THE REPUBLIC OF THE UNION OF MYANMAR
YANGON CITY DEVELOPMENT COMMITTEE (YCDC)

THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR
SEWERAGE SYSTEM DEVELOPMENT IN
YANGON CITY

FINAL REPORT

FEBRUARY 2019

Japan International Cooperation Agency (JICA)

Nippon Koei Co., Ltd. (NK) 1R
JR
19-015




THE REPUBLIC OF THE UNION OF MYANMAR
YANGON CITY DEVELOPMENT COMMITTEE (YCDC)

THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR
SEWERAGE SYSTEM DEVELOPMENT IN
YANGON CITY

FINAL REPORT

FEBRUARY 2019

Japan International Cooperation Agency (JICA)

Nippon Koei Co., Ltd. (NK)



Exchange Rate (May 2018)
JPY/USD =110
MMK/USD = 1,320
JPY/MMK = 0.0833




DIFINITION OF THE STUDY AREA

Administrative Boundary Township Group Township Name Sewerage Zone The Study Area
Latha W1 v
Lanmadaw W1 v
Pabedan Cl v
CBD Kyauktada Cl v
Botahtaung Cl v
Pazundaung Cl v
Ahlone Wi
Kyee Myin Daing WI1/W2
Sanchaung W1
Dagon Wi V!
Inner Urban Ring Bahan C2/W1
Tarmwe C2
Mingalar Taung Nyunt C2
Seikkan
Dawbon E3
Kamaryut W1/W2
Yangon City . Hlaing w2
Outer Ring Yankin 2
Thingangyun C2
Mayangone C2/W2
Northern Suburbs Insein N1
Yangon Mingalardon N2
Region North Okkalapa El
Older Suburbs South Okkalapa C2
Thaketa E3
Dala S1
South of CBD Seikgy ikhanaungto W3
Shwe Pyi Thar N3
Hlaing Tharyar w4
North Dagon El
New Suburbs South Dagon E3
East Dagon E2
Dagon Seikkan E4
Kyauktan
Thanlyin
Hlegu
Hmawbi
Htantabin
Outside of Yangon City Twantay
Taikkyi
Kawhmu
Kungyangon
Kayan
Thongwa

1: Part of Dagon township is included in the study area

Source: JICA Study Team
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CHAPTER 1 INTRODUCTION

1.1 Background of the Study

Yangon City, the former capital city of the Republic of the Union of Myanmar, consists of 33
townships with a population of 5.21 million in 2014. The city is the economic center of the country.
A volume of sewerage generation (human waste water, domestic waste water and industrial waste
water) in the whole city was estimated to be 500,000 m® approximately as of 2011. The Central
Business District, hereinafter referred to as CBD area, has a quarter million of people and

generates about 55,000 m*/day of sewage.

Currently the existing sewerage service area is limited within the CBD consisting of six townships
out of 33 townships In British colonial era, the existing sewerage pipes for collection and disposal
of human waste had been firstly constructed downtown in the 1880s, which is located in the
southern part of the city covering about 9 km® service area and was expanded in 1929. A
wastewater treatment plant was constructed in 2005 with a design capacity of 14,775 m*/day. This

existing sewerage service area is called the C1 area in the Study.

However, the sewerage service area has not been expanded yet. In addition, the existing sewerage
pipes suffer from the problems such as water leakage due to the deteriorated old pipes, and failures
of pressure pumps frequently identified. Therefore, the sewage influent volume to the wastewater
treatment plant is currently 630 m*/day, which is only about 4% of the design capacity of the
existing wastewater treatment plant . In remaining 27 townships, 80% of human waste (black
water) is treated by septic tanks and 15% is discharged to the existing storm water drainage pipes
without any treatment. As domestic wastewater (grey water) and industrial wastewater are also
discharged to storm water drainage pipes, water quality of rivers and lakes in the city has
consequently deteriorated. Moreover, during the rainy season, the overflow of floodwaters
including human waste from storm water drainages makes the sanitary condition worsened. In
addition, the water supply system in the CBD will be developed (water supply amount upto 86,000
m®/day) in the Greater Yangon Water Supply Improvement Project (Phase II) (Yen loan, Loan
agreement signed in 2017) financed by the Japanese official development assistance (ODA) with
the loan agreement (L/A) dated January 2017. The supply area will be expanded and water supply
will improve thus accordingly, sewage volume will also be increased. The current situation of
wastewater treatment not only brings forth deteriorating living conditions but also involves

potential health risks.

Under the circumstances mentioned above, the development of sewerage systems in Yangon City

is urgently required for the improvement of the level of sewerage services and living conditions.

In the past, the Japan International Cooperation Agency (JICA) implemented the development
plan titled “Preparatory Survey for the Improvement of Water Supply, Sewerage and Drainage
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System in Yangon City” in March 2014 (hereinafter called as “JICA MP 2014”). The study was

conducted to prepare a sewerage system development plan targeting the year 2040.

Based on the JICA MP 2014, the Yangon Regional Government (YRG) requested JICA to conduct
this data collection study for sewerage system development in Yangon City (hereinafter referred
to as the “Study”).

1.2 Objectives of the Study

The objectives of the Study is to conduct the preparation of the project for development of the
sewerage system in the priority area in Yangon City by the Japanese ODA in order to contribute

to economic development and to improvement of living environment of the city.

In the process of the Study, results of the following project studies under the Japanese assistance

conducted in the past are referred.

*  Project for the Strategic Urban Development Plan of the Greater Yangon, (JICA, 2013)

*  Preparatory Survey for the Improvement of Water Supply, Sewerage, and Drainage System
in Yangon City (JICA, 2014)

*  Study on the Improvement of Wastewater Treatment in Yangon City (Ministry of Economy,
Trade and Industry, Japan (METI), 2017)

¢ Study on Development of Sewerage System in in Yangon City (Ministry of Land
Infrastructure, Transport and Tourism, Japan (MLIT), 2017)

1.3  Study Area

Figure 1.3.1 shows the location of the study area in Yangon City. The study area targeted is C1
area plus part of W1 area (part of Dagon Township) of Yangon City including six townships within
the city. Pazundaung, Botahtaung, Kyauktada, Pabedan, Latha, Lanmadaw, and Dagon as
shown in Figure 1.3.2 where are the first prioritized to develop the sewerage system agreed with

the Yangon City Development Committee (YCDC) before the commencement of the Study.
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Figure 1.3.1 Location of the Study Area in Yangon City
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Figure 1.3.2 Study Area
1.4 Target Year

The target year for the Study is set as 2040 based on the master plan.
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CHAPTER 2 OUTLINE OF THE STUDY AREA

2.1 Natural and Physical Conditions

2.1.1 Climate
Yangon has a tropical monsoon climate which consists of three seasons as listed below.

»  Summar seaon: From March to middle of May
» Rainy season: From Middle of May to October
» Dry season: From October to February

It has an annual rainfall of 2,840
40 700

mm, an average temperature of 621.2 o,
35 560.6 600
274 °C, a maximum mean

30 500

o —
temperature of 37.6 °C, and % 5 12 E
5 400 E
minimum mean temperature of g 20 =
g 261.4 2418 300 €
17.4°C as shown in Figure 2.1.1. 5 15 &
200
. 10
The difference between the 87 100
5
. 25.4
monthly maximum and monthly , o 26 128 .
minirnum temperatures iS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Rainfall ~e=@== Max. Min.

around 15 degrees from

December to April and around Source: YCDC

1) Temperature:
-Data 2011-2017 Meteorology and Hydrology Department, Kaba-aye
About 95% of the total annual Station, Yangon
2) Rainfall:
- Data 2010-2014: Data Collection Survey Report for Improvement of
Navigation Channel of Yangon Port, 2016, JICA
- Data 2015-2017: Meteorology and Hydrology Department, Kaba-aye
Station, Yangon

10 degrees from June to August.

rainfall occurs during the rainy

season from May to October.

Figure 2.1.1 Climate Condition in Yangon City
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Figure 2.1.2 Annual Average Rainfall Figure 2.1.3 Annual Average Temperature

2.1.2 Topography

Yangon City is situated 34 km inland from the mouth of the Yangon River which traverses parts
of the Ayeyarwady Delta. The relief of the city varies from flat plains to lowland hills in the central
part as shown in Figure 2.1.4. Flat plains are extensive and occur mostly in the eastern and western
parts as wide flat bottoms along the rivers. These flat lands are formed by delta deposits, areas of
which are swampy and almost occupied by paddy fields with elevation between about 3 m (10 ft)

to 6 m (20 ft) above mean sea level.
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Figure 2.1.4 Global Map of the Central District of the Union of Myanmar
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2.1.3 Geology

The geological map of Myanmar is presented
MYANMAR

Dominant Soils

in Figure 2.1.5. The geological structure of the
city is attributed to moderate lowland hills.
The rocks of the tertiary age contain well-
consolidated marine sandstone and shale of

the Pegu Group and semi-consolidated,

continental deltaic, and marginal marine Y ,d’
deposits of the Ayeyarwady Formation. j : g; ?

The synclinal valley west of the Yangon R |

anticlinal ridge is filled with unconsolidated } ) \\

water laid deposits of quaternary age. Delta

sediments consist of sands and gravels, e

remarkably free from clayey materials and lay rintne

upon the eroded surface of Ayeyarwady series. EE . Ef:::;m

Recent alluvium consists of gravels, clay, silt, — :g::g:ilcnak

and laterite. These deposits are widely =n ;RR_-V:;:I:I%W

Country Boundaries

distributed surrounding the main city area.

Source: JICA Urban Plan Study, 2012, and The Geology
of Burma (Myanmar): An Annotated Bibliography of
Burma’s Geology, Geography and Earth Science,
September 2008

2.1.4 Hydrology
Figure 2.1.5  Geological Map of Yangon Area

(D) River

Figure 2.1.6 shows a map which contains the rivers, lakes and reservoirs surrounding Yangon City.
Yangon City lies at the confluence of the Bago River and the Hlaing River. The two rivers
downstream of the confluence is called the Yangon River, which is connected to the Gulf of
Mottama. The Pan Hlaing River and Twantay Canal, which converge and flow downstream the
Yangon River, as well as the Kokkowa River, which connects to the Hlaing River, all obtain its

water from the Ayeyarwady River.

Yangon City has lowland hills at the center, commonly known as the faulty zone ponds with
artificial dams, namely, Kandawgyi Lake, Inya Lake, Hlawga Reservoir, Gyobyu Reservoir, and
Phugyi Reservoir, which used to be or are the main sources of the water supply system for the

Yangon City Development Committee (YCDC).
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Figure 2.1.6 Rivers, Lakes, and Reservoirs Surrounding Yangon City
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2) Tides

The rivers in Yangon City are all tidal rivers. Table 2.1.1 shows available tidal information taken
from the Myanmar Port Authority (MPA). The data in Table 2.1.1 indicates the tidal list in 2018.
The information is based on past observation records at Yangon Port (Sule Pagoda Wharf) and
the river mouth of the Yangon River (Elephant Point). At Yangon Port, the highest high water
level (HHWL) including tidal condition is +6.74 m and mean water level (MWL) is +3.121 m.
Ground elevation is normally assumed as MWL, and the difference between HHWL and MWL
around Yangon Port is approximately + 3.619 m (= HHWL + 6.74 - MWL + 3.121 m) on ground

elevation basis.

Table 2.1.1 Tidal Information in Yangon Port 2018
Items Tidal Height (m) Date Observed
Highest High Water Level (HHWL) +6.74 | September 1899
Mean Water Level (MWL) +3.121 Up to 1936
Lowest Low Water Level at Bo Aung Kyaw Street Wharf -0.24 | December 1902
Indian Spring Low Water Mark +0.338 | -

Source: Myanmar Port Authority (MPA)

Figure 2.1.7 shows the observation points at the Yangon Port and Yangon River.
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- 1. Yangon Port (Sule Pagoda Wharf)
© 2. Bo Aung Kyaw Street Wharf
. 3. River mouth of Yangon River (Elephant Point)
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g

Source: JICA Study Team
Figure 2.1.7 Tidal Observation Point

3) Setting Water Level at Discharge Point of WWTP

1) Study on water level at discharge point of WWTP

The setting of a water level at a point where treated wastewater discharged is one of the essential
factors to decide the level of wastewater treatment facilities. In general, the point where
wastewater flows into a WWTP is lower than the ground level. The lift pump is installed at the
wastewater inflow point and then the wastewater in the treatment plant flows down and is
discharged by gravity. Therefore, the water level of a discharge point serves as the basis for setting

the level of treatment facilities.

The Yangon River, to which the treated water is discharged from

the treatment plant in this study, is a tidal river, with the water level varying from 2.00 m to 3.00

2-7




THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY
FINAL REPORT

m at a maximum due to the influence of tide. In addition, it is affected by climate conditions such
as typhoons. Accordingly, as for the design of the WWTP, HWL is defined considering the past
tide level statistics, and the level of facilities shall be decided by adding some margins so that the

functions can be maintained even when the water level of the discharge point becomes high.

For the WWTP in this study, the facility level is decided considering the HWL of the Yangon
River, which is a discharge destination so as to keep stable treatment even when the water level

of the Yangon River is high.The details are described below.

2) Conversion of tidal level in Yangon River to the ground benchmark (BM)

There are several tidal points in Yangon River. One is the Elephant Point, which is the closest to
the estuary, and the others are Monkey Point and Sule Pagoda, which are located upstream of the
WWTP. HWL of the discharge point for the design shall be based on the observation point of Sule
Pagoda, which is the closest to the WWTP.

The past observation results of the river tide levels show that HHWL is +6.740 m and MWL is
+3.121 m (the mean level since 1936).

The water level is used for the river and different from the ground BM.

Regarding the difference with the ground B.M., it is confirmed from “Myanmar Port Authority
Tide Table 2018 as described in the table below.

Table 2.1.2 Chart Datum Level and Ground Elevation

Monkey Point
Items Elephant Point
(Close to Sule Pagoda)
Chart Datum Level (CDL) +0.00 m N/A
Ground Elevation at CDL+2.979 m CDL+2.814 m
Benchmark (BM)

Source: Myanmar Port Authority Tide Table 2018

3) HWL of Discharge Point at WWTP

The above mentioned CDL can be converted to BM as follows:

HHWL=+6.74 m - 2.814 m = +3.926 m
MWL=+3.121 m - 2.814 m=+0.307 m

The water level of the discharge points for the six treatment plants planned in “The Project for the
Improvement of Water Supply, Sewerage and Drainage System in Yangon City (JICA MP 2014)
is set to +3.700 m; however, the locations of the treatment plants are different and even though
the value is mostly reasonable, it is more appropriate to set HWL of the water level of Yangon

River to which the treated water is discharged to +3.950 m based on the abovementioned basis.

The survey results of the current ground level of the sewage treatment plant is +4.3 m to +4.7 m
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and this can be considered as appropriate since inundation to the facility site can be prevented

with this water level.

2.2 Site Conditions
2.2.1 Administrative Boundary (Township)

The administrative boundaries of YCDC have been gradually expanding, incorporating
urbanizing townships in the peripheral area, and 33 townships are included in the YCDC area as
of 2018 as shown in Table 2.2.1. In the future, parts of the other six townships surrounding the
Yangon City might be incorporated with the YCDC administrative area, but at present, it is under

the administration of the Yangon Regional Government (YRG).
The area for the study includes six townships as shown in Figure 2.2.1.

Table 2.2.1 Administrative Boundary and Definition of The Study Area

Administrative Boundary Township Group Township Name Sewerage The Study Area
Zone
Latha Wi v
Lanmadaw Wi v
Pabedan Cl v
CBD Kyauktada Cl v
Botahtaung Cl v
Pazundaung Cl v
Ahlone W1
Kyee Myin Daing WI1/W2
Sanchaung Wi
Dagon Wi YA
Inner Urban Ring Bahan C2/W1
Tarmwe C2
Mingalar Taung Nyunt C2
Seikkan
Dawbon E3
Kamaryut W1/W2
Yangon Yangon Ci . Hlain W2
Regigon ¢ N Outer Ring Yankii C2
Thingangyun C2
Mayangone C2/W2
Northern Suburbs Insein N1
Mingalardon N2
North Okkalapa El
Older Suburbs South Okkalapa C2
Thaketa E3
Dala S1
South of CBD Seikgy ikhanaungto W3
Shwe Pyi Thar N3
Hlaing Tharyar W4
North Dagon El
New Suburbs South Dagon E3
East Dagon E2
Dagon Seikkan E4
Outside of Yangon City Kyauktan
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Thanlyin

Hlegu

Hmawbi
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Twantay

Taikkyi

Kawhmu

Kungyangon

Kayan

Thongwa

1: Part of Dagon township is included in the study area
Source: JICA Study Team
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Figure 2.2.1

Administrative Boundary (Township) of Yangon City and Yangon Region
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2.2.2 Present Land Use

Yangon City started its history from the current Central Business District (CBD) area, developed
as the capital of lower Myanmar by Great Britain in 1885. Urbanization expanded northward
during the 1950s to accommodate redevelopment of houses after the devastation of houses and
mitigation of developed slums and illegal settlements after the Second World War. New urban
areas are township groups of Inner Urban Ring, Outer Ring Zone, and Northern Suburbs Zone.

After 1959, older suburbs were developed in the low-lying areas.

The land use pattern prevailing in the study area in 2012 was developed in the JICA urban
development study based on the analysis of satellite imagery. Looking at the land use in 2012, the
YCDC area was already developed or undergoing development while most of the area outside the
YCDC boundary are agricultural lands except in the parts of Thanlyin and Kyauktan, which are

situated on the hilly areas seemingly extending from the central hills of Yangon.

Currently, industrial zones seem to disperse throughout the Greater Yangon even in the inner

urban, while some of the large-scale zones are located along trunk roads in the suburb area.
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Source: The Project for the Strategic Urban Development Plan of the Greater Yangon, 2012

Figure 2.2.2 Present Land Use of Yangon City
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2.2.3 Present Population and Population Projection
(D) Present Population in Yangon City

Population as of 2014 and the past population statistics together with the city area are shown in
Table 2.2.2. The average population growth rate from 1993 to 2014 is 238.2%. Population of 0.73
million in the 1950s increased to 0.94 million in the 1960s. Afterwards, together with the city area
expansion, population increased to 2 million in 1973, 3 million in 1993, 4 million in 2003, and

5.14 million in 2011. The present population as of 2014 is 7.36 million.

Table 2.2.2 Population Growth

Year Area Density Population
(km?) (person/km?) (million)

1953 1233 5,925 0.73
1963 164.2 5,725 0.94
1973 2214 9,077 2.01
1983 346.0 7,254 2.51
1993 603.5 5,120 3.09
2003 794.3 5,161 4.10
2011 794.3 6,471 5.14
2014 1,036.0 7,104 7.36

Source: JICA Study Team based on The Project for the Strategic Urban
Development Plan of the Greater Yangon, 2012

2) Population Projection of Yangon City

Population projection has been updated in the Data Collection Survey for the Project for Updating
the Strategic Urban Development Plan of the Greater Yangon by JICA in 2017 from the project
Preparatory Survey on the Project for the Improvement of Water Supply, Sewerage and Drainage
System in Yangon City, which was formulated by JICA in 2014. It is observed that population
growth in the CBD area is not estimated, and the current population in 2017 will be kept until
2040. However, the population in Dagon Township will increase with an average yearly

increasing ratio of 3.2%.

Table 2.2.3 Population Projection for Yangon City

2017 2020 2025 2030 2035 2040

Yangon City 5,558,858 | 6,003,820 | 6,825,971 | 7,760,706 | 8,823,442 | 10,031,707

Source: JICA Study Team based on the Data Collection Survey for the Project for Updating the Strategic
Urban Development Plan of the Greater Yangon by JICA in 2017
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Table 2.2.4 Population Projection for the Study Area in 2040

Township Area 2017 2020 2025 2030 2035 2040
(ha)

Latha 61 25,057 25,057 25,057 25,057 25,057 25,057
Lanmadaw 131 47,160 47,160 47,160 47,160 47,160 47,160
Pabedan 62 33,336 33,336 33,336 33,336 33,336 33,336
Kyauktada 70 29,853 29,853 29,853 29,853 29,853 29,853
Botahtaung 260 40,995 40,995 40,995 40,995 40,995 40,995
Pazundaung 107 48,455 48,455 48,455 48,455 48,455 48,455
Dagon 299 28,222 30,999 36,325 41,651 45,201 48,751
Total 990 | 253,078 255,855 261,181 266,507 270,057 273,607

Source: JICA Study Team based on the Data Collection Survey for the Project for Updating the Strategic
Urban Development Plan of the Greater Yangon by JICA in 2017

2.2.4 Socioeconomic Scale and Industrial Structure in Yangon Region
(1)  Socioeconomic Scale

The Yangon Region had a population of 7,361,000 at the end of 2016-2017. It represented
approximately 12 % of the national population as shown in Figure 2.2.3. As for the economic
scale, the net production value of the Yangon Region was MMK 10,936,414 million in 2016-2017,
accounting for approximately 18% of the country’s gross domestic product (GDP). For this reason,

Yangon is referred to as “the Economic Center of Myanmar”.

Total Economic Sectors Population
(in Kyat Million) (in thousand)
Yangon Region =
10.936.414 Yangon Region
18% 7.361
' ’ 12%

Odhers
51.846
8%

Others
48.856.130
82%

Source: JICA Study Team based on Myanmar Statistical Yearbook 2018

Figure 2.2.3 Socioeconomic Scale of Yangon Region

(2) Industrial Structure

The industrial structure in Myanmar comprised the agriculture, livestock, fishery, and forestry
sectors (26%); trade sector (20%); process and manufacturing sector (20%); and services sector
(20%). Meanwhile, the industrial structure in Yangon Region composed of the processing and
manufacturing sector (37%); trade sector (25%); and services sector (24%). The agriculture,

livestock, fishery, and forestry sector accounted only 8% of the total production value.
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Source: JICA Study Team based on Myanmar Statistical Yearbook 2018. Data in YRG is as 0of 2010
Figure 2.2.4 Industrial Structure of Yangon Region

2.3 Standards for Sewerage Works in Yangon City
2.3.1 Law and Standards for Water and Sewerage Works

The laws and regulations regarding water have been established long ago and independently in
Yangon City, and the following legal system has been effective because the administration of
water and sewerage works in each city has been outside of the jurisdiction of the Federal

Government.

® Yangon Waterworks Act (1885) : the law related to water supply in Yangon City

® The City of Yangon Municipal Act (1922) : the law related to administration of Yangon
City and improvement of infrastructures, also regulating drainage facilities, sewage works
and waterworks (water source preservation).

® Water Power Act (1927) : the law related to hydroelectric power generation

® Underground Water Act  (1930) : the law related to groundwater preservation

® The City of Yangon Development Law  (1990) : the law describing the responsibilities of

YCDC regarding waterworks, reservoirs, piping, and sanitation in Yangon City

The Myanmar National Building Code (equivalent to a part of the enforcement orders or the
enforcement regulations of the building standards act), which the construction department of the
Ministry of Construction (MOC) is in-charge of, was created with the assistance of the Myanmar
Engineering Society (MES) as a United Nations’ Habitat project, which was supported by the
United Kingdom (UK) in 2014 and was established after obtaining consent of the cabinet.
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Yet the Building Control Law, which regulates the contents of the Building Code, has not been
established as it needs to be passed at the parliament. The Building Code was reviewed in 2016

without the enactment of the law.

Chapter 5 in the Building Code is about “Part 5D Water Supply, Drainage and Sanitation” which
relates to water and sewerage facilities of buildings. This covers the basic requirements of a water
supply system for buildings, requirements for connection with the public water utility, and
necessary matters for the design of public water supply systems. In addition, it describes the
requirements for design, layout, construction, and management of drain pipelines of wastewater
from buildings, surface water, ground water, and sewage. Specifically, it is intended for plumbing,
manholes, and sanitary chamber (septic), which connects to the sewer pipes in buildings or sewer

pipes outside buildings.

In addition, there is no registrations which relates to the investment for the sewerage sector by

Japanese/foreign companies in Myanmar.

2.3.2 Standard for Effluent Water Quality
(D) YCDC Effluent Water Quality

In Myanmar, the Environmental Conservation Department (ECD) of the Ministry of
Environmental Conservation and Forestry (MOECAF) has developed the Environmental Impact
Assessment Law, the Environmental Preservation Law, and the effluent water quality guideline
since 2012 with the support of the Asian Development Bank (ADB). The Environmental
Preservation Law and the Environmental Preservation regulations were formulated in 2012 and
2014, respectively, and the guideline for environmental standards and effluent standards for the

whole country was established in 2015.

While the guideline for environmental standards and effluent standards for the whole country was
established, the Pollution Control and Cleaning Department (PCCD) of YCDC has set out the
effluent standard for public waters, which is practically applied to the areas under control of
YCDC. (Refer to Table 2.3.1)

Table 2.3.1 YCDC Standard for Effluent Water Quality

Parameter Standard Value
pH 6~9
BOD Less than 60 mg/L
CODc¢; Less than 200 mg/L
TSS Less than 2,000 mg/L
SS Less than 500 mg/L

Source: YCDC

The YCDC Water and Sanitation Department requires properties in the YCDC areas to install a

septic tank or equivalent, setting the standard for sewer discharged from nine-storey buildings or
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higher (excluding industrial buildings such as a factory or a plant). (Refer to Table 2.3.2)

The treated wastewater is discharged to public waters in the area where the sewage treatment
system has not yet been improved, while it is instructed that the treated wastewater can be released
to either a sewer or public waters in the area where the sewage treatment system has been

improved.

The YCDC Water and Sanitation Department provides guidance for improvement when the
effluent quality exceeds the standard, and in some cases, it requests operators to transport the
sludge to a sewage treatment plant using a vacuum truck at the operators’ cost as part of the
improvement steps. They seem to be selectively monitoring the CBD and the areas around Lake

Kandawgyi and Lake Inya.

Table 2.3.2 YCDC Standard for Effluent to Sewer

Parameter Standard Value
BOD Less than 20 mg/L
CODc¢, Less than 60 mg/L
SS Less than 30 mg/L

Source: YCDC

Note: Applies only to buildings with more than nine stories

2) CQHP Effluent Standard for Treated Raw Sewage (Black Water)

As for the four to eight-storey buildings, YCDC is guided to treat only raw sewage (black water)
in a septic tank and to set the guideline parameters for the biochemical oxygen demand (BOD) of

200 to 250 mg/L for discharging to a sewer. However, it is not strictly implemented.

In the CQHP guideline (sanitation) created by the Committee for Quality Control of High-rise
Building Construction Projects (CQHP), the effluent standard for raw sewage (black water) is
defined as indicated below. Appendix 14 shows the CQHP guideline. This standard is less
restrictive than the YCDC standards (Table 2.3.3).

Table 2.3.3 CQHP Effluent Standard for Raw Sewage (Black Water)

Parameter Standard for Discharge to Public YCDC Standard for Discharge to
Water Sewer
BOD Less than 50 mg/L Less than 150 mg/L
CODc: Less than 100 mg/L Less than 200 mg/L
SS Less than 50 mg/L Less than 150 mg/L

Source: Guidelines for high-rise building construction projects (water supply and sanitation), CQHP
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CHAPTER 3 INSTITUTIONAL ASPECTS RELATED TO WATER
AND SEWERAGE SECTOR

3.1 Yangon Regional Government

The Constitution stipulates that construction, maintenance, and management of agricultural
drainage is the role of the country, regional governments, and/or state governments. On the
contrary, the governing body for construction and management of water/sewerage and urban
drainage is not clearly defined. However, it can be assumed that waterworks should be within the
scope of the development department of regional governments as shown in Figure 3.1.1 because
it is stated that regional/state governments have the authority to collect water tax, which can be
considered as the water rates, as one of their roles. This department of development affairs is
under control of the Yangon Regional Government (YRG) together with Yangon City
Development Committee (YCDC).

l Yangon Regional Government

‘ Minister of Development Affairs

and Mayor of Yangon City

[
[ I

Department of Development Affairs YCDC
(12 Townships) (33 Townships)
| |
Manager Head of Department

Engineering Department

(Water and Sanitation)
I

Deputy Head of Department || Deputy Head of Department || Deputy Head of Department

Engineering Department Engineering Department Engineering Department

(Reservoir) (Water division) (Sanitation division)

Source: YCDC

Figure 3.1.1 Yangon Regional Government

The budget of regional government had been included in that of the federal government before
2011; however, it was separated since 2012 and decided with the vote of the regional congress.
The budget law is passed at the congress of each regional government every fiscal year, and it
requires approval from the federal government. The allocation of the national budget is added up
in the revenue of the YRG as a subsidy, and it is reallocated to YCDC from the YRG, as necessary.
Moreover, the federal government can issue bonds, but the regional governments have no

authority to do so.
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3.2  Ministry of Construction

The Ministry of Construction (MOC) of the federal government consists of the Building
Department, the Public Roads Department, the Urban and Housing Development Department,
and the Bridges department as shown in Figure 3.2.1. The Buildings Department is in-charge of
the construction of structures other than dwellings (design and orders), as well as the development
of the legal system including the building code. The Urban and Housing Development
Department takes charge of housing development such as condominiums and rental houses,
playing a similar role to that of the Japanese Housing and Urban Development Corporation in the
past. The Public Roads Department and the Bridges Department take care of public roads and

bridges, respectively.

Among the departments mentioned above, the Buildings Department and the Urban and Housing
Development Department relate to sewage works. The Building Department has the water and
sewer division which takes care of the improvement of sewage treatment facilities accompanying
construction of government buildings (including hospitals under the control of the Ministry of
Health). The Urban and Housing Development Department has a responsibility to improve

sewage treatment facilities in new urban developments.

On the other hand, water and sewage in each city is outside the control of MOC. Therefore, the
urban development committees have been established for major cities such as Yangon City,
Mandalay City, and Naypyidaw City. The committees are responsible for the administration of
water and sewage services. The urban development committee is formed under the regional
government, not under MOC. The department in-charge of water and sewage in MOC and the

YCDC have no hierarchical relationship.

Ministry of Construction

Union Minister

Permanent secreta ry

Deputy Permanent secretary

Department of Building Department of Road Department of Urban and Department of Bridge
Housing Development

Source: YCDC

Figure 3.2.1 Organization Structure of Ministry of Construction
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3.3 Yangon City Development Committee (YCDC)

YCDC was established in accordance with the City of Yangon Development Law with the aim of
self-motivated promotion of development of Yangon City. A similar law has been introduced to
the second largest city, Mandalay, and the capital, Naypyidaw. The City of Yangon Development
Law authorizes YCDC to execute their own projects with self-financing. However, it does not
necessarily mean that the authority can be fully exercised since regulatory approval from the
regional government is required for such projects, and the objectives and contents of the projects

need to match with the administrative activities planned in the national budgetary framework.

The organization of YCDC is shown in Figure 3.3.1. With the Mayor as the head of YCDC
(serving concurrently as the minister of development of the regional government), there are the
positions of secretary and joint secretary under the head. The committee consists of the mayor,

the secretary, the joint secretary, and two committee members.

The water, sewage, sanitation, and rainwater drainage works for 33 out of 45 townships in the
area under the jurisdiction of YRG are included in the roles of YCDC. The law defines the
responsibilities to create plans, execute, and manage these water-related works. The Water and
Sanitation Department is the responsible party for water/sewage and sanitation works, and it is

the role of the Roads and Bridges Department to control the rainwater drainage works.

Although the individual budget for YCDC is reserved, it is included in the budget of the YRG,
and the decision-making regarding budgeting requires approval from the regional government
and the federal government. YCDC does not receive any subsidy from the regional government
and the federal government, and its operating expenditures are fully born by its own financial
sources. It is operated with revenues from the services and taxes in Yangon City. More specifically,
it gains income from the tolls of roads and bridges, parking fees, real estate development business
with private companies, water service, waste disposal, real estate tax, and stamp tax. However,
these revenues (including income from the water services) are included in the budget of the YRG,

and these cannot be used at the discretion of YCDC.
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Mayor

(Chairman of YCDC)

Minister of Development Affairs Yangon
Region Government

|

Secretary

Joint Secretary

Committee Member

Committee Member

The Budget & Work Inspection Co-ordination Assessors’ Revenue Markets
Administration Accounts Department Department Department Department Department
Department Department
Veterinary & Pollution Control Engineering Engineering Engineering Motor Central Stores
Slaughter House & Cleansing Department Department Department Transport & Department
Department Department (Roads &Bridges) (Buildings) (Water & Sanitation) Workshop
Department
Playgrounds, Security & City Planning Public Relations
Parks Disciplinary and Land Health and Information Production Committee
& Gardens Department Administration Department Department Department Office
Department Department

Source: YCDC

3.4

Figure 3.3.1 Organization of YCDC

Water and Sanitation Department in YCDC

The organizational chart of the Water and Sanitation Department is shown in Figure 3.4.1. It is

comprised of one head of the department and three deputy heads of the department, and under

which there are seven divisions. The total number of staff members is 2,152 as of December 2017.

Currently, they are considering reorganization with the support of the ongoing Japan International

Cooperation Agency (JICA) technical cooperation project The Project for Improvement of Water

Supply Management of Yangon City Development Committee (YCDC).
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Figure 3.4.1 Organization of YCDC Water and Sanitation Department

The organizational chart of the Sanitation Division is shown in Figure 3.4.2. The party in-charge
of sewers and sewage treatment in YCDC is the sanitation division, which has 145 staff members,

and its main responsibilities are as follows:

1) Cleaning of sewers

2) Operation and maintenance of compressors, ejectors, and sewage treatment plants
3) Creation of expansion plan for sewer pipes and operation plan

4) Radical improvement of sewage treatment system

5) Purchase of facilities, equipment, and modern machinery

According to YCDC, it was scheduled that a new organization structure would be established in
April 2018. However, the schedule is still tentative since the detailed structure is still being
considered by YRG.
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Figure 3.4.2 Organization of Sanitation Division in YCDC Water and Sanitation

Department

3.5 Road and Bridge Department in YCDC

While the drainage sector is closely related to the

Water and Sanitation Department of YCDC, the

sector actually belongs to the Road and Bridge Department.

The improvement work of the back drainage space (BDS), which mainly aims to improve the

surface pavement of BDS, is being conducted by the Administration Department.

According to the information from YCDC, the Sanitation Division of the Water and Sanitation

Department and the Drainage sector of the Road

department in the near future.

and Bridge Department will be merged into one

3.
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CHAPTER 4 CURRENT CONDITION OF SEWERAGE AND
SANITATION SYSTEM IN THE STUDY AREA

4.1 Outline of Current Sewerage System and Sanitation System

4.1.1 Current Condition of Sewerage Systems

(1) Existing Ejector System

The existing sewerage system in Yangon City is an ejector system introduced in 1888 under the
British sovereignty. It collects wastewater (i.e., only raw sewage) coming from eight townships

which are in the central business district (CBD). Miscellaneous wastewater is discharged to the

Yangon River without treatment through the storm water drains.

This system is unique in that wastewater is conveyed by the air pressure from an ejector station
(ES) to one of the two sewage ejector pipes running east and west. Initially, 40 ESs were installed
in the treatment zone, and 35 of those are currently in service. This system has been used for 120
years by continuously making improvements and modifications. Table 4.1.1 describes the outline

of the existing system, and Figure 4.1.1 shows the ejector system.

Table 4.1.1 Existing Sewerage System in the CBD Area
Item Description
Completion 1888
Planned population 40,000 persons
Planned service area 8 townships

Lanmadaw, Latha ,Panbedan, Kyauktada, Botadaung, Puzondaung

(part), Dagon (part), Mingalataungnyunt (part)

Contractor Hughes & Lancaster

Manufacturer Shone Hydro-Pneumatic Ejector

Construction cost INR 2.3 million (loan from the Indian Government)
Length of force main North: 5.55 km, South: 5.03 km, Total: 10.58 km
Diameter of force main North: 300 to ~1,200 mm, South: 300 to ~600 mm
Material of force main Cast iron

Number of ejector stations 40 stations; out of which, 35 are currently in operation
Number of manholes 2,114

Source: JICA Study Team based on Information from YCDC
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Figure 4.1.1 Ejector System in the CBD Area

(2) Existing Wastewater Treatment Plant (WWTP)

After the sewer pipes were installed, the sewage had been collected from residence and
commercial building in the CBD and discharged to the Yangon River without treatment.
Treatment of the collected sewage only started when the wastewater treatment plant was
completed in January 2005. Yangon City Development Committee (YCDC) conducted the design
and construction of the sewage treatment plant. Construction funds were raised by several

ministries, including the Ministry of Construction (MOC).

The design served population is 300,000 people. Since only raw sewage is collected, the sewage
quantity per person/day is 50 litters, and the design treatment capacity of the WWTP is 15,000
m*/day (maximum daily capacity). Long-term aeration method is used for sewage treatment, and
effluent is discharged to the Yangon River. Air-drying (sun-drying) after gravity thickening is
used for sludge treatment. The plant receives 150 m*/day of septage from households as well.
This septage is thrown into equalization tank. Supernatant liquid and solid are respectively
transported to grit chamber and drying bed. Table 4.1.2 describes the outline of the sewage

treatment plant, and Figure 4.1.3 shows the layout of the sewage treatment plant.

YCDC explains that the treated effluent from the existing treatment plant has been managed so
that pH should be around 6 to 8, BOD should be 60 mg/L or less, COD 100 mg/L or less, and
TSS 70 mg/L or less. Currently, however, there is no regulated value in terms of operation by any

official organization.
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Table 4.1.2 Outline of Wastewater Treatment Plant

Items Description
Site area 2.25 ha (5.56 acres)
Start of construction April 2003
Completion January 2005
Design served population 300,000 persons
Design capacity 14,775 m’/day (3.25 MGD)
Construction cost USD 1.96 million (MMK 2,065.7 M)
Characteristics of wastewater BOD 600 mg/L, SS 700 mg/L (design)
Characteristics of treated effluent BOD 60 mg/L, SS 40 mg/L (design)

Source: JICA Study Team based on the information from YCDC

The treatment process implemented is the extended aeration activated sludge process. The
treatment flow of the wastewater is shown. Mechanical type surface aerators are applied for
aeration. Sludge was planned to be treated by aerobic digestion process and dewatered by belt-
press. These facilities were eventually installed. Sludge is drawn from mixing tank and
transported to drying bed, and gravity thickener, aerobic digestion tank and belt press currently

don’t work.

The wastewater treatment plant seems to have operated intermittently, two hours in the morning
and two hours in the afternoon. That is, the total operating hours is only four hours a day, and the
amount of sewage inflow is much less than the capacity of the plant. According to the latest
measurement, the influent wastewater volume is 630 m*/day, which is much smaller compared to

the capacity of the plant; therefore, one of the two treatment facilities has been inactive.

Long-term aeration is used for the design of the aeration tank at the treatment plant, and the
aeration time is 20 hours. The retention time in the aeration tank is calculated from the current
inflow; 20 hours x 14,775/630 = 469 hours (about 19.5 day). However, the automatic controller
of the sewage pump has been out of order, and a huge amount of wastewater has been loaded in

a short time at the discretion of the operator. Therefore, the instantaneous load fluctuation is high.

In terms of the operation and maintenance, it has not been properly operated since the water level
indicator and the water level controller are broken, and the quality of water and the temperature
of water have not been measured. Furthermore, the repair parts and chemicals have not been

procured, and this situation needs to be improved.
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Photo 4.1.1 C1 WWTP Photo 4.1.2 C1 Aeration Tank

Wastewater Treatment Facility

Inlet => ‘Grit Chambeﬂ => |Screen Pump| =>|Primary Sedimentation TankI = ‘Reactor
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Sludge Treatment Facility *'

‘Mixing Tank| => ‘Gravity Thickeneﬂ =>‘Pump‘=> ‘Aerobic Digestion Tank‘ => ‘Pump‘ =>
Belt Press|=> Drying Bed *?=> Disposal

Source: JICA Study Team
*l Sludge treatment facility is not being used currently.
*szpass from mixing tank to drying beds is installed and being used.
Figure 4.1.2 Process Flow of Wastewater Treatment Facility and Sludge Treatment

Facility
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Figure 4.1.3 Existing Wastewater Treatment Plant (C1 WWTP)
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4.1.2 Current Condition of Sanitation System

(1) Structure of Septic Tank

YCDC prescribes a utilization of septic tank system as a wastewater treatment except for the
catchment area where wastewater collection system is available. The septic tank treats only toilet
wastewater (black water), while grey water from kitchen, laundry, and so on is discharged directly
to storm water drains without treatment. The owner of a house or a building requires to submit an
application to the Sanitation Division, Engineering Department of Water and Sanitation (EDWS)
and must obtain a permission before the construction. YCDC has the authority to approve
applications for up to 8-story buildings. In case of high buildings with more than 9-story, approval
from the Committee for Quality Control of High-Rise Building under the Ministry of
Construction is required. A type of septic tank to be installed is depending on the story of the

house or the building as below.

>  Up to three-storey: soak pit type
»  More than four-storey: up-flow filter type

The CBD covered by the existing sewerage system is prohibited to be installed septic tank.
However, the large-scale building, e.g. hotel and shopping mall, has its own septic tank due to
lack of the capacity of the existing sewerage system. YCDC has a standard structure for the septic
tank. Figure 4.1.4 and Figure 4.1.5 show the standard structures of soak pit septic tanks for 10
persons, 100 persons, and 200 persons, respectively. As shown in the figures, effluent from septic
tank infiltrates underground and is not being discharged to the storm water drain. Figure 4.1.6
shows the standard structure for the septic tank with up-flow filter. Effluent from the septic tank

is discharged to road side drains.
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Figure 4.1.4 Septic Tank (Left: 10 persons, Right: 100 persons)
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Figure 4.1.5 Septic Tank (200 persons)
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Figure 4.1.6 Septic Tank with Up-flow Filter
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In the CBD and the Inner Urban Ring areas, back drainage space (BDS) is mostly provided in the
backyard of buildings as shown detail in Section 4.1.4. BDS is classified into two types: 1) sewer
for collection of black water exists and it is connected to the existing sewerage system, and 2)
septic tank is installed. The BDS is not only space, it includes storm water drains, buried pipe and
pavement in the space. The width of the BDS is usually 10 to 15 feet (3.0 to 4.5 m), and septic
tanks for buildings at both sides are constructed in halves of the BDS. The typical arrangement of
septic tanks in the BDS is shown in Figure 4.1.7. Usually, storm water drains with a width of 1.0
to 1.5 ft (30 to 45 cm) are provided on both sides or center of the BDS into which storm water is
discharged. YCDC owns the BDS and bear O&M cost for the BDS. The building owner should

pay the construction cost of the septic tank.

For detached houses, gray water together with storm water is discharged through small drains in
the building owner’s property (mostly open drain made of brick structure, rarely pipes) to roadside
drains. The septic tank is installed in the area where the BDS does not exist and the existing

sewerage system does not cover in the CBD.

Storm water ditch

SOSNO[]
SOSNOH

Road Road

SOSNo[
SOSNoy

SOSNO[
SOSNOH

Roadside drain

Septic tank
Road

Source: JICA Study Team
Figure 4.1.7 Typical Layout of Septic Tanks in BDS Area

YCDC has set a standard for the capacity of a septic tank and has given approval based on the

standard. The capacity standard of a septic tank is described below:

1) In the case that BDS exists (CBD area where the density is relatively high), it should be
2.25 ft*/person (0.06075 m*/person)

4-9



THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY
FINAL REPORT

2) In the case that BDS does not exist (CBD where the density is low as stand-alone houses

are built), it should be 4.0 ft*/person (0.108 m*/person)

According to YCDC, the number of residents is calculated assuming that there are five people per
household.

2) Maintenance of Septic Tank

In Yangon City, the Department of Motor Transportation Workshop collects septage in septic
tanks upon request of the household owner and transports the collected septage to the existing
WWTP. Frequency of the septage collection service is once or twice a year in each household.
The department has 45 operational vacuum trucks (1,200 gallons: 10 trucks, 800 gallons: 20
trucks, 400 gallons: 15 trucks), and 6 trucks are damaged and out of service. There was a total of
23,133 collection times in 2017 (Jan. 2017 to Dec. 2017) according to the department. The

collection fee includes fuel fee, labor cost, and car maintenance cost.

A private company collects septage from a part of the townships; however, any detail is not
available with YCDC.

Table 4.1.3 Septage Collection Fee

Townships Collection Fee / time
1,200-Gallon Truck Others
1 | Hlaing Thar Yar, Palal, Wayarlat, | MMK 41,000 including fee | MMK 32,000 including
Htauk Kyaut, Shwe Pyi Thar, | for 5 gallons gasoline fee for 4 gallons gasoline
Padamyamyothit
7 | Mingalardon, Insein, Mayankone, | MMK 33,000 including fee | MMK 26,000 including
North/Oakalarpa, Shwepaukkan, | for 3 gallons gasoline fee for 2.5 gallons
Thanlan, Dagon gasoline

(South/North/East/Seik Kan)
3 | Hlaing, Kamaryut, San Chaung, | MMK 30,000 including fee | MMK 24,000 including

Kyaumyinttaing, Tharkayta, South | for 2.5 gallons gasoline fee for 2 gallons gasoline
Oakkalarpa

4 | Dagon, Tarmwe, Daw Paw, | MMK 29,000 including fee | MMK 22,000 including
Pazuntaung, Botataung, Pabaedan, | for 2 gallons gasoline fee forl.5 gallons
Latha, Kyauktadar, Lanmataw, gasoline
Mingalartaungnyut

Source: JICA Study Team

4.1.3 Influent Wastewater Quality into C1 WWTP

The average influent wastewater quality (BOD) from March 2017 to March 2018 is shown in
Table 4.1.4, which was provided by YCDC. The influent wastewater includes the sewage
collected by the existing ejector system and sewage from the septic tank collected by vacuum

trucks. The maximum BOD in the effluent was 98 mg/L recorded in 4™ May 2017.

Table 4.1.4 Average Water Quality (BOD) in from March 2017 to March 2018

Septage from Septic Tank Influent of WWTP Treated Wastewater (Effluent)

5,030 mg/L 2,040 mg/L 59 mg/L
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Source: JICA Study Team based on the data from YCDC

Photo 4.1.3 Septage into C1 WWTP by Vacuum Truck

4.1.4 Back Drainage Space (BDS)

(1) Current Condition of BDS

Raw sewage from each household in the CBD goes to a pipe installed at the BDS and reaches the
sewage treatment plant after going through an ejector station and a main pipeline. Grey water and
storm water go to a storm water drain in the BDS before flowing into the Yangon River. Under
the Mayor’s direction, the following improvement of the BDS environment has started from the
fiscal year 2015. The pollution control and cleaning department (PCCD) of YCDC has carried out
cleaning of ground surface of the BDS (visible area), and EDWS has performed cleaning and
repairing of pavement of the BDS. As of February 2018, 69 of the 182 BDSs have been improved.
Currently, the sanitary situation at the BDS has been undesirable due to dumped wastes in the
storm water drains and overflowing grey water caused by piled up wastes in the drains. It is
preferable that not only YCDC but also the residents will maintain the environment for

fundamental improvement of the sanitary condition in the future.

YCDC has been currently bearing the cost for the BDS improvement activity and wants the BDS
improvement including replacement of the sewer for black water installed underground at the
same time because the sewage collection system in the BDS has been used for 128 years and is
aging accordingly. Regarding the existing pipes for black water in the BDS, some of them require

frequent cleaning, perhaps every other week, by YCDC staff.
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Photo 4.1.4 Existing BDS

(2) Type of BDS in the CBD

Photo 4.1.5 Existing Drain Pile

(Rainwater and Graywater)

There is no BDS that has the septic tanks in the CBD. The BDS is classified into two types: 1)

one drainage channel exists at the center, and 2) drainage channels exist at both sides, as shown

below.

Table 4.1.5 Type of BDS

Type A (Total 111 BDS)

Type B (Total 71 BDS)

Black \ater to Ejector System
1

1 Gray and Storm Water to
! Drainage Channel

]
]
]
i
| | ] i
]
]
"" = THlack waier (saisting sewer pipe)
——=  Gray water [existing channel)
=+ Stormwater

‘Yangon River

Houses at BDS

______________ vousesats0s ! Townre
ouses a : A

L[_]I | L L
Bl.nlllwu.er 1o Ejector System

¥ ¥ ¥ ¥

Grafand Storm ¥ to Drdi Channe|
4 4 I 4 ": Yangon River
o o [

=+ "Black water (sxisting sewer pipe)
=+ Gray water (existing channel}
=+ Stormwater

A-1: Space without Improvement by YCDC: 58 nos.

B-1: Space without Improvement by YCDC: 55 nos.

A-2: Space Improved by YCDC: 53 nos.

e BLACK Water
GLAY Water
= STORM Water

Source: JICA Study Team

B-2: Space Improved by YCDC: 16 nos.

— BLACK Water
GLAY Water
— STORM Water

To WWTP
—

At present, YCDC is conducting the improvement work of the BDS in the manner of additional

concrete pavement on the existing one. It means that no improvement work for the drainage, sewer,

etc. is carried out. Figure 4.1.8 shows current location and improvement status of the BDS.

4-12



THE REPUBLIC OF THE UNION OF MYANMAR

DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY

FINAL REPORT

BDS in CBD Area

BDS No. | Typs Remark BDS No. | Type .Rbl'.'liﬂk BDS Mo. Typ‘e‘ Remark BDS No. | Type R’emﬂrk. IBEJS Mo. | Type Remark BODS Mo, | Type Remark BDS Mo. | Type Remark BDS Mo, | Typ Remark
1 A |Unimproved 24 A |Improved 47 B |Unimproved 70 A |improved 93 A |Improved 116 B |Unimproved 139 A |lmproved 162 A |Unimproved
? A |Unimproved 25 A |Improved 48 8 |Unimproved 1 A |Unimproved a4 A |Unimproved 117 B |Unimproved 140 A |Unimproved 163 A |Unimproved
3 A |Unimproved 26 A |Improved 49 B |Improved 72 A |Unimproved o5 A Improved 118 B |Unimproved 141 A |Unimproved 164 A \Unimproved
4 A |Unimproved 27 A |Improved 50 B |Unimproved 73 A |Unimproved 96 A |Improved 114 B |Unimproved 142 A |Unimproved 165 A |Improved
5 A (Unimproved 25 A [Improved 51 g |[Unimproved 74 A |Unimproved 97 A (Improved 120 B |Unimproved 143 B |Unimproved 166 A |Improved
] A |Unimproved 29 B |Unimproved 52 B |Unimproved 75 A |Unimproved 93 A |Improved 121 B |Unimproved 144 A |Unimproved 167 A |Improved
7 A |Unimproved a0 B |Unimproved 53 B |Unimproved 76 A |improved 99 A |Unimproved 122 A [Improved 145 A |Unimproved 168 A |Improved
g A (Unimproved 31 B [(Unimproved 54 B |Unimproved 77 A |lmproved 100 A [Unimproved 123 A (Improved 146 B |Unimproved 169 A |Improved
9 B |Unimproved 32 B |Unimproved 0h 8 |Unimproved 8 B |Unimproved 101 A |Unimproved 124 A |Improved 147 8 |Unimproved 110 A \Unimproved
10 B |Improved 3 B |Improved 56 B |Unimproved 79 B |Unimproved 102 A |Unimproved 125 A [Improved 148 B |Unimproved 171 A |Unimproved
11 B (lmproved 34 B (Unimproved o7 B8 (Unimproved 80 B (Unimproved 103 A [Unimproved 126 A (Improved 149 B |Unimproved 172 A (Improved
12 B |Improved 35 B |Improved 58 B |Unimproved 81 A |Improved 104 A |Improved 127 B |Unimproved 150 B |Unimproved 173 A |Ilmproved
13 B |Improved 36 B |Unimproved 59 B |Unimproved 82 B |Unimproved 105 A |Unimproved 128 A |Unimproved 151 B |Unimproved 174 A |Unimproved
14 B |Improved 37 B |Unimproved 60 B |Unimproved 83 A |Unimproved 106 A |Improved 129 A |Unimproved 152 A |Improved 175 A |Improved
15 B |Unimproved 3R B |Unimproved 61 B |lmproved 84 A |Unimproved 107 A |Improved 130 A |Unimproved 153 A |Improved 176 A |Improved
16 A |Improved 39 B |Improved 62 B |Improved 85 A [Unimproved 108 A |Improved 131 A |Unimproved 154 A |Unimproved 177 A |Ilmproved
17 B |Unimproved 40 B |Unimproved 63 B |lmproved 86 A |Improved 109 A |Improved 132 A |Unimproved 155 A |Unimproved 178 A |Unimproved
18 B |Unimproved 41 B |Unimproved 64 B |Unimproved 87 A |Unimproved 110 B |Improved 133 A |Unimproved 156 A |Unimproved 179 A |Improved
19 A |lmproved 42 B |Unimproved 65 B |Improved 28 A |Unimproved 111 A |Unimproved 134 A |Unimproved 157 A |Improved 180 A |Improved
20 A lmproved 43 A |Improved 66 B |Unimproved 89 B |Unimproved 112 B |Unimproved 136 A |Unimproved 158 A |Unimproved 181 A |Unimproved
21 A |lmproved 44 A [Improved &7 A |Unimproved i B |Unimproved 113 A [Unimproved 136 A [Unimproved 159 A |Unimproved 182 A |Unimproved
22 A |improved a5 B |Improved 62 A |Improved 91 B |Unimproved 114 A |Unimproved 137 A |Improved 160 A |Unimproved
23 A (Improved 46 B |Unimproved w9 A (lmproved 97 A (lmproved 115 B [Unimproved 138 A (Improved 161 A |Unimproved

[I‘ﬁj

Improved BDS by
YCDC
(69/182 places)

Non Improved BDS =)
(113/182 places)

i“
: i
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12| 3 0 ) 0 o )

Source: JICA Study Team
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Figure 4.1.8 Location and Improvement Status of Back Drainage Space (BDS)
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4.1.5 Disposal for Generated Sludge after Wastewater Treatment

The amount of sludge produced from wastewater treatment has not been recorded by YCDC. The
amount is not big because only the drying bed has been operated among the sludge treatment
facilities. Currently, sludge is dried at the drying bed, and a portion of the dried sludge is

irregularly used for some purposes such as fertilizer for street plants outside of the WWTP.

According to the record of sludge utilization in the WWTP, four departments of YCDC, i.e.,
EDWS, PCCD, Parks and Playgrounds Department, and Production Department have taken the
dried sludge from the WWTP as shown in Figure 4.1.9 below. The record indicates that the
demand of sludge utilization is not stable and tends to decrease since 2010. The utilized amounts
in 2007 and 2012 to 2015 are very small compared to other years. EDWS is the only department
that utilized the dried sludge after 2011. Even so, the amount of sludge is not a serious problem

for YCDC because the amount is small. (See Appendix 1)

200,000

180,000
160,000
140,000
120,000
100,000

80,000

kg/year

60,000
40,000

20,000
0 = n

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Parks and Playgrounds Polution Control and
Department Conservation Department
W Production Department Engineering Department

(Water and Sanitation Department)

Source: JICA Study Team based on the information from YCDC
Figure 4.1.9 Estimated amount of Sludge Utilization Based on Record of YCDC

4.1.6 Operation and Maintenance

There are 145 staff members that belong to the Sanitation Division. The division consists of 26
staff members in the compressor section, 37 in the sewage treatment section, and 82 in the other
sections. The work contents of Sanitation 1 and Sanitation 2 are the same, and the difference
between them is the area of responsibility. They divide C1 area into two portions from the center
line of Sule Pagoda. Sanitation 1 is in-charge of the area from the east side of Sule Pagoda, while

Sanitation 2 is in-charge of the other side.
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Assistant Chief Engineer

(145)

Office Section WWTP Section Compressor Section Sanitation 2 Sanitation]

2 (37 (26) 43) (37

Source: YCDC

4.2

Figure 4.1.10 Sanitation Division of YCDC

Issues on Current Sewerage and Sanitation Works

4.2.1 Wastewater Treatment Plant (WWTP)

The following issues on the existing WWTP have been observed through site surveys and

interviews with YCDC:

>

Unexpected inflow of septage at the preparation of design for the existing WWTP and
operation of the ejectors have affected the operation and management of the C1 wastewater
treatment plant causing huge load fluctuation.

Septage, which was not expected at the time of planning, has been dumped by a vacuum
truck, and the load has significantly exceeded the planned load of wastewater inflow. As a
result, some untreated wastewater is being discharged into the public water body and affects
the environmental condition.

Wastewater inflow depends on the operation of the ejectors (only daytime), and the inflow
of septage takes place only during daytime, which causes the big fluctuation of the load onto
the treatment plant.

For sludge treatment, the thickener tank, the aerobic digestion tank, and the belt press type
dehydrator have been out of service. As a result, the sludge cannot be removed from the final
sedimentation tank, and the MLSS concentration in the reactor tank has been very high. Scum
which is generated from septage dumped by the vacuum truck and is floating on the surface

of the grit chamber is conveyed to the outside of the WWTP.

4.2.2 Sewerage System (Sewer and Ejector System)

The following issues on the existing sewer system (pipe network system) have been observed

through site surveys and interviews with YCDC:

>

The inflow to the sewage treatment plant is around 4% or less of the design wastewater flow,
which is extremely low because of following reasons:

1) The large-scale building, e.g. hotel and shopping mall, has its own septic tank and does
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not connect to the existing sewerage system even in the CBD covered by the system.
2) Sewage is discharged to the ditch due to misconnection in the BDS
3) Clogging of the existing sewer reduces the flow area
According to YCDC, there was an accident due to the bursting of the force main at Marchant
Road in 2014, and it was repaired after digging out the road.

»  Since the existing sewers are used only for collecting black water, grey water is discharged
without treatment, and the environment in the city gets deteriorated consequently.

» The ejector system has been deteriorating since the operation started from March 1890, and
necessary spare parts for repair are not available. So, special orders for the spare parts have
been placed to a local company.

» According to YCDC, out of the 40 ejector stations, 2 have become unnecessary, 3 were
broken and replaced with another system, and 35 are operating. Even the ejector stations in
service frequently fail due to the inflow of plastics or rubber products.

»  Also, the air tube, which sends pressure from the compressor station to each ejector station,
has deteriorated, and an individual small-sized air compressor has been newly installed at 7

ejector stations.

4.2.3 Operation and Maintenance

The YCDC of EDWS sets up a laboratory with measurement equipment, but only measures pH
and MLSS at the sewage treatment plant by using them. As for other monitoring, especially for
quality of effluent, it was once performed for the purpose of research, but it is not conducted on

a regular basis. Photo 4.2.1 shows the laboratory in the plant for measurement of effluent quality

and its monitoring sheet.

Source: JICA Study Team
Photo 4.2.1 Laboratory and Monitoring Sheet

The primary function of the sanitation division is quite limited to the O&M of the existing ejector
system and the existing treatment plant. The staff have no skills and ability in planning and design.
In addition, the numbers of the staff are not enough for the O&M of the new sewerage system

which is larger-scale compared with the existing system.
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4.2.4 Disposal for Generated Sludge after Wastewater Treatment

(1) Necessity of disposal site

The EDWS envisages that they would, as much as possible, utilize sludge generated from the new
WWTP enhanced by the project instead of simply disposing of it as solid waste. The amount of
dried sludge generated from the new WWTP is preliminarily estimated at about 46 t/day (moisture
content: 35%) in its full operation years, which is equivalent to more than 60 times the volume
utilized in 2006, as shown in Figure 4.1.9. (Refer to Appendix 4 for calculation of the amount of
dried sludge.) While the JICA Study Team respects their idea, it’s much difficult to utilize sludge
effectively because the estimated amount of sludge utilized decreased sharply after 2007.
Therefore, it is necessary to find and secure such facility to prepare for sludge generation in the

future since EDWS has not disposed of the sludge of the WWTP to the disposal facility.

(2) Possible site for sludge disposal

Currently, solid waste generated in the target area is transported and disposed of into the existing
final disposal sites (FDSs). YCDC operates two FDSs, namely Htein Bin FDS, located in
Hlaingthaya Township, and Htawe Chaung FDS, located in East Dagon Township. Htein Bin FDS
has been operating for 17 years since 2002. The location and the existing conditions of both FDSs
are shown in Figure 4.2.1 and Figure 4.2.2. Disposal of the sludge from WWTP to FDS is

practiced and commonly observed in other countries.

It is said, and it is obvious that Htawe Chaung FDS is already full and should be closed soon. The
piled solid waste forms a hill, even in Htein Bin FDS. The remaining area of the Htein Bin FDS
is estimated to be about 60 ha against 120 ha of the total area. According to PCCD, more than 800
tons of solid waste is being hauled and disposed of at the FDS every day, while the amount of

solid waste generation in Yangon increases in accordance with the city development.

P

Legend: @ FinalDisposal Site (FDS) WWTP

Source: YCDC
Figure 4.2.1 Location of Studied Final Disposal Site
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(Htein Bin FDS)
Source: JICA Study Team

(Htawe Chaung FDS)

Figure 4.2.2 Conditions of the Existing Final Disposal Sites in Yangon City

4.2.5 Financial

» It is an urgent need to discontinue the aging ejector system and develop a new sewage

collection system. However, it is difficult to secure financial resources by themselves without

assistance from foreign aid agencies.

» The waterworks and sewage works are not separated in YCDC. Furthermore, the sewage

charge is not collected.

» Regarding the accounting system, costs such as depreciation are not calculated. Thus, the

revenues and expenditures should be clarified, and the increase of the revenues should be

ensured at the same time.

4.3 Related Projects in the Target Area

4.3.1 Drainage Project by World Bank

The drainage improvement project
to be funded by World Bank is
scheduled to commence. It includes
detailed design, tender assistance,
and  succeeding  construction.
YCDC has applied for a credit of
USD 116 million equivalent from
the International Development
Association (IDA-World Bank
Group) to finance the Myanmar

Southeast Asia Disaster

s

Source: YCDC
Figure 4.3.1 Catchment for the Drainage Project

Management Project, which includes a component for an integrated urban flood risk management
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estimated at approximately USD 71 million. The project is co-funded with a grant of USD 1
million from the Southeast Asia Disaster Risk Insurance Facility (SEADRIF), a multi-donor trust
fund. Stage-1 in the project started from December 2018.

Under Stage-1, the selected consultant will support the preparation of detailed engineering
designs, cost estimates, and bidding documents for priority drainage improvement works in six
townships based on criteria such as subproject readiness, availability of land, planning
requirements of other utilities especially sewerage networks, etc. The subprojects expected to be
prioritized for design and procurement readiness are: the storm water drainage infrastructure
(main channels, drains, manholes, outfalls, storm pumps, combined storm overflow chambers,
etc.) and the flood protection facilities, especially safety gates and tidal gates. The preparation of
environmental and social impact assessments for the drainage plans and the prioritization of a list
of priority investments for the six townships are also part of the services to be delivered in Stage-
1. It will be undertaken for an eight-month period for the preparation of design/bidding documents,
and a subsequent phase of ten weeks for the bidding process, which shall result in a number of
awarded civil work contracts for the priority drainage works covering all six target townships.
This stage will finish in July 2019.

Stage-2 shall consist of construction supervision and contract management for the works of a
number of priority bid packages and assistance during the defects liability period. The total

duration of services for Stage-2 will be 36 months.
4.3.2 Survey for Existing Sewerage System by DFID

(1) Objective of the Survey

The Department for International Development (DFID) under the government of the United
Kingdom (UK) provided the consultant’s expert for the survey of the current condition of the

existing sewerage system in Yangon City, which were installed in 1888.

The survey includes the inspection of the existing ejector station, sewers (pressured), manholes,
and C1 WWTP. Also, a detailed survey using closed-circuit television (CCTV) camera for the

sewer was conducted in the BDSs.

Although the survey aims to provide results with an independent perspective into the existing

sewerage system, it will be helpful in planning the new sewerage system in Yangon City.

(2) Summary of the Survey Results

The summary of the survey results is reported as follows. It is also a reference for the planning of

a new sewerage system.

1) Collection System in BDS
» The collection system currently collects black water from housing and commercial

properties, and grey water discharges into the surface water network of shallow
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channels.

Some black water overflows into the surface water channels because of siltation and
solid waste blockage in the sewers.

From a limited sample of CCTV surveys, the cast iron pipes appear to be in a fair

condition considering their age, with only a 5-15% loss of capacity.

It is acknowledged from the result above that additional CCTV survey will be required in the

detailed design stage for improvement of the collection system in the BDSs.

2) Compressor and Ejector Station

>

There were some restrictions on the survey due to carbon monoxide gas levels,
groundwater ingress, and silt levels within the chamber.

At least 6 out of 33 functioning ejector stations are reported to discharge black water
into the surface water network or river for a number of reasons.

In most ejectors, only one ejector is being operated, and spare parts have been

cannibalized from the other ejector.

According to YCDC, since it will be limited technically to rectify the stations, the main

compressor station will be renovated in the future as the sewerage history museum for public

awareness activities.

3) Sewer System

4.3.3

>
>

>
>

The north and south force mains have sufficient capacity to carry black water only.
The south force main has sufficient capacity to carry both black and grey water
without a significant rise in pressures at the ejectors; however, the north force main
does not appear to have the capacity to carry the additional grey water, and this could
prevent the operation of western ejectors.

There is a degree of internal corrosion/tuberculation resulting in 10-20% loss of area.

Greater Yangon Water Supply Improvement Project (Phase-2)

YCDC is implementing Greater Yangon Water Supply Improvement Project Phase-2 funded by

JICA since May 2018. The project scope includes detailed design and construction of new water

treatment plant with the capacity of 272,800 m?/day, transmission pipeline, distribution pipelines,

reservoirs and booster pumping station etc. mainly. Raw water will be taken from Kokkowa River

and convey a treated water by transmission pipe with a diameter of 1600mm. Further water

distribution will be made to water distribution Zone-1 and Zone-9. Zone-1 as shown in Figure

4.3.2 includes the CBD area. Therefore, it is necessary to coordinated with this water supply

project to avoid any conflict of each alignment of water supply and sewer.

Detailed design of this package for distribution pipes in Zone-1 has being implemented since June
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2018 and to be completed by the middle of 2019. Then, succeeding bidding and construction is

planned to commence after the 4th quarter of 2019.

Source: YCDC

Figure 4.3.2 Distribution Network in Zone-1

4.3.4 Dala Bridge Project

Dala Bridge is a bridge project which
plans to connect downtown and Dala
township which is currently only possible
to travel using a ferry across the river. The
bridge will span between Bo Min Yaung
Road in Dala and Phone Gyi Street in
Lanmadaw. The Yangon Regional
Government  is  planning  urban
development in the western and southern
parts of the Yangon River, and the
construction of the Dara bridge will

support the urban development. The

Source:

YCDC
Figure 4.3.3 Image of Dala Bridge

bridge was initially planned as a South Korean-Myanmar friendship symbol in 2012 with the cost

to be borne by South Korea. The project stalled due to insufficient funding and rocketing land

prices in 2013. In late 2014, the Ministry of Construction announced that the bridge project will

continue by means of a loan from South Korea. The project is now due to begin in December

2018 and to be completed by 2022. The project cost was estimated at around JPY 20.7 billion.
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CHAPTER S DEVELOPMENT POLICIES FOR SEWERAGE
SYSTEMS

5.1 Sewerage Collection System
5.1.1 Catchment Boundary for the Study

The JICA MP 2014 defined the catchment boundary for C1 and W1. However, at the beginning
of the Study, the C1 Wastewater Treatment Plant (WWTP) was planned to treat wastewater from
part of W1 in order to maximize the capacity of the C1 WWTP within the available land for the
plant. This was desirable due to the scarcity of available land for the W2 WWTP. The net result
was that wastewater from a portion of the W1 area, namely Latha Township, Lanmadaw Township
and the southern part of Dagon Township, is to be conveyed to the C1 WWTP. The boundary of
C1 and part of W1 is shown in Figure 5.1.1. Therefore, the C1 and W1 catchments have been
updated with an area of 990 ha and 1,163 ha, respectively, as shown in Table 5.1.1.

According to the Yangon City Development Committee (Y CDC), wastewater from the Parliament
now discharges into part of the W1 area, and in the future, this will be conveyed into the C1 area.
Therefore, wastewater from the Parliament, which is estimated at 333 m?/d (approximately for
1,000 persons), will be treated by the C1 WWTP. Also, the septic tanks, which are installed around
the Shwedagon Pagoda, treat sewage from the pagoda and the surrounding park. Therefore, this

area will not be covered by the development of the sewage collection sewage collection system.

Table 5.1.1 Sewerage Zone Defined in the JICA MP 2014 and Catchment Area

) . Sewerage Study Catchment Area (ha)
Township Name Township Grou
p P P Zone Area J 1%114\1/113 This Study
Pabedan Cl1 Y
Kyauktada Cl1 \
: 499
Botahtaung Central Business c1 N
District J
Pazundaung (CBD) Cl1 990
Latha W1 y
Lanmadaw Wil \
Dagon Wi V'
Ahlone Inner Urban Ring Wi 1654
Kyee Myin Daing (IUR) W1
1163
Sanchaung Wi
Bahan AVA
Kamaryut Outer Ring (OR) W1

Note: *1 The study area includes southern part of Dagon Township
Source: JICA MP 2014 and YCDC
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Figure 5.1.1 Boundary of C1 and Part of W1

5.1.2 Type of Sewage Collection System and Characteristics

(M

Existing Sewerage System

As shown in Section 4.1.1, an ejector system, or a force main sewage system introduced in 1888,

is installed in the central business district (CBD) and part of inner urban ring area and collects

only black water from households in these areas. The existing WWTP is installed in Botahtaung

Township, located in the east part of the CBD, and treats black water sent by the ejector system.

In the Dagon Township, the available sewerage facility is a septic tank.

2

Sewage Collection System

A sewage collection system will be determined considering the topography, meteorology, and

present condition of the existing system. It is commonly recognized that sewage collection

systems are classified into two types, which are: 1) combined sewer system and 2) separated sewer

system. The characteristics of these sewer collection systems are summarized inTable 5.1.2.

Table 5.1.2 Features of Sewer Systems

Sewage Combined Sewer
Collection Separated Sewer
System Combined Sewer Interceptor Sewer
To collect sewage and - To utilize the existing - To collect sewage by a sewer,
Feature storm water through a drainage system and to separately from storm water
single pipe collect sewage
Construction period and - Construction period and - Construction period and cost
cost can be reduced cost will be reduced will be increased because two
because only one pipe is because the existing pipes, collecting sewage and
installed. drainage system is storm water, are required.
C . The pipe diameter of a utilized. - The pipe diameter of a
onstruction - .
combined sewer will be - Interceptor chambers are separated sewer can be
larger than that of a required at some discharge minimized.
separated sewer since both points of the drainage
sewage and storm water system.
are collected in one pipe.
Operation In the dry season, sedimentation will easily occur inside the | - Sediment deposition in sewer
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and
Maintenance

pipes.

- In the rainy season, flashing by storm water can be
expected, but overflow will occur easily.
- Regular checking and cleaning will be easier.

pipes is less than that of
combined sewers or storm
water pipes.

Management for both sewer
pipe and storm water pipe is
required.

The installation depth of the
sewer will be deep.

Protection of

- Combined sewer overflow (CSO) will be discharged to
water bodies without any treatment.
- Initial storm water, which contains a lot of pollutants, can

Sewage will not be
discharged to water bodies.
Initial storm water, which

Watgr be treated at the WWTP. contains a lot of pollutants,
Environment : ;
will be discharged to water
bodies without any treatment.
House - Required. - Not required Required.
Connections

Source: JICA Study Team

5.1.3 Selection of Sewage Collection System for Target Area

(1) Comparison of Sewer System

The wastewater collection method is selected after consideration of pros and cons, taking into

account the features of both the combined sewer and the separated sewer as shown in Table 5.1.3.

As a result of the discussion with YCDC, it was decided that a separated system shall be applied

for the Project since it is not desirable for a combined system to discharge wastewater to Yangon

River even if it is diluted with storm water.

Table 5.1.3 Comparison for Separated and Combined System

Item

Separated System

Combined System

Collection of
Black and
Grey Water

© Collected by new sewer with larger- O

Collected by new sewer

size

Collection of
Storm Water

Collected by drainages in CBD to be
improved by World Bank. Drains in
Dagon township are being constructed
by YCDC.

Collected by new sewer with larger-size
excess of storm water beyond the
capacity of the sewer will overflow to
the existing water bodies at CSO

Rainwater on the surface of road or
residential land will be discharged

Pollution load in dry season will be
decreased, overflowed water mixed

Polluti i initi . . . . .
ollution w1.th0ut any treatment at the initial with rain water will be discharged into
Load rainfall. . -
. Yangon River. YCDC prefer to avoid
After the improvement, no wastewater anv vollution fo Yaneon River
will be discharged to Yangon river. yP & ’
Environmental condition will be better
since rainwater, greywater and black
water can be separately collected. Keep the existing condition and
BDS Diversion chamber to collect greywater YCDC will do the improvement work.
Improvement | will be constructed. Replacement of the Grey water will be discharged to

existing pipe for black water will be
implemented in 6 BDSs as pilot
scheme.

existing drain together with rain water.
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Although larger size of sewer will be
. . required than separated system, there is
New construction is only for main .
.. . . . no problem for the construction space.
Workability | sewer. Rain water will be discharged . . . .
. . . It might be difficult to design the invert
through existing drain to Yangon River. . . .
elevation of weir at combined sewer
overflow (CSO).
O&M for drainage will be in charged
by Road and Bridge department, and Normally, related department for
O&M that for sewer will be in charged by drainage and sewer is different, Water
Water and Sanitation department. and Sanitation department has to be in
Therefore, the responsibility of each charge for combined sewer.
facility will be clearly separated.
- . . . tructi t will i
Existing drain will be used for rain Cons ruction cost wi decrease in case
. interceptor sewer installs along Yangon
. water. World Bank is planned to . . . .
Construction | . . . River, combined sewer will require
implement the improvement work in
Cost . . almost same length as separated sewer
CBD. Diameter of sewer will be . ; . -
. taking into consideration existing
smaller than combined system. .
collection system.
Although it is necessary to separate
rain water and grey water, only Project effectiveness will find earlier
Effectiveness | construction of drain in BDS which than separated system since existing
covers large area of the whole BDS will utilize.
catchment can complete the system.
Normally, it takes longer construction If interceptor sewer is applied,

. period than combined system. Total construction period can be remarkably
Construction . . L.
Period length of the sewer might be almost the shorter than combined system. This is

erio same, however, improvement of BDS not considered the improvement work
will require additional period. of BDS.

Note: ©: Better, O:Good, A: Fair
Source: JICA Study Team
(2) Sewage conveyance to WWTP

Generally, a sewage conveyance system to a WWTP has either gravity flow or pressure flow.
Gravity flow is normally selected for a sewerage plan from the viewpoint of operation and
maintenance cost. However, the selection of a sewage transportation system shall also consider

the topographic condition of the catchment.

For gravity flow, the sewer system will be economical, and the sewer connection is simple. In
addition, its maintenance work will be easier than pressure flow. However, the installation depth
of the sewer in gravity flow will be deeper than in pressure flow since a lengthy sewer needs a
lower depth with a certain slope. Therefore, some pumping stations may be required to avoid
deeper installation of sewers. On the other hand, for pressure flow, the installation depth of the
sewer can be shallow regardless of topography, but the connection of sewers and maintenance

work will be more complex and difficult than that of gravity flow systems.

The ground elevation of the CBD is almost flat, and the existing sewer is applied for pressure
flow. However, the ground elevation of Dagon, which is located upstream of the CBD, declines
toward the CBD area. In addition, it was observed that a pumping station was not required in the

middle in case gravity flow is applied because the deepest earth covering was identified as around
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14 m at the pumping station in the WWTP. Therefore, it can be said clearly that operation and
maintenance are much easier in gravity flow than in pressure flow. Considering the above, gravity
flow will be applicable for the sewer system in the CBD and in Dagon, in accordance with the

theory.
5.1.4 House Connection in Target Area

A house connection shall be considered separately whether the back drainage space (BDS) is
currently available or not since BDS has already been equipped with a sewer, storm water pipe,
and grey water pipe from each residence in the apartment building, although grey water and storm
water are finally mixed and collected by the ditch. Therefore, for the improvement and new
installation of a house connection in the Project, the house connection method shall be different

to suit the current available facilities, taking into consideration the construction cost and

1 1
""""" I' T T T T T T 777 Service Sewer (House connection)

implementation period.

House owners are obliged normally to connect
with the sewage collection system individually

through their own service pipe connecting a

Trunk/Branch Sewer

public inlet in adjacent to the border between
public and private. The public sector should
provide the public inlet and lateral sewer for

collecting sewage into the trunk/branch sewer.

I Lateral Sewer
------------------- '

Source: JICA Study Team
Figure 5.1.2 House Connection

“Manhole

A steady implementation of house connection is

essential issue because project effectiveness of the

= BLACK Water
GLAY Water

sewerage development will not be obtained until | __ SLAY water

House owner takes the

sewage reaches the WWTP by the house
the

responsibility for
connection

connections.  Therefore, prior to

implementation of the Project, YCDC is required

to implement the house connections by making it | vcpc takes the responsibility

for house connection

obligatory, formulating the legal system relating

to the sewerage and operating these systems

Source: JICA Study Team based on information from
YCDC

Figure 5.1.3 House Connection in BDS

properly.
(1) CBD with BDS

House owners currently bear the installation cost of the pipes from the apartment building to the
public inlet on the surface of the ground. On the other hand, YCDC bear the installation cost for
the inlet and required facilities to connect the inlet with the ejector station, i.e. buried connection
pipes, BDS sewer and the manhole. In this study, each responsibility for the house connection

will be the same as the current situation.
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(2) CBD with non BDS and Dagon area

House owners will install the service sewer from household to the public inlet. The public inlet

and other facilities will be installed under the project as shown in Figure 5.1.2.

5.2 Sewerage System Development Plan

5.2.1 Water Supply Served Population Projection

In principle, the basic condition for a sewerage system shall be prepared in accordance with the
planning concept in the JICA MP 2014. However, the population projection until 2040 has been
updated in the ‘Data Collection Survey for the Project for Updating the Strategic Urban
Development Plan of the Greater Yangon’ by JICA in 2017. Therefore, the updated population
projection is used for the Study. To calculate wastewater volume, the water supply service ratio

and the served population in each year is estimated as shown in Table 5.2.1.

Table 5.2.1 Water Supply Service Ratio and the Served Population

Township 2017 2020 2025 2030 2035 2040
Latha 91% | 22,802 | 97% | 24,305 | 100% | 25,057 | 100% | 25,057 | 100% | 25,057 | 100% | 25,057
Lanmadaw 76% | 35,842 82% | 38,671 92% | 43,387 | 100% | 47,160 | 100% | 47,160 | 100% | 47,160
Pabedan 94% | 31,336 | 100% | 33,336 | 100% | 33,336 | 100% | 33,336 | 100% | 33,336 | 100% | 33,336
Kyauktada 98% | 29,256 | 100% | 29,853 | 100% | 29,853 | 100% | 29,853 | 100% | 29,853 | 100% | 29,853
Botahtaung 99% | 40,585 | 100% | 40,995 | 100% | 40,995 | 100% | 40,995 | 100% | 40,995 | 100% | 40,995
Pazundaung | 100% | 48,213 | 100% | 48,455 | 100% | 48,455 | 100% | 48,455 | 100% | 48,455 | 100% | 48,455
Dagon 53% | 14958 | 59% | 18,290 | 69% | 25,064 | 79% | 32,904 | 89% | 40,229 | 100% | 48,751
Total 222,991 233,905 246,147 257,760 265,085 273,607

Source JICA Study Team

5.2.2 Wastewater Generation Volume

Wastewater generation volume is mainly composed of domestic wastewater, commercial
wastewater, industrial wastewater, and groundwater infiltration. Sum of the commercial

wastewater and the industrial wastewater is defined as non-domestic wastewater.
(1) Domestic and Non-Domestic Wastewater Volume

JICA MP 2014 defined the domestic and non-domestic unit water supply consumption until 2040
which categorization was different from the above. There is no industrial park in the target area,
therefore, wastewater volume is calculated based on the premise that no industrial wastewater
will be generated. It leads that non-domestic wastewater volume is the same volume with
commercial wastewater volume in the Study. Domestic water consumption was estimated as 150
Ipcd in 2025 and 200 Ipcd in 2040. Domestic and non-domestic water supply consumption were

estimated with the ratio of 60:40, which is based on the current water consumption in Yangon as
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mentioned in Section 4.3.7, Chapter 4, Volume III of JICA MP 2014. Therefore, the domestic and
non-domestic unit water supply consumption was estimated as 250 Ipcd in 2025 and 333 Ipcd in
2040 as shown in Table 5.2.2.

Table 5.2.2 Unit Water Consumption
Unit: Ipcd
Area 2014 2017 2020 2025 2030 2035 2040
C1 and part of W1 185 203 220 250 278 305 333
Domestic 150 200
Non-Domestic 100 133

Source: Section 4.3.7 Chapter 4 Volume III of JICA MP 2014

(2)  Industrial Wastewater Volume

No industry uses a large volume of water in the target area. In case a large scale of industries
consumes a large volume of water supply, the industry is requested to treat water at WWTPs
individually to meet the industrial effluent quality standards. In Yangon City, there is currently no
standard for receiving wastewater by sewerage facility, however, MONREC and YCDC are
strengthening guidance on environmental management improvement including improvement of
wastewater treatment. The establishment of the Environmental Management Plan (EMP) to
mainly for the business operator with high pollution load and the improvement of the wastewater
treatment are implemented, and primary treatment by the factory is also implemented as

appropriate. Therefore, industrial wastewater volume was not considered in the Study.
(3)  Groundwater Infiltration

It is difficult to accurately estimate the amount of groundwater infiltration without investigation
since the groundwater infiltration is mainly caused by poor connection, deterioration of sewer,
and high groundwater level. Therefore, the Study adopted 10 m*/ha/day as the groundwater
infiltration volume which was estimate with reference to the other southeast Asian Cities defined
by the JICA MP 2014.Daily average wastewater volume was calculated equivalent to 100% of
the daily average water supply consumption plus groundwater infiltration. A peak factor of 1.1
was applied to the daily average wastewater volume to calculate the daily maximum wastewater
volume. Hourly maximum wastewater volume is calculated as 1.5 times of daily maximum
wastewater volume. JICA MP 2014 defined the peak factor after reviewing the values in Bangkok
and in major cities in Japan. The calculated wastewater volume in each township is shown from
Table 5.2.3 to Table 5.2.5.
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Table 5.2.3 Wastewater Generation Volume (Daily Average Maximum)

Unit: m*/d
Township 2017 2020 2025 2030 2035 2040

Latha 5,222 5,952 6,869 7,565 8,261 8,957
Lanmadaw 8,568 9,818 12,157 14,411 15,721 17,031
Pabedan 6,964 7,953 8,953 9,879 10,805 11,731
Kyauktada 6,626 7,270 8,165 8,994 9,824 10,653
Botahtaung 10,820 11,621 12,851 13,989 15,128 16,267
Pazundaung 10,831 11,728 13,181 14,527 15,873 17,219
Dagon 6,023 7,018 9,260 12,134 15,287 19,245

Total 55,056 61,359 71,437 81,500 90,898 101,102

Source: JICA Study Team

Table 5.2.4 Wastewater Generation Volume (Daily Maximum)

Unit: m*/d
Township 2017 2020 2025 2030 2035 2040
Latha 5,744 6,547 7,556 8,322 9,087 9,853
Lanmadaw 9,425 10,800 13,373 15,852 17,293 18,734
Pabedan 7,661 8,748 9,848 10,867 11,885 12,904
Kyauktada 7,289 7,996 8,982 9,894 10,806 11,718
Botahtaung 11,902 12,783 14,136 15,388 16,641 17,894
Pazundaung 11,914 12,900 14,499 15,980 17,461 18,941
Dagon 6,626 7,720 10,186 13,348 16,815 21,169
Total 60,561 67,495 78,581 89,650 99,988 111,213

Source: JICA Study Team

Table 5.2.5 Wastewater Generation Volume (Hourly Maximum)

Unit: m*/d
Township 2017 2020 2025 2030 2035 2040

Latha 8,017 9,821 11,334 12,482 13,631 14,779
Lanmadaw 14,138 16,200 20,060 23,777 25,939 28,100
Pabedan 11,491 13,122 14,772 16,300 17,828 19,356
Kyauktada 10,933 11,995 13,472 14,841 16,209 17,577
Botahtaung 17,854 19,174 21,204 23,083 24,961 26,840
Pazundaung 17,870 19,351 21,749 23,970 26,191 28,412
Dagon 9,938 11,580 15,280 20,022 25,223 31,754
Total 90,842 | 101,243 | 117,871 | 134,475 | 149,982 | 166,819

Source: JICA Study Team
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@=s== Population 253,078 255,855 261,181 266,507 270,057 273,607

203 220 250 278 306 333

Source: JICA Study Team
Figure 5.2.1 Population Growth and Wastewater Volume (Daily Max) until 2040

5.2.3 Sewerage Development Plan for 2040
The general planning conditions of the sewerage developments are summarized as follows:

a) The target year is 2040;

b) The covered area is 990 ha, including 499 ha of the C1 area and 491 ha of the Dagon
Township;

¢) The sewerage-served population in 2040 is 273,607 people;

d) The daily average wastewater volume is estimated at 102,000 m*/d;

e) The daily maximum wastewater volume is estimated at 112,000 m?/d;

f)  The hourly maximum wastewater volume is estimated at 167,000 m?/d;

g) Separated system is applied; and

h) The current ejector system including sewer pipes, the ejector station, and an air pipe should

be switched to the new sewerage system after the completion of the Project.

The planning conditions above were used as the basis for the design of the sewerage system
including the sewers, WWTPs and associated works in the Study. The JICA Study Team has
discussed a scenario of the development of the WWTP based on the improvement steps of the
sewers and house connections. It is tentatively set in two step-wise development plans, first with
the new WWTP construction followed by the upgrading of the existing WWTP because of
continuous wastewater treatment service. The construction of trunk and branch sewers, as well as

service sewers, shall be continuously implemented throughout the Project period.

In consideration of Loan Agreement, procurement of consultant, detailed design, and bidding
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period, the timing of the commencement of construction is set to the middle of 2021. Improvement
of sewer, wastewater treatment plant, and BDS improvement will be major component of the
Project as mentioned in detail in Chapter 6. The sewerage development plan was formulated

taking into account the progress of each construction work.

Development plan for the installation of sewer was divided into the three area where the BDS is
available in CBD, not available in CBD, and the Dagon area. In the area where the BDS is
available in CBD, it was considered that it is possible to collect wastewater relatively quickly by
installation of the trunk sewer by the Project since there is a certain level of sewer system available
in BDS. Also, in the area without BDS in CBD and the Dagon area, it is planned to take into
account the period of each house connection since stepwise house connection after installation of

the trunk sewer is required.

The existing WWTP has a capacity of 15,000 m*/d; however, actual influent volume was recorded
at an average of around 630 m’/d. Therefore, only one out of two lanes are being operated with a
capacity of 7,500 m*/d. Sewage, which will be collected from the CBD area, where BDS is
currently available will be conveyed and treated at the WWTP. The construction of the sewer and
the WWTP with a capacity of 56,000 m*/d will take three years. After the WWTP with the capacity
of 56,000 m?/d starts operation in 2024, sewer collection system will be replaced by new system
instead of existing ejector system. To fill the gap between the generated wastewater volume and
the sewage volume to be treated at the WWTP, further construction of sewers where BDS is
currently not available and Dagon area, increasing the number of house connections, and
expansion of the WWTP from 56,000 m*/d to 84,000 m*/d and 112,000 m*/d will be required by
2026 and 2027 respectively. It should be noted that house connections in the future development
areas, where no utilization takes place for the time being, have to be implemented by the house
owner or the developer after 2027 in order to accomplish 100% service coverage. Sustained
implementation of house connections will be required until 2040 in Dagon area because house
connection ratio in 2029 will be 77%. The reason why house connection ratio in the area is lower
than the other are is that the house connection will increase together with increase of the water

supply coverage ratio.

The blueprint of the project implementation schedule is shown in Figure 5.2.2.
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1 2 3 4 5 6 7 8 9 10 1" - 22
Period
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 - 2040
Pre-con. Stage | Construction Stage (6years) | DNP |
CP-1 (Sewer) | | | ‘ |
a)CBD (BDS) Pipe installation
b) CBD (No BDS) Procure Consultant, | | ‘ | Pipe installation House connection
D/D and BID i
c) Dagon (Part of W1) Pipe installation House connection
CP-2 (WWTP)
a) WWTP (New: 56,000m°/d x 2) 56,000m’/d (half) 56,000m/d (half)
Procure Consultant, |
D/D and BID
Existing under Operation
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 - 2040
Sewer Inst. Ratio (%) 0% 0% 17% 50% 83% 100% 100% 100% 100% 100% 100% - 100%
House Connection (%) 95% 97% 97% 97% 98% 98% 99% 99% 99% 100% 100% - 100%
a) CBD (BDS) Collection Vol (m’/d)*" 630 630 630 630 630| 34,289 35,185 35,997| 36,812 37,633 38,458 - 46,151
Served Pop. 109,064 110,431 110,927 111,423| 111,918 112,414| 112,910| 113,292 113,673| 114,055| 114,436 - 114,436
Total Pop. 114,436 114,436 114,436| 114,436| 114,436 114,436| 114,436| 114,436 114,436| 114,436| 114,436 - 114,436
Sewer Inst. Ratio (%) 0% 0% 0% 0% 25% 75% 100% 100% 100% 100% 100% - 100%
House Connection (%) 0% 0% 0% 0% 0% 0% 25% 74% 99% 100% 100% - 100%
b) CBD (No BDS) Collection Vol (m’/d)*" 0 0| 0 0 0 0 8,330| 25,576| 34,887| 35,676 36,470 - 43,893
Served Pop. 0 0 0 0 0 0| 27,237| 81,987| 109,684 110,052| 110,420 - 110,420
Total Pop. 110,420| 110,420 110,420 110,420| 110,420 110,420 110,420| 110,420 110,420| 110,420| 110,420 - 110,420
Sewer Inst. Ratio (%) 0% 0% 17% 50% 83% 100% 100% 100% 100% 100% 100% - 100%
House Connection (%) 0% 0% 0% 0% 0% 22% 46% 1% 73% 75% 7% - 100%
c) Dagon Collection Vol (m’/d)*" 0 0| 0 0 0 2,849 6,110 9,801 10,467 11,165 11,894 - 21,169
Served Pop. 0 0 0 0 0 7,875 16,709| 26,547| 28,072 29,640 31,251 - 48,751
Total Pop. 30,074 30,999 32,064| 33,130| 34,195 35,260| 36,325 37,390 38,455 39,520 40,585 - 48,751
Inflow Volume to WWTP(m3/d):Daily Max 630 630 630 630 630| 37,138 49,625 71,374| 82,166 84,474 86,822 - 111,213
WWTP Capacity (m3/d):Daily Max 15,000] 15,000 7,500 7,500 7,500 56,000 56,000{ 84,000( 112,000 112,000| 112,000 - 112,000
Total Served Population 109,064 110,431 110,927 111,423| 111,918 120,289| 156,856 221,826 251,429| 253,747| 256,107 - 273,607
Total Population 254,930| 255,855 256,920| 257,986| 259,051| 260,116| 261,181| 262,246| 263,311 264,376 265,441 - 273,607
Sewerage Service Ratio | °% S[f““‘ ‘:gg'/ Towl | 4306|  43%|  43%|  43%|  43%|  46%|  60%|  85%|  95%|  96%|  96%| - 100%
(lE' X
% 1:Sewage Vol. from 2019 to 2023 was observed volume including sewage transported by Vacuum Truck
120,000
100,000
— =
]
g3
SE 80,000
BE
=3
£
£ s 60,000
© g
P
5 40,000
:
20,000
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2040
WWTP(Stage-2) 28,000 56,000 56,000 56,000 56,000
WWTP(Stage-1) 0 0 0 0 0 56,000 56,000 56,000 56,000 56,000 56,000 56,000
Existing WWTP 15,000 15,000 7,500 7,500 7,500 0 0 0 0 0 0 0
s [nflow Vol 630 630 630 630 630 37,138 49,625 71374 82,166 84,474 86,822 111,213
Generated (5 108 67495 69.626 71800 74016 76276 78581 80767 82995 85266 87,580 111213

Wastewater Vol

Source: JICA Study Team
Figure 5.2.2 Development Plan for Construction of Sewer and WWTP by 2040
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5.3 Precondition on Planning of Wastewater Treatment Plant Requested by YCDC

5.3.1 Background of the Request ——
(1) Lack of Disposal Site in Yangon City ,_l::-'?—f- B ,__jl:.';-_m"_'__._‘: Bt '][ /]
Upon query of the JICA Study Team about
the possible location of the sludge disposal
facility, YCDC considered and proposed two

lands owned by YCDC. However, both lands
are evaluated as inappropriate by the JICA

 Acoc
i Option2

Study Team because it is surrounded by
residential areas. It is difficult to make a

consensus among stakeholders because they kg R SR

may complain about the development of the legend: @ studiedsludge disposal facility WWTP

disposal facility and the offensive odour Source: JICA Study Team

from the sludge. Figure 5.3.1 Location of the

The JICA Study Team suggested EDWS to Proposed Sites for Sludge Disposal
confirm the possibility of disposing of the

sludge to the final disposal site (FDS) of solid waste, Htein Bin FDS, managed by PCCD because

it is practiced and commonly observed in other countries.

It is estimated that 60 ha is available for the Htein Bin FDS, assuming a layer thickness of 5.0 m,
the remaining capacity of the site is estimated as about 3 million m® and it is not sufficient for the
rapidly increasing amount of solid waste generated from the city. It is an urgent issue for YCDC

to immediately find and secure a new site for solid waste disposal.
(2) Fire Incident at Htein Bin FDS

In the field survey, the fire at the sprawling
Htein Bin FDS, located in the outer
northwest of the Hlaing Tharyar
Township, began on 21 April and spread
quickly until it consumed more than half
of the site. According to the Pollution
Control and Cleansing Department
(PCCD) of YCDC, the blaze was fuelled
by the methane produced from decaying  Source: YCDC

biodegradable organic waste. The fire was Figure 5.3.2 Fire Incident at Htein Bin
not under the complete control until 14 FDS (April 2018)

May. (Source: information from YCDC and Myanmar Times)

In response to this incident, YCDC decided to consider carefully disposal of waste to this site in
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the future. Initially, PCCD, the department of YCDC in charge of solid waste management,
concluded that the dewatered sewage sludge generated in the wastewater treatment plant of this
project shall be disposed in Htein Bin FDS. However, after this incident, PCCD did not agree to
dispose dried sludge containing organic component into Htein Bin FSD and strongly requested
the JICA Study Team to conduct a technical study on further treatment options in the wastewater
treatment plant in order to reduce the volume of generated sewage sludge and to convert sludge
into a form which would not produce methane gas, consequently reducing the risk of occurrence
of a similar incident in the future. In addition, there is no vacant capacity in the other YCDC’s
FDS currently, so the Yangon Regional Government (YRG) intend to improve and develop the
FDS in order for YCDC to appropriately and safely dispose and manage solid waste and sewage

sludge generated from Yangon City, including this study area.
5.3.2 Preconditions for Study on Wastewater Treatment Plant

From the aforementioned situation, YCDC requested the JICA Study Team the following

preconditions for planning of the wastewater treatment plant:
(1) Sludge Treatment Process and Facilities

*  The sludge treatment process shall be 1) thickening, ii) dewatering, and iii) drying.

* A mechanical drying method shall be implemented, but not a sun-drying method because this
method needs a huge space and may affect the environmental condition around the sewage
treatment plant due to odours, etc.

*  The sludge treatment facility should be designed as compact as possible so that sludge
incineration facilities and other components can be installed and so that an appropriate facility
layout plan can be prepared in the future.

*  The above requests from YCDC were made based on the consideration of the limitation of the
area for sludge disposal site in Yangon city, but not only in the target study area. The sludge
will be generated more with the increase of population from entire Yangon city. Therefore,
currently, YCDC has a plan to construct sludge incineration facility in the existing WWTP
area in order for minimizing the sludge volume and reducing the environmental impact.

(2) Utilization of the Existing Sewage Treatment Plant during Construction Works

*  The existing sewage treatment plant shall be utilized until the operation of the new treatment
facilities.
* The existing sewage treatment plant shall be demolished after the construction of new

treatment facilities to secure space for future facilities including incineration facility.

The JICA Study Team conducted the study in accordance with the preconditions given by YCDC
after confirming their validity in Chapter 6.
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CHAPTER 6 PLANNING OF IMPROVEMENT AND
DEVELOPMENT OF SEWERAGE SYSTEMS

6.1 Planning of Sewage Treatment Plant

6.1.1 Design Water Quality
(1) Design Influent Water Quality

The design influent water quality is shown in Table 6.1.1. Values were set based on the discussion
with Yangon City Development Committee (YCDC) experts, considering the process of

modification from the current sewer collection system.

Table 6.1.1 Design Influent Water Quality

Items Design Value (mg/L)
BOD 250
SS 250

Source: YCDC

In the present sewerage system, the influent biochemical oxygen demand (BOD) value is recorded
at around several thousand mg/L because only septage flows into the existing wastewater
treatment plant (WWTP). Domestic wastewater will be collected and treated together with the
septage when the new WWTP is installed.

During the discussion, YCDC proposed the design influent quality to have values of 250 mg/L
for BOD and 250 mg/L for suspended solids (SS), which are referred to the values used in other
members of the Association of Southeast Asian Nations (ASEAN) such as Kuala Lumpur, Manila,

and Singapore, for the future development of Yangon City.

Based on Japanese design standards, a value of 54 g per capita per day is applied for both BOD
and SS.

Accordingly, the validity of these design standards proposed by YCDC can be proved based on

the following calculation:

Assuming that the operation of the new treatment plant is commenced in 2023, the estimated
sewerage volume generated per person per day will be 242.5 L. Therefore, the influent BOD value

will be 220 mg/L. (54 g per capita per day / 242.5 L per person per day x 1,000 =220 mg/L)

Thus, the proposed design influent BOD and SS value of 250 mg/L is reasonable, including some
margin due to fluctuation. YCDC and the JICA Study Team agreed in this regard.
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(2) Design Effluent Water Quality

The design effluent water quality, which was set based on the value confirmed with YCDC in the
past study (MLIT’s Study in 2016), is shown in Table 6.1.2. The guideline for national effluent
standards was established in Myanmar. However, the following limits are commonly used for

treated effluent by the activated sludge process.

Table 6.1.2 Design Effluent Water Quality (YCDC Internal Guideline)

Items Design Value (mg/L)
BOD Less than 20
SS Less than 30

Source: YCDC

6.1.2 Area for Sewage Treatment Plant

In the past studies, the area of the existing wastewater treatment plant was expected to be

expanded by YCDC as shown in Figure 6.1.1.
However, according to YCDC, the area cannot be expanded due to the following reasons:

1) The area belongs to Myanmar Port Authority (MPA), not YCDC. Although YCDC has been
negotiating with the authority for over five years to obtain the area, it was concluded not to be
provided.

2) A lot of residents who have relatives in the Myanmar Navy live in the area. It will be impossible

to resettle all of them.

Therefore, YCDC and the JICA Study Team confirmed that the sewage treatment plant study shall

be conducted within the area of the existing treatment plant as shown in Figure 6.1.1.
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Legend

| [ ] Existing WWTP Area (YCDC)
C 1 Proposed Area in M/P (Port Authority)

Source: JICA Study Team
Figure 6.1.1 Area of Existing Sewage Treatment Plant

6.2  Study for Wastewater Treatment Facility (WTF)

6.2.1 Primary Comparative Study for the Selection of Wastewater Treatment Process

The primary comparative study was conducted for six wastewater treatment processes which are

the major processes applied in the world as shown in Table 6.2.1.

In this study, the applicability of the Advanced Treatment Method in the future will be one of the

conditions for the selection of the treatment process with the following reasons:

*  Ahigher effluent water quality standard will be considered in the future to maintain the water
quality of the rivers in Yangon City due to further increase in population and development of
Yangon City, similar to other Southeast Asian countries such as Singapore, Malaysia,
Philippines, Thailand, Vietnam, etc. (The treatment process in some WWTPs in these
countries were selected for modification into the Advanced Treatment Method in the future.)

¢ The study conducted by the Asian Development Bank (ADB) for the environmental
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guideline (National Environmental Quality (Emission) Guidelines) in Myanmar
recommended to remove nitrogen and phosphorus in the future.

The Water Front Project of the Yangon River is being planned and will be implemented in
the near future. Further, high water quality of the Yangon River might be required.

The available land for WWTP is limited in Yangon City. It will be difficult to find another
additional land in the future, even if required. Therefore, treatment processes which can be

modified into the Advanced Treatment Method should be studied.
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Table 6.2.1 Primary Comparative Study for the Selection of Wastewater Treatment Process

Wastewater Treatment Process

No. Subject IFAS
: CAS RIE MER SER b (Integrated Fixed-Film Activated
(incl. deep type) (Pre-treated Trickling Filter) (Membrane Bioreactor) (Sequencing Batch Reactors) (Oxidation Ditch) 9 Sludge)
Examples of Multi-story Wastewater Treatment Facilitie -
e . mme= e R S  BEERe——
g . . I-.. g -;!_ == - .’
Process Image ki
]_“ d
== -SEHEEEE-
Area required for wastewaler treatment (m?/m’)
Japanese Average : 0.8 (mim’) Osaka City : 0.27 (m?im?)
The Integrated Fiowed-Film  Activated
Shd, ‘AS i i installed
. The oxdation ditch (OD) is a sort of] ge (F )pmce:_is is typically ins .
The d . | iy The PTF method is a treatment method A techmelo which . g Sl B o G I as a retrofit solution for conventional
© ideep type cvonven ons a.c v developed for ASEAN nations and has the EONYWEY L uars 2 TIAe SRVIIE SBR is considered a filland-draw activated cqutl:.u g LR ae.:m .:on_ activated sludge systems that are at or
sludge process, which uses a multi-layercd 2 . |and compact trcatment mecthod and 5 consists of a long channcl ofan clliptical or 5 =
. : advantage that the power consumption is . . ,|sludge system. The processes of] . 5 3 . |beyond capacity. IFAS upgrades offer an
sedimentation tank and a deep layer . supports advanced treatment is required N . . . circular shape equipped with an acration . .
] 5 lower compared to the conventional : cqualization, acration, and clarification arc : 3 extremely cost-effective retrofit solution to
reactor, i8 a method which has been for the treatment plant planning. MBR i s equipment called a rotor for gencrating a i :
. . . . |methods. ) all achicved in the same tank, unlike a .. ; municipal wastewater plant expansion,
developed in 1960's. It is applicasble in S o - . |method can fulfill the both requirements. 2 = . |water flow and stirring water in the channel| . A
S Considering the limited construction sites| . ; conventional activated sludge system, in X ) taking full advantage of existing systems,
0 Feature case available land/space is limited. . . . |With the MBR method membrane units are| , . to supply oxygen. Thought it requires a : ..
2 and high power cost in the target area, this : which the same processecs are 2 = E equipment, process knowledge, traming,
It can be applied for advanced treatment 5 set in a reactor tank and no final . : relatively large area, it has a simple :
A ) .. |method will be a very effective technology . . accomplished in scparate tanks. ) and operator skills. The technology is
and severl technologies/equipment which i ; . . |sedimentation tank will be necessary. As 5 5 ? structure and can be ecasily operated as . .
: 3 because the facility with this method will ; ; : A However, this process is not suitable for A : compatible with plug flow and complete mix|
contribute to saving power consumption. the prmary sedimentation tank is not . . |well as being able to remove nitrogen ] i .
i 3 HEE . .. |be compact and can save power 3 advanced treatment. (Skilled technique is i E configurations; IFAS hybrid processes are
This method is appllied in the major cities : : mandatory, this trcatment method can : 3 casily. Thus, it has recently been widely < 2 :
h as Tokyo, Osaka, J consumption. However, this technology iy sav required for the operation.) S 1 —— designed for complete compatibility with
FHeh A lokyoy » 3P0 cannot support advanced treatment. By Rve apaoc. u:l 1m TeRiy ey A cwaterirealing | gne bubble aeration systems, providing
PR demonstrated long-term operational cost
savings.
1 Operation Skill Fair Easy Fair Fair Easy Fair
Generated Sludge
2 A 9 1 08 0.8 098 0.75 1.1
Volume (ratio to CAS)
Unit Energy Consumption
3 03 0.15 05 0.45 09 0.3
(KWh/m?®)
Required Land Area for Large
4 9 . Small to Middle Small to Middle Small Mddle 5 g . Small to Middle
Typical Layout (Difficult to place in the area)
Applicability to Advanced _ ' ) 'Apphcable, but trez_atment Fapacny _Appllcable, but tre_atment papacity )
5 Trastmant Applicable Not Applicable Applicable is halved. (Operational adjustment | is halved. (Operational adjustment Applicable
is necessary) is necessary)
Selection for Primary ~ =
: lected Selected s ¥ Selected
Comparative Study Selecte ¢ — _— e
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6.2.2 Secondary Comparative Study for the Selection of Wastewater Treatment Process

(1) Applicable Space for Wastewater Treatment Facilities (WTFs)

Following the result of the primary comparative study, the secondary comparative study for the
selection of wastewater treatment process shall be carried out taking into account the conditions

mentioned in Section 5.3.

Therefore, the new WTF is only required to be placed within the area shown in Figure 6.2.1
considering the area for STF because the existing WTF will be operated until completion of the
construction works of the new WTF, and the area will be used for future facilities which will be
planned by YCDC.

WASTE WATER TREATMENT PLANT

Sewage Treatment Plant Area: 2.25 ha

Source: JICA Study Team
Figure 6.2.1 Applicable Space for Wastewater Treatment Facilities (WTF)

Therefore, only the treatment process which can be placed in the area will be applicable for this

project.
(2) Selection of Wastewater Treatment Process
The study on the general layout plan of the WTFs was conducted as shown in Table 6.2.2

As a result, only the MBR process can be adopted to satisfy the conditions under which the
existing treatment facilities shall be operated during the construction work, and the area shall be

secured for future facilities as requested by YCDC.
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Table 6.2.2 Secondary Comparative Study on Wastewater Treatment Process

General Facility Layout Plan of Wastewater Treatment Facilitiy (WTF)

Subject
Option 1 : CAS (Deep Type) Option 2 : MBR Option 3 : IFAS (Deep Type)
[ ] sewage Treatment Plantarea: 2.25ha [] sewage TreatmentPlantarea: 2.25ha [ sewage TreatmentPlantarea: 2.25ha
© e i NEWWTF 7 New WTF 7 New WTF
Existing WTF and Area for Future Facility Existing WTF and Area for Future Facility Existing WTF and Area for Future Facility
Additional New WTFto be required Additional New WTF to be required
General

Facility Layout

Dimension

Dimension

Dimension

Appcable Treatment Capacity (South) Less than 56,000m3/day

Appcable Treatment Capacity 112,000m3/day

Appcable Treatment Capacity Less than 56,000m3/day

Primary Sedimentation Tank (2 Stories) L=23m, B=55m(25*2), H=8m(4*2)

Primary Sedimentation Tank (2 Stories) L=35m, B=55m(25*2), H=4m

Primary Sedimentation Tank (2 Stories) L=23m, B=55m(25*2), H=8m(4*2)

Features Reactor (Deep Type) L=46m, B=55m(25*2), H=10m Reactor L=35m, B=55m(25*2), H=4m Reactor (Deep Type) L=40m, B=55m(25*2), H=10m
Final Sedimentation Tank (2 Stories) L=42m, B=55m(25*2), H=8m(4*2) Final Sedimentation Tank (2 Stories) - Final Sedimentation Tank (2 Stories) L=42m, B=55m(25*2), H=8m(4*2)
Additional New STP Cannot be placed Additional New STP Cannot be placed
Not satisfied the design capacity Satisfied the design capacity Not satisfied the design capacity
WTF Need to demolish the existing WTF New WTF can be placed without demolition of the existing WTF Need to demolish the existing WTF

Adaptability of STF No space is available for sludge treatment facility (STF) Spece is available for sludge treatment facility (STF) No space is available for sludge treatment facility (STF)
Precondition
required by
YCDC isti Existing WTF b ted during th trcuti k and
Existing Existing WTF cannot be operated during the constrcution work xisting ean be operated during the cons_r_c.u lon workan Existing WTF cannot be operated during the constrcution work
WTF the area can be used for future facilities
Area for Cannot be secured because the area of existing WTF will be required for an . . . Cannot be secured because the area of existing WTF will be required for an
Future i~ Can be sedured because an additional WTF is not required "
Faciliti additional WTF additional WTF
acilities

Maintenance

Maintenance road is difficult to place

Maintenance road can be placed

Maintenance road is difficult to place

Evaluation

Area is insufficient for complete WWTP

Only MBR Method can be applicable with satisfaction of the technical
conditions and the requirement of YCDC

Area is insufficient for complete WWTP

Not Applicable

Applicable

Not Applicable
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6.2.3 Proposed Wastewater Treatment Facilities

As a result of the comparative study, the MBR process shall be applied for the project as it is the
most appropriate. The facility layout plan is shown in Figure 6.2.2

The capacity calculation of the WTF is shown in Appendix 4.

WASTE WATER TREATMENT PLANT
MBR : Q=112,000m3/d

I = H

F*_] 147] [ THT WTF (MBR)

E g r —|E R I 112,000 m¥/day
N —HriLF | :
T

( T F r - I‘ ik s —
A_L‘ & LI — L‘ I — L ﬂ - N
S| U= et A N N
i . Ok [ J o L - E
’ . Influerit Pump Station Elacirical Failty Blawor Building Charica! B[iiding |
[ T e I A T -
: [

i 7'.&@5}— : i
4 Area for Future Facilities to be planned by YCDC |HW$“WWWW1| 7 Ml ‘

STTLING TANK _REACTION TANK
0

1y
Feasibilty Study for Sewsrage System Develupment in
Yangon City.

g s 101000
WASTEWATER TREATMENT PLANT

[E—
GEMERAL LAYOUT v s 1 R

Source: JICA Study Team

Figure 6.2.2 General Layout of Proposed Wastewater Treatment Facilities

6.2.4 Outlet

Revetments along the WWTP and jetty are removed so that a new outlet of the WWTP can be
constructed. A part of the revetment and jetty is not an obstacle to the outlet construction. However,

these structures should be removed because of the following reasons:

- The existing revetment is getting older, and part of it has already collapsed.

- Removal of the jetty is required to remove revetment for construction.
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Revetment

In addition, effluent pipes used for direct discharge of wastewater collected by the ejector system
should be removed because it is unnecessary for the new sewage system. However, the area
surrounding the revetment and some structures, e.g., revetment and jetty, belong to the MPA.
Therefore, negotiation on the WWTP construction and the recovery of existing facilities with

MPA will be required in the detailed design stage.

o

LT

‘

q

F’

e T
|

Effluent Pipes
(24 inch and 36 inch)

Source: JICA Study Team

Figure 6.2.3 Location of Existing Facilities Relating to Outlet
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6.3  Study for Sludge Treatment Facility (STF)

In this section, the STF is studied and planned as follows:

6.3.1 Available Area for Sludge Treatment Facility

As planned in Section 6.2, the two options considered for the STF area are shown in Figure 6.3.1.

WASTE WATER TREATMENT PLANT
MBR : Q=112,000m3/d

e [7

Ty F ‘ H © N o

\ ﬁ_\,u L |

| \ [ *
‘ A—‘ﬁ ; T TR, Tl i

* lm'-ﬂjm DT;J —“F;_w L= —
L = imuentpu MpSt tio Elnctrical Facilty Slawer Buiding ]

[IET T L bl 107 ’—j | ‘ | -

| \: Area for Existing Wastewater Treatment Facility E Option 1 :

STTLING TANK _REACTION TANK
[

e
Feasibility Study for Sewerage System Development in
angon Gity.

oy | 12 can 11000
WASTEWATER TREATWENT PLANT

e
GENERAL LAYOUT

Source: JICA Study Team

Figure 6.3.1 Options of Area for STF
Option 1 is considered to have better processing efficiency because it is closer to the water
treatment facility. In addition, maintenance work is easier because the two facilities are adjacent
to each other.

Therefore, Option 1 is selected for planning of STFs.

6.3.2 Comparative Study for Selection of Applicable Sludge Treatment Process
After wastewater treatment, excess sludge will be generated. Although the quantity of sludge

generated in the C1 WWTP is currently small because it receives only a limited amount of

wastewater, a large quantity of sludge will be generated as the new sewerage system is developed.

Sludge treatment is a combination of unit processes which comprises mostly of the reduction of

volume and stabilization of sludge.

The optimum combination of the processes is dependent on the type of disposal method including

the recycle policy. The following shows representative examples of the combination.
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In this study, the following alternatives are considered in accordance with the preconditions
requested by YCDC mentioned in Section 5.3, and the comparative study was conducted as shown
in Section 6.3.3. (The option which treats the sludge only by dewatering process is not included
in the followings from the points of view on the sludge volume, recycling and environmental

conditions, etc.)

Option 1: Thickening + Dewatering + Sun Drying
Option 2: Thickening + Digestion + Dewatering + Sun Drying
Option 3: Thickening + Dewatering + Mechanical Drying

Option 4: Thickening + Dewatering + Incineration

As explained in Section 5.3, sludge drying should be conducted in the existing WWTP site, and
dried sludge will be disposed of at suitable sites which will be developed by YCDC.

As aresult, Options 1 and 2 are not applicable because the sludge drying bed, which will occupy
an area of 6,600 m” (85% sludge moisture content for 30 days drying period), cannot be placed
within the area as identified in Section 5.3. Also, it is not recommended to install a sun-drying

bed, in consideration of the environmental impact to the surrounding residential area.

Also, maintenance work for the sun-drying bed is very difficult for the staff because the area is

very large, and safety is a concern due to the bad environmental conditions.

On the other hand, Option 4, which requires the installation of incinerators, is planned by YCDC
in the future after conducting the study of integration of sludge management with efficient
construction and operational plan for whole Yangon city. Therefore, YCDC has the idea of
constructing the incineration facility within the area of the existing WTF in the future as one of

the additional facilities if it is required.

Accordingly, although the area for the additional facilities in the future will be secured in this

study, installation of facilities for the incineration process for this project shall not be planned.

6.3.3 Proposed Sludge Treatment Facilities
As a result of the comparative study in Section 6.3.1, Option 3 is recommended. In this section,

the STFs including the mechanical drying process are studied.

(1) Type of Mechanical Sludge Drying Machine

There are three main types of dryers, which are listed as follows:
1) Disc Dryer Type

2) Hot Air Dryer Type

3) Band Dryer Type

6-11



THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY

FINAL REPORT

Table 6.3.1 Comparative Study on Sludge Treatment Facility

Option 1

Option 2

Option 3

Option 4

Thickening + Dewatering +Sun Drying

Thickening + Digestion + Dewatering + Sun Drying

Thickening + Dewatering + Mechanical Drying

Thickening + Dewatering + Incineration

Process Flow

Thickening

WWTP Site

SunDrying

Thickening

WWTP Site

Sun Drying

WWTP Site

Thickening

WWTP Site

Overview

Thickening
Outputted sludge Moisture
(97.5 %)

Digestion
Outputted sludge Moisture
(99%)

Dewatering
Outputted sludge Moisture
(82%)

Drying
(Natural or M echanical)
Sludge M oisture
(60%)

Incineration

Raw sludge of about 2% concentration and excess sludge of about 0.8% concentration
are mixed and fed as mixed sludge into the gravity thickener. After being thickened to a
concentration of 2.5% in a gravity thickener, sludge is loaded into the Dewatering
Equipment.

No digestion process applicable to Option 1

Being dewatered, sludge cake with about 82% water content by using mechanicall
dewatering equipment, sludge is disposed offsite.

Being delivered to the existing dumping site (Htein Bin Fial Disposal Site), then being
dried for about 30 days on the sludge drying bed, sludge reaches down to 40 % of|
water content approximately. Sludge Drying time is 30 days.

No incenertion process applicable to Option 1

Raw sludge of about 2% concentration and excess sludge of about 0.8% concentration
are mixed and fed as mixed sludge into the gravity thickener. After being thickened to a
concentration of 2.5% in a gravity thickener, sludge is loaded into the digester.

The organic content in sludge is reduced and the volume of sludge is stabilized in the
digester. The odour from sludge is also reduced in this process and the digested
sludge of about 2.5% concentration is loaded into the sludge dewatering machine.

Same as Option 1

Same as Option 1

No incenertion process applicable to Option 1

Same as Option 1

No digestion process applicable to Option 3

Same as Option 1

Mechanical Drying inside the territory of existing WW TP reduces the dewatered
sludge volume.

No incenertion process applicable to Option 3

Same as Option 1

No digestion process applicable to Option 4

Same as Option 1

No Drying process applicable to Option 4

To reduce drastically the dewatered sludge volume by introducing incineration
process to the other process

General Features of Process

- Since the dewatered sludge contains a large quantity of undissolved organic, it is
volatile and generates odor.

- Sludge drying is a process with the objective of further enhancing handling of sludge
so that the moisture content in sludge can be further reduced and stabilized and it can
be used in agricultural land applications.

- Possible to reduce solid waste volume in digested sludge by drying bed and improve
the volatility

- Large space for the premises is necessary

- Sludge drying is a process with the objective of further enhancing handling of sludge
so that the moisture content in sludge can be further reduced and stabilized and it can
be used in agricultural land applications.

- Possible to reduce sludge volume
- Space for the premises is necessary

- Possible to extremely reduce solid waste volume
- Large space for the premises is necessary

Required Space in WWTP

N/A (7,200m2 (Drying bed cannot be placed))

N/A (9,500m2 (Drying bed cannot be placed))

1,500m2

2,800m2

Sludge Volume

After Dewatering: 200t/day, Drying: 46m3/day

After Dewatering: 100t/day, Drying: 46t/day

After Dewatering: 200t/day, Mechanical Drying: 46t/day

After Incineration: 9t/day

Initial Cost N/A N/A 32 million USD (42,800 million MMK) 62 million USD (83,000 million MMK)
Rllllllillg Cost N/A N/A 3.5 million USD (4,600 million MMK) 4.0 million USD (5,200 million MMK)
- As YCDC requested, drying process can be placed within WW TP site, so, the sludge
generation volume can be reduced. - The generated sludge volume will be much less than Option 3.
N/A N/A
Advantages - Duration for mechanical drying process is much shorter than sun-drying process. - Transportation cost to dumping site will be reduced less than Option 3.
- Odor impact is much less than sun-drying process.
- Running cost is higher than Option 3 because fuel will be necessary for incineration.
. . P . - Moisture content should be reduced for efficient incineration. (i.e. to add drying
Disadvantages N/A N/A - Running cost is higher than sun-drying process. . L
process, however, sun-drying process cannot be placed due to land limitation as
mentioned in Option 1 and 2.)
- As YCDC's given condition, sludge drying process will be accommodated . .. X . - YCDC would like to install an integrated incineration facility in future. (A|
. . e 8 . yne p - As YCDC's given condition, sludge drying process will be accommodated . . . & lhty (
in WWTP site. However, the sun drying bed cannot be placed because the |, . . . . - As YCDC requested, the sludge drying process can be accommodated in |study on the integrated sludge management plan for the entire Yangon city]
. . in WWTP site. However, the sun drying bed and digestion facility cannot be . . . . .
huge area is required. . . WWTP site. will be conducted separately from this study for future installation off
i . . - . placed because the huge area is required. . . . O A .
Selection - The sun dring process is not recommended considering the environmental - The drying machine can be used for a part of incinerator if it is inslatted in |incineration process.)

impact surround the area.

- The sun dring process is not recommended considering the environmental
impact surround the area.

the future by YCDC.

- Therefore, incineration facilities will be installed in future by YCDC after the|
study.

NOT APPLICABLE

NOT APPLICABLE

SELECTED
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(2) Process Flow Diagram of STFs
The process flow diagram of the STF is shown in Figure 6.3.2. The installing place of

dewatering building and mechanical sludge dryer is shown in Figure 6.3.3.

B 0112000

GRAVITY THICKENER

€5

FROM PRIMARY STUDCE PUMD

“2- REFER TO) PROCERS FLOW (173}
#5 - REFER TO PROCESS FLOW 123

< T PRI SETILING TAHK }

J
*5 KEFFR TO TROCESS FLOW 0247l 5

1RO WAS 1

*4 - RLULR TOPROCLSS FLOW (13
A6 - RETR 1O IROCESS FLOW (273}

e

310 =
i l:? 10 PRIMARY SUTTLING TARK >
? 3 REFRRTO PROCESS [LOW {174
ay
re o N
G 39y - SLLDGEDRYING IACILTY >

SLUDGE I'ANK

MIXED THICKENED SLUDGE TANK TILTTRED WATTR TANK

Source: JICA Study Team
Figure 6.3.2 Process Flow Diagram of Sludge Treatment Facilities

(3) General Layout of STFs

In accordance with the study results, the general layout of STFs is planned as shown in Figure
6.3.3.

| | ; Vi
‘L_iJI———QlL—‘LJ‘=| xl;
— | s
= w P
‘ ‘ ‘ ‘ [ —I MBRZDV:RF.MqiE:@'ﬂEOQQJW \ E E
U U B
ol . U — S
r — [
@I_ G _‘ LEJ[ ’_J L_:—T (3] 56
|
IR
Bl o
5@
|

SETTLING TARK
(MBR1)

| SLUDGETREATMENT |  (MBR1)
WITH DRYER

MBR | FEED PIPE (1 500) BOP +2.160




THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY
FINAL REPORT

MECHANICAL
GRAVITY THICKENER SLUDGE DRYER

| 1
\ SLUGE DEWATERING BUILDING

Source: JICA Study Team
Figure 6.3.3 General Layout of Sludge Treatment Facilities
(4) Necessity of Disposal Facility for the Future

The EDWS envisages that they would, as much as possible, utilize sludge generated from the new
WWTP enhanced by the project instead of simply disposing it as solid waste. While the JICA
Study Team respects their idea, it may not be possible to utilize all of the sludge from the new
WWTP considering the amount of dried sludge utilized in the past years. The amount of dried
sludge generated from the new WWTP is preliminarily estimated at about 46 t/day (moisture
content: 35%) in its full operation years, which is equivalent to more than 60 times the volume

utilized in 2006 as shown in Figure 6.3.4.

Therefore, it is necessary to find and secure such facility to prepare for future sludge generation

since sludge which will not be utilized in the future have to be disposed appropriately.

200,000
o
© 180,000
>
P
8 160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000
0 = n
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Parks and Playgrounds Polution Control and
Department Conservation Department
M Production Department Engineering Department
(Water and Sanitation Department)
Source: YCDC

Figure 6.3.4 Estimated Amount of Sludge Utilized, Based on Record of YCDC

6-14



THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY
FINAL REPORT

(5) Possible Site for Sludge Disposal

Upon query by the JICA Study Team about the possible location of the sludge disposal facility,
YCDC considered and proposed two lands owned by YCDC. However, both lands are evaluated
as inappropriate by the JICA Study Team because they are surrounded by a residential area. It is
difficult to make a consensus among stakeholders because they may complain about the

development of a disposal facility, especially due to the offensive odour from the sludge.

The JICA Study Team suggested EDWS to confirm the possibility of disposing of the sludge to
the final disposal site (FDS) of solid waste, i.e., Htein Bin FDS, managed by PCCD of YCDC
because this practice is commonly observed in other countries. Htein Bin FDS has been operated
for 15 years since 2002. The remaining area of the FDS is estimated to be about 60 ha out of the
total 120 ha. According to PCCD, more than 800 tons of solid waste is being hauled and disposed
of at the FDS every day, while the amount of solid waste generation in Yangon increases in

accordance with city development. Figure 6.3.5 shows the studied candidate disposal site.

After a series of meetings between relevant officials including those from EDWS and PCCD, it
was agreed that YCDC will consider with YRG to prepare a proper FDS for the dried sludge as

solid waste.

¥CDC
Option2

e [Generation point of sludzel

legend: @ studiedsludge disposal facility WWTP

Source: YCDC
Figure 6.3.5 Location of the Studied Final Disposal Facility of Sludge

6.4 Adjustment of Existing Wastewater Treatment Plant for Utilization during
Construction Work
6.4.1 Conditions

As mentioned in Section 5.3, the existing WTF will be operated until the commencement of

operations of the new WTF from the viewpoint of effective utilization of existing facilities as
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requested by YCDC.

As explaining in Chapter 8, the WWTP, which capacity is 112,000m3/day, is scheduled to build

one by half of capacity, 56,000m3/day, considering the required sewage treatment volume

generated. The existing wastewater treatment facility will be operated until completion of the half

and stop the operation after starting the operation of half of the new WWTP.

In this section, the necessary adjustment of the facility is studied as follows.

6.4.2 Necessary Adjustment of Existing Wastewater Treatment Plant
(1) Method for Adjustment

The capacity of the existing WTF is 15,000 m*/day (actual influent volume is 500~2,000 m*/day,

BOD is approx. 600 mg/L). Currently, only the half stream, which corresponds to a capacity of

7,500 m*/day, is being operated and is required to operate during the construction works.

Therefore, the following adjustment of the facility is proposed and recommended in order to

ensure the proper wastewater treatment as a temporary countermeasure.

[Existing]

Not used

Not used

Existing WTF

[Adjustment]

Existing Final Sedimentation Tank

b

i To be used for the tank of excess sludge |

Source: JICA Study Team
Figure 6.4.1 Adjustment Method of Existing Wastewater Treatment Facility
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One of the existing final sedimentation tanks, which has a diameter of 24.5 m and an area of

471.40 m?, is not being used at present.

As shown in Figure 6.4.1, the reactor is divided into four tanks, so the final tank, which temporary
submergible pump facility is placed, is adjusted to be used as a final sedimentation tank. The
sedimentation tank can be used without dewatering in the existing tank by installing a temporary
submergible pump on the beam across the tank. A half of the existing wastewater treatment facility
will be used for excess sludge which will be generated during the operation because the existing

sludge drying yard cannot be utilized at that time.

The process flow and general layout are shown in Figure 6.4.2 and Figure 6.4.3.
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TOUTPMTRT NG -l 2 T T4 T s
CQUIPMENT NAMIE SURMCACE ABRATOR MOTORIZED TROLLEY BETURN SLUDGE MMM WASTE SLUDGL ¥ALNYT WASTE SLUDGL PUMP IRUFF
QUANTITY 3 Sews sling 1807 R SLTS 18071 nly e [0
Caraciry W AW Uik SmH 025k Fine MOTORIZED VALV ik nSinin % Swll a0 250W O3mW x 13m0 T3l
SPRCIFICATI0N FLOATING SURFACE SRS T0K] SUBMERGIBLE PP SUBMERGIBLLE PUMP STECL MADE TRUTT
REVIAKKS ORYGEN [RANSEER AR
SR WE

Source: JICA Study Team
Figure 6.4.2 Process Flow of Adjusted Existing WTF
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Source: JICA Study Team
Figure 6.4.3 General Layout of Adjusted Existing WTP

The capacity calculation sheet is attached in Appendix 5.

(2) Operation Method

The operation method is proposed below.

1) Eight submergible pumps, which are installed at the final (4™) tank, are operated to remove
the sludge.

2) The return sludge is sent by using a trough.

3) The excess sludge is removed by the electric valve.

4) The second stream is used for the excess sludge tank. (The excess sludge will be 2 m*/day*.
The capacity of second stream is approx. 5,400 m’, so it can be used for two or three years.
Even if the sludge overflows from the second stream, its volume will be very small, so it can
be returned to the treatment process.)

*Design Flow (2,000m3/day) x BOD (600mg/L) / 1,000 / Concentration (0.6%) /1,000

5) The adjustment/modification of the facility can be completed without suspending operations.
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6.5 Electric Supply Plan to WWTP

JICA Study team and Yangon Electricity Supply Corporation (YESC) agreed that Thida
substation will supply electric power required for the operation of the WWTP. The voltage and
the capacity of main transformer in the substation is 66/33 kV and 20 MVA respectively. The

YESC is planning to increase power supply to Yangon city in order to meet the future demand.

YESC recommends that power cable shall be installed underground in the CBD because it can
obstruct other construction works. Therefore, it was decided that the power cable from the
substation to the WWTP should be installed underground in the study. In addition to the above,
YCDC will bear the installation cost of the power cable. The Thida substation is located in
Botahtaung township which is 2 km far from the WWTP as shown in Figure 6.5.1.

“’.g '
' Thida substation

A ./ CEO M Lig s #

"%'\%.,F‘f et Ll .‘ WWTP —._/I_

Source: JICA Study Team
Figure 6.5.1 Location of Thida Substation

6-19



THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY

FINAL REPORT

6.6  General Facility Layout Plan of Wastewater Treatment Plant (WWTP)

(1) Process Flow

The diagrams of the wastewater treatment and sludge treatment processes are shown in Figure

6.6.1, Figure 6.6.2, and Figure 6.6.3. The installing place of dewatering building and mechanical

sludge dryer is shown in Figure 6.3.3
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Figure 6.6.1
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Figure 6.6.2 Process Flow Diagram 2
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Figure 6.6.3 Process Flow Diagram 3

(2) General Facility Layout Plan of the WWTP

The general facility layout plan of the WWTP is shown in Figure 6.6.4.
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Sy Tile
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*The new electrical transmission line will be installed from THIDA substation (33 kV) to the WWTP
Source: JICA Study Team

Figure 6.6.4 General Facility Layout Plan of the WWTP
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6.7 Operation and Maintenance of the WWTP

In this section, O&M of the MBR are described.

The equipment marked as red in Figure 6.7.1 are the main facilities which should be noted

in the O&M.

SCREEN SAND SETTLING _

i
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BASIN FINE SCREEN

AERATION BLOWER

/ Q)
L/ﬁﬁJ
D (P AIR DIFFUSER  MEMS
086G LIFT PUMP
HEAD WORKS AERATION TANK

Source: JICA Study Team

6.7.1

Figure 6.7.1 Diagram of MBR Process

Important Points of Operation of WWTP

Important points of the operation of MBR are shown in Table 6.7.1.

Table 6.7.1 Important Points of Operation of MBR

Important Points

Matters on Operation

Method/Countermeasure

To Avoid

Membrane Fouling

Bacteria, calcium, etc., will adhere on the
surface of the membrane and will clog in
membrane pores.

Prolonged adherence in pores becomes
difficult to remove.

Thus, membrane flux reduces.

Periodic chemical cleaning is
required.

Normally, it should be done
every 3 months.

Chemicals used are citric acid

and NaCloO.

When there is an overdose of flocculant

Flocculant for the dewatering

damaged physically. (for flat type)

for the dewatering wunit, residual | unit shall be properly adjusted.
To Avoid
flocculant will leak to the aeration tank. Never drain unused flocculant
Flocculant Leak
If flocculant adheres on the membrane, | solution.
flux will reduce.
While there is no filtering done,
agitation shall be operated
If there is no filtering but agitation is still
To Avoid intermittently.
continuous, the membrane will be
No-Flow Agitation MBR shall operate always.

Avoid low flow rate of control

operation for the membrane.

Agitation Air Pipe

Diffusers of agitation air will be clogged

Diffuser cleaning-flush shall be
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Drain

by sludge accumulated at the bottom of | done manually daily to remove
the membrane unit. accumulated sludge.

If diffuser is clogged and there is less
agitation, membrane fouling will occur

faster.

Fine Screen

The membrane will be clogged in case | Proper maintenance for fine
there is no coarse and fine screen. The | screen as well as coarse screen is
membrane requires 1-2 mm of opening | needed.

screen before the aeration tank.

Oil & Grease

Removal

If oil attaches on the membrane surface, it | An oil separator, which is placed
will not be removed easily. Sometimes, | before membrane, shall operate

special cleaning is required. properly. Separated oil shall be

transferred to the dumping site.

Source: JICA Study Team

In order to continue proper operations for stable treatment, the following additional back-up

measures will be necessary and is proposed to be discussed in the detailed design stage.

Table 6.7.2 Proposed Additional Back-up

Proposed
Additional Description
Back-up
Operator’s training for membrane treatment conducted by manufacturer is
recommended.
Training Example:
*  Two to three months off-shore on job in-hand training for O&M
team
Manufacture inspection is recommended.
Example:
Manufacturer’s *  One year later after commissioning.
Inspection * Every two years
* Internet data transfer and checked and commented by manufacturer
Instrument engineer shall join in O&M team.
*  MBR system is 90% automatically operated.
Instrument *  Programming of operation is in PLC and/or SCADA.
Engineer

e In case a circuit board in PLC/SCADA is multifunctional, the

instrument engineer shall rectify it.

Source: JICA Study Team
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6.7.2 Proposed O&M Structure for WWTP

This section describes organization requirements for O&M works for the new WWTP.

(1) Recommended O&M Structure

There are three parties involved for WWTP O&M works as follows:
a. Operation Team
b. Maintenance Team, and

c. Laboratory Team

Waste WTP Section
Superintendent Officer

Operation Manager Maintenance Manager Labratory Manager ‘

5 5 5 5 Mechanical [ Electrical | ' Lab.
x o o o Engineer Engineer | Technician
. 2 . o _ ¥ I 2 People
o= o o o , .
- - - - Mechanical Electrical
= = = = Technician Technician
© e o . 2 People 2 People
E £ £ £
m L @ @ @ @ @ @
c8 K8 8 8 TOTAL: 36 People

o -
go g5 ga £a (WWTP: 29_ People)
cg)e % 8 g@ g@ (Other Section- Concurrent: 7 People)

Source: YCDC
Figure 6.7.2 Recommended O&M Structure

(2) O&M Consideration

Main considerations of the O&M method are as follows:
1) Overall
a. Problem identification of any kind shall be done by the Operation Team.

b. Repairing and rectification shall be done by the Maintenance Team.

2) Emergency System
a.  When an emergency occurs, the Superintendent Officer and the Operation Manager shall
lead to take actions.

b. The Emergency Organization shall be made.

3) Role of Each Team
a. The Superintendent Officer shall work as the leader of the entire O&M Team. All

information shall be conveyed to the Superintendent Officer and the Operation Manager.
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b. The Operation Manager shall work as the leader of the Operation Team as well as an

assistant to the Superintendent Officer. If the Superintendent Officer is absent, the

Operation Manager shall act in behalf of the Superintendent Officer.

c. The Operation Team shall operate all equipment and check treatment conditions with the

cooperation of the Laboratory Team.

d. The Laboratory Team shall analyse raw and treated water contents periodically and inform

the Superintendent Officer and the Operation Manager.

e. Also, the Laboratory Team shall check required chemical amounts through a Jar Test for

sludge treatment and inform the Operator to adjust the chemical dosing rate accordingly.

f.  The Maintenance Team shall conduct periodical routine maintenance.

g. Also, the Maintenance Team shall rectify/repair mechanical/electrical machines as soon

as possible upon request of the Superintendent Officer/Operation Manager.

(3) Roles and Tasks of Each Personnel

The roles and tasks of each personnel are shown in Table 6.7.3.

Table 6.7.3 Roles and Tasks of Each Personnel

No. Position Required SKkill Station Roles and Tasks Report to
- Overall responsible person
Full knowledge of for WWTP O&M
1 Superintendent | processes and mechanical WWTP | - To organize and lead O&M | Deputy Head
Officer works teams of Department
(Univ. Level) - To organize and lead the
emergency system
-To lead operators for
smooth operation
-To find problems and
Operation Full knowledge . of report to each related .
5 Manager processes and mechanical WWTP personnel Superintendent
works - To adjust machines/valves | Officer
(Univ. Level) according to information
received from other teams
-To record and check
operation conditions
- To lead the Maintenance
Team
- To conduct routine
maintenance according to
Knowledge of mechanical ) Ell}; Ofé?gi\l\//éanﬁlfonnaﬁon
equipment, especially from the Operation
3 Maintenance | rotating machine, and basic | YCDC Manager reoardin Superintendent
Manager knowledge of electrical | Office 4 ger & € | Officer
. efective items
wor!(s and instruments -To rectify and repair
(Univ. Level) defective items and/or
inform
manufacturer/supplier
regarding repair works or
spare parts
4 Laboratory Full knowledge of analysis ) ¥0 lead the Laboratory .
Manager method WWTP cam . Superintendent
(Univ. Level) - To check analysis resqlts Officer
and inform the Operation
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Manager

If treated water analysis
results are over the
expected values, inform
related personnel including
the Superintendent Officer

(four teams,
eight-hour
shifts)

Chief Operator

Basic  knowledge  of
processes and mechanical
works

(Polytechnic Level)

WWTP

To record operation data as
routine works

To check operation
conditions and report to the
Operation Manager

To conduct a Jar Test with
the Lab. Team and adjust
chemical dosing rate for
sludge dewatering unit

To check dewatered sludge
conditions and record data

Operation
Manager

Operator
(four teams,
eight-hour
shifts)

Basic  knowledge  of

operation method

WWTP

To monitor sludge
dewatering unit

To record daily routine
works

To check sludge volume
observation condition and
record

To identify problems of
process/equipment and
inform the Chief Operator
Cleaning for plant.

Chief Operator

Mechanical
Engineer

Full knowledge
mechanical machines
(Polytechnic Level)

of

YCDC
Office

To conduct routine
maintenance
To check

machines

and repair

Maintenance
Manager

Mechanical
Technician

Knowledge of routine
maintenance works and
repairing works

YCDC
Office

To  conduct
maintenance
machines
Repairing small defects at
the site

Piping repair, etc.

periodic
work  for

Maintenance
Manager and
Operation
Manager at site

Electrical
Engineer

Full
electrical
machines
(Polytechnic Level)

of
and

knowledge
panel

YCDC
Office

To conduct routine
maintenance
To check

panel/machine

and repair

Maintenance
Manager

10

Electrical
Technician

Knowledge of routine
maintenance works and
repairing works

YCDC
Office

To conduct
maintenance
machines
Repairing small defects at
the site

Piping repair, etc.

periodic
work  for

Maintenance
Manager and
Operation
Manager at site

11

Laboratory
Technician

Knowledge of laboratory
test

WWTP

To conduct
laboratory test
Preparation of laboratory
test result

regular

Maintenance
Manager and
Operation

Manager at site

Source: YCDC

The capacity development for O&M of the WWTP is described in Chapter 11.
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6.8 Study on Main Sewer
6.8.1 Design Condition

Design conditions for the installation of the sewer are defined in reference to Japanese standards

as follows since there is no applicable design standard in Myanmar.

Table 6.8.1 Design Conditions for Installation of Sewer

Items Parameter Remarks
Minimum Trunk sewer and branch sewer: 200 mm Taking into consideration
Diameter of | Service sewer: operation and maintenance such
Sewer 150 mm for CBD where existing sewerage | as cleaning, inspection, and new

system is available connection, each diameter is

100 mm for CBD where existing sewerage | defined as the minimum diameter
system is not available, and Dagon | of the sewer.

township.

Connection Pipe top connection Pipe top connection type makes

Type wastewater flow smoothly and
maintains hydraulically safety.

Minimum Earth | 3.0 m Minimum earth covering is

Covering defined for ensuring enough depth
of the sewer to cross underneath
the existing drains installed
between houses including the
BDS and the existing road

Calculation Manning’s Formula

Formula L 21

V==-RsIz
n
n: friction factor = 0.013 (concrete pipe)

Velocity Min=0.6 m/s, Max=3.0 m/s Minimum velocity for gravity
flow is defined to avoid
sedimentation inside the sewer.
The maximum velocity is defined
to avoid damage to the sewer and
the manhole

Manhole D < 600" : <75 m (100 m) The interval is defined taking into

Interval 600 < D <700 : 100 m (100 m) account of construction cost and

800 < D < 1,000 : 100 m (200 m) workability.

1,000 < D < 1,500" : 150 m (200 m) *I: Maximum interval is 100 m
considering maximum length of
Note: Number in a parenthesis is maximum | small diameter pipe-jacking with
value smaller than D700 and O&M.

*2: Maximum interval is 200 m
considering maximum length of
medium and large diameter pipe-
jacking with bigger than D800
and O&M.

Source: Design Standards for Sewerage Systems, Japan Sewerage Works Association

Hourly maximum wastewater flow was calculated by 1.5 times of daily maximum wastewater
flow and was applied for the planning of the sewer system. Hydraulic calculation for all trunk

sewers is shown in Appendix 6 and 7.
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6.8.2 Study for the Alignment of Sewers

(1) Definition of Sewer

Sewers were classified into 1) trunk sewer, 2) branch sewer, 3) service sewer and 4) BDS sewer
in the Study.

»  Trunk Sewer: Sewer to be connected into WWTP

» Branch Sewer: Sewer to collect wastewater from service sewers in its catchment and to be

connected with the trunk sewer
»  Service Sewer: Sewer to connect each household with branch sewer
» BDS Sewer: Sewer installed inside BDS to collect sewage from the CBD covered by the

existing sewerage system and to connect the service sewer

(2) Comparison Study for Trunk Sewer Line Route in CBD

The general concept on the trunk

sewer line route, especially for the

central business district (CBD) | ] 1" | u‘ IJ [ |
2 eyl
area, basically depends on the Tediey) ,G£ r{ win l| 'n I
location of the outlet branch and . Gs) J ! | \

the service sewer from the back

drainage system (BDS). Three Source: JICA MP 2014

alternatives of trunk sewer routes Figure 6.8.1 Storm Water Drainages to be Improved by
were  considered from  the World Bank Project

viewpoints of pipe length, number

of vertical shaft, construction cost, workability, and compatibility with drainage line as shown in
Appendix 3. The existing drainage in the CBD area will be improved by the World Bank with a
target of 14 drainages as priority project as shown in Figure 6.8.1. The 14 existing drainages flow
from north to south and finally discharge storm water into the Yangon River; therefore, the trunk
sewer shall cross those drainages since the trunk sewer alignment is from west to east, and the
branch sewers also require connection to the trunk sewer. To compare the alternative trunk sewer
routes, compatibility with the World Bank project should also be taken into account from the
viewpoint of crossing. The number of trunk sewers of two routes, three routes, and five routes
were compared. The total length of the trunk sewer will be longer if the number of routes was
increased; however, the length of the branch sewer can be less. While the total length of the trunk
sewer will be less if two routes are applied, the length of the branch sewer will be longer in order
to collect sewage and convey it to the trunk sewer. It is observed that two routes are not
recommended considering the total length of sewer and its high construction cost. To select
between three routes and five routes, pros and cons of each alternative are compared and
contrasted. After discussing the pros and cons of both alternatives with YCDC, five routes was

selected to be applied as shown in Figure 6.8.2
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Source: JICA Study Team

Figure 6.8.2 Trunk Sewer Alignment in CBD Area

(3) Trunk Sewer Alignment for Dagon

The Dagon area is located upstream of the CBD. Ground elevation around the Dagon area is hilly
toward the Shwedagon Pagoda and is relatively higher than the CBD area. Most of the sewerage
customers in the Dagon area are individual houses or are part of the public sector, such as hospitals,
schools, and embassy. The railway runs on the boundary of the CBD and the Dagon area; therefore,
it is necessary to consider how the trunk sewer crosses the railway for minimizing the number of
the crossings as much as possible to prevent interruption of the railway operation during the
construction. Two locations of the railway crossing were selected taking into consideration the
catchment area, the length of pipe, and the topographical condition in order not to install trunk
sewer at a very low depth. The catchment in the Dagon area was divided into two sub-catchments,

in the east and in the west.

The Ministry of Defence occupies the eastern Dagon with a total area of approximately 50 ha.
Entry into the area is restricted. Wastewater from the area is not discharged into the existing drain
around the area. According to YCDC, the area will be used for other purposes in the future,
although specific uses cannot be defined yet. Therefore, in the Study, no sewer was planned in the
area, and the invert elevation of the initial end of the sewer is set deep enough for future

connection from the area.

WEST AREA . Dagon
= < Township

Jig:' ]

o

=

Source: JICA Study Team

Figure 6.8.3 Trunk Sewer Alignment in Dagon Area
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(4) Step-wise Implementation of Sewer

To ensure project effectiveness of the sewerage development as early as possible, sewer
construction shall be commenced in the CBD area where BDS is available since the construction

period for house connections can be relatively shorter than for the CBD with non BDS.

The installation of sewers in the Dagon area can be separately considered from the sewers in the
CBD. The sewer construction in the Dagon area and the CBD with BDS will be implemented
simultaneously from the beginning of the project because it will take a long time to proceed house
connections. However, house connections should be implemented in the Dagon area after

completion of the construction for the sewers in the CBD with BDS.

Therefore, it is proposed that sewers to be installed for the area with BDS and the Dagon area

shall be the first priority, while sewers in the CBD with non BDS will be installed later on. Figure

6.8.4 shows the proposed sewers in each area. Figure 6.8.5 shows detail of proposed sewer to be
installed in the CBD with BDS.

—— Proposed Sewer to be mstalled the area with BDS
Proposed Sewer to be mstalled the area with Non-BDS
= Proposed Sewer to be mstalled m Dagon area

Source: JICA Study Team

Figure 6.8.4 Step-wise Implementation of Sewer
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Figure 6.8.5 Detail of Proposed Sewer to Be Installed in CBD with BDS
6.8.3 Related Sewerage Facilities

(1) Pipe Material

The proper material should be selected considering the sewer type and the laying environment of

sewers. Table 6.8.2 shows a comparison of pipe materials. Reinforced concrete pipe (RCP) is

applied for the planning of the sewerage system in the Study. However, HDPE pipe may also be

acceptable since the material cost has been getting lower recently.

Table 6.8.2 Comparison of Pipe Materials

Material Features Applicability
RCP is divided into two types depending on the methods | [Method of Installation]
of compaction which are vibration and centrifugal force. | -~ Open cut
Reinforced RCP made by vibrated compaction has advantages in work | ~ Pipe jacking
Concrete Pipe site construction and particular shapes. ) - Shield tunnelling
(RCP) RCP made by centrifugal force is called hume pipe (HP), | -, Work site construction
and its quality is better than other types of RCP. [Sewqr typel
It requires countermeasures against corrosion by hydrogen | -~ Gravity sewer
sulphide.
. . PVC has the advantages of lightweight for easing | [Method of Installation]
Polyvinyl Chloride construction, but it has the disadvantage of less durability | -, Open cut
Pipe against vibration such as earthquake. [Sewqr type]
(PVC) PVC is not fit for pressure sewer. - Gravity sewer
PE has the advantages of flexibility, contractibility, and | [Method of Installation]
Polyethylene Pipe abrasion resistance. - Open cut
(PE) PE can be applied in the areas where land subsidence is | = Pipe Jackm%
and anticipated, exposed by cold weather, and fast flow of [Sewqr type
High Density sewage. - Gravity sewer
Polyethylene Pipe PE can be applied as both gravity sewer and pressure | - Pressure sewer
(HDPE) sewer.

Its cost is relatively high, but PE can last longer.

Ductile Iron Pipe
(DCIP)

DCIP is commonly used for pressure sewers.

DCIP is a flexible pipe with the advantages of pressure
tightness, abrasion resistance, high mechanical strength,
and toughness.

Depreciation period of DCIP is about 20 to 25 years with

[Method of Installation]
- Open cut
- Pipe jackin,

[Sewer type%
- Pressure sewer
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internal lining.
- SP can be available in a wide range of pipe sizes. [Method of Installation]
- SP is a flexible pipe with the advantages of water | ~ O.pen. cut
Steel Pipe tightness, high strength, toughness, and extensibility. - Pipe jacking
(SP) - SPis commonly applied in pressure sewers. - Shield tunnelling
[Sewer type]
- Gravity sewer
- Pressure sewer

Source: JICA Study Team

(2) Manhole

Manholes are constructed in a sewer system as a means of access to sewers for inspection,
cleaning, and repairs. They are also employed as transition structures for changes in shape, size,

grade, or alignment of sewers and as junction chambers for two or more sewers.

PLAN SECTION B-B

Source: JICA Study Team

Figure 6.8.6 Typical Manhole

6.8.4 Construction Concept of Wastewater Collection
(1) CBD (BDS)

Black water from households goes to the ejector station by gravity flow through the BDS and the
service sewer. Then, the collected black water is conveyed to the existing WWTP from the
ejector station by pneumatic compression. One ejector station is collecting black water from
several BDSs and conveys the collected black water by pump force. Grey water and storm water

are being discharged to the water body through ditches on the surface of pavement in the BDS.

As mentioned in Section 4.1.4, YCDC is implementing periodic cleaning and repairing of
pavement of BDS. However, the work just entails overlaying the pavement and does not include
separation of grey water and black water, such as installation of new sewer or drain. Therefore,

grey water and storm water are still mixed and discharged into the existing drain.

In case the existing sewer with D150mm in BDS shall be replaced although the existing sewer
seems to be in an acceptable condition to convey black and grey water, it is necessary to improve

the existing BDS in accordance with the following development steps as shown in Figure 6.8.7.
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I 1. Demolition of Pavement I

(1 week)
N

Storm water
.

Approx. 200m

[2. Installation of Sheet Pile and Excavation ]

No.2 - No.4 (5 weeks)

Sheet Pile Sheet File

Strut

I 3. Removal of Existing Sewer I

No.2 - No.4 (5 weeks)

Starm watep

|-1. Installation of New Sewer |

Mo.2 = No.4 (5 weeks)

o
Storm W\“{‘I

I 5. Re-connection with Black and Grey Water Pipe I
(2 weeks)

DA
T Stormwater

Re-connection for Black and Grey water pipe

(1 week)

Backfill and Removal of Sheet Pile

7. Pavement Work
(1 week)

_—
Storm water

Approx. 200m

Pavement

o

Demolition of existing pavement

Installation sheet pile, excavate and strut to keep
excavation trench stable

Removal of existing sewer and installation of new
sewer

Reconnection of black water pipe and grey water
pipe connected with new sewer, and closing of the
inlet of the existing storm water pipe

Installation of new storm water pipe.

Backfill and removal of sheet pile

Reinstatement of pavement

Source: JICA Study Team

Figure 6.8.7 Trunk Sewer Alignment in Dagon Area
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It is suggested that the existing sewer for black water in BDS is kept as it is since it will take time
to replace all existing sewers at the 182 BDSs. The assumed construction period for the work is
around 2.5 months per BDS. There are 182 BDSs in the CBD area; therefore, it takes 455 months
to complete all the works. The work volume shows that it takes more than six years even though
six teams or BDSs will implement the work in parallel. Therefore, reconnection at the new trunk
sewer shall be prioritized in order to achieve project effectiveness as early as possible. Then, the
replacement of the existing sewer in BDS will be the next priority. In addition, limited space of
the BDS and the aged buildings adjacent to the BDS make the replacement of the existing sewer
difficult.

In the sewerage development, it is suggested that some extent of the replacement of the existing
sewer in BDS should be implemented as a pilot project. Six locations of BDS will be selected by
YCDC during the implementation stage. For the rest of the 176 BDSs, a diversion chamber which
collects grey water at the exit of BDS will be temporarily installed at the end of the existing ditch
to separate grey water and storm water as shown in Figure 6.8.8. Grey water collected in the
diversion chamber will go to the manhole in the ejector station using this BDS sewer and service
sewer and then go to the trunk sewer. Black water from each household will also go to the trunk
sewer through the existing BDS sewer and conveyed into the manhole of the ejector station. In
addition, YCDC will bear the construction cost for the diversion chamber and the lateral sewer in
the project. Storm water, which is over the flow capacity of the connecting pipe of the diversion
chamber and the existing sewer in BDS, will discharge into the existing drain eventually pouring
into the Yangon River. The installation of the diversion chamber is a temporary measure and will
not separate grey and storm water completely during the rainy season. Therefore, the replacement
of the existing sewer with the reconnection of black and grey water for the rest of the 176 BDSs

should be implemented in the latter stage accordingly.

Current
Situation

Storm Water fipn-
.

Ditch

i BD5

> Yangon River

)
Ejector System
Force Main(Black) m

Existing Drain

Service Sewer
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After
Improvement
(Separated
System)

BDS

Existing Drain I

> Yangon River

Service Sewer Ejector System

I I . mvlmclm

Lateral Sewer [Gravity Flow)

Trunk Sewer (Black + Grey)

Source: JICA Study Team

Figure 6.8.8 Current Situation and Concept of Sewage Collection in BDS
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Type A (Total 111 BDS) Type B (Total 71 BDS)
A-1: Space without improvement by YCDC: 58 nos B-1: Space without improvement by YCDC: 55 nos
A-2: Space improved by YCDC: 53 nos B-2: Space improved by YCDC: 16 nos

Existing BDS Sewer
(Under Ground)

Di\f&”slol‘. .'“__-_". AT

Chamber

Service Sewer

Stngpreeeund T b

“(Under Ground)

Manhola

at Ejector | &/ ;

Station R I__n'.uml Sewer A
el (Lnder Ground)

Manhole

at Ejector

Station ateral Sewer

Under Ground}

Wl Trunk Sewer

Note: Red colour is to be implemented by under JICA ODA loan.
Source: JICA Study Team

Figure 6.8.9 Improvement of Back Drainage Space
(2) Rest of CBD area and Dagon area

In the CBD area except the sewered area and the Dagon area, a septic tank is receiving wastewater
from each household. Public inlets connected to the trunk sewer in the vicinity of each household
shall be installed in the Project. However, resident shall connect sewer pipes from each house to

the manhole.

Figure 6.8.10 shows the demarcation of sewer installation and sewage collection system in the
Dagon area. There are individual houses and public compounds such as hospitals, schools, and
embassies so that generated wastewater, i.e., black and grey water, from each house or compound
will be brought to the public inlet through the service sewer. The public inlet has to receive the
wastewater from several houses or compounds in order to convey the collected wastewater to the
trunk sewer through the branch sewer. The trunk sewer, branch sewer, and public inlet will be

implemented under Japanese ODA Loan. The resident will install and maintain the service sewer
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and also bear these cost. The soak pit type septic tank is used for wastewater treatment up to three-
storey building. Therefore, counter measure work (e.g. blockage of the bottom of the septic tank)
is required to prevent effluent from infiltrating into the ground when house connection will be
conducted in this kind of building. This demarcation is basically derived from the border of public

and private lands.

Manhole r

]
Resident

Lateral Sewer

Public Inlet

Service Sewer

(House connection) Manhole

Trunk Sewer

Red color is to be implemented under JICA ODA Loan
Source: JICA Study Team

Figure 6.8.10 Concept of House Connection in the Rest of CBD area and Dagon Area

(3) Removal of existing ejector system and sewer.

1) Ejector system

There are 40 ejector stations in the study area, and 35 out of the 40 stations are still working. An
ejector station mainly consists of a compressor, an air tank, a sewage tank, and a cast iron pipe.
The compressor and the air tank are placed on the ground, while the sewage tank and the cast iron
pipe are installed underground. These facilities will be unnecessary after the completion of the
sewerage development. However, the manhole for the sewage tank and the cast iron pipe of the
service sewer will be used for the sewage collection. The other facilities will need to be

demolished.
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Compressor and Air Tank Sewage Tank in Manhole

2) Existing force main and air pipe

The existing force main and air pipe for the compressor installed will become unnecessary after
completion of the sewer construction. From the site reconnaissance during the Study, it was
confirmed that the existing sewer does not have enough capacity to convey sewage under the new
sewerage system targeted for 2040. Also, it is not safe because it will lead to settlement and
collapse of the existing road due to the corrosion of sewer. Therefore, the JICA Study Team
recommended to fill the concrete inside the laid sewer for reinforcement at the completion of a
new sewerage system. However, YCDC finally decided that it will be maintained by themselves
in the future, and it shall not be included in the Yen loan project because of the following reasons:
(1) the total length to be demolished is 35 km comprising 16 km force main including branch and
19 km air pipe, (2) the demolition work increases the project cost, (3) the demolition work makes
traffic jams worse, and (4) the exact alignments of the force mains and air pipes are not recorded
by YCDC.

N [ N s B
A 3 \ D e Legend
o S o % : * Ejector Stations
~~~~~ Air Main
—— Force Main

1857500
'

1856000

Source: YCDC

Figure 6.8.11 Ejector Station and Existing Force Main and Air Main
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6.8.5 Railway Crossing

The trunk sewers will cross the railway at two locations as described in Section 6.7.2. One is in

Lanmadaw Station along Myoma Kyaung Road, and the other is in Phaya Lan Station along the

Shwedagon Pagoda Road. At both locations, the sewer will be installed through the pipe jacking

method because of the following reasons: (1) the railway should be operational during the

construction, and (2) the railway is located two or three meters lower than the road. Therefore,

sewer should be installed at an enough depth before crossing the railway in order to secure the

earth cover above the sewer at the crossing.

Lanmadaw St.
) 1T

w

R .’;'FH*E'? ......- o

i ! gl

= o n--n-"mﬁm..

o Phaya Lan St.

Lanmadaw Station

Source: JICA Study Team

Phaya Lan Station

Figure 6.8.12 Locations of Railway Crossings

6.8.6 Drainage Channel

In the CBD area, there are many drainage channels, including open channels and underground

6-39



THE REPUBLIC OF THE UNION OF MYANMAR
DATA COLLECTION SURVEY FOR SEWERAGE SYSTEM DEVELOPMENT IN YANGON CITY
FINAL REPORT

box culverts, that flow from north to south toward the Yangon River. Storm water and grey water
are discharged to the Yangon River through these channels currently. The new trunk sewer will
cross the CBD area from east to west and will need to cross the existing drainage channels
accordingly since the trunk sewer will need to pass underneath the existing drainage channels.
The dimensions and the depth of the existing drainage channel at the trunk sewer crossing were
confirmed. Section dimension and location of drainage channels in five townships are shown in
Figure 6.8.13. It was found from the result of the study that existing channels would not interfere
with the installation of the new sewer installation. However, World Bank is planning to improve
these drainage channels as described in Section 4 of Chapter 3 in this report. The detailed design
of this project will be completed in July 2019. Therefore, the detail of the project should be
checked to determine the alignment of the new sewer in the detailed design stage of the Project.

The layout plans of the existing drainage channels are shown in Appendix 8.
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Source: YCDC

Figure 6.8.13 Locations of Crossings at Existing Drainages
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6.8.7 Installation Method
(1) Types of Pipe Installation Methods

1) Trunk and Branch Sewer

Pipe installation methods for the Project, with inner sewer diameter ranging from D200 mm to

D1500 mm, are examined. The types of pipe installation methods are generally listed as follows:

»  Open Cut Method
»  Trenchless Method
- Pipe Jacking Method (small pipe diameter and large to medium pipe diameter)

- Shield Tunnelling Method

The two methods for the installation of new sewer pipelines are the open cut method and the
trenchless construction method. The selection of method to be used depends on a number of
factors including pipe diameter, installation depth, type of soil, depth of water table, available
construction space on the surface, conflict with other underground utilities, and the volume of

traffic. Table 6.8.3 shows a comparison of pipe installation methods.

1)  Open Cut Method

The open cut method is the most common construction method for the installation of sewer in
shallow depth. For safety purposes, temporary support should be required for excavating trench
with a certain depth. In addition, this method is also difficult when the sewer has to be installed
below the groundwater table as the trench needs to be kept dewatered while the sewer line is being
installed. Open-cut method will also need to take precautions of working in the proximity of
existing overhead electrical power/telecommunication cables, street lights/poles, and roadside
trees, as well as underground utilities including underground water supply pipes, drainage culverts,
and sewers. However, the potential risks to obstruct the work of open-cut method will remain
inevitable even after taking into account the various efforts of collecting such information from

utility agencies and from field survey.

Although this method is relatively straightforward and inexpensive, it will be inappropriate for
installing the sewer at a considerable depth in the CBD since the work space is limited in the
proximity of the existing utilities and/or heavy traffic is taking place. Moreover, the
groundwater table in the CBD along the Yangon River has a high possibility to be high. According
to the geo survey conducted in the study, ground water levels in the WWTP were 1.5 m and 4.0
m below from the surface. Dewatering in the trench would be required during the construction of
the trunk and branch sewer because of following reasons: (1) the ground level in the CBD
including the WWTP is almost flat and (2) minimum thickness of earth covering of the trunk and
branch sewer is set at 3.0 m. Open-cut method can be applied to part of the Dagon where the

depth of sewer can be kept shallow because the ground level become lower toward the CBD.
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i1) Trenchless Method

The trenchless method is more cost effective and can overcome the major difficulties and
constraints of the open-cut method for deep sewer lines below the groundwater table, particularly
where space is limited and traffic disruption is likely to be significant. Therefore, the trenchless
method shall be applied for the CBD area. For the Project, only the pipe jacking trenchless method
can be applied as shown in Table 6.8.3 since the sewer diameter ranges from D200 mm to D1500

mm.

Figure 6.8.14 shows the sewer alignment section where the open-cut or trenchless method is

proposed to be applied.
Table 6.8.3 Comparison of Pipe Installation Method
Trenchless Method
Method Open-cut Method y y - -
Pipe Jacking Shield Tunnelling
- Trench is excavated by Vertical shafts (driving Vertical shafts (driving
manual or mechanical. shaft and reception shaft) shaft and reception shaft)
After sewer is laid on the are excavated at both ends are excavated at both ends
bottom, trench is of work segment. of work segment.
bapkﬁlled'wnh suitable Prefabricated pipe Shield machine excavates
soil material and then .

d surface i segments are propelled soil face at the front of
gr_ourtl tsgr acels underground successively tunnel, carries excavated
remstated. by jack, starting from soil out, advances by

- Trench timbering is drive shaft and extending jacking, and assembles
required, depending on to reception shaft. prefabricated segments of
depth of trench and sol o . tunnel successively.

diti Soil inside propelled pipe
condition. segment is excavated out With special technique,

- All works are conducted through driving shaft. shield machine can be
on the ground. With special technique, dri(;/eill for long. distance

- Applicable depth will be shield machine can be and sharp curving.
up to around 4 m. driven for long distance This method is suitable for

Description and sharp curving. long distance drive and
For over 700 mm in large diameter pipe
di . installation.
iameter, it can be
classified into two: open This method is classified
type and closed type. into open and closed type.
One is the open type
applied for stable soils
that can be excavated
directly at the front of first
propelled pipe segment.
Another is the closed type
applied for unstable soils
that require the machine
for stabilizing and
excavating soil face at the
front of first propelled
pipe segment.
- Up to 3,000 mm 150 mm to 3,000 mm 1,350 mm to more than
Applicable 10,000 mm
Pipe Size In Japan, 14,000 mm is
maximum
Maximum | Not limited Appfio?ﬂmately 1,000 m by Appfio?ﬂmately 2,000 m by
Length one drive one drive
Commonly, 150 m to 500 Longer drive is possible
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m

using a particular machine

The most economical for
installing sewer at a
depth maximum of 4 m
in general.

Construction cost
increases when the
installation depth needs

More economical than
open trench method for
installing sewer deeper
than 4 m.

Construction cost
increases for stabilizing
unstable soil.

Construction cost is much
higher than that of open
trench method and pipe
jacking method since it is
applicable for considerable
large diameter.

Construction to be deeper and/or a lot Temporary works to
Cost of temporary works are
NPT - protect, relocate and
requ‘Fed mn th.e proximity reinstate existing utilities
of existing utilities to be I
are minimized.
protected, relocated and
reinstated. More economical than
shield tunnelling method
for installing sewer with a
diameter of 2,000 mm or
smaller in general.
Traffic jams are Impact to traffic can be Impact to traffic can be
anticipated to be minimized. minimized.
worsened due to work Noise and vibration can be Noise and vibration can be
segment occupying reduced except in sites for reduced except in sites for
Impact to traffic lane. . .
Ambient . vertical shafts. vertical shafts.
Surroundings Excavation and trer}ch Precautionary measures Precautionary measures
timbering cause noise . .
S should be taken into should be taken into
and vibration. account for ground account for ground
settlement anticipated due settlement anticipated due
to unstable soils. to unstable soils.
Not difficult for Excavation amount is the Required area for shafts
installing sewer at a smallest. and is larger than pipe
shallow depth. Required area for shafts is jacking method.
It is easy to take smaller than shield It takes time or requires
countermeasures for tunnelling method. advanced technique to
changing soil condition. It takes time or requires cope .v&./ith unexpected soil
Difficulty of Anticipated to be advanced technique to Co.n.d fton and underground
Construction obstructed by existing cope with unexpected soil utilities detected during
Works underground utility condition and underground pipe jacking operation.
which is not identified utilities detected during
before construction. pipe jacking operation.
Shallow groundwater
table makes it hard to
water-tighten and
dewater the trench.
Construction Shorter t.han trenchless Shorter. thaq shield Longer than pipe jacking
Period method in case there are tunnelling since method.
no obstructions. prefabricated pipe is used.
Not applicable for Jacking method for
Others crossing rivers or large smaller than 700 mm in

structures.

diameter is called micro
tunnelling method.

Source: JICA Study Team
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Open Cut (Trunk)

Open Cut (Branch)

Pipe Jacking (Trunk)
—— Pipe Jacking (Branch) | AN

Source: JICA Study Team

Figure 6.8.14 Proposed Installation Method (Trunk Sewer and Branch Sewer)

2) Service Sewer and BDS Sewer

Open cut method will be applied to construct the service sewer and the BDS sewer because depth

of these pipes is shallow.
(2) Pipe Jacking Method

There are several types of pipe jacking method. In the Project, the type of pipe jacking method is
not identified. However, the pipe jacking distance and the required area of the site utilization plan
for the vertical shaft depends on the type. Therefore, an applicable type of pipe jacking method
will be identified in the detailed design stage through the detail surveys including topographic

survey, geotechnical survey, and underground utility survey.

Long distance pipe-jacking is suitable for the CBD where traffic jams often occur. Construction
period and occupied space by the sewer construction can be reduced since longer distance leads

to reduce the number of the drive shaft. It can also reduce the construction cost of the sewer.

The length of the pipe jacking method with dia. 1500 mm was set to 400 m by referring Standard
for Design and Cost Estimation (Long Distance and Curve Micro Tunnelling) published by Japan
Micro Tunnelling Association. The manhole between the drive shaft and reception shaft will be

laid by cutting in the new sewer.
(3) Vertical Shaft

The structure of the vertical shaft was selected based on the type of material and sheet piles for
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departing and arriving vertical shafts. The size of the departing vertical shaft was determined
based on the necessary dimensions for horizontal jacking, including the pressure bearing wall,
jacks and their support, strut, push ring, driving machine setting, and entrance length for departing.
Meanwhile, the dimension of the arriving shaft was determined based on the exit eye length,
driving machine length, and enough room for machine removal from the shaft. In addition, the
necessary dimensions for the construction of the manhole were also considered. The typical layout
of plant, including the allocation of the vertical shaft, is shown in Figure 6.8.15. The typical plant

requires an area of about 300-360 m?.

50000 - 60000

) |

I Grane Campressar Hydraul ic Unit Tl
o | Jacking Pipe ¢ - - (e VI )] Sturry Plant ble Power Equipment ‘
=1 e r | | o) —]
s 10t Truck V|t . q.-
b= el o

| LT }It”k GRS ‘

| [Noteh Tanl i y
L Roun k Muck Transportetion Unit Pipe Hose Rest Station

L - "= Tek_ " T ETE 77 _RestStatin

Source: JICA Study Team

Figure 6.8.15 Typical Layout of Plant
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CHAPTER 7 Applicable Japanese Sewerage Technologies for Yangon
City

7.1 Overview of Japanese Sewerage Technologies

The technologies, which is applicable for Yangon city, have been selected as reported in the
previous Chapters considering the several issues for the development of sewerage system in the
target area. The main two issues are that pipeline will be constructed under the busy main street
in central business district, and the space for wastewater treatment plant is very limited. Also,

energy saving system is preferable for the equipment installed in the plant.

The Japanese sewerage technologies, which are appreciable in this study, are shown in Table 7.1.1.

Details of technologies are described as follows.

Table 7.1.1 Categories of Applicable Japanese Sewerage Technologies Selected for the

Project

Category Facility Japanese technology

Sewage pipeline in
Sewer ) Long-distance Pipe-jacking Method
congestion area

Wastewater Treatment Facility

Reactor Membrane Bio Reactor
(WTF)
Sludge Treatment Facility Dewatering Energy-saving Dehydrator
(STF) Dryer Mechanical Dryer
7.2 Sewer

7.2.1 Long-distance Pipe-jacking Method

According to the pipeline development plan, main pipelines will be constructed under the main
busy streets in the central business district. Large scale road occupation, which open cut method
cannot avoid, causes heavy traffic congestion, and also construction noise, dust and vibration are
problems too. Therefore, it was decided that pipe jacking method will be applied to the pipe

installation for 26.3km.

The overview of pipe jacking system is shown in the following figure. Road occupation is only
required around the starting and arrival shaft. This construction method contributes to not only

avoiding heavy traffic congestion but also reducing the waste generated in construction works.
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. N

Lubricant injection
machine

Sludge Starting shaft @-:-—*
treatment plant Sludge pump ] \‘j}_

machine

Source: Manufacturer’s brochure

Figure 7.2.1 Overview of Sewer Installation by Pipe-jacking Method

One of the key factors to minimize adverse influences and risks caused by the pipe installation
construction as mentioned above is reducing the number of shafts. Installing the intermediate
pusher in the middle of pipes as shown in the figure below will make it possible. This method is
called long-distance pipe-jacking method which Japan has expertise. One span can be over a
couple of hundreds of meters, and it is able to be jacked by a propulsion force provided the
intermediate pusher. This technology enables the number of shafts to be possibly reduced half,
moreover the construction cost can be saved because construction period is shortened as a result

compared with the ordinal pipe-jacking method.

However, this method requires technologies which Japan has sufficient successful experiences as

described below.

Lubrication is used to push a pipe without damage, which has to appropriately be applied to the
surface of a pipe. As countermeasure against it, automated lubricant injection system is installed

to effectively control injection amount, points and time.

Also, propulsion at a curve is possible by using curve formulation unit and gyrocompass attached

to boring machine.
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Intermediate Jacking System |

0

) Intermediate pusher \ﬁ—

Source: Manufacturer’s presentation material

Figure 7.2.2 Image of Intermediate Pusher of Long-distance Pipe-jacking Method

7.3 Wastewater Treatment Facility (WTF)
7.3.1 Membrane Bio Reactor

As mentioned in Chapter 6, Membrane Bio Reactor (MBR) method is selected as the wastewater
treatment because of the space limitation. MBR system does not require a final sedimentation
tank, while having a reduced size of reactor which has membranes. It makes it possible to operate
MBR processes at higher MLSS compared to conventional activated sludge process, therefore,

reactor capacity can be reduced.

It is also possible not to install a disinfection facility theoretically because coliform bacillus
cannot pass through a membrane, but it is usually installed for emergency purposes such as power

supply down.

Japan is strong on the market of membrane, and accounts for about 40 % share in the international
market of membranes used for the MBR method (as of 2009) because of its high quality. Also,
after the sales service provided by manufacture is important factor as selection criteria since MBR
is composed of a lot of mechanical and electric equipment that need maintenance. For example,
membrane requires cleaning for the removal of fouling about once everyone to two years per unit,
that is, after sales service is crucial and it is even better that a brunch of manufacture that has

sufficient experiences is located in the same country for the prompt action.
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Permeated clean water is collected
through Tubes and Manifold

¥ N
Diffuser Case

The up flow of the sludge driven by the air

supplied from the diffuser scours the

membrane surface to prevent fouling

Source: Manufacturer’s presentation material
Figure 7.3.1 Overview of Flat Sheet Membrane Unit

7.4 Sludge Treatment Facility (STF)

7.4.1 Dewatering/ Energy-saving Dehydrator

Sludge treatment is one of the most significant processes in this project because sludge disposal

is the critical point. The amount of water that is dewatered by a dehydration machine has a large

effect on the following sludge treatment process such as drying and incineration.

There are 4 types of dewatering equipment; screw press with multiple layered rings, centrifugal,

screw press and belt press as shown in the following figure.

Table 7.4.1 Dewatering Equipment

Screw press with

multiple layered Centrifugal Screw press Belt press
rings
Foot print Small Large Smallest Largest
Energy
) Smallest Largest Small Small
consumption
Initial cost Smallest Largest Small Largest
O&M cost Smallest Largest Small Largest
Ease of O&M Easy Not easy Easy Not easy
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As a result of the comparison, screw press with multiple layered rings, which Japanese

manufacture developed, would be the most suitable type for this project.

Sludge feed is regulated with the overflow pipe, returning excess volume to the sludge storage
tank. Next, sludge is instantly thickened at the thickening zone, and dewatered at the dewatering
zone in the subsequent stage under increasing inner pressure. Further pressure is applied from the

outlet side with the end plate, discharging dewatered cake with 204+5%solides content.

( Dewatering Zone  Thickening Zone \

Sludge Inlet
Thickening Zone

Flow Control Tank

\ Sludge Cake # J

Source: Manufacturer’s presentation material

Figure 7.4.1 Energy-Saving Dehydrator (Screw Press with Multiple Layered Rings)

In summary Japanese screw press with multiple layered rings is compact, high performance and

has the following characteristics;

*  No clogging

*  Easy maintenance

*  Energy saving (low running cost)

*  No thickened sludge storage tank required

*  Continuous 24-hour unmanned operations

It has already been installed 3200 units in 70 countries; which shows the excellence of the product.

7.4.2 Mechanical Dryer

As described in chapter 6, mechanical dryer was selected for drying process. The overview of

inclined disc dryer which is suitable type for this project is described below.

Sludge is usually dried until the moisture content reaches about 70 % in case an incinerator is
installed on the following process. A large amount of energy as latent heat is required in the drying

process regardless of drying method, which means energy saving technology is crucial.

Drying method can be divided into two types; direct heat dryer and indirect heat dryer. Inclined
disc dryer is the latter and high heat transfer coefficient is materialized by its disc. Thermal
efficiency is extremely high as heat losing area per effective heat transfer surface is small. These

characteristics lead to save consumed energy. In addition, Japanese inclined disc dryer has self-
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cleaning system by the inclined disc for heat transfer surface, so heat transfer efficiency will be

kept high, which makes energy-saving property even higher compared to other countries’ products.
Also, a small amount of carrier gas is used and it emits only a small volume of exhaust gas.

Japanese inclined disc dryers have been installed in many countries, for example China, and they

have been running very well. Lifetime could be 15 years in case proper O&M is conducted.

Carrier gas

> Deodorizing

Drain gas
Law Sludge

a
Steam

0
H l | A Treated
N r sewage
= S R
| o
&l ﬂp‘ ﬂ 1u | ﬂ N, * - - > «\!'\_
s L[ H
S-S ‘ g E = Ajg- ’—; ;')@ Drain gas fan
Dryer] 0 1 f
i 5, Drain Circulating pump

Steam drain Product IDrain gas scrubbe

Source: Manufacturer’s presentation material

Figure 7.4.2 Flow of Inclined Disc Dryer
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8.1

CHAPTER 8 CONSTRUCTION PLAN AND COST ESTIMATE

Conditions of Project Cost Estimation

8.1.1 Condition of Cost Estimation

(1) Basic Conditions

The project cost consists of construction cost, administration cost, consulting service cost,

contingency (physical and price escalation), interest during construction, front end fee, and

relevant taxes.

The project cost was estimated based on the following conditions:

The project cost is divided into the local currency portion (LC) and the foreign currency

portion (FC).
Administration cost in the recipient country is assumed to be 5.0% of the construction cost.
Consulting service cost is estimated based on the man-months of consulting services.

Physical contingency is assumed to be 10.0% of construction work cost and 5.0% of

engineering cost.

Price escalation is at 1.83% per annum for FC and 5.0% per annum for LC.

Base year for cost estimation:  May 2018

Exchange rate:  USD 1 =JPY 110.0, USD 1 = MMK 1320, MMK 1 = JPY 0.0833

Interest during construction is estimated considering that the Project is financed through
Japanese ODA Loan. (Loan conditions: Interest rate for construction cost = 0.01%, Interest
rate for consulting services = 0.01%, Repayment period is 40 years including grace period =

10 years)

Front end fee is 0% because Myanmar is categorized as ‘Least among Less Developed
Countries’ (LLDC).

Customs rate of 10%, same as prepaid income taxes, is applied to imported goods in
reference to the customs tariff of Myanmar, with customs and trade agreement acceded. Also,
sales tax rate of 5% is applied to all imported and domestic goods, considering the value

added tax rate of 5% in Myanmar.

Construction cost, consulting service cost, and contingency (physical and price escalation)
are portions eligible for ODA loan, while administration cost, interest during construction,
and relevant taxes are portions non-eligible for ODA loan, considering that the Project is to

be financed by Japanese ODA Loan.
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8.1.2 Condition of Construction Cost
(1) Project Component

The Project consists of three types of facilities, namely i) Sewer, ii)) WWTP and iii) BDS Sewer

Connection, as shown in Table 8.1.1.

Table 8.1.1 Project Component

Component Description
1. Sewer
1) Sewer (open cut) Pipeline: D200-400 mm, 26,320 m
Manbhole: 732 units for D250-1500 mm pipelines
2) Sewer (pipe jacking) Pipeline: D250-1500 mm, 26,319 m
Vertical Shaft: 732 sets for D250-1500 mm pipelines
3) Equipment High-pressure washing machine: 3 sets
CCTV for pipeline monitoring: 3 sets
2. WWTP
1) Influent Pump Station Dry Pit Submersible Pump (30 m3/min x 25mH)
2) Wastewater Treatment Facility | Membrane Bio Reactor (MBR): treatment capacity
(WTF) 1 56,000 m*/day (28,000m*/day, 2lines)
3) WTF2 MBR: treatment capacity 56,000 m’/day
(28,000m*/day, 2lines)
4) Sludge Treatment Facility Thickener: Filter Type Thickener 2units, 90m3/h/unit

Sludge dewatering facility: Sludge Dewatering Unit
2units, 880kg-dry sludge/h
Sludge drying facility: Sludge drying machine 2units,

100m3/d

5) Effluent Channel Effluent channel, emergency channel:
D1,000 mm x 2, Length =20 m

6) Electricity Connection 33kV, 2 km

7) Operation and  maintenance | WTF1: 1.5years (6 months before operation including
commissioning test period, 1year from operation start)

training

WTF2: 15months (3 months before operation
(commissioning test period), lyear from operation
start)

8) Truck for Sludge Transport 10 tons, closed type carrier, 3 units

3. BDS

1) BDS Sewer Connection 176 units, diversion chamber

2) Pilot BDS Sewers Replacement 6 units, improvement with sewer replacement

3) Sewage Ejector Removal 40 units

Source: JICA Study Team
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(2) Construction Method

1) Sewer

The sewer is planned to be constructed either by conventional open cut method or by
microtunneling method. Construction of sewer by pipe jacking method consists of i) site
preparation work, ii) construction of vertical shaft, iii) pipe jacking work, and iv) construction of

manhole and connection with the existing sewer.

The vertical shaft will be constructed on the existing road. The location of existing utilities, such
as power/telephone cables and water supply/sewer pipelines, must be confirmed beforehand, and
such utilities shall be relocated if necessary. Prior to the installation of the sheet pile, exploratory
trench excavation will be conducted to confirm non-existence of utility. The required area for the
vertical shaft and temporary facility yard is 300 m?. Thus, traffic lane control will be necessary.
Safety measures including fencing of work site and installation of signboards will be undertaken.
The contractor shall submit the abovementioned construction plan to the relevant authority to get

permission for road occupancy for the construction works.
The process of construction of the interceptor by microtunneling method is shown in Figure 8.1.1.

Site Preparation

Investigation of

existing utilities N Relocation of existing N Exploratory trench
(power/telephone cable, utilities, if necessary excavation
water supply/sewer pipe)

Construction of Vertical Shaft

. Soil i tat th .
Installation of o m::;?:::;e:f atthe Excavation and
sheet pile . .. —>! installation of
(earth retaining wall) starting and arriving earth support
shafts
Pipe Jacking Work
Preparation work
(installation of sludge Dismantling and taking
treatment plant, jacking —> Drilling work —>| out of jacking equipment
equipment and tunneling and drilling machine
machine)
Construction of Manhole
Construction of manhole Connection work with the|

and removal of earth —>| Removal of sheet pile [—>| existing sewer and road
support reinstatement

Source: JICA Study Team

Figure 8.1.1 Construction Process of Sewer by Microtunneling Method
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2) Wastewater Treatment Plant (WWTP)

The construction site is in the premises of the existing WWTP which is being operated. The
WWTP is planned to have an MBR for wastewater treatment. The WWTP consists of a water
treatment facility (primary clarifier, reaction tank, MBR, and disinfection tank) and a sludge
treatment facility. The influent pump station will be constructed in the premises of the WWTP.
The concrete works and electrical and mechanical works of the pump station will be conducted

after the arrival of the tunneling machine from the vertical shaft.

The anticipated steps for WWTP construction is shown in Figure 8.1.2. Some existing facilities
will be relocated within the premises so that the existing WTF will remain operational until the
commissioning of the new WTF-1. Other facilities located in the construction area of WTF-1 will
be demolished and cleared. Then, WTF-1 and the facilities necessary for its operation will be
constructed. It is planned for WTF-1 to commence its operation at the beginning of the 4™ year
from the start of construction. The construction of WTF-2, which has the same treatment capacity
as WTF-1, will start at the same time as the commissioning of WTF-1. The capacity of waste
water treatment of the facility will be increased stepwise; 56,000m*/day at the operation start of
WTF-1, 84,000m*/day at the half capacity operation start of WTF-2, 112,000m*/day at the full
capacity operation start of WTF-2. The existing WTF will be demolished and removed once WTF-

2 is ready for operation.

The construction work for each facility consists of civil works and electrical and mechanical
works. The civil works will be commenced by driving the pile foundation, followed by the
installation of the sheet pile for the earth retaining wall. It is assumed to adopt the Press-In Caisson
method for the foundation of the influent pump station, which requires about 30 m depth and 20
m width of excavation, so that the influence of high groundwater level can be avoided and so that
the foundation can be constructed in a relatively small area located closely to the neighboring

buildings.

The electrical and mechanical facilities will be installed after the completion of the civil structures.

After the completion of the commissioning test, the taking over certificate will be issued.

STEP-1: Q=7,500 m*/d STEP-2: Q=7,500 m*/d
Present Operation Transfer of the Existing Facilities
Administration-office « Sludge dewatering« =
Pumping-station« ‘ O ()

psud Primarysetting-tanke oo s StudgeR ISR

ot Pt Oulal
| {W = Ii\e rationtank. 0] FE! ;
F - Q= 58,000mdi

=] 2= (]

...
SN Equalization:
Secondary setting tank tank«

-------
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STEP-3: Q=7,500 m*/d

STEP-4: Q=7,500 m*/d

Alteration of the Existing Sedimentation Tank

Clearing the Existing Structures

et Pusp S o Pty Bl Bt s Bl

= ol

STEP-5: Q=7,500 m*/d

STEP-6: Q=7,500 m’/d + 56,000 m’/d =
63,500 m’/d

Influent pump station, Blower room,
Electrical Facility Building, WTF-1, Sludge
Treatment Facility

Commissioning of Influent pump station,
Blower room, Electrical Facility Building,
WTF-1, Sludge Treatment Facility

Operation Termination of the Existing WTF

Iflusnt Pump Statln  Elactrical Facly Blower Buling  Chemical Bulling

[

.
a i | ERRERERG AR |

mi?

|

2ill vlg‘,

Sludge Treaiment Facilty (Fuure)

J
Surige Troatment Facilty
Bk

1L 2 e TOm2 ez 170m0

STEP-7: Q=56,000 m*/d

STEP-8: Q=56,000m’/d +28,000m"/d

Construction of WTF-2

Commissioning of WTF-2 (Half capacity)
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Source: JICA Study Team

Figure 8.1.2 Construction Steps of WWTP
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3) Back Drainage System (BDS)

The construction for BDS improvement is classified into two types: one is to improve the mixing
condition of grey water and storm water in the BDS through the installation of a diversion
chamber which separates grey water from storm water. The other one will be applied in 6 BDS as
a pilot project which is to replace the existing sewer pipes for collecting grey water, which is
currently discharged mixed with rainwater, and black water so as not to be discharged to an open

water body.
(3) Construction Schedule

The construction schedule is shown in Figure 8.1.3. The estimated construction period for three
components of the project is shown below. The construction of a WWTP takes the longest among

the three components.

CP-1 Sewer: 4 years
CP-2 WWTP: 6 years
CP-3 BDS: 3 years

[ [ month] 2] s | s o o[ o[ ol o ool s o oo o v oo o o oo o o ol s e s s s o s sl ol e e s o s s s s s s s s s s o] il o o] o o o] ] o] ] o] ] 2]
1 ilization and
Preparatory Work
2. Line-1

2.1 Vertical Shaft
2.2 Pipe jacking
2.3 Mid-Manhole
3. Line-2

3.1 Vertical Shaft
3.2 Pipe jacking
3.3 Mid-Manhole

CBD(BDS 4. Line-3
( ) 4.1 Vertical Shaft

4.2 Pipe jacking

B 4.3 Mid-Manhole
;, 5. Line-4
L 5.1 Vertical Shaft
5 5.2 Pipe jacking
< 5.3 Mid-Manhole
°ul" 6. Line-5
6.1 Vertical Shaft e
6.2 Pipe jacking
6.3 Mid-Manhole
Preparatory Work
1.2 Vertical Shaft
BN 1 g
BDS)
1.4 Open Cut-Pipe
1.5 Mid-Manhole
Preparatory Work
1.2 Vertical Shaft
Dagon 1.3 Pipe jacking
1.4 Open Cut-Pipe
1.5 Mid-Manhole
1.Mobilization and Preparatory Work =
2. Transfer of the Existing Facility from  jms
o |WTF-1 Area
£ [3. Clearing WTF-1 Area for Construction
= . wTF-1C ion Works
£ |41 Civil and Building Works
5 | 4-2. Mechanical and Electrical Works
£ [ 4-3. Comi Test e
g 5. WTE-1: Operation (comissioning period) e
Z |6. WTF-2 C¢ ion Works
% [ 6-1. Civil and Building Works
Z [ 6-2. Mechanical and Flectrical Works
2 | 6:3. Comissioning Test [———
© |7. Removal of the Existing WTF | —
7. Landscape Works
8. Finishing Works mm——
2 g 1.Mobilization and Preparatory Work o
=3 ; 2. BDS (Pavement with Storm Ditch
o Elc ion. 176-177 BDSs)
© EF' BDS (Improvement with Sewer

5-6 BDSs)

Note: Alignments of sewer lines in CP-1 are shown in Figure 6.8.5
Source: JICA Study Team
Figure 8.1.3 Construction Schedule
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8.2 Procurement of Construction Materials and Related Machines/Equipment

Construction materials, construction machines, and equipment to be installed will be conveyed to
a temporary site by land transportation. The site of the proposed WWTP is along the main road

where accessibility is recognized as relatively good.

Materials to be imported will be unloaded at either Yangon Port or Thilawa Port after maritime
transportation and will be conveyed from the port to the construction sites through inland
transportation. According to the regulation of Yangon Region Government, which was issued in
December 2016, during daytime, heavy vehicles are in principle restricted from passing through
the city, and application and permit are required if you drive these vehicles in these hours. To
address this, heavy vehicles will be required to operate during nighttime. Table 8.2.1 gives a
summary of interviews to contractor(s) that have experience in construction in Yangon City as
well as other parts of Myanmar. Based on this information, conditions for procurement of

construction materials, machines, and equipment were analyzed and assumed.

Table 8.2.1 Summary of Interview Results to Contractors

Contractor Interview Result

- No difficulty to procure cement in Yangon

- Steel bars with performance guarantee are imported

- Stock of steel sheet piles are not available and imported for each construction

- Cast-in-place concrete pile is common in Myanmar

- Concrete pipe is imported from Thailand. Concrete pipe for pipe jacking is imported
from Japan.

- Local contractor does not have capacity for pipe jacking so that foreign contractor shall
be responsible for the work.

B - PVC and polyethylene pipes are produced in Yangon following JIS.

- Imported sheet pile was used for open cut piping.

- Diaphragm wall is not common in Myanmar.

- Bracing materials cannot be rented in Yangon. Materials are procured for each
construction.

A

- Foundation pile: 35-40 cm square pile, ¢ 300-600 mm of span pile is available

- Vibration hummer for piling is prohibited in CBD area

C - Use of ¢ 600 mm of ready-made pile is good to reduce cost

- HDPE pipe is produced in Yangon, which is light and easy to use in construction work
- Measures to avoid traffic jam should be taken for sewer construction especially in CBD

Source: JICA Study Team

€)) Construction Material

The main construction materials are concrete, soil, sand, reinforcing bars, temporary material, etc.
According to the interview with experienced contractors, most of the construction materials can

be supplied without delay.

® Concrete: cement and aggregate can be readily procured in Yangon City. A ready-mixed

concrete manufacturer, which carries out adequate quality control, exists in Yangon.

® Reinforcing bar: Chinese products following British Standards (BS) are available in the

domestic market.
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® Temporary material: earth retaining material (such as steel sheet pile or bracing, etc.),
shuttering material, scaffolding/supporting material, and heavy temporary material can be
prepared in construction works in Yangon City, while some materials such as steel sheet piles

have to be imported.
2) Pipe Material

Based on the experience of Japanese grant aid project of “The Project for Urgent Improvement of
Water Supply System in Yangon City (2013)”, clay layer having sufficient cohesion exists
predominantly on the surface in the city. Therefore, it is assumed that high strength shell is

required for the pipe jacking method.

Since high quality concrete pipes for pipe jacking method are not produced in Myanmar at this

moment, all materials shall be imported from Japan or neighboring countries.
3) Mechanical and Electrical Equipment

Mechanical and electrical equipment are to be imported because of absence of related factories in
Myanmar. The equipment will be procured from Japan or neighboring countries. Reliable
products are desirable in order to use equipment for a long duration. For this purpose, the technical
requirements for equipment are specified. Then, the equipment should be procured from reliable

manufacturers who have long-term experience in good quality products.
4 Construction Machine

At present, construction machines are widely used in construction works, such as hotels and
housing complexes in Yangon City or in neighboring areas. WWTPs can be built by general
machines except for some machines for specialized methods like the Press-In Caisson method,
that are used for construction of the lift pumping station at the entrance of the WWTP. Machines

for Press-In Caisson method and pipe jacking method are required to import for the construction.
®)) Local Workers and Constructors

The construction market has been very active in Myanmar in the recent years. Movement and
recruitment of capable workers and skillful technicians is on the rise; therefore, rates vary

frequently.

8.3 Conditions of Cost Estimation of the Project

1) Civil Works

The construction cost was estimated by multiplying the preliminary work quantities based on the
preliminary facility plan with the unit cost of civil works. The estimated unit cost is composed of

the current labor cost, material cost, and machine operation cost in Yangon.

The cost for pipe jacking including all machinery costs was estimated based on the quotation from
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the potential Japanese contractors specializing in pipe jacking works. The cost of concrete pipe
materials for pipe jacking was estimated based on the quotation from the manufacturer in Japan
as well. It is assumed that pipes would be loaded on ships at the Yokohama Port and unloaded at
Thilawa Port instead of Yangon Port because the volumes of pipes are so huge that enough

temporary storage area would be necessary.

The cost for mobilization and common preparatory works is assumed at 10% of the construction

cost. The cost of general administration is assumed at 25 % of the construction cost.

2) Mechanical and Electrical Works of WWTP

The cost for mechanical and electrical works of the WWTP, including installation cost and
commissioning cost, was estimated based on the quotation from the potential contractors
specializing in WWTP with experience in the MBR and mechanical sludge treatment. The quoted
cost is composed of 1) mechanical facility, 2) electrical facility and instrumentation, and 3)

installation work. The cost of general administration is assumed at 25 % of the construction cost.

3) Construction of BDS

The actual cost for BDS improvement executed by YCDC in the past was referred to as the
approximate cost for construction. The cost of general administration is assumed at 10 % of the

construction cost.
8.4 Consulting Services

Consulting services including the following will be required for the smooth implementation of

the Project to assist YCDC, the executing agency of the project.

® Review of the feasibility study and preparation of definitive project features

® Field surveys of project sites and planned facilities, including topographic survey, geological
survey, inventory survey of existing structures, underground utility survey, and household
connection survey

Preparation of detailed design based on the above survey results

Preparation of bidding documents

Assistance for pre-qualification, bid evaluation, and contract negotiation

Supervision of construction works

Assistance for social and environmental consideration including EIA and related procedures

Technical transfer

® Assistance for enhancement of public awareness and utilization of sludge
The consultant team consists of international and local experts. International experts lead all
activities of the consulting services with assistance by local experts. The proposed work schedule
of the consultant shall be in accordance with the implementation schedule. The required
international and local experts along with the man-months for consulting services for the

implementation are presented in Table 8.4.1.

It is estimated that 427 man-months of international experts and 883 man-months of local experts
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would be required to conduct consulting services. In addition, 587 man-months of administration

staff members would be required to execute the services.

Table 8.4.1 Consulting Services

International Expert Local Expert
Consultant and Specialist
Overall
IProject Manager 78 -
Co-Project Manager - 93
Survey Engineer 7 -
O&M/Sludge Utilization Specialist 17 -
Environment Specialist 37 45
IProcurement/Contract Specialist 17 -
Cost Estimator 8 187
Customer Information Specialist 17 -
Sewerage/Civil Engineer - 232
Inspector - 224
Geotechnical Engineer - 12
Topographic Surveyor - 12
CP-1 Sewer
IDeputy Project Manager/Sewer Network Engineer 47 -
Sewer Line Engineer/Pipe Jacking Specialist 41 -
CP-2 Quantity Surveyor
Wastewater Treatment Engineer 46 -
Structural Engineer 21 -
|Architectural Engineer 2 -
IMechanical Engineer 27 28
Electrical Engineer 22 26
Structure Engineer - 24
CP-3: BDS
Sewer Connection Specialist 40 -
Subtotal 427 883
IAdministration Staff
Secretary - 97
IAccountant - 97
Translator/Interpreter - 130
CAD Operator - 166
Office Keeper - 97
Subtotal - 587

Source: JICA Study Team

8.5 Project Cost
8.5.1 The Estimated Project Cost

The overall project cost is estimated based on the basic conditions given in Section 8.1.
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8.6 Estimation of Operation and Maintenance (O&M) Cost

The O&M cost required for the project is estimated and summarized in Table 8.6.1. The O&M
cost for the sewer is estimated by referring to the experience of YCDC for the existing sewers in
the CBD. The one for the WWTP is estimated by referring to the existing facility and the
estimation from suppliers that have experience on a similar technology of wastewater treatment.

The annual O&M cost is estimated as 1,000 million/year.

Table 8.6.1 O&M Cost

Year Item O&M Cost (JPY million)
Sewer
1 Energy (Electricity) 19
2 Manpower 40
3 Maintenance 191
Subtotal 250
WWTP
1 Energy Cost 323
2 Chemical Cost 10
3 Sludge Disposal Cost 7
4 Manpower Cost 28
5 Maintenance Cost 382
Subtotal 750
Total 1,000

Note: Values in table are at the designed all capacity operation of WWTP.
Source: JICA Study Team

8.7 Remarks for Project Implementation
8.7.1 Selection Policy for Contractors
(1) Pre-Qualification (P/Q)

The pre-qualification procedure shall be taken prior to bidding to secure the quality of contractors’
work and to achieve timely completion of this project. Pre-qualification of bidders needs to
consider the following issues to evaluate candidate bidders’ capability to undertake the scope of

contract:

1) Experience and achievement in similar contracts
i) Capability of staff and equipment
iii) Financial situation
(2) Bidding system
Two-envelope bidding could be appropriate for the selection of contractors, same as the case of

the procurement of consultants. The bidding system requires submission of technical and cost

proposals separately and simultaneously.
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8.7.2 Contract Package

Considering the characteristics of the project components and the amount of works, it is proposed
that the project be implemented in three contract packages. ICB is adopted to CP-1 and CP-2,
while Local Competitive Bidding (LCB) is to CP-3 for the bidding method:

- Contract Package-1 (CP-1, ICB): Sewer
- Contract Package-2 (CP-2, ICB): WWTP
- Contract Package-3 (CP-3, LCB): BDS

As for CP-1, i.e., for the sewer, the package includes a vast length of pipe installation works by
open cut method and pipe jacking method. The specialized companies for pipe jacking are usually
not general contractors which can manage a large scale of construction. So, it is preferable for
CP-1 that a general contractor arranges and supervises pipe installation works to be executed by

subcontractors specialized for such works.

It is assumed for CP-2 that the main contractor, having international experiences and capable to
manage the entire construction works of this package, will need to organize a joint venture or
subcontract with other construction firms, including one having specialized techniques of MBR

and mechanical sludge treatment.
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CHAPTER 9 ENVIRONMENTAL AND SOCIAL
CONSIDERATIONS

9.1 Purpose of the Considerations

With regard to environmental and social considerations (ESC), any project to be financed by the
JICA assistance is required to comply with the JICA Guidelines for Environmental and Social
Considerations (April 2010) (hereinafter referred to as “the JICA Guidelines”) in addition to any

existing laws and regulations in the recipient country.

ESC in the Study examines if the project complies or will comply with all the Japanese and
Myanmar requirements. Furthermore, if any deficiency is found, the JICA Study Team will
support the executing agency of the project in compliance with the entire requirements of the

JICA Guidelines by proposing relevant actions to be taken by the executing agency.
9.2 General Requirement of the JICA Guidelines

9.2.1 Project Category by the JICA Guidelines

Requirements of the JICA Guidelines are dependent on “project categorization” of projects, which
is stipulated in the JICA Guidelines (See Appendix 16 of this Report). Currently, the Project
proposed by the “Data Collection Survey for Sewerage System Development in Yangon City”
(the Project) has been classified as “Category B” by JICA.

9.2.2 Required Study for “Category B” Project

For a project classified in “Category B” by the JICA Guidelines, an “Initial Environmental
Examination (IEE) level study” is required (See Appendix 16).

9.3 Environmental Management System of Myanmar
9.3.1 Major Legislative Framework on Environment Management

Major statute including National Constitution, Policy, Strategy and, Law and Regulation related
to Environmental Management of Myanmar are shown in Table 9.3.1. With regard to EIA systems

of Myanmar appears in Section 9.3.6.

Table 9.3.1 Major Statute on Environmental Management of Myanmar

Major Statute Description

Constitution (2008) The Myanmar’s Constitution (2008) provides that “the Union 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” and stipulates Articles on environment as shown
below.

- Article 45: The Union shall protect and conserve natural environment of the country.

- Article 390: Every citizen has the duty to assist the Union in carrying out preservation
and safeguarding of cultural heritage, Environmental conservation, striving for
development of human resources, and Protection and preservation of public property

National Environmental | The National Environment Policy (NEP) 1994 is the basis of the Myanmar’s

Policy (1994) environmental statutory framework which is supported by the Constitution (2008) and

empowers Government to conserve Myanmar’s natural environment and enables

Parliament to enact environmental laws. NEP emphasizes the following points;

- To harmony and balance between these through the integration of environmental
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Major Statute

Description

considerations into the development process to enhance the quality of the life of all its
citizens.

- Responsibility of the State and every citizen to preserve its natural resources in the
interest of present and future generation.

- Environmental protection should always be the primary objective in seeking
development.

National Biodiversity
Strategy and Action Plan
(2012)

The National Biodiversity Strategy and Action Plan (NBSAP) of Myanmar was adopted

by the Cabinet on 03 May 2012 which contains 10 strategic directions as followings:

- Strengthening conservation of priority sites;

- Mainstreaming biodiversity into other policy sectors;

- Implementing focused conservation actions for priority species;

- Supporting local Non-Governmental Organization (NGOs) and academic institutions;

- Creating capacity to coordinate conservation investment in Myanmar;

- Scaling up implementation of in-situ and ex-situ conservation of agriculture, livestock
and fisheries biodiversity and genetic resource management;

- Expediting the process of implementing the. national bio-safety framework;

- Promoting the initiative to manage IAS;

- Facilitating the legislative process of environmental protection and environmental
impact assessment; and

- Enhancing communication, education and public awareness on biodiversity
conservation.

Myanmar Agenda 21 (1997)

The Myanmar Agenda 21 was formulated in 1997 in response to the call of the United
Nations Conference on Environment and Development (Earth Summit) held in 1992 to
develop national strategies for the implementation of the Global Agenda 21.

National Sustainable
Development Strategy (2009)

The Myanmar's National Sustainable Development Strategy (NSDS) was formulated in
2009 to meet its global commitment made at the Johannesburg Plan of Implementation
(JPOI) in 2002, which covers the three pillars of environment, economic and social
aspects of the country. Vision of Myanmar's NSDS is "Wellbeing and Happiness for
Myanmar People". Three goals of NSDS identified are as follows:

- Goal 1: Sustainable Management of Natural Resources

- Goal 2: Integrated Economic Development

- Goal 3: Sustainable Social Development.

Protection of Wildlife, Wild
plants and Conservation of
Natural Area Law (1994)

Protection of Wildlife, Wild plants and Conservation of Natural Area Law in1994, focuses
on protecting wildlife including their habitats and formulating protected areas while
stipulating penalties against offenses. The major objectives of the law are to implement
the Government policy for wildlife protection as well as for natural areas conservation
and to protect endangered species and their habitats.

Environmental Conservation
Law (2012)

The Environmental Conservation Law, consists of 14 chapters and 42 articles, was signed

by the President on 30th March 2012 which has eight objectives as shown below.

- To enable to implement the Myanmar National Environmental Policy.

- To enable to lay down the basic principles and give guidance for systematic integration
of the matters of environmental conservation in the sustainable development process.

- To enable to emerge a healthy and clean environment and to conserve natural and
cultural heritage for the benefit of present and future generations.

- To reclaim ecosystems as may be possible which are starting to degenerate and
disappear.

- To enable to manage and implement for decrease and loss of natural resources and for
enabling the sustainable use beneficially.

- To enable to implement for promoting public awareness and cooperation in educational
programmes for dissemination of environmental perception.

- To enable to promote international, regional and bilateral cooperation.

- To enable to cooperate with Government departments, Government organizations,
international organizations, non-government organizations and individuals in matters
of environmental conservation.

Environmental Conservation
Rule (2014)

Environmental Conservation Rules (ECR) was enacted on 5% June 2014. ECR 2014
stipulates the details on the environmental conservation including EIA system based on
the Environmental Conservation Law (2012).

Environmental Impact
Assessment Procedure (2015)

EIA Procedure (2015) (or EIA Notification No. 616/2015) came into force on December
2015 as the first legal framework of EIA in Myanmar.

Source: Directorate of Investment and Company Administration (DICA), Myanmar’s changing landscape June 2014 coffey.com, National
Sustainable Development Strategy 2009, Environmental Conservation Law 2012, EIA Portal Site in Myanmar MONREC, Current
Environmental Situation in Myanmar April 2015 Mr. Hein Latt MOECAF, Environmental Safeguard and Environmental Impact
Assessment System in Myanmar Dr. San Oo January 2015 MOCAF, Overview on Environmental Governance in Myanmar Hla Maung

Thein June 2016 MONREC
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9.3.2 Other Relevant Laws and Regulations on Environment

Table 9.3.2 shows other Relevant Laws and Regulations on environment in Myanmar.

Table 9.3.2

Other Policy, Law and Regulation related to Environment

Sector

Policy, Law and Regulation

Forestry

Forest Law, 1992
Forest Policy 1994
National Code of Practice for Forest Harvesting 2000

Water

National Water Policy 2014
The Underground Water Act, 1930
The Conservation of Water Resources and River Law, 2006

Health

National Food Law, 1997

Traditional Drug Law, 1996

Prevention and Control of Communicable Diseases Law, 1995
National Drug Law, 1992

Union of Myanmar Public Health Law, 1972

Tourism

Myanmar Hotel and Tourism Law, 1993

Industrial

Private Industrial Enterprise Law, 1990
Factory Act, 1951

Oilfield (Workers and Welfare) Act, 1951
Petroleum Act, 1934

Oilfield Act, 1918

Livestock & Fisheries

Animal Health and Development Law, 1993

Freshwater Fisheries Law, 1992

Myanmar Marine Fisheries Law, 1990 (Law Amending the Myanmar Marine Fisheries Law,
1993)

Law Relating to Aquaculture, 1989

Law Relating to the Fishing Right of Foreign Fishing Vessels, 1989 (Law Amending the Law
Relating to the Fishing Rights of Foreign Fishing Vessels, 1993)

Mining

Myanmar Gemstone Law, 1995
Myanmar Pearl Law, 1995
Myanmar Mines Law, 1994

Salt Enterprise Law, 1992

Land Acquisition (Mines) Act, 1885

Science & Technology

Science and Technology Development Law, 1994

Transportation

Highways Law, 2000

Motor Vehicles Law, 1964 (Law Amending the Motor Vehicles Law of 1964 enacted in 1989)
Myanmar Aircraft Act, 1934

Island Steam Vessels Act, 1917

Ports Act, 1908

Defile Traffic Act, 1905

Yangon Port Act, 1905

Canal Act, 1905

Obstruction in Fairways Act, 1881

Electricity

State Law and Order Restoration Council (The Law Amending the Electricity Law, 1990)
Electricity Law (2014)

Source: Government of Myanmar, Tabulated by JICA Study Team

9.3.3 International Environmental Conventions/ Protocols/ Agreements

Myanmar as one of the parties signed more than 30 international and regional conventions and

protocol on environment as shown in Table 9.3.3.

Table 9.3.3 International Agreements on Environmental Issues

Pacific, Bangkok, 1988

Title Signature Ratification Member AC AN
pproval
Plant Protection Agreement for the South-East Asia and the Pacific 4-11-1959 4-11-1959
Region, Rome, 1956 (Adherence)
Agreement on the Networks of Aquaculture Centers in Asia and the 22-5-1990

(Accession)

Regional

Southeast Asia Nuclear Weapon Free Zone Treaty, Bangkok, 1995 15-12-1995 16-7-1996

(Ratification)

ASEAN Agreement on the Conservation of Nature and Nature| 16/10/1997
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Title Signature Ratification Member AC A
pproval
Resources, Kuala Lumpur, 1985
ASEAN Agreement on Transboundary Haze Pollution 10/6/2002 13-3-2003 7/2003
(Ratification) 27-2-03
Treaty Banning Nuclear Weapons Test in the Atmosphere in Outer Space| 14/8/1963 15-11-1963
and Under Water, Moscow, 1963 (Ratification)
Treaty on the Prohibition of the Emplacement of Nuclear Weapons and| 11/2/1971
other Weapons of Mass Destruction on the Sea-Bed and Ocean Floor and
in the Subsoil there of, London, Moscow, Washington, 1971
Convention on the Prohibition of the Development, Production and| 10/4/1972
Stockpiling of Bacteriological (Biological) and Toxin Weapons, and on
their Destruction, London, Moscow, Washington, 1972
International Convention for the Prevention of Pollution from Ships,|(Accession)| undertakes to give
London, 1973 effect to this
Convention under
para 1 & 2 of Article
1 of the Protocol of
1978
Protocol of 1978 Relating to the International Convention for the 4-8-1988 Except for
Prevention of Pollution from Ships, London, 1973 (Accession) Annexes
III, TV and
V of the
Convention
United Nations Convention on the Law of the Sea, Montego Bay, 1982 |10/12/1982 21-5-1996
(Ratification)
United Nations Framework Convention on Climate Change, New York,| 11/6/1992 25-11-1994 41/94
1992 (UNFCCC) (Ratification) 9-11-94
Convention on Biological Diversity, Rio de Janeiro, 1992 11/6/1992 25-11-1994 41/94
(Ratification) 9-11-94
Treaty on the Non-Proliferation of Nuclear Weapons, London, Moscow, 2-12-1992
Washington, 1968 (Accession)
Convention on the Prohibition of the Development, Production,| 14-1-1993
Stockpiling and Use of Chemical Weapons and their Destruction, Paris,
1993
— |International Tropical Timber Agreement (ITTA), Geneva, 1994 6-7-1995 31-1-1996
5 (Ratification)
§ Vienna Convention for the Protection of the Ozone Layer, Vienna, 1985 24-11-1993 22-2-1994 | 46/93
2 (Ratification)
= Montreal Protocol on Substances that Deplete the Ozone Layer, 24-11-1993 22-2-1994 | 46/93
Montreal, 1987 (Ratification)
London Amendment to the Montreal Protocol on Substances that 24-11-1993 22-2-1994 | 46/93
Deplete the Ozone Layer, London, 1990 (Ratification)
Convention for the Protection of the World Culture and Natural Heritage, 29-4-1994 6/94
Paris, 1972 (Acceptance) 9-2-94
ICAO ANNEX 16 Annex to the Convention on International Civil|(Accession)
Aviation Environmental Protection Vol. 1 Aircraft Noise
ICAO ANNEX 16 Annex to the Convention on International Civil|(Accession)
Aviation Environmental Protection Vol. II Aircraft Engine Emission
Treaty on Principles Governing the Activities of States in the Exploration| 22-5-1967 18-3-1970
and Use of Outer Space Including the Moon and Other Celestial Bodies (Ratification)
(Outer Space Treaty), London, Moscow, Washington, 1967
Agreement on the Networks of Aquaculture Centres in Asia and the 22-5-1990
Pacific, Bangkok, 1988 (Accession)
South East Asia Nuclear Weapon Free Zone Treaty, Bangkok, 1995 15-12-1995 16-7-1996
(Ratification)
United Nations Convention to Combat Desertification in Those 2-1-1997 2-4-1997 | 40/96
Countries Experiencing Serious Drought and / or Desertification, (Accession) 4-12-96
Particularly in Africa, Paris, 1994 (UNCCD)
Convention on International Trade in Endangered Species of Wild Fauna 13-6-1997 11-9-1997 | 1797
and Flora, Washington, D.C., 1973; and this convention as amended in (Accession) 30-4-97
Bonn, Germany, 1979 (CITES)
Agreement Relating to the Implementation of Part XI of the United 21-5-1996
Nations Convention on the Law of the Sea of 10 December 1982, New (Accession)
York, 1994
Agreement to Promote Compliance with International Conservation and 8-9-1994
Management Measures by Fishing Vessels on the High Seas, Rome, (Acceptance)
1973
Catagena Protocol on Biosafety, Cartagena, 2000 11/5/2001 13/2001
22-3-01
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Title Signature Ratification Member St
Approval
International Treaty on Plant Genetic Resources for Food and 4-12-2004 29-6-2004
Agriculture, 2001 (Ratification)
Kyoto Protocol to the Convention on Climate Change, Kyoto, 1997 13-8-2003 26/2003
(Accession) 16-7-03
Stockholm Convention on Persistent Organic Pollutants (POPs), 2001 18-4-2004 18-7-2004 | 14/2004
(Accession) 1-4-04

Source: NBSAP Myanmar

9.3.4 National Environmental Quality Guidelines

The National Environmental Quality (Emission) Guidelines (NEQG) was issued in December
2015 under the Ministry of Natural Resources and Environmental Conservation (MONREC) as

summarized below.

* NEQS has basically been excerpted from the Environmental Health and Safety (EHS) of
International Finance Corporation (IFC) of the World Bank Goup, as a guidance of pollution

prevention to be used in developing countries.

* NEQG specifically applies to all project types listed in ‘Categorization of Economic
Activities for Assessment Purposes’ of EIA Notification (2015).

9.3.5 Institutional Framework on Environmental Management
(1) National Environmental Conservation and Climate Change Central Committee (NECCCCC)

National Commission for Environmental Affairs (NCEA) was established in 1990 to i) advise the
government on environmental policies; ii) act as a coordinating body for environmental affairs;
and iii) promote environmentally sound sustainable development. NCEA was reorganized into
the National Environmental Conservation Committee (NECC) in April 2011 based on
Notification No0.21/2011 of the Office of the President. (Source: REDD+ Myanmar,
http://www.myanmar-redd.org/mm/)

In June 2016, the Government set up the National Environmental Conservation and Climate
Change Central Committee (NECCCCC) by reorganizing of NECC at the highest level of
Governmental committee on environment, chaired by the vice president and supported by six sub-

committees.
(2) Ministry of Natural Resources and Environmental Conservation (MONREC)

“Ministry of Natural Resources and Environmental Conservation (MONREC)” which was
founded by the merger between the former “Ministry of Environmental Conservation and Forest
(MOECAF)”, and the former “Ministry of Mines (MOM)” when the new Myanmar Government
was launched in 2016, is the nodal governmental body of Myanmar for taking on administration

of Environmental Management and EIA procedures in Myanmar.

The Environmental Conservation Department (ECD) of the MONREC is to take responsibility
for the environmental conservation and management as well as EIA procedures in Myanmar

which consists of five sub-divisions as shown in Figure 9.3.1.
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Environmental Conservation
Department (ECD)
(156+247)

I

|

Administration Natural Resources Pollution Control Planning and Int. State and Region
and EIA Relation, Res. and (14)
(12+36) (13+11) (12+19) Ext. (12+9) (107+182)

Note: (12+36) the former is the staffs who are working + the latter is the staff to be appointed as of 2015.
Source: Sustainable Road Map for Myanmar by Dr. San Oo, Environmental Conservation Department, 2015, MONREC

Figure 9.3.1 Environmental Conservation Department (ECD) of MONREC

9.3.6 EIA System and Environmental Compliance Certificate (ECC)

(1) Legal Framework (EIA Notification (2015)) and Process

The first legal framework of EIA in Myanmar was established by the EIA Notification No.616 in

2015 (hereinafter referred to as “EIA Notification (2015)””) which came into force on December

2015 as summarized below.

EIA Notification (2015) defines the whole process of EIA and Environmental Compliance

Certificate (ECC); terms, process and procedure, responsibilities of stakeholders, and so on.

A proposed project will be categorized as one of the three categories (EIA, IEE or Non
IEE/EIA type project) depending on the scale and significance of the impacts likely caused

by the proposed project which process for categorizing is called as "Screening".

At the first step of the EIA Procedure, the proponent shall submit a "Project Proposal (PP)"
to the Environmental Conservation Department (ECD) at MONREC containing the project

description and its likely impacts.

ECD will determine the project type as "EIA", "IEE", or "Non IEE/EIA" based on the
submitted PP, in accordance with Annex A “Categorization of Economic Activities for
Assessment Purposes”, and Article 25 and Article 28 (stipulating the specific factors for

categorization).

(Source: EIA Portal Site in Myanmar, ECD Homepage at MONREC)

(2) EIA Type project

For the EIA type projects, the project proponent is required to submit "Terms of Reference (TOR)"

and "Scoping Report" which include the proposed contents and the scope of the EIA investigation.

At this timing, "Public Consultation" must be held by the proponent so as to collect opinions

from stakeholders related to the proposed project.

The proponent then undertakes the necessary investigation according to the approved TOR
such as; data collection, impact analysis, consideration of mitigation measures and so on. An
"EIA Report" and "Environmental Management Plan (EMP)" will be prepared based on all

results of the investigation.

The proponent must hold a "Public Consultation" at any timing during the investigation
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process inviting to the relevant stakeholders including Project Affected Peoples (PAPs),

NGOs, governmental bodies, and so on.

*  The draft of EIA Report and EMP shall be updated for reflecting those comments from the

participants of the Public Consultation.

* An "EIA Report Review Body", which consists of members from relevant ministries and

experts, will review and assess the reports/documents submitted by the proponent.

¢ Based on the recommendations, the Minister makes a decision whether or not the submitted

report should be approved.

¢ If approved, ECD issues an ECC" with necessary conditions to protect the environment,

subject to payment of service fees as prescribed by ECD.
(Source: EIA Portal Site in Myanmar, ECD Homepage at MONREC)
(3) IEE Type project

IEE, "Initial Environmental Examination”, means a process applied to any projects which would
cause certain environmental/social impacts but not significant. (Source: EIA Portal Site in
Myanmar, ECD Homepage at MONREC).

*  IEE report and EMP shall be submitted to ECD, then those reports will be reviewed by ECD.

Public consultation is also required at any timing during the investigation.
e ECC will be issued by MONREC upon successful review.
(Source: EIA Portal Site in Myanmar, ECD Homepage of MONREC)
(4) Non IEE or EIA Type Project

For the other case, no EIA/IEE is required; however, ECD may promote and support

environmental management for these projects from a view of environmental and social safeguard.
(Source: EIA Portal Site in Myanmar, ECD Homepage of MONREC).

(5) Step and Action/Activity in EIA Process

Table 9.3.4 and Figure 9.3.2 summarize step, and action/activity of each project type.

Table 9.3.4 Major Action/Activity at Each Step by Project Type

Step Action/Activity
Before any EIA/IEE Study Consultant Licensing
Project Proposal (Screening)
EIA Type Project IEE Type Project Non IEE/EIA Type Project
Organizing the study team Organizing the study team Close of the process
for EIA type project for IEE type project
EIA/IEE Process Scoping N/A
Investigation and review Investigation and review
process of EIA type project process of IEE type project
Preparation of EMP Preparation of EMP
Issuance of ECC Issuance of ECC

Source: EIA Portal Site in Myanmar, ECD Homepage at MONREC, added by JICA Study Team
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Process
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OTHER
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Source: EIA Good Practices in Myanmar Dr. San Oo Director ECD MONREC, 10 May 2016, ASIA EIA Conference Japan

Figure 9.3.2 Overview of Step and Action/Activity by Each Type Project
1)  Screening Phase

The EIA procedure starts with the Screening process as shown in Figure 9.3.3.

Assessment of Project Proposal

PROJECT PROPONENT \

Preparation of Project Submitting
Proposal Proposal

Continue to acquire ¥ de;;d;dr:f s
Investment License

[ {
If decided the Project If decided the Project
needs IEE needs EIA

Preparation of IEE Report s
and be assessed by MOECAF Scoping

Approval of IEE Report
Approval of EIA Report

0 EMP preparation & approval

Baseline data collection &
Preparation of EIA Report

Appeal of EIA Report

Note: Ministry of Environment Conservation and Forest (MOECAF) in Figure is MONREC at present
Source: EIA Notification (2015), MONREC

Figure 9.3.3 Screening Phase in EIA Procedure
*  Guidance is provided as to which projects or activities should carry out an IEE or EIA, as

presented in Annex A “Categorization of Economic Activities for Assessment Purposes” to
EIA Notification (2015).

e The Annex shows for each type of economic activity, the criteria for selection of whether

IEE or EIA apply to the proposed economic activity.
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2)

MONREC determines whether the project is an IEE type project, or an EIA type project or

if it is exempted from undertaking any environmental assessment.

The project proponent might be required to submit a project proposal (completed in
accordance with MONREC’s guidelines) to ECD of MONREC for screening.

Within 15 days from receiving the complete project proposal, MONREC shall determine the
required type of environmental assessment (EIA, IEE, or none) and shall inform the Project

Proponent in writing about its determination.

In addition, the MONREC can change the status of an IEE Type Project to be an EIA Type

Project if any of the above additional factors are relevant in this sense.

Scoping Phase

All EIA type projects are required to undergo the Scoping Phase as shown in Figure 9.3.4.

Scoping
PROJECT PROPONENT
Selectionof EIA | Present tothe Ministry Checking consultant is
consultant | registered in Ministry or not
! 7 Days
If EIA consultant has not registered in the Ministry Deciding EIA
t consultant is
| acceptable or not
_l_ If EIA consultant has Jleglslﬂed in the Ministry
SCOPING PROCESS
*  Collecting data of the Project | Providing extent and responsibility of the
*  Scoping Scoping Report
*  Meetingand Discussion with
Ministries, PAPs, Community
based organizations
15 Days
Scoping Reportand Submiit tal
procedures for ELA work The ﬁin!sm-
/ | I Approval
if d
To To be continued o
Diagram
31

Note: Ministry of Environment Conservation and Forest (MOECAF) in Figure is MONREC at present
Source: EIA Notification (2015), MONREC

Figure 9.3.4 Scoping Phase in EIA Procedure
The project proponent shall be responsible to ensure that the Scoping and the preparation of

the Term of Reference (TOR) for the EIA report are undertaken in a professional manner

and in accordance with any applicable guidelines issued or adopted by MONREC.

As part of the scoping, the project proponent shall ensure that public consultation and

participation process is carried out.

The project proponent shall prepare a scoping report and TOR for the EIA investigation and
submit the completed Scoping Report and TOR to MONREC for review and approval.
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3) EIA Investigation, Report Preparation and Approval of EIA

Figure 9.3.5 shows EIA Investigation, Report Preparation and Approval of EIA procedure.

Ministry of Environmental
Conservation and Forestry
/ Review EIA Report \

[ Submit EIA Report to EIA Report

EIA Investigations and
Review

V™ oo DR
- I

/ Conduct EIA Investigations

Review Body
00 pisclose information about the Activity or
Project *

O undertake environmental and social [ EIA Report Review Body ]

assessment studies and investigations prepares comments

O conduct consultations at national, state and
local level with PAPs, authorities, civil society,
community based organizations, the Ministry,
sector ministries, regional government

Disclose the EIA Report to the public

Call for comments from government,
PAPs, civil soclety and other
stakeholders

Arrange Public Consultations at State,
Regional and local level

. /

90 working
days

Prepare/Revise EIA
Report

EIA Report not

Public satisfactory

disclosure of

CRQWH

EIA Report

fannravall

Approved

@..

Chart3.2

Continues Rejected

Approval of EIA report

PROJECT PROPONENT
o
If appeal is —~ < IFEIA Repor

denied Appeal / . < ~._Report 7

Project -
Termination Denial of E1A If EIA Report
Report make :
known to public is approved
follow
Diagram 4
inform | Issuing ECCwith ‘
i Acquiring the Investment License | limitations
I i Ifreceive | ) \ ..._ .
; | Investment ! -

; “ m!m .

known to public

Issuing ECC make ‘

Complying the rules and . .
ocders of ECC, and apply the | [!fappealis . 2 |
EMP and facts in ElAreport \ denied |

follow

Diagram 4 Ifappeal is

accepted
Note: Ministry of Environment Conservation and Forest (MOECAF) in Figure is MONREC at present
Source: EIA Notification (2015), MONREC

Figure 9.3.5 EIA Investigation, Report Preparation and Approval

e The project proponent has to ensure that the EIA investigation properly addresses all adverse

impacts and is undertaken in accordance with the approved TOR.
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The project proponent is obliged to use, comply with and refer to applicable national
standards, international standards adopted by the Government and/or MONREC, or, in the
absence of relevant national or adopted international standards, such standards as may be
agreed with MONREC.

After completing all investigations and public consultation and participation processes
required for EIA Type Projects, the project proponent shall submit the EIA Report to
MONREC in both digital and hard copy, together with the required service fee.

MONREC shall within 10 days after submission disclose the EIA Report to civil society,

PAPs, concerned government organizations, and other interested stakeholders.

MONREC shall submit the EIA Report to the EIA Report Review Body for comment and
recommendations and also arrange for public consultation meetings at national and State/

Regional/ local levels where the project proponent shall present the EIA Report.

All received comments and recommendations, including those of the EIA Report Review
Board, will be collected and reviewed by MONREC prior to making a final decision on
approval of the EIA Report.

MONREC shall deliver its final decision within 90 days from the receipt of the EIA Report.

Upon completion of its review of the EIA Report, MONREC will issue an ECC or inform
the project proponent of its decision to reject the EIA Report and publicly disclose its

decision.

(6) Time Frame in EIA Procedure

According to the review above, time frame in the EIA procedure can be summarized in Table

9.3.5.
Table 9.3.5 Required Time Frame in EIA Procedure
EIA Procedure Period (working days)
IEE/EIA/NON- Proposal Screening 15
Approval of IEE experts 7
IEE Process IEE report preparation -
IEE report approval 60
Approval of EIA experts 7
Developing EIA scoping report and TOR -
EIA Process Scoping report and TOR approval 15
Investigation/preparing EIA report -
EIA report approval 90

Source: EIA Notification (2015), edited and tabulated by JICA Study Team

(7) Social Considerations in EIA Procedure

With regard to social considerations in the EIA procedure, Table 9.3.6 shows social aspects

specified in EIA Notification (2015).
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Table 9.3.6 Social Considerations in EIA Procedure

Social Aspect Requirement in EIA Notification
Involuntary - EIA Procedure does not address the social impacts of involuntary resettlement
Resettlement nor on indigenous people.
and Indigenous | - Separate procedures shall be issued by responsible ministries, and in the absence
People of such procedures all such projects shall adhere to international practice on
involuntary resettlement and indigenous people.
Stakeholder, - EIA Report shall consider the views, concerns, and perceptions of stakeholders,
Public, communities and individuals that could be affected by the project or who
Community and | otherwise have an interest in the project.
Individual * EIA should include the results of public consultations and negotiations with the
affected populations on the environmental and social issues.
- Public concerns should also be taken into account in assessing impacts, designing
mitigation measures, and selecting monitoring parameters.

Source: EIA Notification (2015), edited and tabulated by JICA Study Team

9.4 All Environmental Requirements for the Sewerage Project
9.4.1 Requirements for Category B project by the JICA Guidelines

As mentioned previously, the proposed project in the study has been classified as “Category B”
by JICA. The followings are required based on the JICA Guidelines and for a Loan Agreement
(L/A) with JICA (See Table 9.4.1 below).

¢ EIA report (Even though “Category B”, if required by Myanmar side for the Project)
¢ ECC (Even though “Category B”, if required by Myanmar side for the Project)

*  Resettlement Action Plan (Land acquisition and/or Involuntary resettlement if required for

the Project)
* PP (Indigenous People Plan: if required for the Project)

*  SHMs (Stakeholder Meetings: inducing the information disclosure, and public consultation

with stakeholders)
* [EE level study

*  Environmental Monitoring (YCDC shall submit the reports to JICA during the

implementation period of the Project and two years after the completion of the Project)
*  Others (depending on projects)
9.4.2 Requirements for the Project by EIA Notification (2015) of Myanmar
(1) Project Categorization

Based on Annex A “Categorization of Economic Activities for Assessment Purposes” of EIA
Notification (2015), all projects in the field of sewerage are classified as “Waste Management” of

Type of Economic Activity (See Appendix 17).
(2) Project Scope

The proposed project aims to develop the sewerage system in Yangon City as mentioned in
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Chapter 1.
according to the Pollution Control and Cleansing Department (PCCD) of YCDC, the sludge is

As regards the sludge treatment in WWTP as one of the project components

classified as non-hazardous waste in Myanmar.
(3) Requirements for the proposed project

In accordance with EIA Notification (2015) (See Appendix 17 of this Report) and the project
components (regarded as the Waste Water Treatment Plant: centralized systems specified in the
Appendix), it is recognized that the Project is subject to an EIA investigation and is required to
obtain an ECC from ECD at MONREC.

Namely, the proponent for EIA for the project is YCDC as well as public consultations with
stakeholders (Stakeholder Meetings) are required to be initiated and implemented by YCDC.

9.4.3 All Environmental Requirements for the Project to Satisfy Both Sides

As referred to the above, the requirements for the Project to satisfy both sides (of Myanmar and
JICA) can be summarized in Table 9.4.1.

Table 9.4.1 All Environmental Requirements for the Project

Requirement EIA Notification (2015) | The JICA Guidelines Both Requirement
Yes No Yes
EIA Report (Project is categorized
as Waste Management)
Yes Yes Yes
ECC (EIA is required for the | (ECC is to be obtained
Project) for the Project)
Yes Yes Yes
RAP (Households in existing | (Households in existing
WWTP) WWTP)
SHMs Yes Yes Yes
IEE level Study Not specified Yes Yes
Envqonr.nental Yes Yes Yes
Monitoring
Others (such as IPP) If required If required If required

Source: JICA Study Team

9.4.4 Gap between the JICA Guidelines and the Environmental Management System of

Myanmar

Table 9.4.2 summarizes gaps (inconsistencies) between the JICA Guidelines and the
Environmental Management System of Myanmar, and includes actions to be taken to fill the gaps

between the two different provisions and requirements.

With regard to land acquisition and involuntary resettlement, a comparative analysis between the

JICA Guidelines and the relevant laws and regulations of Myanmar is shown in Table 9.7.2.
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Table 9.4.2 Gap between the JICA Guidelines and Myanmar Environmental Management System
Item JICA Guidelines Environmental Management Systems of Myanmar Gap evaluation (¥') and actions to be taken to fill the gap (>)
Environmental impacts that may be caused by projects must be Art. 3 of EIA Notification (2015) stipites that pursuant to Section 21 of ECL and Articles 52, 53 and 55 | ¥ There is basically no gap.

" assessed and examined in the earliest possible planning stage. of ECR, all Projects (snip) are required to obtain Prior Permission in accordance with Section 21 of ECL | > Based on Annex A “Categorization of Economic Activities for
= Alternatives or mitigation measures to avoid or minimize adverse and Art. 62 of ECR having the potential to cause Adverse Impacts, are required to undertake IEE or EIA Assessment Purposes” of EIA Notification (2015), an EIA is
g impacts must be examined and incorporated into the project plan. or to develop an EMP, and to obtain an ECC in accordance with EIA Notification (2015). required for this Project.

& (Appendix 1 JICA Guidelines) Art. 35 and 36 of EIA Notification (2015) stipulate alternatives and mitigation measures as requirements | > YCDC initiated the next fiscal year’s (2019) budgetary request

of IEE report as well as Art. 51, 58, 60, 62 and 63 stipulate alternatives and/or mitigation measures as
requirements of EIA report

for the EIA investigation for the Project.

Disclosure of Information

EIA reports (which may be referred to differently in different
systems) must be written in the official language or in a language
widely used in the country in which the project is to be
implemented.

When explaining projects to local residents, written materials must
be provided in a language and form understandable to them;

EIA reports are required to be made available to the local residents
of the country in which the project is to be implemented.

The EIA reports are required to be available at all times for perusal
by project stakeholders such as local residents and copying must be
permitted; (Appendix 2 JICA Guidelines)

EIA Notification (2015) stipulates that the IEE Report (Art. 35), Scoping Report (Art. 51) and EIA report
(Art. 62) shall be prepared either in the Myanmar language, or in the English language with an
accompanying, accurate summary in the Myanmar language.

Art. 65 of EIA Notification stipulates that not later than fifteen (15) days after submission of the EIA
Report to ECD, the Project Proponent shall disclose the EIA Report to civil society, PAPs, local
communities and other concerned stakeholders: (i) by means of national media (i.e. newspapers); (ii) the
website(s) of the Project or Project Proponent; (iii) at public meeting places (e.g. libraries, community
halls); and (iv) at the offices of the Project Proponent.

v There is basically no gap.

» The official language of Myanmar is Myanmar language so
that public notice, invitation and agenda, minutes of discussion
and other documents are prepared in Myanmar language
which are translated into English depending on circumstances.

Public Consultation / Meeting

For projects with a potentially large environmental impact,
especially, sufficient consultations with local stakeholders, such as
local residents, must be conducted via disclosure of information at
an early stage, at which time alternatives for project plans may be
examined. The outcome of such consultations must be incorporated
into the contents of project plans. (Social Acceptability 1, Appendix
1 of JICA Guidelines)

In preparing EIA reports, consultations with stakeholders, such as
local residents, must take place after sufficient information has been
disclosed. Records of such consultations must be prepared;
Consultations with relevant stakeholders, such as local residents,
should take place if necessary throughout the preparation and
implementation stages of a project. Holding consultations is highly
desirable, especially when the items to be considered in the EIA are
being selected, and when the draft report is being prepared.
(Appendix 2, JICA Guidelines)

Art. 13 of EIA Notification (2015) stipulates the Project Proponent shall arrange for appropriate public
consultation through all phases of the IEE and EIA process as required by Art. 34, 50, and 61.

v There is basically no gap.

» At the time of the F/S a total of 4 times stakeholder meetings
(SHMs) for the Project were held from Mar. to May. of 2018
by YCDC as well as GAD (General Administration
Department) initiatives depending on the Governmental
Admiration System in cooperation with the JICA Study Team.

> In addition, in the F/S a Consultation Meeting was held on 16"
May 2018 for those households live on the premises of the
existing WWTP and whose family heads are YCDC staff
work for the existing WWTP are required involuntary
resettlement for the construction of new WWTP.

» Necessary documents on the SHMs and the Consultation
meeting (such as agenda, participant lists and minutes of
meetings and others) were prepared by YCDC or GAD in the
local language of Myanmar.
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Item

JICA Guidelines

Environmental Management Systems of Myanmar

Gap evaluation (¥') and actions to be taken to fill the gap (>)

Scope of Impacts to be Assessed

- The impacts to be assessed with regard to environmental and social

considerations include impacts on human health and safety, as well
as on the natural environment, that are transmitted through air,
water, soil, waste, accidents, water usage, climate change,
ecosystems, fauna and flora, including trans-boundary or global
scale impacts. These also include social impacts, including
migration of population and involuntary resettlement, local
economy such as employment and livelihood, utilization of land
and local resources, social institutions such as social capital and
local decision-making institutions, existing social infrastructures
and services, vulnerable social groups such as poor and indigenous
peoples, equality of benefits and losses and equality in the
development process, gender, children’s rights, cultural heritage,
local conflicts of interest, infectious diseases such as HIV/AIDS,
and working conditions including occupational safety. (Scope 1,
Appendix 1, JICA Guidelines)

In addition to the direct and immediate impacts of projects, their
derivative, secondary, and cumulative impacts as well as the
impacts of projects that are indivisible from the project are also to
be examined and assessed to a reasonable extent. It is also desirable
that the impacts that can occur at any time throughout the project
cycle should be considered throughout the life cycle of the project.
(Scope 2, Appendix 1, JICA Guidelines)

- Art. 2 of EIA Notification (2015) stipulates that Environmental Impact means the probable effects or

consequence on the natural and built environment, and people and communities of a proposed Project or
businesses or activities or undertaking. Impacts can be direct or indirect, cumulative, and positive or
adverse or both. For purposes of this Procedure, Environmental Impacts include occupational, social,
cultural, socio-economical, public and community health, and safety issues. Moreover, social impacts
include Involuntary Resettlement and relating to Indigenous People.

Art. 56 of EIA Notification (2015) stipulates that the EIA investigation shall consider all biological,
physical, social, economic, health, cultural and visual components of the study area, together with all
pertinent legal matters relating to the environment, people and communities (including land use, resources
use, and ownership of and rights to land and other resources) that may be affected by the Project during
all Project phases including pre-construction, construction, operation, decommissioning, closure, and
post-closure, and shall identify and assess all Adverse Impacts, risks, Cumulative Impacts and Residual
Impacts for environment, social and, if relevant, health that potentially could arise from the Project.

v There is basically no gap.

» In order to fulfill both requirements of Myanmar and the JICA
Guidelines, the JICA Study Team provides necessary advices
in the preparation of a Draft ToR for the EIA investigation,
and presents appropriate recommendations to YCDC in the
environmental and social considerations study done by the
JICA Study Team as needed.

Monitoring, grievance adjustment and etc.

Project proponents etc. should make efforts to make the results of
the monitoring process available to local project stakeholders.
(Monitoring 3, Appendix 1, JICA Guidelines)

When third parties point out, in concrete terms, that environmental
and social considerations are not being fully undertaken, forums for
discussion and examination of countermeasures are established
based on sufficient information disclosure, including stakeholders’
participation in relevant projects. Project proponents etc. should
make efforts to reach an agreement on procedures to be adopted
with a view to resolving problems. (Monitoring 4, Appendix 1,
JICA Guidelines)

- Art. 60 of EIA Notification (2015) stipulates that the EIA shall consider the views, concerns, and

perceptions of stakeholders, communities and individuals that could be affected by the Project or who
otherwise have an interest in the Project. The EIA shall include the results of consultations with the public,
affected populations and other stakeholders on the environmental and social issues. The concerns raised
during such consultations shall be considered in assessing impacts, designing mitigation measures, and
in the development of management and monitoring plans.

- Art. 106 of EIA Notification (2015) stipulates that 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.

- Art. 110 of EIA Notification (2015) stipulates that within ten days of completing a monitoring report as

contemplated in Art. 108 and Art. 109 in accordance with the EMP schedule, the Project Proponent shall
make such report (except as may relate to National Security concerns) publicly available on the Project’s
website, at public meeting places (e.g. libraries, community halls) and at the Project offices. Any
organization or person may request a digital copy of a monitoring report and the Project shall, within ten
days of receiving such request, submit a digital copy via e-mail or as may otherwise be agreed upon with
the requestor.

v There is basically no gap.

» In order to fulfill both requirements of Myanmar and the JICA
Guidelines, JICA Study Team provides necessary advices in
the preparation of a Draft ToR for the EIA investigation, and
presents appropriate recommendations to YCDC in the
environmental and social considerations study done by the
JICA Study Team as needed.
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Item

JICA Guidelines

Environmental Management Systems of Myanmar

Gap evaluation (¥') and actions to be taken to fill the gap (>)

Ecosystem and Biota

Projects must not involve significant conversion or significant
degradation of critical natural habitats and critical forests. (JICA

Guidelines)

- Art. 18 of ECL stipulates that he relevant Government departments and Government organizations shall,

in accord with the guidance of the Union Government and the Committee, carry out the conservation,
management, beneficial use, sustainable use and enhancement of regional cooperation of the
environmental natural resources.

- Art. 36 of PWCNAL stipulates that whoever commits any of the following acts shall, on conviction be

punished with imprisonment for a term which may extend to 7 years or with fine which may extend to

kyats 50,000 or with both.

(a) Kkilling, hunting or wounding a completely protected wild animal without permission, possessing,
selling, transporting or transferring such wild animal or any part thereof without permission;

(b) exporting without the recommendation of the Director General a completely protected wild animal
or a protected wild plant or any part thereof.

- Art. 40 of FL stipulates that whoever commits any of the following acts shall, on conviction be punished

with fine which may extend to kyats 5,000 or with imprisonment for a term which may extend to 6 months

or with both:

(a) Trespassing and encroaching in a reserved forest;

(b) Pasturing domestic animals or permitting domestic animals to trespass in a reserved forest;

(c) Breaking up any land, clearing, digging or causing damage to the original condition of the land
without a permit in a reserved forest;

(d) Causing damage to a water-course, poisoning in the water, using chemicals or explosives in the water
in a reserved forest;

(e) Catching animals, hunting or fishing in a reserved forest;

(f) Kindling, keeping, carrying any fire or leaving any fire burning which may set fire to the forests in a
reserved forest;

(g) Moving forest produce without submitting to examination at the revenue station;

(h) Violating any provision of the rule, procedure, order, directive or notification issued under this Law

- Art. 25 of EIA Notification (2015) stipulates that an EIA is required in all cases where the Project will be

located in or will have foreseeable adverse effects on any legally protected national, regional or state area,
including without limitation: (i) a forest conservation area (including biodiversity reserved area); (ii) a
public forest; (iii) a park (including marine parks); (iv) a mangrove swamp; (v) any other sensitive coastal
area; (vi) a wildlife sanctuary; (vii) a scientific reserve; (viii) a nature reserve; (ix) a geophysically
significant reserve; (x) any other nature reserve nominated by the Minister; (xi) a protected cultural
heritage area; and (xii) a protected archaeological area or area of historical significance.

v’ It can be overinterpreted that there is basically no gap between
both provisions on Ecosystem and Biota.

» Even though, there is no such critical natural habitats and
critical forests in the Project area in urban areas in Yangon, the
JICA Study Team provides necessary advices in the
preparation of a Draft ToR for the EIA investigation, and
presents appropriate recommendations to YCDC in the
environmental and social consideration study done by the
JICA Study Team as needed.

Indigenous Peoples

Any adverse impacts that a project may have on indigenous peoples
are to be avoided when feasible by exploring all viable alternatives.
When, after such an examination, avoidance is proved unfeasible,
effective measures must be taken to minimize impacts and to
compensate indigenous peoples for their losses. (JICA Guidelines)

- Art. 7 of EIA Notification (2015) stipulates that projects (snip) which may potentially have an Adverse

Impact on Indigenous People shall comply with specific procedures separately issued by the responsible
ministries. Prior to the issuance of any such specific procedures, all such Projects shall adhere to
international good practice (as accepted by international financial institutions including the World Bank
Group and Asian Development Bank) on (snip) Indigenous Peoples.

v There is no clear-cut rule on indigenous peoples in Myanmar.

» Even though, Myanmar is a multiethnic country, and there are
no such inhabited areas of indigenous people in the Project
area in urban areas in Yangon, the JICA Study Team provides
necessary advices in the preparation of a Draft ToR for the
EIA investigation, and presents appropriate recommendations
to YCDC in the environmental and social consideration study
done by the JICA Study Team as needed.

Note: Art.; Article, ECL; Environmental Conservation Law (2012), ECR: Environmental Conservation Rule (2014), PIWCNAL; Protection of Wildlife and Conservation of Natural Areas Law (1994), ECC; Environmental Compliance Certificate, EMP; Environmental Management Plan FL; Forest Law (1992)
Source: JICA Guidelines, Forest Law (1992), Protection of Wildlife and Conservation of Natural Areas Law (1994), Environmental Conservation Law (2012), ECR: Environmental Conservation Rule (2014), EIA Notification (2015) and JICA Study Team
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9.5 Environmental and Social Conditions in Yangon City
9.5.1 Pollution
(1) Air Quality

Ambien air quality was monitored in the study area (of trunk sewers and WWTP) of Yangon City

as necessary bassline data for the proposed project.
1) Monitoring Item

Considering car traffic congestions in Yangon City, SO,, NO,, CO, PM; 5, and PM o were selected

as parameters for the air quality monitoring survey.
2)  Monitoring Location and Period

Locations for Air Quality including Noise and Vibration (See (2) below) monitoring are shown in
Table 9.5.1.

Table 9.5.1 Location and Period for Air Quality, Noise and Vibration Monitoring

Location GPS Description of Monitoring Location Monitoring Photograph
Number Coordinate Period
ANV-1 16°46'52.91"N |- At the corner of Yawmingyi Road and Shwedagon| Mar. 17" - [\

96°9' 12.50"E Pagoda Road, Pabedan Township, Yangon. 18"2018

+ ANV-1 is surrounded by many residential houses and| (24 hours)
closed to the Phayalan Railway Station.
Shwedagon Pagoda Road is highly traffic.
+ The emitted source, noise and vibration might be from
the vehicular traffic.
ANV-2 16°46'38.32"N |- At the corner of Lanmadaw Road and Arnawyahtar| Mar. 18" -
96° 8' 52.82"E Road, Latha Township, Yangon. 192018
+ Arnawyahtar Road is more traffic than Lanmadaw Road.| (24 hours)
+ The emitted source, noise and vibration might be from
the vehicular traffic.

ANV-3 16°46' 17.12"N |- At the Merchant Road, Botahtaung Township, Yangon. | par 16t -

96°10'3.51"E |- Merchant Road is quite closed to the traffic junction| [7h90;g
point of Merchant Road and Theinphyu Road, Botataung (24 hours)
Township, Yangon region.

+ Merchant Road is more traffic than Theinphyu Road.

+ The emitted source, noise and vibration might be from
the vehicular traffic.

A-4 16°46'3.32"N |- Within the wastewater treatment plant compound,| Mar.15" -

96° 11' 25.05"E Pazuntaung Township, Yangon 16"2018

(24 hours)

NV-4 16°46'9.72"N |- At the corner of Yarzardirit Road and Strand Road,| Mar. 15" -
96° 10' 50.33"E Pazuntaung Township, Yangon. 16"2018
+ NV-4 is surrounded by residential buildings. (24 hours)
+ Noise and vibration might be from the vehicular traffic.

Source: JICA Study Team
3) Monitoring Method
Sampling and analysis of ambient air pollutants were conducted as shown in Table 9.5.2.

Table 9.5.2 Sampling and Analysis Method for Air Quality

Parameter Sampling Equipment Analysis Method
Nitrogen dioxide (NO,) USEPA recommendation Haz-Scanner EPAS On site reading
Carbon monoxide (CO) USEPA recommendation Haz-Scanner EPAS On site reading
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Parameter Sampling Equipment Analysis Method
Particulate matter 10 (PM,,) USEPA recommendation Haz-Scanner EPAS On site reading
Particulate matter 2.5 (PM,s) USEPA recommendation Haz-Scanner EPAS On site reading
Sulphur dioxide (SO,) USEPA recommendation Haz-Scanner EPAS On site reading

Note: USEPA; United States Environmental Protection Agency, EPAS; Environmental Perimeter Air Station
Source: JICA Study Team

4)  Monitoring Result

Average values of ambient gaseous levels for one-day monitoring are presented in Table 9.5.3.

Table 9.5.3 Ambient Air Quality Monitoring Result

. CcO NOZ PMz_s PMlO SOZ
Station fours (ug/m’) (ug/m’) (ug/m’) (ug/m’) (ug/m’)
ANV-1 24 354 51 2 9 15
ANV-2 24 976 52 2 8 52
ANV-3 24 400 57 2 9 14

A-4 24 189 78 2 7 2

NEQG 24 (9ppm) * 200%* 25 50 20

Note NEQG (National Environmental Quality (Emission) Guidelines)

* CO: USEPA Standard (8 hour-value), 1 ppm of CO==1.146 mg/m= 1,146 ug/m’, 9 ppm of CO=10.314 pug/m’
** NO,: NEQG apply NO; of 200 of 1-hour value, (World Bank Standard: 24 hour-value of NO, is 150 ug/m®)
Source: JICA Study Team

*  The concentrations of particulate matter (PM) at all stations are less than NEQG.

* SO, concentrations at each station are lower than NEQG except at ANV-2.

* CO and NO:; are less than USEPA and Wold Bank Standards (24 hour-value) respectively.
(2) Noise and Vibration

Noise and vibration levels were monitored in the study area (of trunk sewers and WWTP) of

Yangon City as necessary bassline data.
1) Monitoring Item

Considering car traffic congestions in Yangon City, traffic noise of “A-weighted loudness
equivalent (Laeq)”” and Vibration level “acceleration (dB)” were selected as the monitoring items.

2)  Monitoring Location and Period

The noise and vibration monitoring surveys were conducted at the same locations and periods of
Air Quality Monitoring as shown in Table 9.5.1 in the Air Quality section.

3) Monitoring Method
Table 9.5.4 shows instruments for noise and vibration measurements.

Table 9.5.4 Monitoring Method for Noise and Vibration Monitoring

Parameter Instrument Note
One-day L4 was calculated by using the following array formula in the excel sheet.
Traffic Sound level meter
Noise (Model:SL-4023SD, 10*LOG10(AVERGAE(10N((RANGE)/10)))
(dB(A)) Manufacture: Lutron) .
The formula is firstly used for hourly L., and then for the 24 hours Lae,.
Traffic Vibration level meter
Vibration (Model: ~ VB-8206SD, | Recorded as 10 minutes of each hours and then averaged.
(dB) Manufacture: Lutron)

Source: JICA Study Team
4)  Monitoring Result
a. Noise Level

Table 9.5.5 shows calculated results of the traffic noise level at each location.
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Table 9.5.5 Noise Level Monitoring Result (Laeq) (dB(A))

Location Day Time (7:00 AM — 10:00 PM) Night Time (10:00 PM — 7:00 AM)
ANV-1 72 72
ANV-2 78 76
ANV-3 71 61
NV-4 74 60
NEQG (Myanmar Guidelines) 70 70

Source: JICA Study Team

*  Asthe monitoring was conducted for traffic noise, the results were compared with noise level
of “Industrial, Commercial areas” in the National Environmental Quality (Emission)
Guidelines (NEQG) 2015 of Myanmar.

*  Noise level in the Day time (Lacq) at all stations were shown higher than the standard because

of those stations were located just beside of the road with high traffic.
b.  Vibration Level
Table 9.5.6. shows results of the traffic vibration level at each location.

Table 9.5.6 Vibration (Acceleration) Monitoring Result (dB)

Station Day Time (6:00 AM — 10:00 PM) Night Time (10:00 PM — 6:00 AM)
ANV-1 54 30
ANV-2 54 36
ANV-3 50 24
NV-4 58 43
Japanese Request Limit* 65 60

Note *: Applied “Type 1: Residential Area”; The Vibration Regulation Law (Japan) (Law No.75 of 1995 (Not Environmental
Standard but Request Limit Value on Vehicle Traffic Vibration stipulated by the Ministry of the Environment of Japan)
Source: JICA Study Team

*  Due to the fact that there is no standard on vibration in Myanmar, the request limit on vehicle

traffic vibration of Japan is indicated in the table as reference.
(3) Water Quality

A river water quality monitoring survey was conducted in “JICA Preparatory Survey for The
Project for Construction of New Thaketa Bridge” in 2014. The survey data were utilized as the

baseline for environmental considerations.

e The river water quality survey was conducted at four sampling points in the Pazundaung

Creek pouring into the Yangon River.

e The four sampling points were located at about 2 km from the existing WWTP as
summarized in Table 9.5.7.

Table 9.5.7 Locations of River Water Quality Sampling Points

Station Sampling Type of Sample Sampling Point

TSW-1| 7" Nov. 2013 |Water Quality and Sediment (bottom layer)|Pazundaung Creek leading into Yangon River which is about
Quality 2 km from the existing WWTP

TSW-2| 7" Nov. 2013 |Water Quality and Sediment (bottom layer)|Pazundaung Creek leading into Yangon River which is about
Quality 2 km from the existing WWTP

TSW-3| 7" Nov. 2013 |Water Quality and Sediment (bottom layer)|Pazundaung Creek leading into Yangon River which is about
Quality 2 km from the existing WWTP

TSW-4| 7% Nov. 2013 |Water Quality and Sediment (bottom layer)|Pazundaung Creek leading into Yangon River which is about
Quality 2 km from the existing WWTP

Source: JICA Preparatory Survey Report for The Project for Construction of New Thaketa Bridge 2014

Table 9.5.8 shows the existing secondary data on water quality of the Pazundaung Creek pouring
into the Yangon River. These data can be regarded as the baseline for environmental

considerations.
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Table 9.5.8 River Water Quality around the Project Site

TSW-1 TSW-2 TSW-3 TSW-4 Japan’s  River
Water  Quality
Parameter Unit Surface | Bottom | Surface | Bottom | Surface | Bottom | Surface | Bottom | Standards for
Layer Layer Layer Layer Layer Layer Layer Layer Public Usage*
Category D**
River Depth m 12.9 .1 12.9 S. -
Sampling Depth m 0.5 11.5 0.5 6.5 0.5 10.1 0.5 4.0 -
Water Temp. °C 28.27 28.24 28.38 28.35 28.44 28.42 28.63 28.60 -
Salinity % ND ND ND ND ND ND ND ND -
Turbidity FNU 645 684 623 809 616 693 608 845 (S NTU)***
SS mg/L 78 65 67 66 62 61 63 61 100<**
pH - 7.74 7.67 7.67 7.07 7.7 7.14 7.78 7.29 6.5~8.5%*
DO mg/L 3.89 3.65 3.71 3.60 3.63 3.60 3.45 3.43 >D¥*
BOD mg/L 2.5 1.5 2 2.5 2 1.5 2 1 <k
COD mg/L 1.47 0.36 2.2 3.31 6.99 0.36 0.73 0.36 (250)****
il & Grease mg/L <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 (10)****
E. Coli MPN/100 mL 0 4x10? 0 0 0 2x10? 0 0 -
F. Coli MPN/100 mL 7x10? 3.6x10° 6x10° 2.4x10* 3x10° 5x10° 2x10° 4x10* -
T. Coli MPN/100 mL 7x10? 4x10° 6x10° 2.4x10* 3x10° | 5.2x10° 2x10° 4x10° (400)****
T-P mg/L 0.0363 0.0396 0.0396 0.33 0.33 0.33 0.396 0.33 (2)****
TN mg/L 2.016 UDL 1.34 UDL 2.016 3.36 0.672 0.672 (20)*H**
Note

*: “Environmental Standard for Water Pollution” #2 Water quality standard for conservation of living environment (1971)
** Category D: Industrial Water Grade 2 (special water purification is operated), Agricultural Water and Conservation of Environment
*** WHO Standard: NTU (Nephelometric Turbidity Unit) , NTU = FNU (Forumajin Nephelometric Units)

**** NEQG (National Environmental Quality (Emission) Guidelines)

*#%%k% USEPA Standards for Discharge of Effluent (as reference)
Source: Preparatory Survey Report on The Project for Construction of New Thaketa Bridge, JICA, 2014 (amended by the JICA Study Team)

Data of SS, pH, DO and BOD in Table 9.5.8 satisfy the Japan’s River Water Quality
Standards for Public Usage (Category D).

Data of COD, Oil & Grease and T-P in Table 9.5.8 are less than NEQG.

Data of Turbidity in Table 9.5.8 show higher values than the WHO standard. It is considered
that the river water containing soil and sand caused by human and industrial activities in the
urban and sub-urban areas of Yangon City, bigger vessels’ transportation on the Rive, and

deposited sand from the upstream may have influenced the turbidity.

Data of T. Coli (Total Coliform) in Table 9.5.8 show higher values than NEQG and show
almost same values of F. Coli (Faecal Coliform) data. Therefore, it is considered that excreta
of human, animal and livestock in Yangon which are discharged to the River without any
treatment, and the differences in river structure (some winding) and flow rate of the sampling
points and depths may have influenced the Coliform data.

(4) Solid Waste

Solid waste in Yangon City is collected and transported to final disposal sites (FDSs) by the
Pollution Control and Cleansing Department (PCCD) of YCDC. The flow of solid waste from

generation to final disposal is illustrated in Figure 9.5.1.
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Figure 9.5.1 Flow of solid waste management in Yangon City

PCCD conducted waste generation surveys in Yangon City five times in the last 12 years from
2001 to 2011. In addition, PCCD conducted other surveys on the waste generation rate in
Yangon City from 2015 to 2017. Table 9.5.9 shows those surveys’ results.

Table 9.5.9 Waste generation rate in Yangon City (kg/person/day)

Year 2001-2002 | 2003-2004 | 2006-2007 | 2010-2011 | 2011-2012 ]| 2015-2016 | 2016-2017
Ge‘;f;:‘:on 0.395 0.321 0.287 0.267 0.396 0.41 0.41

Note: - Data from 2012 to 2011 and data from 2015 to 2017 were based on different surveys’ results by PCCD.
- Date from 2013 to 2014 are not available in PCCD.
Source: PCCD, YCDC
*  The waste generation rates shown a range from 0.267 kg/day/person to 0.41 kg/day/person.
9.5.2 Natural Environment
(1) Meteorological Condition
1) Climate

The Greater Yangon is in tropical monsoon climate, characterized by three distinct seasons as

summarized in Table 9.5.10.

Table 9.5.10 Three Seasons in Yangon

Season Month
Summer March - Middle of May
Rainy Middle of May - Middle of October
Cool Middle of October - February

Source: JICA Study Team
2)  Temperature

Table 9.5.11 shows data on monthly temperature from 2011 to 2017 in Yangon City.
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Table 9.5.11 Temperature in Yangon (2011 - 2017) (°C)

Year | Range Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
2011 Me.lx. 324 34.7 34.1 36.6 334 31.3 31.1 30.5 31.5 333 34.1 33.0
Min. 18.5 19.6 21.8 24.2 24.7 24.8 24.1 23.7 23.6 23.5 214 19.8

2012 Mé.lX. 33.5 35.8 36.8 37.6 34.1 31.6 31.0 30.3 32.5 33.9 33.8 33.2
Min. 17.1 18.6 21.8 244 24.7 23.6 22.8 224 22.5 22.9 222 17.6

2013 ng. 32.7 36.7 37.1 38.6 35.5 314 30.4 30.9 31.2 32.6 34.1 30.9
Min. 15.8 19.2 19.9 21.9 22.4 22.1 24.1 24.2 23.9 23.7 22.9 17.6

2014 ng. 32.3 344 374 38.1 35.9 32.1 31.0 31.1 31.9 33.6 334 33.8
Min. 16.1 17.8 20.0 23.8 23.7 22.8 21.8 21.3 21.0 22.6 21.9 19.5

2015 Me}x. 32.7 35.0 37.8 38.1 359 323 31.7 31.2 32.2 324 34.1 33.3
Min. 18.9 18.8 21.8 23.9 24.9 24.5 24.4 24.3 23.9 23.5 22.0 19.4

2016 Me.tx. 31.6 34.4 36.7 38.2 37.1 31.7 31.8 31.3 31.9 323 334 33.5
Min. 15.7 18.8 22.1 24.1 24.2 23.2 22.9 22.6 23.9 24.0 22.8 214

2017 Me.lx. 33.0 34.8 36.7 36.1 35.0 31.4 30.1 30.7 32.2 31.9 33.1 32.0
Min. 19.9 19.6 21.6 243 25.2 23.9 23.2 23.0 23.0 22.2 21.7 18.1

Ave Max. 32.6 35.1 36.7 37.6 353 31.7 31.0 30.9 31.9 329 33.7 32.8
) Min. 174 18.9 21.3 23.8 243 23.6 233 23.1 23.1 23.2 22.1 19.1

400
w0 /‘\\_._',O/\'
30.0
25.0
200

15.0

a=@u=\[aX. e=@m=)Min.

Source: Meteorology and Hydrology Department, Kaba-aye Station, Yangon
e  The maximum average temperature was highest in April with 37.6°C.
*  The minimum average temperature was lowest in January with 17.4°C.

e  Except December, January and February, the minimum average temperatures were above
20.0°C in other months.

2) Rainfall
Table 9.5.12 shows data on monthly rainfall from 2011 to 2017 in Yangon.
Table 9.5.12 Monthly Rainfall in Yangon (2011-2014) (mm)

Year Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total
2010 0 0 0 0 308 529 367 467 402 367 7 33 2,480
2011 48 0 127 5 412 567 574 615 538 178 0 0 3,064
2012 0 0 0 8 167 450 717 864 379 69 115 2 2,771
2013 6 0 0 0 125 556 630 464 612 371 13 3 2,780
2014 0 0 0 0 295 701 818 575 197 224 300 26 3,136
2015 | Trace 0 9 40 185 580 692 408 329 355 69 0 2,667
2016 23 0 0 0 288 386 618 526 543 227 1 0 2,612
2017 1 0 0 81 449 650 802 382 401 371 125 0 3,262
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Note: * Due to the diffent data sources of the rainfall and existances of missind data from 2016-2017, the line graph was
prepared from 2010 to 2014 only.
- Data 2016-2017: Depending on the day, rainfall data in each month could not be measured.

- Trace: No data
Source: - Data 2010-2014: Data Collection Survey Report for Improvement of Navigation Channel of Yangon Port, 2016, JICA

- Data 2015-2017: Meteorology and Hydrology Department, Kaba-aye Station, Yangon

*  The southwest monsoon wind is the main source of rain and Yangon City receives rain during

the period from May to October.

*  The annual average rainfall of Yangon City from 2010 to 2017 can be calculated as about
2,847 mm.

*  Generally, the rain sharply decreases from December to April as shown in Table 9.5.12.
3) Relative Humidity

Figure 9.5.13 shows monthly average of relative humidity from 2012 to 2017 at Kaba-aye
Meteorological Station in Yangon City.

Table 9.5.13 Relative Humidity in Yangon City (Mean monthly from 2012 to 2017) (%)

Time Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
6:30 91 91 92 91 92 96 98 97 97 96 94 92
18:30 64 54 52 58 75 90 92 92 90 87 81 72
100
. m
90
85
80
75
70
65
60
55
50
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
@ (:3() =@ ]8:30

Note: The Kaba-aye Meteorological Station, managed by the Department of Meteorology and Hydrology, Ministry of Transport
(DMH, MOT), has been observing meteorological conditions of Greater Yangon since 1968. Relative humidity has been recorded
twice a day at 6:30 and at 18:30.

Source: Meteorology and Hydrology Department, Kaba-aye Station, Yangon

*  From June to September, differences of mean relative humidity between the morning and

evening were small.
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*  The annual mean relative humidity at 6:30 and at 18:30 was 93.9% and 75.6%, respectively.
¢ The maximum mean monthly relative humidity was 98.0 % at 6:30 of July, while the minimum

mean monthly relative humidity was 52.0% at 18:30 of March.
4)  Wind Speed
Figure 9.5.14 shows monthly maximum wind speed from 2010 to 2014 in Yangon.

Table 9.5.14 Monthly Maximum Wind Speed (2010 — 2014) (m/s)

Time Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
6:30 3.4 2.9 3.8 4.6 3.4 3.6 3.8 3.1 2.6 3.1 2.4 3.6
9:30 4.6 4.6 4.1 4.1 4.6 5 4.3 4.1 3.8 4.6 5 6
12:30 4.8 4.8 5 4.6 5.5 5.8 5.3 5.3 5.3 7.4 5 6
18:30 2.9 2.9 4.8 6.5 7.4 5 5.5 5.5 4.6 4.3 2.6 34

Source: Data Collection Survey Report for Improvement of Navigation Channel of Yangon Port, 2016, JICA
*  Wind speeds were observed four times a day at 6:30, 9:30, 12:30 and 18:30.
*  Monthly maximum wind speeds from 2010 to 2014 were collected and the tendency of wind
speed at each time was confirmed.
¢ In some cases, wind speed increased by the occurrence of cyclone, but it can be seen that the

largest wind speeds are observed at 12:30 for each month.

5)  Wind Direction
Daily wind direction in Yangon in 2014 are described in Table 9.5.15.

Table 9.5.15 Daily wind direction at 18:30 hrs (2014)

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 NW S Clam SE SW SE SW SW W NW N SE
2 NW SW SW SE SW SW SW S SW S SW SW
3 SW SE SW SW SW SW SW SE SW NE NW SE
4 W SW SW SW SW N NW SW SW SW SE NW
5 S SE NW SE SW SW SW N SW NW SW SE
6 NE SW SW SWSW SW SW SW SW SW Clam NE SE
7 NW SE SW NW SW SW SW SW N SE SE SW
8 NW SE SE SE w SW SW SW NE SE NW SE
9 W SE 4 SW Clam NW SW SW SW SE W SW
10 SW SW SW NW SW NW SW SW SW SW SW SW
11 W SE SW SE SE SW SW S SW SW Clam SW
12 NW SW S SW SW NW NW SW SW SW W NE
13 NW SW SW N S S NW SW NE S W SW
14 SE NW NW S SW SW SW SE SW w NW NW
15 SE SW SW SW SW SE S NW SE Clam NW SW
16 SW SW Clam NW SW SE SW SW NW NW NW NW
17 SE SW SW S SE SW SW S SW NE W SE
18 SW NW SW NW SW SE SE SE SW Clam SE NW
19 SE SW SW SW SW NW SW SW SW N SW W
20 W S S SW SW SW SW S SW SE SW SW
21 SE SW SW SW SE SE SE SE SE SE SE NE
22 SE NE SW NE SW SE SW SW SE SW SW SE
23 W NW SW SW SE SW SW SW SE 4 NW Clam
24 W w SW SE SW SW NW SW SW SW NW NW
25 SW SE SW SW SW SW SE SW NW SW NW NE
26 E SW SE SW SW SW SW w SW NW w Clam
27 SW SW SE SW SW NW NW SW SW SWSW NE NW
28 NW S SE S S W SW W SW NE NE SW
29 W - SW SW NW SW SE W NW SW NE SW
30 Clam - SW SW SE NW S SW SE SE NE NW

31 NW - SW - S - SW SW - NW - S

Source: Data Collection Survey Report for Improvement of Navigation Channel of Yangon Port, 2016, JICA

*  Wind directions were observed generally in the SW during the summer (March to middle of
May) and the rainy (Middle of May to middle of October) seasons.

NW in the cool season (Middle of October to February).

(2) Topography
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Figure 9.5.2 shows a topographical (Relief and Drainage) map of Greater Yangon.
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Source: Department of Geography, University of Yangon
Figure 9.5.2 Relief and Drainage Map of Yangon City

*  The dominant physical feature of Yangon City is the Yangon-Mingaladon Ridge, an anticlinal
ridge which morphologically looks like as a homoclinal ridge.

* Atthe north, the elevation is greater than 150 feet and the regional slope is towards the south.
*  The base of the Shwedagon Pagoda is more than 100 feet with respect to the sea level.

*  The other small ridge called the Thingangyun Ridge may be considered as the northern
continuation of the Thanlyin-Kyauktan Ridge.

(3) Geology
Figure 9.5.3 shows a Geological map of Yangon City.
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Figure 9.5.3 Geological Map of Yangon City

1)  Undulation

Yangon City and its surrounding region include ridges and deltaic low lands, and extensional
rolling region of Bago Yoma (mountain ranges) anticlinorium located in a N-S (North to South)
trending sedimentary basin containing a thick Tertiary and Quaternary deposits.

e The Tertiary deposits belong to the Hlawga shale of lower Pegu Group, Thadugan sandstone
(lower) and Besapet alternation (upper) of upper Pegu Group, and Arzarnigon sandrock
(lower) and Danyingon clay (upper) of Irrawaddy Formation.

* Quaternary sediments of older and younger alluvium deposits are widely distributed
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throughout Yangon City.

e  The regional dip is toward the east having a low to moderate dip angle and the western dip

slope is very narrow often covered by the younger alluvium.
2) Lithostratigraphic Unit

Regional lithostratigraphic units of Yangon City and Bago Yoma are shown in Table 9.5.16.

Table 9.5.16  Regional Lithostratigraphic Units of Yangon City and Bago Yoma

System Series Yangon Area Bago Yoma
Quaterna Recent Young Alluvium Alluvium
Yy Pleistocene Valley-filled deposit
. Danyingon Clay .
Pliocene Arzanizon Sandrock Irrawaddy Formation
Tertiary Miocene Besapet Alternation Obogon Formation
Thadugan Sandstone Kyaukkok Formation
Oligocene Hlawga Shale (Unclear)
Note: Unconformity

Source: Kyaw Htun (1996), Department of Geology, Yangon Technological University

3) Folding and Anticline

*  Yangon City is complicated by numerous folding resulting in a characteristic an echelon

folding system of rocks of Bago Yoma, regarded as Hlawga anticline, Yangon-Mingaladon

anticline, Thingangyun-Thanlyin ancline and Twante anticline. These folded structures were

strongly cut across by numerous faults trending nearly E-W to ENE-WSW.

*  The Yangon-Mingaladon ridge is a long narrow anticlinal ridge of an anticlinal fold plunging

definitely towards the north and the physiographic evidence of the nose of the anticline is

observed at Danyingon.

a symmetrical one.

This Yangon-Mingaladon anticline is an asymmetrical rather than

e At its northern extremity, this anticlinal ridge extends toward north as the western flank of a

regional syncline trending west of Hlegu, through Htaukkyant.

The anticlinal structure of

the ridge becomes distinct and identifiable at Danyingon and at the west of Mingaladon

airport.
4)  Fault

e  The Sagaing Fault, a recently active dextral strike-slip fault is regional recognized as the

possible marker for the Neogene structural development feature.

dextral strike-slip fault and cross cutting the eastern central basin.

It is a recently active

e The largest fault in Yangon City named as Mingaladon Fault is observed as a lineament in

the paddy field east of Mingaladon airport. This fault is considered as a normal fault and

the fault plane is estimated to be dipping in a southeast to east direction.

*  Another distinct fault namely Danyingon Fault is recognized as a lithologic boundary

between rocks of Upper Pegu Group and Irrawaddy Formation within the Hlawga anticline.

This fault can be easily observed in the field due to the juxtaposition of two different rock

units especially around Hlawga Lake.

) Soil

Figure 9.5.4 presents the soil distribution in Yangon Region.
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Soil Legend

I 2 Meadow & Meadow alluvial soils
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Source: Ministry of Agriculture and Irrigation

Figure 9.5.4 Soil Map of Yangon Region

The Study Area is mainly composed of Meadow Soils and Meadow Alluvial Soil, and Lateritic

Soil in some part of which features are summarized in Table 9.5.17.

Table 9.5.17 Soil Type in Study Area

Type

Description

Meadow Soil
and Meadow
Alluvial Soil

+ The meadow soils which occur near the river plains with occasional tidal floods are non-carbonate.
+ This kind of soil usually contain large amount of salts. Meadow alluvial soils can be found in the flood plains.
+ This type of soil has the texture of silty clay loam and has neutral soil reaction and richly available in plant

nutrients.

Lateritic Soil

+ These soils occur mostly in the lower Myanmar in the lower slopes of the hills of Pegu Yoma, Rakhine Yoma,

and Donna hill range.

+ These soils are found on well-drained low uplands and at the foot of low hills.
+ These usually occur at the elevation not higher than 90 m above sea level.
+ These are formed under the influence of the tropical forests under the conditions of wet tropical monsoon

climate with 2000-5000 mm of rainfall.

+ Morphologically, yellow or yellow brown and reddish-brown colours characterize these soils.
+ The yellow and red colours of the soils are due to the presence of iron with oxidation and reduction processes.
+ In some places the horizons of pisolithic laterite are found at the depth of 457-508 mm, whereas, in other

places these soils are not found even at the depth below 1.2 - 1.5 m.

- The humus content of these soils in forest area is high but can be less in the deforested areas.
- The soil reaction is acidic in the upper horizon and can be more acidic at the lower horizons.

Source: Ministry of Agriculture and Irrigation
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(5) Hydrology

In Yangon City, the Yangon River is formed by the junction of the Panhlaing River (a distributary
of the Ayeyarwady River) and Hlaing River (a river rising in the Bago Yoma) at a point about 8
miles upstream of the Monkey Point.

*  Ngamoeyeik/Pazundaung Creek in the northern part of the city joins the Yangon River at the
Monkey Point at south-eastern extremity of the city.

*  The Bago River also joins the Yangon River just east of the city, from which point the Yangon

River flows south for some 28 miles to the Gulf of Bengal.
e The rivers in Yangon are all tidal rivers.

Table 9.5.18 shows available tidal information on past observation at the Yangon Port (Sule
Pagoda Whar).

Table 9.5.18 Tidal Information in Yangon Port (Sule Pagoda Wharf)

Item Tidal Height (m) Date Observed
Highest High-Water Level (HHWL) +6.74 Sept. 1899
Mean Water Level (MWL) +3.121 Up to 1936
Lowest Low Water Level at Bo Aung Kyaw Street Wharf -0.24 Dec. 1902
Indian Spring Low Water Mark +0.338 -

Source: Myanmar Port Authority
(6) Flora and Fauna
1)  Flora and Fauna in Greater Yangon

In the Greater Yangon, the vegetation cover consists of a mosaic of semi-evergreen, moist mixed
deciduous, lower mixed deciduous and swamp/mangrove forests. ~Common trees include
Aporosa sp., Pteropermum semiagittatum, Eugenia megacarpa Rauvolfia ophiorrhizoides,
Microcos paniculata, Markhamia stipulata and Casia sp.etc. Eupatorium sp., Miliusa

roxburghiana, Connarus monocarpus and Jasminum sessiliflorum.

A total of 554 animal and plant species has been recorded in the Greater Yangon during 2012-
2017 as summarized in Table 9.5.19. (See Appendix 18)

Table 9.5.19 Summary of Flora and Faunal in Greater Yangon Recorded in 2012-2017

Taxonomic Group Number of species
Flora Plant 234
Mammal 12
Bird 161
Reptile 16
Fauna Amphibian 6
Fish 55
Invertebrate (Butterfly) 70
Total 554

Source: JICA Study Team
2) Threatened Species

A total of two (2) animal species and two (2) plant species have been recorded as threatened

species among the 554-recorded species in the Greater Yangon area as shown in Table 9.5.20.

Table 9.5.20 Flora and Fauna in Greater Yangon recorded as Threatened Species (2017)

Category Scientific name Common name Family IUCN (2017)*
Flora Dipterocarpus alatus Kanyin-phyu Dipterocarpaceae Vulnerable

Hopea odorata Thin-gan Dipterocarpaceae Vulnerable
Fauna Indotestudo elongate Yellow tortoise Testudinidae Endangered
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Category Scientific name Common name Family IUCN (2017)*
Python molurus bivittatus | Burmese Python Boidae Vulnerable

Note*: IUCN (International Union for Conservation of Nature) classification of threatened species in 2017

Source: JICA Study Team

e Yellow tortoise (Indotestudo elongate) is exploited for local consumption and for the export
to China, which cause the decline of their populations in natural habitats.

*  Burmese Python (Python molurus bivittatus) becomes a vulnerable species mainly due to

habitat loss attributed to human activities.

e The plant species (Dipterocarpus alatus & Hopea odorata) are overharvested in the country
for local use and export.

e All these threatened species are protected by the Forest Law of Myanmar.
(7) Protected and Green Areas
1) Protected Area

The Hlawga Wildlife Park with an area of 624 ha includes a fenced core area of 327 ha situated
in the Mingaladon Township of Yangon City. The eastern part of the park is bordered by the
Yangon Pyay road, the southern part by the Hlawga Forest Reserve, the western part by paddy
fields and the northern part by the Pe-Nwe-Gone Village.

2)  Urban Greenery Area

The Kandawgyi Garden is a well-known greenery area, which can also be defined as public space.
Park gardens are observed with natural and man-made vegetation. The commonly known
greenery areas are the Kandawgyi Garden, the Inyar Lake greenery area, the Thadu Lake garden,
the Mingalardon garden, the Myaing Hay Wun garden, the People’s Park, View Point Amusement
Park, and the Thakhinmya Park.

(8) Landscape

Yangon City is located in the eastern part of the Ayawady deltaic region of southern Myanmar.
It is flanked by the Haling and Pan-Hlaing Rivers in the west and the Bago River in the east all
flowing from north to south. According to the data available from 1872 to 2005, the areal
extension of Yangon City is shown in Table 9.5.21.

Table 9.5.21 Successive Areal Expansion of Yangon City

Year Area (Square Miles)
1872 11
1876 13
1891 22
1901 18
1921 33.38
1953 47.57
1965 63.54
1973 80.55
1983 133.64
1991 223.22
1995 262.08
2005 306.81

Source: Forest Department, MONREC

The spatial landscape of Yangon City consists of Well-developed residential area, Newly
developed residential area, Developing residential area, Mangrove area, Industrial zone, Rural

area, Agricultural area, Mixed deciduous forest and Water body as shown in Table 9.5.5.
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Figure 9.5.5 Land Cover Map of Yangon City
9.5.3 Social Environment
(1) Demography

In Yangon City, there are a total of 33 Townships and seven (7) township groups, e.g., the Central
Business District (CBD), Inner Urban Ring, South of CBD, Older Suburbs Zone, Outer Ring Zone,
Northern Suburbs, and New Suburbs Zone. Moreover, there are six (6) townships in outskirt of
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Yangon City such as Kyauktan, Thanlyin, Hlegu, Hmawbi, Htantabin, and Twantay.

The demographic data of the townships in the study area are described in Table 9.5.22.

Table 9.5.22 Demographic Data of Townships (2016-2017)

Population Population
. No. of No. of .
feznshibs Houses Household Male Female Total bz (L) Dens1t};
(per km*)
Dagon 828 4,575 12,108 13,103 25,211 5.05 4,992
Latha 2095 7,800 15,901 21,337 37,238 1.40 26,596
Lanmadaw 965 5,563 12,113 15,228 27,341 0.81 33,754
Pabedan 1087 5,356 14318 16,115 30,433 0.73 41,689
Kyauktada 1240 6,078 30,10 14,805 27,815 0.73 38,103
Botahtaung 1242 7,937 18,774 21,133 39,907 2.45 16,289
Pazuntaung 1591 9,533 20,127 24,658 44,785 1.01 44342

Source: Township profiles (2017), Township Administrative Department

(2) Economic Activities

Economic activities of each Township in the Study Area are summarized in Table 9.5.23 by

showing main economic activities, private companies and domestic net production.

Table 9.5.23 Economic Activity by Township

Township

Description

Dagon

+ Main economic activities are export-import, hotel and tourism and other sale services.
+ There are about 37 private companies in Dagon Township.
+ Domestic net production (2016-2017) of the township is 70,649.5 million kyats and the net

production and value of services is 3.7 million kyat/person.

Latha

+ Main economic activity is sale services especially in gold and jewellery and hotel and tourism

service is minor.

+ There are about 48 private companies in Latha Township.
+ Domestic net production (2016-2017) of the township is 140,652.3 million kyats and the net

production and value of services is 6.6 million kyat/person.

Lanmadaw

+ Main economic activity is sale services especially in gold and jewellery.
- There are about 118 private companies in Lamadaw Township.
- Domestic net production (2016-2017) of the township is 130,220.9 million kyats and the net

production and value of services is 2.9 million kyat/person.

Pabedan

+ Main economic activity is sale services especially in gold and jewellery, chemical, electric products.

Hotel and tourism, and printing services are secondary.

+ There are about 4 private companies in Pabedan Township.
+ Domestic net production (2016-2017) of the township is 145,989.1 million kyats and the net

production and value of services is 4.8 million kyat/person.

Kyauktada

+ Main economic activities are sale services especially in electric and electronic products and media

production while hotel and tourism, and printing services are secondary.

+ There are about 6 private companies in Kyauktada Township.
+ Domestic net production (2016-2017) of the township is 577,605.3 million kyats and the net

production and value of services is 23.6 million kyat/person.

Botahtaung

+ Main economic activities are inland water transportation, cargo handling services, etc.
+ There are about 112 private companies in Botahtaung Township.
- Domestic net producti