(SO2) 24 | Hour %20 pg/m® uideline
Nitrogen 1 | Year *40 pg/m?® -
5 Dioxide 1-Hour 16.6 | pg/m? *200 V(;/'t.zml.the
(NOz) 1 Hour ug/m3 uideline
8 Hour «100
6 | Ozone (O3) 8-Hour 18.93 | pg/m?® daily m3 -
maximum HY
Carbon
7 | Monoxide 24-Hour 0.08 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 320.96 | ppm - NG -
(CO2)
Volatile
Organic
9 Compound 24-Hour 0.13 ppm - NG -
(VOC)
10| Relative 24-Hour | 6491 | RH% . NG -
humidity
11 | Temperature 24-Hour 30.11 °C - NG -
12 | Wind Speed 24-Hour 0.25 m/s - NG -
13 qu 24-Hour 195 | Degree - NG -
Direction
*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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Demonstration Graph of Warchat Village (PM2.5 And PM10)
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According to the air quality analysis, the ambient air parameters are within the
guidelines of the National Environmental Quality (Emission) Guidelines at Warchat Village.
The 24-hour average result of particulate matter (PM1o and PM2s) are 9.23 pg/m? and 4.49
ug/m? respectively and Sulphur Dioxide (SO2) is 17.94 pg/m?® under the NEQ(E)G standard
guidelines. The highest result of SO, is 51.00 pg/m? at around 04:00 PM and 07:00 PM as
shown in demonstration graph, but they are still relevant to the guidelines.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO.) are not exceeding the guideline values of NEQ(E)
Guidelines as shown in Table 4-23.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.11.2.Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 24" to 25" October, 2022.

Wind speed and wind direction’s average values of project area is 0.25 m/s and 195°
(SE/SW) respectively. The wind is generally blowing from the South East to South West
direction. The result of the analyzed wind speed and wind speed is shown in Figure 4-79.
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4.7.12. Air Quality Measurements of Warchat Village in Dry Season

The air quality measurement for Warchat village is located near their project site and
the exact location is at North Latitude 21°55'38.28" and East Longitude 96°01'2.11" on 5" to
6" March, 2023. The outdoor air quality monitoring points map and field photos of Warchat
Village is as shown in Figure 4-80.

Figure 4-80 Air Quality Monitoring Photos at Warchat Village

4.7.12.1.Result of the Study

The measurements were made in accordance with the guidelines of National
Environmental Quality (Emission) Guidelines and conducted 24-hour measurement at
Warchat Village which is around 5 kilometers from the project site. The measured parameters
are Particulate Matters (PM1o and PM25) and gases Carbon monoxide (CO), Carbon dioxide
(CO»), Ozone (O3z), Sulphur dioxide (SO2), Nitrogen dioxide (NO2), VOC, Total suspended
particulate (TSP), Wind speed (WS), Wind direction (WD), Relative humidity (RH) and
Temperature for outdoor air quality. Both results of the study and guidelines are as shown in
Table 4-24.

Result of the demonstration graph of particulate matters (PMio and PM2s) and
Sulphur dioxide (SO>) are shown in Figure 4-81 and Figure 4-82 respectively.
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Table 4-24 Air Quality Monitoring Results at Warchat Village (5™ to 61" March,
2023)
NEQE*
No. | Parameter Measur_ement Result | Unit Aver_age Guideline | Remark
Period Period
Value
Particulate , | 1| Year | *20 ug/m® | Within the
1 Matter (PMo) 24-Hour 10.16 | ug/m 24 | Hour | *50 pg/m® | Guideline
Particulate , | 1| Year | *10 ug/m® | Within the
2 Matter (PMzs) 24-Hour 5.82 | pg/m 24 | Hour | *25 pg/m® | Guideline
Total
Suspended 3
3 Particulate 24-Hour 15.86 | pg/m* | 24 Hours NG -
(TSP)
Sulphur 10 | Mins +500 Within the
7 - 3 /m?3 o
4 Dioxide (SO) 24-Hour 1105 | Hg/m 24 | Hour ~ ; | Guideline
*20 pg/m
Nitrogen 1 | Year *40 pg/m?® .
5|  Dioxide 1-Hour | 1359 | pgm® | | |\ %200 \gm’;f:ee
(Noz) our I.J.g/m3
8 Hour «100
6 | Ozone (O3) 8-Hour 15.55 | pg/m?® daily m? -
maximum HY
Carbon
7 Monoxide 24-Hour 0.11 ppm - NG -
(CO)
Carbon
8 Dioxide 24-Hour 337.89 | ppm - NG -
(COy)
Volatile
Organic
9 Compound 24-Hour 0.24 ppm - NG -
(VOC)
10| Relative 24-Hour | 63.40 | RH% . NG .
humidity
11 | Temperature 24-Hour 29.07 °C - NG -
12 | Wind Speed 24-Hour 0.18 m/s - NG -
13 .qu 24-Hour 194.47 | Degree - NG -
Direction
*National Environmental Quality (Emission) Guidelines (2015)
NG=No Guideline
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According to the air quality analysis, the ambient air parameters are within the
guidelines of the National Environmental Quality (Emission) Guidelines at Warchat Village.
The 24-hour average result of particulate matter (PM1o and PMz5s) are 10.16 pg/m?® and 5.82
ug/m? respectively and Sulphur Dioxide (SO2) is 11.05 pg/m?® under the NEQ(E)G standard
guidelines. The highest result of SO, is 30.23 pg/m? at around 05:00 PM and 06:00 PM as
described in demonstration graph, but the average results are still relevant to the guidelines.

Based on the findings, both 8-hour daily maximum result of Ozone (O3) and 1-hour
average result of Nitrogen dioxide (NO.) are not exceeding the guideline values of NEQ(E)
Guidelines as shown in Table 4-24.

The potential impacts of air quality are assessed in the CHAPTER (5) and its related
mitigation measures are also described.

4.7.12.2.Wind Speed and Wind Direction

Wind is an integral part of the thermodynamic mechanism of the atmosphere by
which cloud, heat, moisture, and particles are carried from one place to another. The
exchange of pollutants and other environmentally important trace gases are also affected by
wind speed and wind direction. The data are collected by using OCEANUS-AQMAOQ9 inside
the project area. The observation period is from 5 to 6" March, 2023.

Wind speed and wind direction’s average values of the study area is 0.18 m/s and
195° (S/SW) respectively. The wind is generally blowing from the South East-to-South West
direction. The result of the analyzed wind speed and wind speed is shown in Figure 4-83.

Hexagonal Angle International Consultants Company Limited Page 4-128



96°0Q"00"E 96°0('36"E i 96°0224"E

Date Period
Start Date:05.03.2023
End Date:)6.03.2023

Wind Rose Plot Location
{21°55'38.28"N, 96° 1'2.11"E)

21°57"11"N
21°57'11°N

Total Count Avg Wind Speed
24 [Ir 018 mis

Display: Wind Speed Direction
(blowing from Southeast and Southwest)

21°53"35°N 21°54'11"N 21°54'47"N 21°55'23"N 21°5559"N

21°52'59"N

Legend
Wind Speed and Wind Direction(m/s)
I >=05
[Joi-02
— ] o02-03
I 03-04
[ o04-05

- Project Location Area

21°52°23"N

96°00'36"E

Figure 4-83 Wind Speed and Wind Direction of Warchat Village

Hexagonal Angle International Consultants Company Limited Page 4-129



4.7.13. Water Quality Monitoring in Wet Season

The water quality data in the project area is collected and analyzed, focusing on
physical, biological and chemical contamination. The objectives of water quality for water
quality survey for project area is to investigate the seasonal change of water quality and to
confirm water quality whether it is suitable for domestic water supply. Surface water and
groundwater may be impacted by the project due to solid waste and liquid waste released
from the project. Water samplings are made at Ayeyarwady Rivers and existing tube wells.
The water samples are sent to the laboratory for measuring the water quality parameters.

4.7.13.1.Method and Methodology for Collection of Surface Water and Groundwater

The process of collecting sample water in the project area was carried out from five
locations for surface water and two locations for groundwater on 25™ October, 2022 and sent
to the laboratory. When collecting samples, the operator wears gloves and rinse the bottle and
cap for three times with sample water. And collected (2) Liter of sample water as its will be
tested for BOD, COD, Iron, Oil and Grease, pH, Free Chlorine, Total Phosphorus, Total
Suspended Solid, Total Dissolved Solid, Hardness, Total Nitrogen, Conductivity, Turbidity,
Color, Temperature, Arsenic, Dissolved Oxygen, Lead and Total Coliform. After collection,
place the samples into cooler box with ice and immediately deliver to the laboratory within
(24) hour. The results are compared with National Drinking Water Quality Standards of
Myanmar (2019), NEQ(E)G Guideline Value and TCVN 5942: 1995 Surface Water Quality
Standards (Vietnam).

In addition, on-site water quality measurement of the tube well water and surface
water on river bank was measured with the Hanna instrument (HI98129) within the project
area and measuring temperature, pH, EC (Electric Conductivity) and TDS (Total Dissolved
Solids).

Water quality sample collected locations are shown in Table 4-25, Table 4-26,
Figure 4-85 and water collection photos are shown in Figure 4-84. The laboratory test result
is attached in Appendix D.

Table 4-25 Water Sample Collection Points

GPS .
Type L ocation Location Method Parameters Date
o " Downstream of BOD, COD, Iron,
Surface Water-1 21053.39'49,.'\' Ayeyarwaddy Qil and Grease
96°00'13.72"E . !
River pH, Free Chlorine,

Collect Total Phosphorus, o5t

N " Ayeyarwadd
21°55'18.37"N Yey y Total Suspended October

Surface Water-2 River beside Samples and

96°01'33.96"E Project Area Send to Lab .SO”d’ Total. 2022
Dissolved Solid,
o " Upstream of Hardness, Total
Surface Water-3 21 ? 7 47'38., N Ayeyarwaddy Nitrogen,
96°2'59.03"E . C.
River Conductivity,
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GPS

Type L : Location Method Parameters Date
ocation
¢ 21°55'44.98"N | Lake, Chan Mya Temperature,
Surface Water-4 | 9603:36.04" | Thar Si Arsenic, Dissolved
Township Oxygen, Lead,
T = Total Coliform
oE gt " aung Thaman
21°54'21.93"N
Surface Water-5 96°03'31 66" Inn, Amara_pura
Township
Yangon- pH, Iron, Oil and
Mandalay Grease, Total
op At " Circular Road, Phosphorus, Total
Groundwater (1) éé%ﬁgg;gg Shan Kalay Suspended Solid,
' Village, Total Dissolved
Amarapura Solid, Hardness,
Township Total Nitrogen,
Conductivity,
Staff Turbidity, Color,
Groundwater (2) 21°56'20.22"N | Accommodation Temperature,
96°03'15.66"E | in the Project Avrsenic, Dissolved
Area Oxygen, Lead,
Total Coliform
Table 4-26 On-site Water Quality Measurement Points
Type GPS Location Location Method Parameters Date
Aung Thar
Groundwater-1 | 21°54'46.78"N Fuel Station
(400 ft) 96°02'32.31"E near Project
Area
Mandalay On-site
Groundwater-2 | 21°56'20.221"N Business Water Temperature. pH 25t
(375 ft) 96°03'15.602"E Capital City . P  PH, October,
, Quality EC and TDS
Project Area 2022
Measurement
River Bank of
CEAIAQ QN Mandalay
Surface Water é(lygigggg Business
' Capital City

Project Area
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Collection of Surface Water

-

On-site Water Quality Measurement

Figure 4-84 Water Sample Collection Photos
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(21°54'45.49"N, 96° 2'32.26"E)

. 2 -> Ground Water Quality Monitoring Point 2
(21°56'20.22"N, 96° 3'15.66"E)

1 -> Surface Water Quality Monitoring Point 1
(21°53'39.49"N, 96° 0'13.72"E)

2 -> Surface Water Quality Monitoring Point 2
(21°55'18.37"N, 96° 1'33.96"E)

3 -> Surface Water Quality Monitoring Point 3
(21°57'47.38"N, 96° 2'59.03"E)

4 -> Surface Water Quality Monitoring Point 4
(21°55'44.98"N, 96° 3'36.04"E)

5 -> Surface Water Quality Monitoring Point 5
(21°54'21.93"N, 96° 3'31.66"E)
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) roject Area
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Figure 4-85
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4.7.13.2.Result of Surface Water Quality

Surface water quality result and groundwater quality result are as shown Table 4-27to Table 4-33.

Table 4-27 Result of Surface Water Quality (1)
Result of National Drinking TCVN 5942 : 1995
5 . Water Quality NEQ(E)G Guideline Surface Water
N FEIEIMELET Surface1Water S Standards of Value? Quality Standards
Myanmar (2019) ! (Vietnam)
1 pH 7.8 S.U 6.5-8.5 6-9 55-9
2 Temperature 27 °C - <3 -
3 Color 367 HU <15 NG -
4 Turbidity 46 FAU <5 - -
5 Total Dissolved Solid 52 mg/L <1000 - >2
6 Total Suspended Solid 43 mg/L - <50 mg/L 80
7 Conductivity 0.1 mS/cm <25 NG -
8 Hardness 27 mg/L <500 NG -
9 Dissolved Oxygen 59 mg/L - NG -
10 Biochemical Oxygen 12 mg/L - 50 mg/L <25
Demand
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National Drinking

TCVN 5942 : 1995

Result of . -
5 . Water Quality NEQ(E)G Guideline Surface Water
A L Surface1Water 1l Standards of Value? Quality Standards
Myanmar (2019) * (Vietnam)
Chemical Oxygen
11 Demand 32 mg/L - 250 mg/L <35
12 Free Chlorine 0.5 mg/L <0.2 0.2 mg/L -
13 Total Phosphorus 0.29 mg/L - 2 mg/L -
14 Arsenic 0.01 mg/L <0.05 0.1 mg/L 0.1
15 Iron 1 mg/L <1 3.5 mg/L 2
16 Lead ND mg/L <0.01 0.1 mg/L 0.1
17 Oil & Grease 6 mg/L - 10 mg/L 0.3
18 Total Nitrogen <05 mg/L - 10 mg/L -
19 Total Coliform >1100 MPN/100ml - 400 10000
! National Drinking Water Quality Standard of Myanmar, 2019
2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)
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Table 4-28 Result of Surface Water Quality (2)
National Drinking .
Result of Surface . Water Quality NEQ(E)G Guideline LCWTEen2 . 1995.
No. Parameter Unit 2 Surface Water Quality
Water-2 Standards of Myanmar Value .
2 Standards (Vietnam)
(2019)

1 pH 7.6 S.uU 6.5-8.5 6-9 55-9

2 Temperature 27 °C - <3 -

3 Color 1105 HU <15 NG -

4 Turbidity 201 FAU <5 - -

Total Dissolved
5 Solid 50 mg/L <1000 - >2
g | rotal Suspended 160 mg/L i <50 mg/L 80
Solid

7 Conductivity 0.09 mS/cm <25 NG -

8 Hardness 26 mg/L <500 NG -

9 Dissolved Oxygen 7.7 mg/L - NG -

Biochemical
10 Oxygen Demand 8 mg/L - 50 mg/L <25
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995

No. Parameter Water-2 Unit Standards of Myanmar Value? Surface Water_ Quality
2 Standards (Vietnam)
(2019)
17 | Chemical Oxygen <30 mg/L . 250 mg/L <35
Demand

12 Free Chlorine 0.33 mg/L <0.2 0.2 mg/L -

13 Total Phosphorus <0.02 mg/L - 2 mg/L -

14 Arsenic 0.02 mg/L <0.05 0.1 mg/L 0.1

15 Iron 1.6 mg/L <1 3.5mg/L 2

16 Lead 0.2 mg/L <0.01 0.1 mg/L 0.1

17 Oil & Grease 5 mg/L - 10 mg/L 0.3
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995

No. Parameter Water-2 Unit Standards of Myanmar Value? Surface Water_ Quality
2 Standards (Vietnam)
(2019)
18 Total Nitrogen <05 mg/L - 10 mg/L -
19 Total Coliform >1100 MPN/100ml - 400 10000

! National Drinking Water Quality Standard of Myanmar, 2019

2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)

Table 4-29 Result of Surface Water Quality (3)
National Drinking TCVN 5942 : 1995
No Parameter Result of Surface Unit Water Quality NEQ(E)G Guideline Surface Water
' Water-3 Standards of Myanmar Value? Quality Standards
(2019)* (Vietnam)
1 pH 75 S.uU 6.5-8.5 6-9 55-9
2 Temperature 28 °C - <3 -
3 Color 426 HU <15 NG -
4 Turbidity 80 FAU <5 - -
Total Dissolved
5 Solid 50 mg/L <1000 - >2
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A L Water-3 Il Standards of Myanmar Value? Quality Standards
(2019) * (Vietnam)
Total Suspended
6 Solid 79 mg/L - <50 mg/L 80
7 Conductivity 0.09 mS/cm <25 NG -
8 Hardness 27 mg/L <500 NG -
9 Dissolved Oxygen 7.1 mg/L - NG -
Biochemical
10 Oxygen Demand 14 mg/L - 50 mg/L <25
17 | Chemical Oxygen 36 mg/L ; 250 mg/L <35
Demand
12 Free Chlorine 0.19 mg/L <0.2 0.2 mg/L -
13 Total Phosphorus 0.21 mg/L - 2 mg/L -
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A L Water-3 Il Standards of Myanmar Value? Quality Standards
(2019) * (Vietnam)
14 Arsenic 0.01 mg/L <0.05 0.1 mg/L 0.1
15 Iron 1.2 mg/L <1 3.5mg/L 2
16 Lead 0.1 mg/L <0.01 0.1 mg/L 0.1
17 Oil & Grease 7 mg/L - 10 mg/L 0.3
18 Total Nitrogen <05 mg/L - 10 mg/L -
19 Total Coliform >1100 MPN/100ml - 400 10000
! National Drinking Water Quality Standard of Myanmar, 2019
2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)
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Table 4-30 Result of Surface Water Quality (4)
National Drinking TCVN 5942 : 1995
No Parameter Result of Surface Unit Water Quality NEQ(E)G Guideline Surface Water
' Water-4 Standards of Myanmar Value? Quality Standards
(2019) * (Vietnam)
1 pH 8.3 S.U 6.5-8.5 6-9 55-9
2 Temperature 28 °C - <3 -
3 Color 112 HU <15 NG -
4 Turbidity 16 FAU <5 - -
5 Total Dls_solved 358 mg/L <1000 - >)
Solid
g | Total Suspended 14 mg/L - <50 mg/L 80
Solid
7 Conductivity 0.6 mS/cm <25 NG -
8 Hardness 137 mg/L <500 NG -
9 Dissolved 4 mg/L - NG -
Oxygen
10 Biochemical 12 mg/L - 50 mg/L <25
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A0 FELENLEE Water-4 Il Standards of Myanmar Value? Quality Standards
(2019) * (Vietnam)
Oxygen Demand
11 | Chemical Oxygen <30 mg/L i 250 mg/L <35
Demand

12 Free Chlorine 0.26 mg/L <0.2 0.2 mg/L -

13 Total Phosphorus 0.43 mg/L - 2mg/L -

14 Arsenic 0.01 mg/L <0.05 0.1 mg/L 0.1

15 Iron 0.8 mg/L <1 3.5 mg/L 2

16 Lead ND mg/L <0.01 0.1 mg/L 0.1

17 Oil & Grease 4 mg/L - 10 mg/L 0.3
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A0 FELENLEE Water-4 Il Standards of Myanmar Value? Quality Standards
(2019) * (Vietnam)

18 Total Nitrogen <05 mg/L - 10 mg/L -

19 Total Coliform >1100 MPN/100ml - 400 10000

! National Drinking Water Quality Standard of Myanmar, 2019

2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)

Table 4-31 Result of Surface Water Quality (5)
National Drinking TCVN 5942 : 1995
No Parameter Result of Surface Unit Water Quality NEQ(E)G Guideline Surface Water
' Water-5 Standards of Myanmar Value? Quality Standards
(2019) ! (Vietnam)
1 pH 7.3 S.uU 6.5-8.5 6-9 55-9
2 Temperature 28 °C - <3 -
3 Color 174 HU <15 NG -
4 Turbidity 17 FAU <5 - -
5 Total D|§solved 276 mg/L <1000 - >2
Solid
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A0 FELENLEE Water-5 Il Standards of Myanmar Value? Quality Standards
(2019) ! (Vietnam)
Total Suspended
6 Solid 16 mg/L - <50 mg/L 80
7 Conductivity 0.5 mS/cm <25 NG -
8 Hardness 141 mg/L <500 NG -
9 Dissolved 05 m/L i NG i
Oxygen
Biochemical
10 Oxygen Demand 12 mg/L - 50 mg/L <25
11 Chemical Oxygen 32 mg/L - 250 mg/L <35
Demand
12 Free Chlorine 0.03 mg/L <0.2 0.2 mg/L -
13 Total Phosphorus 0.6 mg/L - 2 mg/L -
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Result of Surface

National Drinking
Water Quality

NEQ(E)G Guideline

TCVN 5942 : 1995
Surface Water

A0 FELENLEE Water-5 Il Standards of Myanmar Value? Quality Standards
(2019) ! (Vietnam)
14 Arsenic 0.01 mg/L <0.05 0.1 mg/L 0.1
15 Iron 0.9 mg/L <1 3.5 mg/L 2
16 Lead 0.1 mg/L <0.01 0.1 mg/L 0.1
17 Oil & Grease 6 mg/L - 10 mg/L 0.3
18 Total Nitrogen 15 mg/L - 10 mg/L -
19 Total Coliform >1100 MPN/100ml - 400 10000
! National Drinking Water Quality Standard of Myanmar, 2019
2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)
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Table 4-32

Groundwater Quality Monitoring Results (Groundwater Point-1)

National Drinking

Groundwater . Water Quality S 2
No. Parameter Result (1) Unit Standards of Myanmar NEQ(E)G Guideline Value Remark
(2019) !
1 pH 8.1 S.U 6.5-8.5 6-9 Normal
2 Temperature 26 °C - <3 Normal
3 Color 19 HU <15 NG Above the limit
4 Turbidity <5 FAU <5 - Clear
5 Total Dissolved 455 mg/L <1000 - Normal
Solid
6 Total gglsipéended 1 mg/L - 0.2 mg/L Above the limit
7 Conductivity 0.9 mS/cm <25 2 mg/L Normal
8 Hardness 212 mg/L <500 50 mg/L Normal
9 Dissolved 6.4 ma/L i NG i
Oxygen
10 Total Phosphorus 0.13 mg/L - 2 mg/L Normal
11 Arsenic 0.005 mg/L <0.05 0.1 mg/L Normal
12 Iron 0.6 mg/L <1 3.5 mg/L Normal
13 Lead ND mg/L <0.01 0.1 mg/L LOD=0.1 mg/L
14 Oil & Grease 3 mg/L - 10 mg/L Normal
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National Drinking

Groundwater . Water Quality S 2
No. Parameter Result (1) Unit Standards of Myanmar NEQ(E)G Guideline Value Remark
(2019) !
15 Total Nitrogen 1.2 mg/L - 10 mg/L Normal
16 | Total Coliform 210 MPN/100m| 400 Within the
guideline
I National Drinking Water Quality Standard of Myanmar, 2019
2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)
Table 4-33 Groundwater Quality Monitoring Results (Groundwater Point-2)
National Drinking
Groundwater . Water Quality - )
No. Parameter Result (2) Unit Standards of Myanmar NEQ(E)G Guideline Value Remark
(2019) !
1 pH 8.5 S.U 6.5-8.5 6-9 Normal
2 Temperature 26 °C - <3 Normal
3 Color 5 HU <15 NG Normal
4 Turbidity <5 FAU <5 - Clear
5 Total D'S.SOIVed 128 mg/L <1000 - Normal
Solid
Total Suspended
6 Solid 0 mg/L - 0.2 mg/L -
7 Conductivity 0.2 mS/cm <25 2 mg/L Normal
8 Hardness 23 mg/L <500 50 mg/L Normal
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National Drinking

Groundwater . Water Quality - )
No. Parameter Result (2) Unit Standards of Myanmar NEQ(E)G Guideline Value Remark
(2019) !
9 Dissolved Oxygen 6.7 mg/L - NG -
10 Total Phosphorus 0.22 mg/L - 2 mg/L Normal
11 Arsenic 0.005 mg/L <0.05 0.1 mg/L Normal
12 Iron 0.5 mg/L <1 3.5mg/L Normal
13 Lead ND mg/L <0.01 0.1 mg/L LOD=0.1 mg/L
14 Oil & Grease 3 mg/L - 10 mg/L Normal
15 Total Nitrogen 0.8 mg/L - 10 mg/L Normal
16 Total Coliform 1100 MPN/100ml 400 Above the limit

! National Drinking Water Quality Standard of Myanmar, 2019

2 National Environmental Quality (Emission) Guideline-Wastewater, Storm Water Runoff, Effluent and Sanitary Discharges (General Application)
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For on-site measurement, Hanna instrument water quality meter was used for the
measurement of the parameters as mentioned in the table below.

Table 4-34  Water Quality Result of On-site Measurement with Hanna instrument

(H198129)
Onsite Onsite Onsite
Groundwate | Groundwate Surface WHO
r Quality r Quality Water . o
No | Parameter Result on Result on Quality Unit Gl;lc;jeBHI;]e Remark
Project Area | Project Area Result (2018)
(1) ) ©)
Within
1. pH 7.7 8.185 7.76 - 6.5-8.5 the
guideline
Within
2. TDS 482 123 48 ppm | 1000 mg/l the
guideline
) Within
3, | Electric 966 247 97 uSfe | 2500 the
conductivity m pS/cm -
guideline
Above the
4. | Temperature 31.1 29.35 28 °C 25°C S
guideline

World Health Organiation (2018)

4.7.14. Water Quality Monitoring in Dry Season

The 1% time water quality results are used as background data comparing with the
second time results to access the water quality changes of the project area. The 1% time result
was conducted in October 2022 and the results represent for the rainy season. The 2" time
result represents the dry season data. The 3™ time water monitoring was conducted in 1%
February, 2024.

4.7.14.1. Method and Methodology for Collection of Surface Water and Groundwater

The process of collecting sample water in the project area was carried out from five
locations for surface water and two locations for groundwater on 2" March, 2023 and sent to
the laboratory. When collecting samples, the operator wears gloves and rinse the bottle and
cap for three times with sample water. And collected (2) Liter of sample water as its will be
tested for BOD, COD, Iron, Oil and Grease, pH, Free Chlorine, Total Phosphorus, Total
Suspended Solid, Total Dissolved Solid, Hardness, Total Nitrogen, Conductivity, Turbidity,
Color, Temperature, Arsenic, Dissolved Oxygen, Lead and Total Coliform. After collection,
place the samples into cooler box with ice and immediately deliver to the laboratory within
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(24) hour. The results are compared with National Drinking Water Quality Standards of
Myanmar (2019) and NEQ(E)G Guideline Value. Water samples were collected at five
places in the project area. the water samples are sent to the lab.

In 3™ time water monitoring, the surface water samples are tested for Ammonia (as
N), Chromium (Hexa), Chromium (Tri), Copper, Cyanide, Manganese, Flouride, Mercury,
Nikkel, Nitrate (as N), Nitrite (as N), Phenol compounds and Zinc to compare with TCVN
5942: 1995 Surface Water Quality Standards (Vietnam). The ground water was also
tested for Fecal Coliform, Manganese, Chloride, Sulphate and Nitrate. And ground water is
also tested for Fecal Coliform, Manganese, Chloride, Sulphate, Nitrate to compare with
National Drinking Water Quality Standards of Myanmar (2019).

In addition, on-site water quality measurement of the tube well water and surface
water on river bank was measured with the Hanna instrument (HI98129) within the project
area and measuring temperature, pH, EC (Electric Conductivity) and TDS (Total Dissolved
Solids).

Water quality sample collected location are shown in Table 4-35, Table 4-36 and
water collection photos are shown in Figure 4-86. The laboratory test result is attached in
Appendix D.
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Table 4-35 Water Sample Collection Points
GPS .
Type L - Location Method Parameters Date
ocation
Downstream of
21°53'39.49"N
Surface Water-1 | 95000113, 72"E Aye}’ﬁrwaddy BOD, COD, Iron,
iver .
Oil and Grease,
P " Ayeyarwaddy pH, Free Chlorine,
Surface Water-2 é;giégggg River beside Total Phosphorus,
' Project Area Total Suspended
Upstream of _Solid, Total_
Surface Water-3 21°57'47.38"N Ayeyarwaddy Dissolved Solid,
96°2'59.03"E . Hardness, Total
River .
Nitrogen,
Kandaw Gyi Conductivity,
Surface Water-4 21°55'44.98"N Lake, Chan_ Turbidity, Color,
96°03'36.04"E Mya Thar Si Temperature,
Township Arsenic, Dissolved y
Taung Thaman | g Co:lect d Oxygen, I__ead, M2 h
Surface Water-5 21°54'21.93"N Inn, Amarapura ampes & Total Coliform el
96°03'31.66"E ' . Send to Lab 2023
Township
Yangon- pH, Iron, Oil and
Mandalay Grease, Total
ot " Circular Road, Phosphorus, Total
Groundwater (1) é;ggigéég Shan Kalay Suspended Solid,
' Village, Total Dissolved
Amarapura Solid, Hardness,
Township Total Nitrogen,
Conductivity,
Staff Turbidity, Color,
Groundwater (2) | 21544549 | Accommodation Temperature,
96°02'32.26"E | in the Project Avrsenic, D