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PREFACE

In response to a request from the Govermment of the Socialist Republic of Viet Nam,
the Government of Japan decided to conduct a master plan and a feasibility study on
Urban Drainage and Sewerage System for Ho Chi Minh City in the Socialist Republic
of Viet Nam and entrusted the study to Japan International Cooperation Agency JICA).

JCA selected and dispatched a study team headed by Mr. Ryuji Yanai, Pacific
Consultants International (PCI) to Viet Nam, three times between huly 1998 and
December 1999,  In addition, JICA set up an advisory committee headed by Mr. Kenji
Tomizawa, Managing Director of Japan Sewer Collection System Maintenance
Association, between July 1998 and December 1999, which examined the study from
specialist and technical points of view.

The team held discussions with the officials concemed of the Government of Viet
Nam and conducted field surveys at the study area. Upon returning to Japan, the team
conducted further studies and prepared this final report.

I hope that this report will contribute to the promotion of the project ang to the
enhancement of friendly relationship between our two countrics.

Finally, I wish to express my sincere appreciation to the officials concerned of the
Government of Viet Nam for their close cooperation extended to the team.

December, 1999

s

Kimio Fujita
. President
Japan Intemnational Cooperation Agency







THE STUDY ON URBAN DRAINAGE AND SEWEARGE SYSTEM
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THE SOCIALIST REPUBLIC OF VIET NAM

December, 1999
Mr. Kimio Fujita

President
Japan International Cooperation Agency

LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit to you the final report enlitled “The Study on Urban Drainage
and Sewerage System for Ho Chi Minh City in the Socialist Republic of Viet Nam™.
This report has been prepared by the Study Team in accordance with the contracts
signed on 3 July 1998 and 13 May 1999 belween the Japan International Cooperation
Agency and the Pacific Consultants International.

The report exammcs the existing conditions of urban drainage and wastewater disposal
in about 650 km” of Ho Chi Minh City and presents the results of master plan of urban
drainage and scwerage system and feastbility study for priority projects concluded in
the master plan.

The report consists of the Summary, Main Report, Supporting Report and Data Book.
The Summary summarizes the results of all studies. The Main Report contains the
existing conditions, the master plan, the feasibility study, and conclusions ard
recommendations. The Supporting Report includes technical details of contents of the
Main Report.  In addition, Data Book has been prepared and is submitted herewith,

All members of the Study Team wish to express grateful acknowledgement to the
personnel of your Agency, Advisory Committee, Ministry of Foreign Affairs, Ministry
of Construction and Embassy of Japan in Viet Narn and also to officials and individuals
of the Socialist Republic of Viet Nam for their assistance extended to the Study Team.
The Study Team sincerely hopes that the results of the study will contribute to the
improvement of urban drainage and scwerage system in the Socialist Republic of Viet
Nam and that friendly relations of both counlnes be promoted further by this occasion.

Yours faithfully,
’ﬂff V] JC, =
Ryuji YANAI -

Team Leader
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CHAPTER T INTRODUCFEION

Background of the Study

Ho Chi Minh City (hereinafter referred to as “HCMC”) located in the southem part of Viet Nam
is the largest city of the nation as well as the socio-economic center in the southem region of the
country. The city is also called to be a cultural, technical and scientific center and intemational
trade metropolis.  The national ¢conomy has been suceessfully grown due to the economic
renovation since 1986, which is called “Doi Moi”, tesulting in a rapid urbanization and influx of
poputation from rural aras to the city. The population of HCMC has doubled during the past
20 years from 2.5 million in 1975 to 5.0 million in 1996, According to the adjustment city
development Master Plan prepared in 1998, its population in 2020 is projected to be
approximately 10million due to a continuous high population growth rate. The existing

urbanized area (about 140 km®), 5o called inncr city arca is therefore estimated to expand (o
about 430 km’.

Infrastructure services of HCMC were considered to be fairly good within the country. Due to
the current remarkable economic development and population increase of the city, the urbanized
area was rapidly expanded without developrent of sufficient infrastructure, especially urban
drainage and sewerage system. HCMC is prone to flooding due to'its geographic feature with
low ground elevation and high precipitation. The original urban drainage and sewerage system
which was planned as the combined system had been constructed by French govemment in

- 1870s, and improved by the Goveriment of United States from 1950s ta 1975. However, the

facitities had been designed for a population of 1.5 million. These facilities are mostly wom-out,
Therefore, during the monsoon season, floods have been occurred several times in various paris
of the city. In addition, domestic and industrial wastewater is directly discharged to water bodies,
such as rivers, drainage canals and ponds dye to the absence of any sewage treatment plant.
Furthermore, illegally dumped domestic solid waste to the water bodies, unsatisfactory dredging
of the drainage canals, and insufficient mainienance works for these canals aggravate
remarkably the water pollution and bad odor. This deteriorated water quality condition much
affects the péople s sanitary environment. Considering the continuous rapid urbanization of the
city, the water environment will be getting worse, if any countermeasures for environmental
improv ement are not im p!emenled

.World Bank, Asian De\'e!opmgntal Bank and other donor countries are currently planning or
implementing individual projects to improve the water cavironment of HCMC, but no
comprehensive and systematic master plan (M/P) has been formulated.

To cope with the above situation, the Government of the Socialist Republic ‘of Viet Nam
{(hereinafter referred to as “GOV”) requested technical assistance for formulating the master plan
and feasibility study on urban drainage and sewerage system in HCMC to the Government of
Japan (hereinafler referred to as “GOJ”).
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In response to the request of GOV, GOJ decided ta conduct the Study on Urban Drainage and
Sewerage Systein for Ho Chi Minh City in the Socialist Republic of Vietnam ¢hereinafter
referred to as * the Study”) in accordance with the relevant laws and regulations in foree in
Japan.

The Japan Intemationat Cooperation Agency (hereinafler referred to as “HCA”), the official
agency responsible for the implementation of technical cooperation programs of GOJ, has
conducted the Study in close cooperation with the authorities concemed of GOV,

The People’s Committee of Ho Chi Minh City (hereinafter referred to as “PCHCMC™) has
established Project Management Unit (hereinafler referred to as “PMU™), which acts as the
technical and implementing counterpart and also as a coordinating body in relation with other
relevant organizations for the smooth implementation of the Study.

In January 1998, JICA dispatched the Preparatory Study Team headed by Mr. Kenji Tomizawa
to Viet Nam for the preliminary survey as well as discussions on the scope of work of the Study.
The scope of work was agreed upon between the GOV and JICA on 19 Januvary 1998.

12 oﬁjective of the Study

The objecmes of the study are:
(1) to formulate a Master Plan (M/P) targeting the year 2020 for mban dramage and sewerage
- system improvemnent in HCMC, and to identify the priority project(s), -
(2) toconduct a Feasibility Study (F/S) en the priority project(s) identified in M/P, and
(3) tocamy out technology transfer for the counte rpart pemonnel of GOV in the course of the
Study. :

13 Study Area

The study area covers approximately 650 km’ mcludmg the exnstmg urbanized area of about
140 km? encompassing inner city area and the surrounding area of about 510km’, which is
pro;ected as an urbanized area in the year 2020. The <tudy area is shown in Fig. L.1.

14 Orgamzatmn of the Study

HCA has entrusted the study to Pacific Consultants lmemanonal and the Study Team
(hercinafter refened to as “Team”). The Team is composed of fifteen (15) experts listed,
together with their designation, in Table 1.1. “The member list of the Advisory Committee ,
organized by JICA to ensure the successful implementation and completion of the study,
Member list of the Advisory Committee is given in Table 1.2.

The PCHCMC, ihe counterpart agency of the Study, established the Project Management Unit
(hereinafler referred to as “PMU”) which shall act as the technical and implementing counterpart
for the Team. Steering Committee was organized by PCHCMC to coordinate with other
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ministries and authoritics concemed as well as to avoid duplication of any warks. Members of
Steering Commitiee and PMU are listed in Table 1.3 and 1.4 respectively.

1.5 Compeosition of Report

The report consists of five (3) volumes, Volume I: Executive Summary, Volume 11: Main Report,
Volume H1: Supporting Report, Volume IV: Drawings and Volume V: Data Book,
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TABLE 11

Name

Mr. Yanai Ryuji

Mr. Tokumasu Toshiaki
Mr. Kondo Masami

Mr. Hassan M.M. Sabir
Mr. Katsuki Takaaki
Mr. Izawa Tetsuo

Dr. Sanjyai Arora

Dr. Nakazawa Nahoko
Mr. Omura Takeshi

Mr. Ikeda Masayuki

Mr. Kikuta Hiroshi

Mer. Ishimaru Toshikazu
Mr. Abe Bogo

Mr. Minakami Hiromasa
Mr. Ishizuka Yoshiaki
Mr. Niels Erik Jorgensen
Mr. Algjandro E Lasarte
Ms. Otsuka Atsuko

TABLE 1.2

Name

Mr, Tomizawa Kenji
Mr. Kato Kimimasa
Mr. Saito Katsuyoshi
Mr. Kuroki Takelo

MEMBER LIST OF STUDY TEADM

Designation

: Team Leader . :

1 Deputy Team Leader/Urban Drainage Plan

1 Deputy Team Leader/Sewerage Plan

: Hydrology and Hydraulics

. Facility Design (Urban Drainage)

: Facility Design (Scwerage)

: Aquatic Environment

: Social Impact Analysis

: Urban Plan and Land Usc Plan

: Topographic Survey o

: Soit and Geology/Construction Plan/Cost Estimate
1 Operation and Maintenance (M/P Stage)

: Operation and Maintenance (F/S Stage)

: Institution and Legal Aspect

. Fconomic and Financial Analysis ‘

¢ Advisor of Simulation Model, MOUSE {M/P Stage)
: Advisor of Simutation Model, MOUSE (F/S Stage)
: Coordinator

MEMBER LIST OF ADVISORY COMMITTEE

Designation

- Chatrman

: Member .

: Memnber, JICA Coordinator: July 1998 - April 1999
: Member, JICA Coordinator: May 1999 - Present
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TABLE 1.4

TABLE 1.3 MEMBER LIST OF STEERING COMMITVTEY. (PSC)

Name

Mr. Vu Hung Viet
Mr. An Dzung

Dr, Nguyen Ngoc Sinh

Mr. Pham Van Nhiep
M.r. To Vanr Tuong

Mr. Tran Dung

Dr. Nguyen Thien Nhan
Mr. Nguyen Khac Ngan
Ms. Phan Xuan Hoa
Mr. Tran Minh Dung
Mr. Tran Chi Dung

Mr. Bui Van Thung
Ms. Nguyen Thi My Hanh
Mr. Pham Duc Hiep

Mr. Do Viet Dzung

Ms. Huynh Thu Ha

" Name

Mr. Pham Duc Hiep
Mr. Do Viet Dzung
Mr. Nguyen Tien Thanh
Ms. Duong Ngoc Hong
Mr. Chau Minh Nhan
Mr. Pham Van Phuoc

Designation

. Chairman, PSC and Vice Chairman, PCHCM
: Vice Chairman, PSC and Vice Chief Architect &

Director of Urban Planaing Institute

: Member, PSC and Director of Environmental

Department under Ministry of Science, Technology and
Environment

: Member, PSC and Expert of Planning and Architecture

Management Department

: Member, PSC and Director of Sub-institute for Water

Resources Planning

: Member, PSC and Expert of lnfrastructurc Department

under Ministry of Planning and Investment

» Member, PSC and Director of Service of Science,

Technology and Environment

: Member, PSC and Director of Agricultural and Rural

Davelopment Service

: Member, PSC and Deputy Director of Planning and

Investment Sepvice

: Member, PSC and Deputy Director of Service of

Transportation and Public Works

: Member, PSC and Deputy Director of Urban Planning

Institute

: Member, PSC and Deputy Director of Financial Service
1 Member, PSC and Director of Investiment Department
: Member, PSC and Director of Project Management

Unit (PMU) : 15 Jul. 1998 - 9 Sep. 1998

: Member, PSC and Director of Project Management

Unit {(PMU} : 4 Nov. 1998 - Present

: Member, PSC and Office Executive of PCHCM

MEMBER LIST OF PROJECT MANAGEMENT UNIT (PMU)

Designation

: Director of PMU: 15 Jul. 1998 - 6 Sep.1998
: Director of PMU: 4 Nov. 1998 - Present

: Deputy Director of PMU

: Expert

: Expent

: Expert

Mr. Nguyen Nguyen Van Toan  : Expert

Mrs. Vo Thi Ngoc Hue
Mrs. Truong Thi Kim Khanh
Mrs. Nguyen Thu Phuong

: Expert
:Expert
: Expert and lnterpreter

Mrs. Tran Pham Thi Phuong Thao : Chief Accountant of PMU |
12 - 16  Other five (5) members :
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CHAPTER2 STUDY AREA

2.1 Physical Condition
12.1.1 Topography

The Study Arca with an area of about 650 km? is located from 10°40° to 10°55” of north
Iatitude and from 106°35° to 106°55° of east longitude in the northeastern part of the
Mekong Delta. The ground elevation ranges from about +0.5 to +3G m above MSL.
The general ground slope of the area is from the north-northeast to the west-southwest.
The regional topographic conditions are shown in Fig. 2.1 and summarized as follows:

(a) West Baﬁk of the Saigon and Nha Be rivers

The west bank of Saigon and Nha Be rivers is classified into four (4) regions
having different topographic characteristics. The westem region is mostly
low-lying area with its ground elevation varying from EL +0.7 to +1.0 m in Binh
Chanh District. This region is mainly used as a paddy field. The central region is
high land area including a hilly area of Hoc Mon (EL +8.0 to +10 m), Go Vap
(EL +10m) and the existing urban area (EL +2.0 to +8.0 m). This region
including central parts of the city is mostly urbanized. The northem region along
Saigon River is tow land area with an elevation of EL +0.6 to +0.8 m, where
paddy field is the predominant land use pattern. The southern region along the
Nha Be River is mainly tow-lying paddy field with an elevation of EL 106 to
+1.2m, - :

(b) East Bank of the Saigon. River

This area 'co'nsists of two regions, the north and south. The northern reglon is the
high hilly land belonging to Thu Dud District with ifs ground elevation varying

~ from EL +2.0 to +30.0 m. Recently, this region has being rapidly urbanized, due
to the convenience of trahspo.n and the geographical advantage. The southern
region is mostly Ioiv-lfziﬁg area in District 2 and 9, The ground elevation of the
area ranges from EL 40.6 to +1.5 m above MS1.. This region has been developed
mostly as a paddy ficld area protected by the dike from the flood of Saigon and
Dong Nai rivers. '

2.1.2  Geology

Ho Chi Minh City is located in the transitional part from the Northeastern Hills to the
Mekong Delta. The geology in HCMC is composed of soils and rocks in Paleozoic and
Cenozoic era. The Paleozoic rocks distribute at the northeastern hilly lands of HCMC.
They are andesite, andesite (i of Long Binh formation. The Cenozoic is composed of
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Holocene, Pleistocene and Teitiary deposits. The Pleistocene deposits include Thu Duge
and Cu Chi formation. Thuy Duc formation is distributed atong the hilly tand with its
ground elevation \far}'itlg from EL +5 to 30 m in Thu Duc and District 9 at the
northeastern area of HCMC. Cu Chi formation distributes on the continuous plain
relief with its ground elevation from EL +2 to 10 m in Yoc Mon Bistrict at the north of
HCMC and most of existing urbanized area. The Holocene deposits are disteibuted on
the continuous plain reliel with its ground elevation vary from EL 40.6 to 1.0 m in
suburban low-lying area. Fig. 2.2 shows the geology of the study area.

According to the soil survey conducted through the Study, soil of the study arca is
consists of Hotocene deposits, of which thickness varies from 2.5 to 35 m, covering
Pleistocene deposit, of which  thickness could not be confirmed because of the
maximum boring depth of 50m. The thickness of Holocene deposits along the
proposed interceptor sewer is within 10 m in District 1, 4, and 5, however, it is more
than 20 m in District 8. The Holocene deposits are composed of very sofl, low or high
plasticity organic clay, sandy c'!ay (cohesive fine-grained soil) and very loose, loose
clayey sand or silty clay. They have low bearing capacity in N-value varies from 0 to 2

The Pleistocene deposits are medium dense silty sand, sand or clayey sand
(cohesiveness coarse-grained soil) and sometimes they are stiff sandy clay or clay.

Meteorotogy

HCM City is located in the tropical monsoon zone and its climatic characteristics are

almost uniform temperature, high humidity, and heavy precipitation. Meteorological
observation has been carried out at Tan Son Nhat station since 1915.

Heteorological characteristics of the study area as represented by Tan Son Nbat from
1976 to 1977 at station are shown in Fig. 2.3. The annual average temperature and
relative humidity are 27.4°C and 77.2% respectively; Annual sunshine hour is
2,508 hours, which represents about 29 % time of a year. Annual average rainfall is
1,929 mm, of which about 93 % (1,788 mm) occurs during the rainy seasan starting
from May to November with maximum monthly rainfall of 308 mm occurring in the

month of August. Only about 7 % (141 mm) of annual rainfall occurs during the dry
season from December to April.

Socie-econemic Condition
Regional Economy
Vielnam uses a fiscal year system as same as the calendar year starting on 1st of January

of a year and ending on 31st of December of the same year. Therefore, annual statistical

data excerpted in this report are for one year from January to December in the same
year,
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Vietnamese domestic currency is “Dong” (hereinafier expressed as VND = Vietnamese
Dong). Tn this report, the exchange rate of VIND 13,956 per US$ and Japancse Yen
113.39 against US$ 1.00 are applied for project evaluation as a mid-rate as of the end of
July 1999 unless otherwise cited.

In 1998, Gross Regional Domestic Product (GRDP or GDP) of HCMC grew to VND
62,623 billion at corrent market price at an average annual growth rate of 22.48 % since
1994, while the real annual growth rate was 12.80 % in average during the sante period.

A difference between the 2 average annual growth rates at curtent market price and at
1994 constant price as mentioned above scems to be caused by rather high inflation rate
of goods and services.

Per capita GDP at current market price amounted to VND 12,498,000 (equivalent 1o
US$ 929.01) in 1998 at the average annual growth rate of 19.74 % since 1994, and the
real growth rate was 10.27 % for the same period.

2.2.2  Financial Situation of Ho Chi Minh City

iIn Vietnam, even big citics such as Ha Noi or Ho Chi Minh and other provinces, don't
have their own budget except for some little items. Sources of the Govemment revenue
consist of the central Government owned companies, the Communist Party owned
companies and institution of national defense, local administrative unit (as HCMC)
owned companies, foreign investment sector companies, private sector companies and
others.

Items of revenue consist of revenues on capital utilization, taxes on license, taxes on
special sales, taxes on ordinary sales, taxes on profil, taxes on income (including
personal income laxes), taxes on agriculture, taxes on housing and land use, fees on
transportation, lottery, revenue on fand use and rental, revenue on house sales, fees on
registry, and others.

These are the central Governmental taxes, fees and revenues even though those
companies and/or traders located in HCMC. HCMC gets a distributed amount of
budget consisting of ordinary budget and some subsidies if necessary from the
Governmenti of Vielnam and these are the main sources of revenue for HCMC.

Revenue of HCMC consists of the Qrdiﬁary budget frc_ifn the central Government as
mentioned above, revenue from individual traders and collectives, foreign investment
sector companies, balance from the previous term, subsidies from the central
Government, and others. o N

Therefore, almost all of these companies and/or traders should pay their taxes and fees
and revenue in case of state owned companies additionatly to HCMC. Forexample, the
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Water Supply Company (WSC) of HCMC set a tarifl for its water sales consisting of
ordinary foe for the central Government and additional levy for HCMC.

In 1998, the scale of finances of HCMC amounted to VND 4,364 billion {equivalent to
USS$ 324 million) in revenue and VND 3,364 billion (US$ 250 million) in expenditure

with their rise rates of 17 % and 24 % per annum since 1994 as summarized below:

Financial Statement of Ho Chi Minh City

{VND billion)
Revenue and ' Average annual
Expenditure 1994 1595 ]996- 1997 ]99,8 growth rate (%)
Revenue 2,319 2,625 2959 3,849 4364 17.13
Expenditure 1,421 1,633 1,803 3,021 3,364 24.03

Surplus/deficit 898 992 1,156 328 1,000 ‘ -

Source: Siatistical Yearbook [997/1998, Ho Chi Minh City Service of Culture and
information, January 1998/1999.

Among the revenue, sources, the category of “others” contributed quite high rate to the
total revenue as 25 % in 1994 and 72 % in 1998 with increasing ratio of around 30 %
per annum, but the statistical data issued by HCMC do not make it ¢lear in detail.
Expenditure of HCMC consists of 3 categories as (1) construction expenditure (capital
¢xpenditure for developing infrastructure and repairing), {2) ordinary expenditure (they
call it as “frequent expenditure™) and (3) others.

The construction expenditure has grown with a ratc of around 54% per énm_nm since
1994 and it shares at 21 % and 50 % of the total amount of expenditure in 1994 and
1998 respectively.

_ There are several branch offices of the central Government tocated in !{CMC., and they
also have own construction budget for developing and repairing the infrastructure
facitities in HCMC managed by the central Government like national road.

Therefore, whole amount of these 2 Kinds of. construction budgét is for the total
development and repairing the infrastructure facilities located in HCMC.

HCMC may have a lot of large scale projects. But it seems that those, p'mjects'are
financed by the above mentioned two categories of budgets as (1) subsidies to the City
for conslr_uctiori expehditure from the central Government, and (2) direct budget of the
central Government for construction expenditure for the City’s development. -

The ordinary expenditure consists of education expenditure, health expenditure,
administration expenditure and subsidies to wards and communes and it shares at 65 %
in 1994, 55 % in 1995, 54 % in 1996, 35 % in 1997 and 32 % in 1998 of the total
expenditure.
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2.2.3 Pepulation
(1) Existing Population
The population of HCMC in the year 1997 was about 5 miHion as shown in

Table 2.1 The population is showing increasing trend. Inner city has about
3.5 million people, which accounts for about 70 % of the population of 1ICMC.
New urban- district has a-population of about 0.6 million. The study area has
additionall 0.26 million people from the communes of rural districts included in
the study area. Hence total population of the study area is about 4.4 million,
which is 88 % of the total population of HCMC.,

Gross pdpulalion density of each district in the inner city is shown in Fable 2.1
and Fig.-2.4. Several wards in district 10 and 4 have population density higher
than 1000 person per ha, In general, population density of the wards along the
- main canals Tau Hu - Ben Nghe, Doi - Te, Tan Hoa - Ong Buong - Lo Gom and
Nhieu Loc - Thi Nghe is relatively higher than the other wards. The population
density of outer city is still low mainly due to large arca occupied by each ward
and commune. Some wards/communes in the outer city have comparatively
higher poputation density of the order of 100 personsha. Linh Tay and Linh Dong
wards in Thu Duc district, Phuoc Binh ward in district 9, Ao Khanh waid in
district 2 and Tan Kieng, Tan Thuan Tay and Tan Qui wards in district 7 have
. population density varying from 100 - 160 person/ha.

(2) Future Population of HCMC

According 10 the Master Plan 2020 of HCMC prepared by UPI, the population is
expected to be about 10 million in the year 2020. The main policy of Master Plan
is to distribute population between inner cily and outer city more evenly.
Government plan to setile the new residents as well as resctile people from the
inner city to the -suburban residential arcas by providing employment
opportunities. Regarding'resettliﬁg residents from inner cily to outer city, first
target is the residents living along the canals particularly four main canals. In the
year 2020, population in the inner city will decrease and population in outer city
will increase considerably. The population projected in each district in the year
2020 is shown in Table 2.2 and distribution of population density is shawn in
Fig. 2.5. The population of each ward and commune is calculated following the
trend of population increase rate and taking into account of future land use plan.
For detailed explanation refer to Appendix B in Supporting Report.
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Land Use

{H

{2)

Present Land Use

In the inner ciiy, almost all the areas have already been built up as residential areas
except some fringes in Go Vap, Binh Thanh, Tan Binh, District 6 and & Some
agricultural arcas can still be found on the border of the inner city and the outer
city. These agricultural lands may atso be developed in the near futare, There are
two major commercial and service areas; District 1 and between District 5 and 6.
Ben Nghe ward facing the Saigon River in district | is the largest commercial and
also tourist attraction of HCMC. Binh Tay market in China Town is the other
commercial area.

Anothe_r'leﬁdency is 1o locate the industries along the canal. The main reason is
that shipping is the main mode of transporting goods. Along Tau Hu - Ben Nghe
canal in district 8, 5, 4 and | there exists major industrial zone. Another major
industrial zone is along Tan Hoa - Lo Gom Canal in district 6 and Tan Binh. The
other major industrial areas are located on the canals in Binh Thanh and the arca
along the Cach Mang Thang Tam street to Au Co street through the north and
south in Tan Binh. Open spaces are not adequate for resident as the inner city has

very few parks and green areas. Existing land use pattern of the inner city is
shown in Fig. 2.6.

In Outer City, majority of land is being used for agricultural purpose. Residential
arcas in outer city in comparison to inner city are more scattered except around the
district centers. There are three major industrial areas. One is on provincial road
No. 15 connecting to the southern area thmugh district 7 and Nha Be. This is
known as Tan Thuan Export Processing zone located on the peninsula of Tan
Thuan ward in district 7. The second is along 1a Noi H:ghway through district 2,
9 and Thu Duc. The third is along the Nahonai Road No.1 from Binh Chanh to

© gistrict 12 and Thu Duc. Present Land usc patiern of lhe outer c;ty is shov.n in
Tig 2.1. '

Future Lzmd Use

Some agncuilural lands found at present in the fringes of inner city will also be
built up in future. The old residential quarters would be redeveloped particularly
in the district’s center to improve living environment and enhance tourism. The

existing major commercial/service areas in Ben Nghe and around Ben Thanh

market will be improved and intensified as a city center. Green belts or parks are
planned on the Saigon river side and along some canals. However it will require
relocation program for the residents living along the canals.

Main Report . Chapter 2
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2.3.1

En An Khanh, Thu Thiem and An Loi Dong wards of district 2 located on the
farther shore of Saigon River from Ben Nghe ward, the new business center is
planned to be developed. Ifthe bridges are constructed over the Saigon River, the
development potentials of this area will be much higher. The other district centers
and commergial/service areas are planned especially on adjoining arcas of the
inner city. In particular Thu Duc is planned to devetop over almost the whole area.
Future land use pattern of the outer city is shown in Fig. 2.8.

Hydrology
River and Canal Network
In and around the study area, there arz three big rivers, Saigon, Dong Nat and Nha Be

tivers. The catchment area, length and existing discharge capacity of these rivers are
summarized in the table below:

Name of Length Catchment Existing Discharge Capacity
River (m) Area (km?) . (m/s)
Saigon 200 5400 2,200 at Thu Duc Mot
ll)'ong MNai 270 23,000 6,200 at confluence with Saigon River
Nha Be 40 40,700 -

These rivers are always affected by the tidal influence of South China Sea. The
difference between HWL and LWL ncar HCMC varies from 2.7 to 3.3 m. Recently,

three reservoirs of Dau Tieng, Tri An and Thac Mo reservoirs have been constructed at

the upstream basin.of Saigon and Dong Nai rivers. Since these reservoirs have
increased retiably safety of the lower reaches of both rivers up to almost 20-year
frequency dischargé, the study area has little possibility to have a big flood from both
rivers. Therefore, a contintious dike system afong the rivers as a flood control facility
for these rivers will not be considered in this study except a polder dike system, which

" likely protects the limited urbanized area from flood of these surrounding rivers.

The'S:tudy area consisting of 6 drainage zones is compdsed of 27 main canal networks
with total length of more than 310 km as shown in Fig. 2.9. Major canal systems are
summarized below: '
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T WName of

_ T _.:/,;)ne Length — Catchment " "Name of Districts
Canal Network (Lm) Area (km?) covered
“Tan tioa - Lo Gom CTTTTUG 7720227 76,8, 11, and Tan Binh
Tau Hu - Ben Nghe - C 122 6173 4,5,6,7,8,11,and
: Bin Chang
Doi-Te 13.6
Nhicu Loc - Thi Nghe C 317 940 1,3, 10, Phu Nhuan,
Tan Binh,.
Binh Thanh, Go Vap
Tham Luong - Ben Cat 107.6 14.98 Hoc Mon, GoVap, 12,
. TanBinh, Binh Chang
R.Chua-R. Nhoc Len W 40.1 13.54 8, Binh Chang
R.Tan-R.CaCam- . 8§ 34.5 11,92 7 and NhaBe
R. Roi - R. Tom - Muong Chuoi
R.Cau - R. Go Cong NE 344 1258  9and Thu Duc
R. Tan - R. Ong Nhieu SE 21.1 695 9

According to the ficld investigation, most of the canals in the inner city area have been
narrowed due to the encroachment by illegat houses and buildings. These canals
include Nhicu Loc - Thi Nghe, Tan Hoa - Lo Gom, Tau Hu - Ben Nghe - Doi - Te and
‘tham Luong - Ben Cat canals, of which beds have been shallowed by much garbage,
waste disposal, debris and organic materials dumped from houses and buildings along
the canal. On the other hand, the present conditions of the canals in sucrounding areas
such as a natural canal or manmade irrigation canal, parliculériy in the agricultural tand,
are relatively good. '

Rainfall

Rainfall data has been collecled from 7 siahons located in and around the Study area.
.They are at: Tan Son Nhat, Hoc Mon, Le Minh )\uan Bmh Chanh, Nha Be, Ha Tien and

Long Son. Among them, Tan Son Nhal is the only automauc rain gaugmg station
where shorl duration rainfall data is av allable Annual total rainfall at 'Tan Son Nhat

station is 1,929 mm. Seasonal rainfall amounts to 1,788 and 18 mm during the wet

-(May - November) and dry (January - March) seasons respectively. Maximum and

minimum rainfalls occur in August {308 mm) and February (2 mm) respectively.
)] lntensit)'-Duralion-Frequency (IDF) Curves

Existing IDF curves prepared b) H)drologlcal Sub-Institute, HCMC (KT]V
using 1933 - 1989 data) and Ministry of Construction, Hanoi (MOC, using 1953 -

1983 data) have been updated using the data collected from 1952 - 1997.
Probability analysis on annual maximum rainfalls ranging from 15 minutes up to
24 hours has been carried out using Gumbel's distribution method and is
prcsented in Tablc 2.3. Probable rainfall intensities for 5 and 10 year return
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(2)

3

petiods are estimated to be 80 and 21 mm/br respectively, which are almost sane
values as that of other East Asian countrics. Probable daily rainfall depths for §
and 10 year return periods are estimated to be 114 and 128 mm respectively.

To facilitate runof analysis, the best fit IDF curves with Kimijima or Wenzel type
equations have been proposed and is presented in Fig. 2,10, Two sets of equations
have been proposed: one set for rainfall within 3 hours and another set for rainfall
from more than 3 to 24 hours.

Design Rainfall Hyetographs

From mass curve analysis on 10 recent high daily rainfall events, frontal type
rainfall pattern with 6 hour duration has been proposed as design rainfall
hyetographs for pump drainage plan, To be on conservative side, total amount of
rainfall in 6 hours has been taken to be equal to daily rainfall. Proposed design
rainfall hyetograph for § year return period is shown in Fig. 2.11.

Areal Reduction Factor

The existing areal reduction factor values speciﬁéd by MOC has been updated
based on ahalysis of point rainfall. To facilitate runoff analysis, the best fitted

. areal reduction factor curve with polynomial type equation has been proposed and

isshown in Fig. 2.12. - . !

Water Level Analysis

Water level data has been collected frem 3 stations located on rivers flowing through
and around the study area. They are at: Phu An, Nha Be, Thu Dau Mot, Bien Hoa and
Ben Luc. High and low water levels are observed during October-Janary and
February—August respectively. Highest and lowest water levels are observed in October
and June-July respectively. '

(1

Longitudinal Water Level Profiles

Longitudinal water level profiles along the rivers have been investigated. To
facilitate application of water level for design purpose, 4 reaches along with
southern boundaries have been identified which are:

- Reach | : Mouth of Ba Hong canal to moufh of Doi-Te canal.
- Reach 2 : Mouth of Doi-Te canal to mouth of Muong Chuoi river.

- Reach3: Saigon-Nha Be rivers. confluence to Tac-Dong Nai rivers

confluence,
- Reach 4 : Mouth of Doi-Te canal to mouth of Ba Goc canal. .
- Southern Boundaries : Southern boundaries of Ba Goc and Ba Lao canals.

2.9
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(2) Design Water Levels

Considering coincidence of high rainfall cvent with high water level, design flood
tevel (DFL) is defined as average of monthly maximum water level during
August-November. Proposed design Nood levels for different reaches atong with
other reference water levels are presented in Table 2.4, Design flood levels for
Reach 1, 2, 3, 4 and southern boundaries are proposed to be EL.. +1.32, +1.39,
+1.47, +1.32 and +1.39 m respectively.

(3) Dynamic Water Levels

For applving in hydrodynamic simulation, design 24 hour dynamic water level
variation has been proposed for different reaches. Fig. 2.13 shows the proposed

dynamic water level variation comesponding to design flood levels for different
reaches.

| Flood Run-off Analysis

Flood runoff analysis using Rational method has been carried out to calculate design
discharges of the canal improvement. Existing flow capacities of the canals have been
initially evaluated using Manning’s stéady flow formuta. Then, based on the design
discharges and water levels, canal improvement plan has been proposed. The proposed
canat impravement plan has been finally evaluated by hydrodynamic simulation of the
inter-connected canal network applying unsteady river flow modeling software called
“MIKE 11” in order to justify the initial canal improvement plan. Design discharges of
the canals are presented in Table 2.5. Runoff calculation points along the canals is

shown in Fig. 2.14,
Flood and Fiood Damages

Flood Condition

(1> Current Floods

HCMC has been affected by serious flocds several times during the rainy seéson
from June 1o November and the high tide season from September to January in
every ycar. Recently, two typical floods have attacked the city.

First is 1994 flood, occurred on 28 July 1994. The daily rainfall recorded on that

day is 162.2 mm, corresponding to almost $ year return period. According to the
flood sunﬁéy results conducted in an ADB project, the inundation area was
estimated at 128.7 ha occupying 0.9 % of the inner city area of 140 km’ and
1.75 % of urban area in 1994. Inundation depth was 25 ¢m in average and 37 cm
in maximum for a rainfall duration of 5 to 8 hours. Affected population was

2-10
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counted at almost 45,000 cquivatent to 6,430 households.

Second is 1996 flood. It lasted for ane month stagting from mid October to mid.
November 1996. The main reason of the flood was combination of the highest
water levels of Vam Co, Saigon and Dong Nai rivers within current 40 years
(+1.50 m above MSL) and relatively heavy rainfall in central and surrounding
areas. Flood waters from Van Co and Nha Be rivers overflowed into HCMC have
caused a large inundated area of more than 15,000 ha witha depth of 0.3 - 1.0 m in
Cu Chi, Hoc Mon, Binh Chang and Nha Be districts. Many areas in the inner city
have also seriously flooded, of which inundation depth has been recorded from
0.3mto0.5m.

Causes of Flood

HCMC has suffered serious floods several times during not only the rainy scason
(June and November) but also high tide season (September to January) in every
year. Floods resulting from various complex causes are classified roughly into
three (3) types. First is the external flood type due to the high water levels of
surrounding rivers/canals affected by tidal influence. During the high tide season,
this type flood has habitually occurred in low-lying areas inchiding the expected
future development areas. Second is the internal flood type occurring in refatively
high land arca resulting from the heavy rainstorm and insufficient drainage
network system. Typical flood of this type occurred on 28 July 1994 flood (5 year
frequency flood, daily rainfalk: 162.2 mm), which has affected the centrat parts of
HCMC. Third is mixed type flood occurred in the intermediate land in
combination with the above two (2) reasons. This type flood has typically
occurred in the western and southern parts of HCMC for one month from mid.
October to mid. November 1996,

Flood Condition

Flood condition of the study area has been investigated based on the current flood
data and informmation from the agencies and districts concerned and supplemental
flood survey conducted by the Team.

Flood area is estimate at 34.61 km? in 5ui!t-up area (20 % of the area) and
230.3 km? in agricultural land (56 % of the area) as shown in Fig. 2.15. Flood
depth of frequent and the biggest flood corresponding to 10 year flood range from
20 to 60 cm (35 cm in average) and 20 to 100 cm (40 cm in average) respectively.
Duration of both floods range from 1.0 to 24 hours, however average duration is
estimated at 6.5 hours for frequent flood and 7.7 hours for the biggest flood. The
flood condition by drainage zonc is shown in Table 2.6. a '
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Flood Vulnerable Population

At presen, total 1.18 million people, 27.7 % of existing population of the study
area is aflected from the flood, of which 856 thousand peoples are in the built-up

_areas, ‘It is anticipated that thesc vulnerable population will be increased to about

2.5 million peoples (352% of future population) in total, of which
1,100 thousand peoples are projected population for future urbanized areas
located in tow-lying arca. Present and future vulnerable population by drainage

. zone is shown in Table 2.7

Flood Damages

(2)

(b

(1)

Flood damages are classified into the following two (2) categories consisting of
several kinds of losses:

Direct damages

- Building loss: residential, cdmmergial, industrial and institutional buildings

- indoor movable loss: fumiture, stored good'and materials in the above
buildings D |

- Pub!ic'facglitiesloss: infrastructures

- Agriculturé production loss

Indirect damages

- Business suspension loss for commercial activity

- Income loss of workers due to inundation '

. Medical cost to be burned by people living in the project area with bad
environmental condition in case of without the project

Direct Damage
(a) Damages to Buildings and Their Indoor Movalﬁles

Land use in the inundated area is classified by four types as (1) comﬁlercial
area, {2)residential area, (3)industrial and/or institutional area, and
(4) green area in the Flood Damage Survey with respective inundated
duration and inundated depth in district basis.

" The inundated duration and inundated depths are both consisting of
minimum and maximum ones. Here, it is assumed that the minimum ones
are for anaua! flood (1 year flood) and the maximum ones for 10 year flood
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in flood scale for making clear return periods of the flood.

For estimation of damages, damageable value (= value of assets to be
damaged) by cach land use classification is firstly estimated dividing it
between buildings and indoor movables by the inundated area on district
basis.

Then, damages are estimated by the inundated area in each District using the
damage rates corresponding to the inundated depth of buildings and indoor
movables. Accordingly, the resulted damages are to be on disirict basis. In
this case, relationships between damage rates and inundation depths are
based on a method usually applied for the similar projects,

Inundated areas of districts belonging to each zone are already clear. Using
these data on inundated areas of districts belonging to each zone, the above
said district based damages are converted into zone based damages.

- Target year of the Project is set as the year 2020, so damages in 2020 are
estimated based on extrapolation using the population projection.

{b) Agricultural Damages

Damages to aéricultural crops represented by paddy are estimated based on

. unit yield and unit farm gate price of paddy according to statistical data
multiplying the damage sates by flooding condition in inundation duration
(days) and inundated depths, and by its growing stage.

In this case, relationships among. damage rates, inundated duration,
inundated depths and growing stage of paddy are based on a method used in
the similar projects developed in Japan.

It is assumed that the agricultural area will be decreased in the future
because of urbanization.. Therefore, damages to agricultural crops will also
be come smaller than present ones.

{¢) Damages io Public Facilities
Damages to public facilities represented by roads ar{eéslimated based on the
information on annual expenditure of Ho Chi Minh City of rehabilitation for

roads destroyed due to inundation, gotten from an authorities concerned.

Following table shows a summary of the annual average direct damages:

2-13



The Study on Urban Prainoge and Sewerage System for HCMC Main Report : Chapler 2

JICA-PCHCM

@

Direct Damages for the Wholc Project Area .

{million VND)
Kind of Damages Damages by urbanized situation
At present In 2020
Buildings and Indoor Movables 672,995 1,112,933
Public Facilitics 6,730 13,632
Agriculturat Crops 27,998 14,339

The annual average direct flood damages are shown in Table 2.8,

Indirect Damages

(@)

{b)

Business Suspension Losses

If an inurdation is occurred, small scale retailers located in the inundated
ar¢a should be suspen'ded their businesses. Damages consist of direct
damages to their stored goods and losses of expected profits due to
suspension of their business. These kinds of damages and/or losses are
classified as an indirect damage caused by inundation usually called as
“business suspension losses”.

The business suspehsion losses are estimated based on average daily sales
amount per shop multiplying the number of shops in inundated area and
suspended days. The average daily sales amount is estimated by the
statistical data. Number of shops consisting of households engaged in
private trading and services is eslimated based on the result of the Flood
Damage Survey by District, and suspended days are estimated based on the
inundation duration.

For estimation of suspended days, it is assumed that the business suspension
days are 1 day and 1.5 days in case of average flood duration of less than
8 hours, and more than 8 hours respectively.

Income Losses of Workers Due to Inundation
Pcrsonal income losses ShOUId also becountedasa loss dueto mundanon HE

a ﬂoodmg is occurred and this flocding is bigger than some specified scale,
some workers or labors can not come to their w 'orking places, so that their

‘income will be decreased. Even their salaries or wages are not deducted

from their fixed amount of salarics or wages, owners of shops, offices or
such working places should pay the salaries or wages to their employees

~ without any productive activities made by their employees. These are also

2-14



The Study on Urbon Drainage and Sewerage Sysien for HCMC Main Report : Chapter 2

JCA-PCHEM

(c)

the other kind of business suspension losses named as “Income Losses of
Workers™.

For estimation of these income losses of workers, population in the
inundated area, number of workers or labors in these areas and their income
level per day should be cleared first. Among them, population in the
inundated areas is already compiled by District. And, average number of
working persons per HH has been cleared from the Social Survey. An
average income per labor in urban area and agricultural area are estimated
based on the statistical data.

Medical Cost to be Saved

The Project is a combined project of improvement of urban drainage
systems and improvement of sewerage systems in Ho Chi Minh City, so that
it may contribute to improve the people’s living environment.

If living environment will be improved by these kind of projects, some of

water bome diseases may be decreased and, people’s burden for medical
cost or fees, or some amount of budget to use for hospitals may be decreased
too. In other words, in case of without the Project, some medical costs are
burdens to people living in the Project area and the Ho Chi Minh City. These
costs are also classified also as the indirect damages called as “Medical Cost
to be Saved”.

The medical cost to be saved consists of such two kinds as (i) income losses
of patient and (ii} other medical costs.

i)  Income Losses of Patients

Number of patients, effect rate (%) of the Project to improve the living
environment, average daily income per patient, and days to visit
hospitals or dajrs to stay at hospitals are the factors for estimation of
incomie losses of patients. Average number of patients per year arc
estimated based on the information from the Health Department of Ho
Chi Minh City, multiplying effect rate of the Project which is usually
used for similar projects. ' ‘

Days to visit to or to stay at hospitals are estimated based on the
information from the Health Depariment, and the same amount of
average daily income in case of estimation for “Income Losses of
Workers” is applied for estimation of income losses of patients,
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ity Other Medical Cost to be Saved

Annual average subsidy, annual average amount to be paid from the
medical insurance, and annual average medical cost coltected from
patients are estimated based on the information from the Health
Department.  The medical cost to be saved can be estimated based on
the said total cost multiplying the suffering rate of water borne disease

- and effect rate of the Project mentioned above. In this case, the applied
suffering rate of watcr borne disease is based on that used in similar
project in developing countries.

d) Navigation Cost to be Saved

After excavation of Tau Hu - Be Nghe Canals, a lot of consignors save their
cost for navigation due o improvement of guay facilitics so that wailing
time for loading and/or unloading becomes to decrease. In other words, in
case of without the Project, most of the consignors shoutd pay extra fees
and/or charges for inland waterway transporation to the firms of ship
owners to use ships and/or boats. This is also a kind of indirect
damages/iosses called as “the Navigation Cost to be Saved”.

‘The navigation cost to be saved is estimated based on hourly navigation cost

- multiplying by share rate of ships/boats registered to use the Canal and total
in the Ho Chi Minh City, decreased waiting time (hours), daily workable
hours, and annual workabte days.

The hourly navigation cost is estimated based on gross output of inland

waterway transportation reported in the Statistical Yearbook of the City

divided by annual workable hours. The share rate of ships/boats registered

to use the Canal and total in the City is estimated based on an information

from the Waterway Management Ofﬁce'bcldriging to the Department of
- Transportation and Public Works, Ho Chi Minh City.

The dci;reasgd waiting time (hours) -has already been cleared in
“Pre-Feasibility Study on Improvement, Construction and Rehabilitation of
Tas Hu - Doi - Te Canals”. It is assumed that daily workable hours and
annual workable days are 12 hours and 365 days respectively.

Following table shows a summary of the annual average indirect damages:.
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Annual Average Indirect Damages/Losses for the Whole Project Area
(million VND)

Kind of damages/losses Amount of damagesflosses by urbanized situation
At present In2020

“Business suspension losses 83,073 94,081 -
Income losses of workers 27,083 74,095
Medical cost to be saved 16,105 31,180
Navigation cost to be saved 10,789 18,157

The annual average indirect flood damages are shown in Table 2.8.

2.5 Fnvironmen{al Conditions

2.51 Water Environment

O

Water Quality of R'iye{'s

Water quahiy of Dong Nai river at lloa An (water supply mlake) is also getting

affected from the d;suhargcs of upsln.am basin, Water quality survey conducted

durmg this stud), of which locations arc illustrated in Fig. 2.16, shows that BOD
varies between 5 -9 mg/l Accordmg to Vlclnamese standard TCVN 5942-1995,

. BODof surface water being used for domestic water supply should be less than

4 mg/l Surve ey showed that Fecal col iforms also exceeded the Inmt in dry season
especially during low tide. Table 2.9 shows water quahty of major rivers during

' hlgh tide and low tide for ramy season and early dry scason.

~ Water quality of Saigﬁn r.ivér is deteriora;ing. ‘Ai’eragé BOD of Saigon river at

Nha Rong was as high as 16 mg/l in the year '1997‘compa'rud with 10 mg/l in the

. year 1993. Water quality survey conucted during this study reveals that the level
~ of pollution in the upstream reaches ofSalgon is low however is quite high at Nha

Rong after rccewmg wastewater from Tau Hu - Ben Nghe canal and Doi - Te
canal. BOD at Tan Tuan reach was found to vary from 30 to 75 mgfl. Feeal
coliforms were also about 1.1 E +07 MPN/I00mI. Concentration of pollutants in
Saigon river is higher than the prescribed maximum limit for domestic use/other
uses. Saigon river is an important source of aquatic producis. If organic poltution
is not conirol!ed, DO in Saigon river will be depleted further making it impossible
for fish and other aquatic organisms o survive. The less tolerant migratory fish
are unhikely to survive it DO is less than 4 mpg/l.

Water qualiy at Nha Be is improved conipared with Saigon river. DO is increased
to 7- 7.8 mg/t. Nha Be is subjected to tidal influences and salinity intrusion and is
not a suitable source for drinking water supply. However it is important to
maintain low organic pollution so as to maintain ecology of the river.
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Watcr Quality of Canals

‘Table 2.10 shows water quatity of major canals (sefer to Fig. 2.16) during high
tide and tow tide for rainy scason and carly dry season.

Tan Hoa - Lo Gom receives untreated wastewater of dtstrlctTan Binh, 11,6, 8and
Binh Chanh. District Tan Binh, t1 and 6. These districts have lngh number of
industries in the study area. Hence poltution due to mduslnal wastewater is severe
in this canal. Organic and fecal contamination is severe in Tan lloa Lo Gom
canal. DO is completely depleted in the canal and BOD varies from 300 -
500 mg/l. At high tide dilution takes place. Due to tidal influence the wastewater
in the down stream of Tan Hoa - Lo Gom is difuted as water from Can Giuoc river
goes into the canal but upstream of the canal is stagnant for many days in the canal.
The solids in the wastewater keep on accumulating in the canal. The canal is in
anaerobic phase and emanates bad smell of CHy and H;S. Fecal coliforms are
1.5 E+05 - 1.5 E+06 MPN/100m1 excceding the permissible concentration in the
surface water. Heavy metal concentration is stiii below the maximum allowable
concenlration as prescribed in Standard TCVN 5942- 1995,

. Water quallly of Tau llu D0| Te- Ben Nghe is also not much dnffcrent from Tan

Hoa - Lo Gom Canal. . Besides d:slnct 1,4,5,6,7 and 8 Tau Hu canal System
recewes wastewater from Tan Hoa Canal system also. Tau Hu at Y bridge is more
polluled than Te a Tan Tuan Due to intrusion of water from Salgon river during
high tide dilution of Canal Te helps in improving the water quahty at Tan Tuan.

DO varies between 0 - 4 ‘mg/l and BOD between 100 -250 mg/l. Athigh tide due
to dilution water quality is improved. Fecal coliforms vary between 1.5 E+04 -
$.7 E+05 MPN/100 mi. It has led to spread of infectious diseases. The studge at
the bottom is not only a'result of pollution but also adds to a continuous refease of
polllulants to the “.ater and air. Further sludge accumulation is dlsturbmg the
hydraulic drainage system of the canal and if dredging of sludge is not carried out
it may lead to flooding and spreading of infectious diseases. Heavy metal
concentration is still below the maximum allowable concentration as prescribed in
Standard TCVN 5942 - 1995

: Nhleu lo - Thi \lghe is also affected by tide. With semi diurnal tida! mﬂuence

the tide does not go fully down once it rises, so in the upper parts poilulants are
received and accumu!ated and do not move away. DO at Cong Ly bridge is almost
0 mg/l and BODis 120- 210 mg/l but water quatlity is slightly improved at the BA
Son bridge near Salgon river. During high tide at Ba Son bridge DO is about 6
mg/} and BOD is less than 20 mg/i. Fecal coliforms at Cong Ly bridge, during
low tide in dry season are 1.5 E+05 MPN/100mi. Heavy metal concentration is
stilt below the maximum allowable concentration as prescribed in Vietnamese
Standards. Domestic wastewater is the main source of pollut_ion for Nhieu Loc
canal. Wastewater from Hospitals is another source of polution.
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Tham Luong - Vam Thuat has been severely polluted by industrial wastewater.
More than 150 industries discharge untreated wastewater. DO is almost depleted
in this canal. BOD varies from 100 - 200 mg/l. Fecal coliforms vary between
1.5 E+04 - 2.1 E+06 MPN/100mI. ilcavy metal concentration is still below the
maximum allowable concentration as prescribed in Standard TCVN 5942 - 1995,

In short as mentioned above, all most all the canats are severely polluted. In some
cases water quality has been worsened by the effect of semi diurnal tide. DO is
zero in all the canals making it virtually impossible for fauna to survive. Fecal
contamination is severe which has already resulted in spreading of water-borne
diseases such as diarrhea, typhoid, and dysentery. Sludge is under going
anacrobic degradation and emanate offensive cdor. ‘The canal banks have been
illegally encroached by squatters damaging the landscape of cily center. Shudge
has been accumulating and most of the canals have not been dred ged for tong time.
Filling of the canals disturbs the hydravlic drainage system and may cause
flooding which will enhance the spread of infectious discases. In future toxic
compounds discharged to canals from unireated industrial wastewater may cause
health hazards such as cancer, skin diseases etc.

Characteristics of Bed Sediments of Rivers and Canals

The solids in the drainage from the study area setiles at the bed of canal to form
sludge. Further influence of tide has resulted wastewater to be stagnant in some
reaches of canal. Hence solids have been accumulating and most of the canals
have not been dredged for long time. Sfudge is a source of continuous release of
organic pollutants and nutrients, Anacrobic decomposition of the sludge has
resulted in the foul odour along the canals.

In this study hcavy metal content of the sediments were analyzed in the laboratory.
Table 2.11 shows the concentration of heavy metals in the dried sludge in the
rivers and canals respectively, Although sampling was done at sclected locations
shown in Fig. 2.16 only once but the results clearly show that all most alt the
canals contain heavy metals. Tham Luong Vam Thuat canal has Hg as high as
12.56 mg/kg. Tan Hoa Lo Gom canal has 179 mg/kg of Pb and 336 mg/kg of Cr
in the sediments. Nhiew Loc Thi Nghe has 2.21 mg/kg of Hg, 210 mg/kg of Cu
and 2307 mg/kg of Zn in the sediments. Ong lon canal has 4.32 mg/kg of Cd and
Ben Luc canal has 7,182 mg/kg of Zn in the sediments.

Table 2.12 shows regulation standards fo:_hea?}"metals in the sediments to be
used on land or to be used for agricultural purpose. Netherlands hcgwy metal
limits are the most stringent and accordingly sediments of most of the canals can
not be used on tand. Tham Luong Vam Thuat and Nhieu toc Thi Nghe can not
pass Japanese standards for Hg. It can be concluded that industrial wastewater is
polluting the sediments in the canals however situation is not so alarming at this
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moment. [tis recommended that industrial effluent standards should be strictly
enforced. Further it is time now to set standards in Victnam for the heavy metals
in the sludge to be disposed on the fand.

(4) Ground Water Quality

Besides rivers, Groundwater is the main water source for domestic and industeiat
purpose. Groundwater is extracted from both shallow and deeper aquifers
throughout the HCM city. Table 2.13 summarizes the details of these ground
water wells.  Outside the urban center groundwater is the primary source of
drinking water supply, particularly in the northern half of the city, which includes
Thu Pue, Go Vap, Tan Binh, Hoc Mon and Binh Chanh District. Table 2.14
shows groundwater quality, . Only limited parameters are analyzed for
gréun_dwater quality. lligh acidity is the major problem in these wells. High
salinity is also repoited in some groundwater wells of District 8 and Thu Duc.
tron content is more than permissible value for all the wetls in district 7 and some
wells of district 8, 11 and Tan Binh. Concentration of nitrate is higher in some
wells of district 9. Although Fecal contamination is not measured. But problem
of fecat pollution in Plesistocen aquifers (less than 10 m deep) has been reported.
Water quality analyzed for certain ground wells during EA survey also showed

high cencentration of E Coliform. Referto Appendix H in Supperting Report for
more detalls

{5) Major Source of Pollution
{a) Domestic Source

Except from the partial treatment of toilet wastes in some areas of the study
area, there is no treatment of wastowater. As a result sewage is one of the
major source of pollution for the canals.

)] lnduslrial Source

T he main poilutant source other than domcstic wastewater is industries. Ho
Chi Minh City has roughiy 28,000 industries, the vast majority of which are
household industrics located mainly within residential areas of the urban
districts. There are about 700 medium and a large scale industries, about
500, of which are located in urban districts. Most of these industrics are
concenlrated in District 6, 11, Tan Binh and Thu Duc. A survey of industrial
pollution in HCMC was conducted by DOSTE in 1994 and 1996. Data
shows that most of the industries lack treatment facilities and only few have
primary sedimentation/septic tanks. As a result untreated wastewater with
not bnly organic impurities but also containing toxic or hazardous material is
discharged into public sewers or public water bodies. Specially, Tham
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L.uong, Vam Thuat, Tan Hoa-Lo Gom and Suei Cai canals are polluted by
industrial wastewater. For more details refer to Appendix D in Supporting
Report.

DOSTE is responsible for monitoring the quality of industeial efMuent being
discharged to public water bodies. Serious efforts are being made to control
industrial pollution of canals. In future DOSTE plans to implement strict
monitoring system with more authority to District Environmental Officer.

2.5.2  Public Health Conditions

As discussed earlier, there is practically no treatment of wastewater in the Ho Chi Minh
City and untreated wastewater is discharged into camals. All the canals are severly
polluted and many slum sctteted along the canals are using this polluted water for many
purposes. These unhygenic conditions have {ed to break down of imany water borne
discases.

Table 2.15 shows that District 8, 6 and 5 which are along the canals Tau Hu-Ben Nghe,
Doi-Te and Lo Gom have much higher'incidences of water borne diseases. In the year
1997, there were about 1427 cases of water borne diseases only in district 8, which is
almost 3 times compared with other districts. The deteriorating water environment has
increased the cases of water borne diseases in the past years. There is no clear trend
available since 1993, but overall cases of water borne diseases in 1997 are more than
1.8 times that of in 1993." Diarrhoea and Dysentry are the major waterborne discascs
prevalent in the study area. In the year 1997, 73cases/100,000 of Diarrhoca were
repbrted in the study area.

2.5.3 Law, Regulation and Standards on Water Pollution Control

Table 2.16 shows the laws, regulations and slandards related to environmental
protection. Among these, Law on Environmental Protection (1993), Water Quality
Standards and Efffuent Standards are directly related to this study and are discussed
below in detail.

(1) Lawon Environmemal Protection

This Law requires EIA report for new activities/projects  affecting the
Environment be submitted to National Environmental Agency (NEA) for
appraisal. According to this law the Departiment of science, Technology and
Enviconment (DOSTE) shall be responsible to the people’s committees of
provinces and cities directly under the Central Government, for environmentat
protection in their localities. Orgamzallons individuals engaged in production,
business and other activitics that cause environmental degradation, environmental
pollution, cnvironmental incidents must implement remedial measures as
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2.6.1

specified by the local people’s committees and by the NEA for environmental
protection and shall be liable for damages according to regulations by the law.

(2} Water Quality Standards

Water Quality Standards are cstablished to control the quality of surface water,
coastal water and ground water. The objectives of these standards are protection
of huntan health and conservation of the living environment. In TCVN 5942 -
1995, various parameters and their maximum allowable concentrations in surface
water are prescribed as shown in Table 2.17. In TCVN 5943 - 1995, various
parameters and their maximum allowable concentrations in coastal water. TCVN
5944 - 19935 specifies parameter and their maximum allowable concentrations in
Ground water.

{3} Efftuent Standards

TCVN 5945 - 1995 standard is applied to control the quatity of industrial
wastewater before being discharged into water body.- This standard specifies the
parameters and their maximum allowable concentration in the Industrial
wastewater as shown in Table 2.18. More slringent limits are imposed in case
industrial efftuent is to be discharged to water bodies being used for domestic
water supply as shown in column A of Table 2.18. Industrial wastewater having
concentration of pollutants more than those described in column € can not be
discharged to water bodies. TCXD 188 - 1996 specifies the paraméters and their
maximum alowable concentration in the urban effluents.

Relocation and Resettlement
Present Sitvation of Relocation and Resettlement

Over 36,000 households are living on and along the canals. Among them,
11,346 houses with 285,000 people are encroached on and along canals making slum
area, occupy 664,289 m?, which are mostly temporary houses without ¢lectricity and
water supply services. All these slum areas on and along the canal in HCMC are
expected to be cleared off. '

On-going projects including relocation are usually related to canal improvement and
infrastructure development/improvement. Initially no land for resetilement was
reserved in the Master Plan for HCMC, but with increasing relocation demands,
provisions have now been made. Throughout HCMC suitable sites for relocation have
been identified, but there is a dominance of sites in the outskirts of HCMC.
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