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1. Project Overview

1.1 Purpose

This feasibility study aims to conduct the engineering design and financial viability analysis for a piped
water infrastructure business to increase climate resilience and social inclusion in 14 villages in five
communes of Veun Sai district, Ratanakiri province.

This feasibility study will be used as part of the tendering package for a competitive permit approach of
the Ministry of Industry, Science, Technology & Innovation (MISTI) to procure and select a competent
investor. It will also determine the size of the investment grant to the selected bidder to supply piped
treated water which is socially affordable and inclusive for the community and commercially sustainable
for the operation.

1.2 Project objectives
The objectives of the project include the following:

e Enhancing climate resilience for 2,820 households (equivalently 11,391 people, of whom 48.25%
are women) and 347 local enterprises in those far, remote villages through having secured access
to clean water supply.

e Promoting gender, disability, and social inclusion (GEDSI) outcomes by providing reliable and
affordable piped treated water access to the remaining far, remote villages which cannot attract
investment on quality water infrastructure.

e Unlocking access to economic opportunities that potentially benefit the local people including
women as a result of reliable and affordable piped treated water access.

e Contributing to the Royal Government of Cambodia (RGC)’s sustainable development goal to
achieve universal and equitable access to safe and affordable drinking water for all.

1.3 Project Profile

1.3.1 Site Overview

The piped treated water supply project will cover three small scale piped water infrastructures that are
in close proximity to each other and can be clustered under a single investment of one bundle.

The distance of all piped water systems in the cluster is close enough to allow less than half a day travel
among sites. This is considered essential to allow the sharing of staff to manage various systems.

Looped financial model to determine the return on investment of the bundle and allow cross subsidy
among systems will be also used to seek the opportunity to reduce the level of public subsidy in case it is
required to make the investment attractive enough for private investment.

This site bundle consists of three small scale piped water supply systems to cover 14 villages in five
communes of Veun Sai district, Ratanakiri province. These three systems are located within a 17 km radius
to allow a half-day trip to reach each system from a central location which is supposed to be the central
office.

All the 3 systems are located in the Northwest of Ratanakiri province. These systems can be accessed for
about 524 km from Phnom Penh city via national road 6, National Road 73, National Road 7, and National
78.



Figure 1: Project site location
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Figure 2: Village clusters in each water supply system
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1.3.2 Households and the vulnerable, local enterprises, and public institutions
The beneficiaries are the households, microenterprises, and public institutions located in those villages
in the service area of the small scale bundling piped water project.

1.3.2.1 Households, the poor, and people with disabilities

The site bundle will include 2,820 households or 11,391 people. Around 48.25% of the population are
women and girls. The government’s ID poor database shows that 35.79% are ID-poor households and the
socioeconomic survey shows that of the households in the service area, 7.03% are those who have family
members with disabilities.

The average annual population growth is 2.3%, calculated from the data of Commune Database between
2014 and 2023.



Table 1: Number of households, people, and women

e || G Villages Number of Number of Number of
Households People Women
Pong 1 | Ban Phang 502 1,977 1,006
2 | Veun Sai 216 917 447
Veun Sai 3 | Thmei 58 229 101
1 4 | Kalan 376 1,654 681
5 | PaKalan 292 1,179 557
Pa Kalan
6 | Kampong Cham 216 852 409
Sub-Total 1,660 6,808 3,201
1 | Kalem 119 428 199
2 | Ka Choun Kraom 168 606 292
Ka Choun 3 | Ka Choun Leu 163 547 265
2 4 | Tiem Leu 121 424 214
5 | Vang 112 382 192
6 | Vay 48 204 99
Sub-Total 731 2,591 1,261
1 | HatPak 297 1,323 706
Hat Pak
3 2 | Veun Hay 132 669 329
Sub-Total 429 1,992 1,035
Total 2,820 11,391 5,497

Source: Commune data as of 2024

1.3.2.2 Microenterprises

According to the Commune database 2021 from the Ministry of Planning, there are in total 347 local
enterprises in the site. The most common local enterprises include clothing stores (70 units), food courts
(45 units), and handicrafts (43 units).

Figure 3: Number of local enterprises
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Source: Commune database 2021



1.3.2.3 Public institutions
According to the data from the commune halls, this site bundle includes 26 schools, four commune
halls, five police posts, five health centers and five pagodas.

Table 2: List of public institutions

Public institutions Number \
School 26
Commune hall 4
Police post 5
Health center 5
Pagoda 5

1.4 Scope of climate resilient infrastructure

To supply clean water to all households and local enterprises in the community, the following facilities
are needed:

Table 3: Water infrastructure facilities

Facility \ System 1 \ System 2 System 3
Water treatment plant 30 m3/h 15 m3/h 10 m3/h
Water storage tank 210 m? 90 m3 50 m3
Raw water pumps 5.5 kW; 2 units (1 2.2 kW; 2 units (1 1.1 kW; 2 units (1
backup) backup) backup)
Booster pumps 2.2 kW; 3 units and 2.2 kW; 2 units and 1.5 kW; 2 units and
inverter (1 backup) inverter (1 backup) inverter (1 backup)
Electricity connection 63 A 63 A 63 A
Distribution pipe network 46,796 m 22,727 m 11,135 m

- Aset of one pumping station, one motorbike and one phone for
each system.

- A set of one office, one warehouse, one test kit, one computer,
one printer, and an inclusive toilet for the central office.

Others
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2. GEDSI and Climate Resilience

2.1 Process for Integration
To effectively integrate GEDSI (Gender Equality, Disability, and Social Inclusion) and climate resilience into
the project, a structured process has been developed:

¢ Needs Assessment: The process begins with a comprehensive needs assessment to evaluate the
specific requirements of various groups, including women, people with disabilities, and other
vulnerable populations. This assessment also identifies critical factors related to climate
resilience, such as vulnerabilities to flooding, drought, and other climate-related challenges.

e Project Design: Based on the findings from the needs assessment, the project design
incorporates GEDSI and climate resilience considerations at every stage. The goal is to create
water infrastructure that is inclusive, equitable, and adaptive to environmental changes. For
example, this includes providing connection subsidies for ID Poor households and designing
climate-resilient water infrastructure system.

e Project Implementation: Once selected through the Competitive Permit Approach, the investor
will implement the project with support from CAPRED. This ensures that inclusion and climate
resilience are embedded throughout the implementation phase.

2.2 Inclusive consultation with stakeholders

The detailed proposal took the extensive and inclusive consultation approach to ensure that the project
responds to the needs and concerns of the community, including women and people with disabilities and
is in compliance with the technical engineering standards of Cambodia. There have been consultations
as the following:

1. Household and vulnerable group survey: The socio-economic survey was conducted in the
project location based on random sampling to ensure quality representation and a sample size
of 102 respondents. The questionnaire addressed the need for piped clean water, affordability,
willingness to connect, key challenges of current water sources concerning gender, and concerns
and suggestions on piped clean water infrastructure development.

2. Local authority consultation: The proposal development team consulted with the local authority
in the commune to understand the socio-economic status of the community, the potential
disaster risks including flooding and drought, the mine and other explosive remnants of war, and
other potential risks to the environment.

3. Government: The proposal development team had an ongoing extensive consultation with the
Ministry of Industry, Science, Technology & Innovation (MISTI) to ensure that the project
implementation aligns with the government’s target and priority as well as the technical
standards of Cambodia.

2.3 GEDSI and Climate Resilience

23.1 GEDSI
The socioeconomic survey findings illustrate critical insights that highlight gender and accessibility
challenges, and opportunities to enhance inclusivity through this project. See Section 3 in further details.
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Women are primarily responsible for water collection in 67% of households. During the dry season, 61%
of women reported that it is challenging or very challenging.

This burden contributes to time usage, disproportionately affecting women and limiting their ability to
engage in other productive activities.

Additionally, health and hygiene concerns linked to alternative water sources—such as poor water quality
(16%) and issues like skin and hair irritation (10%)—underscore the need for clean, safe water services
that directly benefit vulnerable groups.

The high demand for piped water services, especially among women, reflects its perceived benefits in
reducing hardship (65%), saving time (67%), and improving health outcomes (58%).

Furthermore, the survey indicates that 90% of decisions to connect are made jointly within households,
emphasizing the need to engage all members of the community, particularly women, during project
consultations in which the study undertook.

The connection fee remains a significant barrier, as only 14% of respondents are willing to pay the highest
connection fee of 300,000 KHR, with the figure rising to 39% at a reduced fee of 150,000 KHR.

This demonstrates the necessity of connection subsidy to ensure accessibility for low-income and ID Poor
households.

To address these needs and deliver GEDSI outcomes, the project will integrate targeted interventions for
vulnerable groups. Subsidized connection fees for ID Poor households will make services more affordable,
while infrastructure grant to stimulate quality investments will reduce the physical burden of water
collection, benefiting women, the elderly, and persons with disabilities.

2.3.2 Climate and disaster risks

The bundle of small-scale piped clean water projects are located in the very remote villages, which are
vulnerable to climate and disaster risks. These projects are situated in the following communes of Veun
Sai District, Ratanakiri Province: Pong, Veun Sai, Pa Kalan, Ka Choun, and Hat Pak.

According to the Climate Vulnerability Index from the National Council for Sustainable Development
(NCSD) and the Ministry of Environment (MoE), these targeted communes are at significant risk from
the impacts of climate change.

Figure 4 below shows that these communes are quite vulnerable to flooding, while Figure 5 illustrates
they are highly vulnerable to drought.

12



Figure 4: Vulnerability of small scale bundling site to flooding
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Source: Flood Vulnerability Index 2022

Figure 5: Vulnerability of small scale bundling site to drought
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These extreme weather events not only pose significant challenges to communities but also have the
potential to disrupt water service delivery and damage infrastructure. To mitigate these risks, the project
integrates climate resilience into every aspect of its water infrastructure design and operation, ensuring
sustainability and reliability.

The design process begins with a thorough water source assessment. The water source is the Sesan River
which remains viable during both drought and flood conditions.

Water treatment plants will be constructed above flood level and reinforced to endure extreme weather
events, ensuring continuous operation. The storage tank is designed to deliver water supply during peak
demand in the dry season and elevated high enough to ensure sustainable operation during flood events.

14



3. Socio Economic Survey
3.1 Survey Methodology

The sampling of households for an interview goes through two stages. Firstly, the researcher used spatial
sampling method on Google Earth to purposefully select 14 villages in 5 communes across various
geographical locations of the project of 14 villages. This is to ensure representation of the diverse
situation across villages. Secondly, the simple random sampling method was applied to randomly selected
4 to 10 houses within each village on the spot, considering different housing conditions (roof and walls)
to also include diverse living standards. A respondent must be over 18 years old who is the head, spouse
of the head, or a permanent family member in the household.

The survey set a quota for a large sample size of 100 respondents. Of the respondents, 75% were women.

The survey questionnaire was designed with a focus on understanding the community’s needs and
perspectives regarding piped clean water usage. It sought to gather detailed information on various
aspects such as current water sources, affordability, and willingness to connect to piped clean water. In
addition, the questionnaire also aimed to identify the key challenges associated with current water
sources. A unique aspect of this survey was its attention to gender-specific issues related to water usage,
recognizing that men and women might face different challenges. Furthermore, the questionnaire also
included sections for respondents to voice their concerns and provide suggestions on the development
of piped clean water infrastructure.

This inclusive approach ensured that the survey gathered valuable insights that informed the technical
engineering design and piped clean water project implementation.

As a result, the survey team interviewed 102 households with diverse characteristics presented in Table
4. No business interviews were conducted.

Table 4: Household respondents participated in the interview

Respondent by gender Number % Percentage
Female 77 75%
Male 25 25%

Total household respondents 102 100%
Female-headed households 16 16%

ID Poor households 18 18%

Source: socio-economic survey

3.2 Survey findings

3.2.1 Current alternative water sources
Villagers have been using various types of water sources in the dry and wet seasons.

15



For drinking, surface water! is the primary source in both the dry season (20%) and the wet season (52%).
Other water sources show similar usage between seasons, including groundwater (13%), raw piped water
(22%), and 20-liter bottled water (15%).

For general usage, rainwater is the primary source during the wet season, with 68% of households using
it. In the dry season, groundwater becomes the main source, used by 63% of households, although this
drops to 53% in the wet season.

Figure 6: Current water sources for drinking and general usage (bathing, washing, and cooking)

Drinking
39% 22%
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3.2.2 Water collection method

Pumping is the predominant method for water collection in the dry (75%) and wet (60%) seasons. Some

households also transport to collect the water in the dry (13%) and wet (54%) seasons. Truck delivery is
the least used method.

Figure 7: Water collection method
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1 Surface water includes lake, reservoir & pond and canal, stream & river.

16



3.2.3 People responsible for Water collection
Wives (67%) are the most responsible people to collect water for the households followed by the
husbands (62%).

Figure 8: People responsible for water collection
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3.2.4 Perception on challenges

When asked about the challenges on using the current alternative water sources, 61% of women
explained that it was challenging or very challenging for them in the dry season. However, this figure
decreased to 36% in the wet season.

Figure 9: Perception on challenges
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3.2.5 Perception on hygiene and health issues
There are hygiene and health concerns associated with using alternative water sources. These include
issues such as lack of cleanliness and water quality (16%) and problems like skin and hair irritation (10%).

Figure 10: Perception on hygiene and health issues
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3.2.6 Toilet
86% of respondents have the toilet.
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Figure 11: Toilet
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3.2.7 Willingness to connect

The demand for piped clean water service is very high and most families value piped clean water.
Majority of respondents (71%) mentioned they will connect once the piped water supply is available.
Women respondents seemed to show a more apparent intention of connecting to piped water. Only 18%
of respondents are still unsure of their decision.

Figure 12: Willingness to connect
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3.2.8 Willingness to pay for water connection fee

The survey asked about the willingness to pay for connection fees of villagers for those who intended to
connect. The survey used the bid-down approach starting from 300,000 KHR—the highest connection fee
on the list. If a respondent was not willing to pay for the connection fee level, he or she would be asked
for the next lower connection fee which was 250,000 KHR. The cycle repeated until a respondent
confirmed the connection fee that he or she was willing to pay. A respondent could choose not to
comment, though.

Figure 13 shows that only 14% of respondents reported that they were willing to pay for the connection
fee of 300,000 KHR. The figure increased to 26% if the connection fee was at 250,000 KHR. This further
increased to 64% if the connection fee was at 150,000 KHR. It is worth noting that 24% could not
comment at all.
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Figure 13: Willingness to pay for connection fee
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3.2.9 Willingness to pay for water tariff

The survey asked about the willingness to pay for clean water tariff of villagers for those who intended to
connect. The survey used the bid-down approach starting from 3,000 KHR per m3—the highest tariff on
the list. If a respondent was not willing to pay for the tariff level, he or she would be asked for the next
lower tariff which was 2,500 KHR per m3. The cycle repeated until a respondent confirmed the tariff level
that he or she was willing to pay for. A respondent could choose not to comment, though.

Figure 14 shows that 22% of respondents reported that they were willing to pay for the tariff at 3,000
KHR per m3. The figure increased to 58% if the tariff was at 2,500 KHR per m3, It is worth noting that 24%
could not comment at all.

Figure 14: Willingness to pay for tariff
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3.2.10 Decision makers to connect

90% of respondents who intended to connect reported the decision to connect is a joint decision in the
family, while the remaining 10% reported that it is the sole decision of wives.
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Figure 15: Decision makers to connect
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3.2.11 Plan for new enterprises
24% of respondents who intended to connect reported they would create new enterprises. Those
include coffee shops, dessert selling, grocery stores, salons, and food courts.

Figure 16: Plan for new enterprises
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3.2.12 Perception on benefits

The women respondents who intended to connect anticipated that a clean water connection would

provide the following benefits: saving time (67%), reducing hardship (65%) and reducing health
incidents (58%).

Figure 17: Perception on benefits
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3.3 Estimated Water Consumption Level

3.3.1 Water Consumption of Household

Household consumption amount is a key factor in estimating revenue and in determining the designed
capacity and sizes of infrastructure. The estimated consumption amount is based on the household’s
current water consumption of the 102 respondents in the dry season. The calculation will also exclude
outliers which are unlikely to be household consumption but business consumption or abnormalities.

Based on the Australia funded Provincial Investment Plan Study for Piped Water Supply (2020), over 95%
of households consumed less than 30 m* per month; This will be used as the cutoff figure for outliers.?
The study also found a fluctuation in the water demand between the dry and wet seasons, with the
demand in wet season being 25% lower than that in the dry season. For this calculation, the households
that pump water directly from the boreholes and wells were excluded due to large amount of water usage
for other purposes such as watering vegetable garden, washing livestock, and spraying water on the dusty
road which is not likely to happen with the piped clean water.

The study uses two consumption estimates: 1) for revenue forecasting or financial modelling and 2) for
infrastructure sizing or technical modelling. The former is the average monthly consumption per
household for the whole year, while the latter is the monthly average of dry season consumption to
ensure infrastructure can accommodate peak demand.

Table 5: Summary of water consumption based on the socio-economic survey

Average water consumption per person per month 2.36m3

Average household size in the service area 4.10 person

Dry season average consumption per household (for Technical Modelling) 9.68 (10) m3/month
Yearly average consumption per household (for Viability Calculation) 8.47 (8.5) m3*/month

Source: socio-economic survey

The PIP study also found that 28% of households use below 4 m* per month and the other 72% of
households use above 4 m3 per month.

3.3.2 Water Consumption of Businesses

Business consumption estimation depends on the likelihood of businesses connected to piped clean
water and their current estimated consumption. Firstly, businesses in the project proposed area are
identified based on interviews with commune chiefs. Secondly, the businesses which likely need clean
water as business input will be interviewed for their intention to connect and their current demand.
Water consumption considered as business input includes production purposes or daily use of personnel,
which are separable from household consumption.

Based on the interviews with commune chiefs, there is no significant business requiring a high amount
of water usage.

2 3i conducted Provincial Investment Plan (PIP) study to estimate the investment needed to make pipe clean water accessible
countrywide, excluding areas where pipe solution is unsuitable. As part of the study, 1.52 million water consumption data
points were collected from 59,619 connections made by 32 water stations supplying clean water in 45 communes in 15
provinces. The data covers both wet and dry seasons’ consumption.
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3.3.3 Water Consumption of Public Institutions

Public institutions are assumed to be connected in the first year, and their consumption levels are based
on rough estimate. There is a total of 45 public institutions in the proposed area: 4 commune halls, 5
police posts, 5 health centres, 26 schools, and 5 pagodas which have not been connected.

Based on consumption data of 30 public institutions from 8 service areas, the average consumption is
25 m3 per month each.

3.4 Estimated Household Connection Speed

Household connection speed is another key factor in revenue projection and infrastructure design. The
study bases connection speed projection on Australia funded program (Investing in Infrastructure or 3i)’s
study®. The study showed that characteristics of alternative water sources are the main factors
determining household connection speed. Particularly, in area where high prevalence of good quality
groundwater, the connection speed was significantly lower. In areas where households rely on surface
water sources, which are usually with lower quality and less convenient, the connection tend to be
relatively higher. 3i’s analysis of its early completed water infrastructures shows that on average a water
supply could reach 65% of connection at the end of year 5 and 100% by year 10.

Households in the studied area depend on groundwater and rainwater, thus this location is not
characterised as a good groundwater prevalent area. Therefore, the proposed project assumes a
connection speed of 60% at the end of year 5 and a gradual increase to 90% in year 10. Table 6
summarises the projected connection speed.

Table 6: Assumed speed of connection

Year 1 2 3 | a 5
Connection rate 20% 30% 40% 50% 60%

3 3j conducted a connection study in 2020 of 80 water projects supported by 3i having been operating between 1
and 4 years.
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4. Climate Resilient Infrastructure Designing

4.1 Water Demand
4.1.1

Number of Connections
The number of projected connections is based on the assumed connection rate and annual population

growth. The projected household beneficiary connection is summarised in Table 7.

Table 7: Number of connections from year 1 to year 5

Description Year 1 ‘ Year 2 ‘ Year 3 Year 4 Year 5 ‘
Number of people 11,653 11,921 12,195 12,475 12,762
Connection rate 20% 30% 40% 50% 60%
Number of connected people 2,331 3,576 4,878 6,238 7,657
Number of connected 577 885 1,208 1,544 1,896
households

4.1.2 Water Demand

Table 8 reports the average quantity of water demanded and produced per year after considering
consumption growth and water losses. The quantity of water produced accounts for an assumed water
loss of 15% from production and distribution.

Table 8: Quantity of water demanded and produced

Description \ Unit Year 1 \ Year 2 Year 3 Year 4 Year 5
Quantity of water m/year | 36,539 | 89,832 | 123,886 | 160,099 | 198,578
demanded

Quantity of water produced | m3/year 42,987 105,685 | 145,749 | 188,352 | 233,621

4.2 Water Source
All three water supply systems will extract water from the Sesan River for their production systems. The
Sesan River is a major tributary of the Mekong River and also a large river in the northeast of Cambodia.

The Sesan River is a reliable and sustainable water source for the three water infrastructure systems in
the small-scaled bundling project. According to a report titled ‘Assessing Changes in Flow and Water
Quality Emerging from Hydropower Development and Operation in the Sesan River Basin’* written by
Mr. Chantha Oeung and Mr. Ty Sok from the Institute of Technology of Cambodia and published online in
March 2020, shows that the minimum river discharge rate in April in the dry season is 118 m3/s. The
aggregated amount of water extraction for all three systems is 0.012 m3/s. Relatively, it is only 0.01% of
the minimum river discharge rate. Thus, the Sesan River is a secure water source for the water supply
systems.

4https://www.researchgate.net/puincat.'ion/3.9>9765729 Assessing changes in flow and water quality emerging from hydropower develo
pment and operation_in_the Sesan River Basin of the Lower Mekong Region
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Figure 18: Variations of seasonal river water discharge rate
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Source: Extraction from (Oeung and Ty, 2020).

Table 9: The daily discharge rate of the Sesan River

Minimum Average Maximum STDV

Daily discharge (m¥/s) 118.0 543.0 2739.0 466.0

Source: Extraction from (Oeung and Ty, 2020).

4.3 Water Quality

No factories or other pollution sources surround the water sources or upstream. A water sample was
taken from the water sources at each location of the systems to be tested by the Pasteur Institute of
Cambodia against MISTI’s water quality standard. According to the results detailed in table 10 below, the
raw water source is chemical clean. However, the physical and microbiological parameters exceed the
permissible values, but they can be treated by a conventional treatment plant. CAPRED will require all
grant recipient PWOs to join technical training to ensure proper operation of the supported
infrastructure.

Table 10: Quality of water source of the three systems

Parameters Results of Results of Results of Permissible
system1l system2 system3 values®
Total coliforms 6.2 x 103 3.3x 103 2.3x10° 0
Escherichia coli 8.2x 10! 5.2 x 10! 2.3x10! 0
Turbidity 9 NTU 9 NTU 9 NTU <5
pH 7.1 7.1 7.1 6.5-8.5
Nitrite 0.12 mg/I 0.12 mg/I 0.09 mg/I <3
Nitrate 1.10 mg/I 0.74 mg/I 0.90 mg/I <50
Iron 0.00 mg/I 0.00 mg/I 0.00 mg/I <0.3
Arsenic 0.00 mg/I 0.00 mg/I 0.00 mg/I <0.05

5 Based on MISTI’s standard
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Manganese 0.00 mg/I 0.01 mg/I 0.00 mg/I <0.1
TDS (Total Dissolved 19.10 mg/I 22.00 mg/| 21.70 mg/| <800
Solid)

Color 2.90 TCU 3.30TCU 3.40TCU <5

Source: Quality test report; Date of sampling: 23/11/2023; Date of analysis: 24/11/2023

4.4 Clean Water Production System

44.1

Water Treatment Plant

A water treatment plant removes contaminants that are unhealthy and undesirable for consumption. The
water treatment plant is designed based on two factors. One is the capacity of the plant to ensure that
enough clean water will be produced to meet the water demand. The other factor is characteristics of

the source water.

4.4.1.1 Water Treatment Plant Capacity
The water treatment plant’s capacity is simply the multiplication of the total number of consumers and
water consumption per consumer during the design period divided by the operational time. The average
household consumption per month is used to calculate the water treatment plant’s capacity. A safety
factor of 1.1 is integrated to ensure that the capacity of the plant is big enough to supply water during
the driest month. Table 11 illustrates the calculation of the capacity of the water treatment plants.

Table 11: The calculation of the size of the treatment plants of the three systems

Items accounted for

System 1

System 2

System 3

calculation
Total number of
households in 2023

1,660 Households

731 Households

429 Households

Total number of
households in year 5

Population growth
rate is 2.3% per year
=1,660 x (1+ 0.023)°
=1,860 Households

Population growth
rate is 2.3% per year
=731x (1+0.023)°
=819 Households

Population growth rate
is 2.3% per year

=429 x (1+0.023)°
=481 Households

Number of households to
supply treated water to

60% of total
households is supplied
with treated water

60% of total
households is supplied
with treated water

60% of total
households is supplied
with treated water

to supply per month to
households

Consumption growth
rate is 1% per year®.
=1,116 x 10 x (1.01)°
=11,729 m3/month

Consumption growth
rate is 1% per year.
=491 x10x (1.01)°
=5,160 m3*/month

=0.6x 1,860 =0.6x819 =0.6x481

=1,116 Households =491 Households =288 Households

A household A household A household

consumption is 10 m3® | consumption is 10 m® | consumption is 10 m?
Amount of treated water | per month. per month. per month.

Consumption growth
rate is 1% per year.
=288 x10x (1.01)°
=3,027 m3*/month

Amount of treated water
to supply per month to

There are 14 schools, 4
pagodas, 3 health

There are 10 schools, 1

commune hall, 1

There are 2 schools, 1
pagoda, 1 health

5 Note that the assumption of 1% annual consumption growth rate is not incorporated with the business and public institutions consumptions. While it
is expected that households will try to save piped water initially and increase their usage over time after getting used to the convenience of the piped
treated water, the consumption behaviour of the people in businesses and institutions is unknown. In case there is actually consumption growth for
them, which is not unlikely, the safety factors used in the study is expected to be able to account for such increase.
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the public institutions and
large consumer

centers, 2 commune
halls and 3 police posts
in the service area, and
each consumes 25m?3
per month.

=26x 25

=650 m3/month

police postand 1
health center in the
service area, and each
consumes 25m3 per
month.

=13 x 25

=325 m3/month

center, 1 commune
hall and 1 police post
in the service area, and
each consumes 25m?3
per month.

=6 x 25

=150 m3/month

Amount of treated water
to supply per month to all
users

=11,729 + 650
=12,379 m3/month

=5,160 + 325
=5,485 m3*/month

=3,027 + 150
=3,177 m3*/month

Amount of treated water
to be produced per month

15% of treated water
produced is lost
=12,379/0.85
=14,563 m3/month

15% of treated water
produced is lost
=5,485/0.85

=6,453 m3*/month

15% of treated water
produced is lost
=3,177/0.85
=3,738 m?/month

Daily water to be
produced

One month has 30
days.

The safety factoris 1.1
=1.1x14,563/30
=534 m3/day

One month has 30
days.

The safety factoris 1.1
=1.1x6,453/30
=237 m3/day

One month has 30
days.

The safety factoris 1.1
=1.1x3,738/30
=137 m3/day

Treatment plant capacity

The treatment plant is
operated 20 hours per
day.
=534/20=26.70m3/h

The treatment plant is
operated 20 hours per
day.

=237/20=11.85m3/h

The treatment plant is
operated 20 hours per
day.

=137/20 = 6.86m3/h

For design simplicity, the capacity of the treatment plant for system 1, system 2, and system 3 are rounded
up to 30m3/hour, 15 m3/hour, and 10 m3/hour, respectively.

4.4.1.2 Water Treatment Plant Component
Based on the drinking water quality test results, no major contaminants or toxins are found. Therefore,
conventional filtration, the most common treatment plant, will be good enough to remove water
contaminants and to produce clean water that meets the national drinking water standard. It is a series
of processes, including coagulation, flocculation, sedimentation, and filtration, that result in turbidity
removal from the raw water. Figure 19 shows a flow diagram of a conventional filtration treatment plant.

Figure 19: Typical conventional treatment plant flow diagram
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The coagulation chamber is to homogeneously disperse the solution of Alum and Lime or PAC with the
raw water. Alum is used to coagulate scattered particles to form flocs which settle down in the next tanks.
Lime may need to be used to maintain the pH of the water within the standard level.

In the flocculation chamber, the water is in a turbulent state to enhance the bonding between scattered
particles and flocs. Heavy flocs can settle in the next treatment step through sedimentation and filtration.
In the sedimentation chamber, agitation of the water causes collisions between suspended particles,
forming agglomerated flocs. The flocs settle at the bottom of the basin and are removed via an underflow
pipe.

After flocs settle, the water passes through filters to remove finer particles and metals. The fine flocs that
did not settle in the sedimentation chamber are removed at this stage. Water passes through pores of
sand layers where the fine flocs are trapped. Some bacteria and virus are also removed at this stage.
After the filtration process, the disinfection step is used to maintain a disinfectant residual in the finished
drinking water to prevent growth of microorganisms in the reservoir and in the pipelines. A disinfectant
commonly applied is chlorination since this disinfectant is effective and locally available. A chlorine
solution needs to be injected at the end of treatment process before supplying the water to the
consumers to ensure that the amount of chlorine residual meets the national standard.

Over time the treatment plant results in a sludge build up. Therefore, backwash has to be done frequently
to ensure the proper functioning of the filter. A sludge sedimentation tank needs to be installed nearby
the plant to collect the sludge.

4.4.2 Clean Water Storage Tank
The capacity of the clean water storage tank is designed to store the clean water which can meet the high
demand of 16 hours a day. As suggested by MISTI, the formula below is used to determine the size of the

tank:

0 Q
V—a(T—l—T—Z)XTl

Where: Q= Maximum daily water produced, m*/h

T1= Duration of high demand, h

T>= Duration of production

a = Peak hour coefficient

The peak hour coefficient is estimated to be 2 based on engineering practices. Based on the above
equation the capacity of the clean water storage tank is estimated as shown in the table below. A detailed

calculation is found in table 12.

Table 12: The calculation of the size of the clean water storage tanks of the three systems

Determinants System 1 ‘ System 2 System 3
Maximum daily water 534 m? 237 m? 137 m?
produced
Duration of high demand 16 hours 16 hours 16 hours
Duration of production 20 hours 20 hours 20 hours
Peak hour coefficient 2 2 2

1%
Calculated capacity of the v:g(sf—:—szi:)x 16 | (ﬁ—ﬁ)xw V= 2(%—%)x16
storage tank — 213.6 m? B 16 20 — 548 m?
) =947m )
Capacity of a storage tank 210 m3 90 m? 50 m3
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The clean water storage tank will be built under or near the treatment plant. The clean water from the
treatment plant flows into the storage tank by gravity.

4.5 Distribution Pipe Network
4.5.1 Topographical Condition

According to data from Google Earth:
System1

The highest altitude in the service area is 106 meters above sea level in Ban Phang village in Pong
commune while the lowest altitude is 94 meters above sea level in Kampong Cham village in Pa Kalan.
The water station is located at the altitude of 106 meters above sea level. The location is deemed
conducive as it is in the middle and at a high altitude. Google Earth also shows that the distance between
the centers of each village is between 0.6 and 3.8 kilometers.

System2

The highest altitude in the service area is 112 meters above sea level in Ka Choun Leu village in Ka Choun
commune while the lowest altitude is 99 meters above sea level in Tiem Leu village. The water station is
located at the altitude of 107 meters above sea level. The location is deemed conducive as it is in the
middle and at a high altitude. Google Earth also shows that the distance between the centers of each
village is between 0.6 and 4.1 kilometers.

System3

The highest altitude in the service area is 101 meters above sea level in Hat Pak village in Hat Pak
commune while the lowest altitude is 96 meters above sea level in Veun Hay village. The water station is
located at the altitude of 99 meters above sea level. The location is deemed conducive as it is in the
middle and at a high altitude. Google Earth also shows that the distance between the centers of each
village is between 2.9 kilometers.

4.5.2 Distribution Pipe Network Design

The Hazen-Williams formula is used to determine the pipe sizes and the correspondent friction losses for
the distribution networks. The design of the distribution network is based on the drivers and criteria listed
in table 13.

Table 13: Key design criteria used to compute the complete sizes of main pipes

Key calculation driver Design criteria

Design period The design period for the main pipe network is 10 years.

The hourly peak demand It is estimated to be 2 based on engineering practices.

coefficient

Water loss in the network The water loss of the new system is estimated to be 10 % of
the estimated consumption based on engineering practice.

Water velocity The water velocity in the pipes ranges from 0.3 to 1.5 m/s to
prevent particles clogging in the pipe and sedimentation
building up.

Total pressure loss at year 10 | The total pressure loss ranges from 2 to 4.0 bars.
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Minimum residual pressure It is designed to be 0.5 bar based on engineering practices.
The roughness of the pipe 140
coefficient

Initially the pipe size is calculated using the pipe diameter equation below. Once the diameter of a section
is found, the Hazen-Williams formula is used to verify the associated friction losses to ensure the safety
of the pipe such that the friction loss of the main pipe ranges between 1 and 10 meters per kilometer or
less than 40 meters for the whole length of the pipe. If the friction loss is outside this range, the pipe size
is adjusted to a size that can dictate a friction loss which would be in the safety range. Iteration is needed.
The pipe diameter equation is as follows:

D= ¢ x 1000
~ 13600 x v

where: D = Inner pipe diameter, mm
Q = Flow rate,m3/h
v = Velocity, ™/
The total friction losses are calculated by the formula of Hazen-Williams which stipulates that:

121 x 10'° x L x (%)1'852

Hp = D487

where:
L = Distance between section 1 and section 2, m
D = Inner pipe diameter, mm
g = Flow rate, m3/h
¢ = Roughness coefficient

Since the raw water pipe is connected from the source water to the treatment plant and the treatment
plant is designed for 5 years, the raw water pipe is also designed for 5 years. Using the equation stipulated
above, the raw water pipe size is calculated in the table below. Table 14 illustrates the calculation of the
raw water pipe size.

Table 14: Calculation of the raw water pipe size and its correspondent friction loss
1-Calculate raw water pipe diameter, mm

Description \ System 1 System 2 System 3
Flow rate 26.70 m3/h 11.84 m3/h 6.86 m3/h
Velocity 1m/s 1m/s 1m/s

Calculated

Pipe + X 2670 1000
diameter m x1 x 3600

=97.17 mm

4 x11.84 « 1000
T X1 xX3600

= 64.71 mm

4 X 6.86 < 1000
T X1 %3600

= 49.26 mm




Selected
pipe
diameter

2- Calculate i

160 mm with inside diameter
of 144.6 mm (to ensure
design safety and cost
efficiency for high elevation
topography and length)
ts correspondent fiction loss,

90 mm with inside diameter
of 81.4 mm (to ensure design
safety and cost efficiency for
high elevation topography
and length)
m

63 mm with inside diameter

of 55.4 mm (to ensure design
safety and cost efficiency for
high elevation topography
and length)

Flow rate 26.70 m3/h 11.84 m3/h 6.86 m3/h
Length 618 m 127 m 153 m
1.852 1.852 1.852
C:?\Ic.ulated 1.21 x 100 x 618 x (%) 121 x 1010 x 127 x (%) 121 x 1010 x 153 x (%)
friction loss 1446487 814497 554487
=098m =073m =209m
Judgment Checked and acceptable as Checked and acceptable as Checked and acceptable as

0.98 m is in the safety range.

0.73 mis in the safety range.

2.09 mis in the safety range.

High Density Polyethylene (HDPE) PE100 is selected as pipe material because it lasts longer than Polyvinyl
Chloride (PVC). It is easy to install, maintain, and less vulnerable to damage and corrosion. Pipes are
aligned along each side of the road to minimize pipes crossing the roads too often. Cross connections are
done at bridges or culvert boxes to avoid cutting across the roads. On small roads where houses are
sparsely aligned, a pipeline at only one side of the road is planned. The designed pipe network is shown

in figure 20 to

figure 22.

Figure 20: Distribution network of the service area for system1

A
yla Kalan

Legend

&+ Pipe 110mm
<5 Pipe 160mm
&5 Pipe 40mm
&» Pipe 63mm
&+ Pipe 90mm
® Village

&,
%

Y
b 4 A
i/\‘Stauon—RTK—OJ

_ "A'-‘__ a
N

30



Figure 21: Distribution network of the service area for system2
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All pipe sections in the network are modelled to calculate the total friction losses. The pipeline with the
highest total head loss determines the pipe size and pump selection. The above-stipulated Hazen-
Williams formula shows the highest friction loss as follows:
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For systeml
® Year 5: 9.53 meters water column (for pump head design)
® Year 10: 27.32 meters water column (for pipe size design)

For system2
* Year 5: 2.86 meters water column (for pump head design)
¢ Year 10: 31.15 meters water column (for pipe size design)

For system3
® Year 5: 5.46 meters water column (for pump head design)
* Year 10: 15.64 meters water column (for pipe size design)

Detailed pipe sizes and lengths are shown in table 15 below. The distribution network and mapping can
be found in the Appendix section.

Table 15: Length of pipe network by village in the service area of the three systems

System Commune [Village @40 @63 @90 @110 @160  |Sub-Total
Raw water pipe - 618 618
Pong Ban Phang 7,307 3,917 1,692 966 - 13,882
Veunsai 4,559 961 1,128 1,897 - 8,545
Systeml  Veunsai  |Thmej 934 1,894 - 2,828
Ka Lan 4,592 2,011 933 1,139 8,675
Pa Kalan 3,551 - 1,647 3,274 - 8,472
Pa Kalan
Kampong Cham 2,509 1.267 - 3,776
Raw water pipe - 127 - 127
Ka Lem 1,028 3,540 - 4,568
Ka Choun Kraom 3,540 1,567 2,105 50 - 7,262
System2 Ka Choun Leu 796 2,147 749 - 3,692
Ka Choun
Tiem Leu 821 2,975 - 3,796
Vang 625 496 - 1,121
Vay 438 - 1,723 - 2,161
Raw water pipe 153 - 153
Systemn3 Hat Pak 3,079 1,815 1,611 - 6,505
Hat Pak
Veun Hay 904 3,573 - 4,477
Total 34,683 26,316 10,782 7,120 1,757 80,658

4.6 Pump System and Electricity Consumption
In the water supply system, two types of pumps are required:

e Raw water pumps: used for pumping raw water from the source water to the treatment plant.
e Clean water pumps and/or booster pumps: A clean water pump is used for pumping clean water from
the clean water storage to a water tower. If a booster pump is used instead of a water tower a clean
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water pump is unnecessary. The booster pump is used to distribute water from the clean water
storage tank to consumers.
The capacity of pumps is computed with the below equation:

_pXgxXQXH

PP
h

where:
PP = Pump capacity, W
p = Water density, kg/m3
g = Gravity force,m/s?
Q = Designed flow,m3/s
H = Total dynamic head, m
h = Total ef ficiency, %
To estimate the capacity of the pumps, the following data are needed:

e  Pump designed flow
e Total pump dynamic head
o Total pump efficiency

4.6.1 Booster Pump
In these projects, booster pumps are used. The pumps are designed to meet water demand during peak

hours in year 5. It is decided that three booster pumps are used to optimize operation and investment
costs and ensure reliability. The three booster pumps will be routinely interchanged while two are for
operation and another one is used as a backup. However, It is difficult to find a booster pump with a very
small capacity in the market. Therefore, for a small system, only two booster pumps are used due to the
increased capacity of the pump. The two booster pumps will be routinely interchanged, with one in
operation and one as a backup.

System1

As stipulated in the pipe network design section, the total friction loss of the longest pipe network at year
5 is 9.53 meters. Added to this are minor losses of 10% (0.95 meters), elevation head of 0 meter, and
residual pressure of 5 meters. An additional safety factor of 1.2 is added. The calculation of the total
pressure head for the booster pump is shown below:

Total pump head = (9.53m+095m+0m+5m) x 1.2 =1858m

Due to the difficulty in finding a booster pump head of less than 20m in the market, a total pump head
of 20m is used to calculate the pump capacity. Therefore, a total pump head of 20.0 meters is required
at a volume of 39.82 m3/hour. Since the system uses two pumps, the flow rate for each pump is 19.91
m3/hour. Table 16 illustrates the calculation of the capacity of a booster pump.
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Table 16: Calculation of the capacity of a booster pump
Designed flow

Water density = Gravity force | Total head Efficiency Pump capacity

rate

_20.0x19.91x1000x9.81
0.5%3600000

1,000 kg/m3 9.81 m/s? 20.0m 19.91 m3/h 50% =217 kW

The next size available on the market is 2.2_kW. Hence, three booster pumps with the power of 2.2 kW
each are required for the entire system, and an inverter is also needed to save electricity cost.

System2

As stipulated in the pipe network design section, the total friction loss of the longest pipe network at year
5 is 2.86 meters. Added to this are minor losses of 10% (0.29 meters), elevation head of 5 meters, and
residual pressure of 5 meters. An additional safety factor of 1.2 is added. The calculation of the total
pressure head for the booster pump is shown below:

Total pump head = (286 m+029m+5m+5m) x 1.2 =1578m

Due to the difficulty in finding a booster pump head of less than 20 m in the market, a total pump head
of 20m is used to calculate the pump capacity. Therefore, a total pump head of 20.0 m is required at a
volume of 17.53 m¥hour. Since the system uses one pump, the flow rate for the pump is 17.53 m3/hour.
Table 17 illustrates the calculation of the capacity of a booster pump.

Table 17: Calculation of the capacity of a booster pump
Designed flow

Water density = Gravity force | Total head Efficiency Pump capacity

rate

_20.0x17.53X1000x9.81
0.5x3600000

1,000 kg/m? 9.81 m/s? 200m 17.53 m3/h 50% =191 kW

The next size available in the market is 2.2 kW. Hence, two booster pumps with the power of 2.2 kW each
are required for the entire system, and an inverter is also needed to save electricity cost.

System3

As stipulated in the pipe network design section, the total friction loss of the longest pipe network at year
5 is 5.46 meters. Added to this are minor losses of 10% (0.55 meters), elevation head of 2 meters, and
residual pressure of 5 meters. An additional safety factor of 1.2 is added. The calculation of the total
pressure head for the booster pump is shown below:

Total pump head = (546 m+0.55m+2m+5m)x1.2=1561m

Due to the difficulty in finding a booster pump head of less than 20 m in the market, a total pump head
of 20m is used to calculate the pump capacity. Therefore, a total pump head of 20.0 m is required at a
volume of 10.29 m¥hour. Since the system uses one pump, the flow rate for the pump is 10.29 m3/hour.
Table 18 illustrates the calculation of the capacity of a booster pump.

Table 18: Calculation of the capacity of a booster pump
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Designed flow

Water density = Gravity force | Total head Efficiency Pump capacity

rate

_20.0x10.29x1000x9.81
0.5%3600000

9.81 m/s? 200 m 10.29 m3/h 50% =112 kW

1,000 kg/m3

The next size available in the market is 1.5 kW. Hence, two booster pumps with the power of 1.5 kW each
are required for the entire system, and an inverter is also needed to save electricity cost.

4.6.2 Raw Water Pump

The raw water pump is designed to meet the water demand in year 5 and to be able to pump raw water
from the water source to the top level of the treatment plant. Two raw water pumps are required. One is
used in the operation while another one is used as a backup. The calculation of the raw water pump

capacity is shown in table 19 below.

Table 19: Calculation of the capacity of the raw water pumps

System1
The designed flow rate of the
raw water pump is 26.70
m3/hour.

System2

The designed flow rate of the

raw water 11.84

m3/hour.

pump s

System3

The designed flow rate of the

raw water pump is 6.86 m3/hour.

The raw water pump head is the
addition of the raw pipe friction
loss of 0.98 meters, minor loss
(10%), elevation head of 18
meters, and the top level of the
treatment plant of 4 meters with
a safety factor of 1.2.

Pump head = (0.98+ 0.1+ 18 +
4)x1.2=2770m

The raw water pump head is the
addition of the raw pipe friction
loss of 0.73 meters, minor loss
(10%), elevation head of 19
meters, and the top level of the
treatment plant of 4 meters with
a safety factor of 1.2.

Pump head = (0.73 4+ 0.07 +
19+ 4) X 1.2 = 28.56 m

The raw water pump head is the
addition of the raw pipe friction
loss of 2.09 meters, minor loss
(10%), elevation head of 14
meters, and the top level of the
treatment plant of 4 meters with
a safety factor of 1.2.

Pump head = (2.09 + 0.21 +
14 +4)x 1.2 =2436m

The capacity of the raw water
pump is

PP
_26.70 x 27.70 X 1000 x 9.81

0.5 x 3600000
= 4.03 kW

The capacity of the raw water
pump is

PP
_ 11.84 x 28.56 x 1000 x 9.81

0.5 x 3600000
= 1.84 kW

The capacity of the raw water
pump is

_ 6.86 x24.36 x 1000 x 9.81

0.5 x 3600000
= 0.91 kW

PP

The next size available in the
market is 5.5 kW.

The next size available in the
market is 2.2 kW.

The next size available in the
market is 1.1 kW.

4.6.3 Pump summaries

The summary of characteristics of the booster pumps and the raw water pump are found in table 20

and table 21 below.

Table 20: Summary of characteristics of booster pumps

Description System 1

Number of pumps

Two pumps in operation
+ one backup

System 2

+ one backup

One pump in operation

System 3
One pump in operation
+ one backup

Flow rate

19.91 m3/h

17.53 m*/h

10.29 m*/h
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Total pump head 20.0 m 20.0m 20.0m
Pump efficiency 50 % 50 % 50 %
Pump capacity 2.2 kW 2.2 kW 1.50 kW
Inverter Yes Yes Yes
Control panel Yes Yes Yes

Pump accessories

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

Description

Number of pumps

System 1
One pump in operation
+ one backup

Table 21: Summary of characteristics of raw water pumps

System 2
One pump in operation
+ one backup

System 3
One pump in operation
+ one backup

Flow rate 26.70 m3/h 11.84m3/h 6.86 m3/h
Total pump head 27.70m 28.56 m 24.36 m
Pump efficiency 50 % 50 % 50 %
Pump capacity 5.5 kW 2.2 kW 1.1 kw
Inverter No No No
Control panel Yes Yes Yes

Pump accessories

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

Wiring cable, pressure
gauge, fitting, supports,
and pumps base plate

4.6.4 Electricity Consumption
Electricity cost is one of the crucial costs that affect the cash flow. For simplicity, the electricity cost is
estimated per cubic meter of water.

The electricity consumption of a raw water pump is simply the multiplication of pump power and
pumping duration.

The booster pump is attached with an inverter that can save energy usage. If the actual power
consumption is lower than the pump power, the inverter will save electricity up to 30% based on the
pump expert’s opinion. Since the actual power consumption is varied hourly depending on the water
consumption, power consumption by booster pumps is estimated every hour, the sum of which results
in the total power consumption per day.

System1

The electricity consumption of a raw water pump is estimated at 80.59 kWh/day.
The electricity consumption of two booster pumps is estimated at 67.06 kWh/day.

The electricity consumption per m® of water is the ratio of total power consumption (of raw and booster
pump) and water produced per day. The electricity consumption is estimated to be 0.277 kWh/m?3. A
detailed calculation can be found in table 22:

Table 22: Electricity consumption calculation
\ Pump power (kW) \ Total power used per day (kWh/day)
4.03 4.03 x 20 = 80.59 kWh/day

Pump type

Raw water pump
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Booster pump 2x2.17 67.06 kWh/day
Total 147.65 kWh/day
Water produced per day (m?3) 26.70 x 20 = 534 m3

_ 147.65 kW /day
~ 534m3/day

Power consumption per m3 = 0.277 kWh/m3

System2

The electricity consumption of a raw water pump is estimated at 36.87 kWh/day.
The electricity consumption of a booster pump is estimated at 33.90 kWh/day.

The electricity consumption per m® of water is the ratio of total power consumption (of raw and booster
pumps) and water produced per day. The electricity consumption is estimated to be 0.299 kWh/m3. A
detailed calculation can be found in table 23:

Table 23: Electricity consumption calculation

Pump type Pump power (kW) \ Total power used per day (kWh/day)

Raw water pump 1.84 1.84 x 20 = 36.87 kWh/day
Booster pump 1.91 33.90 kWh/day
Total 70.77 kWh/day
Water produced per day (m?) 11.84 x 20 = 237 m3
Power consumption per m3 = w = 0.299 kWh/m3
237 m3/day

System3

The electricity consumption of a raw water pump is estimated at 18.22 kWh/day.
The electricity consumption of a booster pump is estimated at 19.83 kWh/day.

The electricity consumption per m® of water is the ratio of total power consumption (of raw and booster
pump) and water produced per day. The electricity consumption is estimated to be 0.277 kWh/m?3. A
detailed calculation can be found in table 24:

Table 24: Electricity consumption calculation

Pump type \ Pump power (kW) \ Total power used per day (kWh/day)
Raw water pump 0.91 0.91 x 20 = 18.22 kWh/day
Booster pump 1.12 19.83 kWh/day
Total 38.04 kWh/day
Water produced per day (m?) 6.86 X 20 = 137 m?3
Power consumption per m3 = W =0.277 kWh/m3
137 m3/day

37



5. Investment Cost

Table 25 to table 27 list all majority additional investments required to operate a piped-treated water
business in this service area. The total cost of the 3 systems is estimated to be 429,331 USD.

Table 25: Total investment cost of system1

Water Production System ‘ Description Cost (USD)
Electricity connection N/A 1,500
Pumping Station 1 unit 1,000
Water Treatment Plant 30 m3/h 39,565
Water Storage Tank 210 m? 25,073
Raw Water Pumps (one backup) 5.5 kW; 2 units 3,663
Booster Pumps (one backup) 2.2 kW; 3 units and inverter 4,389
Office building 1 unit 4,000
Warehouse 1 unit 4,000
Toilet 1 unit 3,000
Sub-Total 86,190

Distribution Pipe Network

Length (m)

Cost (USD)

HDPE Pipe 40 mm 23,452 38,227
HDPE Pipe 63 mm 10,050 29,045
HDPE Pipe 90 mm 4,467 20,057
HDPE Pipe 110 mm 7,070 44,188
HDPE Pipe 160 mm 1,757 21,031
Additional cost for pipe installation 3,300
across the river
Sub-Total 46,796 155,848
Others ‘ Description Cost (USD)
Test Kits 1 unit 700
Motorbike 1 unit 1,000
Computer 1 unit 500
Printer 1 unit 350
Phone 1 unit 150
Sub-Total 2,700
Total Investment Cost of System1 | 244,738

Table 26: Total investment cost of system2
Water Production System

Description

Cost (USD)

Electricity connection N/A 1,500
Pumping Station 1 unit 1,000
Water Treatment Plant 15 m3/h 26,341
Water Storage Tank 90 m?3 14,668
Raw Water Pumps (one backup) 2.2 kW; 2 units 1,993
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Booster Pumps (one backup)

2.2 kW; 2 units and inverter

3,530

Sub-Total

49,032

Distribution Pipe Network

Length (m)

Cost (USD)

HDPE Pipe 40 mm 7,248 11,814
HDPE Pipe 63 mm 10,725 30,995
HDPE Pipe 90 mm 4,704 21,121
HDPE Pipe 110 mm 50 313
Additional cost for pipe installation - 1,350
across the river
Sub-Total 22,727 65,593
Others Description Cost (USD)
Phone 1 unit 150
Sub-Total 150

’ Total Investment Cost of System2 ‘ 114,775 ‘

Table 27: Total investment cost of system3
Water Production System ‘ Description Cost (USD)
Electricity connection N/A 1,500
Pumping Station 1 unit 1,000
Water Treatment Plant 10 m3/h 21,870
Water Storage Tank 50 m3 10,932
Raw Water Pumps (one backup) 1.1 kW; 2 units 1,283
Booster Pumps (one backup) 1.5 kW; 2 units and inverter 2,645
Sub-Total 39,230

Distribution Pipe Network Length (m) Cost (USD)
HDPE Pipe 40 mm 3,983 6,492
HDPE Pipe 63 mm 5,541 16,013
HDPE Pipe 90 mm 1,611 7,233
Additional cost for pipe installation - 700
across the river

Sub-Total 11,135 30,438
Others ‘ Description Cost (USD)
Phone 1 unit 150
Sub-Total 150
Total Investment Cost of System3 69,818

Note: The cost of infrastructure facilities above does not include the cost of land, the structural design drawing and

supervision cost for construction.
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6. Business Plan Over 5 Years

This section explains the projected expenses of the water business over 5 years based on the following

key drivers:

Table 28: Total investment cost

Key drivers Value ‘ Reference
Number of standby staff at 1 staff per system Assumption
each system
Wage of standby staff 250 USD/staff/month Assumption
Number of additional staff . .

, 1 supervisor staff Assumption
at the central office
Wage of additional staff at 400 USD/month Assumption

the central office

Electricity Consumption

0.277 — 0.3kWh/m?

Technical calculation

Price of electricity

730 KHR/kWh

The commune chiefs

Chemicals

0.02412 USD/m?3

Engineer’s common practice

Inflation rate

3%

Institute of Statistics of Cambodia

1 % of Plant, Property, and

Maintenance Equipment Assumption
Billing and Collection 100 KHR/connection Assumption
Communication and travel 250 USD/month Assumption
Supplies 50 USD/month Assumption

6.1 Expenses

6.1.1 Direct Expenses

Most direct expenses are variable. They are directly correlated with the volume of water produced. The
exception is the maintenance cost which is modelled as a fixed cost. Table 29 below reports the projected
direct expenses of the business over 5 years based on the projected number of connections in 4.1.1..

Table 29: Direct expenses over 5 years

Description Unit \ Year 1 Year 2 Year 3 Year 4 Year 5
Connection rate % 20% 30% 40% 50% 60%
Quantity of water m3/year | 42,987 | 105,685 | 145749 | 188352 | 233,621
produced

Chemical expense usD 1,037 2,626 3,730 4,964 6,342
Electricity expense usD 2,210 5,432 7,492 9,682 12,008
Maintenance and Repair usD 4,293 4,293 4,293 4,293 4,293
Total Direct Expenses usD 7,540 12,351 15,515 18,939 22,644

Note: Chemical expense/m? is being adjusted for inflation of 3% per year.

6.1.2 Overhead Expenses
Table 30 reports the projected overhead expenses of the business over 5 years. Overhead costs are all
fixed expenses and remain stable even if water production grows. It is only being adjusted for inflation.
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Table 30: Overhead expenses over 5 years, in USD

Description \ Unit \ Year 1 Year 2 Year 3 Year 4 Year 5 \
Salaries usb 13,800 14,214 14,640 15,080 15,532
Billing and collection usD 187 279 376 477 582
Communications usb 3,000 3,000 3,000 3,000 3,000
Supplies usb 600 600 600 600 600
Patent fee usb 100 100 100 100 100
Total Overhead Expenses usb 17,687 18,193 18,716 19,256 19,814

Note: Only salary and billing and collection are being adjusted for inflation of 3% per year.

6.1.3

Direct and Overhead Expenses
Table 31 shows all projected expenses of the business over 5 years.

Table 31: Total expenses over 5 years, in USD

Description

Total Direct Expenses uUsD 7,540 12,351 15,515 18,939 22,644
Total Overhead Expenses uUsD 17,687 18,193 18,716 19,256 19,814
Direct and Overhead Expenses | USD 25,226 30,544 34,231 38,196 42,458
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Appendix 1: Distribution pipe network of the service area for system1
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Appendix 2: Distribution pipe network of the service area for system2
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