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Abstract 
 

1. Summary of the Study 

The current situation of the water supply system of Ho Chi Minh City (hereinafter 
referred to as “HCMC”) is already lack of capacity to supply enough treated water to the 
customer. Furthermore, the demand of water will be increased with further economic 
growth, therefore HCMC shall face to the more challenges such as strengthening of water 
supply amount. 

 
The actual values of the water demand in HCMC is approximately 1.8 million m3 /day, 

nevertheless the capacity of water supply is, so to say “ insufficient”, only 1.55million 
m3/day and the coverage rate of water supply is only 85 percentages(as of September , 
2010). 

 
In contrast, in Ho Chi Minh City, the water master Plan , that is comprised of various 

part such as new water source development , installation of new water supply related 
facilities, and replacement, etc., is created and approved  reach a new establishment and 
the repair of the waterworks institution from riverhead development and get prime minister 
approval formally in 2012. Please input the sentence that I want to translate here. The input 
language is judged automatically. 

 
The water supply master plan seems to have much room to be improved. That is because 

it mentioned only the intake plan from the reservoir in the upstream of the river but not 
concretely. Furthermore, the upgrade plan of water distribution system is not only the very 
expensive investment, but also insufficient from the view point of water supply service 
level. 

  
For these water source development and upgrade of water distribution system, 

SAWACO requested 3 themes (New Water source Development, Optimum Water 
Distribution System, and Technical Transfer) for the Japan Government. And the Team was 
commissioned to execute the study on creating optimum solutions by utilizing the water 
related Japanese technologies and experiences  

 
2. Results of Investigation 

The Study is performed as 3 parts as follows: 
  

 Water Source Development 

The existing water supply master plan plans the extension of the water treatment plants 
to increase the capacity of water supply. But the Dong Nai River and Saigon River that is 
the existing water source of the water treatment plant, have problems such as salty water 
from the sea and the water pollution from the factory and house drainage. 

Therefore the process of the existing water treatment plant will have problem and need 
to be considered rapid countermeasures for both quantity and quality of the water. 

 
For these problems, the water supply master plan suggested to take water directly from 

the 2 reservoirs located in the most upstream of the 2 rivers to secure the good quality law 
water, but still these suggestions are considered in detail. 

Therefore, the team conducted the study on the solutions to take water from Tri An lake 



 

ii 
 

and Dau Tieng lake and convey to the existing water treatment plant according to the 
following themes 

 
 Possibilities of taking water 
 Location of intake points 
 The way of taking water 
 Conveyance route 
 Improvement plan 

 
a） Possibilities of taking water 

As for the hostilities of taking water, especially, the team confirmed the amount of water 
to be taken from 2 reservoirs, the quality of water for taking water, rights of water, and the 
development plan to effect on the water source development such as urban and industry 
development in the upperstream and irrigation in the downstream. 

 
 The amount of water and its rights 

The Team also studied on the Tri An reservoir and Dau Tieng reservoir from the point of 
the amount of water and its rights 

 
First, as for Tri An reservoir, almost all of discharged water (475m3/s, average of the 

year) is used for power plant. Therefore, the team calculated the effect on the amount of 
producing power by the development of water source. As a result, if the plant will be 
operated as a best performance, we concluded the decrease of power production at 6 % 
maximum a year. Therefore, the water source development needs to be discussed with the 
power production relating authorities. 

 
On the other hand, as for the Dau Tieng reservoir, the discussion with the government 

owns the rights of water for agricultural use (Binh Phuoc, Tay Ninh, Binh Duong, and 
Long An province) is still important. But from the point of the water level, the amount of 
taking water (990,000m3/day nearly equal to 11.5 m3/s) effects on the fluctuation of the 
water level (HWL – LWL) and reduce the water level by approx. 0.4 to 0.9cm/day.  But 
these effects are not so much and we concluded that the amount of water by the water 
source development can be taken. 

 
 As for water quality 

The quality of Tri An reservoir was good to satisfied with QCVN08:2008/BTNMT(A2 
type). Moreover, any development plan to effect on the quality of the reservoir water 
doesn’t exist in the near future. 

 
On the other hand, as for Dau Tieng reservoir, the some pollution caused by the organic 

materials can be seen and that makes irregular values of some water quality evaluation 
items insufficient for QCVN08:2008/BTNMT (A2type). 

  
b） Consideration of intake points 

As for the study on intake points, the survey of the topographic conditions and 
surrounding environment, boring and trial digging will be necessary to understand 
geographic conditions. 

 
As a result of evaluation from the point of possibilities of construction, connection of 

conveyance route, depth of intake level, and water quality, there is no necessity to select 
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special intake point, therefore, the team selected the intake points according to the relation 
of intake methods and and conveyance routes 

 
c） Method of taking water 

The amounts of taking water are planned as approx. 2,500,000m3/day for Thu Duc 
System, and approx. 1,000,000m3/day for Tan Hiep System, in 2025. 

 
By setting these values as target values, and based on some evaluating items such as 

satisfaction of demand, availabilities of water amount fluctuation, availability of 
maintenance, and securing intake water velocity, the team studied the following 3 
approaches for installation of water intake facilities 

 
First, as for the “Curtain Wall System”, the space for construction, depending on the 

scale of amount of water, can be prepared for any candidate water intake points, and there 
is no limitation for the structure caused by the amount of water. 

On the other hand, the 2nd solution “Intake Tower and Conduit” and the 3rd solution 
“Conduit pipes System” need pipes to convey water to the downstream, therefore, will 
have some restrictions for structure as the amount of taking water increase. 

 
Furthermore, in the “Conduit pipes System”, the intake point has 2 measure defects such 

as located in the bottom of the lake, difficult for maintenance because of the depth of water 
level reaching to 15m in the rainy season 

 
Above all, there is no merit to adopt 3rd solutions, and the Team concluded “Curtain 

Wall System” and “Intake Tower and Conduit” are as promising results 
 

d） Conveyance Route 
As for the Study on conveyance routes, the Team designed and evaluated several routes 

considering the following elements: 
 

 Consideration of shortest routes(minimization of construction costs and depression of 
water pressure) 

 Consideration of gravity flow as much as possible 
 Consideration of the routes along the public facilities such as road, river….etc. 
 Utilization of existing facilities(intake facilities, and conveyance pipes) 

 
To evaluate designed conveyance routes, the Team execute the qualitative evaluation 

such as status of traffic, road, and household), quantitative evaluation (total length of pipes, 
river crossing, road crossing, rail crossing, the number of pump stations, estimated 
construction costs, and maintenance costs).  

In the course of the Study, the qualitative evaluation is changed into quantative 
evaluation and prioritized 1 or 2 solutions by evaluating estimated costs and fare of power 
consumption. But furthermore, the Team created future upgrade plan based of the 
extension plan of water treatment plants. 

 
 Study on water distribution system 

As for the Study on water distribution system, the Team reviewed the future distribution 
plan in the Water Supply Master Plan, and extracts the problems and issued 

 
Actual approach for the study is as follows: 
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a） Setting of water pressure conditions 
In the water distribution network model as a basis of the current future plan, it is 

planned to secure the water pressure as 10m+ G.L. at the demand points of the main 1st and 
2nd grade pipes that constitutes the network model. 

 
Nevertheless, in the actual distribution network, in the process from the main pipes (5m 

or more of water pressure drop is estimated in the pipes from 1st grade to tertially pipes), 
and more pressure loss are estimated to supply water to the taps. 

 
As a result, this actual plan is insufficient to set the water pressure conditions as 10m+ 

G.L in the main pies from the point of securing the positive pressure to avoid the 
contamination. 

Furthermore, it can’t satisfy the conditions at the customer’s water meters as 10m+G.L. 
set by the policy of the Ministry of Construction in Vietnam. 

 
Therefore, in the Study, the Team set the target water pressure conditions as 20m+G.L. at 

the end point of 2nd grade pipes. 
 

b） Setting of water distribution area 
In HCMC, the water supply system is same as Osaka city such as the water is supplied 

as pressurized by the distribution pumps in the distribution area with a little altitude 
difference. 

In this case, to supply water suitably to the whole area according to the increase of water 
demand, the function of controlling water pressure by allocating the distribution area by 
the valve limitation or isolation of pipes, is necessary for the installation of new water 
treatment plants, or extension of water treatment plants in the course of extension of water 
distribution system.  

 
Therefore, in the Study, the Team considered the alternative water distribution systems 

by setting the water distribution areas and placing pump stations and water reservoirs to 
control the water distribution pressure suitably. 

 
c） Setting water demand and hourly variations. 

The important condition for the Study is demand forecast for the future. In the Water 
Supply Master Plan, The demand forecast is conducted as five basic elements of residential 
use, industrial use, public use, commercial use, and other non-residential use and each 
forecast has its concept of hourly variation. 

 
Daily amount of supply water is affected by the season variation of temperature, weather, 

and the events relating the citizen’s activities such as holidays. 
On the other hand, the hourly variation of demand water is affected by the life style of 

citizen’s and companies of 24hours. 
 
In the Water Supply Master Plan, the season variation of water demand is set as 1.1(the 

magnification ratio of maximum amount of water supply in dry season compared with the 
average amount of water supply a year),  nevertheless, the hourly variation of demand 
water is not technically considered. 

 
Therefore, in the Study, the Team set the hourly variation of water demand as 1.3 by 

considering the increase of demand water according to the water pressure increase by 
upgrading water distribution network in the future. 
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d） Setting of water distribution reservoirs 

In the course of studying future distribution network, the Team set some water 
distribution reservoirs inside the water treatment plants or in the city area, to secure the 
amount of water as a buffer functions for the difference between the water supply from 
water treatment plants and water demand caused by the variation (seasonally and hourly) 
of the distribution areas. 

The amount of the capacity of water reservoirs is set by the planned maximum daily 
amount of water supply. 

 
Actually, in the Study of water distribution reservoirs, the Team sets the capacity of 

storing water of the reservoirs by calculating the hourly variation adjusting volume and 
emergency volume. 

 
Especially, the hourly variation adjusting volume is set as a function of adjusting the 

difference between the amount of treated water or transmitted water, and that of 
distribution water. 

It is caused by the hourly variation, that at night the water distribution reservoir stores 
the water that exceeds the water demand, and at daytime when the water demand 
increases, the reservoir supplies water insufficient for the demand, to keep the balance of 
the supply and demand. 
 
These functions define the required minimum volumes of water reservoir, and the Team 

concluded the necessary amount of water by totalizing the hourly water volume exceeding 
the average hourly supply water for a day. 

 
e） Consideration and Evaluation of Water Distribution Models 

Based on the above criteria, the Team created some water distribution models, and 
finally evaluated the following qualitative and quantitative items  

 
 Feasibility regarding controllability of water pressure and amount of water 
 Distribution of water pressure and effect on NRW improvement 
 Necessary time to reach to the end of the pipes to keep the quality of securing the 

chorine density 
 Saving energy 
 Upgrading costs for water reservoir and trunk mains. 

 
f） Roadmap of installing water supply relating facilities 

Furthermore, as for the plan evaluated as optimum solution for the future, the Team 
studied the actual execution plan by prioritizing each element one by one in concretely. 

And, as a result, the Team proposed the optimum roadmap of each 5 years up to 2025 by 
considering the detail demand increase trend, adding some important improvement plans. 

 
g） Study on business development 

Furthermore, in the Study, the Team conducted the business possibilities in the water 
distribution area, defined by the roadmap for the future, utilizing comprehensive PPP 
scheme. 

In the study, in concretely, the water distribution reservoir is set near Tan Son Nhat, and 
the reservoir supply water to the center of the HCMC. 

 
In the Study, first, the Team focused on the financial approach, and concluded that it is 
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difficult for SAWACO to construct water reservoirs by itself because of the lack of 
affordability in addition to the existing investment plan. Furthermore, the finance provided 
as ODA will decrease, therefore, the Team studied on business development solution by 
utilizing private financial solutions. 

  
Based on the above conditions, the Team executed feasibility study considering 

pre-conditions for business development, and cash flow of the execution companies(SPC), 
in addition to the PPP style, legal aspect, financial scheme, and risk allocations,  

 
Furthermore, in the execution phase of business development, actually, NRW 

improvement is also necessary.  
So the Team conducted actual NRW improvement surveys and evaluated Japanese 

capability for this area, by measuring the efficiency of detecting water leakage and repair 
works utilizing Japanese technologies. 

 
 Technical Transfer 

As for the technical transfer, the final theme of this Study, the Team provides some 
training programs to 4 persons, technical department of SAWACO, in Japan, to transfer the 
elementary technique for developing the business area of SAWACO. 
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Abbreviation 
 

ADB Asia Development Bank 
BOO Build Own Operate 
BOT Build Own Transfer 
BT Build Transfer 
BTO Build Transfer Operate 
C/P Counter Part 
CAD Computer Aided Drawing (Design) 
Capex Capital expenditure 
COD Chemical Oxygen Demand 
CPC Commune PC (People’s Committee) 
CSR Compensation, Support and Resettlement 
DDT Dichlorodiphenyl-trichloroethane 
DMA District Meter Area 
DO Dissolved Oxygen 
DONRE Department of Natural Resources and Environment  
DPC District PC (People’s Committee) 
DSCR Debt Service Coverage Ratio 
EIA Environment Impact Assessment 
EIRR Equity Internal Rate of Return 
EPC Engineering, Procurement and Construction 
EVN Vietnam Electricity 
GDP Gross Domestic Product 
GL Ground Level 
HCMC Ho Chi Minh City 
HHWL High High Water Level 
HWL High Water Level 
IEE Initial Environmental Examination 
IMF International Monetary Fund  
JBIC Japan Bank for International Cooperation 
JICA Japan International Cooperation Agency 
JSC Joint Stock Company 
LEP Law on Environmental Protection 
LFDC Land Fund Development Center 
LWL Low Water Level 
M/P Master Plan 
MARD Ministry of Agriculture and Rural Development 
MOIT Ministry of Industry and Trade 
MONRE Ministry of Natural Resources and Environment 
NWR Non Revenue Water 
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O&M Operation & Maintenance 
ODA Official Development Assistance 
OMWB Osaka Metropolitan Waterworks Bureau 
PC People’s Committee 
PE Poly-Ethylene 
PIRR Project Internal Rate of Return 
PMU Priject Management Unit 
PPC Provincial PC 
PPP public–private partnership 
PS Pump Station 
SAWACO Saigon Water Corporation 
SPC Special Purpose Company 
STA Station 
TOR Terms of Reference 
uPVC Unplasticized polyvinyl chloride  
USD U.S. Dollar 
VFM Value for Money 
VISTA Vietnam, Indonesia, South-Africa, Turkey and Argentine 
VIWASE Viet Nam Water, Sanitation and Environment Joint Stock Company  
VND Vietnamese Dong 
WB World Bank 
WDP Water Distribution Pond 
WHO World Health Organization 
WSC Water Supply Company 
WSMP Master plan for HCMC water supply system up to 2025 (Ho Chi Minh City, 2012) 
WTP Water Treatment Plant 
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Chapter 0 Overview 
0-1. Background and Pursose of the Study 

0-1-1 Summary of Vietnam and Ho Chi Minh City 

The cities in developing countries, with the economic growth such as population growth, 
with increasing demand for water, have a variety of challenges in managing its operations 
and enhance water system. In the water system to be developed and operated in accordance 
with the growth of those cities, we consider that there is a huge business opportunity and 
technology, due to taking advantage of the operational know-how of local governments in 
Japan. 

 
Vietnam is in particular one of the remarkable economic growth countries VISTA, 

infrastructure development has become an issue with the development of the future. 
As this survey, we selected the Ho Chi Minh City that has business partnership with 

Osaka city since 1997. Osaka city and our company created a consortium team of Joint 
Study on overseas study in its water supply business. Ho Chi Minh City, along with the 
capital Hanoi, is expected to evolve as an important city of Vietnam, and the infrastructure 
become urgent issue as a result. 

 
Table 0-1-1 Overview of Ho Chi Minh City 

 Ho Chi Minh City Ref. Osaka City 
Population 7,162,864 2,667,817 

Area 2,095 km2 222 km2 
Density of Population 3,419persons／km2 12,001persons／km2 

Note: HCMC by the year 2009 statistics, Osaka City as is Aug. 1 in 2010 
 

 
Fig.0-1-1 Ho Chi Minh City 
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0-1-2 Overview of Vietnam’s economy, etc 

 Economic climate 

Vietnam’s real GDP growth rate for the period 2002 to 2011 was approximatlely 7% on 
an annual average, and the latest rate for 2011 alone was 5.9%, which is a sign of the 
country’s continuing long-term high growth. In proportion to its economic growth, imports 
have increased for building infrastructure and the country is annually recording a trade 
deficit. This trade deficit is a cause for the weak dong which in turn has resulted in a hike 
in import prices and led to inflation. Furthermore, because of such rising prices, people 
cannot trust their local currency and tend to purchase the dollar or real assets, and this 
situation has led to further inflation. In 2008, the government has raised both the bank rate 
and lending rate in order to hold down the rise in prices, and although the inflation rate has 
temporarily fallen, the rate has again risen to a high level of 18.6% in 2011. 
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Fig.0-1-2 Vietnam’s economic indicators 

<Provided by: Japan External Trade Organization, IMF> 
 

 Financial condition 

In order to resolve the significant inflation described above, the government officially 
anounced Government Resolution No.11 on February 24, 2011, and changed its policy from 
aiming for economic growth to controlling inflation and stabilizing the economy. 
Specifically, 2 pillars were established, namely, the monetary and fiscal policies; the 
monetary policy’s goal was to contol the increase in credit to below 20%, while the fiscal 
policy aimed to increase revenue by 7-8% and to reduce expenditure by around 10%. As a 
result of such monetary policy being taken, Vietnam’s lending rate greatly rose to a high 
level of 17% in 2011, but dropped to 12.4% as of November 2012 as monetary easing 
measures were taken thereafter. Most recently, the government has set a goal of 5.5% for 
2013 real GDP growth rate and an inflation rate of below 8%. It is considered that in 2013, 
the government will continue its tight monetary policy, and implement measure to stabilize 
its currency, control inflation and stabilize the macro economy under Government 
Resolution No.11, same as for 2012.  
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Fig.0-1-3 Vietnam’s interest rate 

<Provided by: Japan External Trade Organization, IMF> 
 

0-1-3 Overview of Water Business in Ho Chi Minh City 

In Ho Chi Minh City, the current water supply business is provided by Saigon Water 
Corporation(hereafter called "SAWACO" ). In Ho Chi Minh City, the first water company 
was founded by France in 1874. And Ho Chi Minh City Water Supply Corporation was 
founded in 1975 as then, has come to be reorganized into the current (SAWACO) Saigon 
Water Supply Corporation, the total in 2005. It should be noted that the Osaka City 
Waterworks Bureau and SAWACO, in December 2009 have entered into a "Memorandum 
on technology exchange". 

 
In the current state of water supply in Ho Chi Minh City, water supply capacity is 

insufficient at the present time, the expected rapid increase in water demand requires 
additional challenges in the future. The specific issues are as follows. 

 
 In Ho Chi Minh City, the ability for water supply is 1,550,000 m3/day and insufficient 

(water service diffusion rate is 85%), because the quantity of present water demand is 
estimated 1,800,000 m3/day (as of September, 2010). 

 As for the water supply ability, it is with approximately 290L on a day per one water 
supply person calculated by ability for water supply, but the rate of non-revenue water is 
estimated at about 40%, and the leakage rate (approx.35%) accounted for approximately 
88% of them, water supply would be a substantial 188L per person per day 

 Ho Chi Minh City's population growth rate is high, future population growth (currently 
about 2% per year) due to the economic development and etc., from the current 6.9 
million (as of 2007) in 2025 to 13 million (approximately to increase 1.65 times) are 
expected.  

 Dong Nai river and the Saigon river which are the current source of supply water, has 
been affected by the intrusion of sea water according to the fluctuation of the sea level, 
and water pollution caused by the development of each riverside because drainage in the 
most of these area are exhausted as a state of non-processing or insufficient processing 
into the public waters 
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Table 0-1-2 Overview of supply water in Ho Chi Minh City 
 Present(Sep,2010) Master Plan up to 2025 

Provided by SAWACO － 
Water source River, Underground water － 
Population approx. 7milion persons 13milion persons 
Capability 1.55milion m3/day 3.4milion m3/day 
Water supply ratio Approx.85％ 100% 
NRW ratio Approx.40％ 25％ 
Unit Consumption Approx.150L/capita, day Approx.200L/capita, day 

 
0-1-4 Background of the Study 

To solve the above issues, HCMC established the “Master plan for HCMC water supply 
system up to 2025” which was officially approved by the prime minister in June 2012, that 
plans the water source development, Installation of water supply related facilities, 
rehabilitations.  

However, as for the water source development, the WSMP doesn’t describe in detail but 
only taking water from the reservoirs upstream of the rivers. Furthermore, as for the water 
distribution system, it suggests the future distribution network that costs too much but 
can’t control distribution water appropriately, therefore, there is much room to be revised 
to establish optimum distribution network. 
In spite of SAWACO being interested in these new water resource development and water 

distribution control system, the enough actions are not taken, so still there needs further 
studies.  
 
Afterall, SAWACO requested for Japan Government about 3 themes such as new water 

source development, optimum water distribution system, and human resource development, 
and the Team was entrusted to conduct these study utilizing Japanese technologies and 
experiences. 
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Chapter 1 Water Resource Development Plan 
1-1. Objectives 

Ho Chi Min City (HCMC) is at risk of serious and successive water supply deficiency in 
the future, due to rapid population growth, economic growth and urban development. In 
the light of this situation, the expansion of Water Treatment Plant (WTP) is currently under 
consideration to strength the water supply capacity. 

Besides, the water sources of existing WTPs are at a risk of water treatment deficiency 
due to the pollution from sewer, industrial wastewater and sea water intrusion of the Dong 
Nai River and the Sai Gon River. Thus the immediate actions are needed to secure the 
quantity and the quality of water sources. In the context of the situation, the existing 
master plan recommended that intake points must be set at impounding reservoirs which 
are located at the upper end of the rivers. 

In this study, study team conducted the survey on the raw water transmission schemes 
from the intakes in Tri An reservoir and Dau Tieng reservoir, to the existing WTP and a 
newly planned WTP. 

The outline of this study is as below; 
 

  Water Quality and Quantity Analysis 

 To review the available quantity for water intake and the current water quality 
 To check the possibility to get the authorized water right 
 To Investigate the development plans which possibly affect the water quantity or 

quality of the reservoirs, such as housing land development, industrial land 
development, and irrigation development plan in the downstream of the rivers 

 
 Alternative study for Intake points and routes for raw water transmission 

 To review current status of intake points 
 To review basic conditions and treatment systems 
 To review basic conditions of raw water transmission facilities 

(materials/diameters/length of transmission pipes, Pumps etc.) 
 

1-2. Basic Conditions for Planning 

1-2-1 Overview of Existing Facilities 

 Dong Nai river system 

a） Water Resource: Dong Nai River 
b） Intake Facility: Hoa An Pumping Station 
 Intake Pipes: D2,000mm ×73m ×2 lines  
 Water Level of Clear Well: Maximum + 2.4m 

            Average - 1.3m 
 Intake Pumps (For Thu Duc): 

Renewed for all in 2002 (Besides the header pipes φ1,800mm) 
q=2.0m3/s (120 m3/min), H=55m 
N=6 (one for backup)  Total Q=864,000 m3/day 

 Intake pumps (For Thu Duc II BOO)  
q=1.22m3/s (73.2 m3/min), H=55m 
N=4 (one for backup) Total Q=316,000 m3/day 
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The Dong Nai River/Hoa An Intake     Hoa An Intake Pump N=6 (one for backup) 

c） Transmission Pipelines 
 Transmission Span: Hoa An Pumping Station → Thu Duc WTP (10.8km) 

Installed in 30m width secured private road (restricted for 
habitation but allowed for traffic of residents) 

 Pipe Material: Reinforced Concrete Steel Pipe (RCSP) D2,400mm (2002) 
Reinforced Concrete Steel Pipe (RCSP) D1,800mm (1966) * 
*(Currently inactive) 
 

 
Existing piping road (D2,400mm)         Existing piping road (D2,400mm)  

d） Existing WTP (Thu Duc WTP) 
1966:  Operation started 
2010:  1,150,000 m3/day 

(Thu Duc: 750,000, Binh An: 100,000, Thu Duc II BOO: 300,000) 
Water Level at Receiving Well +30.5m 

Future Plan 
2015: 1,450,000 m3/day (III: 300,000) 
2025: 2,250,000 m3/day (IV: 300,000、V: 500,000) 
 

 Sai Gon River system 

a） Water Source: Sai Gon River 
b） Intake Facility：Hoa Phu Pumping Station 
 Intake Pipe: D1,500mm × 4 Lines (Two for Backup, using alternately) 
 Water Level of Clear Well: Flood level  ＋1.8m 

 Maximum + 0.8m 
            Average - 1.9m 
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 Intake Pumps: 
q=6,800m3/h (113 m3/min), H=60m 
N=3(one for backup) Total Q=326,400 m3/day 
Foundation of the pumps for future expansion has already constructed 
(Expansion is available for up to 600,000m3/day) 
 

 
The Sai Gon River / Hoa Phu Intake      Hoa Phu Intake Pump N=3(one for backup) 

c） Transmission Pipelines 
 Transmission Span: Hoa Phu Pumping Station →Tan Hiep WTP (9.1km) 

Installed in 12m width secured private road (restricted for habitation but allowed 
for traffic of residents) 

 Pipe Material: Reinforced Concrete Pipe (RCP) D1,500mm ×2 
(There is only one line at a pipe bridge halfway, so only the one is considered to be 
in operation) 

d） Existing WTP (Tan Hiep WTP) 
2010:  300,000 m3/day 

Water Level at Receiving Well +16.6m 
Future Plan 
2015:  600,000 m3/day (+300,000) 
2025:  900,000 m3/day (+300,000) 

 
1-2-2 Planned Flow of Water Supply 

 Basic Water Flow                   
Unit：m3/day 

 (i) Dau Tieng －Sai Gon 
－Hoa Phu－Tan Hiep 

(ii) Tri An－Dong Nai 
－Hoa An－Thu Duc 

 2010 2015 2025 2010 2015 2025 
Design Intake/Raw Water 
Transmission Flow 

330,000 660,000 990,000 1,265,000 1,595,000 2,475,000 

Design Treatment Flow 312,000 624,000 936,000 1,196,000 1,508,000 2,340,000 

Design Distribution Flow 300,000 600,000 900,000 1,150､000 1,450,000 2,250,000 

Note: Data of 2010 and 2015 are correspond to the amount of the Sai Gon River (i) and the Dong Nai River (ii) 

for each 

Unaccounted water flow of Intake, raw water transmission is 6% for each, and that of water treatment is 4%. 



 

 1-4 

 
 Planned Water Treatment Capacity (Distribution) 

Unit: m3/day 
  2011 2015 2020 2025  

Dong Nai River/Tri An     HCMC 
Thu Duc WTP 750,000 750,000 750,000 750,000 HCMC 
Binh An WTP 100,000 100,000 100,000 100,000 HCMC 
Thu Duc II (BOO) WTP 300,000 300,000 300,000 300,000 HCMC 
Thu Duc III WTP (2012)  300,000 300,000 300,000 HCMC 
Thu Duc IV WTP (2018)   300,000 300,000 HCMC 
Thu Duc V WTP (2024)    500,000 HCMC 

      
Sub Total 1,150,000 1,450,000 1,750,000 2,250,000  
      
Sai Gon River／Dau Tieng      

Tan Hiep WTP 300,000 300,000 300,000 300,000 HCMC 
Tan Hiep II WTP(2015)   300,000 300,000 300,000 HCMC 
Tan Hiep III WTP(2020)    300,000 HCMC 

      
Sub Total 300,000 600,000 600,000 900,000  
      

Kenh Dong I WTP(2012) 
  150,000 150,000 150,000 HCMC 
 50,000 50,000 50,000 Cu Chi 

Kenh Dong II WTP(2015)  150,000 150,000 250,000 Cu Chi 
      

Sub Total  350,000 350,000 450,000 HCMC 
      

WTP Total 1,450,000 2,400,000 2,700,000 3,600,000  
      
Groundwater      
Sub Total 695,000 440,000 440,000 100,000 HCMC 
      
Total 2,145,000 2,840,000 3,140,000 3,700,000  
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 Flow Diagrams of Each System 

 

2011
Present

Dau Tieng
 lake

　Canal Intake Intake 
Hoa Phu 330,000 1,265,000 Hoa An

Pump STA. Pump STA.
     Ⓟ D1500mm D2400mm  　 Ⓟ

(D1500mm) (D1800mm)
Tan Hiep WTP Receiving

312,000 Treatment 1,196,000
300,000 Treated BOO Thu Duc WTP Binh An WTP

 Treatment 312,000 780,000 104,000
Treated 300,000 750,000 100,000

1,595,000
1,450,000

Dong Nai river

Water treatment
Treated Water

Dong Nai System Basic FlowSai Gon System Basic Flow

lake

Unit:m3/day

Tri An 

Sai Gon river

 
 
 
 

2015
Near future

Dau Tieng
 lake

　　Canal Intake Intake 
Hoa Phu 660,000 1,595,000 Hoa An

Pump STA. Pump STA.
     Ⓟ D1500mm×2 D2400mm  　 Ⓟ

D1800mm
Tan Hiep WTP Receiving

624,000 Treatment 1,508,000
600,000 Treated BOO Thu Duc WTP Binh An WTP

 Treatment 312,000 1,092,000 104,000
Treated 300,000 1,050,000 100,000

2,132,000
2,050,000Treated Water

Tri An 
lake

Dong Nai riverSai Gon river

Water treatment
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Sai Gon System Basic Flow Dong Nai System Basic Flow

Unit:m3/day  
2025

Future Plan

Dau Tieng Tri An
 lake Ⓟ lake

Intake Dong Nai river  Ⓟ
990,000 Intake 

2,475,000

　Canal
Hoa Phu Hoa An
Pump STA. Pump STA.

D2,400mm×1 D2,600mm×2

Tan Hiep WTP Receiving
Treatment 936,000 2,340,000
Treated 900,000 BOO Thu Duc WTP Binh An WTP

Treatment 312,000 1,924,000 104,000
Treated 300,000 1,850,000 100,000

3,276,000
3,150,000Treated Water

Sai Gon river

Water treatment
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1-3. Analysis of water quantity and water quality 

1-3-1 Profile of the Dong Nai-Sai Gon river basin 

The Dong Nai-Sai Gon river basin, which is the target basin of this survey, has an area 
of about 36,500 km2 and a relatively flat topography which decline from north-east to 
south-west. 

Including surrounding basin of Dong Nai-Sai Gon river basin, which the total area is 
totally 49,600 km2, as for the land use, except residential zone and industrial zone in the 
HCMC and its surroundings, large part of the basin is occupied by forest zone and 
agriculture zone. Besides, as for the soil map, 51% of the basin is covered with Red-Yellow 
soils and 23% is covered with Grey soils as the second majority. Climate is tropical 
monsoon type and one year is divided into rainy season (from May to October) and dry 
season (from November to next April). Yearly average precipitation is 2,055 mm, which is 
the total amount of 1,737mm (85% of the total) in the rainy season and 318mm (15% of the 
total) in the dry season. Yearly total amount of rainfall is about 90 billion m3.  

 

 Cover 11 provinces/cities
 Area: 49,643.52 km2

 DN-SGRB area: 36,481.21 km2

 Coastal RBs: 13,162.31 km2

Dong Nai – Sai Gon
River Basin
and Surrounding Basins

 
Fig.1-3-1 Dong Nai - Sai Gon rever basin and surrounding basins 

＜source：Southern Institute for Water Resources Planning＞ 
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Area of 
topographic 
slope >15o

about 10%

 
Fig.1-3-2 Slope map at Dong Nai-Sai Gon river basin 

＜source：Southern Institute for Water Resources Planning＞ 
 

• Forest area stably 
maintained  since 2000. 

• Existing forest covers 
35,48%

 
Fig.1-3-3 Land use map at Dong Nai-Sai Gon river basin 

＜source：Southern Institute for Water Resources Planning＞ 
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Fig.1-3-4 Soil map at Dong Nai-Sai Gon river basin 

＜source：Southern Institute for Water Resources Planning＞ 
 

 
Fig.1-3-5 Mean anuual rainfall isoline at Dong Nai-Sai Gon river basin 

＜source：Southern Institute for Water Resources Planning＞ 
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1-3-2 Water resources management in Viet Nam 

 Management of water rights 

New water resource development is generally needed when new intake of surface water 
has conflicts with existing water uses. In Viet Nam, the Law of Water Resource was 
established in 1998 and water right was set for the permission for water use. 

As national governmental organization concerned with water resource management, 
MONRE (Ministry of natural Resources and Environment) is established in 2002 through 
the restructuring of organizations of national government. MONRE is in charge of the 
management based on the Law of Water Resource and permission by MONRE is essential 
for water use by any object. Besides, RBO is organized (for each water basin) under the 
management of MONRE, and has a role to advice on water use in the basin. 

In addition, MARD (Ministry of Agriculture and Rural Development), which mainly 
managed river projects related to flood control and water use before the establishment of 
MONRE, seems to have a certain authority to concern water resource management 
especially water intake from dams from the standpoint of water resource developer. 

Moreover, in addition to above organizations of national government, provincial offices 
also have a commission for permission of water use, consequently, multiple organizations 
concerned with water use exist in one water basin and the permissions are practically given 
individually. (without a total control) 

As recent moves, Environment Protection Act was established in 2005 and Law of Water 
Resource was revised in 2012. Ideas of integrated water resources management in a total 
water basin are included in the contents of the revised Law of Water Resource and 
discussions is expected to realize well management and control of water rights under the 
coordination among above organizations. 

To realize the direct water intake from Tri An and Dau Tieng reservoir based on the water 
supply master plan in HCMC targeted in 2025, water rights permission system should be 
noted as the system could be changed by the change of water resources management in the 
future.  

 
 Management of water quality 

In Viet Nam, wastewater disposal is controlled under a license system as well as 
exploitation and utilization of surface water. Several water quality standards for discharged 
water are fixed according to water use such as domestic use, industrial use, uses for some 
special industrial purposes, and effluent from reclaimed area with solid waste disposal, 
though actual operation effect of the above standards is unclear. 

As for the water resource quality conservation, the National Technical Regulation on 
Surface Water Quality (QCVN 08:2008/BTNMT) is fixed according to the water use by 
MONRE. Quality standard of grade A2 is required for the purpose of drinking water supply. 
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Table 1-3-1 National Technical Regulation on Surface Water Quality in Viet Nam  
(QCVN 08:2008/BTNMT) 

A1 A2 B1 B2
1 pH 6 to 8.5 6 to 8.5 5.5 to 9 5.5 to 9
2 Dissolved oxygen (DO) mg / l ≥ 6 ≥ 5 ≥ 4 ≥ 2
3 Total suspended solids (TSS) mg / l 20 30 50 100
4 COD mg / l 10 15 30 50
5 BOD 5 (20 o C) mg / l 4 6 15 25
6 Ammonium (NH4

+) (N) mg / l 0.1 0.2 0.5 1
7 Chloride (Cl-) mg / l 250 400 600 -
8 Fluoride (F-) mg / l 1 1.5 1.5 2
9 Nitrite (NO2

-) (N) mg / l 0.01 0.02 0.04 0.05
10 Nitrate (NO3

-) (N) mg / l 2 5 10 15
11 Phosphate (PO4

3-) mg / l 0.1 0.2 0.3 0.5
12 Cyanide (CN-) mg / l 0.005 0.01 0.02 0.02
13 Arsenic (As) mg / l 0.01 0.02 0.05 0.1
14 Cadmium (Cd) mg / l 0.005 0.005 0.01 0.01
15 Lead (Pb) mg / l 0.02 0.02 0.05 0.05
16 Chromium III (Cr3+) mg / l 0.05 0.1 0.5 1
17 Chromium VI (Cr6+) mg / l 0.01 0.02 0.04 0.05
18 Copper (Cu) mg / l 0.1 0.2 0.5 1
19 Zinc (Zn) mg / l 0.5 1 1.5 2
20 Nickel (Ni) mg / l 0.1 0.1 0.1 0.1
21 Iron (Fe) mg / l 0.5 1 1.5 2
22 Mercury (Hg) mg / l 0.001 0.001 0.001 0.002
23 Surface-active substances mg / l 0.1 0.2 0.4 0.5
24 Total oil and grease (oils & Grease) mg / l 0.01 0.02 0.1 0.3
25 Phenol (total) mg / l 0.005 0.005 0.01 0.02

Agricultural chemical organic chlorine
Aldrin + Dieldrin µg / l 0.002 0.004 0.008 0.01
Endrin µg / l 0.01 0.012 0.014 0.02
BHC µg / l 0.05 0.1 0.13 0.015
DDT µg / l 0.001 0.002 0.004 0.005
Endosunfan (Thiodan) µg / l 0.005 0.01 0.01 0.02
Lindan µg / l 0.3 0.35 0.38 0.4
Chlordane µg / l 0.01 0.02 0.02 0.03
Heptachlor µg / l 0.01 0.02 0.02 0.05

27 Agricultural chemical organic phosphorus
Paration µg / l 0.1 0.2 0.4 0.5
Malation µg / l 0.1 0.32 0.32 0.4

28 Chemical herbicides
2.4 D µg / l 100 200 450 500
2,4,5 T µg / l 80 100 160 200
Paraquat µg / l 900 1,200 1,800 2,000

29 Gross α radioactivity Bq / l 0.1 0.1 0.1 0.1
30 Gross β radioactivity Bq / l 1 1 1 1
31 E. Coli MPN /100ml 20 50 100 200
32 Coliform MPN /100ml 2,500 5,000 7,500 10,000

Note:  The classification of surface water to assess and control the quality of water for various water uses:
 A1 - Good use for the purpose of water supply and other purposes, such as A2, B1 and B2.
 A2 - For the purpose of water supply but to apply the appropriate treatment technology; aquatic plant and animal

conservation, or the purpose of use as B1 and B2.
 B1 - Use for irrigation purposes or other purposes have similar water quality requirements or other purposes

such as type B2.
 B2 - navigation and other purposes with low water quality requirements.

26

TT Parameters Unit Limit values
A B
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1-3-3 Present status of hydrology and water quality of Tri An and Dau Tieng reservoir 

 Tri An reservoir 

Table 1-3-2 shows the outline of water resource management related to Tri An reservoir. 
 

Table 1-3-2 Outline of Tri An reservoir 

Catchment area 14,600km2

Surface area of storage reservoir 350km2（HHWL), 323km2（HWL)

Capacity of storage reservoir
2.76billion m3

0.22 million m3(LWL)

W
at

e
r 
le

ve
l HWL + 62.0m

LWL + 50.0m

HHWL + 63.9m

Bottom + 28 ～ 30m

Mean depth 8.5m

Primary use
Power generation etc

(60～880m3/sec≒5.2～76millon m3/day)

Administrator MONRE,MOIT

Start of operation 1991
 

 
Construction work of tri An reservoir, which has the largest water catchment area in the 

Dong Nai-Sai Gon water basin, was started in 1985 for the purpose of power supply with 
the assistance of USSR (at that time) and the reservoir went into operation in 1991. 

Facilities related to power supply are managed by EVN (Vietnam Electricity) which is 
directly controlled by MOIT (Ministry of Industry and Trade). On the other hand, water use 
and environment protection of the reservoir is managed by Dong Nai provincial office 
under the control of MONRE.  

 

Power Generation Gate

Main Dam

 
Fig. 1-3-6 Outfalls to Dong Nai river from Tri An reservoir 
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There are 2 discharging gates to Dong Nai river (Fig.1-3-6), which are main gate and gate 
for hydraulic power generation, and almost water amount discharged is used for power 
generation except discharge for flood control for surrounding area in rainy season. As for 
the water use through direct intake from the reservoir, 2000m3/day of water is used for 
drinking water supply in Dong Nai province. 

 
Fig.1-3-7 shows a yearly change of water level and water inflow amount to the reservoir. 

Table 1-3-3 shows water amount discharged at present and expected amounts in 2015 and 
2020. 
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Fig. 1-3-7 Yearly change of water level and water inflow amount 

( Tri An reservoir monthly mean from 2002 to 2011 ) 
＜source：Department of Natural Resources and Environment of Dong Nai＞ 

 
Tabel 1-3-3 Outflow rate from Tri An reservoir to Nong Nai river 

                           （unit：m3/s） 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

Present 276.3 259.4 208.3 208.3 243.6 265.4 577.8 831.5 963.2 983.0 577.2 308.2 475.2
2015 277.2 259.0 208.8 201.5 229.1 265.2 567.5 748.2 894.7 935.3 560.8 289.9 453.1
2020 277.8 259.6 209.7 200.8 225.5 266.8 557.1 726.5 877.1 919.8 550.1 282.3 446.1  

＜source：Southern Institute for Water Resources Planning＞ 
 

Yearly average water inflow amount to the Tri An reservoir is 15.5 billion m3 (about 490 
m3/s) in the period from 2002 to 2011 and retention time calculated from the capacity of the 
reservoir is about 0.17 year. Water level is controlled with standard water level of 62 m at 
the latter half of December and 50 m at the latter half of June. Water level was below the 
standard (50 m) for 7 days in the period shown in the above figure because of shortage of 
rainfall in the beginning period of rainy season in 2010, however, any special problems on 
reservoir operation did not occur. 
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Table 1-3-4 shows a survey result of water quality of the reservoir in the past. Besides, 
Table 1-3-5 and Table 1-3-6 show present water quality (general water quality items and 
heavy metals) of Dong Nai river represented by the quality of raw water for Thu Duc water 
treatment plant.  

 

No.4
No.3

No.2

No.1

 
Fig. 1-3-8 Survey points of water quality of Tri An reservoir 
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Table 1-3-4 Result of water quality survey of Tri An reservoir 

No.1 No.2 No.3 No.4
(2008-2012) (2008-2012) (2008-2012) (2012) A2 B1

1 pH 6.1 - 8.2 6.5 - 7.9 6.6 - 7.8 7.1 - 8.9 6 to 8.5 5.5 to 9
2 Dissolved oxygen (DO) mg / l 5.1 - 8.1 5.4 - 7.6 5.4 - 7.5 6.4 - 8.4 ≥ 5 ≥ 4
3 Total suspended solids (TSS) mg / l <2 - 23 <2 - 18 <2 - 28 2 - 11 30 50
4 COD mg / l 3 - 26 4 - 24 3 - 21 8 - 11 15 30
5 BOD 5 (20 o C) mg / l 2 - 6 2 - 7 2 - 6 3 - 5 6 15
6 Ammonium (NH4

+) (N) mg / l 0.02 - 0.18 0.03 - 0.23 0.02 - 0.19 0.05 - 0.14 0.2 0.5
7 Chloride (Cl-) mg / l 3.7 - 8.4 4.3 - 8.1 4.3 - 8.7 400 600
8 Fluoride (F-) mg / l 1.5 1.5
9 Nitrite (NO2

-) (N) mg / l <0.002 - 0.017 <0.002 - 0.015 <0.002 - 0.019 <0.002 - 0.014 0.02 0.04
10 Nitrate (NO3

-) (N) mg / l <0.04 - 0.73 <0.04 - 0.76 <0.04 - 0.74 <0.05 - 0.39 5 10
11 Phosphate (PO 4 

3 - ) mg / l <0.005 - 0.041 0.006 - 0.054 <0.005 - 0.044 <0.009 - 0.016 0.2 0.3
12 Cyanide (CN-) mg / l <0.002 - 0.002 <0.002 - 0.002 <0.002 0.01 0.02
13 Arsenic (As) mg / l 0.02 0.05
14 Cadmium (Cd) mg / l <0.005 <0.005 <0.005 0.005 0.01
15 Lead (Pb) mg / l <0.001 - 0.004 <0.001 - 0.006 <0.001 - 0.003 <0.001 - 0.002 0.02 0.05
16 Chromium III (Cr 3 + ) mg / l 0.1 0.5
17 Chromium VI (Cr 6 + ) mg / l <0.01 <0.01 <0.01 0.02 0.04
18 Copper (Cu) mg / l 0.2 0.5
19 Zinc (Zn) mg / l <0.05 <0.05 to 0.06 <0.05 to 0.07 <0.05 1 1.5
20 Nickel (Ni) mg / l <0.01 <0.01 to 0.01 0.1 0.1
21 Iron (Fe) mg / l 0.1 - 3.56 0.11 - 3.63 0.11 - 3.71 0.15 - 1.17 1 1.5
22 Mercury (Hg) mg / l <0.0005 <0.0005 <0.0005 0.001 0.001
23 Surface-active substances mg / l N.D. N.D. to 0.11 N.D. 0.2 0.4
24 Total oil and grease (oils & Grease) mg / l 0.02 0.1
25 Phenol (total) mg / l <0.001 to 0.001 <0.001 to 0.001 <0.002 <0.002 0.005 0.01

Agricultural chemical organic
chlorine N.D. N.D.

Aldrin + Dieldrin µg / l 0.004 0.008
Endrin µg / l 0.012 0.014
BHC µg / l 0.1 0.13
DDT µg / l 0.002 0.004
Endosunfan (Thiodan) µg / l 0.01 0.01
Lindan µg / l 0.35 0.38
Chlordane µg / l 0.02 0.02
Heptachlor µg / l 0.02 0.02

27 Agricultural chemical organic
phosphorus N.D. N.D. to 0.03

Paration µg / l 0.2 0.4
Malation µg / l 0.32 0.32

28 Chemical herbicides
2.4 D µg / l 200 450
2,4,5 T µg / l 100 160
Paraquat µg / l 1,200 1,800

29 Gross α radioactivity Bq / l 0.1 0.1
30 Gross β radioactivity Bq / l 1 1
31 E. Coli MPN /100ml N.D. - 93 N.D. - 790 N.D. - 43 <3 to 93 50 100
32 Coliform MPN /100ml 2 - 15,000 <3 - 4,600,000 15 - 2,800 9 - 240 5,000 7,500

Turbidity NTU <1 to 54 <1 to 52 <1 to 56 4 to 16
Total dissolved solid (TDS) mg / l 21.1 to 48.1 21.2 to 46.5 20.9 to 46.5 21.7 to 30.9

Sulfate (SO4
2-) mg / l <5 <5 <5

Total P mg / l 0.02 to 0.07 0.01 to 0.07 0.02 to 0.06
Electric conductivity (EC) μS / cm 35.6 to 67 37.6 to 62.7 35.4 to 63.7 42.3 to 59.6

26

Ranges of water samples analyzed
Parameters

Unit

QCVN08:2008
Limit values

 
＜source：Department of Natural Resources and Environment of Dong Nai＞ 
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Table 1-3-5 Result of water quality survey of Dong Nai river 
(Raw water of Thu Duc WTP: 2002 to 2011) 

A2 B1
1 pH 6.9 7.5 6.0 6 to 8.5 5.5 to 9
2 Turbidity NTU 35 241 4 ≥ 5 ≥ 4
3 Color mg / l 193 1525 10 － －

4 Hardness mg / l 18 95 3 － －

5 Suspended Solid (SS) mg / l 35 205 3 6 15
6 Alkalinity mg / l 19 38 9 － －

7 Chloride (Cl-) mg / l 5.3 118 0.5 400 600
8 Dissolved oxygen (DO) mg / l 5.7 7.9 3.1 ≥ 5 ≥ 4
9 COD mg / l 4.7 12 0.3 15 30
10 Ammonium (NH4

+) (N) mg / l 0.42 6.67 0.05 0.2 0.5
11 Nitrite (NO2

-) (N) mg / l 0.005 0.046 N.D. 0.02 0.04
12 Nitrate (NO3

-) (N) mg / l 0.9 5.2 N.D. 5 10
13 Phosphate (PO4

3-) mg / l 0.15 0.52 N.D. 0.2 0.3
14 Sulfate (SO4

2-) mg / l 1 13 N.D. － －

15 Alminium (Al3+) mg / l 0.02 0.10 N.D. － －

16 Lead (Pb) mg / l 0.0005 0.002 N.D. 0.02 0.05
17 Copper (Cu) mg / l 0.011 0.048 N.D. 0.2 0.5
18 Zinc (Zn) mg / l 0.02 0.19 N.D. 1 1.5
19 Iron (Fe) mg / l 0.87 4.60 0.08 1 1.5
20 Manganese (Mn) mg / l 0.075 0.460 0.004 － －

21 Coliform MPN /100ml 4,680 14,300 500 5,000 7,500
22 Electric conductivity (EC) μS / cm 48 340 31 － －

Raw Water at Thu Duc WTP
Parameters

Unit

QCVN08:2008
Limit values

mean max min

 
＜source：Saigon Water Corporation＞ 

 
Table 1-3-6 Result of water quality survey of Dong Nai river (Heavy metal etc.) 

Month
As

(mg/l)
Cd

(mg/l)
Cr

(mg/l)
Se

(mg/l)
Hg

(mg/l)
Pb

(mg/l)
DDT
(μg/l)

Grass α
radioactivity(Bq/l)

Gross β
radioactivity (Bq/l)

1 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
2 < 0.001 0.001 0.003 < 0.001 0.002
3 < 0.001 0.001 0.001 N.D. < 0.001 0.004 2.2 < 1.0 < 1.0
4 < 0.001 0.002 0.001 < 0.001 0.005
5 < 0.001 0.001 0.001 < 0.001 0.006
6 < 0.001 0.002 0.001 N.D. < 0.001 0.005 2.2 < 1.0 <1.0
7 < 0.001 0.001 < 0.001 0.001
8 < 0.001 0.002 < 0.001 0.004
9 < 0.001 0.001 0.002 N.D. < 0.001 0.005 2.2 < 1.0 < 1.0
10 < 0.001 0.005 0.003 < 0.001 0.007
11
12

QCVN08:2008 Cr6+

A2 0.02 0.005 0.02 － 0.001 0.02 0.002 0.1 1
B1 0.05 0.01 0.04 － 0.001 0.05 0.004 0.1 1

(Raw water of Thu Duc WTP: 2012) 
＜source：Saigon Water Corporation＞ 

 
A rise of chloride concentration caused by salt water invasion is observed in dry season. 

Affection of salt water invasion is not so much compared to the status of Sai Gon river, but 
the period was long and the increase of chloride concentration was large in 2011 when the 
flow amount of the river was less. Fig.1-3-9 shows ranges of chloride concentration yearly 
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observed in a period from 2002 to 2011 and yearly average concentration is also indicated 
in the figure.  
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Fig. 1-3-9 Ranges of chloride concentration 

 (Raw water of Thu Duc WTP: 2002 to 2011) 
＜source：Saigon Water Corporation＞ 

In addition, other features of water quality are described as follows. 
 On the whole PH value is stable at around 7 
 Change of Turbidity and Color occurs at the same time and both values rise in rainy 

season 
 There are cases that Color value excesses 1000 degree, which is very much higher than 

the value of Sai-Gon river 
 On the whole DO value is stable at around 5 to 6 mg/l 
 COD value changes in a range of 1 to 9 mg/l and there are not any large problems on 

water treatment at WTPs 
 Hardness value is around 20 mg/l except the period when chloride concentration rises 
 Ammonium Nitrogen tends to rise in rainy season as well as Turbidity and Color 
 Values of Heavy metals are enough 
 Though the number of DDT value data is few, the values examined are considerably 

high compared to 1.0 μg/l of WHO guideline value for DDT in drinking water. As well 
as other trace organic substances, DDT value should be cared because basically DDT 
can’t be reduced by conventional water treatment implemented at present water 
treatment plants 

 
Activities of residents and industries are not so much in the surrounding area of the 

reservoir. Considerable water pollution sources are several factories such as sugar 
production factory and beer factory, and fish cultivation. Besides, based on the hearing 
results at the local management office of the reservoir, at present, there are not any 
development plans in large scale in the surrounding area of the reservoir. 

 
 Dau Tieng reservoir 

Table 1-3-7 shows the outline of water resource management related to Dau Tieng 
reservoir. 
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Table 1-3-7 Outline of Dau Tieng reservoir 

Catchment area 2,700km2

Surface area of storage reservoir 270km2（HWL), 110km2（LWL)

Capacity of storage reservoir
1.58 billion m3

0.47 billion m3(LWL)

W
at

e
r 
le

ve
l HWL + 24.4m

LWL + 17.0m

HHWL + 25.1m

Bottom + 0m

Mean depth 5.9m

Primary use
Agriculture, Domestic, River maintenance etc

(Max:146.4m3/sec≒12.5millon m3/day)

Administrator MARD

Start of operation 1987
 

 
Construction work of Dau Tieng reservoir was started in 1983, and went into operation in 

1987 in order to supply agricultural water at Tay Ninh Province and Long An Province, 
Binh Duong Province and HCMC,and drinking water in HCMC etc. It is managed by Dau 
Tieng – Phuoc Hoa Irrigation Mining Limited Liability Company One Member under the 
jurisdiction of MARD.  

The purposes of water use are agriculture and drinking. Agriculture is active in the 
surrounding area of the Dau Tieng reservoir, especially Tay Ninh Province and Long An 
Province located on the southwest edge of reservoir 

There are 4 main discharging gates from Dau Tieng reservoir. The reserved water is 
ordinarily discharged from the Sub Gate to secure river maintenance water of the Sai Gon 
River, and from Main Gate during the shortage of maintenance water from January to July, 
especially two weeks in one month from March to April. 

Agricultural water and daily life water are supplied from East canal. The discharged 
water is stopped to clean the canal for one month in a year. 

 

West canal

East canal

Sub gate
Main gate

 
Fig. 1-3-10 Outfalls at Dau Tieng reservoir 
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Fig.1-3-11 shows a yearly change of water level and water inflow amount to the reservoir. 

Table 1-3-8 shows water amount discharged at present and expected amounts in 2015 and 
2020. 
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Fig. 1-3-11 Yearly change of water level and water inflow amount 

( Dau Tieng reservoir monthly mean from 2008 to 2011 ) 
＜source：Dau Tieng – Phuoc Hoa Irrigation Mining Limited Liability Company  

One Member＞ 
 

Tabel 1-3-8 Outflow rate from Dau Tieng reservoir to Sai Gon River 
                           （unit：m3/s） 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

Present 23.8 25.8 21.9 18.1 20.8 35.4 39.3 48.8 55.8 79.6 34.9 21.8 35.5
2015 27.4 32.6 28.2 26.6 25.8 34.4 36.6 44.1 55.9 78.0 35.5 22.8 37.3
2020 27.4 32.6 28.2 26.6 25.8 34.4 36.6 44.1 55.9 78.0 35.5 22.8 37.3  

＜source：Southern Institute for Water Resources Planning＞ 
 

From 2008 to 2011, yearly average water inflow amount to Dau Tieng reservoir is 
approximately 1.9 billion m3 (about 60m3/s ), retention time is approximately 0.83 year. 

Water level felled 17m in several days of July in 2010 due to a small amount of rainfall in 
the beginning of rainy season as well as the conditions of Tri An reservoir, however any 
special problems on reservoir operation did not occur. 

 
Table 1-3-9 shows a survey result of water quality of the reservoir in the past. Besides, 

Table 1-3-10 and Table 1-3-11 shows present water quality (general water quality items and 
heavy metals) of Sai Gon river represented by the quality of raw water for Tan Hiep water 
treatment plant. 
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No.6No.5

 
Fig. 1-3-12 Survey points of water quality of Dau Tieng reservoir 

 
Table 1-3-9 Result of water quality survey of Dau Tieng reservoir 

No.1 No.2 No.3 No.4 No.5 No.6
(2008-2012) (2011-2012) (2008-2012) (2008-2012) (2011-2012) (2008-2012) A2 B1

1 pH 6.5 - 7.6 6.1 - 7.2 5.3 - 7.4 6.2 - 7.2 6.3 - 8.3 5.8 - 8.3 6 to 8.5 5.5 to 9
2 COD mg / l 3.9 - 48 6.7 - 20 1.9 - 160 7.7 - 38 14 - 33 4.5 - 26 15 30
3 BOD 5 (20 o C) mg / l 0 - 12 0 - 6 0 - 96 0 - 11 4 - 10 0 - 18 6 15
4 Iron (Fe) mg / l 0.15 - 2.6 1.1 - 1.7 0.7 - 12 0.19 - 7.1 0.17 - 0.94 0.02 - 0.89 1 1.5
5 Total P mg / l 0.05 - 0.22 0.07 0.15 - 0.96 0.27 - 1.3 0.11 0.12 - 0.22 － －

6 Total N mg / l 5.4 - 28 4.9 8.9 - 42 6.4 - 21 5.6 6.4 - 21 － －

7 Coliform MPN /100ml 240 - >24,000 1,100 - >24,000 43 - >24,000 21 - >24,000 460 - >24,000 430 - >24,000 5,000 7,500

Ranges of water samples analyzed
Parameters

Unit

QCVN08:2008
Limit values

 
＜source：Dau Tieng – Phuoc Hoa Irrigation Mining Limited Liability Company  

One Member＞ 
 

Table 1-3-10 Result of water quality survey of Sai Gon river 
(Raw water of Tan Hiep WTP: 2005 to 2011) 

A2 B1
1 pH 7.3 9.7 6.1 6 to 8.5 5.5 to 9
2 Turbidity NTU 54 426 7 ≥ 5 ≥ 4
3 Color mg / l 18 106 2 － －

4 Hardness mg / l 37 126 10 － －

5 Suspended Solid (SS) mg / l 39 238 3 6 15
6 Alkalinity mg / l 22 44 2 － －

7 Chloride (Cl-) mg / l 35 315 5 400 600
8 Dissolved oxygen (DO) mg / l 3.3 6.8 1.0 ≥ 5 ≥ 4
9 COD mg / l 7.4 12 1.5 15 30
10 Ammonium (NH4

+) (N) mg / l 0.38 2.30 0.02 0.2 0.5
11 Nitrite (NO2

-) (N) mg / l 0.010 0.600 N.D. 0.02 0.04
12 Nitrate (NO3

-) (N) mg / l 0.4 1.7 N.D. 5 10
13 Phosphate (PO4

3-) mg / l 0.56 1.39 0.08 0.2 0.3
14 Sulfate (SO4

2-) mg / l 14 92 N.D. － －

15 Alminium (Al3+) mg / l 0.04 0.67 N.D. － －

16 Copper (Cu) mg / l 0.0007 0.014 N.D. 0.2 0.5
17 Iron (Fe) mg / l 1.25 2.89 0.05 1 1.5
18 Manganese (Mn) mg / l 0.194 1.010 0.054 － －

19 Electric conductivity (EC) μS / cm 131 1330 30 － －

Parameters
Unit

Raw Water at Tan Hiep WTP QCVN08:2008

mean max min
Limit values

 
＜source：Saigon Water Corporation＞ 
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Table 1-3-11 Result of water quality survey of Sai Gon river (Heavy metal etc.) 
 (Raw water of Tan Hiep WTP: 2012)  

Month
As

(mg/l)
Cd

(mg/l)
Cr

(mg/l)
Se

(mg/l)
Hg

(mg/l)
Pb

(mg/l)
DDT
(μg/l)

Grass α
radioactivity(Bq/l)

Gross β
radioactivity (Bq/l)

1 < 0.001 < 0.001 0.001 < 0.001 < 0.001 < 0.001 3.73 < 1 < 2
2 < 0.001 0.005 0.005 < 0.001 < 0.001 0.006 < 1 < 1 < 2

3 (ft) < 0.001 0.001 0.001 < 0.001 < 0.001 0.005 < 1 < 1 < 1
3 (st) < 0.001 0.002 0.003 < 0.001 < 0.001 0.025 < 0.5 < 0.12 < 0.35
4 (ft) < 0.001 0.002 0.002 < 0.001 < 0.001 0.008 < 1 < 1 < 1
4 (st) < 0.001 0.001 0.001 < 0.001 < 0.001 0.014 < 0.5 < 0.12 < 0.35
5 (ft) < 0.001 0.002 0.003 < 0.001 < 0.001 0.005 < 1 < 1 < 1
5 (st) < 0.001 0.002 0.001 < 0.001 < 0.001 0.005 < 0.5 < 0.12 < 0.35
6 (ft) < 0.001 0.003 0.002 < 0.001 < 0.001 0.012 < 1 < 1 < 1
6 (st) < 0.001 0.003 0.001 < 0.001 < 0.001 0.006 < 0.5 < 0.12 < 0.35
7 (ft) < 0.001 0.002 0.003 < 0.001 < 0.001 0.011 < 1 < 1 < 1
7 (st) < 0.001 0.003 0.002 < 0.001 < 0.001 0.005 < 0.5 < 0.12 < 0.35
8 (ft) < 0.001 0.002 0.002 < 0.001 < 0.001 0.006 < 0.001
8 (st) < 0.001 0.003 0.003 < 0.001 < 0.001 0.008 < 1 < 1 < 1
9 (ft) < 0.001 0.003 0.004 < 0.001 0.002 < 0.5 < 0.12 < 0.35
9 (st) < 0.001 0.002 0.003 < 0.001 < 0.001 0.003 < 0.001

10 < 0.001 0.003 0.005 < 0.001 < 0.001 0.008 < 0.001
11
12

QCVN08:2008 Cr6+

A2 0.02 0.005 0.02 － 0.001 0.02 0.002 0.1 1
B1 0.05 0.01 0.04 － 0.001 0.05 0.004 0.1 1  
Note： "ft" means first time,  "st" means second time. 

＜source：Saigon Water Corporation＞ 
 
The water quality of Sai Gon River shows a rise of chloride concentration caused by salt 

water invasion in dry season that is affected more seriously than Dong Nai River. 
The concentration rise of chloride due to the intrusion of sea water was continued for 3 to 

4 months in 2011 when the river flow was decreasing.  
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Fig. 1-3-12 Range of chloride concentration 

(Raw water of Tan Hiep WTP: 2005 to 2011) 
＜source：Saigon Water Corporation＞ 
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In addition, other features of water quality are described as follows. 

 
 Although PH value is stable at around 7, situation of high pH was observed from Apr. 

to Sep. in 2006 
 On the whole Color value is stable comparatively, which is lower than the value of 

Dong Nai river 
 On the whole DO value is low at around 2 to 3 mg/l 
 COD value changes in a range of 2 to 12 mg/l and there is in the trend of deterioration 

in recent years 
 Hardness value is around 30 to 40 mg/l except the period when chloride  

concentration rises 
 Ammonium Nitrogen tends to rise in rainy season and there is in the trend of 

deterioration in recent years 
 Change of Turbidity and Color occurs at the same time 
 Values of Heavy metals are enough 

 
It is considered that the waste water caused by agricultural activities and animal 

husbandry around Dai Tien reservoir flows into reservoir. The amount of primarily treated 
waste water that flows into the reservoir is reported to be about 20 m3 per day. 

Though it is reported that fish farming has been prohibited from June in 2005 for the 
conservation of reservoir water quality, the illegal activities are recognized from the hearing 
results with the management office of Dai Tien reservoir. 

Besides, based on the hearing results at the same management office of the reservoir, at 
present, there are not any large-scaled development plans in the surrounding area of the 
reservoir. 

 
1-3-4 Water quantity analysis 

 Tri An reservoir 

As noted previously, the amount of average annual discharge is about 475 m3/s, most of 
it has been used for hydraulic power generation. Because Ho Chi Minh City has sometimes 
rolling blackouts due to power shortages have been made in dry season, this new water 
resource development (about 28.6 m3/s) becomes can affect the existing hydraulic power 
generation. 

For these reasons, it is important to obtain the permission from MONRE and to 
consultate with MOIT (EVN) which is an administrator of hydroelectric facilities at the new 
water resource development. 

Therefore, we have estimated the impact that the new water source development to 
provide the hydraulic amount of power generation. Although EVN may make a discharge 
from the Main Gate to prevent flooding of the surrounding area in the rainy season, we 
assumed that all of the water discharged from the reservoir is used for hydraulic power 
generation. In addition, although the change waterwheel efficiency and power generation 
efficiency are affected by actual operating conditions (such as number of runs), we also 
assumed that hydraulic power generation is performed by maximum efficiency. According 
to the results of this calculation, it was estimated that up to about 6 % of power generation 
amount per year will decrease by the new water development. 

In fact, depending on the consultation with relevant organizations, there is a plan to build 
hydroelectric dam in the upstream of Tri An reservoir. Through the construction of these 
dams, it is possible to become more effective operation of the Tri An reservoir. So, it is 
considered to be possible to use for new water resource.  
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As a lack of power in Vietnam, it is said to be caused by such as the following; 
 
 High proportion of hydroelectric power, which is highly dependent on the amount of 

rainfall (about 40%) 
 power consumption is becoming arrogant demand by relatively inexpensive electrical 

rate. 
 
In order to solve the problems in power supply, it is necessary to regard the promotion of 

electric-supply measures, such as the implementation of energy saving measures, the 
construction plans of thermal power plant and nuclear power plant and so on. 

 
 Dau Tieng reservoir 

By subtracting water amount discharged to Sai Gon river (about 35.5 m3/s) and an annual 
average evaporatation (about 1m) etc. from annual influent quantity from surrounding rivers 
(about 60 m3/s), current water use in an existing water use is estimated to be about 500 
million m3/year (about 1.36 million m3/day). 

The decision on whether to develop new water use should be discussed with the existing 
water use organization (provincial offices of Binh Phuoc, Tay Ninh, Binh Duong, Long An) 
in addition to MONRE and MARD.  

In particular, Tay Ninh and Long An provinces located in the southwest of Dau Tieng 
reservoir are thriving farming area. Since securing of the current water quantity is required 
for prevention of salinity intrusion, it is important to consult with the organizations. 

For water quantity, the new water resource development (about 11.5 m3/s) will cause a 
drawdown from 0.4 cm to 0.9 cm per day in reservoir. Since the effect of this drawdown be 
judged no problem based on following, we think there is a high possibility that the new 
water resource development in Dau Tieng reservoir. 

 
 Although a drawdown of about 1 m is expected during the dry season (180 days), at the 

hearing results with the management office of Dau Tieng reservoir, their answer was no 
problem because of the current operation have a available capacity. 

 Phuoc Hoa Water Resources Project by ADB (Asian Development Bank) is planed 
that 55 m3/s of water will be transmitted from Bei river basin to Dau Tieng reservoir. 

 The management office plan to manage Phuoc Hoa reservoir in addition to Dau Tieng 
reservoir, more efficient operation can be achieved. 
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Fig. 1-3-13 Water resources development plan in Dong Nai-Sai Gon river basin 
＜source：Southern Institute for Water Resources Planning＞ 

 
Although SAWACO is paying the cost for added water amount discharged for prevention 

of salinity, it is considered this expense is no longer needed by the direct water intake from 
Dau Tieng reservoir. 

 
1-3-5 Water quality analysis 

For the research on the source water quality in this project, we collected and analyzed 
existing information on both reservoirs, and conducted a field survey. The field survey was 
carried out to confirm the general condition of the source water quality including specific 
algal occurrences and other eutrophication phenomenon in the reservoirs. Before the survey, 
sampling points, sampling times and inspection items were determined through a discussion 
with SAWACO. 

Although heavy metals are nearly undetected in the river basin, we will examine those 
items on next survey and confirm the actual conditions in the reservoirs. Accordingly, the 
number of sampling point and inspection items are also going to be rearranged. It will be 
based on the information obtained from the existing documents regarding the Dau Tieng 
reservoir with considering the National Technical Regulation on Surface Water Quality 
(QCVN 08: 2008/BTNMT) of Vietnam. 

 
 Sampling point: 2 places of Dau Tieng reservoir (proposed for intake points) 

              2 places of Tri An reservoir (proposed for intake points) 
 Sampling date: 1st on 18th and 19th, October, 2012 (rainy season) and 

             2nd in March, 2013 (dry season) 
 Inspection item: 31 items 
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The results of the first field survey are shown below. 
 

         Table 1-3-12 Results of Water Quality Examination of Reservoirs 
                     (1st survey: 18~19th in October, 2012) 

Tri An Dau Tieng
Date 18/10/2012 19/10/2012
Time 11:00～11:45 11:05～11:40
Wether Fine Fine

Water level
+ 62m

(HWL: + 62.0m)
+ 24.19m

(HWL: + 24.4m)  
 

No.1 No.2 No.1 No.2 A2 B1
1 Air temperature ℃ 31.5 31.0 34.8 35.0
2 Water temperature ℃ 28.8 29.5 30.7 31.2
3 Transparency m < 1 < 1 < 1 < 1 
4 Total bacteria MPN/mL 2.4x104 4.6x104 3.1x103 4.0x103

5 E.coli MPN/100mL N.D. N.D. N.D. N.D. 50 100
6 Chloride(Cl-) mg/L 9 8 10 10 400 600
7 Total Organic Carbon (TOC) mg/L 3.69 4.44 5.40 5.40
8 pH - 7.25 7.37 6.89 6.95 6.0 - 8.5 5.5 - 9.0
9 Turbidity NTU 10.4 7.7 9.5 9.8

10 Color TCU 15 15 15 15
11 COD mg/L 27.76 24.33 17.38 20.85 15 30
12 Total Coliform MPN/100mL 2.3x101 9.0x101 9.3x101 4.3x103 5,000 7,500
13 Electric conductivity μS/cm 36.7 36.1 37.8 39.5
14 Suspended Solid (SS) mg/L 10 8 9 10 30 50
15 Alkalinity mg/L 12 12 16 16
16 Dissolved Oxygen (DO) mg/L 5.4 5.5 5.6 5.6 > 5 > 4
17 BOD5 (20℃) mg/L 8.0 8.5 7.0 8.0 6 15
18 UV absorption (E260) - N.D. 0.091 0.117 0.114
19 Total Dissolved Solid (TDS) mg/L 18.5 18.5 18.6 20.0
20 Ammonium (NH4

+) (as N) mg/L 0.75 0.47 0.45 0.41 0.2 0.5
21 Nitrite (NO2

-) (as N) mg/L 0.01 0.01 0.01 0.01 0.02 0.04
22 Nitrate (NO3

-) (as N) mg/L 0.1 0.2 0.1 0.1 5 10
23 T-N mg/L 2.2 2.2 1.8 1.9
24 Dissolved Organic Carbon (DOC) mg/L 3.60 4.07 4.60 4.60
25 Phosphate（PO4

3-） mg/L 0.15 0.10 0.10 0.10 0.2 0.3
26 T-P mg/L 0.07 0.06 0.04 0.05
27 Biological ZooPlankton Count/m3 13,000 80,000 82,000 136,000
28 Biological PhytoPlankton Count/L 61,339 79,108 40,009 51,461
29 Iron (Fe) mg/L 0.60 0.58 0.50 0.55 1 1.5
30 Manganese (Mn) mg/L 0.010 0.010 0.015 0.014
31 Anionic surfactant mg/L N.D. N.D. N.D. N.D. 0.2 0.4
32 Odor - N.D. N.D. N.D. N.D.

Tri An Dau TiengNo. Specification Unit QCVN 08:2008/BTNMT
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No.1 No.2 No.1 No.2
 CYANOPHYTA

1 Anabaena viguieri Denis et Frémy, 1923 261
2 Anabaena spiroides Klebahn, 1895 267 507
3 Anabaena circinalis Rabenhorst, 1863 117 4,480 123 240
4 Anabaena flos-aquae Brébisson ex Bornet & Flauhault, 1886 213 4,427 11,381 15,387
5 Anabaena sp. 5,067 4,533 2,725 1,333
6 Aphanocapsa delicatissima West et G.S.West, 1912 8,533 4,800 1,867 1,867
7 Microcystis aeruginosa (Kützing) Kützing, 1846 10,400 18,400 8,293 13,013
8 Microcystis botrys Teiling, 1942 4,000 3,200 2,000 560
9 Microcystis flos - aquae (Wittrock) Kirchner, 1898 6,933 3,200 6,667

10 Microcystis protocystis Crow, 1923 800 1,200
11 Microcystis wesenbergii Komárek, 1968 15,467 16,160 533 267
12 Oscillatoria limosa  C.Agardh et Gomont, 1892 128 640 320
13 Raphidiopsis mediterranea Skuja, 1938 457 229
14 Pseudanabaena mucicola  (Naumann & Huber-Pestalozzi) Schwabe, 1964 1,600 1,333 560 267
15 Stigonema ocellatum ((Dillwyn) Thuret ex Bornet & Flahault, 1886 1,280 213

CHRYSOPHYTA
16 Dinobryon sertularia Ehrenberg, 1834 61 152

 CHLOROPHYTA
17 Ankistrodesmus falcatus  (Corda) Ralfs, 1848 16 24
18 Actinastrum hantzchii  Lagerh., 1882 21
19 Cosmarium contractum  O.Kirchner, 1878 32 139 43 53
20 Cosmarium granatum Brébisson ex Ralfs, 1848 48
21 Cosmarium moniliforme Ralfs, 1848 144 421 288 731
22 Cosmarium portianum Archer, 1860 8 32
23 Cosmarium tinctum Ralfs, 1848 91
24 Cosmarium sp. 11 133 11 5
25 Dictyosphaerium pulchellum H.C.Wood, 1872 267 341 800
26 Euastrum binale  (Turpin) Ehrenberg ex Ralfs, 1848 3
27 Eudorina elegans  Ehrenberg, 1832 128 464 299
28 Kirchneriella obesa (W.West) Schmidle, 1893 64 336
29 Micrasterias tropica Nordstedt, 1870 5
30 Oocystis borgei  J.Snow, 1903 85 117 160
31 Pandorina morum  (O.F.Müller) Bory de Saint-Vincent, 1824 21
32 Pediastrum duplex Meyen, 1829 171 85
33 Staurastrum arctiscon  (Ehrenberg ex Ralfs) P.Lundell,  1871 533 592 11 19
34 Staurastrum chaetoceras (Schröder) G.M.Smith, 1924 91 8 16
35 Staurastrum dejectum Brébisson, 1848 128 491
36 Staurastrum dickiei Ralfs, 1848 69 544 5 16
37 Staurastrum gracilie Ralfs, 1848 256 442 93 136
38 Staurastrum javanicum  (Nordstedt) W.B.Turner, 1893 75 107
39 Staurastrum natator W.West, 1892 149 155
40 Staurastrum paradoxum Meyen ex Ralfs, 1848 16 32 35 29
41 Staurastrum setigerum  Cleve, 1864 11
42 Staurastrum wildemanii  Gutwinski 11 58 5
43 Staurastrum sp. 405 1,280 11 51
44 Xanthidium sp. 11
45 Volvox aureus Ehrenberg, 1832 2,667 1,600 2,667 3,200

BACILLARIOPHYTA
46 Melosira granulata (Ehr.) Ralfs, 1861 10,901 6,325 2,789 2,419
47 Eucampia  sp. 373 800
48 Rhizosolenia longiseta  O. Zacharias, 1893 48 51

 DINOPHYTA
49 Ceratium hirundinella (O.F.Müller) Dujardin, 1841 16 91
50 Peridinium sp. 8 13

28 32 38 36
61,339 79,108 40,009 51,461

Dau Tieng

Total of species
Total quantity cells/liter

Taxon
Tri An

No.
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No.1 No.2 No.1 No.2
Phylum Rotifera

Class Monogononta
Family Asplanchnidae

1 Asplanchna priodonta  Gosse, 1850 7,500 1,000
Family Conochilidae

2 Conochiloides dossuarius Hudson, 1885 30,000 50,000 99,000
Family Filiniidae

3 Filinia opoliensis  Zacharias, 1898 500
Family Hexathridae

4 Hexarthra mira  Hudson, 1871 500
Family Synchaetidae 

5 Polyarthra vulgaris  Carlin, 1943 500
Phylum Arthropoda
Class Branchiopoda

Order Cladocera
Family Bosminidae

6 Bosminopsis deitersi  Richard, 1897 9,500 2,500
7 Bosmina longirostris  O.F. Müller, 1785 2,500 5,000

Family Chydoridae
8 Chydorus sphaericus  sphaericus  O.F. Müller, 1785 1,500

Family Daphniidae
9 Ceriodaphnia rigaudi Richard, 1894 4,000 30,000 500 3,000

10 Simocephalus elizabethae King, 1853 6,500 14,000 1,000 5,000
Family Moinidae

11 Moina macrocopa Straus, 1820 1,000
12 Moinodaphnia macleayii King, 1853 1,000

Family Sididae
13 Diaphanosoma sarsi Richard, 1895 1,000

 Class Copepoda
Order Cyclopoida

Family Cyclopidae
14 Mesocyclops leuckarti  Claus, 1857 500 500 500
15 Microcyclops varicans  Sars, 1863 500 500
16 Tropocyclops prasinus  Fischer, 1860 3,000 3,000 12,000

Order Calanoida
Family Diaptomidae

17 Allodiaptomus gladiolus  Shen & Lee, 1963 500
18 Neodiaptomus sp. 3,000 4,500

Larva
19 Bivalvia larva 500 500
20 Copepoda nauplius 1,500 500 1,000 1,500

5 8 15 13
13,000 80,000 82,000 136,000

Dau Tieng

Total ind./m3

Tri An
No Scientific Name

Total of species
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Water quality characteristics and issues of the reservoirs obtained from this survey are 
shown below. 

 
 Ammonia nitrogen 

Based on the results of the document research on the artificial pollution indexes such as 
ammonia nitrogen and the field survey, we estimated that the water quality of the reservoirs 
was not remarkably polluted, however, it did not meet QCVN 08: 2008/BTNMT (grade 
A2). 

 
 Dissolved oxygen 

Dissolved oxygen (DO) of both reservoirs met QCVN 08: 2008/BTNMT (grade A2) in 
this survey. In addition, the same result on Tri An reservoir was confirmed by existing 
document. While, Takizawa and others reported that bottom water of Dau Tieng reservoir 
sometimes enters an anaerobic/anoxic state. We estimate that water quality of Dau Tieng 
reservoir is worse than that of Tri An reservoir, because the DO level of the Sai Gon river is 
lower than the Dong Nai river. 

 
 Lower pH 

The pH values of both reservoirs met QCVN 08: 2008/BTNMT (grade A2) in this survey. 
On the other hand, lower pH soil of acidic geological features located in the southern 
lowland area of Vietnam may affect the surrounding water bodies. We estimate that the 
elution of nutrients and phosphate from the bottom sediments might be progressed when the 
water body near the bottom enters an anaerobic/anoxic state. At the time, an anaerobic 
decomposition of organic matter may occur and lead to increasing of electrical conductivity 
(EC) in the bottom. 

 
 Thermal stratification 

In a reservoir located in the tropics, if there is a slight vertical change in water 
temperature, the thermal stratification is formed when the retention time is more than 280 
days. There is a report that up to around 3 degrees Celsius of water temperature differences 
between surface layer and depths were observed in Dau Tieng reservoir, so thermal 
stratification was observed. It is considered that the same phenomenon may occur 
deteriorating situation of water quality in the reservoir. On the other hand, it is thought that 
the water quality of Tri An reservoir is stable because of a very short retention time 
(approximately 0.17 years). 

 
 Eutrophication 

In an enclosed watershed area such as lake and dam reservoir, the concentration of 
nutrients (nitrogen or phosphorus compounds) of water easily increases due to contaminant 
inflows from domestic and agricultural wastewater, and then, the eutrophication phase 
proceeds accordingly. In the water bodies of eutrophic lakes or reservoirs, planktonic algae 
likely occur or grown. If blue-green algae growth in water source under the certain climatic 
conditions of water temperature and sunlight, it will cause a musty odor in tap water. 

Nutrition standard values on total nitrogen (T-N) and total phosphorus (T-P), which are 
popular indexes to evaluate the eutrophication phase of lake and reservoir, are not 
established in Vietnam. Although both levels exceeded the general guideline values as lower 
limit of eutrophication (ex. T-P: 0.020 mg/l), it is considered that their eutrophication phases 
do not significantly progress for two reasons. First, the concentrations of dissolved nutrients 
in water such as nitrite nitrogen (NO2-N), nitrate nitrogen (NO3-N) and phosphorus acid 
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(PO4-P) are below QCVN 08: 2008/BTNMT (grade A2). And second, there is no evidence 
indicating the occurrence of blue-green algal bloom or excessive algal growth, which is 
usual phenomenon in eutrophic water bodies. 

According to these findings, although both reservoirs are shown to have higher eutrophic 
potential, it is not a serious problem for water purification. 

In addition, most of nutrients may exist as suspended matter. If so, they will be easily 
removed during water purification process (coagulation and sedimentation), although it 
should be cared whether removed matters may affect something on the sludge dewatering 
and occurrence of rotting smell. 

 
 Musty odor 

Causative algae of musty odor are Anabaena or Phormidium which are blue-green algae. 
According to this investigation, no finding relating to the occurrence of musty odor by algal 
growth was found, and ordinary smells were recorded in the reservoir waters. 

In addition, an excessive growth of diatom in water, for example, at more than 100-1000 
cells per ml which level enough to cause filter clogging of water purification process, was 
not observed. 

We will make a concrete review based on the whole findings including next investigation 
in dry season when the drainage water flows from the reservoirs are little. 

 
 Water quality conservation 

For water quality conservation of lake and reservoir, it is necessary to reduce a load of 
artificial contamination during industrial, agricultural and aqua cultural activities in the 
water basins. So, an establishment of the regulation system and its achievement of the 
compliance are essential for maintaining the source water quality in good conditions for the 
future. 

 
1-3-6 Summary of evaluation 

Future direct raw water intake for drinking water supply from Tri An and Dau Tieng 
reservoir has already been authorized by HCMC P/C. From the survey result, this direct raw 
water intake can be commented as follows.  

 
 Water resource amount 

As for the water resource amount itself which is needed for future drinking water supply, 
at present, any large problems do not exist in both cases of Tri An and Dau Tieng reservoir.  

For Tri An Reservoir, however, some discussion with power generation side on if the 
direct water intake amount affects the power generation work through decrease of water 
discharge amount for it. Besides, though 55 m3/s of water will be transmitted from Bei river 
basin to Dau Tieng reservoir, status of salt water invasion caused by climate change should 
be cared because, in the future, there would be a possibility to increase water discharge 
amount from Dau Tieng reservoir especially for protecting wide agriculture field from salt 
water. 

In addition, regarding the direct water intake from both reservoirs, adjustment with 
relevant public organizations and other stakeholders will be needed. 

 
 Water resource quality 

Water quality of Tri An reservoir is enough good, being satisfied with 
QCVN08:2008/BTNTM (grade A2) and there are not any development plan in surrounding 
area of the reservoir, which will affect the water quality. 
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Water of Dau Tieng reservoir is polluted by organic substances by waste water from 
agriculture and stockbreeding in the surrounding area and some water quality items do not 
suit QCVN08:2008/BTNTM (grade A2). Water treatment system should be considered well 
according to expected water quality in the future, however, it will be possible enough to use 
reservoir water as raw water of drinking water supply. 

On the other hand, in the case that water intake from present intake point is continued, 
continuous deterioration of raw water quality by water pollution and salt water invasion is 
worried. Influence of seasonal salt water invasion becomes particularly large at the present 
water intake point on Sai Gon river, and SAWACO pays for its requests to increase of water 
discharge amount from the Dau Tieng reservoir when chloride concentration of raw water 
rises. 

Therefore, from the following reasons, relatively early preparation to make a concrete 
plan for the direct water intake from Dau Tieng reservoir will be needed, considering the 
change of water quality in the future. 

 
 Conventional water treatment system of SAWACO’s water treatment plants can’t 

remove salt basically and installation of desalination facility will be very costly. 
 Seasonal increase of water discharge amount from Dau Tieng reservoir will be also 

costly when the influence of salt water invasion becomes large. 
 Concentration of Ammonium Nitrogen and Manganese of Sai Gon river is already high 

and existing water treatment plant should be improved. 
 On the other hand, progress of sewage system development and other water quality 

conservation measures such as well operation of waste water discharge regulation can’t 
be expected for the time being. 

 
Direct raw water intake from Tri An reservoir does not have high priority at present, 

because the water quality of Don Nai river is not so much polluted compared to the status of 
Sai Gon river, however, preparatory survey will be needed based on the authorization of the 
Master Plan. 

 
1-4. Water intake point 

1-4-1 Criteria for selection of water intake point 

For the study of water intake point, it is necessary to confirm the terrain condition, 
geological condition, surrounding environment and so on by field survey. This study is not 
intended the survey such as drilling survey. Therefore, we collected the existing materials 
and information by hearing with related organizations. 

From the point of view of the followings, we considered on the selection of intake point 
from Tri An reservoir and Dau Tieng reservoir. 

 
 Easy for construction 
 Length of conveyance route 
 Space for construction 
 Water depth of intake point 
 Source of water pollution 
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1-4-2 Selection of water intake point  

Both reservoirs have already been used as a water source. According to the hearing with 
relevant organizations, for water intake from the reservoir, it is not a big problem in the 
downstream side of the current intake. Also, according to the data on historical water 
quality conditions, large differences have not been seen at a point of the resourvoir. 

Then, the study team are put the point of view that the aqueduct route is the shortest, 
consider the selection of intake point in mind that the water from the downstream side of 
the reservoir. 

 
 Tri An reservoir 

The team was selected as the candidate point two places water intake based on selection 
criteria, conducted a field survey. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Point 1 

Point 2 
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Tri An Point-1                     Tri An Point-2 

Fig. 1-4-1 Candidate of water intake points (Tri An reservoir)  
 
The evaluation of the water intake points is shown Table 1-4-1. 
 

Table 1-4-1 Evaluation of the water intake points (Tri An reservoir)  
 Point 1 Point 2 

Easy for construction △ 
- Need to take care of the dam 
body 

○ 

Length of conveyance route △ 
- No suitable route exist on the 
right side of Dong Nai river 
- To take route on the right side 
of Dong Nai river, the route 
needs to cross the river 

○ 

Space for construction ○ ○ 
Water depth of intake point ○ ○ 
Source of water pollution ○ ○ 

Evaluation △ ○ 
 

From the above Table 1-4-1, it is suitable as a candidate point is Point 2. 
Notices of Point 1 are as follows: 
 
 Need to take care of the dam body 
 No suitable route exist on the right side of Dong Nai river  
 To take route on the right side of Dong Nai river, the route needs to cross the river 

 
We decided that there will be no consideration of water conveyance route for Point1, 

because Point 1 was rated lower than Point 2. 
In addition, for the following reasons, the study team confirmed SAWACO that this 

survey don’t be include the study on water intake after using hydraulic power generation. 
 
 That it is primarily intended to study the possibility of high-quality raw water intake 

directly from the reservoir 
 So that the discharge outlet from the power generation facility is only degree 4 to 5 m 

above sea level, the possibility can not be ruled out on dates back seawater in the future 
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Point 1Point 2

 Dau Tieng reservoir 

The team was selected as the candidate point two places water intake based on selection 
criteria, conducted a field survey.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Dau Tieng point-1                   Dau Tieng point-2 

Fig. 1-4-2 Candidate of water intake points (Dau Tieng reservoir)  
 
The evaluation of the water intake points is shown Table 1-4-2. 
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Table 1-4-2 Evaluation of the water intake points (Dau Tieng reservoir) 

  Point 1 Point 2 
Easy for construction ○ ○ 

- Need to take care of the 
dam body 

Length of conveyance route ○ ○ 
Space for construction ○ ○ 
Water depth of intake point ○ ○ 
Source of water pollution ○ ○ 

Evaluation ○ ○ 
 

Although there is a possibility to affect the dam body during the construction of Point 2, 
it is not seen a big difference between Point 1 and Point 2 for another evaluation items. 

Therefore, the study team confirmed with SAWACO that be selected as a candidate point 
to both points and examine the intake facility and raw water transmission route. 

 
1-5. Intake System 

1-5-1 Comparative Review of Intake systems 

 Types of Intake System (Lake Water) 

Intake systems at the candidate locations are subject to the study. Comparative review of 
Intake systems is conducted for three options; (i) Sluice Gate System, (ii) Under-lake 
Pipeline System, (iii) Intake Tower + Culvert System. 

 
Table 1-5-1 Intake Systems for Impounding Reservoir 

Item 
Intake Systems 

(i) Sluice Gate System (ii) Under-lake Pipeline System 
(iii) Intake Tower+ Culvert 

System 
Overview ・Take the water from bottom 

layer by separating surface 
layer from the intake by Curtain 
Wall (Curtain Wall is needed 
only if algae problems are 
anticipated.) 

・This system is suitable for the 
lake whose water depth is rather 
deep. 

・Massive construction for shore 
protection is needed. 

・Install the intake pipe up to 
the intake place located on the 
off shore. 

・The depth of intake point can 
be flexibly set, thus good raw 
water quality is to be 
expected. 

・Under-lake excavation to 
installed the pipeline is 
needed.  

・Take the water via Intake Tower 
on the shore and culverts under 
the lake. 

・This system is suitable for the 
lake whose water depth is 
rather shallow. Construction on 
the lake surface (ex. Intake 
Tower, Bridge for maintenance) 
is needed, thus the structure can 
affect the landscape. 

Conditions ・Rather adequate if; 
- Waves are not high or 

frequent. 
- Intake volume is large. 
- Water depth is deep enough 

to construct. 
・Suitable for large scale system 

・Rather adequate if; 
- Waves are relatively high 

or frequent. 
- Lake is shallow to a 

considerable distance from 
the shore slope gently 
away from the water's 
edge. 

・Rather adequate if; 
- Waves are high or 

frequent. 
- The bottom landscape is in 

any terrain 
- Soil condition is good 
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Schematic 

  
 

Inflow 
Velocity 

V=0.4～0.8m/s V=0.5～1.0 m/s V=1.0～2.0 m/s 

 
 Important Aspects to Select the Intake System 

 Design intake flow rate should be planned for 10% more than demands.  
 The system must keep supplying water stably against the variance of water volume or 

water level for the future. 
 The system must keep functioning and easy for the maintenance for the future. 
 Inflow velocity must be appropriate to avoid clogging or sand hoisting. 

  
1-5-2 Selection of Intake System 

 Tri An reservoir 

a） Planned Location of Intake Point 
According to the comparative study in the previous section, Point 2 (East side of the 

Main gate is selected) are regarded as the intake point for the review in this study. The 
intake point is pre-assumed not as an exact location but as a wider place including in the 
neighborhood. 

The foreside of the point is open, thus the space for construction can be easily acquired.  
 Water depth is about 10m at the foreside and about 15m at the center of the reservoir. 

Thus the water depth is enough for intake.  
         

b） Intake System 
First of all, as a basic condition for the selection of intake system, it should be noted that 

design intake flow of this project is 2,500,000 m3/day in 2025.  
“(i) Sluice Gate System” has no constraint in regard to construction of structure. In this 

method the structure should be made of concrete, thus it is possible to be constructed 
however topography of the planned site is. 

On the other hand, “(ii) Under-lake Pipeline System” and “(iii) Intake Tower + Culvert” 
The site have some constraints for the construction because they need pipelines to 

connect the latter part of systems. They require approximately 30 m2 pipe section areas 
given that the average flow rate of the pipe to be set at 1.0m/sec. As a result, the two 
systems require intake pipe for 1 line of over 6.0 m diameter or 6 lines of 2.5m diameter. 
Intake pipelines with 6m diameter are not practical because the pipe diameter is to be too 
large.  

As for (ii) Under-lake Pipeline System, it is too difficult to install 6 pipelines since the 
structure is to be complicated. That is because the construction is to be implemented as 
underwater construction. Moreover, the maintenance will be too difficult for such 6 
submersed pipelines because the water depth is deep (water depth reach up to 15m when it 
is rainy season). On the other hand, it is possible to construct in that way, in which the 6 
pipelines of 2.5m diameter are to be installed as intake pipes, for the (iii) Intake Tower + 

W.L. 
Inflow W.L. 

Inflow 
Gate 

Cutrtain 
Wall 

W.L. 
Inflow 

Pump 
Screen 

Pump 
Screen Intake 

Tower 
Pump 
Screen 
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Culvert System, because the pipes can be constructed from the intake tower.  
In conclusion, the two systems of (i) and (iii) are to be regarded as suitable systems. 

These two systems are almost of the same cost as a result of rough cost estimates in this 
study. Further surveys for topographical and geological investigation and feasibility study 
are needed to select the most suitable system in the detailed design stage. 

It should be noted that curtain wall is not needed because water level fluctuations are 
high, planktons are rarely detected, and thus it is possible to take the water from surface 
layer. 

 
 Table 1-5-2 Evaluation for intake systems of Tri An reservoir 

 
(i) Sluice Gate System 

(ii) Under-lake Pipeline 
System 

(iii) Intake Tower + 
Culvert System 

Size of Intake 2.0m×24.0m D6.0m×2.0m 2.0m×2.0m×8lines 
Intake culvert/pipe 3.0m×(3.0m×3lines) D2.5m×6lines D2.5m×6lines 
Stability of Water 
Intake 

No problem because 
intake level is set to be 
under LWL. 

No problem because 
intake level is set to be 
under LWL. 

No problem because 
intake level is set to be 
under LWL. 

Clogging No problem because 
intake velocity is to be 
designed appropriately 

No problem because 
intake velocity is to be 
designed appropriately 

No problem because 
intake velocity is to be 
designed appropriately 

Maintenance Maintenance is easier 
because the pipes are to 
be installed near the 
shore structure. 

Maintenance is rather 
difficult because the toes 
of the water intake pipes 
are submersed and thus 
only divers can see to 
maintain them. It makes 
it difficult that water 
depth is about 15m in 
the rainy season. 

Maintenance is easier 
because the pipes are to 
be installed near the 
shore structure and 
bridge for maintenance 
are to be constructed 

 
 Dau Tieng reservoir 

a） Planned Location of Intake Point 
According to the comparative study in the previous section, Point-1(North side of the 

main gate), Point 2 (West side of east-west dam body, around the intake place of the canal) 
are assumed as the intake points for the review in this study. The intake point is 
pre-assumed not as an exact location but as a wider place including in the neighborhood. 

 
 Construction difficulty is high at Point-2 because there is an aperture at the dam body. 
 It is difficult to ensure enough water depth for Point-2 because it is shallow and slightly 

inclined. 
 There is enough space behind Point-1 and thus it is no problem when constructing 

pump facilities.  
 

b） Intake System 
Design intake flow of this project is 1,000,000 m3/day in 2025 (except Kenh Dong 

WTP).  
(i) Sluice Gate System has no constraint in regard to construction of structure. In this 

method the structure should be made by concrete, thus it is possible to be constructed 
however the planned site topography is.  

On the other hand, (ii) Under-lake Pipeline System and (iii) Intake Tower + Culvert 
System has some constraints for the construction because they need pipelines to connect the 
latter part of systems. They require approximately 12 m2 pipe section areas given that the 
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average flow rate of the pipe to be set at 1.0m/sec. As a result, the two systems require 
intake pipe for 1 line of over 3.5 m diameter or 2 lines of 2.5m diameter. Intake pipelines 
with 3.5m diameter are not practical because the pipe diameter is to be too large.  

As for (ii) Under-lake Pipeline System, it is possible but difficult to install 2 pipelines 
because it must be implemented as underwater construction and thus the structure is to be 
complicated. Moreover, the maintenance will be too difficult for such 2 submersed pipelines 
because the water depth is deep (water depth reach up to 10m when it is rainy season). On 
the other hand, it is possible to construct in that way, in which the 2 pipelines of 2.5m 
diameter are to be installed as intake pipes, for the (iii) Intake Tower + Culvert System, 
because the pipes can be constructed from the intake tower.  

In conclusion, the two systems of (i) and (iii) are to be regarded as suitable systems in 
this stage. These two systems are almost the same cost as a result of rough cost estimates in 
this study. Further surveys for topographical and geological investigation and feasibility 
study are needed to select a single system in the detailed design stage. 

It should be noted that curtain wall is not needed because water level fluctuations are 
high, planktons are rarely detected, and thus it is possible to take the water from surface 
layer. 

 
Table 1-5-3  Evaluation for intake systems of Dau Tieng reservoir 

 
(i) Sluice Gate System 

(ii) Under-lake Pipeline 
System 

(iii) Intake Tower + 
Culvert System 

Size of Intake 2.0m×10.0m D4.0m×1.2m 2.0m×2.0m×8lines 
Intake culvert/pipe 2.0m×(3.0m×2lines) D2.5m×2lines D2.5m×2lines 
Stability of Water 
Intake 

No problem because 
intake level is set to be 
under LWL. 

No problem because 
intake level is set to be 
under LWL. 

No problem because 
intake level is set to be 
under LWL. 

Clogging No problem because 
intake velocity is to be 
designed appropriately 

No problem because 
intake velocity is to be 
designed appropriately 

No problem because 
intake velocity is to be 
designed appropriately 

Maintenance Maintenance is easier 
because the pipes are to 
be installed near the 
shore structure. 

Maintenance is rather 
difficult because the toes 
of the water intake pipes 
are submersed and thus 
only divers can see to 
maintain them. It makes 
it difficult that water 
depth is about 10m in 
the rainy season. 

Maintenance is easier 
because the pipes are to 
be installed near the 
shore structure and 
bridge for maintenance 
are to be constructed 

 
 

1-6. Selection of Raw Water Transmission Route 

The selection of the raw water transmission route was implemented on the basis of 
1/50,000 topographical map. In the map, such information as constraint condition for the 
implementation of the project or the size of the operation in regard to the project can be 
figured out, but the information doesn’t have the detail as in the detailed survey. The 
locations of small streams or canal should be shown through the detailed survey in the next 
design stage while the numbers of the locations are counted in this stage. Important 
information such as river crossing, railway crossing and main road crossing are indicated. 
Meanwhile, housing situation, road situation and traffic situation are described as overview 
in the comparative table, based on the field investigation and the opinion of SAWACO.  
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1-6-1 Water Levels (as Basic Conditions for Selection of the Pipeline Routes) 

 Dau Tieng －Sai Gon 
－Hoa Phu－Tan Hiep 

Tri An－Dong Nai 
－Hoa An－Thu Duc 

Remarks 

 Dau Tieng reservoir Tri An reservoir  
HHWL ＋25.1m ＋63.9m  
HWL ＋24.4m ＋62.0m  
LWL ＋17.0m ＋50.0m Design Intake Level 

    
 Hoa Phu P/S Hoa An P/S  

HWL ＋0.8m ＋2.4m  
LWL －1.9m －1.3m  

    
 Tan Hiep WTP Thu Duc WTP  

HWL ＋16.6m ＋30.5m WTP Clear Well Level 
 

1-6-2 Planning of Pipeline Routes 

 Matters to be considered for the selection of Raw Water Transmission Systems, Materials 
and Routes 

Matters to be considered for the planning of route alternatives are as follows; 
 To minimize Pipe Length (for minimal construction costs and friction losses) 
 Application of gravity flow as long as possible 
 Utilization of public road  
 Utilization of existing facilities 
 Appropriate flow velocity (3m/sec) 
 Adopt Material of the transmission pipes which is economically superior. 
 Easy maintenance and sustainably utilizable 
 Appropriate location of Junction wells, Air Valves and Drain Valves 
 To minimize water pressure (better to adopt pipes for low pressure) 

 
In addition to the matters above, each pipeline route plan must be considered with 

housing situations, rivers and railways crossing. 
 

 Numbers and Diameters of Raw Water Transmission Pipelines 

Based on each flow rate of raw water transmission systems, required numbers and 
diameters of pipelines for each route are estimated. 

It should be noted that the average inner flow rate is basically set to be 2.7m (<3.0m as 
normal) while it is set appropriately in the light of its hydrological gradient. C value is set as 
110. 

The Numbers and Diameters of the pipelines in each route area as follows; 
 

a） Tri An reservoir ~ Thu Duc WTP 
 Q=2,475,000 m3/day 

Case 1 (One pipeline):  
D3,700mm V=2.7m/sec I=1.51‰ (Non Open-cut Method) 
Case 2 (Two Pipelines):  
D2,600mm V=2.7m/sec I=2.34‰ (Bottom Width of Excavation: ≃8.0m) 
Case 3 (Three Pipelines):  
D2,200mm V=2.5m/sec I=2.49‰ (Bottom Width of Excavation: ≃10.0m) 
→ D3,700mm×1 (Case 1) and D2,600mm×2 (Case 2) are to be selected. 
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b） Dau Tieng reservoir ~ Tan Hiep WTP 

 Q=990,000 m3/day 
Case 1 (One pipeline):  
D2,400mm V=2.5m/sec I=2.29‰ (Bottom Width of Excavation: ≃3.5m) 
Case 2 (Two Pipelines):  
D1,800mm V=2.3m/sec I=2.57‰ (Bottom Width of Excavation: ≃6.5m) 
→ The One pipeline (Case 1) is enough to satisfy with design intake flow but the 

two pipelines case (Case 2, D1,800mm×2) is also to be examined as an 
alternative which is superior in emergency response. 

 
 Detail of Raw Water Transmission Route 

Before describing the detail of each route, there are some common situations to be stated 
for a) Tri An reservoir ~ Thu Duc WTP Route and b) Dau Tieng reservoir ~ Tan Hiep WTP 
Route . 

Each WTP are located at the suburban area of approximately ten kilometers (10km) north 
from the center of HCMC. The routes from the Raw Water Reservoir to WTP are also 
regarded as suburban area except for the Bien Hoa city area. Large part of the routes 
consists of the road with two to three lanes each way and with footpath and motorcycle 
track. In the suburban area, the roads are with one to two lanes each way with footpath. 
Housing constructions nearby in the area are restricted by the national standard that fifteen 
to twenty meters (15-20m) setbacks from Right of Way (RoW) are required for future 
expansion of the road. Therefore, the routes are under good conditions for construction 
because the space for construction is available in general. 

Three ideas are to be examined as routes for raw water transmission pipeline for both Tri 
An reservoir ~ Thu Duc WTP route and Dau Tieng reservoir ~ Tan Hiep WTP route. One is 
an idea which adopts a route passing through the existing Intake facility for efficient 
utilization of the security road, which is to be exclusively used for the existing intakes and 
the raw water transmission pipeline. The security roads should be utilized as long as 
possible because they are already prepared for the future expansion. Second is an idea that 
adopts a route which does not run via the existing Intake facility. The other idea is to 
construct the pipeline linearly from the Intake to the WTP by such methods as pipe jacking. 

Except for the three ideas, a route through the right bank of Dong Nai River could be an 
alternative for Tri An reservoir ~ Thu Duc WTP route. However, the route is excluded for 
examination because it has a river crossing with long extension near the Intake. 

It should be noted in each idea that locations of Relay Pumping Station and basic 
conditions of their pumps are also to be examined if it has advantages to adopt. 

 
a） Tri An reservoir ~ Thu Duc WTP Route 

Thu Duc WTP is located on the north-east from HCMC. The raw water reservoir is 
located on forty kilometers (40km) north-east from the WTP. The routes from the Raw 
Water Reservoir to WTP are also regarded as suburban area except for the Bien Hoa city 
area. There are two routes from the Intake point to the existing Hoa An Intake Station. One 
is a route via the Road TL767 and QL1A and the other is a route via the Road TL768. 
Efficient utilization of the security road from Hoa An Intake Station is also to be considered. 

Many ups and downs are observed in longitudinal section of TL767 and QL1A. In 
particular, there is a place that has higher elevation than Tri An reservoir. Therefore, it 
should be noted that Pump facilities, Air valves and Drain valves should be appropriately 
equipped with. 

River crossings of the Dong Nai River are inevitable in each route. The river width of 
Dong Nai River is not extremely wide. But around Buu Long (left bank of Dong Nai River) 
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are crowded with houses and the roads widths of the area are narrow. Thus the scale of 
construction is to be rather large because pipe crossing method must be planned including 
the crossing of the houses. 

 

 
Buu Long area  

   
 Road Situation 

Two paralleled pipes with 2,600mm diameters are required for this route. The D2,600 ×2 
pipelines need 8.0m of trench bottom width for excavation, which corresponds to one lane 
of a road. Due to the needs of construction space of two lanes, space for laying pipes and 
flow lines of machinery must be taken into account for the planning of routes. 

Housing constructions nearby as well as public utilities such as telegraph poles are 
restricted so that approximately ten to fifteen meters (10-15m) setbacks from RoW must be 
reserved for future expansion of the road. Thus the roads have enough construction area for 
laying pipes in general.  

However, there is an exceptional section that special consideration for construction 
method is needed because the condition is different. The section of the road is one way 
traffic and it needs for restriction of traffics because the road has only 1.5 lanes. 

    

 

A section of a road with one and half lanes         Setbacks from RoW (≃10m) 
(Tan Bien～H0 Nai) 

 River Crossing  
Small rivers exist in the route for approximately ten (10) places except for the Dong Nai 

River. To cross the small rivers, the inverted siphon method or the pipe beam method is to 
be adopted for crossing method. On the other hand, non-open cut construction methods or 
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the other pipe bridges are needed to cross the Dong Nai River. 
Further study is to be needed for the matters above and consultation with the appropriate 

administrative agency in regard to the matters. 
 
 Housing Status 

No major risks for constructions are observed because almost all the housings preserve 
the setbacks for future expansion from the road. 

 
b） Dau Tieng reservoir ~ Tan Hiep WTP Route 

Tan Hiep WTP is located on the north-east from HCMC. The intake point is located at 
fifty kilometers (50km) north-east away from the WTP. City area is rare in the area thus the 
large part of the area is categorized as suburban area. 

There are three routes from the Intake point to Tan Hiep WTP. One is a route going south 
along the Saigon River and the other is a route via East Canal, near Trung Lap and going 
toward Hoa Phu. These two ideas are mostly based on the concept that the public roads are 
to be fully utilized. The other idea is to construct the pipeline linearly from the Intake to the 
WTP by such methods as jacking. Efficient utilization of the security road from Hoa Phu is 
also considered for each idea. 

Longitudinal section shows almost flat topography from the catchment basin to the end. 
Thus the ups and downs do not severely affect the gravity flow. 

A route along the canal could be also an alternative, but it is difficult because of the 
reasons as follows; 
 The major purpose of the canal is for irrigation. Thus it is difficult to divert the water 

use for our purpose. 
 The canal stops for about a month in a year because of dredging operations. A raw 

water reservoir with 1,000,000m3 is under construction to cope with the intake 
interruption problem. 

 It is difficult to install pipeline in the canal because it reduces the flow capacity of the 
canal. 

 
Therefore, it is difficult not only to lay pipes in (along) the canal but also to utilize the 

canal as conveyance of raw water using the water from canal. If a pipeline route goes along 
the canal, the pipeline must be installed in outside the levee. 

 
 Road Situation 

One line of 2,400mm diameter pipelines are required for this route. The D2,400 pipeline 
requires 3.5m of bottom width for excavation, which corresponds to one lanes of a road. 
Due to the needs of construction space of two lanes, space for laying pipes and flow lines of 
machinery must be taken into account for the planning of routes. In addition to the D2,400 
plan, an alternative of two pipelines with 1,650m diameters, that is superior in regard to the 
multiplied system, is to be planned. 

Housing constructions nearby as well as public property as telegraph poles are restricted 
that approximately ten to fifteen meters (10-15m) setbacks from RoW must be reserved for 
future expansion of the road. Thus the roads have enough construction area for laying pipes 
in general.  

 
 River Crossing  

River crossings of the Sai Gon River are inevitable in each route. There are two 
alternatives for the place of the river crossing to be examined. One is to be crossed at the 
upstream of the river and the other is to be crossed in the middle of the river. 

Small rivers exist on the route for approximately ten (10) places except for the Saigon 
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River. To cross the small rivers, the inverted siphon method or the pipe beam method is to 
be adopted for crossing method. On the other hand, the other river crossing methods are 
needed to cross the Saigon River though the width of the river is not so large. 

Further study is to be needed for the matters above and consultation with the appropriate 
administrative agency in regard to the matters. 

 
 Housing Status 

No major risks for constructions are observed because almost all the housings preserve 
the setbacks for future expansion from the road. 
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1-6-3 Comparison of route plans 

+ Basal condition 
1. The total distance is not equal to the sum of the sectional distance, because the 
total distance is estimated by rounding down the sum of the distance to the 100m and 
the sectional distance is rounded down to the 100m. 
2. Regarding annual electricity of pump facility, seasonal variation coefficient K is 
1.1. 
3. The specification of the pump is Q=120m3/min and H=60m as the standard based 
on existing pump facilities. 
4. Calculation formula of electric motor output P; P(kW)=0.163×γ×Q×H÷ηp×(1+α)   
   γ ; mass per unit liquid volume, Q(m3/min) ; discharge of pump, H(m) ; pump 
head, ηp(0.83) ; pump efficiency, α(0.10-0.15) ; margin ratio    (by Japanese 
design criteria for waterworks facilities) 
5. The valve between the pipelines is installed 1 place every 2km (1 place every 1-3 
km; by Japanese design criteria for waterworks facilities) and 1 place in front and 
behind a river crossing or etc. 
6. The air valve between the pipelines is installed in the downstream of the valve, 
and the drain valve is installed in the upstream of the valve. The number of the air 
valve or drain valve is equal to the number of the valve. (by Japanese design criteria 
for waterworks facilities) 
7. In case of non-open cut method, the shaft is installed 1 place every 1.5km and the 
valve is installed in the shaft place. 
8. The number of the pump N includes the spare. 
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 Tri An reservoir – Thu Duc 

a） Explanation of the section 

 
 

Section 1 – 2 2 – 3 1 – 3 2 – 4 3 – 4 
Route Along the left bank of the Dong Nai river 

TL768 
Vinh An – Thien Tan 

Town road class 
Thien Tan – Tan Bien 

TL767 - QL1A 
Vinh An – Bac Son – Tan Bien 

TL768, TL16 
Thien Tan – Buu long – Hoa An 

QL15  Bien Hoa district 
Tan Bien – Hoa An 

Sectional 
Distance 

25.2km 6.4km 25.7km 20.6km 16.4km 

Pipe Size D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 
Traffic Situation No problem about the traffic. The traffic 

is light. 
There is no spare around the intake point 

because of a single lane on each side. 

The traffic is moderate. 
The traffic is heavy around Tan Bien 

crossing. 

The traffic is light and no problem about 
TL767.  

The stop on the one side traffic lane is 
possible in QL1A because there is 
enough road width and setback space in 
spite of heavy traffic. 

No problem about the traffic. 
The traffic increases a little around Buu 

Long. 

The traffic is moderate. 
The stop on the one side traffic lane is 

possible because there is setback space 
in most section in spite of urban area. 

Road Width /  
Traffic Lane 

Light pavement, 20-30m (including 
service road), a single lane on each side 

A few ups and downs of the road 
 

20-30m (including service road) 
2 lanes on each side 
Setback space to expand the road 
Necessity to transfer the telephone pole 

partially 

+ TL767; 
20-30m, 2 lanes on each side, a few ups 

and downs of the road, necessity to 
transfer the telephone pole partially 

+ QL1A ; 
4 lanes, 40-50m, enough space 

Partially unpaved road, a single lane or 2 
lanes on each side 

15-20m, setback space to expand the road 
easily in most section 

+ From Tan Bien to western 1km point 
1.5 lanes on each side, setback space to 

expand the road, no spare of the road, 
possibility of non-open cut method 

+ From Ga Bien Hoa to Dong Nai river 
3 lanes on each side, service road 

River Crossing, 
etc. 

River crossing ; 1 place (bridge length ; 
about 70m) 

Road crossing ; 1 place River crossing ; 1 place (bridge length ; 
about 50m) 

Road crossing ; 2 places 

Dong Nai river ; about 200m (Planning 
point is about 2km upstream of Hoa 
An) 

Dong Nai river ; about 200m (Planning 
point is about 2km upstream of Hoa 
An) 

Small River,  
Channel 

6 places  5 places 4 places 2 places 

Residence 
Situation 

Almost no Sparsely There are residences continuously from 
around Song May lake to Tan Bien, but 
behind the setback space. 

There are residences continuously around 
Buu Long near the crossing of Dong 
Nai river., but sparsely in the section 
except there. 

 

There are residences continuously ,but 
behind the setback space. But, there is a 
possibility of non-open cut method 
from Tan Bien to H0 Nai partially. 

There are residences continuously around 
Buu Long near the crossing of Dong 
Nai river. 

Section 3 – 5 4 – 5 5 – 6 1 – 6 
Route QL1A - TL743C 

Tan Bien – Tan Van – Binh An 
Patrol road 
Hoa An – Binh An 

Patrol road 
Binh An – Thu Duc 

Linearly non-open cut 

Sectional 
Distance 

15.9km 4.7km 5.7km 39.8km 

Pipe Size D2,600mm×2 D2,600mm×2 D2,600mm×2 D3,700mm×1 
Traffic Situation The traffic is moderate or heavy in 

QL1A. 
No problem about the traffic in TL743C. 

Exclusive patrol road , no traffic Exclusive patrol road , no traffic  

Road Width /  
Traffic Lane 

QL1A is the main road of the city. There 
are 4 lanes on each side partially, but 2 
lanes and sidewalk on each side in most 
section. 

There is the setback space to expand the 
road. 

30m 30m  

River Crossing, 
etc. 

Dong Nai river ; about 300m  
Railway crossing ; 1 place 

   

Small River,  
Channel 

1 place    

Residence 
Situation 

There are many residences behind the 
setback space. 

No problem about residences, because 
residences are regulated. 

No problem about residences, because 
residences are regulated. 

No problem about residences except the 
shaft 
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b） Comparison of the route 

Case I (1 – 3 – 4 – 5 – 6) II (1 – 2 – 4 – 5 – 6) III (1 – 2 – 3 – 4 – 5 – 6) IV (1 – 3 – 5 – 6) V (1 – 2 – 3 – 5 – 6) VI (1 – 6) 
Route TL767 – QL1A – QL15 – 

TL16(Hoa An) – Patrol road 
TL768 – TL16(Hoa An) – Patrol 

road 
TL768 – Town road – QL15 – 

TL16(Hoa An) – Patrol road 
TL767 – QL1A(Tan Van) – 

TL743C – Patrol road 
TL768 – Town road – QL1A(Tan 

Van) – TL743C – Patrol road 
Linearly non-open cut 

Total Distance 52.0km 55.6km 57.6km 47.0km 52.6km 39.8km 
Pipe Size D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 D3,700mm×1 
Traffic Situation The traffic is light in TL767. 

The traffic is moderate from 
QL1A to QL15. No problem 
about traffic because there is 
enough road width. 

The traffic increases a little 
around Buu Long. 

There is no traffic in the patrol 
road. 

There is no spare around Node 1 
because of a single lane on each 
side. But no problem about the 
traffic because the traffic is light 
around Node 1. 

No problem about the traffic in 
TL768 through all sections 
because the traffic is light. 

The traffic increases a little around 
Buu Long. 

There is no traffic in the patrol 
road. 

There is no spare around Node 1 
because of a single lane on each 
side. But no problem about the 
traffic because the traffic is light 
around Node 1. 

The traffic is moderate in the other 
sections. 

The traffic is heavy around Tan 
Bien crossing. 

The traffic increases a little around 
Buu Long. 

There is no traffic in the patrol 
road. 

The traffic is light in TL767. The 
traffic is moderate or heavy in 
QL1A. No problem about the 
traffic because there is enough 
road width. 

No problem about the traffic in 
TL743C because the traffic is 
light. 

There is no spare around Node 1 
because of a single lane on each 
side. But no problem about the 
traffic because the traffic is light 
around Node 1. 

The traffic is moderate in the other 
sections. 

The traffic is heavy around Tan 
Bien crossing. 

The traffic is moderate or heavy in 
QL1A. No problem about the 
traffic because there is enough 
road width. 

 

Road Width /  
Traffic Lane 

TL767 ; 20 - 30m, 2 lanes on 
each side 

QL1A ; 4 lanes, 40-50m, 
enough space 

Tan Bien - Ga Bien Hoa ; 2 
lanes on each side 

Tan Bien - H0 Nai ; 1.5 lanes 
on each side partially, 
setback space to expand the 
road 

Ga Bien Hoa - Dong Nai river ; 
3 lanes on each side + service 
road 

Light paved or unpaved road 
partially 

20-30m (including service road) 
A single lane or 2 lanes on each 

side 
Setback space to expand the road 

easily in most section, the width 
of 15-20m 

To around Tan Bien ; Light paved 
or unpaved road partially, 20-30m 
(including service road), a single 
lane or 2 lanes on each side, 
setback space to expand the road 
easily in most section, the width 
of 15-20m 

Tan Bien - Ga Bien Hoa ; 2 lanes 
on each side 

Tan Bien - H0 Nai ; 1.5 lanes on 
each side partially, setback space 
to expand the road 

Ga Bien Hoa - Dong Nai river ; 3 
lanes on each side + service road 

QL1A ; main road of the city. There 
are 4 lanes on each side partially, 
but 2 lanes and sidewalk on each 
side in most section. There is the 
setback space to expand the road. 

To around Tan Bien; 
Light paved or unpaved road 

partially 
20-30m (including service road) 
A single lane or 2 lanes on each 

side 
Setback space to expand the road 

easily in most section, the width 
of 15-20m 

QL1A ; main road of the city. There 
are 4 lanes on each side partially, 
but 2 lanes and sidewalk on each 
side in most section. There is the 
setback space to expand the road. 

 

River Crossing, 
etc. 

Dong Nai river ; about 200m  
Other river ; 50m 
Road crossing ; 2 places 

Dong Nai river ; about 200m  
Other river ; 70m 
 

Dong Nai river ; about 200m  
Other river ; 70m 
Road crossing ; 1 place 

Dong Nai river ; about 300m  
Railway crossing ; 1 place  
Road crossing ; 2 places 

Dong Nai river ; about 300m  
Other river ; 70m 
Railway crossing ; 1 place  

 

Small River,  
Channel 

7 places 10 places 8 places 5 places 7 places  

Residence 
Situation 

There are residences 
continuously from around 
Song May lake to Tan Bien, 
around Buu Long ,but behind 
the setback space. There are 
residences sparsely in the 
section except there. 

There are residences continuously 
around Buu Long, but sparsely in 
the section except there. 

There are residences continuously 
from  Tan Bien, to around Buu 
Long ,but behind the setback 
space. 

There are residences sparsely in the 
section except there. 

There are residences continuously 
from around Song May lake to 
Tan Bien, Tan Van ,but behind the 
green belt or the setback space. 

There are residences continuously 
from Tan Bien, Tan Van ,but 
behind the green belt or the 
setback space. 

 

No problem about residences 
except the shaft 
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Comment 1. There is no problem in the 
section of TL767 from the 
intake point to QL1A. 

2. The traffic is moderate or 
heavy in QL1A which is 
urban area of Bien Hoa. The 
road is wide in most section. 
The piping can be installed 
by using the setback space, 
but the partial traffic jam 
may be generated. 

3. The jacking method or etc. 
are required in the crossing 
of Bac Son and Tan Bien.  

4. Further consideration of 
construction method is 
required from Tan Bien to 
western 1km point where 
there are 1.5 lanes on each 
side. 

5. The construction method of 
the crossing and the starting 
point of the execution are 
important, because 
residences are crowded 
around Buu Long near the 
crossing of Dong Nai river. 

6. Maximum difference of 
elevation ; about 85m 

1. It is easy to expand the road, so 
there is nothing to prevent 
installing the piping in most 
section of TL768. But it is 
necessary to expand the road in 
the narrow section partially. 

2. Water pipe bridge or non-open 
cut method are required in the 
crossing of Dong Nai river 
around Buu Long, because there 
is no appropriate route to the left 
bank. 

3. The construction method of the 
crossing and the starting point of 
the execution are important, 
because residences are crowded 
around Buu Long near the 
crossing of Dong Nai river. 

4. Maximum difference of 
elevation ; about 75m 

 

1. There is no spare of the road at 
present but some space to 
expand, so there is nothing to 
prevent installing the piping from 
Tieng Tan to Tan Bien. It is 
necessary to expand the road in 
the narrow section partially. 

2. The traffic is moderate or heavy 
in QL1A which is urban area of 
Bien Hoa. The road is wide in 
most section. The piping can be 
installed by using the setback 
space, but the partial traffic jam 
may be generated. 

3. The jacking method or etc. are 
required in the crossing of Tan 
Bien. 

4. Further consideration of 
construction method is required 
from Tan Bien to western 1km 
point where there are 1.5 lanes on 
each side. 

5. The construction method of the 
crossing and the place of the shaft 
are important, because residences 
are crowded around Buu Long 
near the crossing of Dong Nai 
river. 

6. The other water purification 
plant is under construction, so the 
other planned pipeline will be 
installed. 

7. Maximum difference of 
elevation ; about 75m 

 

1. There is no problem in the 
section of TL767 from the intake 
point to QL1A. 

2. The traffic is heavy in QL1A 
where there are enough setback 
space and green belt. The partial 
traffic jam may be generated, but 
the piping can be installed by 
using there space.  

3. Subway construction is planned 
in QL1A. There is not the 
influence by the subway 
construction, because the 
elevated structure is planned in 
the north side from around Tan 
Van and this route goes to 
TL743C from there. 

4. The jacking method or etc. are 
required in the crossing of Bac 
Son and Tan Bien. 

5. Maximum difference of 
elevation ; about 85m 

 
 

1. There is no spare of the road at 
present but some space to 
expand, so there is nothing to 
prevent installing the piping in 
TL768 and from Tieng Tan to Tan 
Bien. It is necessary to expand 
the road in the narrow section 
partially. 

2. The traffic is heavy in QL1A 
where there are enough setback 
space and green belt. The partial 
traffic jam may be generated, but 
the piping can be installed by 
using there space. 

3. Subway construction is planned 
in QL1A. There is not the 
influence by the subway 
construction, because the 
elevated structure is planned in 
the north side from around Tan 
Van and this route goes to 
TL743C from there. 

4. The jacking method or etc. are 
required in the crossing of Tan 
Bien. 

5. The other water purification 
plant is under construction, so the 
other planned pipeline will be 
installed. 

6. Maximum difference of 
elevation ; about 75m 

1. There is no problem basically, 
but it may be necessary to install 
the new road and electricity for 
construction by the place of the 
shaft. 

2. Detailed survey is required, such 
as soil, topography and ground 
water. 

3. It is necessary to confirm 
whether the construction can be 
carried out by non-open cut 
method of large diameter. 

 
 

Total Distance 52.0km 55.6km 57.6km 47.0km 52.6km 39.8km 
Pipe Size D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 D2,600mm×2 D3,700mm×1 
Number of Valve 68 64 70 64 66 27 
Number of Air 
valve 

52 56 58 48 54  

Number of Drain 
Valve 

52 56 58 48 54  

       
Pump Facility 3 places 3 places 3 places 2 places 2 places 1 place 
1)Intake Pump Q=120m3/min,  H=55m  

N=17 (2) 
Q=120m3/min,  H=55m   

N=17 (2) 
Q=120m3/min,  H=55m   

N=17 (2) 
Q=120m3/min,  H=55m   

N=17 (2) 
Q=120m3/min,  H=55m   

N=17 (2) 
Q=120m3/min,  H=55m   

N=17 (2) 
Motor Output 21,350kW 21,350kW 21,350kW 21,350kW 21,350kW 21,350kW 

Annual Electricity 170,016,000kWh 170,016,000kWh  170,016,000kWh  170,016,000kWh  170,016,000kWh  170,016,000kWh  
2)Relay Pump 1 Q=120m3/min,  H=40m  

N=17 (2) 
Q=120m3/min,  H=20m   

N=17 (2) 
Q=120m3/min,  H=35m   

N=17 (2) 
Q=120m3/min,  H=35m   

N=17 (2) 
Q=120m3/min,  H=45m   

N=17 (2) 
 

Motor Output 15,530kW 7,760kW 13,590kW 13,590kW 17,470kW  
Annual Electricity 123.651,000kWh 61,822,000kWh 108,194,000kWh 108,194,000kWh 139,109,000kWh  

3)Relay Pump 2 Q=120m3/min,  H=60m  
N=17 (2) 

Q=120m3/min,  H=55m   
N=17 (2) 

Q=120m3/min,  H=55m   
N=17 (2) 

   

Motor Output 23,290kW 21,350kW 21,350kW    
Annual Electricity 185,473,000kWh 170,016,000kWh 170,016,000kWh    

       
Sum of Electricity 479,140,000 kWh 401,854,000 kWh 448,226,000 kWh 278,210,000 kWh 309,125,000 kWh 170,016,000 kWh  
Electricity Charge 45,724,000 USD  38,348,000 USD  42,774,000 USD  26,549,000 USD  29,499,000 USD  16,244,000 USD  
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Estimate for Construction Cost  
1)Intake Facility       

Sluice Gate 2,528,089 USD 2,528,089 USD 2,528,089 USD  2,528,089 USD 2,528,089 USD 2,528,089 USD 
Intake Tower + 
Culvert 

2,277,841 USD 2,277,841 USD 2,277,841 USD 2,277,841 USD 2,277,841 USD 2,277,841 USD 

2)Pumping Station        
Intake 37,080,935 USD 37,080,935 USD 37,080,935 USD 37,080,935 USD 37,080,935 USD 37,080,935 USD 
Relay 1 30,245,393 USD 20,965,410 USD 27,948,636 USD 27,948,636 USD 32,532,199 USD  
Relay 2 39,344,719 USD 37,080,935 USD 37,080,935 USD    

3)Transmission       
Piping 878,189,448 USD  938,987,179 USD  972,763,697 USD  793,748,155 USD  888,322,403 USD  1,292,278,538 USD 
Valve 3,755,808 USD 3,556,079 USD  3,879,700 USD  3,532,051 USD  3,655,944 USD  2,370,889 USD 

4)Crossing, etc.       
River 7,920,630 USD 7,516,618 USD 7,987,633 USD 9,392,365 USD 10,333,396 USD  
Small River 4,707,654 USD 6,725,220 USD 5,380,176 USD 3,362,610 USD 4,707,654 USD  
Railway    313,077 USD 313,077 USD  

5)Administrative 
Cost 

Sluice Gate 
Intake Tower + 
Culvert 

 
 
301,131,803 USD 
301,056,729 USD 

 
 
316,332,140 USD 
316,257,065 USD 

 
 
328,394,940 USD 
328,319,866 USD 

 
 
263,371,775 USD 
263,296,701 USD 

 
 
293,842,109 USD 
293,767,035 USD 

 
400,277,535 USD 
400,202,461 USD 

6) VAT 10% 
Sluice Gate 
Intake Tower + 
 Culvert 

 
130,490,448 USD 
130,457,916 USD  

 
137,077,261 USD 
137,044,728 USD 

 
142,304,474 USD 
142,271,942 USD 

 
114,127,769 USD 
114,095,237 USD 

 
127,331,581 USD 
127,299,048 USD 

 
173,453,599 USD 
173,421,066 USD 

       
Sum of Construction Cost  

Sluice Gate 1,435,394,927 USD 1,507,849,866 USD 1,565,349,215 USD 1,255,405,463 USD 1,400,647,387 USD 1,907,989,585 USD 
Intake Tower + 
 Culvert 

1,435,037,073 USD 1,507,492,011 USD 1,564,991,360 USD 1,255,047,608 USD 1,400,289,533 USD 1,907,631,731 USD 
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 Dau Tieng reservoir – Tan Hiep 

a） Explanation of the section 
Section 1 – 3 3 – 4 3 – 4 4 – 5 

Route Intake Point – Khu pho Left bank of Sai Gon river, TL744, TL15 
Khu pho – Phu Hiep 

Right bank of Sai Gon river, TL782, TL6 
Khu pho – Phu Hiep 

Right bank of Sai Gon river, TL15 
Phu Hiep Thanh Tay 

Sectional 
Distance 

7.3km 22.1km 28.0km 22.9km 

Pipe Size D2,400mm×1 D2,400mm×1 D2,400mm×1 D2,400mm×1 
D1,800mm×2 D1,800mm×2 D1,800mm×2 D1,800mm×2 

Traffic Situation No problem about the traffic No problem about the traffic No problem about the traffic No problem about the traffic 
Road Width /  
Traffic Lane 

About 15-20m, 2 lanes and sidewalk on 
each side  

About 20m in most section 
2 lanes and sidewalk on each side 
There are some sections which have a 

single lane on each side, but enough 
space if including the setback and 
service road. 

About 20m  
1 to 1.5 lanes on each side 
There are some sections which have a 

single lane on each side, but enough 
space if including the setback and 
service road. 

About 20m  
1 lane on each side 
There are some sections which have a 

single lane on each side, but enough 
space if including the setback and 
service road. 

River Crossing, 
etc. 

 Sai Gon river ; about 260m Sai Gon river ; about 150m  

Small River,  
Channel 

 2 places 1 place 1 place 

Residence 
Situation 

Sparsely Sparsely Almost sparsely, a few residences along 
the road 

Almost sparsely, a few residences along 
the road 

 
   

Section 5 – 6 6 – 7 2 – 5 1 – 7 
Route TL8 

Thanh Tay – Hoa Phu 
Exclusive patrol road 
Hoa Phu – Tan Hiep 

Intake Point – Along the canal – L2 – 
Thanh Thy – TL8 

Linearly non-open cut 

Sectional 
Distance 

4.4km 8.7km 59.3km 54.4km 

Pipe Size D2,400mm×1 D2,400mm×1 D2,400mm×1 D2,400mm×1 
D1,800mm×2 D1,800mm×2 D1,800mm×2  

Traffic Situation The traffic is moderate. 
No problem about the traffic 

 Almost no traffic along the canal 
No problem about the traffic in TL8 

 

Road Width /  
Traffic Lane 

About 20m, a single lane on each side 
 

Exclusive patrol road , no traffic   

River Crossing, 
etc. 

 River crossing ; 1 place (bridge length ; 
about 150m), around the existing water 
pipe bridge 

  

Small River,  
Channel 

1 place 1 place Branched channel ; 10 several places 
(need to consider the construction 
method) 

 

Residence 
Situation 

Almost sparsely, a few residences along 
the road 

No residence, because of the regulation Sparsely No problem about residences except the 
shaft 
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b） Comparison of the route 

Case 
I (1 – 3 – 4 – 5 – 6 – 7)   

Sai Gon river  from left to right 
bank 

II (1 – 3 – 4 – 5 – 6 – 7)   
Sai Gon river  from right to right 

bank 

III (2 – 5 – 6 – 7)   
Along the canal  L2  TL8  Patrol 

road 

IV (1 – 7)   

Route Khu pho – TL744 – TL16 – 
TL8 

Patrol road 

Khu pho – TL782 – TL6 – TL16 – 
TL8 

Along the canal, L2 – TL8 Linearly non-open cut   

Sectional Distance 64.5km 70.4km 72.4km 54.4m   

Pipe Size D2,400mm×1 D2,400mm×1 D2,400mm×1 D2,400mm×1   
D1,800mm×2 D1,800mm×2     

Traffic Situation No problem about the traffic. 
The traffic is moderate from 

Node 5 to 6. 

No problem about the traffic. 
The traffic is moderate from Node 

5 to 6. 

Because of the embankment road of 
the canal the traffic is light, so no 
problem about the traffic.  

The traffic is light in L2, and light 
or moderate in TL8. 

No problem about the traffic   

Road Width /  
Traffic Lane 

About 15-20m, 1.5-2 lanes and 
sidewalk on each side. 

There are some sections 
partially which have a single 
lane on each side, but enough 
space if including the setback 
and service road. 

Enough space in TL8, 2 lanes 
and sidewalk on each side. 

About 15-20m, 1.5-2 lanes and 
sidewalk on each side. 

There are some sections partially 
which have a single lane on each 
side, but enough space if 
including the setback and service 
road. 

Enough space in TL8, 2 lanes and 
sidewalk on each side. 

About 15-20m, 1.5-2 lanes and 
sidewalk on each side. 

There are some sections partially 
which have a single lane on each 
side, but enough space if 
including the setback and service 
road. 

 

   

River Crossing, 
etc. 

Sai Gon river ; about 260m  
bridge length ; about 150m, 

around the existing water pipe 
bridge 

Sai Gon river ; about 150m  
bridge length ; about 150m, around 

the existing water pipe bridge 

River crossing ; 1 place (bridge 
length ; about 150m), around the 
existing water pipe bridge 

   

Small River,  
Channel 

3 places 3 places 10 several places    

Residence 
Situation 

There are residences along TL8 
continuously, but behind 
sidewalk. 

There are residences sparsely in 
the section except there, and a 
few residences along the road. 

There are residences along TL8 
continuously, but behind 
sidewalk. 

There are residences sparsely in 
the section except there, and a 
few residences along the road. 

There are residences along TL8 
continuously, but behind 
sidewalk. 

There are a few residences along 
the road. 

There are residences sparsely along 
the canal. 

   

Comment 1. There is no problem 
basically, but it is necessary to 
attend the road occupation 
width if installing 2 pipes. 

2. Maximum difference of 
elevation ; about 40m 

1. There is no problem basically, 
but it is necessary to attend the 
road occupation width if 
installing 2 pipes. 

2. Maximum difference of 
elevation ; about 40m 

 

1. Regarding the installation along 
the canal, the negotiation with the 
persons concerned with the 
agricultural water is required. 

2. The main purpose of the canal is 
to supply the agricultural water. 
There are 10 several branches to 
supply the water to the 
surrounding agricultural land.  

Detailed consideration, such as the 
construction time, period and 
method, is required to cure the 
branched channel in the 
construction. 

3. There are roads on each side 
which have a function of the 
embankment. It must be difficult 
to construct the structure or install 
the piping. 

1. There is no problem basically, 
but it may be necessary to install 
the new road and electricity for 
construction by the place of the 
shaft. 

2. Detailed survey is required, 
such as soil, topography and 
ground water. 
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4. Regarding the construction area, 
the appropriate offset distance 
from the embankment body is 
required. The new access road for 
construction is required to 
transport and carry in the 
construction machine. 

5. There are residences sparsely in 
most section. Residences near the 
embankment are likely to be 
moved or expropriated to secure 
the piping and construction space. 

6. Maximum difference of 
elevation ; about 30m 

 

Case I (1 – 3 – 4 – 5 – 6 – 7)  Sai Gon river  from left to right bank II (1 – 3 – 4 – 5 – 6 – 7)  Sai Gon river  from right to right bank III (2 – 5 – 6 – 7)  Along the canal  IV (1 – 7) 
I – 1  D2,400mm×1 I – 2  D1,800mm×2 II – 1  D2,400mm×1 II – 2  D1,800mm×2 D2,400mm×1 D2,400mm×1 

Total Distance 64.5km 70.4km 72.4km 54.4m 
Number of Valve 37 74 39 78 38 37 
Number of Air 
valve 

33 66 35 70 36  

Number of Drain 
Valve 

33 66 35 70 36  

       
Pump Facility 3 places 3 places 3 places 4 places 3 places 2 places 
1)Intake Pump Q=120m3/min,  H=60m  

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Motor Output 9.320kW 9.320kW 9.320kW 9.320kW 9.320kW 9.320kW 

Annual Electricity 74,189,000kWh 74,189,000kWh 74,189,000kWh 74,189,000kWh 74,189,000kWh 74,189,000kWh 
2)Relay Pump 1 Q=120m3/min,  H=55m  

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=60m   

N=8 (2) 
Q=120m3/min,  H=65m   

N=8 (2) 
Motor Output 8,540kW 9,320kW 9.320kW 9.320kW 9.320kW 10.090kW 

Annual Electricity 68,009,000kWh 74,189,000kWh 74,189,000kWh 74,189,000kWh 74,189,000kWh 80,369,000kWh 
3)Relay Pump 2 Q=120m3/min,  H=35m  

N=8 (2) 
Q=120m3/min,  H=50m   

N=8 (2) 
Q=120m3/min,  H=50m   

N=8 (2) 
Q=120m3/min,  H=35m   

N=8 (2) 
Q=120m3/min,  H=50m   

N=8 (2) 
 

Motor Output 5,430kW 7,760kW 7,760kW 5,430kW 7,760kW  
Annual Electricity 43,274,000kWh 61,822,000kWh 61,822,000kWh 43,274,000kWh 61,822,000kWh  

4)Relay Pump 3    Q=120m3/min,  H=35m   
N=8 (2) 

  

Motor Output    5,430kW   
Annual Electricity    43,274,000kWh   

       
Sum of Electricity 185,472,000 kWh 210,200,000 kWh 210,200,000 kWh 234,927,000 kWh 210,200,000 kWh 154,558,000 kWh 
Electricity Charge 17,699,000 USD  20,059,000 USD  20,059,000 USD  22,419,000 USD  20,059,000 USD  14,749,000 USD  
       
Estimate for Construction Cost 
1)Intake Facility       

Sluice Gate 2,022,471 USD 2,022,471 USD 2,022,471 USD 2,022,471 USD 2,022,471 USD 2,022,471 USD 
Intake Tower + 

Culvert 
1,822,273 USD 1,822,273 USD 1,822,273 USD 1,822,273 USD 1,822,273 USD 1,822,273 USD 

2)Pumping Station        
Intake 17,779,262 USD 17,779,262 USD 17,779,262 USD 17,779,262 USD 17,779,262 USD 17,779,262 USD 

Relay 1 16,754,679 USD 15,810,225 USD 17,779,262 USD 15,810,225 USD 17,779,262 USD 18,795,912 USD 
Relay 2 12,627,803 USD 15,723,387 USD 15,723,387 USD 12,627,803 USD 15,723,387 USD  
Relay 3    12,627,803 USD   
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3)Transmission       
Piping 512,323,500 USD 717,091,650 USD 559,187,200 USD 782,686,080 USD 575,073,200 USD 1,212,288,768 USD 
Valve 1,666,011 USD 2,783,609 USD 1,756,715 USD 2,935,373 USD 1,717,370 USD 1,566,896 USD 

4)Crossing, etc.       
River 7,283,872 USD 10,037,770 USD 5,329,662 USD 7,344,710 USD 2,664,831 USD  

Small River 1,271,975 USD 1,752,967 USD 1,271,975 USD 1,752,967 USD 6,359,877 USD  
5)Administrative 
Cost 

Sluice Gate 
Intake Tower +  

Culvert 

 
 
171,518,872 USD 
171,458,813 USD 

 
 
234,900,403 USD 
234,840,343 USD 

 
 
186,254,981 USD 
186,194,921 USD 

 
 
256,676,008 USD 
256,615,949 USD 

 
 
191,735,898 USD 
191,675,839 USD 

 
 
375,735,993 USD 
375,675,933 USD 

6) VAT 10% 
Sluice Gate 

Intake Tower +  
Culvert 

 
74,324,845 USD 
74,298,819 USD 

 
101,790,174 USD 
101,764,149 USD 

 
80,710,492 USD 
80,684,466 USD 

 
111,226,270 USD 
111,200,245 USD 

 
83,085,556 USD 
83,059,530 USD 

 
162,818,930 USD 
162,792,904 USD 

       
Sum of Construction Cost 
Sluice Gate 817,573,290 USD 1,119,691,919 USD 887,815,408 USD 1,223,488,973 USD 913,941,116 USD 1,791,008,233 USD 
Intake Tower + 
Culvert 

817,287,007 USD 1,119,405,635 USD 887,529,125 USD 1,223,202,690 USD 913,654,832 USD 1,790,721,949 USD 
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1-6-4 Selection of Pipeline Routes 

The scoping and evaluation of the options for pipeline routes are implemented based on 
total length of raw water transmission pipelines, the number of river crossings, road crossings, 
railway crossings, housing status, the number of pumping stations, annual cost for electricity, 
and cost estimates for construction. The information of maps are based on 1/50,000 
topographical map as stated in previous section. In the map, such information as constraint 
condition for the implementation of the project or the size of the operation in regard to the 
project can be figured out, but the information doesn’t have the detail as in the detailed 
survey.  

Therefore the results of discussion with SAWACO, who is familiar with the local situation, 
are to be reflected in the selection of pipeline routes. 

 
 Methods for the Evaluation 

Criteria for the selection of the methods of selecting pipeline routes falls into the 
qualitative analysis and the quantitative analysis.  

 
 Qualitative Analysis  

Qualitative observations are implemented in regard to traffic situations, road status and 
housing situations. 

 
 Quantitative Analysis 

Evaluation items are total length of raw water transmission pipelines, the number of river 
crossings, road crossings, railway crossings and pumping stations. For each item, 
construction costs and maintenance cost (electricity cost for pump operation) are estimated 
for evaluation. 

 
 Criteria for Selection 

It is not appropriate to score each case by qualitative analyses. So the results of qualitative 
analysis are summarized as comments. The comments show important points to be 
considered in the project implementation stage. 

 

Thus the appropriate option is selected by the quantitative analysis of regarding cost 
estimates (Intake facilities, Pump facilities, Pipes and Valves, particular works etc.) and 
electricity cost for pump facilities. 

 
 Summary of the Route Plans 

 Tri An reservoir ~ Thu Duc WTP Route 

All the routes in this plan are at the same conditions in regard to the scale of constructions 
because every route has a river crossing of the Dong Nai River. 
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It is difficult to estimate the scale and the amount of non-open cut method constructions 
because basic conditions of topographical, geological features and ground water levels are 
not available. Thus the non-open cut method should be adopted if the route under the public 
road is impossible. 

 

It was found that it is possible to implement the construction for all the routes. However, it 
should be noted that hard traffic and crowded housing areas were observed in around Bien 
Hoa(Node 3) district especially for the east-west directions road of QL 1A and QL 15. The 
construction in this area is anticipated to face difficulties with noise, vibration, traffic 
disturbance and resettlement. SAWACO is also concerned about the construction in this area. 
Thus it is advisable to avoid installing the pipelines into the east-west directions in this area.  

The option with the minimum pipeline length is Case IV (1~3~5~6). This option needs 
only two relay pumping stations thanks to shorter pipeline length. However, a railway 
crossing construction and some road crossing constructions are required judging from the 
traffic situations around the Node 3 intersection. Case V (1~2~3~5~6) is rather superior in 
regard to the pipeline length. However, it is difficult to secure the space to install pipelines 
because there is another plan of the pipeline construction for No.2~3 for another WTP. 
Therefore, it is recommended to avoid this case. The most preferred case through the 
discussion with SAWACO is Case-II (1~2~4~5~6). As a result of above review, Case-II 
(1~2~4~5~6) and Case IV (1~3~5~6) are selected for further examination. 

Of the operational cost of electricity, Case IV has an advantage. The cost of Case II is 45% 
higher than that of Case IV. Construction cost for Case IV is 20% lower than that for Case-II 
because the total length is short and the number of the relay pumping stations is less. 
Therefore, Case IV is superior to Case II in regard to Construction and O&M Costs. 

In conclusion, in the light of SAWACO’s opinion that Case II is the most feasible, both 
Case-II (1~2~4~5~6) and Case IV (1~3~5~6) are selected for appropriate routes. 

 
 Dau Tieng reservoir ~ Tan Hiep Route 

There is no major obstacle in this route because large part of the area along the route is 
categorized as suburban area. According to the results of discussion with SAWACO, there is 
no major to be problems for planning cases of the route. 

It is difficult to estimate the scale and the amount of non-open cut method constructions 
because basic conditions of topographical, geological features and ground water levels are 
not available. Thus the non-open cut method should be adopted if the route under the public 
road is going to be impossible. 

The option with minimum pipeline length is Case I (1~3~Left Bank~4~5~6~7). The 
options needs only three relay pumping stations except for Case II D1,800x2. Annual 
electricity cost is the lowest in Case I because the pipeline length is the shortest. 

The route along the canal is likely to face the difficulties for pipe laying or structure 
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because both banks along the route function as dam body, while has little concern in regard to 
the traffic. Though housings are also sparse in most of the area along the canal, the housings 
near the dam body needs resettlement to secure the space for pipelines and their constructions. 
In addition, it needs consultation with administrative agency the river for laying pipelines 
along the canal and thus detailed survey for construction periods and methods in a dozen 
places. Therefore, it is recommended to avoid the route along the canal because it is 
impossible to assess the feasibility due to the many uncertainties. 

Annual electricity cost is utmost important in view of both cost reduction and energy 
saving because it becomes permanent load. The case with minimum electricity is Case I, 
while the difference with the second case (Case II) is 10% approximately. The case with 
parallel installation of two pipelines requires approximately 10% more electricity than the 
case with only one pipeline due to the difference of hydrological gradients. 

Construction cost is the minimum in Case I. The difference between Case I and Case II is 
10% approximately. 

 

In conclusion, Case-I is selected as the most appropriate route because the construction and 
O&M costs are less. 

 
1-6-5 Materials of Pipes 

Candidates of the pipeline materials for raw water transmission are that Ductile Iron Pipe 
(DIP), Steel Pipe (SP), Polyvinyl Chloride Pipe (PVC), Polyethylene Pipe (PE), Pre-stressed 
Concrete Pipe (PCP) and Reinforced Concrete Pipe (RCP). Generally, it is important to 
satisfy the function of raw water pipe to meet the safety level against risks by inner and outer 
pressure. 

Especially for this project, maximum outer diameter is one of the most important factors 
for selection. The maximum available diameter for PVC is D=700mm, and PE is D=1000mm 
in Vietnam (though the PE is mainly used for the service pipe and usually the maximum 
diameter is set to D=200mm in Japan) and thus the PVC and PE cannot be adopted. Four 
materials are short listed; RCP-NC (Max D=3,000mm), PCP (Max D=3,000mm), DIP (Max 
D=2,600mm), SP (Max D=3,000). 

The most important criteria for the selection were found, in the discussion with SAWACO, 
to be the prevalence and the marketability in Vietnam to secure the sustainability of the 
pipelines. In addition, DIP is found to be the most suitable in Vietnam. Therefore, DIP is 
selected for the materials of pipes. 
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1-7. Outline Design of Intake and Transmission Facilities 

1-7-1 Basic Design Conditions for 2015 

 
Table 1-7-1 Basic Design Conditions (2015) 

Dong Nai River ～ Hoa An P/S 
 Existing Facilities New Facilities Future Facilities (2015) 

Design Intake 
flow 

1,265,000 m3/day 330,000 m3/day 1,595,000 m3/day 

Intake Pumps 
Thu Duc 
 
 
Thu Duc BOO 

 
q=120m3/min、H=55m 
N=6(One for Backup) 
 
q=73.2/min、H=55m 
N=4(One for Backup) 

 
q=120m3/min、H=55m 
N=2 

 
q=120m3/min、H=55m 
N=8(One for Backup) 
 
q=73.2/min、H=55m 
N=4(One for Backup) 

Raw Water 
Transmission 
Pipe 
(C=110) 

D2,400mm(2002) 
V=3.2m/s、I=3.60‰ 
 
L=10,800m、H=38.9m 

D1,800mm(1966) 
Inactive pipeline should 
be resumed the operation. 

D2,400mm, 
Q=1,086,000m3/day 
V=2.8m/s、I=2.71‰ 
 
D1,800mm 
Q=509,000m3/day 
V=2.3m/s、I=2.71‰ 
 
L=10,800m, H=29.3m 

   
Sai Gon River ～ Hoa Phu P/S 

 Existing Facilities New Facilities Future Facilities (2015) 
Design Intake 
flow 

330,000 m3/day 330,000 m3/day 660,000 m3/day 

Intake Pumps 
Tan Hiep 

q=113m3/min、H=60m 
N=3(One for Backup) 

q=113m3/min、H=60m 
N=2(With Foundation) 

q=113m3/min、H=60m 
N=5(One for Backup) 

Raw Water 
Transmission 
Pipe 
(C=110) 

D1,500mm 
V=2.2m/s、I=2.96‰ 
 
L=9,100m、H=26.9m 

D1,500mm 
Only one line is planned. 
(Two lines are needed to 
implement initial plan) 
Total D1,500mm×2lines 

D1,500mm×2lines 
V=2.2m/s, I=2.96‰ 
 
L=9,100m, H=26.9m 

Source: Interview from SAWACO 
 Suggestion for the Plan 2015 

In regard to the unimplemented raw water transmission pipelines, it is important that the 
future plan be reflected to the Plan 2015 to avoid the overlapping investment. It is 
recommended that the diameter of the pipelines from the existing pumping station to the 
WTP is to be considered for the future expansion. 

In each line, only one pipeline is constructed so far while two lines are to be constructed in 
the original design. In the future plan, it is planned that new pipeline are to be constructed in 
the secure road which is exclusively used for the pipeline. Thus the wasted investment can be 
avoided if the unimplemented pipeline in Plan 2015 is constructed regarding with the future 
expansion. 

For Tri An ~ Thu Duc route, pipelines with D2,600mm×2 are required for the plan of 
future expansion. Thus it is recommended to construct D2,600mm pipeline instead of 
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revitalizing D1,800mm pipeline which has not used for more than fifty years. Regarding with 
the situation, it is advisable not to use again the D1,800mm pipeline because it has serious 
concerns about the safety and that the pipeline can utilize at least for next ten years. 

For Dau Tieng ~ Tan Hiep route, pipelines with D2,400mm×1 or D1,800mm×2 are 
required for the plan of future expansion. Thus it is recommended to construct D2,400mm 
pipeline instead of D1,800mm pipeline as in the Plan 2015.  

If the plan above is going to be implemented, it contributes to cost reduction in this study 
and thus the value of cost estimates shown in the comparative table will be down. 

In the Tri An system, the construction cost for the pipelines should be reduced by 20% 
while annual electricity arises only a few percent. In the Dau Tieng system, the construction 
cost for the pipeline should be reduced by over ten percent. 

It should be note that the pumping facilities are planned for 2015 even in this study 
because if it is planned based on the future plan it is going to be overinvestment. That is 
because the additional cost for the future expansion such as intake facilities and rehabilitation 
of clear well are to costly. 

 
Table 1-7-2 Proposed Improvement Plan 

 Present 
(2011) 

Planned 
(2015) 

Proposed 
(2015) 

Future 
(2025) 

Remark 

Thu Duc System D2,400 D1,800 D2,600 D2,400+2,600 D1,800 Inactive 

Tan Hiep System D1,500 D1,500 D1,800 D1,800+1,800 D1,500 Inactive 
D1,500 D1,500 D2,400 D2,400 D1,500 Inactive 

 
1-7-2 Basic Design Conditions for 2025 

 
Table 1-7-3 Basic Design Conditions (2025) 

 Dau Tieng System Tri An System 
Case-I Case-II Case-IV 

D2,400mm×1 D1,800mm×2 D2,600mm×2 
Intake Facilities (i) Intake Sluice Gate Systems or (iii) Intake Tower + Culvert Systems  

(Common for each cases) 
Intake Pumping Station Q=120m3/min 

H=60m、N=8 
Q=120m3/min 
H=60m、N=8 

Q=120m3/min 
H=55m、N=17 

Q=120m3/min 
H=55m、N=17 

Pumping Station 
No.1 

Q=120m3/min 
H=55m、N=8  

Q=120m3/min 
H=60m、N=8 

Q=120m3/min 
H=20m、N=17 

Q=120m3/min 
H=35m、N=17 

Pumping Station 
No.2 

Q=120m3/min 
H=35m, N=8 

Q=120m3/min 
H=50m, N=8 

Q=120m3/min 
H=55m, N=17 

 

Length of Raw Water 
Transmission Pipe 

64.5km 55.6km 47.0km 

Line Valve D2,400mm 37 D1,800mm 74 D2,600mm 64 D2,600mm 64 
Air Valve D150mm  33   D150mm  66   D150mm  56   D150mm  48   
Drain Valve D400mm  33 D400mm  66 D400mm  56 D400mm  48 
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1-7-3 Execution schedule 

The execution schedule of new water resources development is shown below. 
 

Table 1-7-4 Execution schedule of new water resources development 
Project Stage Contents 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Water Resource Development Plan

Application
 /Approbation
Funding

Site
 acquisition

Negotiation
 /Acquisition
Basic design
Detailed design
Bidding
 /Agreement

Procurement
Construction
Test run
 /Handover

WTP Expansion Plan

Thu Duc Ⅲ 300,000m3/day

Thu Duc Ⅳ 300,000m3/day

Thu Duc Ⅴ 500,000m3/day

Water Supply (m3/day) 1,150,000 1,150,000 1,450,000 1,450,000 1,450,000 1,750,000 1,750,000 1,750,000 1,750,000 1,750,000 1,750,000 2,250,000 2,250,000

Water Resource Development Plan

Application
Funding

Site
 acquisition

Negotiation
 /Acquisition
Basic design
Detailed design
Bidding
 /Agreement

Procurement
Construction
Test run
 /Handover

WTP Expansion Plan

Tan Hiep Ⅱ 300,000m3/day

Tan Hiep Ⅲ 300,000m3/day

Water Supply (m3/day) 300,000 300,000 600,000 600,000 600,000 600,000 600,000 900,000 900,000 900,000 900,000 900,000 900,000

Tri An
 reservoir

　　～

   Thu Duc
         WTP

Approbation

Execution
 design
Construction

Dau Tieng
 reservoir

　　～

  Tan Hiep
        WTP

Approbation

Execution
 design
Construction

Divided order

Divided order

ICB ?

ICB ?
※need of period shortening

Prompt procedure

 
 

The execution schedule is considered, taking into account for the expansion plan of water 
treatment plans based on Master Plan for HCMC Water Supply System up to 2025. As a 
result, the presented schedule becomes very tight. Some issues, especially related to the route 
of Tan Hiep WTP from Dau Tieng reservoir are as follows, 

 
 Prompt procedure related to permission and authorization of the project 
 Antecedent implementation of detailed design 
 Procurement and conveyance of a large diameter water pipe 
 Shortening work period by subdivided construction (including local contractor 

upbringing)       etc. 
 

1-8. Capacity Calculation for the Facilities 

 Tri An reservoir 

a） Design Water Intake Flow 
Q=2,475,000m3/day=1,720m3/min=28.6m3/sec 
 

b） Water Intake System 
 Water Intake 

Width of Intake B=Q/HV 

Given that Inlet Water Depth H=2.0m,  
Inlet Velocity V=0.6m/sec (0.4~0.8) → Inlet Velocity should be 
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minimized to prevent from inflowing scums. 

B=28.6/2.0×0.6=23.83=24.0m 

Actual Inlet Velocity =28.6/2.0×24.0=0.60m/sec 
 Intake culvert 

Section Area of Culverts: A=Q/A 

Given that Average Flow Rate of Culverts V=1.0m/sec; 

Then, A=28.6/1.0=28.6m2 

Size of the Culverts 3.0×(3.0×3lines)=27.0m2 

Actual Inlet Velocity =28.6/27.0=1.06m/sec 
 Ancillary Work 

Screens, Gates 
 

c） Intake Tower System 
 Water Intake 

Apertures Size a=4.0m2 (H=2.0m, B=2.0m) 

Given that Inlet Velocity V=1.0m/sec (Typical Lake water: 1.0～2.0) 

Area of Apertures 28.6/1.0=28.6m2 

Number of Apertures N=28.6/4.0=7.2=8 Nos. 

Actual Inlet Velocity =28.6/(4.0×8)=0.89m/sec 

Size of Intake Tower : W=6.0m、L=26.0m 
 Intake culvert 

Section Area of Culverts A=Q/A 

Given that Average Flow Rate of Culverts V=1.0m/sec; 

A=28.6/1.0=28.6m2 

Size of the Culverts 

D=2,500mm(4.9m2)×6lines=29.4m2 

Actual Inlet Velocit y=28.6/29.4=0.97m/sec 
 Ancillary Work 

Screens, Gates 
 

 Dau Tieng reservoir 

a） Design Water Intake Flow 

Q=990,000m3/day=690m3/min=11.5m3/sec 
b） Water Intake System 
 Water Intake 

Width of Intake B=Q/HV 

Given that Inlet Water Depth H=2.0m,  
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Inlet Velocity V=0.6m/sec (0.4~0.8) → Inlet Velocity should be 
minimized to prevent from inflowing scums. 

B=11.5/2.0×0.6=9.58=10.0m 

Actual Inlet Velocity =11.5/2.0×10.0=0.58m/sec 
 Intake culvert 

Section Area of Culverts A=Q/A 

Given that Average Flow Rate of Culverts V=1.0m/sec; 

A=11.5/1.0=11.5m2 

Size of the Culverts 

2.0×(3.0×2lines)=12.0m2 

Actual Inlet Velocity =11.5/12.0=0.96m/sec 
 Ancillary Work 

Screens, Gates 
 

c） Water Intake System 
 Water Intake 

Apertures Size a=3.0m2 (H=2.0m, B=1.5m) 

Given that Inlet Velocity V=1.0m/sec (Typical Lake water: 1.0～2.0) 

Area of Apertures =11.5/1.0=11.5 m2 

Number of Apertures N=11.5/3.0=3.8=4 Nos. 

Actual Inlet Velocity =11.5/3.0×4=0.96m/sec 

Size of Intake Tower : W=4.0m、L=12.0m 
 Intake culvert 

Section Area of Culverts A=Q/A 

Given that Average Flow Rate of Culverts V=1.0m/sec; 

A=11.5/1.0=11.5m2 

Size of the Culverts 

D=2,500mm(4.9m2)×2lines=9.8m2 

Actual Inlet Velocity =11.5/9.8=1.17m/sec 
 Ancillary Work 

Screens, Gates 

 
1-9. Recommendations 

 Intake Facilities 

No major problems are observed in regard to the surrounding environment because only 
a few housings exist and there is a sufficient space for the construction. While the scale of 
construction is to be large because the intake volume is large and the level difference 
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between dry and rainy seasons is high. It was agreed with SAWACO that the intake points 
are set not as the “points” but the area including the surroundings. However, it should be 
noted that the topographical and geological information as well as topographical survey 
drawings were not available in this study, and thus the detailed survey including the 
technical discussion in regard to the construction methods were not implemented. 

Therefore, it is recommended that the detailed feasibility study must be implemented in 
the next stage of this project according to the information above to be acquired. It is 
particularly important that the execution scheme for construction of the catchment reservoir 
for both systems should be appropriately planned, because the situation for construction as 
well as the construction periods completely changes according to the water level which 
largely varies between dry and rainy seasons.  

 
 Raw Water Transmission Facilities 

The scale of the constructions is anticipated to be large because the water volume is large 
and the distance of transmission is long. On the other hand, it is favorable that public roads 
in the route have enough width for construction of the pipelines since the roads have been 
preserved for setbacks from the housings for future expansion. 

There is little concern about the resettlement though it is not assured in this study that no 
resettlement is to be generated. Thus the detailed survey for the possibility of resettlement is 
to be needed for implementation of the construction. 

The diameters of the raw water transmission pipelines are D2,600mm ×2 in Tri An 
System, D2,400mm ×1 or D1,800mm ×2 in Dau Tieang System for each. Each pipeline is 
so large that the land for exclusive use and space for construction must be secured. 
Especially for the Tri An System, it needs approximately eight to twelve meters (8~12m, up 
to methods of temporary construction) of the land for exclusive use. It should be also to be 
reviewed in detailed survey in the implementation stage that the place for construction, 
approach of heavy machinery and material storing sites can be secured as well as the land 
occupation. 

It should be noted that the small traffic disturbance could occur but it is expected to be 
not so serious that it affects the implementation of construction since the construction 
period of pipe laying (Excavation ~ Installation ~ Backfill ~ Completion ~ Withdrawal and 
the road to be open) is rather short. 

 
 Implementation of Existing Plan 

This project is planned under the conditions that water volume of Intake and transmission 
are large, and the distance of transmission is long. Duplication of the transmission systems 
is difficult to implement because the construction cost is high and has problems with the 
pipeline route, while it is important for emergency response. To strengthen the emergency 
response of the systems, it is recommended that the Plan 2015 is assured to be implemented 
and existing intake/transmission facilities be fully utilized. After the Plan 2014 is 
implemented, the capacity of Tri An System is to be 1,450,000m3/day (65% of the Plan 
2025) and that of Dau Tieng is to be 600,000 m3/day (67% of the Plan 2025). Then the 
preparedness to the accidents in the water resource should be strengthened by the increased 
capacity of each system. 

Therefore, it is recommended that existing intake facilities must not be abandoned. The 
facilities should be inspected and maintained appropriately so that it can operate as backup 
in case of emergency. 
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Chapter 2 Survey on Water Distribution System 
2-1. Present issues and the approach to solve the issues 

2-1-1 Issues on the present water distribution network 

Water distribution system in HCMC has the following issues from the backgrounds of 
increasing water demand caused by expansion of city area and direct water supply by 
pumps from water treatment plants to ends of water distribution network, whereas HCMC 
is topographically almost flat and the water treatment plants are located about 10km far 
from the city center.  

 
 Lack of water supply capacity to cope with the rapidly increasing water demand 
 High water leakage ratio of about 40% 
 Inequality of water pressure in the city area and very low water pressure at the end of 

water distribution network, which are caused by direct water supply from water 
treatment plants located far from the city. 

 Contamination of water quality caused by low water pressure 
 Request by citizen to improve water supply service in water quantity, quality and 

pressure in parallel with rising of living standard  
 
To solve the above issues, HCMC established the “Master plan for HCMC water supply 

system up to 2025” which was officially approved by the prime minister in June 2012.  
 
However, from the view of a long term improvement plan for water distribution system, 

the substantial improvement plan for the future has not been proposed, because the same 
method of distribution network expansion by adding trunk mains as ever are proposed in 
the master plan. And, it is not considered a roadmap of water distribution network 
improvement to 2025 in WSMP.  

 
 

2-1-2 The approach in this study 

Considering above mentioned situation, the study team conducted the following studies.  
 

 Suggesting the optimized water distribution network (water distribution area setting) 
 Creating the roadmap of water distribution network improvement to 2025  

 
To study the optimized water distribution network of HCMC, the survey team utilizes 

the knowledge and experience of water distribution of OMWB which has the similar 
distribution conditions as HCMC, considering possibility of applying reservoirs and water 
distribution control system which can realize stable water supply with time variation factor, 
appropriate water pressure balance, energy saving and leakage reduction. (Fig. 2-1-1, Fig. 
2-1-2)   

 
With the optimized water distribution network, it can be expected to lead to leakage 

reduction, stable water supply with sufficient pressure for 24 hours, reduction of costs for 
water treatment plant expansion.  
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Fig. 2-1-1. Schematic image of water distribution control system with reservoir  
 

 
Fig. 2-1-2. Conceptual image of water distribution control system with reservoirs  
 
Through the review of the WSMP, the survey team confirms the study conditions such 

as estimated water demand for future HCMC, etc. And the survey team sets the target 
service levels (minimum requirement for water pressure, pressure balance, etc.) through 
discussion with C/P. Then the survey team studies the alternatives for the optimum 
distribution network which can meet the conditions and target service levels with network 
analysis and water distribution efficiency calculation, feasibility evaluation. (Fig. 2-1-3) In 
addition, the survey team studies the roadmap of water distribution network improvement 
as stage plans of every 5 years to 2025 to realize the suggested optimized water 
distribution network.  
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Overview of scope of 
study and preconditions

Setting up preconditions in this study

Criteria for setting up water distribution area

Evaluation of water distribution area alternatives (Alternative A, B)

Qualitative evaluation for setting up water distribution area without network analysis

Re-considering alternatives 
to level water pressure balance

Evaluation of water distribution area alternatives (Alternative A, B)

Suggestion of optimized water distribution area and roadmap to 2025

Confirmation of subject and background

Suggestion of water distribution facilities improvement plan

Review on WSMP

Considering anti-pressure 
performance of existing main 

pipelines, candidate sites for WDP

 
Fig. 2-1-3. Flow chart of study on water distribution system 

 
2-2. Preconditions to study distribution models 

The study team creates several alternative distribution models to find the opmimized 
distribution network system for future HCMC with network calculation checking hydraulic 
feasibility and evaluation. The network models were created based on VIWASE network 
models which were created to study WSMP. 

Also, required condition to conduct network calculation are set by reviewing WSMP, 
discussions with C/P, checking network models and CAD drawings available.  

 
The study team used EPANET2.0 by USEPA as a network calculation tool. The reasons 

are as follows;  
 

 EPANET2.0 is used in SAWACO, so it is suitable to technical transfer through the 
study.  

 WSMP network models study was conducted usingEPANET2.0.  
 Available network models of HCMC are created with EPANET2.0, or can be converted 

into EPANET2.0 data format. 
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2-2-1 Existing netowrk models and issues 
 Existing network models 

The study team reviewed available existing network models in order to set required 
conditions to create network models.  

 
A: Network model developed and maintenanced by transmission enterprise (SAWACO) 
B: VIWASE network models for WSMP 
C : Vitens-Evides International network model supported by WB Technical Assistance 
 
“A” is a model contains 1st and 2nd degree mains which are maintenanced by 

transmission enterprise, has too many nodes (936 nodes), also has an actual water demand 
based on measured data by flow meters.  

“B” is a model contains major 1st and 2nd degree mains and demand nodes (233 nodes) 
based on WSMP, but the base model was as of 2008 existing main pipelines.  

“C” is a network model for a part of HCMC supply area (ZONE1 and 2 of WB zoning 
for NRW reduction project) and contains all present 1st, 2nd, 3rd degree mains.  

 
In order to study optimized distribution network for future HCMC, the study team has to 

create several network models which contains estimated future water demand and can 
satisfy hydraulic conditions, and has to evaluate several alternatives. Thus, the study team 
has to collect information about estimated future water demand, existing main pipelines, 
planned main pipelines, planned road expansion, etc.   

 
Then, the study team creates several network models based on “B”, modifying existing 

and planned main pipeline in 2008 to fit present actual existing network which contains 
new mains installed or newly planned after 2008. (For example, D2,400mm main pipeline 
installation supported by ADB)  

 
 Issues on existing network models 

Based on the study policy above mentioned, the study team reviewed VIWASE network 
models for WSMP and found the following issues;  

 
 Water pressure conditions 

In VIWASE network models, network calculation was conducted to secure effective 
water head of 10m + G.L. in major 1st and 2nd degree water mains ends.  

 
In present distribution network, there is head loss which can be 5m or over from major 

1st, 2nd degree mains to 3rd degree mains. Therefore, the conditions of VIWASE network 
models were not sufficient to avoid contamination from outside of pipes in whole 
distribution network including water service pipelines, to comply Vietnamese MoC order 
to secure effective water head of 10m + G.L. at customer meters.  

 
 Time factor setting 

Daily water demand varies according to temperature of seasonal change, weather, 
weekday or holiday, special days such as Tet festival which will affect largely to citizen 
activity. This demand variation is called as “seasonal factor”. On the other hand, hourly 
water demand varies according to citizen lifestyle and commercial, industrial activities of 
customers in a day. This demand variation is called as “time factor”. In order to secure 
stable water supply which can meet water demand, a distribution network have to be 
planned considering such seasonal and time factors. In other words, diameter of pipelines 
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and capacity of pumps should be determined to meet water demand and to control water 
flow and pressure.  

 
In WSMP, seasonal factor was set to 1.1 (the ratio of planned maximum daily water 

supply in dry season to average daily water supply), but time factor was not considered. 
This may be explained that water pressu is very low (under 10m + G.L. in effective water 
head) in large part of HCMC, then customers can not use sufficient water as they wish in 
daytime, then those customers intake water in nighttime to their own stainless water tank 
located on their rooftop, thus the hourly water flow from WTPs don’t reflect customers 
demand variation directly.   

 
However, to plan optimized distribution network for future HCMC, the study team 

suggest taking into consideration time factor appropriately.  
 
For reference, the study team conducted network calculation using VIWASE network 

model for 2025. The results of calculation without time factor, water pressure distribution 
map is shown in Fig. 2-1-1. Effective water head in demand nodes are over 10m + G.L. 
The results of calculation with time factor of 1.3, water pressure distribution map is shown 
in Fig. 2-1-2. There are many demand nodes (light blue) whose effective water head 
belows 10m + G.L. and many demand nodes (blue) which have negative pressure in middle 
western part of the city, far from WTPs.  
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Fig. 2-2-1. Pressure distribution map (without time factor, 2025 estimated demand)  
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Fig. 2-2-2. Pressure distribution map (with time factor of 1.3, 2025 estimated demand)  
 

 Water distribution area setting 
HCMC, same as Osaka city, is almost flat and its water supply system should be 

distribution network with pumps. Therefore, to cope with increasing water demand and to 
secure stable water supply, according to water treatment plants expansion, water 
distribution area should be set to control flow and pressure within the distribution area.  

 
However, in WSMP calculation, no distribution area defined. Network calculation were 

conducted to supply water from many WTPs to one whole city area.  
In network calculation, the results can show the pressure can be secured under ideal 

conditions virtually with minimum pipeline installation. But in actual condition, it is very 
difficult to control warter flow and pressure with 3,300,000m3/day of water demand as a 
large distribution area.  

 
Historially, in HCMC, water distribution areas were not established and several 

pumping stations supplied water directly to one whole distribution network. This might not 
be big problem because the water demand exceeded water supply capacity and pressure in 
distribution network was very low. Recently, BOO Thu Duc WTP has been installed, then 
3 distribution areas have been established; Thu Duc WTP area, Tan Hiep WTP area, BOO 
Thu Duc WTP area. (In order to limit water flow from BOO Thu Duc WTP just as 
300,000m3/day which are set in take-or-pay contract between SAWACO and BOO Thu 
Duc WTP company).   

 
The study team studies optimzed distribution area setting considering to install pumping 

stations or water distribution plnats with reservoirs.  
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2-2-2 Overview of SAWACO supply area 
The study team collected relevant information such as area, current population, 

elevation to create network models. (Tab. 2-2-1)  
 

 Elevation 

The elatively high area is district 9, Thu Duc district. In Thu Duc district, the highest 
point is 30m or over from baseline. Thu Duc district has average elevation of 10m over. In 
Go Vap district and Tan Binh district, the highest point is 10m or over and the average 
elevation is 7m. In the other districts, the highest point is below 10m, the average elevation 
is below 5m.  

It can be said that Thu Duc WTP is located at hydraulically best point, the highest point 
in the city. However, pumping system should be required to supply water to the city area. 
(Fig. 2-2-5)  

 
 Population density 

As for population density, at present situation, population is concentrated in the city 
central. Toward future, there might be population growth in nighboring area to the city 
central. (Fig. 2-2-3)  

 
Table 2-2-1. Characteristics of districts 

no District Area (km2)  
Location 

Population 
In 4/2009, person 

 
Density 

Altitude(m) 
Max min ave 

1 1 7.73 center 178,878 23,141  9.4 1.3 4.0  
2 2 49.74 East 145,981 2,935  4.8 0.3 1.2  
3 3 4.92 Center 189,764 38,570  8.2 3.5 4.8  
4 4 4.18 Center 179,640 42,976  1.8 1.3 1.5  
5 5 4.27 Center 170,462 39,921  3.8 1.1 2.1  
6 6 7.19 Center 251,912 35,036  1.9 0.4 1.2  
7 7 35.69 South 242,284 6,789  6 0.4 1.1  
8 8 19.18 Center 404,976 21,114  2.1 0.6 1.2  
9 9 114 East 255,036 2,237  33.5 0.1 4.1  

10 10 5.72 Center 227,226 39,725  4.4 2.9 3.7  
11 11 5.14 Center 226,620 44,089  5.4 1.4 3.0  
12 12 52.78 Center 401,894 7,615  11 -0.4 2.8  
13 Phu Nhuan 4.88 Center 174,497 35,758  8.4 1.5 4.7  
14 Tan Binh 22.38 Center 412,796 18,445  13.5 2.5 7.0  
15 Tan Phu 16.06 Center 397,635 24,759  6.4 2.2 3.8  
16 Binh Thanh 20.76 Center 451,526 21,750  9.9 0.4 2.4  
17 Go Vap 19.74 North 515,954 26,137  10.9 0.7 7.0  

18 Thu Duc 47.76 North, 
East 442,110 9,257  30.6 0.4 10.4  

19 Binh Tan 51.89 West 572,796 11,039  4.6 0.2 1.7  
20 Cu Chi 109.18 North 343,132 3,143  - - - 
21 Hoc Mon 109.18 North 348,840 3,195  12.6 0.3 3.3  

22 Binh Chanh 252.69 South, 
West 421,996 1,670  5.1 0.1 1.2  

23 Nha Be 100.41 South 99,172 988  2.5 0.1 0.9  
24 Can Gio 704.22 South 68,213 97  - - - 

  (source) WSMP 
table2.10 

 WSMP table2.10  digital 25000 
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Fig. 2-2-3. Present population and estimated population in WSMP  

 
In addition, referencial information to study optimized future distribution network such 

as city planning are as follows;  
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Fig. 2-2-4. Planned main roads in city planning  
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Fig. 2-2-4 shows planned main roads. At present situation, already several main roads 

are completed but there are heavy traffic jams mainly by too many motorbikes. Existing 
main pipeline are installed under existing main roads. Planned main pipelines are to be 
installed under planned main roads in the city planning.  

 

 
Fig. 2-2-5. Topographic map 

 
Fig. 2-2-5 shows that HCMC is almost flat and the city area divided by Sai Gon River, 

Dong Nai River and many natural and artifitial canals. To set water distribution areas, 
boundaries should be set considering rivers, main roads, railroads, etc. This is because it is 
very difficult to install crossing pipeline from technical and economical reason.  

 
2-2-3 Preconditions setting for creating distribution models 

Preconditions such as target pressure to be secured in future HCMC, upper limit of 
pressure which will affect piping cost largely, capacity of WTPs as a source nodes (source 
setting), time factor (later mentioned) should be determined to create several network 
models. The study team reviewed WSMP and set the following preconditions;  

 
 Target pressure setting 

It can be said that target pressure in distribution mains is the goal of water supply 
service level for future HCMC water supply.  

To secure public health, it is the minimum requirement to avoid negative pressure 
throughout water supply system. On the other hand, in developed countries including 
Japan, the target pressure is set as a pressure which can supply water directly for 2 or 3 
stories buildings, with higher service level.  
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In VIWASE network models for WSMP technical study, network calculation were 

conducted to secure effective water head of 10m + G.L. in demand nodes of major 1st, 2nd 
degree mains. This might be because of Vietnamese MoC ministrial order to keep effective 
water head of 10m + G.L. at customer meter.   

 
In Japan, by Ministry of Health, Labour and Welfare, the guide line is defines in 

“Ministrial order to set waterworks facilities technical standards” as follows;  
 
Article 7 (Water distribution facilities) Water distribution facilities are requested to 

comply following conditions;  
 (Snip) 
Article 8 Dynamic water pressure at branch point from distribution main to water 

service pipe should not below 150kPa. However, this shall not apply if stable water supply 
can be secured.  

Article 9 When hydrant in use, water pressure in pipe should be positive pressure.  
Article 10 Static water pressure at branch point from distribution main to water service 

pipe should not exceed 740kPa. However, this shall not apply if stable water supply can be 
secured.  

 (Snip) 
 
Target pressure in distribution main is important to plan water distribution network. 

Diameter of pipeline, capacity of pumps might be planned and designed to secure target 
pressure in distribution network.  

On the other hand, through O&M of water distribution facilities, pipeline burst, pump 
failure, maintenance work such as pipe cleaning, renewal work for existing aged pipeline 
will cause pipeline suspension and cause low water pressure. It is important to set 
reasonable margin to secure minimum pressure even if these case might occur.  

In addition, to design water service pipe and water service installation inside of 
customer building is very important to secure positive pressure in water service installation 
to supply safety water to customers.  

 
The study team, considering issues above mentioned, set the target pressure in demand 

nodes as follows;  
 [Effective water head (m + G.L.)] 

 
 Target pressure in 1st , 2nd degree main: 25m + G.L. or over 
 Traget pressure in 3rd degree main:  20m + G.L. or over 

 
(Minimum pressure which should be secured in 3rd degree main: 15m + G.L.) 
 

Table 2-2-2. SAWACO classification for pipeline  
Classification Diameter Note 
1st degree main 600mm or over Maintained by water transmission 

enterprise 2nd degree main 350mm - 600mm 
3rd degree main 350mm or under Maintained by WSC 

Service pipeline can be branched 
 
C/P estimate head loss from 1st, 2nd degree main to the end of 3rd degree main might be 

5m or over considering present existing HCMC distribution network. On the other hand, 
the study team considered 3rd degree mains have relatively large diameter (mainly, 
250mm-300mm uPVC pipeline installed after 2000) to water demand, then it might be 
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enough to set margin of 5m from 1st, 2nd degree main to the end of 3rd dgree main.  
Also, minimum pressure to be kept in 3rd degree main might be 15m + G.L. and if water 

service pipe and installation designed appropriately, the residual pressure might comply 
Vietnamese ministrial order, 10m + G.L.  

The study team didn’t adopt concept to set different target pressure for different 
distribution area because there is no city planning defines building hight or stories, there 
might be problem to set different service level with different water tariff as indispensable 
urban infrastructure.  

 
 Water source setting 

Based on WSMP expansion plan for WTPs, the study team set water srouce. (Fig. 2-2-6)  
 

2025
Future Plan

Dau Tieng Tri An
 lake Ⓟ lake

Intake Dong Nai river  Ⓟ
990,000 Intake 

2,475,000

　Canal
Hoa Phu Hoa An
Pump STA. Pump STA.

D2,400mm×1 D2,600mm×2

Kenh Dong WTP Tan Hiep WTP Receiving
468,000 936,000 Treatment 2,340,000
450,000 900,000 Treated BOO Thu Duc WTP Binh An WTP

Treatment 312,000 1,924,000 104,000
for HCMC Treated 300,000 1,850,000 100,000

150,000
Tan Hiep BOO Thu Duc

1,050,000 Distribution 300,000 1,950,000

3,276,000
3,150,000
3,300,000

exclude Ground water source

Water treatment
Treated Water

Capacity for HCMC

Sai Gon System Basic Flow

Sai Gon river

Dong Nai System Basic Flow

Unit:m3/day

  
Fig. 2-2-6. Capacity of WTPs  

 
As for Thu Duc WTP system, the capacity of WTP includes water from Binh An WTP to 

Thu Duc WTP distribution reservoir (100,000m3/day).  
As for Tan Hiep WTP system, the capacity of WTP includes water from Kenh Dong 

WTP (under construction) to Tan Hiep distribution reservoir (150,000m3/day).  
Also, the study team omitted underground WTPs (Total capacity is 100,000m3/day in 

WSMP) as water souce. This is because underground WTPs will be backups for 
emergency and will not supply water usually, based on C/P hearing. 
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Table 2-2-3.WTPs expansion plan (2025)  
    Capacity (m3/day) 

Thu Duc  Ⅰ Existing 750,000 
Binh An Existing 100,000 

Thu Duc  Ⅲ Planned 300,000 
Thu Duc  Ⅳ planned 300,000 
Thu Duc  Ⅴ planned 500,000 
Thu Duc total   1,950,000 

      
BOO Thu Duc existing 300,000 

      
Tan Hiep Ⅰ existing 300,000 

Kenh Dong (for HCMC) planned 150,000 
Tan Hiep Ⅱ planned 300,000 
Tan Hiep Ⅲ planned 300,000 

Tan Hiep total   1,050,000 
   

HCMC total   3,300,000 
   

Grandwater source backup 100,000 
 

 Demand setting 

Estimated future water demand is very important precondition to study optimized 
distribution network for future HCMC. 

In WSMP, user was categolized in domestic use (resident), industrial use, public use, 
commercial use, and for non-resident , and estimated for future. Basic units or related 
indexes are as follows;  

 
Table 2-2-4. Covering ratio and basic unit for domestic use 

  2015 2025 

  Served 
percentage 

Standard 
(l/person/day) 

Served 
percentage 

Standard 
(l/person/day) 

Old inner city 100% 180 100% 180 
New inner city 98% 180 100% 180 
Suburb area 98% 130 100% 180 
 WSMP table 8.4. 

 
Table. 2-2-5. Basic unit for industrial use  

Industrial use 35 m3/ha/day 

Small industry 5-10% (Ratio to domestic use) 
 

Table 2-2-6. Water demand for publicand commercial use  
Public services 5-10% (Ratio to domestic use) 
Commercial services 5-10% (Ratio to domestic use) 

 
Table 2-2-7. Ratio and basic unit for non-resident  

  2015 2025 

  Non-resident rate according 
 to total city population 

Standard 
(l/person/day) 

on-resident rate according 
 to total city population 

Standard 
(l/person/day) 

Old inner city 15% 35 25% 35 
New inner city 15% 30 25% 30 
Suburb area 15% 25 25% 25 

 
Water demand estimated for future HCMC based on above mentioned definitions in 

VIWASE network models are shown in Table 2-2-8.  
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Table 2-2-8. Estimated future water demand, population, area for industrial zone  

  design maximum daily supply 
 

Population in 2025 (persons) IndustrialZone 
(ha) 

District 2015 2025 Minimum Maximum Average  
1 65,877 69,932 200,000 205,000 203,000  
2 152,187 218,709 600,000 650,000 625,000 124 
3 67,658 73,429 200,000 220,000 210,000  
4 60,536 71,680 200,000 210,000 205,000  
5 62,316 73,429 200,000 220,000 210,000  
6 89,023 101,401 280,000 300,000 290,000  
7 100,378 121,505 350,000 350,000 350,000 300 
8 151,340 162,592 450,000 480,000 465,000  
9 145,055 200,620 400,000 400,000 400,000 460 

10 78,340 87,415 240,000 260,000 250,000  
11 72,999 80,422 210,000 250,000 230,000  
12 137,403 157,566 450,000 450,000 450,000 28 

Phu Nhuan 62,316 66,435 180,000 200,000 190,000  
Tan Binh 149,559 153,850 420,000 460,000 440,000  
Tan Phu 151,151 158,813 400,000 465,000 433,000 134 

Binh Thanh 174,486 188,816 520,000 560,000 540,000 780 
Go Vap 176,266 202,803 500,000 670,000 585,000  

Thu Duc 163,014 198,188 550,000 550,000 550,000 151 
Binh Tan 197,256 216,334 550,000 550,000 550,000  
Cu Chi 170,000 274,000 700,000 800,000 750,000 1,215 

Hoc Mon 86,943 189,473 600,000 700,000 650,000 210 
Binh Chanh 120,928 252,441 700,000 800,000 750,000 248 

Nha Be 83,695 175,717 400,000 400,000 400,000 952 
Can Gio 31,274 74,430 200,000 300,000 250,000 105 
URBAN 2,257,160 2,603,939 6,900,000 7,450,000 7,176,000 1,977 

SUB-URBAN 492,840 966,061 2,600,000 3,000,000 2,800,000 2,730 
TOTAL 2,750,000 3,570,000 9,500,000 10,450,000 9,976,000 4,707 

exclude for 
Cu Chi 2,580,000 3,296,000 8,800,000 9,650,000 9,226,000 3,492 

(source) table8-7 
(VIWASE) 

table8-8 
(VIWASE) 

WSMP 
table5.2 

WSMP 
table5.2  table8-7 

(VIWASE) 
 
The study team creates network models based on WSMP, the models might be based on 

VIWASE models. On the other hand, from hearings to C/P, there are many plans related 
information to estimate future population. The study team collected such information and 
confirmed the validation of demand estimation of VIWASE models. 

 
The collected information are; “estimated population of city planning master plan”, 

“socio-economic master plan”, “city planning master plan of each district (revised)”. The 
comparision is shown in Table 2-2-9.  

 
From the comparison, detail breakdown for each district differs, but total estimation for 

whole HCMC are almost the same, approximately 10,000,000.  
 
In addition, “socio-economic master plan” is not approved yet, not based on city 

planning but based on actual population moving, and then it is not suitable to estimate 
population in accordance with WSMP. “City planning master plan of each district 
(revised)” are not consistent with city master plan.  

 
Considering above situation, the study team set the demand modifying VIWASE 

network models to fit WSMP (approved edition).  
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Table 2-2-9. Various estimated population (Referencial) 

 

 
 

   （Ａ） （Ｂ） （Ｃ） （Ｄ） （Ｅ） 

No. District Source: HCMC 
Statistical Book 

Master plan for HCMC warter supply 
system up to 2025 

The Adjustment of HCMC Master 
Plan: approved at Decision 

#24/QĐ/TTg 

Revised 
Master Plans 
of Districts 

HCM City 
Economic – Social 

Master Plan 

Estimated population provided by 
SAWACO 

  
    Existing Forecast   Forecast Approved Forecast       
    2010 2025 (average) 2025 2020-2025 2025 Tối thiểu Tối đa average 

1 Quận 1 187,435 200,000 - 205,000 203,000 200,000 - 205,000   168,512 157,000 193,000 175,000 
2 Quận 3 188,945 200,000 - 220,000 210,000 200,000 - 220,000 220,000 194,943 169,000 189,000 179,000 
3 Quận 4 183,261 200,000 - 210,000 205,000 200,000 - 210,000 210,000 187,329 146,000 160,000 153,000 
4 Quận 5 174,154 200,000 - 220,000 210,000 200,000 - 220,000   185,711 149,000 164,000 156,500 
5 Quận 6 253,474 280,000 - 300,000 290,000 280,000 - 300,000 315,000 289,016 246,000 270,000 258,000 
6 Quận 8 418,961 450,000 - 480,000 465,000 450,000 - 480,000 480,000 488,169 456,000 514,000 485,000 
7 Quận 10 232,450 240,000 - 260,000 250,000 240,000 - 260,000 260,000 253,669 193,000 209,000 201,000 
8 Quận 11 232,536 210,000 - 250,000 230,000 210,000 - 250,000 250,000 246,669 175,000 190,000 182,500 
9 Quận Gò Vấp 548,145 500,000 - 670,000 585,000 500,000 - 670,000 670,000 650,182 489,000 549,000 519,000 

10 Quận Tân Bình   430,436 420,000 - 460,000 440,000 420,000 - 460,000 460,000 501,554 419,000 663,000 541,000 
11 Quận Tân Phú  407,924 400,000 - 465,000 433,000 400,000 - 465,000 465,000 569,154 408,000 456,000 432,000 
12 Quận Bình Thạnh 470,054 520,000 - 560,000 540,000 520,000 - 560,000 560,000 543,223 511,00 566,000 566,000 
13 Quận Phú Nhuận 175,175 180,000 - 200,000 190,000 180,000 - 200,000 200,000 224,026 162,000 173,000 167,500 
  Existing Inner District 3,902,950 4,000,000 - 4,500,000 4,251,000 4,000,000 - 4,500,000   4,502,157 3,169,000 4,296,000 3,732,500 

14 Quận 2 140,621 650,000 - 600,000 625,000 650,000 - 500,000 630,000 190,204 577,000 681,000 629,000 
15 Quận 7  274,828 350,000 - 350,000 350,000 350,000 - 400,000 400,000 397,945 330,000 408,000 369,000 
16 Quận 9 263,486 400,000 - 400,000 400,000 400,000 - 500,000 500,000 381,763 336,000 366,000 351,000 
17 Quận 12 427,083 450,000 - 450,000 450,000 450,000 - 450,000 450,000 535,576 609,000 749,000 679,000 
18 Quận Thủ Đức 455,899 550,000 - 550,000 550,000 550,000 - 500,000 550,000 578,749 550,000 642,000 596,000 
19 Quận Bình Tân  595,335 550,000 - 550,000 550,000 550,000 - 550,000 550,000 861,477 601,000 711,000 656,000 
  New Inner District 2,157,252 2,950,000 - 2,900,000 2,925,000 2,950,000 - 2,900,000   2,945,714 3,003,000 3,557,000 3,280,000 
  Inner District 6,060,202 6,950,000 - 7,400,000 7,176,000 6,950,000 - 7,400,000   7,447,871 6,172,000 7,853,000 7,012,500 

20 Huyện Củ Chi 355,822 700,000 - 800,000 750,000 800,000 - 700,000 800,000 714,223 744,000 996,000 870,000 
21 Huyện Hóc Môn  358,640 600,000 - 700,000 650,000 700,000 - 600,000 650,000 719,101 472,000 604,000 538,000 
22 Huyện Bình Chánh  447,292 700,000 - 800,000 750,000 850,000 - 700,000 850,000 832,096 694,000 925,000 809,500 
23 Huyện Nhà Bè 103,793 400,000 - 400,000 400,000 400,000 - 400,000 400,000 237,766 273,000 375,000 324,000 
24 Huyện Cần Giờ 70,697 200,000 - 300,000 250,000 300,000 - 200,000 300,000 100,120 160,000 240,000 200,000 
  Suburban Districts 1,336,244 2,600,000 - 3,000,000 2,800,000 3,050,000 - 2,600,000   2,603,306 2,343,000 3,140,000 2,741,500 
  Entire city 7,396,446 9,550,000   10,400,000 9,976,000 10,000,000   10,000,000   10,051,177 8,515,000 10,993,000 9,754,000 
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Note. As for collected data 
 

 A) Data of WSMP  created by VIWASE 
 A’) Node demand data including population forecasts, industrial area forecasts, and 

water demand /unit for analysis model of WSMP created by VIWASE 
 B) data of HCMC M/P 
 C) Data of District Master Plan 
 D) Data of Social Economic Master Plan(under consideration) 
 E) Population forecasts for each district 

 
(Supplement) Modification of demand for nodes  
There are small differences between VIWASE network model demand setting and 

approved WSMP, then the study team modified demand setting to fit WSMP demand 
estimation through hering to VIWASE;  

 
 Total estimated water demand is 3,538,000m3/day, whereas it is 3,570,000m3/day in 

WMP. (WSMP Table 8.5)  
 Basic unit for domestic use except for suburb area are 200L/capita-day, whereas they 

are 180L/capita-day in WSMP. (WSMP table 8.4, table 8.8)  
 Ratio for public use is 10%, whereas it is 7% in WSMP. (WSMP table 8.8)  
 Area for industrial zone is 6,892 ha, whereas it is 7,042 in WSMP (WSMP 8.3.2)  
 Basic unit for industrial zone is 40, whereas it is 35 in WSMP (WSMP table 8.8)  
 Ratio for “Service industry” is 10%, whereas it is 7% in WSMP. (WSMP table 8.8)  
 Ratio for “Lossing water” is 22-17%, whereas it is 30-22% in WSMP (WSMP table 8.8)  
 Demand node in Hoc Mon has not industrial demand 
 Demand node “BanDungIZ” has not industrial demand.  
 Demand node “QL1-Di.La” in Binh Chanh has double counted demand of 

35,000m3/day.  

 
2-3. Study on water distribution models 

2-3-1 Main pipeline 

As for main pipeline setting, several alternatives of water distribution models are 
evaluated considering the following issues in order to meet hydraulic conditions.  

 
 general economical unit head loss (2m/km – 3m/km)  
 water pressure balance within the distribution area,  
 existing network and planned new main pipelines, etc., 

 
In order to study on whole SAWACO supply area for future estimated water demand, the 

study team created several distribution models of 1st and 2nd degree mains.  
 
WSMP network models created by VIWASE in 2008 have differences in real existing 

pipelines and up-to-date WSMP planned main pipelines. So, the study team modified 
existing pipelines of the network model based on existing network CAD data (file named 
“hoa do tong the 80626.dwg”) from SAWACO (Water Transmission Enterprise), , . In 
addition, major differences in planned main pipelines which will affect largely of the 
results of network calculation are modified. For example, main pipeline from Thu Duc 
WTP to the city central, the study team modified the diameter from D2,000mm (in 
VIWASE model) to D2,400mm.  
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2-3-2 Time variation of water demand 

Time factor (K) is very important basic parameter to determine pipeline diameter and/or 
pump capacity. Time factor is defined as a ratio of planned maximum hourly water supply 
to planned average hourly water supply. To supply water safely to customers for future 
estimated water demand, it is very important to conduct network calculation with 
appropriate time factor to secure adequate water pressure.  

 
On the other hand, in WSMP technical study, future HCMC water distribution network 

is proposed without consideration of time factor. The study team suggests that time factor 
need to be considered in order to expand water facilities for future HCMC. This is because 
if the water distribution might be improved and the service level of water supply including 
water pressure might be improved, the customer would use more water with time variation 
same as leading cities in neighboring countries and developed countries.  

 
Then the study team studied appropriate time variation for future HCMC collecting 

related information. 
 

 Time factor 

Various time factors in various cities’ water supply planning and actual time factor of 
Osaka city are shown in Table 2-3-1.  

 
Table 2-3-1. Various time factors  

  Seasonal Hourly 
HCMC WSMP 1.10 － 

Vietnam (TCXDVN 33-2006) 1.10～1.20 1.20～1.50 
(Relatively small in megacities such as HCMC, Hanoi) 

Bangkok M/P (1970) 1.20 1.29 
  in total → K = 1.55 

Japanese Criteria 1.25 1.50 
Osaka Kunijima (29 JUN 2011) 1.25 1.33 

 
To consider appropriate future HCMC time factor and time variation, the study team 

collected information of available time series water flow data, etc. (Fig. 2-3-1).  
The study team sets the time factor and time variation considering the following 3 issues, 

based on DMA meter measured data in Nha Be WSC management area (BOO Thu Duc 
WTP system water distribution area). (Fig. 2-3-2) 

 
 Relatively high pressure 
 Relatively recently developed area and time variation of the area might resemble that 

of future HCMC because the customer water use pattern might resemble that of future 
HCMC.  

 NRW rate is approximately 20%; it is near the target NRW rate in 2025.  
 

Time factor including NRW rate 20% (as a part of water demand) is 1.24. Time factor 
excluding NRW is 1.3. (Fig. 2-3-3)  
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Fig. 2-3-1. Actual time variation patterns in HCMC 
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Fig. 2-3-2. Time variation pattern in Nha Be area (Excluding NRW). 
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Fig. 2-3-3. Time variation pattern in Nha Be area (Including NRW).  

 
2-3-3 Water distribution reservoir 

Water distribution reservoir works as a buffer to inlet water from WTP and outlet water 
to the distribution area with time variation (hourly time variation and seasonal time 
variation). Then it is important to secure adequate reservoir capacity to supply water as a 
buffer and also to supply water for temporarily with appropriate pressure in emergency.  

 
In HCMC, same as Osaka city, it is almost flat, and then water distribution areas should 

be set to secure water pressure balance. The study team set reservoirs in WTPs and/or in 
city area to create alternatives of water distribution areas.  

 
In network modeling, the study team set reservoirs in WTPs and/or in city area to secure 

stable water supply to water distribution areas according to planned maximum daily supply 
of the distribution area.  

 
 Reservoir capacity  

Reservoir capacity should be set considering a buffer function for time variation of 
water demand and emergency function above mentioned.  

 
Volume for time variation can be defined as a buffer which balances the inlet from WTP 

and the outlet to the distribution area. Water treatment facilities, with a view of stable 
water process, basically treat water for fixed volume through a day. On the other hand, 
water distribution flow varies according to customers’ water use. In nighttime, water 
demand decrease, a reservoir store water. In daytime, a reservoir emits stored water to 
meet water demand increase. A buffer function should be needed to balance water demand 
and water supply.  

 
Minimum capacity of reservoir can be defined as a buffer volume to supply water 

according to water demand variation, and can be calculated as accumulation of excess 
volume hourly water demand to average hourly water demand of planned maximum daily 
water supply.  

 
Here, the study team calculated the minimum capacity of reservoir for future HCMC 

based on time variation pattern which is set in Fig. 2-2-7. Assuming inlet flow equals to 
average hourly flow, from 00:00 to 06:00 storage volume increase because inflow excesses 
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outflow. From 06:00 to 21:00 storage volume decreases because outflow excesses inflow. 
The accumulation volume is calculated and then divided by planned maximum daily 
supply. Required time volume* of a reservoir is 2.1 (hour) (Fig. 2-3-4)  

 
Inlet Flow to reservoir (pattern of Nha Be )
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Fig. 2-3-4. Required time volume to cope with time variation of water demand 

 
 Reservoir capacity in WTP 

Existing reservoirs in WTPs have function as both distribution reservoir and treatment 
reservoir. Function of treatment reservoir is a buffer to balance inlet filtration flow and 
outlet transmission (distribution) flow and to secure water supply in case of temporary 
suspension of treatment process. Thus, reservoir in WTP should have an adequate capacity 
to meet both function of distribution reservoir and treatment reservoir. 

 
At first, the study team estimated required reservoir capacity for reservoirs in WTPs 

assuming present SAWACO’s water distribution area (3 areas). (Table 2-2-11) The study 
team set the required capacity as a treatment reservoir “more than 1 hour’s volume of 
planned daily treatment capacity”, based on Japanese waterworks facilities criteria.  

 
Table 2-3-2. Required reservoir capacity in WTPs (Based on existing distribution area) 

 
Treatment 
Capacity 
(m3/day) 

Existing 
reservoir 

capacity in WTP 
(m3) 

Required capacity 
as a treatment 

reservoir 
(m3) 

Required capacity as 
a distribution 

reservoir 
(m3) 

Balance 
(m3) 

 [A] [B] [C] = 
 [A] / 24 x 1.0 

[D] =  
[A] / 24 x 2.1 [E] = [B] – [C] – [D] 

ThuDuc subtotal 1,950,000 270,000 81,000 171,000 18,000 
BOO subtotal 300,000 40,000 13,000 26,000 1,000 
TanHiep subtotal 1,050,000 102,000 44,000 92,000 -34,000 

 
 
 

*Time volume of reservoir 
Time volume of reservoir can be defined a value the reservoir volume divided by daily water 
supply. For example, fot planned daily water supply of 60,000m3/day, a volume of 20,000m3 
reservoir, the time volume of the reservoiris is calculated as follows; 
 

20,000 (m3) / 60,000 (m3/day) = 1/3 (day) = 1/3 x 24 (hours) = 8 (hours) 

 

 

2.1 



 
 

2-20  
 

As a result, in Tan Hiep system, the reservoir capacity in Tan Hiep WTP might become 
insufficient (-34,000m3) for the present water distribution area considering water demand 
time variation.  

 
 Reservoir capacity in city area 

Reservoir capacity should be set considering required buffer volume to balance inflow 
from WTP and outflow to customers and a required volume for emergency.  

In Japanese waterworks facilities criteria, distribution reservoir capacity is suggested as 
12 hours of planned maximum daily water supply. In addition, it is recommended to 
increase volume considering stability of water supply. However, those values are set 
considering to secure water supply in case of earthquake disaster, it might be too big to 
apply in Vietnam. Then the study team studied appropriate distribution reservoir capacity 
in city area.  

 
At first, in addition to a buffer volume to balance inflow and outflow as minimum 

requirement, a buffer volume to secure stable pumping control should be included.  
 
Besides, the distribution reservoir capacity might be set considering the, long term 

change in distribution area because of severe main pipeline burst or power receiving 
facilities failure, etc., differences between estimated future water demand and actual 
increase of water demand. In these cases, distribution area might be expanded within the 
reservoir’s allowable capacity.  

 
In conclusion, the study team calculated minimum required volume for a buffer to 

balance inflow and outflow, and set 4 hours volume of daily supply water as recommended 
capacity based on the calculations of minimum requirement of 2.1 hours for hourly 
variation and more than 1 hour to protect pumping facilities that is long term operation 
experience of water distribution plants in Osaka city.  

 
It is important to determine the number and capacity of reservoirs in a water distribution 

plant at basic design phase. A reservoir might be suspended because of maintenance work 
or trouble in structure, but the water distribution plant has to continue to supply water 
stably for the distribution area. Then it is general to install 3-4 reservoirs in a water 
distribution plant, considering cost efficiency.  

 
 Reservoir Water level 

The study team set reservoir water level which is required to calculate energy efficiency, 
assuming sub-underground reservoir structure which is general in HCMC, and average 
water level of reservoir equals to ground level. In energy efficiency calculation, required 
pump head is set considering effective water head of outlet flow and average water level of 
reservoir.  

 
2-3-4 Setting up of water distribution area 

First, the Team created several alternative water distribution network models 
considering that to supply water with adequate pressure (target pressure) continuously is 
most important. Then proposed the optimum water distribution network by evaluating 
these alternatives 

In this modeling, it is required to allocate water distribution reservoirs and its 
distribution areas. This is because water distribution area can control water pressure 
independently in each area, and as a result, archive to secure target water pressure. 
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Fig. 2-3-5. Approach to evaluate alternatives of water distribution area 
 
Considering SAWACO did not study enough about the distribution area for future 

HCMC, the study team started to study and discuss the policy of setting distribution area 
before network calculation. After that, the study team created several alternatives along the 
discussed policy and evaluated alternatives with network calculation. (Fig. 2-3-5) 

 
 Purpose of setting up of water distribution area 

The followings are main effects in case of controlling water distribution for each 
distribution area for dealing with increasing water demand according to the city 
development. 

 
 Graded solution for lack of water supply capacity 
 Appropriate control of water flow and pressure 
 Planned improvement of water leakage 
 Equalization of water supply service in the water distribution area 
 Improvement of required water supply service qualities such as quantity, quality, 

pressure 
 
However, to divide water distribution area, the amount of pipeline installation increases, 

and construction of pumping station of the water distribution plants is needed, then the 
costs of EPC and O&M for pipeline and facilities will increase. 

 
Therefore, it is hopeful to set up smaller distribution areas in order to equalize water 

supply service, to improve the management of water flow and pressure, and to reduce 
water leakage efficiently. But considering costs and complication for operation 
management, the water distribution areas need to be set up in appropriate size. 

Evaluation criteria for setting up of water distribution areas are as follows; 
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 Feasibility (Technical feasibility for controlling water flow and pressure under the 
hydraulic conditions) 

 Implementation costs (Construction of WDPs and new pipeline needed for setting up of 
water distribution areas) 

 Equalization of water pressure in the water distribution area (Contribution to improve 
water leakage reduction) 

 Reaching time to the end of water distribution network (Water supply service level in 
water quality such as securing needed residual chlorine concentration) 

 Energy saving 
 
The study team proposed the most appropriate water distribution network through a 

qualitative and quantitative (cost) evaluation of several alternatives. 
 

 Checking of water distribution capacity of main pipelines from WTPs 

As is described in the previous pages, in WSMP, the water distribution network is 
basically designed based on the present water distribution style without setting up water 
distribution areas. Besides, the future network development was basically planned to 
expand two main WTPs (Thu Duc WTP and Tan Hiep WTP). (See Fig. 2-3-1)  

To carry out the study to create new distribution network alternatives, the study team 
checked capacities to transmit water regarding existing and planned main pipelines from 
WTPs to the central part of the city. 

 
Considering the distance ,about 15km from Thu Duc WTP to the central part of the city 

(around District 1) and about 20 km from Tan Hiep WTP to the central part of the city 
(around Cho Lon area), setting a cost efficient unit head loss of 2m/km, the head loss in 
each route is calculated as follows; 

 
  Thu Duc WTP~District 1 (About 15 km):  30m 
  Tan Hiep WTP~Cho Lon (About 20 km): 40m 

 
When the planned maximum daily water supply from Thu Duc WTP is approximately 2 

million m3/day, and the planned daily water supply from Tan Hiep WTP is approximately 1 
million m3/day, without a consideration of time factor on water demand, the transmission 
capacity of existing and planned main pipeline are shown in Table 2-3-3. 

 
 

Table 2-3-3. Transmission capacity of main pipelines (Without time factor) 

WTP 
system 

Planned 
maximum 

daily supply 

Hourly 
maximum 

flow 

Main pipelines 

Diameter Flow Unit head loss Head loss 

(m3/day) (m3/h) (mm) (m3/h) (m/km) (m) 

Thu Duc 
15km 2,000,000 83,000 

2,400 37,000 
1.88 28.2 2,000 23,000 

2,000 23,000 
Tan Hiep 

20km 1,000,000 42,000 2,000 29,000 2.82 56.4 1,500 13,000 
 
 

When the time factor is 1.3, the transmission capacities of main pipelines are shown in 
Table 2-3-4. 
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Table 2-3-4. Transmission capacity of main pipelines (With time factor) 

WTP 
system 

Planned 
maximum 

daily supply 

Hourly 
maximum 

flow 

Main pipelines 

Diameter Flow Unit head loss Head loss 

(m3/day) (m3/h) (mm) (m3/h) (m/km) (m) 

Thu Duc 
15km 2,000,000 108,000 

2,400 48,000 
3.05 45.8 2,000 30,000 

2,000 30,000 
Tan Hiep 

20km 1,000,000 54,000 2,000 37,000 4.58 91.6 1,500 17,000 
 
In the case of water supply by pumps, it is generally suggested that unit head loss should 

be in a range from 2 to 3 m/km, considering a trade-off relation between cost for pumps 
and cost for pipelines in EPC and O&M phase. Besides, network plans which need 
excessive water pressure should be avoided especially considering present technical levels 
on operation and maintenance of pumps and pipelines in developing countries. 

 
From the figures of head loss in the table 2-3-4, lack of transmission capacity of main 

pipeline from Tan Hiep WTP was worried for setting up of water distribution areas under 
the condition of future water demand with a consideration of time factor. 

 

 
Fig. 2-3-6. WTPs and existing main pipelines 

 
 Basic policies for setting water distribution areas 

Water distribution area is generally set, imaging cascaded pipeline network structures. A 
“Large block” consists of WTP, main WDP and main pipelines, on the other hand, “Small 
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block” which are in a large block and set by a unit of tree block function as management 
units to control water flow, pressure and NRW. Especially, in the case of topographically 
flat cities, water is distributed by pumps and cascaded distribution blocks should be set 
properly to control water flow and pressure. 

 
Except for small underground water WTPs, SAWACO has presently 3 large WTPs and 3 

water distribution areas; Thu Duc WTP system, Tan Hiep WTP system, BOO Thu Duc 
WTP system. Besides, WSCs are installing master meters in order to measure water flow 
to WSCs from SAWACO at the hand over points from 1, 2 degree mains. 

In addition, to carry out NRW reduction measures at the 3rd degree mains and service 
installations, water meters, formation of DMAs is progressing and “District meter” is being 
installed in each DMA. 

Therefore, presently, it can be roughly said that HCMC is forming 3 cascaded water 
distribution blocks, which are 3 large blocks consists of each WTPs and trunk mains, 
middle blocks as the 3rd degree mains network, small blocks as DMAs. 

 
Under the above situation on the present water distribution network with large 

distribution blocks which consists of WTPs, planned WDPs, main pipelines which can deal 
with future water demand described in the WSMP. 

 
 Setting up of water distribution area 

It is very important to secure the target pressure in distribution network in this study, 
therefore the study team investigates several alternatives of water distribution areas which 
consist of reservoirs (in WTP and/or in city area) and main pipelines, in order to establish 
water distribution system which can realize stable and continuous water supply with 
adequate pressure according to water demand variation. 

 
According to the Japanese design criteria for waterworks facilities, water distribution 

area should be set to realize rational and economical management and operation of 
waterworks facilities, considering natural conditions such as topography and social 
conditions. 

 
There can be various cases to take the above natural and social conditions into 

consideration of future water distribution network which consists of several distribution 
areas in HCMC where such network exists already. 

On the other hand, considering social conditions, as for the distribution areas according 
to administration area of each district, the distribution areas according to WSCs 
management area might be options for alternatives. 

With a view of reasonability for hydraulic conditions, generally, setting a common and 
fair water supply service level over the whole water distribution area, water distribution 
areas should be set to secure needed and not too high water pressure with minimum cost 
for new facilities installation, utilizing at the most of existing water distribution network. 

 
Generally, boundary of water distribution area might be set considering topological 

conditions such as difference in elevation, rivers, railways and main roads in which it is 
difficult to install crossing pipeline technically and costly. In addition, the number of water 
distribution areas and the size of the areas should be set considering water pressure balance 
according to estimated water demand. 

 
Based on such consideration, the study team defined the following policies to set water 

distribution areas; 
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(1) Setting up based on WTPs, WDPs and main pipeline 
(2) 6 zones proposed by World Bank in its technical assistance survey (Defined as zones 

for measuring water flow to carry out water leakage reduction project efficiently) 
(3) Setting up by each administration area 
(4) Setting up by each management areas of WSCs 
(5) Setting up by a unit area (such as a circle which has a certain radius and a water 

source at the center) to equalize water pressure 
 
According to these policies, the following water distribution areas are roughly studied 
 
At first, as for (1), considering existing 3 distribution areas (Thu Duc WTP system, Tan 

Hiep WTP system, BOO Thu Duc WTP system), the study team created the alternatives 
based on existing and planned main pipelines.  

Based on the result of checking of water distribution capacity of main pipelines from 
WTPs, Tan Hiep system will have insufficient capabilities of supplying water; therefore, 
the following alternatives are studied. 

 
 a. 3 WTPs system areas + 1 WDP area: 4 areas in total – Fig. 2-3-3 
 b. 5 areas according to existing and planned main pipelines – Fig. 2-3-4 
 c. 7 areas according to existing and planned main pipelines and main WTPs (Thu Duc 

WTP, Tan Hiep WTP) – Fig. 2-3-5 
 
As for (4), (5), the following alternatives area studied. 
 

 d. 8 areas according to WSCs management areas – Fig. 2-3-6 
 e. 10 areas according to 5km radius circle considering efficient unit head loss to 

balance water pressure within the areas – Fig. 2-3-7 
 
Setting the distribution areas with unit head loss of main pipeline (2m/km) to limit head 

loss within the area under 10m. [10m / (2m/km) = 5km] 
Also, as for (2), (3), there are no hydraulic reasonability, especially in the city central the 

areas are too many and the area, population, estimated water demand of each area might 
have large differences, the study team omit these alternatives. 
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Fig. 2-3-7. a. 4 areas: 3 WTPs + 1 Reservoir 
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Fig. 2-3-8 b. 5 areas: existing and planned main pipelines 
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Fig. 2-3-10: 8 areas: 8 WSCs management areas 

Fig. 2-3-9 7 areas: existing and planned main pipelines + 2 WTPs 
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Fig. 2-3-11 10 areas: Pressure balance – 5km radius circles 
 
In this rough qualitative evaluation, the study team set the important condition 

considering future HCMC water distribution system as follows; 
 

 Because SAWACO set the goal to raise water supply service level of HCMC up to that 
of the cities in developed countries till 2025, the distribution areas shall be small in 
order to control the flow and the pressure appropriately in the distribution areas. 

 In WSMP, new main pipelines are planned to be installed in planned main roads in city. 
And it might be impossible to install new main pipeline in roads which are not 
designated to install new main pipeline in WSMP.  

 Water distribution areas shall utilize existing WTPs (and pumping stations in WTPs), 
existing and planned main pipelines. To set too many distribution areas shall result to 
install large amount of new main pipelines and require large costs. 

 
To make maximum use of existing and planned main pipeline in WSMP, especially for 

alternatives (a), (b), (c), the study team made network models and conducted network 
calculation in order to evaluate hydraulically feasibility. In alternatives (d), (e), large 
amount of new main pipeline installation will be required, without the use of existing main 
pipeline network, the study team considers it is not feasible to set water distribution areas 
based on the policy (d), (e). 

 
 Other issues to be considered 

Other complementary issues to be considered for setting up of water distribution areas 
are as follows; 
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 Setting up of water distribution areas basically follows the present water  flow from 
Thu Duc WTP and Tan Hiep WTP to the city central based on the existing main 
network.既設管網が、Thu Duc 系統、Tan Hiep 

 Water distribution area supplied from BOO Thu Duc WTP should be set for an area 
with a water demand of 300,000 m3/day, because according to a contract between 
SAWACO and BOO Thu Duc WTP company, SAWACO have to pay for fixed water 
amount of 300,000m3/d. BOO Thu Duc 

 Water distribution area supplied from BOO Thu Duc WTP should be southern part of 
HCMC including Can Gio area considering the location of the main pipeline from 
BOO Thu Duc WTP.  

 Central part of HCMC should be set as areas supplied from Thu Duc WTP because 
water treatment of Tan Hiep WTP is unstable compared to Thu Duc WTP. Tan Hiep 

 Go Vap district and Tan Binh district should be supplied from Tan Hiep considering the 
location of existing main network.  

 Areas around Thu Duc WTP and Tan Hiep WTP should be set as area supplied directly 
from the WTPs.  

 Main pipeline should be set to make loops to improve water pressure unbalance in 
water distribution areas.  

 Diameters of main pipelines should be determined considering economical unit head 
loss and water pressure conditions (effective water head of 75m or under).  

 
※ According to Japanese design criteria for waterworks facilities and Ministerial 

ordinance of technical standard for waterworks, in pipeline networks where many pipe 
type exist, maximum hydrostatic pressure in pipe network should be 0.74MPa, due to 
the protection for the network system. In case of excessive water pressure, materials 
are required to have a high resisting pressure and management for operation and 
maintenance becomes difficult. SAWACO uses pre-stressed concrete cylinder pipe 
(PCCP) (such as AWWA C301/304 standard pipe) for large size pipes and a pressure 
test at 10kgf/cm2 is carried out before water introduction, therefore SAWACO has an 
opinion that there is no problem on the effective water head of 75m or under.  

 
2-4. Alternative Study on Distribution System 

2-4-1 Basic Concept 

Based on the existing distribution network system and proposed trunk mains planned by 
WSMP, alternatives for distribution systems divided by some distribution blocks were 
prepared based on the results of network analysis in order to satisfy hydraulic conditions. 
In this section distribution efficiencies of alternatives and their technical feasibilities were 
studied for selection of the best alternative for future distribution system. 

Before creating some alternatives for distribution system, the network model prepared 
by WSMP was modified and developed in order to satisfy hydraulic conditions based on 
the following conditions. 

 
 setting of proper pipe diameter to become economic hydraulic gradient of 2 to 3 m/km 
 setting of proper source pressure (pump discharge pressure) to meet hydraulic 

condition (more than 25m and less than 75 m) 
 matching between distribution facility capacity and water demand 

 
Table 2-4-1 shows distribution capacity (flow and velocity) by pipe diameter for 

economic hydraulic gradient of 2 and 3 m/km for reference. 
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Table 2-4-1 Flow and Velocity by Pipe Diameter and Hydraulic Gradient 
 

 Flow (m3/d)  Velocity (m/s) 
Dia.(mm) 2 m/km 3 m/km  2 m/km 3 m/km 

800 51,200 63,746  1.179  1.468  
900 69,722 86,807  1.268  1.579  
1000 91,902 114,423  1.354  1.686  
1100 117,989 146,902  1.437  1.789  
1200 148,221 184,542  1.517  1.889  
1350 201,843 251,303  1.632  2.032  
1500 266,055 331,250  1.743  2.170  
1600 315,103 392,317  1.814  2.258  
1800 429,097 534,244  1.952  2.430  
2000 565,606 704,204  2.084  2.594  
2100 642,783 800,292  2.148  2.674  
2200 726,156 904,096  2.211  2.753  
2400 912,215 1,135,747  2.334  2.906  
2600 1,125,201 1,400,925  2.453  3.054  

 
 Modification of WSMP Network Model 

Network model prepared by VIWASE during implementation of WSMP was modified 
and analyzed considering the existing distribution system and it will be a base model of 
this study. 

 
If the WSMP Model is used for this study, there are some problems as follows; 
 

 In order to secure the residual water pressure of more than 25 m +G.L. at the entire 
system considering hourly peak demand, pump discharge pressure of much more than 
75 m +G.L. should be needed. 

 For the city central area and the northern area of Tan Son Nhet Airport, considering 
hourly peak demand in 2025, distribution mains for these areas have not enough 
capacities. 

 There are some trunk mains planned by WSMP which diameters (capacity) are not 
enough for the demands. 

 
If the hourly peak demand is taken into account in future network analysis, some 

distribution mains have not enough capacity to meet the hydraulic conditions in any of 
distribution systems. 

 
At first for securing stable distribution with enough residual pressure, in consideration 

of hourly peak demand, it is necessary for basic model of the study to increase diameters 
of some distribution mains as shown in Figure 2-4-1 based on WSMP Model. 
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Figure 2-4-1 Required upgrade from Water Supply Master Plan 
 
 
Thu Duc System can distribute water of 1,950,000 m3/day with enough residual 

pressure by using the existing distribution system. Figure 2-4-2 shows areas in which 
residual pressure is a little more than 25 m +G.L. which was set at a target minimum 
pressure. However, for Tan Hiep System, the existing distribution mains and proposed 
mains from Tan Hiep WTP have not enough distribution capacity for the system. 
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Figure 2-4-2  Areas of slightly more than 25 m of Residual Pressure for Thu Duc System 
 

2-4-2 Points of Alternative Study 

Alternatives for distribution systems were prepared based on the following aspects 
qualitatively and quantitatively. 

 
 Feasibility （technical feasibility of flow and pressure controls to meet hydraulic 

conditions） 
 Pressure Balance （contribution to leakage improvement） 
 Arrival Time to Fringe Area (service level of water quality such as ensuring of residual 

chlorine concentration) 
 Energy Saving 
 Construction Costs （additional water distribution plants and trunk mains for creation 

of distribution blocks） 
 
Quantitative points for alternative study in the listed above are a) feasibility based on 

constraint conditions related to flow and water pressure controls, b) construction costs 
based on setting of unit prices, c) average water pressure, amount of water losses and 
arrival time based on the network analysis and d) electric power consumption based on 
motor outputs of pumps. 

On the other hand, qualitative points for alternative study are a) feasibility of pipe 
installation based on workability according to road conditions, b) water pressure resistance 
of the existing facilities, c) necessity of conversion of the existing facilities to new system 
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and d) possibility of land acquisition. 
Alternative study was conducted comprehensively in consideration of these points. 

Details of these points are described below; 
 

 Feasibility (Flow and Discharge Pressure) 

As indexes of feasibility examination, water flow and pump discharge pressure for each 
distribution block were calculated. Water flow of distribution block is estimated by adding 
together maximum daily water supply of each node within the block. Discharge pressure to 
meet the target water pressure was obtained based on the network analysis. 

According to the experiences of Osaka Municipal Waterworks Bureau, the maximum 
daily water supply for one distribution block is set at 1,180,000 m3/day or less. Therefore, 
this was one of the criteria to decide the size of one distribution block. 

 
  Water Pressure Balance (Leakage Improvement) 

Water pressure balance of each alternative was evaluated based on distribution of water 
pressure and the presence or absence of high pressure area based on the network analysis.  

Leakage amount (water losses) of each distribution block was estimated based on the 
following method as a way to quantify the adequacy of pressure balance.  

 
Formulation for water losses estimation: 

  Qli=C×Ai×Li×（Pi）0.5  

 
Where  Qli: Water Losses (m3/day), C: Leakage Coefficient per Distribution Pipe 

Capacity,  
Ai: Cross-sectional Area of Pipe (m2), Li: Pipeline Length (m),  
Pi: Effective Pressure at Middle Point of Pipeline (m)  

Source:  “A Study on Operation Management for Distribution Network considering 
Leakage Control”, Inakazu Toyono, Akira Koizumi, Dai Kudo, Tokyo 
Metropolitan University, presented at 56th Annual Conference of Japan 
Society of Civil Engineers, 2001 

 
Assuming that there is no leakage from trunk mains with a diameter of 1,500 mm or 

more, unused pipelines and new pipelines, leakage coefficient (C value) can be estimated 
to be constant in any case, because the differences of the existing pipeline length among 
alternatives are very small in comparison with total pipeline length. The leakage 
coefficient (C value) was calculated based on the results of network analysis of some 
alternative and water losses of 848,000 m3/day in 2015 estimated by WSMP.  

 
For calculation of C value, the extent of each node is up to the center of connected 

pipelines as shown in red part in figure below. 
 
 
 
 
 
 
Total Water Losses ΣQli = Σ（C×Ai×Li×Pi0.5  ）＝ C×Σ（Ai×Li×Pi0.5  ） 
 
 ΣQli=848,000 m3/d = 9,815 LPS 
 ΣAi×Li×Pi0.5＝1,130,985     Therefore, C=0.0087 

Junc 

｜→from here, for Node “○” Red part is for Node “●”. 
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 Arrival Time to the End of Supply Area 

In case that the arrival time is long, concentration of residual chlorine decreases and it is 
difficult to supply clean water safely to the every customers. In such case, additional 
chlorine is injected at new WDP in order to keep adequate concentration of residual 
chlorine. 

 
Arrival time to the end of the supply area for each alternative can be calculated by the 

following formula;  
 
arrival time ＝ pipeline volume (cross-sectional area × pipeline length) ÷ flow rate 
 
Although it is desirable to decide the appropriate arrival time based on the rate of 

residual concentration decrease corresponding to actual conditions of the existing network 
system of Ho Chi Minh City, such information have not been understood at present. 

Therefore, the target of the arrival time to tertiary (3rd degree main) pipelines is 
assumed to be 48 hours. If the arrival times for all alternatives meet the target of 48 hours 
or less, comparative comparison was carried out, because it is preferable to be shorter 
arrival time for issue of trihalomethane. 

 
 Save Energy 

Electric power consumption of each alternative was calculated in the following manner. 
Motor output can be calculated from the following formula in accordance with “Design 

Criteria for Waterworks Facilities” prepared by Japan Water Works Association. 
 
P = 0.163×ν× Q × H ÷ηp×(1+α) 
 
Where Q: Discharge of Pump (m3/min) 
  H: Total Pump Head (m) 
  ν: Mass per unit volume of liquid (kg/L) 
  ηp: Pump Efficiency 
  α: Allowance 
 

 Construction Costs 

Construction costs of necessary trunk mains, distribution reservoirs and transmission 
and distribution pumping stations for alternatives were estimated based on unit prices 
mentioned in WSMP. 

Required reservoir capacity is assumed to be a 2.1-hour amount (as least the minimum 
amount at Figure 2-3-4) of the maximum daily water supply for alternative study. 

 
Since WSMP does not mention the estimated costs for development of distribution 

system (which is indicated as “MP based upgrade (baseline)” in Figure 2-4-3), alternative 
study is carried out only based on additional costs for creation of distribution blocks 
(which are indicated as “Required upgrade (Common)”, “Required upgrade (depend on 
solution)” and “Additional upgrade” in Figure 2-4-3). 

Therefore, it is noted that the total construction costs for distribution facility 
development should include the costs estimated by WSMP in addition to the additional 
costs for creation of distribution blocks. 
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Figure 2-4-3 Conceptual Diagram for Cost Structure 
 

2-4-3 Creation of Alternatives (Step 1) 

In order to solve problems for Tan Hiep System, based on the network model modified 
as mentioned above, Alternative A distributed by the following three existing distribution 
systems was prepared. 

 
(Thu Duc System) 

Thu Duc System was set at the maximum daily water demand of 1,950,000m3/day. 
 

(Tan Hiep System) 
Tan Hiep System was set at the maximum daily water demand of 1,050,000m3/day. 
 

(BOO Thu Duc System) 
BOO Thu Duc System which supplies water to the south of the city including Can Gio 

area is set at 300,000 m3/day which covers future demand in 2025. Considering hourly 
peak factor, because the existing distribution main from BOO Thu Duc WTP has not 
enough distribution capacity, it is necessary to install additional distribution main with a 
diameter of 1,800 mm along Ring Road No.2.   
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 Alternative A： Addition of Trunk Main for Tan Hiep System  

The existing distribution main of 1,500 mm diameter and proposed main of 2,000 mm 
diameter from Tan Hiep WTP have not enough distribution capacity for the system. 
Therefore, it is necessary to install additional distribution main of 1,800 mm diameter with 
a length of 15 km from Tan Hiep WTP.  

Supply area of this alternative is divided into 3 distribution blocks supplied from Thu 
Duc WTP, BOO Thu Duc WTP and Tan Hiep WTP, which follows the existing system. 

 
 

1800mm 15.0kmTAN HIEP

THU DUC

BOO   
Figure 2-4-4 Alternative A 

 
 
Alternative A is a plan for solving the existing problems based on the WSMP Model. 

Alternative B is a plan for constructing new WDP for improving distribution condition for 
Tan Hiep System. 
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 Alternative B： Addition of Water Distribution Plant (WDP) for Tan Hiep System 

New water distribution plant (WDP) for Tan Hiep System is constructed near the 
existing Tan Binh WTP and Tan Hiep system is divided into two blocks.  

 
 The existing distribution main with a diameter of 1,500 mm is used as transmission 

main to new Tan Binh WDP from Tan Hiep WTP. 
 At Tan Hiep WTP, new transmission pumps will be installed for conveying treated 

water from Tan Hiep WTP to new Tan Binh WDP. 
 It is necessary for distribute water to southwest of Tan Hiep System to install new 

distribution main with a diameter of 1,500 mm of 6.5 km length as a distribution main 
from new Tan Binh WDP. 

 Proposed distribution main with a diameter of 2,000 mm will be used as distribution 
main for supplying water directly from Tan Hiep WTP. 

Supply area of this alternative is divided into 4 distribution blocks supplied from Thu 
Duc WTP, BOO Thu Duc WTP, Tan Hiep WTP and Tan Binh WDP, which is equal to the 
plan “a” mentioned in previous section. 

 
 

1500mm 6.5km

TAN HIEP

Tan Binh

THU DUC

BOO

Tan Binh
Reservoir:

  
Figure 2-4-5 Alternative B 
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2-4-4 Results of Alternative Study (Step 1) 

The results of alternative study for Alternatives A and B are as follows; 
 

 Feasibility (Flow and Discharge Pressure) 

In order to confirm technical possibility of controlling flow and pressure for each 
alternative, maximum daily water supply and pump discharge pressure were studied. Table 
2-4-2 shows maximum daily water supply for each distribution block.  

 
Table 2-4-2 Maximum Daily Water Supply of Each Distribution Block 

   (m3/day) 
Alternatives Based on WSMP 

Calculation 
(1 area) 

Alternative A 
(3 areas) 

Alternative B 
(4 areas) 

Thu Duc WTP system 
(1,950,000m3/day) 

 1,942,101 1,942,101 

BOO Thu Duc WTP 
system 

(300,000m3/day) 

 299,600 299,600 

Tan Hiep WTP system 
(1,050,000m3/day) 

 1,054,977 Tan Hiep WTP:  
650,522 

WDP (Tan Binh) 
404,455 

Total 
(3,300,000m3/day) 

3,296,678 3,296,678 3,296,678 

 
Creation of distribution blocks were based on the existing distribution system, supply 

capacity from the existing WTP and topographical features.  
 
Necessary pump discharge pressures to meet hydraulic conditions are shown in Table 

2-4-3. It is noted that pump for conveying water from Tan Hiep WTP to Tan Binh WDP is 
transmission pump. 

 
Table 2-4-3 Pump Discharge Pressure of Each Alternative (m) 

Alternative A Elevation Pressure Total Head Note 
 Thu Duc system     
  Thu Duc D2000 13 70 83  
   D2400     
 Tan Hiep system     
  Tan Hiep D1500 5 67 72  
   D2000     
   D1800(new)     
 BOO Thu Duc system     
  BOO D1500 13 59 72  

 
Alternative B Elevation Pressure Total Head Note 
 Thu Duc system     
  Thu Duc D2000 13 70 83  
   D2400     
 Tan Hiep system     
  Tan Hiep D1500 5 61 66 Transmission to Tan 

Binh Reservoir 
   D2000 5 66 71  
  Tan Binh  3 48 51  
 BOO Thu Duc system     
  BOO D1500 13 59 72  



 
 

2-39  
 

 
By Table 2-4-3, Alternative B can reduce pump discharge pressure than Alternative A 

and it is expected to contribute to decrease operation and maintenance costs. 
 
Pressure distribution of each alternative is summarized in the following figures. 
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Alternative B 

Alternative B. ：　4areas
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Figure 2-4-6 Pressure Distribution 
 
As shown in figures above, Alternatives A have many demand at water pressure of 

50-55 m +G.L. Alternatives B is much better at pressure balance than Alternative A. 
Pressure distribution of each distribution block of each alternative is summarized in the 
following figures. 
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Alternative A 
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Alternative A. ：　TanHiep
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Alternative B 
Alternative B. ：　ThuDuc
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Alternative B. ：　TanHiep
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Alternative B. ：　TanBinh WDP
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Figure 2-4-7 Pressure Distribution of Each Block 
 
As shown in figures above, since Tan Hiep System of Alternative B is divided into two 

distribution blocks, Alternative B is better at pressure balance of Tan Hiep System than 
Alternative A.  

 
 Pressure Balance (Water Losses) 

By using C value obtained above and based on the results of network analysis, water 
losses for each alternative was calculated as shown in Table 2-4-4. 

 
Table 2-4-4 Estimated Water Losses for Each Alternative (m3/d) 

  Alternative A Alternative B 
  3 areas 4 areas 

water losses(LPS)  9,815 9,780 
water losses (m3/d) 848,000 845,500 
difference between 

 Alternative A 0 2,500 

ratio of  
Alternative A 100% 100% 

 
With a small difference of water losses, there is similar in terms of water losses.  
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 Arrival Time to the End of Supply Area 

Arrival time to the end of the supply area for each alternative can be calculated by 
dividing pipeline volume (multiplying cross-sectional area by pipeline length) by flow rate 
and its results are shown in Table 2-4-5. 

 
Table 2-4-5 Arrival Time to the End of Supply Area (hours) 

  Alternative A Alternative B 
  3 areas 4 areas 

Average (h) 10.4 9.8 
max (h) 25.1 20.4 

 
Since Tan Hiep System of Alternative B is divided into two distribution blocks, 

Alternative B is better at the arrival time than Alternative A. 
 

 Energy Saving 

Pump discharge and total pump head are based on the results of network analysis of 
each alternative. Other conditions are estimated according to size of facility, etc. Table 
2-4-6 shows results of calculations. 

 
Table 2-4-6 Motor Outputs of Pumping Stations (kW) 

 Alternative A Alternative B 
 3areas 4areas 
TD 25,281 25,281 
TD total 25,281 25,281 
   
BOO 3,383 3,383 
   
Transmission to 
Tan Binh  4,187 

Tan Hiep WTP 11,913 3,235 
Tan Binh WDP  7,244 
TH3   
TH total 11,913 14,666 

   
Total 40,577 43,330 

 
For Tan Hiep System, motor output of Alternative A which does not adopt divide of 

distribution area is smaller. Alternative B is, therefore, is inferior in energy saving to 
Alternative A. Alternative B also has a challenge of land preparation for WDP. 

 
 Construction Costs 

Decreasing cost is a trade-off between development of pipeline and motor outputs 
(constructions) of WDPs. Development of pipeline can reduce motor outputs of WDPs and 
increase of motor output can reduce the cost of pipeline development. Comparative study 
between the costs per year related to pipeline construction such as payment of interest and 
depreciation cost and the energy costs will be conducted.  

However, it is noted that the pipeline development might depend on the conditions of 
the existing roads and surrounding areas (crowded area or not). In this case, it is 
conceivable that the distribution by pumping rather than pipeline development should be 
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adopted. In this study, such cases were not considered and the cases which would install 
necessary distribution pumps for distribution network development were examined.  

 
Table 2-4-7 Required Reservoir Volume 

   (m3) 
Alternatives 

 Based on WSMP 
Calculation 

Alternative A 
(3 areas) 

Alternative B 
(4 areas) 

Required reservoir 
volume (Minimum) 

Inside Tan Hiep 
WTP 

35,000 

Inside Tan Hiep 
WTP 

35,000 

Tan Binh 
35,000 

 
Table 2-4-8  Additional Construction Costs （million VND） 

  Alternative A Alternative B 
  3 areas 4 areas 
Reservoir 115,500 358,173 
 Reservoir 115,500 115,500 
  pumping station (M/P) 242,673 
Pipeline 1,593,677 1,084,177 
  New 800,000 290,500 
  M/P increased 682,786 682,786 
  WSMP original △ 370,009 △ 370,009 
Renewal increased 1,211,300 1,211,300 
Renewal original △ 730,400 △ 730,400 
Total 1,709,177 1,442,350 

 
Table 2-4-8 shows the high initial cost of Alternative A since pipeline cost is greatly 

affect the total cost.    
 

 Others 

As a reference for the alternative study, outline of each alternative such as area and 
population is given below.  

 
 Future Population Served 

Population served of each distribution block for each alternative is shown in Table 
2-4-9. 

 
Table 2-4-9 Population Served of Each Block 

  Alternative A Alternative B 
  3 areas 4 areas 

Thu Duc WTP 5,423,500 5,423,500 
TD total 5,423,500 5,423,500 

   
BOO  912,000 912,000 

   

Tan Binh WDP   971,000 
Tan Hiep WTP 2,914,500 1,943,500 

TH total 2,914,500 2,914,500 
 0 0 

total 9,250,000 9,250,000 
 
 



 
 

2-43  
 

 Area of Distribution Block 
Table 2-4-10 shows distribution area of each distribution block. 
 

Table 2-4-10 Area of Distribution Block (km2) 
  Alternative A Alternative B 

 3 areas 4 areas 
Thu Duc WTP 387.8 387.8 

TD total 387.8 387.8 
   

BOO 129.1 129.1 
   

Tan Binh WDP   221.3 
Tan Hiep WTP 442.8 221.5 

TH total 442.8 442.8 
   

Total 959.7 959.7 
 
 Future Industrial Area 

Based on WSMP, the area of future industrial area located at each distribution block in 
year 2025 which is based on WSMP is shown in Table 2-4-11.  

 
Table 2-4-11 Future Industrial Area (ha) 

  Alternative A Alternative B 
  3 areas 4 areas 

Thu Duc WTP 1,679 1,679 
TD total 1,679 1,679 

   
BOO 1,680 1,680 

   
Tan Hiep WTP  2,102 1,248 
Tan Binh WDP  854 

TH total 2,102 2,102 
   

Total 5,461 5,461 
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 Evaluation of Alternatives 

Result of alternative study is summarized in Table 2-4-12. 
 

Table 2-4-12 Summary of Evaluation on Each Alternative 

 
 

 
Note: *****：Excellent, ****: Good, ***：Average, **： Fair, * poor 

 
Points of evaluation are as follows; 
 

 In terms of keeping water pressure properly, since Alternative B can improve 
distribution pressure balance by constructing water distribution plant (WDP), 
Alternative B is better than Alternative A. 

 Alternative A has a problem of land preparation for proposed pipeline routes of 1,800 
mm diameter with 15 km length, because installation of the pipeline with a diameter of 
2,000 mm is already planned along the same route. 
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In addition to the above, in terms to the initial costs, Alternative B is better than 
Alternative A as the basic future distribution plan. However, there are the following issues. 

 
 For Alternatives A and B, Thu Duc system is supplied directly through the long 

existing trunk mains the same as the existing system and its service area is very large 
for supplying planned maximum daily water supply amount of 1.95 million m3/day. 
Therefore, Alternatives A and B have problems of distribution pressure balance and 
distribution control. 

 Both Alternatives A and B can supply water of 1,950,000 m3/day directly from Thu 
Duc WTP to one distribution block under high pump discharge pressure of around 70 
m +G.L. These alternatives can meet the hydraulic conditions, but residual pressures 
around the WTP are extremely high. 

 Considering the existing water supply situations in Ho Chi Minh City, it seems unlikely 
that the existing facilities, especially tertiary and service pipes and water supply 
devices within the home, are not capable of high water pressure. It should be, therefore, 
necessary to improve and rehabilitate those existing facilities. It is necessary for these 
alternatives to improve water pressure balance additionally. 

 
Based on the comparison study between Alternatives A and B, Alternative B is better 

than Alternative A from the view point of the limitation of land space for new trunk main 
and construction costs. Therefore, based on Alternative B, other alternatives to increase 
number of distribution blocks for reducing and equalizing residual water pressure were 
prepared. 

 
 

2-4-5 Creation of Alternatives (Step 2) 

As a result of the comparison between Alternatives A and B which were prepared as 
plans for solving problems of Tan Hiep System, Alternative B was selected as a feasible 
plan for meeting hydraulic conditions within the minimum investment. As mentioned in 
previous section, however, Alternative B has a problem of high water pressure around Thu 
Duc WTP because of high pump discharge pressure of about 70 m +G.L. Therefore, to 
improve the problem of Thu Duc system based on Alternative B, other alternatives to 
increase number of distribution blocks are studied below. 

 



 
 

2-46  
 

 Alternative C: 7 Distribution Blocks, supplied from Thu Duc WTP (3 blocks), Tan Hiep 
WTP (2 blocks), BOO Thu Duc WTP and Tan Binh WDP 

Based on Alternative B, water supply area is divided into 7 distribution blocks by 
installing new distribution mains, which is equal to the plan “c” in section 2-3-2. 

For Thu Duc System, Thu Duc area near the Thu Duc WTP is supplied from the Thu 
Duc WTP directly by installing new distribution mains of 2,000 mm diameter with 2.7 km 
and 1,500 mm diameter with 4.6 km length. North area of downtown is also supplied 
directly from the Thu Duc WTP through a new distribution main of 1,500 mm with 2.6 km 
length in addition to planned distribution main of 2,000 mm diameter.   

For Tan Hiep System, the area supplied directly from Tan Hiep WTP is divided into two 
distribution blocks and two distribution mains of 1,500 mm with 3.0 km and 1,000 mm 
with 4.0 km will be installed. 

 

2000mm 2.7km

1500mm 3.0km

1000mm 4.0km

1500mm 6.5km

1500mm 4.6km

800mm 4.6km 1500mm 6.6km

Tan Binh

Tan Binh
Reservoir:

Tan Hiep C.1
Tan Hiep C.2

BOO

Thu Duc C.2

Thu Duc C.1
Thu Duc C.3

  
 

Figure 2-4-8 Alternative C (based on Alternative B) 
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 Alternative D-1: Addition of new WDP for Thu Duc System 

Based on Alternative B, for Thu Duc system, a new distribution plant (ZOO WDP) will 
be constructed near Ho Chi Minh City Zoo and Botanical Garden. Area supplied from Thu 
Duc WTP is, therefore, divided into two distribution blocks, one is supplied from Thu Duc 
WTP directly and the other is supplied through ZOO WDP. It is because downtown area 
has high demand and distribution to this area is overloaded. 

Supply area of this alternative is divided into 5 distribution blocks supplied from Thu 
Duc WTP, BOO Thu Duc WTP, Tan Hiep WTP, ZOO WDP and Tan Binh WDP, which is 
equal to the plan “b” in section 2-3-2. 

 

ZOO Reservoir

1500mm 6.5km

TAN HIEP

Tan Binh

Tan Binh
Reservoir:

BOO

Thu Duc

ZOO

  
 

Figure 2-4-9 Alternative D-1 (based on Alternative B) 
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 Alternative D-2: Addition of 2 new WDPs for Thu Duc System 

Based on Alternative B, for Thu Duc system, two new water distribution plants (ZOO 
WDP and Gia Dinh Park WDP) will be constructed near Ho Chi Minh City Zoo and 
Botanical Garden and near Gia Dinh Park. In addition, distribution area supplied from 
ZOO WDP is divided into two areas, north and south distribution blocks. Thu Duc system 
of Alternative B is divided into 4 distribution blocks; one is supplied directly from Thu 
Duc WTP, second is supplied through Gia Dinh Park WDP, and third and fourth are 
supplied from ZOO WDP.  

Therefore, Alternative D-2 has 7 distribution blocks supplied from Thu Duc WTP, BOO 
Thu Duc WTP, Tan Hiep WTP, Zoo WDP (2 blocks), Gia Dinh Park WDP and Tan Binh 
WDP, which is equal to the plan “c” in section 2-3-2. It can be also said that this alternative 
is derived from Alternative D-1.  

 

Gia Dinh Park
Reservoir:

1500mm 6.5km

BOO

Thu Duc

ZOO1

ZOO Reservoir

Tan Binh

Tan Binh
Reservoir:

ZOO2

Tan Hiep

  
 

Figure 2-4-10 Alternative D-2 (based on Alternative B) 
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 Alternative D-3: Addition of 1 new WDP for Thu Duc System  

Based on Alternative B, a new water distribution plant, Phu Lam Park WDP, will be 
constructed at Thu Duc system in order to supply water to southern area of the city which 
is located at the fringe area of the Thu Duc system.  

Therefore, Alternative D-3 has 5 distribution blocks supplied from Thu Duc WTP, BOO 
Thu Duc WTP, Tan Hiep WTP, Phu Lam Park WDP and Tan Binh WDP, which is equal to 
the plan “b” in section 2-3-2. 

 

Phu Lam Park
Reservoir

1500mm 6.5km

BOO

Thu Duc

Tan Binh

Tan Binh
Reservoir:

Tan Hiep

Phu Lam Park

  
 

Figure 2-4-11 Alternative D-3 (based on Alternative B) 
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2-4-6 Results of Alternative Study (Step 2) 

As is the case with the comparison study between Alternatives A and B, the results of 
alternative study are as follows; 

 
 Feasibility (Flow and Discharge Pressure) 

In order to confirm technical possibility of controlling flow and pressure for each 
alternative, maximum daily water supply and pump discharge pressure were studied. Table 
2-4-13 shows maximum daily water supply for each distribution block. 

 
Table 2-4-13 Maximum Daily Water Supply of Each Distribution Block 

Alternatives Based on Alternative B 
Alternative C 

(7 areas) 
Alternative D-1 

(5 areas) 
Alternative D-2 

(7 areas) 
Alternative D-3 

(5 areas) 
Thu Duc WTP 
system 

(1,950,000m3/day) 

TD C.1:  
707,667 

TD C.2:  
614,999 

TD C.3:  
619,435 

TD:     844,629 
WDP(ZOO):  

1,097,472 

TD:     678,196 
WDP(ZOO1): 

594,957 
WDP(ZOO2): 

457,701 
WDP(Gia Dinh 
Park): 

211,247 

TD:   1,573,728 
WDP(Phu Lam 
Park): 

268,373 

BOO Thu Duc WTP 
system 

(300,000m3/day) 
299,600 299,600 299,600 299,600 

Tan Hiep WTP 
system 

(1,050,000m3/day) 

TH C.1:  
413,618 

TH C.2:  
236,904 

WDP(Tan Binh) 
404,455 

TH:     650,522 
 
 
 
WDP(Tan Binh): 

404,455 

TH:     650,522 
 
 
 
WDP(Tan Binh): 

404,455 

TH:    650,522 
 
 
 
WDP(Tan Binh): 

404,455 
Total 

(3,300,000m3/day) 
3,296,678 3,296,678 3,296,678 3,296,678 

 
Thu Duc System was divided into several distribution blocks for Alternatives C, D-1, 

D-2 and D-3 based on Alternative B. In addition, Tan Hiep System of Alternative C was 
divided into two blocks. These divisions of distribution system were based on water 
pressure, condition of network system and topographical features. 

 
Necessary pump discharge pressures to meet hydraulic conditions are shown in Table 

2-4-14. 
 

Table 2-4-14 Pump Discharge Pressure of Each Alternative (m) 
Alternative C Elevation Pressure Total Head Note 

 Thu Duc system     
  Thu Duc D2000 13 70 83 Distribution for city 

central (northern part) 
   D2400 13 60 73 Distribution for city 

central (southern 
part) 

   D2000(new) 13 47 60 Distribution around 
Thu Duc 

 Tan Hiep system     
  Tan Hiep D1500 5 61 66 Transmission to Tan 
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Binh Reservoir 
   D2000 5 61 66  
   D1500(new) 5 56 61  
  Tan Binh  3 48 51  
 BOO Thu Duc system     
  BOO D1500 13 59 72  

 
Alternative D-1 Elevation Pressure Total Head Note 

 Thu Duc system     
  Thu Duc D2000 13 54 67  
   D2400     
  ZOO  2 56 58  
 Tan Hiep system     
  Tan Hiep D1500 5 61 66 Transmission to Tan 

Binh Reservoir 
   D2000 5 66 71  
  Tan Binh  3 48 51  
 BOO Thu Duc system     
  BOO D1500 13 59 72  

 
Alternative D-2 Elevation Pressure Total Head Note 

 Thu Duc system     
  Thu Duc D2000 13 51 64  
   D2400     
  ZOO1  2 56 58  
  ZOO2  2 54 56  
  Gia Dinh  9 34 43  
 Tan Hiep system     
  Tan Hiep D1500 5 61 66 Transmission to Tan 

Binh Reservoir 
   D2000 5 66 71  
  Tan Binh  3 48 51  
 BOO Thu Duc system     
  BOO D1500 13 59 72  

 
Alternative D-3 Elevation Pressure Total Head Note 

 Thu Duc system     
  Thu Duc D2000 13 68 81  
   D2400     
  Phu Lam 

Park 
 1 50 51  

 Tan Hiep system     
  Tan Hiep D1500 5 61 66 Transmission to Tan 

Binh Reservoir 
   D2000 5 66 71  
  Tan Binh  3 48 51  
 BOO Thu Duc system     
  BOO D1500 13 59 72  

 
Above table shows that the most appropriate plan which can minimize pump discharge 

pressures is Alternative D-2. 
 
Pressure distribution of each alternative is summarized in the following figures. 
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Alternative C 
Alternative C. ：　7areas
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Alternative D-1 
Alternative D-1. ：　5areas
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Alternative D-2 
Alternative D-2. ：　7areas
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Alternative D-3 
Alternative D-3. ：　5areas
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Figure 2-4-12 Pressure Distribution 

 
As shown in Figure 2-4-12, Alternatives D-1 and D-3 has many points (nodes) at which 

residual water pressure is more than 50 m +G.L. Alternatives C and D-2 are much better at 
pressure balance than other alternatives. Pressure distribution of each distribution block of 
each alternative is summarized in the following figures. 
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Alternative C. ：　ThuDuc C.1
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Alternative C. ：　TanHiep C.2
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Alternative C. ：　ThuDuc C.2
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Alternative C. ：　TanBinh WDP
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Alternative C. ：　TanHiep C.1
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Alternative D-1 
Alternative D-1. ：　ThuDuc
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Alternative D-1. ：　Zoo
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Alternative D-1. ：　TanHiep
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Alternative D-1. ：　TanBinh WDP
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Alternative D-2. ：　ThuDuc
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Alternative D-2. ：　ZOO1
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Alternative D-2. ：　TanHiep

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

-
0

0
-
5

5
-
1
0

1
0
-
1
5

1
5
-
2
0

2
0
-
2
5

2
5
-
3
0

3
0
-
3
5

3
5
-
4
0

4
0
-
4
5

4
5
-
5
0

5
0
-
5
5

5
5
-
6
0

6
0
-
6
5

6
5
-
7
0

7
0
-
7
5

7
5
-

pressure (m)

d
e
m

a
n
d
 (

m
3
/
d
)

Alternative D-2. ：　ZOO2
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Alternative D-2. ：　TanBinh WDP
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Alternative D-2. ：　GiaDinh WDP
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Alternative D-3 
Alternative D-3. ：　ThuDuc

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

-
0

0
-
5

5
-
1
0

1
0
-
1
5

1
5
-
2
0

2
0
-
2
5

2
5
-
3
0

3
0
-
3
5

3
5
-
4
0

4
0
-
4
5

4
5
-
5
0

5
0
-
5
5

5
5
-
6
0

6
0
-
6
5

6
5
-
7
0

7
0
-
7
5

7
5
-

pressure (m)

d
e
m

a
n
d
 (

m
3
/
d
)

Alternative D-3. ：　TanHiep
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Alternative D-3. ：　TanBinh WDP
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Alternative D-3. ：　PhuLam WDP

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

-
0

0
-
5

5
-
1
0

1
0
-
1
5

1
5
-
2
0

2
0
-
2
5

2
5
-
3
0

3
0
-
3
5

3
5
-
4
0

4
0
-
4
5

4
5
-
5
0

5
0
-
5
5

5
5
-
6
0

6
0
-
6
5

6
5
-
7
0

7
0
-
7
5

7
5
-

pressure (m)

d
e
m

a
n
d
 (

m
3
/
d
)

 
Figure 2-4-13 Pressure Distribution of Each Block 

 
As shown in Figure 2-4-13 about pressure distribution of each block, Alternative 

C(ThuDuc C1), Alternative D-1 (ThuDuc) and Alternative D-3 (ThuDuc) have some nodes 
at which residual water pressure is more than 55m +G.L. 

Therefore, Alternative D-2 has a comparative advantage in water pressure balance 
improvement of Thu Duc system. 

 
 Pressure Balance (Water Losses) 

By using C value obtained above and based on the results of network analysis, water 
losses for each alternative was calculated as shown in Table 2-4-15. 

 
Table 2-4-15 Estimated Water Losses for Each Alternative (m3/d) 

  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
  7 areas 5 areas 7 areas 5 areas 

 Water losses(LPS) 9,446 9,510 9,450 9,700 
water losses (m3/d) 811,700 819,400 814,200 838,900 
difference between 

 Alternative A 36,300 28,600 33,800 9,100 

ratio of  
Alternative A 96% 97% 96% 99% 

 
Because water losses are depend on water pressure distribution, as with previous result 

of water pressure distribution, Alternatives C and D-2 are better than others. 
 

 Arrival Time to the End of Supply Area 

Arrival time to the end of the supply area for each alternative can be calculated as shown 
in Table 2-4-16. 
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Table 2-4-16 Arrival Time to the End of Supply Area (hours) 

  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
  7 areas 5 areas 7 areas 5 areas 

average (h) 9.4 8.5 8.4 8.9 
max (h) 22.9 19.2 19.2 19.2 

 
Target of the arrival time to tertiary pipelines is 48 hours. For all alternatives, the arrival 

times to the ends of primary and secondary mains are much less than 48 hours, so that all 
alternatives have no problems. Among them, Alternatives D-1, D-2 and D-3 which Thu 
Duc System is divided into several blocks have an advantage. 

 
 Energy Saving 

Pump discharge and total pump head are based on the results of network analysis of 
each alternative. Other conditions are estimated according to size of facility, etc. Table 
2-4-17 shows results of calculations. 

 
Table 2-4-17 Motor Outputs of Pumping Stations (kW) 

 Alternative C AlternativeD-1 AlternativeD-2 AlternativeD-3 
 7areas 5areas 7areas 5areas 

TD(C.3) 9,212 20,408 19,494 24,672 
Reservoir1(zoo1)  9,983 5,412  
Reservoir2(zoo2)   4,020  
Reservoir3(Gia Dinh)   1,425  
Reservoir4(Phu Lam)    2,614 
TDC.1 7,041    
TDC.2 5,829    

TD total 22,082 30,391 30,351 27,286 
     
BOO 3,383 3,383 3,383 3,383 
     
TH1 conveyance pump 4,187 4,187 4,187 4,187 
TH1 3,235 3,235 3,235 3,235 
TH2 4,281 7,244 7,244 7,244 
TH3 2,266    
TH total 13,969 14,666 14,666 14,666 

     
total 39,434 48,440 48,400 45,335 

 
Concept of Alternative C is to secure distribution capacity by development of pipelines. 

In contrast, concept of Alternative D is to secure distribution capacity by pumping water 
pressure instead of development of pipelines. 

 
 For Thu Duc System, Alternative C can distribute water under the appropriate pump 

head by dividing distribution area into several blocks and is the lowest motor output. 
 

 Construction Costs 

Construction costs of each alternative are summarized as follows; 
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Table 2-4-18 Required Reservoir Volume 
    (m3) 

Alternatives 
 

Based on Alternative B 
Alternative C 

(7areas) 
Alternative D-1 

(5 areas) 
Alternative D-2 

(7areas) 
Alternative D-3 

(5 areas) 

Required 
reservoir 
volume 

(Minimum) 

Tan Binh  35,000 Tan Binh  35,000 Tan Binh  35,000 Tan Binh  35,000 

 

   ZOO  96,000    ZOO  92,000 
Gia Dinh Park 

         18,000 

 
 
 

Phu Lam Park 
         32,000 

 
Table 2-4-19  Additional Construction Costs （million VND） 

  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
  7 areas 5 areas 7 areas 5 areas 
Reservoir 358,173 1,333,456 1,479,516 642,898 
 Reservoir 115,500 432,300 478,500 207,900 
  pumping station 242,673 901,156 1,001,016 434,998 
Pipeline 1,867,660 1,084,177 1,213,277 1,688,577 
  New 986,535 290,500 419,600 894,900 
  M/P increased 770,234 682,786 682,786 682,786 
  WSMP original △ 370,009 △ 370,009 △ 370,009 △ 370,009 
  Renewal 
increased 1,211,300 1,211,300 1,211,300 1,211,300 

Renewal original △ 730,400 △ 730,400 △ 730,400 △ 730,400 
Total 2,225,833 2,417,633 2,692,793 2,331,475 

 
 Others 

As a reference for the alternative study, outline of each alternative such as area and 
population is given below. 

 
Table 2-4-20 Population Served of Each Block 

  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
  7 areas 5 areas 7 areas 5 areas 

TD (C.3) 2,056,500 2,229,500 1,548,500 4,336,750 
Reservoir1(zoo1)   3,194,000 1,375,500   
Reservoir2(zoo2)     1,818,500   
Reservoir3(Gia Dinh)     681,000   
Reservoir4(Phu Lam)       1,086,750 
TD C.1 1,818,500       
TD C.2 1,548,500       

TD total 5,423,500 5,423,500 5,423,500 5,423,500 
     

BOO  912,000 912,000 912,000 912,000 
     

Tan Binh WDP 971,000 971,000 971,000 971,000 
TH (C.1) 1,241,000 1,943,500 1,943,500 1,943,500 
TH C.2 702,500       

TH total 2,914,500 2,914,500 2,914,500 2,914,500 
 0 0 0 0 

total 9,250,000 9,250,000 9,250,000 9,250,000 
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Table 2-4-21  Area of Distribution Block (km2) 
  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
 7 areas 5 areas 7 areas 5 areas 

TD (C.3) 64.6 240.0 214.6 311.2 
 Reservoir1(zoo1)   147.8 39.2   
 Reservoir2(zoo2)     108.6   
 Reservoir3(Gia Dinh)     25.4   
 Reservoir4(Phu Lam)       76.6 
TD C.1 108.6       
TD C.2 214.6       

TD total 387.8 387.8 387.8 387.8 
     

BOO 129.1 129.1 129.1 129.1 
     

Tan Binh WDP 221.3 221.3 221.3 221.3 
TH (C.1) 133.9 221.5 221.5 221.5 
TH C.2 87.6       
Phu Lam WDP         

TH total 442.8 442.8 442.8 442.8 
     

total 959.7 959.7 959.7 959.7 
 

Table 2-4-22 Future Industrial Area (ha) 
  Alternative C Alternative D-1 Alternative D-2 Alternative D-3 
  7 areas 5 areas 7 areas 5 areas 

TD (C.3)   1,261 1,261 1,531 
Reservoir1(zoo1)   418     
Reservoir2(zoo2)     418   
Reservoir3(Gia Dinh)         
Reservoir4(Phu Lam)       148 
TD C.1 418       
TD C.2 1,261       

TD total 1,679 1,679 1,679 1,679 
     

BOO 1,680 1,680 1,680 1,680 
     

Tan Binh WDP 1,248 1,248 1,248 1,248 
TH (C.1) 327 854 854 854 
TH C.2 528       

TH total 2,102 2,102 2,102 2,102 
     

Total 5,461 5,461 5,461 5,461 
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 Evaluation of Alternatives 

Result of alternative study is summarized in Table 2-4-23. 
 

Table 2-4-23 Summary of Evaluation on Each Alternative 

 
 

 
Note: *****：Excellent, ****: Good, ***：Average, **： Fair, * poor 

 
Although the target residual water pressure was set at 25 m +G.L. to 75 m +G.L., the 

important factor for evaluation is to consider the pressure resistance of the existing tertiary 
pipelines and effective utilization of the existing distribution pumps and surge towers. 

As a result, alternative study of alternatives C, D-1, D-2 and D-3 are summarized as 
follows; 

 
 For Alternative C, by installing new distribution mains, Tan Hiep system and Thu Duc 

system are divided into 2 blocks and 3 blocks respectively, which are supplied directly 
from WTPs. However, in respect of distribution from Thu Duc WTP to the center of 
the city, distribution pump discharge pressure will exceed capacities of the existing 
facilities. 
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 While Alternatives D-1 and D-3 has a certain effect for improvement of distribution 
pressure at the fringe area of Thu Duc system, this alternative has limited effectiveness 
against improvement of pressure balance, because planned maximum daily water 
supply of each distribution block is small. 

 
Alternatives D-1, D-2 and D-3 include constructions of new WDPs for Thu Duc system 

based on Alternative B. Alternative D-2 which supply area is divided into 7 blocks costs 
but can reduce distribution pump discharge pressure to about capacities of the existing 
facilities. 

 
It is concluded that Alternative D-2 which can adopt the almost same distribution 

discharge pressure as the existing ones is the best plan in terms of technical feasibility. 
Therefore, Alternative D-2 is the base plan for formulating future distribution facility 

development plan (roadmap) in 2025. 
 

2-5. Study on roadmap for water distribution network improvement  

2-5-1 Preconditions for network improvement  

In the previous section, the study team set the target to consider water distribution 
network with estimated demand for 2025 in WSMP. However, it is required to consider 
existing network facilities and existing plans to develop facilities to study on the feasible 
roadmap to 2025 for distribution network improvement.  

 
Therefore, the study team confirmed the estimated demand for 2025 and 2015 in WSMP 

to study the roadmap. (Fig. 2-5-1)  
 

*Estimated demands are based on HCMC WSMP

Existing distribution mains

  
Fig. 2-5-1. Estimated water demand in 2015, 2025 in WSMP 

 
The estimated water demand is as follows;  
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 The city central area is already developed and the water demand might be (or is 
already) almost saturated at 2015.  

 On the other hand, the northern and eastern part of the city (Thu Duc district, District 
2) is under development, the water demand might be increased till 2015, after that the 
demand increase till 2025 might be relatively small. 

 The western part of the city is not under development at present; however, the demand 
in 2015 is estimated. After that, the demand might increase till 2025.  

 The southern part of the city is not under development at present; however, the demand 
in 2015 is estimated. After that, the demand might greatly increase till 2025.  

 
 Study on priority for improvement  

Based on the estimated demand in WSMP for 2015, it is required to install almost all of 
planned main pipelines for surrounding area to supply the estimated demand in 2015 
where is not under development at present.  

This study team considered the surrounding area is not developed well at present, so it is 
not feasible to install these planned main pipelines for these areas till 2015. The study team 
recommends installing such main pipelines considering development situation such as 
main roads for these surrounding areas.  

 
Then, to study the roadmap, the study team includes all planned main pipeline for the 

surrounding area in network calculation, puts emphasis on studying priority for the 
improvement of water distribution to the city central area where the water demand is 
already saturated.  

 
 Water distribution for the southern part of the city 

SAWACO and BOO Thu Duc Company made a take-or-pay contract of 300,000m3/day, 
and the unit price of treated water of BOO Thu Duc is relatively high. So, SAWACO needs 
to intake 300,000m3/day as the fixed amount of water from BOO Thu Duc WTP.  

 
In addition, considering existing network structure from BOO Thu Duc WTP, it is cost 

efficient to set the supply area from BOO Thu Duc WTP to include Nha Be area and Can 
Gio area with existing pumping station and small reservoirs.  

On the other hand, in the southern part of the city, the estimated water demand might 
increase largely from 2015 to 2025, then SAWACO will have to change water distribution 
area frequently for BOO Thu Duc in order to fix the amount of water from BOO.  

Practically, it is difficult and causes many troubles to change the water distribution area 
frequently considering suspension of water and turbid water with valve works, operational 
efficiency.  

The study team, to solve these problems, suggests that the function of water distribution 
plant for the southern part of the city central area in Alternative D-2 (ZOO[south] WDP) 
might be moved to the southern area on the existing main pipeline from BOO Thu Duc 
WTP, which can be called as southern WDP. Then the supply area might be expanded from 
the southern part of the city central to the southern area including Nha Be and Can Gio. 
Thus SAWACO can intake water to the southern WDP from BOO Thu Duc WTP as fixed 
amount of 300,000m3/day, and additionally intake water from Thu Duc WTP distribution 
area for adjustment of deficit.  

 
Also, with this change of distribution area, a planned main pipeline on Ring main road 

NO.2 can be used for Thu Duc WTP’s direct distribution area improving water pressure 
balance for the area. 
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 Consideration on Tan Hiep WTP system water pressure balance  

As for Tan Hiep WTP system, 2 main pipelines of existing D1500mm and planned 
D2000mm are not enough to supply water with time factor for the estimated demand of 
1,050,000m3/day in 2025. As a result, with Tan Binh WDP, pumping pressure for 
transmission through D1500 from Tan Hiep WTP to Tan Binh WDP is estimated 61m + 
G.L., and pumping pressure for distribution through D2000 from Tan Hiep WTP is 
estimated 66m + G.L. And these values exceed existing facilities’ capacities. Thus, the 
study team changed the setting of distribution areas for Tan Hiep system, to change D2000 
as transmission pipeline from Tan Hiep WTP to Tan Binh WDP and expand distribution 
area of Tan Binh WDP, and to shrink direct distribution area of Tan Hiep WTP through 
D1500mm to the area whose planned maximum daily water supply is almost 
300,000m3/day.  

 
 Candidate lands for water distribution plants 

The study team studied to install water distribution plants in candidate lands considering 
size of WDPs, actual use of lands;  

 
 SAWACO’s land located in southern part of the Tan Son Nhat airport (as candidate land 

for WDP whose distribution area is Gia Dinh area)  
 Phu Lam Park (as candidate land for WDP whose distribution area is Binh Chanh area)  

 
 ZOO WDP 

The study team set a candidate land around Saigon Zoo and Botanical Gardens as ZOO 
WDP considering existing and planned network.  

 
 Tan Binh WDP  

The study team set a candidate land in existing Tan Binh groundwater treatment plant as 
Tan Binh WDP considering existing and planned network. The Tan Binh ground water 
treatment plant is considered as a backup treatment plant in 2025 in WSMP.  

The study team expects to use the land as a distribution plant considering that water 
quality of the underground raw water might be worse because of urbanization around the 
wells of the WTP, sanitation problem might be worse; in HCMC pumping up underground 
water is restricted.  

 
 Southern WDP  

The study team set a candidate land around the main road “Nguyen Van Linh” as 
Southern WDP considering existing and planned network.  

 
As a result of study on these issues, the study team sets 3 secondary WDPs for Thu Duc 

system;  
 

 ZOO WDP (the distribution area: city central) 
 Southern WDP (the distribution area: southern part of the city including Nha Be area 

and Can Gio area) 
 Tan Son Nhat WDP (the distribution area: Gia Dinh area) 

 
The study team sets 1 primary WDP and 1 secondary WDP for Tan Hiep system to 

shrink the direct distribution area from Tan Hiep WTP to 215,000m3/day and expand the 
transmission from Tan Hiep WTP to Tan Binh WDP to 835,000m3/day with D2000 
pipeline;  
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 Tan Binh WDP (primary, the distribution area: western and south-western part of the 

city) 
 Phu Lam Park WDP (secondary, the distribution area: Binh Chanh area) 

 
Characteristics of the optimized distribution area are shown in Fig. 2-5-2 ~ 4, Table 

2-5-1 ~ 5. 
 

Fig. 2-5-2. The optimized water distribution areas considering roadmap to 2025 
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Table 2-5-1. Planned maximum daily supply, maximum hourly supply for distributon areas 
WTP Planned maximum Transmission Hourly maximum

capacity daily water supply to secondary distribution water supply
facilities

(A) (B) (C) = (A)+(B) (D) = (A)/24 x 1.3 + (B)/24
(Primary distribution/Transmission) (Secondary distribution) (m3/day) (m3/day) (m3/day) (m3/day) (m3/h)

Thu Duc System 2,250,000 2,241,701
Thu Duc WTP 1,950,000
(Including transmission from Binh An WTP) Distribution pump station in WTP 678,197 1,263,504 1,941,701 90,000

ZOO WDP 770,523 770,523 42,000
Tan Son Nhat WDP 211,246 211,246 12,000

BOO Thu Duc WTP 300,000
Distribution(Transmission) pump station in WTP 300,000 300,000 13,000

South WDP 581,735 581,735 32,000

Tan Hiep System 1,050,000 1,054,976
Tan Hiep WTP 1,050,000
(Including transmission from Kenh Dong) Distribution pump station in WTP 217,345 217,345 12,000

Transmission pump station in WTP 837,631 837,631 35,000
Tan Binh WDP 584,080 253,551 837,631 43,000

Phu Lam Park WDP 253,551 253,551 14,000

Total 3,300,000 3,296,677  
 
 

Table 2-5-2. Pumping pressure 
      (m) 
Thu Duc System  Elevation Pressure Total Head Note 
 Thu Duc WTP D2000 13 51 64  
 D2400  
 ZOO WDP  2 56 58  
 Tan Son Nhat WDP  9 34 43  
 BOO Thu Duc WTP  13 50 63 Direct transmission to 

Southern WDP 
 Southern WDP  1 56 57  

      
Tan Hiep System  Elevation Pressure Total Head Note 
 Tan Hiep WTP D1500 5 40 45  
  D2000 5 56 61 Direct transmission to Tan 

Binh WDP 
 Tan Binh WDP  3 46 49  
 Phu Lam Park WDP  1 49 50  
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Solution roadmap. ：　7areas
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Fig. 2-5-3. Water pressure distribution 最適配水区域設定案の水圧分布 

 
Solution roadmap ：　Thu Duc
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Solution roadmap. ：　ZOO WDP
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Solution roadmap. ：　Tan Hiep
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Solution roadmap. ：　South WDP
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Solution roadmap ：　Tan Binh WDP
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Solution roadmap ：　Tan Son Nhat WDP
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Solution roadmap. ：　Phu Lam Park WDP
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Fig. 2-5-4. Water pressure distribution for each distribution areas 
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Table 2-5-3. Estimated population for each distribution areas  

  (person) 
Thu Duc System  

 Thu Duc WTP 1,796,000 
 ZOO WDP 2,000,500 
 Tan Son Nhat WDP 681,000 
 Southern WDP 1,858,000 

Tan Hiep System  
 Tan Hiep WTP 760,000 
 Tan Binh WDP 1,648,500 
 Phu Lam Park WDP 506,000 

Total 9,250,000 
 

Table 2-5-4. Area for each distribution areas  
  (km2) 

Thu Duc System  
 Thu Duc WTP 220.4 
 ZOO WDP 54.1 
 Tan Son Nhat WDP 25.4 
 Southern WDP 217.0 

Tan Hiep System  
 Tan Hiep WTP 93.6 
 Tan Binh WDP 333.3 
 Phu Lam Park WDP 15.9 

Total 959.7 
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Table 2-5-5. Minimum reservoir volume and recommended reservoir volume for WDPs 
Planned maximum Reservoir Reservoir
daily water supply volume volume

(Minimum) (Recommended)
(A) (B) = (A)/24 x 2.1 (C) = (A)/24 x 4.0

(Primary distribution/Transmission) (Secondary distribution) (m3/day) (m3) (m3)
Thu Duc System 2,241,701 138,000 262,000
Thu Duc WTP 
(Including transmission from Binh An WTP) Distribution pump station in WTP 678,197

ZOO WDP 770,523 68,000 129,000
Tan Son Nhat WDP 211,246 19,000 36,000

BOO Thu Duc WTP
Distribution(Transmission) pump station in WTP

South WDP 581,735 51,000 97,000

Tan Hiep System 1,054,976 75,000 141,000
Tan Hiep WTP
(Including transmission from Kenh Dong) Distribution pump station in WTP 217,345

Transmission pump station in WTP
Tan Binh WDP 584,080 52,000 98,000

Phu Lam Park WDP 253,551 23,000 43,000

Total 3,296,677 213,000 403,000  
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2-5-2 Water distribution network improvement plan 

The study team studies water distribution improvement plan as a roadmap based on the 
optimized water distribution areas studied in previous section, considering water treatment 
plants expansion plan based on WSMP.  

For main pipelines network improvement, the study team listed up required 
improvement for main pipelines which are D1000mm or over,  

WSMP planned main pipelines (Changes in diameter or length), 
New main pipelines (which are not considered in WSMP) and 
Renewal of existing aged main pipelines (Changes in diameter or length). 
 

 Improvement items for distribution network 

Improvement items for distribution network are shown in Fig. 2-5-5.  
 

 Water distribution plants 
Based on the optimized distribution areas, the study team listed up required water 

distribution plants. In order to consider land acquisition, required land area is shown in 
Tab.  

 
 Main pipelines improvements 

The study team listed up required main pipelines improvements in Tab. 2-5-7, which are 
needed to cope with water demand with time factor, and to install water distribution plants.
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Φ≧1000mm 1000mm Φ 500mm WTP WDP

Existing mains

New mains (in existing city area)

New mains (in expanded city area)

Renewal

No need to be installed

Tan Hiep
•Increasing Pumping pressure of Tan Hiep WTP
•Go Vap: Installing new D1500
•Installing new 1st/2nd mains for city expansion

Tan Binh
•Installing Tan Binh WDP
-Transmission pumping station in Tan Hiep WTP
-Distribution main from WDP D1500
•Installing new 1st / 2nd mains for city expansion

Tan Son Nhat

•Installing Gia Dinh WDP
•Installing new 1st/2nd mains for city expansion

Thu Duc
•D1200 for Thu Thiem
•D1500 in Ring Road No.2
•Installing new 1st/2nd mains for city expansion

ZOO (Central)
•D2400 (ADB)
•Installing ZOO WDP
•Renewal of northern main in city central D2000
•Renewal of southern main in city central D1200

South
•Installing South WDP
-Distribution main from WDP D1500
(Nguyen Van Linh)
•Installing new 1st/2nd mains for city expansion

Phu Lam Park
•Possibility of installing Binh Chanh WDP
(Reconstruction of Tan Hiep System)
•Installing new 1st / 2nd mains for city expansion

 
 

Fig. 2-5-5 Improvement items for distribution network 
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Table 2-5-6 Water distribution plants and required land areas 
 

Reservoir Reservoir Building
volume area area for for WDP

(Recommended) pump station
(A) (B) = (A) / 5.0 (C) (D)

(Primary distribution/Transmission) (Secondary distribution) (m3) (m2) (m2) (m2)
Thu Duc System
Thu Duc WTP 
(Including transmission from Binh An WTP) Distribution pump station in WTP

ZOO WDP 129,000 25,800 3,200 77,400
Tan Son Nhat WDP 36,000 7,200 700 21,600

BOO Thu Duc WTP
Distribution(Transmission) pump station in WTP

South WDP 97,000 19,400 2,400 58,200

Tan Hiep System
Tan Hiep WTP
(Including transmission from Kenh Dong) Distribution pump station in WTP

Transmission pump station in WTP
Tan Binh WDP 98,000 19,600 2,400 58,800

Phu Lam Park WDP 43,000 8,600 900 25,800

Total

NOTE: 
Reservoir volume (A) is calculated with condition of 4.0 hours reserve volume of maximum daily supply.
Reservoir area (B) is calculated with condition of 5.0 m of effective depth of reservoir.
Land area (D) includes Reservoir area (B) and Building area for pump station (C), is only a recommendation based on OMWB existing WDP dimensions.
As for Tan Son Nhat WDP;
 - SAWACO might have to consider increasing effective depth of the reservoir and/or reducing effective volume of the reservoir in order to layout all facilities within a limited land of the site.
 - SAWACO might be strongly recommended to confirm access route for flow-in and flow-out mains. It will affect the layout of required facilities of WDP.  
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Table 2-5-7 Major required main pipelines improvements 
Mains planned in WSMP

WSMP JICA Reccomendation
Road From To Diameter Length Diameter Length Note

(mm) (km) (mm) (km)
Ring Road No.2 Xa lo Ha Noi South WDP 1800 9.2 1500 9.2
Ring Road No.2 Xa lo Ha Noi South WDP 1500 5.4 1500 5.4
Nguyen Van Linh South WDP Trinh Quang Nghi 1000 15.6 1500 2.1 South WDP Outflow

1200 6.4 South WDP Outflow
600 2.5

Dong Tay highway C.GiongOngTo Thu Thiem 1000 14.9 1000 3.7
Au Co NuocNgamTaBinh TTHiep-LDHanh 1000 4.8
No 40 road (Nguyen Van Qua) TrChinh-P.ich LDTho_HL40 600-500 5.3 1500 5.3
To Ngoc Van LDTho_HL40 X.A-ThNhat 400 2 1200 2

Mains newly recommended by JICA
JICA Reccomendation

Road From To Diameter Length Note
(mm) (km)

Mai Chi Tho CatLai NTDinh_LDCua 1200 1.6
Quoc lo 50 THDao-ChVLiem TuyLyVuong 1000 0.8
Le Trong Tan , Nguyen Thi Tu TThanh-TKTQu HL80_N-T-Tu 1500 6.5 Tan Binh WDP Outflow
Nguyen Thai Son NgtuBinhTrieu Tan Son Nhat WDP 1200 5.5 Tan Son Nhat WDP Inflow
Nguyen Thai Son Tan Son Nhat WDP PVTri_LNQuyen 1500 4.9 Tan Son Nhat WDP Outflow
Kinh Duong Vuong PhuLam Phu Lam WDP 1000 0.5 Phu Lam WDP Inflow
Ba Hom Phu Lam WDP TL10_NC-Phu 1200 7.5 Phu Lam WDP Outflow
Ba Hom TL10_NC-Phu V-V-Van_TL10 800 2.3 Phu Lam WDP Outflow

Mains to be renewed
Existing mains JICA Recommendation

Road From To Diameter Length Diameter Note
(mm) (km) (mm)

Tran Hung Dao NCTrinh_THDao THDao-ChVLiem 1050 3.8 1200
Dien Bien Phu C.SaiGon DaKao 1500 3.6 2000
Vo Thi Sau DaKao CTDanChu 1200-1050 3.5 2000
3 Thang 2 CTDanChu LDHanh-3/2 1050-750 5.5 1500
Quang Trung NTCauCong NMNGoVap 500 2.5 600

No need to be installed

 
 

* 

* 
* 

*: By the improvement of supply pressure at the boundary of each WDP mains. 
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 Water distribution network improvement plan 

The study team suggests that the improvement of distribution network for surrounding 
area except for the city central shall be conducted in accordance with city development. In 
this study, 5 year improvement plans are studied, considering distribution network 
improvement for the city central based on the water treatment plant expansion plan in 
WSMP,.  

 
Fig. 2-5-6 shows estimated water demand and water treatment plants expansion plan in 

WSMP 
 

 

 
Fig. 2-5-6 Estimated demand and supply capacity of WTPs in WSMP 

 
 Improvements for Thu Duc water distribution system 

As for Thu Duc water distribution system, new D2400mm main pipeline installation 
supported by ADB is undergoing now, and existing D2000mm main pipeline rehabilitation 
is planned by SAWACO.  

Also, the following treatment plants expansions are planned in WSMP; 
 
Thu Duc III: 300,000m3/day (2012) 
Thu Duc IV: 300,000m3/day (2018) 
Thu Duc V: 500,000m3/day (2024) 
 
In the city central, it is required urgently to renew and expand the existing northern and 

southern aged main pipeline to D2400mm maim pipeline, in order to cover the demand. I.  
 
To improve water supply to the city central. the study team suggests the following with 

first priority; 
 

 renewing existing aged main pipeline of D1500 (buried in northern part of the city 
central) to D2000mm pipeline  
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 installation of Tan Son Nhat water distribution plant  
 
After that, existing D2000 main pipeline from Thu Duc WTP to the city central shall be 

rehabilitated and the existing aged main pipeline of D1050mm (buried in southern part of 
the city central) shall be renewed to D1500mm pipeline.  

The southern WDP shall be installed with Thu Duc V WTP expansion. And ZOO WDP 
shall be installed depending on the water demand increase.  

 
Table 2-5-8 WTPs expansion plan in Thu Duc system  

 
Capacity Total Planned

Thu Duc 750,000 750,000
BOO Thu Duc (Thu Duc II) 300,000 1,050,000
Binh An transmission 100,000 1,150,000
Thu Duc III 300,000 1,450,000 2012
Thu Duc IV 300000 1,750,000 2018
Thu Duc V 500000 2,250,000 2024  

 
 Improvement for Tan Hiep water distribution system  

As for Tan Hiep water distribution system, D2000mm main pipeline from Tan Hiep 
WTP to around Tan Binh area has been installed as “Kenh Dong Project” with completion 
of Kenh Dong WTP.  Tan Hiep WTP can receive water of 150,000m3/day from Kenh 
Dong WTP. SAWACO is planning to install several distribution pumps in Tan Hiep.  

After that, Tan Hiep II WTP expansion (300,000m3/day) is planned in 2015, and Tan 
Hiep III WTP expansion (300,000m3/day) is planned in 2020. 

Tan Hiep water distribution system covers the surrounding undeveloped area, then; the 
study team suggests installing water distribution facilities based on the needs for city 
development, at first, Tan Binh WDP, then Phu Lam Park WDP, with required inlet and 
outlet main pipelines.  

 
Table 2-5-9 WTPs expansion plan in Tan Hiep system  

 
Capacity Total Planned

Tan Hiep 300,000 300,000
Kenh Dong transmission 150,000 450,000 2015
Tan Hiep II 300,000 750,000 2015
Tan Hiep III 300,000 1,050,000 2020  

 
Distribution network improvement plan as a roadmap is shown in Fig. 2-5-7.  
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300,000m3/dTan Hiep System
(including Keng Dong 150,000m3/d)

Present
2012 2015 2020 2025

D2400 Thu Duc – City central (ADB)

Thu Duc III (300,000m3/d) Thu Duc IV (300,000m3/d) Thu Duc V (500,000m3/d)

Tan Hiep II (300,000m3/d) Tan Hiep III (300,000m3/d)

Kenh Dong (150,000m3/d)

D2000 Tan Hiep – City eastern

Tan Binh WDP

D2000 Thu Duc – City central rehabilitation

Centralized distribution control center (New DCC?)F/S ?
Related improvements

2018 2024

1,150,000m3/d 1,450,000m3/d 1,750,000m3/d 2,250,000m3/d

450,000m3/d 750,000m3/d 1,050,000m3/d

Transmission pump station in TH WTP

Dist. Main from TB WDP

Phu Lam Park WDP

Dist. Main from PLP WDP

Renew northern main in city central D2000

Renew southern main in city central D1200

Tan Son Nhat WDP

Dist. Main from/to TSN WDP

Southern WDP

Dist. Main from/to Southern WDP

ZOO WDP

Thu Duc System
(Including Binh An 100,000m3/d)

WTP Expansion

Main Distribution
Pipeline Improvement

WDP Installation

WTP Expansion

Main Distribution
Pipeline Improvement

WDP Installation

NRW Improvement

 
Fig. 2-5-7 Distribution network improvement plan as a roadmap
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2-5-3 Suggestions for water distribution improvements 

 Performance improvement of 3rd degree main and water service pipe 

The main role of urban water infrastructure is to secure public health with supplying 
safety drinking water and to secure water for fire fighting.  

Concretely saying, to supply safety drinking water, it is required to avoid contamination 
in water distribution network, with adequate pressure, preventing negative pressure 
throughout the network, securing residual chlorine density.  

 
In this study, the study team set optimized water distribution areas which can secure 

effective water head of 25m + G.L. at major 1st, 2nd degree main, as a pressure which can 
secure effective water head of 10m + G.L. at every customer meters.  

 
On the other hand, in WSMP, estimated water demand includes NRW of about 24% in 

2025. Considering current situation of NRW, approximately 38%, it is very important to 
implement NRW reduction in parallel with network improvement.  

 
Generally, if water pressure might be improved to secure water safety, the NRW might 

increase and get worse. Especially, in HCMC, 3rd degree mains which length is longest 
sometimes don’t have any protection for slipping out with unbalanced force, in addition, 
water service installation in household seem to have poor performance for high water 
pressure. It can be said that NRW improvement project under such low pressure conditions, 
the leakage repair works may cause leakage again if the water pressure may be improved.  

 
The study team, considering these situations, suggests the followings;  
 

 Phased improvement of water pressure considering NRW improvement  
 Performance improvement of materials, construction techniques, introduction of 

technical guidelines, HR development, especially for 3rd degree mains and water 
service pipes  

 Establishing rules and/or schemes for water service installations in households 
(Leakage reduction in water service installations in households, elimination of 
non-admitted direct booster pumps)  

 
 Ideal transmission network for the future 

Ideal distribution network system will have redundancy which can continue stable water 
supply even if there might be a raw water intake suspension caused by water quality 
problem in a WTP or long term suspension of major main pipeline because of pipe burst. 
Generally, such bigger risk occurs rare, but once it occurs, the affection of the failure will 
be large, and the ideal system which can supply water in case of such bigger risk will have 
considerable capacity of WTPs, pumping stations and oversized network for 
transmission/distribution, and it may costs high.  

The optimized water distribution areas the study team suggested in this study, can 
supply water enough for the estimated water demand in 2025 with time factor. SAWACO 
may level up its network as an ideal network which can supply water even if the Thu Duc 
WTP or Tan Hiep WTP is in trouble with mutual water transmission network, based on the 
suggested network. Fig. 2-5-8 shows a conceptual image for such ideal network for 
reference.  
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Φ≧1000mm 1000mm Φ 500mm WTP WDP

Tan Hiep

Tan Binh

Existing mains

New mains (in existing city area)

New mains (in expanded city area)

Renewal

No need to be installed

Tan Son Nhat

Thu Duc

ZOO(Central)

South

Phu Lam Park

Transmission Network (from WTP to WDP)

 
Fig.2-5-8 Future optimum water supply network 
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2-6. Survey of NRW improvement 

2-6-1 The relation between NRW improvement and water distribution management 

In the previous section, the Team reported the results of the Study regarding the 
restructure of water distribution system in HCMC for the various issues of water supply 
system in HCMC from the long term viewpoint of improving water supply system,  

On the other hand, SAWACO, the counterparts of this Study, is now conducting many 
NRW improvement projects as a short term initiative.  

 

 
Fig.2-6-1 The relation between NRW improvement and water distribution management 

 
Basically these improvement approaches should be conducted as one of long term 

initiatives not separately but in closely related to the water distribution system from the 
point of technical aspects as described in the figure above. Because water leakage will 
increase again as time pass by. 

 
On the other hand, in case of considering future business development in the field of 

water distribution, in addition to the management of water pressure in the business area, 
NRW improvement and maintenance of 3rd degree main and service pipes will be the main 
issues in the business. Because they enable SAWACO to provide higher additional service 
to the customers and earn profit by creating suitable operation and maintenance plan of 
water supply pipes and securing suitable water pressure level. Therefore, these services are 
worth paying for SAWACO to our proposed business. 

 
Furthermore, in case of considering actual steps to establish new business, it is more 

realistic to approach from this NRW improvement area con-currently with the approach for 
the construction of a large scale facilities that require big change of the plan for the future 
water distribution system. 

 
As actual works of NRW improvement, there are 3 items, such as establishment of 

DMA, water leakage detection, and repair works.  
But, for these 3 elements, we don’t grasp the actual performance at this stage,whether 
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Japanese technologies can be applied for these works, and capability of the workers. 
Therefore,it is hard for Japanese companies to propose the plan and execute NRW 
improvement work. To overcome these difficulties, the important issues are as follows: 

 
After the survey of NRW improvement, the performance of water leakage detection and 

the effect of NRW improvement work will be reported. And based on the results, the Team 
will provide the actual approach for NRW improvement business as a part of future water 
distribution facilitating plan. 

 
Above all, the Team conducted the survey of NRW improvement work as a part of the 

study in the future water distribution network. 
 

2-6-2 Execution policy of the survey of NRW improvement 

The followings are the purpose to be obtained by the survey. 
 

 Issues caused by the status of installation pipes 
 Performance of DMA installation 
 Performance of water leakage detection utilizing Japanese technologies. 
 Understanding of the cause of water leakages 
 Analysis of NRW improvement effect through water leakage detection and repair 

works 
 Business development 

 
Furthermore, the main issues of this survey are as follows: 
 

 Clarification of the relationships between the business development regarding water 
distribution systems and the approach for NRW improvement 

 Concrete verification of assumed performance of NRW improvement and expected 
effect of NRW improvement. 

 Utilization of the results of the survey for discussion of basic conditions for business 
development 

 Understanding of the counterparts regarding the skills of Japanese technical support 
through the survey 

 
2-6-3 Methodologies of the survey 

The followings are the details regarding candidate areas and the workflow of the survey. 
 

 Candidate survey area 

The followings are the basic information of the candidate area. 
 

a） ChoLonDistribution Area 
 
The candidate area is a part of street 11, located in the north east of district 8, and 

District 8 is also located in the south west of Cho Lon JSC area. 
The basic conditions about water pressures and the status of pipes are almost the same 

as other area in district 8. 
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Fig.2-6-2. Candidate site@11Street, District 8, ChoLon JSC 

 
b） Gia Dinh Distribution Area 

The area of Gia Dinh JSC is located near the water treatment plant, therefore the 
conditions of the water pressure are rather good, but the age of existing water supply pipes 
is old. As a result, the rate of NRW is still very high, so there is much space for 
improvement and we were planning to investigate NRW survey in 3 sites. 

As a result, with a restriction of the duration of the survey, the survey was conducted 
only in block 1 and 2. 
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Fig.2-6-3. Candidate site@Gia Dinh JSC (Block 1) 

 

 

 
Fig.2-6-4. Candidate site@Gia Dinh JSC (Block 2) 
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Fig.2-6-5. Candidate site@Gia Dinh JSC (Block 3) 

 
 Materials and equipment for the survey 

The followings are the materials and equipment for this survey. 
 The Electrical Magnetic flow meter for measuring DMA inlet amount of water ….1pc 
 Maintenance valve for flow meter….1pc 
 Materials for installation of DMA…1set 
 Acoustic bar, road water leakage detector, and water leakage detector with noise 

correlation…1set 
 

 Scope of work  

This survey was conducted by the cooperation with the JICA team and the counterparts 
of SAWACO (ChoLon JSC, and Gia Dinh JSC), and the scope of works is based on the 
table shown in Table 2-6-1. The main works of the JICA team are water leakage 
detections and the repair works after the detection are conducted by the counterparts. 
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Table 2-6-1. Scope of works between the JICA team and the counterparts 

 
 Establishment of DMA 

As for establishment of DMA, the Team created basic plan for DMA area and execution 
plan. 

The construction plan, procurement of necessary items and construction are executed by 
the counterparts.  But, to confirm the isolation of the DMA strictly, that means there is no 
altenative route other than the route with the flow meter and the valve, the Team inspected 
the construction. 

 
a） Summay of construction 
 Construction of pit for flow meter and installation of flow meter 
 Installation of control valve 
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Fig. 2-6-7 Confirmation of DMA isolation 

 
 Measurement of NRW rate (prior to repair work) 

For measuring the effect of water leakage detection and repair works, the Team recorded 
the current value of an inlet and each service meter of household as a baseline value of 
recalculation. 
The meter reading works require the check the meter of household, therefore, the works 

are conducted by the counterparts, and the Team collects the current NRW rate. The results 
will be described in the section of the report of NRW improvement 

 
 Investigation procedure and contents 

a） Work Plan 
The Team created the total plan suitable for the survey for the execution area based on 

the piping drawing and maps as follows; 
 Create the work schedule suitalble for workers, considering their safety and work 

efficiency. 
 Confirm the necessary equipment and documents. 
 Prepare the required drawings and safety goods. 

 
b） Pre Survey 
 Confirm the location of distribution pipes 
 Confirm the location of hydrant and valves and their functions 
 Confirm the by-pass pipes, crossing, and new pipes 
 Confirm the status of survey area, such as density of service population, land use, 

traffic and topolography) 
 Confirm the necessary information, such as electricity, gas and telephone line,  
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c） Water leakage detection by achostic device at household 
 Purpose of the survey 

The Team conducted the survey between jointed valve and service meter to find water 
leakage or suspected water leakage.  If the results were doubtful, the detail survey will be 
made at roadsurvey mentioned in next paragraph. 

 
 Methods of survey 

In this survey, the specialists hear the leakage sounds utilizing the achostic bar at service 
maters, stop valves, gate valves, and hydrants. 

 
 Equipment 

The achostic bar, other tools and devices 
 

d） Water leakage detection survey at road 
Water leakage detection at road is the main tasks in this survey to detect the leakage in 

the distribution pipes. This survey can find thewater leakage efficiently at PE or PVC pipes, 
in which the water leakage sounds is hard to transfer, and in noisy locations with traffic 
(prefectural road and state road) where the leakage are not detected at household. 

Since this method collects sounds in the surface of the road, the sounds sometimes 
includes the sounds of sewage, car, electricity, motor, etc. so, the skillfull specialist shall 
conduct these surveys. 

 
 Method of survey 

To detect water leakage, the two specialists make a team and detect  by checking every 
50cm or 1m the road the pipes installed utilizing water leakage detector. 

Then if they find some suspected sounds, mark the point on the map, and later, check 
again the detail location.and water leakage. 

The reason of 2 persons/team is to prevent from missing the leakage, and safety, but ina 
narrow road and 2 pipes crossing area in the wide road, the team will be devided 
individually into 2 such as trunk mains and service pipes. 

Since this survey need to be conducted during the less water consumption, the survey 
time was set from 10 pm to 3 am. 

  
 Equipment 

Waer leakage detector, achostic bar, other tools and devices 
 

e） Re-inspection (Detail survey) 
After finding some suspect water leakage points, the Team try to check again to know 

what the amount of water leakage, andevaluate there are really water leakages or not. In 
case finding water leakage, they need to know the center point of water leakage in order to 
minimize the digging area for repair works.  

  
 Method of survey 

The specialist judge water leakage, by digging a hole of approx.20cm diameters utilizing 
electrical drill and boring bar, etc., insert the achostic bar into the center of the suspect 
points, and hearing the level and quality of the leakage sounds under the ground. 

 
 Equipment 

Achostic bar, underground pipe detector, leakage detector, correlative water leakage 
detector, car, others 
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f） Correlative water leakage detector with data logger 

This method can find the water leakages and their locations of the underground pipes 
that are located in the noisy place such as trunk main roads, railroads. 

Furthermore, utilizing multiple sensors, it can detect widespread water leakage points 
simultainiously by placing the sensors on some valves. 

 
 Method of survey 

In case of utilizing correlative water leakage detector, the water leakage points can be 
calculated by the time differences of the leakage sounds to the sensors placed on the two 
valves 

 
 Dquipment 

Correlative water leakage detector 
 
As a result of survey, the Team examined the following: 
 

 Analysis of results of water leakage detection 

 Measuring the performance of water leakage detection work (work volume per day 
such as meters, number of items, etc.) 

 Measuring the efficiency of detecting water leakage (the number of water leakage/m or 
/items)  

 
 Repair Works 

The repair work after the water leakage detection was conducted by the counterparts. 
But as a result of these works, the Team investigated the followings by attending the 
actual repair works and confirming the progress and the contents of the works. 
 
 To analyze the cause and its number of the water leakages  
 To study the solution for the NRW improvement  
 

 Measuring the effects 

As a result of the survey, the Team measures the actual value of NRW improvement, and 
analyzes it as is described below. 

 
 The measure of the amount of improvement by each repair work 
 Analysis of Relationship between the water pressure and water leakage of pipes  
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2-6-4 The results of the survey 

The survey was conducted mainly in 3 locations, of the 2 areas (Cho Lon, and Gia Dinh), 
but the whole works from water leakage detection to the repair works, can be done only at 
Cho Lon. 

 
The followings are the results of this survey. 
 

Table 2-6-2. Work report at site 

 
 
 

2-6-5 Analyze of performance and effect 

 Performance of works 

First of all, it is important how to set the criteria to measure the performance of water 
leakage detection works.  

The Team applies several methods to conduct the detection works as is described in the 
previous part, therefore, by considering its feature, we concluded to measure the 
performance of each type of detection work by the following elements 

 
 Water leakage detection at household…the number of water meters per an hour. 
 Water leakage detection at road…the length of survey per an hour 
 Noise correlative water leakage detection….the number of points per an hour 

 
Based on the above, the reports of the survey and analysis are as follows: 
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Table 2-6-3. The results of water leakage detection (ChoLon) 

 
First of all, as for the survey at Cho Lon, the area was divided into five(5) blocks 

described hereinabove, considering the work unit, and feature of the area, etc. 
The results of the performance of works are as follows: (All the results are conducted by 

two teams) 
 

 Water leakage detection at household(items per an hour)= 61.7(ave.), 97.8(max.), 
46.8(min.)  

 Water leakage at road(km per an hour)= 0.72(ave.), 0.79(max.), 0.62(min.) 
 Noise correlative water leakage detection= 1points per an hour 

 
Furthermore, the number of water leakage detection points are totally 24 points 

necessary to be repaired that cannot be detected by the member of counterparts.  
Furthermore, this results came up to after the investigation that was conducted only 2 

month ago by the counterparts (at that time, 15 points are found that is necessary to be 
repaired)  

 
Table 2-5-4. The results of water leakage detection(Gia Dinh) 

 
 

First of all, as for the survey at Gia Dinh areas, totally two(2) blocks surveys were 
conducted. Furthermore, the contents of the survey were restricted according to the 
feature of the blocks.  
 

 Block 1…Mainly the water leakage detection work at household were conducted, and 
water leakage detection at road were demonstrated to discuss the difference between 
Japanese style and Vietnamese style. 

 Block2…Only the water leakage detection work at road were conducted  
 
The results of the performance of works are as follows: (All the results are conducted by 

two teams) 
 

 Water leakage detection at household(items per an hour)= 35.1  
 Water leakage at road(km per an hour)= 0.67 

 
As for the block no.1, the Team found 8 points necessary to be repaired, and together 

with block no.2, the total repair points reached to 12. 
For reference, as for the block no.1, Gia Dinh JSC have already investigated and found 5 

points necessary to be repaired about only 1 month ago. 
 



 
 

2-88  
 

 The number of detecting water leakages 

As a result of the water leakage detection works, the number of water leakages is as 
follows: 

 
a） ChoLon DMA：Q8-1101 

In 2 weeks of the survey, the Team could mark 47 suspected water leakages and then, 
actual water leakage was 24 items. For the reference, 2 months ago, the team of Cho Lon 
conducted the detecting work and could find only 15 items 

 
b） GiaDinh 

In a week of the survey.the Team could mark 17 suspected water leakage and then, 
actual water leakage was 12 items. For the reference, only a month ago, the team of Gia 
Dinh conducted the detecting work and could find only 5 items. 

 
 Analysis of the causes of water leakage 

Water leakages about cast iron pipes are mainly caused by its age. On the other hand, 
water leakage about PE pipes are caused by the unsuitable installation and damaged by 
strongly bent, stones, etc. 

In special case, there is never seen in Japan, water service pipes are installed in the 
discharged pits with no protection and damaged by mouse. 

 
The followings are the analysis of the causes of water leakages of this survey at Cho 

Lon area 
 

Type of leak Number
leak from flange 1
leak from flange tee 1
leak from joint 3
longitudinal crack 19

Total 24  
 
Hearing from the counterparts, the main causes of the water leakages are at the joint 

parts, but from this survey, the most major causes were longitudinal cracks. 
 

 The results of the projects (NRW improvement) 

In this survey, whole works such as water leakage detection and repair works can be 
done only at Cho Lon areas is described in the previous pages. As a result of repair works, 
the effect of NRW improvement was shown below. 

 
Table 2-6-5. The results of water leakage improvement 
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As for the improvement from 1st to 3rd time, the members of Cho Lon JSC have 
conducted the work themselves. And the 4th time improvement was conducted by this 
JICA’s survey. 

 
JICA’s improvement work has the splendid results because before the work, already 3 

times of the NRW improvement survey were done by Cho Lon. 
Furthermore, Cho Lon has many experiences about these works and could accomplish 

the NRW rate around 20% at many other places. Nevertheless they couldn’t accomplish 
only 37.24% in this place before.  

 
2-6-6 The differences of technologies between Japanese and counterpart 

Through the survey, As a result the Team can analyze and confirm the differences 
between Japanese team and Vietnamese Team. 

The followings are the Team’s comments for SAWACO 
 

a） Application of the equipment 
The members of Vietnam team regarding detecting water leakage is likely to rely on the 

results of the equipment too much 
The Japan team judges not only by the magniturde of the water lekage sound but the 

meaning of the sounds 
 

b） Method of the works 
The members of Vietnam team acts as a routine work. The Japan team does the work 

under the necessary circumstances such as test digging, drilling, etc. 
  

c） Combinations among survey and repair teams 
The survey team of Vietnam transfers only the water leakage points to the repair team 
The Japan team discusses the results of the detecting works with repair works team and 

decide the size of digging area and the way of repair 
 

d） Planning of total NRW improvemet works 
NRW improvement works of Vietnam team seems not to be based on the detail planning 
The Japan team always plans the optimum work plan based on the target of the survey, 

calculation of the necessary work volume 
 

2-6-7 Profitability 

The effect of the NRW improvement will contribute to the business owner by increasing 
the profit. But the structure of the contribution has two meanings shown in the Fig. 2-6-8.  
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Fig.2-6-8. The concept of the effect of water leakage improvement 

 
The image of the results of the water leakage reduction can be expressed as Case1 and 

Case2 shown in the above figure.  
The differences are that as a result, the consumed quantity will be increased or supply 

water will be decreased. 
 
From the point of SAWACO, if the consumed quantity will be increased, then it will 

receive the sales increase equivalent to the amount of improved water multiplied by water 
unit price for sales.  

On the other hand, from the point of WSC, the improvement means the amount of 
procuring water decrease, so it will receive the cost reduction equivalent to the amount of 
improved water multiplied by water unit price for procurement. 

 
In this report, the effect of improvement was calculated based on the above two different 

concepts. Considering the previous results of the water leakage improvement, based on the 
3rd and the 4th results, the amount of water leakage improvement, converted to a monthly 
based effect, will be calculated to be the followings: 

 

 
 

 The amount of water leakage at 4th survey(converted to monthly based)＝(19,659－
13,966)÷13days×30days=13,137m3/month 

 The water demand at 4th survey(converted to monthly based)＝13,966÷13days×
30days＝32,229m3/month 

 The amount of water supply at 4thsurvey(converted to monthly based)＝19,659÷

13days×30days＝45,367m3/month 
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 The amount of water supply at 3rdsurvey(converted to monthly based)＝32,229÷(1－
0.3724)＝51,353m3/month 

 
As a result of the above, the effect of improvement will be calculated by monetary based 

as follows: 
 

 51,353－45,367＝5,986m3/month＝71,832m3/year 
 Decreased costs for Cho Lon(the unit price is based on the reference value) 

> 71,832×2,500VND＝179,590 thousandVND＝8,634USD 
 Increased sales for SAWACO(the unit price is based on the actual result in 2013 

> 71,832×8,000VND＝574,656 thousandVND＝27,627USD 
 
The effect of the improvement (about 8% NRW improvement) seems to be not high. 

That is because the survey was conducted after the improvement work of the counterparts, 
and the investigation work was restricted to supply pipes only (not permitted to investigate 
and repair larger distribution pipes). 

 
In case the improvement works can be done from the beginning , the effect of the 

improvement will reach to over 20%, then the amount of cost reduction and sales increase 
will reach to about 30,000USD、90,000USD.  

 
2-6-8 For business development(in relation to the water supply system) 

Through this survey, the Team conducted water leakage improvement by utilizing 
Japanese technologies and appealed to the counterpart the merit of the Japanese 
technologies. Furthermore, the Team can confirm the performance of each water leakage 
detection methods and its availability for Vietnam. 

On the other hand, not only the technologies are evaluated to proceed to the execution, 
but also the total solution will also be necessary to be proposed. 

 
Therefore, the followings are the Japan Team’s approach to be required by SAWACO.  
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Fig.2-6-9. Approached for NRW improvement 

 
Repair works for water leakage will continue forever as far as the repair works are 

limited to repair the broken points only, because after the repair works, the other points 
will be the next water leakage points. That means the NRW rate will go back to the 
beginning after time goes by.  Therefore, the replacement of the pipes will be necessary to 
improve completely, but it also takes long time to accomplish perfectly, so, daily repair 
works are necessary as a short term initiative. 

 
The above figure shows the concept of the relationship between replacement of the 

pipes and dairy NRW improvement works. That means dairy NRW improvement and 
periodical pipes replacement shall not be conducted separately but together under the same 
policy to the future optimum supply network system. 

 
As a result of the investigation regarding water leakage improvement, the performance 

of the Japanese methodologies could be evaluated, and also this business area can be 
approached by the Japanese companies not only in HCMC but also in other south east 
countries. 

Moreover, SAWACO’s expectations for Japanese companies will be about not only 
NRW improvement but also water distribution network improvement. So in the next step 
of business development, the water distribution relating business including the NRW 
improvement will be the essential elements for the Japanese team’s approach. 
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Chapter 3 Environmental and Social Considerations 
3-1. Basic concept of the Environmental and social considerations 

As indicated in the JICA guidelines for Environmental and Social Considerations (April 
2010), it is essential to predict and evaluate appropriate environmental and social 
considerations which would be impacted by the development of possible project 
components, etc. in order to prevent potentialities of the occurrence of unacceptable adverse 
impacts to environment and local communities. 

 
Prediction and evaluation of the impacts which may be caused by the proposed projects 

should be conducted based on the evaluated Categories of A, B or C as below (JICA 
Guideline).  

 
 Category A: if proposed projects are likely to have significant adverse impacts on the 

environment and society. 
 Category B: if proposed projects’ potential adverse impacts on the environment and 

society are less adverse than those of Category A projects. 
 Category C: if potential projects are likely to have minimal or little adverse impact on 

the environment and society. 

Further study and detail evaluation on the Environmental and Social considerations shall 
be carried out in accordance with the related Vietnamese Laws and Regulations, when the 
proposed project would be implemented. 

 
3-2. Relevant Laws and Regulations in Vietnam 

3-2-1  Relevant Laws and Regulations 

For the possible future procedure on the study and evaluation, the relevant Laws and 
Regulations of Vietnam related to the environment and social consideration including 
resettlement are summarized as below. 

 
 Outline of environmental social consideration related Laws and Regulations 

Institution of EIA in Vietnam is prescribed by Law on Environmental Protection (LEP; 
No.52/2005/QH11), Decree No.80/2006/ND-CP, No.21/2008/ND-CP and 
No.29/2011/ND-CP.  LEP was made public by No. 29/2005/L/CTN and came into effect in 
2006. It prescribes Strategic Environment Assessment, EIA and Environment conservation 
pledge. 

 
Decree No.80/2006/ND-CP, No.21/2008/ND-CP and No.29/2011/ND-CP prescribe LEP 

administrative instruction, EIA target project list, EIA procedure and timing, contents of 
EIA report, appraisal, approval and so on. By these decrees, it is prescribed that the projects 
involving reservoirs of 100,000m3 or more and sewer system of 500m3/d or more are 
required to prepare EIA reports. It is also prescribed that the project utilizing surface water 
of 50,000 m3/day or more need to prepare EIA report. 

EIA report should be prepared within 24 months before the commencement of the project. 
The procedure of EIA appraisal and approval is shown in following sections.  

The approval authorities for the project are Ministry of Natural Resources and 
Environment (MONRE) or DONRE. 

Stakeholder consultation with the representatives of the relevant People’s Committees 
(PCs) and local communities should be held at the stage of EIA report preparation, which is 
prescribed by Decree No. 29/2011/ND-CP. 
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For information disclosure, the decree also describes that the authority send the EIA 
report to the proponent and the environmental departments and the Provincial PC distributes 
the copies to local PCs. 

Table 3-2-1 shows laws and standards related to environmental social consideration. 
 

Table 3-2-1 Laws and standards related to environmental social consideration 
 

No. Laws and standards 
Laws and regulations 

1 LEP( No.52/2005/QH11)  
2 Decree No. 80/2006/ND-CP 
3 Decree No. 21/2008/ND-CP 
4 Decree No. 05/2008/TT-BTNMT 
5 Decree No. 69/2009/ND-CP 
6 Decree No.29/2011/ND-CP 

Environmental standards 
1 QCVN 05:2009/BTNMT 
2 QCVN 06:2009/BTNMT 
3 QCVN 19:2009/BTNMT 
4 QCVN 20:2009/BTNMT 
5 QCVN 21:2009/BTNMT 
6 QCVN 22:2009/BTNMT 
7 QCVN 23:2009/BTNMT 
8 QCVN 34:2010/BTNMT 
9 QCVN 40:2011/BTNMT-QCKTQG 
10 QCVN 08:2008/BTNMT 
11 QCVN 09:2008/BTNMT 
12 QCVN 10:2008/BTNMT 
13 QCVN 11:2008/BTNMT 
14 QCVN 12:2008/BTNMT 
15 QCVN 13:2008/BTNMT 
16 QCVN 14:2008/BTNMT 
17 QCVN 26:2010/BTNMT 
18 TCVN 7222-2002 

(Source: JICA Survey Team) 
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 EIA procedure  

The procedure for appraisal and approval of the EIA report is shown in Figure 3-2-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 3-2-1 Procedure for Appraisal and Approval of EIA Report 

(Source: JICA Survey Team with consultation with SAWACO) 
 

Contents of environmental impact assessment reports are as follows. 
1) Summary of project (background, assessment method for EIA, etc) 
2) Detail description on the proposed project (title of project, name of project 

owner/authority, details of project components, etc) 
3) Global environmental assessment of the project site and surrounding areas 

(environmental and social conditions) 
4) Detail evaluation on environment impacts possibly caused by the project 
5) Specific measures to minimize adverse environmental impacts, prevent and respond 

to environmental incidents 
6) Environment monitoring and management plans 
7) Disclosure of necessary information to public (opinions of the representatives of 

People’s Committees of commune/ward or township and communities of the place where 
the project is located) 

8) Results and recommendations 
9) Citation of sources of figures and data of evaluations. 

 
 Land Acquisition and Resettlement Procedure 

Land acquisition and resettlement procedure are based on the section 4 of Decree 
69/2009/ND-CP, described as below. 

Preparation of EIA report by the project owner  
 

 Appraisal of EIA report by Appraisal Council 
 

Submission of EIA report for approval to DONRE or 
MONREl  

 
̣Modification of EIA report 

based on conclusion of 
Appraisal Council 

 

Approval of EIA report by Approval Agency (DONRE or MONRE) 
 

(Within 45 working days ) Notification of appraisal results to the project owner 
 

Application for approval to Approval Agency by the project owner 
 

 
 

F
il

 

Preparation of additional EIA report by the project owner 
 

 

(Within 15 working days) 
If an additional EIA report is necessary  

Submission of additional EIA report for approval by the project owner 
 

 
Appraisal and approval of the additional EIA report  

  
(Within 5 working days) 
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Table 3-2-2 Major procedures of Land Acquisition and Resettlement 

Major Procedures Responsible 
Authority 

Remarks 

1 The investor (PMU) 
submits project 
documents to PPC 

PMU, PPC  

2 PC issues land recovery 
notice 

PPC or DPC Reasons, area and location, etc., 
information disclosure by local 
mass media 

3 PPC permits PMU to 
conduct survey and 
study 

PPC CPC shall coordinate with PMU 
for the survey and study 

4 DPC sets up CSR 
Council 

DPC or LFDC  

5 PMU prepare master 
plan of CSR 

PMU Follow Decree  

No.197/2004/ND-CP and  

No.17/2006/DN-CP 

6 PPC approves the master 
plan of CSR 

PPC  

7 CSR Council or LFDC 
prepares CSR Plan 

CSR Council or 
LFDC 

1) Names and address of land 
users, 2) area, type, location of 
the land, assets loss, 3) land and 
house prices, no. of households, 
4) compensation and supports 
amounts, 5) resettlement 
arrangement 

8 Collection of comments 
on the CSR Plan 

CPC More than 20 days, posted up at 
CPC office and the areas where to 
be recovered land and 
replacement 

9 PMU completes the CSR 
Plan and submits to 
DONRE 

PMU, DONRE  
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10 DONRE evaluates the 
CSR Plan, prepares land 
recovery documents, and 
submits to PPC 

DONRE, PPC  

11 PPC issues land recovery 
decision 

PPC  

12 Payment of 
compensation and 
arrangements for 
resettlement 

CSR Council or 
LFDC 

 

13 Land users handover 
their land to CSR 
Council or LFDC 

Land Users  Within 20 days after receiving 
compensation 

Source: Decree 69/2009/ND-CP, Section 4 

Note: PC-People’s Committee, PPC-Provincial PC, DPC-District PC, CPC-Commune PC, 
CSR-Compensation, Support and Resettlement, LFDC-Land Fund Development Center 

 
3-3. Proposed Project Components 

3-3-1 Project Components 

For this study, potential project components would be as follows. The selection of each 
facility and its alternative study with technical details are described in previous sections. 

 
 Intake facilities at potential water resources  

Appropriate type of raw water intake facilities are planned to be constructed at the banks 
of Tri An Lake located in Dong Nai Province and at the Dau Tien Lake located in Binh 
Duong Province/Thay Ninh Province for safe and effective intake of lake water. 

 
 Raw water conveyance facilities including conveyance conduits and boosting pumping 

stations 

The conveyance conduits together with boosting pumping station(s) are planned to be 
constructed at most appropriate sites during the routes from the intake point of Tri An Lake 
to existing water treatment plant (Thu Duc WTP), and also during the route from Dau Tien 
Lake to existing water treatment plant (Tan Hiep WTP) to convey raw water respectively. 

 
 Water distribution tanks in the city 

For the optimum water distribution system of HCMC, water distribution tanks are 
planned to be constructed at the strategic points in the water distribution networks of 
HCMC.  
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3-3-2 Alternatives of Respective Facilities 

Based on the technical evaluation in previous sections, the following alternative plans 
were considered for intake facilities, conveyance facilities and water distribution tanks.  

 Intake Facilities 

a） Tri An Lake  
For the intake facility of Tri An Lake, the following 2 alternatives were selected 

considering secure of water depth/volume, availability of space, construction easiness, etc. 
 

 
Tri An Lake intake alternative points 

 
b） Dau Tien Lake 

For the intake facility of Dau Tien Lake, the following 2 alternatives were selected 
considering secure of water depth/volume, availability of space, construction easiness, etc. 

 
Dau Tien Lake intake alternative points 

 
 
 
 

Alt #1 

Alt #2 

Alt #1 

Alt #2 
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 Raw Water Conveyance Facilities 

a） Tri An Lake Route  
 Conveyance Pipelines 

To convey raw water from Tri An lake to existing water treatment plant (Thu Duc WTP), 
6 alternative routes were selected considering minimum distance, use of existing public 
road or canal side, use of existing pipe route, energy conservation, easiness of construction 
and maintenance, etc. as possible. 

 

 

Alternatives Overview Distance 

Use Pipe route 
from Existing 
Intake 

Alt #1 Route 

Nodes 1～3～4～5～6 

Via Bien Hoa PS 

 

 

 

52.0km 

Use Pipe rout 
from Existing 
Intake 

Alt #2 Route 

Nodes 1～2～4～5～6 

Avoid go through Bien Hoa PS 

 

 

 

55.6km 

A
lt 

 
 

A
lt 

 
 

A
lt 

 
 

Alt 
#6 

 

A
lt 

 
 

A
lt 

 
 

NODE1

NODE2

NODE3NODE4
NODE5
NODE6

NODE1

NODE2

NODE3NODE4
NODE5
NODE6
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Use Pipe route 
from Existing 
Intake 

Alt #3 Route 

Nodes 1～2～3～4～5～6 

Via Bien Hoa PS 

 

 

 

57.6km 

Not via Existing 
PS route 

Alt #4 Route 

Nodes 1～3～5～6 

 

 

 

 

47.0km 

Not via Existing 
PS route 

Alt #5 Route 

Nodes 1～2～3～5～6 

 

 

 

 

52.6km 

Direct Tunneling 
Rout 

Alt #6 Route 

Nodes1～6 

 

 

 

 

39.8km 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NODE1

NODE2

NODE3NODE4
NODE5
NODE6

NODE1

NODE2

NODE3NODE4
NODE5
NODE6

NODE1

NODE2

NODE3NODE4
NODE5
NODE6

NODE1

NODE2

NODE3NODE4
NODE5
NODE6
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 Boosting Pumping Station 
Based on the conceptual design with hydraulic flow calculation of the raw water 

conveyance facilities from Tri An Lake, following pump stations are necessary to convey 
water smoothly to the final points of Thu Duc WTP.  Necessary land area (space) of 
Boosting Pump Station is estimated as approximately 2,500 m2.  

 
 
For Alt #1 Route 
 PS #1-1 at around 18km from the Intake point between Nodes 1 and 3. 
 PS #1-2 at the existing Hoa An PS. 

 
For Alt #2 Route 
 PS #2-1 at around 29.5 km from the Intake point between Nodes 2 and 4. 
 PS #2-2 at the existing Hoa An PS. 

 
For Alt #3 Route 
 PS #3-1 at around 27.5 km from the Intake point between Nods 2 and 3. 
 PS #3-2 at the existing Hoa An PS. 

 
For Alt #4 Route 
 PS #4 at around 18 km from the Intake point between Nodes 1 and 3 (same as PS 

#1-1). 
 
For Alt #5 Route 
 PS #5 at around 28 km from the Intake point between Nodes 2 and 3 (same as PS 

#3-1). 
 
For Alt #6 Route 
 No boosting pumping station would be required. 
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b） Dau Tien Lake Rout 
 Conveyance Pipelines 

For conveyance of raw water of Dau Tien Lake, the following 4 alternatives routes from 
Dau Tien Lake to existing water treatment plant (Tan Hiep WTP) were selected considering 
minimum distance, use of existing public road or canal side, use of existing pipe route, 
energy conservation, easiness of construction and maintenance, etc. as possible. 

 

 

Alternative Overview Distance 

Right river bank 
from 3 

Alt #1 Route 

Nodes 1～3～4～5～6～7 

 

 

 

 

 

64.5km 

Left river bank 
from 3 

Alt #2 Route 

Nodes 1～3～4～5～6～7 

 

 

 

 

 

70.4km 

A
lt 

 

A
lt 

 

A
lt 

 

A
lt 

 

NODE1
NODE2 NODE3 NODE4

NODE5
NODE6

NODE7

NODE1
NODE2 NODE3 NODE4

NODE5
NODE6

NODE7
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Kenh Dong Canal 
route 

Alt #3 Route 

Nodes 2～5～6～7 Along Kenh Dong canal 

 

 

 

 

 

72.4km 

Direct Tunneling 
Rout 

Alt #4 Route 

1～7 

 

 

 

 

 

54.3km 

 
 Boosting Pumping Station 

Based on the conceptual design with hydraulic flow calculation of the raw water 
conveyance facilities from Dau Tien Lake, following pump stations are necessary to 
convey water smoothly to the final points of Tan Hien WTP. Necessary land area (space) of 
Boosting Pump Station is estimated as approximately 1,000 m2.  

NODE1
NODE2 NODE3 NODE4

NODE5
NODE6

NODE7

NODE1
NODE2 NODE3 NODE4

NODE5
NODE6

NODE7
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For Alt #1 Route 
 PS #1-1 at around 22.5 km from the Intake point between Nodes 3 and 4 (north route). 
 PS #1-2 at around 52 km from the Intake point at around Node 5. 

 
For Alt #2 Route 

 PS #2-1 at around 21.5 km from the Intake point between Nodes 3 and 4 (south route).  
 PS #2-2 at around 46.5 km from the Intake point between Nodes 4 and 5. 

 
For Alt #3 Route 

 PS # 3-1 at around 22.5 km from the Intake point between Node 2 and 5.  
 PS #3-2 at around 49.5 km from the Intake point between Nodes 2 and 5. 

 
For Alt #4 Route 

 PS # 4 at around 22.5 km from the Intake point between Nodes 1 or 2 and 7. 
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 Water distribution tanks in the city 

For the strategic locations of water distribution tanks in HCMC water supply system, the 
various comparisons and alternative studies were carried out and the potential tanks sites 
were selected as shown in the following figure. 

 
a） Thu Duc Water Distribution System 
 Plan 1 – Saigon Zoo and Botanic Garden 

The potential 96,000 m3 capacity water distribution tank was proposed to be located in 
the Saigon Zoo and Botanic Garden at the address of Nguyen Binh Khiem street of HCMC. 
The necessary size of tank land area together with pumping station and associated 
necessary facilities was estimated as approximately 22,000 m2 (W130 m x L170 m) for 
96,000m3 capacity tank with the effective water depth of 5 m. 

 
 Plan 2 – Gia Ding Park 

As the alternative, it was proposed to construct water distribution tank with the capacity 
of 18,000 m3 in the Gia Ding Park at the address of Go Vap District, HCMC. The size of 
land occupation was estimated approximately 4,500 m2 (W?? x L?? m)for the tank with 
the effective water depth of 6 m and pumping station together with other necessary 
facilities.  

 
 Plan 3 – Phu Lam Park 

Other potential location of water distribution tank was proposed in the Phu Lam Park at 
the address of Phuon 13, Kinh Duong Vuong, HCMC.  The size of necessary land area 
was estimated approximately 7,000 m2 (W?? x L??) for the tank of 32,000 m3 with the 
effective water depth of 6 m and pumping station together with other necessary facilities. 
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b） Tan Hiep Water Distribution System 
One potential water distribution tank was considered for the Tan Hiep Water 

Distribution Network System at existing Tan Binh Water Treatment Plant site. The capacity 
of the proposed tank is 35,000 m3 which would require land area of approximately 7,500 
m2 (W?? x L?? with the effective water depth of 6 m).   

 
3-4. Initial Environmental Examination (IEE) Level Study and Environmental Checklist    

3-4-1 Predictable Impacts and Comments with Initial Environmental Examination (IEE) 
Level Study 

As indicated in the Terms of Reference of this Project of JICA, this project is fits under 
Category “C” based on the JICA Guideline for Environmental and Social Considerations 
(April 2010).  The objective of this Study is to confirm the Category with up-dated and 
detail information by undertaking of IEE level study on subsequent proposed construction 
projects.  IEE level study is defined as “a study that includes the analysis of alternative 
plans, a prediction and assessment of environmental impacts and a preparation of 
mitigation measure and monitoring plans, based on easily available information including 
existing data and simple field survey”.  

For IEE level study, related information/documents were collected and site surveys were 
carried out for each alternative plan. Then the scoping checklists and respective 
evaluations were carried out and resulted as shown in the following Tables.  Based on the 
results of scoping, examination/study for the items that may have negative impacts on 
Natural and Social Environments ware summarized with respective levels of impacts using 
“A level (serious impact) to D level (no impact)” in the following Tables. 

 
 Intake Facilities 

For the possible construction of Intake Facility at Tri An Lake and Dau Tien Lake, 
following checklists summarize the results of scoping and examination/study for respective 
alternatives. 

 
a） Tri An Lake Intake Facility 

No Items Impact of Alt #1 with comments Impact of Alt #2 with comments 

Social Environment 

1 Resettlement D No households exist at 
site 

D No households exist at 
site 

2 Living & 
Livefood 

C For inhabitants, 
minimum effect can be 
observed but further 
research necessary for 
the lake. 

C For inhabitants, 
minimum effect can be 
observed but further 
research necessary for 
the lake. 

3 Heritage D No heritage associated D No heritage associated  

4 Landscape C For scenery of lake, 
facilities, etc. shall be 
considered to suite the 
environment. 

C For scenery of lake, 
facilities, etc. shall be 
considered to suite the 
environment. 



 
 

3-15  
 

5 Ethic Minorities, 
indigenous People 

D Not existing D Not existing 

6 Working 
Condition 

C Appropriate measures 
shall be taken based on 
applicable Law. 

C Appropriate measures 
shall be taken based on 
applicable Law. 

Natural Environment 

7 Protected Areas D Out of protected area D Out of protected area 

8 Ecosystem C No major Ecological 
impact foreseen but 
shall be further 
researched. 

C No major Ecological 
impact foreseen but 
shall be further 
researched. 

9 Hydrology B As intake point is 
upstream of 
hydroelectric dam, 
capacity of the 
hydroelectric power 
would be deceased in 
dry season 

B As intake point is 
upstream of 
hydroelectric dam, 
capacity of the 
hydroelectric power 
would be deceased in 
dry season 

Pollution Control 

10 Air Quality D At moment, no plan to 
use chlorine at site 

D At moment, no plan to 
use chlorine at site 

11 Water Quality D Not pollutants expected D Not pollutants expected 

12 Wastes C Screened Gavages 
expected to be 
appropriately disposed  

C Screened Gavages 
expected to be 
appropriately disposed  

13 Noise & Vibration C If pumping system 
needed, facility shall be 
designed considering 
minimization of those 
issues 

C If pumping system 
needed, facility shall be 
designed considering 
minimization of those 
issues 

14 Subsidence D No subsidence foreseen D No subsidence foreseen 

Others 

15 Impacts during 
Construction 

C Appropriate plans and 
adequate measures shall 
be taken to minimize 
adverse impacts as the 
working space is not 
large for construction. 

D Appropriate plans and 
adequate measures shall 
be taken to minimize 
adverse impacts. This 
area is wider & has 
more space for the 
works, thus less impact 
for construction. 
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16 Permits, etc C If actualize plan, 
appropriate official 
documents and EIA 
shall be prepared and 
obtain all necessary 
permits in accordance 
with Law and 
regulation 

C If actualize plan, 
appropriate official 
documents and EIA 
shall be prepared and 
obtain all necessary 
permits in accordance 
with Law and regulation 

 
b） Dau Tien Lake Intake Facility 

No Items Impact of Alt #1 with comments Impact of Alt #2 with comments 

Social Environment 

1 Resettlement C Select vacant land area 
for intake and associated 
facilities 

D No households exist at 
site 

2 Living & 
Livefood 

C For inhabitants, 
minimum effect can be 
observed but  further 
research necessary for 
the lake 

C For inhabitants, 
minimum effect can be 
observed but  further 
research necessary for 
the lake 

3 Heritage D No heritage associated D No heritage associated  

4 Landscape C For scenery of lake, 
facilities shape, etc. 
shall be considered   

C For scenery of lake, 
facilities shape, etc. shall 
be considered   

5 Ethic Minorities/ 
indigenous 
People 

D Not existing D Not existing 

6 Working 
Condition 

C Appropriate measures 
shall be taken based on 
Law 

C Appropriate measures 
shall be taken based on 
Law 

Natural Environment 

7 Protected Areas D Out of protected area D Out of protected area 

8 Ecosystem C No major Ecological 
impact foreseen but 
shall be further 
researched. 

C No major Ecological 
impact foreseen but shall 
be further researched. 

9 Hydrology C Since large amount of 
water drawn from the 
lake, down stream may 
affect on flow volume in 
dry season 

C Since large amount of 
water drawn from the 
lake, down stream may 
affect on flow volume in 
dry season 
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Pollution Control 

10 Air Quality D At moment, no plan to 
use chlorine at site 

D At moment, no plan to 
use chlorine at site 

11 Water Quality D No pollutants expected D No pollutants expected 

12 Wastes C Screened Gavages 
expected to be 
appropriately disposed  

C Screened Gavages 
expected to be 
appropriately disposed  

13 Noise & 
Vibration 

C If pumping system 
needed, facility shall be 
designed considering 
minimization of those 
issues 

C If pumping system 
needed, facility shall be 
designed considering 
minimization of those 
issues 

14 Subsidence D No subsidence foreseen D No subsidence foreseen 

Others 

15 Impacts during 
Construction 

C Appropriate plans and 
adequate measures shall 
be taken to minimize 
adverse impacts. This 
area is wider & has 
more space for the 
works, thus less impact 
for the construction.   

B Appropriate plans and 
adequate measures shall 
be taken to minimize 
adverse impacts as the 
working space and 
access road are not large 
for construction. 

16 Others C If actualize plan, 
appropriate official 
documents and EIA 
shall be prepared and 
obtain all necessary 
permits in accordance 
with Law and regulation 

C If actualize plan, 
appropriate official 
documents and EIA shall 
be prepared and obtain 
all necessary permits in 
accordance with Law 
and regulation 

 
 Raw Water Conveyance Facilities 

Raw Water Conveyance Facilities are composed of pipe lines and boosting pumping 
stations together with associated facilities. Evaluation/study on Environmental and Social 
impacts are conducted for both facilities separately as following. 

 
a） Raw Water Conveyance Pipelines 

To evaluate practically and efficiently, evaluation/study of pipeline was carried out by 
Node to Node as several Alternative routes go thorough partly same routes.  Following 
Tables describes the examination/study result of alternative pipe routes. 
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 Pipeline of Tri An Lake to Thu Duc WTP 
No Items Impact between nodes with comments 

Social Environment 

1 Resettlement C 1-2 Basically pipes will be installed under public roads, no 
resettlement involved. 

C 1-3 Basically pipes will be installed under public roads, no 
resettlement involved. 

C 2-3 Basically pipes will be installed under public roads, no 
resettlement involved. 

B 2-4 Basically pipes will be installed under public roads 
however some houses at both banks of Dong Nai River 
would need to be relocated for river crossing facilities. 
Further study necessary to select site. 

B 3-4 Basically pipes will be installed under public roads 
however some houses at both banks of Dong Nai River 
would need to be relocated for river crossing facilities. 
Further study necessary to select site. 

B 3-5 Basically pipes will be installed under public roads 
however some houses at both banks of Dong Nai River 
would need to be relocated for river crossing facilities. 
Further study necessary to select site. 

C 4-5 Pipes will be installed under existing pipe trench, no 
resettlement  

C 5-6 Pipes will be installed under existing pipe trench, no 
resettlement  

C 1-6 By selecting the sites of vertical shafts for construction, 
resettlement can be avoided. 

2, 
 

3, 

4, 

5, 
 
 

6 

Living & 
Livelihood 

Heritage 

Landscape 

Ethic 
Minorities/indigeno
us People  

Working Condition 

C 1-2 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 1-3 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 2-3 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 2-4 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 3-4 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 3-5 Basically no major issues are foreseen however further 
examination is necessary especially for working 



 
 

3-19  
 

condition. 

C 4-5 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 4-6 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 1-6 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

Natural Environment 

7, 

8, 

9 

Protected Areas 

Ecosystem 

Hydrology 

C 1-2 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 

 

1-3 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 2-3 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 2-4 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. Also fishes and habitants in the Dong Nai 
River shall be carefully considered. 

C 3-4 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem, 
fishery and habitants of the Dong Nai River. 

C 3-5 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem, 
fishery and habitants of the Dong Nai River. 

C 4-5 Basically no major issues are foreseen however further 
examination is necessary. 

C 4-6 Basically no major issues are foreseen however further 
examination is necessary. 

C 1-6 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

Pollution Control 

10, 

11, 

12, 

Air Quality 

Water Quality 

Wastes 

C 1-2 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 1-3 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
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13, 
 

14 

 

Noise and 
Vibration 

Subsidence 

carefully controlled. 

C 2-3 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 2-4 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 3-4 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 3-5 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 4-5 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 4-6 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 1-6 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

Others 

15 

 

 

Impacts during 
Construction 

 

B 1-2 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. Although not many 
houses located at the areas along TL 768, narrow and 
winding roads makes difficult for the construction. 

B 1-3 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments especially from the 
area merging into QL1 from TL767. However, the areas 
along TL 767 is easier for construction as not many 
houses located. 

B 2-3 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

B 2-4 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

B 3-4 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
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be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

B 3-5 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

B 4-5 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

B 4-6 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. shall 
be carefully considered to minimize adversely affect to 
the Social & Natural Environments. 

C 1-6 During the construction, major adversely affect to the 
Social & Natural Environments are not foreseen as the 
construction mainly be executed under ground. However, 
vertical shaft for construction shall be well planned for 
not to give any adversely affect.  

 
 Pipeline of Dau Tien Lake to Tan Hiep WTP 

No Items Impact between nodes with comments 

Social Environment 

1 Resettlement C 1-3 Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 3-4a Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 3-4b Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 4-5 Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 5-6 Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 6-7 Basically pipes will be installed under public roads, no 
resettlement foreseen, however, some narrow load area 
would be checked further.  

C 2-5 Basically pipes will be installed under the dike of 
existing canal, minimum resettlement expected. Also 
some pipes will be installed under public road, then 
some narrow load area would be checked further. 
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C 1-7 By selecting the sites of vertical shafts for construction, 
resettlement can be avoided 

2 
 

3 

4 

5 
 

6 

Living and 
Livelihood 

Heritage 

Landscape 

Ethic Minorities/ 
indigenous People  

Working 
Condition 

C 1-3 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 3-4a Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

B 3-4b Basically no major issues are foreseen however the route 
pass though Cu Chi memorial parks and other important 
historical area thus careful planning would be necessary. 

B 4-5 Basically no major issues are foreseen however the route 
pass though Cu Chi memorial parks and other important 
historical area thus careful planning would be necessary. 

C 5-6 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 6-7 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

C 2-5 Basically no major issues are foreseen however further 
examination is necessary especially for working 
condition. 

B 

 

1-7 Basically no major issues are foreseen however the route 
pass though under ground of Cu Chi memorial parks and 
other important historical area thus careful planning on 
routing would be necessary for both vertical shafts and 
underground pipe constructions. 

Natural Environment 

7 

8 

9 

Protected Areas 

Ecosystem 

Hydrology 

C 1-3 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 3-4a Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area, fishery and habitants of the Saigon River. 

C 3-4b Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 4-5 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 5-6 Basically no major issues are foreseen however further 
examination is necessary. 

C 6-7 Basically no major issues are foreseen however further 
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examination is necessary. 

C 2-5 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area. 

C 1-7 Basically no major issues are foreseen however further 
examination is necessary especially for ecosystem in 
suburban area for vertical shafts. 

Pollution Control 

10 

11, 

12, 

13, 
 

14 

 

Air Quality 

Water Quality 

Wastes 

Noise and 
Vibration 

Subsidence 

C 1-3 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 3-4a Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 3-4b Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 4-5 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 5-6 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 6-7 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 2-5 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

C 1-7 Basically no major issues are foreseen however during 
the construction emitter of respective pollutants shall be 
carefully controlled. 

Others 

15, 

 

 

Impacts during 
Construction 

 

C 1-3 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (not many 
houses). 

C 3-4a During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (not many 
houses and wide area). 

B 3-4b During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
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shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (not many 
houses but area is narrower). 

B 4-5 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (not many 
houses but area is narrower). 

B 5-6 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (many 
houses and area is narrower). 

C 6-7 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (installed 
under the special pipe trench thus not much affect). 

B 2-5 During the construction, traffic control, nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. 
shall be carefully considered to minimize adversely 
affect to the Social & Natural Environments (although 
canal area is not much affective but under public road, 
need careful consideration). 

 
b） Raw Water Boosting Pumping Stations 

The examination/study on the Environmental and Social impacts by possible 
construction of necessary boosting pump stations (PS) has been carried out as below.  

 
 Tri An Lake to Thu Duc WTP 

No Items Impact of PS construction of Alternatives with comments 

Social Environment 

1 Resettlement D 1-1 At the moment, there is open field and no houses 

D 1-2 Since use of existing Hoa An PS, not the issue. 

C 2-1 At moment, vacant lot, however some houses around 

D 2-2 Since use of existing Hoa An PS, not the issue (same 
place of 1-2). 

D 3-1 At moment, there is open bush field and no houses 

D 3-2 Since use of existing Hoa An PS, not the issue (same 
place of 1-2). 

D 4 At the moment, there is open field, no houses (same place 
of 1-1) 

D 5 At moment, there is open bush field, no houses (same 
place of 3-1) 
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D 6 No pump station required 

2, 
 

3, 

4, 

5, 
 

6 

Living and 
Livelihood 

Heritage 

Landscape 

Ethic Minorities, 
indigenous People  

Working Condition 

C 1-1 Less influence 

D 1-2 Since use of existing Hoa An PS, problem not foreseen. 

C 2-1 Less influence 

D 2-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 

C 3-1 Less influence 

D 3-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 

C 4 Less influence (same place of 1-1) 

C 5 Less influence (same place of 3-1) 

D 6 No pump station required 

Natural Environment 

7, 

8, 

9 

Protected Areas 

Ecosystem 

Hydrology 

C 1-1 For Ecosystem, some influence but expected minor 

D 1-2 Since use of existing Hoa An PS, problem not foreseen. 

C 2-1 For Ecosystem, some influence but expected minor 

D 2-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 

C 3-1 For Ecosystem, some influence and shall be carefully 
checked 

D 3-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 

C 4 For Ecosystem, some influence but not minor(same place 
of 1-1) 

C 5 For Ecosystem, some influence and shall be carefully 
checked (same place of 3-1) 

D 6 No pump station required 

Pollution Control 

10, 

11, 

12, 

13, 
 

Air Quality 

Water Quality 

Wastes 

Noise and 
Vibration 

C 1-1 Not much influence foreseen as open spaces 

C 1-2 Since use of existing Hoa An PS, problem not foreseen. 

C 2-1 Pump station shall be designed considering less Noise, 
vibration, etc. 

C 2-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 
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14 

 

Subsidence C 3-1 Not much influence foreseen as open spaces 

C 3-2 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2). 

C 4 Not much influence foreseen as open spaces (same place 
of 1-1) 

C 5 Not much influence foreseen as open spaces (same place 
of 3-1) 

D 6 No pump station required 

Others 

15, 

 

 

Impacts during 
Construction 

 

C 1-1 No large influence foreseen as enough working spaces  

C 1-1 Since use of existing Hoa An PS, problem not foreseen.No 
large influence foreseen as enough working spaces  

C 1-2 Some influence as road is narrow thus shall be carefully 
considered Since use of existing Hoa An PS, problem not 
foreseen. 

C 2-1 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2).Some influence as road is narrow thus 
shall be carefully considered  

C 2-2 No large influence foreseen as enough working 
spacesSince use of existing Hoa An PS, problem not 
foreseen (same place of 1-2). 

C 3-1 Since use of existing Hoa An PS, problem not foreseen 
(same place of 1-2).No large influence foreseen as enough 
working spaces 

C 3-2 No large influence foreseen as enough working spaces 
(same place of 1-1)Since use of existing Hoa An PS, 
problem not foreseen (same place of 1-2). 

C 4 No large influence foreseen as enough working spaces 
(same place of 3-1)No large influence foreseen as enough 
working spaces (same place of 1-1) 

C 5 No large influence foreseen as enough working spaces 
(same place of 3-1) 

 
 Dau Tien Lake to Tan Hiep WTP 

No Items Impact of PS construction of Alternatives with comments 

Social Environment 

1 Resettlement C 1-1 At moment, vacant large lot and no houses 

C 1-2 At moment, vacant lot with abandon house, however some 
houses around 

C 2-1 At moment, vacant large lot and no houses 
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C 2-2 At moment, vacant lot, however some houses around 

C 3-1 At moment, large rice field and no houses 

C 3-2 At moment, large bush field and no houses 

C 4 At moment, large forest area and no houses 

2, 
 

3, 

4, 

5, 
 
 

6 

Living and 
Livelihood 

Heritage 

Landscape 

Ethic Minorities/ 
indigenous 
People  

Working 
Condition 

C 1-1 Some concern shall be given but seems minor 

C 1-2 Some concern shall be given but seems minor 

C 2-1 Some concern shall be given but seems minor 

B 2-2 Careful consideration shall be given because it is located in 
Histric land of Ben Duc Tunnel. 

C 3-1 No large problem foreseen 

C 3-2 Some concern shall be given but seems minor 

C 4 Some concern shall be given but seems minor 

Natural Environment 

7, 

8, 

9 

Protected Areas 

Ecosystem 

Hydrology 

C 1-1 Since located in bush with some trees, some concerns shall 
be given 

C 1-2 No large problem foreseen 

C 2-1 Since located in bush with some trees, some concerns shall 
be given 

B 2-2 Since located in bush with some trees with restricted sign, 
necessary procedure shall be made to cut bush and small 
trees. 

C 3-1 No large problem foreseen 

C 3-2 No large problem foreseen 

B 4 Since located in forest area, careful concerns and necessary 
procedure for approval shall be made. 

Pollution Control 

10, 

11, 

12, 

13, 
 

14 

Air Quality 

Water Quality 

Wastes 

Noise and 
Vibration 

Subsidence 

C 1-1 Since large vacant area, no problem foreseen 

C 1-2 Some houses are located around, some consideration shall 
be given 

C 2-1 Since large vacant area, no problem foreseen 

C 2-2 Some houses are located around, some consideration shall 
be given 

C 3-1 Since large vacant area, no problem foreseen 

C 3-2 Since large vacant area, no problem foreseen 

Others 
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15, 

 

 

Impacts during 
Construction 

 

C 1-1 Since wide road and open spaces, no problem foreseen 

C 1-2 Some houses are located along with smaller road, some 
consideration shall be given  

B 2-1 Since access road is dike road, some problem foreseen 

C 2-2 Some houses are located along with smaller road, some 
consideration shall be given 

B 3-1 Since access road is dike road, some problem foreseen 

C 3-2 Some houses are located along with smaller road, some 
consideration shall be given 

 
 Water Distribution Facilities 

For the possible construction of water distribution tanks in the Tu Duc Water 
Distribution Network system and Tan Hiep Water Distribution Network system, study is 
made for following potential sites. 

 
a） Tu Duc Water Distribution System  
 Plan 1 – Saigon Zoo and Botanic Garden 
 Plan 2 – Gia Ding Park 
 Plan 3 – Phu Lam Park 
 

b） Tan Hiep Water Distribution System – Tan Binh WTP 
Following tables describe the impacts of respective items of concerns for above water 

distribution tanks. 
 

No Items Impact of Water Tank construction of respective sites with comments 

Social Environment 

1 Resettlement C 1-1) Since the location is in Zoo/Botanical Garden, basically no 
resettlement of human but some animals may be re-located 

C 1-2) Since the location is in Public park, no resettlement 
foreseen 

C 1-3) Since the location is in Public park, no resettlement 
foreseen 

C (2) Since the location is in existing Water Treatment Plant, 
plant facilities may be relocated. Detail location shall be 
considere. 

2, 
 

3, 

4, 

5, 

6 

Living and 
Livelihood 

Heritage 

Landscape 

Ethic Minorities, 

Work Condition 

B 1-1) Animals and museum, etc, shall be protected and 
conserved. 

C 1-2) Since it is in park, landscape shall be carefully considered 

C 1-3) Since it is in park, landscape shall be carefully considered 

C (2) No large impact be foreseen.  
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Natural Environment 

7, 

8, 

9 

Protected Areas 

Ecosystem 

Hydrology 

 

B 1-1) Trees and natural condition shall be appropriately protected 
or recovered. 

B 1-2) Trees and natural condition shall be appropriately protected 
or recovered. 

B 1-3) Trees and natural condition shall be appropriately protected 
or recovered. 

C (2) No large impact be foreseen. 

Pollution Control 

10, 

11, 

12, 

13, 

14 

Air Quality 

Water Quality 

Wastes 

Noise/ Vibration 

Subsidence 

B 1-1) Exhaust gas from PS, noise/vibration shall be carefully 
managed as animals are very sensitive. 

C 1-2) Appropriate measure shall be taken because of public 
parks. 

C 1-3) Appropriate measure shall be taken because of public 
parks. 

C (2) No large additional impact be foreseen than present 
condition 

Others 

15 

 

Impacts during 
Construction 

 

B 1-1) Traffic issues with trucks, dust/noise, etc associated with 
construction shall be carefully managed as it is in public 
park, especially for animals and birds, etc. 

C 1-2) Traffic issues with trucks, dust/noise, etc associated with 
construction shall be carefully managed as it is in public 
park. 

C 1-3) Traffic issues with trucks, dust/noise, etc associate with 
construction shall be carefully managed as it is in public 
park. 

C (2) Since demolition of existing facilities would be made, 
heavier traffic be foreseen at the site.  

16 

 

Permits, etc. B 1-1) Since use of public land, all necessary approval procedures 
shall be carefully taken. 

C 1-2) Since use of public land, all necessary approval procedures 
shall be carefully taken. 

C 1-3) Since use of public land, all necessary approval procedures 
shall be carefully taken. 

C (2) Since demolition of existing facilities would be made, 
careful panning with necessary approval procedures shall 
be carefully considered. 
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3-4-2 Result of Initial Environmental Examination (IEE) and Environmental Checklist  

IEE level studies on possible construction of Raw Water Intake Facilities, Raw Water 
Conveyance Facilities and Water Distribution Tanks were carried out and the results are as 
shown in the following Table.   

 
 Intake Facilities 

The result of IEE level studies on the construction of Intake Facilities are summarized as 
below. 

 
a） Tri An Lake 

 Alt #1 Alt #2 

Social Environment D, C D, C 

Natural Environment D, C, B D, C, B 

Pollution Control D, C D, C 

Others B, C C 

 
In view of Environmental and Social Consideration on the possible construction of 

Intake Facility at Tri An Lake, both alternative are evaluated under “C” level.  Although 
the impacts of Hydrology was evaluated as B, there is basic concept plan to draw water 
from Tri An Lake and due discussions and decision among Government officials including 
Tri An Hydraulic Power company, SAWACO and related Governments shall be 
indispensable for this strategic project. Also the item of “during the constructions” for Alt 
#1was evaluated as “B” but it can be avoided by considering the methods of constructions 
for controlling noise/vibration/dust/gases/wastes, etc. to minimize adversely affect to 
Social and Natural Environment. On the other hand, since the area of Alt #2 is wider 
having more space for work execution, it is less impact than Alt #1.      

 
b） Dau Tien Lake 

Items Alt #1  Alt #2 

Social Environment D, C D, C 

Natural Environment D, C D, C 

Pollution Control D, C D, C 

Others C B, C 

 
In view of Environmental and Social Consideration on the possible construction of 

Intake Facility at Dau Tien Lake, both alternative are evaluated under “C” level.  The 
item of “during the constructions” was evaluated as “B” for Alt #2 where has not much 
working space, however it can be avoided by considering the methods of constructions for 
controlling noise/vibration/dust/gases/ wastes, etc. to minimize adversely affect to Social 
and Natural Environment.  
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 Raw Water Conveyance Facilities 

The results of IEE level studies on the construction of Raw Water Conveyance Facilities 
are summarized as below. 

a） Tri An Lake 
 Pipe Facility 

 Alt#1 (Node 
1-3-4-5-6) 

Alt #2 
(Node 

1-2-4-5-6) 

Alt #3 
 (Node 

1-2-3-4-5-6) 

Alt #4 
(Node 

1-3-5-6) 

Alt #5  
(Node 

1-2-3-5-6) 

Alt #6 
(Node 
1-6) 

Social 
Environment 

C C C C C C 

Natural 
Environment 

C C C C C C 

Pollution Control C C C C C C 

Others B B B B B C 

 
 Pumping Facility 

 Alt#1  

PS1-1 

PS1-2 

Alt #2 

PS2-1 

PS2-2  

Alt #3  

PS3-1 

PS3-2 

Alt #4  

PS 4 

Alt #5  

PS 5 

Alt #6  

No PS 

Social 
Environment 

C, D C, D C, D C, D C, D D 

Natural 
Environment 

C, D C, D C, D C C D 

Pollution Control C C C C C D 

Others C C C C C D 

 
In view of Environmental and Social Consideration on the possible construction of 

Conveyance pipelines from Tri An Lake to Thu Duc Water Treatment Plant, most of items 
of alternatives are evaluated under “C” level. However at the point of crossing Dong Nai 
River (except Alt #6), some houses of river banks would be relocated for the construction 
of river crossing water conveyance facility. To avoid or minimize the house relocation, it is 
very important to plan carefully for the point or area of river crossing facilities.   

Item for “the during the construction” was evaluated as “B” for Alternatives #1, 3, 4 & 5 
because of passing through heavy traffic road of QL1A or QL15 for which careful 
consideration and plans have to be made to minimize adversely affect to the Social & 
Natural Environments especially with traffic control, nuisance to residents with 
noise/vibration/dust/gases/wastes, etc.  

Also the Item for “the during the construction” of Alternatives #2, 3, & 5 were evaluated 
as “B” because the water conveyance facilities will be installed under smaller roads of 
TL768.  For this, it shall be carefully considered for not to stop the traffic and 
minimization of adversely affect to the Social & Natural Environments with nuisance to 
residents with noise/vibration/dust/gases/wastes, etc., although there are not many houses 
located. 
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b） Dau Tien Lake 
 Pipe Facility 

 Alt #1 (Node 
1-3a-4-5-6-7) 

Alt #2 (Node 
1-3b-4-5-6-7) 

Alt #3 (Node 
2-5-6-7) 

Alt #4 (Node 
1-7) 

Social Environment C, B C, B C C, B 

Natural Environment C C C C 

Pollution Control C C C C 

Others C, B C, B C, B C, B 

 Pumping Facility 
Items Alt #1  

PS 1-1, PS1-2 

Alt #2  

PS2-1, PS2-2 

Alt #3  

PS3-1, PS3-2 

Alt #4 

PS 4 

Social Environment C B, C C,  C, D 

Natural Environment C B, C C B 

Pollution Control C C C D 

Others C C B, C C 

 
In view of Environmental and Social Consideration on the possible construction of 

Conveyance pipelines from Dau Tien Lake to Tan Hiep Water Treatment Plant, most of 
items of Alternatives are evaluated under “C” level.  However, the Alternatives 1, 2 & 4 
for the Social Environment ware evaluated as “B” because the Water Conveyance facilities 
go crossing or by the area near the Cu Chi memorial parks and other important historical 
area.  Therefore, the most careful consideration shall be given for the detail planning to 
avoid adversely affect to the heritage of Cu Chi.  

Also the Item for the during the construction of all Alternatives have evaluation points 
of B because the water conveyance facilities will be installed under smaller roads of 
TL782 or TL16, or be installed under the very congested but narrow road with many 
houses of TL8.  For this, it shall be carefully considered for not to interfere the traffic and 
minimization of adversely affect to the Social & Natural Environments with nuisance to 
residents with noise/vibration/dust/gases/wastes, etc. although there are not many houses 
located. 

 
 Water Distribution Facilities  

 
Tu Duc Water Distribution System Tan Hiep System 

1-1) Saigon 
Zoo 

1-2) Gia Ding 
Park 

1-3) Phu Lam 
Park 

(2) Tan Binh 
WTP 

Social Environment B, C C C C 

Natural Environment B B B C 

Pollution Control B C C C 

Others B C C C 
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For the possible construction of the water distribution tank in Saigon Zoo/ Botanical 

Garden, all items of IEE resulted as “B”.  It is because; the Saigon Zoo is socially and 
naturally very important place for citizens of HCMC. Also during and after the 
construction of water distribution tank, there would be nuisance to Zoo animals and 
visitors with noise and dust of pumping stations in addition to safety concerns. Therefore, 
the careful consideration on planning/design, precise procedure of approval, duly checked 
execution process and other necessary countermeasures to minimize the adversely effect 
are most important. 

 
For water distribution tank construction at Gia Ding Park and/or Phu Lam Park, many 

trees would be cut down. Therefore, in addition to safety issues during the construction, 
landscape and recovery for the public park issues shall be carefully considered.  

 
For the possible construction of the water distribution tank in Tan Binh WTP for Tan 

Hiep Water Distribution System, all items of concerns are under “C” category, however, 
the most careful planning and considerations shall be given for demolition and 
construction procedures as the demolition of existing facilities must be executed before 
initiation of new water distribution tank construction.  

 
Social and Natural Considerations on the construction of water transmission pipelines to 

be connected to the possible proposed water distribution tanks shall be considered within 
the implementation plan of respective water transmission pipelines. 

 
3-4-3 Possible Mitigation/Optimization Measure Plan for Category B items 

As the result of aforementioned evaluations, most of items of Social and Natural 
Environment concerns for the alternatives of possible facilities construction were evaluated 
as Category “C” while some items were evaluated as Category “B”.  However, it is 
anticipated that those Category “B” items can be re-evaluated as Category “C” if some 
mitigation or/and minimization measures are taken.  Following are the possible mitigation 
and minimization measures for items evaluated “B”.  

 
 Intake Facilities 

a） Tri An lake Facility 
Items of Concerns Alternative Possible Measures 

Hydrology (Natural 
Environment) 

 

Alt #1 and 
Alt #2 

 Due discussion on water right on Tri An Lake and 
decision for water allocation among Governments 
concerns. 

 Plan and design to intake water from down stream 
of Hydraulic Power Plant. 

 
b） Dau Tien Lake Facility 

Items of Concern Alternative Possible Measures 
Impacts during 
construction 
(Others) 

Alt #2  Design of Compact type intake facility  
 Construct large access road 
 Plan on small scaled construction method 
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 Raw Water Conveyance Facilities 

a） Raw Water Conveyance Pipelines 
 
 Pipeline of Tri An Lake to Thu Duc WTP 

Items of Concern Routes  Possible Measures 
Resettlement 
(Social 
Environment) 

Nodes 2-4 
Nodes 3-4 
Nodes 3-5 

 Select minimum impact area for River Crossing 
Facility 

 Select most applicable construction methods with no 
damage to the residents for River Crossing Facility 

Traffic     
(Social 
Environment) 

Nodes 1-2 
Nodes 1-3 
Nodes 2-3 
Nodes 2-4 
Nodes 3-4 
Nodes 3-5 

 Design suitable construction method requiring 
minimum width for installation trench. 

 Select most applicable construction methods with no 
damage to the residents 

Impacts during 
construction 
(Others) 

Nodes 1-2 
Nodes 1-3 
Nodes 2-3 
Nodes 2-4 
Nodes 3-4 
Nodes 3-5 
Nodes 4-5 
Nodes 4-6 

 Select suitable construction methods minimizing 
nuisance to residents with noise/vibration/gases/ 
wastes, etc. 

 Design most suitable construction procedure for 
shorten but efficient construction. 

 Plan and execute most safe and efficient traffic 
control avoiding traffic obstructions. 

 
 Pipelines of Dau Tien Lake to Tan Hiep WTP 

Items of Concern Routes  Possible Measures 
Heritage and 
People Working 
Condition 
(Social 
Environment) 

Nodes 3-4b 
Nodes 4-5 
Nodes 1-7 

 Study on Cu Chi Memorial Park for the location of 
tunnel routes/facilities and other memorial 
monuments 

 Select the position of pipe installation avoiding Cu 
Chi tunnel memorial monuments and facilities 

 Discuss and obtain the agreement for the 
installation of pipes with Park authorities and 
Government officials concerns. 

 Select most suitable construction methods for pipe 
installation with minimum impact to monuments 

Impacts during 
construction 
(Others) 

Nodes 3-4b 
Nodes 4-5 
Nodes 5-6 
Nodes 2-5 
Nodes 1-7 

 Select suitable construction methods minimizing 
nuisance to residents with noise/vibration/gases/ 
wastes, etc. 

 Design most suitable construction procedure for 
shorten but efficient construction. 

 Plan and execute most safe and efficient traffic 
control avoiding traffic obstructions. 

 
b） Raw Water Boosting Pumping Stations 

 
 Tri An Lake to Thu Duc WTP 

All items of possible impact related Social and Natural Environment were evaluated 
under Category “C”. 
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 Dau Tien Lake to Tan Hiep WTP 
Items of Concern PS Site Possible Measures 

Heritage 
(Social 
Environment) 

PS 2-2  Study on Cu Chi Memorial Park for the location of 
tunnel routes/facilities and other memorial 
monuments 

 Select the facility position of PS avoiding Cu Chi 
tunnel memorial monuments and facilities 

 Discuss and obtain the agreement for the 
installation of pipes with Park authorities and 
Government officials concerns. 

 Select most suitable construction methods for PS 
construction with minimum impact to monuments 

 Design facilities considering minimizing nuisance 
to residents with noise/ vibration/ gases/ wastes, 
etc. during the operations. 

Ecosystem 
(Natural 
Environment) 

PS 2-2 
PS 4 

 Design PS to suites the Green environment 
 Consider the relocation of nest of birds, re-planting  

Impact during 
construction 
(Others)  

PS 3-1  Plan enough access roads for construction 
 Consider the design of facility giving minimum 

damage to dike or canal 
 

 Water Distribution Facilities 

Items of Concern Reservor 
Site  

Possible Measures 

Living/Livelihood 
(Social 
Environment) 

Saigon Zoo  Design facilities considering minimizing nuisance 
to animals with noise/ vibration/ gases/ wastes, 
etc. during the operations. 

 Consider the location of facilities away from 
animals, etc. 

Ecology 
(Natural 
Environment) 

Saigon Zoo 
GiaDingPark 
PhuLamPark 

 Consider the location of facilities within the park 
where minimum impact be expected 

 Design facilities considering minimizing nuisance 
to animals with noise/ vibration/ gases/ wastes, 
etc. during the operations 

 Design most suitable facilities conforming 
environment 

 Design re-planting similar trees  
Air quality 
(Pollution Control) 

Saigon Zoo  Design facilities considering minimizing nuisance 
to animals with noise/ vibration/ gases/ wastes, 
etc. during the operations 

Impact during 
construction 
(Others) 

Saigon Zoo  Select most suitable construction methods 
minimizing nuisance to animals with 
noise/vibration/gases/ wastes, etc. 

 Design most suitable construction procedure for 
shorten but efficient construction. 

 Plan and execute most safe and efficient traffic 
control avoiding traffic obstructions. 
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3-4-4 4.4 Monitoring Requirement 

At this stage, any large impact in regard to the Social and Natural Environments for the 
possible construction of facilities as discussed above for the raw water transmission system 
and water supply system of HCMC are foreseen based on the assumption that all necessary 
mitigation/ minimizing measures were appropriately executed. Although the monitoring of 
the progress is not required at this stage, the JICA Guideline can be referred for the 
monitoring items and procedures, if somehow it became needed after the detail 
consideration and planning, etc to be carried out. 

 
The actual items that require monitoring shall be decided on according to the sector and 

nature of the project, with reference to the following list of items. (JICA Guideline 
Appendix 6) 

 
 Permits and approvals, explanations 

 Response to matter indicated by authorities 
 Anti-pollution measures 

 Air quality: SO2, NO2, CO, O2, soot and dust, suspended particulate matter, coarse 
particulates, etc. 

 Water quality: pH, SS (suspended solids), BOD (biochemical oxygen demand) and 
COD (chemical oxygen demand), DO (dissolved oxygen), total nitrogen, total 
phosphorus, heavy metals, hydrocarbons, phenols, cyanogen compounds, mineral oils, 
water temperature, etc. 

 Waste 
 Noise and vibration 
 Odors 

 Natural environment 

 Ecosystems: impact on valuable species, countermeasures, etc. 
  Social environment 

 Resettlement 
 Lifestyle and livelihood  

 
NOTE: For air and water quality, it is necessary to specify whether you are monitoring 

is for emission levels or environmental levels. Also, it should be noted that the items which 
require monitoring will differ depending on whether the impact in question will occur 
during construction or during the operation of the project. 
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Chapter 4 Study on Business Development  
4-1. Background 

4-1-1 Development of infrastructure and PPP (Public Private Partnership) projects 

Funds required for Vietnam’s future infrastructure development is estimated to be 10 
trillion yen and 30 trillion yen for the coming 10 years and 20 years, respectively. It 
would be difficult for the government to procure this amount sufficiently alone or 
through ODA as in the past, and prompt participation by the private sector is deemed 
necessary. The government of Vietnam established the Decision71 in November 2010 
for attracting private funds, and set up a task force within MPI for the promotion of PPP 
pilot projects. In January 2013, a decision was made on the implementation of the Long 
An Province Indusrtial Complex related project as an infrastructure project by Japanese 
companies funded by the Japanese government, and involvement by the Japanese 
government and private sector is expected for the future. At the same time, Prime 
Minister Shinzo Abe visited Vietnam’s capitol of Hanoi and met with top level officials 
including Communist Party General Secretary Nguyen Phu Trong, President Truong Tan 
Sang, Prime Minister Nguyen Tan Dung, and the establishment of a close relationship 
between Japan and Vietnam is also expected. 

 
4-1-2 Need for managing the distribution reservoir 

As described in Chapter 2, Ho Chi Minh City’s water system distributes water along 
the water distribution network up to end-users directly from the water treatment plant 
located approximately 10km from the city center by using water pipes. Due to its 
geographical features (stretching from North to South with scarcely any difference in 
height) and expansion of the urban area and increase in demand accompanying the city’s 
growth, the system is faced with the following issues: 

 
 Lack of supply capacity against the rapid increase in water demand; 
 High water leakage rate (40% on average); 
 Imbalanced water pressure in the city and low water pressure at end-users of the 

water distribution network due to direct water distribution from the water treatment 
plant, and water contamination; and, 

 Responding to people’s demand for improved quality (water quantity, water 
pressure, water quality) as a result of improvements in the standard of living. 

 
In order to solve these issues and to produce the To-Be of Ho Chi Minh City’s water 

supply system, SAWACO compiled the Master Plan for HCMC Water Supply System up 
to 2025 (Ho Chi Minh City, 2012); hereafter “WSMP”) based on the Urban Planning 
Master Plan which has a target year of 2025. The WSMP was officially approved by the 
Prime Minister in June 2012. 

Meanwhile, the WSMP, from the perspective of improving the water system from a 
long-term standpoint, proposes the expansion of the water distribution system through 
building additional main pipelines (water distribution routes) from the water treatment 
plant to the center of the urban area, in line with the expansion of the water treatment 
plant. This is the same method that had been taken to expand Ho Chi Minh City’s water 
system in the past, and the plan does not review details of facilities to be constructed up 
to 2025 in time series. 
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Water Distribution in trunk main

Supply water from distribution reservoirs

Supply water from new water sources

Production of 
treated water

 
Fig. 4-4-1 Outline of the distribution reservoir project 

 
4-2. Review of the PPP project scheme 

4-2-1 Subject area for the distribution reservoir project 

Although water pressure is low within the entire Ho Chi Minh City, the location for 
constructing a water distribution reservoir under this investigation has been determined 
as Tan Son Nhat and the area subject to water distribution as the City Central Area, 
based on the results of review under Chapter 2. It should be noted that as the effect of 
building a distribution reservoir can also be expected for areas that are not subject to this 
investigation, a ripple effect can be expected from performing an analysis by referring to 
this case. 

 
Table 4-2-1 Specification, etc. of the water distribution reservoir 

Location Tan Son Nhat

Distribution service area Central Area

Estimated Population in Master Plan 681,000

Capacity of Reservoir Water Reservoir 36,000㎥
Pumping Station 275,000㎥day
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Fig. 4-2-1 Subject area for the distribution reservoir project 

 
4-2-2 Review of the project implementation method based on SAWACO’s financial 

condition 

Response from SAWACO indicates that, in light of its current financial condition, it 
would be difficult for it to construct the above-mentioned water distribution reservoir in 
addition to making the capital investment under the Master Plan in terms of the funds 
required. SAWACO may make the capital investment itself, if it is possible to receive 
funds from the Ho Chi Minh City People’s Committee, etc., but this is not realistic as 
reduction of government spending is currently ongoing. Furthermore, SAWACO itself 
recognizes that opportunity for providing funds through ODA will reduce in future. 
Therefore, we will review the possibility of applying private funds in this investigation. 

In addition, considering the fact that implementation of the capital investment plan 
under the Master Plan is being delayed despite the urgency, it is considered that having 
the involvement of a private operator with the capability to implement the project with 
speed from procuring funds to making the capital investment and knowhow on operation 
would be beneficial to SAWACO in terms of the shorter period required. Furthermore, 
for SAWACO itself to acquire the capability to efficiently manage water distribution in 
future, it would be preferable if SAWACO did not engage in the capital investment and 
facility operation itself, or if it did not outsource the project to a private operator, but 
have such knowhow transferred from the private operator possessing the technique 
through close cooperation.  

Based on the above, there is meaning in implementing this project in the form of a PPP 
which is also consistent with the intention of the government of Vietnam that is 
promoting PPP projects.  
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4-2-3 Division of roles for the PPP project 

A SPC1 is normally established for a PPP project, as a separate entity from the private 
operator. The aim is to clarify the PPP project operator’s responsibility in earning 
revenue, ensure the continuity of the subject project by separating the project from the 
private operator’s bankruptcy risk, and reduce financing costs by improving the 
credibility of the PPP project operator. The division of roles between SAWACO 
(contractee) and the SPC (contractor) has been sorted out, assuming that the operator is 
the SPC and the project being reviewed in this investigation were to be implemented as a 
PPP. The roles shown in the below table are roles in general, established by referring to 
other cases. The basic concept is that the SPC who is the project operator for the project 
being reviewed here will build, maintain and operate the water distribution reservoir, and 
the construction of water pipes, etc. required and maintenance of water distributing pipes 
will be the responsibility of SAWACO that owns the related facilities. 
 

Table 4-2-2 Division of roles for the distribution reservoir PPP project 

EPC Phase

No. Work item
Land 

acquisition
Approval Planning Engineering Procurement Construction Asset

1 Distribution reservoirs SAWACO SAWACO
SAWACO/

SPC
SPC SPC SPC SPC

O&M Phase

No. Work item Approval Planning Operation

1 Operation of distribution reservoirs SAWACO SPC SPC

2 Maintenance of distribution reservoirs SAWACO SPC SPC

2 Control of Water flow and water pressure in distribution area* SAWACO SPC SPC

3 Maintenance of Water pipes in distribution area* SAWACO SAWACO SAWACO

4 Readjustment of distribution plan SAWACO SPC ‐

5 Order of supply water from WTP SAWACO SPC ‐
 

 
4-2-4 PPP scheme 

 Types of PPP schemes 

a） BOO (Build Own Operate) method 
A method under which the private operator designs/builds the facility, after which it is 

owned and operated by such operator. The private operator will own the facility 
throughout the project period and bears all risks involved in the facility. However, as the 
private operator will own the facility, costs will arise inherent to the possession of assets 
(e.g. fixed assets tax) that would not have been incurred had the public sector been the 
owner. At the time of maturity of the project period, the private sector may implement the 
project or the facility may be removed. 

Different from when the contractee funds and implements the project itself, an 
“off-balance effect” may be expected in which assets and debt required for procuring the 
assets need not be booked. But if the contractee is substantially bearing the cost and 
enjoying the benefit related to the facility in reality, this could be considered as a 

                                                      
 

1 SPC: Special Purpose Company; a company established for the purpose of engaging only in a certain 
business 
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“finance lease with no transfer of ownership” from the operator to the contractee, 
depending on the accounting standards applied to the contractee, and the contractee may be 
requested to book the lease assets and lease liability. Therefore, an extremely careful 
judgment should be made on the off-balance effect of the BOO method by conducting a 
detailed examination of the actual transaction and local accounting standards. 

 
b） BOT (Build Own Transfer) method 

A method under which the private operator designs/builds the facility, after which it is own 
by the operator, to be transferred to the contractee at the maturity of the operation period. The 
only difference with the BOO method is that this method is considered as a “finance lease 
with transfer of ownership.”  

 
c） BTO (Build Transfer Operate) method 

A method under which the private operator designs/builds the facility, after which it is 
transferred to the contractee to be operated by the operator. Assets and liabilities will be 
booked by the contractee without fail as the facility will be owned by the contractee. The 
contractee will bear the risk accompanying the owning of the facility, but if during the defect 
liability period, it is possible to have the private operator bear the responsibility. As the 
private operator will not own the facility, no cost inherent to as when this is owned by the 
private sector (e.g. fixed assets tax) will incur. 

 
d） BT (Build Transfer) method 

A method under which the private operator designs/builds the facility, after which it is 
transferred to the contractee. Operation and maintenance of the facility is handled by the 
contractee itself or by a designated manager, etc. 

 
Application of one of the above three methods will be determined by comprehensively 

considering the concept on risk transfer, treatment after the maturity of the project period, and 
tax treatment, etc. 

The BTO method could be favorable in terms of tax, and this may have an impact so as to 
reduce SAWACO’s payments. Meanwhile, risk transfer could be limited as SAWACO will be 
the owner of the assets. 

The BOT method could be less favorable than BTO, but as some practical treatments need 
to be confirmed with tax authorities before any judgment can be made, this is unclear as of 
now. On the other hand, the assets will be owned by the private operator and the risk can be 
transferred which is an advantage of this method. 

The BOO method is similar to BOT, and the advantage of this method is that as assets will 
remain with the private operator, there is no defect warranty risk, etc to be borne. However, in 
reality, the assets could be used after the expiry of the contract period, and there may be 
disadvantages from the aspect of LCC. 

After detailed conditions are determined, selection of the method to be applied will be 
made depending on which method SAWACO will place focus on. This will also be impacted 
by the applicable legal system, but as of now, it is unclear as to which legal system will be 
applied to which method due in part to the moves in the revision of Decision 71, and 
conditions are also still unclear. Thus, it is difficult to determine the method to be applied as 
of now from the aspect of the legal system to be applied, and would involve risks. 

For this review to be fiscally conservative, we will select the BOT and BOO schemes for 
our assumption, as it is likely that SAWACO’s expenditure will be the largest under these 
schemes. 
In addition, as the applicable legal system will differ by method as described above, an 
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explanation of the legal system stipulating the implementation of PPP projects has been 
provided below: 

 
 Review from legal aspects 

a） Revised BOT Law and Decision71 
Originally, the BOT Law had been applied in Vietnam when implementing PPP projects 

under the BOT, BTO or BT method. Since, in November 2010, a Prime Minister decision was 
made on Decision 71  which came into force in January 2011. The subject of Decision 71  
is extensive and specified as “infrastructure projects under the PPP scheme”, and PPP 
projects under the BOT, BTO or BT method for which the BOT Law had been applied could 
be subject to this Decision, although it is unclear as to which law will be applied as of now. 
The Decision71 is currently being reviewed for a revision, but the direction is yet to be 
made clear. The below sorts out the characteristics of the revised BOT Law and 
Decision71, as of now.  

 
 Revised BOT Law* Decree 108/2009/ND-CP (Decree on Investment in the Form of 

Build-Operate-Transfer, Build-Transfer-Operate or Build-Transfer Contract) 
The revised BOT Law became effective in 2009. Procedures for formulating a BOT 

project proposed by investors as stipulated under the revised BOT Law are as shown 
below: 

Contract Negotiation

Issuance of Investment Certificate
and Business Registration (as SPC) 

Signing of BOT Contract

Project Proposer is Appointed for 
Contract Negotiation

The project is approved and added to 
PC’s project list

Investors submit a proposal for 
BOT project

Tender for Selection of 
Investor for Contract Negotiation

Registration by other investor(s) within 30 
business days from the last publication 

date of the project list

No registration by other investors
within 30 business days from the last 

publication date of the project list

Publication of the project list on three consecutive 
editions* of Tendering Newsletter

 
Fig. 4-2-2 Procedures under the revised BOT Law 

 
 Decision71 

The Decision71 is considered to be the applicable law in future for the implementation 
of infrastructure projects in Vietnam based on the PPP scheme. The below diagram 
shows the tender procedure flow under the Decision71. 
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Presiding ministry
Submit proposal

MPI
Review and manage 
portfolio of project

Prime minister
Approve

Investor
Submit proposal

Presiding ministry
Review and proposal

Presiding ministry
Official announcement
for bidding

Presiding ministry
Evaluation and 
Disicion

MPI
Approve

Presiding ministry
Contract and 
financial close

Presiding ministry
Negotiation

MPI
Support and advice

 
Fig. 4-2-3 Procedures under the Decision71 

 
As described above, the Act is under review to be formally institutionalized, and being 

deliberated with investors, etc. Questions have been raised during the review on 
implementation conditions, such as how to set the upper limit for the ratio of government 
aid in implementing a PPP project, and on the method for selection of the private 
operator, etc. Formal institutionalization of this legal system will need to be discussed by 
the Ministry of Justice, etc within the government of Vietnam based on these 
deliberations and will require time, and the outlook on the details of the system remains 
unclear. Therefore, we will need to wait for the outcome of the ongoing review. 

 
 Comparison of the revised BOT Law and the Decision71 

A comparison of the revised BOT Law and the Decision71 shows that the ratio of 
public funds under the former is stipulated as less than 50% while this is specified as less 
than 30% in the latter. The ratio of capital required within total procurement amount for 
the Decision71 is higher than that for the revised BOT Law. 

Details of the provisions under the revised BOT Law and the Decision71 have been 
specified in the below table. 

 
Table 4-2-3 Comparison of the revised BOT Law and the Decision71 

  BOT Law (108) PPP for Decision 71 

Target of apply BOT,BTO,BT Infrastructure development project of 
PPP 

Public Funds 

Less than 50% 
*Including Government guarantee, Subsidy. 
ODA.etc 
(Not only investment) 

Less than 30% 
*Including Government guarantee, 
Subsidy. ODA.etc 
(Not only investment) 
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Minimum amount of 
Equity of the investor  

・Portion of total investment capital Up to 
VND 1,500 billion → 15%  
・Portion of total investment capital over 
than VND 1,500 billion → 10%  

21% 

Competitive Bidding 
Required in case of multiple applicant 
*In case of single applicant ,not required 
bidding  

Required 
*There is no provision for the case 
of single applicant  

Minimum security  
deposit 

・Portion of total investment capital up to 
VND 1,500 billion → 2%  
・Portion of total investment capital over 
than VND 1,500 billion → 1%  

2% of private capital 

 
It may be possible to apply the BOO method to this project, but as neither the BOT 

Law nor the Decision71 clearly stipulates matters regarding the BOO method, it seems 
that the treatment of the BOO method under the country’ system is unclear as of now.  

Consideration on which legal system to apply should be reconfirmed by also taking 
account of the revision to the Decision71 

Other issues with respect to the legal system in implementing the project being 
reviewed in this investigation, such as the establishment of a SPC and the system on 
foreign direct investment, are shown in the attachment. 

 
4-2-5 Financing scheme 

As the operator will need to independently procure funds when implementing the 
project being reviewed in this investigation as a PPP, a review has been conducted on the 
fund procurement method as shown below: 

 
 Debt:Equity ratio 

Consideration on the fund procurement method will first be largely divided into 
whether the fund will be procured through Equity or through debt. 

 
a） Matters to be considered for the project being reviewed in this investigation 

 
 Legal and other restrictions under the system 

As described in 2-2-2 c), a capital of 21% or more of total investment, or 15% or more 
of total investment will be required for the implementation of the project being reviewed 
in this investigation under Decision71 and the revised BOT Law, respectively. 
 Size of funds required and maximum investment by the sponsor 

Amount of capital that can be invested should be considered, based on the sponsor’s 
financial capability. 
 Project risk 

In general, the higher the project risk, financial institutions providing loans to the 
project will request more capital in order to be able to respond to unexpected demand for 
funds. 
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 Review on the method of financing through investment 

a） Review on investors 
 Japanese company 

In a PPP project as this case, it is possible that the SPC’s sponsor may be outsourced 
construction and operation works from the SPC. As a Japanese company has all the 
financing, construction and operation capabilities, participation by such company with 
the aim to win the project comprehensively can be expected. 

 
 Local company 

One of the options in project operation is to tie up with a local company that has good 
knowledge of the local situation, facilities and equipments from the viewpoint of 
operating the project smoothly and efficiently. Collaboration with a local company is 
possible for this project. 

 
 SAWACO 

  Transfer of knowhow from Japanese companies and municipalities to SAWACO is 
expected in this review. Investment in the project by SAWACO should strengthen 
collaboration between both parties and turn the transfer of knowhow more efficient and 
effective. When reviewing this option, judgment will require the review of SAWACO’s 
financial condition.  

 
 Review on the method of financing through loans 

a） Financing options 
 Direct investment by a foreign financial institution 

A method under which a foreign financial institution will make direct investments in 
the SPC. Potential lenders will include international cooperation agencies, such as the 
World Bank and JICA (Japan International Cooperation Agency), export credit agencies 
such as ADB (Asia Development Bank) and JBIC (Japan Bank for International 
Cooperation), and private commercial banks. Out of these, a loan from a Japanese 
financial institution with strong international competitiveness would provide an 
advantage, as it would be possible to receive a low, fixed rate loan. On the other hand, as 
the loan is highly likely to be denominated in foreign currency (other than the Vietnam 
dong), if revenue was not in such currency, or if the payment is not linked to the currency 
exchange, there is the disadvantage of the SPC having to bear the risk of exchange rate 
fluctuations. 

 

SPCForeign
Lender

 
 

 2-step loan from foreign financial institution via a local financial institution 
 A method under which a foreign financial institution will provide a loan to a domestic 

financial institution, which in turn will extend a loan to the SPC. Potential lenders will 
include international cooperation agencies, such as the World Bank and JICA (Japan 
International Cooperation Agency) and export credit agencies such as ADB (Asia 
Development Bank) and JBIC (Japan Bank for International Cooperation). An advantage 
of this option is that the domestic lender in between is able to provide a loan in the same 
currency as the revenue of the SPC, and the SPC will not bear the risk of exchange rate 
fluctuations. On the other hand, a disadvantage of this option is that as Vietnam’s interest 
rate is extremely high, having a domestic lender in between will greatly push up the 
interest rate to be borne by the SPC, and it may also be difficult to have a fixed rate loan. 
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. 

Domestic 
Lender

Foreign
Lender SPC

 
 
 Loan from a local financial institution 

A method under which a Vietnamese financial institution will provide a loan to the 
SPC. An advantage of this option is that the SPC will not bear the risk of exchange rate 
fluctuations, if its revenue is in domestic currency. Meanwhile, as this is a loan in 
Vietnam with an extremely high interest rate, the interest rate to be borne by the SPC will 
be greatly pushed up, and in addition, there is the disadvantage that the rate cannot be 
fixed, as a currency swap market does not exist in Vietnam. Furthermore, the loan period 
could be shorter than the project period, depending on the domestic lender’s capability 
and performance, which may cause the SPC difficulty in financing the project. 

 

Domestic 
Lender SPC

 
 

4-2-6 Correlation between the relevant parties and the contract scheme 

Based on the above review, parties relevant to the project being reviewed in this 
investigation in case it is implemented have been identified as below, together with major 
contracts that will be required: 

 
 SPC (Special Purpose Company)….(A) 

The party implementing the project being reviewed in this investigation who will 
construct the water distribution reservoir and provide operation and maintenance services 
to SAWACO. 

 
 SAWACO (Saigon Water Corporation)….(B) 

The contractee for the project being reviewed in this investigation who will have the 
water distribution reservoir constructed and receive operation and maintenance services 
from the SPC, and in turn, will make payments in compensation to the SPC.  

 
 PC HCMC (Ho Chi Minh City People’s Committee)….(C) 

Ho Chi Minh City’s local administrative agency that will be providing approval when 
implementing the project being reviewed in this investigation. 

 
 Investor(s) and lender(s)….(D) 

Investor(s) and lender(s) will invest or lend the funds required for the implementation 
of the project being reviewed in this investigation to the SPC who will be implementing 
such project. 

 
 Contractor(s)….(E) 

Contractor(s) will be outsourced and executing work relating to the project being 
reviewed in this investigation (e.g. designing, construction, operation and maintenance, 
technical support) from the SPC who will be implementing such project. 
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Loan 
Agreement

Lender

SPC

Sponsor

SAWACO

Consultant

Technical 
Assistance

EPC Contractor

PC HCMC Project 
Approval

Construction and O&M Contract

O&M Operator

O&M  sub contract
(For Water Distribution Reservoirs)

Equity

Construction sub contract
(For Water Distribution Plant)

Loan

 
 

 Fig. 4-2-4 Correlation between the relevant parties and the contract scheme 
 

4-3. Risk analysis 

Appropriate risk sharing among parties involved in the project and specific measures 
in case such risks realize should be considered at the project formulation stage. For risk 
sharing, the basic concept is to have the risk borne by the party that can most efficiently 
and effectively control such risk, and this is said to contribute to maximizing VfM. 

Based on the above concept, risks assumed for the project being reviewed in this 
investigation, risk-sharing, and matters considered as requiring action by each party have 
been sorted out as a draft. The below table shows the results. 

 
Table 4-3-1 Risk analysis 

  
  SAWACO SPC Action by 

SAWACO Action by SPC 

C
om

m
on

 

Force Majeure ○       

Interest rate 
fluctuation   ○   

・Fixed-rate 
borrowings 
・Floating rate + 
Interest rate swap 

Delay in executing 
the contract 

○ 
(SAWACO 

is 
responsible) 

○ 
 (SPC is 

responsibl
e) 

    

Change in tax 
system ○      

Change in laws ○      
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  SAWACO SPC Action by 

SAWACO Action by SPC 

Change in policy ○      

Financing  ○     

Conversion 
(currency 
exchange) risk  ○   

・Use the same 
currency for revenue 
and payments  
・If revenue and 
payments cannot be 
in the same currency, 
produce an income 
and expenditure 
schedule allowing 
time for payments, or 
accumulate extra 
reserve 
・Possible to avoid, in 
case of a 2-step loan 
via domestic lender  

Sponsor’ event of 
default   ○     

Contractee’s event 
of default (delay in 
permits/approvals, 
payments) 

○       

SPC’s event of 
default   ○     

Dispute among 
sponsors   ○   

Provision under the 
shareholders’ 
agreement 

Workers’ strike   ○     

Third-party liability   ○   Third-party liability 
insurance 

Leakage of personal 
information   ○   Personal information 

leakage insurance 

EP
C

 

Expropriation risk ○       

Completion risk   ○     

EPC cost increase 

○ 
(Contractee 

is 
responsible) 

○ 
(SPC is 

responsibl
e) 

    

Exchange rate 
fluctuations (EPC 
cost) 

  ○     
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  SAWACO SPC Action by 

SAWACO Action by SPC 

Price fluctuations 
(EPC cost)   ○     

O
&

M
 

 

Increase in 
personnel cost 
(other than 
price/exchange rate 
fluctuations) 

○       

Increase in 
electricity cost  
(other than 
price/exchange rate 
fluctuations) 

○       

Chemicals cost 
(other than 
price/exchange rate 
fluctuations) 

○       

Exchange rate 
fluctuations (Capex 
recovery portion) 

○   

・Payments 
denominated in 
currency for SPC’s 
expenditure 
・Payments linked to 
currency exchange 
(include exchange 
rate fluctuations in 
payment formula) 

Borrowings 
denominated in 
revenue currency (if 
possible) 

Exchange rate 
fluctuations (O&M 
cost) 

○   

・Payments 
denominated in 
currency for SPC’s 
expenditure 
・Payments linked to 
currency exchange 
(include exchange 
rate fluctuations in 
payment formula) 

 

Price fluctuations 
(O&M cost) ○   

・Payments linked to 
currency exchange 
(include price 
fluctuations in 
payment formula) 

  

Drop in water 
pressure/water 
volume, 
deterioration in 
water quality due to 
operational errors at 
the WTP 

○       
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  SAWACO SPC Action by 

SAWACO Action by SPC 

Cost fluctuations 
due to fluctuations 
in demand 

○ 
(cost 

increase in 
case of 

increased 
demand) 

△ 
Variable 
cost only 
(drop in 

revenue in 
case of 
drop in 

demand) 

    

Electricity supply   ○     

Chemicals supply   ○     

Technical risk   ○     

Environmental risk ○       

C
om

pl
et

io
n Exchange rate 

fluctuations 
(redemption of 
capital, dividend) 

  Sponsor     

 
4-4. Review of financial feasibility 

4-4-1 Approach for the review on initiating the PPP project 

The approach for reviewing matters that were considered in implementing this project 
through the PPP method were as follows: 

 

Social FinancialEconomical

•Water supply demand expansion
•Insufficient water pressure

•Cost is lower than the 
construction of a new WTP , 
expansion of distribution network, 
etc

1. Projection of SPC

Need to be improved 1. Rationality of passing on 
water tariff

•Construction the Water 
reservoir

•It can be the solution to the social 
needs or social issue in this Ho chi 
minh city?

• It can be more cost-effective than 
other approach?

• It can be feasible in terms of 
financial aspect
Positive SPC’s cash flow
Positive SAWACO’s cash flow

SPC’s cash flow

SAWACO’s cash flow

 
Fig. 4-4-1 Approach for the review on initiating the PPP project 
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 Social significance 

First, consideration should be made to discern whether the implementation of this 
project would provide a solution to Ho Chi Minh City’s social concerns. As described in 
Chapter 2, Ho Chi Minh City is experiencing insufficient water pressure in the Southern 
part and the issue of deteriorating water quality has risen, accordingly, which is requiring 
an improvement. The objective of the water project is to provide a solution to this issue, 
and as it would also contribute to the achievement of the goal specified under the Master 
Plan, this project is considered to have social significance. 

 
 Economic efficiency ~ Whether this project is economically efficient compared to 

other alternative methods (construction of a new water treatment plant, expansion of 
pipework, etc) 

As described in Chapter 2, methods other than this project (construction of a 
distribution reservoir) can be considered, such as the construction of a new water 
treatment plant or building/expansion of the pipework, etc for solving the issue of 
insufficient water pressure and the accompanying deterioration of water quality. Out of 
the possible methods, the construction of a water treatment plant would require more cost 
than a distribution reservoir, and building/expansion of the pipework for improving water 
pressure and water quality in the area subject to this project would involve a large 
amount of cost compared to building a distribution reservoir. Therefore, the construction 
of a distribution reservoir is considered to be economically efficient compared to other 
alternative methods. 

 
 Legal/financial feasibility 

Finally, a review is required on whether the project is legally/financially feasible for 
both the public (contractee) and private (contractor) sectors. The project must be legally 
and financially feasible, in order to be realized as a project. In reviewing the legal and 
financial feasibility of the project, a review should be conducted on the existence of 
factors that may significantly impede the feasibility of the project from both the 
viewpoint of the public (contractee) and private (contractor) sectors, and the preferable 
method if multiple methods are assumed, by comprehensively considering financial/legal 
factors, in addition to other factors. In particular, if the project is to be implemented 
through the PPP method, the financial feasibility of the operator and of SAWACO, the 
contractee, will need to be verified in relation to the financial aspect of the project. 

 
The next chapter will explain the results of the review. 

 
4-4-2 Sorting out of the assumptions 

In performing the calculation, assumptions were set as shown in the table below. These 
are based on the contents of the review as shown in this report and by further establishing 
certain hypothesis as discussed with SAWACO. 
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Table 4-4-1 Assumptions 
Assumption  

PPP Scheme BOT or BOO  

Scope of Work of SPC 

・Construction of Distribution Reservoir 
・Operation of Distribution Reservoir 
・Maintenance of Distribution Reservoir 
・Control of Water flow and water pressure in distribution 
area 
・Readjustment of distribution Plan (only Planning) 
・Order of supply water from WTP (only Planning) 

Location Tan Son Nhat 

Distribution service area Tan Son Nhat 

Assumed Population 681,000 

Capacity of Reservoir Water Reservoir 36,000 ㎥  
Pumping Station 275,000 ㎥ day 

Project period 22 Years  

Construction Period 2 Years  

Operating Period 20 Years  

Project Cost VND283Billion 
(Including Interest  during Construction Phase)  

Financing  

Debt:Equity Debt  70%  (VND198Billion) 
Equity 30%  (VND85 Billion)  

Debt Facility VND Loan  

Repayment Principal  Equal  

Interest Rate 13%  (Base Rate & Spread)   ※Fixed Rate  

Target EIRR(Dividend) 12%  

Limitation on Dividend 
・Less than Retained Earnings 
・Less than Cash 
*dividends are paid out only if profits is generated 
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Income Tax Rate 

Fiscal year 
• 1st  to 4th      0% 
• 5th  to 9th      5% 
• 10th to 15th    10% 
• after 16th       25%  

Payment Formula Project Cost + Margin  

Currency VND  

Inflation / Fluctuation of Exchange 
Rate exclude  

Fluctuation of Operating Cost exclude  

Working Capital exclude  

 
4-4-3 Cash flow analysis 

 Analysis of SPC’s cash flow projection 

a） Relation between procurement and operation of funds relating to initial investment 
The Table 4-4-2 shows the relation between procurement and operation of funds 

relating to initial investment. It is assumed that 70% of the construction cost, interest on 
borrowings during construction and other financial cost, etc. are procured through 
borrowings, and the remaining 30% through capital 

 
Table 4-4-2 Relation between procurement and operation of funds relating to initial investment 

Initial Investment (Summary)

Cash Out Cash In VND Billion
Construction Cost 231 Loan 198
Interest during Construction 7
Other 45 Equity 85
Total 283 Total 283

-  
b） Relation between revenue and expenditure throughout the project period 

 The Table 4-4-3 shows the relation between income and expenses throughout the 
project period. The amount to pay for the operating cost, SPC cost, repayment on 
borrowings received to finance the initial investment and related interest payments, 
corporate income tax, dividend payment to investors and redemption of stock are 
booked as revenue (payment from SAWACO). 
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Table 4-4-3 Revenue and expenditure throughout the project period 
Total of Project Period (Summary)

Cash Out Cash In VND Billion
Operating Cost 651 Revenue 1,634
SPC Cost 22
Loan Principle 198
Loan Interest 263
Income Tax 75
Dividend 340
Redemption of stock 85
Total 1,634 Total 1,634

-  
 

c） Various financial indicators 
Various financial indicators produced from the calculation results were as follows: 

PIRR 16.35%
EIRR(Dividend) 12.00%
Min DSCR 1.71
Ave DSCR 2.00  

 
 PIRR: Abbreviation for “Project Internal Rate of Return”, and indicates the project’s 

overall rate of return on investment. This is defined as the discount rate applied as a 
result of which the figures for capital expenditure equal the operating cash flow 
after tax. This is an indicator for reviewing the profitability of the project itself 
which is not impacted by the financing method. 

 EIRR (Dividend): Abbreviation for “Equity Internal Rate of Return”, and indicates 
the rate of return on investment for shareholders. This is defined as the discount rate 
applied as a result of which the investment amount equals dividend (including 
redemption of stock). 

 DSCR: Abbreviation for “Debt Service Coverage Ratio”, and indicates how many 
times of repayment and interest payment per fiscal year is the single-year cash flow 
before repayment and interest payment per fiscal year during the borrowing’s 
repayment period. 

 
d） SPC’s cash flow projection in details 

  Details are as shown in the below table: 
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Projection of SPC (CaseA) 
Fiscal year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 - 

VND Billion Operating year - - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 - 

Profit and Loss Total

1 Revenue 2+3+(-d)+(-j)+(-k)+l 1,634 - - 102 92 91 90 88 87 86 84 83 82 81 79 78 77 76 74 73 72 70 69 - 
2 Operating Expenses 651 - - 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 - 
3 SPC Cost 22 - - 9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 
4 Depreciation 283 - - 28 28 28 28 28 28 28 28 28 28 - - - - - - - - - - - 
5 Operating Profit 1-2-3-4 678 - - 32 31 29 28 27 25 24 23 22 20 47 46 45 44 42 41 40 38 37 36 - 
6 Interest 263 - - 25 24 23 21 20 19 18 16 15 14 13 11 10 9 7 6 5 4 2 1 - 
7 Profit before Tax 5+6 415 - - 7 7 7 7 7 7 7 7 7 7 35 35 35 35 35 35 35 35 35 35 - 
8 Income Tax 75 - - - - 0 0 0 0 0 1 1 1 3 3 3 9 9 9 9 9 9 9 - 
9 Profit after Tax 7+8 340 - - 7 7 6 6 6 6 6 6 6 6 31 31 31 26 26 26 26 26 26 26 - 

Cash Flow Total

a Profit before Tax 7 415 - - 7 7 7 7 7 7 7 7 7 7 35 35 35 35 35 35 35 35 35 35 - 
b Depriciation 4 283 - - 28 28 28 28 28 28 28 28 28 28 - - - - - - - - - - - 
c Interest 6 263 - - 25 24 23 21 20 19 18 16 15 14 13 11 10 9 7 6 5 4 2 1 - 
d Income Tax ⅳof Last Year ▲75 - - - - - ▲ ▲ ▲ ▲ ▲ ▲1 ▲1 ▲1 ▲3 ▲3 ▲3 ▲9 ▲9 ▲9 ▲9 ▲9 ▲9 ▲9
e Operating Cash flow a+b+c+d 886 - - 60 59 58 56 55 53 52 51 49 48 47 43 41 40 34 32 31 30 28 27 ▲9
f Capital Expenditure ▲283 ▲138 ▲145 - - - - - - - - - - - - - - - - - - - - - 
g Share issue 85 85 - - - - - - - - - - - - - - - - - - - - - - 
h Borrowing 198 53 145 ▲ - - - - - - - - - - - - - - - - - - - - 
i Available cash for debt service e+f+g+h 886 - - 60 59 58 56 55 53 52 51 49 48 47 43 41 40 34 32 31 30 28 27 ▲9
j Principal Repayment ▲198 - - ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 - 
k Interest 6 ▲263 - - ▲25 ▲24 ▲23 ▲21 ▲20 ▲19 ▲18 ▲16 ▲15 ▲14 ▲13 ▲11 ▲10 ▲9 ▲7 ▲6 ▲5 ▲4 ▲2 ▲1 - 
l Available cash for dividend i+j+k 425 - - 25 25 25 25 25 25 25 25 24 24 24 22 22 22 16 16 16 16 16 16 ▲9

m Dividend ▲340 - - ▲7 ▲7 ▲6 ▲6 ▲6 ▲6 ▲6 ▲6 ▲6 ▲6 ▲31 ▲31 ▲31 ▲26 ▲26 ▲26 ▲26 ▲26 ▲26 ▲26 - 
n Redemption of stock ▲85 - - - - - - - - - - - - - - - - - - - - - - ▲85
o Net Cash flow i+m+n ▲ - - 18 18 19 18 18 18 18 19 18 18 ▲7 ▲10 ▲10 ▲5 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲94

Balance Sheet
ⅰ Cash and Cash equivalents Accumulated of o - - 18 37 56 74 92 111 129 148 166 185 178 168 158 153 143 133 123 113 104 94 - 
ⅱ Fixed Asset Accumulated of ((-f)-4) 138 283 255 227 198 170 142 113 85 57 28 0 0 0 0 0 0 0 0 0 0 - - 
ⅲ Total Asset ⅰ+ⅱ 138 283 273 263 254 244 234 224 214 205 195 185 178 168 158 153 143 133 123 113 104 94 - 

ⅳ Acrrued Tax 8 - - - - 0 0 0 0 0 1 1 1 3 3 3 9 9 9 9 9 9 9 - 
ⅴ Loan Accumulated of (h -(-j)) 53 198 188 178 168 159 149 139 129 119 109 99 89 79 69 59 50 40 30 20 10 - - 
ⅵ Total Liability ⅳ+ⅴ 53 198 188 178 169 159 149 139 129 120 110 100 93 83 73 68 58 48 38 29 19 9 - 
ⅶ Equity Accumulated of (g-(-n)) 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 - 
ⅷ Retained Earings Accumulated of (9 -m) - - - - - - - - - - - - - - - - - - - - - - - 
ⅸ Net Asset ⅶ+ⅷ 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 - 
ⅹ Total Liability and Net Asset ⅵ+ⅸ 138 283 273 263 254 244 234 224 214 205 195 185 178 168 158 153 143 133 123 113 104 94 - 

Balance ⅹ-ⅲ - - - - - - - - - - - - - - - - - - - - - - - 

EIRR(Dividend) 12.00%  
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e） Payments by SAWACO 
The below figure shows the breakdown of the SPC’s revenue (=payments by SAWACO) 

for each operating year (this corresponds to “1. Revenue” of SPC’s cash flow projection in 
previous page). SPC’s revenue for each year has been calculated by adding a margin that 
meets the return demanded by SPC shareholders to SPC cost (including tax). 
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Fig.4-4-2 Breakdown of SPC’s revenue 

 
As can be seen from the above diagram, payments by SAWACO as per the results of this 

calculation is largest in Year-1 of operation at VND 102 billion, and decreases with the 
lapse of time. The following are the 2 cause for this phenomenon.  

 
 The margin (before tax) added to the cost is a fixed amount for each period; and,  
 The assumed method of repayment of loans which is the largest cost component, is the  

equal principal repayment method, and thus, the amount of interest paid is the largest in 
Year-1, but decreases with the elapse of the project period. 

 
f） (Reference) Measures on the equalization of payments by SAWACO 

It is considered that a sufficient review is required for determining whether the 
expenditure structure under which the payment amount is the largest during the initial 
period but decreases with the elapse of the project period is preferable for SAWACO. If an 
increase in revenue is expected with the future increase in population, an expenditure 
schedule in line with the transition in its revenue would be preferable, and the amount 
should be equalized, at minimum. Specific measure would include the following 2 
measures: 
 Fix the SPC payment amount (payments to SAWACO) for each period instead of SPC’s 

margin; and, 
 Apply the principal and interest equal repayment method for repaying the loans. 

 
Calculations were performed in this review, by applying the above “(1) Fix the SPC 

payment amount for each period.” The results of the calculation are shown in the table on 
the next page, and while payments by SAWACO has been equalized every fiscal year, the 
total payment amount has increased. 
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Projection of SPC (CaseB2) 

Fiscal year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 - 
VND Billion Operating year - - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 - 

Profit and Loss Total

1 Revenue 2+3+(-d)+(-j)+(-k)+l 1,904 - - 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 - 
2 Operating Expenses 651 - - 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 - 
3 SPC Cost 22 - - 9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 
4 Depreciation 283 - - 28 28 28 28 28 28 28 28 28 28 - - - - - - - - - - - 
5 Operating Profit 1-2-3-4 947 - - 25 34 34 34 34 34 34 34 34 34 62 62 62 62 62 62 62 62 62 62 - 
6 Interest 263 - - 25 24 23 21 20 19 18 16 15 14 13 11 10 9 7 6 5 4 2 1 - 
7 Profit before Tax 5+6 685 - - - 10 11 12 13 15 16 17 19 20 49 51 52 53 55 56 57 58 60 61 - 
8 Income Tax 124 - - - - 1 1 1 1 1 2 2 2 5 5 5 13 14 14 14 15 15 15 - 
9 Profit after Tax 7+8 560 - - - 10 10 12 13 14 15 16 17 18 44 46 47 40 41 42 43 44 45 46 - 

Cash Flow Total

a Profit before Tax 7 685 - - - 10 11 12 13 15 16 17 19 20 49 51 52 53 55 56 57 58 60 61 - 
b Depriciation 4 283 - - 28 28 28 28 28 28 28 28 28 28 - - - - - - - - - - - 
c Interest 6 263 - - 25 24 23 21 20 19 18 16 15 14 13 11 10 9 7 6 5 4 2 1 - 
d Income Tax ⅳof Last Year ▲124 - - - - - ▲1 ▲1 ▲1 ▲1 ▲1 ▲2 ▲2 ▲2 ▲5 ▲5 ▲5 ▲13 ▲14 ▲14 ▲14 ▲15 ▲15 ▲15
e Operating Cash flow a+b+c+d 1,106 - - 54 62 62 61 61 61 61 61 60 60 60 57 57 57 49 48 48 48 47 47 ▲15
f Capital Expenditure ▲283 ▲138 ▲145 - - - - - - - - - - - - - - - - - - - - - 
g Share issue 85 85 - - - - - - - - - - - - - - - - - - - - - - 
h Borrowing 198 53 145 ▲ - - - - - - - - - - - - - - - - - - - - 
i Available cash for debt service e+f+g+h 1,106 - - 54 62 62 61 61 61 61 61 60 60 60 57 57 57 49 48 48 48 47 47 ▲15
j Principal Repayment ▲198 - - ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 - 
k Interest 6 ▲263 - - ▲25 ▲24 ▲23 ▲21 ▲20 ▲19 ▲18 ▲16 ▲15 ▲14 ▲13 ▲11 ▲10 ▲9 ▲7 ▲6 ▲5 ▲4 ▲2 ▲1 - 
l Available cash for dividend i+j+k 645 - - 18 28 29 30 31 32 34 35 35 36 38 36 37 38 31 32 33 34 35 36 ▲15

m Dividend ▲560 - - - ▲10 ▲10 ▲12 ▲13 ▲14 ▲15 ▲16 ▲17 ▲18 ▲44 ▲46 ▲47 ▲40 ▲41 ▲42 ▲43 ▲44 ▲45 ▲46 - 
n Redemption of stock ▲85 - - - - - - - - - - - - - - - - - - - - - - ▲85
o Net Cash flow i+m+n ▲ - - 18 18 19 18 18 18 18 19 19 19 ▲7 ▲10 ▲10 ▲2 ▲10 ▲10 ▲10 ▲10 ▲10 ▲10 ▲100

Balance Sheet
ⅰ Cash and Cash equivalents Accumulated of o - - 18 37 56 74 93 111 130 149 167 186 179 169 160 158 148 139 129 119 110 100 ▲
ⅱ Fixed Asset Accumulated of ((-f)-4) 138 283 255 227 198 170 142 113 85 57 28 0 0 0 0 0 0 0 0 0 0 - - 
ⅲ Total Asset ⅰ+ⅱ 138 283 273 263 254 244 234 224 215 206 196 186 179 169 160 158 148 139 129 119 110 100 ▲

ⅳ Acrrued Tax 8 - - - - 1 1 1 1 1 2 2 2 5 5 5 13 14 14 14 15 15 15 - 
ⅴ Loan Accumulated of (h -(-j)) 53 198 188 178 168 159 149 139 129 119 109 99 89 79 69 59 50 40 30 20 10 - - 
ⅵ Total Liability ⅳ+ⅴ 53 198 188 178 169 159 149 139 130 121 111 101 94 84 75 73 63 54 44 34 25 15 - 
ⅶ Equity Accumulated of (g-(-n)) 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 - 
ⅷ Retained Earings Accumulated of (9 -m) - - - - - - - - - - - - - - - - - - - - - - - 
ⅸ Net Asset ⅶ+ⅷ 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 85 - 
ⅹ Total Liability and Net Asset ⅵ+ⅸ 138 283 273 263 254 244 234 224 215 206 196 186 179 169 160 158 148 139 129 119 110 100 - 

Balance ⅹ-ⅲ - - - - - - - - - - - - - - - - - - - 0 0 0 0

EIRR(Dividend) 16.39%  
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 Analysis of the economic benefits 

a） Concept on the economic benefits enjoyed by water users through the implementation 
of the project being reviewed in this investigation 
The major effect assumed from the implementation of the project being reviewed in this 

investigation is considered as: (1) improvement of the water pressure; and (2) improvement 
of the water quality. Out of these, water users in the area where water pressure will be 
improved as a result of (1) improvement of the water pressure are seen to enjoy economic 
benefits. Due to the low water pressure, almost all households located in the area subject to 
water distribution currently have installed electric pumps for pumping up water from water 
pipes and tanks for storing water that has been pumped up, and once water pressure has 
been improved, these equipments will no longer be required and the relevant cost no longer 
incurred. 

 
b） Calculation method for the economic benefits enjoyed by water users through the 

implementation of the project being reviewed in this investigation 
The below costs (a) - (d) per household for the 20 years of implementation period for the 

project being reviewed in this investigation were calculated, and the total (e) was 
multiplied by the number of households assumed (f) in order to obtain the total cost (g) that 
the households in the area subject to water distribution will be able to save during the 20 
years. The calculation method for each item is provided below: 

* ( ) corresponds to symbols in the table on the following page 
 

 Cost for the purchase of tanks.…(a) 
(1) Tank capacity and quantity 

Based on hearings on stores selling tanks in Ho Chi Minh City, we assumed 2 
tanks with a capacity of 1,500L which is the capacity for a typical household. 
(2) Tank price 

Based on hearings on stores selling tanks in Ho Chi Minh City, we assumed a 
1,500L tank would cost VND 3,800,000. 
(3) Frequency of renewing a tank 

Based on hearings on stores selling tanks in Ho Chi Minh City, we assumed that 
a tank would be replaced by a new tank every 10 years which is the useful life-span 
for a typical tank. 

 
 Cost for the purchase of pumps….(b) 

(1) Performance of pumps 
Based on hearings on stores selling pumps in Ho Chi Minh City, we assumed 

750w/hour in terms of power and 100L/min in terms of the volume of water to be 
pumped which is the performance of a pump used by a typical household. 
(2) Pump price 

Based on hearings on stores selling pumps in Ho Chi Minh City, we assumed a 
price of VND 1,500,000. 
(3) Frequency of renewing a pump 

Based on hearings on stores selling tanks in Ho Chi Minh City, we assumed that 
a pump would be replaced by a new pump every 5 years which is the useful 
life-span for a typical pump. 

 
 Cost for the installment of tanks and pumps….(c) 

Based on hearings on stores selling pumps in Ho Chi Minh City, we assumed a 
price of VND 1,000,000. 
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 Electricity expense for the operation of pumps….(d) 
(1) Volume of water used per person 

By referring to the estimate figures in the Master Plan, we assumed this to be 
160L per day. 
(2) Number of persons per household 

We assumed that a household would have 5 persons. 
(3) Unit price for the electricity rate 

By referring to the figures announced by JETRO, we assumed this to be VND 
1,092.3/kwh. 

 
 Number of households assumed for the area subject to water distribution….(f) 

This was calculated by dividing the estimated future population of 681,000 persons 
for the area subject to water distribution which is indicated in the Master Plan, by 5 
persons which is the assumed number of persons per household. 

 
c) Results of the calculation on economic benefits 

Results of the calculation on total cost saving that can be achieved through the 
implementation of the project being reviewed in this investigation over the 20 years by 
households located in the area subject to water distribution indicated the amount to be 
VND3,268 billion (g). It can be assumed from the calculation results that through the 
implementation of the project being reviewed in this investigation, water users would be 
able to enjoy a benefit that is largely in excess of the cost of VND1,634 billion (h) that 
will be paid by SAWACO to the SPC over the 20-year period. In other words, even if the 
project cost VND1,634 billion were to be passed on to the water rate, water users would 
receive a benefit exceeding such rise in rates (i). 

 
Table 4-4-4 Analysis of benefits of users 

Analys i s  of  Benef i ts  of  the User

Cost

(VND)

Useful Days

(Years)

Cost/Year

(VND)

Total Cost of

20Years(VND)
Remarks

a Tank 7,600,000 10 760,000 15,200,000 Spec:1,500L ×2

b Pumping System 1,500,000 5 300,000 6,000,000 Spec: 750w/hour(※1)  100L/minites(※2)

c Installation Cost 1,000,000 10 100,000 2,000,000

d Electricity Cost 39,869 - 39,869 797,379
(160L(※3)×5×365days÷100L(※2))÷60Minites×750w(※

1)÷1000×1092.3VND/kwh(※4)

e Total 10,139,869 1,199,869 23,997,379

f Number of Household 136,200 136,200
・Population is based on Master Plan (681,000)

・5People/Household

g Benefits of the User e×f 163 3,268 Billion VND

h PPP Project Cost 1,634 Billion VND

i Difference g-h 1,634 Billion VND  
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 (Reference) Analysis of SAWACO’s cash flow projection 

A review was conducted on whether payments by SAWACO as described above were 
actually payable by it, through performing a calculation of its cash flow projection. 
 
 Assumptions for the calculation 

As we were able to obtain a part of the data required, but not all such data, we set certain 
assumptions in calculating SAWACO’s cash flow projection. Various assumptions, details 
of the assumptions established and the source are as shown in the below table: 

 
Table Ref-1 Assumptions for SAWACO’s cash flow projection 

Assumption Setting Source 

Water Consumption As a table below  by SAWACO 

Water Tariff As a table below  by SAWACO 

Gross Margin Rate 40.83%  
SAWACO’s Track Record in 2008 
(excluding Depreciation and 
Interest)  

Amount of Capital 
Expenditure 

USD 3,500 Million → 
VND 72,958  
（VND/USD=20,845)  

Report by ADB  

Schedule of Capital 
Expenditure & Funding 
for Capital Expenditure 

As a table below  Based on the Assumption  

Financing Loan 70% : Other  30%  Based on the Assumption  

 
 

 Results of the calculation and matters to be noted 
The results of our calculation based on the above assumptions are as follows. It can be 

assumed that payments to the SPC relating to the project being reviewed in this 
investigation can be sufficiently made by applying its Net Cash Flow for each fiscal year. 
However, it should be noted that these figures can only be used as a reference as of now, as 
the calculation was performed using extremely restricted data and under a large number of 
assumptions. 
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Table Ref-1 SAWACO’s cash flow projection 

 
Summary Pro-forma Cash Flow of SAWACO

VND Billion Fiscal year 2,015 2,016 2,017 2,018 2,019 2,020 2,021 2,022 2,023 2,024 2,025 2,026 2,027 2,028 2,029 2,030

a)Water Consumption Cum Million 404 429 456 482 510 538 566 595 625 655 686 686 686 686 686 686
b)Water Tariff VND/cum # 9,917 10,909 12,000 13,200 13,860 14,553 15,280 16,044 16,847 16,847 16,847 16,847 16,847 16,847 16,847 16,847

Water Sales a×b 4,004 4,684 5,466 6,366 7,063 7,823 8,649 9,549 10,526 11,036 11,556 11,556 11,556 11,556 11,556 11,556
Operating Expenses ▲2,369 ▲2,771 ▲3,234 ▲3,767 ▲4,179 ▲4,629 ▲5,118 ▲5,650 ▲6,228 ▲6,530 ▲6,838 ▲6,838 ▲6,838 ▲6,838 ▲6,838 ▲6,838
Operating Cash Flow 41% 1,635 1,912 2,232 2,599 2,884 3,194 3,532 3,899 4,298 4,506 4,718 4,718 4,718 4,718 4,718 4,718

Capex Schedule 10% 10% 10% 10% 10% 10% 10% 10% 10% 10%
Capex ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 ▲7,296 - - - - - - 
Borrowing 70% 5,107 5,107 5,107 5,107 5,107 5,107 5,107 5,107 5,107 5,107 - - - - - - 
Other Financing 30% 2,189 2,189 2,189 2,189 2,189 2,189 2,189 2,189 2,189 2,189 - - - - - - 
Repayment - ▲255 ▲511 ▲766 ▲1,021 ▲1,277 ▲1,532 ▲1,787 ▲2,043 ▲2,298 ▲2,298 ▲2,298 ▲2,298 ▲2,298 ▲2,298 ▲2,298
Interest(New Loan) - ▲204 ▲398 ▲582 ▲756 ▲919 ▲1,072 ▲1,215 ▲1,348 ▲1,471 ▲1,379 ▲1,287 ▲1,195 ▲1,103 ▲1,011 ▲919
Interest(Existing loan) ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76 ▲76
Net Cash Flow 1,559 1,377 1,247 1,175 1,030 922 851 820 831 661 965 1,057 1,149 1,241 1,333 1,425  
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Chapter 5 Technical transfer 
5-1. Training program in Japan 

5-1-1 Subject 

 As a technical training concerning the Study based on the request from SAWACO, 
JICA conducted a “Training program in Japan” in the following 5 fields; 

 
 NRW reduction 
 Operation and management of water distribution system 
 Hydraulic analysis of water distribution network 
 Expansion and renovation planning for water distribution system 
 HR development and training center 

 
In this training program, SAWACO trainees studied Japanese waterworks’ O&M and its 

practical situation, especially the “Water distribution control system with reservoirs”, and 
water distribution facilities and its installation plan. Through these understandings, the 
study team conducted “Study on water distribution system” effectively with SAWACO. In 
addition, in order to support SAWACO which is planning to implement a training center 
which can improve technique and levels of work for SAWACO’s workers, a training for 
“HR development and training center” was conducted.  

 
5-2. Contents of trainings 

5-2-1 Overview of the trainings 

a） Title: Vietnam Water distribution and HR development  
b） Period: From 21st Jan, 2013 to 2nd Feb. 2013 
c） Number of trainees: 4 SAWACO staffs 

 
5-2-2 Contents of the trainings 

Schedules and contents of the trainings are shown in Table 1-2-1.  
 

Table 5-2-1 Schedules and contents of the trainings 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contents Site
21 Jan. Mon. Arrival (Kansai airport)

22 Jan. Tue. AM,PM Orientation, Briefings JICA KANSAI

AM Courtesy visit, Overview of OMWB

PM Management and operation of water distribution network

24 Jan. Thu. AM Maintenance of water distribution network

PM Waterworks facil ities development plans

25 Jan. Fri. AM Transportation (Osaka --> Tokyo)

PM Site visit of "Water supply operation center", "Training and technical development center" Tokyo Metropolitan Waterworks Bureau

26 Jan. Sat. AM Site visit of Tokyo city area Tokyo city area

PM Transportation (Tokyo --> Osaka)

27 Jan. Sun. AM Site visit of water intake facility in lake Biwa (Lake Biwa canal) Ohtsu city area

PM Site visit of "Lake Biwa canal museum" Kyoto city area

28 Jan. Mon. AM Lectures for ISO22000

PM Lectures for "Experience based training center"

29 Jan. Tue. AM Lectures for water distribution control

PM Site visit of "Water distribution control room", Nagai water distribution plant

30 Jan. Wed. AM Lectures for NRW reduction

PM Lectures for management of construction work

31 Jan. Thu. AM Site visit of "Experience based training center"

PM Lectures for HR development

1 Feb. Fri. AM Discussion / Wrap up meeting OMWB

PM Evaluation meeting, Closing ceremony, Opinion exchanging meeting JICA KANSAI

2 Feb. Sat. Departure (Kansai airport)

Date

23 Jan. Wed. OMWB

OMWB

OMWB

OMWB

OMWB, Osaka city area

OMWB
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5-3. Results 

 NRW reduction 

 Understanding basic techniques and skills of NRW reduction based on the experiences 
of OMWB 

 Understanding Practical training using the experience-based training center 
 

 Operation and management of water distribution system 

 Understanding ordinal operation and management of water distribution facilities 
 Site visits viewing daily work at water distribution facilities which OMWB operates 

and manages 
 

 Hydraulic analysis of water distribution network 

 Understanding general hydraulic analysis method 
 Understanding hydraulic analysis in daily works 
 Understanding EPANET2.0 

 
 Expansion and renovation planning for water distribution system 

 Understanding OMWB’s expansion and renovation project of waterworks facilities 
 Understanding planning and implementation for water distribution facilities 

construction 
 

 HR development and training center 

 Understanding OMWB’s HR development 
 Understanding OMWB’s implementation and management of “Experience based 

training center” 
 Site visit of “Experience based training center” of OMWB and “Training and technical 

development center” of Tokyo Metropolitan Waterworks Bureau 
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Chapter 6 Conclusion 
 

6-1. Water Source Development 

 Possibitilies of taking water 

 
 The amount of water and its rights 

First, as for Tri An reservoir, almost all of discharged water (475m3/s, average of the 
year) is used for power plant. Therefore, the team calculated the effect on the amount of 
producing power by the development of water source. As a result, if the plant will be 
operated as a best performance, we concluded the decrease of power production at 6 % 
maximum a year. Therefore, the water source development needs to be discussed with the 
power production relating authorities. 

 
On the other hand, as for the Dau Tieng reservoir, the discussion with the government 

owns the rights of water for agricultural use (Binh Phuoc, Tay Ninh, Binh Duong, and 
Long An province) is still important. But from the point of the water level, the amount of 
taking water (990,000m3/day nearly equal to 11.5 m3/s) effects on the fluctuation of the 
water level (HWL – LWL) and reduce the water level by approx. 0.4 to 0.9cm/day.  But 
these effects are not so much and we concluded that the amount of water by the water 
source development can be taken. 

 
 As for water quality 

The quality of Tri An reservoir was good to satisfied with QCVN08:2008/BTNMT(A2 
type). Moreover, any development plan to effect on the quality of the reservoir water 
doesn’t exist in the near future. 

 
On the other hand, as for Dau Tieng reservoir, the some pollution caused by the organic 

materials can be seen and that makes irregular values of some water quality evaluation 
items insufficient for QCVN08:2008/BTNMT (A2type). 

  
 Consideration of intake points 

As for the study on intake points, the survey of the topographic conditions and 
surrounding environment, boring and trial digging were conducted for understand 
geographic conditions. 

 
Based on above studies, the Team selected candidate intake points considering water 

quality, construction workability and distance to pipeline route. 
 
As for Tri An reservoir, one point which is located in downstream of reservoir (part of 

southwestern) and nearby left bank of Dong Nai river is selected. 
 
As for Dau Tieng reservoir, two points which is located in downstream of reservoir (part 

of south end) are selected. 
 

 Method of taking water 

By setting these values as target values, and based on some evaluating items such as 
satisfaction of demand, availabilities of water amount fluctuation, availability of 
maintenance, and securing intake water velocity, the team studied the following 3 
approaches for installation of water intake facilities. 
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First, as for the “Curtain Wall System”, the space for construction, depending on the 

scale of amount of water, can be prepared for any candidate water intake points, and there 
is no limitation for the structure caused by the amount of water. 

 
On the other hand, the 2nd solution “Intake Tower and Conduit” and the 3rd solution 

“Conduit pipes System” need pipes to convey water to the downstream, therefore, will 
have some restrictions for structure as the amount of taking water increase. 

 
Above all, there is no merit to adopt 3rd solutions, and the Team concluded “Curtain 

Wall System” and “Intake Tower and Conduit” are as promising results. 
 

 Conveyance Route 

As for the Study on conveyance routes, the Team designed and evaluated several routes 
considering the following elements: 

 
To evaluate designed conveyance routes, the Team executed the qualitative evaluation 

(such as status of traffic, road, and household), quantitative evaluation (total length of 
pipes, river crossing, road crossing, rail crossing, the number of pump stations, estimated 
construction costs, and maintenance costs).  

 
In the course of the Study, the qualitative evaluation is changed into quantitative 

evaluation and prioritized 1 or 2 solutions by evaluating estimated costs and fare of power 
consumption. But furthermore, the Team created future upgrade plan based of the 
extension plan of water treatment plants. 

 
 Implementation Plan 

Based on above studies, the Team created implementation plan for 2025. 
As for the timeline, however, this is very tight according to demand forecast and WTP 

expansion plan shown in WSMP. 
 
And as for the execution, following issues should be considered. 

 
 Expediting of permission of project 
 Precedence execution of detail design 
 Procurement and transportation of large diameter pipes 
 Shortening operation of construction by segmentation, etc. 

 
6-2. Study on water distribution system 

As for the Study on water distribution system, the Team reviewed the future distribution 
plan in the Water Supply Master Plan, and extracted the problems and issued 

 
 Setting of water pressure conditions 

Securing of water pressure level is the main purpose of this study, improvement of water 
supply, satisfying the Vietnamese guideline (10m+G.L.) and expected future service level. 

 
Therefore, in the Study, the Team set the target water pressure conditions as 20m+G.L. at 

the end point of 2nd grade pipes. 
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 Setting water demand and hourly variations. 

The important condition for the Study is demand forecast for the future. In the Water 
Supply Master Plan, The demand forecast is conducted as five basic elements of residential 
use, industrial use, public use, commercial use, and other non-residential use and each 
forecast has its concept of hourly variation. 

 
Daily amount of supply water is affected by the season variation of temperature, weather, 

and the events relating the citizen’s activities such as holidays. 
On the other hand, the hourly variation of demand water is affected by the life style of 

citizen’s and companies of 24hours. 
 
Therefore, in the Study, the Team set the hourly variation of water demand as 1.3 by 

considering the increase of demand water according to the water pressure increase by 
upgrading water distribution network in the future. 

 
 Consideration and Evaluation of Water Distribution Models 

a） Setting of water distribution area 
In the Study, the Team considered the alternative water distribution systems by setting 

the water distribution areas and placing pump stations and water reservoirs to control the 
water distribution pressure suitably. 

 
Based on the qualitative study, the Team selected the model of seven (7) distribution 

areas out of models which have three (3), four (4) and seven (7) distribution areas, as 
preferable model. 

 
b） Setting of water distribution reservoirs 

In the course of studying future distribution network, the Team set some water 
distribution reservoirs inside the water treatment plants or in the city area, to secure the 
amount of water as a buffer functions for the difference between the water supply from 
water treatment plants and water demand caused by the variation (seasonally and hourly) 
of the distribution areas. 

 
The amount of the capacity of water reservoirs is set by the planned maximum daily 

amount of water supply. 
 
Actually, in the Study of water distribution reservoirs, the Team sets the capacity of 

storing water of the reservoirs by calculating the hourly variation adjusting volume and 
emergency volume. 

 
c） Water distribution models 

Based on the above criteria, the Team created some water distribution models, and 
finally evaluated the following qualitative and quantitative items  

 
 Feasibility regarding controllability of water pressure and amount of water 
 Distribution of water pressure and effect on NRW improvement 
 Necessary time to reach to the end of the pipes to keep the quality of securing the 

chorine density 
 Saving energy 
 Upgrading costs for water reservoir and trunk mains. 
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As for the 1st step, the evaluation of models which were the network improvement 
model (three (3) blocks model: Alternative A) and WDP model (four (4) blocks model: 
Alternative B) was performed for determining whether is preferable. 

 
Based on the above evaluation, Alternative B was selected as base model. 
 
Modified four (4) models (Alternative C, D1, D2, and D3), based on Alternative B, were 

created considering the controllability and the water pressure condition. 
 
Based on results of network calculation and studies, the model of “seven (7) blocks + 

five (5) WDP” (modified Alternative D2) was selected as best plan. 
 

 Roadmap of installing water supply relating facilities 

Furthermore, as for the plan evaluated as optimum solution for the future, the Team 
studied the actual execution plan by prioritizing each element one by one in concretely. 

 
And, as a result, the Team proposed the optimum roadmap of each 5 years up to 2025 by 

considering the detail demand increase trend, adding some important improvement plans. 
 

 Study on business development 

Furthermore, in the Study, the Team conducted the business possibilities in the water 
distribution area, defined by the roadmap for the future, utilizing comprehensive PPP 
scheme. 

In the study, in concretely, the water distribution reservoir is set near Tan Son Nhat, and 
the reservoir supply water to the center of the HCMC. 

 
In the Study, first, the Team focused on the financial approach, and concluded that it is 

difficult for SAWACO to construct water reservoirs by itself because of the lack of 
affordability in addition to the existing investment plan. Furthermore, the finance provided 
as ODA will decrease, therefore, the Team studied on business development solution by 
utilizing private financial solutions. 

  
Based on the above conditions, the Team executed feasibility study considering 

pre-conditions for business development, and cash flow of the execution companies(SPC), 
in addition to the PPP style, legal aspect, financial scheme, and risk allocations,  

 
 Survey of NRW improvement 

Furthermore, in the execution phase of business development, actually, NRW 
improvement is also necessary.  

 
So the Team conducted actual NRW improvement surveys and evaluated Japanese 

capability for this area, by measuring the efficiency of detecting water leakage and repair 
works utilizing Japanese technologies. 

 
As results of this survey, Japanese team could detect the leakage which could not detect 

by Vietnamese team and the efficiency was more than 3 times. 
And, the capability of Japanese team was made known as excellent. 
Therefore, NRW improvement project would be feasible. 
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6-3. Technical Transfer 

As for the technical transfer, the final theme of this Study, the Team provided some 
training programs to 4 persons, technical department of SAWACO, in Japan, to transfer the 
elementary technique for developing the business area of SAWACO. 
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Chapter 7 Recommendation 
7-1. New Water Source Development 

 Intake Facilities 

As a result of the study on intake facilities, though the large scale of construction will be 
expected because of the large amount of taking water, and the difference of water level 
between rainy season and dry season, there are enough space for construction, and few 
residentially around, therefore, issues for surrounding environment doesn’t seems to be 
occurred in the construction period. 

 
On the other hand, under the limited scope of the Study, the results are not enough to 

execute the actual construction. That is because the intake points are decided not as 
pinpoint but rather wide areas, the intake facilities are still 2 types to be applied but not 
chosen by the topographic and geographic information, survey map, and detailed 
investigation. Furthermore, the results are also insufficient from the viewpoints of 
technical aspect. 

 
Therefore, to evaluation the feasibility by considering the above information is 

necessary to execute the proposed plan in the future. 
 
Especially, with the differences of water level of the 2 reservoirs, and surrounding 

environment of construction site between rainy season and dry season, it is important to 
create the construction plan which can be executed considering the construction seasons 
and construction periods. 

 
 Conveyance Route 

The scale of the construction is anticipated to be large because the water volume is large 
and the distance of transmission is long. On the other hand, it is favorable that public roads 
in the route have enough width for construction of the pipelines since the roads have been 
preserved for setbacks from the housings for future expansion. 

 
There is little concern about the resettlement though it is not assured in this study that no 

resettlement is to be generated. Thus the detailed survey for the possibility of resettlement 
is to be needed for implementation of the construction. 

 
Especially for the Tri An System, it needs approximately eight to twelve meters (8~12m, 

up to methods of temporary construction) of the land for exclusive use. It should be also to 
be reviewed in detailed survey in the implementation stage that the place for construction, 
approach of heavy machinery and material storing sites can be secured as well as the land 
occupation. 

 
It should be noted that the small traffic disturbance could occur but it is expected to be 

not so serious that it affects the implementation of construction since the construction 
period of pipe lying (Excavation ~ Installation ~ Backfill ~ Completion ~ Withdrawal and 
the road to be open) is rather short. 

 
 Implementation of existing plan 

This project is planned under the conditions that water volume of Intake and 
transmission are large, and the distance of transmission is long. Duplication of the 
transmission systems is difficult to implement because the construction cost is high and 
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has problems with the pipeline route, while it is important for emergency response.  
 
To strengthen the emergency response of the systems, it is recommended that the Plan 

2015 is assured to be implemented and existing intake/transmission facilities be fully 
utilized. After the Plan 2014 is implemented, the capacity of Tri An System is to be 
1,450,000m3/day (65% of the Plan 2025) and that of Dau Tieng is to be 600,000 m3/day 
(67% of the Plan 2025). Then the preparedness to the accidents in the water resource 
should be strengthened by the increased capacity of each system. 

 
Therefore, it is recommended that existing intake facilities must not be abandoned. The 

facilities should be inspected and maintained appropriately so that it can operate as backup 
in case of emergency. 

 
7-2. Water Distribution System 

7-2-1 Suggestions for implementation in the future. 

 Performance improvement of 3rd degree main and water service pipe 

The main role of urban water infrastructure is to secure public health with supplying 
safety drinking water and to secure water for firefighting.  

Concretely saying, to supply safety drinking water, it is required to avoid contamination 
in water distribution network, with adequate pressure, preventing negative pressure 
throughout the network, securing residual chlorine density.  

 
In this study, the study team set optimized water distribution areas which can secure 

effective water head of 25m + G.L. at major 1st, 2nd degree main, as a pressure which can 
secure effective water head of 10m + G.L. at every customer meters.  

 
On the other hand, in WSMP, estimated water demand includes NRW of about 24% in 

2025. Considering current situation of NRW, approximately 38%, it is very important to 
implement NRW reduction in parallel with network improvement.  

 
Generally, if water pressure might be improved to secure water safety, the NRW might 

increase and get worse. Especially, in HCMC, 3rd degree mains which length is longest 
sometimes don’t have any protection for slipping out with unbalanced force, in addition, 
water service installation in household seem to have poor performance for high water 
pressure. It can be said that NRW improvement project under such low pressure conditions, 
the leakage repair works may cause leakage again if the water pressure may be improved.  

 
The study team, considering these situations, suggests the followings;  
 

 Phased improvement of water pressure considering NRW improvement  
 Performance improvement of materials, construction techniques, introduction of 

technical guidelines, HR development, especially for 3rd degree mains and water 
service pipes  

 Establishing rules and/or schemes for water service installations in households 
(Leakage reduction in water service installations in households, elimination of 
non-admitted direct booster pumps)  

 
 Ideal transmission network in the future 

Ideal distribution network system will have redundancy which can continue stable water 
supply even if there might be a raw water intake suspension caused by water quality 
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problem in a WTP or long term suspension of major main pipeline because of pipe burst. 
Generally, such bigger risk occurs rare, but once it occurs, the affection of the failure will 
be large, and the ideal system which can supply water in case of such bigger risk will have 
considerable capacity of WTPs, pumping stations and oversized network for 
transmission/distribution, and it may costs high.  

The optimized water distribution areas the study team suggested in this study, can 
supply water enough for the estimated water demand in 2025 with time factor. SAWACO 
may level up its network as an ideal network which can supply water even if the Thu Duc 
WTP or Tan Hiep WTP is in trouble with mutual water transmission network, based on the 
suggested network. Fig.7-2-1 shows a conceptual image for such ideal network for 
reference.  
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ZOO(Central)
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Phu Lam Park

Transmission Network (from WTP to WDP)

 
Fig.7-2-1 Ideal transmission network
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7-2-2 Approach for the future regarding NRW impromvenet 

Through this survey, the Team conducted water leakage improvement by utilizing 
Japanese technologies and appealed to the counterpart the merit of the Japanese 
technologies. Furthermore, the Team can confirm the performance of each water leakage 
detection methods and its availability for Vietnam. 

On the other hand, not only the technologies are evaluated to proceed to the execution, 
but also the total solution will also be necessary to be proposed. 

 
Therefore, the followings are the Japan Team’s approach to be required by SAWACO.  
 

 
Fig.7-2-2. Approached for NRW improvement 

 
Repair works for water leakage will continue forever as far as the repair works are 

limited to repair the broken points only, because after the repair works, the other points 
will be the next water leakage points. That means the NRW rate will go back to the 
beginning after time goes by.  Therefore, the replacement of the pipes will be necessary to 
improve completely, but it also takes long time to accomplish perfectly, so, daily repair 
works are necessary as a short term initiative. 

 
The above figure shows the concept of the relationship between replacement of the 

pipes and dairy NRW improvement works. That means dairy NRW improvement and 
periodical pipes replacement shall not be conducted separately but together under the same 
policy to the future optimum supply network system. 

 
As a result of the investigation regarding water leakage improvement, the performance 

of the Japanese methodologies could be evaluated, and also this business area can be 
approached by the Japanese companies not only in HCMC but also in other south east 
countries. 
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Moreover, SAWACO’s expectations for Japanese companies will be about not only 
NRW improvement but also water distribution network improvement. So in the next step 
of business development, the water distribution relating business including the NRW 
improvement will be the essential elements for the Japanese team’s approach 
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