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ANNEX A 

 
OUTLINES OF PREVIOUS STUDIES 

 

CHAPTER AA-1 GENERAL INFORMATION 

AA-1.1 Objective of the Survey 

Preparatory Survey for Irrigation and Drainage System Rehabilitation and Improvement Project in the 

Kingdom of Cambodia is carried out in accordance with the Minutes of Discussion (M/D) between the 

Japan International Agency (JICA) and the Royal Government of Cambodia (RGC) signed on 

February 25, 2011. 

The objective of the Survey is to scrutinize the project cost for rehabilitation of irrigation and drainage 

facilities through confirming the suitable project scope and construction method by collecting and 

analyzing the necessary information for project appraisal as repayable aid of loans, and by reviewing 

the existing F/S or Master Plan (M/P) relevant to the Project and the proposal on SISIP. 

AA-1.2 Scope of the Survey 

The scope of the Survey is given in the following table. 

Table AA-1.2.1  Scope of the Survey 
Survey Items Scope of the Survey 

Confirmation and appropriateness of the 
Project and preparation of suitable scope of 
the Project 

(1) Confirmation of subjects in agricultural policy and irrigation policy 
(2) Confirmation of scope of rehabilitation of irrigation facilities as 

Japanese Yen loan 
(3) Review of agricultural information for each survey area 
(4) Grasping of preliminary conditions on each survey area 
(5) Confirmation of policies, development plans and laws on the Project
(6) Confirmation of importance and appropriateness of the Project 
(7) Preparation of the suitable scope of project in consideration of the 

above 

Preparation of basic design and strengthening 
plan of executing and Operation and 
Maintenance (O&M) organizations, and 
estimate of project cost 

(1) Review of basic design prepared in the “Master Plan Study on the 
Integrated Agricultural and Rural Development Project in the 
Suburbs of Phnom Penh”, “Study on the Rehabilitation and 
Reconstruction of Agricultural Production System in the Slakou 
River Basin”, and “Study on Comprehensive Agricultural 
Development Prek Thnot River Basin”, and proposal on suitable 
construction method. In particular, as for the Roleang Chrey 
Regulator, review on the basic and detailed design executed under 
grant aid. Regarding SISIP, study on project proposal prepared by 
Ministry of Water Resources and Meteorology (MOWRAM) 

(2) Study on yearly basis construction plan and construction cost 
(3) Estimate on total project cost and project cost for Japanese Yen loan
(4) Confirmation of setting method of unit prices 
(5) Preparation of financial arrangement plan 
(6) Study on consulting services 
(7) Preparation of procurement packages 
(8) Confirmation of project implementation organization 
(9) Study on O&M organization 
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Survey Items Scope of the Survey 

Confirmation of environmental and social 
considerations 

(1) Preparation of checklist based on the “JICA Environmental and 
Social Consideration Guidelines (April 2010)” 

(2) Study on Social consideration 

Confirmation of project effects (1) Proposal on indicators of operation and effect (setting of standard 
indicators and target indicators and proposal of methods of data 
inputs and evaluation) 

(2) Confirmation of qualitative effects (proposal of suitable method for 
confirming qualitative effects by project) 

(3) Estimate of Economic Internal Rate of Return (EIRR) 
Source: JICA Survey Team 

AA-1.3 List of Previous Studies 

The existing F/S or M/P relevant to the Project were prepared as follows and summarized in this 

Annex. 

Table AA-1.3.1  List of Existing Studies relevant to the Project 
Project Relevant Study Implemented by Period 

Southwest Phnom Penh 
Irrigation and Drainage 
Rehabilitation and 
Improvement Project 
(SPPIDRIP) 

The Study on Comprehensive Agricultural 
Development of Prek Thnot River Basin (Master 
Plan Study) 

JICA 2005-2008 

Roleang Chrey Regulator and Intakes Improvement 
Project (Feasibility Study) 

JICA 2005-2008 

Roleang Chrey Regulator Improvement Project 
(Japanese Grant Aid) 

GOJ/JICA 2007-2009 

The Study on the Rehabilitation and Reconstruction 
of Agriculture Production System in the Slakou 
River Basin (Master Plan Study) 

JICA 2001-2002 

Upper Slakou River Irrigation Reconstruction Plan 
(Feasibility Study) 

JICA 2001-2002 

Small and Medium 
Scale Irrigation System 
Rehabilitation and 
Improvement Project 
(SMSISRIP) 

Master Plan Study on the Integrated Agricultural and 
Rural Development Project in the Suburbs of Phnom 
Penh 

JICA 1994-1995 

Small Scale Irrigation System Improvement Project MOWRAM 2008-2009 

Source: JICA Survey Team 
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CHAPTER AA-2 SOUTHWEST PHNOM PENH IRRIGATION AND DRAINAGE 
REHABILITATION AND IMPROVEMENT PROJECT 

AA-2.1 General 

SPPIDRIP is composed of RCHRSP and USISRSP. As for RCHRSP, the M/P Study, F/S, B/D and D/D 

have been carried out so far. On the other hand, USISRSP has been worked out through the M/P Study 

and F/S. The results of these previous studies are summarized hereinafter. 

AA-2.2 Climate 

There was only one meteorological observation station in the RCHRSP Area and the USISRSP Area at 

Pochentong in Phnom Penh managed by MOWRAM. The observation recorded for temperature, 

rainfall, relative humidity, wind speed, sunshine hours and evaporation at this observation station. 

According to the previous studies, the meteorological situations in the period from 1991 to 2005, 

except for rainfall data collected during the period from 1901 to 1990, are as follows: 

The climate classification of Cambodia is a tropical monsoon climate with definite rainy and dry 

season. Monthly mean temperature at the Pochentong station in Phnom Penh city shows seasonal 

variation from 26.2°C in December to 30.5°C in April. Monthly maximum temperature higher than 

31°C is common. Monthly minimum temperature never falls below 21°C. Monthly mean relative 

humidity ranges from 70% in March to 85% in September and October. The relative humidity is high 

at night and low at daytime throughout the year. The following table shows monthly data at 

Pochentong station. 

Table AA-2.2.1  Summary of Meteorological Data at Pochentong Station (1991 - 2005) 

Item Unit Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Average 
or Total

Temperature °C              

Mean  26.4 27.8 29.4 30.5 30.2 29.3 28.7 29.3 28.1 27.5 26.9 26.2 28.3

Maximum  31.6 33.2 34.9 35.7 35.0 33.8 32.7 32.6 32.2 31.3 31.1 30.9 32.9

Minimum  21.2 22.4 23.8 25.3 25.4 24.9 24.6 26.0 24.0 23.7 22.7 21.5 23.8
Rainfall* mm 7.5 8.4  26.8  70.3 140.8 144.5 148.7 160.3 241.3 259.8  131.9  37.6  1,377
Humidity % 73.2 70.7 69.7 71.0 75.8 77.8 81.1 81.7 84.6 84.6 79.0 74.9 77.0
Wind Speed m/sec 3.2 3.8 4.1 3.9 4.3 4.9 4.3 5.4 4.4 3.1 3.9 3.9 4.0
Evaporation mm 4.4 5.5  6.3  5.9 4.8 4.5 4.0 3.9 3.3 2.9  3.5  4.1  53.1 
Sunshine hr/day 8.7 8.6  8.3  8.0 7.2 6.3 5.7 5.8 5.5 6.0  7.5  8.3  7.1 

Note: Wind Speed data during the period from September 2005 to December 2005 are unavailable. 
Source: Department of Meteorology (Temperature, Humidity, Wind speed , Evaporation and Sunshine) 

*: Reappraisal Report of the Prek Thnot Multipurpose Project, Australian Catholic Relief in December 1991 
(Rainfall data in the period from 1901 to 1991) 

AA-2.3 The Study on Comprehensive Agricultural Development of Prek Thnot River Basin 
(Master Plan Study) 

AA-2.3.1 Background 

Agriculture as the major economic activity in the basin of the Prek Thnot River, relies on erratic rainfall 

due to limited irrigation system. This results in low and unstable production of crops with some farmers 

still unable to harvest enough for their self-consumption of rice. RGC therefore requested GOJ to extend 

technical assistance aiming at improvement of agricultural productivity in the basin. Responding to the 

request, GOJ decided to execute the Study on Comprehensive Agricultural Development of Prek Thnot 

River Basin. The study included formulation of M/P and F/S on the priority projects selected in M/P, 

and Verification Study at pilot projects which are of project components mentioned in 

Clause AA-2.3.2. 
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AA-2.3.2 Project Components 

The objective of M/P is to present and elaborate strategies of improving the agricultural productivity in 

the target area by the specific year, considering the existing water resources. Based on the survey and 

study results, the “Improvement of Agricultural Productivity centering on Rice” is selected as the 

strategic target of M/P, which will be attained through “program approach”, in a concept of 

“Well-harmonized Development of Irrigation and Drainage, Agriculture and Institutions”. In order 

to attain this strategic target and in the above mentioned concept, the project component consisting of 

twenty seven projects/studies for scheme-wise improvement plan and subject-wise improvement plan 

was worked out as follows: 

Table AA-2.3.2.1  Project Component 
Scheme-wise Improvement Plan 

Zone Based Projects (Zone-1) 
1 A.1(1) Irrigated Agriculture Improvement Model Project
2 A.1(2) Upper North Main Canal (UNMC) Irrigated Agriculture Improvement Project 
3 A.1(3) Upper South Main Canal (USMC) Irrigated Agriculture Improvement Project 

Zone Based Projects (Zone-2) 
4 A.2(1) Lower North Main Canal (LNMC) Irrigated Agriculture Improvement Project 
5 A.2(2) Lower South Main Canal (LSMC) Irrigated Agriculture Improvement Project 
6 A.2(3) Ou Krang Ambel Irrigated Agriculture Improvement Project

Zone Based Project (Zone-3) 
7 A.3(1) Water Harvesting Irrigated Agriculture Improvement Project

Zone Based Project (Zone-4) 
8 A.4(1) Rainfed Agriculture Improvement Project

Zone Crosscutting Projects 
9 B.1(1) Roleang Chrey Regulator Gates Urgent Improvement Project

10 B.1(2) Roleang Chrey Regulator and Intakes Improvement Project
11 B.2(1) Veterinary Services Strengthening and Livestock Raising Improvement Project 
12 B.3(1) Community Inland Fisheries Development Project
13 B.4(1) Income Generation Projects for Marginal Farmers

Subject-wise Improvement Plan 
14 C.1(1) Coordination between MOWRAM and MAFF Strengthening Project
15 C.1(2) Provincial Departments Strengthening Project
16 C.2(1) Livestock Sub-sector Development Study
17 C.3(1) Technical Guidelines Preparation Project
18 C.4(1) Environmental Management Basic Capacity Development Project
19 C.4(2) Environmental Management Applied Capacity Development Project
20 C.5(1) Irrigated Agriculture On-Farm Technology Improvement Pilot Project
21 C.6(1) Irrigation Facility Maintenance Capacity Strengthening Pilot Project
22 C.7(1) Rainfed Agriculture Improvement Pilot Project
23 C.8(1) Community Inland Fisheries Development Pilot Project
24 C.9(1) River Basin Effective Water Use Awareness Raising Project
25 C.10(1) Institutional and agricultural Support Services Strengthening Project
26 C.11(1) Hydrological Observation Strengthening Project
27 C.11(2) Flood Forecasting and Warning Study

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 
Remarks; 

Zone-1: Priority upstream area with 80% irrigation dependability commanded by Roleang Chrey Irrigation System 
Zone-2: Downstream area with 50% irrigation dependability commanded by Roleang Chrey Irrigation System 
Zone-3: Water harvesting area with small scale irrigation system outside of Roleang Chrey Irrigation System 
Zone-4: Rainfed area without irrigation facilities 

AA-2.3.3 Hydrology 

The hydrological conditions in RCHRSP area up to 2005 are summarized by previous study reports as 

below. 

(1) Rainfall 

There are one automatic and 17 ordinary rainfall gauging stations in and around the Prek Thnot River 

basin. The automatic gauging station was established at Kampong Speu PDOWRAM office in 2000. 
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According to the rainfall data, average annual rainfall from 2001 to 2004 in the Prek Thnot River basin 

is 1,225 mm. The seasonal distribution is divided into the rainy season from May to November and the 

dry season from December to April. The rainy season accounts for about 90% of the annual rainfall. 

Most of rain is showery and the heaviest annual rainfall occurs in the southwest of the Prek Thnot 

River basin. 

(2) Water Level and Discharge 

There were 3 water level gauging stations on the Prek Thnot River as of 2005: Peam Khley, Thnuos 

Luong and Roleang Chrey. Peam Khley station records the water level during the longest period from 

1997 to 2005. Using the observed water levels and the H-Q curve, the estimated monthly discharges 

are as shown in Table AA-2.3.3.1. 

Table AA-2.3.3.1  Summary of Monthly Discharge at Peam Khley 
(Unit: MCM) 

Discharge Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual
Mean 11.3 5.0 5.7 11.6 36.1 48.2 116.6 155.7 238.2 408.1 158.6 35.0 1,232.2 
Max 63.5 34.1 53.3 54.7 345.6 221.6 354.5 373.9 505.8 851.0 614.7 391.5 2,931.2
Min. 2.4 0.4 0.4 1.5 3.7 3.0 5.3 12.7 69.8 45.6 12.0 2.4 398.4

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

AA-2.3.4 Agricultural Development Plan 

In the M/P Study, the agricultural development plan consisting of objectives, plan and strategies was 

elaborated for respective zones. Out of four zones, those for Zone-1 which aims at 80% dependability 

irrigation, is closely related to the Project. 

(1) Zone-1 

(a) Development Objectives and Plan 

The development objective of Zone-1 is to improve the agricultural productivity by well-harmonized 

development of agriculture, irrigation and drainage and the relevant institutions. As the targeted indexes, 

the following are proposed: 

Table AA-2.3.4.1  Proposed Cropping Pattern and Intensity 
Early Rainy Season Rainy Season Annual 

Crop Area (Intensity) Crop Area (Intensity) Crop Area (Intensity)
Early Rice 500ha (9%) Early Rice 500 ha (9%) Early Rice 1,000 ha (18%)
 Medium Rice 5,160 ha (91%) Medium Rice 5,160 ha (91%)
Upland Crops 280 ha (5%)  Upland Crops 280 ha (5%)

Total 780 ha (14%)  5,660 ha (100%) 6,440 ha (114%)
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

Table AA-2.3.4.2  Target Crop Yields 
Early Rainy Season Rainy Season 

Crop 
Yield (t/ha) 

Crop 
Yield (t/ha) 

Target Present Increment Target Present Increment
Early Rice 3.30 2.40 0.90 Early Rice 3.30 - -
Upland Crops 0.70 0.45 0.25 Medium Rice 3.00 2.00 0.90

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(b) Development Strategies 

- Improvement of productivity and increased production of rice is envisaged through the 

introduction of: (i) a double cropping pattern for early rice to a limited extent and a single 

cropping of medium rice in the rainy season in the rest of the project area and (ii) improved 

farming and irrigation practices formulated on the basis of current farming practices which 
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represent, to a certain extent, the capabilities of farming communities, farming constraints and 

farmers’ expectations 

- Improvement of productivity and increased production of rice is envisaged through the 

introduction of improved farming practices supported by the strengthening of agricultural 

support services employing the farmer participatory concept 

- Introduction of water saving rice cultivation methods availing the expansion of the areas to be 

irrigated to the fullest extent possible through the efficient utilization of valuable water 

resources, 

- The introduction of upland crop/vegetable production in about 5% of the project area in the 

early rainy season to increase land use intensity and promote crop diversification. 

(2) Zone-2 

(a) Development Objectives and Plan 

The development objective of Zone-2 is the same with that of Zone-1. However, the targeted indexes are 

different due to the difference in the availability of water. The following are the proposed target indexes 

forZone-2: 

Table AA-2.3.4.3  Proposed Cropping Pattern and Intensity 
Early Rainy Season Rainy Season Annual 

Crop Area (Intensity) Crop Area (Intensity) Crop Area (Intensity)
Early Rice 1,600ha (14%)  Early Rice 1,600 ha (14%)
  Medium Rice 11,040 ha (100%) Medium Rice 11,040 ha (91%)
Upland Crops 550 ha (5%)  Upland Crops 550 ha (5%)

Total 2,150 ha (19%)  11,040 ha (100%) 13,190 ha (119%)
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

Table AA-2.3.4.4  Target Crop Yields 
Early Rainy Season Rainy Season 

Crop 
Yield (t/ha) 

Crop 
Yield (t/ha) 

Target Present Increment Target Present Increment
Upland Crops 0.70 0.45 0.25 Medium Rice 2,80 2.10 0.70

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(b) Development Strategies 

The strategies established for the attainment of the said development objectives in Zone-2 are similar to 

the case of Zone-1 and include: 

- Improvement of productivity and increased production of rice is envisaged by the 

introduction of: (i) early rice to a limited extent in the early rainy season once in 2 years in 

accordance with the result of the water balance study (irrigable at 50% dependability) and 

a single cropping of medium rice over the entire area in the rainy season and (ii) improved 

farming and irrigation practices, 

- Improvement of productivity and increased production of rice is envisaged through the 

introduction of improved farming practices supported by the strengthening of agricultural 

support services to initiate the farmer participatory concept, 

- Introduction of water saving rice cultivation methods availing expansion of irrigation areas 

to the greatest extent possible, and 

- Introduction of upland crop/vegetable production in about 5% of the project area in the 

early rainy season to increase land use intensity and promote crop diversification. 
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(3) Zone-3 

(a) Development Objectives and Plan 

The development objective of Zone-3 is the same with that of Zone-1. However, the targeted indexes are 

different due to the more severe water environment. The following are proposed target indexes for 

Zone-3: 

Table AA-2.3.4.5  Proposed Cropping Pattern and Intensity 
Early Rainy Season Rainy Season Annual 

Crop Area (Intensity) Crop Area (Intensity) Crop Area (Intensity)
 Medium Rice 1,200 ha (100%) Medium Rice 1,200 ha (100%)
Upland Crops 60 ha (5%)  Upland Crops 60 ha (5%) 

Total 60 ha (5%)  1,200 ha (100%)  1,260 ha (105%)
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

Table AA-2.3.4.6  Target Crop Yields 
Early Rainy Season Rainy Season 

Crop 
Yield (t/ha) 

Crop 
Yield (t/ha) 

Target Present Increment Target Present Increment
Upland Crops 0.70 0.45 0.25 Medium Rice 2.80 2.10 0.70 

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(b) Development Strategies 

The strategies established for the attainment of the said development objectives in Zone-3 are similar to 

the cases of Zones-1 and -2 and include: 

- Improvement of productivity and increased production of rice is envisaged through the 

introduction of improved farming and irrigation practices, 

- Improvement of productivity and increased production of rice is envisaged by the strengthening 

of agricultural support services utilizing the farmer participatory concept, 

- Introduction of water saving rice cultivation methods availing the expansion of the irrigation 

areas to the greatest extent possible, and 

- Envisaging the introduction of upland crops/vegetable production in about 5% of the project 

area in the early rainy season to increase land use intensity and promote crop diversification. 

(4) Zone-4 

(a) Development Objectives and Plan 

The study on the development approaches directed to Zone-4, which consists of rainfed paddy fields, 

has resulted in ambitious proposals and will present a number of controversial issues. However, for the 

attainment of the master plan target of improvement of agricultural productivity in the Target Area, the 

improvement of rainfed agriculture should be duly sought through the integrated interventions of 

agronomic, extension and farmer organizational approaches. The following are proposed target indexes 

for Zone-4: 

Table AA-2.3.4.7  Proposed Cropping Pattern and Intensity 
Early Rainy Season Rainy Season Annual 

Crop Area (Intensity) Crop Area (Intensity) Crop Area (Intensity)
 Medium Rice 23,380 ha (100%) Medium Rice 23,380 ha (100%)
Upland Crops 230 ha (1%)  Upland Crops 230 ha (1%)

Total 230 ha (1%)  23,380 ha (100%)  23,610 ha (101%)
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 
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Table AA-2.3.4.8  Target Crop Yields 
Early Rainy Season Rainy Season 

Crop 
Yield (t/ha) 

Crop 
Yield (t/ha) 

Target Present Increment Target Present Increment
Upland Crops 0.45 - - Medium Rice 2,00 1.50 0.50

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(b) Development Strategies 

The strategies established for the attainment of the said development objectives in Zone-4 include: 

- Improvement of productivity and increased production of rice is envisaged by the introduction 

of improved farming practices; in this regard, the expansion of modified system of rice 

intensification (SRI) in Kampong Speu Province as proposed earlier and the promising results 

obtained in the SRI fields indicate the possibility of the attainment of the objectives, 

- Improvement of productivity and increased production of rice supported by the strengthening of 

agricultural support services is envisaged (the approach for strengthening includes training and 

deployment of village agriculture agents), 

- The introduction of upland crop/vegetable production in the early rainy season to a very limited 

extent in a pilot scale as a trial step for crop diversification in the future, 

- In the present Study, the development intervention is formulated as the “Rainfed Agriculture 

Improvement Project”, and 

- The proposed intervention is the strengthening of agricultural support services in the zone 

implemented by MAFF/PDA in collaboration with NGOs and supported by experts. 

AA-2.3.5 Irrigation and Drainage Development Plan 

(1) Water Resources and Irrigation Area 

In the target area of M/P, the largest water source is the Prek Thnot River and the existing facilities are 

(i) Roleang Chrey Headworks and (ii) NMC and SMC. The available water sources for irrigation were 

evaluated based on a water balance study with 5-day dependable discharges and the irrigation water 

demand. As a result, the following probable irrigation areas were estimated: 

Table AA-2.3.5.1  Irrigation Area by Different Dependability of Prek Thnot River Basin 
Zone Definition Net irrigable Area

Zone-1 Irrigated by Prek Thnot River with 80% dependability 5,660 ha
  (UNMC Area) (2,210 ha)
  (USMC Area) (3,450 ha)

Zone-2 Irrigated by Prek Thnot and Ou Krang Ambel Rivers with 50% dependability 11,040 ha
  (LNMC Area) ( 4,290 ha)
  (LSMC Area) (6,750 ha)

Zone-3 Irrigated by Water Harvesting Pond with 50% dependability 1,200 ha
Zone-4 Rainfed area=23,380 ha -

 Total of Zone-1 to Zone-4 = 41,280 ha Total irrigable
area=17,900 ha

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 
 

(2) Irrigation Development Plan 

The irrigation development plan was designed for two types, which were (i) irrigated agriculture 

model project and (ii) zone-wise irrigated agriculture improvement projects in five areas (UNMC and 

USMC in Zone-1, LNMC and LSMC Areas and Ou Krang Ambel Area in Zone-2) as summarized 

below. 
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Table AA-2.3.5.2  Irrigation Improvement Plans in M/P 
Improvement Plan 

Irrigated Agriculture Improvement Model Project
 -  Construction works Rehabilitation of SMC from Vat Krouch Intake Gate for a length of 7 km, including 

construction of related structures
Rehabilitation of existing secondary canals (6.1 km), construction of new secondary 
canals (1.0 km), and rehabilitation of tertiary canal systems for 570 ha, including related 
structures and drainage canals
Rehabilitation of 4 water harvesting facilities (ponds) including intake structures and 
irrigation canal systems

 -  Procurement of O&M equipment 
 -  Formation and strengthening of FWUCs/FWUGs/Water Users Groups (WUGs)

Irrigated Agriculture Improvement Projects
 -  Construction works Rehabilitation of NMC, SMC and Ou Krang Ambel Canal from intake gates to the end 

of the canals including construction of related structures
Rehabilitation of existing secondary canals, construction of new secondary canals, and 
rehabilitation of tertiary canal systems, including related structures such as turnouts, 
checks, culverts and drainage canals
Rehabilitation of water harvesting facilities (reservoirs) including intake structures and 
irrigation canal systems

 -  Procurement of O&M equipment 
 -  Formation and strengthening of FWUC/FWUGs/WUGs 
 -  Engineering Services Survey, design, preparation of tender documents, and construction supervision 

Prepare operation rules and an operation manual for the facilities 
Reinforce organization for O&M of the facility.

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(3) Improvement of Roleang Chrey Headworks 

The Roleang Chrey Headworks are key facilities for irrigation development for this area, consisting of 

Roleang Chrey Regulator, Andong Sla Intake, Vat Krouch Intake and Approach Channels. The 

proposed works were divided into two projects in the M/P Study, such as a temporary treatment 

(Roleang Chrey Regulator Gates Urgent Improvement Project) and permanent measures (Roleang 

Chrey Regulator and Intakes Improvement Project) as below. 

Table AA-2.3.5.3 Improvement Plans of Roleang Chrey Headworks in M/P 
Improvement Plan 

Roleang Chrey Regulator Gates Urgent Improvement Project
 -  Temporary treatment Replacement of the counter weight wire rope in all 5 gates. 

Installation of one additional diesel generator of 75 kVA 
Provision of spare parts
Provision of standard maintenance tools

Roleang Chrey Regulator and Intakes Improvement Project
 -  Rehabilitation and Improvement 

of Roleang Chrey Regulator 
Rehabilitation of all gates and hoist systems of the regulator 
Improvement of the downstream apron and river side slope protection 
Construction of a river outlet structure at the right side of the regulator 
Construction of an operators hut

 -  Reconstruction of the Intake 
Gates 

Reconstruction of Andong Sla Intake Gate and Vat Krouch Intake Gate 
Rehabilitation of the approach channels to the intake gates 
Construction of a power transmission line from the regulator and intake gates

 -  Engineering Support Services Survey, design, preparation of tender documents, and construction supervision
Prepare operation rules and an operation manual for the facilities 
Reinforce the organization for the O&M of the project facility 

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008
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Source: Prepared by JICA Survey Team based on the Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the 
Kingdom of Cambodia, JICA, 2008 

Figure AA-2.3.5.1 Location of Irrigation Improvement Plans in M/P on Comprehensive Agricultural 
Development of Prek Thnot River Basin 

AA-2.3.6 Agricultural Support Plan 

The agricultural support services require for the promotion of adoption of the proposed farming 

practices and for attaining the project target cropping patterns, cropping intensity and crop yields at the 

earliest possible stage are as follows: 

Table AA-2.3.6.1  Required Agricultural Support Services 
Activity Program Required

Field Extension Programs Rice: Plot & area demonstration, adaptability test, seed multiplication 
Upland crops: Plot demonstration and adaptability test 

Farmer/Farmer’s Group (FG) Training 
Programs 

Training programs, farmer field schools (FFSs), study tours, village extension 
agent training & deployment 

Mass Guidance/Workshops Mass guidance/workshops 
Farmer-to-farmer Extension Support Farmer-to-farmer extension support 
Staff Empowerment Staff training, study tours 

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

As shown in the table, the introduction of village extension agents like Village Livestock 

Agents (VLAS) is envisaged as farmer-to-farmer extension providers. 

AA-2.3.7 FWUC Formation and Strengthening 

In order to execute properly water management and O&M at minor canal level by FWUC, the 

following strengthening plan is proposed in the M/P Study: 

(1) Precise Structure and Responsibilities 

Presently, the canal system is not completed, so that the responsibilities of the FWUC are not clear 

although the “Policy for Sustainability of Operation and Maintenance Irrigation System, June 2000” is 

available. After completion of proper irrigation systems, the following structure and responsibilities are 

proposed: 

Table AA-2.3.7.1  Proposed Structure and Responsibilities 
In-charge Canal Level Responsibilities

Government Headworks/Main canal O&M of headworks and main canal, and control of gates to secondary canal 
FWUC All canals below 

secondary canal 
Management of FWUGs, Sub-FWUGs and WUGs on O&M of all canals below 
secondary canal 
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In-charge Canal Level Responsibilities
FWUG Secondary canal O&M of secondary canals and control of gates to tertiary canal 
Sub-FWUG Tertiary canal O&M of tertiary canal and control of gates to watercourse 
WUG Watercourse O&M of watercourse and control of water distribution to each field 

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(2) Formation of FWUC, FWUG and WUG Considering Tragic History 

Formation of FWUC, FWUG, Sub-FWUG and WUG should be carried out carefully keeping the tragic 

history in mind. The results of various surveys have made it clear that Village Chiefs, Commune 

Chiefs/Councils and Village Development Committee (VDC) members are playing important roles for 

smooth formation of the FOs. Village Chiefs, Commune Chiefs/Councils and VDC members are 

representatives selected from the village people. This is one of the reasons for their success. 

Formation/strengthening of FWUC, FWUG, Sub-FWUG and WUG should therefore involve them from 

the beginning stage. 

(3) Clear Sharing of Roles of FWUC, FWUG and WUG 

The proposed roles of FWUC, FWUG and WUG are as follows: 

Table AA-2.3.7.2  Proposed Roles of FWUC, FWUG and WUG  
Name of Organization Membership Activities 

FWUC -  Farmers’ representatives from 
various levels of the irrigation

- Adhering to the decisions made by the steering 
committee of FWUC 

Steering committee of FWUC -  Leaders of FWUGs
-  Secretary 
-  Accountant

- Solving water conflicts as a federation of 
FWUGs 

- Preparation of Irrigation Service Plan 
FWUG -  FWUG members - Attending general meetings 

- Execution of O&M of secondary canal system
Steering committee of FWUG -  Leaders of Sub-FWUGs

-  Secretary 
-  Accountant

- Preparation of O&M plan of secondary canals
-  Convening FWUG members for general 

meetings
Sub-FWUG -  Leaders of WUGs - Preparation of O&M plan of tertiary canal

- Execution of O&M plan of tertiary canals
WUG -  Land owners/tenants whose land 

is located in the irrigated area 
- Discussing and determining the turns of 

irrigation water use 
-  Removal of sediments and the other obstacles 

in watercourses 
-  Collection of ISF from WUG members under 

FWUC
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(4) Timely Participation of Beneficial Farmers 

Participation of beneficial farmers should be made from the design stage in order to ensure their 

awareness of the project. Canal layout should be determined under the mutual understanding of the 

government and beneficial farmers through workshops including Village Chiefs, Commune 

Chiefs/Councils and VDC members. 

(5) Participation of Beneficiary Farmers at Construction Stage 

WUG should construct the watercourses under the technical support of PDOWRAM. This activity 

should also be undertaken with mutual understanding established through workshop including Village 

Chiefs, Commune Chiefs/Councils and VDC members. 

(6) Collection of Irrigation Service Fees 

Collection of ISF should be made based on the water request form in which name of farmers, plot area, 

amount to be paid, kind of crops, and WUG No. should be mentioned. This water request form should be 

given his finger print, signed by WUG leader and approved by FWUC leader. Each farmer should pay 

ISF to WUG leader based on this water request form. 
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AA-2.3.8 Project Cost and Evaluation 

(1) Project Cost 

Based on the basic conditions and assumptions, the project cost including price contingency is 

estimated at US$ 75,153,000. 

Table AA-2.3.8.1  Project Cost 
(Unit US$ 1,000) 

Projects/Studies Total Cost 
Scheme-wise Improvement 

Zone-1 
1 A.1(1) Irrigated Agriculture Improvement Model Project 1,679  
2 A.1(2) Upper North Main Canal Irrigated Agriculture Improvement Project 11,332  
3 A.1(3) Upper South Main Canal Irrigated Agriculture Improvement Project 9,871  

Zone-2 
4 A.2(1) Lower North Main Canal Irrigated Agriculture Improvement Project 3,190  
5 A.2(2) Lower South Main Canal Irrigated Agriculture Improvement Project  15,183  
6 A.2(3) Ou Krang Ambel Irrigated Agriculture Improvement Project 7,219  

Zone-3 
7 A.3(1) Water Harvesting Irrigated Agriculture Improvement Project 7,427  

Zone-4 
8 A.4(1) Rainfed Agricultural Improvement Project 2,975  

Zones Crosscutting 
9 B.1(1) Roleang Chrey Regulator Gates Urgent Improvement Project 75  
10 B.1(2) Roleang Chrey Regulator and Intakes Improvement Project 4,786  
11 B.2(1) Veterinary Services Strengthening and Livestock Raising Improvement Project 377  
12 B.3(1) Community Inland Fisheries Development Project 413  
13 B.4(1) Income Generation Project for Marginal Farmers 679  

Sub-total 65,206  
Subject-wise Improvement 

14 C.1(1) Coordination between MOWRAM and MAFF Strengthening Project 98  
15 C.1(2) Provincial Departments Strengthening Project 330  
16 C.2(1) Livestock Sub-sector Development Study 1,551  
17 C.3(1) Technical Guidelines Preparation Project 1,725  
18 C.4(1) Environmental Management Basic Capacity Development Project 70  
19 C.4(2) Environmental Management Applied Capacity Development Project 520  
20 C.5(1) Irrigated Agriculture On-farm Technology Improvement Pilot Project 800  
21 C.6(1) Irrigation Facility Maintenance Capacity Strengthening Pilot Project 909  
22 C.7(1) Rainfed Agriculture Improvement Pilot Project 100  
23 C.8(1) Community Inland Fisheries Development Pilot Project 110  
24 C.9(1) River Basin Effective Water Use Awareness Raising Project 633  
25 C.10(1) Institutional and agricultural Support Services Strengthening Project 2,928  
26 C.11(1) Hydrological Observation Strengthening Project 53  
27 C.11(2) Flood Forecasting and Warning Study 120  

Sub-total 9,947  
Total 75,153  

Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

(2) Economic Evaluation 

The economic cost and benefit stream comprising (i) the cost of project investment, O&M and 

replacement, and (ii) irrigation and drainage, and negative benefit was prepared for the economic life of 

the respective projects and sets of projects. EIRR and other indicators were calculated and summarized 

as follows. 
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Table AA-2.3.8.2  Economic Irrigation and Drainage Benefit of 9 Evaluated Projects 

Evaluated Projects/Sets of Projects EIRR 
(%) 

NPV in Million Riel (7% discount rate)
Benefit Cost B-C B/C

(a) RCP 13.6 21,996 15,560 6,436 1.4
(b) RCP + UNMCP 4.7 31,216 39,149 -7,933 0.8
(c) RCP + OKAIAIP 9.4 38,098 30,715 7,383 1.2
(d) RCP + UNMCP + OKAIAIP + LNMCP 6.2 55,367 60,785 -5,418 0.9
(e) RCP + IAIMP 10.6 26,232 20,513 5,719 1.3
(f) RCP + IAIMP + USMCP 6.2 37,430 40,637 -3,207 0.9
(g) RCP + IAIMP + USMCP + LSMCP 7.4 73,866 70,414 3,472 1.0
(h) WHP 0.4 5,216 15,766 -10,550 0.3
(i) Rainfed  17.6 35,032 8,762 26,270 4.0

Note: 
RCP: Roleang Chrey Regulator and Intake Improvement Project 
UNMCP: Upper North Main Canal Irrigated Agriculture Improvement Project 
USMCP: Upper South Main Canal Irrigated Agriculture Improvement Project 
IAIMP:  Irrigated Agriculture Improvement Model Project 
OKAIAIP: Ou Krang Ambel Irrigated Agriculture Improvement Project 
LNMCP: Lower North Main Canal Irrigated Agriculture Improvement Project 
LSMCP: Lower South Main Canal Irrigated Agriculture Improvement Project 
WHP: Water Harvesting Irrigated Agriculture Improvement Project 

AA-2.3.9 Results of Verification Study on Paddy Cultivation 

Verification tests were carried out during the period from 2006/2007 to 2007/2008, in order to confirm 

whether the target yields and cropping pattern of M/P are achievable by introducing improved farming 

practices or not. While, small scale adaptability tests were also arranged to confirm effect of the 

promising varieties, proper on-farm water management, seeding rate, and planting method on the 

target yield. Outlines of two kinds of tests mentioned above are shown as follows: 

Table AA-2.3.9.1  Outline of Verification Test 
Season / 
Crops 

2006/07 2007/08
Remarks 

No. Period No. Period
Early rainy season - - - -
-  Early rice - - 4 plots Apr. to Aug.
-  Upland crops - - 1 plot May to Jul. Mung beans 
Rainy season - - 
-  Early rice - - 2 plots Aug. to Dec. Double cropping (early – early)
-  Medium rice - - 2 plots Jul. to Dec. Double cropping (early – medium)
-  Early rice 2 plots Jul. – Nov. - - Single cropping 
-  Medium rice 4 plots Jul. – Dec. 1 plot Jul. to Dec. Single cropping 

Source: Chapters BII-4 and CI-4, Parts B and C, Volume IV Pilot Projects, Final Report on Comprehensive Agricultural Development of Prek 
Thnot River Basin 2008 

Table AA-2.3.9.2  Outline of Small Scale Adaptability Test 
Season / 
Crops 

Rainy Season in 2006/07 Rainy Season in 2007/08 
Trial Components Period Trial Components Period

Medium rice - Variety trial Jul. to Dec. - Planting method Jul. to Dec.
 - On-farm water management Jul. to Dec. - On-farm water management Jul. to Dec.
 - Seeding rate & planting method Jul. to Nov. - Fertilizer trial Jul. to Dec.
Early rice - Variety trial Jul. to Dec. - Planting method Jul. to Nov.
 - On-farm water management Jul. to Dec.
 - Seeding rate & planting method Jul. to Nov.

Source:  Chapters BII-4 and CI-4, Parts B and C, Volume IV Pilot Projects, Final Report on Comprehensive Agricultural Development of Prek 
Thnot River Basin 2008 

Yield of verification tests in 2 years were compared with the target yield of M/P as follows: 
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Table AA-2.3.9.3  Yield Comparison with Target Yield in Verification Tests 

Season / 
Crops 

2006/07 2007/08 

Target Yield
(ton/ha) 

Yield obtained
in the Test 

(ton/ha) 

Target Yield 
(ton/ha) 

Yield obtained
in the Test 

(ton/ha) 
Early rainy season - - - - 
- Early rice - - 3.3 3.8 to 4.7
- Upland crops - - 0.7 0.53* 
Rainy season - -  
- Early rice (double cropping) - - 3.3 3.7 (3.4 to 4.0)
- Medium rice (double cropping) - - 3.0 3.5 (3.1 to 3.7)
- Early rice (single cropping) 3.0 4.0 - - 
-  Medium rice (single cropping) 3.0 4.0 (3,2 to 4.8) 3.0 3.6 

*: This lower yield rather than the target might be attributed mainly to wet injury due to heavy rain, inundation for a short period in the initial 
growth stage, and occasional water shortage during a growing period. 

Source: Chapters BII-4 and CI-4, Parts B and C, Volume IV Pilot Projects, Final Report on Comprehensive Agricultural Development of Prek 
Thnot River Basin 2008 

As shown in the above table, all the verification plots attained yield levels of equal or higher than the 

target of the master plan. However, the average yield of the medium variety in 2007/2008 decreased by 

0.5 ton/ha from that of 4.0 ton/ha at the verification plots in 2006/2007, while the yield of the early 

variety in 2007/2008 decreased by 0.3 ton/ha from that of 4.0 ton/ha in the verification plots in 

2006/2007. Meanwhile results of the small scale adaptability test carried out during the rainy season in 

2006/2007 are shown as follows; 

Table AA-2.3.9.4  Results of Small Scale Adaptability Test in 2006/2007 

Trial/Variety Treatment 
Crop Cut Yield 

(ton/ha) 
Whole Plot Yield

(ton/ha) 
(1) Medium Rice  

 Variety Trial Phka Rumchang 3.6 - 
  Phka Rumduol 3.9 3.8 
  Riang Chey 5.9 3.9 

 On-farm Water Management Continuous intermittent 4.7 3.7 
 (Riang Chey) Intermittent in vegetative stage 5.9 4.4 
  Continuous flooding 5.1 3.2 
 Seeding Rate & Planting 40 g/m2 & 2-3 plants/hill 5.5 5.4 
 Method (Riang Chey) 60 g/m2 & 2-3 plants/hill 5.8 5.7 

(2) Early Rice    
 Variety Trial IR 66 5.4 5.9 
  Sen Pidao 5.9 4.5 
  IR Kesar 5.2 4.5 
 On-farm Water Management Continuous intermittent 5.2 4.1 
 (Riang Chey) Intermittent in vegetative stage 6.1 4.4 
  Continuous flooding 5.6 4.9 
 Seeding Rate & Planting 40 g/m2 & 1 plant/hill 6.1 5.1 
 Method (Riang Chey) 40 g/m2 & 2-3 plants/hill 5.7 4.6 

Note: Trial plot on medium variety in RT2 was suffered from inundation occurred from August 17 to 20 at 1 week after transplanting and was 
under complete inundation for about 2.5 days. After the inundation, rice plants recovered well and excellent growth was observed. 
However, from around the middle of vegetative growth, infestation of stem borer became serious and the results of trial were affected 
seriously by the incident. 

Source: Chapters BII-4, Part B, Volume IV Pilot Projects, Final Report on Comprehensive Agricultural Development of Prek Thnot River 
Basin 2008 

Furthermore, results of the small scale adaptability test carried out during the rainy season in 

2007/2008 are shown as follows; 
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Table AA-2.3.9.5  Results of Small Scale Adaptability Test in 2007/2008 

Trial/Variety Treatment Crop Cut Yield 
(ton/ha) 

Whole Plot Yield
(ton/ha) 

(1) Medium Rice    
 Planting method 1 plant/hill 4.4 3.7 
 (Riang Chey) 2 plants/hill 5.4 3.8 
  3 plants/hill 3.9 4.0 
  4 plants/hill 4.3 3.8 
  5 plants/hill 4.8 3.9 
 Planting method 1 plant/hill 3.1 - 
 (Sen Pidao) 2 plants/hill 2.7 - 
  3 plants/hill 2.5 - 
  4 plants/hill 2.4 - 
  5 plants/hill 2.4 - 
 On-farm water management 1/ Continuous intermittent 5.1 4.3 
 (Riang Chey) Intermittent in vegetative phase 4.3 4.0 
  Continuous flooding 4.9 3.9 
 Fertilization trial 1/ Manure 10 ton/ha only 4.6 4.2 
 (Riang Chey) Manure 5 ton/ha only 4.2 3.8 
  Manure 2.5 ton/ha + fertilizer 4.5 4.3 
  Fertilizer only 4.6 4.3 
(2) Early Rice  
 Planting Method Regular planting 4.7 ~ 4.8 4.7 
 (IR 66) Random planting 4.1 ~ 4.8 4.5 
  Seedling broadcasting 4.1 ~ 4.4 4.3 
  Direct sowing 

(under puddled condition)
4.1 ~ 4.9 4.5 

Source: Chapters CI-4, Part C, Volume IV Pilot Projects, Final Report on Comprehensive Agricultural Development of Prek Thnot River Basin 
2008 

AA-2.4 Roleang Chrey Regulator and Intakes Improvement Project (Feasibility Study) 

AA-2.4.1 Background 

The Roleang Chrey Regulator and the Andong Sla Intake, which were constructed in 1974, have been 

severely deteriorated and are not functioning efficiently at present. The Vat Krouch Intake, which was 

constructed in 2002, has also faced various operational deficiencies. If these conditions are left 

unattended, the water supply for each related area would become a serious concern due to 

malfunctioning facilities. Consequently, the strategic target for M/P aiming at improvement of 

agricultural productivity centering on rice, would not be materialized by 2015. Thus, to ensure stable 

water supply and to achieve the strategic goal, it is essential to execute related urgent improvement 

works.  

Based on the results in the M/P Study, F/S was executed for the selected two priority/urgent projects 

till August 2008 in order to delineate appropriate development plans, which were (i) Roleang Chrey 

Regulator and Intakes Improvement Project and (ii) Irrigated Agriculture Improvement Model Project. 

AA-2.4.2 Project Works 

The project works of the Roleang Chrey Regulator and Intakes Improvement Project in F/S consisting 

of (i) construction works, (ii) engineering services and (iii) environmental monitoring. The 

construction works were divided into (i) Roleang Chrey Regulator, (ii) Andong Sla Intake and (iii) Vat 

Krouch Intake. In preparing the improvement plan of the project, the following points were taken into 

account. These were (i) maximum use of the existing facility, (ii) easy maintenance, (iii) easy 

operation, (iv) ensuring of the safety of the regulator and (v) smooth release of required discharge to 

downstream area. 

The components their proposed works of the improvement of the Roleang Chrey Headworks are 

summarized in the table below. 
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Table AA-2.4.2.1  Summary of Proposed Project Works in F/S 
Facility Proposed Project Works

Roleang Chrey Regulator 
  Civil Works -  Provision of downstream apron 

-  Provision of retaining wall 
-  Construction of by-pass for releasing low water to the downstream reach 

  Hydro-mechanical Works -  Closing of sluiceway  
- Improvement of gate leaves (repair of wheels, painting and repair of rubber seals) 
-  Replacement of hoists 
- Improvement of the operation system 

Andong Sla Intake 
  Civil Works -  Construction of gate piers 

- to install two of the four gates 
- to provide a concrete wall for the remaining two gates, so as to enable the installation 

of a gate in each in the future 
 construction of downstream apron 

  Hydro-mechanical Works -  Installation of gates (4 guide frames, 2 gate leafs and hoists) 
-  Installation of stoplog (4 guide frames for stoplog and 1 stoplog leaf) 

Vat Krouch Intake 
  Civil Works -  Construction of upstream and downstream transitions 

-  Construction of gate pier and box culvert 
-  Protection of upstream and downstream canal beds 
- Rehabilitation of approach channel 

  Hydro-mechanical Works -  Installation of gates (2 guide frames, 2 gate leafs and hoists) 
Source:  The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

AA-2.4.3 Project Design 

Table AA-2.4.3.1 shows summary of design of the proposed project facilities. 

Table AA-2.4.3.1  Summary of Design of the Proposed Project Works in F/S 
Works Designed Details 

Roleang Chrey Regulator 
 Civil Works  

 -  Provision of downstream apron Design flood: 1,600 m3/sec (1/50 probable flood) 
Type:  Apron with baffle blocks and end sill 
Length:  23.48 m 
Backfill concrete and riprap protection 

 -  Provision of retaining wall Type : Inverted T-shape retaining wall 
Length : 23.48 m length 
Height : 11~12 m 
Embankment supported by retaining wall and riprap protection

 Hydro-mechanical Works 
 -  Construction of by-pass Capacity: 10 m3/sec

Type:  by-pass with inlet, pipe conduit and stilling basin  
Inlet: equipped with 2 slide gates of four sealing edges  
Pipe conduit :  2 pipes (Dia=1.0 m. L= 92.42 m) 
Stilling basin : box type with end sill and broad-crest weir

 -  Provision of stop log facility Type : floating gate type
 -  Repair of gates Repair of wheels : 

- replacement of bearing metals by oil less bearings 
- wheel shafts by corrosion resisting steel shafts 
 Painting of gate leaves 
 Replacement of rubber seals 
 Renewal of hoist 

Andong Sla Intake 
 Civil Works 

 -  Intake gate Capacity : 10.4 m3/sec (6,500 ha)
 25.1 m3/sec (15,680 ha) 
- To install two of the four gates to ensure the discharge of 

10.4 m3/sec in this study 
- To provide a concrete wall for the remaining two gates, so as to 

enable the installation of a gate in each in the future 
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Works Designed Details 
 -  Retaining wall Type : Reinforced concrete 

6.4 m (H) × 7.5 m (W) × 1 set 
 -  Gate Piers Reinforced concrete 

L= 10.2 m 
H=5.4 m 
t=1.2 m 

 -  Downstream apron Reinforced-concrete apron provided with baffle block and end sill
 -  Construction method Partially closing with sheet pile 

 Hydro-mechanical Works  
 -  Provision of new gates Gate type : Vertical lift fixed wheel type  

Clear span  4.00 m 
Height  4.80 m  
Design head 4.50 m  
Hoist  Electric driven wire rope winding hoist, one motor 
  two drums 
Control system Local and remote control from Roleang Chrey 
Regulator 

Vat Krouch Intake 

 Civil Works  
 -  Intake gate Capacity :  17.4 m3/sec (10,850 ha) 

 gates are required of H=5.0 m, W=4.0 m 
 -  Upstream and downstream transitions Type : Reinforced concrete transition protected with gabion 

mattresses
 -  Gate pier and box culvert Reinforced concrete with baffle block and end sill 

Double box type:  H=4.6 m, W=4.0 m 
Gate pier:  H=5.3 m, W=1.3 m 

 -  Protection of upstream and downstream canal Gabion mattresses 
 -  Rehabilitation of approach channel Enlargement of canal section and sod-facing on side slopes 
 - Construction method Partially closing with coffer dam and by-pass channel 

 Hydro-mechanical works  
 - Provision of new gates Type: Vertical lift fixed wheel gate 

Quantity: Gate and hoist: 2  
 Guide frame for stoplog; 2  
 Stoplog leaf: 1  
Clear span:  4.000 m 
Height:  5.000 m  
Design head: 4.720 m  
Hoist Electric driven wire rope winding hoist, one motor 
 two drums 
Control system 

Local and remote control from Roleang Chrey Regulator 
Remarks;  W: Width,  H: Height,  L= Length,   Dia : Diameter 
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

AA-2.4.4 Implementation, Operation and Maintenance 

(1) Implementation 

The project works are composed of four parts; (i) survey and design including preparation of tender 

documents, (ii) tendering, (iii) construction, and (iv) environmental monitoring. The duration for the 

project implementation was planned to be 45 months from August 2007 to April 2011, including of 11 

months for survey and design, 4 months for tendering. For the implementation of the project, 

MOWRAM was proposed to be the overall executing agency, and its engineering departments would 

be responsible for the design and construction stages. For effective construction supervision, it was 

proposed to establish a construction office at Kampong Speu PDOWRAM.  
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(2) Operation and Maintenance 

Upon completion of construction works, the Kampong Speu PDOWRAM, under the support of the 

Department of Irrigated Agriculture, would be directly in-charge of the O&M for the improved 

facilities. In this connection, an O&M office for the project facilities was proposed to be established in 

Kampong Speu PDOWRAM, to strengthen the overall O&M activities. 

In the operation plan for Roleang Chrey Regulator, gate operation during both normal and flood 

conditions was explained. Under normal conditions, and proposed to control upstream water level to 

El.35.7 m. As for the intake gates of Andong Sla and Vat Krouch under normal condition, it was 

proposed that the operation be performed in accordance with the irrigation service plan. In order to 

undertake maintenance work effectively, the maintenance plan for the Roleang Chrey Headworks 

proposed (i) daily inspections, (ii) periodic inspections, (iii) an annual maintenance program, 

(iv) required maintenance work, and (v) emergency repairs. 

AA-2.4.5 Project Cost and Evaluation 

 (1) Project Cost 

The investment cost consisted of (i) engineering service cost, (ii) direct construction cost, 

(iii) administration cost, (iv) environmental monitoring cost, and (v) physical and price contingencies. 

The total investment cost was estimated at US$ 4,991 thousand equivalent to Riel 20,263 million. The 

summary of the project cost is shown in Table AA-2.4.5.1. The replacement cost for gates and 

accessories was estimated at US$ 1,374 thousand (Riel 5,579 million), which would be implemented 

on the 25th year upon completion of the improvement work. Annual O&M cost was estimated to be 

US$ 9,300 (Riel 38 million). 

(2) Project Evaluation 

EIRR for the Project was estimated at 14.8%. 

B-C and B/C at 7% discount rate were 

estimated as Riel 7,646 million and 1.6%, 

respectively. These economic indicators show 

that the project is economically feasible. The 

sensitivity analysis revealed at the project was 

relatively more sensitive to the benefit 

reduction rather than cost increase, though it 

can accommodate considerable changes in both 

these variables. 

AA-2.4.6 Results of Environmental Assessment 

In the process of preparation of various improvement plans, a number of environmental issues were 

investigated in order to implement the proposed project in a more environmentally friendly and 

sustainable manner. Initial environmental examination of the proposed project concluded as follows: 

- As a whole, the development plan of the proposed project was judged as acceptable from an 

environmental viewpoint, if the proper mitigation measures presented would be undertaken. 

- Some of the likely negative impacts on both the social and natural environments, such as 

limitations of access and water availability during construction, were identified. Therefore, 

Table AA-2.4.5.1  Summary of Project Cost 

Item 
US$ 

(1,000$) 
Riel equivalent
(Million Riel)*1

Engineer Services 652 2,647
Construction Cost 2,943 11,949
Administration Cost 294 1,194
Environmental Monitoring 3 12
Sub-total 3,892 15,801
Physical Contingency 389 1,579
Price Contingency 710 2,883

Total 4,991 20,263
Note: *1: US$ 1.0 = Riel 4,070 on Jan. 31, 2006  
Source: The Study on Comprehensive Agricultural Development of 

Prek Thnot River Basin In the Kingdom of Cambodia, JICA, 
2008 
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proper management with the proposed measures and monitoring plan should be implemented 

in order to avoid/mitigate the anticipated negative impacts. 

AA-2.5 Roleang Chrey Regulator Improvement Project (Grant Aid) 

AA-2.5.1 Background 

Based on the results of F/S for Roleang Chrey Regulator and Intakes Improvement Project, RGC 

requested GOJ to extend the grant aid assistance for the project in July 2006. GOJ, through JICA 

dispatched the B/D Study Team twice from November, 2007 to June, 2008. Base on the results of the 

B/D Study, the grant agreement (G/A) was exchanged on February 10, 2009 between RGC and JICA 

to conduct the D/D works for the project. After completion of D/D, G/A was exchanged for the project 

implementation between RGC and JICA on June 15, 2009.  

AA-2.5.2 Project Works 

MOWRAM proposed GOJ to assist the implementation of the rehabilitation of Roleang Chrey 

Headworks, consisting of the Roleang Chrey Regulator, the Andong Sla Intake and the Vat Krouch 

Intake. However, the rehabilitation of the Vat Krouch Intake was excluded from the grant aid scheme 

due to the reason that the prompt realization of the project effects would not be expected, because of 

the limited flow capacity of downstream of the canal unless the improvement of SMC would be 

executed. Finally, the following works were agreed between the JICA B/D Team and MOWRAM on 

November 21, 2007 as the Japan' grant aid scheme:  

Table AA-2.5.2.1  Project Works Grant Aid Scheme  
Project Works Proposed by MOWRAM Evaluation in Japan's Grant Aid Scheme 

Rehabilitation of Roleang Chrey Regulator 
- Rehabilitation of all gates and hoist systems Grant aid scheme 
- Improvement of the downstream river bank 

protection (river side slope protection) 
Grant aid scheme 

- Rehabilitation of the downstream river bed 
protection (river apron protection)  

Grant aid scheme 

- Construction of a river outlet structure at the right 
side of the regulator 

Grant aid scheme 

- Construction of an operator’s hut <Excluded>  
The existing operator’s hut still function and there was enough 
space for a new control panel. 

Reconstruction of the Intakes with Gates 
- Rehabilitation of the north approach channel to 

Andong Sla intake 
<Excluded>  
The north approach channel had enough flow capacity and 
necessity of urgent rehabilitation was not observed. 

- Reconstruction of Andong Sla intake with gates Grant aid scheme 
- Rehabilitation of the south approach channel to Vat 

Krouch intake with gates   
<Excluded>  
The south approach channel has enough flow capacity to serve the 
present irrigation area. Even though it is rehabilitated, its benefit 
will not be appreciated since there are no secondary canals and 
tertiary canals in the downstream area. 

- Reconstruction of Vat Krouch intake with gates <Excluded>  
At present, a gate operator operates gates manually without any 
serious problems. Necessity of urgent rehabilitation has been not 
observed. 

- Construction of a power transmission line from the 
regulator to intakes 

Engineering Supporting Services 
 To prepare operation rules and operation manual for 

the facilities 
Grant aid scheme 

Source: Basic Design Study Report on the Project for Improvement of Roleang Chrey Headworks in the Kingdom of Cambodia, JICA, 2008 
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AA-2.5.3 Project Design 

The rehabilitation works under the grant aid scheme were designed with the following basic concepts. 

- To maintain present agricultural productivity and farmers’ income in the beneficial area of about 

10,000 ha by stable irrigation water supply 

- To supply irrigation water to the Kandal Stung Irrigation Area of about 1,950 ha located about 

40 km downstream 

- To mitigate inundation and flood damage in the upstream and downstream areas of the regulator  

The design of the rehabilitation works of the Roleang Chrey Headworks are summarized in the 

following table. 

Table AA-2.5.3.1  Design of Improvement Works under Grant Aid Project 
Subject Design of the Facilities

Rehabilitation of Roleang Chrey Regulator 
- Rehabilitation of all gates and 

hoist system 
Gate type : Steel roller gate 
Clear span: 12.5m 
Gate high: 6.7m 
Gate nos.: 5 sets 

Replacement of wheel bushings and pins : 40 sets
(8sets/gate × 5 gates) 
Rust removal and re-painting of gate leaf : 5 sets of gates 
Replacement of rubber seals : 5 sets of gates 
Replacement of all hoist systems : 5 sets 
(electric wire-rope winch type with counter weight) 
Replacement of local control panels : 5 sets  
Installation of new remote control panels at O&M office : 1 set 
(including main distribution panels, distribution panels for room lighting 
connection cables between control panels and hoist system) 
Installation of lightning arrestors: 3 sets 
Installation of staff gauge: 5 sets 
Core-drilling and recovery work on gate piers: 10 locations 
(Dia. 40 cm × L 50 cm)

- Construction of the downstream 
river bed protection 

Additional ground sill consolidation work : W 72.5 m × L 8 m × H 1.25 m
Grouted riprap work : W 40 m × L 42 m × Thickness 0.5 m 

- Rehabilitation of the downstream 
river bank protection 

Toe foundation work : 
W 2 m × H 2m × L 110 m (right bank), L 90 m (left bank) 
Riprap work : H 6 m × L 89 m (right bank), L 78 m (left bank) 

- Construction of river outlet 
structure  

Inlet  : W 4.6 ~ 2.6m × H 6.0 ~ 8.0 m × L 13.9 m
Outlet : W 4.0 m × H 4.7 ~ 6.0 m × L 10.9 m 
Culvert : Double lane concrete pipes Dia. 1.0 m × L 83 m 
Manufacturing and Installation of new steel slide gates: 4 sets (total) 
(Clear span 1.0 m × H 1.0 m, 4 edge-rubber seal, manual operation hoist system 
with rack pinion/ screw spindle type.  
Discharge regulation gate: 2 sets, Maintenance gate: 2 sets)  

Reconstruction of Andong Sla Intake 
- Reconstruction of the intake Curtain walls: W 4.0 m × H 2.5 m × 2 nos. (w/new gate sections) 

 W 4.0 m × H 5.2 m × 2 nos. (gate-dismantled sections) 
Operation deck: W 2.0 m × Clear span 4.0 m × 4 nos. 
Upstream Transition work: W 18.6~43 m × H 5.2 m × L 5 m 
Downstream river bed protection work: W 18.6 ~ 33.8 m × Thickness 0.5 m 

- Replacement of gates
Gate type : Steel radial gate 
Clear span: 4.0m 
Gate high: 2.7m 

Removal of existing steel radial gates : 4 sets
Manufacturing and Installation of new steel radial gates: 2 sets 
(4 edge-rubber seal, swing type manual operation hoist system with rack 
pinion/screw spindle)

Remarks ;  W: Width,  H: Height,  L= Length,   Dia. : Diameter 
Source:  The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

AA-2.5.4 Construction Method 

During the B/D Stage and the D/D Stage, the construction methods were examined and finally 

determined as summarized below both for civil and hydro-mechanical works. 

(1) Roleang Chrey Regulator  

(a) Temporary diversion work 

The work method of temporary diversion was determined by the comparative study of (i) river course 

diversion plan, (ii) temporary coffer dam plan and (iii) partial closure plan. As a result, the temporary 
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coffer dam plan was selected, in which the existing north approach channel with capacity of about 

70 m3/sec was to be utilized instead of the newly constructed temporary diversion channel. For the 

protection of said approach channel, a temporary spillway with related facilities with capacity of 

40 m3/sec was planned to be newly constructed on the north approach channel. The water cut-off 

period would not be implemented during the rainy season of May to November, while it should be 

implemented during the dry season of December to April. 

(b) Hydro-mechanical works  

All the pins and bushing (40 sets) of the regulator’s gate were to be replaced with new ones, of which 

the standard work sequence was planned as follows; 

- Temporary diversion works, as above 

- Drilling 10 holes (diameter 40 cm and length 50 cm) in the concrete piers of the regulator  

- Removal of wheels, bushings and pins through the drilled holes 

- Measurement of bushings and pins 

- Manufacturing of new bushings and pins from makers after size measurement 

- Rust removal and repainting of gate leaves and replacement of rubber seals 

- Insertion of new bushings into the existing wheels 

- Installation of existing wheel with new bushings and pins on the gate leaf 

- Removal of temporary diversion works 

(2) Andong Sla Intake 

The intake structure should be reconstructed to recover the function of the intake gates, and all the four 

sets of the existing gates were to be demolished and new two sets of manual radial gates were planned 

to be installed. Since design discharge of the intake gates is 10.4 m3/sec, four sets of the existing gates 

should be dismantled and two sets of new radial gates should be installed at the center of the intake. 

The work method planned in B/D was as below. 

- A temporary diversion channel and temporary coffer dams were to be provided for the intake 

in order to maintain the irrigation water supply to the north main canal. 

- After dismantled the four sets of the existing gates and vertical wall at the upstream of the 

intake gates, the side wall, guide wall and base slab should be additionally constructed at the 

upstream of the intake gates, and the existing operation bridge should be re-used. 

- Two sets of new radial gates should be replaced. 

- At the right and left spaces, reinforced concrete curtain walls should be constructed in place of 

the dismantled two gates.  

- Since the downstream canal bed has been partially scoured, the repair with grouted riprap 

should be carried out for the dented place. 

- The temporary diversion should be removed. 

AA-2.5.5 Organization for Construction 

In the implementation plan, MOWRAM will be responsible for the implementation of the project and 

the implementing agency would be the National Project Management Office (NPMO) including the 

Project Management Unit (PMU) for North Western Area that was established in October 2007. When 

the Exchange of Notes (E/N) was signed, MOWRAM took care of overall procedures necessary for 

the implementation of the project. It was planned that a Japanese consulting firm, recommended by 
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JICA and entrusted by MOWRAM be the project consultant including detailed design and 

construction supervision. NPMO was planned to be responsible for the Land acquisition and 

arrangements to get necessary measures against the water cut-off. 

AA-2.5.6 Project Cost and Evaluation 

(1) Project Cost 

Project cost estimate for the Japan's grant aid scheme is not officially available. According to the 

information obtained from Ministry of Foreign Affairs in Japan, the total amount of the grant was 

Yen 819 million in the E/N on June 15, 2009. 

(2) Evaluation 

(a) Direct Effect 

The direct effects by the improvement of Roleang Chrey Headworks are as follows: 

- The present agricultural productivity of irrigated rainy season paddy of 2.3～2.4 tons/ha and 

gross farmers’ income of US$ 450～US$ 590 /household (HH) will be maintained due to a 

stable water supply to about 10,000 ha through the improvement of the regulator. 

- The stable irrigation water supply with a discharge of about 5 m3/sec will become possible to 

Kandal Steung irrigation area of about 1,950 ha (located at about 40 km downstream of the 

regulator) through the construction of the river outlet structure. 

- Flood entrance to the north approach channel will be prevented, and adequate irrigation water 

regulation, based on an irrigation water supply schedule, will become possible through the 

reconstruction of Andong Sla intake. 

- Flood damage in the downstream area of the regulator will be mitigated since communication 

network among the related gate facilities located in the downstream area will be formulated. 

- The inundation risk to the upstream area of the regulator will be prevented since flood will more 

timely flow down owing to the smooth opening of the regulator’s rehabilitated gates. 

(b) Other Effect 

The indirect effects of the project are to contribute to poverty alleviation in the rural area, and stable rice 

supply in Cambodia, by maintaining present agricultural productivity and farmers’ income. In addition, 

the major irrigation facilities to be improved under the project will become irrigation infrastructures, 

which will have possibility of increasing agricultural production of irrigated rainy season paddy and 

farmers’ income through future improvement of water management and farming practice. 

AA-2.5.7 Tendering and Results 

Based on D/D, G/A was exchanged on June 15, 2009, and tendering schedule was determined. 

Prequalification (P/Q) was announced on August 3, 2009. In P/Q notice, tendering schedule was 

announced as follows. 

- Closing of P/Q application; August 10, 2009 

- Delivery of tender document; around 25th of August, 2009 

- Closing of submission of tender; around middle of October, 2009 

Submission of P/Q application was closed on August 10, 2009, however no applicant submitted the 

application by the date, and therefore the tendering for construction was failed. As one of reasons of 

failing in tendering was the work scope. In the results of technical study in F/S and the subsequent 
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B/D and D/D, it concluded that there found no technical problem on gate body, but needs of 

(i) replacement of gate wheels, (ii) re-painting, (iii) replacement of sealers and (iv) replacement of 

hoist system. This rehabilitation work is technically possible, but if considering the construction period, 

merit and risk of contractor, relation between civil contractor and gate maker, it could seem that this 

work scope might be not attractive for the Japanese contractor. 

AA-2.6 The Study on the Rehabilitation and Reconstruction of Agriculture Production 
System in the Slakou River Basin (Master Plan Study) 

AA-2.6.1 Background 

The Study on the Rehabilitation and 

Reconstruction of Agricultural Production 

System in the Slakou River Basin was 

executed based on the agreement between 

MOWRAM, RGC and JICA on October 9, 

2000. The Study including F/S on the 

priority projects was conducted from 

January 2001 to March 2002. 

The Study area of about 650 km2 in total is 

located about 70 km southwest from Phnom 

Penh and extends mainly on the right bank 

of the Slakou River. The Study Area is 

administratively extending mainly in Takeo 

Province and partly in Kampong Speu 

Province, bordering on the Slakou River in 

the north, Kampot Province in the south and 

the west, and on the national road No.2 and 

the railway in the east as shown in 

Figure AA-2.6.1.1. 

Objective of the Study was to prepare M/P for agricultural reconstruction/development in the upper to 

middle basin of the Slakou River as a model for the reconstruction/ development of shallow and small 

scale reservoir irrigation systems in the Kingdom of Cambodia. 

AA-2.6.2 Project Components 

The project aims at: (i) rehabilitating the existing facilities constructed during Pol Pot regime, 

(ii) improving self-sustainable organization for operation and maintenance to increase agricultural 

productivities and farmers’ income, and a model project for reconstruction of small and medium scale 

irrigation system widely distributed in the county. The following are the project components studied in 

M/P: 

- Agricultural production program including agriculture support program; 

- Irrigation-based development consisting of rehabilitation and reconstruction of irrigation and 

drainage infrastructures, rural road improvement program and institutional development 

program, and  

- Environmental conservation program 

Figure AA-2.6.1.1  Location of Master Plan Study Area 
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AA-2.6.3 Hydrology 

As mentioned above, the M/P Study and F/S for USISRSP were carried out in the period from 2001 to 

2002. The results of hydrological study for USISRSP conducted in M/P and F/S are summarized as 

follows: 

(1) Rainfall 

There was one rainfall observation station at Takeo PDOWRAM office. The station recorded the 

rainfall data during the period from 1982 to 2000. According to the record, average annual rainfall is 

about 1,200 mm. About 90% of rain is concentrated in the rainy season and its peak occurs in October. 

Rainfall is characterized by erratic and local rainfall pattern. Consequently, spatial correlation in the 

short term is low. 

(2) Water Level and Discharge 

There were no available data on water level and discharge in the Slakou River system. Only the Prek 

Thnot River, a neighboring basin of the Slakou River basin, has the discharge records estimated by the 

observed water levels and the H-Q curve. Both basins are totally located in the eastern slope of the 

Elephant Mountains and rainfall patterns are almost similar to the both basins. The topographic 

conditions and land use patterns are also similar. Thus the Slakou River runoff was estimated by 

analyzing the relationship between runoff of the Prek Thnot River and rainfall, taking into account 

variation in rainfall pattern influenced by mountains, and flow characteristics of the Slakou River, 

especially in the dry season. 

The runoff estimate was made on a monthly basis for 20 years from 1966 to 2000 except lack 

of observation for some years. The simulated runoff compared with actual one is shown in 

Figure AA-2.6.3.1. From this figure, it could be said that the actual and simulated discharges are 

almost in the similar pattern. 

 
Figure AA-2.6.3.1 Comparison between Actual and Simulated Runoff by Rainfall Distribution Method 

in Prek Thnot River 
Source: The Study on Comprehensive Agricultural Development of Prek Thnot River Basin in the Kingdom of Cambodia, JICA, 2008 

Based on above model, the runoff of two tributaries at the existing reservoir sites is estimated as 

shown in Table AA-2.6.3.1. 
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Table AA-2.6.3.1 Estimated Discharge at two Reservoirs’ Sites at Recurrence Period of Five Years and 
Two Years (Unit: m3/sec) 

Reservoir Return Period Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Ave.

Kpob Trobek 
5 years 0.08 0.04 0.02 0.01 0.01 0.01 0.32 0.47 2.25 1.84 1.19 0.30 0.55

2 years 0.13 0.06 0.03 0.01 0.01 0.47 0.56 1.15 3.24 4.60 1.88 0.53 1.06

Tumnup Lok 
5 years 0.16 0.10 0.06 0.01 0.01 0.01 0.75 1.21 5.52 4.51 2.87 0.68 1.33

2 years 0.28 0.19 0.09 0.02 0.01 1.16 1.42 2.83 7.87 11.17 4.55 1.28 2.57

Source: The Study on the Rehabilitation and Reconstruction of Agriculture Production System in the Slakou River Basin 

AA-2.6.4 Agricultural Development Plan 

(1) Crop Selection for Irrigated Agriculture 

Proposed crops for the three irrigation development plans are selected on the basis of the following 

principles. 

- To adopt paddy-based farming system in order to attain food sufficiency of the residents in the 

study area, 

- To introduce crop diversification before or after paddy cropping within the extent of available 

irrigation water in order to increase on-farm income, and 

- To select suitable diversified crops by examination of suitability for natural conditions, 

profitability, marketability of products including processing capacity for industrial development 

in Cambodia, and present level of farmers farming technique. 

Table AA-2.6.4.1  Selected Crops for Irrigation Development Plans 
Plans Paddy Diversified Crops 

1. Upper Slakou River Irrigation 
Reconstruction 
(3,500 ha) 

High Yielding Varieties (HYVs) (early 
maturing paddy of IR-series) and 
Improved local varieties (medium 
maturing varieties) 

Maize, Beans (Mung-bean, Soybean), 
Groundnut, Sesame, and Vegetables 
(Cucumber, Tomato, Eggplant, String-bean, 
Watermelon, Pumpkin, Mustard green, Chili, 
etc.) 

2. Small Reservoir Rehabilitation 
(280 ha) 

3. Small Pond Development
(2,100 ha out of 39,220 ha) 

HYVs or Improved local varieties 
(medium maturing varieties) under 
rain-fed condition 

Beans (Mung-bean, Soybean), Groundnut, 
Sesame, and Vegetables (Cucumber, Tomato, 
Eggplant, String-bean, Watermelon, 
Pumpkin, Mustard green, Chili, etc.)

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System 

(2) Cropping Pattern and Crop Production 

(a) Cropping Pattern and Planted Area 

The proposed cropping patterns for the three development plans are examined considering efficient use 

of irrigation water, effectiveness of rainfall, maximization of crop profit, farmers' willingness / attitude 

and available labor-force. The major items considered are as follows: 

- To plant HYV paddy in about 30% of irrigated paddy area in due consideration of attainment of 

food sufficiency in the study area, increase of ratio of double cropping of paddy with diversified 

crops, and the farmers willingness and attitude to HYVs (HYVs are higher yield and shorter 

growing period than improved local varieties, but are not liked by farmers because of their low 

market price and less pleasant taste of Cambodian people.) 

- To carry out land preparation during the heavy rainfall period from July to October, because the 

highest water demand is for land preparation period, 

- To avoid planting diversified crops during the heavy rainfall period to prevent flood or 

water-logging damages, 

- To plant and irrigate diversified crops before or after paddy cropping within the extent of 

available irrigation water, 
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- To plant high-profitability crops (vegetables) in the irrigation area taking due consideration on 

available labor force, marketability, technical level of farming and available supporting system 

of guidance on farming technique and marketing of products. In particular, for the Small Pond 

Development (PDP), such high-profitability crops are proposed for the whole irrigation area 

because one farmhouse operates only 0.07 ha of irrigation area on average. 

(b) Unit Yield and Production of Crops 

Anticipated unit yields of the irrigated crops are estimated on the basis of the existing high yields, results 

of agricultural research and information of extension workers. The target yields are estimated as shown 

below, taking due consideration low soil fertility, cropping under lower sunlight conditions in the rainy 

season, and application of water saving irrigation method. 

Table AA-2.6.4.2  Anticipated Unit Yield under Irrigated Condition 

Crop 
Yield (ton/ha)

Crop 
Yield (ton/ha)

Average Range Average Range
Paddy (medium) 2.8 2.5 - 3.0 Average of  

Paddy (early) 3.3 3.0 - 3.5 vegetables *2 8.3 *1 

Maize 2.0 1.8 - 2.2 Cucumber 10.0 8.0 -12.0

Groundnut *2 0.85 0.8 - 0.9 String-bean 6.0 5.0 - 7.0

Soybean *2 1.0 0.9 - 1.1 Tomato 9.0 8.0 -10.0

Sesame *2 0.8 0.6 - 0.85  
*1: Average of three kinds of vegetables: Cucumber, string bean and tomato 
*2: Yields of PDP area were estimated at 80% of the above yields for manual irrigation. 
Source: Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System 

The proposed cropping area and production in the future is shown in the following table. It is expected 

that paddy production will increase to nearly twice that of the present condition, and diversified crops 

including vegetables will be major crops in the irrigated area. 

Table AA-2.6.4.3  Cropped Area, Production and Production Increase in Irrigation Area 
Crop Cropping Area (ha) Production (ton) Increment (ton)

Paddy 3,780 11,178 6,654 
Maize 86 173 143 
Groundnut 520 378 346 
Soybean/Mung-bean 1,058 906 823 
Sesame 520 356 356 
Vegetables 1,980 13,970 12,640 

Total 7,944  
Source: Table II-4.5.1, Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System 

AA-2.6.5 Irrigation and Drainage Development Plan 

The fundamental constraint for rehabilitation and reconstruction of agricultural production system in the 

Slakou River basin is the limited water resources to increase productivity and promote product 

diversification. Based on the present availability of water resources, the following three development 

approaches were studied: 

- Upper Slakou River Irrigation Reconstruction Plan (USP in M/P and F/S) 

- Small Reservoir Rehabilitation Plan (SRP) 

- PDP 

RGC, MOWRAM and local government of Takeo Province, Tram Kak District intended to develop a 

larger area for increasing food production, activation of the local economy and poverty alleviation. 

According to the results of interview with farmers in the study area, the biggest development need was 

“irrigation”. 
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(1) Upper Slakou River Irrigation Reconstruction Plan 

Twelve development alternatives for combination of water resources were examined in terms of cost 

and development scale, technical soundness, negative impact as shown below. It was planned that the 

benefit area of USP would be fed irrigation water by two main canals (Canal 33 and Koh Kaek Canal) 

and Canal 24 starting at Kpob Trobek Reservoir and their secondary canals. As a result, Alternative 3-1 

(Kpob Trobek- 39 m + Tumnup Lok- 43 m) was selected as the best development alternative, which is 

the largest development scale of 3,500 ha with the lowest development cost per ha, and less risk 

against flood damages and adverse impacts to the environment. 

Table AA-2.6.5.1  Development Alternatives in Master Plan 

Alternative 
Combination of Reservoirs and 

Dike Top Elevation 
Irrigation 

area 
(ha) 

Contribution of
O Saray reservoir*

Evaluation for 
dike raising** 

Construction 
cost 

(US$ /ha) 
Remarks

Kpob Trobek O Saray Tumnup Lok
Alt 1-1 39m - - 800    5,190  
Alt 1-2 40m - - 950   Excluded for  

flood risk 
 Not applicable

Alt 2-1 39m 40.5m  - 1,100  Irrigation area is 
significantly increased 
(300 ha or 38%) 

 6,119  

Alt 2-2 40m 40.5m  - 1,350  Irrigation area is 
significantly increased 
(400 ha or 42%) 

Excluded for  
flood risk 

 Not applicable

Alt 3-1 39m - 43m 3,500    3,483 Selected 
alternative 

Alt 3-2 39m - 44m 4,000   Excluded for  
negative impacts 

 Not applicable

Alt 3-3 40m - 43m 4,000  No significant increase 
in irrigation area  
(200 ha or 6%) 

Excluded for  
flood risk 

 Not applicable

Alt 3-4 40m - 44m 4,500  No significant increase 
in irrigation area  
(100 ha or 2%) 

Excluded for 
flood risk and 
negative impacts 

 Not applicable

Alt 4-1 39m 40.5m  43m 3,700  No significant increase 
in irrigation area  
(100 ha or 2%) 

  Not applicable

Alt 4-2 39m 40.5m  44m 4,100  No significant increase 
in irrigation area  
(100 ha or 2%) 

Excluded for  
negative impacts 

 Not applicable

Alt 4-3 40m 40.5m  43m 4,100  Irrigation area is 
significantly increased 
(300 ha or 38%) 

Excluded for  
flood risk 

 Not applicable

Alt 4-4 40m 40.5m  44m 4,600  Irrigation area is 
significantly increased 
(400 ha or 42%) 

Excluded for 
flood risk and 
negative impacts 

 Not applicable

-:  not included in the alternative 
*: The results show that O Saray Reservoir contributes to an increase in irrigable area in Alternative series 2, but little in Alternative series 4. 
**: Dike raising plans by  1.0 m (high dike plan) were excluded from the risk of floods damage to the village downstream the Kpob Trobek 

reservoir and negative impacts such as compensatory work for the village road and increment of submergence area for the Tumnup Lok 
reservoir 

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System 

(2) Small Reservoir Rehabilitation Plan 

Rehabilitation of fifteen small reservoirs with a total irrigation area of about 280 ha was proposed as 

technically and economically viable rehabilitation plans. Out of these reservoirs, (i) Tumnup Kim Sei 

Reservoir in Nhaeng Nhang Commune and (ii) Ang 160 Reservoir in Trapeang Thum Khang Tboung 

Commune are recommended with a top priority as pilot rehabilitation plan. Irrigation areas of these two 

reservoirs are 42 ha in total. 

(3) Small Pond Development Plan 

Three types of ponds are proposed as PDP, i.e. (i) small ponds operated by FGs, (ii) small ponds 

operated by individual farmer, and (iii) small ponds utilizing existing canal. Aiming to provide ponds for 

all the HHs (at about 250 villages) located outside USP and SRP, PDP with construction of seventy two 

ponds per village is proposed over 10 years. As a PDP model project, PDP at one village of Nhaeng 
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Nhang Commune is proposed for F/S. 

In addition, in order to assure and enlarge the above irrigation-based development benefits, the 

following support programs were also studied; 

- Rural road improvement program (RIP), 

- Institutional development program consisting of strengthening of Farmers Water User 

Community and Capacity building of MOWRAM 

(4) Rural Road Improvement Program 

All the roads of 154.3 km were evaluated according to coverage area, present condition, and degree of 

importance, and priority for the rehabilitation was given to the roads. Out of the first priority roads, the 

following three roads having a total length of 24.5 km were given the highest priority: 

- Trapeang Thum Khang Cheung to Trapeang Kranhung (13 km) 

- O Saray to Slakou River road (5.5 km)  

- Kpob Svay road (6 km) 

(5) Formation of Farmers Water User Community 

Formation of FWUC in the Study Area is proposed to have a tier structure system, such as 

(i) watercourse committee at the watercourse level, (ii) tertiary canal committee at tertiary canal outlets, 

(iii) secondary canal committee at secondary canal outlets, (iv) main canal committee at the reservoir 

intake or headwork, and (v) apex committee at the project level. In order to attain the objectives of 

FWUC, training to members of FWUC is essential. It is proposed that MOWRAM provides training of 

FWUC formation and operation including technical and administrative matters necessary for O&M of 

irrigation facilities. 

(6) Capacity Building of Ministry of Water Resources and Meteorology 

In order to smoothly implement the proposed development plans, the following capacity building of 

MOWRAM is proposed: 

- Strengthening capacity of planning, design and construction management, 

- Assignment of specialists for FWUC and O&M, and 

- Training of project office staff about planning of irrigation project, design of irrigation facilities, 

construction supervision, and technology transfer of O&M to FWUC, etc. 

AA-2.6.6 Agricultural Support Plan 

As agricultural support services, study was made for (i) FGs at Village Level, (ii) Extension Service of 

Agriculture and Animal Husbandry, (iii) Credit Service, and (iv) Agro-Processing and Marketing. Out 

of them, "extension service of agriculture" which is closely related to the Project, is summarized as 

follows: 
Table AA-2.6.6.1  Summary of Improvement of Extension Services 

Component Activities / Required inputs
Improvement of extension 
service 

Activities 
- Implementation of FFSs 
- Preparation and distribution of technical booklet 
- Periodical training and guidance for extension workers by research institutes 
- Training for leader farmers for village level extension activities through FFS 
- Organization of a extension FG under VDC 
- Setting- up of demonstration plots in the village 
- Assignment of field staff (field extension specialists) for technical service 
- Training of leader farmers 
- Field level extension specialists (to be recruited from local consultants or NGOs) 
- Senior extension specialist / Trainer for field level extension specialists 
- Extension facilities and equipment including transportation and communication facilities
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Component Activities / Required inputs
Promotion of paddy seed 
multiplication 

Activities 
- Multiplication and distribution of improved paddy seeds 
Required inputs: 
- Importing improved breeder seeds 
- Training of seed growing farmers

Source: Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

AA-2.6.7 Project Cost and Evaluation 

(1) Project Cost 

The project cost for USP was estimated at Riel 71,461 million, and that for SRP and PDP was estimated 

at Riel 1,036 million and Riel 381 million, respectively. 

(2) Project Evaluation 

The economic cost and benefit stream comprising (i) the cost for project investment, O&M and 

replacement, and (ii) irrigation and drainage, and negative benefit was prepared for the economic life of 

the respective projects for USP, SRP and PDP. EIRR and other indicators were calculated and 

summarized as follows: 

Table AA-2.6.7.1  Economic Efficiency of the Projects 

Item USP 
SRP PDP (Per 5ha) 

Kim Sei Ang 160 Trapeang Lean Pond (Group) Canal Pond 
Pond 

(individual) 
EIRR (%) 10.0 9.4 9.8 6.6 10.5 14.4 7.7
NPV (Riel Million)   
(6.5% discount rate)   

Benefit 59,380 417 417 199 102 107 98
Cost 40,780 302 291 197 72 59 88
B – C 18,600 115 126 2 30 48 10
B / C 1.5 1.4 1.4 1.0 1.4 1.8 1.1

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

AA-2.6.8 Environmental Conservation Program 

The following environmental conservation programs were prepared based on (i) the existing condition 

in and around the Study Area, (ii) the characteristics of the main components of M/P, and, (iii) the results 

of Initial Environmental Examination (IEE): 

- Program for minimizing and controlling negative impacts (water-related hazard prevention, and 

assistance to affected HHs) 

- Program for ensuring environmental sustainability (watershed management and forest resource 

conservation). 

AA-2.7 Upper Slakou River Irrigation Reconstruction Plan (Feasibility Study) 

AA-2.7.1 Background 

USP was selected as a priority project in the course of the M/P Study as mentioned in Section AA-2.6. 

USP aims to irrigate 3,500 ha by reconstruction of two reservoirs located on the Slakou River and its 

tributary, and a diversion canal between the two reservoirs, two main canals (Canal 33 and Koh Kaek 

Canal) starting at Kpob Trobek Reservoir. 

Based on detailed topographic survey as well as 1:10,000 topographic map which becomes available at 

the initial stage of F/S, however, it was judged that the existing Koh Kaek Main Canal was not 
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completely constructed, so that it did not function even immediately after construction. The elevation of 

the existing canal bed fluctuates along the canal profile, which would need a cut depth of 6 to 7 m at the 

maximum for reconstruction of the canal. Moreover, the construction work volume for the excavation, 

treatment of the cut slope and drainage facilities required for stability of the canal would be very large 

and maintenance cost as well as the construction cost would also be quite high. Thus the rehabilitation of 

the existing Koh Kaek Main Canal was not considered as a “suitable model plan of rehabilitation and 

reconstruction”. 

Instead of the existing Koh Kaek Main Canal, the following two alternatives were compared mainly on 

construction costs as shown in Table AA-2.7.1.1: 

- Alternative-1: New Koh Kaek Canal (1,600 ha: 11.5 km) + Canal 33 (1,900 ha: 7.3km) + 

Secondary Canals (36.5 km) + Tertiary Canal System 

- Alternative-2: Main Canal 33 (3,500 ha: 7.3 km) + Secondary Canals (44.7 km) + Tertiary 

Canal System  

Table AA-2.7.1.1  Construction Cost of Alternative Plans 
(Unit：US$ 1,000) 

Item Alternative-1 Alternative-2 
Main Canal 33 675 797 
New Koh Kaek Main Canal 2,171 － 

Sub-total 2,846 797 
SecoVndary and Tertiary System 4,078 4,781 

Total 6,924 5,578 
Per ha cost  1.978 1.594 

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

Taking into consideration the large difference between construction costs of the two alternatives, the 

Alternative-2 was finally selected as the irrigation area of USP. The irrigation area of 3,500 ha 

remained unchanged, but the location of the irrigation area was changed. The above discussions are 

tabulated as below. 

Table AA-2.7.1.2  Alternative Study on Development Area 
Item Alt-1 (Original area in M/P) Alt-2 

Irrigation Area Area supplied by Koh Kaek Main canal for 1,600 ha 
and Main canal 33 and Canal 24 of 1,900 ha

Area supplied by Main Canal 33 and 
Canal 24only, but not by Koh Kaek Main Canal

 

 

 New Koh Kaek Main canal is selected after cost 
comparison with rehabilitation plan of original route

 

Canals Two main canals of 17.6 km and secondary canals of 
36.5 km

One main canal of 7.3 km and secondary canals 
of 44.7 km

Construction cost US$ 1.978 per ha US$ 1.594 per ha 
Land acquisition Land of 18 ha for new main canal is needed No land for canal construction is needed 
Source:  JICA Survey Team  
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AA-2.7.2 Project Works 

The following project works were proposed based on the irrigated agricultural development plan for 

the area: 

- Rehabilitation and reconstruction of the existing irrigation and drainage facilities covering 

irrigation area of 3,500 ha, 

- Procurement of O&M equipment including marketing assistance facilities, and  

- Institutional development 

AA-2.7.3 Agricultural Development Plan 

(1) Proposed Cropping Pattern and Planted Area 

In USP, paddy-based cropping system is applied for the improvement of food security in the project area. 

Crop diversification is also encouraged within the availability of irrigation water to increase farmers’ 

income in USP. USP distributes irrigation water to 3,500 ha of paddy field. The rainy season paddy of 

the whole area is irrigated and water additionally irrigates 500 ha and 550 ha of diversified crops before 

and after the paddy cultivation, respectively. For planting season of paddy, about 1 month delay from the 

present practice is proposed for the purpose of effective use of rainfall in the heavy rainy season for the 

puddling, and the availability of irrigation water from the reservoirs during the late growing season. For 

paddy of local variety or HYV, one time cropping during the rainy season is proposed. Planting area of 

HYV paddy is limited to about 30% (1,100 ha) of the paddy field 

(2) Anticipated Unit Yields 

Target unit yield of paddy was estimated at 2,800 kg/ha for local variety, 3,300 kg/ha for HYV through 

examination of the yields in existing irrigation areas in and around the project area. 

(3) Prospective Crop Production  

The paddy production is planned to be 10,350 ton in the USP Area. The incremental productions are 

estimated at 6,050 ton. The diversified crops, especially, vegetables in the USP Area, are expected to 

become a major cash crop income source for the beneficiaries.  

AA-2.7.4 Irrigation and Drainage Development Plan 

(1) Development Concept 

Most of the existing irrigation facilities were constructed in the mid1970’s during the Pol Pot regime, 

and these now require significant rehabilitation and/or reconstruction. The following are proposed as 

development concept in F/S: 

- Both initial construction cost and O&M cost are to be as low as possible with due consideration 

to maintain sufficient function, safety and durability. To meet this, the purpose of the plan would 

not be to seek the “perfect” outcome, but to recover the minimum function required for 

increasing agricultural production as a model plan for similar irrigation developments in 

Cambodia. 

- Reliability level is set at 4 in 5 years or 80% dependability, i.e., the proposed irrigation water 

supply would be guaranteed 4 times (seasons) out of 5 times (seasons). 24-hour water 

conveyance will be applied for diversion canal, main canal and secondary canal systems, while 

rotational irrigation will be applied for on-farm water distribution through tertiary canals and 

watercourses. The design flood discharge of 1-in-100-year recurrence period is adopted for the 

design of reservoirs. 
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- Irrigation canals will consist of main canal, secondary canals, tertiary canal and watercourse. 

The size of the tertiary block would primarily be set at 50 ha on average, but the tertiary block 

should exist within one village. The existing canals will have dual purposes for irrigation and 

drainage, and a certain capacity should be maintained up to the tail end. The existing canal 

section should fully be utilized. 

- Lining would not be considered except for the new canal or unless the minimum allowable 

current speed could be maintained. Inspection roads for the main and diversion canals would be 

set at 4 m, while those of the secondary canals would be 2 m taking O&M works 

- Related structures of the canal, both in terms of structure and materials, would be designed to 

conform with those that PDOWRAM and Department of Rural Development (DRD) generally 

design and construct in Takeo Province. 

- The basic concept of drainage in USP is “maintenance of status quo”. In other word, substantial 

drainage improvement would not be undertaken. 

(2) Proposed Facility Plan 

USP, which was selected as a high priority project in M/P, would divert irrigation water from Tumnup 

Lok reservoir on the Slakou River, through the Diversion Canal. The diverted water will be stored and 

regulated at Kpob Trobek reservoir and will irrigate 3,500 ha through Main Canal 33 and Canal 24, as 

shown in Figure AA-2.7.4.1. The basic features of the proposed irrigation facilities based on the 

development concepts mentioned in subsequent section are listed below. 

- Net irrigation area: 3,500 ha 

- Beneficiaries: 4,020 HHs of 32 villages in 5 communes in Tram Kak District 

- Reconstruction of Tumnup Lok reservoir including spillways (Catchment area = 332 km2, 

Effective storage volume = 1.0 MCM, Dike top EL. = 43.3 m, Flood discharge (100 years) = 

420 m3/s, HWL = EL.41.3 m, LWL = EL.40.4 m, L = 2.5 km) 

- Reconstruction of Kpob Trobek reservoir including intakes and spillways 

 (Catchment area = 137 km2, Effective storage volume = 2.63 MCM, Dike top EL. =39.0 m, 

Flood Discharge (100 years) = 195 m3/sec, HWL=EL.37.3 m, LWL= EL.34.2 m, L=3.3 km) 

- Reconstruction of Diversion Canal (Q=3.5 m3/sec, L=9.4 km) between the above two reservoirs 

- Rehabilitation of Main Canal 33 (Q=3.2 m3/sec L=7.3 km) 

- Rehabilitation of Canal 24 (Q=0.6 m3/sec, L=5.7 km) 

- Rehabilitation of other 6 secondary canals (L=39 km) 

- On-farm development including tertiary canals (33 ha per block on average) and watercourses 

(5 ha per quaternary block on average) 

- Construction of project office at Angk Roka, Ta Phem Commune 

(3) Institutional Development and Capacity Building Program 

Institutional development and capacity building programs were proposed, in order to (i) smoothly 

organize FWUC, (ii) conduct financially and technically sustainable operation of FWUCs, and 

(iii) ultimately increase farm income. It was proposed that MOWRAM would deploy experts of 

institutional development and capacity building for six years. Two steps are proposed for the 

implementation of the program. Firstly, the deployed experts will provide training for the project office 

staff. Secondly, the trained project office staff will give training to farmers and FWUC staff.  

For the institutional development and capacity building for project office staff, deployment of eight 
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experts such as FWUC Expert, Irrigation O&M Expert, Participatory On-farm Development Expert, 

were proposed. 

The proposed training program to farmers and FWUC staff consisted of the following 6 courses: 

- FWUC and its formation to farmers (about 4,020 HHs) 

- On-farm development to FWUC staff (72 persons in total) 

-  Management of FWUC to FWUC staff (22 persons in total) 

-  O&M irrigation facilities to FWUC staff (82 persons in total) 

- Marketing to FWUC staff (10 persons in total) 

- Farming practice (120 leader-farmers) 

(4) Operation and Maintenance Equipment 

It was assumed in F/S that the project office would be curtailed to a small advisory unit, so-called as 

“the Technical Supervision & Assistance Unit (TSAU)”, upon the completion of the formation of 

FWUC and the project works. And, FWUC of USP would work under TSAU for the first four years as 

joint management. After the joint management, FWUC should manage all the O&M work itself. Based 

on the above assumptions, the following facilities and equipment were proposed to be provided for 

both project office and FWUC: 

- An Apex Committee office, 6 secondary canal FWUC offices, and two gate keepers huts 

- Computers and ordinary office equipments such as desks, chairs, and cabinets 

- One four-wheel drive vehicle, eight motorcycles, three walky-talkies, one generator 

It was planned that during the construction time, most of the equipment would be commonly used with 

the project office and then be handed over to FWUC upon the completion of the project.  

AA-2.7.5 Agricultural Support Plan 

Four agricultural support plans are proposed in the feasibility study. These are (i) Organization of FGs, 

(ii) Extension Services, (iii) Credit Services and (iv) Marketing Assistance Program. Out of them, 

"Extension Services" are highly related to the Project. The proposed extension services are as follows: 

The proposed agricultural extension plan consists of three components, i.e. (i) strengthening plan of 

extension service, (ii) paddy seed production plan, and (iii) distribution plan of farm inputs. 

(1) Strengthening Plan of Agricultural Extension Service 

Dissemination of improved farming practices and irrigation farming will be done by the extension 

service activities of Takeo Department of Agriculture, Forestry and Fisheries (DAFF) through VDC 

and FWUC. DRD will support the establishment and activation of VDC.  

The extension plan basically conforms to the present framework of the DAFF extension system, and is 

proposed to strengthen the present system, especially on activities in the field of Village Extension 

Workers (VEWs). For this purpose, it is proposed as an agriculture supporting program that extension 

FGs including VEWs should be organized under VDCs, and demonstration plot (Demo-plots) should be 

set up in farmers’ fields.  
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Table AA-2.7.5.1  Summary of Strengthening Plan of Agricultural Extension Services 
Components Contents

FFS Objective:  Training of leader farmers who disseminate the trained farming practice to farmers 
in their villages as VEWs 

Period:  One day every week during 16 weeks according to the cropping season of the target 
crop 

Curriculum of FFS: 
All farming practices from land preparation to post-harvesting, and Integrated Pest 
Management (IPM) 

FFS course: Paddy and diversified crops including vegetables 
Participants: Around 30 farmers

Demo-plots in Farmers’ 
Field 

Objective:  Demonstration of improved farming technology and improved varieties for 
beneficiaries in the field 

Size: 0.1 ha per plot of farmer’s field 
Farm inputs: Free supply of seeds and fertilizer 
Activities: Eight Demo-plots to each secondary canal FWUC 

Two plots each for: (i) local paddy, (ii) HYV paddy, ( iii) rainy season diversified 
crops, and (iv) dry season diversified crops

Extension Activities of 
VEWs 

Activities:  
- VEWs will have to effectively use Demo-plots for dissemination of improved 

technology 
- Extension officers and District Office of Takeo DAFF will support and monitor the 

VEW activities
Source: Tables IV-5.2.1 and IV-5.2.2, Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production 

System in the Slakou River Basin 

(2) Paddy Seed Production Plan 

Distribution of improved paddy seed of both local and HYVs is indispensable for increasing of the 

production and improvement of the quality. It is proposed to multiply paddy seed by FGs of seed 

production in the priority areas. 

Table AA-2.7.5.2  Summary of Paddy Seed Production Plan 
Components Component

Paddy seed 
production 

Requirement:  
- about 50 - 60 ton per year to 3,500 ha 
- sowing rate is 50 - 60 kg/ha. 
- renewal is done every 4 cropping seasons. 
- seed production in 25 - 30 ha of paddy field 

Seed growers: about 30 farm HHs 
Inspection: DAFF 

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

(c) Distribution Plan of Farm Input 

Farmers would obtain the inputs at a cheaper price and higher quality through the group purchase. 

Table AA-2.7.5.3  Summary of Distribution Plan of Farm Input 
Components Component

Distribution plan of 
farm inputs 

Situation:  
- Transportation cost is high from market, (Ang Roka, or Angk Ta Saom) to village. 
- The farm-gate price of fertilizer is generally 5 - 7% higher than that in Takeo and Angk 

Ta Saom market. 
Activity: 

- Extension FGs take a few percent as a handling charge from farmers to fund for 
activities such as VEWs work and Demo-plots.

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

AA-2.7.6 Project Cost and Evaluation 

(1) Estimated Project Cost  

Total amount of the Project cost of the Plan is Riel 76,625 million as summarized below. The estimated 

total cost was equivalent to US$ 19.1 million or unit development cost of US$ 5,433/ha. 
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Table AA-2.7.6.1  Project Cost of USP Estimated in F/S 
(Unit: Riel million) 

Work Item F/C L/C Total 
Preparatory Work 2,484.9 846.3 3,331.2 
Direct Construction Cost 30,633.5 14,238.0 44,871.5 
O&M Equipment 156.7 10.3 167.0 
Institutional Development 666.9 1,760.8 2,427.7 
Relocation and Land Compensation Cost 3.3 197.0 200.3 
Administration Cost 155.7 824.3 980.0 
Consulting Service 11,921.7 623.5 12,545.2 
Contingencies 8,358.0 3,743.7 12,101.7 

Total 54,380.7 22,243.9 76,624.6
Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 

Basin 

(2) Evaluation 

The economic cost and benefit stream comprising (i) the cost of project investment, O&M and 

replacement, and (ii) irrigation and drainage, road improvement, and negative benefit was prepared for 

the economic project life. EIRR and other indicators were calculated as follows: 

Table AA-2.7.6.2  Economic Efficiency of the Project 

EIRR (%) 
NPV (Riel Million, 6.5% discount rate)

Benefit Cost B - C B / C 
10.2 73,660 47,535 26,125 1.5 

Source:  Volume I Main Report, the Study on the Rehabilitation and Reconstruction of Agricultural Production System in the Slakou River 
Basin 

AA-2.7.7 Results of Environmental Assessment 

The environmental assessment of the projects was preliminarily conducted for integration of desirable 

mitigation measures and monitoring framework. The following issues, which IEE revealed as likely 

negative impacts, were studied from available data and information. 

- Deterioration of the water-related environment 

- Social impact of relocation and land expropriation 

- Degradation of forest resources 

Main issues pointed out were as follows: 

- Expropriation of lands legally used by local people will be negligibly small, though 

approximately 50% of Kpob Trobek Reservoir area (about 90 ha) and approximate 80% of 

Tumnup Lok Reservoir area (about 120 ha) have been used illegally. 

- Relocation of houses legally built by local people will be negligibly small 

- The risk of water-borne diseases might increase due to the appearance of new or renewed water 

bodies 

Following programs and activities were recommended for implementation of the project, taking into 

consideration their importance and urgency. 

- Environmental monitoring against human-health hazard 

- Land-affected HHs’ assistance 

AA-2.8 Master Plan Study on the Agricultural and Rural Development Project in the 
Suburbs of Phnom Penh (JICA, February 1995) 

AA-2.8.1 Background 

The M/P Study was executed from 1993 to 1995 in accordance with the Scope of Work agreed upon 

between MAFF of the Kingdom of Cambodia and JICA in January 1993.  
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The construction works of the dam for storing capacity of 1,120 MCM and power station of the Prek 

Thnot Multipurpose Project were started in 1969 and have been suspended since 1974 due to the civil 

wars. A reappraisal of the Project was carried out in 1991, and it was identified that about 4,200 ha 

under "without-dam" conditions, 34,000 ha under "with-dam" conditions if irrigation priority is given, 

and 27,000 ha if hydropower generation is given priority, would be respectively irrigable.  

The objectives of the Master Plan Study were to formulate an integrated agricultural and rural 

development plan to achieve substantial and sustainable improvement in the living conditions of the 

inhabitants in the area. Focus was put on the water resources in the Prek Thnot River basin, 

agricultural resources, social and agricultural infrastructures, and rural living improvement. 

The Study Area for agricultural development is located about 30 km south of Phnom Penh and covers 

approximately 18,000 ha, consisting of Tonle Bati Area of 7,000 ha and the Kandal Stung Area of 

11,000 ha. The Kandal Stung Area was under the jurisdiction of the Kandal Stung District of Kandal 

Province, and the Tonle Bati area under the jurisdiction of the Tonle Bati District of Takeo Province. 

Two areas sandwiched between the Stung Touch and Prek Thnot rivers and extending immediately 

south of the Tonle Bati River consist of active alluvial flood plains with recent and silty soils. The 

lands extending south of the Stung Touch River and southwest of the Tonle Bati River are older 

terraces where natural flooding no longer occurs. In the Study Area, 80 % of the total area was judged 

suitable for wet season rice, and 84 % was suitable for dry season rice, dry season horticulture, and 

upland crops. The average land holding size by household was estimated at 1.2 ha for Kandal Stung 

and 1.3 ha for the Tonle Bati Areas. It was found that agriculture in the Study Area was dominated by 

rice cultivation and most of the farm land was rainfed lowland rice fields with a rather low average 

unit yield of about 1.2 to 1.5 ton/ha. A typical pattern was rain-fed single cropping in the wet season. 

The early rice, medium rice and late rice cultivated during the rainy season in the Study Area was 

estimated at 600 ha, 8,700 ha, and 3,700 ha, respectively. 

During the Pol Pot regime (1975-79), an irrigation canal system was constructed in the Kandal Stung 

Area. At first, the Prek Thnot By-pass Channel with the Tuk Thla Regulator was constructed at the 

National Road No.3 crossing, together with a road dike, the Kampong Tuol Regulator, and a flood 

dike. Irrigation canals and their related structures were then constructed in the Kandal Stung Area, 

following latitudinal and longitudinal grid lines, regardless of the topographic conditions. The 

irrigation area envisaged in the Kandal Stung Area was 3,100 ha, for which water was diverted from 

the right bank of the Prek Thnot River about 1 km south of the Kampong Tuol Regulator. In 1987 to 

1991, the rehabilitation of the irrigation facilities was executed by the Department of Hydrology of 

MAFF and the joint effort of the Kandal Stung District and Kandal Province, under the assistance of 

Christian NGO (MCC: Mennonite Central Committee). However, the National Road No.3 dike 

between Kampong Tuol and Tuk Thla Regulators was washed out several times by flood. In August 

1994, the road dike was further severely breached by flood. Therefore, the water supply to the Kandal 

Stung Area has not been ensured since then. Under these circumstances, farmers are compelled to 

carry out farming by using various kinds of lifting irrigation, such as indigenous tools or small 

capacity engine driven pumps. 

During the period of 1975 - 1979, the canal system of the Tonle Bati Area for 6,000 ha was 

constructed. Water source of the area was diverted from Lake Tonle Bati. During 1987 - 1990, the 

irrigation system was rehabilitated by the Department of Hydrology with the assistance of MCC for an 

area of about 900 ha. However, irrigation facilities were judged not functioning well due to 
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insufficient rehabilitation, insufficient water level/storage of the Lake Tonle Bati, and the lack of an 

effective O&M system. At the head of the main canal, an intake and pumping station were installed. 

The pumping station was used for supplying water in the dry season. The operation and maintenance 

of the facilities was made by the Bati District Office. The major physical and socio-economic 

constraints identified in the Study are as listed below. 

Table AA-2.8.1.1  Major Physical and Socio-economic Constraints Identified in the Study 
Item  Description

(1)Soil Mechanical Condition  - Embankment materials surrounding the proposed dike site are considered 
to be undesirable due to their dispersive properties. 

(2)Soils  - Soils in the older terrace geomorphic province, lying Southwest of the 
Study Area, have low fertility, requiring a large amount of farm inputs for 
effective production.

(3)Water Resources  - Inadequate timely water resources available in the dry season and through 
the early months of the wet season, and 

 - High potential for severe flooding both in terms of damage to irrigation 
facilities and by the inundation of cropped areas later in the wet season.

(4)Irrigation and Drainage - Shortage of experienced engineers and technical staff in planning, design 
and implementation, and a lack of funds for rehabilitation /reconstruction 
and operation and maintenance.

 - Inadequate design and implementation due to a lack of design standards 
and construction specifications, and

 - Lack of a systematic operation of the irrigation system including O&M 
organization

(5)Rural Infrastructures - Insufficient number of rural water supply facilities and the drying up of 
water sources in the dry season.

 - Muddy rural roads in the rainy season making it difficult to maintain daily 
transportation access,

(6)Agriculture and agro- economy - Insufficient supply of certified seeds, and agricultural inputs. 
 - Lack of supporting services and improved techniques. 
 - Lack of sufficiently skilled government staff, and 
 - Lack of credit opportunities at reasonable cost/interest rates. 
 (7) Socio-economic Conditions - Inadequate provision of facilities for community organization 

development, and health care services.
  - Muddy rural roads in the rainy season making it difficult to maintain daily 

transportation access,
(8) Environment  - River and canal bank erosion, and
  - Shortage of firewood supply.

Source: Master Plan Study on the integrated Agricultural and Rural Development Project in the Suburbs of Phnom Penh, JICA, 1995 

AA-2.8.2 Project Components 

The stage-wise integrated development plan for agricultural and rural components covering for 

8,400 ha were proposed in accordance with the availability of irrigation water source in the Prek Thnot 

River as below: 

(1) Priority Development (First Stage without Prek Thnot reservoir) 

Irrigated agricultural development of 3,550 ha consisting of 1,950 ha in the Kandal Stung Area and 

1,600 ha in the Tonle Bati Area, was selected as priority development areas, where reliable irrigation 

water could be ensured under "without Prek Thnot Reservoir" conditions. The first stage development 

includes; 

(i) urgent improvement of the Tuk Thla and Kampong Tuol Regulators on the Prek Thnot River,  

(ii) rehabilitation of irrigation and drainage systems 

(iii) rural infrastructures development,  

(iv) measures for rural life improvement,  

(v) support services to women's group, and  

(vi) measures for environment problems. 
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(2) Second Stage Development (with Prek Thnot reservoir) 

The remaining development of 4,850 ha, consisting of 2,250 ha in Kandal Stung Area and 2,600 ha in 

Tonle Bati Area was, covered under the second stage development under "with Prek Thnot Reservoir" 

conditions. The commencement of the irrigation works was expected to be coincided with the 

implementation time schedule of the Prek Thnot Multipurpose Dam. 

AA-2.8.3 Hydrology 

The alternating monsoon system controls the climate in the Study Area. The wet season, the Southwest 

monsoon, is from May to November when about 90 % of total rainfall occurs. The remaining months, 

the Northeast monsoon, are hot, dry and less humid with a potential of particularly high transpiration 

demands in March and April. Annual mean rainfall was estimated at 1,365 mm and the monthly 

temperatures range from 21°C to 35°C. 

Runoff from December to April forms a small part of the annual total. From May through the 

remaining months of the wet season, floods can occur at any time in response to intense rainfall, but 

the highest floods tend to occur towards the end of the wet season, usually in September or October. 

The annual runoff of the Prek Thnot River was estimated at 1,130 - 1,620 MCM. The average monthly 

flow derived from the l0-year series of residual flow at Tuk Thla was estimated as below: 

Table AA-2.8.3.1  Average Residual Flow at Tuk Thla for the l0-year Design Period 
(Unit: MCM) 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Year
8.0 5.3 4.5 6.4 33.0 79.0 140.9 199.0 318.6 433.7 147.9 69.2 1,446

Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 
February 1995) 

AA-2.8.4 Agricultural Development Plan 

(1) Crop Selection for Irrigated Agriculture 

The most promising crops were selected based on the results of investigation on the natural and social 

condition in the project area. Paddy had been a base of farming and economic activities and supply of 

staple food. Farmers in the area had long experience in paddy cultivation. Rice varieties to be 

introduced were high-yielding varieties with early to medium maturing period or 120 to 150 days. 

Meanwhile maize and soybeans were selected for the main secondary crops in the dry season, in 

connection with the promotion of livestock production especially pig and poultry. Since vegetable 

such ads Chinese cabbage, cabbage, string beans, kale, etc. were considered to be introduced as cash 

crops in the dry season. Green grams, groundnuts, sesame, sweet potato were also introduced in the 

dry season. 

(2) Cropping Pattern and Crop Production 

The main aim of the proposed irrigated agricultural development was to stabilize cultivation of rainy 

season rice, and then to introduce early rainy season rice about 50% in the irrigated area. Meanwhile it 

was introduced upland crops especially for promotion of livestock raising. The area of mixed 

cultivation of maize and soybeans were about 38% of the irrigated area together with about 12% of 

vegetables under with Prek Thnot Reservoir condition. Further under without Prek Thnot Reservoir 

condition, mixed cultivation of soybeans and maize, and vegetables were about 15%, respectively. As 

a result, cropping intensity for each alternative were 200% and 180%, respectively as follows: 
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Table AA-2.8.4.1  Proposed Cropping Pattern, Cropping Intensity, and Area to be Cultivated 

(a) With Prek Thnot Reservoir 

Scheme Crop 

Rainy Season Dry Season Total 
Cropping 
Intensity 

(%) 

Area 
(ha) 

Cropping 
Intensity 

(%) 

Area 
(ha) 

Cropping 
Intensity 

(%) 

Area 
(ha) 

Kandal Stung 
(4,200 ha) 

Rice 100 4,200 50 2,100 150 6,300 

Maize / Soybeans - - 38 1,596 38 1,596 

Vegetables - - 12 504 12 504 

Total 100 4,200 100 4,200 200 8,400 

Tonle Bati 
(4,200 ha) 

Rice 100 4,200 50 2,100 150 6,300 

Maize / Soybeans - - 38 1,596 38 1,596 

Vegetables - - 12 504 12 504 

Total 100 4,200 100 4,200 200 8,400 
Source: Fig. IV-10 (1/3). Annex IV, Vol. 3, Master Plan Study 

(b) Without Prek Thnot Reservoir 

Scheme Crop 

Rainy Season Dry Season Total 
Cropping 
Intensity 

(%) 

Area 
(ha) 

Cropping 
Intensity 

(%) 

Area 
(ha) 

Cropping 
Intensity 

(%) 

Area 
(ha) 

Kandal Stung 
(1,950 ha) 

Rice 100 1,950 46 900 146 2,850 

Maize / Soybeans - - 14 270 14 270 

Vegetables - - 14 270 14 270 

Total 100 1,950 74 1,440 174 3,390 

Tonle Bati 
(1,600 ha) 

Rice 100 1,600 50 800 150 2,400 

Maize / Soybeans - - 15 240 15 240 

Vegetables - - 15 240 15 240 

Total 100 1,600 100 4,200 180 2,880 
Source: Fig. IV-10 (2/3 and 3/3). Annex IV, Vol. 3, Master Plan Study 

The present yield of crops in the project area was rather low level mainly due to lack of irrigation 

water, shortage of farm inputs, and low level of supporting services to supply farming techniques and 

materials. After implementation of the project, the yield of crops would have been substantially 

increased and stabilized through getting accustomed to irrigation farming practices accompanied by 

agricultural support services. The target yield of crops at the full development stage was assumed as 

shown below: 

Table AA-2.8.4.2  Anticipated Unit Yield under Irrigated Condition 
Crop Present Without Irrigation With Irrigation

Rice  
Local varieties 1.2 2.5 3.0 
High Yielding Varieties - - 4.0 

Maize & beans (mixed)  
Maize 1.2 1.5 3.0 
Soybeans 1.0 1.0 2.0 

Groundnut 0.7 0.7 1.5 
Mung beans 0.6 0.6 1.0 
Sesame 0.5 0.5 1.2 

Note) 
1. Yield of rice is in dried paddy, maize and groundnuts for shelled grain. Maize and beans are grown as mixed crop. 
2. Yield of without irrigationcondition is assumed under the condition covered by agricultural support service. 
Source: Page IV-43, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 

Phnom Penh, 1995 

The anticipated annual paddy production at the full target level in the area were estimated as shown 

below: 
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Table AA-2.8.4.3  Cropped Area and Production of Paddy in the Study Area 

 Crop Net Area
(ha) 

Planted Area 
(ha) 

Production
(ton) 

(a) With Prek Thnot Reservoir Condition  
 1) Irrigation development area  
 Kandal Stung 4,200 6,300 24,360 
 Tonle Bati 4,200 6,300 24,360 
 Sub-total 8,400 12,600 48,720 
 2) Non-Irrigation development area  
 Kandal Stung 3,100 3,224 8,060 
 Tonle Bati 900 984 2,460 
 Sub-total 4,000 4,208 10,520 
 3) Total in Study Area 12,400 16,808 59,240 
(b) Without Prek Thnot Reservoir Condition  
 1) Irrigation development area  
 Kandal Stung 1,950 2,850 11,010 
 Tonle Bati 1,600 2,400 9,280 
 Sub-total 3,550 5,250 20,290 
 2) Non-Irrigation development area  
 Kandal Stung 5,350 5,564 13,910 
 Tonle Bati 3,500 3,740 9,350 
 Sub-total 8,850 9,304 23,260 
 3) Total in Study Area 12,400 14,554 43,550 

Source: Page IV-44, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

Further anticipated production of the secondary crops such as maize and soybeans was estimated as 

shown below: 

Table AA-2.8.4.4  Cropped Area and Production of Secondary Crops in the Study Area 

Crop 

Kandal Stung Tonle Bati Total 
Planted 

Area 
(ha) 

Production
(ton) 

Planted 
Area 
(ha) 

Production 
(ton) 

Planted 
Area 
(ha) 

Production
(ton) 

(a) With Prek Thnot Reservoir     
 Maize 1,596 4,788 1,596 4,788 3,192 9,576
 Soybeans 1,596 2,394 1,596 2,394 3,192 4,788
 Vegetables 504 5,040 504 5,040 1,008 10,080
(b) Without Prek Thnot Reservoir     
 Maize 270 810 240 720 510 1,530
 Soybeans 270 405 240 360 510 765
 Vegetables 270 2,700 240 2,400 510 5,100

Source: Page IV-44, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

(3) Anticipated Livestock Production 

About 30% of maize and soybeans produced in the project area was proposed to be fed to pig and 

poultry. These maize and soybeans were considered to bring about substantial increment newly 

produced by the project, beside the feed for the existing livestock production. The anticipated 

production of livestock was estimated as the increased production of pig, which was a very common 

animal in the Study area. The expected increased production of pig in the Study area was estimated as 

follows: 

Table AA-2.8.4.5  Livestock Production in the Study Area 

 Crop Feed Grain* 
(ton) 

Total No. of Pg 
(ha) 

Increased No. of Pig 
per HH** 

(heads) 
(a) With Prek Thnot Reservoir  
 Kandal Stung 2,150 8,600 2.5
 Tonle Bati 2,150 8,600 2.6
 Total 4,300 17,200
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 Crop 
Feed Grain* 

(ton) 
Total No. of Pg 

(ha) 

Increased No. of Pig 
per HH** 

(heads) 
(b) Non-Irrigation development area 
 Kandal Stung Priority Development Area 360 1,440 0.7
 Tonle Bati Priority Development Area 320 1,280 1.1
 Total 680 2,720

Note:  
* About 30% of production of maize and soybeans 
** Number of household included in irrigation development area is about 3,500 and 3,320 HHs in Kandal Stung and Tonle Bati Areas, 

under with Prek Thnot Reservoir condition. Those for without condition, 2,170 and 1,140 in Kandal Stung and Tonle Bati Area, 
respectively. 

Source: Page IV-44, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

AA-2.8.5 Irrigation and Drainage Development Plan 

(1) Kandal Stung Area 

The maximum area suitable for irrigation development in Kandal Stung Area was estimated at 

4,200 ha, based on the soil and topographic conditions, as well as the water balance study as shown 

below (refer to Figure AA-2.8.5.1). 

(a) Without Prek Thnot Reservoir Case 

1,950 ha of the Kandal Stung Area will be served the unregulated river flow of the Prek Thnot 

River through the Kampong Tuol Regulator, with an irrigation dependable level of 4 out of 

5 years. The year 1968 was set as a basic design year according to the simulation. 

(b) With Prek Thnot Reservoir Case 

The remaining area of 2,250 ha (4,200 ha less 1,950 ha) could be implemented only after the 

realization of the Prek Thnot Reservoir as an extension area. In case that the irrigable area of 

1,950 ha under the run-of-river water of the Prek Thnot River is developed as the first stage 

and the remaining area would be developed as the second stage. The general features of the 

proposed project works of the irrigation and drainage system are shown in Table AA-2.8.5.1. 

(2) Tonle Bati Area 

The area suitable for irrigation development in the Tonle Bati Area was also estimated at 4,200 ha at 

the maximum based on the water balance simulation. 

(a) Without Prek Thnot Reservoir Case 

This plan could ensure irrigation to an area of 1,600 ha. The water resources are original flow 

of the Tonle Bati River and the storage of the Lake Tonle Bati. 

(b) With Prek Thnot Reservoir Case 

The irrigation Plan of this case would ensure sufficient irrigation of the whole area of 4,200 ha. 

The implementation schedule of the Prek Thnot Multipurpose Project was not formulated at 

the time, and it was not clear whether the Prek Thnot Reservoir would become operational. 

Under the situation, it was recommended that the irrigation development of 1,600 ha would be 

implemented firstly. The proposed project works of the irrigation and drainage system for the 

Tonle Bati Area are summarized in Table AA-2.8.5.1. 
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Table AA-2.8.5.1  Principal Features of Irrigation Development Plan Formulated in Master Plan Study 

Description 

Overall Kandal Stung Area Tonle Bati Area 

Unit Stage-1 Stage-1 Stage-2* Stage-1 Stage-2 

(8,400 ha) (1,950 ha) (2,250 ha) (1,600 ha) (2,600 ha)

1) Improvement of Tuk Thla and 
Kampong Tuol Regulators 

(set) 1 
    

2) Main canal 
- Improvement of main canals (km) 5.3 0.0 8.3 0.0 

3) Laterals 

- Improvement of existing laterals (km) 8.2 0.0 6.9 0.0 
- Construction of laterals (km) 4.0 18.3 3.1 6.3 

4) Tertiary canals 

 
- Improvement/constriction of 

canals 
(km)

 
56.8 65.5 48.1 78.2 

5) Quaternary system (ha) 1,950 1,750 1,600 2,600 

6) Drainage works 
- Main drain (km) 18.1 20.9 10.4 16.9 
- Secondary drain (km) 64.6 74.5 13.7 22.3 

7) Improvement of Lake Tonle Bati 
Related structures       
- Intake (nos.) - - 1 - 
- Pumping station (nos.) - - 1 - 
- Spillway of the lake (nos.) - - 1 - 
- Lake dike (km) - - LS - 

8) Improvement of Connection Canal 
- Connection canal (km) 4.6 
- Stung Touch Regulator (nos.) 1 
- Stung Touch Dike (km) 1.0 
- Kandal Stung Regulator (nos.) 1 

 
*:  Although under Stage-2 of Kandal Stung area, Saba Scheme of 500 ha is included, the Master Plan Study gave lower priority 

due to high cost of dam construction against its commanding area of 500 ha 
Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 

February 1995) 

AA-2.8.6 Agricultural Support Plan 

The proposed supporting services comprised; (i) the agricultural technical extension, (ii) agricultural 

inputs and equipment supply, rural credit supply and agricultural insurance system, and (iii) operation 

and maintenance of irrigation and drainage system and provided rural infrastructures such as road and 

domestic water supply. The Master Plan proposed to establish the Agricultural Development Centers, 

which would be operated directly under the management of the Department of Extension. And it was 

planned that operation of the Agricultural Development Centers with sufficient qualified extension 

workers and facilities would have been transferred to the management under each district office. 

(1) Agricultural Extension 

The proposed agricultural extension services was mainly targeted to food (rice), some other secondary 

crops, and livestock raising mainly pig, poultry, and cattle for draft power, through provision of trained 

extension personnel, vehicles and equipment and office buildings to be constructed as follows: 
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Table AA-2.8.6.1  Summary of Improvement of Extension Services 
Component Activities / Required inputs

Improvement of extension 
service 

Activities 
- Introduction of improved varieties 
- Supply of planting materials 
- Demonstration and guidance on cultivation techniques 
- Extension on livestock production 
- Strengthening of vaccination service 
- Monitoring and evaluation

Staff recruitment for 
Agricultural Development 
Center 

Kandal Stung No. 1 (existing): 5,600 ha 7 persons
Kandal Stung No. 2 (proposed): 5,700 ha 10 persons 
Tonle Bati (existing): 6,900 ha 10 persons

Facilities and Equipment 1. for Agricultural Development Center 
- Office Space for subject matter specialists 3 specialists in each center 
- 4 WD vehicle 3 for each center 
- Minibus(20persons) 1 for each center 
- Mobile extension unit vehicle(4WD)with audio   
 visual equipment and veterinary service  1 in each center 
- Cold storage for Vaccine(Solar energy) 1 in each center 
- Copy/Printing machine 1 in each center 
- Personal computer with printer 1 set in each center 
- Residence   1 residence for each specialist 
- Trial cum demonstration farm 1 ha for each center 
- Electricity supply 1 in each center 
- Portable generator for community hall 2 for each center 
- Farm machinery for demonstration  1 set of mechanized rice farming 

machinery for each center 
 2. In Community Hall 

- Office Space for field worker 1 to 3 persons 
- Motor cycle 1 for each worker 
- Residence 1 for each worker 
- Store space for equipment  1 space in each hall 
 Trial farm  0.1 ha 
- Life improvement training facilities 1 set  

Source: Page IV-51, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

(2) Agricultural Input System 

The proposed input supply system was proposed as one of sections of the Agricultural Development 

Center. In the MP stage, the existing supply system of the Government channel by the Central 

Company of Agricultural Material (CCAM) was proposed to be responsible for handling materials, i.e. 

loading and unloading, transportation to the store and stocking materials, and individual farmer 

receivers and centers those by on-cart to farmer’s home from the storehouse. The number of storage 

required for each Center was 1, 2, and 3 for Kandal Stung No.1, Kandal Stung No.2, and Tonle Bati, 

respectively. It was proposed that staffing required for operation of the section and each storage of 

each Center were 6 persons such as 1 for section chief, 1 for storage manager, 2 for clerks, and 2 for 

storage keepers. 

(3) Supporting Agricultural Development Center 

It was proposed that all of the proposed agricultural support services would be extended through the 

proposed Agricultural Development Center. Each center had 5 sections, i.e. Agricultural Extension, 

Supply and Marketing, Life Improvement, Operation and Maintenance and Administration. Each 

section had a section chief with the staff and facilities proposed for each service activity. The staffing 

and facilities proposed for each Center are summarized below: 
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Table AA-2.8.6.2  Proposed Organization and Staff for Agricultural Development Centers 

Section 
Staffing of Agricultural Development Center 

Kandal Stung
No.1 

Kandal Stung 
No.2 

Tonle Bati 

(a) Administration 
1) General manager 
2) Section chief 
3) Clerk 
4) Accountant 
5) Typist 
6) Vehicle drivers 
7) Office boy 
8) Security  

1 
1 
1 
1 
1 
5 
3 
2

1 
1 
1 
1 
1 
5 
3 
2

1 
1 
1 
1 
1 
5 
3 
2

(b) Agricultural Extension 
1) Section chief 
2) Subject matter specialist 
3) Field extension worker 
4) Machinery operator 

1 
3 
7 
2

1 
3 

10 
-

1 
3 

10 
-

(c) Life Improvement Extension 
1) Section chief (Specialist) 
2) Life improvement worker 

1 
3

1 
5

1 
6

(d) Supply and Marketing 
1) Section chief  
2) Store house manager 
3) Clerks 
4) Store keeper 

1 
1 
2 
2

1 
2 
4 
4

1 
3 
6 
6

(e) Operation and Maintenance 
1) Assistant civil engineer  
2) Maintenance work supervisor  
3) Machinery operator 
4) Ditch tender 

1 
2 
2 
-

1 
2 
2 
2

1 
2 
2 
2

Source: Page IV-51, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

AA-2.8.7 Project cost and Evaluation 

(1) Project Cost 

The project cost consists of construction cost, procurement of machinery, land acquisition cost, 

engineering and administration cost and contingency. The total cost was estimated at 

US$ 101.3 million and the cost required for the first stage works was estimated at US$ 67 million as 

shown below. 

Table AA-2.8.7.1  Project Cost Estimated in Master Plan Stage 
(Unit: US$ million) 

Description Total
(8,400 ha) 

Stage-1 
(3,550 ha) 

(a) Construction cost  
 1) Irrigation and drainage 51.35 38.48 
 2) Rural development center 5.29 2.59 
 3) Rural road network 9.21 6.53 
 4) Rural water supply system 3.88 1.07 
 e) Village clinic 0.38 0.14 
 6) School building 1.37 0.92 
 7) Community hall 3.23 1.26 
 8) On-farm development 5.30 2.20 
  Sub-total 80.02 53.20 

(b) Procurement of O&M equipment 2.00 1.00 
(c) Engineering service and administration 9.84 6.50 
(d) Land acquisition 0.23 0.03 
(e) Contingencies 9.21 6.07 

  Total 101.30 66.81 
Rate in 1994: US$ 1.0 = Riel 2,200 = Yen 100 
Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 

February 1995) 
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(2) Project Evaluation 

The economic incremental agricultural benefit for the irrigation development area under "without Prek 

Thnot Reservoir" conditions, was estimated at US$ 2.1 million and US$ 1.8 million for the Kandal 

Stung and the Tonle Bati areas, respectively, totaling about US$ 3.9 million. EIRR of the proposed 

agricultural development plan under the "without-Reservoir" condition (priority development area of 

3,550 ha) was estimated at 12%.  

AA-2.8.8 Environmental Conservation Program 

The M/P report indicated that the project does not have a significant impact on the surrounding natural 

environment because the study area has been a man-made ecosystem for a long period of time. In the 

other hands, the report had little to do with the social environmental problem such as resettlement, land 

acquisition and gender etc. However, these contents are based on general and secondary materials, such 

as field survey related to the environment have not been implemented during the M/P Phase. 

Also, the report made mention of environmental problems can cut across institutional boundaries, 

co-ordination of environmental pollution and management effort has to be carefully handled. 

AA-2.9 Master Plan Study on the Agricultural and Rural Development Project in the 
Suburbs of Phnom Penh (Feasibility Study, JICA, 1995) 

AA-2.9.1 Background 

The F/S was carried out for the priority development area of 3,550 ha, consisting of 1,950 ha in 

Kandal Stung Area and 1,600 ha in Tonle Bati Area from 1993 to 1995. The priority area was selected 

in the Master Plan Study among the suitable irrigation development area of 8,400 ha, and mainly by 

the availability of water resource (with irrigation dependency of 4 out of 5 years) under the condition 

of the “without the Prek Thnot Reservoir”, considering uncertainness of implementation of the Prek 

Thnot Reservoir Project. 

AA-2.9.2 Project Components 

Proposed component for the priority development area of 3,550 ha are tabulated as below. 

Table AA-2.9.2.1  Proposed Project Component for the Priority Development Area of 3,550 ha in F/S 
Component Description

(1) Agricultura1 development - Improvement and strengthening of agricultural support services, 
 - Establishment of a Rural Development Center, including a 

demonstration farm
(2) Irrigation and drainage development - Improvement of the Tuk Thla and Kampong Tuol Regulators, 
 - Improvement of irrigation and drainage facilities of the Kandal Stung 

Area of 1,950 ha and Tonle Bati Area of 1,600 ha 
(3) Development of rural infrastructures-  - Improvement of rural road network, 
 - Construction of rural water supply facilities, 
 - Improvement of village clinics,
 - Improvement of school buildings, and
 - Construction of community halls
(4) Measures for rural life improvement 
(5) Support services to women's group 
(6) Measures for environment problems 

Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 
February 1995) 

  



Final Report 

AA-2-44 

AA-2.9.3 Agricultural Development Plan 

(1) Proposed Cropping Pattern and Planted Area 

The Planned irritation development in the priority area was basically without Prek Thnot Reservoir 

condition. The proposed cropping patterns were formulated on the basis of the following basic 

principles which govern the selection of crops and cropping seasons to be introduced under the project 

conditions: 

(i) In rainy season, 100% of irrigable land would be cultivated with paddy 

(ii) In dry season, 50% of land is allocated for paddy, while 30% of land is allocated for upland 

crops such as maize, soybeans and vegetables. 

The proposed cropping pattern for Kandal Stung Priority Development Area (1,950ha) and Tonle Bati 

Development Area (1,600ha) were formulated based on the above mentioned concepts and 

summarized as follows: 

Table AA-2.9.3.1  Planted Area 

Crops 
Kandal Stung Area (1,950ha) Tonle Bati Area (1,600ha)

Rainy Season Dry Season Rainy Season Dry Season
(%) (ha) (%) (ha) (%) (ha) (%) (ha)

Paddy 100 1,950 46 900 100 1,600 50 800
  Early dry season rice 0 0 46 900 0 0 50 800
  Early wet season rice 50 975 0 0 50 800 0 0
  Medium wet season rice 30 585 0 0 30 480 0 0
  Medium local var. of rice// 20 390 0 0 20 320 0 0
Maize & soybeans 0 0 14 270 0 0 15 240
Vegetables 0 0 14 270 0 0 15 240
Total Crop Intensity/ area 100 1,950 74 1,440 100 1,600 80 1,280

Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 
February 1995) 

(2) Target Unit Yields 

The present yield of crops in the Priority Development area was rather low level mainly due to lack of 

irrigation water, flooding and poor drainage, shortage of farm inputs, and low level of supporting 

services to supply farming techniques and materials. After implementation of the project, the yield of 

crops would have been substantially increased and stabilized through getting accustomed to irrigation 

farming practices accompanied by agricultural support services. The target yield of crops at the full 

development stage was assumed as shown below: 

 Table AA-2.9.3.2  Target Crop Yield (Unit: ton/ha) 
Crop Present Without Irrigation With Irrigation

Rice:  
 Local varieties 1.2 2.5 3.0 
 High Yielding varieties - - 4.0 
Maize & beans (mixed)  
 Maize 1.2 1.5 3.0 
 Soybeans 1.0 1.0 2.0 
Groundnut 0.7- 0.7 1.5 
Mungbeans 0.6 0.6 1.0 
Sesame 0.5 0.5 1.2 

Source: Page IV-61, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

(3) Prospective Crop Production  

The anticipated annual paddy production at the full target level in the area was summarized as follows: 
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Table AA-2.9.3.3  Anticipated Crop Production in Priority Development Area 

Section 
Kandal Stung Tonle Bati 

ha ton/ha ton ha ton/ha ton
Rice:  
 Local varieties 390 3.0 1,170 320 3.0 960
 High Yielding varieties 2,460 4.0 9,840 2,080 4.0 8,320
Total 2,850 11,010 2,400  9,280
Maize & beans (mixed)  
 Maize 270 3.0 810 240 3.0 720
 Soybeans 270 1.5 405 240 1.5 360
Vegetables 270 10.0 2,700 240 10.0 2,400

Source: Section 5.1, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

Vegetables were expected to become a major cash crop income source for the beneficiaries.  

(4) Prospective Livestock Production  

About 30% of maize and soybeans produced in the project area was proposed to be fed to pig and 

poultry. Requirement of feed to raise 50kg of pig was estimated at about 250kg of coarse grains. 

Increased number of pig would be about 1,440 heads in Kandal Stung Priority Development Area, 

while 1,280 heads for Tole Bati Priority Development Area. 

AA-2.9.4 Irrigation and Drainage Development Plan 

(1) Development concept 

Followings were basic concept/ consideration applied for formulating the proposed irrigation and 

drainage facilities plan: 

- Realization of solid headwork (regulators on the Prek Thnot River), which was repeatedly 

damaged by floods to ensure the irrigation water supply to the project area, especially for the 

Kandal Stung Area 

- Full utilization of the existing canal system which was constructed in Pol Pot regime in late 

1970’s 

- Concrete lining is planned for main and lateral canals to ensure the slope protection of the 

canal 

- Drainage canals system are separately provided from the irrigation system 

- Additional construction of related structures and improvement of the existing ones 

- Tertiary system covering about 50 ha and quaternary block of 7-10 ha is planned for efficient 

water management 

(2) Proposed Facility Plans 

Following structures were proposed for both Kandal Stung and Tonle Bati Areas: 

Table AA-2.9.4.1  Proposed Irrigation and Drainage System Improvement under Stage-1 in F/S 

Description Unit Kandal Stung
(1,950 ha) 

Tonle Bati 
(1,600 ha) 

Total
(3,550 ha) 

(a) Headworks on the Prek Thnot river  
1) Improvement of Tuk Thla and Kampong Tuol 

Regulators, etc. 
LS - - 1 

(b) Irrigation and Drainage System  
2) Irrigation Canals  
 - Main canal (km) 5.3 8.3 13.6 
 - Laterals (km) 12.0 10.0 22.0 
 - Tertiary canals (km) 56.8 48.1 104.9 

3) Drainage Canals  
 - Main Drain (km) 18.1 24.1 42.2 
 - Secondary/ tertiary drain (km) 64.6 41.8 106.4 
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Description Unit Kandal Stung
(1,950 ha) 

Tonle Bati 
(1,600 ha) 

Total
(3,550 ha) 

4) Improvement of Lake Tonle Bati Related Structures  
 - Intake (nos.) - 1 1
 - Pumping station (nos.) - 1 1
 - Spillway of the lake (nos.) - 1 1
 - Lake dike LS - 1 1

5) Improvement of Connection Canal  
 - Connection canal (km) - 4.6 4.6 
 - Stung Touch Regulator (nos.) - 1 1

Note: Work quantities above are quoted from the main text of the Feasibility Study Report (page 78 and 81) 
Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 

February 1995) 

(3) Operation and Maintenance Plan 

F/S envisaged that the overall water management of Prek Thnot River would be carried out by the 

MAFF. The responsibility of operation and maintenance of the irrigation and drainage systems would 

be divided into two types of administrative bodies, i.e., a project operation body, responsible for the 

head regulator to the lateral systems, and water users group responsible for tertiary irrigation and the 

drainage system. 

The Water Management Division in Department of Agricultural Hydraulics and Hydro-meteorology of 

MAFF would be responsible for the operation, maintenance, and management of the head regulators 

and localized reservoirs in order to ensure the equitable water management and safe operation of the 

large facilities. The local governments concerned would be responsible for the operation, maintenance 

and management of the main canal up to the lateral systems. To co-ordinate smooth operation and 

maintenance of the irrigation system and water management of the Project, the provincial and district 

irrigation committees would be organized at provincial and district government levels. It was proposed 

that they were made up of representatives of the provincial or district government offices, including 

the agriculture office, the public works office, the rural development office, and the police/ military 

office. 

AA-2.9.5 Agricultural Support Plan 

The proposed supporting services covered; (i) the agricultural technical extension, (ii) agricultural 

inputs and equipment supply, rural credit supply and agricultural insurance system, and (iii) operation 

and maintenance of irrigation and drainage system and provided rural infrastructures such as road and 

domestic water supply.  In this F/S, it was proposed that the Agricultural Development Centers would 

be operated directly under the management of the Department of Extension. And operation of the 

Agricultural Development Centers with sufficient qualified extension workers and facilities was 

proposed to be transferred to the management under each district office. 

(1) Agricultural Extension 

The agricultural extension services was proposed to cover for food (rice), some other secondary crops, 

and livestock raising mainly pig, poultry, and cattle for draft power, through provision of trained 

extension personnel, vehicles and equipment and office buildings to be constructed as follows: 

Table AA-2.9.5.1  Summary of Improvement of Extension Services 
Component Activities / Required inputs

Improvement of extension 
service 

Activities 
- Introduction of improved varieties 
- Supply of planting materials 
- Demonstration and guidance on cultivation techniques 
- Extension on livestock production 
- Strengthening of vaccination service 
- Monitoring and evaluation
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Component Activities / Required inputs
Staff recruitment for 
Agricultural Development 
Center 

Kandal Stung No. 2 (proposed): 2,400 ha 10 persons
Tonle Bati (existing):  1,830 ha 3 persons 

Facilities and Equipment 1. Agricultural Development Center:
- Office Space for subject matter specialists 3 specialists in each center 
- 4 WD vehicle 3 for each center 
- Minibus(20persons) 1 for each center 
- Mobile extension unit vehicle(4WD)with audio   
 visual equipment and veterinary service  1 in each center 
- Cold storage for Vaccine(Solar energy) 1 in each center 
- Copy/Printing machine 1 in each center 
- Personal computer with printer 1 set in each center 
- Residence   1 residence for each specialist 
- Trial cum demonstration farm 1 ha for each center 
- Electricity supply 1 in each center 
- Portable generator for community hall 2 for each center 
- Farm machinery for demonstration  1 set of mechanized rice 

 farming machinery for each center
2. Community Hall
- Office Space for sfield worker 1 to 3 persons 
- Motor cycle 1 for each worker 
- Residence 1 for each worker 
- Store space for equipment  1 space in each hall 
 Trial farm  0.1 ha

Source: Page IV-66, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

(2) Agricultural Input System 

The proposed input supply system formed one of sections of the Agricultural Development Center. In 

the F/S stage, the existing supply system of CCAM was proposed to be responsible for handling 

materials, i.e. loading and unloading, transportation to the store and stocking materials, and individual 

farmer receivers and centers those by on-cart to farmer’s home from the storehouse. The number of 

storage required for each Center in the priority area is 2 and 3 for Kandal Stung No.2 and Tonle Bati, 

respectively. It was proposed that staffing required for operation of the section and each storage of 

each Center be 6 persons such as 1 for section chief, 1 for storage manager, 2 for clerks, and 2 for 

storage keepers. 

(3) Supporting Agricultural Development Center 

All of the proposed agricultural support services are extended through the Proposed Agricultural 

Development Center. It was proposed that each center be composed of 5 sections, i.e. Agricultural 

Extension, Supply and Marketing, Life Improvement, Operation and Maintenance and Administration. 

Each section has a section chief with the staff and facilities proposed for each service activity. The 

staffing and facilities proposed for each Center were summarized below: 

Table AA-2.9.5.2  Proposed Organization and Staff for Agricultural Development Centers 
Section Kandal Stung No.2  Tonle Bati

(a) Administration 
1) General manager 
2) Section chief 
3) Clerk 
4) Accountant 
5) Typist 
6) Vehicle drivers 
7) Office boy 
8) Security  

1 
1 
1 
1 
1 
5 
2 
2

1 
1 
1 
1 
1 
5 
2 
2

(b) Agricultural Extension 
1) Section chief 
2) Subject matter specialist 
3) Field extension worker 

1 
3 
7

1 
3 
3
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Section Kandal Stung No.2  Tonle Bati
(c) Life Improvement Extension 

1) Section chief (Specialist) 
2) Life improvement worker 

1 
3

1 
2

(d) Supply and marketing 
1) Section chief  
2) Store house manager 
3) Clerks 
4) Store keeper 

1 
1 
2 
2

1 
1 
2 
2

(e) Operation and Maintenance 
1) Section chief 
2) Maintenance work supervisor 
3) Farm Machinery mechanic 
4) Machinery operator 
5) Ditch tender 

1 
2 
1 
2 
2

1 
2 
1 
2 
2

Source: Page IV-72, Annex IV, Vol. III, Master Plan Study on the Integrated Agricultural and Rural Development Project in the Suburbs of 
Phnom Penh, 1995 

AA-2.9.6 Project Cost and Evaluation 

(1) Estimated Project Cost 

Project cost for the priority development of 3,550 ha including improvement of (i) Thuk Thla and 

Kampong Tuol Regulators and (ii) social infrastructures was estimated at US$ 66.8 million in total as 

shown below. Unit development costs for the total development and irrigation and drainage systems 

per ha are calculated at US$ 18,820/ha and US$ 6,120/ha, respectively. Cost for improvement of the 

Tuk Thla and Kampong Tuol Regulators of US$ 16.8 million accounts 44% of the irrigation and 

drainage work cost of US$ 38.5 million.  

Table AA-2.9.6.1  Cost Estimated for Priority Development of 3,550 ha in Feasibility Study Stage 
(Unit: US$ million) 

Description Total
(3,550 ha) 

Kandal Stung 
(1,950 ha) 

Tonle Bati
(1,600 ha) 

(a) Construction cost    
 1) Irrigation and drainage 38.49 24.51  13.98 
  a) Tuk Thla and Kampong Tuol Regulators (16.76) (16.76) 
  b) Irrigation and drainage systems (21.73) (7.75) (13.98)
 2) Rural development center 2.59 2.59  0.00 
 3) Rural road network 6.53 5.53  1.01 
 4) Rural water supply system 1.07 0.60  0.47 
 5) Village clinic 0.14 0.07  0.07 
 6) School building 0.92 0.46  0.46 
 7) Community hall 1.26 0.63  0.63 
 8) On-farm development 2.20 1.30  0.90 
  Sub-total 53.20 35.68  17.52 

(b) Procurement of O&M equipment 1.00 0.55  0.45 
(c) Engineering service and administration 6.50 3.57  2.93 
(d) Land acquisition 0.03 0.02  0.01 
(e) Contingencies 6.07 3.34  2.73 

  Total 66.80 43.16  23.64 
  (US$/ha for total cost)* (18,817) (22,132) (14,773)
  (US$/ha for irrigation and drainage systems)* (6,121) (3,975) (8,733)

Rate in 1994: US$ 1.0 = Riel 2,200 = Yen 100 *: Calculated by the JICA Survey Team 
Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 

February 1995) 

Breakdown of irrigation and drainage system improvement cost is summarized below. Costs for 

improvement of the pumping station and connection canal are additionally needed for development of 

the Tonle Bati System. Lining cost of main and lateral canals and connection canal accounts 40 to 80% 

of these work costs. 
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Table AA-2.9.6.2  Breakdown of Estimated Cost for Irrigation and Drainage System Improvement 
(Unit: US$ 1,000) 

Description Unit 
Kandal Stung Area

(1,950 ha) 
Tonle Bati Area

(1,600 ha) 
Q'ty Amount Q'ty Amount

(a) Irrigation Canals  
 - Main canal (km) 5.3 2,073 8.3 2,878
 - Laterals (km) 14.2 1,877 10.0 1,373
 - Tertiary canals (km) 56.8 1,934 48.1 1,737

(b) Drainage works  
 - Main drain (km) 18.1 510 24.1 233
 - Secondary/ tertiary drain (km) 64.6 485 41.8 350

(c) Improvement of Lake Tonle Bati Related Structures  
 - Intake (nos.) - 1 149
 - Pumping station (nos.) - 1 2,222
 - Spillway of the lake (nos.) - 1 319
 - Lake dike (km) - LS 109

(d) Improvement of Connection Canal  
 - Connection canal (km) - 4.6 3,330
 - Stung Touch Regulator (nos.) - 1 677

(e) Others  
 - Preparatory works LS 43 LS 56
 - On-farm works for demo farm (ha) 265 517 259 373
 - O&M  Road (laterite pavement) (km) 28.5 313 18 166
 Total 7,752  13,973
 (unit cost per ha) (3,975)  (8,733)

Note: Rate in 1994: US$ 1.0 = Riel 2,200 = Yen 100 
No cost for (i) improvement of Tuk Thla and Kampong Tuol Regulators, and (ii) on-farm works is included 
Source: Master Plan Study on the Agricultural and Rural Development Project in the Suburbs of Phnom Penh (Master Plan Study, JICA, 

February 1995) 

(2) Evaluation 

The cost for civil works, O&M equipment, engineering services, administration and O&M and 

replacement cost were only considered for the economic evaluation. But cost for the social and rural 

infrastructures was not counted since these benefits were not tangibly counted in the study. Thus, total 

economic investment cost was set at US$ 24.8 million only. Economic benefit from the irrigation 

development was estimated at US$ 3.9 million per year based on the expected increase of crops and 

livestock production with the project condition. 

The Economic viability of the priority project for 3,550 ha was evaluated by EIRR. F/S concludes that 

the priority development (Stage-1) is economically viable since the EIRR is calculated at 11.7%. 

Financial analysis also estimated that the net income of the typical farmers was expected to increase 

by 3.1 to 4.6 times (from US$ 480-520/year to US$ 1,477-2,407/year).   

AA-2.9.7 Results of Environmental Assessment 

Environmental Assessment has not been studied adequately in F/S. F/S indicated 'Environmental 

Assessment of Irrigation and Agricultural Development' and 'Environmental Management'. However, 

above two contents mentioned just general information, not regional feature of the study area. 

AA-2.10 Basic Design Study on the Project for the Rehabilitation of the Kandal Stung 
Irrigation System in the Kingdom of Cambodia (for the Japan’s Grant Aid Program, 
JICA, December 2004) 

AA-2.10.1 Background 

The Royal Government of Cambodia (RGC) requested that the Government of Japan (GOJ) to provide 

technical assistance for a study on integrated agricultural development in the suburbs of Phnom Penh 

including the project area and focusing on the rehabilitation of the existing irrigation facilities in 1992. 
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In reply to this request, the GOJ undertook “the Master Plan Study on the Integrated Agricultural and 

Rural Development Project in the Suburbs of Phnom Penh” from 1993 to 1995. As a result, a project 

area of 1,950 ha in Kandal Stung area was selected as the first priority area for development. The RGC 

has requested grant aid assistance from the GOJ for the rehabilitation of the regulators and the main 

canals aiming at steady supply of irrigation water. The followings are the list of major items requested 

by the RGC: 

TableAA-2.10.1.1  Requested Items under Grant Aid Assistance from the RGC 
Component Quantities 

(1) Construction of new headworks  1 no. 
(2) Rehabilitation of regulators and the 7th January dam 3 nos. 
(3) Demolish of regulator  1 no. 
(4) Construction of new intake  1 no. 
(5) Rehabilitation of main canal and related structures 5.3 km 
(6) Rehabilitation of O&M road  9.3 km 

Source: Basic Design Study Report on the Project for the Rehabilitation of the Kandal Stung Irrigation System in the Kingdom of Cambodia, 
JICA, and December 2004 

The GOJ, through JICA, dispatched the Basic Design Study Team to Cambodia from November 2002 

to October 2004. 

AA-2.10.2 Agricultural and Irrigation Development Plan 

The concept applied for the basic design study was as follows: 

(1) Size of Major Irrigation Facilities for Rehabilitation 

An area of 1,950 ha was chosen for the Project in consideration of the contribution to poverty 

reduction, which is the ultimate goal of the Project, the RGC’s opinion of the Project, income balance 

between the beneficiaries and non-beneficiaries and the project cost for rehabilitation. 

(2) Cropping Plan 

The Project Area is topographically flat with Cambisol soil suitable for rice cultivation. The proposed 

cropping plan is comprised of double cropping of the IR varieties (early maturing varieties) and single 

cropping of the local varieties. 

(3) Facilities Improvement and Rehabilitation Plan 

(i) The Project shall be compatible with the development plan of the model site for the JICA 

Project-type Technical Cooperation, Technical Service Center (TSC) for Irrigation Systems 

launched in January 2001. 

(ii) Two existing regulators (Tuk Thla and Duam Rues) shall be used in their present condition 

except for raising the height of the gates, because the flood control function of both regulators 

have been recovered through the rehabilitation work done by ADB funds. 

(iii) The Kampong Tuol Regulator shall be demolished as requested by the RGC. 

(iv) As the river flow from late April to early May during the early rainy season is small and 

unstable, the puddling proposed in the cropping calendar may not be possible. In order to 

rectify the water deficit for puddling, river water during the dry season shall be stored 

upstream of National Road No.3 by raising the crest of the existing 7th January Dam and the 

gate height of the regulators. 

(v) New headworks shall be constructed to secure the present capacity of flood discharge, because 

the capacity will be decreased after demolition of the Kampong Tuol regulator and the raising 
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of the crest height of the 7th January dam and the gate height of the Tuk Tula and the Duam 

Rues Regulators. 

(vi) The rehabilitation of the secondary and tertiary canals and related facilities shall be designed 

taking into consideration the easy execution of O&M works to be done through farmers’ 

participation after completion of the Project works. 

(vii) As the Project covers an irrigable area of 1,950 ha, MOWRAM should take responsibility for 

O&M works for the main irrigation facilities following the concept in the National Water 

Resource Strategy Paper. On the other hand, the O&M works for the minor facilities, like 

tertiary canals and related structures, should be undertaken by FWUC with technical assistance 

of the Project O&M Office established by MOWRAM. 

AA-2.10.3 Project works 

The proposed contents of the Project works were as follows: 

Table AA-2.10.2.1  Proposed Works under the Japan’s Grant Aid  
Item Quantities

(1) Project Area 1,950 ha
(2) Crops The early maturing IR rice varieties, the local rice varieties, maize, soy beans, and 

vegetables
(3) Headworks 1 no., Movable weir (all gates), Width 50m, Height 4.8 m, Floodway gate 3 nos., 

Sluiceway gate 1no., River maintenance flow gate 1 no.
(4) 7th January Dam 1 no., Heightening 0.55 m, Total length of overflow 212 m, Construction of sheet 

piles (l = 4.0 m)
(5) Tuk Thla Regulator 1 no., Heightening of gate crest 0.40 m, Total width 36.75 m, Construction of sheet 

piles (l = 4.0m)
(6) Duam Ruse Regulator 1 no., Heightening of gate crest 0.20 m, Total width 5.87 m 
(7) Kampong Tuol Regulator To be demolished
(8) Rehabilitation of main canal (a) Main canal :Design discharge 2.73 ~1.03 m3/s, 5.3 km long, Concrete block 

lining for both slopes
 (b) Intake :1 no., Design intake discharge 2.73m3/s, Gate with rubber seal on four 

sides (B x H = 1.8m x 2.1m, 3sets)
 (c) Turnout :26 nos.
 (d) Check structure :2 nos.
 (e) Crossing structure :8 nos.
 (f) Maintenance flow gate :6 nos.
 (g) O&M road : for main canal 5.3 km, for secondary canal 9.3 km 

Source: Basic Design Study Report on the Project for the Rehabilitation of the Kandal Stung Irrigation System in the Kingdom of Cambodia, 
JICA, and December 2004 

AA-2.10.4 Project Cost and Evaluation 

(1) Project Cost 

The project cost was estimated at US$ 17 million at the exchange rate of US$ 1.0 = Yen 110.8 = 

Riel 4,000, and its breakdown was as below. 

- Japanese grant aid portion: US$ 16.1 million (Yen 1,786 million) 

- RGC portion:   US$ 0.96 million  

RGC portion included the cost of: (i) construction cost of secondary and tertiary canal of 

US$0.77 million, (ii) removal cost of UXO of US$ 0.16 million and (iii) establishment cost of O&M 

office. 

(2) Expected effects of the Project 

The following direct and indirect effects were expected through the implementation of the Project as 

long as MOWRAM received the necessary support from the related organizations, especially MAFF, 

local government and JICA Project-type Technical Cooperation. 
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(a) Direct effects 

The existing irrigation system (maximum irrigable area 1,950 ha, about 2,800 households with 

13,400 population) would be improved and secure necessary irrigation water to introduce a double 

cropping system in the Project Area with the rehabilitation of headworks, main irrigation canals, and 

O&M roads and related structures through Japan’s Grant Aid System. 

(b) Indirect effects 

- Realization of irrigated agriculture in the Project Area of 1,950 ha 

- Increase of crop intensity (108% to 174%) 

- Increase of productivity and quality (Local variety 1.8 to 3.0 ton/ha, IR variety 2.5 to 

4.0 ton/ha) 

- Increase of Farm Income (US$ 138 to US$ 418) 

- Contribution to rural poverty reduction, which is one of the goals of the National Socio 

Economic Development Plan 
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Figure AA-2.7.4.1 

General Layout of Upper Slakou Irrigation 
System Rehabilitation Sub-project 
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Figure AA-2.8.5.1 

Overall Irrigation Development Plan Proposed 
in M/P (1995) 
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Japan International Cooperation Agency 
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