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Appendix-4 Minutes of Discussions 
4-1 Minutes of Discussions (First Field Survey) 
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4-2 Technical Notes (Second Field Survey) 
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4-3 Minute of Discussions (Explanation on Draft Report) 
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4-4 Technical Notes (Explanation on Draft Report 2) 
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Appendix-5 Soft Component Plan 
 
(1) Background 

In implementation of the Project, replacement of distribution pipes will be accompanied by 
reconnection of the existing service pipes with the distribution pipes to be newly installed.  
Service pipe materials for reconnection are to be provided by the Japanese side and the 
Cambodian side undertakes plumbing work.  The number of reconnection of service pipes varies 
from 700 to 2,700 according to water works.  In order to accomplish reconnection of service 
pipes within limited implementation period of the Project, it is required for respective water works 
to secure manpower by employing plumbers temporarily aside from current staff of waterworks. 
Although there are no private contractors of plumbing work in the respective provincial capitals, 
waterworks are required to temporarily employ unpracticed workers as plumbers.  Thus, it is 
necessary to provide training on plumbing work such as fitting saddle clamps, replacing service 
pipes and others for casual workers in addition to current staff of water works.  It is considered 
possible that respective water works employ casual plumbers, since they have hired casual 
workers as required so far. 
In replacement and expansion of distribution pipes, the existing service area will be divided into 
blocks together with provision of flow monitoring system in distribution pipe network in order to 
improve operation and maintenance of distribution facilities.  
Flow monitoring system is introduced to respective water works for the first time, which aims at 
appropriate distribution flow management including detecting unusual water flow such as water 
leakage through monitoring, data logging and analyzing as a routine work.  It is necessary to 
provide technical training for respective water works in order to operate and manage the system 
properly. 
To achieve the above objectives, a strong engineering support to ensure smooth startup of facility 
operation of the Project, the following soft component program is planned.  
 
  Technical training on service pipe connection 
  Technical training on flow monitoring system 

 
Manipulation of flow monitoring system is not included in this soft component program, since 
initial training in commissioning is to be conducted by the contractor.  

 
(2) Objective 

The mission of the water works is to provide safe, reliable and adequate water supply to the 
people with sufficient facility operation and management.  In order to achieve this mission, this 
soft component program aims at supporting water works so as to develop, operate and maintain 
water supply facility properly by strengthening technical capability. 

 
(3) Achievement 

This soft component program will expect the following achievements: 
 
< Technical training on service pipe connection > 

The trainees will acquire the skill of re-connecting service pipes properly in replacement of 
distribution pipes and the required knowledge and skills including customer services and others 
in re-connecting service pipes and resuming water supply.  

 
< Technical training on flow monitoring system > 

The trainees will acquire appropriate manner of operation and management of the system and 
prepare action plan together with understanding objectives, component and function of the 
system  

 
(4) Manner of Verifying Achievement  

Table A5-1 shows the manner of verifying the objectives and achievement performed in each 
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module.  Trainers will verify and evaluate training results such as degree of understandings and 
performance of practical training of trainees based on items in Table A5-1a and b. 

 
(5) Activities and Input Plan 

The activities and input of this soft component program are described below. Details are referred 
to Table A5-2.   
 
< Activities > 
  Technical training on service pipe connection 

The eligible trainees are current staff in charge of service pipe installation of respective water 
works and casual plumbers as shown below.  This training program will be conducted by 
going round in duration of about 1week respectively by contracted-out 3 national consultants 
(one engineer and 2 skilled plumbers) under supervision of Japanese consultant.  Training 
material (Service pipe installation manual) and demonstration materials (pipe materials, 
pressure tester, etc.) to be used will be prepared in advance.  
 

Numbers of Eligible Trainees 
Position Pursat Battambang Sihanoukville 

Staff in charge of service 
pipe installation 
(current number)* 

3 
(4) 

3 
(4) 

3 
(8) 

Casual plumber 4 8 8 
Total 7 11 11 

Note: * excluding managerial staff 
 
Contents of the training program are composed of class room and practical trainings.  
Followed by class room training using training manual, the practical training using 
demonstration materials will be conducted at water treatment plant site, targeting all trainees 
in order to acquire quality control and work sequence.  Especially, training on service pipe 
connection will be put emphasis to casual plumbers, while trainings on connecting water 
meter, preparing as built drawing including offset note, customer services according to 
reconnection of service pipes and resuming water supply are provided targeting the staffs of 
water works. 
 

  Technical training on flow monitoring system 
The eligible trainees are managerial staff of engineering department, staff in charge of 
network section and responsible person of water treatment plant as shown below.  This 
training program will be conducted by going round at each water works twice in duration of 
about one week each by contracted-out 2 national consultants (system engineer and data 
analysis specialist) under supervision of Japanese consultant.  Training materials (Guideline 
of operation and management) and reference materials (monthly report, analysis graphs) to be 
used will be prepared in advance.   
 

Numbers of Eligible Trainees 
Position Pursat Battambang Sihanoukville 

Managerial staff of 
engineering department* 
(current number) 

1 
(4) 

1 
(3) 

1 
(4) 

Staff of network section 
(current number)** 

2 
(4) 

2 
(4) 

2 
(8) 

Responsible staff of water 
treatment plant 
(current number) 

1 
(1) 

1 
(1) 

1 
(1) 

Total 4 4 4 
Note: * including deputy director **excluding managerial staff 
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Contents of the training are composed of class room and practical trainings, which are 
designed to provide technical transfer including advice/training for preparing action plan. In 
class room training, in addition to field trip (base and satellite stations) and training of 
operation and management of the system, appropriate manner of cooperation between 
distribution flow management and operation of water treatment plant will be considered.   
Since the system is newly introduced to water works, manner of data logging, tabulation of 
periodical report (monthly/weekly report, etc.) as well as data analysis and visualization will 
be trained.  
As for preparing action plan, the draft plan prepared in the first stage will be improved in the 
second stage in collaboration with trainers and trainees.  

 
< Input > 

The following table represents inputs of trainers. 
 

Inputs of Trainers 
Inputs Service pipe connection Flow monitoring system Total 

Japanese consultant 1.50 MM 2.00 MM 3.50 MM 
National consultant 3 persons, each 1.33 MM 2 persons, each 1.67 MM 7.33 MM 

Total 5.49 MM 5.34 MM 10.83 MM 

 
Roles of Japanese consultant 
 Technical training on reconnection of service pipes 

- To prepare and manage overall training program 
- To prepare composition and contents of training material (Service pipe installation 

manual) 
- To provide technical training in cooperation with local consultants and 

check/evaluate achievement of the training.  
 Technical training on distribution flow monitoring system 

- To prepare and manage overall training program 
- To prepare composition and contents of training material (Guideline for operation 

and management of distribution flow monitoring system) 
- To provide technical training in cooperation with local consultants and check/ 

evaluate achievement of the training  
 
Roles of national consultant 
 Technical training on reconnection of service pipes 

- To prepare training material (Service pipe installation manual, Khmer version) in 
cooperation with Japanese consultant  

- To conduct technical training including lecture on quality control and points of 
service pipe installation and practical training, and check/evaluate achievement of 
training in cooperation with Japanese consultant 

 Technical training on flow monitoring system 
- To prepare training material (Guidelines for operation and management of 

distribution flow monitoring system, Khmer version) in cooperation with Japanese 
consultant 

- To conduct technical training on operation and management of distribution flow 
monitoring system, and check/evaluate achievement of training in cooperation with 
Japanese consultant  

 
(6) Human Resources 

Considering that it is not easy for most of trainees to communicate in English, utilization of 
national resources will be necessary.  
In Cambodia, however, PPWSA having experiences of implementing many Japanese ODA 
projects is operating flow monitoring system at present.  PPWSA has provided also technical 
assistance for provincial waterworks.  In this regard, it is considered appropriate to contract out 
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to PPWSA in implementing soft component program under overall supervision/management of 
Japanese consultant.  In addition, it will be expected that PPWSA can follows up waterworks 
after completion of the soft component program.  

 
(7) Implementing Schedule 

As for the reports of this training program, the interim report after preparing training materials 
and the final report after completion of the training program will be submitted. 
 
< Technical training on service pipe connection > 

The following chart shows the implementing schedule. 
 

month Jan‐12 Feb‐12 Mar‐12

week 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Procurement

Pre‐drive Training

Seminar Materials

OJT Materials

Seminar Explanation of Basic Knowledges

OJT Installation Skills

Post‐seminar Recording: Off‐set, Inspection, etc.

Seminar

OJT

Post‐seminar

Seminar

OJT

Post‐seminar

Legend: Out of Scope Activities Assignment

In
p
u
t

NJS Pipeline Engineering

International Service Piping

International Senior Plumber‐1
International Senior Plumber‐2

Description

A
ct
iv
it
y

P
re
p
ar
at
io
n

Contractor

International

Consultant

W
o
rk
sh
o
p
 a
n
d
 S
em

in
ar Pursat

Battambang

Sihanoukville

Report

 
 

Figure A5-1a Implementing Schedule for Service Pipe Connection 
 
The training on service pipe connection aims at reconnecting service pipes smoothly in 
replacing work of distribution pipes simultaneously.  It is necessary to complete before 
commencement of replacement work of distribution pipes.  Training period will be proposed 
as 1.5 months starting in the middle of April 2012 to complete in the end of May 2012.     

 
＜Technical training on flow monitoring system＞ 

The following chart shows implementing schedule. 
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month Sep‐12 Oct‐12 Nov‐12
week 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Installation
Pre‐drive Training
Seminar Materials
Sample Analysis
Seminar Explanation of Basic Knowledges

OJT Practical Skills: Data Formatting, Action Plan, etc.

Action Plan F/U Follow Up

Seminar
OJT
Action Plan F/U
Seminar
OJT
Action Plan F/U

Legend: Out of Scope Activities Assignment

In
p
u
t Flow Control Management

International System Managemen
International Data Analysis

Description

A
ct
iv
it
y

P
re
p
ar
at
io

Contractor

International

Consultant
Se
m
in
ar
 a
n
d
 P
la
n
n
in
g

Pursat

Battambang

Sihanoukville

Report

 
 

Figure A5-1b Implementing Schedule for Distribution Flow Management 
 
Technical training on flow monitoring system will be carried out after interim inspection (note: 
training will be carried out after completion inspection for Pursat) scheduled in September 2012 
when the system can be operated.  Total training period is to be allotted for 2 months starting 
early November 2012 to complete in late December 2012.  

 
(8) Outputs 

Outputs of this soft component program are proposed as below: 
 
< Technical training on service pipe connection > 

 Technical training plan 
 Technical training material (Service pipe installation manual: English and Khmer 

version) 
 As built drawing of plumbing work (offset note, etc.)  
 Evaluation report of trainees  

 
< Technical training on flow monitoring system > 

 Technical training plan 
 Technical training material (Guideline for distribution flow monitoring system: English 

and Khmer version) 
 Action plan of distribution flow monitoring 
 Evaluation report of trainees 

 
(9) Responsibility of RGC 

In order to achieve the object, it is required for the implementing agency to secure/ appoint the 
trainees (staff of water works and casual staff) before the commencement of each module. 
As for reconnection of service pipes, the implementing agency has accepted that reconnection of 
service pipes together with employing casual plumbers will be borne by the Cambodian side.  
Respective water works are required to secure/ appoint the concerned staffs together with 
employing casual plumbers before the middle of April 2012.   
For technical training on flow monitoring system, water works are required to secure/ appoint the 
concerned staffs before November 2012.  Especially as for Pursat and Battambang water works, 
it is recommended to increase the staff (one each) in order to avoid disadvantage in routine work 
and resuming water supply in replacement work of distribution pipes, considering the current staff 
number of network section.  
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Table A5-1 Achievement of Each Module and Items for Verifying Achievement 
Module Achievement Items for verifying achievement 

1. Service 
pipe 
connectio
n 

Staffs in charge of piping and casual 
plumbers acquire skills necessary for 
service pipe connection together with 
understanding component and objectives of 
service pipe installation 

1. To understand composition and function of service 
pipe  

2. To understand importance of quality control and 
points of service pipe installation 

3. To cut/connect service pipes properly  
4. To fit saddle clamp, stop cock and other fittings 

properly 
5. To conduct pressure testing properly 
To prepare plumbing record/drawing properly 

2. Flow 
monitorin
g system 

Technical staff (Network section and WTP) 
acquire manner of operation and 
management of the system together with 
understanding 
composition/objectives/function of flow 
monitoring system 

1. To have understanding of composition, objectives 
and function of distribution system  

2. To have understanding of objectives and function 
of block distribution system 

3. To have understanding of characteristics of various 
kind of flow (seasonal/daily/hourly change, 
effective NRW, etc.)  

4. To tabulate various kind of flow data  
5. To analyze various flow data 
6. To detect unusual flow and verify its causes 
7. To cooperate with WTP in distribution flow control
8. To prepare action plan of flow management 
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Appendix-6 Other Relevant Data 
6-1 Prioritization Criteria and Findings (Result of 1st Field Survey) 
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6.2 Scoping on Social and Environmental Considerations 

 

Table A6-2-1 Scoping on Social and Environmental Considerations 
Rating Impacts 

Pursat Battambang Sihanoukville
Brief Description 

Social Environment:  
Regarding the impacts on “Gender” and “Children’s Right”, might be related to all criteria of Social Environment. 

1 Involuntary Resettlement     

2 Local economy such as employment and 

livelihood, etc. 
   

 

3 Land use and utilization of local resources     

4 Social institutions such as social infrastructure 

and local decision-making institutions 
   

 

5 Existing social infrastructures and services     

6 The poor, indigenous and ethnic people     

7 Misdistribution of benefit and damage     

8 Cultural heritage     

9 Local conflict of interests     

10 Water Usage or Water Rights and Rights of 

Common 
   

 

11 Sanitation     

12 Hazards (Risk): Infectious diseases such as 

HIV/AIDS 
   

 

Natural Environment 

13 Topography and Geographical features     

14 Soil Erosion     

15 Groundwater     

16 Hydrological Situation     

17 Coastal Zone: Mangroves, Coral reefs, Tidal 

flats, etc. 
   

 

18 Flora, Fauna and Biodiversity     

19 Meteorology     

20 Landscape     

21 Global Warming     

Pollution 

22 Air Pollution B B B During pipe installation work 

23 Water Pollution     

24 Soil Contamination     

25 Waste B B B During pipe installation work 

26 Noise and Vibration B B B During pipe installation work 

27 Ground Subsidence     

28 Offensive Odor     

29 Bottom sediment     

30 Accidents B B B During pipe installation work 
Rating: A: Serious impact is expected. 

 B: Some impact is expected. 

 C: Extent of impact is unknown (Examination is needed. Impacts may become clear as study progresses.) 

 No Mark:  No impact is expected. IEE/EIA is not necessary. 
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Table A6-2-2 Check List of Environmental Considerations 
Environmental Item Main Check Items Confirmation of Environmental Considerations 

(1) 
EIA and 
Environment
al Permits 

Are Environmental Impact Assessment reports (EIA 
reports) needed to be prepared? 

It was confirmed to hearing of State Environment 
Agency that implementation of EIA in Cambodia is 
not needed. Because the project is replacement and 
expansion of existing water supply system. 

① Are contents of the project and the potential impacts 
adequately explained to the public based on 
appropriate procedures, including information 
disclosure? Is understanding obtained from the 
public? 

Ⅰ
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(2) 
Explanation 
to the Public 

② Are proper responses made to comments from the 
public and regulatory authorities? 

Before implementation of the project, adequate 
explanation of contents of the project are made to the 
public and it is required to understand the 
cooperation of the installation, reconnection of 
service pipes, prompt connection of new service 
pipes, etc. These matters need to response 
cooperation with the Client, the Consultant and the 
Contractor. 

(1) Air Quality 

Is there a possibility that chlorine from chlorine storage 
facilities and chlorine injection facilities will cause air 
pollution? Do chlorine concentrations within the 
working environments comply with the country’s 
occupational health and safety standards? 

There is no working condition because change of 
existing water treatment process and chlorine storage 
tank in existing water treatment plant is not planed. 

(2) 
Water 
Quality 

Do pollutants, such as SS, BOD, COD, pH, etc. 
contained in effluents discharge by the facility 
operations comply with the country’s effluent standards?

There is no significant impact in the project because 
change of existing water treatment process is not 
planed and effluents discharges comply with the 
country’s effluent standards as before. 

(3) Wastes 

Are wastes, such as sludge generated by the facility 
operations properly treated and disposed of in 
accordance with the country’s standards?  

There is no significant impact in the project because 
change of water treatment process is not planed and 
wastes treated and disposed properly as before. 

(4) 
Noise and 
Vibration 

Do noise and vibrations generated from the facilities, 
such as pumping stations comply with the country’s 
standards?  

There is no significant impact in the project because 
change of water treatment system is not planed. 

Ⅱ
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(5) Subsidence 
In the case of extraction of a large volume of 
groundwater, is there a possibility that the extraction of 
groundwater will cause subsidence? 

There is no significant impact in the project because 
extraction of groundwater is not planed. 

(1) 
Protected 
Area 

Is the project site located in protected areas designate by 
the country’s laws or international treaties and 
conversions? Is there a possibility that the project will 
affect the protected areas? 

There is no protected area in the project. 

① Does the project site encompass primeval forests, 
tropical rain forests, ecologically habitats (e.g., coral 
reefs, mangroves, or tidal flats)? 

② Does the project site encompass the protected 
habitats of endangered species designated by the 
country’s laws or international treaties and 
conventions? 

③ If significant ecological impacts are anticipated, are 
adequate protection measures taken to reduce the 
impacts on the ecosystem? 

 Ⅲ
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(2) Ecosystem 

④ Is there a possibility that the amount of water (e.g., 
surface water, groundwater) used by the project will 
adversely affect aquatic environments, such as 
rivers? Are adequate taken to reduce the impacts on 
aquatic environments, such as aquatic organisms? 

 

There is no impact to ecosystem because new water 
resource is not planed in the project. 

① Is involuntary resettlement caused by the project 
implementation? If involuntary resettlement is 
caused, are efforts made to minimize the impacts 
caused by the resettlement? 

② Is adequate explanation on relocation and 
compensation given to affected persons prior to 
resettlement? 

③ Is the resettlement plan, including proper 
compensation, restoration of livelihood and living 
standards and living standards developed based on 
studies on resettlement? 

④ Does the resettlement plan pay particular attention to 
vulnerable groups or persons, including women, 
children, the elderly, people below the poverty line, 
ethnic minorities and indigenous peoples? 

Ⅳ
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(1) Resettlement 

⑤ Are agreements with the affected persons obtained 
prior to resettlement? 

There is no resettlement by the project 
implementation because the project is replacement 
and expansion of distribution pipes and the 
installations of pipes are all inside of existing public 
road. 
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Environmental Item Main Check Items Confirmation of Environmental Considerations 

⑥ Are the organizational framework established to 
properly implement resettlement? Are the capacity 
and budged secured to implement the plan? 

⑦ Is a plan developed to monitor the impacts of 
resettlement? 

① Does the project affect person’s life and living in 
bad? If bad affect is caused, is mitigation measures 
made to minimize to the bad affects? 

There are limited affect of noise, vibration, wastes, 
transportation, etc. Necessary environment 
mitigation measures are to be implementing during 
the project. (2) 

Life and 
Living 

② Does water intake (surface water, groundwater) in the 
project affect existing water usage? 

There is usually no significant impact because the 
project is not included new water resource 
development. 

(3) 
Cultural 
Heritage 

Do the archaeological, historic, cultural, religious 
heritage and historic place, etc. are damaged in the 
project? If damage is caused, is appropriate measure 
taken into account comply with the country’s laws? 

There is no heritage and historic place in the project 
area. 

(4) Landscape 
Does landscape affected bad in special? If affect is 
caused, is appropriate measure taken into account? 

There is no affect landscape in the project because 
the project is replacement and expansion of 
distribution pipes. 

① Does the law of right among ethnic minority and 
indigenous people? 

(5) 

Ethnic 
Minority and 
Indigenous 
People 

② Does mitigation measures be taken into account to 
cultural and style of living to ethnic minority and 
indigenous people? 

There is no significant affect to ethnic minority and 
indigenous people. 

① Does mitigation measure prepared to pollutant (noise, 
vibration, dust, exhaust gas, wastes, etc.) dulling 
construction work? 

Air Quality: There are some affect of dust to exiting 
house by installation of distribution 
pipes inside of existing public road in 
the city. It need to shortage time of 
excavation/backfilling and maintenance 
of road after backfilling. 

Wastes:    It needs to transport and dispose the 
existing pipes which taken up to 
minimize the effect to surroundings. 

Noise and  
vibration:   It need to avoid the insulation in night 

and holiday to minimize the effect to 
surroundings. 

② Does construction work affects bad to natural 
environment (ecosystem)? If affect is caused, is 
mitigation measure taken into account to the affect? 

There is no significant affect to natural environment 
because the installation of distribution pipe is inside 
of existing public road. 

③ Does construction work affects bad to social 
environment? If affect is caused, is mitigation 
measure taken into account to the affect? 

There is no significant affect to social environment 
because the installation of distribution pipes is inside 
of existing public road. 

(1) 
Working 
Conditions 

④ Is appropriate safety training (traffic safety, public 
sanitation, etc.) taken to plan and implemented for 
worker involved in the project? 

Condition of contract of construction is needed to 
plan of safety training (traffic safety, public 
sanitation, protection of accident etc.) in the project.

① Does environmental monitoring plan will be 
developed by the Client? 

② Do monitoring item, method, frequency evaluate in 
the plan? 

③ Does monitoring institution (organization, 
manpower, equipment, budged, continuity, etc.) by 
the Client be developed? 

Ⅴ
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(2) Monitoring 

④ Does the method of report, frequency from the Client 
to Authorities be regulated? 

Monitoring such as noise, vibration, dust, exhaust 
gas, wastes, etc. is needed. 
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6-3 Social Survey 
 
It is necessary for water works to accelerate new service connections after completion of the project in 
order to uplift access to water supply.  This social survey was carried out in manner of hearing by 
contract-out to collect following baseline data to use for project design and evaluate the post-project 
effect. 
 
  Current condition of water use of domestic and commercial purposes 
  Request of water users against water services 
  Willingness to connect and water tariff system of non-connected residents in existing service area 
  Willingness to connect and water tariff system of non-connected residents in future service area 

to be expanded 
  Request of poor households to water supply services  
  Current condition of water related diseases to be utilized for project evaluation 

 
(1) Method of Survey 

Survey area and sample numbers were classified into current service area (connected/ 
non-connected residents) and un-served area.  Survey was conducted in manner of hearing to 
households and commercial utilities with sample number of each 100/site (300 in total).  Table 
A6-3-1 shows the number of sample in the above areas. 

 
Table A6-3-1 Classification and Number of Sample 

Pursat Battambang Sihanoukville Total Classification 
HHs Others HHs Others HHs Others HHs Others

Connected 20 (10) 10 36 (16) 10 32 (14) 7 88 (040) 27 Service 
area Non-connected 20 (20) 0 4 (00) 0 8 (04) 3 32 (024) 3 
Un-served area*1 50 (30) 0 40 (16) 10 40 (20) 10 130 (066) 20 

90 (60) 10 80 (32) 20 80 (38) 20 250 (130) 50 Total 
100 100 100 300 

Note*1 Survey sites of un-served area were villages along pipeline routes to be expanded.  Number of poor families in 
parenthesis was estimated by judging using building condition  

 
Sample numbers were allocated as below. 
Initially, [Existing service area (connected: non-connected) : Un-served area = 50（25：25）：50, 
Households : Commercial establishment = 80：20] was planned, however, finally allocation was 
determined as shown in Table x-x considering the actual situation (For example: All business es-
tablishments are situated in the existing service area in Pursat, etc.).  
Information on poor families was referred to poverty line of statistic department of Ministry of 
Planning. In applying criteria, building type was considered and almost a half of samples were 
subject to information collection of poor households. In hearing survey, the sample numbers of 
estimated poor households are indicated in a parenthesis of Table A6-3-1.  
 
  Poor family: Wooden construction with single room 
  Middle class family: Not in poor and middle class family 
  High income family: Concrete construction with 2 floors  

 
(2) Question items 

Common question items and particular items for residential and business establishment are shown 
below.  
 
< General Information > 
  Location: Address, Service area or un-served area 
  Audience: Sex, Age 
  Condition of water use: Water source, Water consumption, Water tariff, 
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Water quantity, water quality, Sewerage 
  Willingness to participate in the project: Willingness to connect/ Affordability to pay/ Con-

nection fee, Cooperation in construction works  
 
< Question Items for Residents > 
  Economic: Family income,  
  Expense:  Electric/ Telephone, Housing condition/area 
  Others: Occupation, Family size, water related diseases  

 
< Question Items for Business Establishment > 
  Business type:  Hotel/ Guesthouse/ Restaurant,  
  Scale:  Establishment year/ Number of rooms/ Seats/ area 

 
(3) Results and Analysis 

< Households > 
To judge appropriateness of selecting criteria of poor households by building types, income/ 
house space/ family size were compared as shown in Table A6-3-2.  Although there is differ-
ence among provincial capitals, the households surveyed were considered to be poor and oth-
ers.  

Table A6-3-2 Average Householder Income/ Housing Area/ Family Size 
of Poor Households judge by Housing Style 

Pursat Battambang Sihanoukville 
Poor Others Poor Others Poor OthersClassification 

60 30 32 48 38 42 

Served area 78 248 255 300 232 698 Householder  
Income （US$/month） Un-served area 107 199 85 170 210 406 

Served area 33 67 76 147 96 113 
Housing Area (m2） 

Un-served area 33 56 48 211 41 75 
Served area 5.4 5.5 4.6 5.6 5.6 5.3 

Family Size 
Un-served area 5.2 5.2 4.9 5.4 5.5 5.6 

 
Poverty survey in nation and provincial level was not conducted.  Poverty rate in Sihanouk-
ville (2009) was reported as less than 0.50 US$/person-day but it was not analyzed by survey 
results. 
Based on the international poverty line of 1.00 US$/person-day used by the WB survey, poverty 
line of householder income with 150 US$/month on conditions of 5 persons per household was 
adopted to analyze the cost of public services in Table A6-3-3.  On this statistical data, there 
was no answer of total family income. 
 

Table A6-3-3 Cost of Public Services classified by Householder Income 
Classification Pursat Battambang Sihanoukville 

Householder Income US$/month < 150 150 < < 150 150 < < 150 150 < 
Number 59 31 33 47 14 66 Sample HHs 

Occupation 66 % 34 % 41 % 59 % 18 % 82 %
Householder Income US$/month 71 252 100 286 74 467 

US$/month 6.86 17.42 9.69 20.69 15.57 32.64 
Electricity 

Rate per Income 9.7 % 6.9 % 9.7 % 7.2 % 21.0 % 7.0 %
US$/month 7.97 15.48 6.09 17.13 6.64 10.50 

Telephone 
Rate per Income 11.2 % 6.1 % 6.1 % 6.0 % 9.0 % 2.2 %

US$/month 0.45 2.35 0.78 3.56 1.14 2.74 
Total 

Rate per Income 0.6 % 0.9 % 0.8 % 1.2 % 1.5 % 0.6 %
US$/month 2.42 8.10 3.67 5.77 3.20 6.70 

Average 
Expense 

Water 
User 

Rate per Income 3.4 % 3.2 % 3.7 % 5.8 % 4.3 % 1.4 %

Per Capita GDP*1 
385 

US$/person-year
441 

US$/person-year 
1,235 

US$/person-year 
Note*1: Source of IDE-JETRO, 2010.  National average of per capita GDP was 509 US$/person-year. 
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Comparing of (a) poverty rate of 50 % by building type according to the Ministry of Planning 
and (b) poverty rate adopted householder income and international poverty line, per capita GDP 
has strong influence on poverty rate in survey areas.  Generally, the tendency of Sihanoukville 
< Battambang < Pursat can be seen in poverty rate. 
Based on the householder income, water tariff was the most low expenses rate among the public 
services.  The reason of low expenses may be accessibility to other water sources other than 
public water supply.  Since the data of waterworks users were analyzed, expense rate were es-
timated at 3 to 4 % of householder income, which has and extent of the mean value in develop-
ing countries. 
 

< Business Establishment > 
Business establishments were selected from restaurants and accommodation facilities of which 
ratio of service connection and water consumption were considered as relatively large.  Crite-
ria between hotel and guesthouse were based on accommodation of 10 people in their lobby.  
Table A6-3-4 shows the business scale by type within service area or un-served area.  
 

Table A6-3-4 Business Scale by Type and Area 
Site Pursat Battambang Sihanoukville Total 
Area Served Un-served Served Un-served Served Un-served Served Un-served

sample 5 0 3 10 2 7 10 17
Seat 76 - 79 44 65 32 75 39Restaurant 
Area m2 434 - 289 366 115 226 327 309
Sample 3 0 7 0 5 3 15 3
Nos. of rooms 9 - 22 - 24 20 20 20Guesthouse 
Area m2 238 - 143 - 498 211 280 211
Sample 2 0 0 0 3 0 5 0
Nos. of rooms 32 - - - 24 - 27 -Hotel 
Area m2 393 - - - 365 - 376 -
Sample 10 0 10 10 10 10 30 20

Parameter 
Occupation 100 % 0 % 50 % 50 % 50 % 50 % 60 % 40 %

 
< Water use > 

Target areas were classified by two categories of (a) Served area or un-served area, (b) con-
nected or non-connected.  Table A6-3-5 shows comparison regarding water source/ water 
quantity/ water quality/ water related diseases.  Private water includes water from neighbor, 
water tanker, water by vendor and others. 
 
As for Pursat, there is considerable number of households using pond and rain water.  The re-
lation between cause and effect was not cleared.  However, the number of water related dis-
eases in Pursat was higher than other provincial capitals in 2009.  Likewise, it has been seen 
that the households connecting water supply maintain hygiene condition in Battambang and 
Sihanoukville. 
With regard to service level of water works, the users evaluate water quality but negative water 
quantity.  Especially in Battambang, there are problems of rationed water supply due to opera-
tion hour of water treatment plant (20 hrs/day) and insufficient capacity of distribution facility.  
 
Water use, problems in terms of quantity and quality, sanitation facility were compared and 
shown in Table A6-3-6.   
Followed by using public water supply at majority of business establishment in Pursat, private 
water (un-treated) using in Battambang and groundwater (well) using in Sihanoukville are out-
standing.  Since groundwater in Pursat and Battambang contains high iron concentration, some 
business establishments connect public water supply or use water tankers loading surface water.  
While, there is sufficient of groundwater and many business establishments are using wells in 
Sihanoukville.  There was a hearing sample of saline water intrusion.  
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Table A6-3-5 Water Source, Quantity/Quality and Water Related Diseases 
Pursat Battambang Sihanoukville 

Served Un-served Served Un-served Served Un-served
Connected Non connected Connected Non connected Connected Non connected 

Water use  
(lower: sample nos.) 

20 20 50 36 4 40 32 8 40 

Pond/ Rainwater - 13 36 - 0 9 - 0 0 

Private water - 7 1 - 3 3 - 0 18 

Private + Well - 0 0 - 0 2 - 0 0 

Well - 0 13 - 1 26 - 8 22 

Public 20 - - 35 - - 25 - - 

Public + Private 0 - - 1 - - 0 - - 

W
at

er
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Public + Well 0 - - 0 - - 7 - - 

Low Pressure 7 - - 12 - - 5 - - 

Q
ua

nt
ity

 

Rationed supply 6 - - 35 - - 7 - - 

Taste 0 10 12 0 3 15 0 2 0 

Odor 0 11 14 0 1 9 0 0 0 

Q
ua

lit
y 

Color/ Turbid 0 12 14 0 1 18 0 1 0 

Cholera 0 1 3 0 0 0 0 0 0 

Diarrhea 0 9 13 1 0 6 1 0 0 

Typhoid fever 0 7 12 0 0 1 0 0 3 

Malaria 0 3 4 0 0 0 0 0 0 

Dengue fever 0 4 15 1 0 1 0 0 1 

W
at

er
 r
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at

ed
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Skin disease 1 5 8 3 0 3 0 0 1 

 
Table A6-3-6 shows comparison of water source/ quantity/ quality/ sanitation by business type.  
 

Table A6-3-6 Water Source, Quantity, Quality and Sanitation by Area 
Pursat Battambang Sihanoukville 

Served Un-served Served Un-served Served Un-served
Water use 

(below: sample nos.) 
10 0 20 10 20 10 

Private water 0 0 10 9 3 3 
Well 0 0 0 1 10 7 
Public water 10 0 10 0 2 0 

Water 
source 

Public + Well 0 0 0 0 5 0 
Low pressure 1 0 2 0 3 0 

Quantity 
Rationed supply 5 0 5 4 1 0 
Taste 0 0 7 4 1 1 
Odor 0 0 3 4 0 0 Quality 
Color/Turbid 7 0 11 4 0 0 
Sewerage 0 0 0 0 9 3 
Septic tank 10 0 9 3 0 1 Sanitation 
No treatment 0 0 11 7 11 6 

 
< Possibility of Connection by Poor HHs and Business Establishments > 

Table A6-3-7 represents survey result on un-served poor HHs with willingness to connect.  As 
for Battambang and Sihanoukville, there were no respondents of poor HHs in service area.  
High rates of willingness to connect were obtained at each provincial capital with condition of 
water tariff and connection fee.  Most of respondents show their willingness as less than 5 
US$/month and this corresponds to water consumption of 10 to 12 m3/month.  Subscribers 
may judge the water tariff system as normal according to the result in Table A6-3-3. 
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Table A6-3-7 Willingness to Connect and Pay, and Affordability for Connection 
Pursat Battambang Sihanoukville Total 

Served 
Area 

Un-serv
ed Area 

Served 
Area 

Un-serv
ed Area

Served 
Area 

Un-serv
ed Area

Served 
Area 

Un-serv
ed Area

Un-served Poor HHs 

18 30 0 26 2 7 20 63 

HHs 15 29 - 15 0 6 15 50 To  
Connect Occupation 83 % 97 % - % 58 % 0 % 86 % 75 % 79 %

1-2 US$/month 8 9 - 1 - 1 8 11 
2-5 US$/month 6 18 - 6 - 2 6 26 
5-7 US$/month 1 0 - 3 - 0 1 3 
> 7 US$/month 0 2 - 1 - 0 0 3 T

o 
P

ay
 

As consumed 0 0 - 4 - 3 0 4 
< 25 US$ 3 5 - 1 - 4 3 10 

25 - 50 US$ 0 7 - 6 - 1 0 14 
50   75 US$ 10 4 - 3 - 1 10 8 

75 - 100 US$ 2 2 - 4 - 0 2 6 
> 100 US$ 0 15 - 1 - 0 0 16 A

ff
or

da
bi

li
ty

 
fo

r 
C

on
ne

ct
io
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Ave. US$ 50 79 - 67 - 34 50 70 

 
Gradual increasing tariff charge system was applied only at Sihanoukville.  Water tariff system 
including basic tier rate by connection pipe diameter and gradual increasing will make better 
influences for un-served poor HHs, since any water tariff system for poor HHs was not en-
forced yet as of now.   
Majority of respondents show their affordability to pay for connection fee as less than 75 US$.  
As for the HHs with householder income of less than 150 US$/month, 20% of them show af-
fordability to pay for connection fee as more than 100 US$.  It may be caused of householder 
income.  The said HHs would be fallen on middle or high class if family income was consid-
ered. 
Figure A6-3-1 shows relation between connection fee and number of willingness to connect.  
There are possibility to include samples of middle and/ or high income households, however, it 
indicates that more than 75% of poor HHs are willing to connect within 40 US$ of connection 
fee.  According to the present connection fee system, it will be possible to reduce the said fee 
up to 40 US$ if saddle clamp and water meter are free of charge.  Additionally, service con-
nection to small service pipes makes the connection fee exemption, which was included into 
this project.  Some respondents expressed that connection fee should be included in water tar-
iff.  
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Figure A6-3-1 Relation between Connection Fee and Willingness to Connect by Poor HHs 
 
Provision of connection materials will be effective to promote the service connection by poor 
HHs upon completion of this project.  To design the provision number of materials until the 
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project target year, following information was analyzed as shown in Table A6-3-8.  The ma-
terials to be used for the service connection to existing pipeline, poor rate of present users was 
adopted because poor rate of un-served users in service area has vary widely. 
 
  To new Pipeline: Poor HHs Rate by International Poverty Line within un-served area 

and willingness to connect  
  To existing Pipeline: Poor HHs Rate of users by International Poverty Line within service 

area 
 

Table A6-3-8 Poor HHs Rate for Promotion of New Connection 
Conditions Pursat Battambang Sihanoukville

HHs with service area and want to connect 66 21 36 
HHs within International Line among above 41 15 6 
Poor HHs Rate along expansion area  62 % 71 % 19 % 

To New 
Pipeline 

Poor HHs Rate to be adopted  60 % 70 % 20 % 
Number of Users 20 36 32 
HHs within International Line among above 11 7 5 
Poor HHs Rate within existing service area 55 % 19 % 16 % 

To Existing 
Pipeline 

Poor Rate to be adopted  55 % 20 % 15 % 

 
Although samples of non-connected business establishments are small (23), it is considered 
that 87 % of poor HHs are willing to connect as shown in Table A6-3-9.  Un-served business 
establishment has own water source.  Connection number will be gradually increased be-
cause their facility depreciation and cost for connecting public water supply. 
 

Table A6-3-9 Willingness to Connect, Affordability to Pay and Connection Fee 
Type Restaurant Guesthouse Hotel 

Sample nos. 17 4 2 

Sample 15 4 1 Willingness 
to connect Ratio 88 % 100 % 50 % 

5-10 US$/month 1 1 0 
10-20 US$/month 5 0 1 

> 20 US$/month 0 0 0 W
at

er
 

ta
ri

ff
 

by Consumption 9 3 0 
< 25 US$ 3 1 0 

25 - 50 US$ 3 1 0 
50   75 US$ 1 0 0 

75 - 100 US$ 7 1 1 
> 100 US$ 1 1 0 

C
on

ne
ct

io
n 

fe
e 

Ave. US$ 72 74 100 

 

(4) Considerations 
Based on the mentioned above, the findings are below. 
 
  Request of current users is water services with are proper water supply pressure and 24 hours wa-

ter supply. 
  It is estimated that there is difference in water related diseases between connected and 

non-connected residents even though the relationships were un-cleared.  
  It is necessary to carry out promotion/ public information in order to encourage business estab-

lishments using other water sources to connect public water supply. 
 
The following matters are recommended in planning of the project.  
 
  Promotion of new connection by poor HHs will be expected by subsidy (provision of service 

connection materials/ mitigation of connection fee).  
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6-4 Topographic Survey 
 
Topographic survey was conducted in order to grasp current topographic conditions including 
ground elevation, layout of buildings along proposed distribution pipelines for planning and 
designing distribution pipelines.  
 
 

Table A6-4-1 Quantity of Topographic Survey 
Items Discription 

Route survey 
longitudinal 
profile 

Distribution pipelines 
1) Pursat: L= 27.7km 
2) Battambang: L= 50.6km 
3) Sihanoukville: L= 29.5km 
Measuring interval: Max. 100m, detailed survey was done at 

changing points such as crossing bridge, culvert, etc. 
Scale H=1/1000、V=1/100 

Cross section Measuring interval: 100m, 50m cross section 
Scale H=1/100、V=1/100 
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6-5 Technical Specifications of Major Materials to be procured 
 

(1) Flow Monitoring System 
＜Water Flow Meter＞ 
Type: Electro Magnetic or Turbine Type Flow Meter 
 Flange Connection (PN16), IP68, Built-in Battery Type 
Material: Body: FDC450 or equivalent (Manufacturer Standard) 
 Inner pipe: SUS 304 or equivalent (Manufacturer Standard) 
 Turbine: SUS 304 or equivalent (Manufacturer Standard) 
Accuracy: ± 2.0 %or less 
Indicator: Built-in digital indicator, Flow rate and total 
 Output: analog 4-20 mA with Cable Termination 
Power: Built-in Lithium Battery 
Battery Life: Approximately 10 years or more 
 
＜GSM Modem (Local Station)＞ 
Type: Built-in Battery Powered GSM Telemetry Data Logger, IP68 
Power: Built-in Lithium Battery 
Battery Life: Approximately 10 years or more 
Main Function: Data Logger: minimum 200 DI/O per day with minimum 30 days backup 
 Data Upload: to send the storage data per day automatically 
 Alarm: to send message by SMS immediately 
 LCD Display: for setting 
 
＜Telemeter Central Panel＞ 
Type: Metal enclosed, Self-standing, Indoor use, IP21 
Power: AC220V (UPS) 
Main Component: Breaker: MCCB 50A,MCBx5 
 1ndicator: Voltmeter 
 Transducer: Manufacturer Standard 
 PLC: for data processing and transmission 
 GSM modern: SIM slot, RS-232 interface, DTR triggered for dialing and 
SMS, 
  Antenna 
 
＜Monitoring System＞ 
Type: PC monitoring System for flow data 
Local Station: 5-10 1ocations 
Data: Flow rate of every 10 minutes, Max flow rate, Min flow rate, Total flow 
 (for each station daily) 
Industrial PC: Latest Intel CPU, Windows OS, 20-in LCD display 
Software: General use software such as Excel to show the data, trend and report 
Printer: Laser printer, A4 
UPS: 3kVA 30 minutes back-up 
Other: Monitoring desk and chair 

 
(2) Flow Control System 

＜Valve Control Panel (Master Station)＞ 
Type: Indoor use, metal enclosed, corrosion resistant, with steel base (IP42) 
Quantity: 1 unit 
Function: a. Power receiving by 3-phase 380V 
 b. Telemetry and telecontrol for three numbers of valves 
  two for by control cable and one for by optic communication 
Main components: Manufacturer’s standard 
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 MCCBs 
 Relays and protection devices 
 PLC, I/O converter,  1 set 
 Opening degree indicators,  3 sets 
 Control switches, 3 sets 
 Status indications, 3 sets 
 Alarm indicators, 3 sets 
 
＜Valve Control Panel-1 (Local Station)＞ 
Type: Outdoor use, metal enclosed, corrosion resistant, with steel base (IP54) 
Quantity: 2 units 
Function: a. Power receiving by 3-phase 380V 
 b. Control of butterfly valve (adapted motor 0.75 kW of 1 unit) 
 c. telemetry and telecontrol by cable communication (local station) 
Main components: Manufacturer’s standard 
 MCCBs 
 Relays and protection devices 
 Ammeter, 1 set 
 Voltmeter, 1 set 
 Opening degree indicator,  1 set 
 Changeover switch, 1 set (local-remote) 
 Control switch, 1 set 
 Status indication, 1 set 
 Alarm indicator, 1 set 
 
＜Valve Control Panel-2 (Local Station)＞ 
Type: Outdoor use, metal enclosed, corrosion resistant, with steel base (IP54) 
Quantity: 2 units 
Function: a. Power receiving by 3-phase 380V 
 b. Control of butterfly valve (adapted motor 0.75 kW of 1 unit) 
 c. telemetry and telecontrol by optical cable communication (local station) 
Main components: Manufacturer’s standard 
 MCCBs 
 Relays and protection devices 
 PLC, I/O converter, 1 set 
 Ammeter, 1 set 
 Voltmeter, 1 set 
 Opening degree indicator,  1 set 
 Changeover switch, 1 set (local-remote) 
 Control switch, 1 set 
 Status indication, 1 set 
 Alarm indicator, 1 set 
 
＜Optical Cable＞ 
Type: 4 core quartz single-mode 
Distance: 680 m, Master station to valve control panel (C) 
Communication test shall be included for each section and other necessary equipment for data 
transmission such as terminals shall also be included in the cost. 

 
(3) Materials for Service Pipe Connection 

＜Water Meter＞ 
Description: Volumetric Type defined in ISO 4064-1. 
Material: Main Casings: Totalizer cap/ cover shall be either a copper alloy containing;  

(a) not less than 75% copper or                                                
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(b) not less than 57% copper with anti-corrosion treatment. 
 Connections: Threaded to BSP male 15A made from material 
 Painting: NOT to be painted. 
 Seals: All meters shall be sealed before shipment with 

non-corrosion. 
 Marking: Being marked on the casing with the following information. 
   Size, Flow Direction, Brand, Year and the S/N 
 Registers: Being housed in a shockproof synthetic polymer container. 
Functions: Class: The class “C” of the ISO 4064/1 
 Accuracy: not less than 98 % nor more than 102 % 
 Performance: actual meter performance curves verified by authorities 
 Head loss: not exceeding 10 meters 
 Pressure: 16 Bars with test pressure of 22.5 Bars 

 
(4) Connector of HDPE 

＜Connector for HDPE＞ 
Type: Socket fusion connector 
Functions:  Size: Applicable from the size of 15A to 65A 
 Input Power: 220 V 
 Consumption: 800 W 
 Wight: less than 3.0 kg including case 
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