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（８）Mr. Takuro NUKAZAWA, Facility Planning (CAD), Cost Estimation 
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1-2 Explanation and Discussion for the Draft Basic Design Report  
 
（１）Ms. Keiko YAMAMOTO, Leader 
 Senior Technical Advisor, 
 Japan International Cooperation Agency (JICA) 
 
（２）Ms. Makiko WATANABE, Project Coordinator 
 First Project Management Division, Grant Aid Management Department, 
 Japan International Cooperation Agency (JICA) 
 
（３）Mr. Hidetoshi HAGA, Project Manager / Operation and Management Planning 
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 TOKYO ENGINEERING CONSULTANTS CO., LTD. 
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Appendix 2  Survey Schedule 
 

2-1 Basic Design Survey 
 

No. Date  JICA Officers Project Manager/ 
Operation and 
Management Planning 

Water Treatment 
Planning 

Facility Planning Socio-Economy 
Survey 

Cost estimation / 
Procurement Planning 

1 6/10 Sat    Narita to Bangkok   
2 11 Sun    Arrive to Phnom Penh, 

Preparation for soil 
testing 

  

3 12 Mon    Courtesy call to and 
discussion with 
PPWSA, 

  

4 13 Tue    Preparation for soil 
testing  

  

5 14 Wed    Preparation for 
geographic survey  

  

6 15 Thu    Preparation for 
geographic survey 

  

7 16 Fri    Preparation for 
geographic survey 

  

8 17 Sat    Preparation for 
geographic survey 

  

9 18 Sun Narita to Bangkok  
10 19  Mon Arrive to Phnom Penh, 

Courtesy call on Embassy of Japan and JICA Cambodia Office,  
Discussion with PPWSA (Explanation of Inception Report) 

 

11 20  Tue Site survey (Phum Prek, Chrouy Chang War, Chamcar Morn treatment plant, 7th January/Toul Kork district)  
12 21  Wed Discussion with PPWSA,  

Courtesy call on ADB and World Bank 
Meeting with Mr. Ueda (JICA expert) 

 

13 22  Thu Discussion with PPWSA (Discussion on M/M)  
14 23  Fri Discussion with PPWSA (Discussion on M/M) 

Signing of the M/M 
 

15 24 Sat Additional site survey/discussion (if necessary)  
16 25  Sun Internal meeting  
17 26  Mon Report to Embassy of Japan and JICA Office 

Leave Phnom Penh 
 

18 27  Tue Arrive to Narita Internal discussion on components of the project 
and the survey 
Formulation of survey contents and schedule 

 

19 28  Wed  Confirmation of 
contents of the project 
and the survey 

Site investigation and 
data collection of water 
source 

Preparation for soil 
testing and route and 
plan survey  

Data collection on 
socio-economy 

 

20 29  Thu  Site investigation for 
surveys 

Site investigation and 
data collection of water 
source 

Site investigation for 
surveys 

Data collection on 
socio-economy 

 

21 30  Fri  Contract with surveyor Analysis of evaluation of 
water sources 

Contract with surveyor Data collection on 
socio-economy 

 

22 7/1 Sat  Data and report review Data and report review Data and report review Data and report review  
23 2 Sun       
24 3 Mon  Investigation and date 

collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Data collection of water 
supply condition, 
Environmental survey 

 

25 4 Tue  Investigation and date 
collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Data collection of water 
supply condition 

 

26 5 Wed  Investigation and date 
collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Investigation and date 
collection of existing 
facility 

Data collection of water 
supply condition 

 

27 6 Thu  Analysis and evaluation 
of existing facility 

Analysis and evaluation 
of existing facility 

Analysis and 
evaluation of existing 
facility 

Water demand 
estimation 

 

28 7 Fri  Analysis and evaluation 
of existing facility 

Analysis and evaluation 
of existing facility 

Analysis and 
evaluation of existing 
facility 

Water demand 
estimation 

 

29 8 Sat  Data and report review Data and report review Data and report review Water demand 
estimation 

 

30 9 Sun       
31 10 Mon  Data collection of 

management and O&M 
Additional investigation 
and date collection 

Additional 
investigation and date 
collection 

Environmental survey  

32 11 Tue  Investigation of 
management and O&M 

Additional investigation 
and date collection 

Investigation of power 
supply 

Water demand 
estimation,  

Narita to Bangkok 
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Environmental survey 
33 12 Wed  Data collection of 

management and O&M 
Water demand 
estimation, 
Environmental survey 

Investigation of power 
supply 

Water demand 
estimation, 
Environmental survey 

Arrival to Phnom Penh 
Formulation of survey 
contents and schedule 

34 13 Thu  Data collection of 
management and O&M 

Analysis for expansion 
capacity  

Analysis for expansion 
capacity 

Report writing on 
socio-economy and 
water demand 
estimation 

Data collection of 
procurement and cost 
estimate 

35 14 Fri  discussion on 
socio-economy and 
water demand 
estimation 

discussion on 
socio-economy and 
water demand estimation 

Analysis for expansion discussion on 
socio-economy and 
water demand 
estimation 

Data collection of 
procurement and cost 
estimate 

36 15 Sat  Data and report review Data and report review Data and report review Handing over data and 
survey results 

Data review 

37 16 Sun     Leave Phnom Penh  
38 17 Mon  Data collection of 

O&M 
Planning of WTP Designing of WTP Arrival to Narita Data collection of 

procurement and cost 
estimate 

39 18 Tue  Data collection of 
O&M 

Planning of WTP Designing of WTP  Data collection of 
procurement and cost 
estimate 

40 19 Wed  Data collection of 
O&M 

Planning of WTP Designing of WTP  Data collection of 
procurement and cost 
estimate 

41 20 Thu  Analysis and evaluation 
of management and 
O&M 

Analysis of distribution 
networks 

Summary of soil 
testing and surveys 

 Data collection of 
procurement and cost 
estimate 

42 21 Fri  Analysis and evaluation 
of management O&M 

Analysis of distribution 
networks 

Summary of soil 
testing and surveys 

 Survey of construction 

43 22 Sat  Data and report review Data and report review Data and report review  Data and report review 
44 23 Sun       
45 24  Mon  Summary of facility 

planning and designing 
Summary of facility 
planning and designing 

Summary of facility 
planning and 
designing 

 Survey of construction 

46 25  Tue  Discussion on technical 
cooperation  

Analysis of project 
benefits 

Discussion on 
technical cooperation 

 Preliminary estimation 
of the project cost 

47 26 Wed  Confirmation of the 
works to be conducted 
by the Cambodian side 

Analysis of project 
benefits 

Confirmation ofthe  
works to be conducted 
by the Cambodian side 

 Preliminary estimation 
of the project cost 

48 27 Thu  Internal meeting and 
report writing 

Internal meeting and 
report writing 

Internal meeting and 
report writing 

 Internal meeting and 
report writing 

49 28 Fri  Reporting survey 
results to PPWSA 

Reporting survey results 
to PPWSA 

Reporting survey 
results to PPWSA 

 Reporting survey 
results to PPWSA 

50 29 Sat  Report writing Report writing Report writing  Report writing 
51 30 Sun       
52 31 Mon  Report to Embassy of 

Japan and JICA Office, 
Leave Phnom Penh 

Report to Embassy of 
Japan and JICA Office, 
Leave Phnom Penh 

Report to Embassy of 
Japan and JICA 
Office, 
Leave Phnom Penh 

 Report to Embassy of 
Japan and JICA Office, 
Leave Phnom Penh 

53 8/1 Tue  Arrival to Narita Arrival to Narita Arrival to Narita  Arrival to Narita 
 
2-2 Explanation and Discussion for the Draft Basic Design Report  
 
No. Date Moving Contents 

1 10/1(Sun) Leave Japan and arrive Bangkok Stay Bangkok 
2 2(Mon) Leave Bangkok and arrive 

Phnom Penh 
Courtesy Call on the Embassy of Japan JICA Cambodia 
Office and PPWSA and submission of the draft report 

3 3(Tue)  Explanation and discussion of the draft report 
4 4(Wed)  Additional site survey  

Courtesy call of the Council for the Development of 
Cambodia(CD) 
Discussion of the draft report 

5 5(Thu)  Discussion of the draft report and M/D 
6 6(Fri)  Signing of M/D 

Report to the Embassy of Japan and JIA Cambodia Office 
7 7(Sat) JICA members leave Phnom 

Penh 
Collection of additional data on cost estimation 

8 8(Sun)  Analysis of the data 
9 9(Mon) Consultant members leave 

Phnom Penh and arrive 
Bangkok 

Collection of additional data on cost estimation 
Report to PPWSA 

10 10(Tue) Consultant members leave 
Bangkok and arrive Japan 

Arrive in Japan 
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Appendix 3  List of Party Concerned in the Recipient Country 
 

Phnom Penh Water Supply Authority (PPWSA) 

 

Mr. EK SONG CHAN General Director 

Mr. Long Naro Director of Technical and Project Department 

Mr. Ma Noravin Hydraulic and design engineer, Technical and Project Dept. 

Mr.Tan Bounneth Vice Chief, Phum Prek Water Treatment Plant 

Mr. Sun Sokhe Water and Wastewater engineer 

Mr. Chia Shim Dept of Sanitation  

Mr. Sim Kheng Lin Director of Commercial Dept. 

Mr.  

Mr. Tetsuya Ueda Short-term professional  

Ms. Atsuko Kobashikawa  JOCV (Water quality management) 

Ms. Amporn Kakanlaung Third Country JICA Expert (Bangkok Metropolitan Water 

Supply Authority in Thailand) 

 

Municipality of Phnom Penh 

 

Mr. Chea Sophara Governor 

Mr. Mann Chhceurn Chie Cabinet  

Mr. Tauch Lavinoran Assistant to H.E. Sengtong、Vice Governor of Phnom Penh 

Municipality 

Mr. Ouch Vann Director, Waste Water Cleaning  

Mr. Chhorng Vautha Chief of planning of Section of drainage and Sewage 

Dr. Chhouv Kongphally Chief of Health Promotion, Dept. of Health 

Ms. Mom Sandap Director, Dept. of Planning  

Mr. Ean Narin  Project Manager, Project Management Unit 

 

Ministry of Planning 

Mr. San Sy Than Director, National Institute of Statistics 

San Sy Than Director National Institute of 

Mr. Son Seng Huot Director 

 

Ministry of Post and Telecommunication  

Mr. Ly Sam An Director of International Telecom Department 

 



 A- 7 

Ministry of Industry, Mines and Energy 

Mr. Son Seng Huot Director 

 

Council for the Development of Cambodia  

Cambodia Rehabilitation and Development Board (CDC/CRDB) 

 

Mr. Leaph Vannden Deputy Secretary General 

Ms. Heng Sokum Deputy Director, Bilateral Aid Coordination Dept. Japan – Asia 

Pacific – America 

Ms. Michiko Umezaki JICA Expert on Aid Coordination & Management  

 

Asian Development Bank (ADB) 

 

Mr. Anthony Jude Project Officer, Cambodia Resident Mission 

Mr. Tadayuki Kanazawa Senior Project Engineer, Water Supply, Urban Dev. and 

Housing Div. 

 

Parsons (Consultant for Chruy Chang War WTP) 

 

Mr. Robert Board Resident Project Manager 
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Appendix 4  Minutes of Discussion  
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Appendix 5- 2  Present Conditions of Phum Prek Water Treatment Plant 

 
Existing Facility Present Conditions and Necessary Improvement Measures of  

Phum Prek WTP 
The Year 

Constructed 
or Installed 

Intake Tower RC 
Lower structure     ; Dia. 4.95 m × H 11.60 m  
Upper structure     ; W 10.0m × L 11.0m × H 8.7 m 

1966 
 
 

Intake Gate H 1.0m × W 1.0m 
4 gates （including 2 upper gates for the rainy season and 2 lower gates for 
the dry season) 
Operating apparatus  
Lod end bearing φ50 mm （13.42 m － 2 lods、7.16 m － 2 lods） 
Remarks:  The gates can work and be used but the operating apparatus and 
lod end bearings are malfunction. They need to replace. 

1966 
 
 
 
 
 

Intake Pump Vertical mixed flow pump  3 sets (including one reserve) 
Diameter               ；500 mm 
Discharge rate           ；2,200 m3/hr 
Total head              ；21.0 m 
Motor output            ；50 Hz, 3,000 V, 18.5 kw 
Material of impeller       ；Bronze 
Accessory              ；φ700 mm check valve 
Remarks: Existing pumps were installed in 1989 and 11 years have already 
elapsed. The impeller in the pump is made of bronze  and its service life is 
about 15 years. It will be required to replace within 4~5 years.  

1989 
 
 
 
 
 
 
 
 
 

Overhead 
traveling  
Crane 

Hoisting load            ；6.0 ton 
H steel                 ；440 × 300 mm 
Travelling motion        ；10.0 m 
Traverse motion          ；8.0 m 
Span                   ；10.0 m 
Hoisting height         ；5.0 m 
Remarks:  The motor for the traverse-moving trolley of the crane has 
broken down and the trolley is incapable of traverse motion. The gear for the 
trolley which has worn out. There is a distinct possibility that the gear may 
slip and drop the pump when it is being raised or lowered. Repairs to the 
trolley are required.  

 
 
 
 
 
 
 
 

Access Bridge Steel truss bridge   
Span              ；L 42 m × W 4.0ｍ 
Main pipe girder             ；φ900 mm × 2 pipes 

1966 
 

Air Vessel  
(Anti-Water 
Hammer 
Facility)       

Volume               ；15 m3／tank ×2 tank 
Pressure               ；5.0 kg/cm2 
Remarks:  The pressure tank (air vessel) is installed on the shore 
of the river adjacent to the access bridge of the intake tower. 
Since this tank is partially embedded in the ground, water enters 
the tank chamber at high water levels during floods. 
Consequently, the bottom part of the steel pressure tank has 
corroded, and its performance as a pressure vessel has 
deteriorated. 

1966 
 
 
 
 

Intake 
Facility in 
the Sap 
River 

Air Valve                    ；φ65 mm 
(注) Air Valve is malfunction. 

1966 
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Existing Facility Present Conditions and Necessary Improvement Measures of  

Phum Prek WTP 
The Year 

Constructed 
or Installed 

Raw Water 
Mains 

Raw Water 
Mains 

Cast iron pipes          ；φ700 mm × 2 pipes 
L1 = 1,270 m × 1 pipe、 L2 = 1,214 m × 1 pipe 
Remarks: Part of the L1 pipe was installed in 1958 and the remaining part 
and L2 pipe were installed in 1966.  The inner of the both pipes are 
deteriorated by rust and adhered sand silt. Furthermore, sand is settled at the 
bottom. The value of flow coefficient (C) is 70 ~ 80, which indicates that the 
pipes are much worsen condition.  

1958 
1966 
 
 
 
 

Receiving 
Well 

RC 1 basin 
W 4.50 m × L 5.75 m × Water depth  4.74 m  V = 123 m3 
Sludge valve        ；φ100 mm  1 set 
Overflow weir       ；L = 4.0 m   1 set 

1966 
 
 

Rapid Mixing 
Well 

RC 2 basins 
W 2.80 m × L 2.95 m × Water depth 2.23 m V = 18.5 m3／basin 
Inlet gate   ；W 1.0 m × H 1.0 m、2 sets 
Chemical feeding equipment      ；1 tank 
Remarks: Retention time for rapid mixing is not enough and thus mixing of 
chemicals are not adequate. 
Flush mixer    ；φ320 × 348 rpm × 4 kw × 380 V 
Outlet gate  ；W 1.0 m × H 1.0 m  2 sets 
Top valve；φ80、2 sets  

1966 
 
 
 
 
 
 
 

Flocculation 
Basin 

RC  6 basin 
W 11.10 m × L 5.53 m × Average depth of water 3.29 m V = 202 m3 
Inlet gate   ；φ300 inside screw type 12 sets 
Flocculater  ；φ4.50 m× H 2.5 m × 25／37 rpm 
                      × 1.3／2.0 kw × 380 V  12 sets 
Remarks: Retention time is not enough and thus floc growth and formation  
is not enough and inadequate.  

1966 
 
 
 
 
 

Water 
Treatment 
Facility 

Chemical 
Sedimentation 
Basin 

RC  6 basins 
W 11.10 m × L 53.20 m × Ave. depth of water 2.45 m V = 1,467 m3 
- Drainage for wastewater and sludge 
Top valve ；φ200 mm、18 sets 
Inlet equipment     ；Spilt roll  6 sets 
- Collecting well  
Top valve ；φ100 mm  6 sets    
Valve for cleaning   ；Angle valve φ60 mm  28 sets 
Pump for cleaning   ；φ80 mm × Q = 30 m3/hr × H 61.55 m 
                      × 17.6 kw × 380 V  
Remarks: Inlet wooden structure is corroded and the structure is inadequate 
to make tabulation in the basin. As a result, appropriate sedimentation of the 
floc formed is not occurred.  

1966 
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Existing Facility Present Conditions and Necessary Improvement Measures of  

Phum Prek WTP 
The Year 

Constructed 
or Installed 

Rapid Sand 
Filter 

RC  12 basins Water and air backwash type 
W 4.50 m × L 11.90 m  Area = 53.55  m2／filter 
Inlet gate    ；Clap gate type  24 sets 
                       600 × 250 mm 
Drain valve       ；φ100 mm  12 sets 
Control devise    ；Air pressure working and 2 basins operation type 6 sets 
Filter bed        ；Water and air backwash type  
                  53.55 m2／basin  × 12 basins 
Filter sand        ；Thickness:  1.0 m 
                 ; Effective diameter:  1.0 mm 
                 ; Uniformity coefficient:  below 1.6 
                 ; Sand type:  silica 
Control of filter amount ；Siphon type, Inlet pipe φ300 mm 12 sets 
Water backwash valve   ；Air pressure working flangeless butterfly valve 
                      φ400 mm  12 valves  
Water backwash main pipe；φ450 mm  1 set 
Air backwash valve     ；Air pressure working flangeless butterfly valve 
                      φ200 mm  12 valve 
Air backwash main pipe  ；φ250 mm 1 set  
Filter water valve       ；Air pressure working flangeless butterfly valve 
                      φ300 mm  12 sets 

Water 
Treatment 
Facility 

 Backwash pump        ；φ250/φ300 mm × Q 1,100 m3/hr  
                     × 8.0 m × 45 kw × 380 V / 660 V × 2 set 
Air blower for backwash  ；Roots type 
                      ① φ200 × Q 3,700 m3/hr × P 0.3 bar × 

45 kw × 380 V × 1 set 
                      ② φ200 × Q 3,000 m3/hr × P 0.3 bar × 

45 kw × 380V / 660 V × 1 set 
Air compressor         ；For use of air pressure working valve  
                      Q 11.42 m3/hr × P 21.0 bar × 1.5 kw  
                      × 380 V × 300 lit. tank×2 sets 

1994 
rehabilitated 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Chemical 
Feeding 
Facility 
 

Dissolution tank room (1st floor)    360 m3 
Chemical feeding room （2nd floor）264 m3 
                   total         624 m3 
Aluminum sulfate solution tank   ；W 2.0 m × L 2.0 m × 2 tanks 
Aluminum sulfate mixing equipment ；Air compressor  1 set 
Aluminum sulfate feeding pump    ；φ11/2” × 0.23 lit/sec × 3kg/cm2 
                                 × 0.75 kw × 380 V × 3 sets 
Slaked lime solution tank   ；W 2.0 m × L 3.0 m × 2 tanks 
Slaked lime mixing equipment  ；φ330 × 125 rpm × 2.2 kw × 2 sets 
Slaked lime feeding pump    ；φ70 × Q 36 m3/hr × H15 m  
                            × 7.5 kw × 380 V × 2 sets 
Chlorine feeding equipment    ；10 kg/hr  2 sets 
Chlorine feeding pump  ；1 set 
Remarks: The aging of the existing chemical feeding equipment is 
excessive. Part of the aluminum sulfate and slaked lime feeding equipment 
malfunctions. It is impossible to adjust chemicals feeding rate and difficult 
to feed appropriate quantity of chemicals.  Rehabilitation of the existing 
equipment is required. 

Approx.s 
1989 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Drain Facility Between the Sap river and the treatment plant.  
φ800 RC pipe、L = 1,200 m  1 line 
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Existing Facility Present Conditions and Necessary Improvement Measures of  
Phum Prek WTP 

The Year 
Constructed 
or Installed 

Water 
Reservoir 
 

No.1  Reservoir     ; RC 1 basin 
W 50.0 m × L 50.0 m × Effective depth of water  4.0 m = 10,000 m3 

No.2 Reservoir       ; RC 2 basins 
W 31.4 m × L 39.4 m × Effective depth of water  4.06 m = 5,000 m3 

1959 
 
 
1995 
 

Pump Room RC building 2 rooms 
No.1pump room  
W 8.25 m × L 19.45 m × H 6.0 m 
No.2 pump room 
W 8.25 m × L 20.00 m × H 6.0 m 

 
1966 
 
1995 
 

Distribution 
Pump 

DP-1、2 ＆ 3（KBU） 3 sets 
φ500/φ400 × Q 2,100 m3/hr × H 42.0 m × 325 kw × 3,000 V 
DP-4（Ebara）1 set 
φ500/φ400 × Q 2,100 m3/hr × H 42.0 m × 325 kw × 3,000 V 
DP-5 & 6（Kubota） 2 sets 
φ350/φ200 × Q 1,050 m3/hr × H 42.0 m × 180 kw × 3000 V  

1966 
 
 
1995 
 
1994, 95 

Transmission 
Pump 

TP-1 & 2（Kubota）2 sets 
φ350/φ200 × Q 1,050 m3/hr × H 42.0 m × 180 kw × 3000 V 

1994, 95 

Vacuum pump 
for 
distribution/ 
transmission  
pump 

2 sets, Vacuum pump  

Water 
Distribution 
Facility 

Overhead 
traveling 
Crane 

No.1crahe  1 set 
Hoisting load           ；3 ton 
traveling motion         ；19.0 m 
Traverse motion         ；5.0 m 
Span                  ；6.25 m 
Hoisting height          ；5.0 m 
No.2 crane  1 set 
Hoisting load            ；4 ton 
traveling motion         ；19.0 m 
Traverse motion         ；5.0 m 
Span                  ；6.25 m 
Hoisting height          ；5.0 m 

1966 
 
 
 
 
 
 
1994 
 
 
 
 
 

Electrical 
and Control 
Facility 

Electrical and 
Control 
Facility 

Complete sets of necessary facilities for the machine, etc. adopted above.   

Source ：JICA B/D Study Team, July 2000 
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Appendix 5- 4  Water Quality Monitoring Date  
 

Table 1 Monthly average of raw water characteristics in 1999 
 
No. Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave. 
1 Temp. (℃） 27.3 28.4 29.9 30.4 30.2 28.9 29.3 28.7 29.2 29.9 28.7 25.2 28.8 
2 Colour （Pt/Co) 41  233  252  224  438  245  335  240  241  173  95  110  219  
3 Cond. （μｓ） 90  84  77  78  82  113  113  90  126  106  80  67  92  
4 TDS (mg/L) 45  42  39  39  41  57  57  45  63  53  40  34  46  
5 SS (mg/L) 37  63  27  100  54  246  109  408  280  47  48  66  124  
6 Turbidity (NTU) 30  45  35  99  100  216  148  360  250  49  50  74  121  
7 pH-value 7.12 7.09 6.84 7.01 7.04 6.85 7.10 6.85 7.82 7.15 6.80 6.79 7.04 
8 CO2(mg/L) 6  12  23  45  30  10  12  18  10  17  21  20  19  
9 Alkalinity   

(mgCaCO3/L) 
40  36  28  32  36  42  40  38  60  54  41  54  42  

10 Total Hardness 
(mg/L) 

35  32  32  24  32  40  44  34  54  50  22  21  35  

11 Caicium 
(mgCaCO3/L) 

31  20  20  22  28  36  36  28  38  42  21  16  28  

12 Magnesium 
(mg/L) 

4  12  12  2  4  4  8  6  16  8  1  5  7  

13 Potassium (mg/L) - - - - - - - - - - - - - 
14 Alminum (mg/L) 0.008 0.007 0.004 - 0.008 0.011 0.023 0.008 0.023 0.004 0.000 0.002 0.009 
15 Iron (mg/L) 0.26 0.48 0.51 0.45 1.56 1.62 1.34 0.89 0.35 0.46 0.29 0.55 0.73 
16 Manganese 

(mg/L) 
0.1  0.0  0.2  0.0  0.0  0.0  0.0  0.0  0.0  0.1  0.0  0.1  0.0  

17 Sulfate (mg/L) 0  0  0  0  1  8  8  2  8  0  0  0  2  
18 Nitrate (mg/L) 0.5  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  
19 Nitrite (mg/L) 0.011 0.012 0.105 0.017 0.009 0.004 0.002 0.000 0.010 0.002 0.002 0.001 0.015 
20 N-Ammonium 

(mg/L) 
2.37 0.49 - - - - - - - - - - 1.43 

21 Phosphate (mg/L) 0.01 0.14 0.64 0.30 0.00 0.49 0.16 0.16 0.06 0.22 0.17 0.01 0.20 
22 Chloride (mg/L) 5.5  27.5 36.0 41.5 12.4 - - - 4.0  3.8  28.0 4.3  18.1 
23 Fluoride (mg/L) 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.03 
24 Sulfide (mg/L) 0.013 0.034 0.037 0.022 0.050 0.055 0.050 0.051 0.033 0.002 0.014 0.028 0.032 
25 Cyanide (mg/L) - - - - - - - - - - - - - 
26 Chromium (mg/L) 0.08 0.08 0.07 0.10 0.08 0.09 0.00 0.17 0.13 0.10 0.15 0.15 0.10 
27 Copper (mg/L) 0.01 0.01 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 
28 Zinc (mg/L) 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.10 0.01 0.00 0.00 0.01 
29 COD (mg/L) - - - - - - - - - - - - - 
30 Total Coliform 

(cfu/100mL) 
12000 7000 5800 22000 7200 31800 13000 8600 18000 1600 2000 2800 10983

.3 

31 Fecal Coliform 
(cfu/100mL) 

800 12500 8400 11400 6600 13600 11800 5400 17400 2600 6200 2200 8241.
67 

Source: PPWSA Water quality monitoring laboratory  
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Table 2  Monthly average of treated water characteristics in 1999 
 
No. Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave. 
1 Temp. (℃） 27.8 28.7 30.3 31.0 30.7 29.3 29.4 28.6 28.9 29.6 28.8 25.7 29.1 
2 Colour （Pt/Co) 17  13  13  11  7  7  4  0  19  2  18  2  9  
3 Cond. （μｓ） 95  90  77  85  96  129  125  104  134  114  85  70  100  
4 TDS (mg/L) 48  45  39  43  48  64  62  52  67  57  42  35  50  
5 SS (mg/L) 3  3  2  1  2  1  1  2  2  0  0  0  1  
6 Turbidity (NTU) 1.5  1.6  1.2  1.5  6.0  1.2  1.2  1.4  1.2  0.4  0.9  0.5  1.6  
7 pH-value 6.80 6.88 6.43 6.71 6.66 6.44 6.94 6.60 7.50 6.74 6.64 6.70 6.75 
8 CO2(mg/L) 25  40  47  48  65  50  20  43  67  5  40  30  40  
9 Alkalinity  

(mgCaCO3/L) 
28  28  20  24  24  30  30  24  60  60  40  30  33  

10 Total Hardness 
(mg/L) 

22  24  20  23  28  36  40  30  54  52  21  21  31  

11 Caicium 
(mgCaCO3/L) 

12  20  16  16  20  30  34  24  38  40  20  16  24  

12 Magnesium 
(mg/L) 

10  4  4  7  8  6  6  6  16  12  1  5  7  

13 Potassium (mg/L) - - - - - - - - - - - - - 
14 Alminum (mg/L) 0.029 0.034 0.012 - 0.012 0.002 0.014 0.005 0.010 0.008 0.001 0.003 0.012 
15 Iron (mg/L) 5.50 0.10 0.05 0.03 0.27 0.03 0.05 0.02 0.09 0.04 0.05 0.03 0.52 
16 Manganese 

(mg/L) 
0.0  0.1  0.0  0.1  0.2  0.1  0.0  0.0  0.0  0.0  0.1  0.1  0.1  

17 Sulfate (mg/L) 11  10  15  19  2  24  18  22  28  17  13  11  16  
18 Nitrate (mg/L) 0.7  1.0  1.2  2.8  1.8  0.8  1.0  0.9  1.5  0.9  0.6  0.6  1.2  
19 Nitrite (mg/L) 0.002 0.002 0.001 0.002 0.002 0.001 0.002 0.002 0.003 0.003 0.002 0.002 0.002 
20 N-Ammonium 

(mg/L) 
0.06 0.00 - - - - - - - - - - 0.03 

21 Phosphate (mg/L) 0.31 0.02 0.08 0.20 0.03 0.07 0.67 0.04 0.01 0.09 0.01 0.03 0.13 
22 Chloride (mg/L) 8.0  43.5 40.5 46.0 10.4 - - - 5.0  4.9  45.0 4.5  23.1 
23 Fluoride (mg/L) 0.18 0.00 0.13 0.00 0.00 0.00 0.00 0.18 0.32 0.07 0.24 0.13 0.10 
24 Sulfide (mg/L) 0.001 0.001 0.011 0.000 0.006 0.004 0.006 0.004 0.000 0.004 0.001 0.004 0.004 
25 Cyanide (mg/L) - - - - - - - - - - - - - 
26 Chromium (mg/L) 0.08 0.07 0.08 0.13 0.12 0.10 0.12 0.14 0.16 0.13 0.16 0.19 0.12 
27 Copper (mg/L) 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.02 0.01 0.03 0.01 
28 Zinc (mg/L) 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.01 
29 COD (mg/L) - - - - - - - - - - - - - 
30 Total Coliform 

(cfu/100mL) 
0 0 0 0 0 0 0 0 0 0 0 0 0 

31 Fecal Coliform 
(cfu/100mL) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Source: PPWSA Water Quality Monitoring Laboratory 
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Table 3  Typical Water Quality Data of Each Process of Phum Prek Water Treatment Plant at the 

Beginning of the Dry Season in 1999 

 
Time Water Quality 

Item 
 Raw 

water 
Rapid 
mixing 

Floccu-lati
on basin 

Sedimenta
tion basin 

 After 
filtration 

Tap water 
in the 
Plant 

07:30 Temperature ℃ 28.2 27.8 27.8 27.3 28.7 27.8 
 pH － 6.85   6.80 6.57 6.58 
 Turbidity (NTU) NTU 21 18 16 10 2.3 1.8 
 Free-Chlorine mg/l      0.16 
 Total Chlorine mg/l      0.64 
 TDS mg/l 35 36 36 36 32 37 
 Electric 

Conductivity 
μs/cm 75 73 73 73 74 74 

 SS mg/l 15   9  3 
10:30 Temperature ℃ 28.5 28.4 28.4 28.5 28.7 28.7 
 pH －       
 Turbidity (NTU) NTU 17 18 17 10 1.4 1.3 
 Free-Chlorine mg/l       
 Total Chlorine mg/l       
14:30 Temperature ℃ 28.8 28.8 28.6 28.9 29.0 29.6 
 pH － 6.67   6.57 6.54 6.51 
 Turbidity (NTU) NTU 19 18 19 9 1.2 1.4 
 Free-Chlorine mg/l      0.11 
 Total Chlorine mg/l      0.68 
 TDS mg/l 35 36 36 36 37 36 
 Electric 

Conductivity 
μs/cm 70 72 73 73 74 73 

 SS mg/l 19   9  3 
Coagulant feeding rate：10 mg/l 
Source: PPWSA Water Quality Monitoring Laboratory 
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Table 4  Typical Water Quality Data of Each Process of Phum Prek Water Treatment Plant at the end 

of the Dry Season in 1999 

 
Time Water Quality 

Item 
 Raw 

water 
Rapid 
mixing 

Floccu-lati
on basin 

Sedimenta
tion basin 

 After 
filtration 

Tap water 
in the 
Plant 

07:30 Temperature ℃ 28.5 28.2 28.1 28.1 28.7 29.0 
 pH － 6.95   6.53 6.40 6.48 
 Turbidity (NTU) NTU 60 50 50 4 0.4 1.7 
 Free-Chlorine mg/l      0.30 
 Total Chlorine mg/l      0.50 
 TDS mg/l 30 32 33 33 33 33 
 Electric 

Conductivity 
μs/cm 60 65 66 66 66 67 

 SS mg/l 72   13  1 
10:30 Temperature ℃ 28.6 28.6 28.4 28.4 28.4 29.2 
 pH －       
 Turbidity (NTU) NTU 50 50 42 5 0.6 1.3 
 Free-Chlorine mg/l       
 Total Chlorine mg/l       
14:30 Temperature ℃ 29.2 29.3 29.4 29.3 28.7 29.4 
 pH － 6.94   6.73 6.50 6.49 
 Turbidity (NTU) NTU 55 60 64 9.5 1.8 1.4 
 Free-Chlorine mg/l      0.60 
 Total Chlorine mg/l      0.70 
 TDS mg/l 31 33 33 34 34 34 
 Electric 

Conductivity 
μs/cm 61 67 67 67 68 67 

 SS mg/l 66   10  1 
Coagulant feeding rate：20 mg/l 
Source: PPWSA Water Quality Monitoring Laboratory 
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Table 5  Typical Water Quality Data of Each Process of Phum Prek Water Treatment Plant at the end 

of the Rainy Season in 1999 

 
Time Water Quality 

Item 
 Raw 

water 
Rapid 
mixing 

Floccu-lati
on basin 

Sedimenta
tion basin 

 After 
filtration 

Tap water 
in the 
Plant 

07:30 Temperature ℃ 27 27.1 27.1 26.9 27 27.1 
 pH － 6.88   6.76 6.70 6.65 
 Turbidity (NTU) NTU 385 432 456 10 2 1.3 
 Free-Chlorine mg/l      0.80 
 Total Chlorine mg/l      0.90 
 TDS mg/l 45 46 53 51 51 50 
 Electric 

Conductivity 
μs/cm 89 93 106 101 102 100 

 SS mg/l 488   7  1 
10:30 Temperature ℃ 28.2 28.1 28.0 27.9 27.6 27.6 
 pH －       
 Turbidity (NTU) NTU 462 426 396 22 6 5.6 
 Free-Chlorine mg/l       
 Total Chlorine mg/l       
14:30 Temperature ℃ 27.2 27.3 27.2 27.2 27.4 27.2 
 pH － 6.80   6.54 6.51 6.54 
 Turbidity (NTU) NTU 396 369 405 12 1.6 3.1 
 Free-Chlorine mg/l      1.4 
 Total Chlorine mg/l      1.45 
 TDS mg/l 46 53 53 53 54 52 
 Electric 

Conductivity 
μs/cm 93 106 106 106 107 104 

 SS mg/l 412   13  8 
Coagulant feeding rate：35 mg/l 
Source: PPWSA Water Quality Monitoring Laboratory 
 

 

Table 6  Tap Water Quality in Phnom Penh City 

 
No. Location Temp. 

(℃) 
pH Turbid. 

(NTU) 
Conduct. 

(μS/cm) 
Total 

Chlorine 
(mg/l) 

Free 
Chrorine 

(mg/l) 

Total 
Bacter

ia 

E. Coli 

1 No.1792 29.3 6.9 3 120.6 1.04 0.93 - 0 
2 No.31 29.4 6.4 4 116 1.19 1.03 0 0 
3 No.25 29.4 6.4 2 115 0.98 0.97 - 0 
4 No.477 30.2 6.5 3 117 0.90 0.77 - 0 
5 No.35 30.2 6.8 1 117.7 0.62 0.75 - 0 
6 No.52 30.8 6.8 1 118 0.79 0.72 - 0 
Measured date: June 29 2000 
Source: PPWSA Water Quality Monitoring Laboratory  
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Table 7 Tap Water Quality in Phnom Penh City 

 
No Location DAte Temp 

(℃) 
pH Turbid. 

(NTU) 
Conduct. 

(μS/cm) 
Total 

Chlorine 
(mg/l) 

Free 
Chrorine 

(mg/l) 
1 No.5 St. 75 00 5/16 30 7.2 0.9 175 0.61 0.49 
2 No.2248, St. 93 00 5/16 30 6.9 1.0 174 0.48 0.38 
3 No. 265, St. 1 00 5/16 30 6.9 1.0 159 0.23 0.14 
4 No. 120, St.3 00 5/16 30 7.0 1.7 172 0.42 0.26 
5 No. 8, St. 242 00 5/16 31 6.9 1.0 172 0.36 0.26 
6 No. 274, St. 93 00 5/16 30 6.8 1.1 173 0.04 0.04 
7 Fish 00 5/16 29.5 6.9 1.8 174 0.76 0.60 
8 No. 103C, St. 67 00 5/16 29.5 6.9 0.9 176 0.88 0.80 
9 No. 97 St. Sihanuk 00 5/14 30.2 7.2 1.4 179 0.51 0.35 
10 No. 198 St. Norodom 00 5/14 30.7 7.2 4.4 181 0.75 0.6 
11 No. 447 St. 271 00 5/14 29.4 7.5 0.9 181 0.15 0.1 
12 No. 25 St. 490  31.4 7.1 2.7 178 0.73 0.66 
13 No. 90B St. 432  31.7 7.1 5.1 178 0.6 0.51 
14 No. 158 St. 173  31.6 7.0 4.0 179 0.48 0.35 
15 No. 40 St. 368  31.8 6.9 3.1 180 0.14 0.05 
16 No. 202 St. 143  31.6 6.9 1.1 179 0.16 0.05 
17 No. 13B St. 47 99 5/31 29.9 6.9 12.8 130.4 0.36 0.24 
18 No.18 St. 5 99 5/31 29.6 6.8 12 124.4 0.46 0.39 
19 No.203 St. 19 99 5/31 29.7 6.9 11.8 121.7 0.36 0.29 
20 No.28 E0 St. Paster 99 5/31 29.8 7.0 19 124.7 0.04 0.02 
21 No. 473 St.1 99 5/31 30.4 6.9 19 126 0.13 0.06 
22 No.33D St.134 99 5/31 30.0 6.8 10 124.4 0.63 0.31 
23 No.40 St.213 99 5/31 30.8 6.8 11 126 0.33 0.2 
24 No.482 E0+E1 St.230 99 5/31 28.9 7.1 14 136.5 0.06 0.06 
25 No.329 St.112 99 5/31 30.6 6.8 12 126 0.09 0.06 
26 No.1792 St.5 99 6/29 29.3 6.9 3 120.6 1.04 0.93 
27 No.31 St. Srisanud 99 6/29 29.4 6.4 4 116 1.19 1.04 
28 No.36 St.136 99 6/29 29.4 6.4 2 115 0.98 0.97 
29 No.477 St.51(?) 99 6/29 30.2 6.5 3 117 0.9 0.77 
30 No.35 St.51 99 6/29 30.2 6.8 1 117.7 0.62 0.75 
31 No.12 St.289 99 6/7 30 7.0 4.12 149 0.55 0.40 
32 No.03 St.562 99 6/7 30.4 6.9 5.27 148 0.13 0.05 
33 No.51 St.287 99 6/7 30.5 6.9 3.14 148 0.48 0.24 
34 No.99 St.315 99 6/7 30 6.66 3.4 147 0.05 0.02 
35 No.4 St.265 99 6/7 31.8 6.8 3.17 147 0.39 0.1 
36 No.235A St.138 99 6/7 31.2 6.8 3.23 146 0.76 0.68 
37 No.25E0 St.Paster 99 6/7 30.7 6.9 3.5 147.4 0.05 0.02 
38 No.18 St.5 99 6/7 30.4 6.65 2.2 146 0.94 0.89 
39 No.488 St. 99 6/7 31.0 6.8 3.36 146 0.92 0.8 
40 No.6A St.27 99 6/7 31 6.64 1.2 148 0.11 0.16 
Source: PPWSA Water Quality Monitoring Laboratory  
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Appendix 5- 5  Analysis of Distributed Water Volume, Leakage and Daily Maximum 
Coefficient 

（m3/hour)

District name
7th

January
7th

January
7th

January
7th

January
7th

January
7th

January
7th

January
7th

January
7th

January
Zone No. 1 2 3 4 5 6 7 8 TOTAL

Hour/Date 02/15/00 02/15/00 02/28/00 02/29/00 03/01/00 02/17/00 02/15/00 02/02/00
00:00-01:00 6.5 2.9 16.1 4.7 68.1 17.20 6.56 6.01 128.07
01:00-02:00 12.0 25.9 36.4 19.3 20.7 16.40 6.64 3.80 141.14
02:00-03:00 21.9 4.8 14.1 20.4 42.9 15.60 6.87 15.27 141.84
03:00-04:00 12.1 21.5 30.5 40.1 43.7 26.60 20.73 20.28 215.51
04:00-05:00 36.7 31.2 39.9 50.5 76.7 31.30 21.63 14.35 302.28
05:00-06:00 48.2 25.9 99.3 99.6 139.2 72.10 30.58 33.60 548.48
06:00-07:00 62.5 31.5 113.8 137.3 128.0 76.70 50.63 32.64 633.07
07:00-08:00 49.0 44.5 97.8 112.2 130.3 77.30 58.09 40.61 609.80
08:00-09:00 57.3 29.9 124.6 157.4 123.3 77.50 45.43 37.95 653.38
09:00-10:00 67.3 31.1 88.9 140.2 125.7 74.60 41.69 42.84 612.33
10:00-11:00 59.2 24.0 123.7 113.3 129.3 66.80 45.51 38.01 599.82
11:00-12:00 69.8 28.9 110.9 113.2 97.0 67.60 45.29 24.85 557.54
12:00-13:00 60.4 37.5 102.1 118.0 94.3 74.60 42.28 40.67 569.85
13:00-14:00 56.2 30.9 119.0 101.4 89.5 73.90 33.31 39.76 543.97
14:00-15:00 55.2 28.4 93.1 136.2 89.8 64.90 53.73 30.86 552.19
15:00-16:00 51.4 29.3 101.3 128.9 108.7 61.50 44.15 33.47 558.72
16:00-17:00 41.4 33.4 106.8 132.2 130.2 61.60 44.68 28.63 578.91
17:00-18:00 51.7 28.4 79.0 97.7 125.4 71.20 48.10 37.38 538.88
18:00-19:00 62.6 29.0 73.9 100.0 123.3 74.60 51.37 31.89 546.66
19:00-20:00 47.6 29.3 91.6 106.5 122.9 65.50 45.89 3.59 512.88
20:00-21:00 43.4 30.9 111.7 56.7 64.8 40.80 38.44 10.75 397.49
21:00-22:00 14.6 21.7 42.4 0.5 44.4 40.10 25.12 19.78 208.60
22:00-23:00 27.5 4.9 26.3 72.3 42.6 19.80 8.08 4.49 205.97
23:00-24:00 16.6 25.1 20.9 44.9 30.0 18.60 6.73 5.25 168.08

Max 69.80 44.50 124.60 157.40 139.20 77.50 58.09 42.84 653.38
Average 42.96 26.29 77.67 87.65 91.28 53.62 34.23 24.86 438.56

Total distribution 1031.10 630.90 1864.10 2103.50 2190.80 1286.80 821.53 596.73 10525.46
Hourly maximum

dist./average
dist. (Peak

1.62 1.69 1.60 1.80 1.52 1.45 1.70 1.72 1.49

Hourly dist. - Average Daily dist.
00:00-01:00 (36.46) (23.39) (61.57) (82.95) (23.18) (36.42) (27.67) (18.85) (310.49)
01:00-02:00 (30.96) (0.39) (41.27) (68.35) (70.58) (37.22) (27.59) (21.06) (297.42)
02:00-03:00 (21.06) (21.49) (63.57) (67.25) (48.38) (38.02) (27.36) (9.59) (296.72)
03:00-04:00 (30.86) (4.79) (47.17) (47.55) (47.58) (27.02) (13.50) (4.58) (223.05)
04:00-05:00 (6.26) 4.91 (37.77) (37.15) (14.58) (22.32) (12.60) (10.51) (136.28)
05:00-06:00 5.24 (0.39) 21.63 11.95 47.92 18.48 (3.65) 8.74 109.92
06:00-07:00 19.54 5.21 36.13 49.65 36.72 23.08 16.40 7.78 194.51
07:00-08:00 6.04 18.21 20.13 24.55 39.02 23.68 23.86 15.75 171.24
08:00-09:00 14.34 3.61 46.93 69.75 32.02 23.88 11.20 13.09 214.82
09:00-10:00 24.34 4.81 11.23 52.55 34.42 20.98 7.46 17.98 173.77
10:00-11:00 16.24 (2.29) 46.03 25.65 38.02 13.18 11.28 13.15 161.26
11:00-12:00 26.84 2.61 33.23 25.55 5.72 13.98 11.06 (0.01) 118.98
12:00-13:00 17.44 11.21 24.43 30.35 3.02 20.98 8.05 15.81 131.29
13:00-14:00 13.24 4.61 41.33 13.75 (1.78) 20.28 (0.92) 14.90 105.41
14:00-15:00 12.24 2.11 15.43 48.55 (1.48) 11.28 19.50 6.00 113.63
15:00-16:00 8.44 3.01 23.63 41.25 17.42 7.88 9.92 8.61 120.16
16:00-17:00 (1.56) 7.11 29.13 44.55 38.92 7.98 10.45 3.77 140.35
17:00-18:00 8.74 2.11 1.33 10.05 34.12 17.58 13.87 12.52 100.32
18:00-19:00 19.64 2.71 (3.77) 12.35 32.02 20.98 17.14 7.03 108.10
19:00-20:00 4.64 3.01 13.93 18.85 31.62 11.88 11.66 (21.27) 74.32
20:00-21:00 0.44 4.61 34.03 (30.95) (26.48) (12.82) 4.21 (14.11) (41.07)
21:00-22:00 (28.36) (4.59) (35.27) (87.15) (46.88) (13.52) (9.11) (5.08) (229.96)
22:00-23:00 (15.46) (21.39) (51.37) (15.35) (48.68) (33.82) (26.15) (20.37) (232.59)
23:00-24:00 (26.36) (1.19) (56.77) (42.75) (61.28) (35.02) (27.50) (19.61) (270.48)
Necessary

reservoir volume
（m3）

197.36 79.89 398.54 479.41 390.92 256.15 176.05 145.08 2038.07

Necessary
volume /average

hourly dist.
Volume (hour)

4.59 3.04 5.13 5.47 4.28 4.78 5.14 5.84 4.65
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（m3/hour)

District name
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
Chamcar

Morn
CHAMCAR

MORN
Zone No. 1 3 4 7 8 10 11 12 TOTAL

Hour/Date 05/18/00 03/27/00 04/07/00 06/15/00 04/03/00 03/27/00 05/02/00 05/03/00
00:00-01:00 28.88 16.6 24.60 20.6 9.25 19.60 7.40 2.23 129.16
01:00-02:00 29.99 42.8 43.60 17.8 11.27 20.80 7.20 2.82 176.28
02:00-03:00 37.70 32.1 28.60 25.4 30.86 22.10 4.00 2.73 183.49
03:00-04:00 35.20 42.6 40.10 15.8 32.94 26.60 15.50 3.71 212.45
04:00-05:00 63.21 85.8 38.00 35.2 23.59 41.40 9.50 5.70 302.40
05:00-06:00 74.10 90.9 37.70 42.0 33.02 56.70 18.90 6.78 360.10
06:00-07:00 77.50 118.8 38.70 74.8 27.26 52.40 23.40 6.87 419.73
07:00-08:00 79.65 120.7 51.90 64.2 32.05 61.90 31.00 9.75 451.15
08:00-09:00 80.05 106.3 51.00 78.6 42.00 59.20 28.40 12.19 457.74
09:00-10:00 72.01 104.1 37.70 61.8 46.90 63.60 24.00 15.96 426.07
10:00-11:00 72.21 92.6 63.20 64.3 55.47 60.00 33.10 10.58 451.46
11:00-12:00 68.26 113.7 44.70 57.8 50.05 50.20 13.60 13.73 412.04
12:00-13:00 69.63 99.4 51.10 56.1 33.87 44.10 37.20 12.19 403.59
13:00-14:00 70.05 99.0 49.20 39.9 27.01 67.10 16.50 11.66 380.42
14:00-15:00 67.37 108.5 37.10 52.6 31.68 46.00 28.90 12.23 384.38
15:00-16:00 73.61 107.5 48.90 34.6 35.26 73.60 15.80 13.79 403.06
16:00-17:00 69.08 108.3 50.00 50.4 43.38 47.50 22.90 10.97 402.53
17:00-18:00 70.61 103.6 59.70 58.9 31.26 55.40 33.00 14.39 426.86
18:00-19:00 65.20 110.8 44.84 43.7 40.10 55.10 15.10 10.12 384.96
19:00-20:00 43.00 112.7 54.86 36.9 32.08 56.50 23.10 9.56 368.70
20:00-21:00 43.49 83.4 37.40 48.1 28.51 44.20 16.70 4.14 305.94
21:00-22:00 34.90 67.7 58.40 42.1 27.54 52.60 19.20 5.56 308.00
22:00-23:00 33.70 21.8 32.20 26.1 20.01 16.60 14.20 2.04 166.65
23:00-24:00 32.52 39.3 32.00 6.9 18.54 7.00 10.40 3.46 150.12

Max 80.05 120.70 63.20 78.60 55.47 73.60 37.20 15.96 457.74
Average 58.00 84.54 43.98 43.94 31.83 45.84 19.54 8.47 336.14

Total distribution 1391.92 2029.00 1055.50 1054.60 763.90 1100.20 469.00 203.16 8067.28
Hourly maximum

dist./average
dist. (Peak

1.38 1.43 1.44 1.79 1.74 1.61 1.90 1.89 1.36

00:00-01:00 (29.12) (67.94) (19.38) (23.34) (22.58) (26.24) (12.14) (6.24) (206.98)
01:00-02:00 (28.01) (41.74) (0.38) (26.14) (20.56) (25.04) (12.34) (5.65) (159.86)
02:00-03:00 (20.30) (52.44) (15.38) (18.54) (0.97) (23.74) (15.54) (5.74) (152.65)
03:00-04:00 (22.80) (41.94) (3.88) (28.14) 1.11 (19.24) (4.04) (4.76) (123.69)
04:00-05:00 5.21 1.26 (5.98) (8.74) (8.24) (4.44) (10.04) (2.77) (33.74)
05:00-06:00 16.10 6.36 (6.28) (1.94) 1.19 10.86 (0.64) (1.69) 23.96
06:00-07:00 19.50 34.26 (5.28) 30.86 (4.57) 6.56 3.86 (1.60) 83.59
07:00-08:00 21.65 36.16 7.92 20.26 0.22 16.06 11.46 1.29 115.01
08:00-09:00 22.05 21.76 7.02 34.66 10.17 13.36 8.86 3.73 121.60
09:00-10:00 14.01 19.56 (6.28) 17.86 15.07 17.76 4.46 7.50 89.93
10:00-11:00 14.21 8.06 19.22 20.36 23.64 14.16 13.56 2.12 115.32
11:00-12:00 10.26 29.16 0.72 13.86 18.22 4.36 (5.94) 5.27 75.90
12:00-13:00 11.63 14.86 7.12 12.16 2.04 (1.74) 17.66 3.73 67.45
13:00-14:00 12.05 14.46 5.22 (4.04) (4.82) 21.26 (3.04) 3.20 44.28
14:00-15:00 9.37 23.96 (6.88) 8.66 (0.15) 0.16 9.36 3.77 48.24
15:00-16:00 15.61 22.96 4.92 (9.34) 3.43 27.76 (3.74) 5.33 66.92
16:00-17:00 11.08 23.76 6.02 6.46 11.55 1.66 3.36 2.51 66.39
17:00-18:00 12.61 19.06 15.72 14.96 (0.57) 9.56 13.46 5.93 90.72
18:00-19:00 7.20 26.26 0.86 (0.24) 8.27 9.26 (4.44) 1.66 48.82
19:00-20:00 (15.00) 28.16 10.88 (7.04) 0.25 10.66 3.56 1.10 32.56
20:00-21:00 (14.51) (1.14) (6.58) 4.16 (3.32) (1.64) (2.84) (4.33) (30.20)
21:00-22:00 (23.10) (16.84) 14.42 (1.84) (4.29) 6.76 (0.34) (2.91) (28.14)
22:00-23:00 (24.30) (62.74) (11.78) (17.84) (11.82) (29.24) (5.34) (6.43) (169.49)
23:00-24:00 (25.48) (45.24) (11.98) (37.04) (13.29) (38.84) (9.14) (5.01) (186.02)
Necessary

reservoir volume
（m3）

202.59 330.03 100.05 184.24 95.17 170.18 89.58 47.08 1090.74

Necessary
volume /average

hourly dist.
Volume (hour)

3.49 3.90 2.27 4.19 2.99 3.71 4.58 5.56 3.24
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（m3/hour)

District name Tuol Kork
TUOL
KORK

09h Daun Penh Daun Penh Daun Penh Daun Penh
DAUN
PENH

DAUN
PENH

Zone No. 2 TOTAL 5A 1 ＊7B 12 14 TOTAL TOTAL
Hour/Date 06/26/00 02/14/00 05/18/00 09/14/99 01/17/00 10/28/99 (without 14)

00:00-01:00 9.2 9.2 14.49 57.94 77.9 2.19 112 264.52 152.52
01:00-02:00 9.1 9.1 8.01 49.18 118.0 2.10 62 239.29 177.29
02:00-03:00 8.8 8.8 14.98 53.74 121.4 2.98 43 236.10 193.10
03:00-04:00 19.9 19.9 20.08 66.57 120.9 3.14 60 270.69 210.69
04:00-05:00 28.4 28.4 31.82 72.75 247.0 3.06 117 471.63 354.63
05:00-06:00 39.7 39.7 57.07 151.23 241.0 8.29 142 599.59 457.59
06:00-07:00 54.5 54.5 72.89 142.55 248.3 8.18 154 625.92 471.92
07:00-08:00 50.7 50.7 80.66 166.06 243.7 11.65 170 672.07 502.07
08:00-09:00 33.9 33.9 62.82 168.42 249.0 10.08 150 640.32 490.32
09:00-10:00 67.1 67.1 81.04 175.57 254.3 9.92 142 662.83 520.83
10:00-11:00 83.9 83.9 58.10 148.37 231.7 10.36 170 618.53 448.53
11:00-12:00 65.8 65.8 78.97 155.31 222.0 9.79 140 606.07 466.07
12:00-13:00 48.0 48.0 73.19 162.39 243.9 11.07 150 640.55 490.55
13:00-14:00 49.1 49.1 70.81 152.46 230.1 6.89 138 598.26 460.26
14:00-15:00 46.7 46.7 78.89 135.93 214.7 4.12 150 583.64 433.64
15:00-16:00 49.9 49.9 66.20 142.41 224.8 5.57 148 586.98 438.98
16:00-17:00 51.9 51.9 79.40 149.09 222.8 4.92 120 576.21 456.21
17:00-18:00 49.9 49.9 71.42 152.44 227.1 4.76 30 485.72 455.72
18:00-19:00 49.9 49.9 75.91 145.19 224.6 5.69 21 472.39 451.39
19:00-20:00 50.1 50.1 75.57 122.80 223.9 6.21 189 617.48 428.48
20:00-21:00 36.5 36.5 83.50 71.77 247.7 5.17 118 526.14 408.14
21:00-22:00 45.5 45.5 27.92 88.06 120.5 2.97 126 365.45 239.45
22:00-23:00 15.4 15.4 23.72 53.00 111.3 2.71 137 327.73 190.73
23:00-24:00 13.5 13.5 17.56 43.17 131.0 2.44 104 298.17 194.17

Max 83.90 83.90 83.50 175.57 254.30 11.65 189.00 672.07 520.83
Average 40.73 40.73 55.21 117.77 199.90 6.01 120.54 499.43 378.89

Total distribution 977.40 977.40 1325.02 2826.40 4797.60 144.26 2893.00 11986.28 9093.28
Hourly maximum

dist./average
dist. (Peak

2.06 2.06 1.51 1.49 1.27 1.94 1.57 1.35 1.37

00:00-01:00 (31.53) (31.53) (40.72) (59.83) (122.00) (3.82) (8.54) (234.91) (226.37)
01:00-02:00 (31.63) (31.63) (47.20) (68.59) (81.90) (3.91) (58.54) (260.14) (201.60)
02:00-03:00 (31.93) (31.93) (40.23) (64.03) (78.50) (3.03) (77.54) (263.33) (185.79)
03:00-04:00 (20.83) (20.83) (35.13) (51.20) (79.00) (2.87) (60.54) (228.74) (168.20)
04:00-05:00 (12.33) (12.33) (23.39) (45.02) 47.10 (2.95) (3.54) (27.80) (24.26)
05:00-06:00 (1.03) (1.03) 1.86 33.46 41.10 2.28 21.46 100.16 78.70
06:00-07:00 13.78 13.78 17.68 24.78 48.40 2.17 33.46 126.49 93.03
07:00-08:00 9.98 9.98 25.45 48.29 43.80 5.64 49.46 172.64 123.18
08:00-09:00 (6.83) (6.83) 7.61 50.65 49.10 4.07 29.46 140.89 111.43
09:00-10:00 26.38 26.38 25.83 57.80 54.40 3.91 21.46 163.40 141.94
10:00-11:00 43.18 43.18 2.89 30.60 31.80 4.35 49.46 119.10 69.64
11:00-12:00 25.08 25.08 23.76 37.54 22.10 3.78 19.46 106.64 87.18
12:00-13:00 7.28 7.28 17.98 44.62 44.00 5.06 29.46 141.12 111.66
13:00-14:00 8.38 8.38 15.60 34.69 30.20 0.88 17.46 98.83 81.37
14:00-15:00 5.98 5.98 23.68 18.16 14.80 (1.89) 29.46 84.21 54.75
15:00-16:00 9.18 9.18 10.99 24.64 24.90 (0.44) 27.46 87.55 60.09
16:00-17:00 11.18 11.18 24.19 31.32 22.90 (1.09) (0.54) 76.78 77.32
17:00-18:00 9.18 9.18 16.21 34.67 27.20 (1.25) (90.54) (13.71) 76.83
18:00-19:00 9.18 9.18 20.70 27.42 24.70 (0.32) (99.54) (27.04) 72.50
19:00-20:00 9.38 9.38 20.36 5.03 24.00 0.20 68.46 118.05 49.59
20:00-21:00 (4.23) (4.23) 28.29 (46.00) 47.80 (0.84) (2.54) 26.71 29.25
21:00-22:00 4.78 4.78 (27.29) (29.71) (79.40) (3.04) 5.46 (133.98) (139.44)
22:00-23:00 (25.33) (25.33) (31.49) (64.77) (88.60) (3.30) 16.46 (171.70) (188.16)
23:00-24:00 (27.23) (27.23) (37.65) (74.60) (68.90) (3.57) (16.54) (201.26) (184.72)
Necessary

reservoir volume
（m3）

192.85 192.85 283.09 503.72 598.30 32.33 418.42 1535.88 1318.51

Necessary
volume /average

hourly dist.
Volume (hour)

4.74 4.74 5.13 4.28 2.99 5.38 3.47 3.08 3.48
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（m3/hour)

District name
GRAND
TOTAL

GRAND
TOTAL

Zone No. (without14)
Hour/Date

00:00-01:00 530.95 418.95
01:00-02:00 565.81 503.81
02:00-03:00 570.23 527.23
03:00-04:00 718.55 658.55
04:00-05:00 1104.71 987.71
05:00-06:00 1547.87 1405.87
06:00-07:00 1733.22 1579.22
07:00-08:00 1783.72 1613.72
08:00-09:00 1785.34 1635.34
09:00-10:00 1768.33 1626.33
10:00-11:00 1753.71 1583.71
11:00-12:00 1641.45 1501.45
12:00-13:00 1661.99 1511.99
13:00-14:00 1571.75 1433.75
14:00-15:00 1566.91 1416.91
15:00-16:00 1598.66 1450.66
16:00-17:00 1609.55 1489.55
17:00-18:00 1501.36 1471.36
18:00-19:00 1453.91 1432.91
19:00-20:00 1549.16 1360.16
20:00-21:00 1266.07 1148.07
21:00-22:00 927.55 801.55
22:00-23:00 715.75 578.75
23:00-24:00 629.87 525.87

Max 1785.34 1635.34
Average 1314.85 1194.31

Total distribution 31556.42 28663.42
Hourly maximum

dist./average
dist. (Peak

1.36 1.37

00:00-01:00 (783.90) (775.36)
01:00-02:00 (749.04) (690.50)
02:00-03:00 (744.62) (667.08)
03:00-04:00 (596.30) (535.76)
04:00-05:00 (210.14) (206.60)
05:00-06:00 233.02 211.56
06:00-07:00 418.37 384.91
07:00-08:00 468.87 419.41
08:00-09:00 470.49 441.03
09:00-10:00 453.48 432.02
10:00-11:00 438.86 389.40
11:00-12:00 326.60 307.14
12:00-13:00 347.14 317.68
13:00-14:00 256.90 239.44
14:00-15:00 252.06 222.60
15:00-16:00 283.81 256.35
16:00-17:00 294.70 295.24
17:00-18:00 186.51 277.05
18:00-19:00 139.06 238.60
19:00-20:00 234.31 165.85
20:00-21:00 (48.78) (46.24)
21:00-22:00 (387.30) (392.76)
22:00-23:00 (599.10) (615.56)
23:00-24:00 (684.98) (668.44)
Necessary

reservoir volume
（m3）

4804.17 4598.29

Necessary
volume /average

hourly dist.
Volume (hour)

3.65 3.85
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    Estimation of Unaccounted-For Water (UFW) 
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District Zone Zone meter 

reading  

(Total amount 

of distributed 

water in the 

zone) 

Customer’s 
meter reading 

(Total amount 

of consumed 

in the zone) 

UFW 

or Leakage 

amount  

% of 

UFW or 

Leakage 

The month in 

which it is 

measured 

  m3/3days m3/3days m3/3days ％  

Don Penh Zone 1 8,479 6,549 1,930 23 Nov. 1999 

 Zone 5A 4,260 3,746 514 12 Oct. 1999 

 Zone 5B 1,892 1,598 294 16 Sept. 1999 

 Zone 6 3,316 2,726 590 18 Jan. 2000 

 Zone 7A 3,358 2,635 723 22 Aug. 1999 

 Zone 12 373 287 86 23 Feb. 2000 

 Zone 14 8,268 7,623 645 8 Mar. 2000 

 Zone 15 1,985 1,628 357 18 Dec. 1999 

 total/ave. 31,931 26,792 5,139 16  

7th January Zone 1 3,118 2,829 289 9 Feb. 2000 

 Zone 2 1,907 1,761 146 8 Feb. 2000 

 Zone 7 2,813 2,477 336 12 Feb. 2000 

 Zone 8 1,997 1,690 307 15 Feb. 2000 

 Zone 10 2,656 2,474 182 7 Mar. 2000 

 total/ave. 12,491 11,231 1,260 10  

tota/ave.  44,422 38,023 6,399 14  

Source：PPWSA 
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Appendix 5- 6 Boring Date (Survey Locations) 
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Results of Boring Survey 
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Appendix 5- 7  Planned Facilities and Equipment 
 

1) Facilities and Equipment  
 

Facility and Equipment  Contents and Specifications 
1.Intake Facility  

1.1 Intake pump（New） 
 
 

3 sets 
Vertical mixed flow pump 
36.7m3／min×21.0 m×185 kW×50 Hz×3 kV 

1.2 Intake gate（Rehab.） 
 
 
 
 

4 sets 
Replacement of the operating rods of the gates 
Operating apparatus with bevel gear ４ sets 
φ50 mm×7.16 m  2 sets 
φ50 mm×13.42 m 2 sets 

1.3 Overhead traveling crane
（Rehab.） 

 
 
 
 

1 set 
Replacement of trolley of the crane  
Hoisting Load   ：6.0 ton 
Hoisting height ：8.0m 
Motor           ：5.5 kW×380 V 
Traverse motion : 0.75 kW×380 V 

1.4 Air valve (Rehab.) 
 

1 set 
The existing valve shall be removed. A new Dia.75mm air exhaust valve shall be 
installed. 

1.5 Air Vessel (Rehab.) 
 

1 set 
18 m3 × 2 vessels 
The existing vessels under the ground shall be abandoned. The new facility shall 
be constructed above the ground. Piping shall be connected with φ1,200 mm new 
raw water main and φ700 mm existing raw water main as standby. 

2. Raw Water Mains  

2.1 Raw water valve chamber 
(New) 

1 chamber 
New connecting pipes (φ900 mm × 2 pipes) shall be installed to the flanged 
branch of the existing header pipe of the raw water main.  
Raw water valve chamber (RC, W 5.10 m × L 3.90 m × H 3.33 m) 
Branch valve φ900 mm, Butterfly valve 2 sets 

2.2 Raw water mains (New) 1,500 m 
Dia. 1,200 mm Ductile iron pipe with inner mortar lining, Class 3 

2.3 Connecting pipe between raw 
water mains and receiving well 
(New) 

Approx. 50 m 
φ1,200m Ductile iron pipe with inner mortar lining, Class 3 

3. Receiving Well   
3.1 Receiving well (New) 1 chamber 

RC, W 5.30 m × L 15.90 m × H 6.60 m (Average depth of water 5.00m) 

3.2 Raw water flow controlling 
valve (New) 

1 set 
φ1,200 mm Butterfly valve with Baffle (incl. operating apparatus)  

3.3 Raw water flow meter (New) 2 sets 
Weir (SUS316) and float type flow meter 
Weir length: 1.8 m for new WTP and 3.15 m for the existing WTP 

4. Coagulation and 
Sedimentation Facility 

 

4.1 Rapid mixing basin (New) 2 basins for existing and new treatment facility 
Existing    ； RC, W 3.15 m × L 5.00 m × Water depth 4.55 m 
New         ； RC, W 1.80 m × L  5.00 m × Water depth 4.55m 

4.2 Raid mixing method  No mechanical equipment (mixing using waterfall at the weir) 
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4.3 Connecting pipe (New) 2 sets 
Connecting pipe between the rapid mixing basin and raw water channel of 
flocculation basin 
• For existing treatment facility  ；a φ1,350 mm ductile cast iron pipe with inner 

mortal lining, Class 3 
• For new treatment facility       ； a φ1,000 mm ductile cast iron pipe with 

inner mortal lining, Class 3  
4.4 Flocculation basin (New) 
 

8 basins 
RC, W 5.50 m × L 7.00 m × H 3.70 m (Average depth of water 3.46 m) 

4.5 Flocculator (New)  8 sets 
Mechanical flocculator  φ4.5 m × 3.7 kW × 380 V 

4.6 Inlet gate of flocculation basin 
(New) 

8 sets 
Manual operation rectangular gate 450 mm × 450 mm 

4.7 Chemical sedimentation basin 
(New) 

4 basins 
Horizontal flow type sedimentation basin ; RC, W 11.30 m × L 50.00 m × 
Average depth of water 2.54 m 

4.8 Baffle wall at inlet, middle and 
outlet (New) 

4 sets 
Baffle wall with a opening for cleaning the basin 

4.9 Baffle wall at inlet of the 
existing basins (Improve.) 

6 sets 
Installation of baffle wall at the inlet of the existing basin to reduce turbulence, 
short-circuit flow and dense flow 

4.10 drain valve for settled sludge 
(New) 

8 sets 
φ350mm Top Valve  

4.11 Pressure water shooting 
device (New) 

1 set 
φ75 mm ductile cast iron pipes with inner mortal lining, Class 3 

4.12 Settled water collecting trough 
(New) 

24 sets 
Orifice notch type  

4.13 Drain valve in settled water 
channel (New) 

3 sets 
φ100mm top valve 

5. Rapid sand filter  

5.1 Rapid sand filter (New) 8 basins 
RC, W 4.50 m × L 10.85 m ＝ 48.825㎡／basin 

5.2 Inlet gate (New) 16 sets 
W 630 mm × H 380mm 
Outside screw type power-operated gate (SUS316) 

5.3 Filter flow regulator (New) 8 sets  
Siphon type filter flow regulator (SUS316) 
Q(Normal) = 300 m3／hour、Q(Max) = 399 m3／hour  
connecting diameter 300 mm 

5.4 Filtered water valve (New) 8 sets 
Flangeless butterfly valve with air type actuator φ300mm 

5.5 Water backwash valve (New) 8 sets 
Flangeless butterfly valve with air type actuator φ450mm 

5.6 Air scour valve (New) 8 sets 
Flangeless butterfly valve with air type actuator φ250mm 

5.7 Drain valve (New)  
 

 8 sets 
Hand-operated sluice valve with handle φ150 mm 

5.8 Drain valve in the adjusting 
equipment room (New) 

8 sets 
Hand-operated sluice valve with handle φ75mm 

5.9 Filter sand (New) 
 

 For 8 filters 
Sand type:  Silica 
Effective diameter: 1.0mm  
Uniformity coefficient: below 1.5 
Sand thickness 1.0 m 

5.10 Filter underdrain device 
(New) 

391㎡ for 8 basins 
Water and air backwash perforated device 
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5.11 Filter control desk (New) 
 

4 sets 
2 filters duo operated type 

6. Chemical feeding facility    
6.1 Chemical building (New) 
 

1 building  
Ground floor = 540㎡, 1st floor = 396㎡, mezzanine floor = 144㎡ 
The building consists of chemical feeding room, chlorine feeding room, water 
quality testing laboratory, chlorine neutralization room and chemicals/chlorine 
storage room. 
4 solution tanks 
innerφ2.0 m × H 2.6 m, FRP 
4 mixers 
Vertical type power-operated mixer  
φ450 mm × 2 stages × 3.7 kW ×380 V × 50 Hz 
4 liquid level gauge 
Terminal type liquid level gauge (3 contact) 

6.2 Aluminum sulfate solution and 
feeding equipment (New) 

2 feeding equipments 
W 0.8 m × L 1.5 m × H 0.7m, Triangular notch weir with flow display panel 
(an angle of 30 degrees) 
2 mixing tanks 
W 2.0 × L 3.0 × H 2.5 m (effective depth 2.0), RC 
2 Mixers 
φ800mm × 1 stage × 5.5 kW × 0.4 kW × 50 Hz 
4 liquid level gauge  
Terminal type liquid level gauge (3 contact) 
1 mixer for saturator 
Vertical type power-operated mixer φ250 mm × 2 stages × 3.7 kW ×380 V 
× 50 Hz 
1 saturator for milky slaked lime tank  
φ350mm×φ950mm 
1 flow meter for service water 
φ100mm, Orifice type flow meter 20～100 m3／hour 

6.3 Slaked lime feeding equipment 
(New) 

Service water pipe: φ150mm ductile cast iron pipe with inner mortal lining, 
Class 3 
4 feeding equipments  (2 for pre-chlorination and 2 for post-chlorination) 
Self standing cabinet type 
2 vacuum adjustment equipment  (1 for pre-chlorination and 1 for 
post-chlorination) 
Wall mounted manifold pipe type 
Feeding quantity ； Max 40 kg／hour 
feeding pressure ； Max 1.0 Mpa 
4 ejectors (2 for pre-chlorination and 2 for post-chlorination) 
Working flow rate；400 L／min. 
Working pressure；0.6 Mpa 
Diameter；50 mm 
4 flow meters  (2 for pre-chlorination and 2 for post-chlorination) 
built-in cabinet style 
Flow range ；0～40 kg／hour 
4 service water pump  
Discharge rate；0.4 m3／min. 
Total head；23～25m 
Kind of pipe；φ100 mm ductile cast iron pipe with inner mortal lining, Class 3 

6.4 Chlorine feeding equipment  
(New) 

Chlorine gas cylinder;  30 cylinders 
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6.5 Chlorine gas neutralization 
equipment (New)  

１ set 
Neutralization capacity； 1,000 kg 
Exhauster； FRP-made anti-corrosion turbo fan, Capacity of 60 m3／min., Static 
pressure 250 mmAg 
5.5KW×380V×50Hz 
Neutralization tower；PVC-made cylindrical vertical type dual filled tower 
φ1.05 mm×2 towers×H 1.2m 
Caustic soda；Steel rectangular tank with PVC lining 
4.5m×2.0m×1.5m×１tank 
Caustic soda pump；PVC made pump 
1.2 m3／min.×10mAg×7.5KW×380V×50Hz×１set 
Detector of chlorine gas leak；6 sets (incl. transmitter and receiver) 
Detection range：0～3 ppm 

7. Water Reservoir    

7.1 Distribution reservoir (New) 5,000 m3, １ basin, RC 
W 24.8m×L 66.8m×H 3.85m（effective depth 3.10 m） 

7.2 Connecting pipe (New) 
 

 1 pipe, between filtered water channel and the new reservoir 
 φ700mm ductile cast iron pipe with inner mortal lining, Class 3 

7.3 Flow meter (New) 
 

 1 set 
Insertion type piezoelectric flow meter,φ700mm 

7.4 Connecting pipe (New) 
 

 1 set, between the reservoir and distribution/transmission pump 
 φ700mm ductile cast iron pipe with inner mortal lining, Class 3  

7.5 Distribution pump (Rehav.) 
 

3 sets 
 Installation in the existing NO.1 pump room 
 35.0 m3／min.×42m×320KW×3KV×50Hz 
 Rehabilitation of suction pipe and delivery pipe 

7.6 Distribution pump (New) 
 

1 set  
 Installation in the existing NO.2 pump room 
 17.5m3/min ×42m×180kw×3kv×50Hz 

7.7 Connecting pipe (Rehav.)  1 pipe 
 One φ800mm existing distribution main shall be abandoned.  
 Installation of a new connecting pipe between the distribution main (φ
1.350mm) and ADB financed transmission main 
 φ1,000mm ductile cast iron pipe with inner mortal lining, Class 3  

8. Water quality testing lab.  

8.1 Water quality testing lab.  
(New) 

Establishment in the chemical feeding building 

8.2 Water quality analysis 
equipment (New)  

 

1 set 
Necessary equipment, glass installment and test reagent (see the next table)  

8.3 Sampling pump (New) 2 sets of horizontal type pumps for sampling raw water (incl. standby) 
2 sets of submerged motor pumps for sampling the settled water of the exiting  
sedimentation basin (incl. stadby) 
2 sets of submerged motor pumps for sampling the settled water of new  
sedimentation basins (incl. stadby) 
2 sets of submerged motor pumps for sampling the filtered water of exiting  
filters  (incl. standby) 
2 sets of submerged motor pumps for sampling the filtered water of new filters  
(incl. standby) 

9. Electrical and metering 
instrumentation 

 

9.1 Activation panel for intake 
pump (New) 

2 sets  
Installation in the existing intake electric room 

9.2 Subsidiary relay panel for the 
activation panel (New) 

１ set  
Installation in the existing electrical room  

9.3 Control line (New) 
 

１ line 
Installation with new raw water main between the intake and the treatment plant 
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9.4 Activation panel for 
distribution pump (New) 

1 set 
Installation of a panel for the pump (Q = 17.5 m3／min.) in the existing electric 
room of the treatment plant 

9.5 Central control and monitoring 
panel (Remodeling) 

 

１ set 
Modification of the mosaic and remodeling of the desk  

9.6 Relay panel for central control 
and monitoring panel (Extension) 

1 set  
Installation in the central control and monitoring room  

9.7 Light for chemical building and 
lighting rod (New) 

1 set 
 

9.8 Water level gauge at intake 
(Rehab.) 

1 set 
Ultra-sonic indicator  

9.9 Raw water flow meter (New) 2 sets 
Float type flow meter and integrating meter for the existing and new water 
treatment facility  

9.10 Head loss meter for filter 
(New) 

 

8 sets 
Differential pressure type head loss indicator 

9.11 Water level for distribution 
reservoir (New) 

1 set 
Water level indicator for new distribution reservoir 

 

2) Equipment in the Water Quality Monitoring Laboratory 
 

Equipment Number 

1. Fume Hood ( with Blower ), Ceramitite 1 

2. Center Table ( with Sink ) 1 

3. Center Table with Reagent Shelf  ( with Glass Door ) 2 

4. Jar Tester, 6-Shafts 1 

5 Digital Thermometer 1 

6. Personal pH Meter ( with Electrode ) 1 

7. Digital Temperature , Humidity and Dew Point Meter  1 

8. Electrical Conductivity Meter 1 

9. Direct Reading Type Turbidimeter 1 

10. Drying Oven 1 

11. Autoclave 1 

12. Rack with Metal Fittings 1 

13. Magnetic Mixer 1 

14. Water Distillation Apparatus 1 

15. Beaker, Glass, etc. Necessary 
numbers 

16. Testing Reagent Necessary 
numbers 
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Appendix 5- 8  Operation and Maintenance Costs of Electricity and Chemicals 
 

１.  Electricity Cost 

 

(1) Electricity consumption of intake pump 

 

   185 kw×3 sets×24 hours/day×365 days/year = 4,861,800 kWh/year 

 

(2) Electricity consumption of water treatment facility  

 
① Flocculator  

   2 kW×12 sets×24hours/day×365days/year = 210,240 kWh/year 

   3.7 kW×8 sets×24 hours/day×365days /年 = 259,296 kWh/year 

② Backwash pump  

   Assuming that: a filter is washed every 36 hours (1.5 days)  Total numbers of filter washing per 

day:    20 filters×24/36 = 13.4 filters/day 

   Assuming that water backwashing time per filter is 24 minute. 

   45kw×13.4filters/day×24/60×365das/year = 88,038 kWh/year 

③ Air blower for backwashing 

   Assuming that air backwashing time per 1 filter is 5 minutes: 

   45kw×13.4filters/日 day×5/60×365days/year = 18,342 kWh/year 

④ Agitator of dissolving aluminum sulfate 

   Assuming that the number of solution per day is 3 tanks and the operation time per tank is 1 hour. 

   3.7kw×3 times/day×1 hour/time×356days/year = 4,052 kWh/year 

⑤ Agitator of dissolving slaked lime  

   24 hours/day operation to avoid settlement of slaked lime 

   5.5kw×2 sets×24hours/day×365days/year = 96,360 kWh/year 

   0.4kw×1 set×24hours/day×365days/year = 3,504 kWh/year 

⑥ Feed water pump for chlorine  

   7.5kw×1set×24ours/day×365days/year = 65,700 kWh/year 

⑦ Pump and blower for chlorine gas neutralization  

   The electricity consumption for this equipment is not estimated because of emergency use only. 

⑧ Sampling ball 

   0.75kw×5sets×24hours/day×365days/year = 32,850 kWh/year 

⑨ Others (Compressor, air conditioning apparatus, lights, ect) 

   Assuming that these electricity consumptions are 1 percent of the total consumption estimated above 

   5,640,182×0.01 = 55,818 kWh/year 
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               Total： 834,200 kWh/year 

 

(3) Electricity consumption of distribution and transmission pumps 

 
The pump operation plan to distribute 150,000 m3/day is as follows: 

   Distribution pump（2,100 m3/hr、320kw）2 sets      4,200 m3/hour＝100,800 m3/day 

   Same as above   （1,050 m3/hr、180kw）2 sets      1,050 m3/hr＝25,200 m3/day 

   Transmission pump（1,050 m3/hr、180kw）2 sets     1,050 m3/hr＝25,200 m3/day 

                                        Total     6,300 m3/hr＝151,200 m3/日 

 

   320kw×2sets×24hours/day×365days/year         = 5,606,400 kWh/Year 

   180kw×2sets×24hours/day×365days/year         = 3,153,600 kWh/Year 

 Total  8,760,000 ｋWh／年   

 

 

(2) Chemicals consumption for water treatment 

 

① Aluminum Sulfate 

   Average optimum feeding rate is 23.5 mg/L based on the 1999 jar tester data. 

   158,400m3/day×23.5mg/L×10-3×365days/year = 1.359 ton/year 

 

② Slaked lime  

   Average feeding rate is 10 mg/L and half a year is required feeding to adjust pH value 

   158,400m3/day×10mg/L×10-3×365days/year×1/2 year = 579 ton/year 

 

③ Chlorination 

   Pre-Chlorination (2 mg/L feeding during the period December to May 6 months when algae generation occurs) 

   158,400m3/day×2mg/L×10-3×180days/year = 57 ton/year 

   Post-Chlorination 

   158,400m3/day×1.5mg/L×10-3×365day/year =  87 ton/year 

   Total quantity of Chlorine gas: 144ton/年 
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Table 1 Operation and maintenance cost estimation (Electricity and chemicals) 
 

 Annual Consumption Annual Cost Estimate 

Water treatment 834,000 kWh/year 400 million Riel  
Water intake 4,862,000 kWh/year 2,334 million Riel  
Water transmission and 
distribution 8,760,000 kWh/year 4,205 million Riel  

Electricity 

Subtotal 14,456,000 kWh/year 6,46 million Riel 
Aluminum Sulfate 1,359 tons/year 326,000 US $ 
Slaked lime    289 tons/yea   35,000 US $ 
Chlorine gas     144 tons/year   158,000 US $ Chemicals 

Subtotal – 519,000 US $  
= 1,998 million Riel 

Total  – 8,937 million Riel 

 

(Estimation conditions) 

1 US $ = 3,850 riel 

Power tariff       :  480 Riel/kWh = 0.09 US $/kWh (for Phum Prek WTP) 

Aluminum Sulfate  :  240 US $/ton (including transportation cost) 

Slaked lime       :  120 US $/ton (including transportation cost) 

Chlorine gas       :  1,100 US $/ton (including transportation cost) 
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Appendix 5- 9 Permission of Installation of Raw Water Mains  
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Appendix 5- 10  Permission of Installation of Raw Water Mains (Telecommunication 
building site) 
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Appendix 5- 11  Registration of Landfill Land of Phum Prek Water Treatment Plant 
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