JAPAN INTERNATIONAL COOPERATION AGENCY

MINISTRY OF INDUSTRY, MINES AND ENERGY
PHNOM PENH WATER SUPPLY AUTHORITY

THE STUDY
ON
THE MASTER PLAN
OF
GREATER PHNOM PENH WATER SUPPLY
(PHASE 2)
IN
THE KINGDOM OF CAMBODIA

FINAL REPORT
VOLUME 11

MAIN REPORT

FEBRUARY 2006

NJS CONSULTANTS CO., LTD.
CTI ENGINEERING INTERNATIONAL CO., LTD.



PREFACE

In response to a request from the Royal Government of Cambodia, the Government of Japan decided
to conduct the Study on the Master Plan of Greater Phnom Penh Water Supply (Phase 2) in the
Kingdom of Cambodia and entrusted the study to the Japan International Cooperation Agency
(JICA).

JICA selected and dispatched the study team headed by Mr. Yoshihiko Sato of NJS consultants Co.,
Ltd. (consisting of NJS Consultants Co., Ltd. and CTI Engineering International Co., Ltd.) to
Cambodia, three times between December 2004 and January 2006.

The team held discussions with the officials concerned of the Royal Government of Cambodia, and
conducted field surveys at the study area. Upon returning to Japan, the team conducted further

studies and prepared this final report.

I hope that this report will contribute to the promotion of this project and to the enhancement of

friendly relationship between our two countries.

Finally, I wish to express my sincere appreciation to the officials concerned of the Royal

Government of Cambodia for their close cooperation extended to the Study.

February 2006

Takashi Kaneko
Vice-President

Japan International Cooperation Agency



February 2006
Mr. Takashi Kaneko
Vice-President
Japan International Cooperation Agency (JICA)
Tokyo, Japan

Letter of Transmittal

It is a greater pleasure that we submit herewith the Final Report of “The Study of the Master Plan of
Greater Phnom Penh Water Supply (Phase 2) in the Kingdom of Cambodia”.

The main objective of the Study was placed on the formulation of water supply development plan for
Greater Phnom Penh for meeting the water demand up to the year of 2020. The Study conducted Hf
a basic study in Phase I and prepared in Phase I a master plan and successively in Phase III a

feasibility study. The Report presents the outcomes of the master plan and feasibility study.

We hope that this Report will be helpful for the realization of the project proposed in this Study. We
believe that the successful undertaking of the proposed project would assure stable water supply in
Greater Phnom Penh in the long term and thus contribute to the further socio-economic development

in the region.

We wish to express our sincere gratitude to the personnel concerned of your Agency for the guidance
and support given throughout the Study period. Our deep gratitude is also expressed to the Ministry
of Industry, Mines and Energy, Phnom Penh Water Supply Authority, and other concerned authorities
of the Royal Government of Cambodia, JICA Cambodia Office and the Embassy of Japan in

Cambodia for their close cooperation and assistance extended during the course of the Study.

Very truly yours,

Yoshihiko Sato

Team Leader

The Study on the Master Plan

of Greater Phnom Penh Water Supply
(Phase 2) in the Kingdom of Cambodia
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THE STUDY
ON
THE MASTER PLAN OF GREATER PHNOM PENH WATER SUPPLY (PHASE 2)

IN THE KINGDOM OF CAMBODIA

EXECUTIVE SUMMARY
PART A: MASTER PLAN

1. Background of the Project

The Study on the Master Plan of Greater Phnom Penh Water Supply (Phase 2) was undertaken in
accordance with the Minutes of Meeting on the Scope of Work for the Study, signed on 29" July 2004,
between the Royal Government of Cambodia, represented by the Ministry of Industry, Mines and
Energy (MIME) and the Phnom Penh Water Supply Authority (PPWSA), and the Japan International
Cooperation Agency (JICA).

The objectives of the Study are:

1) To formulate a master plan up to the year 2020 for an efficient and sustainable water supply
system for Greater Phnom Penh (Municipality of Phnom Penh, Ta Khmau City and urban
areas bordering the Municipality of Phnom Penh in Kandal Province), and to conduct a

feasibility study on the priority project(s); and
2) To transfer technology to counterpart personnel during the course of the study.

The Study started at the beginning of December 2004 and was completed at the end of January 2006.

This Final Report consists of three volumes:

e  Volume | : Summary Report
e  Volume II : Part A : Master Plan
Part B : Feasibility Study

e Volume II : Supporting Reports
Part A : Detailed study documents/data

Part B : Drawings
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2. Project Framework

The Master Plan takes into consideration the relevant national plans, policies and targets, including
specifically the Cambodia Millennium Development Goals (CMDGs). The CMDG target of 80% for
the urban population with access to a safe water source by 2015 has already been met in urban Phnom
Penh and will be sustained above that level to 2020 and beyond. For the peri-urban areas, the target of

80% coverage will be achieved by 2020.

Based on the future urban development scenarios, the population of the central area is expected to
decrease from 715,500 in 2005 to 683,400 in 2020. In the suburban area of Metropolitan Phnom Penh
(MPP), the population will double from the present 2005 population level of about 620,000 to 1,320,000
in 2020. This population increase of about 700,000 is expected to occur in Dangkao District, 270,000; in
Mean Chey District, 160,000; and in Ruessei Kaev District, 270,000.

Under the most likely scenario, water demand will increase from 133,402 m>/d in 2004 to 271,093 m*/d
in 2020 on a daily average basis and from 204,027 m*/d in 2004 to 414,612 m*/d in 2020 on a daily
maximum basis. Overall supply coverage for the MPP (including peri-urban) will go from 67.7% in

2004 to 81% in 2020.

Proposed Water Supply Basic Indicators (unit in m*/d)

Year [ 2005 | 2000 | 2015 | 2020
By Central Distribution System (CDS)
Daily Ave. per capita water demand (Ipcd) 80 86 95 104
Peak factor 1.3 1.3 1.3 1.3
Peak Day per capita water demand 104 111 123 135
NRW 15% 15% 15% 15%
Daily Max. per capita demand (Ipcd) 122 131 144 158
Total population 1,529,999 1,774,891 | 2,034,868 | 2,303,826
Served population 1,035,931 1,244,738 | 1,491,113 | 1,866,102
Coverage (%) 67.7 70.1 733 81.0
Daily Ave. water demand (m’/d) 133,402 166,529 209,292 271093
Daily Max. water demand (m’/d) 204,027 254,691 320,094 414,612
Nos. of served households 105,870 136,540 180,736 247,712
Nos. of non-domestic connections 15,517 18,729 21,640 25,011
Total No. of connections 121,387 155,269 202,376 272,723
By CDS + Well Water Systems
Total population 1,529,999 1,774,891 | 2,034,868 | 2,303,826
Served population 1,070,582 1,321,598 | 1,641,684 | 2,082,822
Coverage (%) 70.0 74.5 80.7 90.4
By Well Water Systems
Served population 34,650 76,860 150,570 216,720
Unit covering population per well 210 210 210 210
Nos. of wells required 165 366 717 1,032
Unit water consumption per capita (Ipcd) 40 40 40 40
Well water supply amount (m3/d) 1,386 3,075 6,023 8,668
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3. Urban Water Supply Development Plan

3-1 Water Production and Treatment

The total water production requirement for the year 2020 is 500,000 m’/d. The required production

capacity at each stage up to 2020 is illustrated in the figure below based on the daily maximum water

demand.
Production Capacity (m*/d) Water Demand and Production
600,000 +100,000 m*/d
500,000 +100,000 m*/d
400000 | +65:000 m’/d —
300,000
200,000 — — Production —— Daily Maximum| |
100,000
0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

The present production capacity of 235,000 m*/d can meet the water demand through 2007. With
implementation of the Stage I Priority Project to expand the capacity of the Chrouy Changva Water
Treatment Plant (WTP) by 65,000 m’/d (bringing total production capacity to 300,000 m*/d), the
maximum water demand during Stage I and through the year 2013 of Stage II can be met. After 2013, a
second project for construction of a new water treatment plant with an initial production capacity of
100,000 m*/d will be necessary to satisfy the further increased water demand during the latter part of
Stage II and beyond. The new plant is proposed to be constructed at Nirouth.

3-2  Water Transmission and Distribution

The objectives for the network expansion plan are to 1) serve the additional demand, while 2) enhancing
overall system performance. The strategy for accomplishing these objectives incorporates the following
critical concepts: a) division of the network into discrete zones for more intensive and flexible control of
flow and pressure, b) creation of transmission network loops for greater redundancy and pressure

balancing options, and ¢) completion of the distribution system, as at present, in closed, metered blocks.
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4. Peri-Urban Water Supply Development Plan

The Peri-Urban Water Supply Development Plan has established the clear target of providing safe water
coverage to at least 80% of the population of the Phnom Penh peri-urban areas. The strategy for
achieving the target entails a combination of piped network extension and development of wells in an

appropriate and cost-effective manner.

5. Project Costs

5-1 Capital Costs for Urban Water Supply Development Plan

Based on the water demand, the capital investments for the expansion of the Urban Water Supply

Development Plan are estimated in the following table.

Summary of Project Cost

Cost Item Cost (USS)
Breakdown Total
Construction Cost
Stage 1 (2010) 51,865,000
Chrouy Changva WTP -2nd Stage 22.630,000
Water Tank 2,555,000
Transmission/Distribution Pipe 11,880,000
Monitoring Facility 5,000,000
Rehabilitation of M&E Equipment 9,800,000
Stage II (2015) 100,462,000
New Intake & WTP -1st Stage 40,106,000
Clear Water Reservoir Expansion in Phum Prek WTP 1,184,000
Transmission/Distribution Pipe 23,923,000,
\S)&lll%(i)ge Treatment Facility for Chrouy Changva & Phum Prek| 18,849,000
Rehabilitation of M&E Equipment 16,400,000
Stage 111 (2020) 44,767,000
New Intake & WTP -2nd Stage 25,982,000
Transmission/Distribution Pipe 7,238,000
Sludge Treatment Facility for Chamkar Mon WTP 3,347,000
Rehabilitation of M&E Equipment 8,200,000
Total of Construction Cost 197,094,000
Land Acquisition Cost 3,600,000
Equipment Procurement Cost 1,971,000
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Cost Item Cost (USS)
Breakdown Total
Engineering Service Expense 19,709,000
Government’s Administration Expense 9,855,000
Institutional Development Cost 2,062,000
Sub Total 234,291,000
Physical Contingency 23,429,000
Price Contingency 62,232,000
Total Project Cost 319,952,000

5-2

Based on the water demand, the capital investments to support the expansion of the well program in

the peri-urban area are estimated below:

Capital Costs for Peri-urban Water Supply Development Plan

Summary of Project Cost for Well Facility

Cost (USS)
Cost Item
Stage 1 Stage I | Stage II1 Total
Construction Cost
Well Facility 6,305,000 | 6,762,000 (8,696,000 21,763,000
Total Construction Cost 21,763,000
Equipment Procurement Cost 63,000 68,000 87,000 218,000
Engineering Service Expense 631,000 676,000 870,000 2,176,000
Government’s Administration Expense 315,000 338,000 435,000 1,088,000
Sub Total 7,314,000 | 7,844,000 (10,088,000 | 25,245,000
Physical Contingency 731,000 784,000 | 1,009,000 2,525,000
Price Contingency 848,000 | 2,125,000 | 4,949,000 7,921,000
Total Project Cost 8,893,000 | 10,753,000 (16,044,000 | 35,691,000

6. Financial Analysis

The financial viability of the Master Plan (Urban water supply) is assessed by comparing the Financial
Internal Rate of Return (FIRR) with the Weighted Average Cost of Capital (WACC, used as a proxy for
the Opportunity Cost of Capital). The WACC of the project is 3.84% (in real terms), while the FIRR is

5.19%, so the project is considered financially viable.

The results of the financial projections of PPWSA and the financial analysis of the projects show that the

proposed Master Plan projects can be implemented on a sustainable basis. Throughout the economic life
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of the proposed projects, PPWSA can generate sufficient revenues to cover the costs of their operation
and maintenance, together with the existing assets and on going projects, and repay all its debt service

obligations as they fall due.

7. Initial Environmental Evaluation

JICA categorized the Master Plan as Category B. The proposed projects will have mostly beneficial
impacts. Although some adverse impacts will occur during the construction and operation stage of the
project, minimization of environmental disturbances such as noise and dust during construction will be
considered in the detailed design, and appropriate environmental management requirements will be

incorporated in the specifications of construction contracts.

In order to assure that the proposed mitigation plan, described in “Environment Mitigation Plan” will be
adequately conducted, the related agencies should monitor those activities as recommended in

“Environmental Monitoring Plan”.

8. Implementation Plan

The project is planned to be implemented divided into three stages based on the design target years of
2010 (Stage 1) for the feasibility study, 2015 (Stage II) for the intermediate development plan and 2020
(Stage III) for the long term development plan.

The project implementation schedule is presented in the following figure:
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Phase Stage 1 Stage 2 Stage 3
Year|[ 2005 2006] 2007] 2008| 2009] 2010f 2011| 2012] 2013] 2014 2015|f 2016] 2017] 2018| 2019] 2020
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Description

Implementation Schedule

010 Preparation of Project S
011 Feasibility Study —
012 Financial Arrangement and Selection of Construction — [—— ———
020 Pre-Construction NN S SN
021 Detailed Design [——] [ ] [
022 P/Q and Tender — — —
100-300 Construction
100 Stage I (Q=65,000m3/d) - 2010
<Urban Water Supply Supply Projects>
110 Chrouy Changva WTP -2nd Stage TIEEETRTRRRIRRR

111 Intake Station (for Chrouy Changva WTP) (E——
112 Raw Water Transmission Facilities
113 Chrouy Changva WTP -2nd Stage (Q=65,000m3/d)
120 Water Tank N
121 Ta Khmau Water Tank
122 Booster Pump for Existing Water Tank (3 nos)
130 Distribution Pipe
131 Distribution Pipe (Dia 63 to 600) e — —
132 Distribution Pipe (Dia 700 to 1200) p——
140 Rehabilitation of M&E Equipment — —
<Peri-Urban Water Supply Supply Projects>
150 Well Facilities
200 Stage II (Q=100,000m3/d) - 2015
<Urban Water Supply Supply Projects>
210  New WTP -1st Stage
211 Intake Station (for New WTP)
212 Raw Water Transmission Facilities
213 New WTP -1st Stage (Q=100,000m3/d)
220 Distribution Pipe
221 Distribution Pipe (Dia 63 to 600)
222 Distribution Pipe (Dia 700 to 1200)
230 Sludge Treatment Facility for Chrouy Changva and Phum Prek WTP
240 Rehabilitation of M&E Equipment
<Peri-Urban Water Supply Supply Projects>
250 Well Facilities
300 Stage 111 (Q=100,000m3/d) - 2020
<Urban Water Supply Supply Projects>
310  New WTP -2nd Stage
311 Intake Facilities (for New WTP)
312 Raw Water Transmission Facilities
313 New WTP (Q=100,000m3/d)
320 Distribution Pipe
321 Distribution Pipe (Dia 63 to 600)
322 Distribution Pipe (Dia 700 to 1200)
330 Sludge Treatment Facility for Chamkar Mon WTP
340 Rehabilitation of M&E Equipment
<Peri-Urban Water Supply Supply Projects>
350 Well Facilities

_—
— 1
E—
1

2
9 %I
2 2

\\\}

NNNNNNNNNNANNN

2
0
9

¢I|I
;
7
.

[N\\N\\\\ AN\

|

!

Draft Final Report ES- vii Executive Summary



The Study On The Master Plan Of Greater Phnom Penh Water Supply (Phase 2)

PART B: FEASIBILITY STUDY

The Feasibility Study covers the Implementation of the Stage I Priority Projects identified under the
Master Plan of the Greater Phnom Penh Water Supply (Phase 2). Stage I of the Master Plan, the target
period for this Feasibility Study, covers the years 2005 to 2010. All of the projects identified as Stage 1

projects in the Master Plan are considered to be Priority Projects.

The Stage I Priority Projects identified in the Master Plan and elaborated in this Feasibility Study
encompass the following: 1) water supply augmentation; 2) existing systems rehabilitation; 3)

peri-urban water supply; and 4) institutional development.

9. Water Supply Augmentation Project
The Components of the Augmentation Projects are summarized as follows:

9-1 Water Treatment Plant (Chrouy Changva Stage II) Construction Project

The existing Chrouy Changva WTP will be expanded from its present capacity of 65,000 m*/day up to
130,000 m*/day. Sufficient space is available at the existing site. The major facilities to be constructed
are flocculation /sedimentation tanks, filters and clear water reservoirs. The existing plant achieves
proper treatment performance, securing safe and clean clear water meeting the national drinking water
standards. The responsible engineers and operators are accustomed to operating the existing plant. It is
therefore recommended to apply the same treatment process/ facility, except minor changes for

improvement, as necessary.

There is insufficient space within the existing intake tower to install additional intake pumps or change
to larger pumps. Therefore, it is recommended to construct a new intake tower with the capacity to meet
the total expanded production capacity of 130,000 m’/day and convert the existing structure and

pumping facility for use as a stand-by unit.

The capacity of the clear water reservoir in Chrouy Changva WTP was reviewed and it was identified
that the existing reservoir (5,760 m’, equivalent to 2.1 hours at full production of 65,000 m*/day) is far
smaller than the requirement to cover water demand fluctuation in a day. Therefore, additional reservoirs

should be provided with the expansion of the treatment facilities.

9-2  Transmission and Distribution System Augmentation Project

Stage I of the Master Plan, targeting the year 2010, focuses on reinforcing or creating the two main

transmission loops by connecting existing branches. By 2010 the system will be upgraded with:
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network extension of 52 km of transmission pipes,
a new 900 mm pipe from the expanded Chrouy Changva WTP to the Chrouy Changva bridge,

a new water tank and transmission to supply Ta Khmau area,

* & & o

a new safety and sustainable policy with redundancy and energy saving incorporating:

- loop systems;
- independent pumping station and reservoirs
- improved monitoring systems.

10. Rehabilitation Project

The other two existing treatment plants (Chamkar Mon and Phum Prek) are both more than ten years old
and due for heavy maintenance and rehabilitation of some components. The rehabilitation works consist
of overhaul/repair/replacement of mechanical equipment, electrical equipment, and instrumentation, all
of which usually deteriorate over the relatively short period of 10 to 20 years. The actual contents of the
works shall be determined by PPWSA considering the budget availability and seriousness of the

deterioration of the equipment.
The following are examples:

Replacement of pump impeller — higher energy consumption (decrease of efficiency)
Chemical dosing facility — more chemical consumption (leakage or rude dosing)
Chlorination facility — improve safety (leakage)

Power supply facility — improve reliability

Automatic control system — less manpower

* & & O oo o

Laboratory — proper water quality control

11. Peri-Urban Water Supply Project

In Stage I, communes and villages with an estimated population of 47,741 inhabitants will be selected
for attaining the target of safe water coverage of about 60%. The Peri-Urban Water Supply Project
should be started in areas adjacent to urbanized areas of MPP and district towns of Ta khmau and Kien
Svay in order to relieve the disparity of water supply between them. Accordingly, Dangkao District in
MPP and Takmau District and Kien Svay District in Kandal Province will be prioritized for

implementation. Basic design parameters include the following:

¢ Unit Water Consumption : 40 liter/capita/day

¢ Water supply facilities : Deep well

¢ Safe pumping yield of well : 20 liter/minute (=1.2 m3/hour)
¢ Coverage person per one well : 210 person/well

¢ Design water supply amount : 8,400 liter/well
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¢ Required number of wells : 229 wells
¢ Water supply level : Level 1 Tube-well with hand pump

(because of low yield and recharging)

12. Institutional Development & Capacity Building Plan

The broad themes for the institutional development and capacity building plan during Stage I are on
sharpening of organizational directions, strengthening of management systems, and promoting more
delegation of duties and responsibilities. Many of the current systems need to be formalized and
standardized as the PPWSA expands. The priority strategy at this stage of growth focuses on enhancing
the stability of the organization — so that its present high performance is sustained in spite of whatever

events or changes may occur beyond its control.

Stage [ institutional development will be done by organizational restructuring (to help build a broader
team of managers and supervisors with clear roles and responsibilities and set the stage for even higher
levels of coordination among the management team and delegation of authority and responsibility); in-
tensified training for all staff on all aspects of utility management and operations (not just technical
aspects) and strengthening of existing management information system (based on the existing

Navision Financials).

The objective of the institutional development assistance project is to ensure that PPWSA can
sustainably manage the newly-expanded facilities at least as well as it has been managing its existing
facilities. The project envisages that starting 2007 until the end of Stage I, external technical support for
institutional development will be part of the future investment programs. This external assistance will
augment PPWSA’s own efforts in selected areas of need. The assistance will mainly take the form of

management (and technical) systems review and development and training services.

13. Environmental Impact Assessment

JICA’s Office of Environmental and Social Considerations Review categorized the Stage I Priority
Projects as Category B. The Priority Projects will have mostly beneficial impacts. Proper mitigation
measures must be implemented throughout the planning, construction, and O&M phase of the each
project. Monitoring of the environment and the effectiveness of the mitigation measures is also the

responsibility of PPWSA.

PPWSA will need to be careful about the following issues in the implementation of the Stage I Priority

Project, if necessary.

¢ PPWSA must revise the scoping checklist for each project on site so that no environmental
items are missed from the study.
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¢ PPWSA must update the social and environmental condition around the project site.

¢ For the construction of distribution pipes, PPWSA must minimize relocation or modification
of existing infrastructures and private structures.

¢ PPWSA must prepare a required cost for environmental mitigation and monitoring measures
based on the detailed information of project design and schedule if necessary.

¢ PPWSA must continue their efforts to distribute information and to negotiate with local
communities regarding the design and schedule of construction of each project.

¢ In case that PPWSA cause forced relocation of settlement or legal businesses, PPWSA must
faithfully participate negotiation procedure and consider proper compensation according to the
local common sense as well as the international guidelines if necessary.
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