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EXECUTIVE SUMMARY 

1. The An Lao District Water Supply Subproject in Binh Dinh province is proposed as series 
of mostly rural commune level networks. The following feasibility study presents two network 
designs and tests their feasibility as part of the sector project approval process for ADB. The Binh 
Dinh PPC as the Executing Agency and their Professional Project Management Unit (PPMU) 
proposed two networks for consideration as the representative subproject feasibility. These 
networks were (i) small town An Lao Water supply distribution system and (ii) rural commune An 
Trung water supply network.  

2. Both were envisaged as incremental upgrades or improvements to existing 
infrastructure. After assessing water supplies, existing scheme infrastructure, and projecting 
water demands through to 2045 the TRTA and the PPMU/PPC agreed that a total scheme 
approach was required to make efficient and cost-effective investments. 

3. The subprojects retains both networks and it is proposed that the CRIEM project would 
support each to deliver reliable potable water services to each household in the service areas on 
a 24 hours per day basis. To achieve this the following programs have been formulated.  

4. For long term planning purposes government regulations require a scenario for 
management until 2045. This is to reflect future demand growth as small towns grow. The An Lao 
Small Town Water Supply Sub Project will improve the supply of potable water to approximately 
20,000 residents by 2045. The sub project will deliver around 3,500 m3/day and is designed to 
serve at least 85% of the population. 

5. The proposed scheme includes the following works program: 

(i) Installation of a new water treatment plant within the existing water treatment yard 
that includes: flocculation treatment to reduce turbidity, sand filtration, back wash 
filters, automated chlorine dosing, a clean water tank that will be integrated with 
the existing clean water tank; 

(ii) a new intake from the irrigation canal; 
(iii) operator office and laboratory facilities; 
(iv) a booster pumping station to increase mainline pressure and the service reliability 

within the service area; 
(v) upgrade onsite drainage and waste water discharge into the An Lao River systems; 
(vi) security fencing; 
(vii) network upgrade including replacement of mainlines installed prior to 2014 with 

new diameter and pressure rated HDPE mainline and sub mains;  
(viii) Extending the mainlines in Go Bui, village 7 and through to Village 4 An Hung 

commune; 
(ix) Provision of household connections including water meters; and 
(x) installing additional mainline capacity to support the south An Hoa commune 

extension comprising 2,500m alongside the mainline installed in 2015 to future 
proof the hydraulic performance of this southern service area 

 
6. The expected cost of the An Lao construction program is $1.23 million. 

7. The second rural commune scheme is far smaller and will produce up to 150m3 per day 
and will provide reliable 24 hour per day water to Dong Mit village 6, Dong Nong 5 and Village 5 
consisting of a total 220 households.
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8. The scheme will source water at the location of an existing headworks in the Ra Ngam 
mountain stream. The proposed subproject will use the offtake but will relocate (with a new 
structure) the sand filter tank from Hamlet no.5 to close to the headworks to remove as much 
foreign matter from the network as possible. The scheme will install a single mainline that will 
follow the existing road alignment and then split into two distribution mainlines – one to the east 
to supply hamlet no.5 and one to the west supplying Dong Mit. 

9. The proposed investment in An Trung is $120,000. 

10. Currently the AN Lao scheme is operated by a District level PMU that has recently taken 
on the responsibility for the scheme’s operation. The infrastructure was upgraded significantly in 
2013 but has not been well operated or maintained and currently consumer connections are 
around 30% of households however less than 20% of households regularly purchase their water. 
Social surveys indicate a strong demand for access to reliable and potable water however they 
report the current systems have very unreliable service levels due to pressures issues, poor 
quality in infrastructure and limited to no maintenance. The TRTA noted the extremely poor 
condition of assets, and the apparent lack of operational systems for the existing treatment plant.  

11. Existing management arrangements are self-defeating. The inability to provide services 
has led to the loss of consumers willing to pay reducing revenue streams. These declining 
revenues have led to even less ability to deliver service etc. The strategy to subsidize tariffs plays 
an important role in this decline. Firstly, it has meant services and water quality are inadequate 
for consumers to pay for water other than what is used for washing. The potential consumers 
have moved supply to alternative sources such as groundwater, river water and commercially 
supplied water.  

12. The important lesson from the existing schemes is that without effective management 
and operational skills and systems that are adequately resourced further investment into the 
schemes is not warranted.  

13. Solution Agreed: The PPC has as a result transferred the management responsibility to 
the Water Supply and Sanitation Unit of DARD that currently successfully operates 7 rural water 
supply schemes. 

14. The second lesson is the recognition that the cost of water is both affordable and it is 
essential that the tariff is applied in conjunction with the provision of the required services and 
water quality. Therefore, the subproject proposes substantially improve water treatment systems, 
additional and replacement mains that are pressurized and increased clean water storage for 
outages. The required tariff has been modelled and represents a significant increase to VND 8600 
per m3 of water consumed. This is however consistent with the levels applied in nearby rural 
schemes and from the feasibility study surveys this will present up to 2.2 to 2.6% of household 
income well within accepted affordability benchmarks. This was also confirmed during site 
interviews where it was realized that the cost per cubic meter of water was the cost of one coffee.  

15. The TRTA concluded that both schemes are financially feasible and economically viable 
based on the proposed tariff levels.  

16. ADB should not invest without service and corresponding tariff levels being agreed and 
approved prior to the approval of the detailed design.
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17. The Project is recommended to finance the cost of connection to maximize the rate of 
uptake and to increase the revenue collection stream as soon as possible.  

18. The extent of social safeguard inputs is limited as an estimated $12,100 with no land 
being required, and only minor impacts on trees and fences along the network lines that are mostly 
located within the public right of way. The water treatment facilities will be built within the existing 
land area of the treatment yard. The subproject is confirmed as category B for resettlement and 
indigenous peoples.  

19. The environmental categorization of the project is confirmed as category B with 
extremely minor mostly reversible impacts during the construction phase.  

The overarching assessment is that both schemes offer significant social and economic benefits 
and should proceed to the detailed design stage provided their caveat on approving tariffs is 
accepted by all parties. 



 

 

I. BACKGROUND  

A. CRIEM Sector Project Overview  

1. The Climate Resilient Infrastructure for Ethnic Minorities Project 1 (CRIEM-1)) will 
support the acceleration of inclusive socioeconomic development of Quang Nam and Binh Dinh 
provinces. The project is aligned with the National Target Program on New Rural Development 
for 2016-2020 and the Master Plan on Socioeconomic Development of Central Coastal Provinces 
(CCPs) through 2020. 

2. The project investment targets nine of 29 districts within Binh Dinh and Quang Nam 
provinces with the highest proportion of ethnic minorities (EM) beneficiaries. These mostly 
remote western districts have very low population density meaning that most local inhabitants 
face extended travel times to access services and markets compared with high density areas 
where schools and health clinics are able to be provided closer. The impact of the project will be 
increased economic opportunities and service delivery for EM communities with the Project 
outcome being service delivery and economic opportunities in the Central Coastal Provinces 
increased. 

3. The Project is being implemented under the ADB sector modality and as such the ADB 
TRTA design process uses two representative subprojects for which the TRTA consultants 
provide the input to the environmental assessment. The remaining 9 subprojects are prepared 
as part of the requirement for the Government Investment Proposal and Subproject Feasibility 
Studies prior to Project approval. All environmental assessments will be updated based on the 
final designs during Project Implementation.  

4. A total of 11 proposed subprojects (see attachment 1) conforming with the above criteria 
have been put forward out of which seven are proposed under output 1: climate-resilient transport 
infrastructure improved; and 4 subprojects under output 2: climate-resilient water resources 
infrastructure improved. Output 3 will support data systems for climate risk management updated. 
Such systems will include advanced hydro-meteorological and remote sensing stations and 
upgrading of supporting data management systems. The systems will allow improved design 
decision based on more reliable local data that is adjusted for projected climate change impacts 
on hydrological determinants and inputs into detailed engineering designs. 

B. Project Outputs  

5. The project is aligned with the following impact: inclusive socioeconomic development 
of Binh Dinh and Quang Nam provinces accelerated.1 The project will have the following 
outcome: social and economic status, and inclusiveness of ethnic minorities communities 
improved. 

6. The project outcome will be achieved through the following outputs:

 
 

1  Government of Viet Nam. 2011. Decision No. 1600/QD-TTg Issuing the List of the National Target Programs—
Phase 2016–2020. Hanoi; Government of Viet Nam. 2013. Decision No.2622/2013//QD-TTG dated 31 December 
2013 approving the socio-economic development master plan of Quang Nam province through 2020, with vision to 
2030. Hanoi; and Government of Viet Nam. 2009. Decision No. 54/2009/QD-TTG dated 14 April 2009 approving 
the socio-economic development master plan of Binh Dinh province through 2020. Hanoi. 
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7. Output 1: Climate-resilient transport infrastructure improved. The project will 
upgrade seven roads totaling about 121.8 kilometers (km) in seven project districts, with design 
standards which include climate resilience.2 The upgraded transport links will enhance the 
integration of remote rural production sites with markets and processing facilities, including 
improving the freight movement of acacia and high value crops, thereby improving connectivity 
and mobility of EMCs. The enhanced transport network will also reduce travel time for road users 
and improve access to health, education, and market services, especially for women who suffer 
from time poverty. 

8. In support of the strategy of the Government of Vietnam and the CCPs to increase 
service delivery and economic opportunities the focus of output 1 is on improving mobility of 
selected road sections to save time and costs of moving rural freight – linked to smallholder 
managed acacia production forests, cassava production and high value fruit crops. As part of the 
mobility improvement there are several instances where co-benefits will include significant 
improvement in increasing the proximity of services and markets to local communities. These 
social and economic benefits derive from completing network linkages, ensuring that roads 
continue to support the full range of transport operators through both wet and dry seasons, and 
addressing seasonal disconnections due to flooding. The combination of building improved 
mobility and increased social and economic proximity with greater reliability will provide a 
significant contribution to the inclusiveness of targeted beneficiaries from ethnic groups.  

9. A total of seven road sections are proposed for inclusion in the project covering 121 km  
(including one representative subproject). The components include upgraded road sections 
(including rural categories B and A roads and category V and VI rural roads) to existing and new 
acacia plantation areas, completion of provincial, inter-district and commune connections, 
upgrades of existing road sections and bridges to improve mobility and mitigate against flood and 
climate change impacts for district roads (generally category IV to VI).    

10. Output 2: Climate-resilient water resource infrastructure improved. This output will 
(i) construct RDWS to provide water to about 18,600 people through 115 km of piped networks in 
An Lao district in BDP; (ii) upgrade an existing reservoir to support 117 hectares of irrigation 
command area with a more reliable and efficient water supply in Phuoc Son district in QNP; and 
(iii) construct cultural tourism infrastructure, including one river defense (3.6 km of embankment), 
visitor car parking, and solid waste collection in Tay Giang district in QNP, with a total population 
of 17,700 including 94% from EMCs. Activities under this output will benefit about 36,300 people 
improve the health of communities by reducing the risk of waterborne diseases and will 
particularly benefit women by reducing the time they spend in water collection. 

11. This output will support a range of water resource infrastructure investments ranging 
from (i) 1 small town and 11 rural commune water supplies including water supply for resettled 
communities, pumping and treatment stations and increased household piped connections, (ii) 
one river bank protection for 3.6 km that protects residential and urban infrastructure and bridge 
structures and (iv) 1 irrigation schemes involving 117 ha of command area upgrades with new 
and upgraded canals.  

 
 

2 The seven project districts are An Lao, Hoai Nhon, Van Canh, and Vinh Thanh districts in BDP; and Bac Tra My, 
Nam Giang, and Nam Tra My districts in QNP. 
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Whilst output 1 delivers inclusiveness for remote EM target groups output 2 supports risk 
reduction for mostly ethnic groups where (i) prolonged dry seasons affect their crops and access  
to safe water, (ii) the increased density of residential lifestyles creates risks to dug well-water 
quality and quantity, (iii) access to water through communal tanks limits access to water supply 
and sanitation at households and institutions such as schools with commensurate costs 
associated with time required to access water, economic loss from health, and education 
participation losses from poor sanitation and access to clean water, and (iv) from increased dam 
safety thereby reducing risk to downstream households and economic infrastructure. Output 2 is 
to be prioritized for districts with the highest rates of EMs as a proportion of district population 
based on Government population data. A total of four subprojects are proposed for inclusion in 
the project (including one representative subproject).  

12. Output 3: Data systems for climate risk management updated. This output will 
provide improved access to reliable weather and climate data in a timely and cost-effective 
manner. These data will help strengthen early warning systems, improve disaster response, and 
inform a wide range of decisions, including those related to the design of climate resilient 
infrastructure.3 High-level online technology will be introduced to improve the capacity of the 
provincial governments to manage, collect, archive, and share data through client interfaces. 

13. This output provides climate change resilience and high technology innovation to the 
project. It will improve climate surveillance data and data interpretation that can be accessed in a 
timely and consistent manner to inform accurate risk assessments for early warning systems and 
for the design of climate resilience in infrastructure for each Province. 

14. Proposed inputs under output 3 include (i) Binh Dinh a client data interface with data 
archive and linked user interfaces that captures and makes accessible provincial and regional 
hydromet data to the range of existing model applications, (ii) modernized data surveillance that 
feeds into the existing client data interface for high intensity rainfall, flood flow levels and 
agrometereology.  

15. Criteria used in subproject selection for output 1 and 2 to be financed by ADB OCR funds 
included the following: 

(i) For roads - adequate subproject data including (i) start and end points; (ii) 
Provincial People’s Committee (PPC) approval of any new alignment sections; (iii) 
traffic counts and forecasts to 2035, (iv) PCU ratings for 2017 and 2035; (v) 
confirmed prioritization within Provincial Socio-economic Development Plans 
(SEDP) with proposed road category consistent with 2035 PCU forecast; 

(ii) For water supply - adequate subproject data including: (i) Clear registered and 
legal status of asset owner and operator; (ii) Water supply data and demand 
projections for a minimum of 25 years,  

(iii) including demographic projection, migration factors; (iii) as appropriate, summary 
of the profit and loss statements for 5 years, tariff levels and collection details; 

(iv) Subproject are included within provincial SEDP and medium-term investment 
plans; 

 
 

3 The extent and type of investment will vary between the two project provinces, with consideration of the ongoing 
investments in QNP financed by the World Bank under the Dam Rehabilitation and Safety Project and by ADB under 
the Urban Environment and Climate Change Adaptation Project, which is developing and implementing a flood 
forecasting and warning system for Hoi An and Vu Gia-Thu Bon river basin. 
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(v) Commitment by executing agency (EA) to prepare feasibility study with technical 
engineering designs; 

(vi) Commitment by EA to advance actions to prepare detailed designs and tender 
documents for representative subprojects; 

(vii) Simple, logical designs; 
(viii) Maximum of 2 civil works packages per subproject; 
(ix) Investment amount for roads subprojects of between $3-$20 million; 
(x) Investment amount for other subprojects of between $1 to $5 million; 
(xi) No overlapping investments 
(xii) All ADB safeguard categories B or C; and 
(xiii) Formal government commitment to (a) funding O&M, (b) counterpart funding, and 

(c) all land acquisition and compensation costs prior to works contracting. 
 

16. The ADB preparation of Climate Resilient Infrastructure for Ethnic Minorities -1 Sector 
Project (CRIEM-1). Project uses a sector-project approach where a subset of sub-projects 
representing the overall investment each output is used to establish feasibility of proposed 
investments along with project due diligence undertaken by ADB transaction technical assistance.  

17. Under CRIEM the Government of Vietnam (GOV) and Binh Dinh Provincial People’s 
Committee (PPC) are seeking financing from ADB for construction of within output 2 for the An 
Lao Water Supply including (i) An Lao small town network and (ii) An Trung Commune network 
located in An Lao District, Binh Dinh Province, is prioritized as a representative subproject for 
output 2 of the CRIEM-1:  investment program.  

 
II. SOCIO-ECONOMIC PROFILE OF AN LAO DISTRICT 

A. Geography 

18. An Lao District is situated in the mountainous area in the north of Binh Dinh province. 
Four sides of the district are bounded by mountain ranges, so it is also called An Lao Valley. The 
centre of the district, today called An Lao Town, lies on Provincial Road DT629 some 30km from 
National Road 1. DT629 is the only Provincial Road connecting to and from other districts. There 
are plans to connect DT629 to Quang Ngai, but this road currently reaches only as far as An Hung 
Commune in An Lao District. This road situation reportedly inhibits travel and freight movement, 
especially in the flood season. 

19. The weather in the district is significantly affected the climate of the Highlands. There are 
two distinct seasons, rainy season and dry season. In this area the dry season can give rise to 
drought, which can result in drying up of wells used by households. 

20. Total land area of the District is 69,688 ha. Forested land occupies 87.8% of the land 
area, followed by agricultural land 8.5%, special-purpose land 1.2 % and housing land 0.3%. The 
population density of An Lao District is the lowest for any district on the province at 35.8 
persons/km2. People reside predominantly on the river flats and low land areas.
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Table 1: Land use in An Lao District (ha) 

Locality  Land use (ha) 

 Total area Agricultural 
production  

Forestry  Aqua- 
culture  

Special-
use 

Housing  

An Lao District 69,688 5,927.5 61,220.3 7.7 830 221.8 
An Lao small town * 1,441 422.9 738.5 2.2 106.6 29.6 
An Hung Commune 6,619 622.5 5,736.9 0.6 71.5 13.6 
An Trung Commune* 6,854.2 640.3 5,814.6 2.8 164.7 23.6 
An Dung Commune 4,247.4 210.9 3,836.8 0.1 42.2 12.2 
An Vinh Commune 8,517.6 422.5 7,880.9 0.6 40.3 12.5 
An Toan Commune 26,274.9 420.7 25,616.5 

 
79.7 6.6 

An Tan* Commune 2,327.1 552.3 1,567.8 0.9 58.7 27.4 
An Hoa Commune 4,115.7 1842.9 1,734.3 

 
200.4 82.8 

An Quang Commune 5,532.1 423.1 4,970.3 0.1 35 9.2 
An Nghia Commune 3,759 369.4 3,323.7 0.4 30.9 4.3 
*Indicates areas included in the subproject 
Source: Binh Dinh Statistics Yearbook in 2017 published in 2018 

 
B. Population  

21. An Lao District consists of 10 communes and one town. Three of the communes are 
mountainous in terrain owns and seven are described as “high area communes. The district 
population is approximately 24.918, with males making up 49.2% and females 50.8%. The urban 
population accounts for 14.2% and rural residents 85.8%. Table 2 indicates that the main centres 
of population are An Hoa and An Lao town.  

22. Ethnically, the population is mainly made up of those belonging to the majority Kinh 
ethnic group which is concentrated in An Hoa, An Tan and An Lao Town – the more urbanised 
areas. The minority Hrê people are mainly found in An Vinh, An Dung, An Trung and An Hung 
Communes. The Hre are the indigenous people of the project area. The other ethnic minority that 
appears in the population statistics is the Ba Nam, and they are mainly located in the An Toan 
and An Nghia communes. 

Table 2: Population An Lao District in 2017 

Locality Population Males Females 

 
% Male Persons 

/km2) 

% of 
district 
population 

An Lao District 24,918 12,256 12,662 49% 35.8  
An Lao small town 3,534 1,732 1,802 49% 245.2 14% 
An Hung Commune 1,203 571 632 48% 18.2 5% 
An Trung Commune 2,101 1,017 1,084 48% 30.7 8% 
An Dung Commune 1,449 674 775 47% 34.1 6% 
An Vinh Commune 1,771 865 906 49% 20.8 7% 
An Toan Commune 683 338 345 50% 2.6 3% 
An Tan Commune 2,913 1,475 1,438 51% 125.2 12% 

https://vi.wikipedia.org/wiki/Ng%C6%B0%E1%BB%9Di_Hr%C3%AA
https://vi.wikipedia.org/wiki/Ng%C6%B0%E1%BB%9Di_Ba_Na
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Locality Population Males Females 

 
% Male Persons 

/km2) 

% of 
district 
population 

An Hoa Commune 9,490 4,732 4,758 50% 230.6 38% 
An Quang Commune 1,147 556 591 49% 20.7 5% 
An Nghia Commune 627 296 331 47% 16.7 3% 

Source: Binh Dinh Statistics Yearbook in 2017 published in 2018 
 
C. Living standards 

23. As with the province, the district’s communes/towns applied the norms for gauging multi-
dimensional poverty. The latest data is for 2018 (table 3 and 4). These data indicate that after 
reaching a high in 2017 the number of poor households has fallen, while the number of ‘near-
poor’ has increased. 

Table 3: Number of Poor Households by commune/town, 2014-18 

Locality 2014 2017 2018 
Total all households in An Lao District   8,752 
Total ‘poor’ households in District 3,907 4,633 3,955 
An Lao Town 475 550 495 
An Hung Commune 251 318 292 
An Trung Commune 411 493 453 
An Dung Commune 257 344 331 
An Vinh Commune 341 396 369 
An Toan Commune 148 172 166 
An Tan Commune 406 522 441 
An Hoa Commune 1,242 1,413 1,017 
An Quang Commune 262 278 257 
An Nghia Commune 114 147 134 

Source: Statistical Yearbook, An Lao District 2017 and Summary of survey findings on poor households in 2018   
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Table 4: Number of Near-Poor Households by commune/town, 2014-18 

Locality 2014 2017 2018 

Total all households in An Lao District   8,752 
Total near poor households 1,557 1,440 1,755 
An Lao Town 188 258 303 
An Hung Commune 20 42 39 
An Trung Commune 101 87 130 
An Dung Commune 18 57 70 
An Vinh Commune 111 65 58 
An Toan Commune 8 4 14 
An Tan Commune 308 264 345 
An Hoa Commune 755 619 728 
An Quang Commune 20 20 37 
An Nghia Commune 28 24 31 

Source: Statistical Yearbook, An Lao District 2017 and Summary of survey findings on poor households in 2018  
 

Table 5: Percentage of poor and near poor households in the project area, 2014 to 2018 

Location Status 2014 2015 2016 2017 2018 
An Lao Town Poor 41.8 55.3 50.7 46.1 41.0 

Near poor 16.6 16.6 20.0 21.6 25.1 
An Tan Commune Poor 40.0 54.8 50.7 45.4 37.4 

Near poor 30.3 16.3 18.2 23.0 29.2 
An Trung 
Commune 

Poor 62.9 84.7 79.3 74.1 67.7 
Near poor 15..5 2.5 7.9 13.1 19.4 

Source: Summary of survey findings on poor – near poor households in 2014-2018  in An Lao District. 
 

D. Ethnic minorities and poverty  

24. The largest ethnic minority (EM) in An Lao District and in the communes/towns of the 
project communities is the Hre. The Hre live/lived in the hills and river valleys of the Central 
Highlands in the Western part of Quang Ngai and Binh Dinh provinces. Their language belongs 
to the Mon-Khmer group of languages. The Hre have a patriarchal family system with patrilineal 
descent and. Social organization was typically based on the autonomous village or Plây, made 
up of a group of interrelated extended families, and typically located on a rise or hill near a river 
or stream and overlooking the rice fields.  Traditionally, Hre villagers located in the valleys 
practiced wet rice cultivation and were sedentary, while those in mountainous areas practiced 
shifting slash and burn agriculture. Hrê subgroups/tribes usually take name of mountain, hill, 
river4, and I headed up by a village chief and Council of Elders.

 
 

4  Schrock, U., Stockton, W. et al. 1966: Minority groups In the Republic Of Vietnam: Ethnographic 
research series. For US Department of the Army. Retrieved 9/7/19 from 
http://www.archive.org/details/minoritygroupsinOOamer. 

http://www.archive.org/details/minoritygroupsinOOamer




8 
 

 

  
25. Hre traditionally practiced a strict gender division of labor – which is relevant to this 
project today: women fetched water, fished, gathered bamboo shoots and vegetables, 
transplanted and thinned rice fields, and ground rice. Men hunted, cleared and ploughed rice 
fields, gathered honey, and undertook construction work.  

26. Traditional Hre villages were known for their relatively high-quality clean water supplies 
which they piped into the village from a pool or weir on an upland stream using bamboo tubing 
and they actively protected the quality of their water sources from contamination and infiltration 
of vegetation.  

27. In 2018, 3,175 households in the district (36.3%) were EM people, almost exclusively 
Hre. The number of EM households appears to have increased by 2% per annum since 2014. 

28. Using the 2015 criteria for multidimensional poverty, the number of ‘poor’ EM households 
has increased significantly over the past 15 years. In 2018, 68.3% of EM households were poor 
and EM households accounted for 57% of the poor in the District An Trung and An Hung 
Communes have the highest proportions of poor EM people of the whole District. To be a member 
of an EM household means a high likelihood of being significantly disadvantaged. 

Table 6: Poor Ethnic Minority households 2014 to 2018 
  

2014 2015 2016 2017 2018  
An Lao 
District  

EM Households 2,921 2,988 3,051 3,117 3,175  
poor EM HH 1,994 2646 2,501 2,393 2,253  
% of EM HH that are poor 68.3% 88.6% 82.0% 76.8% 68.3%  

An Lao 
Town 

EM households 268 279 287 289 289  
% of all EM HH 9.2% 9.3% 9.4% 9.3% 9.1%  
Poor HH 197 279 232 230 227  

An Tân 
Commune 

EM households 30 30 30 30 32  
% of all EM HH 1.0% 1.0% 1.0% 1.0% 1.0%  
Poor HH 30 30 29 28 28  

An Trung 
Commune 

EM households 627 623 633 640 453  
% of all EM HH 21.5% 20.9% 20.7% 20.5% 14.3%  
Poor HH 411 528 504 472 440  

Source: An Lao District Statistics: Summary of survey findings on poor – near poor households in 2014-2018 i. 
 
E. Economic development  

29. Agriculture and forestry underpin the district economy, accounting for approximately 54% 
of the district GDP. Animal husbandry focuses on buffalo, pigs, cows and chickens and the 
numbers of each has been increasing. However, according to local people, the local pig herd has 
dropped due to the African Swine Flu epidemic. The services sector accounts for 25% of the 
District economy, followed by industry and /construction (21%).  

30. In An Lao district employment and job opportunities are closely related to the seasons 
and the rice-growing cycle, and the production cycle in acacia and coffee plantations. Casual 
wage labor in agriculture is an important part of livelihoods for households of the project
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communities, including for those with farms. The main economic development in the primary 
sector has been the introduction of acacia growing for the purposes of producing woodchips for 
the paper pulp industry in China, Japan, and Korea. Most households appear to grow some trees, 
and rice fields often include a tree nursery. As living standards increase there are also more 
people working in the provision of services and retailing, though typically in very small, home-
based businesses.  

F. Education 

31. An Lao District has a total of 11 primary schools, 5 secondary schools, 1 high school, 
and 1 combined secondary and high school. All 10 communes/towns have a primary school. In 
the project area, An Lao Town has a primary school, a secondary school and a combined 
secondary/high school. In An Tan Commune, there is a primary school and a secondary school.  
An Trung Commune only has a primary school. Based on population numbers, An Trung would 
appear to be under-serviced for education, especially given its status as a relatively deprived 
area.  

32. In 2018−2019 the whole district had 7,185 students made up of 1,044 high school 
students, 1,542 secondary students, 2,757 primary students, and 1,842 kindergarten children. 
Each of the communes has an Association for Promoting Education. Vocational training is 
provided at the Centre of Occupational Education and Regular Education. Courses range from 
University-level management and accounting through to high school level practical skills training, 
and elementary horticulture and animal husbandry.  

33. In general, the education level of the people in the project area is not very high, especially 
EM people. EM people understand and use the Kinh language. 

G. Health and Health care 

34. In An Lao district there is one district hospital and 10 health care stations – one in each 
commune.  Available data for 2018 indicates that there is a falling birth rate, presumably due to 
the uptake of modern contraception; the infant mortality rate was 8.4% or 84 per 1000 live births 
which is very high compared with the nation as a whole i.e. 17.9] and 14.2% of children under 5 
years old were assessed as being malnourished.  On the other hand, 99.6% of infants in the 
district were vaccinated.
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III. AN LAO TOWN WATER SUPPLY NETWORK  

A. History  

35. An Lao small town comprises two communes and has had a water supply scheme since 
2003 sourcing raw water from the Vo Reservoir. The water supply scheme has a raw water intake 
from the irrigation canal immediately adjacent to the water treatment yard. In 2003, a 800m3/day 
WTP was installed using sand and backwash filters, manual chlorine dosage and clean water 
tanks (350m3) connected to a gravity distribution system - See Figure 1 and 2.  

Figure 1 and 2:  An Lao Development Water Supply Scheme 2005(left) and (2013 
upgrade)5 

36. The scheme was upgraded in 2011-2013 with a replacement water treatment plant 
(capacity of 1200m3/day) that utilized the existing raw water intake and distribution main. The 
treatment was again limited to sand filtration, backwash filters and manual chlorine dosing– see 
Figure 2. During the upgrade a new additional mainline was installed to the south of the water 
treatment plant – see Figure 2.   

37. The existing scheme is managed by the An Lao Joint Stock holding Company with the 
scheme serving approximately 580 households of the total 1900 households in An Lao and An 
Tan communes. In terms of adequate supply it is estimated that only 200 households (12%) are 
reliably served. In 2019, the household connection rate was only 31% of potential consumers or 
591 households with the scheme supplying 301 m3 per day to domestic users and 21 m3 per day 
for a total maximum daily demand of 593 m3/day.  A summary of the network current and projected 
performance is presented in Table7.

 
 

5  Green network added along with WTP – no connections were made to the new network. 
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38. The TRTA social survey (see PSA report) examined the issue of low connection rate and 
found this to be due to (i) poor service standards in terms of reliability with reported periods of 
very low pressure and in some instances no pressure, and (ii) concern about the quality of water 
being delivered due to both turbidity and the smell of chlorine. The turbidity issue and chlorine 
issues reflect the type of water treatment plant, the operation of the plant, including in periods of 
high turbidity the addition of Chlorine at the intake to the sand filters. The turbidity issue reflects 
the offtake from the Vo Reservoir where the offtake serves the irrigation scheme and is located 
on the floor or near dead level of the reservoir. At the offtake the acceleration of water into the 
irrigation canal is likely to carry additional sediment loads from the bed of the Vo reservoir.  

39. The social survey findings indicate a strong demand for reliable potable water reflecting 
the costs incurred by households to access drinking and cooking water – either financially or in 
terms of the time allocated to these functions, and the cost of boiling water. Additional costs in 
accessing washing water are incurred through the use of shared wells, and in the dry season the 
need to use river water. The demand for potable water connected to each household and with 
sufficient pressure is high.
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Table 7: An Lao Network Current (without project) performance data 
Year   2018 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 
Population No 16,902 17,570 17,798 18,030 18,264 18,501 18,742 18,986 19,232 19,482 19,736 19,992 20,252 
PopN Served No 2,074 2,156 2,184 2,212 2,241 2,270 2,299 2,329 2,360 2,390 2,421 2,453 2,485 
PopN Served % 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 
PopN Served per conn  No   3.8 3.9 4.1 4.2 4.3 4.5 4.6 4.8 4.9 5.1 5.3 
Connections  591 581 571 561 551 541 531 521 511 501 491 481 471 
Domestic Water Demand 100lcd m3/day 207 216 218 221 224 227 230 233 236 239 242 245 248 
               
Non Domestic Connections               
Institutional  No 74 74 74 74 74 74 74 74 74 74 74 74 74 
Demand m3/day 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 
Demand m3/day 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 
Commercial No 30 29 28 27 26 25 24 23 22 21 20 19 18 
Demand M3/day 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Demand m3/day 15.00 14.50 14.00 13.50 13.00 12.50 12.00 11.50 11.00 10.50 10.00 9.50 9.00 
               
Total Non Domestic Demand  21.33 20.83 20.33 19.83 19.33 18.83 18.33 17.83 17.33 16.83 16.33 15.83 15.33 
               
TOTAL DEMAND m3/day 228.70 236.39 238.69 241.03 243.41 245.82 248.27 250.76 253.29 255.86 258.47 261.11 263.80 
Water Produced m3/day 593 593 593 593 593 593 593 593 593 593 593 593 593 
Unaccounted for Water m3/day  356.2 353.9 351.6 349.2 346.8 344.3 341.8 339.3 336.7 334.1 331.5 328.8 

               
Incremental Water Sold m3/day  1,278 1,349 1,373 1,399 1,424 1,449 1,475 1,501 1,527 1,554 1,580 1,607 
Incremental Water Produced m3/day  1,794 1,832 1,871 1,910 1,950 1,991 2,032 2,074 2,116 2,159 2,203 2,248 
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Year   2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 
Population No 20,515 20,782 21,052 21,326 21,603 21,884 22,169 22,457 22,749 23,044 23,344 23,647 23,955 
PopN Served No 2,517 2,550 2,583 2,616 2,650 2,685 2,720 2,755 2,791 2,827 2,864 2,901 2,939 
PopN Served % 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 12.3% 
PopN Served  per conn No 5.5 5.7 5.9 6.1 6.3 6.5 6.8 7.0 7.3 7.6 7.9 8.3 8.6 
Connections  461 451 441 431 421 411 401 391 381 371 361 351 341 
Domestic Water Demand 100lcd m3/day 252 255 258 262 265 268 272 276 279 283 286 290 294 
               
Non Domestic Connections               
Institutional  No 74 74 74 74 74 74 74 74 74 74 74 74 74 
Demand m3/day 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 0.086 
Demand m3/day 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 6.33 
Commercial No 17 16 15 14 13 12 11 10 9 8 7 6 5 
Demand M3/day 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Demand m3/day 8.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 
               
Total Non Domestic Demand  14.83 14.33 13.83 13.33 12.83 12.33 11.83 11.33 10.83 10.33 9.83 9.33 8.83 
               
TOTAL DEMAND m3/day 266.53 269.30 272.12 274.98 277.88 280.82 283.81 286.85 289.93 293.06 296.23 299.46 302.73 
Water Produced m3/day 593 593 593 593 593 593 593 593 593 593 593 593 593 
Unaccounted for Water m3/day 326.1 323.3 320.5 317.6 314.7 311.8 308.8 305.7 302.7 299.5 296.4 293.1 289.9 

               
Incremental Water Sold m3/day 1,634 1,662 1,689 1,717 1,745 1,774 1,803 1,831 1,861 1,889 1,912 1,935 1,959 
Incremental Water Produced m3/day 2,293 2,339 2,386 2,434 2,482 2,531 2,581 2,632 2,683 2,735 2,789 2,843 2,897 
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B. Assessment of Water Sources  

40. There are two principal water sources in the vicinity of An Lao town: Song Vo 
River/Reservoir and the An Lao River running through the town. The An Lao River has a year-
round flow, but acts as the receiving water/drainage for all urban activities in the area, and has 
not been considered in detail as a potential source for An Lao water supply. Song Vo River, which 
is a western tributary of the An Lao River and has a catchment area of around 34 km2. It is 
relatively well vegetated, although it has experienced some degradation over recent years 
(estimated 30%). 

41. The Song Vo Reservoir, which was created by means of a concrete dam built across the 
Song Vo River, lies several kilometres to the west of Anh Lao town, and was commissioned in 
2005. It was designed to supply raw water for irrigation (143 ha) and domestic water supply to An 
Lao town, and the Communes of An Tan, An Hung and An Hoa. It had a total design storage of 
around 1.15 million m3 and an effective storage of about 0.98 million m3, giving a dead storage of 
about 0.17 million m3. The crest of the overflow is 59.8m and the invert level of the offtake is 
52.6m, giving an effective depth of 7.2m; the invert level of the offtake is some 0.84m below the 
dead water level. The degradation over the years has resulted in significant sedimentation of the 
reservoir and loss of effective storage. It is estimated that the loss is equivalent to about 30% of 
effective storage in the 15 years since commissioning, reducing its capacity to about 0.68 million 
m3; such loss of effective storage is not uncommon with reservoirs. 

42. Streamflow measurements taken in the Song Vo River during the 2019 dry season. There 
are no other data on the stream flow in the Song Vo River, other than anecdotal data that suggest 
it has only suffered one drought event in its life. To assess where the recorded baseflow lies in 
terms of a longer-term time series, it is compared to the annual rainfall series for 2008-2018. The 
annual rainfall at An Hoa (in An Lao district) has been analyzed over this period, and it appears 
that the 2019 rainfall figure may be heading toward a relatively dry year at a level substantially 
less than the average of about 3,170mm (2008-2018); refer Figure 3. It is estimated that the 2019 
rainfall figure will be about 2,000-2,500mm. The streamflow measurements recorded in 2019 are 
considered to be consistent with a relatively dry year with rainfall expected to be substantially less 
than average. 

Figure 3:  An Hoa Rainfall Data 2008-2018 
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43. The quality of the Song Vo River upstream of the Reservoir was sampled and tested and 
found to be a good quality water, with colour, turbidity and feacal coliforms recorded at levels that 
were not detectable, with the same results obtained from the reservoir itself; refer data in Appendix 
01. Anecdotal data however, and observations made during the conduct of the TRTA indicate that 
the turbidity of the water is often much higher than these levels, especially during the wet season. 
In addition, it was observed that the quality of the water in the downstream irrigation canal has 
much higher turbidity levels, which are probably caused by the invert level of the offtake being 
lower than the dead storage level, causing reservoir sediment to be stirred up and transported 
into the irrigation canal. 

44. It is expected that, on the basis of primary and secondary data collected to date, the Vo 
Reservoir water supply will be a treatable source with conventional treatment (coagulation, 
flocculation, sedimentation, filtration and disinfection). In terms of raw water availability for the 
domestic water supply, a water balance analysis over a 12-month’s period was carried out on the 
Song Vo Reservoir, as shown in Table 8.  

45. The balance is based on projected supply and demand levels up to 2045 figures and takes 
into account inflows, effective storage, evaporation, seepage losses, environmental flow (10%), 
irrigation demand and projected domestic water supply demand, all within climate change 
scenarios involving season rainfall increases and declines.  The water balance shows that the 
effective storage of 0.68 million m3, together with the projected baseflow is sufficient to provide 
an adequate supply of domestic water and irrigation water all year round in the year 2045 (design 
year) after taking into account evaporation and seepage losses. The effective storage of the 
reservoir remains at 0.68 million m3 throughout the year with the exception of April and July. 
During these months, when evaporation, irrigation demand and domestic water supply demand 
are high the balance indicates the effective storage will reduce to about 0.61-0.65 million m3. It 
should be noted however, that these reductions in storage could occur during any of the months 
in the dry season (March to August). 

46. As a long-term source of water for both irrigation and domestic water supply, it appears 
the Song Vo Reservoir is a viable option. The demand and water balances have included both for 
the foreseeable future, irrigation demand will in fact fall due to the move away from irrigated rice 
to tree crops that is currently happening in response to declining labor availability As there is 
sufficient water available for both purposes, the need to prioritize the purpose may not arise. 
However, if it does, it needs to be noted that the people using water for irrigation will also largely 
be the same needing the water for domestic purposes.  Local prioritization will likely need to be 
way in which to solve this problem if it were to arise. The Song Vo source also enables a gravity 
supply to most of the service area, which is a substantial advantage over the An Lao River, which 
would require a pumped supply from an intake on the river. 

47. The modelling indicates that based on current 2018 irrigation water demand and the 
expected additional demand from the water supply scheme of 3,500m3/day the reservoir can 
support the incremental water demand. Overlaid with this reservoir capacity is the increasing 
adaptation of water efficiency and conservation technology which is accelerating in Viet Nam, The 
risk to the raw water supply is considered low to moderate based on (i) the lack of direct 
involvement in the jurisdiction of the VO reservoir by the water supply scheme operator, (ii) the 
irrigation water demand in 2018 is based on a 147ha of command area that currently has two 
mostly rice crops per year. In 2005 the irrigation design scope was 270 ha however only 147 ha 
has been developed and maintained since this time. If the full command area of 270 ha was
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developed the security of water availability to the An Lao water supply scheme would be 
considered to be inadequate and a significantly high risk. The PPMU has raised this issued with 
the PPC. The domestic water supply scheme will retain priority use over the water in the reservoir 
through the professional management overseeing operations. Irrigation water offtake is used by 
the water supply this offtake is directly below the reservoir dam and prioritizes the water use ie 
they get first claim before it goes to the irrigation scheme, the PPC have issued a decree legalizing 
this 

48. Moreover, the additional command area is not planned to be developed. As such the water 
supply is assessed as being secure. 
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Table 8: Projected Vo Reservoir Water Balance  
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C. Water Demand Projection 

49. Currently, in the An Lao water supply system, there are only two Communes with service 
connections: An Lao and An Tan. Within these Communes, there are Villages 2,4,7, 9, Go Bui, 
Hung Nhon Bac and and Hung Nhon in An Lao, and Villages Thuan An and Tan An in An Tan 
Commune. Within these communities, there is a 31% service coverage rate. Reluctance to 
connect includes poor quality water, no pressure/supply and/or the high cost of connection.  

50. The Government is proposing to extend the service area into the Commune of An Hoa in 
2019−2021. However, the hydraulic model of the network developed under the TRTA shows that 
without expansion of the water treatment plant under the proposed project, there will be 
insufficient water supply production from the existing water treatment plant to meet the demands 
of the An Hoa part of the service area. 

51. Under the proposed project, the service area in An Hoa and An Hung will be expanded to 
cater for the 2045 projected demands. The following design parameters have been adopted to 
forecast water demand: 

 
(i) A population growth rate of 1.3% - considered realistic for the growth of a small, 

rural town; 
(ii) Service coverage of 85%-100% to be sought, but 85% will be considered a 

minimum; 
(iii) Existing population in the Communes of An Lao town, An Tan and An Hoa is about 

16,900 people, projected to grow to about 23,950 by the year 2045; and 
(iv) Design per capita consumption of 100lcd (2045) – considered reasonable for a 

small, rural town, especially as the existing consumption is in excess of this figure, 
albeit based on a very low tariff. In addition, common practice is that most 
households already have water storage means. Viet Nam regulations require water 
delivered from such schemes is potable. 

 
52. The projected water demands for An Lao are detailed in Table 9: with the projected 
average daily water demand excluding non-revenue water to increased from (i) 1,140m3/day 
2021, to (ii) 1,557m3/day in 2045 the design year for maximum demand.  The new water treatment 
plant proposed will be capable of producing sufficient water to easily meet these demands. The 
capacity of the plant will be able to produce 2,600m3/day to cater for the mean day maximum 
month requirement (1.3 ADD) as well as the volume of non-revenue water.
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Table 9:  An Lao Projected Water Demands to 2045 
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D. Condition Assessment  

53. An Lao town is the new capital of An Lao district. Its first formal water supply system was 
developed in 2003-2005, which used the Song Vo Reservoir as the raw water source, which was 
also commissioned in 2005; refer Figure 1.0 for the overall layout. The Song Vo Reservoir is 
created by means of a concrete dam built across the Song Vo River several kilometers south-
west of the town. It was designed to supply raw water for irrigation (270 ah of which 143 ha was 
developed) and domestic water supply to An Lao town, An Tan and An Hoa Communes (projected 
design population of 17,600). In this first phase of water supply development for An Lao, a water 
treatment plant was constructed some 150m downstream of the Song Vo Reservoir. Raw water 
was abstracted from the reservoir via an irrigation canal along the right bank of the river, and fed 
into the treatment plant via a small offtake arrangement in the canal. 

54. At that time, the principal transmission main (Main No1, uPVC, DN 170) supplied treated 
water from the treatment plant to the service area in An Lao town and parts of the Communes of 
An Tan and An Hoa, and then through a network of uPVC distribution mains and small diameter 
HDPE service mains to the consumers. Most of these pipelines are reported as being in a poor 
condition and in need of replacement. The service area at that time comprised parts of the 
communes of An Lao, An Hung and An Tan. 

55. In 2013−2015, there was a second phase of development in which the water treatment 
plant was abandoned and replaced with a new plant immediately adjacent with a capacity of 
1,200m3/day; refer Figure 2 for the 2013-2015 layout. A DN250 uPVC transmission main (4.5 km) 
was also laid from the treatment plant south toward An Hoa, terminating at a point just south of 
the main road bridge across the An Lao River.  

56. The replacement and current plant receive raw water from the adjacent irrigation canal 
and the treatment process comprises plain sedimentation tanks (no provision for dosing with 
coagulant), rapid sand filtration and disinfection (chlorine gas) at the point of discharge into the 
clearwater tank (300m3 capacity). Plain sedimentation may have been selected because of the 
perceived good quality raw water in the Song Vo Reservoir – recent water quality test results on 
samples taken during the dry season show that turbidity levels are very low during this period. 
However, the experience of local officials and reports from consumers indicate that turbidity levels 
can be much higher. This may be due to the irrigation offtake in the Song Vo Reservoir which is 
set at a depth close to the bottom sediment deposits, which are then carried over into the irrigation 
canal and then into the plant, or higher turbidity levels during the wet season, or a combination of 
both. 

57. Plain sedimentation in the plant enables coarse and fine sands to settle, but it does little 
to reduce turbidity which is primarily caused by colloidal materials such as silt and clay, which 
require coagulant dosing (aluminium sulphate, polyaluminium chloride (PAC) or similar). Without 
coagulant dosing, the rapid sand filters become the main line of defense in taking out the colloidal 
materials and, at turbidity levels greater than 10-20 NTU, the filters quickly become clogged. 
During the wet season, when the turbidity is reportedly quite high, the operator doses with PAC 
at the head of the sedimentation tank, but without any coagulation and flocculation processes, 
floc is unlikely to form, and the little that does would carry over into the filters. There is a backwash 
pump in the system, but it is reported that backwashing is only carried out once a month during 
the wet season, and once every three (3) months during the dry season, rather than every day or 
two, as is necessary and in accordance with good practice. With such irregular backwashing,
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cracks or passageways may also form through/around the filter medium which allows the water 
to short circuit the filters, carrying turbid water into supply. 

58. The operation and maintenance of the plant is poor. It seems unlikely that the 
sedimentation tank has ever been cleaned out, plant pipework is poorly jointed with substantial 
leakages appearing from most joints and valves, backwashing of the filters is rarely done, and the 
chlorine dosing room appears as though there is no dosing carried out. This may be due to 
consumers’ complaints about the odour (chlorine) from the water at the point of supply. Filters 
could not be inspected, but it is suspected that the filter medium is clogged and not working as it 
should, and the under-drains may be damaged if they are in the same condition as the rest of the 
plant. 

59. Even though the plant is not operated very well, it appears that the turbidity of the raw water 
in the dry season is low enough that the effectiveness of the plant is not an issue. Appendix 1 
provides a summary of test results on the raw water and treated water in the dry season. The test 
results show a very clear raw water in the month of April with turbidity levels recorded at levels 
less than detectable, resulting in a treated water with the same level. In May, the turbidity of the 
raw water levels were slightly higher at levels up to 8.45, with treated water recorded at less than 
detectable to 2.09. At higher levels of turbidity, the plain sedimentation process would not be able 
to reduce the level of turbidity. Evidence of PAC bags in the plant workshop confirms the 
anecdotal data that the turbidities in the wet season are much higher, requiring coagulant dosing. 

60. The DN250 uPVC transmission main laid in the second phase of development is reported 
to be in good condition and is intended to supply water to the Commune of An Hoa in the third 
phase of system expansion (2019-2021) financed by Government; refer Figure 3 for the 2019-
2021 layout. The main will be extended south into An Hoa Commune where a network of 
distribution and service mains will be laid to serve some six villages containing 2,913 households. 

61. By 2018, the billing records show that only 665 connections have been made into the 
system (591 domestic and 74 institutional), which represents a service coverage of about 31% 
(1,900 total households). Consumption in 2018 was around 354m3/day (average day demand 
[ADD]), which gives a plant utilization of about 30%, and there seems little prospect of expanding 
this service due to consumers’ perception of poor quality water and intermittent/no supply of 
water. Under the existing operation, Villages 2, 7 and Go Bui do not receive any water supply, 
because of very low supply pressure. 

62. As required by Viet Nam regulations, a hydraulic model of the existing system was 
developed to determine the pressures; refer Appendix 5 and 6 for the existing model analysis. 
The hydraulic model of the pumped network is used to define pressures, pipe diameters and uses 
field survey for elevations – it is usual practice – for defining the technical specification of the 
network, the need and location of pump stations The analysis confirms operator and consumer 
reports that there is generally low pressure almost everywhere in the system, with the exception 
of Tan An and Thuan An where there is good pressure (15-22m). In the village of Go Bui, there 
is no supply at all because of its higher elevation. The consumer meters were all installed in the 
first phase of development (2003-2005) and are around 14-15 years old now. Given that a normal 
life for meters is around 7−10 years, it is highly probable that the meters are seriously under-
registering or seized and all are in need of replacement. 

63. From the billing records over the 2016-2018 period, the seasonal variation in 
consumption exhibits lows of around 0.82 Average Daily Delivery (ADD) in December 2018 to 
around 1.27 ADD in May 2017; refer Appendix C. This range is normal for a small rural town such
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as An Lao. However, there are two outlier data records, a high of 1.78 ADD in June 2018 and a 
low of 0.31 ADD in October 2018. In the case of the higher figure, this may have been due to a 
specific and unusual event/fair in the town at that time, and the low of 0.31 ADD may have been 
due to a major and prolonged breakdown in the system. Otherwise, these must be data 
anomalies. 

64. All capital investments in the three phases of development to date, 2003-2005, 2013-
2015 and 2019-2021, have been funded by government budget as grants. In terms of 
management and operation, up until March 2019 the An Lao Water Supply and Sanitation Unit 
(ALWSSU) was responsible. This was part of the An Lao General Services Joint Stock Company 
(ALGSJSC), which was fully government-owned, and operated similar to a state-owned enterprise 
covering a number of businesses such as lighting and solid waste collection, as well as water 
supply. From March 2019, ALGSJSC sold off its businesses to the private sector, with the 
exception of water supply that remains under government control and is managed by the 
Construction Management Unit under the District People’s Committee. Below the Director of 
ALWSSU, there are two technical units and one administration/finance unit. There is a total of 
seven (7) staff in the technical units, and nine (9) staff in the administration/finance unit, a total of 
16 staff. All staff are on long-term contract arrangements. 

65. ALWSSU is required to follow government regulations, including determination of tariffs, 
which are currently set at the levels shown in Table 10. 

Table 10: Tariff Levels: An Lao General Services Joint Stock Company 

Category of User 
 

Tariff level 
(VND/m3) 

Domestic  
- 0-20m3 for poor households and ethnic 

minorities 
1,600 

- 0-20m3 for other households 2,000 
- >20m3 for all households 4,200 

Institutional 4,200 
Commercial 5,250 

Source: An Lao General Services Joint Stock Company 
 
E. Existing Sanitation System: An Lao 

66. The An Lao district government is currently being restructured, and the District Project 
Management Unit (DPMU), under the Division of Infrastructure and Economic Affairs (DIEA), is 
due to become responsible for the management/operation of industrial clusters, electricity, water 
supply, drainage, sanitation and trees. DPMU has no data on sanitation coverage levels, although 
it was reported that all houses have a septic tank, which is situated directly under the 
bathroom/toilet, and relies on absorption of the effluent into the surrounding soils; Appendix D 
shows a typical septic tank arrangement. All housing development requires a permit from DIEA, 
in which the approved drawings show the septic tank arrangement. If the owner/developer wishes 
to connect into the drainage, then the septic tank must have a further stage of treatment before 
discharge into the drainage system. At this time, only the centre of the new An Lao town (Villages 
2 and 9) has any formal drainage system, although master plans do exist showing the future 
layout. An Lao town has a very low population density, and year round field visits and



23 
 

 

observations around the town indicate that the sanitation measures taken at this point An Lao’s 
development are effective. 

F. Scope of Design Concept  

67. Currently, in the An Lao water supply system, there are only two Communes with service 
connections: An Lao and An Tan. Within these Communes, there are Villages 2,4,7, 9, Go Bui, 
Hung Nhon Bac and and Hung Nhon in An Lao, and Villages Thuan An and Tan An in An Tan 
Commune. 

68. During 2019−2021, the Government intends to commission the DN250 main laid during 
2013−2015, and extend it to the south to expand coverage into An Hoa. This phase of expansion 
aims to increase the service coverage by a further six (6) villages in An Hoa, having a population 
of over 10,600 by 2021. Combined with the population of 6,940 in An Lao and An Tan, the total 
population in the service area would be 17,570 by 2021. If a service coverage of 85% of this 
number were achieved, then this would generate a total demand on the Song Vo water resource 
of 2,160m3/day by 2021, projected to increase to 2,600m3/day by 2045, some 1,400m3/day in 
excess of the existing water treatment plant capacity (1,200m3/day). An increase in water 
production capacity is necessary to meet the future demands of An Lao and surrounding 
communities. 

69. The existing network serves some 581 households out of a total of 1,900 in An Lao and 
An Tan, equivalent to a service coverage of only 31%, and yet there are still complaints of low 
pressure through many parts of the system. This has been confirmed by network modelling of the 
existing distribution system as well as the projected system in 2045, the results of which are 
included in Appendix A. 

70. Based on the water demand analysis and the network modelling, it is proposed to increase 
the capacity of water production and upgrade/increase service coverage to a minimum of 85% in 
the three Communes of An Lao town, An Tan and An Hoa. 

G. Required Production Capacity 

71. Based on the water demands the following design parameters will be adopted in the 
design of the project: 

(i) NRW of 25% maximum – considered realistic for a small, rural town in a developing 
country; 

(ii) Backwashing – one cycle per filter per day; 
(iii) Mean day, maximum month factor of 1.3 ADD – considered realistic, based on 

actual billing records and international/national experience; refer Appendix 01 for 
the analysis of the existing records to confirm this figure; and 

(iv) Peak Hour Demand factor of 1.95 ADD – considered realistic for a small, rural town 
with little to no institutional and commercial activity. 

 
72. The projected water production figures for An Lao are detailed in Table 9.
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Table 11:  An Lao Project Water Production to 2045 

 
 

H. Design Standards, Specifications 

73. In addition to the design parameters described in Section 2.0, the project will adopt the 
following detailed design parameters: 

 
(i) Detention time in clarifiers/sedimentation tanks - 4 hours 
(ii) Loading rate on clarifiers/sedimentation tanks - 20m3/m2/day 
(iii) Coagulant     - PAC 
(iv) Filtration loading     - 5m3/m2/hr 
(v) Disinfection     - Chlorination 
(vi) Clearwater storage    - 6 hours ADD 
(vii) Pipe materials: Transmission, distribution  
(viii) and service mains    - HDPE 
(ix) Pipe materials: Treatment plant and pump stations - Ductile iron 
(x) Clearwater pumps    - Variable speed drive 
(xi) Treated water standard (see Table 12: below) - QCVN 01:2009/BYT 
(xii) Minimum pressure in distribution network  - 10m
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Table 12: Drinking Water Quality Standards 
QCVN 01: 2009/BYT Technical Regulation on Drinking Water Quality 
    Sample 
1 Colour <15 TCU Not applicable. 
2 Taste and Odour nd - 
3 Turbidity <2 NTU 
4 pH 6.5-8.5 - 
5 Hardness (Ca CO3) <300 mg/L 
6 Iron <0.3 mg/L 
7 Manganese <0.3 mg/L 
8 Nitrate (NO3) <50 mg/L 
9 Nitrite <3 mg/L 
10 Coliforms 0 MPN/100mL 
11 Fecal Coliforms 0 MPN/100mL 
     

 
I. Water Supply: Development of Detailed Scope6 

74. The subproject proposed was to extend three northern distribution Mainlines being to An 
Huong (village 4) to the east, through Go Bui and extend to the northern boundary of Go Bui, 
including the industrial estate, and to the north to Village 7. 

75.  After review of the (i) water demand, (ii) current condition of assets, and (iii) hydraulic 
performance of these assets it was agreed that a system wide assessment was required and that 
the Feasibility study would adopt a whole of scheme approach. Reinforcing this need was the 
discovery that the District has obtained approval and financing for the extension of the network to 
the south into An Hao commune where there are expected to be approximately 2100 household 
connections. The southern extension connection into An Hao commune will use the mainline 
installed in 2015 but still unused. The scale of this extension effectively doubles the overall 
demand and therefore needs to be included in the Feasibility study to ensure water supply and 
hydraulic performance standards. The southern extension is expected to be completed by 2021. 

1. Intake  

76. The existing treatment plant utilizes the irrigation canal at Vong So as the raw water 
abstraction point. This tends to increase the turbidity of the raw water as the invert of the inlet in 
the reservoir is very low, causing it to transport sediment from the bottom of the reservoir. In 
addition, the reservoir water itself can have a relatively high turbidity in the wet season caused by 
the run-off from the degraded slopes of the catchment.  An option would be to use a floating intake 
in the Song Vo reservoir, which would draw better quality surface water from the reservoir. An 
options analysis has been carried out to assess the most appropriate arrangement, which is 
detailed in Appendix 2. The analysis concludes that the floating reservoir would present problems 
associated with (i) a suitable anchoring arrangement; (ii) floating raw water main;

 
 

6 Refer to the layout drawings attached to the technical engineering document. 
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and (iii) access for maintenance; it would also be the more expensive option. It is recommended 
therefore, that the preferred intake arrangement is a simple pipe offtake into the existing irrigation 
canal, very similar to the existing arrangement.  

2. Treatment Plant  

77. Overall, the existing treatment plant built in 2013-2015 is in a poor state of repair and is 
not well operated, although it is still producing “treated” water. It has no provision for coagulation 
or flocculation, permitting only plain sedimentation, which leads to high turbidity loadings on the 
filters and turbid water passing into the network. The filters would not be able to cope with turbidity 
levels higher than 10-20 NTU for more than a few hours and, although a visual inspection was 
not possible, the filter medium must be highly clogged, especially since there is very infrequent 
backwashing. Similarly, the underdrains could not be inspected, but if they are in the same poor 
state of repair as the rest of the plant, they cannot be in a good condition. Pipework within the 
plant is poorly jointed, and there are substantial leaks from the pipe joints as well as from the 
bonnet joints of the valves. The chlorine dosing house is poorly maintained with chlorine gas 
bottles lying around the room – an occupational health and safety issue. The pump backwashing 
room is in a similar condition, although the pump itself seems to be in reasonable working order, 
even though it is rarely used. The clearwater tank (300m3) is structurally sound, and shows no 
sign of any leakage. 

78. The capacity of the existing treatment plant is only 1,200m3/day, compared to the 
2,600m3/day required, and is therefore inadequate in terms of capacity to meet the 2045 demands 
on the water supply system. The treatment process of the existing plant has not been designed 
to deal with raw waters with any significant degree of turbidity, and the poor operation and 
maintenance of the plant has resulted in its poor condition. In summary, it is considered that a 
new plant should be built immediately adjacent to the existing to meet the water quality standards 
and demands set out in this document. It would essentially utilize the footprint area of the 
treatment plant built in 2003-2005, which would need to be demolished. Some additional land 
may be required, but An Lao Water Supply Company advises that it belongs to the district. In this 
way, the existing plant (2013-2015) could be used to supply water to the service area during the 
construction of the new plant, thus avoiding any disruption to supply. If necessary, the existing 
plant could be used as a stand-by in the event of any emergency in the future. 

79. The treatment processes considered were horizontal sedimentation and upward flow 
clarification, both with coagulation, flocculation, filtration (rapid sand) and storage. An options 
analysis was carried out to assess the most appropriate process, which is detailed in Appendix 3. 
The analysis concludes that although the upward flow clarifier process can accommodate higher 
loadings (40-50m3/m2/day) resulting in a smaller footprint, it does not respond well to stop-start 
operating conditions or shock loadings, and cannot handle prolonged higher turbidity levels. 
Horizontal sedimentation was found to be a more-simple and robust process that can handle a 
wide range of turbidities, less temperamental in operation, and is cheap to construct. It is 
recommended therefore, that the preferred treatment process is horizontal sedimentation, which 
is widely used in Vietnam. 

80. The proposed treatment process comprises a simple inlet chamber, flocculation tank, twin 
sedimentation tanks, rapid sand filters (4 No.) and clearwater storage. The existing clearwater 
storage tank (300m3) is structurally sound and can be rehabilitated quite easily and at little cost. 
It is proposed to keep this tank and link it hydraulically to a new clearwater tank (350m3) 
constructed immediately adjacent, giving a total storage of 650m3, equivalent to about six (6) 
hours ADD storage.
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81. The WTP will be located within the boundaries of the existing water treatment plant yard 
– see Figure *4 for the site layout. 

Figure 4: An Lao Water Treatment Yard Site Plan 

 

3. Distribution network  

82. Given the elevation differences between the communes of An Hoa, An Lao, An Tan and 
An Hung (northwest of An Lao town), it is necessary to divide the distribution network into two 
systems; one serving An Lao, An Hung and An Tan (Network A), and the other serving An Hoa 
(Network B). Both systems will source their treated water from the new water treatment plant at 
Song Vo, but both will have a separate pipe connection into the clearwater tank arrangement to 
avoid any hydraulic connectivity. Network A will, of necessity, be supported by a booster pumping 
station located at the clearwater tank (head approximately 10m), and Network B will be a gravity 
system. The booster pump will be controlled by a variable frequency drive to adjust to the varying 
daily pressure conditions in the downstream network.  
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Figure 5: An Lao Water Supply Network – Proposed 2025 
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83. The modelling for Network A shows that the proposed booster pump at Song Vo is 
necessary to provide a minimum pressure of 10m in the distribution system with the existing pipe 
diameters. The schematic layouts in Appendix  A show that the pressure in the Network A system 
ranges between 10.65m and 33.66m. No pipes are in need of replacement due to hydraulic 
considerations. However, due to reports of poor asset condition, it is proposed to replace the 
transmission main and the distribution and rider mains throughout the area. 

84. The modelling for Network B shows that the minimum pressure in all the community 
locations by 2045 is above 9.63m, which is at the southern-most point of An Hoa. Note, there are 
lower pressures occurring in the transmission mains but these are not in residential locations, and 
do not present a problem. The existing DN250 (uPVC) transmission main from Song Vo running 
south to the An Hoa distribution network is reportedly in good condition and can be retained as 
part of the proposed works. However, the modelling shows that its hydraulic capacity is not 
sufficient meet the 2045 demands. It will be retained, but will be supplemented by a DN200 main 
from the Song Vo plant to the road bridge across the An Lao River south of the town, which will 
enable the An Hoa system to maintain a minimum of 9.63m at the extremity of the system. Table 
13: sets out the extent of pipe replacements for both Network A and B. 

 
Table 13: Network A and B: Pipe Replacements 

 
 
 

4. Connections 

85. To enhance revenue collection, connections are included in the capital investment, and 
will be provided free to all households requesting a connection during the construction period.
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The connection will include a consumer meter and a domestic service line into one room in the 
house. 

5. Power  

86. The power source for the existing treatment plant is a transformer at the An Lao district 
health centre, which supplies power by means of a 22KV power line over a distance of 600m. 
This source and arrangement is adequate to support the proposed new pumps and other ancillary 
equipment at the new treatment plant. 

6. Sanitation: Development of Detailed Scope 

87. To ensure that the proposed increase in water supply to the service area does not create 
any environmental health issues, it is proposed that any premise requiring a water supply 
connection must have a sanitation facility (septic tank) approved by the District Project 
Management Unit (DPMU), under the Division of Infrastructure and Economic Affairs (DIEA) – 
see Appendix 4.  

88. In summary the proposed An Lao scheme includes the following works program: 

(i) Installation of a new water treatment plant within the existing water treatment yard 
that includes: flocculation treatment to reduce turbidity, sand filtration, back wash 
filters, automated chlorine dosing, a clean water tank that will be integrated with 
the existing clean water tank.  

(i) A new intake from the irrigation canal 
(ii) Operator office and laboratory facilities 
(iii) Booster pumping station to increase mainline pressure and the service reliability 

within the service area 
(iv) Upgrade onsite drainage and waste water discharge into the An Lao River systems 
(v) Security fencing 
(vi) Network upgrade including replacement of mainlines installed prior to 2014 with 

new diameter and pressure rated HDPE mainline and submains.  
(vii) Extending the mainlines in Go Bui, village 7 and through to Village 4 An Huong 

commune 
(viii) Provision of household connections including water meters.  
(ix) Installing additional mainline capacity to support the south An Hao Commune 

extension comprising 2,500m alongside the mainline installed in 2015 to future 
proof the hydraulic performance of this southern service area.  
 

89. All works will be retained within the current water treatment yard or alongside existing 
mainlines (that will be removed) within the road right of way. The project is supporting all 
connections and water meters including the replacement of existing water meters to increase the 
speed of connection and likely uptake of service. The viability of the scheme and its sustainability 
is contingent on obtaining early uptake and revenue streams to operate and maintain the scheme.  

IV. AN TRUNG WATER SUPPLY NETWORK 

A. An Trung Commune Water Supply System: 

90. The network within An Trung rural commune will provide reliable 24 hour per day water to 
Dong Mit village 6, Dong Nong 5 and Village 5 consisting of a total 220 households with an
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average household size of 3.8 persons. The scheme designed capacity is to serve the projected 
2045 population of 308 households supporting a total population of 1,157. 

91. An Trung currently has a gravity system that delivers filtered, but untreated water from 
the headworks in the Ra Ngam mountain stream.  The proposed scheme sources water at the 
same location but will construct a replacement sand filter system close to the headworks to 
remove foreign matter from the network. A single mainline will be installed within the existing road 
reserve and then split into two distribution mainlines – one to the east to supply Village 5 and one 
to the west supplying Dong Mit Village 6. All households will be connected into the distribution 
mains (see Figure 6). It is proposed that all connections be metered and the project will provide 
resources for these connections, however the financial efficiency of this is raised given the small  
numbers and the ability to have a block tariff based on the red book household population data.  

Figure 6: Layout of An Trung Network. 

 
 
92. The proposed scheme will replace the existing mainlines that run from the headworks, 
including those illegally installed, with systems that will operate fully on gravity and capable of 
delivering the average daily demand of 130 m3 per 24 hours in 2040, based on an estimated 
design demand of 100 l/s per person. 

B. Assessment of Water Sources 

93. The An Trung service area lies in the lower reaches of two small catchments; one is the 
Ra Ngam which is reported to yield a perennial mountain stream, and one un-named which is 
know to be unreliable especially in the dry season. The Ra Ngam currently feeds water to Villages 
5 and 6, and the un-named stream feeds water to the Dong Mit village. The only viable option as 
a long-term and reliable water source for Villages 5 and 6 is the Ra Ngam mountain stream 
running from the higher elevations within the catchment. The catchment is relatively small. Water
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quality tests taken in May 2019 (dry season) show that Ra Ngam produces a very good quality 
water from a chemical perspective, with tubidity, color, taste, iron and manganese all at levels 
less than detectable. From a bacteriological perspective, coliforms were found to be present at 
levels of 1.5x102 (MPN/100mL), and this indicates the presence of coliforms which are generally 
considered to be a potential health hazard. However, no E. Coli was found indicating no feacal 
pollution. 

94. Flow measurements taken during the months of April and May in the 2019 dry season 
indicate that the base flow is around 18 l/sec or higher. At this level, the Ra Ngam has an average 
daily base flow of over 1,550m3/day, well in excess of the total demand of the proposed service 
area, which is projected to be about 160m3/day by the year 2045. The source should not present 
any problems in terms of development for domestic water supply. 

95. The village of Dong Mit sits within the lower reaches of the un-named catchment, which 
has little to no baseflow during the dry season. The local authorities advised that it is very 
unreliable in most years, and should not been considered as a reliable long-term source for the 
proposed water supply. Given the high yield of the Ra Ngam catchment, Dong Mit can easily be 
serviced from this source together with Villages 5 and 6. 

C. Water Demand 

96. The three villages to be served in the An Trung subproject include: Villages 5 and 6, and 
Dong Mit village. Within these villages, there is already a high service coverage rate of around 
83%, but the service level is very low in terms of pressure and reliability of supply. Under the 
proposed project, the service level will be improved and the following design parameters adopted 
in line with the An Lao system: 

(i) A population growth rate of 1.3%; 
(ii) Service coverage of 97% - in the case of An Trung, service coverage is already 

very high, and 97% should be realistic; 
(iii) The combined existing population in Villages 5, 6 and Dong Mit is almost 830 

people, projected to grow to almost 1,160 by the year 2045; and 
(iv) Design per capita consumption of 100lcd. 

 
97. The projected water demands for An Trung (see Table 14 and 15) are summarized as 
follows (i) 71m3/day (2021) and (ii) 97m3/day (2045 - design year).  

98. The yield of the Ra Ngam catchment at 1,550m3/day is well capable of meeting these 
demands, as well as provision for mean day maximum month demands (1.3 ADD) and non-
revenue water (25%), and even allowing for any climate change impacts that are likely to arise.
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Table 14: An Trung Projected Water Demands to 2045 
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Table 15: An Trung Newtork Water Demand Projections 

Year   2018 
202
1 2022 

202
3 2024 

202
5 2026 

202
7 

202
8 

202
9 

203
0 

203
1 

203
2 

Population No 827 849 860 871 883 894 906 917 929 941 954 966 979 
PopN Served No  825 836 847 858 869 880 891 903 915 927 939 951 
PopN Served %  97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 
PopN Served  per conn No    1.86 1.89 1.91 1.94 1.96 1.99 2.01 2.04 2.07 2.09 
Connections  183 237 454 454 454 454 454 454 454 454 454 454 454 
Domestic Water Demand 100lcd m3/day 0 83 84 85 86 87 88 89 90 91 93 94 95                
Non Domestic Connections               
Institutional  No 0 0 0 0 0 0 0 0 0 0 0 0 0 
Demand m3/day 0 0 0 0 0 0 0 0 0 0 0 0 0 
Demand m3/day 0 0 0 0 0 0 0 0 0 0 0 0 0 
Commercial No 4 5 8 8 8 8 8 8 8 8 8 8 8 
Demand M3/day 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Demand m3/day 1.2 1.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4                
Total Non Domestic Demand  1.2 1.5 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4                
TOTAL DEMAND m3/day 1.20 84 86 87 88 89 90 92 93 94 95 96 97 
Water Produced m3/day 0 112 113 115 116 118 120 121 123 124 126 128 129 
Technical Losses m3/day 0 28 27 28 28 29 29 30 30 30 31 31 32                
Incremental Water Sold m3/day  112 113 115 116 118 120 121 123 124 126 128 129 

Incremental Water Produced 
m3/da
y  

2
8 

2
7 28 

2
8 

2
9 29 

3
0 

3
0 30 

3
1 

3
1 32 
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Table ( Cont’d) 
Year   2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 

Population No 991 1,004 1,017 1,031 1,044 1,057 1,071 1,085 1,099 1,114 1,128 1,143 1,158 
PopN Served No 963 976 989 1,001 1,014 1,028 1,041 1,054 1,068 1,082 1,096 1,110 1,125 
PopN Served % 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 97% 
PopN Served  per conn No 2.12 2.15 2.18 2.21 2.23 2.26 2.29 2.32 2.35 2.38 2.41 2.45 2.48 
Connections  454 454 454 454 454 454 454 454 454 454 454 454 454 
Domestic Water Demand 100lcd m3/day 96 98 99 100 101 103 104 105 107 108 110 111 112 

               
Non Domestic Connections               
Institutional  No 0 0 0 0 0 0 0 0 0 0 0 0 0 
Demand m3/day 0 0 0 0 0 0 0 0 0 0 0 0 0 
Demand m3/day 0 0 0 0 0 0 0 0 0 0 0 0 0 

Commercial No 8 8 8 8 8 8 8 8 8 8 8 8 8 
Demand M3/day 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Demand m3/day 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

               
Total Non Domestic Demand  2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

               
TOTAL DEMAND m3/day 99 100 101 103 104 105 106 108 109 111 112 113 115 

Water Produced m3/day 131 133 134 136 138 140 142 143 145 147 149 151 153 
Technical Losses m3/day 32 33 33 34 34 35 35 36 36 37 37 38 38 

               
Incremental Water Sold m3/day 131 133 134 136 138 140 142 143 145 147 149 151 153 
Incremental Water Produced m3/day 32 33 33 34 34 35 35 36 36 37 37 38 38 
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D. Condition Assessment 

99. An Trung is a small commune several kilometers to the north of An Lao town. Within this 
commune there are three villages: Village No 5, Village No 6 and Dong Mit Village. Villages 5 and 
6 have an existing gravity-fed system supplied with water from an intake approximately 1.0km 
upstream in the catchment of the Ra Ngam stream. Dong Mit village also has an existing gravity-
fed system supplied with water from an intake in a separate and un-named catchment; refer 
Figure 4 for the overall layout. The water supply systems in Dong Mit, and villages 5 and 6 were 
constructed in 2005, 2006 and 2003, respectively. 

100. The intake in the Ra Ngam catchment is a small weir, which is still in good condition. 
However, there is no screen on the inlet pipe, which leads to a build-up of sediment in the raw 
water mains and causing blockages from time to time. There are two raw water mains running 
from the common intake to a water/filter tank system in each of the Villages 5 and 6. The raw 
water main (DN63) to Village 5 supplies water to a small filter/tank (50m3) at the edge of the 
village. The raw water main (DN90) to Village 6 supplies water to a 60m3 water/filer tank also at 
the edge of the village; at the time of the field visit, the tank was almost dry, and was unable to 
supply adequate water to the households in the village. 

101. A Swiss Red Cross project in 2016, provided 37 of the 39 households in the village with a 
stainless-steel storage tank. The stainless steel tanks permit overnight filling/storage which 
enables an adequate household supply for the next day’s peak demands.  

102. The concrete filter/tanks are structurally sound, but are in need of rehabilitation in terms 
of access cover replacement, replacement of ancillary pipes and valves, replacement of filter 
sand, etc. The raw water mains to both Villages 5 and 6 are in a poor condition, with leaks evident 
along the entire length; the pipes are laid mostly above ground, and joints have been made using 
rubber strips, which also leak excessively under pressure. The distribution mains downstream of 
the storage tanks are in a poor state of repair; once again the pipes are laid on top of the ground, 
and subject to damage from vehicles, etc. Diameters are too small (40mm) and joints and 
attempted repairs leak continuously. None of the villages have any metered connections. In Dong 
Mit village, the source runs dry in the dry season, giving problems of water security for the 71 
households in the village; there is no filter/tank. 

103. There is no provision for any treatment other than basic filtration and storage in the 
concrete filter/tanks for either of the gravity-fed systems. A summary of water quality test results 
of the raw and supplied water are included in Appendic ** for the Ra Ngam mountain stream. The 
results show that the raw water is of good quality with turbidity levels less than detectable. 
However, coliforms were found to be present at levels of 1.5x102 (MPN/100mL) at the intake and 
4.3x101 (MPN/100mL) in the network. The increase in the level of coliforms in the network is 
expected to be due to the ingress of surface pollution in the poorly jointed distribution pipes. The 
presence of coliforms is generally considered to be a potential health hazard, however no E. Coli 
was found indicating no feacal pollution. If the supply is used for drinking, then it should be boiled 
beforehand as a precautionary measure. 

 
104. The existing population in the three villages of An Trung is about 680 people or about 183 
household connections, with about 415 people in Villages 5 and 6, and about 265 people in Dong 
Mit. With the existing connections not metered, it is likely that the consumption is quite high, and 
it is estimated that the ADD will be around 80lcd. At this level, the ADD of the system in Villages 
5 and 6 is about 33m3/day and the ADD for Dong Mit is about 21m3/day, although this
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latter figure may be much less in the dry season when the source runs low. Recorded flows in Ra 
Ngam during April and May 2019 indicate a baseflow of round 18l/sec, which equates to a daily 
flow of 1,555m3/day. At this flow rate, the tanks in Villages 5 and 6 would fill in a little over 1.5 
hours. This flow is far in excess of ADD, and points to the raw water and transmission mains as 
being the main cause of limited supply and low pressure in the system. 

105. Hydraulic model results show that the transmission mains from the intake down to Village 
No. 5 and 6 are theoretically adequate from a hydraulic capacity perspective, but they are in a 
very poor condition which leads to a substantial loss of water, and low pressure or lack of supply 
at the consumer connection in many cases. 

106. It is reported that the gravity systems in all three villages are managed by the village 
communities who arrange for the collection of water bills and arrange for any repairs. 

E. Scope of Design  

107. There are three villages in the proposed service area, Villages 5 and 6, and Dong Mit 
village. They currently have basic rural water supply systems which involve taking raw water from 
the upper reaches of mountainous catchments, conveying it by HDPE pipe to concrete storage 
tanks near the services villages, and then distributing the stored water to households within each 
village. There is already a high coverage rate of around 83%, but the service level is very low in 
terms of pressure and reliability of supply. The target is to provide a reliable water supply of an 
appropriate service level to at least 85% of the households in the three villages. 

1. Required Production Capacity 

108. Based on the water demands the following design parameters will be adopted in the 
design of the project (in line with the An Lao system): 

(i) NRW of 25% maximum; 
(ii) Mean day, maximum month factor of 1.3 ADD; and 
(iii) Peak Hour Demand factor of 1.95 ADD. 

 
109. The projected water production figures for An Trung are detailed in and are summarized 
as follows: (i)  for 2021 - 116m3/day  and (ii) for 2045 - 159m3/day.  

2. Design Standards, Specifications 

110. The project will adopt the following detailed design parameters: 

(i) Pipe materials    - HDPE 
(ii) Domestic Water Quality Standard  - QCVN 02: 2009/BYT 

 

F. Required Production Capacity 

111. The estimated production capacity through to 2045 for An Trung is presented in Table 16.
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Table 16: An Trung Projected Water Production to 2045 

 
 
G. Development of Detailed Scope 

112. The existing weir on the raw water source, Ra Ngam, can be retained, but the project will 
support the required minor rehabilitation to ensure its integrity over the long-term. The un-named 
source upstream of Dong Mit will need to be abandoned, or possibly retained as a stand-by.  

113. In order to ensure there is sufficient pressure provided to all households in all three 
villages, the modelling carried out shows that the distribution system needs to start at a point 
immediately downstream of the intake in the higher reaches of the catchment. This will ensure 
that there is sufficient head in the distribution system. At this point, a concrete storage tank will 
be located with a capacity equivalent to one day’s storage of MDMM (160m3). At a dry season 
flow of around 18l/sec (see Appendix 02), the tank would take around 2.5 hours to fill. 

114. Since all transmission and distribution mains are badly damaged and have insufficient 
hydraulic capacity, it is proposed to adopt a policy of replacement. This will involve a new 
transmission main (DN100) from the storage tank down to Village No 6, from where it branch into 
two distribution mains (DN80) running in either direction to Village 5 and Dong Mit village. New 
service mains will be laid within each village, from which house connections will be made to all 
who have requested such during construction. The connection will include a meter and a service 
main into one room in the house.  Existing storage tanks and mains will be abandoned. 

H. Sanitation: Development of Detailed Scope 

115. To ensure that the proposed increase in water supply to the service area does not create 
any environmental health issues, it is proposed that any premise requiring a water supply 
connection must have a sanitation facility (septic tank or latrine) in accordance with Viet Nam
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standards and  approved by the District Project Management Unit (DPMU), under the Division of 
Infrastructure and Economic Affairs (DIEA).  

V. SOCIAL IMPACT ASSESSMENT  

A. Water and Water Services  

1. Household water sources in project area 

116. Access to clean water is a human right and a key indicator of the level of development in 
an area. The survey findings show that the households of the project area are in need of a 
significant improvement in the quality, quantity, and reliability of their water supplies. Asked about 
the types of water sources used by the household, respondents, especially An Lao, reported they 
use a variety of sources including reticulated tap supply, dug wells, drilled wells/bores, streams 
and rivers, bottled water, and tanker supply. Respondents in An Tan report that they only have 
water from dug wells and bores. In An Trung, survey respondents reported using four of the 
sources noted above. The details for each commune are outlined on table 17. 

 
Table 17: Sources of water for households in the project area 

  An Lao An Tan An Trung Total 

  N % N % N % N % 
Dug well 104 53.6% 66 71.7% 36 81.8% 206 62.4% 

Tap water 92 47.4% 0   0   92 27.9% 

Drilled well 20 10.3% 30 32.6% 0   50 15.2% 

River/stream 14 7.2% 0   36 81.8% 50 15.2% 

Bottled water 25 12.9% 0   2 4.5% 27 8.2% 

Tanker water 13 6.7% 0   1 2.3% 14 4.2% 

Total HHs surveyed 194   92   44   330   

 Source: TRTA Social Survey 
 

117. Households in the project area main reply on shallow dug wells (12-16m deep, costing 2 
million VND per meter), with those in An Trung and An Tan mostly reliant on them. People in An 
Lao town (who have a reticulated tap supply) make almost equal use of wells. The average depth 
of dug wells is about 9.4m and bore wells is about 16.2m. The depth of the shallowest dug well is 
2m and the deepest is 20m. The depth of the shallowest bore is 6m and the deepest is 60m. 
Bores (wells drilled by machine) occur only in An Tan and An Lao. In total 158 (48%) of surveyed 
households have a water pump. 

118. Households in An Trung rely heavily on rivers and streams in the dry season when their 
wells run low. Households in An Lao are more likely than others to be buying and using 
commercially supplied water, either in 20 L containers or from commercial tankers. 13% of 
households use tap water, 35% use water from dug wells and 20% use water from drilled wells 
to say that in the dry season water dries out.
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2. An Lao town 

119. According to those consulted, when the public water system was installed (in 2005 – 2006) 
everyone wanted to connect. Connecting was free of charge but the householder had to pay for 
the water meter and the plumbing from the meter into the house or yard. However, some 
households have since abandoned the use of tap water because of perceived poor 
quality. Current use is mainly for “domestic” purposes, that is, bathing, laundry, cleaning, and 
watering plants. Some use tap water for food preparation and drinking but boil the water first. An 
Lao residents pay for their tap water according to various bands of consumption.  

120. There are not many households using water from bores.  On average a bore must be 
drilled 12-15m to reach water and it costs about 6-8 million VND to complete a successful drilling. 
The quality of well water in An Lao is reported to be clear, though there seems to be no official 
well testing. Currently, there is no official prohibition on digging or drilling new wells, although the 
province provides finance for well checking and rehabilitation as part of its drought prevention 
program. According to locals consulted, not many households have participated in this program 
because they had to pay in advance. Most households buy bottled water, which comes in 20L 
containers, for cooking and drinking in the dry season. A 20L container costs 10,000 VND, and 
on average, a household of 4 people reportedly uses 5 bottles (per week?).   

3. An Tan Commune  

121. An Tan households have access to drilled wells which were bored over 10 years ago. 
Every house has a motor to pump the water up from a depth of 12 m or more. They also have a 
500-1500 L storage tank which will last 1-2 days Tanks cost 2 to 4 million VND. Community 
members consider their bore water quality to be very good, “clear” and “stable supply”. About 15 
- 20 households are reported to be using dug wells which are generally only used when pumps 
are inoperative (e.g. when there is no power).   

122. According to local people from Go Hamlet’s water becomes turbid with alum during heavy 
rain, and this is attributed to contamination from the rice paddy fields close by.  The hamlets of 
Tan An, Tan Lap, Tan Son and Go Don are on higher elevations and are often short of water in 
the dry season, especially in May and June.  

4. An Trung Commune 

123. People at An Trung mainly use water from dug wells and piped water from Ra Ngam 
stream. The latter is a gravity fed filtered but untreated water supply with headworks in a steep 
ravine, and 2 storage tanks of about 10m3 which were constructed by the State about 10 years 
ago. Many people have connected to these, many informally (Figure 13). At the time of survey in 
June, there was reportedly no water in the tanks. 

124. From April to August both stream water and well water supplies run low, and people use 
the river to bathe and wash and buy bottled water for drinking. In the commune, a 20L bottle is 
3,000 VND more expensive than in An Lao about 8km away. In the rainy season, An Trung has 
sufficient water but there are reportedly leaves etc. in the gravity system. To connect to the gravity 
water system from the mountain stream households pay about 20 -30 million VND depending on 
the distance. At present the pipes are falling into disrepair and need replacement.  
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Figure 6: Current Status of Water Supply Infrastructure 

 
a: An Trung gravity supply from stream and b) neighbourhood connections 
  

   
 

5. Water uses in project area 

125. Across the project area, 90% of households report they use only one source of water for 
food preparation/eating and 7% have 2 sources. For drinking water 86% depend upon only one 
source, 11% have sources, and 1% have 3 sources. 94% used one source for bathing, 5% 2 
sources and 1% 3 sources. 

126. 92 of the 104 respondents from An Lao say they have reticulated (tap) water. Among those 
with tap water only 12% use it for drinking and eating, and it essentially gets used only for bathing 
and laundry (table 18). Locals explain that they don’t use it for human consumption because they 
don’t believe it is safe. Moreover, some people believe that the originating water source, the Vo 
River, comes from a catchment which includes irrigated areas, cultivated areas, and livestock 
raising areas, and that residents and users of these upstream areas pollute the river with rubbish, 
pesticides, and chemical fertilizers.   

Table 18: Water uses in communes (%) 

 An Lao (n=194) An Tan (n=92) An Trung (n=44) 

  Drinking 
and 

eating 

Bathing 
and 

washing 

Drinking 
and 

eating 

Bathing 
and 

washing 

Drinking 
and eating 

Bathing 
and 

washing 
Tap water (n=92) 12.0 100      - -  
Dug well (n=206) 100 82.7 100 100 81.8 22.2 
Drilled well (n=49) 100 90 100 100 

  

River/stream (n=19) 13.0 78.6     65.9 97.2 
Bottled water (n=27) 27.2       4.5  0 
Tanker water (n=14) 14.1       2.3  0 

 
127. Table 19 reveals that the near-poor and the poor are more reliant on dug wells and 
streams than the non-poor who have greater access to bore water and are more likely to afford 
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bottled water. Members of ethnic minorities (almost all Hre) are more likely than any other section 
of the population to be using water from streams and rivers (as is the case with the supply at An 
Trung). There appears to be little difference between male and female headed households in 
terms of their sources of drinking water. There is little difference between the different sections of 
communities in the sources of water they use for bathing and washing.  

Table 19: Sources of drinking water for different groups 

Water sources used Survey respondents By head of 
household 

By economic status By ethnicity 

poor near 
poor 

non poor EM HH Non-EM 
HH 

male female 

Tap water  3.5% 2.5% 3.6% 2.8% 3.6% 3.4% 3.0% 

Dug well  61.0% 73.4% 56.4% 63.5% 62.2% 62.1 63.6 
Drilled well/bore 7.8% 10.1% 27.3% 0 22.1% 14.4% 16.7% 
River/stream 9.2% 5.1% 0.3% 16.8% 0.5% 5.7% 6.1% 
Bottled water 7.8% 5.1% 10.9% 8.4% 8.1% 7.6% 10.6% 
Tanker water  5.0% 2.5% 4.5% 3.7% 4.5% 4.2% 4.5% 

 

6. Respondents’ assessment of current water supplies 

128. Generally, the respondents from An Lao rate the reticulated supply (tap) water low. Hence, 
they are dissatisfied with the quality: 82% (75 households) say that the tap water is discoloured, 
10% say that it is “clear but has odor”, and only 9% say that tap water is “clear. 

129. The vast majority of households in the survey using water from wells report that the water 
is "clear and clean". However, the majority of households reported that they have never seen the 
health station staff take samples for testing of well water quality. Due to apparent lack of water 
testing, awareness of water quality among the survey respondents is low and they are left to make 
judgements based upon site smell and taste. As reported by a male interviewee in An Tan  

 " My family just bought water dispenser costing 5.6million VND 5 days ago. On that 
day, the sale staff selling filter equipment and water dispenser came to my 
house. They took one glass of water from the dug well that I was using and then tested 
it in place. After about 10 minutes later, the water changed colour and very turbid, 
yellow, precipitated. I was so scared so I decided to buy their dispenser for 
convenience and family health”.  

130. In the survey, 69% of respondents said their household boils water before using it for 
drinking and 7% use some kind of filtering system. However, 31% drink their water (mostly from 
wells) without boiling. In consultations, locals said that if the water is clear and cool, they will drink 
it directly without boiling, – a practice that is most likely to be a cause of waterborne illnesses. 
Most households also buy bottled water for drinking and food preparation, especially in the dry 
season when wells run low. Like their wells and the reticulated supply, people are not sure about 
the quality of bought water but tend to trust the sellers and producers.
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7. Respondents’ satisfaction with water supplies   

131. Part of the An Lao households’ dissatisfaction with their tap water supply is the price they 
are charged. In discussions they noted that the Province charges them the rate for clean potable 
water, but what they are actually receiving is ‘domestic water’ that’s not suitable for consumption, 
and the quality is worse in the dry season. They note that water prices for poor households are 
subsidized by 1,524 thousand VND/m3 for the first 19m3. Above 19m3 the price is 4000VND 
/m3. The water meters are reported by locals to be inaccurate; the iron pipes are corroding, the 
system is said to be poorly maintained, and the pressure is insufficient. These problems have 
been confirmed by water engineers for the CRIEM project. During the survey the interviewers 
were asked to check the water meters and water flow at each house they visited, and in every 
case the meter appeared to be working and water was flowing from the tap connected to the 
reticulated supply. 

132. Table 20 shows that 82% of respondents report being satisfied that their water supply is 
meeting their daily needs, though men are slightly less satisfied than women. 62% report that they 
have enough water all year round. In terms of substitute supplies, 45% of surveyed poor 
households and 33% of female-headed households reported they had to travel longer distances 
and to different locations to collect water during the dry season; and 32% felt that that water 
availability had declined over the years. 

Table 20: Satisfaction with water supply 

Satisfaction Issues % of respondents saying “yes”   

By economic status By sex of 
respondent 

% Total Male 
headed 

HHs  

Female 
headed 

HHs 

poor near 
poor 

non 
poor 

male female 

water resource meets 
daily needs 

75.9 83.5 88.2 79.1 86.3 81.8 270 82.2 80.3 

sufficient water all 
months in the year 

53.9 62 70.9 55.8 71 61.5 203 61.4 62.1 

more time to fetch 
water in the dry season 

45.4 40.5 30 45.6 28.2 39.1 129 40.5 33.3 

good water quality all 
year round? 

40.4 46.8 48.2 48.1 38.7 44.5 147 45.1 42.4 

water is contaminated  29.8 21.5 20.9 31.6 13.7 82 24.8 25.8 21.2 
resource decreasing  34 36.7 25.5 39.3 19.4 105 31.8 33.3 25.8 
hamlet has unit/team 
to manage water use? 

0 0 0 0.5 0 0.3 1 0.4 0 

Source: TRTA Social Survey 

 
8. Purchasing of water 

133. Apart from those who pay for water from the public supply at An Lao, only 14 households 
(4%) admitted to purchasing water. In the rainy season each household spends an average of 
50,000VND/mth and in the dry season 66,000/mth. However, poor and near poor households
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spend significantly less than non-poor households, and female headed households spend less 
than male headed households. 

134. Only 14 (4%) households surveyed said that they buy water in bulk, mostly in the July-
September (dry) period. All but one is in An Lao. On average, these households pay 153,000 
VND for about 20m3 (i.e. approximately 7,600 VND/m3. People also reported that many 
households commonly buy 20L bottles for drinking or cooking in the dry season and each of 
consume an average of 5-10 bottles/month. 

Table 21: Amount spent on tap water/ month 

  Average 
expenditure for tap 

water - Rainy 
season (VNĐ) 

Average 
expenditure for 
tap water - Dry 
season (VNĐ) 

Poor HH 42,941 56,324 
Near poor HH 43,250 53,125 
Non-poor HH 68,486 80,629 
Male –headed 55,027 67,500 
Female –headed 43,364 53,818 
Male respondent 47,930 60,877 
Female respondent 64,893 75,607 
Total 53,518 65,729 

Source: TRTA Social Survey 
 

9. Volume of water used 

135. Survey respondents were asked to estimate the amount of water their household uses per 
month. Of the 249 respondents who were able to provide an estimate, the average water 
consumption is 10.5 m³ per month, with poor households using an average of 10.0 m³ /month, 
the near-poor 11 m³/month, and the non-poor 10.9 m³ /month. Respondents from An Lao Town 
and An Tan said they averaged 11 m³ / month while those in An Trung average significantly less 
at 6.8 m³/month (see table 22). Overall approximately 19% of households use less than 5 m³.  

136. Of the 76 An Lao householders in the survey who were able to tell the interviewer the 
amount of reticulated tap water they used, the average in the dry season is 14.7m3/ month7 . 
Based upon what people in An Tan said about the consumption in general, the best we can say 
is that they typically consume in the order of 11 to 15 m³ (or more) per month. (see table 31) 

137.  There is a direct correlation between economic status and the amount of tap water 
consumed in both the dry and wet seasons at An Lao., i.e., non-poor households use more tap 
water than low-income households.  There is not much difference between female and male 
headed households in terms of use of tap water. The overall tap water situation is presented on 
table 22 for both the dry and wet seasons.

 
 

7 Based on inspection of the household’s monthly invoice from the water supply and sanitation unit. 
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Table 22: Estimated household water use per month (cubic metres) 
Commune Mean N 
An Lão town 11.02 126 
An Tân 11.05 92 
An Trung 6.81 31 
Social poverty status   
Poor 10.01 111 
Near poor 10.98 56 
Non poor 10.85 82 
Total 10.51 249 

   Source TRTA Social Survey 
 

Table 23: Volume of tap water consumed per month (in cubic meters) 
  Percentage of respondents  

By economic status by sex of 
Respondent 

male 
headed 

HHs 

female 
headed 

HHs 

Total 
respondents 

poor near 
poor 

non-
poor 

male female 

Rainy Season % 9.6 13.0 14.9 11.9 13.0 12.3 12 12.3 
N 32 15 29 51 25 64 12 76 
Dry season % 12.5 13.9 17.6 14.8 14.6 15.0 13.1 14.7 
N 32 15 29 51 25 64 12 76 

Source TRTA Social Survey 
 

10. Home water systems 

138. Respondents were asked if they had a water tank, and if so, what its volume is. 182 said 
they have a tank, and these range from 100 litres to 10,000 litres, though the most common sizes 
are 1000 litres (61% of tanks) and 500 litres (22%). In terms of use of pumps, 158 (48%) of survey 
households use a water pump almost all in association with a well or bore. A third of dug well 
users, and half of drilled well users say they do not have a pump. Both these pieces of equipment 
are considered relatively expensive and often beyond the means of the poor. 

11. Fetching water  

139. Just under two thirds of respondents (211) reported that their households have to fetch 
/carry water from somewhere away from their homes. Poor households are more likely to have to 
fetch water and spend more time doing it than the near poor and non-poor households. During 
the driest months (may June, July), over 90% of households have to fetch water - typically 2 to 3 
times per day. It takes on average 16 minutes per round trip to collect the water. The survey 
indicates that men are more likely do the job of fetching water than women, with two thirds 
reporting that males fetch water, and just over half reporting that females do this work
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Table 24: Travel time to Water source and frequency of water collection 

  Percentage of respondents Total 
By economic status Sex of 

respondent 
male 

headed 
HHs 

female 
headed 

HHs poor near 
poor 

non-
poor 

male female 

Travel time to water source (n=211)  

Average minutes 17.4 16.9 14.7 17.2 15.4 16.63 15.66 16.4 
 N 87 58 66 123 88 170 41 211 

Water carrying trips per day  

Average trips 2.4 2.4 2.5 2.4 2.5 2.4 2.4 2.4 

Source: TRTA Social Survey  
 

12. Responses to water shortages 

140. As noted, a significant number of households in the project area experience water 
shortages in the dry season. The most common is among well users of whom 35% report 
shortages, followed 20% of bore waters, and 13% of tap water users. Asked what they do to meet 
their water needs when there are shortages 23% said they buy water, 6% use water from a 
stream, pond or lake, 7% use rainwater, 5% fetch water from a relative’s, neighbor’s or friend’s 
supply (well or bore), and 2% said they do nothing. Of the 211 who answered, 138 (49%) fetch 
and carry water from a river or stream, and 72 (29%) fetch water from a bore – presumably from 
a public source (e.g. a school) or a private source elsewhere. 

141. Purchasing water is the most likely response to water shortage regardless of location 
and socio-economic status, followed by use of streams and other surface water bodies, and 
almost equally, getting water from neighbors, relatives and friends. 

 
B. Health problems 

142. Some households in the project area face various difficulties and costs with water 
supplies especially in the dry season, including water shortages and empty wells, having to fetch 
and carrying water, having to buy water, and having to paying for tap water that is of insufficient 
quality. Furthermore, to ensure water security, households need to pay for wells to be dug or 
drilled, buy pumps, build tanks or buy stainless steel tanks at their houses in order to store water, 
and boil water before consuming it. On top of this, they are not clear about the safety or otherwise 
of the water they and their families are using on a day to day basis, including its potential to cause 
health problems. 

Table 25: Water-borne disease occurrence in household in previous 12 months 
  Reported 

cases 
% of HH in 
survey 

Skin condition in an adult 55 16.6% 
Conjunctivitis in an adult 15 4.5% 
Diarrhoea in an adult 2 0.6% 
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  Reported 
cases 

% of HH in 
survey 

Skin condition in a child 27 8.2% 
Conjunctivitis in a child 3 1.0% 
Diarrhoea in a child 0 0.0% 

Source:  TRTA Social Survey 
 

143. Survey respondents were asked about the occurrence of various illnesses and diseases 
in the previous 12 months, including conditions that are commonly associated with water 
problems. Altogether 63 respondents (19%) reported one of the listed health conditions in the 
survey, but only some of these related to water. Table 25 gives a breakdown of the incidence of 
water-borne illnesses, assuming that non-reporting equates with non-occurrence. It shows that 
there were relatively few incidents of water-borne illness in the participating households; that 
adults are more affected than children; and that skin conditions are the most common, followed 
by conjunctivitis (pink eye and other conditions). The cost for medical examination and treatment 
was covered by health insurance in almost all cases. No incidences of parasites, typhoid fever, 
or cholera among children or adults were reported by the survey participants. 

1. Demand for New and Improved Water Services 

a. Demand for connection 

144. The purpose of the current project is to provide reticulated clean reliable and affordable 
potable water throughout the three candidate communities in An Lao District. This will mean a 
significant increase in the number of households that can be connected to the water supply 
system. Survey respondents were asked in both the survey and the consultations in the target 
communities if they were interested in connecting to the new supply network. Three quarters of 
those surveyed (249 households) said that they would connect if there is a water supply system 
that is safe, and meets the quality requirements of the Ministry of Health Ministry of Health. In An 
Tan commune every household survey said that they would connect to such a system; in An 
Trung commune 70.5% would connect; and in An Lao town 64.9% said they would connect. In 
terms of socio-economic status 78.7% of the poor households said they would connect, 74.5% or 
the non-poor, and 70.9% of the near-poor see (Figure 7). There is relatively little difference in the 
likelihood of connecting between the different socio-economic groups. However, those who 
already have a connection to a reticulated supply seem less enthusiastic than others. 

145. Community consultations in An Lao Town suggest that the majority want an improved 
water supply because the existing system has degraded to the point where they consider the 
water to be “domestic water”, not clean potable water. They say they are willing to pay their water 
bill according to Provincial regulations, but the water charge /tariff should be appropriate for each 
consumer and based on meter readings on a specific date, and that the water delivered should 
be potable. As the members of the male discussion group in An Lao said 
 

 “People will afford a connection if it costs 1-2 million, but water quality is important. At 
first, when the water plant was installed, not many people registered for a 
connection. After that, many used the water and so more and more people 
registered. But now the water quality is not good and the way of reading meters is not 
correct, so many households have given up using the tap water supply.
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Figure 7: Connection Demand by Town and HH Status 

  
Note: “Tong” = total 
 

146. Community consultations in An Tan commune indicate that the demand for a water 
supply is high in the more elevated areas where water usually runs out in the dry season. This 
includes the hamlets of Tan An, Tan Lap, Tan Son, and Go Don. In lower areas, where well water 
supply is adequate and water quality is reportedly acceptable, the interest in connecting to a new 
system will be less. Those involved in the discussions said that they like the convenience of being 
able to turn on the tap and have water instantly available, and they will lose their confidence in a 
system if this doesn’t happen. People are willing to pay for connection providing there is sufficient 
water and it’s of good quality. Connection costs will be offset by the convenience of reticulated 
water, and not having to pay for and run tanks and water pumps. The village chief advised 
that ordinary people can afford a tariff of 100.000 VND per month while poor households can 
afford half that. 

147. As outlined in previous sections, An Trung commune has many Hre ethnic minority 
households who have multiple disadvantages. In consultations in the commune people said that 
if people have to pay for the connection then every household will need to be surveyed to see if 
they can afford the connection cost and the water tariff. Only then will be possible to know how 
many people will connect to a new water supply. As the female discussion group in Hamlet 5 
said in relation to cost 

“If the project supports households to pay [any connection charge] in quarterly 
instalments, the people will try to pay. But the project needs to be constructed in a 
good manner. If people find that the project is constructed well and water quality is 
good and sufficient supply then they will use supplied water.”  

148. Asked about why people said in the survey that they would not connect, the main reasons 
given by An Lao town and An Trung respondents were: 
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(i) already have a stable water system (76.8%),  
(ii) do not have money to pay for monthly water bills (13.4%) 
(iii) they will wait until there is an operating system (8.5%),  
(iv) do not believe in the success or eventuality of the project (1.2%). 

 
2. Decision making 

149. In addition to asking about gender roles survey respondents were asked about who in 
the household would make the decisions relating to connecting to a new or improved water supply 
system. Both husband and wife will decide on the connection in 71.9% of cases, 13.3% say that 
the husband will decide, and in 9.2% of cases the wife will decide. 

3. Affordability of new water supply  

150. The affordability of a new water supply is one of the conditions of households before 
they’d be willing to connect, as noted in the comments from the community consultations. 
Because an important part of project planning has been consideration of the ability of new and 
improved water supplies to be self-funding, special attention was paid in the household survey 
about people's willingness to pay for connecting to a new water supply system and willingness to 
pay for the water used. Affordability in the survey is was taken to be the highest payment that the 
household would accept.  

a. Water Connection 

151. Of the households who say they would connect to the new supply system, 96.4% can 
pay less than 1 million VND to connect, 2% can pay from 1- 1.5 million, and 1.6% would pay by 
contributing labor for the construction. The lowest maximum any household can afford for a 
connection is approximately 568,000 VND. The report that their ability to pay has been heavily 
affected by diseases and droughts, and the rising cost of living in recent years. But their incomes 
haven’t increased. Poor and vulnerable households will have the most difficulty in paying to 
connect, and yet have most need of better access to better quality water. If the cost of connecting 
is in the order of 15 to 20% of the household’s monthly income, as it could be for the poor, it will 
be very difficult for them to find the money. The consequences of reducing their monthly 
expenditure on other needs could be quite negative. Both poor and better off households 
recommended that the project provide access to credit to enable the less better off to pay the 
connection cost over an extended period of time. Current project proposals provide for this for all 
households that connect. 

b. Water charges  

152. Among those who said that they would connect to a new supply, 86.3% say that they 
could afford a monthly water tariff of less than 100,000 VND and 0.8% could afford from 1 to 1.5 
million VND, Thirteen percent say they would pay according to their actual use. The smallest 
maximum that a household can pay is VND 59,700 VND per month.  In terms of the per cubic 
metre cost of water used, 95.2% of respondents said they would pay 8,000VND/m3, 2.8% will pay 
from VND 8,100 - VND 10,000, and 2% will pay over VND 12,000/m3. The lowest amount that 
any household said they could afford is 4,800VND/ m3.



50 

 

C. Household and community attitudes to the proposed project  

153. Survey respondents were asked what things they saw as most important in a new or 
improved water supply system. For a clear majority the most important things are the time it takes 
to connect to the system (81%), the cost of connecting (78%), and the quality of the water it 
delivers (77%). Next most important is the attitude of the staff providing services to the consumers, 
(35%), the water pressure (30%), having the tariff set at a level similar to the present (28%), the 
water supply hours (19%), and the level and quality of maintenance (17%). The majority of 
respondents (83%) felt that the planned water supplies should be managed and operated by a 
water supply company rather than the district government (16%) or the commune 1%). 

154. Asked about the proposed water services developments in the three target communities, 
the respondents generally expressed very favourable views, with 80% recommending that the 
project should be implemented soon and 82% being somewhat more impatient saying they would 
like to see installation of the system occur as soon as possible.  At the same time  

(i) 78% want to see a reasonable connection price,  
(ii) 77% want guaranteed high-quality water, 
(iii) 41%. think that the project should minimise the number of negatively affected 

households (if any), 
(iv) 32% want to see a reasonable water tariff, 
(v) 29% believe the project should support vulnerable households, 
(vi) 18% want to see the works and infrastructure guaranteed, and 
(vii) 15% are keen that those who loose assets or who have property damage to the 

works are properly compensated. 
 

155. These priorities are evident in comments made in male discussion group in a hamlet in 
An Tan: 

 “The project should be implemented on schedule, quickly, the quality of the works 
and the quality of the water supply should be high. But at the end of the survey if the 
project doesn’t go ahead, then people will lose faith”. 

156. In various ways the survey respondents and the participating communities indicated that 
in order for the project to be feasible and to be successfully implemented it was important to have 
good quality communication and community awareness raising about the project. For good 
communication to occur, project planners and implementation staff need to know which 
communication channels are most appropriate and effective for the local populations. Much 
current communication takes place close to the community, such as announcements through 
loudspeaker systems in each village and through meetings at the grassroots level. As can be 
seen on table 26, these methods are favored for communicating about the project.
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Table 26: Preferred communication methods 

Communication method responses 
N 

% of 
respondent

s 
Meetings 291 88.2% 
public address/speaker system 287 87.0% 
Chief of village 282 85.5% 
TV 271 82.1% 
internet / newspaper / radio / internet 199 60.3% 
 women’s association 143 43.3% 
local communicator 57 17.3% 
drama-theatre 44 13.3% 
poster & graphics 24 7.3% 
Leaflets 23 7.0% 
Total responses  1621  

 Source: TRTA Social Survey  
 

D. Conclusions  

157. The GoV has policies for assisting the poor and disadvantaged, and these are like being 
applied in Binh Dinh province and in An Lao district. Every household interviewed for the PSA 
survey is classified as either poor, near poor, or non-poor. No one appears to be classified as 
extremely poor. The classifications are based upon multiple factors that make up multidimensional 
poverty. An Lao District is rural and relatively poor compared with other districts in the Province. 

158. There is a clear relationship between ethnicity and household economic status in this An 
Lao subproject area. The household survey shows that poverty is directly correlated with 
membership of an EM (Spearman Correlation 0.4; significance p<0.0001), and this holds 
regardless of residence. 72% of EM households in the survey are classified as poor and 15% 
near-poor. The survey also shows that other factors that contribute to vulnerability do not seem 
to relate closely to economic status: for instance, being a female-headed household or having 
disabled adult members in the household do not directly correlate with being poor.  

159. To a large extent the vulnerability of poor people and members of ethnic minorities is 
associated with the climate, and particularly the lack of water for domestic consumption and 
agriculture during the dry season. EM households tend to be farming poorer drier land which is 
only capable of producing one rice crop per annum, and are highly reliant on day laboring to 
sustain their livelihoods. Many people across the communities, and especially EM households, 
want to see more planning for and responses to climate change and its effects on their livelihoods 
and health. 

160. The sub-project area, as might be expected given the focus of the CRIEM project, has 
relatively high numbers of members of ethnic minorities who together make up our third of all 
households.  These households are almost all Hre, and they are concentrated in An Trung and in
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An Lao town. An Trung, which is an EM commune, is physically and socially separate from the 
Kinh cultural majority, and has fewer services and inferior infrastructure compared to other areas.  

161. When asked about their development priorities the people of An Trung expressed a 
preference for an upgrading of health stations, improved roads, and a centralized water supply 
system. When looking at the poor as a group, their preferences are for a waste collection system 
and a centralized water supply, and while the near-poor also prioritize improvement to roads.  

162. Women respondents report a clear preference for a new water supply system. Without 
some form of intervention (such as the CRIEM project) it’s unlikely that these disadvantaged 
households will gain access to the kinds of infrastructure and service improvements that are 
needed to raise their living standard. 

163. There is already considerable dissatisfaction in the target communities with the quality 
and quantity of water available from most sources, especially in the dry season. Construction of 
a reliable, resilient, up to date water treatment and supply system that delivers potable water is a 
highly desirable development for local households and leaders.  

E. Impact Assessment  

1. Long-term Benefits 

164. The project will improve the quality of lives of people in the rural An Lao district where 
there are high numbers of disadvantaged households who lack reliable access to water for human 
use and who want the situation to change. These households are also especially vulnerable to 
droughts which may become more intense and longer lasting with climate change, and which 
exacerbate their disadvantage. During droughts, many local households run low on well water 
and have to purchase bottled water and/or carry it from sources away from the home and then 
boil it. This adds to the burden of work for the ordinary household member, especially elderly 
people, and increases the demand on already limited incomes. 

165. The improvement in local people’s social and economic circumstances (and avoidance 
of the potential negative consequences of future climate change) will be achieved by providing 
community-wide access to sufficient, affordable, and clean potable water. For a variety of 
reasons, such access is limited at present. The means for achieving a significant improvement in 
wellbeing and local standard of living will be the provision of well-designed and operated 
reticulated water supplies for (a) An Lao town together with An Tan Commune and (b) An Trung 
commune. The two water supply schemes are being designed for the long- term needs of the 
communities (i.e., through to 2045 – see Section 1.2.1), when climate change will be taking effect 
on existing domestic water resources. Along with reliable supplies and new water infrastructure, 
the project will introduce new management arrangements and attempt to make the systems 
resilient and self-funding. 

166. Previous sections of this report show that there is already considerable dissatisfaction in 
the target communities with the quality and quantity of the water available, especially in the dry 
season, and that having a centralized well-managed and reliable water supply system is seen by 
the community as the highest development priority for local households. Even those who are 
connected to the existing reticulated system are dissatisfied with its performance and want to see 
the current and future situation improve.
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167. By 2045, 5,798 households with up to approximately 22,000 members, are expected to 
connect to, and therefore gain the benefits of, the proposed An Lao scheme. For the An Trung 
water supply, 308 households, representing around 1,200 members of the Hre EM, are expected 
to connect. These people are the least well served in terms of all year full-time access to potable 
water, and at the same time are among the least well off, and therefore are concerned that any 
water supply system has to be affordable both in terms of the cost of connecting and the water 
tariff. To avoid continued marginalization and institutionalized disadvantage for EM people, the 
proposed scheme improvements for An Trung need to be of the same standard being proposed 
for An Lao town and An Tan 

168. The project will encourage households to connect to the land reticulated water supplies, 
and therefore access the associated benefits, by providing connections and water meters free of 
any upfront charge. Householders will however have to pay for their water consumption. These 
potential consumers have indicated that they are willing to pay for water and the cost of connecting 
to the system, providing that it actually delivers water at sufficient quality and quantity. Some 
proposed that there be a time payment system for the connection cost, which is consistent with 
proposals for the charging regime. 

169. Based on data from the household survey, consultations with key persons and FG 
discussions. the key benefits to the households that connect to the reticulated water supplies will 
be: 

(i) Improved water security, which will reduce the worries and stresses of those who 
run out of home-supply water in the dry season and are forced to use other water 
resources, including streams, to purchase bottled water, and to ration their use of 
available resources; 

(ii) Reduced seasonal workloads for those who have to fetch water from wells or 
streams elsewhere. The benefits come in time-saving and by eliminating the 
physically demanding work of carrying water especially in the heat of the day; 

(iii) Savings from not having to purchase bottled or tanker water, and to purchase fuel 
for boiling water; 

(iv) Reduction in health risks and water related sicknesses by having treated clean 
water for drinking, food preparation, and bathing (especially of children), and the 
associated monetary savings on publicly and privately provided medical 
treatments, medicines, travel costs for attending clinics etc, and loss of income due 
to time off work; 

(v) Improvements in personal and household hygiene by having a reliable clean water 
supply close at hand, more sanitary toileting, and not having to travel to rivers and 
streams for bathing and doing laundry;  

(vi) reduction in damage to clothing from washing in discolored water; and 
(vii) potential increases in the value of their homes and properties. 

 
170. These benefits are evident in the expectations of the local households which were 
canvassed in the survey and presented in disaggregated form on table 35. 

171. Social benefits will include a reduction in the current inequality between the better off 
Kinh community and ethnic minority communities, especially the Hre. The latter tend to have lower 
quality housing that lacks adequate toilet facilities, and therefore exposes them more to the risk 
of disease and, at the same time, have lower access to key services. A dependable and good-
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quality water supply is essential infrastructure for achieving more balanced development and 
access to a better quality of life across the community. EM community members also are keen 
for an improvement in local roads, and access to better health stations/clinics and better schools 
to improve their situations.  

172. There will also be institutional and community-wide benefits by having the water supply 
systems run by a specialist professional water supply and sanitation unit which will bring greater 
proficiency, technical capability, and efficiency to the operation of the water infrastructure. This is 
supported by local communities and, if implemented, will improve general confidence in the supply 
network, will encourage skeptical households to connect, and greatly enhance the network’s 
physical and financial sustainability.   

2. Local employment opportunities and benefits 

173. During construction and installation of the water supplies, there will be opportunities for 
local people to be employed on the project as skilled, semiskilled or unskilled workers. It is 
expected that the more technically demanding jobs will be carried out by professionals and 
specialists who will come from outside the district. The number of people required for the 
construction is not yet known. 

174. The proposed water schemes are comparatively modest in scale, and not expected not 
require the use of a much heavy machinery. While equipment and personnel choices will be made 
by the contractor/s, they should be actively encouraged to employ local people to construct the 
system, especially the installation supply pipes etc. As noted during consultations, local people 
have manual and mechanical skills. For example, in their farm and forestry work many regularly 
operate and maintain small-scale machinery such as mechanical cultivators, tractors, chainsaws, 
and various kinds of motor vehicles, and they are familiar with the work of building and maintaining 
paddy fields and irrigation systems.   

175. Participants in the focus group discussions and consultations said they would like 
employed on the project if possible, e.g.  

“there is often a demand for labor during project construction. Because there is not 
much employment locally, they will want to get work on the project”. (An Trung 
Commune) 
 
“ local people are looking for work because they have got a lot of free time. They want 
to be in employment. ( An Tân Commune) 

 

176. Both men and woman are interested in getting work on the project, and have hopes of 
possibly being able to earn 200,000 - 250,000 VND per day. 



55 
 

 

Table 27: Expected Benefits from improved water supply 

 Content 
  

  Economic class Key respondent Household head Ethnicity Commune/town Total 

  poor near 
poor 

non-
poor 

male female Male 
HH 

Female 
HH 

Kinh Hre Ba Na An Lão An Tân An 
Trung 

 

Improve living conditions 
(Create a hygienic & 
convenient environment for 
household) 

N 141 76 106 201 122 258 65 217 105 1 190 92 43 325 

% 100% 97.4% 100% 99.0% 100.0% 99.2% 100% 100% 98.1% 100 99.5% 100% 97.7% 99.4% 

There will be enough water 
to meet the needs of the 
household  

N 134 74 105 195 118 248 65 213 99 1 183 91 39 313 

% 95.0% 93.7% 98.1% 95.1% 96.7% 94.7% 100.0% 97.3% 92.5% 100 95.8% 98.9% 88.6% 95.7% 
The quality of water 
resources is guaranteed 

N 129 73 103 190 115 243 62 208 96 1 178 89 38 305 

% 92.1% 93.6% 96.3% 93.1% 95.0% 93.5% 95.4% 95.0% 91.4% 100 93.2% 96.7% 90.5% 93.8% 
Save time (Not go to get 
water) 

N 73 33 39 99 46 117 28 85 59 1 118 17 10 145 

% 53.3% 43.4% 36.4% 49.7% 38.0% 45.9% 43.1% 38.8% 59.0% 100 61.8% 18.5% 27.0% 45.3% 
Reduce sickness and 
diseases  

N 53 37 36 83 43 104 22 92 34 0 79 37 10 126 
% 39.6% 48.7% 34.0% 42.6% 35.5% 41.4% 33.8% 42.2% 35.1% 0.0% 41.6% 40.7% 28.6% 39.9% 

Improved physical hygiene 
(bathing, washing) 

N 31 12 24 43 24 51 16 31 35 1 40 6 21 67 

% 23.1% 15.8% 22.6% 22.1% 19.8% 20.3% 24.6% 14.2% 36.1% 100 21.1% 6.6% 60.0% 21.2% 
Not buying water at a high 
price for drinking and eating 

N 18 10 26 20 34 42 12 51 3 0 9 44 1 54 

% 13.1% 13.2% 24.3% 10.1% 28.1% 16.5% 18.5% 23.3% 3.0% 0.0% 4.7% 47.8% 2.7% 16.9% 

White clothes are not 
stained  

N 19 11 23 23 30 43 10 46 7 0 11 42 0 53 

% 14.2% 14.5% 21.7% 11.8% 24.8% 17.1% 15.4% 21.1% 7.2% 0.0% 5.8% 46.2% 0.0% 16.8% 
Facilities/bathroom/toilet 
are not stained   

N 11 14 10 18 17 28 7 30 5 0 31 0 4 35 

% 8.0% 18.4% 9.3% 9.0% 14.0% 11.0% 10.8% 13.7% 5.0% 0.0% 16.2% 0.0% 10.8% 10.9% 
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177. There will be several benefits to a construction contractor and the community from 
employing local workers for the installation of the water supply, including 

(i) it avoids the need for finding accommodation that would be required if there were 
an outside workforce. This not only reduces construction costs but it also avoids 
the potential social problems that can occur when with an outside construction 
workforce is based in a rural area.  

(ii) local workers, their families, and their neighbors will have a direct stake in the 
success of the project and therefore will be able to influence work standard and 
avoid unnecessary damage to property; 

(iii) local households and families benefit from the wages paid, and at least for a period, 
reduces the income poverty that so prevalent in the local communities.  

(iv) it helps build a local body of skills and understanding that can be applied to the 
ongoing operation and maintenance of the water supply system, and for further 
extension or development of the supply infrastructure. 

 
3.    Negative impacts & risks 

a. Construction phase 

178. Building new linear or network infrastructure such as a reticulated water supply, often 
involves earthworks, disruption to people’s lives, inconvenience and other physical effects (such 
as noise and dust) and the presence of workers moving through properties and neighborhoods. 
There can also be loss of property through land acquisition for the system infrastructure, and 
planned and accidental damage to private assets such as structures, gardens crops etc. which 
can significantly alter people circumstances.  

179. Fortunately, the planned An Lao water supply schemes will cause only minor effects on 
the local communities because the infrastructure will be placed within the rights of way of public 
roads. Hence, they will not require the acquisition of private or institutional property. During the 
trenching and placement of the supply mains, adjacent homes will temporarily experience 
additional daytime noise, dust, vehicle fumes, disrupted access to their yards, and the presence 
on the street of construction workers who may be outsiders to the community. None of these 
effects is expected to be problematic unless there are localized construction difficulties or 
behavior issues.  

180. No relocation or land acquisition is anticipated, although 32 households and 12 
organizations will be marginally affected by the loss of or damage to fencing, concrete yards, and 
trees and shrubs. For the An Trung scheme 18 households and 2 institutions could be affected 
by minor damage to concreted yards and disruption to property access. Many households will be 
affected by the loss of trees and shrubs - typically those adjacent to the roadway. The value of 
these losses, and procedure for compensating and managing them, are presented in the REMDP 
report. 

4. Issues relevant to the project 

a. Cultural fit  

181. The Hre people are culturally predisposed to establishing and using clean water supplies 
to their villages, and prior to colonization by the French and then the Kinh, built and maintained
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their own infrastructure using natural materials. In theory the Hre people should welcome the 
proposed new water supply schemes, especially at An Trung. 

182. However, there are several potential barriers to the uptake of the project among the Hre. 
The first is the people’s expressed lack of trust in the water supply system and the water that’s 
being offered. The second is the cost (if any) of connecting the house and property to the network 
and then the ongoing cost of the water itself.  

183. Lack of trust or confidence in the institutions that create and operate such rural 
infrastructure may also have a sociological or structural aspect especially when it comes to the 
EM. The Hre as a people have only recently begun to be assimilated into the Vietnamese state 
and subsumed by the cultural majority, which they had previously been in active opposition to. 
While nowadays relations are good between the Kinh majority and the Hre, and the state is 
actively working to improve their living standard and take them out of poverty, EM people are 
conscious of their ongoing marginality and disadvantage.  

184. It is therefore vital that the WSSU as future manager/operator become familiar with and 
develop a close working relationship with their local consumers (especially the Hre) and employ 
the services of a specialist stakeholder and community engagement officer to assist them in this 
process. 

185. The success of the proposed water supply will be aided by proactive involvement of 
Hre/An Trung in the redesign, construction, management, and monitoring of their water supply. 
This includes the provision of employment for both men and woman in constructing and 
implementing the water supply system, and providing opportunities for them to acquire a degree 
of skill in doing so. With good quality, transparent monitoring, open distribution of the results of 
water tests, and proactive maintenance of the system, confidence will be built and maintained, 
and there will be a good consumer base who are willing to pay. 

186. The same applies to householders in An Lao town where the operators of a new or 
restored water supply scheme will need to win back the confidence of consumers who see the 
current water supply as of a lower quality and standard than what they originally signed up for 
and continue to pay for. The WSSU operator currently has customer services staff and extensive 
experience in building consumer relationships and confidence.  

187. To ensure the vulnerable groups get the full benefits of the project and/or to avoid 
adverse impacts on vulnerable groups during project construction and operation, it is necessary 
to encourage them to participate in all project implementation processes, at the same time, launch 
IEC campaigns, training workshops and develop income restoration programs that allow local 
communities, especially vulnerable groups not only sufficient access to basic project information, 
but also participation in project preparation and implementation, so that they can benefit directly 
from the project, but improving their lives and living condition. 

VI. COST ESTIMATES 

A. Bill of Quantities 

188. Based on the design for both of the networks A detailed bill of quantities was prepared 
and costed using Binh Dinh cost norms – see Appendix 7
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B. Cost Estimates 

189. Based on the preliminary design and the bill of quantities the total estimated budget is 
$1.23 million before tax and $1.35 million inclusive tax.  The majority of this cost is required for 
the An Lao small town network which is estimated to cost $1.23 million – See Table 28. 

Table 28: Estimated Investment Costs (US $) 

  

 
Totals  

USD – Excluding tax 
Total Costs  

USD – Including Tax 

Items AN LAO AN TRUNG TOTAL AN LAO AN TRUNG Total 
Land Acquisition and 
Compensation Costs        12,100 

Construction Works Costs 829,988 73,971 903,958 912,987 81,368 994,354 
Project Management cost 28,408 2,532 30,939 31,248 2,785 34,033 
Consulting Services cost 104,037 13,865 117,902 114,441 15,252 129,693 
Others 55,724 8,549 64,273 61,297 9,404 70,701 
Contingency  101,816 9,892 111,707 111,997 10,881 122,878 

Total cost 1,119,973  108,808  1,228,781  1,231,970  119,689  1,351,659 
 

VII. SUBPROJECT OPERATION AND MANAGEMENT 

A. Operational Responsibility and Costs  

190. The current operation of schemes is assigned to a District PMU that has assumed 
management responsibility after the district unit for transport, solid waste and sanitation was 
equitized. The water supply schemes were excluded from this equitization. The current operation 
has been unable to develop a viable scheme with only 30% of households in the service area 
connected, consumer reports of poor water quality and service standards and deteriorating 
operational and managerial standards for the assets. Currently the legal status of this entity and 
the managerial, technical and financial systems are not considered adequate.   

191. The Binh Dinh PPC as assigned the operation of the scheme to the Binh Dinh Water 
Supply and Sanitation Unit of DARD (WSSU).  The scheme assets are vested in the Provincial 
Peoples Committee who have approved and notified the transfer of the operation and 
management of the assets to the WSSU.  

192. The Binh Dinh Center for Rural Water Supply and Sanitation (WSSU) is a non-business 
unit under the Department of Agriculture and Rural Development. Its duty is to provide clean water 
and environmental sanitation to rural areas. It has legal status, its own stamp, prepares its own 
accounts and operates by raising revenue from which it is able to recover all its operating costs 
and 20% of its depreciation charge.  WSSU is currently managing and operating 7 water supply 
systems. In 2018 it generated a surplus of VND 2,153 million. 

193. Its main responsibilities are to:
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(i) Participate in planning, plans, programs, projects and mechanisms and policies on 

rural clean water supply and environmental sanitation in the province. 
(ii) Organizing implementation of projects after being approved by competent 

authorities. 
(iii) Managing investment projects involving construction of water supply and 

environmental sanitation facilities in rural areas. 
(iv)  competent authorities and organizing the supply of clean water according to the 

prices approved by the provincial People's Committee. 
(v) Coordinate with associations and unions to provide information and raise 

awareness of rural people on the use of clean water and environmental sanitation.  
(vi) Build and replicate models to increase access to clean water, reduce pollution and 

improve rural environmental sanitation. 
(vii) Directly organize the implementation of the National Target Program on rural clean 

water and sanitation in the province within the scope of responsibilities and 
competence of the Department of Agriculture and Rural Development. 

(viii) Undertake research and where possible transfer the benefits of scientific and 
technological advances in the field of rural clean water and environmental 
sanitation. 

(ix) Provide guidance, advice on professional skills and training to improve the capacity 
of rural clean water and environmental sanitation apparatus at district and 
commune levels. 

(x) Cooperate with domestic and foreign organizations and individuals in rural water 
supply and environmental sanitation in accordance with the law. 

(xi) Prepare statistics, review, summarize, evaluate and report on the implementation 
of the Center's tasks within the Department of Agriculture and Rural Development 
and its relevant agencies. 

(xii) Building and managing provincial database on rural clean water supply and 
environmental sanitation. 

(xiii) Manage the organization and payroll; implement the salary regime and policies on 
remuneration; reward and discipline officials and employees of the Center as 
required. 

(xiv) Managing the assets assigned to it according to the provisions of law. 
(xv) Perform other tasks assigned or authorized by the Director of Department of 

Agriculture and Rural Development. 
 

194. Operational costs have been estimated based on Phu Cat - the most comparable 
scheme currently operated by the WSSU. Based on the costs per m3 produced the operational 
costs of An Lao and An Trung water supply networks are estimated to be VND 3117 (2018) or 
VND 3,603 (2021) and VND 534 (2018) and VND 617 (20210) respectively – see table 29.  
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Table 29: Estimation of O&M Costs WSSU Phu Cat Scheme Costs - 2018 
      Phu Cat 2018    
 Actual Volume Produced m3 1,551,970   
 Revenue Water m3 1,193,508   
 Non Revenue Water m3 358,462   
Rev Revenues Dong 6,977,512,238   
 Operating Costs     
1 Direct Cost Dong 1,737,236,627   
1.1 Electricity Dong 1,278,920,602   
1.2 Chemicals     
 Chlorine Dong 86,200,000   
 Sodium Hydroxide Dong 214,756,880   
 Poly Aluminium Chloride Dong 157,359,145   
1.3 Other Materials Dong     
2 Labour Dong 859,754,557   
3 General Cost*  1,745,365,783   
 Capital Cost Dong 102,082,435,044   
 Depreciation Dong 3,523,742,861   
3.1 20% of Depreciation  709,856,792   
4 Selling Cost  569,035,500   
5=1+2+3+4 TOTAL Dong 4,911,392,467   
6 Savings Dong -36,614,417   
7 Management Costs Dong 850,488,408   
      
8=5+6+7 TOTAL COST Dong 5,725,266,458   
      
Rev - 8 SURPLUS/-DEFICIT Dong 1,252,245,780     

 *includes 20% of the depreciation cost.    
      
Utilization An Lao O&M Costs 2018 2021   
     
100% Electricity Dong/m3 824 952 26.4% 
100% Chemicals (excl. NaOH) Dong/m3 157 181 5.0% 
100% Labour Dong/m3 554 640 17.8% 
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100% General Costs* Dong/m3 667 771 21.4% 
100% Selling Costs Dong/m3 367 424 11.8% 
100% Management Costs Dong/m3 548 633 17.6% 

      
  Total Dong/m3 3,117 3,603 100.0% 

 

Table 30: Estimated An Trung Operational Costs 
Utilization An Tung O&M Costs 2018 2021   

 Electricity Dong/m3    

 
Chem 
icals (excl. NaOH) Dong/m3    

25% Labour Dong/m3 139 160 25.9% 
25% General Costs*  Dong/m3 167 193 31.2% 
25% Selling Costs Dong/m3 92 106 17.2% 
25% Management Costs  Dong/m3 137 158 25.7% 

      
  Total Dong/m3 534 617 100.0% 
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B. Tariffs 

1. An Lao Network 

195. The financial viability of the scheme is assessed based on the water produced and sold, 
and the level of tariff that will be required to enable WSSU to provide operational and maintenance 
inputs that ensure service delivery standards while ensuring the longevity of the assets.  

196. The required tariff is presented in Table 31. Based on direct cost recovery the tariff will 
be VND 5676 per m3  whilst a full cost recovery including depreciation of the assets will require a 
tariff of VND 8676 per m3.  

197. Currently the WSSU tariff are set by the PPC based on a business cost model prepared 
by the WSSU. The current approach is that the WSSU does not hold the assets on its balance 
sheet as these are retained within the PPC balance sheets and the PPC therefore discounts the 
tariff by the capital depreciation in return it provides capital replacement investment through 
transfer from the PPC to the WSSU. The latest tariff request is presented in table 32.   
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Table 31: An Lao Calculation of Average Tariff Required 

An Lao Tariffs Required   2021  
Water Produced m3/year  871,075  
     
O&M Costs     
Electricity mil Dong  829.593  
Chemicals (excl. NaOH) mil Dong  158.066  
Labour mil Dong  557.761  
General Costsa/ mil Dong  671.528  
Selling Costs mil Dong  369.491  
Management Costs mil Dong  551.720  
     
Total O&M Costs mil Dong   3,138.159   
     
Water Sold m3/year  552,889  
Tariff Required for O&M-> Dong/m3  5,676 65.4% 
     
Capital Cost USD $1,231,970   
Capital Cost Mil Dong 28,704.896   
Capital Cost (2021 Prices) Mil Dong 33,177.119   
Total Depreciation Cost 5.0% 1,658.856 1,658.856   
Tariff Required for Depreciation->  3,000 34.6% 
     
Total Costs to be recovered Mil Dong  4,797.015  
     
Average Tariff Required for O&M + Depreciation-> 8,676 100.0% 
          
a/ excludes 20% charge for depreciation.    
Escalation Factor 2018 to 2021  1.1558  
  (Dong 23300 = USD1-00)     
Costs to be recovered Min Dong   4,797.015           

Water Sold m3/year   552,889 Weight 
Weighted 

M3 
Weighted 
Av Tariff 

Revenue 
Per 

Block 

Av Tariff 
Per 

Block 

       Dong/m3 Mil. Dong Dong/m3 
Domestic Water m3/year  545,103      
Poor and Ethnic Households m3/year 41.2% 224,583 0.58 129,949 10,218 1,327.821 5,912 
Domestic <20 m3/month m3/year 56.2% 306,347 1.00 306,347 10,218 3,130.256 10,218 
Domestic >=20 m3/month m3/year 2.6% 14,173 1.17 16,567 10,218 169.286 11,945 

  100.0%       
          
Non Domestic Water m3/year  7,787      
Offices Admin Units m3/year 5.0% 389 1.65 643 10,218 6.571 16,877 
Production m3/year 25.0% 1,947 1.94 3,771 10,218 38.531 19,793 
Commercial m3/year 70.0% 5,451 2.24 12,189 10,218 124.550 22,850 

  100.0%        
Weighted Average Tariff Required   10,218  469,466  4,797.015 8,676 

Ratio of Average Tariff to Weighted Average Tariff 0.849           
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Table 32: 2019 WSSU tariff request to Binh Dinh PPC 

Ref. Customer group  

Water tariff from 
2016 on Decision 
o.3801/QĐ-UBND 
ated Oct. 27,2016 

Binh Dinh 
(excluding VAT) 

Propose from WSSU for 
2019 

Approved Water tariff by 
DOF from Mar. 2019 

Water tariff  
(excluding 

VAT) 

 
increasing 

rate (%) 

Water tariff  
(excluding 

VAT) 

 
increasing 

rate (%) 

A B 1 2 3=(2):(1) 4 5=(4):(1) 

I 
Wholesale prices in 
Binh Tuong, Phuoc 
Son 

 
 2,940   4,026  37%  3,087  5% 

II  Water tariff           

1 Households           

 - 
The poor, ethenic 
group use < 
20m3/hh/month 

 3,700   3,700  0%  3,700  0% 

 - Nomal hh use < 
20m3/hh/month  6,090  7,158 18% 6,395 5% 

 - All hhs use from 
20m3/hh/month   7,119  10,736 51% 7,475 5% 

2 Offices, Administrative 
units  10,059  10,736 7% 10,562 5% 

3 Production  11,797  13,421 14% 12,387 5% 

4 Service, Business  13,619  26,841 97% 14,300 5% 

 

198.  To operate a viable scheme will require an increase in the current tariff’s see Appendix 
8. The average tariff and the weighted average tariff by tariff block and user type have been 
estimated and assessed in terms of their affordability. The affordability of the required tariffs 
indicate that as a percentage of household income the proposed full cost recovery (including 
capital depreciation) tariff is equal to 2,2% of households income (for both 2 and 3 person 
households and decline to 2% for households of other sizes) based on the socio-economic survey 
information in An Lao. For An Trung the tariff affordability is between 1.6 and 1.2% of household 
income depending on the decision to use meters or not.    Both of these levels are clearly lower 
than the affordability benchmarks of 3 to 5%. The tariff models were tested for their sensitivity to 
a range of risk factors and found to be robust. 
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VIII. FINANCIAL AND ECONOMIC ASSESMENT 

A. Financial Viability  

199. The financial viability of the schemes is assessed through a Financial Internal Rate of 
Return (FIRR) that is estimated to be 4.7% across both schemes with An Trung 4.5% and An Lao 
4.75%. The estimated weighted cost of capital is estimated as 3.9% based on the interest rates 
charged for ADB (2.57%) and the Govt Bond Rate (4.89%) or 0.9% when these rates are adjusted 
to real interest rates using ADB prince escalation data.  

200. Under both scenarios the schemes are considered to be financially viable. 

B. Economic Feasibility 

201. The economic feasibility was tested using “with project” versus “without project” scenario, 
the capital investment costs and water production and demand estimates described above. Key 
Assumptions in the analysis were: 

(i) All tax is deducted   
(ii) A domestic price numeraire is applied with the Shadow Exchange Rate Factor 

applied to foreign costs (SERF = 1.0477)  
(iii) The value of incremental water is equal to the average financial tariff applied to the 

set to 50% of the current tariff on the lowest consumer block 
(iv) The value of non-revenue water is assumed at 25% of the value of incremental 

water. 
 

202. The benefits included in the assessment include: 

(i) Health benefits from improved potable water quality using the household survey 
data and a 2014 survey of the impact of water quality on consumer health 

(ii) The value of time saved from providing household connections of potable water 
including the time saved by season, with the value of time saved set to 25% of the 
daily casual labor rate 

(iii) Savings from replacing water currently purchased by the household  
 

203. The economic internal rate of return is estimated to be 12.3% well above the 9% hurdle 
rate established by ADB for economic investments and the 6% rate applied to social investment 
– which the TRTA consultants believe is the major purpose of the subproject. At the network level 
the An Lao scheme is robust with an EIRR of 13% however the smaller An Trung rural commune 
as an EIRR of 8% with the exclusion of meters.  

IX. SOCIAL SAFEGUARD FINDINGS 

204. The Resettlement and Ethnic Minorities Development Framework (REMDF) of the 
project has been prepared based on policies and laws of Vietnam Government and ADB’s 
safeguard policy statement (SPS 2009) on Involuntary Resettlement (IR) and Indigenous Peoples 
(IP). The overall objective of these-above mentioned policies is to ensure that all people, including 
ethnic minority people affected by the subproject shall (i) improve or at least restore their living 
standards to at least pre-project levels; (ii) receive appropriate culturally socio-economic benefits;
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(iii) not be negatively affected by the subproject; and (iv) actively participate in projects that have 
impacts on them. The terms and principles in this REMDP are in accordance with the current 
regulations of Vietnam. However, in case of any discrepancy, Asian Development Bank’s (ADB’s) 
Policy will be followed.  

205. The subproject will cause only minor effects on the local communities with the 
infrastructure being placed within the rights of way of public roads. Hence, they will not require 
the land acquisition of private or institutional property. The impacts caused by the improvement 
and upgrading of the water supply system are assessed to be insignificant. AS such the subproject 
is confirmed as category B for resettlement and as category B for ethnic minorities.  

206. The subproject will affect structures and trees of 50 households comprising 199 persons 
in An Lao town and An Trung commune, An Lao district. Out of 50 affected households, there are 
12 households categorized as vulnerable, including: 11 poor households and 1 female-headed 
household with dependents. A total of 23 ethnic minority households are also affected by the 
subproject. The subproject will affect structures and trees for 14 organizations. There is no land 
acquisition requirement and all affected households classified as only marginally affected.  

207. The scale of affects includes: 677m2 of concrete yard, 120m2 of mesh fence and 2,170 
trees of various types are affected by the subproject.   

208. Community consultation, information disclosure, discussion meetings at village level with 
APs and local officials have been carried out during the REMDP preparation. Full consultations 
with the ethnic minority groups have also been carried out during subproject preparation and 
REMDP preparation. Project policies, options for compensation, resettlement, and ethnic minority 
development plan and income restoration were discussed during the meetings. Concerns and 
proposals raised by the affected persons were elicited and incorporated into the REMDP. The 
grievance mechanism is designed and disclosed to people to ensure that APs’ concerns and 
grievances are addressed and resolved in a timely, culturally appropriate and satisfactory manner. 
APs will be made fully aware of their rights verbally and in writing during consultation, survey, and 
at the time of compensation. 

209. Although the construction of water supply system impacts on 23 EM households, none 
will be significantly affected with limited effects including structure and tree affected during 
construction phase.  

210. Binh Dinh Provincial People’s Committee as the Executing Agency will allocate a 
provincial budget and direct its departments and district authorities to implement the REMDP 
provision relating to land acquisition and compensation as scheduled. The Binh Dinh PPMU as 
the project owner (Implementing Agency (IA)) is responsible for overall project management and 
implementation. Provincial Project Management Unit (PPMU) reports to the the Binh Dinh 
Provincial Peoples Committee. The PPMU as Implementing Agency is responsible for managing 
the implementation of the subproject and for ensuring that the REMDP is updated based on the 
detailed design and all compensation and assistance are administered according to the provisions 
of this REMDP.  

211. A Compensation, Assistance and Resettlement Board (CARB) with representatives from 
affected persons (AP), will be established to implement the REMDP within the An Lao District. 
This REMDP will be implemented before commencement of civil works. It is expected that land 
acquisition will be carried out during 2020/2021.
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212. The subproject is category B for resettlement and ethnic minorities development. During 
implementation of the REMDP the PPMU will conduct internal monitoring and evaluation to 
ensure the implementation of the REMDP in compliance with ADB safeguard policy (SPS 2009).  

213. The estimated cost in accordance with the unit prices above, including compensation for 
asset, allowance and contingency is VND 280,121,600 equivalent to USD 12,017 (see Table 33).  

Table 33: Cost estimate for compensation 

No Type of cost Unit Quantity 
Rates Amount 

(VND) (VND) 
A. Compensation and assistance cost =A1+A2 254,656,000 

A1 Compensation cost (1-2) 206,656,000 

1 Compensation for structure     100,386,000 

1.1 Mesh fence b40 m2 120 58,000 6,960,000 

1.2 Concrete yard m2 677 138,000 93,426,000 

2 Compensation for crops and trees   106,270,000 

2.1 Grapefruit Tree 20 100,000 2,000,000 

2.2 Acacia Tree 2,020 37,000 74,740,000 

2.3 Terminalia catappa Tree 25 270,000 6,750,000 

2.4 Flamboyant Tree 15 340,000 5,100,000 

2.5 Areca catechu Tree 44 380,000 16,720,000 

2.6 Chukrasia tabularis Tree 3 320,000 960,000 

A2 Other Assistance cost  48,000,000 

1 24 vulnerable HHs  HH 24 2,000,000 48,000,000 

B Provision cost (10%xA) 25,465,600 

C 
Total (A+B) in VND 280,121,600 

Total in USD (rate 23,310 per USD) 12,017 

 Source: DMS Survey and Replacement Cost Estimates 
  



68 

 

X. ENVIRONMENAL SAFEGAURDS AND MANAGEMENT PLAN 

215. A brief environmental management plan (EMP) has been prepared for Project. The EMP 
integrates the results of the IEE into a formal plan for the implementing agency and Contractor to 
prevent or minimize potential environmental impacts. The EMP addresses the results of the public 
consultations on the Project that were convened as part of the IEE.  The EMP, inter alia, consists 
of an Impacts Mitigation Plan, a Monitoring Plan and the institutional responsibilities for the EMP. 

216. The executing agency (EA) is the Binh Dinh PPC, who will establish a Provincial Project 
Management Unit (PPMU) as the Implementing Agency (IA). The PPMU will be responsible for 
carrying out the feasibility studies, detailed design, day-to-day management of sub-project 
implementation, and for arranging environmental assessment and monitoring and reporting 
during implementation of review of the subprojects. The PPMU has  2 environmental safeguard 
officers (ESO) who will be responsible for the preparation and implementation of environmental 
and social safeguards.  

217. Following approval of the loan agreement, Binh Dinh PMU will appoint a Loan 
Implementation consultant (LIC) to support subproject implementation in the province.  The LIC 
will include an Environment Safeguard Specialist (ESS) who will support the PMU to review and 
update the IEE/EMP based on the detailed designs, update the bidding documents in respect of 
environmental requirements and monitor the implementation of the subprojects. A construction 
supervision consultant (CSC) will be appointed by PMU to supervise all provincial subprojects. 
The Loan Implementation Consultant team for each PPMU will include an environmental 
specialist to supervise, monitor and report on the implementation of the subproject EMPs by the 
contractors.  A summary of the environmental management responsibilities of the concerned 
parties is provided in Table 34. 

Table 34. Environmental Management Responsibilities of Concerned Parties 
Organization Environmental Management Responsibilities 

PPMU (ESO) 

Complete ADB REA screening checklist for each subproject, confirm ADB/MONRE 
categorization and determine the need for IEE/EPP or IEE/EIAR. 
Prepare IEE/EPP including EMP & submit to ADB for no objection and upload to ADB 
website and PPC/DONRE for endorsement 
Continue public consultation disclose IEE to stakeholders 
Support LIC ESS update IEE & EMP during detailed design and obtain endorsement from 
PPC 
Ensure updated EMP included in tender document with support from LIC 
Support CSC & LIC ESS in supervising and enforcing contractors implementation of 
EMP/CEMP 
Review CSC monthly site environmental performance reports  
Review LIC quarterly EMP compliance reports 
Continue stakeholder consultation as part of GRM 
Prepare semi-annual monitoring reports to ADB/DPC and DONRE  
Prepare subproject environmental report indicating overall subproject environmental 
performance and CEMP compliance at completion of construction to ADB/DPC and DONRE 
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Organization Environmental Management Responsibilities 

LIC (ESS) 

Update IEE & EMP during detailed design  
Support PPMU ESO to include updated EMP in tender document 
Review and approve contractors CEMP 
Provide support to PPMU ESMO and CSC in supervising contractors implementation of 
CEMP/EMP 
Review CSC monthly site environmental performance reports and monitoring results 
Support PPMU ESO in stakeholder consultation as part of GRM 
Prepare quarterly EMP compliance reports to PPMU 
Support PPMU ESO in preparing semi-annual monitoring reports for ADB approval and 
upload to ADB website 
Support PPMU ESO prepare subproject environmental report indicating overall subproject 
environmental performance and CEMP compliance at completion of construction to 
ADB/DPC and DONRE 

CSC 

Supervise and monitor contractor’s implementation of CEMP/EMP  and GRM on daily basis 
Request contractor undertake corrective actions in case of noncompliance with CEMP/EMP 
Prepare monthly site environmental performance reports to PPMU/LIC on compliance status 
of CEMP/EMP and monitoring results 

Contractor 

Prepare bid including CEMP (based on EMP in tender document) 
Appoint environmental officer responsible for environmental management responsibilities of 
contract 
Implement approved CEMP/EMP 
Implement GRM 
Implement corrective action as requested by CSC in case of noncompliance with 
CEMP/EMP 
Prepare monthly progress reports on status of CEMP implementation and GRM to CSC and 
PPMU  

DONRE 
Endorse IEE/EPP for each subproject 
Review PPMU semi-annual monitoring reports 
Review PPMU subproject environmental report at completion of construction 

ADB 

Review REA checklist and confirm categorization 
Review IEE and provide no objection and upload on ADB website 
Review semi-annual monitoring reports and upload to ADB website 
Undertake periodic monitoring of the EMP implementation and due diligence as part of an 
overall project review mission. 
If required, provide advice to PPMU in carrying out its responsibilities to implement the EMP 
for the project. 
Review PPMU subproject environmental report at completion of construction 

 

A. Impact Mitigation Plan 

218. This section identifies mitigation measures for key impacts during the pre-construction 
and construction and operation phases of the project. Given that most of these impacts will occur 
from civil works and transportation of construction/waste materials, many of the potential negative 
physical, biological, social, and environmental impacts could be mitigated through a set of general 
measures that are typically applied to most of construction projects to minimize such impacts as 
noise, dust, water, waste, etc. The proposed construction and operation phase mitigation 
measures are summarized in Table 35. 
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Table 35. Mitigation Measures 
Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

Preconstruction Detailed Designs Phase 
Confirmation 
of required 
resettlement, 
temporary 
relocations 

Impact on the 
communities 

1. Affected persons well 
informed ahead of project 
implementation 

In all 
subproject 
area 

Before 
subproject 
start 

In the 
resettlement 
plan 

In the RP PMU Resettlement 
committees 

Disclosure 
information 

No impacts 2. Implement information 
disclosure and activate 
grievance redress mechanism 
(in the IEE) 

In all 
subproject 
area 

When the 
subproject 
starts 

Quarterly No extra 
cost 

N/A PMU 

Government 
approvals 

No impacts 3. Required project permits and 
certificates obtained 

In all 
subproject 
area 

Before 
construction 
start 

N/A No extra 
cost 

DARD office 
of An Lao 
DPC 

PMU 

Detailed 
designs 

Minimize 
potential 
negative 
impacts 

4. Complete detail design: 
- Review Vo River and Ra Ngam 
Weir water source again for 
quality and resources. 
- Minimal acquisition of 
agricultural or other land. 
- Aided or minimal disruption to 
public services like water 
supply, drainage, electricity with 
plan for unavoidable situation. 

Water intake 
point, along 
the pipeline, 
booster 
station, 
WTP 

Before 
construction 
start 

Once with 
detail 
designs 

No extra 
cost 

DARD office 
of An Lao 
DPC 

PMU 

Environmental 
Management 
Plan 

Minimize 
potential 
negative 
impacts 

5. Complete detail design, 
including EMP with screened 
potential impacts, mitigation 
measures and monitoring 
requirements 
6. Submit EMP with potential 
impacts to ADB for review 

In all 
subproject 
area 

Before detail 
design 
finalization 

Once with 
detail 
designs 

No extra 
cost 

DARD office 
of An Lao 
DPC 

PMU 

Develop 
bidding 
documents 

No impacts 7. Ensure the EMP is included in 
tender documents for 
contractors so they could 
develop Construction 
Environmental Management 
Plan (CEMP). 
8. Specify in bid documents that 
contractor must have 
experience with implementing 

N/A Before 
construction 
starts 

Once for all 
tenders 

No extra 
cost 

DARD office 
of An Lao 
DPC 

PMU 
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Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

EMPs, and provide staff for 
EMP implementation. 

Training and 
capacity 
building 

No impacts 9. Develop training program for 
PMU and staff for EMP 
implementation and manage 
contractor mitigation measures 
application. 
10. Raising awareness and 
work with contractors for CEMP 

N/A Before 
construction 
starts 

After each 
training 
session 

No extra 
cost 

N/A ESO 

Procurement 
of Contractors 

No impacts 11. Ensure the contract with 
contractors including CEMP 
developed from the references 
Environmental protection 
consideration of Appendix 3 

N/A During 
contract 
signing 
period 

Once No extra 
cost 

N/A ESO 

Recruitment 
of 
construction 
workers 

Conflicts; 
social evils; 
transmits 
diseases 

12. Recruit local workers as 
much as possible  

All 
construction 
location 

Throughout 
construction 
phase 

After worker 
recruitment 
step 

No extra 
cost 

PMU Contractor 

Construction phase 
Obtain 
construction 
permits and 
licenses 

Aid/ minimize 
impacts 

13. Comply with requirements of 
Binh Dinh DONRE for use of 
construction equipment, 
hazardous waste, and chemical 
management... 

All 
construction 
sites 

At 
construction 
start 

Once No extra 
cost 

PMU Contractor 

Training and 
capacity 
building 

Aid/ minimize 
impacts 
through 
training  

14. Implement training program 
for PMU (ESO), and contractors 

PMU offices, 
Construction 
site 

Construction 
start period 

After each 
activities 

No extra 
cost 

N/A Environment 
Specialist (ESP) 
under Loan 
Implementation 
Consultant (LIC) 

Worker camp 
operation 

Pollution and 
social problem 

15. Site the workers' camp away 
from local residential areas 
16. Ensure adequate housing 
including hygiene facilities 
(water; waste disposal services 
and facilities; drainage system) 
17. Prohibit guns and weapons 
in the camps 
18. Raise awareness on 
disease transmission, local 
regulations to aid conflict. 

All worker 
camps 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU; 
Construction 
Supervision 
Consultant 
(CSC) 

Contractor 
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Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

19. Camp areas must be 
restored to original conditions 
upon completion of construction  

Tree and 
vegetation 
clearance and 
environmental 
recovery 

Damage/ loss 
of trees and 
vegetation 
cover, soil 
erosion of 
landscape 

20. Restrict tree and vegetation 
clearance within the designated 
Right of Ways for access road 
and pipe route (ROWs) and 
designated WTP area. 
21. Minimize removals, install 
barriers around trees that do not 
need to be removed 
22. Re-vegetated and 
landscaped after constructions 
complete. 

Throughout 
construction 
areas 

Start and 
end of the 
subproject 

Monthly No extra 
cost 

PMU Contractor 

Civil works Degradation 
of forest and 
plantation 
area 

23. Located construction sites 
away from agricultural areas as 
much as possible 
24. No trees cut down out of the 
plan for construction 
25. Hazardous substances such 
as oils, fuels should be stored 
and handled far from forest and 
plantation areas. 
26. Waste should not be 
dumped in the forests or 
agricultural areas. 

Throughout 
construction 
areas 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 

Civil works Degradation 
of water 
quality and 
aquatic 
resources 

27. Locate material and 
temporary excavated soil 
stockpiles at least 20m far from 
water bodies (Vo River and 
other rivers, reservoir s). 
28. Create sedimentation 
ditches around material 
stockpiles to contain rain-
induced erosion. 
29. Conduct earthworks in the 
dry periods. 
30. Liquid materials like oils, 
fuels and paints should be 
stored and handled at least 50m 
far from water bodies. 

Throughout 
construction 
areas 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 
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Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

31. No washing and 
maintenance works of 
machinery within 50m of water 
bodies. 
32. Toilet should be installed far 
away from water bodies. 

Material 
exploitation 
and 
transportation 

Pollution, 
safety risks, 
increase 
traffics, block 
access 

33. Inform An Lao Town and An 
Trung CPC for the material 
exploitation plan and 
construction plan in advance. 
34. All borrow pits and quarries 
should have certificates from 
DONRE. 
35. Borrow pits and quarries 
should be fenced with warning 
signs to keep public away. 
36. After exploitation complete, 
borrow pits and quarries should 
be dewatered, fenced 
permanently with warning signs 
to keep public away. 
37. Transportation trucks must 
be covered with canvas. 
38. Restrict material 
transportation in the rush hours 
(7 - 8 am; 17h - 18h) 

Throughout 
construction 
areas 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 

Excavation 
soil 
management 

Contamination 
of land and 
surface waters 
by the 
excavated soil 

39. Surplus soil must be 
disposed at the designated sites 
as agreed with local authorities 
and Binh Dinh DONRE. The 
disposal site must be far away 
from residential area and large 
water bodies such as the Vo 
River. 
40. Where possible, surplus soil 
should be used at other 
construction sites, or disposed 
in the old quarries, borrow pits. 
41. Information (type, estimated 
volume, source...) of the 
disposed surplus soil must be 
recorded. 

All 
excavation 
areas 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU  Contractor 
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Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

42. Temporary surplus soil must 
be stored in high place with 
impervious ground and cover 
with tarpaulin and far from 
residential areas and water 
bodies. 

Solid 
construction 
waste and 
wastewater 

Contamination 
of land and 
surface waters 
by 
construction 
waste 

43. Management of solid waste 
and wastewater follow 
Government regulations and will 
cover, collection, handling, 
transport, recycling and 
disposal of waste and 
wastewater. 
44. Disposal sites should be 
determined by or approved by 
DONRE 
45. Install enough trash bins at 
the construction sites (large one 
for the construction site) 
46. Recyclable waste should be 
separated and sold to buyers in 
the community. 
Hazardous waste 
47. Handling of hazardous 
waste such as used oil or 
gasoline containers or batteries 
must follow Government 
regulations. 
48. Different hazardous types 
(hydrocarbons, paints, 
batteries, organic solvents) 
must be separated and stored in 
the areas with impervious 
ground and roof covers. 

All 
construction 
areas and 
worker 
camps 

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 

Noise, 
vibration and 
dust 
generation 

Dust, noise, 
vibration 

49. Spray water, to control dust 
from material stockpiles, and 
exposed soil surfaces especially 
near sensitive receivers. 
50. Cover and keep wet material 
at all stockpiles that contain fine 
material (not required where 

All 
construction 
areas  

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 
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Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

material is coarse and not 
transported by wind). 
51. Minimize time that 
excavations and exposed soils 
are left exposed. Backfill as 
soon as possible 

Disruption of 
public 
services 

Stop or 
disruption of 
public 
services such 
as water 
electricity 
supply and 
drainage 

52. Set up weekly and daily 
work plans for locations where 
outages in utilities and services 
may occur and inform the public 
53. Work with public services 
management companies for the 
construction schedule and scale 
to minimize the duration of 
services disruption. 
54. Inform local authorities and 
local people of An Lao Town 
and An Trung CPC for the 
construction plan and scope.  

All 
construction 
areas  

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU, Town 
and 
Commune 

Contractor 

Land and soil 
erosion 

Soil erosion 55. Conduct earthworks in the 
dry seasons. 
56. Maintain a stockpile of 
topsoil for immediate site 
restoration following backfilling. 
57. Re-vegetation all soil 
exposure areas as soon as 
possible. 

All 
construction 
areas  

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 

Workers and 
public safety 

Local people 
and worker 
could be hurt 
or injured. 
Local people 
and worker 
health 

58. Install fences and warning 
signs at all the construction 
sites. 
59. Provide sufficient 
information, disclosure at  An 
Lao Town and An Trung CPC 
and An Lao District subproject 
information. Assign guards at 
nighttime for all construction 
sites. 
60. Stagnant water should be 
filled in to aid disease vector 
breeding. 
61. The contractor should guide 
and train workers on work safety 

All 
construction 
areas  

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU, CSC Contractor 



76 
 

 

Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

and construction hazards before 
workers start working. 
62. Provide workers with full 
protective gears such as 
helmet, safety boots, protection 
clothes, masks, gloves and train 
them in proper use. 
63. Provide Medical cabinet with 
sufficient medicines and fire 
extinguishers at all construction 
sites.  
64. Assign person in charge for 
Health, Safety and Environment 
(HSE) at each construction site 
and send this person to the 
training course organized by the 
subproject. 
65. Supervise and check all 
construction sites daily to 
ensure potential hazards are 
removed or identified and 
marked 

Construction 
and local 
traffic 

Traffic 
disruption, 
traffic jam and 
block; 
accident 

66. Schedule construction 
vehicle activity during light traffic 
periods. Install sufficient 
signage and warning lights at all 
construction sites. 
67. Inform local authorities and 
local people construction 
schedule and scope in advance.  

All 
construction 
areas  

Throughout 
construction 
phase 

Monthly No extra 
cost 

PMU Contractor 

Operation phase 
Treated water 
supply 

Unsustainable 
quantity or 
quality of 
supplied water 

68. Develop and implement an 
Operation and Management 
(O&M) manual for equipment 
and operations of water supply 
system including regular 
maintenance and materials 
supply to ensure the design 
supplied capacity of the WTP. 
Setup backup plan or 
contingency plan in emergency 
case. 

Entire Water 
supply 
system 
 
At the outlet 
of WTP and 
some 
location 
along the 
distribution 
pipeline 

Quarterly If required No extra 
cost 

An Lao 
DARD 

 



77 
 

 

Project 
Activity 

Potential 
Impact 

Proposed Mitigation 
Measures 

Location Timing Reporting Budget Responsibility 
Supervision Implementation 

69. Set up a water quality 
monitoring program to ensure 
water quality of the WTP. 
70. Coordinate with the 
Department of Health to 
periodically monitor water 
quality of the WTP and at the 
booster station to ensure it 
meets potable quality 
standards. 

 Chemical 
spills and 
pollution from 
waste 

71. O&M manual provide 
methods and procedures for 
safe handling and storage of 
planned treatment chemicals 
such as chlorine in designated 
chemical house on WTP 
properly/ 
72. Define and implement a 
formal waste (mainly domestic 
waste) collection and disposal 
protocol 

Water 
Treatment 
Plan 

Continuously If required Included 
in the 
operation 
cost of  

An Lao 
DARD 

 

Production of 
WTP sludge 

Contamination 
of 
environment 

73. Ensure sludge 
transportation with suitable 
truck tank and covered to landfill 
of An Trung Commune. 
74. Develop and implement 
regular sludge quality 
monitoring to document sludge 
quality. 

WTP Continuously If required Included 
in the 
operation 
cost of  

An Lao 
DARD 

 

Operation of 
the whole 
water supply 
system 

Worker and 
public injury 

75. Provide protective gear for 
workers and train them how to 
use properly. Equip first aid kit 
and fire extinguishers for the 
WTP. 
76. Ensure all water supply 
system vehicles in good working 
order. 

All facilities Continuously If required An Lao 
DARD 

An Lao 
DARD 
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B. Environmental Monitoring Plan  

219. An environmental monitoring plan has been defined for the project in accordance with 
the Government of Viet Nam and ADB requirements. The plan focuses on environmental 
compliance monitoring and environmental quality monitoring (e.g. air, water, soil, vibration and 
noise) during pre-construction, construction and operation. 

220. Monitoring will include environmental compliance monitoring (to be conducted by the 
PMU with support of the CSC, and to be verified by the EMC) and environmental impact 
monitoring (to be conducted by the CSC, potentially to be sub-contracted to a licensed monitoring 
entity). Contractors will also be required to conduct frequent noise monitoring around construction 
sites. Monitoring arrangements defined for this project are described below. 

221. Environmental monitoring program is carried out in 02 stages of the Project: construction 
phase and operational phase: 

Table 36. Scope of environmental monitoring during construction phase 
No. Monitoring items Pre-construction Construction phase Applied standard 

I Ambient noise/vibration monitoring 

 1. Parameter Leq, L50, Lmax Leq, L50, Lmax QCVN 26/2010/BTNMT 

2. Frequency 1 location/day, Once Every 3 months 

3. Monitoring position Baseline environmental locations should be established at boundary of 
construction sites, and at sensitive receptors (residential area in An Lao Town 
and An Trung Commune). At a minimum, the monitoring locations shall include: 

Location 1: Hamlet 9, An Lao Town 

Location 2: Hamlet Go Bui, An Lao Town 

Location 3: Hamlet 5, An Trung Commune 

II Ambient air monitoring 

 1. Parameter TSP, CO, NO2, SO2, HC, 
microclimate 

TSP, CO, NO2, SO2, HC QCVN 05 :2013/BTNMT, 
QCVN 06:2009/BTNMT 

2. Frequency 1 location/day Every 3 months 

 3. Monitoring position Baseline environmental locations should be established at boundary of 
construction sites, and at sensitive receptors (residential area in An Lao Town 
and An Trung Commune). At a minimum, the monitoring locations shall include: 

Location 1: Hamlet 9, An Lao Town 

Location 2: Hamlet Go Bui, An Lao Town 

Location 3: Hamlet 5, An Trung Commune 

III Surface water/wastewater quality monitoring 
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 1. Parameter pH, temperature, DO, 
TSS, T- N, T-P, BOD5, 
COD, oil and grease, 
Coliform 

pH, temperature, DO, 
TSS, BOD5, COD, 
DO, oil and grease, 
Coliform 

QCVN 08:2008/BTNMT; 
QCVN 14:2008/BTNMT; 
QCVN 24:2009/BTNMT 

 2. Frequency 1 location/day Every 3 months 

 3. Monitoring position At water bodies used for the water system.  At a minimum, the monitoring 
locations shall include: 

Ra Ngam Weir 

Vo River Intake point 

  

222. Non-compliance with these standards will be highlighted in the monitoring reports. 
Monitoring results will be submitted by the PMU through the semi-annual environmental 
monitoring reports. 

C.  Reporting 

223. EMP monitoring and reporting requirements are summarized in Table 37. 

Table 37. Regular Reporting Requirements 

No. Report Prepared by Submitted to Frequency of Reporting 
1 Contractor to the 

Employer 
PMU Once before construction commences and 

monthly thereafter  
2 Construction 

Supervision consultant 
(CSC) 

PMU Weekly and monthly 

4 Community Monitoring PMU When the community has any complaint 
about the Project safeguards 
implementation 

5 PMU PPC/DONRE Every six-month  
6 PMU   ADB Every six-month  

A. PMU report on environmental performance/compliance of the Project should be included in 
the progress report submitted to the CPC before each project implementation support mission 
and must include sufficient information on: i) preparation and disclosures of environmental 
safeguards instruments for Projects; ii) incorporation of new Project EMPs in the bidding and 
contractual documents; iii) monitoring and supervision of EMP implementation by the contractor, 
the construction supervision engineer, and the PCs; iv) any challenges in safeguard 
implementation, solutions, and lessons learned. 

D. EMP Budget   

224. The estimated cost of implementing the EMP is $9,000.
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E. CONCLUSIONS  

225. The IEE report has reviewed the environmental impacts associated with the project and 
has developed a comprehensive EMP to address these activities. During the pre-construction 
phase, there is no major impact anticipated with the infrastructure works being confined to public 
right of ways and the existing water treatment plant yard. No land acquisition is required and there 
is no impact on existing structures other than fencing and concreted yards. Pre-construction 
requirements include payment of compensation for lost trees, fences and concreted yards which 
is addressed in a separate REMDP for this project.  

226. Construction impacts are concentrated along the pipeline system and at the WTP and 
rehabilitation of Ra Ngam Weir. The project requires an earthwork of about 7,800 m3. Typical 
construction impacts such as noise, dust, vibration, emissions, reduced water quality, waste 
generation, traffic impacts and other social impacts are projected.  No natural forests, protected 
areas or any cultural or heritage object are encroached by the construction activities. 

227.  All impacts can be mitigated by the provisions within the EMP. Local communities will 
be encouraged to work on the project however the social impact assessment highlights the 
decline in labor availability in both networks. During construction the contractor will be initially 
responsible for monitoring and supervising compliance with the EMP. During the post-
construction phase, typical impacts include WTP sludge and operational risks. The cost of the 
EMP is estimated at about US$ 9,000. 

228. The project is classified as high climate risk. A climate risk and vulnerability assessment 
(CRVA) and Climate Risk Assessment Risk assessment was prepared by the TRTA Consultant. 
The expected impacts relate to temperature impacts and changing rainfall distribution. The impact 
of rainfall distribution is offset through the Vo reservoir storage effects in An Lao Small Town 
Network component. The wider District risks are The DeD consultant will be required to apply 
projected climate data as basis for the detailed design. 

229. The Project is classified as a Category B project that requires an IEE to be completed. 
The IEE shows that all impacts can be satisfactorily mitigated and an EMP has been prepared 
that contains practical and realizable mitigation measures. 

230. The IEE concludes that the benefits of the proposed water supply system outweigh the 
potential impacts and that adverse environmental impacts arising from the construction and 
operation of the improved water supply system can be addressed by the EMP and reduced to 
acceptable levels. Therefore, a full EIA is not necessary. 
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APPENDIX 1: SUMMARY OF WATER QUALITY TEST RESULTS – AN LAO 

 
Summary water quality test done by Center for Quality Testing and Inspection 

Seq Parameter Criteria 
to check 

Unit Ambient 
Features at field 

Location and quantity of parameter 
Song Vo 

River 
Song Vo 
Reservoir 

Network Ra Ngam Network   

    Water sample 
numbering 

An Lao An Trung   

1 Colour <15 TCU  
 

Time to collect: 
3/April/2019 

 
Time to transfer: 

4/April/2019 
 

 Time to test 
4/April/2019 

 
Time to return to 

Customer 
12/April/2019 

KPH 
MDL= 15.0 

KPH 
MDL= 15.0 

KPH 
MDL= 15.0 

KPH 
MQL= 15 

KPH 
MDL=15.0 

  

2 Taste and 
Odour 

- N/A KPH KPH KPH KPH KPH   

3 Turbidity <2 NTU KPH 
MDL= 1.0 

KPH 
MDL= 1.0 

KPH 
MDL= 1.0 

KPH 
MDL= 1.0 

KPH 
MDL= 1.0 

  

4 pH 6.5-8.5 - 7.70 
 

7.32 7.64 8.15 8.09   

5 Hardness 
(CaCO3) 

<300 mg/L 26.5 26.5 27.5 33.0 31.5   

6 Iron <0.3 mg/L KPH 
MDL=0.05 

KPH 
MDL=0.05 

KPH 
MDL=0.05 

KPH 
MQL=0.02 

KPH 
MDL=0.05 

  

7 Manganese <0.3 mg/L KPH 
MDL=0.01 

KPH 
MDL=0.01 

KPH 
MDL= 0.01 

KPH 
MDL= 0.01 

KPH 
MDL=0.01 

  

8 Nitrate (NO3) <50 mg/L 1.8 
 

1.3 1.3 1.3 0.9   

9 Nitrite (NO2) <3 mg/L KPH 
MDL=0.01 

KPH 
MDL= 0.01 

KPH 
MDL= 0.01 

KPH 
MQL=0.01 

KPH 
MDL= 0.01 

  

10 Coliforms 0 MPN/100mL 4.3x101 
 

4 <3 1.5x102 4.3x101   

11 E.coli 0 MPN/100mL <3 
 

<3 
 

<3 
 

<3 < 3   

 
KPH: Not Found/ MDL: Limitation of Found 
Conforming to QCVN 01 2009/BYT 
(Source: TRTA Consultant team, May 2019) 
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Summary water quality test done by Center for Quality Testing and Inspection 

Seq Parameter Criteria 
to check 

Unit Ambient 
Features at field 
(An Lao town) 

Location and quantity of parameter 
Raw water 
at intake 

Raw water 
in Irrigation 

Canal 

Hamlet 2 Hamlet 7 Hamlet 9 
Well/Duck 

water 
Water tap Well/Duck 

water 
Water tap Well/Duck 

water 
    Water sample 

numbering 
VRW VO WD2 WT7 WD7 WT9 WD9 

1 Colour <15 TCU Outside 
temperature: 

34oC 
Climate: 

Strong sunny 
 

Time to collect: 
10.00-11.45 

/16/May/2019 
 

Time to transfer: 
17.45-18.00 

/16/May/2019 
 

 Time to test 
(begin) 
08.30 

/17/May/2019 
 

Time to return to 
Customer 

08.30 
/28/May/2019 

16.7 
 

KPH 
MQL= 15.0 

KPH 
MQL= 15.0 

KPH 
MQL= 15 

KPH 
MQL=15.0 

KPH 
MQL=15 

KPH 
MQL=15 

2 Taste and 
Odour 

- N/A KPH KPH KPH KPH KPH KPH KPH 

3 Turbidity <2 NTU 8.45 
 

7.36 KPH 
MDL= 1.0 

2.09 KPH 
MDL= 1.0 

KPH 
MQL=1,0 

KPH 
MDL= 1.0 

4 pH 6.5-8.5 - 7.02 
 

6.64 6,56 7.27 6,60 7.68 7.68 

5 Hardness 
(CaCO3) 

<300 mg/L 24.5 26.5 53.5 21.5 60 34.5 117 

6 Iron <0.3 mg/L 0.90 
 

0.87 KPH 
MDL=0.05 

KPH 
MQL=0.02 

KPH 
MDL=0.05 

KPH 
MQL=0.05 

KPH 
MDL= 0.05 

7 Manganese <0.3 mg/L 0.104 
 

0.109 KPH 
MDL= 0.01 

KPH 
MDL= 0.01 

KPH 
MDL=0.01 

KPH 
MQL=0.01 

KPH 
MQL=0.05 

8 Nitrate (NO3) <50 mg/L 1.8 
 

3.5 16.8 2.7 11.1 4.0 4.0 

9 Nitrite <3 mg/L KPH 
MDL=0.01 

KPH 
MDL= 0.01 

KPH 
MDL= 0.01 

KPH 
MQL=0.01 

KPH 
MDL= 0.01 

KPH 
MQL=0.01 

KPH 
MDL= 0.01 

10 Chlorine 
surplus 

0,3-0,5 mg/L 0 0 KPH 
MDL= 0.02 

KPH 
MDL= 0.02 

KPH 
MDL= 0.02 

KPH 
MQL=0.02 

KPH 
MQL=0.02 

11 Coliforms 0 MPN/100mL 9 
 

9 9 < 3 < 3 < 3 < 3 

12 E.coli 0 MPN/100mL < 3 
 

< 3 
 

< 3 
 

< 3 < 3 < 3 < 3 

KPH: Not Found/ MDL: Limitation of Found 
(Source: TRTA Consultant team, June 2019) 
  



83 
  

 

 
APPENDIX 2: OPTIONS FOR VO RESERVOIR INTAKE ARRANGEMENTS 

 
A. Floating Intake: Song Vo Reservoir 

 
 Advantages  Disadvantages Comments 
1 Will draw a clearer water from the surface 

waters of the Vo reservoir. 
1 Additional pumping costs.  

2 Reduced chemical cost. 2 How to anchor the floating pontoon? It is required to locate floating 
structure at least 25xH (head over 
spillway equal to 50m) from spillway to 
avoid obstruction of flood discharge 
flow in flood season. 

3 . 3 How to float the raw water main? Power line? Floating the power line may not be an 
option – support? 

  4 Access for maintenance?  
4 . 5 Additional capital investment associated with the 

floating intake and raw water main. 
 

 
 
B. Offtake in Irrigation Canal 

 
 Advantages  Disadvantages Comments 
1 Reduced capital investment. 1 Likely to draw water with a higher turbidity, 

especially in the wet season. Additional chemical 
cost. 

 

2 No pumping costs. 2   
3 Easy to operate and maintain. 3   

 
 
Recommendation No 2: Offtake in irrigation canal, especially if Recommendation No 1 is accepted.
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APPENDIX 3: OPTIONS FOR SEDIMENTATION/CLARIFICATION IN THE WATER TREATMENT PROCESS 
 
A. Horizontal Sedimentation  

 
 Advantages  Disadvantages Comments 
1 Simple, robust and produces good quality 

water under a wide range of turbidities. 
Easy to operate and maintain. 

1 Needs a separate flocculation tank. Adopted for many small and medium-
sized water treatment plants in 
Vietnam and Binh Dinh province. 

2 Not temperamental – can produce good 
quality water even with a lot of “inexpert” 
handling. 

2 Surface loading rate of 20-25 m3/m2/day 
requires more land area. 

 

3 Less susceptible to shock loadings. 3 Desludging of tanks usually requires manual 
labour and high pressure hoses. 

 

4 Can handle stop-start operations, which are 
common in operations in the short- to 
medium-term. 

   

5 Can be upgraded easily with plate or tube 
settlers. 

   

6 Easy to observe floc formation.    
7 Cheap to construct – simple, basic concrete 

structures. Locally available materials and 
equipment. 

   

 
B. Upward Flow Clarifier 

 
 Advantages  Disadvantages Comments 
1 Higher surface loading can be achieved 

(40-50m3/m2/day) which leads to a 
smaller footprint. 

1 Does not respond well to stop-start 
conditions, which are common in operations 
in the short- to medium-term. 
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 Advantages  Disadvantages Comments 
2 Flocculation occurs within the bottom of 

the hopper – no need for separate floc 
tank. 

2 Does not respond well to shock loadings.  

3 Sludge can be removed easily from the 
bottom of the hopper. 

3 Cannot normally handle turbidity levels of 
over 100-200 NTU over prolonged periods. 

 

4 Prefabricated (steel) versions are quick 
to erect/install. 

4 Process modules normally have a capacity of 
400-500m3/day max, which would require 
several modules to meet the 2,600m3/day 
demand. 

Prefabricated versions generally 
used for small-scale systems such 
as factories and industrial park 
zones. 

  5 Excavation is often deep – 3-6m deep.  
  6 Prefabricated (steel) versions need regular 

maintenance – painting. 
 

  7 Concrete versions can be expensive due to 
the complex concrete shapes of the hopper 
bottom. 

 

 
Recommendation No 1: Horizontal concrete sedimentation tanks. 
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APPENDIX 4: TYPICAL SEPTIC TANK ARRANGEMENT 
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APPENDIX 5: AN LAO NETWORK ANALYSIS 
 

A.  Calculation standards. 

- TCXD 33 - 2006: Water supply – Outside network and works.  
- State’s and MOC’s prevailing standards. Specifications and other related specializing 

process and norms. 
 

B. Calculation to select diameter of pipeline 

  Calculation method: Hydraulic calculation for water supply network implemented on 
computer in program EPANET of US Environmental Protection Agency. Hydraulic loss calculated 
according to the very common formula to calculate water supply network is the formula of Hazen 
– Williams: 

hL = a x qb   
 
hL : Head loss; 
a  : Coefficient of hindrance, a = 4,72 x C-1,85 x d-4,87 x L; 
q : flow in pipe section; 
b : flow factor, b = 1,85; 
C : roughness factor Hazen – William; C = 130; 
d     : pipe diameter; 
Length of pipe section. 
 

C. Calculation cases for An Lao Town 

1.  Existing water supply system  

* Calculation of parameters 

Base Year (2018) 

TT Area Total Population Served Peak Hour Demand (PHD) 

(people) (l/s) 

I An Lao Commune 1.840 10,82 
1 Village 7, An Lao Town 31 0,18 
2 Village Go Bui, An Lao Town 111 0,65 
3 Village 4, An Hung commune   0,00 
4 Village 2, An Lao Town 610 3,59 
5 Village 9, An Lao Town 203 1,19 
6 Hung Nhon Bac Village, An Lao Town 327 1,93 
7 Hung Nhon Village, An Lao Town 557 3,28 

II An Tan Commune 234 1,38 
8 Thuan An Village, An Tan commune 105 0,62 
9 Tan An Village, An Tan commune 129 0,76 

  Total, 2.074 12,2 
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Map on calculated nodes (Node ID) 
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Map of diameter (Diameter) 
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Map of calculated pressure  (Pressure) 
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Results on hydraulic calculations at nodes 
Network Table - Nodes       

                         Elevation        Base Demand      Demand           Head             Pressure         
Node ID m LPS LPS m m 

Junc 1                   50 0 0.00             53.59            3.59             
Junc 2                   37.984 0 0.00             47.95            9.96             
Junc 3                   41.376 1.80             1.80             47.33            5.96             
Junc 4                   42.47            1.79             1.79             46.50            4.03             
Junc 5                   36.023 1.19             1.19             47.32            11.30            
Junc 6                   35.512 0 0.00             47.25            11.73            
Junc 7                   39.715 0.18             0.18             47.29            7.58             
Junc 8                   41.52            3.28             3.28             46.62            5.10             
Junc 10                  47.307 0.65             0.65             47.17            -0.14            
Junc 9                   46.35            1.93             1.93             47.15            0.80             
Junc 11                  42.90            0 0.00             46.54            3.64             
Junc 12                  30.36            0.76             0.76             45.98            15.62            
Junc 13                  23.43            0.62             0.62             45.86            22.43            
Resvr BE                 53.62            #N/A             -12.20           53.62            0.00             

Results on hydraulic pipe calculation  
Network Table - Links         

                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
 Link ID                 m mm  LPS m/s m/km 
Pipe 1                   10 150 140 12.20            0.69             3.33             
Pipe 2                   1693 150 140 12.20            0.69             3.33             
Pipe 3                   680 125 140 3.73             0.30             0.90             
Pipe 4                   408 80 140 1.79             0.36             2.04             
Pipe 5                   635 80 140 0.14             0.03             0.02             
Pipe 6                   750 100 140 0.65             0.08             0.11             
Pipe 7                   1120 80 140 0.18             0.04             0.03             
Pipe 8                   750 100 140 0.65             0.08             0.11             
Pipe 11                  825 100 140 1.88             0.24             0.76             
Pipe 10                  750 150 140 6.59             0.37             1.06             
Pipe 12                  943 150 140 4.66             0.26             0.56             
Pipe 13                  200 100 140 1.38             0.18             0.42             
Pipe 14                  1300 100 140 1.38             0.18             0.42             
Pipe 15                  1300 100 140 0.62             0.08             0.10             

Comments: Minimum pressure at most of hamlest in An Lao is lower than the allowable rate 
(<10m), especially Go Bui Hamlet =-0,18m; Hưng Nhơn Bắc Hamlet = 0,8m; Hamlet 2 = 4,03m 
=> The existing water supply plant doe snot ensure pressure to supply water to the system. 
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D. Calculation to 2021  

* Calculated parameter 

Projected (2021) 

TT Area 
Total Population 

Served 
Peak Hour 

Demand (PHD) 
(people) (l/s) 

  An Lao Commune 1.913 7,35 
1 Village 7, An Lao Town 32 0,12 
2 Village Go Bui, An Lao Town 116 0,44 
3 Village 4, An Hung commune 0 0,00 
4 Village 2, An Lao Town 634 2,44 
5 Village 9, An Lao Town 211 0,81 
6 Hung Nhon Bac Village, An Lao Town 340 1,31 
7 Hung Nhon Village, An Lao Town 579 2,23 
  An Tan Commune 243 0,93 
8 Thuan An Village, An Tan commune 109 0,42 
9 Tan An Village, An Tan commune 134 0,52 
  An Hoa Commune 9.035 34,72 

10 Long Hoa Village, An Hoa commune 1.783 6,85 
11 Hung Nhuong Village, An Hoa commune 936 3,60 

12 
Xuan Phong Bac Village, An Hoa commune 1.652 6,35 

13 
Xuan Phong Nam Village, An Hoa commune 2.144 8,24 

14 Van Long Village, An Hoa commune 1.220 4,69 
15 Van Khanh Village, An Hoa commune 1.299 4,99 

  Total Population Served 11.190 43,0 
 

• Water supply network is divided into 02 systems:  

- Dynamic water supply system: Based on the addition of pump with Head H=10m, 
Supply of water for the existing area including An Lão and 02 hamlets Thuận An,  
Tân An in  An Tân Commune. 

- Gravity system: Leading water from gravity water supply treatment plant for An Hòa 
Commune 
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1. Map of node names (Junction) 
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2.  Map of pipe name (Pipe) 
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3. Layout of pipeline diameter (Diameter) 
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4. Map of pressure calculation (Pressure) 
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Result on hydraulic calculation at nodes 
Network Table - Nodes       

                         Elevation Base Demand Demand Head Pressure 
 Node ID                 m LPS LPS m m 
Junc 1                   50 0 0.00             63.62            13.62            
Junc 2                   37.984 0 0.00             60.86            22.88            
Junc 3                   41.376 1.22             1.22             60.56            19.19            
Junc 4                   42.47            1.22             1.22             60.16            17.69            
Junc 5                   36.023 0.81             0.81             60.56            24.54            
Junc 6                   35.512 0 0.00             60.52            25.01            
Junc 7                   39.715 0.12             0.12             60.54            20.83            
Junc 8                   41.52            2.23             2.23             60.21            18.69            
Junc 10                  47.307 0.44             0.44             60.48            13.18            
Junc 9                   46.35            1.31             1.31             60.47            14.12            
Junc 11                  42.9             0 0.00             60.17            17.27            
Junc 12                  30.36            0.52             0.52             59.90            29.54            
Junc 13                  23.43            0.42             0.42             59.84            36.41            
Junc 14                  50 0 0.00             53.60            3.60             
Junc 15                  42.90            0 0.00             45.11            2.21             
Junc 16                  23 34.72            34.72            33.32            10.32            
Resvr BE                 53.62            #N/A             -43.01           53.62            0.00             

Results on hydraulic calculation of pipeline  
Network Table - Links         

                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
 Link ID                 m mm  LPS m/s m/km 
Pipe 2                   1693 150 140 8.29             0.47             1.63             
Pipe 3                   680 125 140 2.53             0.21             0.44             
Pipe 4                   408 80 140 1.22             0.24             1.00             
Pipe 5                   635 80 140 0.09             0.02             0.01             
Pipe 6                   750 100 140 0.44             0.06             0.05             
Pipe 7                   1120 80 140 0.12             0.02             0.01             
Pipe 8                   750 100 140 0.44             0.06             0.05             
Pipe 11                  825 100 140 1.28             0.16             0.37             
Pipe 10                  750 150 140 4.48             0.25             0.52             
Pipe 12                  943 150 140 3.17             0.18             0.27             
Pipe 9                   200 100 140 0.94             0.12             0.21             
Pipe 13                  1300 100 140 0.94             0.12             0.21             
Pipe 14                  1300 100 140 0.42             0.05             0.05             
Pipe 15                  10 250 140 34.72            0.71             1.92             
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Network Table - Links         
                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
Pipe 16                  4426 250 140 34.72            0.71             1.92             
Pipe 17                  6141 250 140 34.72            0.71             1.92             
Pump 1                   #N/A             #N/A             #N/A             8.29             0.00             -10.00           

E.  Calculation to 2045 

Projected (2045) 

TT Area 
Total Population 

Served 
Peak Hour 

Demand (PHD) 
(people) (l/s) 

  An Lao Commune 2.608 8,72 
1 Village 7, An Lao Town 44 0,15 
2 Village Go Bui, An Lao Town 158 0,53 
3 Village 4, An Hung commune 0 0,00 
4 Village 2, An Lao Town 865 2,89 
5 Village 9, An Lao Town 288 0,96 
6 Hung Nhon Bac Village, An Lao Town 464 1,55 
7 Hung Nhon Village, An Lao Town 790 2,64 
  An Tan Commune 331 1,11 
8 Thuan An Village, An Tan commune 148 0,50 
9 Tan An Village, An Tan commune 183 0,61 
  An Hoa Commune 12.318 41,18 

10 Long Hoa Village, An Hoa commune 2.431 8,13 
11 Hung Nhuong Village, An Hoa commune 1.276 4,26 

12 
Xuan Phong Bac Village, An Hoa commune 2.253 7,53 

13 
Xuan Phong Nam Village, An Hoa commune 2.924 9,77 

14 Van Long Village, An Hoa commune 1.664 5,56 
15 Van Khanh Village, An Hoa commune 1.771 5,92 

  Total Population Served 15.257 51,0 
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1. Map of node name (Junction) 
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2.  Map of pipe name (Pipe) 
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3. Map of calculated pressure (Pressure) 
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Result on hydraulic calculation at nodes  
Network Table - Nodes       
                         Elevation        Base Demand      Demand           Head             Pressure         
 Node ID                 m                LPS              LPS              m                m                
Junc 1                   50 0 0.00             62.27            12.27            
Junc 2                   37.984 0 0.00             58.49            20.50            
Junc 3                   41.376 1.49             1.49             58.07            16.70            
Junc 4                   42.47            1.4              1.40             57.55            15.08            
Junc 5                   36.023 0.96             0.96             58.07            22.04            
Junc 6                   35.512 0 0.00             58.01            22.50            
Junc 7                   39.715 0.15             0.15             58.04            18.33            
Junc 8                   41.52            2.64             2.64             57.60            16.08            
Junc 10                  47.307 0.53             0.53             57.96            10.65            
Junc 9                   46.35            1.55             1.55             57.95            11.60            
Junc 11                  42.9             0 0.00             57.54            14.64            
Junc 12                  30.36            0.61             0.61             57.17            26.81            
Junc 13                  23.43            0.50             0.50             57.09            33.66            
Junc 14                  50 0 0.00             53.59            3.59             
Junc 15                  42.90            0 0.00             48.80            5.90             
Junc 16                  23 41.18            41.18            32.63            9.63             
Resvr BE                 53.62            #N/A             -51.01           53.62            0.00             

 
Result on hydraulic calculation of pipeline 

Network Table - Links         
                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
 Link ID                 m                mm                                LPS              m/s              m/km             
Pipe 2                   1693 150 140 9.83             0.56             2.23             
Pipe 3                   680 125 140 3.01             0.25             0.61             
Pipe 4                   408 80 140 1.40             0.28             1.29             
Pipe 5                   635 80 140 0.12             0.02             0.01             
Pipe 6                   750 100 140 0.53             0.07             0.07             
Pipe 7                   1120 80 140 0.15             0.03             0.02             
Pipe 8                   750 100 140 0.53             0.07             0.07             
Pipe 11                  825 100 140 1.52             0.19             0.51             
Pipe 10                  750 150 140 5.30             0.30             0.71             
Pipe 12                  943 150 140 3.75             0.21             0.37             
Pipe 9                   200 100 140 1.11             0.14             0.28             
Pipe 13                  1300 100 140 1.11             0.14             0.28             
Pipe 14                  1300 100 140 0.50             0.06             0.06             
Pipe 15                  10 250 140 41.18            0.84             2.63             
Pipe 16                  4426 300 140 41.18            0.58             1.08             
Pipe 17                  6141 250 140 41.18            0.84             2.63             
Pump 1                   #N/A             #N/A             #N/A             9.83             0.00             -8.65            
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F. Projection to 2045 – Use two parallel pipelines  

1. Map of node name (Junction) 
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2.  Map of pipe (Pipe- Diameter  ) 
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3. Map of pressure (Pressure) 
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Network Table – Nodes       

                         Elevation        Base Demand      Demand           Head             Pressure         
 Node ID                 m                LPS              LPS              m                m                
Junc 1                   50 0 0.00             62.27            12.27            
Junc 2                   37.984 0 0.00             58.49            20.50            
Junc 3                   41.376 1.49             1.49             58.07            16.70            
Junc 4                   42.47            1.4              1.40             57.55            15.08            
Junc 5                   36.023 0.96             0.96             58.07            22.04            
Junc 6                   35.512 0 0.00             58.01            22.50            
Junc 7                   39.715 0.15             0.15             58.04            18.33            
Junc 8                   41.52            2.64             2.64             57.60            16.08            
Junc 10                  47.307 0.53             0.53             57.96            10.65            
Junc 9                   46.35            1.55             1.55             57.95            11.60            
Junc 11                  42.9             0 0.00             57.54            14.64            
Junc 12                  30.36            0.61             0.61             57.17            26.81            
Junc 13                  23.43            0.50             0.50             57.09            33.66            
Junc 14                  50 0 0.00             53.59            3.59             
Junc 15                  42.90            0 0.00             48.46            5.56             
Junc 16                  23 41.18            41.18            32.29            9.29             
Resvr BE                 53.62            #N/A             -51.01           53.62            0.00             

 
Network Table - Links         
                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
 Link ID                 m                mm                                LPS              m/s              m/km             
Pipe 2                   1693 150 140 9.83             0.56             2.23             
Pipe 3                   680 125 140 3.01             0.25             0.61             
Pipe 4                   408 80 140 1.40             0.28             1.29             
Pipe 5                   635 80 140 0.12             0.02             0.01             
Pipe 6                   750 100 140 0.53             0.07             0.07             
Pipe 7                   1120 80 140 0.15             0.03             0.02             
Pipe 8                   750 100 140 0.53             0.07             0.07             
Pipe 11                  825 100 140 1.52             0.19             0.51             
Pipe 10                  750 150 140 5.30             0.30             0.71             
Pipe 12                  943 150 140 3.75             0.21             0.37             
Pipe 9                   200 100 140 1.11             0.14             0.28             
Pipe 13                  1300 100 140 1.11             0.14             0.28             
Pipe 14                  1300 100 140 0.50             0.06             0.06             
Pipe 15                  10 250 140 41.18            0.84             2.63             
Pipe 16                  4426 250 140 26.46            0.54             1.16             
Pipe 17                  6141 250 140 41.18            0.84             2.63             
Pipe 18                  4426 200 140 14.72            0.47             1.16             
Pump 1                   #N/A             #N/A             #N/A             9.83             0.00             -8.65            
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APPENDIX 6: AN TRUNG COMMUNE NETWORK ANALYSIS 
 

A. Existing water supply system  

Map of node name – section of pipeline – Pressure (Junction – Pipe - Pressure) 

 
 

Network Table - Nodes       
                         Elevation        Base Demand      Demand           Head             Pressure         
 Node ID                 m                LPS              LPS              m                m                
Junc 2                   71.3             0.58             0.58             89.37            18.07            
Junc 3                   74.118 0.69             0.69             92.03            17.91            
Resvr 1                  92.36            #N/A             -1.27            92.36            0.00             

 
Network Table - Links         

                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    
 Link ID                 m                mm                                LPS              m/s              m/km             
Pipe 1                   1200 50 140 0.58             0.30             2.49             
Pipe 2                   950 80 140 0.69             0.14             0.35             

Comments:  
- The existing water system ensures, in term of hydraulic, requirement for flow and 

pressure for water supply. Reason of water loss is damaged pipe and unreliable 
headwork. 

- Commune had 2 separate water supply clusters, causing difficulty in operation 
management and maintenance for the system. 
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B. Subproject Proposal  

1. Map of node name – section of pipeline – Pressure  (Junction – Pipe - 
Pressure) 

 
 Network Table - Nodes       

Node ID                 

Elevation        Base Demand      Demand           Head             Pressure         

m                LPS              LPS              m                m                

Junc 3                   74.118 0.69             0.69             91.26            17.14            

Junc 4                   70.18            0.58             0.58             91.11            20.93            

Junc 5                   70.84            0.47             0.47             90.87            20.03            

Junc 6                   71.30            0.69             0.69             90.88            19.58            

Resvr 1                  92.36            #N/A             -2.43            92.36            0.00             
 

Network Table - Links         

                         Length           Diameter         Roughness        Flow             Velocity         Unit Headloss    

 Link ID                 m                mm                                LPS              m/s              m/km             

Pipe 2                   910 100 140 2.43             0.31             1.21             

Pipe 3                   200 80 140 1.05             0.21             0.76             

Pipe 4                   1394 80 140 0.47             0.09             0.17             

Pipe 5                   1100 80 140 0.69             0.14             0.35             
 

2
2.43

3
1.05

4
0.47

5
0.69

3

17.14

4

20.93

5

20.03

6

19.58

1

0.00

Ra Ngam

Thon 6 Dong Nong

Thon 6 Dong Mit

Thon 5

   



109 
  

 

APPENDIX 7: BILLING RECORDS 2016-2018 – AN LAO 
 

 
An Lao Water Supply and Sanitation Unit: Annual Billing Records 2016-2018 
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Source: An Lao Water Supply and Sanitation Unit 
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APPENDIX 7: BILL OF QUANTITIES AND COST ESTIMATE AN LAO NETWORK  

  

 

  

VND COST TOTAL UNIT COST TOTAL

Sum
Unit BoQ Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works

Material Labor Material Labor Material Labor Material Labor
2 Intake and WTP area- clearance

2.1 Clearance m2 2168 3288 0 21170 7128384 0 45896560 0.14111588 0 0.908584 305.93923 0 1969.809442 2,275.749
2.2 Demolish and take away fence lines m 255 0 0 320550 0 81740250 0 0 13.75751 0 0 3508.165236 3,508.165

3 Intake works
Construction intake arrangement in WTP m3 2550 14557 42500 37120350 0 108375000 0.624763948 0 1.824034 1593.1481 0 4651.287554 6,244.436

4 Water treatment plant
4.1 Excavation m3 5000 10288 52500 51440000 0 262500000 0.441545064 0 2.253219 2207.7253 0 11266.09442 13,473.820
4.2 PAC Mixing House m2 16 44722 4131360 78591 715552 66101760 1257456 1.919399142 177.3116 3.373004 30.710386 2836.985408 53.96806867 2,921.664

PAC Dosing pump with Mixer unit 2 13870000 27740000 0 0 595.27897 0 0 1190.5579 0 0 1,190.558
PAC solution PVC tanks (1000L) unit 2 1740000 98800 33500 3480000 197600 67000 74.67811159 4.240343 1.437768 149.35622 8.480686695 2.875536481 160.712
Parastatic Dosing pumps unit 2 13440000 26880000 0 0 576.8240343 0 0 1153.6481 0 0 1,153.648
Static mixer unit 1 39000000 25000000 39000000 0 25000000 1673.819742 0 1072.961 1673.8197 0 1072.961373 2,746.781

4.3 Workshop and Storage (4x4 m2) m2 16 2267000 1387000 447850 36272000 22192000 7165600 97.29613734 59.5279 19.22103 1556.7382 952.4463519 307.5364807 2,816.721

4.4 Inlet chamber (2x2x3m) 12
Reinforced Structural concrete m3 12.78 34722 4131360 181591 443747.16 52798780.8 2320732.98 1.490214592 177.3116 7.793605 19.044942 2266.042094 99.60227382 2,384.689
Valves and fittings set 1 38560000 44570 480387 38560000 44570 480387 1654.935622 1.912876 20.61747 1654.9356 1.912875536 20.61746781 1,677.466
Railings and stairs set 1 14750000 33892 21700 14750000 33892 21700 633.0472103 1.454592 0.93133 633.04721 1.454592275 0.931330472 635.433

4.5 Flocculation Tank (0.8x9x2m) 14.4
Reinforced Structural concrete m3 13.7 46725 6131360 181591 640132.5 83999632 2487796.7 2.005364807 263.1485 7.793605 27.473498 3605.134421 106.7723906 3,739.380
Baffles and fittings set 1 38560000 14755700 570387 38560000 14755700 570387 1654.935622 633.2918 24.48013 1654.9356 633.2918455 24.48012876 2,312.708

4.6 Sediment tanks (13x4x3,5) - 2 tanks 364
Reinforced Structural concrete m3 247 36725 4131360 281591 9071075 1020445920 69552977 1.576180258 177.3116 12.08545 389.31652 43795.96223 2985.106309 47,170.385
Launders m3 24 788470 18923280 0 0 33.83991416 812.15794 812.158
Valves and fittings set 1 398560000 44570 680387 398560000 44570 680387 17105.5794 1.912876 29.20116 17105.579 1.912875536 29.2011588 17,136.693

USD USDVND VND
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VND COST TOTAL UNIT COST TOTAL

Sum
Unit BoQ Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works

Material Labor Material Labor Material Labor Material Labor
4.7 Filter tanks 350m3 (2.5x2.5x5m) - 4tanks 125

Reinforced Structural concrete m3 139 46725 4131360 281591 6494775 574259040 39141149 2.005364807 177.3116 12.08545 278.74571 24646.31073 1679.877639 26,604.934
Filter media m3 25 2187000 35660 45578 54675000 891500 1139450 93.86266094 1.530472 1.956137 2346.5665 38.26180258 48.90343348 2,433.732
Filter underdrains m2 25 10870000 25660 35578 271750000 641500 889450 466.5236052 1.101288 1.526953 11663.09 27.53218884 38.17381974 11,728.796
Valves and fittings set 1 218440000 44570 680387 218440000 44570 680387 9375.107296 1.912876 29.20116 9375.1073 1.912875536 29.2011588 9,406.221

4.8 Chlorine Room and Laboratory (4x3x3m) 12
Reinforced Structural concrete m3 12 2267000 1387000 447850 27204000 16644000 5374200 97.29613734 59.5279 19.22103 1167.5536 714.3347639 230.6523605 2,112.541
Laboratory equipment set 1 85000000 85000000 0 0 3648.06867 0 0 3648.0687 0 0 3,648.069
Chlorine Dosing pump with mixer unit 2 12870000 25740000 0 0 552.360515 1104.721 0 0 1,104.721
Chlorine solution tank (300L) unit 2 2400000 4800000 0 0 103.0042918 206.00858 0 0 206.009

4.9 Flocculation-Sediment-Filter
Railings m 90 588900 33892 48700 53001000 3050280 4383000 25.27467811 1.454592 2.090129 2274.721 130.9133047 188.111588 2,593.746
Stair set 3 9745000 33892 48700 29235000 101676 146100 418.2403433 1.454592 2.090129 1254.721 4.363776824 6.270386266 1,265.355

4.10 Cleanwater tanks 350m3
Reinforced Structural concrete m3 117.6 26725 4131360 281591 3142860 485847936 33115101.6 1.146995708 177.3116 12.08545 134.8867 20851.84275 1421.248996 22,407.978
Water proofing m2 100 8870 95550 153000 887000 9555000 15300000 0.380686695 4.100858 6.566524 38.06867 410.0858369 656.6523605 1,104.807
Valves and fittings set 1 118560000 44570 680387 118560000 44570 680387 5088.412017 1.912876 29.20116 5088.412 1.912875536 29.2011588 5,119.526
Bulk flowmeter D250mm unit 1 65000000 48800 320000 65000000 48800 320000 2789.699571 2.094421 13.73391 2789.6996 2.094420601 13.73390558 2,805.528

4.11 Booster pump Station (4x4x2.7m) 16
Reinforced Structural concrete m3 127 2267000 4387000 447850 287909000 557149000 56876950 97.29613734 188.2833 19.22103 12356.609 23911.97425 2441.070815 38,709.655
Pumps (duty/Stanby) unit 2 165000000 3775000 15750000 330000000 7550000 31500000 7081.545064 162.0172 675.9657 14163.09 324.0343348 1351.93133 15,839.056
Valves and fittings set 1 118560000 44570 680387 118560000 44570 680387 5088.412017 1.912876 29.20116 5088.412 1.912875536 29.2011588 5,119.526
Backwash pump and fittings unit 1 117000000 2675000 11750000 117000000 2675000 11750000 5021.459227 114.8069 504.2918 5021.4592 114.806867 504.2918455 5,640.558

4.12 Drainage system around WTP
Brick trowel and plastering m3 65.22 86725 7331360 281591 5656204.5 478151299.2 18365365.02 3.722103004 314.6506 12.08545 242.75556 20521.51499 788.213091 21,552.484

4.13 Perimeter fence and gate m 100 638700 447850 0 63870000 44785000 0 27.41202 19.22103 0 2741.201717 1922.103004 4,663.305

5 Electrical works
Electrical works from main power set 1 370000000 675000 1025000 370000000 675000 1025000 15879.82833 28.96996 43.99142 15879.828 28.96995708 43.99141631 15,952.790
Electrical works inside WTP set 1 385000000 675000 1025000 385000000 675000 1025000 16523.60515 28.96996 43.99142 16523.605 28.96995708 43.99141631 16,596.567
Control panel set 1 132000000 272000 1825000 132000000 272000 1825000 5665.236052 11.67382 78.32618 5665.2361 11.67381974 78.32618026 5,755.236

USD USDVND VND
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VND COST TOTAL UNIT COST TOTAL

Sum
Unit BoQ Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works Equipment Civil works Civil works

Material Labor Material Labor Material Labor Material Labor
6 Access road (base and concrete)

Base m3 100 2720000 1825000 0 272000000 182500000 0 116.7382 78.32618 0 11673.81974 7832.618026 19,506.438
Concrete work (15cm thickness) m3 150 2720000 1825000 0 408000000 273750000 0 116.7382 78.32618 0 17510.72961 11748.92704 29,259.657

7 Distribution system
7.1 Main pipe

HDPE DN200 m 2500 353200 28700 45000 883000000 71750000 112500000 15.15879828 1.23176 1.93133 37896.996 3079.399142 4828.32618 45,804.721
HDPE DN150 m 2400 270150 53550 87000 648360000 128520000 208800000 11.5944206 2.298283 3.733906 27826.609 5515.879828 8961.373391 42,303.863
HDPE DN150 m 700 270150 53550 87000 189105000 37485000 60900000 11.5944206 2.298283 3.733906 8116.0944 1608.798283 2613.733906 12,338.627
HDPE DN100 m 5870 171050 49550 63000 1004063500 290858500 369810000 7.341201717 2.126609 2.703863 43092.854 12483.19742 15871.67382 71,447.725
HDPE DN80 m 3620 118250 35775 47150 428065000 129505500 170683000 5.075107296 1.535408 2.023605 18371.888 5558.175966 7325.450644 31,255.515
Disinfection and hydro-testing m 15090 3550 6577 2600 53569500 99246930 39234000 0.152360515 0.282275 0.111588 2299.1202 4259.524893 1683.862661 8,242.508

7.2 Raider Mains
HDPE DN63 m 6400 41700 28700 63500 266880000 183680000 406400000 1.789699571 1.23176 2.725322 11454.077 7883.261803 17442.06009 36,779.399
Disinfection and hydro-testing m 6400 3550 5328 2400 22720000 34099200 15360000 0.152360515 0.22867 0.103004 975.1073 1463.484979 659.2274678 3,097.820

8 Ancillary works
Fire hydrant DN150 unit 10 270150 53550 87000 2701500 535500 870000 11.5944206 2.298283 3.733906 115.94421 22.98283262 37.33905579 176.266
Wash-out DN100 unit 10 171050 49550 63000 1710500 495500 630000 7.341201717 2.126609 2.703863 73.412017 21.26609442 27.03862661 121.717
Air valves unit 20 2439850 98900 125000 48797000 1978000 2500000 104.7145923 4.244635 5.364807 2094.2918 84.89270386 107.2961373 2,286.481
Valve and other facilities set 1 123370000 44570 680387 123370000 44570 680387 5,295 1.912876 29.20116 5294.8498 1.912875536 29.2011588 5,325.964

9 Service connection
New service connection unit 3650 938,000 37000 56800 3423700000 135050000 207320000 40.25751073 1.587983 2.437768 146939.91 5796.137339 8897.854077 161,633.906
Replacing existing connections unit 600 938000 2240 56800 562800000 1344000 34080000 40.25751073 0.096137 2.437768 24154.506 57.68240343 1462.660944 25,674.850

11,118,181,360 5,257,397,866 2,963,135,547 19338714773 477175 225639 127173 829,987.759

USD USDVND VND
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APPENDIX 8: TARIFFS AND TARIFF STRUCTURE 
 
1. There have been a number of detailed studies looking at water tariff structures and water 
tariffs in Vietnam8.  They all identify that reform is necessary to ensure the long term sustainability 
of Viet Nam’s scarce water resources.   
2. A good water tariff structure provides tariffs that: 

• Are affordable to every member of society; 

• Recognises that water is a scarce resource and that tariffs send an important signal to 
consumers that current supplies should not be wasted; 

• Allows for full cost recovery to ensure that water companies have the necessary financial 
resources to efficiently operate and maintain supplies, but that it should also incorporate 
an element of scarcity rent to reflect the next augmentation that will be required;   

• Are efficient and easy to administer; and  

• Are easily understood by consumers.  
3. It is beyond the scope of this report to analyse the current water tariff structure in terms 
of the above goals except to say that the current block tariff structure that is currently in use in 
Qui Nhon Province (currently adopted by WSSU) and is popular throughout Viet Nam, is unlikely 
to achieve these goals.  
4. Whilst block tariffs are often promoted as socially desirable and economically efficient, 
they rarely achieve either aim.  Block tariffs often result in poor households paying more for water 
than what should otherwise be the case.  Whatever subsidy is usually implied by a block tariff 
structure, middle and high income households usually end up receiving the most subsidy of all.  
There are better ways to assist poor and low income households in being able to afford water.   
5. Economic theory indicates that marginal cost pricing is the best method to charge for 
water.  In reality because of the large capital expenditure up front that is necessary to provide 
water, the concept of pure marginal cost pricing is impractical and impossible to implement 
because the entire capital cost would need to be recovered from the first m3 of water produced.  
The closest approximation to pure marginal cost pricing that can be implemented in practice is 
the Average Incremental Cost.9  Essentially this uses the concept of discounting to average over 
the life of a water supply system what each m3 of water should on average cost.     
6. The issue with the current block structure is that it is virtually irrelevant as a cross 
subsidization device for households.  Table 38 shows that only 2.6% of households in An Lao 
(2.3% in An Trung) have more than 6 people and would therefore likely consume more than 19 
m3/month, assuming each person consumes 100 lcd. 

 
 

8 ADB 2014 TA4903-Vie Water Sector Review Project 
ADB 2009, Water, Vital for Viet Nam’s Future  
McIntosh, A. 2014 Urban Water Supply and Sanitation in Southeast Asia – A Guide to Good Practice, ADB  
UNEP 2018, United Nations Environment Programme Resources and Markets Branch, Pricing Reforms for 
Sustainable Water Use and Management in Vietnam.  
World Bank 2014 , Water Supply and Sanitation in Vietnam Turning Finance into Services for the Future.  
 
9 World Bank (1977) Alternative Concepts of Marginal Cost for Public Utility Pricing: Problems of Application in the 

Water Supply Sector, World Bank Staff Working Paper No 259  
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Table 38: Distribution of Household Size and Water Consumption 

Size CON M3/MTH An Lao %   An Trung % 
1 3.0 10 5.2%  0 0.0% 
2 6.1 25 12.9%  5 11.4% 
3 9.1 43 22.2%  14 31.8% 
4 12.2 68 35.1%  18 40.9% 
5 15.2 32 16.5%  5 11.4% 
6 18.3 11 5.7%  1 2.3% 
7 21.3 5 2.6%   1 2.3% 

 
A. The Use of Meters 

7. Meters provide important information to consumers and the water enterprise, however, 
their use needs to be assessed in terms of the overall cost and benefits especially in rural areas 
such as An Trung.  It is proposed that for An Trung a flat water tariff be set at the average 
incremental cost of producing water.  Households would be charged according to the number of 
people registered on their “family book.” The operator would have a meter at the intake to record 
the total m3 being supplied to consumers, which can be adjusted for an estimated of leaks and 
unaccounted for water. From the Family Book in each household the total number of people is 
known and the monthly charge can be calculated.  
8. Table 39 shows the capital and O&M costs of a water meter over a useful life of 8 years, 
using a discount rate of 5% and an average O&M cost equal to 10%.  The data shows that water 
consumption would need to fall by 119 litres per day to equal the costs that would be saved by 
the additional consumption.  There is no guarantee that water consumption would fall by this 
much.  Alternatively will consumption increase by 119 lcd if no meters are installed?  This seems 
unlikely and therefore the use of meters to constrain demand in An Trung needs to be seriously 
questioned. 
 

Table 39: Cost of Meters Per Year 
Year Meter Cost O&M 10% Total Costs 

1 $41.00  $41.00 
2  $4.10 $4.10 
3  $4.10 $4.10 
4  $4.10 $4.10 
5  $4.10 $4.10 
6  $4.10 $4.10 
7  $4.10 $4.10 
8  $4.10 $4.10 

    
 Present Value at 5% disc rate $61.64 
 Average annual cost US$ $7.71 
 Average annual cost Dong 179,532  
    
 O&M cost per m3 4,131 
    
 m3 per annum 43.46 
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  litres per day   119 
In An Trung, it is proposed to install 454 water connections with meters (417 new and to replace 
37 existing meters at a total cost of US$32,444 (about 27% of the total project cost).  The impact 
on tariffs in An Trung of not using meters is shown in Table 40. 
 
B. Changing Tariff Blocks 

9. The current WSSU tariff structure allows for consumption of 19 m3 per month.  This is 
very generous compared to most other block structures in use in Viet Nam and indeed throughout 
most of south east asia.  Table 40 and Table 41 show the effect on the average weighted tariff by 
reducing the first block to 10m3.  The average tariff faced by poor consumers and ethnic minorities 
falls from D5,912/m3 to D4,804/m3 in An Lao and from D4,579/m3 to D3,470/m3 in An Trung.  
 

Table 40: Tariffs and Household Affordability (first block <20m3/month) 
 

 An Lao  An Trung  An Trung 
2021 Prices         Without Meters 
Average Tariff (full cost recovery) 8,676  6,079  4,767 
      
Weighted Average Tariff 10,218  7,914  6,206 
(see below for weights applied)      
      
Average Tariff Per Consumer Group      
Domestic Consumers      
Poor People and Ethnic Minority 5,912  4,579  3,591 
Household < 20m3/month 10,218  7,914  6,206 
Household >= 20m3/month 11,945  9,251  7,254 
      
Non Domestic Consumers      
  Offices Admin Units 16,877  13,072  10,250 
  Production 19,793  15,331  12,021 
  Commercial 22,850  17,698  13,878 
      
WSSU WEIGHTS PER CONSUMER GROUP     
Poor People and Ethnic Minority 0.58     
Household < 20m3/month 1.00     
Household >= 20m3/month 1.17     
        
Non Domestic Consumers       
  Offices Admin Units 1.65     
  Production 1.94     
  Commercial 2.24         
     An Trung 
 An Lao  An Trung  Without Meters 
AFFORDABILITY Monthly  Monthly  Monthly 
 Charge for  Charge for  Charge for 
Number of People per Household Water   Water   Water 

1 17,983  13,929  10,922 
2 35,967  27,857  21,844 
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3 53,950  41,786  32,767 
4 71,934  55,715  43,689 
5 89,917  69,643  54,611 
6 107,901  83,572  65,533 
7 125,884   97,501   76,455 

Monthly Charge for Water as a      
Proportion of the POOREST  An Lao  An Trung  An Trung 
Household in each group     Without Meters 
            

1 na  na  na 
2 2.6%  2.5%  2.0% 
3 2.7%  2.0%  1.6% 
4 2.4%  3.3%  2.6% 
5 2.0%  2.2%  1.7% 
6 2.0%  na  na 
7 na   na   na 

Table 41: Tariffs and Household Affordability (first block <=10m3/month) 
 

 An Lao  An Trung  An Trung 
2021 Prices         Without Meters 
Average Tariff (full cost recovery) 8,676  6,079  4,767 
      
Weighted Average Tariff 8,303  5,998  4,703 
(see below for weights applied)      
      
Average Tariff Per Consumer Group      
Domestic Consumers      
Poor People and Ethnic Minority 4,804  3,470  2,721 
Household <= 10m3/month 8,303  5,998  4,703 
Household > 10m3/month 9,706  7,011  5,498 
      
Non Domestic Consumers      
  Offices Admin Units 13,715  9,906  7,768 
  Production 16,084  11,618  9,110 
  Commercial 18,569  13,412  10,517 
      
WSSU WEIGHTS PER CONSUMER GROUP     
Poor People and Ethnic Minority 0.58     
Household < 20m3/month 1.00     
Household >= 20m3/month 1.17     
        
Non Domestic Consumers       
  Offices Admin Units 1.65     
  Production 1.94     
  Commercial 2.24         
     An Trung 
 An Lao  An Trung  Without Meters 
AFFORDABILITY Monthly  Monthly  Monthly 



118 
 

 

 Charge for  Charge for  Charge for 
Number of People per Household Water   Water   Water 

1 14,614  10,555  8,277 
2 29,227  21,111  16,554 
3 43,841  31,666  24,831 
4 66,035  47,698  37,402 
5 91,291  65,940  51,707 
6 116,547  84,183  66,012 
7 141,803   102,425   80,317 

Monthly Charge for Water as a      
Proportion of the POOREST  An Lao  An Trung  An Trung 
Household in each group     Without Meters 
            

1 na  na  na 
2 2.1%  1.5%  1.2% 
3 2.2%  1.6%  1.2% 
4 2.2%  1.6%  1.2% 
5 2.1%  1.5%  1.2% 
6 2.2%  1.6%  1.2% 
7 na   na   na 

 


	I. Background
	A. CRIEM Sector Project Overview
	B. Project Outputs

	II. Socio-economic profile of An Lao District
	A. Geography
	B. Population
	C. Living standards
	D. Ethnic minorities and poverty
	E. Economic development
	F. Education
	G. Health and Health care

	III. An Lao Town Water Supply Network
	A. History
	B. Assessment of Water Sources
	C. Water Demand Projection
	D. Condition Assessment
	E. Existing Sanitation System: An Lao
	F. Scope of Design Concept
	G. Required Production Capacity
	H. Design Standards, Specifications
	I. Water Supply: Development of Detailed Scope5F
	1. Intake
	2. Treatment Plant
	3. Distribution network
	4. Connections
	5. Power
	6. Sanitation: Development of Detailed Scope


	IV. An Trung Water Supply Network
	A. An Trung Commune Water Supply System:
	B. Assessment of Water Sources
	C. Water Demand
	D. Condition Assessment
	E. Scope of Design
	1. Required Production Capacity
	2. Design Standards, Specifications

	F. Required Production Capacity
	G. Development of Detailed Scope
	H. Sanitation: Development of Detailed Scope

	V. Social Impact Assessment
	A. Water and Water Services
	1. Household water sources in project area
	2. An Lao town
	3. An Tan Commune
	4. An Trung Commune
	5. Water uses in project area
	6. Respondents’ assessment of current water supplies
	7. Respondents’ satisfaction with water supplies
	8. Purchasing of water
	9. Volume of water used
	10. Home water systems
	11. Fetching water
	12. Responses to water shortages

	B. Health problems
	1. Demand for New and Improved Water Services
	a. Demand for connection

	2. Decision making
	3. Affordability of new water supply
	a. Water Connection
	b. Water charges


	C. Household and community attitudes to the proposed project
	D. Conclusions
	E. Impact Assessment
	1. Long-term Benefits
	2. Local employment opportunities and benefits
	3.    Negative impacts & risks
	a. Construction phase

	4. Issues relevant to the project
	a. Cultural fit



	VI. Cost Estimates
	A. Bill of Quantities
	B. Cost Estimates

	VII. Subproject Operation and Management
	A. Operational Responsibility and Costs
	B. Tariffs
	1. An Lao Network


	VIII. Financial and Economic Assesment
	A. Financial Viability
	B. Economic Feasibility

	IX. Social Safeguard Findings
	X. Environmenal safegaurds and management Plan
	A. Impact Mitigation Plan
	B. Environmental Monitoring Plan
	C.  Reporting
	D. EMP Budget
	E. CONCLUSIONS


