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1. INTRODUCTION
1.1 Project Background and Justification

For a century ago, the primary mission of the Royal Irrigation Department (RID) has
been to develop irrigation and manage medium and large-scale irrigation systems throughout
the country. The RID has been successful at enabling the country to develop more than 27
million rai of irrigated land. Thai rice is a well-known commodity around the world. But the
conditions upon which the RID’s original mission was based have changed in recent years.
Most of the economically and environmentally suitable sites for development of medium and
large-scale irrigation schemes have already been developed. Population growth and economic
diversification are increasing the competition for water. There is urgent need for more
integrated planning and management of water resources at the river basin level. The problem
of food shortages has largely been solved and the main concern of most Thai farmers today is
how to increase the economic productivity of irrigated agriculture. In recent years the Royal
Thai Government (RTG) has adopted a number of important reforms. These include the new
Constitution of Thailand of 1997, the Decentralization Act of 1999, the Eighth and
forthcoming Ninth National Economic and Social Development Plans, and the promotion of
people’s participation, decentralization of government, stronger private/public sector
partnership and greater transparency and accountability in government agencies notably
through the introduction of result-based management and key performance indicators.
Government financial pressures, the program of the Civil Service Commission and the
restructuring program of the Ministry of Agriculture and Cooperatives (MOAC) require that
greater efficiencies be achieved in the agriculture and irrigation sectors. It is necessary to
reduce the need for high-cost, externally financed rehabilitation projects. More efficient ways
must be found to ensure the sustainability of irrigation systems.

Thailand has an ancient history of farmer-managed irrigation. And yet today, RID
staff manages many irrigation systems from the headworks to the field ditch, at no cost to
farmers. This is no longer affordable to the government, nor sustainable. To enable more
farmers financing of Thailand’s irrigation schemes, irrigation management must become more
oriented toward the farmers’ dynamic demands for water than administrative routines. The
RID will need to change the way it interacts with farmers from a top-down relationship to a
partnership. The RID will shift its emphasis toward building capacity of water users
organizations and providing appropriate support services to them. Under the irrigation
component of the ongoing Agriculture Sector Program Loan (ASPL), financed by the Asian
Development Bank and in addition to rehabilitation of irrigation infrastructure, the RTG is
committed to implementing a number of reforms in the irrigation systems selected for
rehabilitation under the ASPL. This policy consists of the following 4 key principles
including: (1) participatory irrigation management (PIM) (2) cost sharing (3) service
agreement and management audits and (4) restructuring of RID. This policy has not been
realized in practices. A PIM manual has been developed in year 2005 to be a guideline for
irrigation projects to change their practices to participatory irrigation management. In year
2008, RID provides more financial support ( 1 million THB per project) to irrigation projects
in order to stimulate the PIM process.

Successful adoption of these policies will require many efforts. These will include
legislation, participatory planning, studies, consultations with farmers and other government
agencies and the ingenuity and team efforts of staff of the RID. In order for the Reform
Program to be a success, the productivity and profitability of irrigated agriculture should



increase. Hence, it will be necessary for RID to collaborate closely with the Department of
Agricultural Extension and other agencies that support farmers in agricultural and marketing
aspects.

In support of the ISR Program, high-level administrative regulations will be needed to
provide adequate legal status to water users organizations, water use rights and service
agreements and to provide direction to the Reform Program. Studies are needed about asset
management and establishment of an Irrigation Repair and Improvement Fund. Feasibility
assessments and guidelines will be needed for privatization options and contracting
procedures for water users organizations.

Adoption of a service orientation within RID will also require that RID staff of project
offices are capable of improving services to farmers at the least possible cost and that the
irrigation systems are designed to provide simple operation and the level of performance
expected by the farmers and defined in the service agreements. RID staff at all levels,
including staff of the pilot medium-and large-scale projects of the ASPL, lack knowledge and
training in the corresponding modern water control management concepts and water user
association activities. In particular, canal operation requires more attention in the curriculum
of the Irrigation Development Institute and other training program for RID staff. Water
measurement is presently lacking in all RID systems and suitable water measurement systems
need to be installed to allow implementation and monitoring and evaluation of irrigation
service agreements as well as effectiveness of the reforms. It is therefore necessary to upgrade
the training of present and future system operators and managers.

The RID is still largely an infrastructure development and management agency. It
lacks expertise in legal aspects of the reforms, in economic and financial aspects of irrigation,
in setting up demand-oriented funds and in strategic planning. The mechanisms, arrangements
and procedures for adopting irrigation management service agreements and irrigation
management audits still need to be developed and introduced. These are essential for ensuring
proper accountability between water users and service providers for delivery and payment for
irrigation services in the future.

RID therefore has an urgent and critical need for technical assistance in these areas to
enable the Department of Agricultural Extension to complete the design of sustainable and
effective reforms, and to ensure that present and future operation and management staff have
the skills to operate the irrigation systems with the level of performance required to deliver
the expected level of services to farmers. These two conditions are essential for the
sustainability of the reform program.

1.2 Conceptual Framework for Irrigation Sector Reform

From the project background and justification as mentioned in section 1.1, irrigation
sector reform is needed. The concept of irrigation service oriented should be adopted such
that the water could be delivered to farmers in the most efficient and effective way. The
service standards need to be defined and agreed by all parties concerning the operation of the
irrigation system. The service standard must be defined according to the socio-economic
conditions and ways of living of people in the project. The performance indicators must be
defined to measure how good the actual service is comparing to the service standard. The
performance assessment will be helpful for improving irrigation services



Basically, the service standard are related to the volume, flow rate and duration of
water delivery which can be defined by the following indicators.

(1) Flexibility which indicators how good the irrigation system can respond to the
variation of actual demand

(2) Reliability which indicates how good the actual amount and timing of water
delivery to farmers matching with the actual desired water delivery or actual
demand.

(3) Equity which indicates how good water is being distributed among the head-end
and tail-end users.

After the service standard is defined by the agreement of both the service provider,
water users and all stakeholders. The methodology for performance assessment must be
developed. This performance assessment is a tool for examination of how good the project
provides the irrigation service to the water user and what irrigation efficiency is. If the actual
service does not meet the service standard, the actual operation needs to be diagnosis to
identify what are the problems and what are the causes of that problem. What are the main
causes of providing the service below the service standard and how this problem can be
solved in the future. Similarly if the irrigation efficiency is low, some measures are needed to
improve the efficiency of the system.

The main idea of service oriented management can be explained as follows. If
irrigation project can provide the service to water user group according to the service standard
in term of efficiency, reliability, equity and flexibility, farmers can plan for the crop
cultivation according to the market demand and their potential without any constraints on
irrigation water supply. If this happens, it can increase opportunity for farmers to increase
their productivity and income. The increase in crop production and farmer income will help
improve the socio-economic conditions of the region and of country in the future as shown in
Figure 1.1.
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In changing the irrigation manage from the actual practices, the government sector has
full authority in allocation and control of water from the headworks to farm turnout while the
water user groups are responsible only for operation and maintenance of on farm water
irrigation system, to irrigation service oriented management, the vision, ways of thinking,
procedure, organizational structure, law and regulation and budget allocation system need to
be changed in order to support the new concept of irrigation service oriented. The change can
be defined into 4 aspects as follow.

(1) Change in irrigation management approach - This change will focus on the
introduction of Participatory Irrigation Management (PIM) which is suitable to socio-
economic conditions and the ways of living of people in the project area.

The main idea of PIM is not to transfer the burden to farmers. Instead, the purpose is
to improve the irrigation service to farmers in such a way that the crop production and farmers
income can be increased. The important issue on PIM is to clarify the scope of authority and
responsibility between irrigation project and farmers. Who has the authority and responsibility
in main canal lateral and farm ditches. There must be a good plan to transfer the authority and
responsibility between irrigation project and farmers so that each party has time to prepare
themselves ready for the irrigation transfers. At present Royal Irrigation Department (RID)
has the plan for irrigation management transfers as follow.

= Up to year 2002 - The responsibility in O&M in service unit was transferred to
farmers.

= Year 2003-2004 — The operation responsibility on sub-lateral canal was planned to
transfer to farmers, but it has not been completed.

= Year 2005-2007 - Plan to transfer the maintenance responsibility (before rainy
season) on sub-lateral canal to farmers.

= Year 2008 on - Plan to transfer O&M responsibility of the whole lateral canal to
farmers. The maintenance means the duty to do maintenance before the rainy
season.

(2) Change in law and regulations to support PIM

In this aspect, there must be law and regulations about the property rights, water
rights, water allocation criteria, the authority and responsibility of the various organizations
including the irrigation project, water user organization, tambol administration organization
(TOA), irrigation service fee, budget allocation for O&M.

(3) Irrigation Service Agreement

To support the new approach of service oriented irrigation, there must be an
acceptable service standard that can be accounted for. The suitable service agreement between
the service providers anal users need to be developed for each area. The main idea of the
service agreement is how much water the project can supply to water user organization
according to the service standard. There are 3 main indicators including flexibility, reliability
and equality. What is the duty of water user organization? Who will pay the O&M cost ? All
this mentioned issued are the main factors effecting the success of PIM. There must be
agreement between different parties concerning in irrigation management including farmers
versus water user organization, water user organization versus irrigation project, water user
organization versus tambol administration organization, etc.




(4) Change in Financial Aspect

To support the irrigation service oriented, the main idea of this change is where the
source of fund for O&M is. For small irrigation system that has been transferred form RID to
TAO, the O&M budget has been transferred accordingly. O&M budget is enough for tambol
administration organization to do small repair but this budget may not be sufficient for
significant improvement of irrigation system. The irrigation repair and improvement fund
needs to be established. With this fund, the water user organization can apply for the loan
from this fund for the major repair and improvement of irrigation system. The water user
organization has to pay the debt service back to the fund similarly to the SME fund. At
present, the farmer group can apply for the SME Loan from Bank of Agriculture and
Agricultural Cooperative (BAAC).Therefore it is the task of TAO to give some financial
support for the O&M works. TAO has to do its function and specify how much TAO can
support for O&M of the small scale irrigation system and on farm irrigation system. For the
main irrigation systems of large and medium scale projects, at present there are 2 sources of
budget for financing the O&M works, government fiscal budget and irrigation revolving fund
(IRF) collecting from non-agricultural users. In year 2007, the IRF has the total asset of 1,534
million THB with the annual income of 380 million THB. RID has tried to strengthen the IRF
by amending the Royal Irrigation Act to increase the tariff rate but it is not success. The
present tariff rate is 0.50 THB/m? for non-agricultural sector and 5 THB/rai for agricultura;l
sector as specified in the Royal Irrigation Act 1942, The Royal Thai Government (RTG) has
the stand point that irrigation fee should not be collected. Therefore the revolving fund should
be established at local level to support the O&M through local contribution, TAO and WUO
(Water User Organization).

(5) Change in Design and Operation

The new design aspect must emphasize on the irrigation system with simple in
operation, robustness and low O&M costs. Irrigation canals and farm ditches must not be too
long so as to make it difficult to operate or a regulating reservoir is provided for improving
redistribution and reliability in water delivery. The appropriate number of cross regulators and
FTOs must be provided. The technical manual must be prepared in order to assist the O&M
staff in operation of canal system. The service oriented management with appropriate target
service level and the service agreement should be considered in future irrigation management.
The monitoring and evaluation system should be developed and used for improving irrigation
performance.

The conceptual framework for irrigation sector reform which focused on irrigation
service oriented is shown in Figure 1.2.
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1.3 Methodology
1.3.1 Steps of work

Step 1 — Formulation of the committee and working groups including Steering
committee at Ministry level, steering committee at RID level, Core Team, working groups,
Pilot project working groups, National consultants, International consultant and FAO
supporting services have established the organization chart and the general scope of works for
the strategic planning (Policies and Strategic Planning for Thailand Irrigation Sector Return
Program).

Step 2 - The Core Team and FAO Experts have developed the general work plan or
road map for the strategic planning and the selected 5 pilot projects.

Step 3 - The conceptual framework for irrigation sector reform was developed. The
concept of service oriented management was proposed as a future option for irrigation sector
reform to improve the yield and income of farmers.

Step 4 - Field trip to check the feasibility of the 5 pilot projects and identify the
problems in irrigation management of the pilot project.

Step 5 - Submit the inception report.

Step 6 — Kick Off Meeting workshop to present the concept, methodology and
expected output from the Policies and Strategic Planning for Thailand Irrigation Sector



Reform Program and get feedback from the committees on ministry and department levels
and the working groups.

Step 7 - 1% National Consultation Workshop was held to present the conceptual
framework, work plan and methodology and expected outputs from strategic planning. The
stakeholders from ministries, departments, projects, TAOs and water users were invited for
the workshop for consultation.

Step 8 — Strategic planning training workshop was arranged by the international
consultant and FAO expert to improve strategic planning skill for RID staff, pilot project staff
and national consultants.

Step 9- Two RID staffs were sent for the training of the trainer at ITRC (CalPoly) and
US.Bureau of Reclamation in USA.

Step 10- Study the present vision and strategy of RID and other related agencies.

Step 11 — Conduct the rapid appraisal using RAP and conduct the stakeholders
meeting for SWOT discussion at the pilot projects in order to identify the options for service
oriented management and service agreement based irrigation management

Step 12 - Identify the approaches and steps for service agreement based irrigation
management and testing the approach at the pilot projects.

Step 13 - MASSCOTE workshop was arranged by the FAO expert and the
international consultant to improve skill of RID staff, pilot project staff and national
consultants on canal operation techniques. The MASSCOTE approach should be applied for
each pilot project in order to identify the modernization plan. However this part has not been
completed due to time conctraint. It is recommended that RID should continue this work in
the future.

Step 14 - Study and analyze the issues and options for improving the design and
operation to support the service oriented management with the service agreement.

Step 15 — Develop the monitoring and evaluation system and test with the pilot
projects.

Step 16 - Draft final report workshop.

Step 17 - 2" National Consultation workshop to present the policies and strategic plan
for irrigation sector reform to RID and all stakeholders.

Step 18 - Submit the final report.

1.3.2 Organizational Structure for Policies and Strategic Planning for Thailand
Irrigation Sector Reform

In order to conduct the study and analysis for Policies and Strategic Planning for
Thailand Irrigation Sector Reform effectively, the organizational structure was formulated by
the core team, national and international experts as shown in figure 1.3.
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Figure 1.3 Organizational Structure for strategic planning
1.4 Expected Output

The expected output from the study consists of:

(1) The strategy for design and operation.

(2) Guidelines for design to support the service agreement based water management.

(3) Guidelines for operation for the new service oriented management and the service
agreement based water management.

(4) Guidelines for monitoring and evaluation of irrigation system.

(5) Guidelines for training to support the service agreement based water management.

(6) Guidelines for developing the reservoir rule curve.

(7) RAP manual in Thai version.



2. REVIEW OF IRRIGATION MANAGEMENT OF THAILAND
AND RELATED ISSUES

2.1 Introduction

Since A.C. 1902, the irrigation in Thailand has been progressively developed.
The inundation projects were initiated during the early period by constructing the
canals linking the major rivers to bring water during flood season to the central plain.
Later on, the diversion weirs and dams were constructed in the major rivers to
increase the water diversion capacity to the irrigation canal systems in Northern and
central plains. During this period, the irrigated agriculture was rapidly expanded.
Around year 1957, the large scale multi-purpose reservoirs such as Bhumipol and
Sirikit storage dams were constructed to store large volume of water for crop
cultivation, flood control and etc.

At present, many water resources and irrigation development including large,
medium and small scale projects have been developed country in the 25 river basins
throughout the country. Those projects can deliver irrigation water for cultivation to
an area of more than 27 million rai. The general statistics of irrigation projects are
given in Table 2.1. The irrigated area of Thailand is given in Table 2.2.

Table 2.1 Data of irrigation projects in Thailand by 30 September 2006. (RID. 2007)

Types of project No. of Storage volume | Irrigated area
projects (mcm) (million rai)
Large scale irrigation projects 85 7,549 17.19
Medium scale irrigation projects 703 3,893 6.54
Small scale irrigation projects 11,567 1,673 0.57
Electricity pumping projects 2,129 3.78
Large scale reservoirs of EGAT 10 61,203
Total 14,494 72,645 27.99

Table 2.2 Total cultivation area and irrigated area in different regions of Thailand

Region Cultivation area Irrigation area % irrigated area to
(million rai) (million rai) cultivated area

Central 25.17 10.95 43.5
North 23.07 5.06 21.9
East 11.62 2.54 21.8
South 20.95 3.28 15.6
North-east 59.00 6.16 10.4

Total 139.81 27.99 20.0

2.2 Vision of Royal Irrigation Department and Other Related Agencies

In this section, the vision of RID and other related agencies including
Department of Water Resources and Department of Agricultural Extension are
reviewed and used in formulation of the design and operation strategy.
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2.2.1 Vision and Strategic Map of RID

RID has developed the new vision and strategic map by participatory
approach. The high ranking officials, operational staffs form both central and regional
offices were participated in strategy formulation. The new vision and strategy have
been used for planning and implementation of irrigation development and
management since 2007. The new strategic map contains 40 strategic issues, 20 goals,
69 KPIs, 29 tactics and 146 projects (RID. 2007).

“Sufficient water supply to support agricultural production for enhancing
quality of life and stable economy” is the vision of RID with 5 main missions below:

(1) To develop water resources according to the potential of the river basin for
maintaining the balance and sufficiency.

(2) To provide good quality management of water for all types of users in
efficient, equitable and sustainable manners.

(3) To allow people, communities and all agencies participation in the
integrated water resources development and management.

(4) To prevent and mitigate water problems.

(5) To conserve agricultural lands in irrigation command area.

In order to mobilize RID according to the new vision and missions, RID has
defines 4 strategic issues as follow:

(1) Develop water resources sufficient for all sectors.

(2) Efficient management.

(3) Prevent and mitigate water problems.

(4) Conserve agricultural lands in irrigation command area.

The 4 strategic issues were used to construct the strategic map as shown in
Figure 2.1
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Strategic Map of RID
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Figure 2.1 Strategic Map of RID

The new strategic map has the primary and secondary goals and the number of
key performance indicators (KPIs) as given in Table 2.3. The detail of the 69 KPIs is
given in the Annex 2.

Table 2.3 Goals and KPI of the new RID strategy

Primary Goals Secondary Goal No. Indicators
1. Effectiveness of 1.1 Storage water and irrigation area 6
result increase
1.2 All sectors get water thoroughly and 4
equitably
1.3 Losses due to water problems decrease 1
1.4 Having appropriate cultivation area in 1
irrigation command area
2. Quality of service/ | 2.1 Existing infrastructures ready for 4
Customer services
satisfaction
2.2 Water users get water on quantity and 2
timely basis
2.3 Area damage by water decreases 1
2.4 Having standard water quality 2
3. Operation 3.1 Repair and rehabilitation of irrigation 7
Efficiency structures completed as planned
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Table 2.3 Goals and KPI of the new RID strategy

Primary Goals Secondary Goal No. Indicators

3.2 Having pre-construction activities 5
ready as planned

3.3 People, communities and other 5
agencies participation

3.4 Public relation is conducted 3
continuously and thoroughly

3.5 Planning and implementation are 11
effective

3.6 Having the warning and forecasting 3
water situations

4. Organization 4.1 Efficient management system 3
Development
4.2 Personnel have the capability and 5
will power to work

4.3 Having appropriate database and 2
modern technology

4.4 Having research reports to support 2
operation

4.5 Sufficient modern machines, 1
equipments and facilities

4.6 Modern regulation and legislation 1

The KPIs related to design and operation which can be used to develop the
monitoring and evaluation (M&E) system in Chapter 8 are summarized in Table 2.4

Table 2.4 KPIs which can be used for M&E system

KPI code KPI description
Irr09 % irrigated area to target wet season irrigation area
Irrl3 % irrigation structure functioning
Irrl7 % water users in irrigated area satisfied with the water delivery service
Irrl8 Number of calibrated structures
Irr20 % large scale reservoir with water quality above standard
Irr21 % natural water courses with water quality above standard
Irr36 % irrigation area with water user groups established
Irr37 % water user groups with active water management
Irr42 Wet season irrigation efficiency (%)
Irr43 Dry season irrigation efficiency (%)
Irrd4 Water management cost per rai (THB/rai)
Irr45 % large and medium scale reservoirs with storage rule
Irr46 % large and medium scale reservoirs with release rule for dry season
Irr48 wet season/dry season water utilization rate (cubic meter/rai)
Irr58 % of users satisfied with service
Irr63 % of staff satisfied with the project performance




13

2.2.2 Vision and Strategy of Department of Water Resources
(Source : http://www.dwr.go.th)

Department of Water Resources (DWR), Ministry of Natural Resources and
Environment was established in 2002 from the government structure reform policy.
DWR is the new water related government agency responsible for developing policy
and plan for the integrated water resources management of the river basins and of the
whole country while RID is the agency for planning, implementation and
management of irrigation projects. Although the functions of these two agencies (RID
and DWR) are different, the linkage of work of these two agencies are not clear
defined in practices. Therefore the role and responsibility of RID and DWR have to
be defined in order to reduce the redundancy in practices between the 2 government
agencies. The organizational structure of DWR is given in Figure 2.2.

Department of Water Resources

L Director General J

| Deputy DG/
‘ General Inspectar | hie f Eriinesr

Internal Audit Admunistration
Chraup Drrelopment Group
| [ [ |
Legislative CGroup [Ofﬁce of the Secreta:yj [Ofﬁce anater Reouru:esj Office of International
Policy and Plan Cooperation
| [ [ |
COffice of R&D and Cffice of Public “Water Fesources Water Crisis
Hydrology Extension and Cooperation 1T Center Prevention Center

Office of Water Office of Water Resources Office of Water Resources Regional Water Resources
Management Development Conservation and Improvement Office(1-10)

Mol

Figure 2.2 Organization structure of DV
The vision, mission, policy and strategy of DWR are given below:
(1) Vision

“Integrated water resources management in the efficient and sustainable
manners under the good cooperate governance” is the DWR vision.

(2) Mission
“Develop the policy, plan and measures related to water resources including

management, development, conservation and improvement and all together with
controlling, directing, coordinating, evaluation and resolution of water resources


http://www.dwr.go.th/
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problems, research, standard specifications and water resources technology transfer
on both national and river basin levels” are the DWR mission.

(3) Policy

DWR is the organization for management, conservation, development and
resolution of water resources problems in efficient, equitable and sustainable manners
under good governance. The participation of the Tambol Administration Organization
(TAO), communities, non-government organizations and all sectors of the society to
improve the quality of life of the people is the main focus of the DWR.

(4) Strategy

1. Develop recommendations, policy, plan, specification and measures for
active integrated water resources management under public participation of all sectors
in the river basin for sustainable development of the nation.

2. Management, development, conservation and improvement of water
resources throughout the country in order to response to the people needs and to
ensure that water resources are managed in sustainable way including prevention,
mitigation and resolution of critical water problems.

3. Promote and support human resources development of stakeholders, local
organization and water resources management organization networks via public
relation, knowledge and technology transfer in order to sustain water resources
management.

2.2.3 Vision and Strategy of Department of Agricultural Extension

Department of Agricultural Extension (DOAE), Ministry of Agriculture and
Agricultural Cooperative is an important department to support the increase of
agricultural production of irrigation projects. At present, DOAE focuses its
agricultural extension activities only on the cultivation area out of the project
command area. Thus RID has to work with DOAE in order to provide the necessary
services to improve the agricultural production for the irrigated area including
irrigation water, other production techniques and marketing conditions.

The vision, mission and objectives of DOAE are given below:
(1) Vision

DOAE is the prime agency for extension and development to improve the
well-being and sustainability of farm families.

(2) Mission

1. To study, research and develop agricultural extension and technology
transfer to promote production and services for agriculture.

2. To promote and develop the farmer family and institution to have enough
strength and be self reliance.
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3. To promote and develop small and micro community enterprise (SMCE) to
improve the production and services capacity according to the self sufficiency
economy concept.

4. To provide the sufficient support to solve the farmers and community
problems

(3) Policies

In year 2008, DOAE focuses on the promotion and development of the quality
of life of farmers by sufficiency economy philosophy. The main KPIs of this policy
are the ability of farmers to be self reliant. By this approach, farmers are the center for
development. The main issues for implementation of this policy are to change the
ways of thinking and behavior of farmers on both the ways of living and working in
accordance with the self sufficiency economy. DOAE has to coordinate all the
assistances to relief the farmers’ problems in all aspects. DOAE has to change the
approach from resource-based to knowledge-based. The field officials will act as the
coordinator and facilitator in working with farmers and will integrate their works with
other sectors via the center of agricultural service and technology transfer at tambol
level in order to utilize the limited budget effectively.

The policy for agricultural extension in year 2008 consists of 5 aspects as
follows:

1. To raise the ability of DOAE to be the main agency in driving the self
sufficiency economy in agricultural sector.

2. To change the working approach from the resource-based to knowledge-
based.

3. To develop working partners in order to integrate and expand the sources of
budget to support the agricultural extension in the area.

4. To adjust the field work approach by using the agricultural service and
technology transfer center at tambol level as the center of operation and to maximize
the utilization of the network of partners.

5. To increase the efficiency of organization and personnel in order to
effectively response to the policy under the planned budget and other assignments.

2.3 Irrigation Management Structure of Thailand

Irrigation in  Thailand has been continuously developed since the
establishment of Canal Department in 1902 and Royal Irrigation Department in 1923.
At present, there are the large scale, medium scale, small scale and pumping projects
more than 15,000 projects covering the irrigation area of more than 27 million rai or
about 20% of the total cultivated area of the nation.

Royal Irrigation Department is the main and only agency responsible for
irrigation development and management of the country in the area of more than 27
million rai. RID also works with other agencies in order to relief and solve the water
problems including drought, flood and water quality on both in the command and
non-command areas.
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2.3.1 Organization Structure of RID

RID has set up the organization structure in irrigation management of the
country as shown in Figure 2.3.

Director General

Chief Engineer Chief Enginger Chief Enginger Chigf Engineer
08 Survey & Design Construction Planning & Project
Deuy06 | [ DetyDG | | Deiy6 | | DepiyD6 | | Professone Expert | |yntemal uct | | | Special Afar
for Administration for Technical Affair for O&M for Construction | | | on Mechanical Eng. Group | | Group
jonl Off jonl Of ] : : ] ISET
Regora Ot 1  Reorl e § _Off\gepofOrgelmMDe\t/. Ofe of Project _Ofﬁc:n(;vavitti:rJlogy Ofee e | || Ofe et | ||| Ryl iin
e Of e Off anarersonal Nngt. | (- Administration 1 et | [ Fau '
Regional Office 2 | | [Regional Office 10 - Scale Project Equipements G | ‘ Projects
Regional Office 3 | | [Regional Office 11
RegonelOffce 4 | | [Regiona Offce 12 ||~ Department Offe of Reath & ecies Operaon |
[ Sevetaiat | []  Development | [7 Office of Centra "y Recruitment
p—— p—— Land Consolidation o Setorsin Sector
Regiona Offe 5 | | [Regionl Ofice 13 i Constucton Offces
Regional Offce 6 | | [Regional Office 14 | Fma‘nceapd” Ofe ofEngm.eermg Ll
Accounting Division | [ and Geological
Regional Office 7 | | [Regional Office 15 —— Investigation _Mechmca\ Fignen
Regional Office 8 | | [Regional Office 16 Sections in Regional
H  Division - — i
T (Office of Enginegring Office 1-17
! = and Architectural
= Work Plan Division Design
Inventory Division
IT Center

Figure 2.3 Organizational Structure of RID

As shown in Figure 2.3, the 17 Regional Irrigation Offices of RID are the
main organization responsible for irrigation management of 27 million rai. The
Office of Hydrology and Water Management provides the technical support in
operation, maintenance, establishment of and strengthening the water user groups.
The Office of Organizational Development and Personnel Management provides the
support on training and human resources development for the projects and regional
offices. Irrigation Development Institute under the Office of Research and
Development is responsible for research and development to solve the irrigation
problems. In the past, the Regional Irrigation Offices are under the administration of
the Deputy Director General for O&M. However in the present organizational
structure, the administration of the 17 Regional Irrigation Offices are divided among
the 4 Deputy DGs (O&M, Construction, Administration and Technical). The 4
Deputy DGs have to be responsible for administration of the 17 Regional Irrigation
Offices besides the responsibility for theirs functions.
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For the line of advisory, there are 4 chief professional engineers in 4 main
tasks of RID as follow:

(1) Planning and project

(2) Survey and design

(3) Construction management

(4) Operation and maintenance

The chief professional engineers are the chief technical advisors in the
particular aspects. Besides, RID has established the professional experts on various
aspects including project planning, design, operation and maintenance. The
professional experts are responsible for technical support and assistant to the DG,
Deputy DG and the Office Directors in the central RID.

2.3.2 Organizational Structure of the Regional Irrigation Office

The organizational structure of the regional irrigation office or regional RID
consists of the operation and maintenance projects, the provincial irrigation projects,
water management division and other divisions. The operation and maintenance
projects and provincial irrigation projects have their own command area or service
area. Their main tasks are planning, operation and maintenance and management of
the service area. The division of water management is the regional unit working
closely with the projects on water allocation, monitoring and control of the budget,
establishing the criteria and procedure for water management , analyzing and solving
water problems, and establishing and strengthening the water user groups. This
division is the supervisor of irrigation projects. Its roles is to provide guidelines and to
monitor the water management performance of irrigation projects. The organizational
structure of the regional irrigation office is given in Figure 2.4.

Regional Irrigation Office

Administrative Engineering Division Mechanical Implementation
Division Division Division
Water Management Division Provincial Irrigation project
Operation and Maintenance On Farm Irrigation
Project Development Project

Project Construction Division

Figure 2.4 Organizational Structure of Regional Irrigation Office
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2.3.3 Organizational Structure of Irrigation Project

The irrigation project is the unit for planning, operation and maintenance and
management in the field. There are 2 types of irrigation projects namely (1) O&M
project and (2) provincial irrigation project. The O&M project is the large scale
project which may have it own storage reservoir, such as Phetchaburi O&M project or
may not have its own storage reservoir such as Borrommathad O&M project. The
O&M projects have the water delivery and distribution system including the main,
second level, third level canals and farm ditch system to distribute water to the crop
cultivation area. The O&M project has the organizational structure as shown in Figure
2.5. There are 76 provincial irrigation projects. The provincial irrigation projects are
responsible for operation and management of the medium scale, small scale and
irrigation pumping projects and work with other agencies in the province to solve
water problems of the province. The organizational structure of the provincial
irrigation project is the same as that of the O&M project.

Project Director

Administration Engineering Water Management Mechanical
Section Section Section Section

Water Master Section

Figure 2.5 Organizational Structure of the O&M Projects.

Although the O&M project and the provincial irrigation project have similar
organizational structure but the scope of work are different. The O&M project is
responsible for the large command area of many hundred thousand rai along the
irrigation canal. The project command area is divided into water master sections. Each
water master section has the command area around 50,000 rai. The provincial
irrigation project is responsible for operation and management of medium scale, small
scale and irrigation pumping projects. At present, most of the small scale irrigation
projects and irrigation pumping projects are transferred to TAO. Besides, the
provincial irrigation projects work with others agencies for solving the water
problems such as water for agriculture and flooding problems. Although the
provincial irrigation projects have less command area than the O&M projects but the
non-command area that the provincial irrigation project have to work is quite large. At
province level, there is another implementation unit of DWR that also works on the
water issues. However, recently this implementation unit has been transferred from
DWR to the provincial office of MONRE. This water resources implementation unit
of provincial MONRE works on the policy and plan for solving the water problems at
the province level. There are 2 agencies from 2 ministries working on water problems



19

in the province. Sometimes, the province is confusing on which agencies should
responsible for the water problems. Besides, TAO is the organization responsible for
management of natural resources including water resources at local level. Therefore it
is necessary that the role and responsibility of the 3 agencies in water management
practices at provincial level are clearly defined. The water resources unit of provincial
MONRE should focus on the establishment of policy and plan for integrated water
resources management. Provincial RID should focus on development and
management of medium scale irrigation projects. TAO is responsible for development
and management of small scale water resources projects and maintenance of irrigation
facilities transferred from RID. However at present TAO is lacking of personnel and
know-how to do this function. RID should provide the technical support to TAO. This
issue will be discussed in strategy for operation in Chapter 5.

The structure of O&M project related to irrigation management is the
engineering section, water management section and water master section. The
engineering section is responsible for planning and control of the budget and planning
for project maintenance and repair. The water management section is responsible for
water allocation and delivery to different water master sections, data collection,
control of repair and maintenance activities of the water master section and working
with the water master section in order to establish and strengthen the water user
groups. The O&M project is divided into various water master sections. Each water
master section has an approximate area 50,000 rai. The water master section is the
field operation unit responsible for planning and control of water distribution to
different zones (each zone consisting of approximately 5,000 rai), repair and
maintenance of irrigation system, collecting and reporting the data related to irrigated
area, crop yield and other data to the water management section, and establishing and
strengthening the water user groups.

In each zone, there is one zoneman responsible for controlling of water
delivery to different areas according to the water allocation and delivery plan. The
zoneman is also responsible for water measurement, routine maintenance of canal and
irrigation structure, coordination with water user groups in order to collect data and
problems for the water master section. The zoneman may have the gate operator and
canal tender as assistant for gate operation and routine maintenance of the canal and
irrigation structures.

Typically, the nature of works of the provincial irrigation project in the
command area of medium and small scale irrigation projects are similarly to those of
the O&M project. However the provincial irrigation project has large area out of the
irrigation command area to deal with. Each water master has to handle quite a large
area of about 2-3 districts.

2.4 Concept of Irrigation Sector Reform from ASPL Project

From the ADB Technical Assistance No. 3260 which is a part of the
Agricultural Sector Program Loan (ASPL), the ADB submitted the report on
Capacity Building in Water Resources Sector. This report consists of 3 volumes as
follow:
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Volume 1- Summary of all Components
Volume 2- Component A:  Developing A Unified Water Management System at
the National Level
ComponentB:  Decentralizing Water Resources Management in

River Basins
Annex to River Basin Profiles and Action Plans for the Four
Volume 2 River Basin Committees
Volume 3- Component C:  Reoriented and Reorganizing of Service Delivery in
Irrigation

The report have mentioned about the needs for irrigation sector reform which
can be summarized below:

(1) The cost of providing irrigation service delivery is a significant cost to
Royal Thai Government (RTG) and, by extension, to the Thai public as taxpayers.
The present budget is close to 40,000 million baths. Therefore the cost needs to be
reduced.

(2) The transfer of decision making authority to local administration and
communities is considered to become more efficient, but perhaps more importantly,
bring local people and communities into the governance processes and makes them
take more of responsibility in their own economic and social development.

(3) The new constitution advocates social change and has led to policies of
reducing the role of government and increasing the role of the private sector,
restructuring government administration for increasing efficiency and effectiveness,
reduction of civil service to maintain only necessary or key functions and reduce
duplication, decentralization to local government and communities and increasing the
participation of communities and public.

(4) In the 8™ national plan, the role of the community was raised in its status
and is being greater scope for participation in decisions concerning it. In the 9%
National Plan, it was a priority for the Thai Government to put the community above
the national government in terms of its authority and responsibilities for its own
functions. Because of the importance of the community in irrigated agriculture, this
national priority will have a significant impact on how irrigation service will be
carried out. Communities will become empowered to manage their own affairs, which
extend to irrigation.

(5) The Civil Service Commission has enacted administrative system
improvement measures and staff control measures and amended the Civil Service
Law of 1992 to respond to the pressure of downsizing, a maximum of 20%
replacement of leaving staff.

From the above reasons, there is the need for irrigation sector reform in order
to decentralize the authority and reduce the manpower and cost of irrigation service
delivery. The community will have more role in decision making and management of
irrigation. The term reform in the ADB report does not imply to reorganization of the
departmental structure of RID. Instead it recommended to change to more client
oriented approach to irrigation design and delivery service.

The concepts in irrigation sector reform consist of the following components
including:



21

0 Introduction of the Participatory Irrigation Management (PIM) on all large,
medium and small scale irrigation projects and introduction of the
performance indicators and service standards (PI&SS) for irrigation
management.

o0 Introduction of the service agreement between the water user groups and
irrigation project.

o0 Cost Recovery or cost sharing and expanding the scope of contracting out
to cover service contracts for O&M.

0 Reorientation of RID in preparation for the future.

The pilot projects need to be conducted in order to test the feasibility of the
components of the new concepts.

The main components related to the irrigation sector reform as mentioned
above can be presented in Figure 2.6 which can be seen that each component are
important and related to each others and are the key factors to the success in the pilot
projects and in other irrigation projects as well.

> Cost Sharing
F N
mutual learning for
service contracts Particinat
Contracting 1 articipatory
o Service Agreement | "y el
P (including Cost Sharing Agreement) & Auditing Performance
(emphasis on [ > A Indicators
service - &
contracts) Service
Standards
W UA & "‘ UG (basis of
formulation and strengthening monitoring
'y and
auditing)
Participatory Irrigation Management

F N empowerment of farmers and development of RID / farmer partnership

F

Overall Programme of RID Reorientation
Legislative and Policy Development

Figure 2.6 Irrigation Sector Reform (ADE

The concept in irrigation sector reform is to increase the decision making
authority to farmers and create the partnership between farmers and government
which are the key factors for efficient and effective irrigation management. By the
new concept, the future irrigation management must be the demand driven and cost
sharing approach. The farmers are not the beneficiaries but the clients.

However the irrigation sector reform cannot be realized if the high ranking
official of RID, Ministry of Agriculture and Agricultural Cooperatives and the
Cabinet do not really support this new reform approach. The RID officials, farmers
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and other stakeholders must understand that in the irrigation sector reform, what will
be changed and how that changes will effect the stakeholders.

ADB has proposed the new irrigation sector reform concept on 5 aspects as
mentioned below. At present, only PIM has been included in the new RID strategic
map in Figure 2.1.

2.4.1 Participatory Irrigation Management (P1M)

Water users on RID schemes at large, medium and small scales, will be
organized at all levels of the irrigation system. Where they do not already exist, Water
Users Groups (WUG) will be created at the sub-lateral canal. Integrated Water Users
Groups (IWUG) will be created as federations of all Water Users Groups within a
lateral canal command. At the scheme level, Water Users Associations (WUA) will be
created to unify all IWUG and WUG within a scheme. For extremely large systems,
more than three levels may be required. Also, more than one WUA may be required.
Normally, IWUG and WUGs should be organized as legal entities under the
Association Act, rather than the Cooperative Act. There are aspects of the
Cooperative Act, which may not be compatible with the responsibilities of a water
users organization. The additional legislation will be promoted to strengthen and
clarify the legal status, powers and responsibilities of water users organizations. After
WUG, IWUG are organized, sub-lateral canals should be managed fully by WUG.
Lateral canals and the main system will be managed jointly between the new
organizations and RID during a transition period by Joint Management Committees,
which will be formed at lateral and main scheme levels. Eventually, responsibility and
full decision-making authority for irrigation management will be transferred, first to
the IWUG at the lateral canal level and eventually to the WUA at the main system
level. Large headwork structures and very large main canals may continue to be
managed jointly between RID and the WUA indefinitely.

2.4.2 Cost Sharing

Cost of irrigation development and management will be shared between
farmers who benefit from the projects, local government and RID. For capital costs,
on new and rehabilitation projects, farmers will agree to a Cost Sharing proposal as
part of the project approval process. Farmers will also agree to take part in the PIM
programme for later transfer of responsibility for irrigation O&M.

For O&M Cost Sharing, after management responsibility and authority for the
sub-lateral canal is transferred to the WUG, farmers will be expected to take
responsibility for paying the full cost of routine operations and maintenance at this
level. After management responsibility and authority for the lateral canal is
transferred to the IWUG, water users will be expected to take over responsibility for
paying the full cost of routine operations and maintenance at this level. It is likely that
the full cost of O&M at the main system level will be shared approximately on a
50/50 basis between the WUA and RID. After management transfer at the scheme
level occurs, the cost sharing ratio may adjusted according to need and negotiations,
between RID and the WUA. Cost sharing by the water users organizations may be in
the form of direct labour, hired labour, materials, or other in—kind contributions. It is
not envisioned that water users organizations will pay irrigation service fees to the
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government. Rather, they will manage directly all resources which they mobilize from
their own members. The details of RID and farmer contributions to the irrigation
service will be detailed in a Service Agreement. Up to now the concept of cost sharing
has never been discussed with the water users groups seriously. The in-kind
contribution for maintenance of the sub-lateral canal before starting of the water
delivery is success only in some project.

RID will initiate a planning process to provide a new and more efficient way
to finance the rehabilitation and upgrading of irrigation systems. It is likely that this
will include establishment of an Irrigation Repair and Improvement (IRI) Fund at the
region or province level. After WUA are formally organized, they may periodically
submit proposals to the fund for assistance in making special repairs and
improvements to their irrigation systems (beyond routine maintenance). In order to
strengthen water users organizations, special criteria will be used to select proposals
made by WUA to the Fund, including requirements for matching investments by the
water users organizations. We expect that in the future, such arrangements will reduce
the need for costly rehabilitation projects. At present RID has focused on increasing
the revolving fund collecting from non-agricultural users. The farmers are required for
in-kind contribution only as mentioned previously.

2.4.3 Irrigation Service Agreements and Management Audits

After the IWUG and WUA are created and Joint Management Committees are
formed at lateral and scheme levels, RID project staff (assisted by the Regional
Office) will begin making Irrigation Service Agreements with the IWUG and WUA,
respectively. The Irrigation Service Agreement will specify in writing what specific
operations and maintenance services and costs will be provided by RID and what will
be provided by the IWUG and WUA. The agreement will specify at what hydraulic
levels and according to what criteria and standards the services will be provided. The
Project Manager and Head of O&M of the RID Regional Office will sign the Service
Agreements on behalf of RID. At least two leaders for each IWUG and WUA will be
expected to sign the Service Agreements on behalf of the IWUG or WUA. Normally,
the Service Agreements will be made annually before the rainy season, but should be
reviewed at the start of other growing seasons to account for specific conditions.

After the Irrigation Service Agreements have been made, Irrigation
Management Audit will be conducted annually for each irrigation scheme. Normally,
an Irrigation Management Audit Team will consist of RID staff from the Regional
Office and the Project as well as representatives of the Water Users Association. Staff
from the Department of Local Affairs will also be invited to participate as members of
the Audit Team. The Team will assess to what extent each party complied with its
Irrigation Service Agreement during the previous year, including technical and
financial aspects. The Team will also examine to what extent the IWUG and WUA
followed their own democratic rules and processes. IWUG and WUA will be given
performance ratings.

2.4.4 Promotion of private sector provision of irrigation services

RID will promote further involvement of the private sector in irrigation
service delivery and other functions. RID will also assist IWUGs to to build their
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capacity to make and supervise contracts for O&M services with private sector
entities. The Service Agreements can be used as a learning tool for subsequent
contracts.

2.4.5 Restructuring of RID

The RID will undertake a process of strategic planning to bring its mission,
functions, organizational structure and processes, human resource deployment, staff
incentives and budgets into alignment with the Irrigation Sector Reform Policy. This
will involve consultations with staff at all levels.

Successful adoption of these policies will require many efforts. These will
include legislation, participatory planning studies, consultations with farmers and
other government agencies and the ingenuity and team efforts of staff of the RID. In
order for the Reform program to be a success, the productivity and profitability of
irrigated agriculture should increase. Hence, it will be necessary for us to collaborate
with the Department of Agricultural Extension and other agencies which support
farmers for the agricultural and marketing aspects.

Senior officers will be appointed as members of a special Irrigation Sector
Reform Program Team. Members will be at Central as Regional Offices. Each will
have responsibility for planning and oversight of one or more of the components of
the ISR Program.

2.5 Tools for Irrigation Project Evaluation

This section will discus 2 types of the tools for performance assessment of
irrigation projects including (1) Rapid Appraisal Process (RAP) of FAO/World Bank
and (2) Performance Indicators and Service Standards or PI&SS from the ASPL
project as mentioned in section 2.3. The volume 3 of the ASPL reports, the
Reoriented and Reorganizing of Service Delivery in Irrigation (ADB. 2001), provides
the analysis and recommendation on the performance indicators and the service
standards.

2.5.1 Performance Indicators and Service Standards (P1&SS)

In the ASPL study, a long list of the performance indicators from the
international institutions such as IWMI, IPTRID, INPIM and etc. were proposed
(MOAC.2001). There were 56 indicators covering various aspects of irrigation
performance as indicated in Table 2.5. RID established a working group on
performance indicators and service standard or PI&SS. Only 10 indicators was
selected from the long list and modified in order to test in the pilot projects under
ASPL program. The PI&SS computer program, web based software, was developed
in such way that the data can be input and the result can be presented on the internet.
The detail of the 10 indicators and the service standard in irrigation are shown in
Table 2.6 and 2.7 respectively.
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Table 2.5 Summary of the ASPL long list performance indicators

Performance Indicator Classification No. of ASPL long list indicators

1. Production 10
2. Water delivery and farmer participation

2.1 Water delivery 22
2.2 Farmer participation 12
3. Investment costs and benefits 2
4. Equity 6
Total no. of indicators 56

Table 2.6 Ten RID selected ASPL performance indicators in PI&SS

RID Selected ASPL
Performance Indicators(P1)

Indicators Descriptions

Land utilization - P11(%)

100*Actual crop cultivation area/lrrigation command
area

Land utilization - P12(%)

100*Actual crop cultivation area/Target Irrigation
Area

Irrigation Efficiency -
P13(%)

100*Net irrigation water requirements/Total water
supply

Comparative crop yield -
P14(%)

100*Project yield/Out-of project yield

Budget allocation - PI5-
1(B/rai)

Annual budget*(7/12)/Wet season irrigation
command area

Budget allocation - PI5-
2(B/rai)

Annual budget*(5/12)/Dry season irrigation command
area

Water allocation problems -
P16(%)

100*No. of WUGs with water allocation
problems/Total no. of WUGSs

Participation - P17(%)

100*No. of WUGs cleaning ditch/Total no. of WUGs

Farmer satisfaction - P18(%)

100*No. of surveyed farmers having problems/Total
no.of surveyed farmers

Farmer satisfaction - P19(%)

100*No. of surveyed farmers with satisfaction and
very satisfaction/Total no. of surveyed farmers

Officer satisfaction -
P110(%)

100*No. of surveyed officers with satisfaction and
very satisfaction/Total no. of surveyed officers

Table 2.7 The proposed service standard for some performance indicators in PI&SS

. Service Standard (SS)

Performance Indicators(PI) Good Eair Poor
Land utilization (P12)
Irrigation Efficiency (PI3)
Comparative crop yield (PI) >90% >80% <80%
Water allocation satisfaction of WUGs
(P19)
Water allocation problems (PI8) <10% <20% >20%
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The PI&SS program is the web-based program written with PHP in order to
manage the database on MYSQL. There was a Thai manual. However the program
PI&SS has never been used in the practice due to many reasons including (1) lack of
personnel who are experts on this program (2) lack of data for testing the program.
This program requires a lot of detail data. Some of which have never been recorded
(3) nobody is interested to use the program (4) modification of this program to meet
the requirements of the projects or regional office is difficult due to lack of personnel
who can work on PHP programming and MY SQL database.

RID should adopt the concept of PI&SS to develop the monitoring and
evaluation system for irrigation projects. The performance indicators should be
carefully selected to match the requirements of irrigation projects and RID. The M&E
system should be developed on spreadsheet since most of the new engineers in the
irrigation project are familiar with the spreadsheet. The data input, the presentation
via tables or graph and the modification of the performance indicators formula can be
done easier than other programming approach such as the PHP used in PI&SS
softwares.

2.5.2 Rapid Appraisal Process (RAP)

Rapid Appraisal Process or RAP is a tool developed by the joint effort of
FAO/IPTRID/World Bank for quick water delivery service performance evaluation
and the irrigation system capability evaluation of various components of irrigation
system. RAP is developed on Excel which is easier to understand and modify.

Rapid Appraisal Process (RAP) allows qualified personnel to systematically
and quickly determine key indicators of irrigation projects. The RAP can generally be
completed with 2 weeks or less of field and office work — assuming that some readily
available data on the project have been organized by project authorities in advance of
the RAP. Key performance indicators from RAP help to organize perceptions and
facts, thereby facilitating informed decisions regarding:

- The potential for water conservation within a project

- Specific weakness in project operation, management, resources, and
hardware

- Specific modernization actions that can be taken to improve project
performance.

Rapid Appraisal Process (RAP) for irrigation projects is a 1-2 week process of
collection and analysis of data both from the office and from the field. The process
examines external inputs such as water supplies, and outputs such as water
destinations (ET, surface runoff, etc.). It provides a systematic examination of the
hardwares and processes used to convey and distribute water internally to all levels
within the project (from the source to the fields). External indicators and internal
indicators are developed to provide the following information:

(i) a baseline of information for comparison against future performance
after modernization.
(i)  benchmarking for comparison against other irrigation projects
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(iii) a basis for making specific recommendations for modernization and
improvement of water delivery service.

An essential ingredient of the successful application of RAP is adequate
training of the evaluators. Experience has shown that successful RAP program
requires:

(1) evaluators with prior training in irrigation.

(ii) specific training in the RAP techniques.

(iii) follow-up support and critique when the evaluators begin their field work.

A RAP will be unsuccessful if the EXCEL files are merely mailed to local
irrigation projects to be filled out. Evaluators must understand the logic behind all the
questions, and must learn how to go beyond the obvious when obtaining data.
Ideally, if two qualified persons complete a RAP on a single irrigation project, the
indicators that are computed by both persons will be very similar.

Typical baseline data for external indicators (such as water balances and
irrigation efficiency) are either readily available or they are not. Individual irrigation
projects have differences in the ease of access to typical baseline data on the
command area, weather, water supply, etc. In some projects the data can be gathered
in a day; in others it may take weeks. Usually the delays in data organization are due
to simply finding the time to pull the data out of files and organizing it. If the data
does not already exist, spending an additional 3 months on the site will not create the
data. The question of what is "reasonably accurate” in data collection and
computations can always be debated. Confidence intervals should be assigned to
most water balance data — reflecting the reality that we always have uncertainties in
our data and computation techniques. In irrigation matters, one is typically concerned
about 5-10% accuracy.

For the RAP, one begins with a prior request for information that can be
assembled by the irrigation project authorities — information such as cropped areas,
flow rates into the project, weather data, budgets, and staffing. Upon arriving at the
project, that data is organized and project managers are interviewed regarding missing
information and their perceptions of how the project functions. One then travels
down and through the canal network, talking to operators and farmers, and observing
and recording the methods and hardware that are used for water control. Through this
systematic diagnosis of the project, many aspects of engineering and operation
become very apparent.

The external indicators do establish key values — such as whether or not it
might be possible to conserve water (without defining how that might be
accomplished). As such, low values of external indicators often provide the
justification for modernization of projects — with the anticipation that modernization
or intervention will improve the values of those external indicators. The internal
indicators are necessary to understand the processes used within an irrigation project,
the level of water delivery service throughout a project, and they also help an
evaluator to formulate an action plan that will eventually result in an improvement of
external indicators.
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RAP was developed on MS.Excel consisting of 14 worksheets as shown in
Table 2.8.

Table 2.8 The detail of the 14 RAP worksheets

Sheets Name Worksheet Description
1 L.Input- If one wants to use only one year data, the average water year should
Water be used. It requires the input (mostly monthly) of:
Balance - Crop names
for Yearl | - Irrigation Water Salinity
- Crop threshold ECe values
- Field crop coefficients, by month
- Areas of crops
- Water supply
- Precipitation
- Recirculation and groundwater pumping
- Special agronomic requirements
2 2.Input- Insert sheet2 and copy form and format from sheetl to sheet 2 and
Water rename. Make appropriate link cells in column X-Al in sheet 4.
Balance
for Year 2
3 3.Input- Insert sheet3 and copy form and format from sheetl to sheet 3 and
Water rename. Make appropriate link cells in column AK-AV in sheet 4.
Balance
for Year 3
4 4.External | Automatic computations of monthly and annual values of various
Indicators | water supply indicators. These are temporary values- except the user
(ignore must input "CI" values. The final, important values can be found in
these, the worksheet '14. World Bank BMT]I Indicators'
except to
input
needed
ol
values)
5 5. Project | Most of the data for this sheet are obtained from the Project office.
Office They include:
Questions | - General project conditions
- Water supply location
- Ownership of land and water
- Currency
- Budgets
- Project operation, as described by office staff
- Stated water delivery service at various levels in the system.
6 6. Project | Requests information regarding employee training, motivation,
Employees | dismissal, and work descriptions.
7 7. WUA Data for Water User Associations (WUA) that were not obtained in

the “Project Office Questions” are obtained here. This requires asking
guestions in the Project Office as well as having interviews with Water
User Associations. Questions are related to:

- Size of WUAs

- Strength of organization

- Functions

- Budgets

- Water charges
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8 8. Main Data for the Main Canal, including

Canal - Control of flows

- General canal characteristics

- Cross regulators

- General conditions

- Operation rules

- Turnouts

- Communications

- Regulating reservoirs

- The level of service provided to the next lower level

9 9. Second | Same as Main Canal

Level
Canals
10 10. Third | Same as Second Level Canals
Level
Canals
11 11. Final Information regarding the level of water delivery service to individual
Deliveries | ownership units, and at the last point of operation by paid employees.
12 12. This worksheet summarized the internal indicators that were
Internal calculated in the previous worksheets, plus asks for input regarding a

Indicators | few extra indicators. Weighted category indicators are computed for
groups of sub-indicators.

13 13. This worksheet holds intermediate calculated values.
Benchmark
Indicators

14 14. World | This, plus worksheet 12, provide the final summary for the exercise.
Bank
BMTI
Indicators

The evaluation results in term of the external indicators are given in Sheet 4,
the internal indicators in Sheet 12 and the World Bank Technical Indicators (BMTI)
in Sheet 14.

Benchmarking is the process that uses the concept similar to RAP to ensure
that the irrigation projects improved continuously. There are the comparative analysis
on both internal and external indicators. The internal comparative analysis is to
compare the actual performance with the target. The external comparative analysis is
to compare the project performance with the performance of other projects or other
organizations working on the similar function.

In worksheet 14, World Bank BMTI indicators is the attempts of FAO/World
Bank/IPTRID to utilize the RAP internal and external indicators for benchmarking.

The example of RAP for performance evaluation of 16 irrigation projects
around the world was reported in FAO Water Report 19- Modern Water Control and
Management Practices in Irrigation- Impact on Performance (Burt and Styles, 1999).
This report can be downloaded from the website http://www.fao.org/icatalog/inter-
e.htm.

There is one problem regarding to the RAP is that the RAP sheet questions are
written in English. 1t may not convenient for the RID staff who may have English
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language problem. The RAP sheets are translated into Thai in order to ease RID staff
to use RAP for performance evaluation of the project water delivery services and to
evaluate the capability of the irrigation system. The Thai version RAP is given in the
ANNEX 4 of this report.

Under the Policies and Strategic Planning for Thailand Irrigation Sector Reform
Program (ISRP), RAP was selected for performance evaluation of the pilot projects.
The information from RAP is useful for developing the strategy for irrigation sector
reform.

2.6 Strategic Issues from 1%t National Consultation Workshop

The 1% National Consultation Workshop was held on 29 September 2006 at
Irrigation Management Institute. There were more than 200 stakeholders from RID,
river basin committee, other government agencies, TAO and water user
representatives participating in the workshop. The feedback from the workshop was
good information in formulation of policies and strategy for Thailand irrigation sector
reform.

2.6.1 Strength-Weakness-Opportunity-Threat in Irrigation Management

The small group discussion provides the useful information for identifying the
strength-weakness-opportunity-threat (SWOT) in irrigation management in Thailand.
The result of SWOT can be summarized below:

(1) FUND
Strength Weakness

1. government agencies 1. government agencies, TAO, WUO

1.1some budget available 1.1 lack of funds/budget for maintenance

1.2 manpower support

Opportunity Threat

1. government agencies 1. government agencies

1.1 provide budget 1.1 limit power to make decision and negotiation with the

Budget Bureau

1.2 difficult to establish the irrigation repair and
improvement fund by RID and TAO
2. TAO

2.1 TAO has no willingness to pay the maintenance cost
3. WUO

3.1 WUGs do not want to pay the maintenance cost

3.2 farmers do not agree with water fee collection
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(2) INSTITUTION & OTHERS

Strength
1. government agencies
1.1 irrigation staff has ability and experience in
operation
1.2 use the irrigation communication officers
1.3 establish the center for coordination, public
relation and transfer of technology at the TAO office
and water master office
1.4 select the successful ASPL pilot projects
1.5 effective communication system
2. TAO
2.1 transfer functions in water resources to TAO
3. Water User Organization
3.1 strong community leaders
3.2 unity of water user group member

Weakness
1. government agencies
1.1 limited field staff
1.2 very little incentive to work
1.3 no freedom to work

Opportunity
1. government agencies
1.1 good cooperation among the government
agencies
1.2 strong support from high ranking official and
very active field operators
1.3 availability of the manpower support
1.4 zoneman should be responsible only for water
delivery service but not to safe guard the
government property
2. TAO
2.1 training TAO and farmers
3. water user organization
3.1 strong water user groups
3.2 create good understanding, training and service
mind for water user group on irrigation management
3.3 promote the agricultural careers
4. revise the transfer functions regulation
5. good public relation
6. take advantages of the government reform program

Threat

1. government agencies

1.1 duplicate and not unity

1.2 lack of coordination

1.3 insufficient field staff
2. TAO

2.1 lack of technical knowledge,
irrigation law and practical transfer
function
3. water user organization

3.1 no activities, weak
4. farmers

4.1 lack of knowledge in O&M

4.2 improper water use tradition

4.3 small profit from crop
cultivation

4.4 small plots

4.5 competition in crop cultivation
5. lack of national master plan and
policies
6. existing laws do not supporting the
field operation and no practical
enforcement
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(3) PIM
Strength Weakness

1. government agencies

1.1 government policy support the transfer
functions and public participation

1.2 good relationship between staff and WUG
2. water user organization

2.1 members of WUG have unity and cooperation

2.2 provide the training and good understanding to
water user good
3. participation on thinking, doing and inspecting
4. systematic irrigation management and
participatory cooperation

Opportunity Threat

1. government agencies
1.1 good cooperation
2. water user groups
2.1 strong WUG
2.2 training, creation of service mind
3. people exciting about the transfer functions and
participation

1. government agencies
1.1 lack of coordination
2 TAO

2.1 TAO employees are not ready to
take the transfer of functions
3. water user organization
3.1 no activities, not strong
3.2 lack of understanding about the
participatory concept
3.3 good cooperation during
shortage
3.4 lack of common responsibility
4. farmers
4.1 lack of sense of ownership
4.2 lack of good understanding about
RID
4.3 government official must provide
the service
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Strength

1. government agencies

1.1 RID has an experience in irrigation

1.2 RID staff must pay attention to the
service

1.3 RID staff should give an advice to
water users
2. promote the understanding on water
management
3. establish the maintenance schedule for
canal and farm ditches

Weakness

1. government agencies

1.1 lack of field staff

1.2 lack of M&E

1.3 discontinuity in implementation
2. irrigation system

2.1 structures and delivery system damaged
and lack of maintenance

2.2 insufficient water control structures

2.3 insufficient farm ditches access
3. water management

3.1 lack of water measurement

3.2 lack of efficiency evaluation of the canal
4. lack of public relation on water allocation
activities

Opportunity
1. government agencies
1.1 RID has an experience in irrigation
1.2 strong support from high ranking
official and very active field operators
1.3 RID can control water delivery even
though there is no irrigation fee

Threat
1. government agencies
1.1 insufficient field staff

2. TAO

2.1 lack of technical skill on irrigation

2.2 do not pay attention to water management.
3. farmers

3.1 inefficient use of water

3.2 lack of technical skill on irrigation

3.3 need government support
4. irrigation system

4.1 insufficient water resources

4.2 lack of maintenance on the transferred
small scale reservoir

4.3 canal sedimentation problem.

4.4 canal encroachment

4.5 maintenance service sufficient
5 water management

5.1 inequity, unreliable

5.2 water shortage problem

5.3 insufficient water distribution due to canal
closed for maintenance

5.4 non-strict water control

5.5 political interference
6. people dumps garbage in the canal
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2.6.2 Strategy for Irrigation Management

(1) FUND

1.

The O&M costs can be obtained from the government budget allocated
through RID and TAO and by collecting from water users. The negotiation
with Budget Bureau is needed.

The irrgation fund should be established at water user organization level in
the first phase.

Promote participation, create the sense of ownership and acknowledge the
economic value of water.

(2) INSTITUTION & OTHERS

1.
2.

11.

12.

13.

Water delivery service must be the main issues in provincial meeting.
Establish the joint management committee consisting of the
representatives from the project, water user organization, TAO and other
agencies.

Establish the coordination and public relation center at TAO office and
water master section office.

Promote the use of irrigation communication organizer (ICO).

Recommend to implement in the selected ASPL projects.

Establish the national policy and master plan.

Training TAO officers on technical and legal issues and procedure for
transfer functions.

Training water user organization on O&M and promote the good
understanding on water management.

Modify the transfer functions regulation to match the existing conditions.

. Revise the obsolete laws to support the operation and establish the

practical way of law enforcement.

Raise the farmer incomes by creating the agricultural industry in irrigated
area.

Develop the strong water user organization which focuses on the activities
during the critical period.

Increase budget and manpower to match the workload.

(3) PIM

1.

2.

3.

Establish systematic water management system and promote public
participation.

Establish good understanding on participatory approach and sense of
ownership. Define the role and responsibility in water management.

RID must continue supporting TAOs and water user groups on the transfer
functions.

(4) SERVICE AGREEMENT

1.

w N

Establish the systematic process of water management including planning,
implementation, monitoring and evaluation.

Maintain good conditions of water delivery and distribution systems.

TAO must give the priority to the transfer functions.

The service of TAO must be uniform, particularly on the canal located
under the 2 TAOs.
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There must be law enforcement of canal encroachment and garbage
dumping into the irrigation canal.

Water allocation must consider the issues of equity, monitoring and
evaluation and strict control of water, particularly during the crisis and
should not be interfer wwith the politic .

Conduct water measurement and estimate the project irrigation efficiency.
Adjust the maintenance plan to match the cropping calendar.

Continuous promotion of public relation on water alloaction and
maintenance.

2.6.3 STRATEGIES AND ACTIVITIES

Strategy 1: Budgetary O&M

1.
2.

Establish the fund by starting from water user organization level,

Fund raising for O&M expenditure, from RID and TAO budget. It requires
to make understanding and agreement with Budget Bureau, the other
sources may be collecting water fee from water users.

Strategy 2: Establishment and Development of Institution and Organization

1.

SN

S

Establish the Joint Management Committee (JMC) for Irrigation,
composing of representatives from water users, TAO, irrigation projects,
the concerned government agencies and private sectors.

Establish the coordination, public relation and technology transfer center at
the TAO office as well as irrigation project or at the water master office.
Upgrade the irrigation project to be an agro-industrial development project
in irrigation system in order to increase more income to the farmers.

TAO must accept and recognize the transferable activities.

TAO in upstream and downstream of canals must take O&M responsibility
in theirs own boundaries along the canals.

Employ irrigation community organizer.

Increase numbers of staff or budget to be appropriate with the quantities of
O&M work.

RID need to provide support to TAO and WUO on the transfer function
for some period of time.

Strategy 3: Training and Strengthening the Organization

1.

2.
3.

4.

Training the TAQO’s Staffs in the topics relevant on the O&M techniques,
irrigation laws and the processes in transfer functions.

Train the WUO in the topics of O&M,

Strengthen the WUO and promote the unity of WUO by establishing some
activity during water crisis,

Promote participation by providing water users the knowledge about their
roles and responsibilities, sense of belonging, joint effort on thinking,
doing, monitoring and evaluating, water right, value of water, good
attitude on RID.

Strategy 4: Operation and Maintenance

1.

2.

Irrigation systems must be in good condition and also have sufficient canal
densities and canal structures.
Select the ASPL projects having good performance as pilot project.
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Water management should have full participation from stakeholders in
carry out the whole processes of planning, implementation, monitoring and
evaluation.

Water allocation must be equitable and reliable. Users should get the
proper amount of water for the required period of time. There is effective
monitoring and control system with no political interference.

Locate the position for measuring the water quantity and water level. The
canal irrigation efficiencies should be investigated.

Maintenance plan should be adjusted so as to conform with cropping
calendar.

Public relation on water allocation process should be continuously done to
keep the stakeholders in the irrigation project inform.

Water Management should be one of the important issues in the provincial
committee meeting.

Strategy 5: Policy, Laws and Regulation

1.
2.

3.

4.

Set up the master plan and the national policy.

Revise the regulation of transfer function which is appropriate for
implementation.

Revise and improve the related water laws in order that they could be
enforced.

Enforce the laws on construction of structures in the waterways and
releasing waste water and garbage in the irrigation canal.

2.7 Service Oriented Management and Irrigation Modernization

2.7.1 Service Oriented Management

The modern concept of water management is to deliver water to clients
according to the service agreement and crop water requirements. This concept is
called service oriented management concept (SOM). SOM should be adopted to
replace the existing water management concept, top-down concept which is inflexible.

SOM is the concept similar to the general service concept in business sector
which can be explained in Figure 2.7.
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Figure 2.7 Service Oriented Management Concept

The main principles of the service oriented management by mean of service
agreement are (1) the irrigation project or the service provider and the water user or
the client have to establish the service agreement which specifies the detail of the
water delivery service for example where and when water is required, how and how
much water is delivered and etc; (2) the project has to establish the water delivery
schedule and to control the water delivery according to the service agreement; (3) the
clients have to pay something back in return such as in kind contribution for
maintenance of the canals and farm ditches and controlling members of the water user
groups to give the cooperation with the project in water delivery services.

The irrigation project can deliver water according to the service agreement and
to meet the water requirements of the water users if water delivery services are
flexible and reliable. The water users can choose or adjust the water delivery service
according to the crop water requirements. The irrigation project can control the water
delivery to water user groups. If the water user groups do not follow the service
agreement, the project has authority to stop the water delivery service to the water
users.

The important issue about the service oriented management is the flow of
information between the service provider and the clients and the flow of information
among the clients. The information must be accurate enough for the following
analysis:

(1) Analysis of the level of water delivery services.

(2) Estimation of the water requirements.

(3) Adjust the water requirements according to the situation during the season.
(4) Adjust the actual services to match the requirements.

(5) Water measurement and fee collection.
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Thus, this concept has 3 main basic flows between the service provider and the
clients. Those are (1) flow of water (2) flow of information and (3) flow of money.
The project can deliver water to the water users if (1) the water requirements of the
users are known (2) the water delivery system must be ready to use and have enough
capacity to deliver water according to the schedule (3) the field operators must have
enough experiences and have responsibility. The O&M budget, water measurement
and control, penalty system for those who do not follow the service agreement are the
pre-requisite for the water delivery system to do its function.

2.7.2 Irrigation Modernization

The service oriented management is the new concept for Thailand. In order to
adopt SOM, the water management and control practices need to be changed and the
water delivery system needs to be improved through the process of irrigation
modernization. The irrigation modernization is a process of technical and managerial
upgrading of irrigation schemes with the objective to improve resource utilization
(labor, water, economics, environmental) and water delivery service to farms. The
irrigation modernization is different from the rehabilitation which focuses only on the
structural improvement.

FAO has proposed the techniques for irrigation modernization according to the
service oriented management. This technique is called MASSCOTE (Mapping
System and Services for Canal Operation Techniques) (Renault et. al. 2007). The
main principle of MASSCOTE consists of 11 steps as shown in Figure 2.8.

The steps in the MASSCOTE approach

(11) VISION AND PLAN FOR MODERNIZATION

MONITORING AND EVALUATION
(10) INTEGRATING () RAP
SOM OPTIONS
(9) OPERATION (2) CAPACITY AND
IMPRO VEMENTS/UNITS SENSITIVITY
(8) DEMAND FOR | (3) PERTURBATIONS |
OPERATION
B AN AGENMENT | (4) WATER AC COUNTING |
UNITS
(8) SERVICE
TO USERS

(S) COST OF OPERATION

Figure 2.8 The Steps in the MASSCOTE Approach
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Modernization of irrigation project according to the concept of MASSCOTE
consists of 11 steps which is divided into 2 phases as shown in Table 2.9.

Table 2.9 The MASSCOTE framework

Mapping ...

Phase A - Baseline Information

1. The performance
(RAP)

Initial rapid system diagnosis and performance assessment through the
RAP. The primary objective of the RAP is to allow qualified personnel
to determine systematically and quickly key indicators of the system in
order to identify and prioritize modernization improvements. The second
objective is to start mobilizing the energy of the actors (managers and
users) for modernization. The third objective is to generate a baseline
assessment, against which progress can be measured.

2. The capacity &
sensitivity of the system

The assessment of the physical capacity of irrigation structures to
perform their function of conveyance, control, measurement, etc. The
assessment of the sensitivity of irrigation structures (offtakes and cross-
regulators), identification of singular points. Mapping the sensitivity of
the system.

3. The perturbations

Perturbations analysis: causes, magnitudes, frequency and option for
coping.

4. The networks & water
balances

This step consists of assessing the hierarchical structure and the main
features of the irrigation and drainage networks, on the basis of which,
water balances at system and subsystem levels can be determined.
Surface water and groundwater mapping of the opportunities and
constraints.

5. The cost of O&M

Mapping the costs associated with current operational techniques and
resulting services, disaggregating the different cost elements; cost
analysis of options for various levels of services with current techniques
and with improved techniques.

Mapping ...

Phase B - Vision of SOM & Modernization of Canal Operation

6. The service to users

Mapping and economic analysis of the potential range of services to be
provided to users. Mapping a vision of the irrigation scheme.

7. The management units

The irrigation system and the service area should be divided into
subunits (subsystems and/or unit areas for service) that are uniform
and/or separate from one another with well-defined boundaries.

8. The demand for
operation

Assessing the resources, opportunities and demand for improved canal
operation. A spatial analysis of the entire service area, with preliminary
identification of subsystem units (management, service, O&M, etc.).

9. The option for canal
operation improvements /
units

Identifying improvement options (service and economic feasibility) for
each management unit for : (i) water management, (ii) water control, and
(iii) canal operation.

10. The integration of
SOM option

Integration of the preferred options at the system level, and functional
cohesiveness check. Consolidation and design of an overall information
management system for supporting operation.

11. A consolidated vision
& aplan for
modernization and M&E

Consolidating the vision for the Irrigation scheme. Finalizing a
modernization strategy and progressive capacity development.
Selecting/choosing/deciding/phasing the options for improvements. A
plan for M&E of the project inputs and outcomes.
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3. PILOT PROJECT PERFORMANCE ASSESSMENT BY RAP

3.1 Introduction

The process for Policies and Strategic Planning for Thailand Irrigation Sector
Reform Program was started from the formulation of the 6 working groups namely legal,
participatory irrigation management (PIM), service agreement, financial arrangement,
design and operation and training. The pilot projects in 4 different areas were selected for
studying the issues in irrigation management and the approaches to solve the problems in
order to formulate the strategic issues for irrigation sector reform of Thailand. The pilot
projects selected for this study are.

(1) Phetchaburi O&M project, Phetchaburi Province, which has its own reservoir.
(2) Borrommathad O&M project, Chainat province, which is the large scale
irrigation project in central plain without reservoir. Water has to be diverted from
other water resources.

(3) Huai Fi and Nam Puey are small scale reservoir projects initiated by the King.
They are small scale farmer managed irrigation systems in Phayao province,
Northern Thailand.

(4) Huai Sam Pad reservoir is the project initiated by the King. It is the medium
scale O&M project in Udon Thani province, North of Thailand.

(5) Huai Mong pumping project in Nongkai province, Northeastern part of
Thailand.

In this chapter, the background of pilot projects and the result of project analysis
and evaluation by RAP are presented.

3.2 The Detail of the Pilot Projects
3.2.1 Phetchaburi O&M project

Phetchaburi O&M project located in Phetchaburi province. It was constructed in
1950 or 58 years ago in Phetchaburi river basin. Kaengkrajan reservoir is the main source
of water having the storage capacity of 710 million cubic meter. Phetch diversion dam is
the headworks located downstream of Kaengkrajan reservoir. Its function is to divert water
into 4 main canals covering an irrigation area of 468,280 rai. There is the farm ditch system
for water distribution but no land consolidation. In wet season, 415,594 rai can be irrigated
but in the dry season only 150,000 rai or 34% of the wet season irrigation can be irrigated.
The main functions of Phetchaburi O&M project are to deliver water for the following
purposes; domestic water supply, sea water intrusion, crop cultivation and industrial uses.

Most of the cultivated area used for paddy cultivation in wet season. In dry season,
paddy, peanut, soybean, mung bean, water melon, sweet corn, lemon and fruit tree are
cultivated.

There are 3 right main canals and 1 left main canal. The detail of the canal system is
shown in Table 3.1. Most of the farm ditches are earth ditches. There are 1,633 farm
ditches with the total length of 153 kilometers.
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Table 3.1 Detail of Water delivery System of Phetchaburi O&M project.

Main Canal Types of the Canal | Peak Flow Rate Irrigated Area.
Canal Length
(km.) (m3/second) (rai)

RMC 1(Right Bank) Concrete lined 16.660 10.625 65,048
RMC 2(Right Bank) Concrete lined 19.556 5.960 54,330
RMC 3(Right Bank) Concrete lined 25.900 22.803 232,404
LMC Unlined 36.339 14.570 72,719

Total 424,501

The project has established the water delivery scheduling for both wet and dry
season. In wet season, the water is delivered on continuous basis to the maximum target
area of 415,594 rai. In dry season, water is limited. The dry season irrigation area varies
according to the water available in the Kaengkrajan reservoir at the beginning of dry
season. On the average, 150,000 rai can be irrigated. The rotation water delivery is usually
practiced. The project has declared 132 irrigation canals on the right bank of Phetchaburi
river, by the authority of Irrigation Act 1942, as the irrigation water coarse since 1962. At
present, the water fee is collected from non-agricultural water uses to the irrigation
revolving fund. RID uses the irrigation revolving fund to buy the equipments for
maintenance of the irrigation system.

The water user groups (WUGS) and the integrated water user groups (IWUGS) have
been established. At present, there are 27 IWUGs. Some IWUGS are quite active in water
management due to 2 key factors (1) strong leadership of the IWUG chairman and (2) the
active field operation staffs to work with IWUGs.

3.2.2 Borrommathad O&M Project

Borrommathad O&M project is the diversion type irrigation project on the right
bank of Chao Phraya river constructed in 1964 in Chainat province. The water is diverted
from Chao Phraya diversion dam into 3 main canals namely 1L, 2L and 1R main canals.
Most of the main canals are unlined. The detail of canal system is given in Table 3.2. Up to
365,000 rai can be irrigated, of which 152,717 rai are land consolidation area and 212,283
rai are typical farm ditch system.

Table 3.2 Detail of Water delivery System of Borrommathad O&M project.

Main Canal | Types of the Canal | Canal Length | Peak Flow Rate | Irrigated Area
(km.) (m3/second) (rai)
1R Unlined 41.7 26.97 191,570
1L Unlined 99% 62.7 12.76 90,090
2L Unlined 79% 24.4 10.516 83,340
Total 365,000

In year 2006, about 753 mcm of water was delivered Borrommathad O&M project
with estimated irrigation efficiency of 63%. The total annual rainfall was 1,090 mm. The
total number of farmers is 144,550. Most of them are paddy farmers with the average
income of 46,000 baht per household. In year 2007, the project got the total budget of 154
million baths or 423 bahts/rai. There was very small amount of water collected for non-
agricultural uses.
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Borrommthad O&M project is facing the water shortage problem. The water cannot
be delivered to the tail end of the canals on both wet season (during land preparation
period) and dry season. The main reasons are (1) the weekly water level fluctuation at Chao
Phraya diversion dam due to the variaton of flow released from Bhumipol and Sirikit
reservoirs for hydropower generation, the reservoir releases are lower during the week end,
resulting in too small discharge diverted to the main canals when water level is lower than
the target control level; (2) Borrommathad O&M project is the supplementary irrigation
project (the design water duty is 0.13 Ips/rai) which limits the water delivery during the dry
season. There are 2.5 cropping intensity. Farmers cultivate up to 5 paddy crops per 2 years
in the area on the head end of the canals. In dry season, the water shortage is critical. The
project has tried to solve the inequity in water distribution by adopting the default water
delivery practices. All the cross regulators (check structures) are fully open in order to
maintain the water level in the canals below the FSL level and water cannot flow through
the FTO by gravity. Farmers have to pump water into their farm lands. One advantage of
this default water delivery is to increase water use efficiency due to pumping cost of about
200 bahts per rai per season that is paid by farmers. The main dis-advantage is the cost of
paddy cultivation increased. The study should be conducted to assess the feasibility of
water delivery by default as practiced in Borrommathad O&M project.

3.2.3 Huai Fi and Nam Puey Small Scale Irrigation Projects

Huai Fi and Nam Puey are the small scale reservoir projects located in Bhuzang
district, Phayao province. Huai Fi is the King initiated project but Nam Puey is the project
for national security on Thai —Lao border. The 2 reservoirs are farmers managed irrigation
systems under the responsibility of Phayao irrigation project. These 2 small scale projects
are not transferred to TAO due to the special background of the projects, the King initiated
and nation security. These 2 projects are managed by the farmer water user groups, which
is the typical practices in Northern part of Thailand.

RID constructed Huai Fi reservoir in 1983 on purpose to store water for domestic
and agricultural uses. Huai Fi reservoir has the storage capacity of 0.825 mcm. The water
from the reservoir can be delivered to irrigate 3,000 rai of paddy in wet season via 14 small
weir-ditch systems, 10 of which constructed by Bhuzang Tambol Council and 4 of which
by farmers, and 2 village ponds having the storage capacity of 17,000 and 45,000 cubic
meters. In dry season, the main crops are vegetable crops such as onion. Less than one third
of the command area can be irrigated. In the past, there were water use conflicts. The staffs
of Phayao irrigation project took the opportunity to provide the knowledge on water uses,
water delivery and distribution and help establishing the Huai Fi water users groups in
1989. At present there are 19 WUGs under 1 IWUG. The Huai Fi IWUG is one of the
strong IWUG in Thailand due to the strong leadership of the IWUG chairman. In year
1991, Huai Fi IWUG won the best water user organization awards of the country. In year
2006, Huai Fi was selected as the pilot project of the Ministry of Agriculture and
Agricultural Cooperatives for integrated plan and development of all departments of the
ministry.

Nam Puey reservoir is located in Ban Huok, Bhuzang district, Phayao province. It is
the project for national security purpose along Thai-Lao border proposed by the Regional
Army 3. The reservoir was constructed in 1986 with the total construction cost of 7 million
baht. The main purpose is to store water for domestic and agricultural uses. The reservoir
has the storage capacity of 192,500 m®. The watershed area is 6 km? with the average total
rainfall of 1,400.8 mm/year. The annual inflow to the reservoir is 2,101,200 m*/year. The
reservoir can deliver water to irrigate 1,500 rai and is also used for domestic water supply,
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fishery and recreation purposes. The reservoir is the mean to create the good impression of
the government support to the remote people who are living along the Thai-Lao border.

3.2.4 Huai Sam Pad Medium Scale Irrigation Project

Huai Sam Pad project is a medium scale irrigation project in Udon Thani province
initiated by the King. The project was constructed in 1992. It is a part of Udon Thani
irrigation project consisting of a reservoir with the storage capacity of 15 mcm. The main
purpose of the project is to store water for domestic water supply, irrigation and recreation.
The irrigation system consists of the concrete lined canals on both the left and the right
bank with the total length of 37.93 km. The detail of the canal system is given in Table 3.3
There are 161 farm ditches with the combined total length of 92.41 km. The project can
deliver water to irrigate in the area of 16,910 rai. Huai Sam Pad project is operated under
the water master section 4. There are 1 permanent employee and 2 temporary employees
working at Huai Sam Pad project. In year 2007, Huai Sam Pad got the total annual budget
of 1.8 million batht including the salary.

Table 3.3 Detail of Water delivery System of Huai Sam Pad Medium Scale project.

Main Canal | Types of the Canal Canal Length | Peak Flow Rate Irrigated Area.
(km.) (m3/second) (rai)
RMC Concrete lined 9.680 3.00 13,710
LMC Concrete lined 5.365 0.672 3,200
Total 16,910

Most of the farmers cultivate paddy, some upland crops and vegetable in wet
season. In dry season, most of them do other works such labour work.

The organization structure of Udon Thani irrigation project and Huai Sam Pad
medium scale irrigation project is shown in Figure 3.1.

Project Director
(Udon Thani)

f
|
|
|

Chief of Water Master Section 4

Huai Sam Pad medium scale irrigation project staff

Figure 3.1 Organization Structure of Huai Sam Pad medium scale irrigation project
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The water organization of Huai Sam Pad is the water user cooperative established
in 1992. The water user cooperative was quite successful during the initial period. At
present, the water user cooperative is facing financial problems, lack of support from the
government agencies and declining.

Udon Thani has established the water management procedure for Huai Sam Pad as
shown in Table 3.4.

The water management problems of Huai Sam Pad irrigation project can be
summarized as follow:

(1) Some of the canals are damaged due to the erosion from flash flood. The
distance between check structures are too long to be effectively control the water level.
Some of the check structures lost the gate to control the water level.

(2) The field operators do not have the knowledge and skill in water delivery
control and measurement. There is no incentive for the field operators to work effectively.
The water user groups and water user cooperatives are weak and have no confident on
water delivery services of the project. By all of these reasons, the project is under utilized
in dry season. Only half of the target area (4,000 rai) is cultivated.

Table 3.4 Procedure for Water Management of Huai Sam Pad medium scale irrigation

project
Activities Responsible Persons

1. Estimate the available water Chief of water management section
2. Defining the irrigated area Chief of water management section
3. Farmer meeting Chief of water master section 4
4. Collect tentative farmer cultivation plan WUGs
5. Field check of the cultivation plan and report Chief of water master section 4
6. Calculate the discharge delivery Chief of water management section
7. Inform farmers the water delivery schedule Chief of water master section 4
8. Water delivery control Reservoir staffs and WUGs
9. Adjust the water delivery schedule according to Chief of water master section 4
the field situation
10. Reporting the actual cultivation and irrigated Reservoir staffs
area
11. Summarize the water delivery on annual basis. Chief of water management section

3.2.5 Huai Mong Irrigation Pumping Project

Huai Mong irrigation pumping project (or Huai Mong O&M project) is located in
Thabor district, Nongkai province covering an area of 6 tambols in 3 districts including
Thabor, Srichiengmai and Photak. Huai Mong is the electricity pumping project. The
purpose of the project is to increase the irrigation potential of Mae Kong river basin area.
This project is induced from the feasibility study conducted by the Lower Mae Kong River
Basin Committee and is a part of Pha Muong Phase 1 project. The project was financially
supported by the grant from EU and Government of Belgium and some budget from Royal
Thai Government (RTG). The project construction was started in 1981 and the operation
was started in 1987.

Two phases of Huai Mong project have been developed. The 1% phase was the
construction of the basic infrastructure, flood control, irrigation and drainage systems by
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the Department of Energy Development and Promotion during 1981-1987. The 2" phase
was the development of on farm water distribution system by Agricultural Land Reform
Office during 1992-1998. Due to the government sector reform in 2002, the electricity
pumping projects of Department of Energy Development and Promotion were transferred
to RID. Huai Mong pumping project has been operated under RID Regional Office 5 since
9 October 2002. Huai Mong pumping project has been changed to Huai Mong O&M
project by RID order on 17 October 2005.

Huai Mong headwork was constructed at the mouth of Huai Mong tributary
connecting to Mae Kong river. The headwork consists of the main regulator and the main
pumping station. The function of the regulator is to regulate the flow from Huai Mong to
Mae Kong river in order to maintain water level in Huai Mong at +165.50 m.(msl.) for
irrigation pumping by sub-stations. Huai Mong has the storage capacity of 14.36 mcm. The
main pumping station consists of 4 main pumps which can pump water from Mae Kong
river back to Huai Mong when water level in Huai Mong is insufficient for sub-station
pumping. There are 9 irrigation pumping sub-stations located around the storage of Huai
Mong in order to pump water to the gravity water delivery system with the total command
area of 61,183 rai.

Table 3.5 Detail of Water delivery System of Huai Mong pumping project

Pumping Station Types of the Canal Peak Flow Rate Irrigated Area.
(m3/second) (rai)

Regulator Concrete lined 9.520 525
P.1 Concrete lined 1.125 4,475
P.3 Concrete lined 1.124 5,645
P.4 Concrete lined 2.170 7,603
P.5 Concrete lined 1.615 6,466
P.6 Concrete lined 2.987 10,792
P.7 Concrete lined 3.250 11,328
P.8 Concrete lined 1.275 4,602
P.9 Concrete lined 0.700 2,795
P.10 Concrete lined 9.520 6,952
Total 61,183

After operation for more than 20 years, the irrigation pumping sub-stations and
distribution systems are deteriorated. Many of the pumps are out of order. The remaining
pumps are not in good conditions. The pumps may break down any time during the
irrigation season. The budget for repair of the pumps is needed in order to prevent the
pumps break down and have effect the crop cultivation.

3.3 Pilot Projects Evaluation By RAP

RAP as mentioned in section 2.5.2 was used for performance assessment of the pilot
projects. The information generated from RAP together with others information will be
used to identify the strategic issues for pilot projects improvement. The NCS, NPC, the
core team, working groups and the pilot projects have organized the RAP programs for
project evaluation of the pilot projects as presented in Table 3.6 below.
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Table 3.6 RAP Program for Pilot Projects Assessment.

Date Location No. of RAP team
member

16-18 Nov. 2006 Phetchaburi O&M project, 37
Phetchaburi province

29 Nov. — 1 Dec. 2060 Borrommathad O&M project, 34
Chainat province

24-27 Dec. 2006 Huai Fi and NamPuey small scale 35
FMIS, Phayao province

10-13 Jan. 2007 Huai Sam Pad medium scale 19
irrigation project, Udon Thani
province

10-13 Jan. 2007 Huai Mong pumping project, Nong 18
Kai province

The detail activities of RAP and general conclusion andrecommendations for the 5
pilot projects are available in the RAP mission report submitted to FAO via NPD on
January 17,2007.

At the end of each RAP program, the general result was presented to the
stakeholders meeting. The problems, recommendation and supporting activities were
discussed. In each meeting, there were 80-100 stakeholders participating. The stakeholders
were divided into 3 groups including (1) the project field staff (2) farmers and (3) other
stakeholders. The opinion from 4 stakeholders meeting were analyzed by the National
strategic planning expert in order to formulate the strategy for irrigation sector reform.

The RAP results were analyzed in detail using (1) internal indicators and (2)
external indicators. The IPTRID indicators are given in ANNEX 3.

3.3.1 External Indicators

External indicators are the indicators of the input and output of a project in terms of
money, labor and water used to produce the agricultural output. The external indicators
show how high or how low is the performance or efficiency of the irrigation project and
should guide the need for project improvement. However the external indicators cannot tell
how to increase the performance of the irrigation project, so internal indicators are needed
to assess the performance of the infrastructure and management to understand how to
improve the irrigation project performance.

The external indicators from RAP are calculated from the water balance analysis in
Sheet 1. The external indicators of the pilot projects are shown in Table 3.7. Some
important external indicators of the 3 pilot projects namely (1) Huai Fi and Nam Puey
small scale farmer managed irrigation systems in Phayao province (2) Huai Sam Pad
medium scale irrigation project in Udon Thani province and (3) Huai Mong pumping
project in Nong Kai province cannot be calculated due to no water measurement. Only the
external indicators of Phetchaburi O&M project and Borrommathad O&M project can be
calculated as shown in Table 3.8.

From Table 3.8, the irrigated areas of Phetchaburi O&M project and Borrommathad
O&M project are almost the same size (57,063 and 56,368 ha) and the cropping intensity
is almost the same (1.00 and 0.97). The relative water supply of Borrommathad O&M
project (3.12) and Phetchaburi O&M project (2.93) are very high due to high estimation of
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effective rainfall. However the annual agricultural production value of Phetchaburi O&M
project (US.$2,320 per ha) is almost 3 times higher than that of Borrommathad O&M
project (US.$790 per ha) due to the cultivation of high yield crops including orchard and
fish-shrimp farms in Phetchaburi O&M project while paddy is the main crop in
Borrommathad. Most of the irrigation projects in Thailand have never estimated the
irrigation efficiency. The approximate value of irrigation efficiency is used in water
allocation and delivery. Phetchaburi O&M project used very high stated conveyance
efficiency (90%) since most of the canal in Phetchaburi are concrete lined canals while
Borrommathad O&M project used only 50% stated conveyance efficiency since most of the
canal are unlined. The calculated command irrigation efficiency of the 2 pilot projects are
the same (62%). The field irrigation efficiency of Phetchaburi O&M project is 55% while
that of Borrommathad O&M project is above 100% indicating insufficient water delivery
to Borrommathad since the data on groundwater pumping and drainage reuse by each
individual framer are unavilable and are not estimated in this study.
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Item Description

Units

Phetchaburi

Borrommathad

Phayao

Huai Sam Pad

Huai Mong

Stated Efficiencies

Stated conveyance efficiency of imported
canal water (accounts for seepage and
spills and tail end flows)

%

90

50

n.a.

n.a.

70

Weighted field irrigation efficiency from
stated efficiencies

%

24

79

19

80

80

Areas

Physical area of irrigated cropland in the
command area (not including multiple

cropping)

Ha

57,063

58,400

163

2,706

9,789

Irrigated crop area in the command area,
including multiple cropping

Ha

57,063

56,368

291

2,866

13,288

Cropping intensity in the command area
including double cropping

none

1.00

0.97

1.79

1.06

1.36

External sources of water for the
command area

Surface irrigation water inflow from
outside the command area (gross at
diversion and entry points)

MCM

624

633

Gross precipitation in the irrigated fields
in the command area

MCM

516

584

30

131

Effective precipitation to irrigated fields
(not including salinity removal)

MCM

356

494

24

134

Net aquifer withdrawl due to irrigation in
the command area

MCM
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Item Description

Units

Phetchaburi

Borrommathad

Phayao

Huai Sam Pad

Huai Mong

Total external water supply for the project
- including gross ppt. and net aquifer
withdrawl, but excluding internal
recirculation

MCM

1,140

1,217

30

131

Total external irrigation supply for the
project

MCM

624

633

"Internal Water Sources

Internal surface water recirculation by
farmer or project in command area

MCM

121

Gross groundwater pumped by farmers
within command area

MCM

21

Groundwater pumped by Project
Authorities and applied to the command
area

MCM

Gross total annual volume of project
authority irrigation supply.

MCM

624

633

Total groundwater pumped and dedicated
to the command area

MCM

21

Groundwater pumped by Project
Authorities and applied to the command
area, minus net groundwater withdrawl
(this is to avoid double counting. Also, all
of net is applied to this term, although
some might be applied to farmers)

MCM

Estimated total gross internal surface
water + groundwater

MCM

142

Irrigation water delivered to users
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Item Description

Units

Phetchaburi

Borrommathad

Phayao

Huai Sam Pad

Huai Mong

Internal authority water sources are stated
to have a conveyance efficiency of:

%

42

95

33

40

70

Delivery of external surface irrigation
water to users - using stated conveyance
efficiency

MCM

561

316

All other irrigation water to users (surface
recirculation plus all well pumping, with
stated conveyance efficiencies, using
100% for farmer pumping and farmer
surface diversions)

MCM

142

Total irrigation water deliveries to users
(external surface irrigation water +
internal diversions and pumping water
sources), reduced for conveyance
efficiencies

MCM

703

316

Total irrigation water (internal plus
external) - just for intermed. value

MCM

766

633

Overall conveyance efficiency of project
authority delivered water

%

90

50

n.a.

n.a.

Net Field Irrigation requirements

ET of irrigated fields in the command area

MCM

457

883

19

82

ET of irrigation water in the command
area (ET - effective precipitation)

MCM

102

389

Irrigation water needed for salinity control
(net)

MCM

Irrigation water needed for special
practices

MCM

287
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Item Description

Units

Phetchaburi

Borrommathad

Phayao

Huai Sam Pad

Huai Mong

Total NET irrigation water requirements
(ET - eff ppt + salt control + special
practices)

MCM

389

389

n.a.

-5

-52

Other Key Values

Flow rate capacity of main canal(s) at
diversion point(s)

cms

54.0

52.3

1.6

3.0

10.2

Actual peak flow rate of the main canal(s)
at diversion point(s) this year

cms

70.0

62.0

1.3

2.4

7.8

Peak NET irrigation requirement for field,
including any special requirements

cms

42.6

31.2

n.a.

1.4

2.3

Peak GROSS irrigation requirement,
including all inefficiencies

cms

85.6

50.7

n.a.

n.a.

n.a.

ANNUAL or One-Time External
INDICATORS for the Command Area

Peak liters/sec/ha of surface irrigation
inflows to canal(s) this year

LPS/Ha

1.23

1.06

7.67

0.89

0.80

RWS Relative water supply for the
irrigated part of the command area
(Total external water supply)/(Field ET
during growing seasons + water for salt
control - Effective precipitation)

none

2.93

3.12

n.a.

-6.03

-2.54

Annual Command Area Irrigation
Efficiency  [100 x (Crop ET +
Leaching needs - Effective ppt)/(Surface
irrigation diversions + Net groundwater)]

%

62

62

n.a.

n.a.

n.a.
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Item Description

Units

Phetchaburi

Borrommathad

Phayao

Huai Sam Pad

Huai Mong

Field Irrigation Efficiency (computed) =
[Crop ET-Effective ppt + LR water]/[Total
Water Delivered to Users] x 100

%

55

123

n.a.

n.a.

n.a.

RGCC - Relative Gross Canal Capacity -
(Peak Monthly Net Irrigation
Requirement)/(Main Canal Capacity)

none

0.79

0.60

n.a.

0.47

0.23

RACF - Relative Actual Canal Flow -
(Peak Monthly Net Irrigation
Requirement)/(Peak Main Canal Flow
Rate)

none

0.61

0.50

n.a.

0.58

0.30

Gross annual tonnage of agricultural
production by crop type

m Tons

see Table 9 on each INPUT worksheet (1-3)

Total annual value of agricultural
production

$ US

132,395,528

44,538,672

297,675

1,108,100

19,961,530
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Table 3.8 External Indicators of Phetchaburi and Borrommathad O&M Projects

ANNUAL External INDICATORS for the

Command Area Unit | Phetchaburi | Borrommathad
Stated conveyance efficiency of imported canal water
(accounts for seepage and spills and tail end flows) % 90 50
Weighted field irrigation efficiency from stated
efficiencies % 24 79
Physical area of irrigated cropland in the command
area (not including multiple cropping) Ha 57,063 58,400
Irrigated crop area in the command area, including
multiple cropping Ha 57,063 56,368
Cropping intensity in the command area including
double cropping none 1.00 0.97
Peak (Ips/ha) of Surface Irrigation Inflows to Canal(s)
Lps/ha 1.23 1.06
Relative Water Supply(RWS) : [Total external water
supply/(Field ET during growing seasons + Water for
salt control - Effective precipitation)] none 2.93 3.12
Command Area Irrigation Efficiency : [100 x (Crop
ET + Leaching needs - Effective ppt)/(Surface
irrigation diversions + Net groundwater)] % 62 62
Field Irrigation Efficiency : [Crop ET-Effective
rainfall + LR water]/[Total Water Delivered to Users]
x 100 % 55 123
Relative Gross Canal Capacity(RGCC) : [Peak
Monthly Net Irrigation Requirement/Main Canal
Capacity] None 0.79 0.60
Relative Actual Canal Flow(RACF) : [Peak Monthly
Net Irrigation Requirement/Peak Main Canal Flow
Rate] None 0.61 0.50
Total annual value of agricultural production $US 132,395,528 44 538,672
$US/ha 2,320 790

3.3.2 Internal Indicators

The internal indicators from RAP can give 2 sets of the very useful information about
the performance of irrigation system as explained below:

(1) The stated and actual performance of water delivery service using the
measurement and control of flow, number of fields , flexibility, reliability and equity as the
prime indicators at 3 different levels of the irrigation system namely

e At the fields or farms

e At most downstream point operated by the paid employee (MDP), for the
condition of the pilot project, this can be the head regulators of the second level or

third level canals.
e At the main canal system
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(2) The performance of various components of irrigation system that can have direct
effect on the water delivery of irrigation system namely.

the main canal

the second level canal or lateral canal
the third level canal or sub-lateral canal
the budgets, employees and WUAs

Six system components on the main, second level and third level canals are appraised
including

cross regulator
turnouts

regulating reservoirs
communications
general conditions
operation

Figure 3.2 can help explain different levels of water delivery service and various
components of the irrigation system as mentioned above.

regulating
reservoir

head regulator ” cross regulator

_b main canal @ *
) -H— off-take )

head regulator
regulating
Water delivery service reservolr
. lateral
By main canal
At most downstream pont healdt rgé%?astor
operated by paid employee ol sub-lateral
-
Talarm cross -i FTO
regulator

Irrigation system components ( ] farm ditch
-main canal regulating
-second level canal reservoir el field
-third level canal &
-budgets, employees and WUAs .

Components of the canals

-cross regulator Non-structural components
sturnouts -budgets

-regulating reservoir -employees
-communication “WUAs

-general conditions

-operation

Figure 3.2 Irrigation system from RAP view point
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The internal indicators on both the primary indicators and sub-indicators were
evaluated by number 0-4 (4=very good, 3=good, 2=fair, 1=poor, 0=very poor).

The internal indicators showed the performance of water delivery service and the

capability of various components of the irrigation system which can be summarized as
follow.

3.3.2.1 Conclusion and Recommendation on Water Delivery Services of the
Pilot Projects

(1) Conclusion on Water Delivery Services of the Pilot Projects

- The overall stated and actual water delivery services of the pilot projects are
poor (~1.0) and the improvements are needed as shown in Figure 3.3.

- The stated and actual water delivery services to fields and at the most
downstream point operated by paid employee (MDP) are close to 1.0. The stated
and actual water delivery service by the main canal is a little higher (actual=1.51
and stated=1.88) as shown in Figure 3.4.

Overall Water Delivery Services

4.00
[ Stated Bl Actual
Mean Stated — Mean Actual
3.00
i)
<
I
< 2.00 168 74 1.66
=
=
i 1.24 1.03
1.00 - sl - 076
0.09
DOO T ME— T T T
Phetchaburi  Borrommathad Phayao Huai Sam Pad Huai Mong

Pilot Projects

Figure 3.3 Overall water delivery services of different pilot projects
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Stated vs. Actual Water Delivery Services at Difterent Levels
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Figure 3.4 Stated versus actual range of water delivery services at different levels

of irrigation system

The sub-indicators showing the performance of water delivery service in term of
measurement of volume, flexibility, equity and control of flow rate of all 5 pilot projects
are very low as shown in the Table 3.9.

Table 3.9 Sub-indicators indicating very low water delivery performance of the 5 pilot

projects
Phetchaburi | Borrommathad | Phayao | Huai Sam | Huai Mong
Pad
WDS to fields
Measurement of 0 0 0 0 0
volume
Flexibility 0 0.75 0
Reliability 0
Apparent Equity 0
WDS to MDP
Too many numbers of 0.5 0 0 0 0
fields downstream of
MDP
Measurement of 0.25 0 0 0 0.5
volume
Flexibility 0.17
Reliability 0
Equity 0.75 0
WDS by Main Canals
Control of flow rate 0.83
Flexibility 0.33
Reliability 0
Equity 0.67
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From the analysis of the primary indicators and sub-indicators of 5 pilot projects, the
general recommendations for water delivery performance improvement are given below:

(1) Set flow measuring system at the head regulator and turnouts by installing the staff
gages and gate calibration.

(2) To reduce the number of fields downstream of MDP, the field staffs of the
project have to be increased. However it is most impossible to increase the number
of paid employees. The alternative is to use the PIM approach. If the WUAs can
work with the field staff in operation of the final deliveries system, it may
improving the water delivery service in this level of the project.

(3) Water allocation and delivery rules need to be written and used in the actual
operation. Good rule and flow measuring system in (1) can improve the flexibility,
reliability and equity in the final deliveries and the main canal systems.

(4) The flow measurement system in (1) is a pre-requisite for the control of flow rate in
the main canal system. The written rule in (3) can help the zoneman and gate
operators in the actual operation. However the training of the field staffs on flow
measurement and canal control is needed.

3.3.2.2 General Conclusion and Recommendation on Capability of Irrigation
System Components

In general, the main canal has a little higher capability than the others as shown in
Figure 3.5. Among the sub-indicators as shown in Figure 3.6, the regulating reservoir has a
lowest capability of all. The turnouts, communication and general conditions are about the
highest capability. The cross regulator and the operation are in between.

The capability of the second level canal is similar to that of the main canal as shown
in Figure 3.7. The regulating reservoir is the lowest capability. The communication, the
general conditions and turnouts are the highest. The cross regulator and operation are in
between.

The capability of the third level canal is similar to that of the second level canal,
except the turnouts have lower capability, as shown in Figure 3.8.

Among the non-structural components, the budgets are the lowest capability as shown
in Figure 3.9.

The sub-indicators of the irrigation system components having very low performance
(performance value below 1) of the 5 pilot projects are shown in the Table 3.10.
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Table 3.10 Sub-indicators indicating very low performance of irrigation system

components

Phetchaburi

Borrommathad

Phayao

Huai
Sam Pad

Huai
Mong

Main Canal

(1) Cross regulator

0.64

(2) Turnouts

(3) Regulating
reservoirs

0.17

0.89

(4) Communication

(5) General conditions

(6) Operation

Second Level Canal

(1) Cross regulator

0.45

(2) Turnouts

0.83

(3) Regulating
reservoirs

(4) Communication

(5) General conditions

(6) Operation

0.40

Third Level Canal

(1) Cross regulator

(2) Turnouts

0.25

0.25

(3) Regulating
reservoirs

0.33

(4) Communication

(5) General conditions

(6) Operation

Budget-Employees-WUAS

(1) Budgets

0.60

0.30

0

(2) Employees

0.37

(3) WUAS

0.42

0.26

0.50

General Recommendations for Improvement of Irrigation System Capability

(1) Cross regulator. The operation rule is not clearly written. Field staffs operate the

canal system mainly by their own experiences which differ from one to the others.
The operation rules/guides need to be written based on their capability and
experiences. The water level fluctuation at the cross regulators is high, due to the
difficulty to operate the sluice gate at the cross regulators and the unclear water
allocation and delivery rules. The operation rules/guides on participatory approach
need to be written based on their capability and experiences.

(2) Turnouts. There are a large number of small turnouts (FTO) in canals in the large

and medium scale pilot projects. Many of them have no turnout gates due to
damage or losing or unauthorized installing improper turnouts. The first thing to
improve the system capability is to install the turnout gates, otherwise the issues of
efficiency, reliability, flexibility and equity can not be discussed. The flow
measurement discussed in previous section can help improving the capability of
turnouts in distributing water to WUAs.
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(3) Regulating reservoir. The regulating reservoir is not part of the original system
design like other project in Thailand. It can help improve the flexibility, reliability
and equity of water distribution in the irrigation system. The concept of regulating
reservoir should be investigated further about the location, size and O&M in order
to improve the water delivery service. However, construction of regulating reservoir
can be costly.

(4) Operation. Although the pilot projects have many year experiences in operation of
the canal system, the operation rule is not clearly written. Field staffs operate the
canal system mainly by their own experiences which differ from one to the others.
The operation rules/guides on participatory approach need to be written based on
their capability and experiences

(5) Budgets. The government budget allocated to the project is limited. It covers only
less than 40% of the needed budget. This really has an effect the O&M of the canal
system. PIM approach and irrigation repair and improvement fund may be an
alternative.

(6) Employees. The employee is one of the weak point of some pilot projects due to (1)
the availability of written performance rules (2) the ability of project to dismiss
employees with cause (3) rewards for exemplary service and (4) the relative salary
of an operator comparing to a day laborer. In order to strengthening the capability
of the employees, the rule for personnel performance evaluation and rewarding has
to be established.

(7) WUAs. WUAs are one of the weak points in most of the large and medium
irrigation systems in Thailand. Although the pilot projects try to re-establishing and
strengthening the WUGS, the degree of success is still limited by many reasons
including (1) most of the WUAs have no financial strength at all, (2) they have
difficulty to develop the acceptable rule and even more difficult on rule
enforcement, (3) there is no legal basis related to water allocation and distribution
and (4) inability to influence water delivery. On the opposite, the WUAs of small
scale FMIS such as Huai Fi and Nam Puey and Huai Mong pumping project have
rather high performance rating, 2.7 for small scale FMIS projects in Phayao and 3.2
for Huai Mong pumping project. There is an agreement among water users in Huai
Mong that they have to pay the electricity fee to cover the pumping cost. PIM
approach is needed.

3.4 Main Problem Issues in Water Management of The Pilot Projects Deriving from
Stakeholder Meeting

Four field operation staffs meeting were held at the pilot projects after conducting
RAP during November 2006-January 2007. There were about 20-30 field operation staffs
including zone men, gate operators and canal tenders participated in each meeting. The
main problem issues derived from the meeting can be summarized as follow.

3.4.1 Phetchaburi O&M Project

Phetchaburi O&M project is the large scale irrigation project having Kaengkrajan
multi-purpose reservoir with 700 mcm storage capacity as the main sources of water. The
headwork is located at Phet diversion dam where water is diverted and distributed into 4
main canals namely RMC1, RMC2, RMC3 and LMC. The command area is divided into 5
mater master sections for irrigation management for the following purposes:

Irrigation in the area of 500,000 rai

Domestic water supply
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Maintaining Phetchaburi river environment
Salt water protection
Flood control

The main problem issues from the field operation staff meeting can be summarized

(1) Water Delivery System

Most of FTO do not have gates. Most of them are lost.

There are a lot of sediment and weeds in the canal, particularly at the tail portion
of the main canal and lateral canals. Water cannot be delivered to the tail
portion.

There are bottlenecks in the canal particularly at the railway intersection. The
railway culvert is too small. Water cannot be delivered to the tail portion.

The concrete slabs in the lateral and sub-lateral canals are damaged. The budget
is not sufficient for repair.

Gates are rusty and some are damaged. They are difficult to operate.

(2) Water Management

Tail portion of lateral and sub-lateral canals does not get water during the dry
season and during the period of high water requirements.

Lack of zonemen due to the government downsizing policy. The project has to
assign the gate operators or canal tenders to work as zonemen. However the
acting zonemen do not have the technical background and the skill to work.
Besides there are no incentives to work since they have to pay for the gasoline
for transportation and the telephone for communication with the project and
water users.

Lack of canal maintenance due to insufficient canal tenders.

No water measurement and monitoring and evaluation system.

Water users do not follow the water delivery rule, operate check illegally at
night.

High requirements for paddy cultivation, 2-3 crops per year. Water is not
sufficient.

Dumping garbage into the canals

Water user groups do not know how to take part in water management of the
project.

Canal encroachment

Insufficient budget

3.4.2 Borrommathad O&M Project

The main problem issues from the field operation staff meeting can be summarized

(1) Water Delivery System

Most of the canals are unlined, high sediment deposit, a lot of weeds and the
canal bank eroded. Water cannot be delivered to the tail portion in many canals
due to limited delivery capacity of the canal, variation of flow at the head
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regulator and too high intensity of paddy cultivation as mentioned in section
3.2.2.
Most of the gate hoists are damaged.

(2) Water Management
Unable to control the target paddy cultivation area and the timing of paddy
cultivation.
Water level fluctuation at Chao Phraya diversion dam effecting the flow to the
main canals. Water cannot be delivered to the tail portion of the canals
particularly in dry season. There are water use conflict, stealing water and
illegal operation of the check structures.
Lack of zonemen due to downsizing policy. The gate operators and canal
tenders are assigned to work as zonemen without experiences. Some of them are
very old and not enthusiastic to work. Lack of incentive to work. No penalty for
those who have low performance.
Political interference on the water delivery scheduling due to some farmers
request.
Weak water user groups, low cooperation between WUGs and the project and
between farmers and WUGSs. The attitude between field operation staffs and
farmers is not good.
Lack of field operation manual, law and regulation to support the field
operation.
Lack of budget from the project and lack of cooperation from the water user
groups.

3.4.3 Phayao Irrigation Project.

The main problem issues from the field operation staff meeting on the small and
medium scale irrigation projects can be summarized below:

(1) Water Delivery System
The water distribution system covers only some part of small scale irrigation
project. The unlined canal is difficult to maintain, high seepage loss.
Lack of staff gage for water level measurement in the reservoir.

(2) Water Management
The water availability for small scale reservoir is limited. It is insufficient for
dry season cultivation. However some medium scale reservoir is under
utilization in dry season, the actual cultivation area is below the target area.
Lack of vehicle and gasoline for field operation.
Lack of budget to support field operation
Lack of budget to support water user meeting.
Most of the water user groups are weak except Huai Fi.
Irrigation communication organizers (ICO) are very helpful for coordination
with water user groups.

3.4.4 Huai Sam Pad Medium Scale Project and Huai Mong Pumping Project

The main problem issues from the field operation staff meeting on the medium
reservoir project and the pumping project can be summarized below.

(1) Water Delivery System
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Main canals are damaged, a lot of weeds and sediment due to many years of
operation, insufficient maintenance budget. Water cannot be delivered to the tail
end.

The FTO and farm ditch system cannot distribute water equitably. The fields
located at some distance from the farm ditches cannot access to irrigation water
due to the farmers upstream do not allow water passing their fields.

(2) Water Management
Water cannot be delivered to the tail portion of the canals. There are water use
conflict, stealing water and vandalism.
Farmers are lack of knowledge about establishing water user groups and water
utilization.
There are canal encroachment, particularly the canal that has water distribution
problems.
The field operation staffs are limited and have the limited experiences in water
delivery control and measurement.
Lack of budget to support the field operation.
Weak water user groups. Farmers are not interested in participation of the water
user group activities and the meeting due to lack of strong leadership.
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4. ISSUES AND OPTIONS FOR DESIGN AND OPERATION

4.1 Main Issues Affecting Design and Operation of Irrigation Project
4.1.1 The Present Practices on Design and Operation

At present, most of the irrigation projects allocate and deliver water to agricultural
and other sectors with the main objectives to minimize the operational problems and
complaints that will affect the status of the project and the project staffs. In order to
minimize the complaints from the users, the irrigation project tries to minimize the
conflict among users and the conflict between users and the project staffs and the risk of
critical water shortage. With these objectives, the irrigation water management
approaches are focused on the priority setting and public participation. For example,
Phetchaburi O&M project, Phetchaburi province, held a stakeholders’ meeting before the
dry season in order to inform the stakeholders about the water availability and the amount
of water allocation for each sectors and to establish the time period for water delivery in
dry season. Tab Salao O&M project, Uthai Thani province, where water shortage is a
serious problem due to the limited water availability comparing to the water demand of
the Tab Salao basin, the water allocation committee at river basin level was established by
the provincial governor order. The water allocation committee consists of relevant
officials and the representatives from TAO (Local Administration Organization). The vice
governor of Uthai Thani is the chairman, the director of Uthai Thani irrigation project is
the secretary and the director of Tab Salao O&M project is the secretary assistant. The
function of the committee is to make decision on the water release volume from Tab
Salao reservoir when it is requested from the majority of water users groups in Tab Salao
basin. Tab Salao O&M project is an important case study on how the project was
developed, how the water shortage crisis take place, how the water allocation committee
functioning and how effective is the water allocation committee in allocation of the water
to the users in the basin. The detail of Tab Salao O&M project management will be
discussed later. In general, the problems related to the present operation and management
practices can be summarized as follow:

(1) The objective of the present water management practices is to minimize
operational and management problems and complaints which is not fulfilling the
expectation of the society and the vision of RID. The RID vision during the past ten years
focuses on the key words including efficiency, equity, raising productivity and income,
minimizing environmental adverse effect and the sustainability of the irrigation system.
The draft RID new vision of 2007 is highlighted on the efficiency, equity, sustainability
and participation. Therefore the objectives and the attitudes of the irrigation project need
to be changed in order to allocate and management irrigation more efficient and
effective.

(2) Most of irrigation projects are lacking of water measurement system. The
water level is usually measured at the headworks and head regulators of the main canals
only. The water level is measured by staff gage and translating into flow rate using gate
rating curve. However the accuracy of the rating curve is rather low due to poor or no
calibration. The flow data records are usually not complete, a lot of missing records, due
to lack of utilization of flow data in water management. The field operators operate the
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canal by their experiences with the objective to minimizing problems and conflict. They
do no use the flow data for operational planning and have attitude that the flow
measurement is not important in operation and management of irrigation project.

(3) Lack of performance measurement, management information system (MIS)
and using modern technology for improving performance such as SCADA, GIS.

(4) Lack of written rule for water allocation and water delivery scheduling and
controlling.

(5) Lack of good cooperation between project operation staff and water user
groups.

(6) The new law and government policies have some effect on water management
such as the government decentralization policy which reduces the O&M budget for RID,
the government policy on public participation which has not realized in practices.

(7) The performance of irrigation system is declining due to the deterioration of
physical structure which is the result of insufficient O&M budget and improper utilization
of the irrigation system.

4.1.2 Lack of Analysis for MOM Budget Requirements

At present, the project is operated based on the government budget allocated
annually. However, the budget requirements for management, operation and maintenance
(MOM) are not actually analyzed and used for budget allocation. The budget is allocated
based on the amount allocated in the previous year. It results in insufficient budget for
management, operation and maintenance of the irrigation project. Although there is the
irrigation revolving fund collecting from the water charge from non-agricultural users at
THB 0.5 cubic meter, the fund allocation is quite limited comparing to the budget
demand. It can only support the irrigation project on some items that is difficult to get
from the fiscal budget such as the pick-up truck and computer. The irrigation system
including canal and its control structures are now deteriorating and affecting the operation
and maintenance of the irrigation project. The study of national financial expert shows
that the actual budget allocated for irrigation management are 436 THB/rai in 2006 and
429 THB/rai in 2007. The annual budget allocated for RID decreases at 2.6% per annum
during year 1997-2007 while the price index increases at 4.48% per annum. According to
the data from the pilot projects in year 2006, the irrigation management cost 0.33-2.55
THB/m3, which is not sufficient for maintenance and repair of the irrigation system.
Therefore the strategy for increasing the irrigation revolving fund is proposed in his
study. Due to the drawback of the budget allocation practices, it is recommended that the
budget be allocated according to the actual needs by considering the size of command
area and the condition of canal and irrigation structures.

4.1.3 Less Support to Field Operation

At present, the number of zonemen, canal tenders and gate keepers are reducing
due to the government policies on down sizing the government sector and
decentralization. The field operators are insufficient according to the normal standard of
RID. One zoneman is responsible for operation and maintenance in the area of 5,000-
10,000 rai. One canal tender is responsible for routine maintenance of 2.5 km of main and
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lateral canal. One gate keeper is responsible for the routine maintenance of 2-3 gate
structures. Lack of the qualified zonemen and the project has to assign other workers to
act as zone men. Many canals and regulators do not have field staff to do maintenance.
Besides, the field operation is lacking of operational budget, practical field operation
manual for the field staff, equipments and skill in water measurement, result based
evaluation system and opportunity for training to develop their knowledge and skill.
Theses factors give the combined effects on the level performance of irrigation project in
water allocation and delivery of irrigation project.

4.1.4 Weak Water User Groups

The water user groups which are the important mechanism to the success of
irrigation water management is functioning, although RID has tried to develop and
strengthen water user groups for more than 30 years. At present, there are many
fundamental water user groups have been established in most of the irrigation projects but
no continuing activities. It establishes only in the papers. The non-functioning or
weakness of water user groups result in difficulty to control the cropping pattern and the
crop cultivation area particularly in dry season when water available is limited. Many
water user groups do not maintain the ditch as stated in ditch and dike law. The water use
conflict, illegal outlet and vandalism are issues affecting water allocation and delivery.
Therefore it is necessary to find the appropriate approach to strengthen the water user
groups in order to make the PIM works.

4.2 Issues and Options on Design
4.2.1 Present Design Concept

The irrigation canal system in Thailand is designed in upstream control mode of
operation with the assumption of steady state flow. The water duty and command area are
used to calculate the size of canal and control structure. There is no consideration on
unsteady flow that is usually affecting the actual canal operation and flow rate. The
perturbation, tolerance and precision in canal operation have never been mentioned in the
design of water control structures. A lot of the main canals have the direct outlet (FTO)
which will complicate the operation, monitoring of the flow. Although the water
measuring device such as staff gages is given in the design specification, it may not be
installed in actual construction. There are no operational considerations in the design
phrase. The present design concept is lack of consideration on operation staff and budget
requirements, lack of technical manual such as tolerance and precision of control
structures, rating curve/table, reservoir rule curve, conveyance efficiency and other design
assumptions to support the operation and maintenance works. The technical manual has to
be prepared by joint working group between the experienced design engineers and project
irrigation engineers. This joint effort will help design engineer design the better irrigation
system that meet the field O&M requirements.

The approaches to improve the design are stated below:
(1) Training on modern canal operation technique (such as MASSCOTE) to

design engineers particularly young design engineers in order to understand the concept
of operation oriented design.
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(2) Develop the new design concept and criteria in order to support the new
concept of service oriented management. The reliable delivery to meet service agreement,
water measuring structures/devices, sensitivity of control structures, regulating reservoir,
limited staff and budget for O&M, direct outlets from the canal are the main issues to be
considered in new design concept.

4.2.2 Gated Manually Operated System- Increasing Flexibility but Difficulty
in Operation.

Most of the irrigation projects in Thailand use the gated manually operated
system, undershot type, both at the cross regulators and the offtakes. The advantages of
the gated operated system is the flexibility, theoretically the flow rate can be adjusted to
match any size of demand. However, in actual operation, it is difficult to control the flow
in canal (World Bank Technical Paper No.246 - Modern Water Control in Irrigation by
Herve’ Plusquellec, C.Burt and H.W.Wolter, 1994). This is due to high sensitivity of
undershot type gates and various types of perturbation that exist in the canal system such
as (1) a large number of legal and ill-legal direct outlets from the main or second level
canals (2) high variation of rainfall which is unpredictable (3) lager scale operation and
maintenance projects in Greater Chao Phraya and Greater Mae Klong irrigation projects
have very long canal such as 1L of Borrommathad O&M project with total length of 63
km. Besides some canals were designed to supply irrigation water to many O&M projects
such as canal 2L of Greater Mae Klong irrigation project was designed to supply
irrigation water to 3 O&M projects in series (Phanom Tuan, Song Phinong and Band Len
O&M projects. For very long canal the amplitude of perturbation will increase according
to the distance. At present there is no consideration on perturbation and the canal
mechanism that can reduce the perturbation such as regulating reservoir.

At present, the mixed regulators (gate with side weirs) having lower sensitivity
have been used as the cross regulator in many projects. However in actual operation the
mixed regulators are normally operated in undershot type gate mode. Side weir is used as
the safety feature against canal bank overtop. FAO has suggested to lower the sensitivity
of the undershot type gate by installing oblique side weir on both side of gate and
operating in mixed mode.

In some irrigation project such as Huai Sam Pad medium scale irrigation project in
Udon Thani province, the long crested weirs such as duck-billed weir or oblique weir are
used as cross regulators. This weir type of canal structure has many advantages such as
lower sensitivity, lower cost, ease of operation and robustness. However this type of
control structures are often destroyed by water users on the lower reach who do not get
sufficient water and believe that this kind of structure is obstructing the water delivery to
the tail portion of the canal.

The approaches to solve theses problems are:

(1) The feasibility study should be made regarding to the construction of
regulating reservoir if the topography is allowed. A pilot project should be established to
study the efficiency of the regulating reservoir in reducing the perturbation in increasing
the performance of irrigation system management.
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(2) Training on modern canal operation technique (such as MASSCOTE) to young
engineers in order to understand the concept of operation oriented design.

(3) Communication with the water users about the function and the important of
canal structures to reduce the vandalism.

4.3 Issues and Options for Irrigation Project Operations

The operational process in water delivery of an irrigation project can be divided
into 4 steps including (1) water allocation (2) water scheduling (3) water delivery control
and (4) monitoring and evaluation.

4.3.1 Water Allocation

As mentioned previously, the objective in seasonal water allocation of an
irrigation project is to minimize the complaint from water users, minimize the conflict
with water users and among the water users and to minimize the water shortage problems.
Therefore if water is available, the project will allocate water to meet the water users
demand. If water is insufficient, the water is allocated according to the priority that is set
by the project and the equity in water allocation is not the prime concerned. The problems
in water allocation at the present are (1) lack of written rule in water allocation
particularly the priority in water allocation (2) most of irrigation projects is lacking of
process or procedure that allows water users to participation in defining the criteria and
rule for water allocation (3) lack of reliable database and technology to determine the
minimum amount of water that can be safely allocated to water users to support the
agricultural production as mentioned in the RID vision “ sufficient water, support the
production, enhance quality of life and stabilize the economy”. If the minimum firm water
can be determined with high reliable and the project can inform the water users (farmers)
at the beginning of the season, it will be very useful to water users to plan for their crop
cultivation practices. Farmers can decide what types of crop to be grown and how much
area they should cultivate. If the irrigation project does not have reliable database and the
forecasting technique, there is a risk that the project may not be able to deliver the firm
water users. In this situation, the project will use high factor of safety in estimation of the
amount of water that can be allocated which will reduce the benefit of water utilization of
the project.

The approaches to solve these problems are:

(1) The written rule for water allocation has to be established. The rule should
emphasize on the equity and participatory in water allocation. From RAP results, the
equity of actual water delivery service of Huai Mong in Nong Kai and small scale FMIS
projects in Phayao are better than other pilot projects. Its value at different level of the
system was rated between 2.6-3.5 by RAP. The factors contributing to this rather high
equity are (1) the command areas are small, only a few thousand rai (2) Huai Mong has
the agreement that farmers have to pay the pumping cost (3) Huai Fi is a famer managed
irrigation system with rather strong water user organization.

(2) Water allocation must be done according to the rule in transparency manner.
The meeting between water users and the project management team should be held
officially in order to discuss how water be allocated.
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(3) The irrigation project must have the reliable database and technique to support
the water allocation. The irrigation project should have the database on reservoir inflow,
side flow, reservoir evaporation and seepage, crop water requirements, effective rainfall,
land preparation water requirement, water requirements for other purposes, conveyance
efficiency, project and field irrigation efficiencies, etc. The reservoir rule curves and the
technique for water balance study should be available for the project.

4.3.2 Water Delivery Scheduling

In order to deliver the allocated amount of irrigation water to the users in the most
effective way, the schedule of irrigation water delivery has to be established according to
the amount of water available to the project, delivering capacity of the irrigation system
and crop water requirements. The water delivery schedule from the canal system to farm
irrigation system can be divided into 4 types namely (1) continuous delivery (2) rotation
delivery (3) arranged delivery and (4) on demand delivery or free access. For continuous
delivery, irrigation water is delivered to water users at small flow rate for 24 hours per
day throughout the season. This type of water delivery is usually practiced in paddy area
where farmers can store water in their paddy field. The advantage of the continuous
delivery is the operational simplicity. However when there is a scarcity of water, the
water delivery to the downstream users may be unreliable. In rotation delivery, the
rotation delivery schedule is designed by the project in advance. The water users will get
water (flow rate and duration) according to the schedule. The method is lack of flexibility
for water users. In Thailand, the irrigation project that is facing the water scarcity problem
will adopt the rotation delivery. Many projects use rotation delivery for dry season. In
arranged delivery, the water users can request the flow rate and duration to the project a
few day in advance before the project arranges water delivery to that users. This method
gives more flexibility to the users. For the last method, on demand delivery, the concept
of this method is similar to the city water supply system. Water is available to users at all
time at limited flow rate. It is rarely use in irrigation project. Since many projects where
paddy is predominant crop in dry season are facing problem of water delivery to the tail
portion of the canal, the arranged delivery should be trial.

Most of irrigation projects in Thailand where paddy is the predominant crop use
continuous water delivery. In some project and some season particularly dry season,
rotation delivery is practiced. The arranged delivery is rarely practiced. The important
issues on the water delivery scheduling are the flexibility and reliability. More flexible
delivery schedule with high reliability will support farmers in making optimal crop
cultivation for their own lands. At present the scheduling process is lacking of
participation in establishing the water delivery schedule. The water users know only
tentative water delivery schedule. The project has no promise on when and how much
water will be delivered to the users. The service agreement between the project and the
water users need to be established.

The general approaches to remedy the water scheduling are:
(1) Use participatory approach in establishing the water delivery schedule which

has sufficient flexibility and reliability to encourage the optimum crop cultivation. The
acceptable rule for water delivery scheduling and control has to be written.
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(2) The service agreement between the project and water users has to be
implemented. The duty and responsibility of each party must be clearly defined.

(3) The project does not have the information regarding to the water delivery such
as lag time, actual capacity of the canal and regulators, the sensitivity of the structures,
types-magnitude-effect of perturbation and the seepage loss in water delivery.

(4) At present the irrigation system is managed by area basis. The area is defined
by water master and zone. Some water master section has to manage several parts of
canal or some canals are under management of two or more water master sections. This
makes difficulty in irrigation water management. The conflict between upstream and
downstream water master sections always be found. Therefore the management hierarchy
of the canal system needs to be revised. Each water master should have an autonomous in
management of the whole canal in order to establish the service levels of the main, second
level and third level canals. Besides, in Chao Phraya and Mae Klong river basin, there are
very large size canal which convey water to many O&M projects such as main canal-1R
supplying water to both Borrommathad and Channasutra O&M projects or Chanat-Pasak
canal supplying water to Manorom, Chongkae, Kokkratiem O&M projects. Management
of this type of canal is more complicated. The RID regional office must establish the rule
for water allocation and delivery such that each O&M project can get water equitably and
corresponding to the demand of water users. The monitoring system is needed in order to
ensure good water distribution among O&M projects.

4.3.3 Water Delivery Control

The main problems in actual operation of the irrigation system have been
addressed once in the section 4.2 (issues and options on design) including (1) the uses of
gated manually operated system (2) high perturbation in canal system (3) no mechanism
to reduce the perturbation in canal system such as regulating reservoir (4) the field official
is lacking of the knowledge and skill to define the tolerance and precision in actual gate
operation (5) lack of water measuring devices and (6) canal and regulating structures
cannot deliver water according to the design due to lack of maintenance, weed and
sediment deposit problems. (7) There is no monitoring and evaluation system. All of these
issues make the actual water delivery difficult.

The general approaches to remedy the water delivery control problems can be
addressed below:

(1) The problems regarding to the human can be improved by training. The
training courses on MASSCOTE (MApping System and Service on Canal Operation
TEchnique), canal and regulators operation, design concept (from design engineers)
should be designed for field operators (water master, zonemen, canal tenders).

(2) A pilot project has to be established for on the job training on canal operation
and improvement. The pilot project has to be selected from the O&M project that is ready
for irrigation modernization. RID must announce the policy on irrigation modernization,
assign the responsible persons and define the key performance indicators to measure the
success of the pilot project modernization. The canal operation experts have to train the
project staffs on canal operation technique and guide the project to improve the actual
operation until the real performance of the pilot project is improving.



73

4.3.4 Monitoring and Evaluation

The monitoring and evaluation system (M&E) is an important tool to make sure
that the actual project operation and management meets the objectives. The M&E will
help the project manager identify the actual performance of irrigation system and the
factors affecting the performance and how to adjust the operation accordingly. Besides,
the M&E will help the project manager evaluate the output, outcome and impact to the
environment. However the main problem regarding to the M&E system is most of the
irrigation project do not have the water measurement system and water measurement is
the most important element of the M&E system.

The approaches to solve these problems are:

(1) In order to implement the M&E system, RID must declare a policy on water
measurement. The cost of installing the water measuring device is actually small
comparing to the project cost of investment. Without water measuring system, the
management of irrigation water can never been success.

(2) By this study, the general form of M&E system was developed on spreadsheet
by D&O expert in such way that it can be modified to suit any project easily. The training
on modification of the general M&E spreadsheet program for each pilot project was
conducted on January 2008 where 4 irrigation engineers from Phetchaburi O&M project,
Borrommathad O&M project, Phayao irrigation project and Huai Mong irrigation
pumping project were attended. The M&E system will be tested for monitoring and
evaluation for dry season irrigation 2008 of the 4 pilot projects.

(3) Once the M&E system was developed. There must be a person under water
management section of the irrigation project who is responsible for M&E of irrigation
project.

(4) M&E training needs to be conducted based on the test result of dry season
2008 from the 4 pilot projects.
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5.STRATEGY FOR DESIGN AND OPERATION
5.1 Introduction

Thailand has a total area of more than 300 million rai with the total population of 62
million. The total cultivation area exceeds 130 million rai, of which 67 million rai is paddy
cultivation. At present some of the paddy cultivation area has been transformed to fish-shrimp
farms. Although the economic return of agriculture is less than that of industrial and tourism
sectors, the agricultural sector is still the main sector of the country. Most population of the
country are working and living in agricultural sector. Therefore, the development and
promotion of the agricultural sector in Thailand is needed in such way that farmers can
cultivate crops according to the market demand. Since water is an important factor for crop
cultivation, crops cannot be cultivated without water. With limited water, the cultivation area
is limited. Unable or incomplete control of water, the risk in crop cultivation is increased.
Shortage of water in any period will effect the crop growth and yield. Shortage of water in the
critical period will significantly effect on yield. Most or all yield will be lost. On the other
hand, flood can cause the losses of crop yield, life and properties. Thus it is necessary to
formulate the water management strategy on short, medium and long ranges which reflects
the real need of the country and can be implemented in practice.

“Sufficient water supply to support agricultural production for enhancing quality of
life and stable economy” is the present vision of Royal Irrigation Department. In order to
fulfill the above vision, the following strategic issues were formulated.

(1) Develop water resources sufficient for all sectors.

(2) Efficient management.

(3) Prevent and mitigate water problems.

(4) To conserve agricultural lands in irrigation command area.

At present, RID is responsible for irrigation water delivery and management in the
area of 27 million rai. Most of the irrigation systems were constructed and utilized many years
ago with limited maintenance budget. Some of the irrigation canals and control structures are
deteriorated. The field operators are limited and lack of budget to support field operation. The
new water resources and irrigation projects require high investment cost and are protested by
some NGO groups. RID is facing 2 aspects of water problems, flood and drought, which incur
more often and produce higher magnitude of damage in both within and outside the irrigated
area.

The strategic issues to be discussed in this section are the strategic issues on design
and operation which relate mainly to water delivery for crop cultivation.

5.2 Concept in Formulation of the Design and Operation Strategy

Design aspects in this sector include the design of new irrigation system and design
for modernization of the existing project. Operation aspects mean the management of water
delivery on both canal and pipe systems for crop cultivation in irrigated area of large, medium
and small scale irrigation projects.
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From the SWOT analysis on irrigation management in Thailand from the 1% National
Consultation workshop on 29 September 2006 as mentioned in section 2.6 and RAP analysis
of pilot projects, the strategic planning expert has proposed the 5 strategies for irrigation
sector reform of Thailand as follow:

Strategy 1: Budgetary O&M

Strategy 2: Establishment and Development of Institution and Organization
Strategy 3: Training and Strengthening the Organization

Strategy 4: Operation and Maintenance

Strategy 5: Policy, Laws and Regulation

The strategy for design and operation is part of the strategy 4 (Operation and
Maintenance).

The important issues in formulation of design and operation strategy is to change the
attitude and concept in irrigation management from Top-Down to Service Oriented
Management (SOM). The concept of SOM includes the establishing the service level,
developing water delivery plan in order to achieve the desired service level, implementing the
plan, developing the monitoring and evaluation system and establishing the performance
assessment as shown in Fig. 5.1.

Establishing the service level

Performance Assessment Developing the plan

Monitoring and Evaluation Implementing the plan

A

Fig. 5.1 Concpet in Strategy Formulation based on Service Oriented Management

At present, almost all irrigation projects have similar pattern of irrigation water
management problems..... starting with farmers who are not confident of irrigation allocation
and water delivery. The project is facing the difficulty in controlling the crop cultivation area.
Over-cultivation results in water shortage, water use conflict and vandalism which reduce the
ability to control irrigation water of the project. Since it is the government policy to provide
irrigation water to farmers free of charge, the irrigation water is used inefficiently. This
increases the degree of water shortage and water use conflict and makes the situation more
difficult to control. The water users at the head end utilize irrigation water without
consideration of the tail enders. The tail enders have to find the alternative sources of water
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such as pumping water from the drainage system or from shallow wells by theirs own costs.
Besides there is limited budget to support field operation. The field operators lack incentive to
work in the field. All of these combined factors result in the low level of performance of
water delivery and management. Besides the water user groups, which are one of the key
factors for success of irrigation water management at farm level, are not strong enough. The
water user organizations do not understand their duty and responsibility in water management.
They do not know how to communicate with the project. Agricultural activities produce low
economic returns. Farmers work in agricultural sector due to no other alternatives.

Due to the cycle of problems in irrigated agricultural system and the concept of
service oriented management as mentioned, it is therefore necessary to design the highly
reliable managed irrigation system such as the domestic water supply system. The domestic
water system supplies water to each house by buried pipe system. It can respond to the need
effectively. The key factors to the success of the domestic water supply system are (1) the
users have to submit the water use request form and install water meter at their houses (2) the
water use is recorded and the water fee is collected on volumetric basis (3) the water supply
will be terminated if the users do no pay the water fee. On the other hand, if the water fee
cannot be collected, the water users do not have to submit the request form, the water agency
has duty to provide water to each house free of charge, with all these conditions the domestic
water supply agency will have the problems similar to irrigation system. The water users may
use water inefficiently. The water supply system may not be able to supply water to the tail
enders. The tail enders may have to use water during the night time when the head enders do
not use water or they have to install the water storage and pump to store water for their own
uses. The domestic water supply agency may not have sufficient budget for operation and
maintenance and improvement of the water system according to the expansion of the
community. The key factor to the success of the domestic water supply agency is the authority
to collect the water fee. Government does not give the authority to RID to do so, therefore it
should not design irrigation system similar to the domestic water supply system.

5.3 Strategy for Operation
5.3.1 Operation Strategy at River Basin Level
Strategy 1: Establish and strengthen the river basin committees.

The main functions of river basin committee (RBC) are to establish the policy for
water allocation, water management control in river basin, and the water use priority for
various sectors on both normal and critical periods (flood and drought) and be the main
organization in making decision and to solve water use conflict. At present although the river
basin committees are established in most of the main river basins in Thailand, many of them
are newly established and have not yet been functioning due to the slow process of water law
enactment. The government by the National Water Resources Committee and Department of
Water resources, MONRE, need to provide all supports in order for the new river basin
committees to start their functions effectively. The river basin committee should have the
team of experts in water management of that particular basin to give an advice to RBC on
important issues related to water allocation and measures to handle flood and drought.
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Strategy 2: Develop water management information system.

The water management information system has to be developed. The data and
information related to water supply from various sources including surface water,
groundwater, rainfall and the water requirements from various sectors in the river basin both
at present and future have to be analyzed. The water accounting should be developed for each
river basin in order to know water utilization in various process, the potential utilization and
potential development of the river basin. The database and forecasting techniques on flood
and drought should be developed such that the RBC can have the preventive measures. The
stakeholders in the river basin have to be informed about the cost of water provision,
particularly the agricultural sector who are using more water than other sectors. The water
resources in the river basin must be used in efficient and sustainable manner.

Strategy 3: Develop the water allocation system among various sectors.

The water allocation rule must be developed in such way that water is allocated in
equitable manner. There is a penalty for those who do not follow the rule. The basis for water
allocation system can be developed as follow: (1) to define the basic water requirements for
domestic water supply (2) to define the minimum water requirements for securing the
environment and (3) to establish the quota sharing system for agricultural and non-agricultural
sectors. The basis for water allocation among various sectors is shown in Fig. 5.2.

Domestic Basic needs

water /1

available Environment Minimum requirements
AR T

River basin
» committee > Agriculture Service

Water agreement
reserve _Quota .

Non- T Water fee
. | ) 3
1 Extra “Sk | agrlculture 050 THB/ m

I volume

1 | vy N

Fig. 5.2 Proposed Basis for Water Allocation in River basin

According to the water allocation system as proposed in Fig. 5.2, the water use quota
can be calculated from the total water available and water requirements of different sectors for
each season. Due to the uncertainty in estimation of the water availability and water
requirements, some water should be reserved for future use if it is anticipated that the next
season will have less water than normal. On the other hand, the extra risk volume may be
allocated if it is anticipated that more water will be available in the next season. However at
present the uncertainty and risk is not considered in water allocation in Thailand, the
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acceptable risk level needs to be studied for trading between the future and the present uses of
water. 20 % risk is proposed as the initial guideline.

The use of water from the irrigation watercourses for non-agricultural proposes has to
pay water fee at the rate of THB 0.50 per cubic meter of water according to MOAC
declaration by the authority of Royal Irrigation Act 1942. However the agricultural sector
does not have to pay the water fee since the government has considered that agricultural
sector has lower income than other sectors.

For the agricultural sector, the water fee will not be imposed according to the present
government policy as mentioned before. The strategy to manage and control the utilization of
the allocated water is therefore needed to use the service agreement between the irrigation
project and the water user organization. The detail of this strategy will be discussed in detail
in section 5.3.2.

Strategy 4: Inform stakeholders about value and threat of water

A public relations program should be launched to inform stakeholders and people in
the river basin about the following issues including the value and threat of water, cost of water
provision, water saving program, water management policy of the river basin committee,
water availability and water requirements, foold and drought conditions of the river basin.
The information and knowledge on water as mentioned is good material for introducing to
school students. This information will help the new blood understand the importance of water,
water management process and finally be convinced on the importance of effective water
utilization.

5.3.2 Operation Strategy at Project Level

The service agreement based water management should be used in management of the
O&M irrigation projects and provincial irrigation projects. By the concept of this approach,
the irrigation project is the service provider and the water user groups are the clients or users.
Both the service providers and the clients have the responsibility in water management. The
clients have the responsibility to inform the service providers what kinds of services they need
in term of volume, duration and flow rate of water delivery. The service providers will use
that data to establish the level of water delivery service in term of volume, flow rate and
duration. The responsibility of the water user groups are to distribute irrigation water to the
farmer members equitably and efficiently. There is a penalty for those who intentionally do
not follow the agreement. The detail of the service agreement will be mentioned in the report
of the service agreement expert.

5.3.2.1 Operation and Maintenance Projects

The water delivery system of the O&M project can be irrigation canal or pipe systems.
The management of O&M project can be divided into 2 levels namely the main irrigation
system and on farm irrigation system. Theoretically the main and on farm systems should be
clearly divided by a structure like regulating reservoir. The main system is consisting the
headwork, main canal, lateral and main drainage system. The on farm irrigation system starts
from the farm turnout (FTO) which takes water to the farm ditch and distribute to farms via
farm inlets. The on farm irrigation system should be managed by the water user groups. At
present the management authority of on farm irrigation system is transferred from RID to
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TAO (Tambol Administration Organization). The management function between WUG and
TAO in management of on farm irrigation system is not clearly understood by both
organizations. Therefore it is an urgent need to divide the management function between
WUG and TAO in practice.

The present RID policy is to promote the WUG to IWUG (integrated water user
group) and finally to Joint Management committee (JMC). The O&M projects try to establish
the IWUGs, but the management function of IWUGs are not really defined.

The organizations involved in management at various levels of the O&M projects are
given below:

Irrigation System Components RID Water users TAO
Headwork and main canal Project Representatives
(Joint Management
Committee)
Lateral canals Project IWUG
On farm irrigation system WUG TAO

The strategy for water management of O&M projects is first to define the role and
responsibility of the 3 organizations in management the canal and control structures of both
main and on farm irrigation systems.

Strategy 1: Define the role and responsibility of related organizations
(1) Define the role and responsibility for on farm irrigation system management

In the first 3 years of irrigation reform, the role and responsibility of related
organizations in on-farm irrigation system management should be defined in such a way that
it is acceptable by WUG and TAO. The irrigation project can be the facilitator in arranging
the meeting and providing the data and information related to role and responsibility of each
organization. At present, the TAO have land taxing authority for agricultural land in their
command area. Besides, the budget for maintenance of the on farm irrigation system (ditch
and dike) has been transferred from RID to TAO. The basic WUGs are responsible for
maintenance of the ditches and dyke according to the Field Dyke and Ditches Act 1962 (Land
owners who benefit from the system have the responsibility to look after and maintain the
conditions of the ditches and dykes as well as dredge the canals once a year). The meeting
between TAO and WUG should be held in order to clearly divide the responsibility in
maintenance, repair and improvement of the on-farm irrigation system. The expert and the
working groups on PIM will have to formulate the strategy to divide the role and
responsibility between WUG and TAO. In case of one ditch has the command area within 2
TAOs. The 2 TAOs have to share the responsibility in maintenance, repair and improvement
of that ditch.

In the first phase, besides defining the role and responsibility of WUG and TAO, the
WUG must be convinced on the importance of formulation of the strong integrated WUG to
incharge of the second level canal so that the WUG will support the changing role among
Irrigation project, WUG and IWUG in operation and maintenance of the second level canal in
the future.
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The management of the on farm irrigation system is solely the responsibility of the
WUGs. However, TAO can be a supervisor when water conflict arises.

(2) Define the role and responsibility in management of main irrigation system at
second level canal

At the same time as (1) the role and responsibility in management, operation,
maintenance and improvement of the second level canal has to be defined. There are 2
organizations involved in joint management of the second level canal. Those are the project
and the IWUG. The joint management committee should also be established in order to
develop the rule and guidelines for the project and IWUGs to work together effectively.

At present, the operation, maintenance and improvement activities are the whole
responsibilities of the project. The WUGs have been established only in some irrigation
projects. Most of the irrigation projects still have a problem in establishment of IWUG. In
ISRP, IWUGs have been established in Phetchaburi O&M project and Huai Fi farmer
managed irrigation system only. Huai Fi reservoir is a small scale irrigation project managed
by WUGs which is the typical weir type irrigation system in the northern part of Thailand.
Huai Fi is one of the successful IWUG in Thailand due to the existence of the traditionally
managed irrigation system before RID had involved in this project. The experiences from
Huai Fi can be used in establishing and strengthening the IWUGs in other irrigation projects.
At present, Huai Fi FMIS has the water allocation rule which is acceptable by most members.
The IWUG can do the routine maintenance of the weirs and distribution system and can
handle most of the water use conflict. However, Phayao irrigation project still has to support
the Huai Fi FMIS by providing the material such as concrete for repair of water distribution
system. The detail of management of small scale irrigation project will be discussed in other
section.

In order to support the irrigation projects and IWUG to work together under the
agreement based water management system, the role and responsibility in operation and
maintenance between the project and IWUG have to be established as follows.

(2.1) Operation of second level canal

The service agreement based water management should be introduced once the Joint
Management Committee established. By this approach, the project has to allocate and
distribute water to IWUGS as specified in the service agreement. The IWUGs have to allocate
and distribute water to WUGSs according to the agreement that is agreed upon by both project
and IWUGs. On the first glance, the issue on transfer of water management authority from the
project to IWUGs may be difficult or even impossible to be implemented. Both organizations
may not agree to this irrigation management transfer strategy. The projects may not be willing
to transfer their water management authority to IWUGs. The IWUGs may not be willing to
accept this transfer due to the burden on operation and maintenance. However, the irrigation
management transfer at second level canal will improve the efficiency in water management.
At present, the projects have the main threat on budget and manpower constraints. The annual
budget allocation for project in term of maintenance and repair budget and the number of field
operation staffs are now limited. There is no field operation budget such as (1) the cost of gas
for vehicle travelling along the canals (2) the cost for mobile telephone for communication
and (3) the cost of meetings with WUGs. Due to the budget limitations, the second level canal
will be deteriorated. If irrigation management transfer cannot be implemented, it will be more
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and more difficult to manage the second level canal effectively. From the view point of
IWUGS, the IWUGS on the upper portion of the canal who are now get most of benefit from
the irrigation system, they may not willing to change. On the other hand, the IWUGs at the
tail of the canal have disadvantage in getting water. These IWUGs should be the target groups
to be approached since they will get the benefit from irrigation management transfer. The
project must allocate some budget and field staff to support the IWUGs in the first phase of
irrigation management transfer in order to show that the irrigation management transfer is not
the policy to push the burden to IWUGS (the issue on water management at the second level
canal will be discussed in other section). The support from the project to IWUGs can be done
through the contract. At present the IWUGS are not juristic persons. The project cannot do the
contract directly with IWUGs. The amendment of Royal Irrigation Act on the section of water
user group as proposed by the legal expert will make the WUGSs a juristic person. The contract
between the project and IWUGs can be done legally.

The case of Phetchburi O&M project where water user groups on the tail end of
RMC3 (Water Master Section 2) faced all classic water problems; insufficient water in dry
season, flooding in wet seaon and the water quality problem. The WUGs decided to work
with the project in order to remedy their water problems. The WUGs along 1L-RMC 3 has
organized into 6 IWUGs. Each IWUGs cover 1-4 third level canal with the average service
area of 9,000 rai. Many water use conflicts and the problems of illegal outlets have been
reduced. More communication among the WUGs and between WUGs and the project
operators and administrator have been established. The IWUGs in 1L-RMC 3 are willing to
have the service agreement with the project in dry season 2007 and dry season 2008. They
accept the conditions that they have to help the project do maintenance of the canals and farm
ditches and provide the crop cultivation data to the project if the project promises to deliver
the amount of water to their canals as specified in the service agreement. On the first year of
introducing the service agreement, the IWUGs keep watching the water level in their canal
although there are no water measuring devices. The detail of the service agreement and its
consequences of Phetchaburi O&M project will be mentioned in the final report on the service
agrement. This evidence from the pilot project study during 2007-2008 can confirm the
possibility that the role and responsibilty in O&M between IWUGSs and the project can be
arranged, particularly for 1L-RMC 3 of Phetchaburi O&M project.

(2.2) Maintenance of the second level canal

The maintenance of the second level canal can be done either through the maintenance
contract between the project and the IWUG. However the maintenance budget of the project
is limited it may not be sufficient to handle all the maintenance activities. It is recommended
that the RID revolving fund should partially support IWUG with the agreement that IWUG
will contribute in-kind or in-cash for the maintenance works.

(2.3) Repair of second level canal
The small repair can be done through the contract between the project and IWUG and
partial contribution between RID revolving fund and IWUG but the important repair using

high construction techniques should be done by the project.

(2.4) Physical improvement of the second level canal
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Planning for physical improvement of the second level canal should be done by the
project by consultation with IWUG but the implementation of the physical improvement plan
should be done by the project.

From the division of role and responsibility in operation, maintenance and physical
improvement of the second level canal as mentioned above, it is highly possible that both
project and IWUGs will agree in principle and willing to participate. However a good PIM
approach is required in order to convince both WUGs, IWUGs and the irrigation project about
the benefit of this approach in the long run.

(3) Define the role and responsibility for main irrigation system at headwork and
main canal level.

The project should have the authority in operation, maintenance and physical
improvement of the headwork and main canal but the consultation with the IWUG is needed.
The project is responsible for operation of the main canal to deliver water to the second level
canal offtakes using the service agreement based water management.

Strategy 2: Service agreement based water management approach

Irrigation management involves water control and distribution, maintenance, repair
and physical improvement of the canal system. At present, the irrigation sector is facing many
problems including declining numbers of staff, low budget, and the challenges of the new
constitution which states the one important issue on reducing the executive power of the
government sector and removing the unfair use of executive power. People and communities
have right to sue the government sector over abuse of their executive power.

The present RID policy has focused on the issues of efficient use of water, equity
distribution, a participatory approach in planning, development and management in an
integrated manner. Therefore, the service agreement based water management should be
adopted in conjunction with the transform of role and responsibility in operation, maintenance
and repair to IWUG as mentioned in strategy 1.

The principle of service agreement based water management, the project is the service
provider and the water user groups are the clients. Both the service providers and the clients
have to arrange the service agreement in accordance with the RID criteria and framework.
The WUGSs have to be registered with the irrigation project. The WUGs have to provide the
information regarding to the water requirements to the project such that the project has
sufficient data for water allocation planning and scheduling of water delivery for the coming
season. The service agreement is then developed to specify the level of service including the
volume, flow rate, duration and frequency that the project can provide the water delivery
service to IWUGs. The role and responsibility of IWUGs have to be defined. The penalty is
specified for those who do not follow the service agreement intentionally. The detail for
establishing the service agreement is given in the report of service agreement expert.

The irrigation project may think that the service agreement based water management
will cause some difficulty to the project. If the project cannot deliver water according to the
service agreement, the project will have to pay the penalty cost. Besides, the project may be
afraid of IWUGs suing for not giving the service according to the agreement, particularly for
those who have to sign in the service agreement. However, actually the service agreement
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based water management will reduce the risk that the IWUGs will sue the project for not
giving good water management and cause some damage to agricultural production. The
service agreement based water management will make both the project and the IWUGs
understand the situation of water requirements and water delivery constraints better than the
present practices. The project will have to manage water more reasonably. The water delivery
will have to be scheduled according to the service agreement. The field operators have to
control the water level and flow rate to the IWUGSs according to the agreed delivery schedule.
The monitoring and evaluation system has to be developed and used. The performance
indicators have to be analyzed as shown in Figure 5.1. Besides, WUGSs have to provide the
water requirements data and cooperation as mentioned in the service agreement. With the
good water management system, the risk of suing by IWUGs will be minimised.

After the role and responsibility of both the project, IWUGs and WUGSs have been
defined as mentioned in strategy 1: the project is responsible for O&M of the headwork and
main canals, the IWUGs are responsible for O&M of the second level canals and the WUGs
are responsible for O&M of the on-farm irrigation system. The service agreement can be
established at 2 levels including:

- Service agreement between project and IWUGS.
- Service agreement between IWUG and WUGs.

The service agreement for the 2 levels has similar pattern. However at the service unit
level, there must be a guideline for WUGs to distribute water to farmers equitably.

The main advantage of service agreement based water management is to improve the
water delivery and distribution to the tail enders of the canal. This will support the RID vision
on the issues of efficiency and equity in water delivery and distribution. The project will have
deliver water to IWUGs and IWUGs will have to delivery water to WUGSs according to the
service agreement or else they have to pay the penalty. With this principle, the water delivery
and distribution will be more corresponding to the crop water requirements which will be
benefited to crop yield and income of farmers and of the country.

The basic principle of service agreement based water management is to consider that
every one on the same the canal have equal right to use irrigation water. The right can be
transferred. Therefore the water will be allocated on the number of members basis. Each
member has equal right to use water.

For example, if the project has 1,000 units of water available for 100 members in
various WUGs and IWUGs as shown in Table below. The conveyance efficiencies of the
main canal to lateral canal 1, 2 and 3 are 95, 90 and 85% respectively. The amount of water
allocated to each member can be calculated as given in Table below.
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Let X be the mean of water allocation to each member in IWUGSs.

Ec (%) for main canal in delivery Number of VVolume of water delivering to
water to different lateral canals members lateral canal or IWUGSs
Lateral canal 1 95 20 20X/0.95=21.1X = 186
Lateral canal 2 90 35 35X/0.9 =38.9X = 345
Lateral canal 3 85 45 45X/0.85 =52.9X = 469
Total 100 112.9X = 1,000

112.9X =1,000
X =1,000/112.9 = 8.86 units

Similarly, an IWUG will have to allocate water to each WUG by taking into account
of the conveyance efficiency of the lateral canal. The WUGs will have to allocate water to
each farmer in similar manner.

In case of insufficient water available, each farmer will not get sufficient water to
irrigate full area of paddy. Farmers have to decide how water should be used such as
cultivating paddy for some portion of the area or cultivating less consumption crop in larger
area or trade the water use right with their neighbours. The water allocation on the number of
member basis can ensure that each member get equal amount of water and it is the right of
member to use water for any purpose.

The water use right is changing according to the amount of water availability and the
number of members requesting water in each season.

After the water is allocated to each member, the project has to develop the water
delivery schedule to IWUGs by PIM approach. The water delivery schedule to IWUGs may
be continuous or rotation. The field staffs will have to be organized in order to control the
water delivery to the offtakes of IWUGs as scheduled. The water has to be measured and
recorded in order to check how much water is delivered to each IWUG. The IWUGs may be
informed about the amount of water used and remaining on weekly basis so that the IWUGSs
can decide about the remaining water. The IWUGS can request to adjust the water delivery
schedule according to the rainfall or progress of cultivation activities.

The water delivery schedule from IWUG to WUGs and from WUG to farmers can be
done similarly. The important issue for this type of water management is every one must
know his/hers role and responsibility. The irrigation project and IWUGs must have good
database. The irrigation project staffs must work professionally. The IWUGs must be strong
enough to handle the water distribution problems and water use conflict. There must be a
penalty system for those who do not follow the service agreement intentionally. The water
delivers to IWUGs, WUGs and farmers must be measured and recorded. The canals and farm
ditches must be in good condition. The offtakes and FTO must be in good operational
condition.
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5.3.2.2 Provincial Irrigation Projects

A provincial irrigation project has a different role and responsibility from a large scale
O&M project in some aspect. Besides the command area of medium scale O&M and small
scale projects (not yet transferred to TAO), the provincial irrigation project has to look after
the non-command area in the province facing water problems. The other agency working on
water resources issues at provincial level is the Water Resources Unit of Provincial Office of
MONRE (previously it was the implementation unit of DWR). The water resources unit has a
mandate to work on both surface and groundwater resources in the province. On surface water
resources, its functions are (1) to coordinate the water resources planning and (2) to monitor,
direct and maintenance of surface water resources and flood warning system. On groundwater
resources, its functions are (1) to give permit and control for groundwater uses and (2) to
integrate the groundwater management for drought remedy in the province. The role and
responsibility of RID and DWR at provincial level on water management of the non-
command area of irrigation projects needs to be defined.

Strategy 3: Define role and responsibility of the Provincial RID and Water Resources
Unit of Provincial MONRE

At present, a provincial irrigation project is responsible for water management of
medium and small scale irrigation projects (small scale that is not transferred to TAO). For
the non-command area of medium and small scale irrigation projects covering very large area,
both Provincial RID and Water Resources Unit of Provincial MONRE are working almost
independently to relieve the water problem. The water resources development and
management plans proposed by these two agencies will be integrated with those proposed by
others agencies to be the provincial plan in order to define the priority for budgeting purposes.
Most of the provincial water resources development plan is not integrated with the river basin
plan since the river basin committee is not functioning well in many river basins. Thus the
river basin strategy in section 5.3.1 needs to be established and functioning as soon as
possible.

As mentioned above, although the province has the water resources development plan,
the two main water agencies (RID and Water Resources Unit of Provincial MONRE) still
work independently and separately. At present, Provincial RID focuses its activities on water
resources development for agriculture while the Water Resources Unit of Provincial MONRE
focuses on (1) the policy and plan for water resources development and management, (2)
water resources development for domestic water supply for the rural area and (3) the water
quality problem in natural rivers. However the scope of work of these 2 water agencies is not
clearly defined in practices. At provincial level, RID should be the main agency for water
resources development and management for agriculture. The Water Resources Unit of
Provincial MONRE should be the core agency for coordinating the integrated water resources
management policy and plan at the provincial level under the direction of the river basin
committee.

For the medium scale irrigation project, the provincial irrigation project can use the
management strategy 1 and 2 as mentioned above for the large scale O&M project. For the
small scale irrigation projects that have not yet been transferred to the TAO, the provincial
irrigation has to strengthen the capacity of the water user groups by using the experiences
from Huai Fi farmer managed irrigation system where the water user groups are quite
successful in water management and maintenance of theirs irrigation system. The role and
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responsibility in maintenance and repair of the small scale irrigation system has to be divided
between the water user groups and the project similarly to TAO and WUGSs in strategy 1.

Strategy 4: Establishing monitoring and evaluation system for water management

In order to ensure the success of the service agreement in project operation and
management, the monitoring and evaluation system has to be established. Water measuring
devices have to be installed at all the main offtakes to each IWUGs. The flow rate to each
IWUGSs and the water level at cross regulatirs have to be monitored at least twice a day to
ensure that the correct flow rate is delivered to each IWUG as specified in water delivery
schedule. The more sensitive structures and vulnerable area require more frequent monitoring.
The water user satisfaction, IWUG’s contribution to O&M, PIM activities and progress, water
productivity, irrigation efficiency need to be monitored and evaluated. The guidelines for
monitoring and evaluation is provided in chapter 8.

Strategy 5: Establishing the pilot projects for testing the service agreement based
water management

Service agreement based water management is a new concept for Thailand. Although
the concept of service agreement has been introduced to the 5 pilot projects under this FAO
irrigation sector reform program, the study time was too short to prove the practicability of
this new service agreement concept. Besides the present pilot projects conditions do not
favour the application of the service agreement based water management. All the pilot
projects lack water measurement, FTO gates, have weak WUGS, and the senior management
of the pilot projects are not ready to change and some do not realize the need for it, with the
result that the field operation staff do not understand the new concept. The advantages of the
service agreement based water management are not realized in most of the pilot projects
except in Phetchaburi O&M project. The management of Phetchaburi O&M project realizes
that the service agreement can reduce the complaints from WUGSs in dry season 2007. The
WUGs, particularly those from the downstream part of water master section 2, are more
willing to establish the service agreement with the project. Therefore RID needs to continue
using Phetchaburi O&M project as one of the pilot projects to test the practicability of the
service agreement based water management and gives the following support to Phetchaburi
O&M project.

1. Improve the capability of water delivery and control system that effects the water
delivery services such as bottleneck and canal dredging.

2. Support the WUGSs to install the FTO gates.

3. Improve the cross regulators with the side channel spillways to work as mixed
regulators or combined regulators such that they can be operated in both weir and
under short mode.

4. RID should provide additional financial support to the pilot projects in order to
employ more staffs for water measurement, data collection, study and analysis and
coordination with WUGs and some operational budget for changing the water
management practices from top-down to service agreement based. It is estimated
that the pilot projects should get additional of THB 10 million per year.

5. The project should provide some budget for field operation at the rate of THB 7
per rai per year, which is estimated from the following basis:
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Estimation of the field operation expenses

One zoneman is responsible for the command area of 5,000 rai

Requirement of motorcycle gasoline is 2 liter per day. [2 liter/day x 260 | 15,600 THB/year
days/year x THB 30 /liter]

Mobile telephone expense is THB 600 per month. [THB 600/month x 7,200 THB/year
12 months]

Expenses for meeting with IWUG at THB 1,000 per month. [THB | 12,000 THB/year
1,000/month x 12 months]

Estimated field expenses [ THB 34,800 / 5,000 rai = 6.98 ~ 7] 7 THB/rai

6. Assign 1 RID water management expert to work with the pilot projects and
evaluate the effectiveness of the service agreement based water management.

7. Assign 1 RID PIM expert to work with the pilot projects.

8. Inform the RID regional office and the Office of Hydrology and Water
Management to provide the technical support to the pilot projects.

9. Conduct the feasibility study for construction of the regulating reservoir and
construct the regulating reservoir in some pilot project if it is feasible.

The other pilot projects should be selected from projects which have good
infrastructure and where the management of the project and the field operation staffs are
ready to change to service agreement based water management in order to minimize the
infrastructure improvement costs. However the RID should provide the expert support and
additional budget as mentioned above. About 4-5 large scale O&M projects should be
selected as the pilot projects.

The pilot projects should be trial for at least 3 years. The first year is for preparation
on various aspects including the infrastructures, the operational staffs, the WUGs and the
manual for service agreement based water management of the pilot projects. The second year
is to test the new water management concept and assessment of the result in order to adjust
the service agreement based water management on the third year program. At the end of the
third year, the pilot projects and the experts on water management and PIM will have to make
the conclusion on the advantages and disadvantages of the service agreements based water
management and to develop the manual for service agreement based water management in
order to apply for other irrigation project in Thailand.

Strategy 6: Study the Feasibility of Irrigation Fee Collection on Volumetric Basis

As mentioned in Strategy 1(2), the IWUGs will be responsible for operation,
maintenance and repair of the second level canal. Although the RID by irrigation project can
provide some financial support to IWUGs via the maintenance contract, the RID budget is
limited. Therefore the IWUGS need to establish their own fund for O&M. The IWUGs should
have an authority to collect the irrigation fee according to the volume of water delivered to
WUGs who are the members of IWUGS. It is anticipated that the service agreement can help
improving the performance of the irrigation system and have contribution to crop
productivity. If the government has the policy and measure to regulate the crop price at a
reasonable level, the farmers’ income will be increased and have the enough ability to pay the
irrigation fee. In principle, the irrigation fee may be collected according to the quality of
irrigation service. No service is no irrigation fee. The partial service is partial irrigation fee.
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Full service is full irrigation fee. If the farmers understand the reason why the irrigation fee
has to be collected, it is possible that this option can be realized in the future.

5.4 Strategy for Design

The design strategy for modernization of large, medium and small scale irrigation
project must support the service agreement based water management. At present, most of the
irrigation projects are not confident to deliver water according to the service agreement due to
many problems such as no water measuring devices, no gate control FTOs, many direct
outlets from the main canal, difficulty in controlling water level in the canals, too long canal
in some project, a lot of sediment and weeds in the canals, lack of field operation manual, lack
of experiences in water measurements, lack of field operation budget, weak water user
groups, not sufficient communication between WUGs and the project, etc. Therefore it is
necessary to improve the irrigation system to meet the requirements of service agreement
based water management.

The existing RID design process is beginning from the feasibility study. The feasible
project will be selected for detail design. At present, RID has developed the general design
criteria and the specific design criteria for some irrigation projects, the standard drawings for
canal, drainage canals, water control structures and safety structures, the design criteria and
standard drawings for on farm irrigation system, design criteria for pipe irrigation system. It
can be concluded that RID has the design criteria and standard drawings which meets the
engineering standard. The drawback or the missing part of design process is no evaluation of
the actual performance of those irrigation structures comparing to the design objective, how
difficult to operate, how high the O&M costs are and how many field staffs required for
operation. Besides, there is no technical manual for field staffs.

Thus the strategy for design is given below:

(1) Use MASSCOTE (Mapping System and Services for Canal Operation
Techniques) approach to evaluate of the performance of existing the irrigation system in order
to develop the modernization plan. However the MASSCOTE is the new technique
developed out of the confluence of several streams of works conducted by FAO, IWMI,
ITRC, World Bank and IPTRID since 1990s. A training workshop on MASSCOTE should be
conducted in order to improve the capability of design and O&M engineers in diagnosis of
irrigation system such that the appropriagte modernization plan can be developed.
Furthermore the concept of MASSCOTE should be included in the irrigation engineering
degree program in the university.

(2) No direct outlets (FTO) from the main canal must be allowed. By the new service
agreement concept, the project controls the water delivery in the main canal to the second
level canals managed by IWUGs. The IWUGs control the water delivery in the second level
canals to FTO managed by WUGs. If it is possible that one second level canal should be
managed by one IWUG. If the large second level canals have to be divided into 2 IWUGs, the
classic upstream and downstream IWUGs problems will exist. The monitoring system is
required in order to make sure that the flow to the lower IWUG should not be impaired by the
upper one.

(3) The canals or farm ditches must not be too long. If the canals or farm ditches are
too long it is necessary to have the regulating reservoir to divide the canals or farm ditches
into 2 independent units. The criteria for long canals or farm ditches may be considered from
the numbers of users. If there are more than 10 users (farm inlets), it is long farm ditch and
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regulating reservoir has to be provided. The second level canal with more than 10 WUGs
(FTO) is considered as long canal. The main canal with more than 10 second level canals is
considered as long main canal. In this case, the regulating reservoir has to be provided. The
size of the regulating reservoir can be considered from the uncertainty of the water
availability and water requirements. If there is high uncertainty, the larger size of regulating
reservoir is required. However the economic return of the regulating reservoir need to be
analyzed.

(4) The conjunctive use of surface, groundwater and surface water reused should be
considered from the design phase. At present, the irrigation project which paddy is the main
crop such as Borrommathad O&M projects, farmers on the tail end have to pump water from
the drainage canal to irrigate their paddy. In this case, the farm ditch should be designed with
zero or very small longitudinal slope with level bank to support the reuse of drainage water
via pumping. The pump sump may be provided at the end of farm ditch.

(5) At present many irrigation projects use the gated cross regulators with side channel
spillways. The side channel spillways are used to safe the canal from over-topping. The gated
regulators are more flexible in operation but the main disadvantage is more difficult to control
the water level and requires more effort and skill of the field operator. The gated cross
regulator with side channel spillways can be modified to be mixed or combined regulator
which can be operated on both overflow and undershot flow modes. In normal period, the
mixed regulator should be operated in weir mode in order to control the water level more
accurately and use less effort. The overflow mode structure has less sensitivity than the
overflow mode structure. In case of emergency, the operation can switch to the undershot
flow where gate can be adjusted to increase the flexibility in water control.

(6) The water measuring device such as the broad crested weir should be installed
downstream of the canal offtake and FTO in order to measure the flow which is important for
service agreement based water management.

(7) The technical manual should be written in order to facilitate the irrigation project
in water delivery operation. The detail of the technical manual will be given in Chapter 6
(Guidelines for Design).
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6. GUIDELINES FOR DESIGN
6.1 Introduction

The Office of Engineering and Architectural Design is responsible for the design
works of RID. The Chief Engineer — Executive Advisor in Survey or Design and 6 Civil
Engineering Experts on Design and Computation are the advisory team to Director General on
the design.

The organization structure of the Office of Engineering and Architectural Design is
divided into 6 work groups as follow:
Engineering Group consisting of 3 sub-work groups
Architectural Group consisting of 3 sub-work groups
Special Structural Design consisting of 2 sub-work groups
Standard Design Group consisting of 4 sub-work groups
Irrigation System Design Group consisting of 8 sub-work groups
Ditch and Dyke and Land Consolidation Design Group consisting of 6 sub-work
groups
7. Dam Design Group consisting of 4 sub-work groups

o wbdE

The work groups related to irrigation system design and related to this study are the
standard design group, irrigation system design group and ditch and dyke and land
consolidation design group. The last 2 work groups are responsible for design of irrigation
system, ditch and dyke and land consolidation projects in 17 RID regional offices. Each group
is responsible for each group of the RID regional offices.

At present, the standard design group has developed the standard design for various

types of irrigation system and CD as listed below:

1. Manual for Design of Conveyance and Drainage System (2004)

2. Manual for Standard Drawings of Conveyance and Drainage System and Standard
Drawings of Conveyance and Drainage System (2004)
Manual for Design of On Farm Irrigation System (2004)
Manual for Standard Drawings and Standard Drawings of On Farm Irrigation System
(2004)
Standard Drawings for Small Scale Irrigation Project (Reservoir) (2004)
Manual for Standard Drawings of Road Culvert (2007)
Manual for Standard Drawings of Road Check Culvert (2007)
Manual for Standard Design of Canal Intake (2007)
Standard Drawings for Road Culvert, Road Check Culvert, Canal Intake, Check Gate,
Single gate and Hoist (2007)
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It is noted that only the conventional design groups are established. It is recommended
that the design group for system modernization needs to be established. An associated
training program on system modernization is required. The guidelines for irrigation
modernization training will be mentioned in detail in Chapter 9

In case of hiring an engineering consulting firm to survey and design an irrigation
system, the specific design criteria will be developed for that irrigation project such as:
- Design Criteria for Pipe Irrigation System of Huai Mongkol Reservoir,
Prachupkirikhun province (2003)
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- Design Criteria for Ban Pum Reservoir Project, Sakol Nakorn province (2006)

Besides, the design engineers in each group use the design textbook as the guidelines
for planning and design of irrigation system such as:

- Planning and Design of Water Distribution System by Arun Intarapalit (1991)

- Design of Conveyance Structures by Assoc.Prof.Pratipan Ammarttayakul (1995)

- Design of Small Earth Dam and Weir by Pramote Maikut (1987)

6.2 Practical Guidelines for Design of Irrigation System

The design of irrigation water delivery system can be divided into 2 approaches.
1. Canal system
2. Pipe system

Most of the irrigation water delivery systems are the canal systems. Pipe system is the
new concept, which has been used for small irrigation projects by pumping water from the
nearby existing reservoir to the higher elevation area which water cannot be delivered by
gravity. This type of pipe system was introduced during the past 10 years according to the
government policy.

6.2.1 Existing Practices for Canal Design

In general, the design of the irrigation canal system can be divided into 2 phases.
Phase 1 is the design of the main irrigation canal and drainage systems. The main irrigation
system is the system that delivers water from sources to the on farm irrigation system. The
main irrigation canal system ends at the FTO, from where water is distributed to farms. The
irrigation system design group is divided into 8 sub-work groups. Each sub-work group is
responsible for design of the main irrigation system for the area of about 2 RID regional
offices. After the main irrigation system is designed and constructed, Phase 2 or the design of
on farm irrigation system may start. The Ditch and Dyke and Land Consolidation Group
which consists of 6 sub-work groups is responsible for the design of on farm irrigation system
for the area of 2-3 RID regional offices. The design of the on farm irrigation system in phase
2 may not be started immediately after phase 1. Sometimes it takes many years before phase 2
is started depending on the budget. The budget for development of on farm irrigation system
is limited. At present, many irrigation projects do not have the on farm irrigation system.
Farmers have to construct the farm ditches from FTO to distribute water to their fields or get
water from the upper fields. Water distribution from field to field creates many problems.
Some upper field owners do not want water to flow passing their lands. This is one of the
conflict that is unsolved in Huai Sam Pad project, Udon Thani province.

The irrigation project with no on farm irrigation system will have the difficulty in
distributing water to farmers equitably and efficiently. Thus the development of the on farm
irrigation system is highly important.

The practical ways for design of irrigation system can be divided into 2 ways (1)
designing irrigation system by RID (2) designing irrigation system by consultants
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(A) Designing Irrigation System by RID

The existing practices for designing the irrigation system can be summarized as
follow:

(1) The data from the feasibility study conducted by the project planning work group
is initially used to start the design of irrigation system. The important data from the feasibility
study are listed below:

The background and the purposes of the project

Location of water resources and headworks

Recommendations on the types and size of irrigation structures, benefit area and
number of household getting benefit.

(2) The design engineer in charge of the project requests the survey team to prepare
the topographic map of 1:4,000 scale and the detail site plan of the headwork and the
construction sites with 1:500 scale and inspects the site.

(3) Analysis of water availability for reservoir design.

(4) Estimate the water duty and water requirements for canal and structural design
according to the recommended cropping pattern in the feasibility report. The basic water duty
is given in the table below:

Water Duty for Paddy 0.2-0.3 lps/rai
Water requirements for city water supply 200-300 I|/capita/day
Water requirements for rural water supply (drought area) 50-100 l/capita/day

Some project uses L.J. Wen formula in equation 6.1 for estimation of water duty for
paddy with rotation water delivery system. This formula assumes the peak irrigation water
requirements take place during the land preparation and transplanting period. The number of
days in this period can be defined below.

Land Preparation and Transplanting Period for Number of days
Ditch 30
Lateral canal 42
Main canal 60

L.J.Wen method considers the variable rate of land preparation in such way that the
paddy water requirements during the land preparation period constant. This concept can
reduce the size of water delivery system.

1 { DtCi }
q {54EaEc} _o—(DUDS)N 6.1)
when q = Water Duty (Ips/rai)
Dt = Water Requirement in Transplanted Rice Field (mm./day)
Ds = Soaking Water Requirement (mm.)
N = Land Preparation Period (days)
Ec = Conveyance Efficiency
Ea = Application Efficiency
Ci = Crop Intensity Factor (=1.00 for On Farm System)
e = Base of Natural Logarithm = 2.718282




93

One good thing about the formula of L.J. Wen is the smaller water duty than the using
peak water requirements. Wen’s formula can be applicable only if the land preparation rate is
high at the beginning and decreases exponentially as mentioned in Wen’s assumption.
However, in actual paddy cultivation practices, farmers do land preparation independently.
Some irrigation projecta have difficulty to control the land preparation schedule as mentioned
in section 3.4.2. If this is the case, smaller water duty may cause insufficient supply of water
during land preparation period. Therefore Wen’s formula has to be used carefully. It is
adviced that FAO Cropwat program (version 8) which can be used to calculate project
irrigation water requirements for different cropping patterns should be used to estimate the

peak flow for design of irrigation system.

The estimated efficiency for design can be found from table below.

Efficiency Paddy (%) Upland Crops (%)
Application Efficiency(Ea) 95 80
Operational Efficiency 80 80
Conveyance Efficiency (Ec) 85 80
Overall Efficiency 65 51

The water duty is decreasing when the irrigated area increasing as shown in Table 6.1.

Table 6.1 Water duty for different size of irrigated area

No. Irrigated Area (rai) Water Duty (Ips/rai)
1 <1,000 0.298
2 2,000 0.252
3 4,000 0.229
4 6,000 0.221
5 8,000 0.217
6 10,000 0.215
7 12,000 0.213
8 14,000 0.212
9 >15,000 0.212

From Design Criteria of Ban Phum Irrigation Project, Sakorn Nakorn Province (RID, 2006)

(5) The main canal will be laid out along the contour. The layout has to avoid an
undulating area and tries to minimize the number of crossing structures. The full supply level
(FSL) has to be designed at 0.5 m. above the ground level. The lateral and sub-lateral canals
will also be layout on the contour ridge in order to distribute water on both sides of the canals.
The FSL of lateral and sub-lateral canals is 0.3-0.5 m. higher than the soil surface.

(6) Manning’s formula is used for canal design.

V = 1 Rasgy
n

The criteria for selecting the Manning’s n is given below.

Earth canal or ditch
Concrete lining canal
Concrete lining canal

(6.2)

0.03
0.018
0.016
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The water surface profile is 1:4,000 to 1:10000 for the main canals and 1:1,000 to
1:8,000 for lateral canals.

The maximum allowable velocity in concrete canal is 1.5 m/s. For earth canal, the
critical velocity for non-scour and non-deposit can be calculated by Kennedy’s formula
(v=Cd™ where v = critical velocity in mps, d = water depth in m, C = 0.35-0.547 and m =
0.64-0.66), which is in the range of 0.3-0.8 m/s.

The normal practice is to design the irrigation canal to deliver water continuously. The
concrete lined canal is more popular. The standard drawings of the concrete canal is shown in
Figure 6.1. In general, the O&M road or the feeder road is located on one side of the canal
bank. The O&M road is 4 m wide . The feeder road which is used for transportation of the
agricultural inputs and outputs is 6 m. wide.

AT Gaags ARG —

sorruhaiay—

~ somurwthasi |

—seivhussusnd ' uRaDe | R Aurao

srioan 025 unduditons —

5% WODIFIED PROCTOR COMPACTION TEST. TURE " N —

s UFRYINIAREIAPREUNER
- ARSI nﬂ'ﬁﬁm#«umn‘uom CUT CANAL) human |
GRa | 1
—~ e _ RWeR, aliR . |
g czs vadsuwludoundn — Ulﬂni T.J!ﬂ o

Low
| - 15 . WA

95 WODIFIED PROCTORCDMPACTION TEST". | | | _

J
,‘i ¥3% STAMDARD PROCTORCOMPACTION m-.l
—seiukusvsuil =

% g g ' geamARLE Y 030 3 WissumAIR TRy
o e 18 fuusdmanlanind L

FHL STANDART PROCTDR COMPACTION TEST.

SUBRZINARNRIAAIUNGE

Figure 6.1 Standard Drawings of the Concrete Lined Canal

(7) The canal structures are the water control and conveyance structures in the canal
including head regulator, cross regulator or check structure, road culvert, drain culvert, farm
turnout or FTO, elevated flume, bench flume, bridge, side channel spillways, drain inlet, over
chute, tail regulator. RID has developed the design criteria for design of the canal structures
such as the design criteria for design of Ban Phum reservoir irrigation system, Sakol Nakorn
province (RID. 2006), which refers to USBR. Design Standard No.3 (Canal and Related
Structures). In this section, the practical guidelines for design of the important canal structures
such as head regulator, cross regulator, FTO and side channel spillways are discussed.

(7.1) Head Regulator. The head regulator or offtake is the structure located at the
head of the canal to control the flow into the canal. The sluice gate is commonly used as
shown in Figure 6.2. For small structure, the hoist is designed for manually operated. For the
large structure, the gear motor will be used and may use a radial gate instead of sluice gate.
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In design of the head regulator with sluice gate, the orifice formula is used. The flow
can be free flow or submerged. The orifice formula on submerged flow and free flow is

shown in Figure 6.3 and 6.4 respectively.

Head Regulator (Phetchaburi O&M Project)
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Standard Drawings of the Head Regulator with Broad Crested Weir Downstream

Figure 6.2 Head Regulator
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Formula for Submerged Flow

Q = Cs.L.Go,/2gh

Q = Discharge (cms)

Cs = Discharge Coefficient for Submerged Flow which depends on H and Go
Go = Gate Opening (m.)

Us = Upstream Water Level (m.-MSL.)

Ds= Downstream Water Level (m.-MSL)

H = Ds — Gate Threshold Level (m.)

h=Us-Ds (m.)

L = Gate Length (m.)

g = Gravitational Acceleration = 9.81 (m./s?)

Figure 6.3 Formula for Submerged Flow
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Formula for Free Flow

Q = Cd.L.Go,/2gh

Q = Dsicharge (cms)

Cd = Discharge Coefficient for Free Flow
Go = Gate Openning (m.)

Us = Upstream Water Level (m.-MSL.)
Ds= Downstream Water Level (m.-MSL.)
Y = Us — Gate Threshold Level (m.)
h=Y -0.60Go (m.)

L = Gate Length (m.)

g = gravitation acceleration = 9.81 (m./s?)

Figure 6.4 Formula for Free Flow
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(7.2) Cross Regulator or Check Structure. The Cross regulator is the structure for
control the water level in the canal at full supply level or at any specified control water level
(Figure 6.5). At present, both the sluice gate and the radial gate (for large structure) are
commonly used. Some projects use duck-billed weirs or diagonal weirs or oblique weirs for
water level control, such as Huai Sam Pad medium scale Project in Udon Thani province.
Some project uses the mixed cross regulator such as Phetchaburi O&M project. The gate type
and the mixed regulators are more popular than the weir type due to a mis-understanding that
the weir type cross regulator blocks the flow. The water users believe that this type of
structure is the main cause that water cannot flow to the tail portion of the canal. In some
project, the weir type is destroyed by the water users.

It is noted that the cross regulator needs to be located and designed to maintain the
desired water level over a range of flow rates, without backwater effects submerging upstream
control structures. The design process, at minimum should require the calculation of water
surface profiles under varying flow conditions.

(7.3) Farm Turnouts. The farm turnout or FTO is the final offtake from the canal to
the on farm irrigation system. Normally one FTO can distribute water to the area around 300
rai. There are several types of FTO that have been used in Thailand including (1) FTO with
single gated control (2) Constant Head Orifice or CHO (2) Romijn Weir (4) Baffled
distributor or Neyrpic Modules. Different types of FTO are shown in Figure 6.6. The FTO
with single gate control is commonly used in Thailand.

Among the various types of FTO, CHO are more expensive and difficult to operate in
comparison to the single gated orifice offtakes as experienced in some projects in Greater
Chao Phraya. Romijn weirs are highly sensitive offtake (S=1.5/head) comparing to the orifice
type offtakes therefore they are not recommended to use in conjunction with gated orifice
cross regulators. Baffled distributors are capable of controlling more constant flow rate over
wider range of water level fluctuation. They have been used in 6L-2L canal of Song Phi Nong
O&M project in Suphanburi province for more than 20 years. However RID design engineers
are not familiar with this type of FTO, the uses are still limited. The single gated orifice FTOs
is simple and easy to operate if they are used in conjunction with the weir type cross
regulator.
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Mixed Regulafor Operating in Undershot Mbde Mixed Regulator Operating in Overflow Mode
Phetchaburi O&M P (Phetchapuri_Q&M Project)

Mixed Regulator for Limited Canal Width Operating Mixed Regulator for Limited Canal Width Operating
in Undershot Mode (Phetchaburi O&M Project) in Mixed Mode (Both Undershort and Overflow)
(Phetchaburi O&M Project)

Mixed Regulator with Increasing Weir Length
to Reduce the Sensitivity
(Huai Sam Pad Project, Udon Thani Province)

; &"-«\.‘ vl
Duck-billed Wier Check Drop with Regtangular Opening
(Huai Sam Pad Project, Udon Thani Province) (Phetchaburi O&M Project)

Figure 6.5 Cross Regulators (Check Structure)
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FTO with single gate control
(Phetchaburi O&M Project)

Constant Head Orice
(Borrommathad O&M Project)

FTO that modified from CHO for pumping
water
to FTO when water level in the canal
drops below gate threshold
(Borrommathad O&M Project)

Romijn Weir Baffled Distributor
Figure 6.6 Different Types of FTO

(7.4) Side Channel Spillway. The side channel spillway is the safety structure to
prevent canal overflow and eroding the canal bank. Normally, the side channel spillway
should be provided at the junction. In case of emergency, the water cannot flow into the
lateral or sub-lateral canals, the excess water can overflow through the side channel spillway
to the natural water coarse. The crest level of the side channel spillway is designed to be 5-10
cm. above the FSL. The formula for crest length is given below.
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Q=184 LH!S (6.3)

when Q = Design discharge (cms)
L = Crest length (m.)
H = Depth of water above weir crest (m.)

The side channel is designed for sub critical flow.

(7.5) Drain Inlet and Over Chute. These are the structures for preventing the canal
damage from runoff. Usually at the intersection of the canal and natural water course, the
drain culvert will be constructed. In case that the drain culvert is not appropriate, the dran
inlet or over chute may be an alternative to take runoff into the canal. Over chute is usually
use for high runoff.

(8) Design of Drainage System. Thailand is in monsoon area. In rainy season, the
heavy rain and flooding frequently occurs. Therefore it is necessary to have the drainage
system. The earth canals or ditches are usually used for drainage. The drainage system is
usually designed with the maximum rainfall of 3 days duration and 5 years return period and
assuming the allowable flood depth of 70 mm. With the above assumption, the drainage
modulus for drainage system design can be calculated by the following equation.

_ 1600(R —70) (6.4)
84,600T
when g4 = Drainage Modulus (Ips/rai)
R = Maximum rainfall of 3 days duration and 5 years return period. (mm.)
T = Allowable flooding time (days)
1600 = area of 1 rai in m?

The capacity of drainage canal can be designed using the drainage modulus and the
drainage area as follow.
_ fggA
Q 1,000
when Q = Drainage canal capacity (cms.)
ga¢ = Drainage Modulus (Ips/rai)
A = Drainage area (rai)
f = Area reduction factor, 1.00 for area less than 2,000 rai and 0.64 for area between
200,000 - 500,000 rai.

(6.5)

The dimension of the drainage canal can be calculated by Manning’s formula (similar
to the irrigation canal design) using the following criteria.
e n=0.03-0.35
¢ |ongitudinal slope = 1:1,000 — 1:8,000
e Spoil bank must not higher than 1.50 m. and every 200 m. the drain inlet must be
provided. The width of the drain inlet must be at least 5 m. wide.

It should be noted that there is no standard design criteria for flow measurement. Flow
measuring devices are optional for designer. Some designers may use broad crested weirs for
flow measurement at the offtakes but some other may not.
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(B) Designing Irrigation System by Consultants

In case of the design load is exceeding the capability of RID design engineers can
handle. RID can out source by hiring an engineering consulting firm to do the design. In
general, the consultants will be hired for designing the irrigation system with large area. In the
design contract, the consultants have to prepare the design criteria for RID approval before the
detail design can proceed. The design criteria proposed by the consultants usually is not
different from those used by RID.

6.2.2 Existing Practices for Pipe System Design
6.2.2.1 History of the Pipe Irrigation System

In year 1996, the government has the policy to develop the pipe irrigation system in
order to reduce the seepage and evaporation from the canal. The main propose of pipe
irrigation system is to expand water delivery to the area (outside the existing irrigation
command area) that cannot deliver water by canal. The pipe irrigation system is targeted to
cover all regions of Thailand over an area of approximately 1 million rai. The cabinet
resolution on 19 November 1996 assigned RID oversee piped irrigation system development.
The implementation of pipe irrigation system can be summarized as follow.

Develop the master plan for pipe irrigation system to cover approximately 1
million rai.

Select the projects from the master plan for feasibility study. 110 projects
covering the area of 500,000 rai were selected for feasibility study.

Select the pilot projects for detail design. 9 pilot projects were selected covering
the area of 50,000 rai.

The following pilot projects were implemented.

(1) Don Gog pipe irrigation project, Nong Reu district, Khon Kaen province.

(2) Ban Non Kong pipe irrigation project, Nong Reu district, Khon Kaen province.

(3) Ban Kut Kan pipe irrigation project, Nong Reu district, Khon Kaen province.

(4) Dom Noi Settlement pipe irrigation project, Sirintorn, Ubol Ratchathani province.

(5) Huai Otalut (Tub Tim Siam) pipe irrigation project, Phu Sigha district, Sri Saket
province.

(6) Non Soong pumping project for domestic and agriculture, Non Soong district,
Nakorn Ratchasima province.

(7) Srinakarind pipe irrigation project, Srisawat district, Kanchanaburi province.

(8) Ban Sum Ta Rueng pipe irrigation project, Kitchagood district, Chantaburi
province.

(9) Ban Wang Ku pipe irrigation project, Sanamchaiket district, Chachoengsao
province.

(10) Ban Bong Born pipe irrigation project, Mueang district, Trad province (this
project is canclled).

The 9 pilot projects were constructed during 2001-2003. The details concerning the
implementation of 9 pilot projects are given in Table 6.2.

The objectives of the pipe irrigation system can be summarized as follow.
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(1) Increase water availability for domestic supply in the drought area in order to relief
water shortage frequently occurred in dry season.

(2) Increase water availability for agriculture or industrial agriculture at the village
level in order to create new jobs in rural area which can raise the income and
quality of life of the people in the drought area according to the government
policy.

(3) Transfer water from the area with excessive water to the neighbourhood area that
experiences water shortages.

(4) Maximize water use efficiency according to the environmental conditions and
constraints and provide the opportunity for farmers to cultivate dry season crops.

(5) Create or expand jobs for rural people in order to raise the basic income and
quality of life according to the government policy.

Table 6.2 Summary of Pilot Projects Implementation of the Pipe Irrigation System

Budget
Year (million
No. Project completed | bahts)
1 | Don Gog pipe irrigation project, Nong Reu district, Khon
. 2542 27
Kaen province
2 | Ban Non Kong pipe irrigation project, Nong Reu district,
: 2543 50
Khon Kaen province
3 | Ban Kut Kan pipe irrigation project, Nong Reu district,
: 2544 52
Khon Kaen province
4 | Dom Noi Settlement pipe irrigation project, Sirintorn, Ubol
. : 2546 63
Ratchathani province
5 | Huai Otalut (Tub Tim Siam) pipe irrigation project, Phu 2546 65
Sigha district, Sri Saket province
6 | Non Soong pumping project for domestic and agriculture, 2544 50
Non Soong district, Nakorn Ratchasima province.
7 | Srinakarind pipe irrigation project, Srisawat district,
. . 2546 48
Kanchanaburi province
8 | Ban Sum Ta Rueng pipe irrigation project, Kitchagood
o - . 2545 26
district, Chantaburi province
9 | Ban Wang Ku pipe irrigation project, Sanamchaiket district,
: 2546 47
Chachoengsao province
10 Ban Bong Born pipe irrigation project, Mueang district, Trad cancelled i
province
Total 428

Sources: Report on Monitoring and Evaluation of the Pipe irrigation Projects (Pilot
Projects) by Monitoring and Evaluation Work Group, Work Plan Division, RID, September
2005.

6.2.2.2 Structure and Components of Pipe Irrigation System

In this section, Ban Don Gog pipe irrigation project is used as an example to explain the
structure and component of pipe irrigation system. Ban Don Gog pipe irrigation project, Khon
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Kaen province is the project developed during the first period in order to bring water from Ubol
Rattana reservoir to the area in the upstream. As shown in Figure 6.7, the main components of
pipe irrigation system are listed below.

(1) Feeder channel is the channel that brings water from the reservoir to the pumping
station.

(2) Pumping station and pumping equipments.

(3) Pipe system with control equipments which distribute water from pumping station
to the cultivation area.

(4) Storage tank with capacity of 108 cubic meters is used as the head tank for water
distribution and to store water after stop pumping. The water can be delivered by
gravity to the water users in the command area of the storage tank whenever they
need.

(5) The distribution outlet is installed for each farm for each household use.

5542
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Ban Don Gog pipe irrigation project has the service area of 1,200 rai. The project is
divided into 2 zones with 11 storage tanks for controlling water distribution to the distribution
outlets as shown in Figure 6.8.
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6.2.2.3 Water User Organization

After the construction of the pipe irrigation system was completed, water user groups
were established. The water user group committee was elected from the members. The rules
and regulations were established. The function of the water user group is to manage the
project and water delivery and distribution to users. Specifically the function of water user
organization can be listed below.

(1) Be the center for coordination among water users, TAO, Khon Kaen irrigation

project and other government agencies.

(2) Manage the members to respect and follow the rule and regulations established by
the water user organization such as submission of the water request and payment
of the pumping fee.

(3) Control the pumping operation in order to deliver water to the storage tank and
distribute to the distribution outlets equitably.

(4) Organize the water user members to maintain the pipe network, storage tank and
distribution outlets.

(5) Manage the water use problems.

Storage Tank (¥)

®

Pumping Station

Distribution Outlet

7
S Distribution Pipe
Main Pi s
gV ke Cultivating Area
Feeder Channel ©)

= e it

Pumping Station Storage Tank Distribution Outlet

Figure 6.8 Main Components of Pipe Irrigation Project

6.2.2.4 Layout of The Project Area

Ban Don Gog pipe irrigation project is divided into 2 zones. The main components of the
project consists of the pumping station, main pipe (HDPE), distribution pipe (PVC), 11 storage
tanks and 61 distribution outlets. The layout of the main components of Ban Don Gog project is
shown in Figure 6.9.



106

: -...._....,- ‘... Deliver to Open gate 10.1 Close gate no.
_____ % Zone 1 [v1,v2,v3 V4 V5 v VBT T
Lest *
:" 2 Zone 2 VB VB VT W1,W2 V3, ve 8

""""" Remark: * implies gates in main pipe.
Others are gates in distribution pipes
and gates at the storage tank

o

& & F
WLUNAIU

Teus

A Gate
Gate no.

V3
Gate in
division box

Storage tank no.

Pipe
------- Service area
boundary

Reservoir

Figure 6.9 Layout of the Main Components of Ban Don Gog Pipe Irrigation Project

6.3 Proposed Concept for Irrigation System Design

The present constitution encourages greater public participation in various government
projects. Many previous governments have declared that water problems are national issues
in order to give high priority to various aspects of water problems including water
conservation, development of basic infrastructure related to water, increasing efficiency in
water management, integrated river basin water resources management and promotion of
public participation in water management. The vision of RID for the past many years have
stated the stand point on participatory approach to improve the efficiency, equity and
sustainability in water management and conservation of agricultural land in irrigation project.
Besides, the budget and manpower resources for irrigation management are limited. The field
operators such as zonemen are reducing due to the downsizing policy of the government.
Therefore it is important that the irrigation project has to be designed in such a way that the
water conveyance and control structures are easy to operate, robustness and economically on
both investment and O&M.

From the existing practices on the design of irrigation system as mentioned above, it
can be concluded that RID has the design criteria, design manual and standard drawings for
design of the canal water delivery and drainage systems, on farm irrigation system, small
reservoir and the pipe irrigation system. There is a team of new design engineers and the
design experts who are capable for design of the irrigation and drainage systems by the
existing design practices.
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However the existing irrigation systems in the command area of 27 million rai around
the country are facing many important problems as mentioned in section 3.3 “ Pilot Projects
Evaluation By RAP” and in Chapter 4 “Issues and Options for Design and Operation”. The
main problems can be summarized in order improve design concepts and process such that the
irrigation system can provide the water delivery service to users efficiently, reliably, flexibly
and can allocate and distribute water to users equitably according to the RID vision. Newly
designed irrigation systems should be operated and managed with limited budget and
manpower. The main problems of the existing irrigation systems can be summarized below.

1. Inability to control the crop cultivation area in dry season. At present, most or all
irrigation projects have a problem on controlling the crop cultivation area in dry season. The
O&M projects such as Borrommathad, Phetchaburi, Tab Salao and other projects in central plain
are facing the serious problem on controlling the crop cultivation area and schedule in dry season.
The main factors effecting this problem are; (1) high paddy price (2) private sectors are doing
business on tillage, transplanting and harvesting by using mechanization which makes paddy
cultivation more convenient than that in the past (3) the advance of bio-technology for agriculture,
new varieties of rice have shorter cultivation period, high yield and can cultivate all year round.
Farmers can cultivate paddy up to 5 crops in 2 years. In the future, it is expected that 3 crops per
year can be practiced. All of these factors make it difficult for the project to control the crop
cultivation schedule and area in dry season and result in the difficulty in water allocation and
management. The project is facing the equity problem in water allocation. The head end users
take advantages without any consideration on the tail end users. Some irrigation project locates
the service area in dry season only for the upper portion of the project area. Most of tail end
farmers are forced to accept that the head end users have more opportunity to use more water than
the tail end users. The tail end users usually have to help themselves by developing the alternative
sources of water by their own expenses such as pumping water from the drain or shallow wells or
in some project, farmers have to pump water from the irrigation canal, which the water level
drops below the threshold of the FTO. Therefore it is necessary to find the appropriate approaches
for design and management of the irrigation project such that the project can control the crop
cultivation schedule and area according to the water availability of the project.

Besides some old irrigation project has expanded the service area from the original design
without consideration on the water balance of the project. This situation increases the degree of
water use conflict.

2. Water cannot be delivered to the tail portion of the canal. This is one of the very classic
problem in dry season in most of the irrigation projects in Thailand due to the inability of the
project to control the cultivation area on one side. On the other side, some old irrigation project
was originally designed for supplementary irrigation using the water duty of 0.13 Ips/rai the such
as Borrommathad and Phetchaburi O&M projects, the delivering capacity of the canal is limited.
Although some old irrigation project has increased the delivering capacity of the main canals by
raising the canal bank such as Phetcahburi O&M project, only some part of the canal, mostly the
upper part, was modified, not all the canals. The problem is still existed. The 2 main factors are
still effect the efficiency of water deliver and distribution to the tail portion of the canals,
particularly when water availability is limited or when demand for water is high. Borrommathad
O&M project is a good example of this problem. The project cannot control the crop cultivation
schedule and area due to very high demand for paddy cultivation. Farmers cultivate paddy at will
without any consideration on the water availability and the maintenance schedule of the project.
The project has a problem to establish the water delivery schedule that satisfies all the water users.
The water cannot flow to the tail portion of the canal. At present, Borrommathad O&M project
has delivered water by default, with no water level regulation, to keep water level in the canal
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below the FTO inlet level in order to allow some water flow to the tail portion of the canal. The
disadvantage of this approach is that every farmer has to pump water from the canal into their
FTO. Since farmers have to pay the pumping costs themselves, the irrigation water is used more
efficiently and more water flows to the tail portion of the canal. Under these circumstances,
farmers will not be confident on the irrigation project water delivery. The cooperation from
farmers and PIM will not be realised. The water use conflict and vandalism can happen easily.
Therefore the irrigation system capability of the old projects needs to be evaluated in order to
develop the improvement plan which can provide the better service to users. The appropriate type
of water control structures and the conjunctive uses should be considered carefully.

3. Insufficient budget for O&M. The budget for operation, maintenance and management
of irrigation project are allocated from the government budget which are limited. This creates the
impact of deterioration of the water delivery system; the canal bank eroded, high sediment and
weeds in the tail end of canal, the water control structures are not ready for use. The water
delivering capacity of the canal is reducing which results in water shortage and other problems as
mentioned in the previous section. Therefore it is necessary to choose the control structures that
are simple in operation and require low O&M costs.

4. The water delivery and distribution does not satisfy the farmers’ water requirements.
This is one of reason why the vandalism exists and reducing the delivering capacity of the canal
system.

5. Direct outlets. Most of the pilot projects have the FTOs that take water directly from the
main canal or simply called the direct outlet. The FTOs are operated by water user groups and
many of them have no gates, FTO gates are lost or damaged. These direct outlets are the problem
that complicates the canal operation and the water management. The project has difficulty to
control the rotation water deliver schedule.

6. Lack of water measurement system. Most of the irrigation projects are lack of water
measuring devices. Only staff gages are available for water level measurement at the head
regulators of the main canals. The rating curve of the control structure is rarely calibrated. Besides
the field staffs have no experiences in flow measurement. The project delivers water to each
water master section, lateral and sub-lateral canals by experiences but no flow measurement. The
high irrigation performance cannot be achieved without flow measurement. Therefore RID must
have the strong policy on flow measurement.

7. The water control structure that is important but difficult to operate is the cross
regulator or check structure. The common cross regulators are the gated type. The gated type
cross regulator is more flexible in water control but it is more difficult to operate in unsteady flow
conditions. The water level upstream of the cross regulator fluctuate due to the perturbation from
the adjustment of upstream cross regulators and offtakes and other factors. However, at present,
the fluctuation of water level in the canal does not receive much attention due to the following
reasons (1) no water measurement (2) the farmers on the downstream portion of the canal have
experienced the unreliable water deliver and distribution. Thus the fluctuation of water level
within 0.3-0.6 m. of the target water level is quite common. If the water level in the canal is too
low to enter the FTO by gravity, farmers will pump water into their fields with their expenses
which is not the objective of a gravity system. Water users will lose confidence on water deliver
and distribution if the water level is fluctuates a lot. It can result in water use conflict among the
head-end and tain-end users. Therefore the appropriate type of cross regulators should be selected
carefully in order to improve the reliability in water delivery. Mixed regulators which are simple
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for operation, reliable for water level control and rather flexible should be used. At present, there
are mixed regulators in some irrigation projects such as Phetchaburi O&M project and the O&M
projects in Greater Mae Klong irrigation project but most of them are operated in orifice flow or
undershot mode. The side weir is used as the safety feature or the spillways to protect the canal
from overtopping. It is therefore necessary for RID design office to revise the design concept on
the cross regulators.

8. Lack of regulating reservoir. All irrigation projects in Thailand do not have the
regulating reservoir to absorb the perturbation or to re-regulate the water excess or shortage.
One of the common problems in most of the irrigation projects is the inability to deliver water
to the tail end of the canal. Some irrigation projects such as Phetchaburi O&M project have
tried to develop on-line storage in order to store the excess water by improving the borrow pit
along some part of LMC. However there is no mechanism for regulating the flow of water
between the borrow pit and the LMC. The regulating reservoir is a new concept in Thailand.
Theoretically the regulating reservoir is useful for water management but the cost of
investment and the availability of land for construction of regulating reservoir can be the
major problems for application of the regulating reservoir in Thailand. However, the
feasibility of the regulating reservoir should be studied if it can be used to improve the
performance of canal operation.

From the 8 problems of irrigation delivery system mentioned above, the design
concept should be changed to the more operation oriented design such that the performance of
the water delivery service is improved and the RID vision is achieved. The new design
concept for irrigation system modernization can be summarized below.

1. The water balance of irrigation system should be re-analyzed in order to define the
potential command area according to the water availability. All water resources including
surface water, groundwater and the reused water must be considered in the analysis. Besides
the potential irrigation efficiency improvement, development of the new water resources and
water transfer from the nearby basin must be taken into consideration. Projects where the
average water requirements exceed availability may not be sustainable and water use conflict
may arise easily.

2. MASSCOTE approach should be used to define the management units. Each
management unit must be homogeneous and independent from each others. This management
unit is important for identifying the suitable location of the water control and measurement
structures which are convenient for operation and management. The factors influencing water
management include cropping pattern, soil texture and fertility, water availability and etc.
must be considered in order to identify the homogeneous management unit.

3. Downstream control which has the advantage of being able to quickly response to
any change in demand should be adopted as a new option for irrigation project modernization.
Upstream control which is the common practice in Thailand requires the complex preparation
of a demand schedule taking into consideration a number of estimated hydraulic and agro-
meteorological factors.

4. Flow measuring devices such as a broad crested weir or flow measuring flume must
be provided on the downstream of the offtake structures and the staff gages must be installed
at all the water control structures. Besides the volumetric water measuring devices should be
tested in the irrigation project adopting service agreement.
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5. The telemetering devices for remote monitoring or SCADA for remote monitoring
and control should be installed at the head regulators, main regulators and offtakes,
particularly at the intersection of O&M projects in very long canal.

6. The water surface profile should be analyzed in order to located the proper location
of the cross regulators.

7. Select low sensitivity structures that are flexible enough to respond to variable
water requirements of farmers such as the mixed regulators. The mixed regulators can be
designed to operate in overflow mode during the normal period to reduce the manpower
requirements and operation cost.

8. Design the water delivery system such that water can be controlled more
effectively. Some types of FTO such as baffled or modular distributors can be set up to the
inflow limit and can be controlled on and off effectively. That can limit the water supplied to
the amount allocated to particular FTOs. No direct outlets are provided on the main canals.
The pipe irrigation system has more advantages in controlling water delivery and
distribution.

9. The feasibility study should be conducted in order to compare the advantages and
disadvantages of the existing irrigation management system (area based division) and the new
approach (canal based division or canal hierarchy). In the existing irrigation management
system, the project is divided into different water master sections, each water master section is
independent from each others. The conflict between the upstream and downstream water
master section on the same canal is always occurred. The new approach is to divide the
management by canals. One section manages main canals, the others manage lateral canal and
sub-lateral canals. Under the new approach, the water delivery service performance on each
level of the canals can be measured easier.

10. The feasibility study of the regulating reservoirs should be conducted in term of
the location, size and economic return of the investment.

11. The technical manual should be provided in order to give the important data and
information for O&M staff to use in operation and management of the irrigation project. The
important technical data are listed in Table 6.3.

12. Conduct the feasibility study for modernization of the old irrigation system so that
it can deliver water for dry season effectively. Some old irrigation system was designed for
supplementary irrigation.
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Table 6.3 The Required Technical Data for Operation and Management

A. The required technical data of the reservoir.

(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)
)

Area — Capacity Curve

Detail specifications of dam and appurtenant structures

Detail of tail drain

Discharge capacity and rating curve of spillways, emergency spillways and river
outlet

Detail specifications of control room equipments and manual

Estimated sedimentation rate of the reservoir

Life span of the reservoir

Investment cost and estimated O&M costs

Rule Curve of reservoir

B. The required technical data of the canal system

1)
()
3)

(4)
(5)
(6)
(7)

Manning’s n

Longitudinal slope and side slope of canal

List of the canal structures with the following details: type of structures, location,
discharge coefficient (c) and peak discharge capacity

Formula for calculating discharge through the control structures or rating curve
Command area of each canal

Full Supply Level of each canal

Procedure and step for gate adjustment
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7. GUIDELINES FOR WATER MANAGEMENT
7.1 Introduction

Water management is the process for providing the inputs for irrigation including
water, man and irrigation system in order to deliver an appropriate amount of water to users
and to drain the excess water from the cultivation land before it has negative impact to crop
yield. The word “water” implies all water which the irrigation project can be utilize including
(1) water from the reservoir or water which can be diverted or pumped to the command area
of the project (2) groundwater and (3) reused water. The word “man” implies the project
staffs, water user groups and farmers. The word “irrigation system” implies canal or pipe
system, water control structures in main irrigation system, on farm irrigation system and
drainage system which are the basic infrastructures for water management. The water
management consists of the following processes (1) planning the operation (2)
implementation of the plan and (3) monitoring and evaluation which is important processes to
ensure that the water management success and achieving the objectives or the service
agreement.

Planning The Operation

Service Agreement

Monitoring&Evaluation — Implementation of the Plan

Figure 7.1 Water Management Process

7.2 The Existing Practices in Water Management

At present, the water management approach can be divided into 3 levels including; (1)
river basin level, (2) project level and (3) on farm irrigation system level.

Thailand has divided into 25 main river basins as shown in Figure 7.2. Some river
basins are independent such as Phetchaburi river basin but some others are interconnected
river basin such as Ping, Wung, Yom, Nan and Chao Phraya river basins. RID is the main
agency in water resources management of the country until 1989, the Office of National
Water Resources Committees (ONWRC) was established under the Prime Minister Office.
The ONWRC was later transformed to Department of Water Resources (DWR) under the
Ministry of Natural Resources and Environment (MONRE) in 2002. The new water resources
regulation was revised in July 2007 as published in the Government Gazette No. 124, special
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section no.84. This new regulation expresses the integrity and integration of water resources
management on both at the river basin and the country levels by allowing public
participation. By this new regulation, the national water resources committee (NWRC) was
established. The member of NWRC consists of the Prime Minister or the Deputy Prime
Minister as the chairman, Ministers of the Ministry of Natural Resources and Environment
(MONRE) as the first vice chairman, Minister of Ministry of Agriculture and Agricultural
Cooperatives (MOAC) as the second vice chairman, Minister of Ministry of Science and
Technology (MOSAT) as the third vice-chairman, the under-secretaries of the related
ministries including MONRE, MOAC, MOSAT, Transportation, Energy, Interior, Industry,
Director of Budget Bureau, Secertary General of NESDB, Director Generals of RID, DWR,
DGR(Department of Groundwater Resources), and the national water resources experts. The
Director General of the Department of Water Resources is the secretary of NWRC. The
NWRC has the authority to (1) provide the proposal and recommendations to the cabinet
related to the policy and plan, law and regulation and the budget framework for water
resources management (2) coordinate with government sectors, TAO and other committees
related to the environmental management and disaster prevention involving with water
resources management (3) monitor and support the operation of the river basin committees,
government sectors, TAOs and private sectors on the water issues (4) set the priority for water
resources allocation according to the demand for domestic, industrial, agriculture,
environment, navigation, hydropower and others (5) provide the direction for monitoring and
evaluation of the water resources management authority transfer to TAOs (6) establish the
river basin committee (RBC).
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Figure 7.2 The 25 River Basins of Thailand
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7.2.1 River Basin Water Management Practices

Water management at river basin level has focused on the integrated approach. There
are several agencies working on water management from policy issues to implementation
such as the river basin committee and the operating agencies including RID, DWR, TAO and
other agencies such as Water Quality Management Bureau, Pollution Control Department of
MONRE, which is responsible for establishing policy, developing strategic plans and water
standards as well as monitoring water quality of the Kingdom's water resources.. The water
resources are used for several purposes including domestic water supply, agriculture,
industrial, tourism, environment preservation, hydro-electric power and flood control. The
water use in domestic supply, agriculture and industry creates waste water which is finally
drained to natural water courses. The waste water will create impact on water quality in the
river, high groundwater table and salinity problems which will be lower the productivity of
the agricultural lands. Therefore it is necessary to use the integrated water resources
management approach in order to allocate water to each user equitably and uses water more
efficiently. The increasing water requirements due to the expansion of the urban and
agricultural area, the water balance study at the river basin level, the potential of water
resources development need to be analyzed in order to provide the important data and
information for water allocation and management in such a way that the equity, efficiency and
sustainability. At present, the river basin committee was established in order to define the
policy and control measures for water management in Thailand. The river basin committees
were elected from different sectors including the government sector, TAO, the representatives
from farmer groups, industrial, tourism and etc.

7.2.2 Irrigation Project Water Management Practices

There are various types of irrigation project in Thailand such as the project with
reservoir and the project without reservoir. Phetchaburi, Huai Sam Pad, Huai Fi and Nam
Puey and Tab Salao projects are the reservoir type irrigation projects. Borrommathad O&M
project is another type of irrigation project, the project without reservoir. Both types of
irrigation projects have the similar function, the main purpose is to water delivery for
agricultural uses, the other purposes are to deliver water for domestics water supply, flood
control and the environmental conservation.

In wet season, all of the irrigation projects deliver water to supplement rainfall.
Normally the project will give freedom to farmers to grow any crops they want. No cropping
pattern neither the crop types nor cultivation area, is imposed during the wet season. In dry
season, the water resources are limited such as Borrommathad, Phetchaburi and Huai Mong
irrigation projects. The dry season cultivation area should be limited due to the limited water
availability or the project should promote non-paddy cultivation. However some projects in
the Northeastern part of Thailand has not faced the water shortage problems such as Huai
Sam Pad irrigation project due to the main 2 factors (1) Northeast farmers prefers cultivating
vegetable and upland crops about 2-3 rai per household. The Northeast farmers have the
tradition to cultivate paddy in wet season only. In dry season, most of the farmers prefer
working in town due to the risk for agricultural cultivation and the return from agricultural is
lower than labor salary.

In Thailand, the water management at the project level can be divided into the types
(1) the water management of the large scale O&M project and (2) water management of the
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provincial irrigation project. These 2 types of irrigation projects have different water
management approach.

(1) Water Management for Large Scale O&M project

A large scale O&M project is the irrigation project with the command area of many
hundred thousand rai such as Phetchaburi and Borrommathad O&M projects. At present,
Thailand has 84 large scale O&M projects with the total command area of 17 million rai. The
large scale O&M project has specific command area and. The project area is divided into
different water master sections. Each water master section is divided into many zones. The
organization structure of the O&M project is shown in Figure 7.3.

Project Director

Administrative Engineering Water Management Mechanical
Section Scetion Section Section

Water Master Section

Zoneman

Gate Operator/Canal Tender

Figure 7.3 The Organization Structure of O&M Projects.

The director of O&M project is primary responsible for defining the policy, guidelines
for implementation, assigning and controlling the works of the 5 sections. Briefly each section
has a specific task as follow.

The engineering section is responsible for planning and control of the budget for
maintenance and improvement of the irrigation system.

The water management section is responsible for water allocation, development of the
water delivery schedule for each water master section, data collection, controlling the
maintenance and improvement activities and working with the water master section in order
to establish and strengthen the water user groups.

The water master section is responsible for water delivery service and maintenance of
the irrigation system within the command area. The command area of water master can the
whole command area of one lateral canal or some part of the large size lateral canal or the
total command area of many small lateral canals. Each water master section has the command
area of many thousand rai but on the average 50,000 rai. Zonemen are the field operators who
help the water master in the O&M works within the zone command area. Gate operators are
zoneman assistant on the operation works and the canal tenders are zoneman assistant for
maintenance. Zonemen, gate operators and canal tenders are the field operators who work
closely with the water user groups. In the past, RID has established various types of water
user organization such as WUG at farm ditch level, the WUGs at ditch can be combined to be
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the water user association or water user cooperatives. However most of the water user groups
that have been established are not active in water management. Therefore during the last 10
years, RID has changed its strategy on water user organization development. RID now is
focusing on establishment of the strong basic WUGs at ditch level. The O&M projects have to
strengthen the capacity of these basic water user groups before they are combined to be the
integrated WUGSs or IWUGs. At present some O&M projects have started to form integrated
WUGSs, such as Phetchaburi O&M project. Now Phetchaburi O&M project has established 27
integrated WUGSs. Each IWUG has the service area of 10,000-20,000 rai.

There are two very large irrigation systems in Thailand namely Greater Chao Phraya
and Greater Mae Klong irrigation systems. These irrigation system have are very large size
canals that can deliver irrigation water to many large scale O&M projects such as Chainat-
Pasak canal in Greater Chao Phraya that supplies irrigation water to Manorom, Chongkhe,
Kokkrateim and Ruengrang O&M projects or 2L canal in Greater Mae Klong that supplies
irrigation water to Phanom Tuan, Song Phi Nong and Bang Lane O&M projects. Since these
type of canasl are involved with more than one O&M projects and it takes many days for
water to travel from the canal head regulator to the tail end. The water management division
of RID regional office is responsible for control of water delivery to these type canals. There
is often the case that inequity distribution exists among the upstream and downstream O&M
projects particularly in dry season in Chao Phraya where water is limited. Therefore an
effective monitoring and control is needed for these very large size canals. The telemetering
or SCADA system should be used in these type of canal to ensure proper control of water
delivery to each O&M projects.

(2) Water Management for Provincial Irrigation Project.

The water management outside of the command area of the large scale O&M project
is under responsibility of the provincial irrigation project. There are 75 provincial irrigation
projects throughout the country. The provincial irrigation project is responsible for operation,
maintenance and management of the medium, small scale projects and other area in the
province having water problems. Although most of the small scale irrigation projects have
been transferred to TAO, irrigation projects initiated by the King and the small irrigation
projects established for (border) security purposes are under RID management.  The
organization structure of the provincial irrigation project is similar to that of the O&M project
as mentioned in the previous section. Due to the fact that the total command areas of medium
and small scale irrigation projects in the province are small compared to the command areas
of large scale O&M project, the number of field operators such as zonemen and gate operators
are limited. Besides medium and small scale irrigation projects are located in different areas
which make it more difficult to manage. With very limited field operation staffs, the
provincial irrigation projects are more difficult to managem, particularly when the WUGs and
IWUGs are weak. Some provincial irrigation project such as Phayao irrigation project
employs the 1CO (Irrigation Community Organizer) to help on data collection and work with
water user groups. The ICO is helpful for the provincial irrigation project to work with the
water user groups. However some other provincial projects do not have the ICO due to the
policy of the RID and the regional office.

Besides the provincial irrigation projects that are responsible for management and
solving water related problems in the provincial area, the provincial water resources unit
(previously provincial DWR), Ministry of Natural Resources and Environment, also has a
role and responsibility for defining policy to solve water problems. The role and responsibility
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of provincial RID and provincial water resources unit on water management have to be
defined in order to reduce the redundancy and increase cooperation between the 2 agencies in
the future.

7.2.3 On Farm Water Management Practices

On farm water management implies the water management in farm ditch command
area receiving water from one FTO. The command area of one farm ditch is called “tertiary
unit or chak”. One tertiary unit can have the area around 300 rai which consists of 10-30
farmers organized to be the basic WUG. WUG is responsible for operation and maintenance
of the farm ditch system. WUG will work very closely with zonemen and gate operators in
order to provide the data on crop cultivation schedule and water requirements to zonemen and
to get to know the water delivery schedule for their FTO and lastly to help distribute water to
members. The WUGs on both O&M project and provincial irrigation projects are not strong
enough on water management activities. Most of the WUGs are not understand their roles and
responsibility on water management. The most important is they are lack of incentive to work
with the project. Thus RID has to formulate the practical strategy for strengthening the basic
WUGs and IWUGs.

PIM manual was developed by Water Use Promotion work group of the Office of
Hydrology and Water Management in 2005. In this manual, 14 steps for participatory O&M
are proposed as follows: (1) the project staff defined the initial target irrigation area (2)
WUGs specify a crop cultivation plan (3) the project staff develops an O&M plan to meet
farmers’ requirements (4) WUG committees meeting is held in order to make decision on the
O&M agreement (5) informing the WUG members about the O&M agreement (6) farmers do
farm ditches maintenance (7) the project staffs and WUGs works together to control water
delivery schedule (8) the project staffs visit WUGSs during the season in order to give some
advice for improving the capability of WUGs (9) the project staffs measure the amount of
water deliver to the fields (10) WUGSs report the actual cultivation area (11) the project staffs
conduct field survey of crop yield and farmers’ satisfaction (12) the project staffs keep record
and analyze the PIM performance (13) the committee appraises the WUGs performance (14)
the project and the RID regional office report the O&M result to RID. Although RID has the
policy that every irrigation project has to adopt this PIM manual, the success is still limited. In
2008, RID decided to allocate 1 million THB per irrigation project to promote PIM approach.

7.2.4 Structure of RID Related to Present Water Management Practices

As mentioned before, the water management practices can be divided into 3 levels
including river basin level, project level and on farm level. Besides the O&M project and the
provincial irrigation project , there are several offices responsible for water management
including the RID Regional Offices, Office of Hydrology and Water Management, the Chief
Engineer and Professional Experts on water management. The RID Regional Offices are
responsible for administration and control of the O&M projects and the provincial irrigation
projects. At present, there are 17 RID Regional Offices for administration and control of all
irrigation projects throughout the country. The Office of Hydrology and Water Management
is responsible for giving advice to irrigation projects and the regional offices and for
monitoring and evaluation of irrigation performance. The structure of RID was given in detail
in section 2.3. The present role and responsibility in water management of each unit is given
in Table 7.1.
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Table 7.1 The Operation, Maintenance and Management Structure of RID

MOM

Level

Responsible Units

| Present Role

RID

Formulation of the vision-strategy-policy-goal, budget and manpower allocation, controlling, monitoring and evaluation and

responsible for the overall performance

Chief Engineer on Water Management

Chief technical advisory team for MOM

Deputy DG (4 regions)

Defining policy and goal, budget and manpower allocation, monitoring and
evaluation and responsible for the performance of MOM of the area.

Assistant DG (2 for each region)

Technical advisor for each regions

Professional irrigation engineering experts
(7 experts on water management)

Technical advisor for a specific water management issues.

Office of Hydrology and Water
Management

Providing the technical support to all the RID Regional Offices and Projects.

-Water management section

-Providing the technical support on water management for all RID regional offices.
-Providing criteria and operation manual on water management including water
allocation, planning and control of water delivery services, water measurement,
monitoring and evaluation of irrigation performance.

-Providing technical support, develop criteria and procedure for establishing and
strengthening water user groups, participatory irrigation management (PIM)

-Hydrology section

-Providing data and techniques for estimating the water availability, flood and
drought forecasting and warning, reservoir rule curve development.

-Improvement and maintenance section

-Providing the technical support for improvement and maintenance for RID regional
offices. Develop criteria and manual for improvement and maintenance of irrigation
system.

-Water use section

-Providing technical advice on crop water requirements, land preparation water
requirements, effective rainfall, seepage loss and water requirements for salinity
control.
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MOM
Level Responsible Units Present Role
Office of Organization Development and | Promotion of human resources development
Personnel Administration
-Training section Training on management, operation and maintenance
Irrigation Management Institute (IDI) Researching and providing technical support on management, operation and
management
Regional | Water Management Division Operation planning at regional level
Office

-Work plan and budgeting for water
management section

Monitoring and controlling the budget expenses of projects and each branch of the
regional office according to the allocated budget

-Water management section

- Data collection, data base development, analysis and remedy water problems of the
regional office

- Cooperation with the office of Hydrology and Water Management and the
irrigation projects to establish criteria and procedure for water allocation practices,
water delivery scheduling and control for irrigation project, and reporting the
project performance to RID

- Management of the government land

-Water use promotion section

-Establishing and promoting strong water user groups with project and Office of
Hydrology

-Collecting agricultural data

-Providing mobile pump services for agriculture

-Developing crop cultivation plan with water management branch, establish criteria
and procedure for establishment of strong water user groups and reporting the
performance

-Improvement and maintenance section

- Collection and analysis of budget requirements for improvement and maintenance
of irrigation system, setting priority of improvement plans before submission to the
deputy DG for approval

- Allocating budget for work plan on repair, maintenance, weed clearance, salt water
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MOM
Level Responsible Units Present Role
protection, sediment removal from reservoir and canals
- Monitoring and evaluation of improvement plan, inspection of the canal and canal
structures, development of improvement and maintenance plan for irrigation system
-Road improvement and maintenance | -Collecting and analysis of the budget requirements for improvement of the
section irrigation road, setting the priority for road improvement plan before submission to
Deputy DG for approval
- Allocating budget for repair and maintenance of irrigation road
- Monitoring and evaluation of work plan
-Planning and operation of important | Analysis and remedy the critical water issues of the regional office, its role is similar
water problem section to the water management branch but focuses on critical issues of water
Project Water management section Field operation planning unit
Level - Water allocation and water delivery scheduling

- Data collection, analysis and remedy of water problems of the project

- Establishing and promotion of strong water user groups by working with the water
use promotion of the regional office according to the guidelines recommended by
Office of Hydrology and Water Management

-Collecting agricultural data and providing mobile pump service for agriculture

- Monitoring, controlling and directing the operation work plan for improvement and
maintenance of water master section

- management of government lands

Water master section

Field operation unit

-Planning and controlling the water delivery

-Water measurement and recording on daily basis

-Collecting the crop cultivation area, yield and other agricultural data on weekly
basis

-Establishing and strengthening strong water user groups by working with water
management section and water use promotion section)
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MOM

Level Responsible Units Present Role

-Collecting demand for mobile pumping service for agriculture
-Implementing the work plan on improvement and maintenance

From the management structure of RID, it can be seen that there are people responsible for different components of water management at
all levels, RID central, regional and project levels. However there are many problems on management, operation and maintenance as mentioned
in sections 3.4 and 7.3 and the project water delivery service needs improvement as mentioned in section 3.3.2. Some water management
strategy is needed which will be mentioned in section 7.4.
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7.2.5 Process and Procedure for Existing Water Management Practices

At present, the water management practice in Thailand follows a top-down approach.
Most of the irrigation projects allocate water according to the rule and criteria pre-established
by the project as shown in Figure 7.4. The result is not responding enough to the water user
needs. Irrigation performance is still low and the improvement is needed as mentioned in
section 3.3 (Pilot Project Performance Assessment by RAP). The current procedure for water
allocation consists of 5 steps as follows:

Step 1: The irrigation project determines the water availability and water requirements
before the start of the irrigation season in order to develop the water allocation and delivery
plans.

Step 2: Developing water allocation plan and water delivery scheduling. In general,
the project establishes water allocation plan and water delivery scheduling according to the
amount of water availability. The water requirements for domestic supply usually get highest
priority. The water requirements for agriculture get lower priority. In wet season, farmers
have freedom in cultivation. However in dry season, water is limited. The water will be
allocated to users according to the amount of water availability. The target area for water
delivery services are specified by project and inform the water user groups. This water
allocation and delivery schedule is developed for internal use by the project operational staff.

Step 3: The water users and farmers are informed of the water allocation and delivery
schedule in order to be prepared for the water delivery. Generally, only the target water
delivery area and tentative period of water delivery is given to water users.

Step 4: Controlling and monitoring water delivery services as defined in step 2.
Zonemen will adjust the regulators in order to deliver water to the target area. If there exists
the water allocation problems, the project has to adjust the existing water delivery schedule to
match the farmers’ demand as much as possible.

Step 5: Reporting the water delivery performance at the end of the season. In general,
the project will report the crop cultivation area, types of crop grown, the amount of water
delivery and etc. Most of the irrigation projects lack a monitoring and evaluation system.
Thus the actual performance of irrigation system is not known.

The top-down approach in water management has some disadvantages such as not
paying much attention to the water users, a lack of service standards (the water users are
usually do not know the amount of water delivery for them, only tentative period of water
delivery is given), equity problems, unreliable control of the flow rate and duration of water
delivery to water users, lack of monitoring and evaluation system. These disadvantages
reduce the confidence of some water users on the water delivery services and they then do not
want to participate in irrigation water management of the project, particularly the tail enders.
RID has the policy to reform the irrigation management in order to increase the confidence of
water users in water delivery services of irrigation projects and would like to participate in
irrigation management. It is hopeful that it will have some impact on the crop yields and
incomes of farmers. The key principle of irrigation reform is to change the irrigation
management approach from top-down to the service oriented management concept which will
be mentioned in the next section.
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Figure 7.4 Process and Procedure for Existing Water Allocation Practices
7.2.6 Example of Solution Approach for Critical Water Problems in Dry Season

Borrommathad O&M project has serious water shortage in dry season. The project has
delivered water to the canals by default, or all the cross regulator gates are open in full
position. By this technique, the water level in the canals is maintained below the threshold
level of the FTO. The water cannot flow into the FTO by gravity. Farmers have to pump
water from the canals into their farm turnouts. Due to the pumping cost that the farmers have
to pay, the water is used more efficiently. More water can flow to the tail portion of the
canals. The tail end farmers are more satisfied with this practice because thy have more
opportunity to access to water. However the pumping cost of farmers is the main dis-
advantage of this technique.

Borrommathad O&M project has a total command area of 365,000 rai. The average
crop cultivation area is 22 rai per househlod. The number of farmers are 15,000-20,000
households. If 10,000 farmers have to pump water at the cost of 1,000 baht per one farmer. It
is estimated that the total pumping cost is 10 million baht per dry season. If all the irrigation
projects use this technique for water delivery in dry season, the pumping cost can be very
high.
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7.3 Water Management Problems of the Pilot Projects

during

From the pilot project performance evaluation by RAP and the other investigation
2006-2008, the water management problems of the 6 pilot projects and Tab Salao

O&M project can be summarized as follow.

(1)

()

(3)

(4)

1)
(2)
3)

1)

(2)

1)

7.3.1 Water Mmanagement Problems of Phetchaburi O&M Project

It is hard to control paddy cultivation area in dry season. This problem is affecting
the water delivery and distribution to the tail portion of the canals, the flow rate and
duration cannot be controlled as scheduled. This problem can be elaborated as: (a)
unable to control the dry season paddy cultivation area in some area. (b) After some
rainfall in dry season, the farmers who are not in the target service area for dry
season will take risk to cultivate paddy by using the rain on their paddy fields. The
unexpected increase paddy area will create water allocation and delivery to IWUGS
and field operation staffs during the last period of dry season if no rainfall.

In 1R-RMC1 which supplies water for both domestic use in Hua Hin area and
agriculture. Since the water is supplied to Hua Hin on continuous basis, farmers
always take water from the canals to cultivate paddy more than the target cultivation
area. This effects the water supply to Hua Hin. The normal practice for this canal is
to increase the supply to 1R-RMCL1 in order to compensate the amount used in
uncontrolled paddy area. However the Phetchaburi O&M project has plan to
construct the pipe water supply for Hua Hin in order to avoid the water stealing
problems.

Lack of water measurement, no staff gages and gate positioning measuring devices
during the first period of study. The staff gages were installed during the last few
months of 2007-2008.

Most of the FTO cannot be operated due to damaged or missing gates.

7.3.2 Water Management Problems of Borrommathad O&M Project
Farmers cultivate paddy at will continuously all year round.

No water measurement, no staff gages and water measuring devices.
Most of the FTO are damaged and cannot control the flow.

7.3.3 Water Management Problems of Huai Fi Small Scale Irrigation Project

During dry season (March-April), the inflow to the Huai Fi reservoir is reduced and
increases the degree of water shortage. Huai Fi IWUG should establish the rule and
rule enforcement system in order to control the water use effectively.

Deforestation is one of the main problem of reducing inflow to Huai Fi, the IWUG,
the village committee and other government agencies have proposed the project to
construct 880 detention weirs on the upper watershed of Huai Fi in order to increase
the inflow.

7.3.4 Water Management Problems of Nam Puey Small Scale Irrigation Project

During dry season (March-April), the inflow to Nam Puey reservoir is low, water is
not sufficient. Similarly to Huai Fi, the IWUG should establish the rule and rule
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enforcement system by participatory approach in order to use water more efficient.
The other alternative sources of water should be developed.

There are high sediment load flows to the reservoir due to the steep topography. Soil
conservation should be practiced in order to reduce the sediment load to the
reservoir.

7.3.5 Water Management Problems of Huai Sam Pad Medium Scale Irrigation

Project

1)

)

(3)

(4)

(1)
2)

3)

1)

(2)

The WUGs are weak and are not confident on project water delivery and
distribution. The actual crop cultivation area in dry season is always lower than the
target area. Farmers do not want to do dry season crop cultivation due to 2 main
problems: (a) Dry season crop cultivation is risky since water delivery is not reliable.
(b) Farmers have other alternatives to earn money by working in non-agricultural
sector.

Huai Sam Pad project has broad crested weirs installed downstream of the main
offtake structures. The staff gages are very old cannot be used to measure the water
level. New staff gages and gate positioning devices are needed.

The field operation staffs are lack of knowledge and skill for flow measurement.
Training is needed.

Canal and water control structures are damaged and the flow cannot be controlled as
planed.

7.3.6  Water Management Problems of Huai Mong Pumping Project

The crop cultivation area cannot be controlled. The actual area exceeds the target.

The project does not have the field operators. The project tries to promote the water
user groups to in charge of the water distribution in sub-pumping station area. The
water user groups are not very well organized since most of the farmers do not
volunteer to work. There is no incentive for participation. The actual water delivery
usually does not follow the schedule. The water distribution problems exists.

The canal capacity is decreased. Water cannot be delivered to the tail portion of the
canals.

7.3.7 Water Management Problems of Tab Salao O&M Project

Tab Salao O&M project has the design command area of 143,000 rai. and the
extended service area of 200,000 rai, which has led to water shortages. The water
allocation committee at province level was established to decide on water allocation
according to the water request from the local representatives such as TAO chairman,
sub-district officers, district officers and majors. In general, the water is allocated
about 2 times a year at the amount of 20-30 mcm. The water is released from Tab
Salao reservoir at the full rate of 30 cms for about 10 days in each allocation to ensure
that water can reach Tab Salao diversion weir as fast as possible, within 2 days. The
water distribution problem still exists in Tab Salao O&M project. The project and
TAO has tried to developed more water resources in order to reduce the degree of the
water shortage.

The project cannot control the crop cultivation area and does not have the policy to
control the crop cultivation area.
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(3) The water delivery system needs improvement.
(4) Water user groups are not well organized. The project must have the better PIM
strategy to strengthen the water user groups.

7.3.8 Summary of the Pilot Project Water Management Problems

(1) The crop cultivation area cannot be controlled. There is high demand for paddy
cultivation in the most of the projects in the central plain.

(2) Lack of water measurement, staff gages and gate positioning devices.

(3) The field operation is lack of knowledge and skill on flow measurement.

(4) The water delivery and distribution is deteriorated. It cannot deliver water as design.

(5) Most of FTO gates are damaged or missing. The flow to farm ditches cannot be
controlled.

(6) There is a problem of high sediment load to the reservoir, particularly small reservoir
in Northern Thailand.

(7) There is lack of field operation staff. The water user groups are not well organized for
water distribution. The water delivery performance is below the average.

7.4 Proposed Water Management Approach

As given in Chapter 5, the proposed water management strategy consists of the 4
strategies for river basin water management and 6 strategies for irrigation project water
management as summarized below.

4 River Basin Water Management Strategies

Strategy 1: Establish river basin committee.

Strategy 2: Develop water resources database for each river basin.

Strategy 3: Establish water allocation system for different water use sectors based on
the equity of distribution, the basic minimum water requirements and the
quota system.

Strategy 4: Promote the public relation program in order to convince water users
about the value and the hazard of water.

6 Project Water Management Strategies

Strategy 1: Define role and responsibility of each organization on the on farm
irrigation system, main irrigation system at headwork, main canal and
lateral canal levels.

Strategy 2: Service oriented management via service agreement

Strategy 3: Define the role and responsibility of provincial RID and DWR in water
management and division of responsibility for maintenance, repair and
improvement of small scale irrigation project between water user groups
and provincial irrigation project.

Strategy 4: Develop monitoring and evaluation system

Strategy 5: Establish the pilot project for service agreement based water management

Strategy 6: Establish the irrigation fee for agricultural sector (future option)
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The water management approach which will be mentioned in this section is proposed
according to the recommended strategy 3 (river basin strategies) and the strategy 2 (project
level strategies).

7.4.1 Guidelines for Water Allocation for Different Sectors in the Basin
The guidelines for water allocation at river basin levels for different water use sectors

as mentioned in strategy 3 of section 5.3.1 is shown in Figure 7.5. The principle of water
allocation is given below.

Domestic Basic needs
water | /.
available Environment Minimum requirements
7 S S
River basin
» committee —p Agriculture . Service
Water Quota agreement
reserve
B . A
Non- T Water fee
. I ) 3
1 Extrarisk | agriculture 0.50 THB/ m
I volume
I NN
I

Figure 7.5 Principle of River Basin Water Allocation

(1) The water availability and water requirements are considered in water allocation. If
the water is available, all the water use sectors will get the required amount. If water
availability is less than the water requirements, the water use priority has to be established.
Here is the normally acceptable water use priority.

Priority Water use sectors
1 Domestic supply
2 Environment
3 Agricultural and non-agricultural sectors

(2) During critical period, the domestic use will get the highest priority in water
allocation. The water authority has to allocate water to meet the basic need of the people in
the river basin. The basic need for domestic water uses are varied according to the water
shortage conditions as follow.

Domestic use for the city 150-200 liter/capita/day

Domestic use for limited water resources area 50-100 liter/capita/day
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The basic needs can be changed according to the degree of water shortage in each
river basin.

(3) After allocating water for domestic use, the remainder will be allocated to the
second priority based on the minimum requirements of the environment and ecological
system such as the minimum water requirements for salt water protection at the river mouth in
dry season or the minimum water level in the natural rivers which will not have any impact on
the ecology of the river. These minimum water requirements will be different from basin to
the basin. The research needs to be conducted in order to define the minimum water
requirements for the environmental protection.

(4) The remaining water will be allocated for agricultural and non-agricultural sector
(industrial, tourism and etc.) by quota sharing system. The water quota is a new concept for
Thailand. The equity is the basis for defining the quota for agricultural and non-agricultural
sectors. Agricultural and non-agricultural sectors will have the equal important for dividing
water quota.

For example

units
Water requirements for agricultural sector 800
Water requirements for non-agricultural sector 200
Total water requirements 1,000
Water availability for agricultural and non-agricultural sectors 800
Quota for agricultural sector = 800*800/1000 = 640
Quota for non-agricultural sector = 200*800/1000 = 160
Total water allocated for agricultural and non-agricultural sectors = 640+160 = 800

It is noted that, at present, the irrigation project with a multipurpose reservoir gives the
priority for water allocation to domestic, environment and industrial uses higher than
agricultural uses.

(5) The river basin committee is the authority to define the basic water needs for
domestic uses and the minimum water requirements for environmental protection and the
quota for agricultural and non-agricultural sectors.

(6) RID by Regional offices or irrigation projects have the authority to control water
uses according to the basic needs of the people or the minimum water requirements of the
environment or the water quota of the agricultural and non-agricultural sectors

(7) The water allocation can be done from the total water available or some water
needs to be reserved for future uses if there is high uncertainty of water availability or some
risk may be allowed in water allocation if it is considered that the present benefit is high
enough as mentioned in section 5.3.1. The safety factor or the allowable risk in water
management is common practices in Thailand, The comprehensive study is needed.

7.4.2 Guidelines for Service Agreement Based Water Management

For the agricultural sector, the service agreement based water management should be
used in order to manage the water allocated to the agricultural sector according to the quota
system. As mentioned in the strategy 2 of the project water management in section 5.3.2.
There are 2 levels of service agreements to be established as follow.
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o0 Service agreement between the project and IWUGs
0 Service agreement between IWUG and WUGSs

The service agreement based water management has the following basic principles:

(1) The water user groups must be strong enough to integrated into the IWUGs at
lateral canal level.

(2) The IWUGS are ready and willing to sign the service agreement with the irrigation
project.

(3) The irrigation project is capable to allocate water to each IWUG in equitable
manner.

(4) The irrigation project is capable to control the water delivery to IWUGS in
accordance with the service agreement and the IWUGSs is capable to distribute
water to the members in equitable manner.

(5) There is a water measurement system that can monitor the amount of water
delivered to IWUGs and WUGs.

7.4.2.1 Procedure and Steps for Service Agreement based Water Management

The important issue for service agreement based water management is to establish the
service standard, service agreement and monitoring and evaluation of performance of
irrigation service. The success of this new concept is depending on the following factors.

Promotion of water user participation

Service agreement arrangement and performance assessment
Budget for implementation

Law and regulation supports

O 00O

The procedure for service agreement based water management can be divided into 7
steps as shown in Figure 7.6.

Step 1: Check water availability

Step 2: Held the meetings to identify the water requirements and settle the service
agreement. The key issue on the service agreement in this step is the joint decision making
between the project and IWUGS representatives in order to establish the water allocation
criteria, role and responsibility of each party in operation, maintenance and monitoring of
the water delivery

Step 3: The project develops water delivery schedule, IWUGs and WUGSs develop water
distribution schedule according to the service agreement.

Step 4: Inform members or water users about the water delivery and distribution schedule.
Step 5: The project controls the water delivery to IWUGs, IWUGs control the water
distribution to WUGs and WUGs controls water distribution to farmers according to the
schedule and service agreement.

Step 6: Monitor the actual water delivery and distribution and make any adjustment if
necessary in order to control the water delivery and distribution to meet the service
agreement. If the problem is critical, the meeting can be held in order to make appropriate
decision.

Step 7: At the end of the season, the performance of water delivery service must be
evaluated to determine whether the service agreement is achieved and corresponding to
the defined service standard including the water user satisfaction, operational problems
and crop yields.
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Figure 7.6 Procedure and steps for service agreement based water management

The success of service oriented management concept based on the service agreement
depends on how much the involved people understand the basic concept of service oriented
management and how serious the basic principle is followed.

7.4.2.2 Service Agreement Based Water Allocation Calculation

From the basic principle of service agreement based water allocation as mentioned in
the previous section, the amount of water allocation is calculated based on the number of
members and the conveyance loss such that each member can get equal net irrigation water
delivery.

(1) Calculation of Water Allocation for IWUGs (Table 7.2)
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Assuming that the total amount of water available for the project = A cubic meter.
the average net irrigation water that each member (IWUGS) will get = X cubic meter.

Table 7.2 Calculation of the net irrigation water requirements allocated to IWUGs

IWUG | Conveyance efficiency for No.of Total water allocated Net water
No. project water delivery to members to IWUG IWUG
IWUG (%) (person) received
1 E1 N1 100 n1X/ E1 niX
2 E n2 100 n2 X/ Ez n2X
i Ei Ni 100 n; X/ E;j niX
N En NN 100 nn X/ En NnX
N
>100n,x/E, =A
i=1

N
By calculation of X from the equation }100n,x/E, = A, the amount of net irrigation
i=1

water delivery to each IWUG can be calculated in Table 7.2.
(2) Calculation of Water Allocation for WUGs (Table 7.3)

Assuming that the total amount of water available for IWUGs = B cubic meter.
the average net irrigation water that each member (WUGS) will get =Y cubic meter.

Table 7.3 Calculation of net irrigation water requirements allocated to WUGSs

WUG | Conveyance efficiency of No. of Total water IWUG Net water
No. IWUG water delivery to members deliver to WUG WUG
WUG(%) (person) received
1 E: ni 100 n1Y/ E1 niyY
2 E> nz 100n2 Y/ E2 nY
i Ei ni 100 ni Y/ E;j ni'Y
N En NN 100 nn Y / En nNY
N
>'100n,Y /E; =B
i=1

N
By calculation of Y from the equation ZlOOniY/Ei = B, the amount of net irrigation

i=1

water delivery to each WUG can be calculated in Table 7.3.

(3) Calculation of Water Allocation for Farmers (Table 7.4)

Assuming that the total amount of water available for IWUGs = C cubic meter.
the average net irrigation water that each member (WUGS) will get = Z cubic meter
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Table 7.4 Calculation of net irrigation water requirements for each farmer

Member No. Conveyance efficiency Total amount of water
of WUG water delivery to farmers. (%) WUG deliver to farmers
1 = 100 Z/ E4
2 Ez 100 Z/ E;
I Ei 100 Z/ E;
N En 100 Z/ En
N
»'100Z/E;=C
i=1

N
By calculation of Y from the equation ZlOOZ/Ei = C , the amount of net irrigation
i=1
water delivery to each farmer can be calculated in Table 7.4.

In calculation of the net irrigation water delivery to IWUGs, WUGs and farmers, the
important information is the conveyance efficiency from the point of delivery to the user
points. At present, the conveyance efficiency has not been measured due to no water
measurement. Normally the project assumes the project irrigation efficiency of 50 +10% for
calculation. Therefore the actual conveyance efficiency has to be measured.

The calculation of the water allocation to IWUGs, WUGSs and farmers can be used as
the basis for settling the service agreement.

7.4.2.3 Guidelines for Implementation of Service Agreement Based Water
Allocation

As mentioned in Strategy 5 of project water management in section 5.3.2, the service
agreement based water management is the new concept for Thailand. It is therefore necessary
to conduct the pilot project test. Four to five project pilots should be selected in order to test
the suitability of the service agreement based water management approach in the actual
practices. The pilot projects should be tested for 3 years under the strong support of RID.



133

8. MONITORING AND EVALUATION SYSTEM

8.1 Introduction

Monitoring and evaluation (M&E) is an essential part of the irrigation water
management cycle, namely planning-implementation-monitoring and evaluation, to ensure
good operation performance. The project director and his staff have to start with planning the
operation which relates to the issues of water allocation and scheduling of water delivery to
different levels of irrigation system. The plan then has to be implemented by first organizing
the field staff in order to control the regulators and offtakes along the canal to make sure that
the water delivery scheduling is achieved. Monitoring and evaluation is a routine checking in
the day-to-day operation in order to identify the problems in actual operation and the
correction measures if there is anything go wrong or deviating from the plan and periodically
evaluate service to users.

8.2 Objective of M&E system for irrigation projects

This M&E system is designed to be a tool for improving operation performance of an
irrigation project. With this M&E system, the project director and his operational staffs have
to measure water levels and flow rate in the canal system from water sources or diversion
point to the irrigated field and collect other relevant data and information necessarily for
making decision on both day-to-day operation and longer term planning. The M&E is usually
meant to provide information on two important flows — water and money — and to evaluate the
current level of performance of water delivery service and the cost-effectiveness. A good
M&E system should be able to provide the managers with information on the available
resources (water and money), output produced (water delivery service), performance achieved
including efficiency, reliability (adequacy and timeliness), equity, flexibility, etc., and the
impact of water delivery and management in order to determine the corrective action that
should be taken.

The main objectives of M&E are:

(1) To ensure performance achievements.

(2) To take correct action.

(3) To gain knowledge for future planning & improvement investment.

(4) To compare conditions with other projects or before and after improvement
(benchmarking).

8.3 Key questions on M&E

In order to make sure that the output of irrigation water delivery is achieved and can
create in a good impact to the irrigated agricultural system, it is required that the input to
irrigation system including water, money and information must be available as expected. The
water delivery process must be able to perform according to the acceptable standard. The
irrigation system must be analyzed in the scope of input-process-output-impact as shown in
Figure 8.1.
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Input [ Process ] Output Impact

Figure 8.1 Input-process-output and impact of an irrigation system

In view of the irrigation system as mentioned in the above paragraph, there are key
questions regarding to the design of M&E system for irrigation project including:

(1) Is the input available as expected?

(2) Is the water delivery process going according to the defined standard?
If not, why not? How should we change it?

(3) Is the output produced as planned?

(4) Are there any impacts (positive/negative)?

The evaluation of water delivery service is done in order to assess objectively and
systematically the realization of targets and objectives. It is a task that should be undertaken
periodically. Seasonal (crop seasons, rainy and dry) or yearly evaluations of water delivery
service are common. They provide a basis for discussion among the managers and water users
and their representatives on any changes in operation, infrastructure and targets for water
delivery.

Monitoring refers to the systematic collection of information and its use to help
managers make decisions regarding: (i) day-to-day operation and management; (ii) asset
management; and (iii) medium-term to long-term planning for improvements.

It is a task of operation that, where done properly, can make a difference between
good and poor performance, particularly in systems subject to variable inflows and
perturbations. For example, without monitoring, it is almost impossible to detect any
unscheduled perturbation and related action. A “smart” information system is a must for
effective operation.

Canal operation has its own, very specific, information requirements (collection,
transmission and processing) and, thus, operational plans have to include specific information
management systems.

The main elements of monitoring for operation include:

= water levels at cross-regulators;

= discharges at the start of management units and offtakes;

= the condition of the canal sections and hardware — specifically, at the vulnerable
points.

= the monitoring of every structure and canal section is expensive and not necessary.

Therefore, it is important to identify key monitoring points within the system based on
the following criteria:
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= sensitivity of the structure
= vulnerable points within the system
= service definition and criteria

Sensitive cross-regulators and offtakes require frequent monitoring compared with
structures that are not sensitive to changes in water level and/or discharge. Sensitive cross-
regulators are good points at which to detect perturbations, and sensitive offtakes may create a
perturbation downstream. The monitoring of sensitive structures is necessary for enabling
proper action to be taken and operational targets to be achieved.

Vulnerable or weak sections or reaches of the canal network need to be monitored
frequently in order to ensure the safety of the infrastructure in the event of a sudden increase
in discharge as a result of inflow or rainfall that may result in some damage, e.g. eroding the
banks or causing a breach in the canal.

Service definitions and service agreements also define what should be monitored. For
example, if the service agreement requires delivery of a certain discharge at certain delivery
points, then the discharge at these delivery points should also be monitored. Operations plans
should include regular monitoring priorities, procedures and frequencies. The frequency of
monitoring depends on various elements, including:

= changes in scheduled operation;

= variations in inflow — perturbations;

= changes in the gate setting of the key control structures;
= gpecial cases (heavy rainfall, floods, etc.).

Conventionally, monitoring is done manually (gate operators and other field staff).
However, with improvements in technology, it is now possible to have remote monitoring
systems at increasingly reasonable cost, e.g. an electronic sensor that sends information to the
operator based on real-time conditions. These technologies are particularly useful in
facilitating operations where operators are not based along the canals and where flow
deliveries to the farmers are more demand oriented. However, some technologies are
expensive and have very specific requirements (physical infrastructure, staff capacity and
level of water delivery service) for installation and operation.

There is no point in monitoring and collecting information if it is not analyzed and
used for making effective water management decisions. The information gathered through
M&E is also used to determine the water balances (a must for good water management) and
to assess achieved water delivery performance.

8.4 Design Concept of M&E system

In general the irrigation water delivery system can be divided into 4 levels including
main canal, secondary level, third level and farm distribution system levels. The water output
of one canal level becomes the input to the next lower level as shown in Figure 8.2. For
example, the outflow from the main canal via the offtake is the inflow to the second level
canal. The water output from the irrigation water delivery and distribution system is the water
input to farmer for crop production. A good process of canal operation and management will
be result in the reliable and flexible water delivery to farmers and will have some positive
impact on the crop yield and income of farmers.
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Figure 8.2 Input-Output on different levels of irrigation system

8.5 Parameters of the M&E System

From the M&E concept as mentioned previously, the M&E system must be able to
monitor and evaluate the water management system at all levels including input, process,
output and impact as shown in Figure 8.1. The parameters for monitoring and evaluation can
be divided into 5 groups as follow:

(1) Input paramters
- Water
- Money
- Labor
- Information
(2) Water management processes
- Service Agreement
- Water Measurement
- Gate Adjustment
- Communication
- Maintenance Activities
- Farmer organizations / WUGs / IWUGs
(3) Water delivery metrics
- Volume
- Flow Rate
- Duration
- Frequency
- Reliability, delays,
- Fluctuations and other criteria as per tolerances specified in the service
agreement
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(4) Outputs from water use

- Crop Yield

- Satisfaction

- Irrigated area

(5) Negative impacts.

- Salinity Problem

- Water logging

- Loss of habitat

- Non point source pollutants (N, P and agrochemicals from farm runoff)
- Groundwater decline

8.6 Development of M&E System

From the M&E concept and the parameters to be monitored, the M&E model for
irrigation project or M&E-IP (Monitoring and Evaluation of Irrigation Project) was developed
on spreadsheet so that the parameters and the indicators can be modified or adjusted easily.
The M&E-IP model which focuses on monitoring and evaluation of inputs-process-ouputs of
the irrigation system has the following components:

(1) 15 worksheets as shown in Table 8.1.

(2) Main parameters for calculating the performance indicators as shown in Table 8.2

(3) 26 indicators as shown in Table 8.3.

Table 8.1 The 15 worksheets of M&E-IP model

Sheet No. | Sheet Name | Detail
1 Readme General instruction
2 System Hypothetical irrigation system for M&E.
Input seasonal data including irrigation area, cropping pattern, water
requirements, crop yield, crop price, no. of staffs, MOM cost,
3 I-seasonal alternative water volume and some indicators.
4 Agreement Input service agreement on delivery volume and time.
5 I-rainfall Input daily rainfall.
Calculation sheet of the data from I-seasonal by zone and water master
6 1s section. Do not change anything on this sheet.
Calculation sheet of the data from I-seasonal by crops. Do not change
7 2s anything on this sheet.
Input the water levels and gate opening and the calculation of
8 OoM1 discharge for key structures in water master section 1.
Input the water levels and gate opening and the calculation of
9 OM?2 discharge for key structures in water master section 2.
Input the water levels and gate opening and the calculation of
10 OoM3 discharge for key structures in water master section 3.
Input the water levels and gate opening and the calculation of
11 OM4 discharge for key structures in water master section 4.
Input the water levels and gate opening and the calculation of
12 OMb5 discharge for key structures in water master section 5.
13 Inf-Outf Calculation of the inflow and outflow to the irrigation canal system.
14 DU Calculation of the distribution uniformity coefficient.
M&E Calculation of 17 indicators and identifying the status of the system
15 indicators regarding to that indicator.




Table 8.2 The main parameters of the M&E-IP model
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Location of
No. Parameters | Unit Method of measurement | Interval of measurement | measurement/collection | Function | Types of parameters
1 Reservoirs, Intakes to
Staff gage+calibration project, intakes to

Flow rate cms curve 1-2 /day IWUGS M, E Input/Output(Water)
2 Water level | m.MSL Staff gage 1-2 /day Cross regulators M, E Input/Output(Water)
3 Project and Water master

Rainfall mm. Rain gage daily office M, E Input(Water)
4 Alternative

water cubic meter | Field check seasonal Field M,E Input(Info)
5 Cropping

pattern - Field check/WUA seasonal Field E Input(Info)
6 Target

irrigation

area rai Field check/WUA seasonal Field E Input(Info)
7 Expected

irrigation

water cubic meter | estimation seasonal Project office E Input(Info)
8 Field

operation

staff no.of staff | Water master report seasonal Water Master Office E Input(Labor)
9 Project

MOM cost

at water

master

section bahts Project report seasonal Project office E Input(Money)
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10 bahts

WUA input | equivalence | Interview seasonal WUASs Input(Money)
11 % no.

service

Service agreements

agreement | signed Project report seasonal Project office Process
12 Conditions | % canal

of canal structure

structures | functioning | Field check seasonal Field Process
13 Satisfaction | % satisfied | Questionaires seasonal WUASs Impact
14 Irrigated

area rai Field check seasonal Water Master Office Impact
15 Crop yield | kg/rai Sampling seasonal Field Impact
16 Crop

income Baht Sampling seasonal Field Impact
17 Salinity % of area Field check seasonal Field Impact




Table 8.3 The 26 key performance indicators for irrigation project water management
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Min/max
acceptable
No. | Indicators Abbreviation | Formula Unit value How to interpret. [standard value] | Propose Referer
ASPL-
=100 x Water delivered to main/la
Conveyance field/Project irrigation water Define minimum acceptable canal
1 | efficiency Ec supply % 70 value.[>70%)] Efficiency efficien
Field =100 x Net irrigation
irrigation requirements/Water delivered to Define minimum acceptable
2 | efficiency Field IE field % 70 value.[>70%)] Efficiency
Project =100 x (NIR-Internal ASPL-
irrigation water)/Project irrigation water Define minimum acceptable system
3 | efficiency Project IE | supply % 50 value.[>50%] Efficiency efficien
Crop yield- Define minimum acceptable ASPL-
4 | paddy CY(pad) Crop yield/Area ton/rai 0.7 value. [rice > 0.7 ton/rai ] Efficiency index.
Water
productiion =Crop income/Project irrigation Define minimum acceptable
5 | index WPI water supply THB/m?® 1 value.[rice >1 THB/m3] Efficiency
Unit MOM ASPL-
cost of This value can be used to O&M c
irrigation =MOM cost/Project irrigation estimate the service fee for future per volt
6 | water UCw water supply THB/m?® 1 service agreement. [<1 Bahts/m®] | Efficiency of wate
Income-cost =Crop income/(Project MOM cost
7 | ratio ICR +WUA Input) - 2 Income > 2 x Cost Efficiency
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ASPL-
return f
Land actual
producitvity Define minimum acceptable irrigatic
8 | index LPI =Crop income/Irrigated area THB/rai 4000 value. [>4000 Bahts/rai] Efficiency area(R/
Volume =Actual water volume
reliability delivery/Volume specified in Less than one indicates lower
9 | index VRI agreement decimal 0.9 reliability. [>0.9] Reliability
Ratio of input/output indicates
management intensity. Low value
=(Project water input of RWS requires high
Relative water volume+Rainfall+Alternative management intensity. If RWS
10 | supply RWS water)/Field ET(or NIR) - 1.5 <2, L11>5,000 rai/person Reliability RAP
Distribution uniformity Define minimum acceptable
11 | Equity index EQI coefficient(DU)=100*D_gbar/Dbar % 90 value. [>90%] Equity
Satisfaction =% WUG satisfied with the Define minimum acceptable
12 | index SI service % 80 value. [>80%] Equity
Participatory Define minimum acceptable
13 | index 1 PI1 =WUA input/Project MOM cost decimal 0.01 value. [>0.01] Participatory
Participatory Define minimum acceptable
14 | index 2 PI2 =0 service agreement signed % 70 value. [>70%)] Participatory
Maintenance Define minimum acceptable
15 | index MI =% structure functioning % 70 value. [>70%] Other
Avrea-staff
16 | ratio ASR =Irrigated area/Field staff rai/staff 5000 [<5,000 rai/staff] Other
ASPL-
Environmental salinity
17 | indicator ENI =% salinity area to command area % 1 [< 1%)] Environmental | index
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8.7 Guidelines for Application of the M&E-IP Model for Irrigation Project

From the concept and the M&E-IP model developed on spreadsheet as
mentioned in the previous section, the M&E-IP model is not the program that is ready
to apply to any irrigation project, due to the difference in details for different types of
irrigation projects in Thailand. The number of water measurement points, types of
water measurement structures, cropping pattern and key performance indicators can
be varied from project to project. Although the M&E-IP model is designed to make it
as simple as possible, it requires some volume of data. The beginner may feel the
model rather complicated. The irrigation project that would like to use this M&E-IP
model has to send the water management staff who has background on water
allocation and delivery of the project for training in order to understand the concept of
M&E, the data collection system of the related parameters, the formula for KPIs and
the standard values for justifying the KPIs. The trainers will learn how to adapt or
modify the M&E-IP model to their irrigation project conditions. This process will
allow the project to participate in developing the M&E-IP model for their irrigation
project and will create the sense of belonging which should encourage the project to
use the M&E-IP model for monitoring and evaluation in the real practices. Besides,
the project can modify the M&E-IP model worksheets as necessary such as creating
new graph worksheet to show the efficiency of different components of the irrigation
system or crop vield. It is also possible to adjust the parameter values to the same
scale of 0-4 similar to the internal indicators of RAP: 0=very poor, 1=poor, 2=fair,
3=good and 4=very good. The overall water delivery service performance of an
irrigation project can then be estimated by the weighted KPlIs.

At the beginning period of application of M&E-IP model, it may be difficult to
define the standard values for justifying the KPIs of the irrigation project. For
example, to justify the conveyance efficiency of 73% as high or low efficiency, the
standard value needs to be defined. If the standard value (minimum conveyance
efficiency) is 70%, the conveyance efficiency of 73% is considered as acceptable. If
the conveyance efficiency is lower than 70%, it will be considered as low efficiency.
The water management staff of the project has to analyze what are the causes of low
efficiency and how to increase the conveyance efficiency of an irrigation project. For
the first season, the project may use the standard values given in the model. Once the
M&E-IP model has been used for one season, the project will know the KPlIs of actual
operational practices which will be useful to define or adjusting the standard values
that can be used during the first 2-3 years.

RID should give the policy to the irrigation projects to use the M&E-IP model
for monitoring and evaluation of the water delivery performance and report to the
regional office. The regional office can analyze the water delivery performance of the
irrigation projects in order to identify the level of water delivery performance of the
regional office and report to RID. The Office of Hydrology and Water Management
can analyze the water delivery performance of RID as the whole. If the water delivery
performance at project, regional office and RID are known, it can be used to define
the standard values for justifying the water delivery performance for each level.
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The 15 worksheets of M&E-IP model contain the useful data of the project
which can be used as the project database for future study and analysis.

In application of the M&E-IP model for the 4 pilot projects including
Phetchaburi, Borrommathad, Huai Fi and Huai Mong, the following problems were
found:

All the pilot projects are lacking of water measurement.

Field operators are lacking of knowledge and skill in water measurement.
There are no staff responsible for M&E of the project.

Lack of criteria to justify the water delivery performance.

8.8 Application of M&E_IP Model for Phetchaburi O&M Project

The M&E_IP model was applied for monitoring and evaluation of
performance of Phetchaburi O&M project in dry season 2008 (February-June).
Phetchaburi O&M project is a large scale irrigation project having Kaengkrajan multi-
purpose reservoir and 2 other small reservoirs, Mae Krajan and Huai Pak reservoirs,
as a main source of water. The reservoirs release water to Phatchaburi river where
water is diverted by Phet diversion dam into 4 main canals namely RMC1, RMC2,
RMC3 and LMC. The project area of more than 400,000 rai is divided into 5 water
masters. Phetchaburi O&M project has developed and strengthened the WUGS to
form the IWUGs. 27 IWUGs were established. Starting from dry season 2007,
Phetchaburi O&M project has adopted the new irrigation management approach using
the service agrement as a basis for water delivery operation. Most of the IWUGs,
particularly the tail end of 1L-RMC3, agreed to sign the service agreement with
Phetchaburi O&M project. The M&E_IP was then developed to monitor and evaluate
water delivery and management performance of the irrigation system. However, due
to lack of water measuring system in dry season 2007, the application of the M&E_IP
was delayed. The project decided to install staff gages for measuring the water level at
the intakes of lateral canals in order to monitor flow to each IWUGSs area via the
rating curves. The staff gage installation at 39 regulators and offtakes was completed
just before the beginning of dry season 2008. Since most of the main canals in
Phetchaburi O&M project have a lot of direct FTOs which have no gate controlled,
measuring flow at a large number of FTOs are impossible. Besides, many of the
rating curves are not calibrated and the field operators do not have experiences on
flow measurement, this may effect the accuracy of flow measurement.

The schematic diagrams of the 4 main canals with the boudaries of IWUGs are
given in Figure 8.3(a)-(d). The 17 key performance indicators for dry season 2008
water delivery operation are given in Table 8.4. The main figures for calculation of
the 17 indicators are given in Table 8.5. The conveyance efficiency of the canal
cannot be estimated due to so many ungated FTOs direct taking water from the main
and lateral canals, from RAP the stated conveyance efficiency is 90%. The combined
volume of water released from Kaengkrajan, Mae Prajan and Huai Pak reservoirs
during 15 February — 30 June 2008 were 366.8 mcm, mainly from Kaengkrajan, for
agriculture, domestic use in Hua Hin district and to the lower part of Phetchaburi
river. Only 248.6 mcm was diverted to 4 main canals of Phetchaburi O&M project to
irrigate 196,194 rai of paddy, orchards, upland crops, pasture, other crops and fish-
shrimp farming. The project estimated rougly that there were some groundwater and
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drainage reuse pumping by farmers by the amount of 18.9 mcm. The amount of
rainfall measured by 5 rain gages (one rain gage in each water master section) was
102.7 mcm or the average of 327 mm. It is noted that there is quite high rainfall in the
last period of this dry season. The project irrigation efficiency is 76 which is rather
high comparing to the RAP result in Table 3.5 (stated Ec = 90% and estimated Field
IE = 55% by this estimate, Project IE = 50%). This different can come from the
under estimation of the groundwater and drainage reuse, particularly for the fish and
shrimp farming of 16,243 rai on the tail portion of the canals. Relative water supply is
1.78. The paddy yield is 0.8 ton/rai which is acceptable. The total income from
cultivation is 3,364 million THB including 325 million THB from fish and shrimp
farms. Water productivity is 1.4 THB/m?® while the unit MOM cost of supplying
irrigation water is 0.06 THB/m®. Land productivity 17,151 THB/rai (this value from
RAP external indicator in Table 3.5 is 2,320 $US/ha or 14,848 THB/rai). The project
can deliver water to meet the volume of water specified in the service agreement of
the main canal. The equity measured by distribution uniformity (DU) is 0.55 which is
rather low. More than 80% of farmers satisfied with the project delivery service.
IWUGSs have in-kind contribution in farm ditch maintenance about 0.03 of the total
project MOM cost. The service area for one field operators is 7,266 rai which is
higher than the normal RID standard of 5,000 rai.

The water measurement data are plotted in Figure 8.4 (a)-(c) for 1L-RMC3
head regulator of water master section 2, LMC head regulator of water master section
3 and the cross regulator of 1L-RMC3 km 20+769, the most downstream cross
regulators of 1L-RMC3, which is used to measure the flow rate for IWUGs 6 of water
master section 2. This water measurement data is very important data for the project
manager to understand the characteristics of water delivery operation. 1L-RMC3
head regulator and 1L-RMC3 km 20+769 cross regulator of water master section 2
did water measurement 2 times a day while the head regulator of LMC in water
master section 3 did one measurement a day. The head regulators of 1L-RMC3 and
LMC had very few times adjustment during the dry season 2008. The downstream
cross regulator, 1L-RMC3 km 20+769, had a serious problem of controlling flow. The
water level in the canal RMC3 and 1L-RMC3 varied considerably. Phetchaburi O&M
project manager and RID should pay more attention on flow data in order to develop
more effective water delivery control system.
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(@) Schematic of the 4 main canals [4-1 means IWUG 1 in water master section 4]
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(b) Schematic of RMC1 and IWUGS [1-3 means IWUG 3 in water master section 1]

Figure 8.3 Schematic Diagram of Phetchaburi O&M project and its IWUGS
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(c) Schematic of RMC2 and IWUGs [5-7 means IWUG 7 in water master section 5]

54
53
5_6 E.EL
/115-5
i 5.2
2-6 2-5| |244([243] 212 | [ 2-1
o Fay iy q.ﬂ\ < s 15-1
Aavamelvigl 3 (RMC 3)

(d) Schematic of RMC3 and IWUGS [2-5 means IWUG 5 in water master section 2]

Figure 8.3 (cont’) Schematic Diagram of Phetchaburi O&M project and its IWUGs
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(d) Schematic of LMC and IWUGs [3-8 means IWUG 8 in water master section 3]

Figure 8.3 (cont’) Schematic Diagram of Phetchaburi O&M project and its IWUGs
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Table 8.4 The 17 key performance indicators for irrigation water delivery operation for dry season 2008, Phetchaburi O&M project
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M&E indicators

Min/max
Indicator acceptable | How to interpret.

No. | Indicators Abbreviation | Formula value Unit Status value [standard value] Propose References
ASPL-
main/latera

=100 x Water delivered to Define minimum | canal
Conveyance field/Project irrigation water acceptable efficiencie
1 | efficiency Ec supply n.a. % OK 70 value.[>70%)] Efficiency S
Field =100 x Net irrigation Define minimum
irrigation requirements/Water delivered acceptable
2 | efficiency Field IE to field n.a. % OK 70 value.[>70%)] Efficiency
Project =100 x (NIR-Internal Define minimum ASPL-
irrigation water)/Project irrigation water acceptable system
3 | efficiency Project IE supply 76.0 % OK 50 value.[>50%)] Efficiency efficiency
Define minimum ASPL-
Crop yield- acceptable value. yield
4 | paddy CY (pad) Crop yiled/Area 0.80 ton/rai OK 0.7 [rice > 0.7 ton/rai ] | Efficiency index.
Define minimum
Water acceptable
production =Crop income/Project value.[rice >1
5 | index WPI irrigation water supply 1.4 THB/m® | OK 1 THB/m?] Efficiency
This value can be
used to estimate the
Unit MOM service fee for ASPL-
cost of future service O&M cost
irrigation =MOM cost/Project irrigation agreement. [<1 per volume
6 | water ucw water supply 0.06 THB/m® | OK 1 Bahts/m?] Efficiency of water
Income-cost =Crop income/(Project MOM
7 | ratio ICR cost +WUA Input) 203 - OK 2 Income > 2 x Cost | Efficiency
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ASPL-
return
from
Land Define minimum actual
producitvity acceptable value. irrigation
8 | index LPI =Crop income/Irrigated area 17,151 THB/rai OK 4000 [>4000 Bahts/rai] Efficiency area(RA)
Volume =Actual water volume Less than one
reliability delivery/Volume specified in indicates lower
9 | index VRI agreement 1.01 decimal OK 0.9 reliability. [>0.9] Reliability
Ratio of
input/output
indicates
management
intensity. Low
value of RWS
requires high
management
=(Project water input intensity. If RWS
Relative volume+Rainfall+Alternative <2, LI11>5,000
10 | water supply RWS water)/Field ET(or NIR) 1.78 - OK 1.5 rai/person Reliability RAP
Distribution uniformity Define minimum
coefficient(DU)=100*Dqbar/ Not acceptable value.
11 | Equity index EQI Dbar 55 % OK 90 [>90%] Equity
Define minimum
Satisfaction =% WUG satisfied with the acceptable value.
12 | index Sl service 81.7 % OK 80 [>80%] Equity
Define minimum
Participatory =WUA input/Project MOM acceptable value.
13 | index 1 P11 cost 0.03 decimal OK 0.01 [>0.01] Participatory
Define minimum
Participatory acceptable value.
14 | index 2 P12 =% service agreement signed 100 % OK 70 [>70%] Participatory
Define minimum
Maintenance acceptable value.
15 | index Ml =% structure functioning 75 % OK 70 [>70%] Other
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Area-staff Not
16 | ratio ASR =lrrigated area/Field staff 7,266 rai/staff OK 5000 [<5,000 rai/staff] Other
ASPL-soil
Environment =% salinity area to command Not salinity
17 | al indicator ENI area 8.0 % OK 1 [< 1%)] Environmental | index
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Table 8.5 The figures for 26 parameters for calculating the 17 indicators.

No. | Parameters Unit Value sheet
1 | KKJ+MPJ+HP release volume mcm 366.8 Inf-outf KKJ=Kaengkrajan
2 | NIR mcm 207.9 25 MPJ=Mae Prajan
3 | Total irrigation water dilverted Phetchaburi O&M project mcm 248.6 Inf-outf HP=Huai Pak
4 | Darinage reuse volume mcm 12.7 1s

5 | Groundwater pumping mcm 6.2 1s
6 | Rainfall mcm 102.7 I-rainfall
7 | Crop yield-paddy ton/rai 0.8 25
8 | Crop yield-orchard ton/rai 1.6 25
9 | Crop yield-upland crop ton/rai 0.6 2s

10 | Crop yield-vegetable ton/rai 1.9 2s

11 | Crop yield-pasture ton/rai 0.5 2s

12 | Crop yield-other crops ton/rai 1.0 25

13 | Fish-Shrimp ponds ton/rai 0.4 25

14 | Total paddy production ton 108,274 2s

15 | Total crop income THB 3,364,833,000 25

16 | Project MOM cost THB 16,110,000 1s

17 | WUA input THB 472,400 1s

18 | Irrigated area rai 196,194 1s

19 | Actual water delivery volume mcm 281.0 Agreement

20 | Volume specified in agreement mcm 279.1 Agreement

21 | Distribution Unifromity(DU) % 55 DU

22 | % WUG satisfied with service % 82 1s

23 | % service agreement signed % 100 1s

24 | % structure functioning % 75 1s

25 | No. of field staffs persons 27 1s

26 | % salinity area to command area % 8.0 1s
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9. GUIDELINES FOR IRRIGATION MODERNIZATION TRAINING?

9.1 Introduction

Irrigation modernization is the concept for changing the top-down water management
to the new service oriented management approach. The training program is needed to improve
the knowledge, skill and capability of the RID personnel such that the irrigation
modernization program can be implemented effectively. The training programs can be divided
into 2 levels.

(1) Training of the trainers
(2) National upgrading program for various levels of the RID personnel

9.2 Training of the Trainers

The service oriented management concept is the new concept. Changing the water
management practices will take time and requires the qualified staffs who understand the
principle and related techniques for implementation of the new concept. The first step of
training is the training of the trainers in order to develop the high qualified personnel to train
other staffs of RID. The training of the trainers program has the implementation procedure
and the curriculum structure as given below.

9.2.1 Implementation Procedure

The process for selection of the qualified personnel to be the trainers can be explained
as follow.

Step 1: Select 25 young active engineers who have good academic background with
the experiences on design or operation for the first level training in Thailand. At the end of
the training program, the examination will be arranged in order to select the best top 4
participants to be the trainers of the national upgrading program. The selected 4 trainers will
be sent for higher level training overseas at the very famous institution on irrigation
management. The young engineers who apply to the first level training of the trainers must
have the following qualification.

(1) Minimum of B.Eng. or equivalent degree with an emphasis on irrigation or
hydraulics with the evidence of innovation and the ability to synthesize facts into
strategies. This programme will show the trainers how to revolutionize the design
and operation of irrigation projects through modernization. Therefore, the
nominees must be very open to new ideas and be real thinkers.

(2) Interest in teaching or training. Experience is desirable but not necessary.

(3) Several years of practical experience in the design or operation of canals.

(4) Good English communication skills will be required. This will include both
written and verbal proficiency, as evidenced by a TOEFL score of 450 or greater

L Source : An irrigation modernization training programme by Charles M. Burt
Director, Irrigation Training and Research Centre (ITRC) , CalPoly and Thierry Facon Water
Management Officer, FAO, Bangkok
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(a score of 550 is generally required for admission to a university in the United
States).
(5) Excellent communication skills.

Step 2: Design the first level training of the trainers program in the country. The first
level training program can be arranged by Irrigation Development Institute (IDI) and the
training division. The IDI (or College of Irrigation) can be used as the training center for the
first level training of the trainers since the IDI has all the facilities required for the training
program. The modern canal operation model to be constructed at Mae Klong water use
research center, Nakhon Pathom province (financially supported by FAO), can be used for
field practices of canal operation technique. The international institution such as CalPoly,
ITRC and the national university such as Kasetsart University can be very helpful to assist
RID in developing the first level training course and the training materials.

Step 3: The examination will be given to the trainees of the first level training
program. This examination will test them on understanding of details, as well as ability to
synthesize information. The top 4 trainees will be selected for participation in the second level
training of the trainers in the famous international institution on irrigation management
overseas such as CalPoly, ITRC or USBR or others.

Step 4: The 4 trainers who passed the second level training of the trainers have to
develop the training course and materials for the national upgrading program.

Step 5: Conduct the national upgrading program by using IDI as the training center
and the physical model facility at Nakhon Pathom province as field practices on modern canal
operation technique.

The 4 trainers will conduct the national upgrading program. It is estimated that 10
training courses can be conducted per year for the period of 2 years. There will be about 20
participants in each training course. At the end of the national upgrading program, there will
be about 425 participants from all the projects and RID offices be trained on the irrigation
modernization training program as shown in Table 9.1.

Table 9.1 Estimated Number of Participants Trained on Irrigation Modernization by The
National Upgrading Program.

Year | No. of trainers | No. of training courses | No. of participants passing the national
upgrading program
1 4 0 25
(first level training of the trainers)
2 10 200
3 10 200
Total 425

9.2.2 Basic Contents of the Training of the Trainers Program

The training of the trainers training program consists of the following basic contents.
(1) the concepts of water delivery service

(2) how to simplify design and operation by breaking an irrigation project into layers
(3) hydraulic principles of unsteady flow and how they relate to operation

(4) concepts of canal control

(5) specific hardware for making operation easy and effective

(6) developing modernization strategies
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(7) RAP (Rapid Appraisal Process) and MASSCOTE (Mapping System and Services
fro Canal Operation Techniques)

(8) water ordering procedures

(9) irrigation efficiency and water balances

(10) design of broad-crested weirs for flow measurement

The first level training program will emphasize fundamental concepts which are the
foundation of irrigation modernization program. There are many other topics which are also
important and which must be covered in future classes after the foundation is built. The
example topics are:

(11)  unsteady flow computer modelling

(12) tuning of gate controller constants

(13)  Supervisory Control and Data Acquisition (SCADA) design and equipment
selection

(14) computation of complete water balances for a project

(15) rules and regulations for water user associations

9.3 Draft Curriculum Structure of The Training of The Trainers
The first level training of the trainers at IDI has the training period of 3 weeks. The

detail draft contents of the first level training of the trainers program is given in Table 9.2.

Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

1. The Nature and Importance of Good Water Delivery Service

(1) The nature of modernization
a. Whatitis
b. How it differs from traditional irrigation improvement projects
c. Why it is desperately needed
(2) Documented status of existing irrigation projects world-wide - actual versus attainable
a. Efficiency
b. Yields
c. Chaos and anarchy
d. Environmental impact
(3) Concept of water delivery service
a. Understanding an irrigation system as a series of layers.
I. The layers include (i) main canal, (ii) secondary canals, (iii) tertiary canals, etc.
down to field level.
ii. Each layer receives water from the upstream layer with some degree of service
and provides water to the next downstream layer with some degree of service
b. What level of service is required on-farm
i. Basic concepts of ET, soil water holding capacities, root zone development
ii. Fundamental differences between rice and upland crops
iii. Rice irrigation - special requirements at the start of the irrigation season
Iv. Planting schedules and realities
v. Components of on-farm (field) irrigation efficiency and how they are impacted
by the water delivery service
vi. Water delivery service and its relationship to anarchy or the lack of it
vii. What is required if farmers are expected to pay for water
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Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

c. What feedback is inherently required to provide good service at the different levels
(4) Components of water delivery service
a. Reliability. This is the first essential ingredient, but by itself it is insufficient to
revolutionize irrigation
b. Volume during a crop season

c. Equity

d. Flexibility
i. Frequency
ii. Rate
iii. Duration

e. Consistency and accuracy
(5) Delivery schedules for all levels within a system.
Random availability
Pre-arranged rotation schedules of various types
Modified rotation schedules
Arranged deliveries
e. Demand deliveries
(6) The level of service provided by existing projects
a. Results from World Bank/IPTRID study
b. Internal Process Indicators
I. Concept
ii. Specific indicators
iii. How to quantify the indicators for a specific project.
(7) Setting priorities for improvement of service.
a. How one layer affects the performance of the next layer (review)
b. Cases in which a downstream layer may have better internal process indicators than
upstream layers
c. Selecting what to do first (a preview)

oo

2. Hydraulic Principles

(1) Regime flow

a. Where it is needed

b. How changing channel conditions affect system performance

c. What is needed to properly divide flows and distribute them
(2) The nature of unsteady flow in modern systems
Typical wave travel times
Normal depths vs. depths in channels with control structures
Wedge storage variations
Predicting travel times of waves
How flow changes arrive at various points throughout a system

f.  What does an internal "flow balance™ really mean?
(3) Using weirs and orifices as water level control structures

a. Weirs

I. Using weirs as control structures rather than as water measurement structures
ii. Various weir designs and their hydraulics
1. Flash-boards
2. Long-crested weirs
iii. How weirs respond to unsteady flow
b. Undershot (orifice) flow
I. Using undershot gates as control structures rather than as water measurement

®o0 o
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Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

structures
ii. Various designs and their hydraulics
iii. How undershot gates respond to unsteady flow
(4) Using weirs and orifices as flow rate control structures
a. Weir response to unsteady flow
i. Upstream condition changes
I. Downstream condition changes
iii. Accuracy of flow measurement
iv. Accuracy of flow control
v. Accuracy of volumetric measurement
b. Undershot (orifice) response to unsteady flow
(5) Relationship between canal and turnout designs
a. Relative importance of upstream water level or flow rate changes
b. Relative importance of downstream water level changes
c. Designing the canal/turnout system as a unit rather than just designing a "turnout
(6) Gated vs. non-gated systems
a. Documented performance of non-gated systems
b. Documented performance of gated systems
c. Why traditional gated systems are so difficult to manage, and how to avoid such
problems
(7) The basics of classical control concepts
a. Upstream control
I. Design requirements
ii. Management requirements
iii. Risk factors
b. Downstream control
I. Types of downstream control
1. Level top canals
2. Control points at downstream end
3. Bival
ii. Design requirements
iii. Risk factor
Iv. Management requirements
c. Combination control
d. Mixed control
(8) Flow rate measurement
a. Where it is needed in a modern system, and what is done with the information and
how often it is used
I. Upstream control systems
ii. Downstream control systems
Where it is not needed
Accuracy requirements
Difference between flow rate and volumetric measurement
e. Difference between measurement and control
(9) Basic strategies of operation and design
a. Spread the problems throughout the project or isolate them and deal with them
b. Options with groundwater
c. Options for systems with re-circulation capabilities vs. those without them

eoo

3. Basic Concepts of Cross Regulator Control Hardware
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Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

(1) Traditional designs for undershot - advantages and disadvantages of each, and small
details which have a tremendous effect on their performance
a. Sluice gates
b. Radial gates
(2) Traditional designs for overshot - advantages and disadvantages of each, and small details
which have a tremendous affect on their performance
a. Flash-boards
b. Long crested weirs
c. Hinged gates
(3) Operation
a. Mechanical advantages, no motor
b. Motorized but manual
¢. Hydraulic gates
d. Automated
I. Hydraulic
ii. Electric
(4) Movement
Local manual
Local automatic
Distributed control
Remote manual
Remote automatic
. Synchronized control

—~Oo 00T

4. Canals with Upstream Water Level Control

(1) Check structure design
a. Purpose of the structures
b. Types of structures
i. Manual adjustable structures
ii. Completely static structures
iii. Automatic structures
1. Hydraulic
a. Begemann
b. AMIL
2. Electrical (to be discussed in more detail later)
a. Types of gates
i. Overflow
ii. Underflow
b. Control strategy
I. Littleman concept and limitations
ii. Gates in sequence
iii. Pl control
(2) Locating and sizing check structures
a. Effect on turnout flow rates; trade-off between turnout automation and main canal
improvement
b. Effect on canal bank stability and rodents
c. Effect on lag time for deliveries
(3) Bifurcation points - available choices for control
(4) Flow rate control and measurement designs for large turnouts
a. Rated sections
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Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

b. Flumes
c. Weirs
d. Calibrated check structures
(5) Manual operation of upstream control
Information requirements
Sequence of operations by typical operators - top to bottom or bottom to top
Communications and mobility requirements
Consequences of various actions by operators or recipients of service
e. Where flow rates must be controlled and measured
(6) Differences in performance between automated vs. manual system
a. Amount of spill
b. Response time within the system
c. Equity, reliability, flexibility
d. Operator requirements
(7) Turnout designs for small flows (0.5-25 CFS), including ease of installation, design
requirements, advantages and disadvantages, flow measurement, vs. flow control
Romijn gates
Semi-modules
Various ungated units
Meter gates
Calibrated - various types
With downstream flow measurement
Distributor modules
h. Review of flow and volumetric measurement options for each device
(8) Regulating reservoirs
a. Locations
b. Sizing
c. Control into and out of reservoirs
d. Operations
(9) Canal sizing criteria
Traditional canal sizing rules
Demand theory (Clement)
Documented studies with flexible systems
Special considerations in sizing for minimal control requirements and poor
maintenance - the Office du Niger example
Access, borrow pits, and other details
(10)  Selective use of pipelines at the lower ends of projects
Advantages and disadvantages
Sizing
Control and measurement of flows
Types of pipelines
(11) Required data collection and communications
(12)  Options for responsibilities of operators
(13) Classical mistakes in modernization programmes with upstream control, and how to
avoid them
(14)  Where to begin with the automation of a manually operated system. Example
situations and trainee diagnosis
(15) Computer models - where they do and do not fit
(16)  Turnout density

oo
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Table 9.2 Contents of Draft Curriculum of The First Level Training of The Trainers

(17) Roads and access
(18)  Maintenance equipment vs. construction equipment

The second level training of the trainers consists of 3 parts. It will take at least 7 weeks
overseas and 4 weeks in Thailand.

(1) The first part is the class room and laboratory scale training at CalPoly, ITRC or
USBR or others and the field trip to some irrigation projects around the training center. It will
take at least 4 weeks.

(2) The second part is the field trip to the country that is more advanced in irrigation
management and modernization which the lesson learned can be adapted to Thailand such as
Mexico or India. The second part will take about 3 weeks.

(3) The third part is the RAP and MASSCOTE exercises in selected irrigation project
in Thailand where the participants have to analyze and synthesize the water delivery service
performance of the selected project in order to develop the irrigation modernization program.
The third part will take about 4 weeks.

The detail curriculum of the second level training course is given in Table 9.3.

Table 9.3 Detail of the Second Level Training of Trainers Curriculum

1. Review of Principles and Hardware (1 day)

(1) Wave travel time

(2) Manual operation of an upstream controlled canal

(3) Upstream control hardware - advantages, disadvantages, and design notes for various
items

2. Downstream Control (0.5 days)

(1) Review of the basic idea of downstream control

(2) Hardware for level top pools

(3) Hardware for other types - all computerized.

(4) Pool sizing

(5) Sensitivity and risk

(6) Selective implementation of downstream control within a project

3. Basics of pump recirculation plants (0.5 days)

(1) KW-Hr requirements
(2) Locations
(3) Design

4. SCADA - Supervisory Control and Data Acquisition (2.5 days)

(1) What it is and why it might be used
(2) Costs

(3) Equipment requirements in the field
(4) Equipment in the office

(5) Communication requirements

(6) Software

(7) Best uses and worst uses

(8) Best locations and worst locations
(9) Vandalism

(10) Power supply

(11) Logistical and technical support needs
(12) Examples of successful programmes
(13) Examples of failures
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Table 9.3 Detail of the Second Level Training of Trainers Curriculum

(14) Recommended steps to take if SCADA is used

5. Use of computer models to calibrate PI control algorithms (0.5 day)

Flow Measurement and Control in Canals and Off-takes (2.5 days)
This will emphasize how to design broad-crested weirs, as well as options with meter gates
for turnouts

6. Irrigation Efficiency and Water Balances (2 days)

(1) Irrigation Efficiency definition
(2) Differences between field and project efficiencies
(3) Developing a water balance

a. Components

b. Quantifying the components

c. Combining the components

d. Confidence intervals

7. Rapid Appraisal Process and MASSCOTE (5 days)

The MASSCOTE approach of FAO will be covered. This includes the 11 mapping steps
namely (1) RAP (2) system and sensitivity (3) perturbations (4) water networks and water
balances (5) cost of O&M (6) service to users (7) management units (8) demand for operation
(9) options for canal operation improvement (10) integrating service oriented management
options (11) consolidation of vision and plan fro modernization and M&E.

8. Field visits in the USA (2 weeks including travel)

Two irrigation districts will be visited in the U.S. An RAP will be conducted on each. Both
districts will be undergoing some type of modernization, and both will primarily be gravity
(canal) systems. Possible choices will be Imperial Irrigation District (200 000 ha, all canals,
in an area of no rainfall and no downstream users and no rice), and Glenn-Colusa Irrigation
District (about 100 000 ha, in an area with considerable winter rainfall, primarily rice, and
mainly unlined canals).

Each district will be visited for 2-3 days, followed by 2 days of trainee discussion and
computations and development of recommendations. The 2 days of discussion will be held in
a town near the irrigation districts, so that rapid visits may be made to structures in question,
or to talk again with district employees.

9. Field Visits in Other Countries (3 weeks including travel)

Two irrigation projects will be visited in less developed countries. Two possible projects are
Rio Mayo in Mexico and Dantiwada in India. Both projects are beginning the modernization
process and have very different characteristics. Both projects have been examined in the
World Bank/IPTRID study. Rio Mayo has active but imperfect water user associations, and
has made tremendous progress in the last ten years. Dantiwada has farmers who are generally
satisfied, and is attempting new water delivery schedules and the installation of new control
structures. Again, trainees will conduct an RAP of each project, and there will be several
days of discussion for each.

10. MASSCOTE Exercise of a Project in Thailand

Trainees will conduct a RAP and MASSCOTE at a selected irrigation project. This will be
facilitated by the IDI and training division, but the trainees will conduct this RAP and
MASSCOTE exercises without an instructor in attendance. Following the field work, they
will then quantify external and internal process indicators, as well as make recommendations
for project improvement. Their performance will be evaluated and graded by the primary
instructors. This is the final place in the programme at which participants are evaluated for
competence as criteria for completing the remainder of the programme.
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9.4 Structure of The National Upgrading Program

This national upgrading program has the objective to upgrade the RID staffs on design
and operation from all RID regional offices and RID central. The program will take about 3
weeks. The content of the curriculum consists of 2 parts.

Part 1: The Class Room Training for 1 weeks which consists of the following
detail.

(1) The importance of good water management
(2) Hydraulic principle

(3) Basic concept of cross regulator

(4) Upstream Control

(5) Downstream Control

(6) Water Reuse

(7) SCADA

(8) Irrigation efficiency and water balance

On the last day of this part, the participants will be trained on water measurement and
control at the physical model facility (financed by FAQO), Mae Klong Water Uses Research
Center in Nakhon Pathom Province.

Part 2: MASSCOTE workshop for 2 weeks.

The workshop on MASSCOTE will be conducted for the selected irrigation project in
order to improve the ability to analyze the fact about the irrigation projects and to identify the
issues and options for irrigation modernization and finally to develop the modernization and
M&E plan.
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10. GUIDELINES FOR DEVELOPING RESERVOIR RILE CURVES

10.1 Introduction

There are 3 methods that have been used for developing reservoir rule curves in
Thailand. Those methods can be listed below.

(1) Development of the rule curve by simulation using HEC-3 (Reservoir System
Analysis for Conservation) of the US.Army Corps of Engineers

(2) Development of the probability based rule curve (Mudhivanich and Rittima. 2003,
Kongjun. 2004)

(3) Development of the rule curve by the combined simulation—optimization
technique (Suiadee and Tingsanchali. 2007)

10.2 Development of Rule Curves by Simulation using HEC-3

This is the trial and error method for developing the rule curves. The procedure for
rule curves development can be explained below.

(1) The upper and the lower rule curves for each month are assumed from the
experiences or from the historical records of the reservoir water storage.

(2) The assumed upper and lower rule curves in each month are used as the
operational constraints for simulation by using HEC-3 program. HEC-3 has divided the
reservoir storages into 3 zones including flood control storage, conservation storage and dead
storage. These 3 zones are related to the 4 levels of water control in the reservoir namely top
of food control, top of conservation, top of buffer and top of inactive as shown in Figure 10.1.
The levels of water control in the reservoir can vary from month to month.

The upper rule curve is the top of conservation or the top of flood control minus the
flood control storage. The top of flood control is the crest of spillways. The lower rule curve
is the top of buffer.

Top of Flood Control

Flood

Control Storage Top of Conservation
Conservation

Storage Top of Buffer

Top of Inactive

Dead Storage /

Figure 10.1 Division of Reservoir Storage Volume
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(3) The reservoir release priorities of the reservoir system are defined by the following
criteria.

- The water in flood control storage of all reservoirs will have the highest release
priority in order to reduce the risk of flooding. The water above the top of buffer
get the second priority and the water below the top of buffer get the last priority to
avoid the critical water shortage..

- When the water storage in all reservoirs is in the conservation storage above the
top of buffer, the release priorities of the reservoirs have to be defined.

- When the water storage in all reservoirs is below the top of buffer, the release

priorities of the reservoirs have to be defined.

For the case of single reservoir, there is no need to define the release priorities of the
reservoir.

(4) The reservoir operation is simulated on monthly basis according to the operational
constraints in items (2) and (3) by HEC-3 using long term historical records of reservoir
inflow and demand (about 30 years).

(5) The monthly reservoir simulation result is analyzed in order to examine the
monthly water shortage and spillage (flow through spillways). The rule curves are adjusted to
minimize the shortage and spillage by trial and error.

This method is the commonly used method in the Office of Hydrology and Water
Management, RID. There are a few engineers in the office have the experience using this
method for developing the rule curves. However the technique for developing the rule curve
by trial and error with HEC-3 has never been documented.

10.3 Development of the Probability Based Rule Curves

The probability based rule curves use the probability and statistics principle to
determine the upper and the lower rule curves at specified levels of probability. This method
has one advantage. The decision maker has options in selection of the upper and lower rule
curves depending on the uncertainty and the risk level he should take.

For example, in wet season, if the decision maker would like to store more water in
the reservoir, the risk of spillage will be high. On the other hand, in dry season, if the decision
maker would like to use more water at present, there is more risk of water shortage in the
future. The long term historical records should be used for developing the probability based
rule curves. The method for developing the probability based rule curves can be summarized
as follow.

(1) The upper rule curve can be determined from the net reservoir inflow (NRI; =
Inflow-Outflowy) of an appropriate duration such as weekly or daily. The probability
distribution of the NRI; is analyzed. The probability that the reservoir storage exceeding the
upper rule curve or risk (o) is selected, for example o (0.05, 0.1, 0.2 and 0.3). The magnitude
that NRI; exceeding the flood control storage (VFC;) at the risk level of o can be calculated
from the following equation.

P(NRk>VFC) = «

The upper rule curve is equal to the normal pool or the reservoir storage at the top of
flood control minus VFC:. Ifthe calculated VFC:; for given a equals to 0, it indicates that the
upper rule curve is the normal pool level or no flood control storage is required.
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(2) The determination of the lower rule curve uses similar principle. The first step is to

D
determined the X NRIt whent=1, ....... , D and D is the number of durations in month
i=t
D
in dry season. The second step is to do the probability distribution analysis of X NRIt. The
i=t

third step is to select the risk of water shortage (o). The fourth step is to determine the buffer
storage (VBUFy) to avoid the critical water shortage from the equation below. The last step is
to determine the lower rule curve by adding the VBUF:to the dead storage.

D
P(-  NRI, >VBUF) = «

1=t

The Irrigation Development Institute (IDI) has conducted a few training courses on
development of the probability based rule curve. The principle and procedure for development
of the probability based rule curve has been written (Kongjun. 2004). The Phayao and Udon
Thani irrigation project have tried to use the probability based rule curve to develop the rule
curves for Huai Fi small scale reservoir and Huai Sam Pad medium scale reservoir. However
due to the no recorded/short record of historical data and using monthly interval for
developing the upper rule curve, the result needs to be rechecked. It is noted that developing
the rule curves is an expert task, not the irrigation system operators.

10.4 Development of Rule Curves by the Combined Simulation—-Optimization

The combined simulation-optimization approach for developing the reservoir rule
curves is the method that is modified from the first method. The optimization technique is
used to determine the upper and the lower rule curves to replace the drawback of trial & error
method. The reservoir simulation model can be easily developed on the spreadsheet or HEC-
3 can be used as simulation part. The new irrigation engineers of RID were trained on Genetic
Algorithm (GA) to determine the optimum solution for non-linear model. Therefore it is
possible that the combined simulation—-GA approach can be good method to developing the
reservoir rule curves.

At present the combined simulation—-GA has been studied and is found to be high
potential to use for developing the reservoir rule curves. Suiadee and Tingsanchali (2007)
used the combined simulation-GA optimization model for developing the reservoir
operational rule curves for Nam Oon, Sakon Nakorn province. Saduak and Jittaradakorn
(2005) used the combined simulation optimization (GA and Differential Evolution) for
developing the rule curve of Mae Ngut Somboon Chol reservoir in Chiengmai province.

10.5 Recommendations

(1) At present, the reservoir rule curves developed by trial & error using HEC-3
program is more acceptable in practice, since most of the rule curves in Thailand are
developed by this technique. However the trial &error method requires a lot of experience and
the procedure has never been documented. It is therefore recommended that the combined
simulation-GA approach or method 3 should be used in the future since RID by IDI has many
staffs who has good experiences on GA and has developed the rule curve of Nam Oon
reservoir using the combined simulation-GA.
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(2) In the long run, the advantages and disadvantages of the combined simulation-GA
approach and the probability based rule curve should be compared.

(3) For small reservoirs where the long term historical data is limited, the reservoir
water balance study should be developed on the spreadsheet in order to be a guideline for
reservoir operation.

(4) For new reservoirs where the data on inflow and water demand are limited, the
stochastic data generation is necessary.

(5) Since developing the rule curves is an expert task, RID by the Office of Hydrology
and Water Management must have a program to develop the rule curves experts.
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Annex 1 - TERMS OF REFERENCE (if specific TOR for the mission were provided)

National Senior Irrigation Planning Expert
Under the overall responsibility of the Coordinator, Regional Operations Branch (RAPR), FAO
Regional Office for Asia and the Pacific, Bangkok, the technical supervision of RAPG, the National
Strategic Planning Expert and Senior Irrigation Planning Expert will work together closely on all
aspects of the strategic planning component. The National Strategic Planning Expert will take the lead
in providing technical guidance about strategic planning methodology and the work plan. The Senior
Irrigation Planning Expert will be the primary expert to work closely with RID officers such as ISRP
Steering Committee, RID core team and RID workers in 4 pilot projects to make arrangements for
strategic planning exercises and to provide substantive expertise on the irrigation sector to the National
Strategic Planning Expert and other resource persons from outside RID. Together, they will be
responsible to do the following:

e consult with the ISRP Steering Committee at the MOAC level to organize an inter-departmental
ISRP Strategic Planning Team which includes the ISRP Team of PIM Specialists, other senior
staff of RID, DOAE, ONWRC, Bureau of Budget, NESDB, etc.;

e work under the direction of the Coordinator for the ISRP;

e prepare a methodology and work plan for the strategic planning process;

o identify key issues to be considered and acted upon, including new mission statement for RID,
governmental consolidation of water management functions, decentralization and devolution
options, restructuring of RID, options for future redeployment of personnel and downsizing;

e review and provide the project evaluation tools and software such as PI&SS and Rapid Appraisal
Process (RAP) etc. and develop the manual of project evaluation;

e organize, activate and supervise special working groups (RID core team) to analyse selected sub-
topics (such as new mission for RID, governmental consolidation, redeployment of personnel and
downsizing);

e implement project evaluation in four pilot projects using the developed project evaluation tools.
The results of project evaluation will be guided for preparing strategic planning and to identify key
issues of irrigation reform;

e organize, activate and supervise working groups on design and operation to develop the guidelines
for design, operation and maintenance of irrigation system that are practical and improving the
performance of irrigation system.

e organize and conduct a series of consultative meetings for participatory strategic planning
exercises at national and regional levels (combining multiple regions in four locations, the north,
northeast, central area and southern area of the country);

e prepare a report which identifies main options (with advantages and disadvantages) for revising
the mission of RID and restructuring RID and the irrigation sector consistent with the ISRP;

e organize discussion seminars with the ISRP Steering Committee and Consultative Committee and
in four multi-regional locations in 12" month to discuss results and recommendations of first
phase of the strategic planning (which focuses on the basic restructuring plan);

e assist the ISRP Consultative Committee and Steering Committee to make appropriate
recommendations to Permanent Secretaries in relevant ministries about the proposed restructuring
strategy;

e prepare, after each mission, a mission report including findings and recommendations which
should be discussed and cleared with the government authorities concerned before the end of the
mission; present the report in MS Word to FAO, RAPR, Bangkok (within one month after the
mission) and amend it in the light of comments received from FAO;

e prepare strategic planning section for interim and final reports.

Duty station: Kamphaengsaen, Nakhon Pathom (home station) and travel in-country as
required

Duration: 90 days in several missions on a when-actually employed basis

EOD: 7 October 2007

NTE: 31 March 2008

Language: English
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ANNEX 2 - KPIs for the 2007 RID Strategy

Goals

KPI

Effectiveness of result

(1) Storage water and irrigation area
increase

(1) amount of storage water increase(mcm)

(2) increase in irrigation area (rai)

(3) increase in water benefited area (rai)

(4) no. of community water resources increase

(5) increase in domestic water supply (mcm)

(6) increase in industrial water supply (mcm)

(2) All sectors get water thoroughly and
equitably

(7) wet season irrigated area (m.rai)

(8) dry season irrigated area (m.rai)

(9) percentage of irrigated area to target wet
season irrigation area (%)

(10) percentage of irrigated area to target dry
season irrigation area (%)

(3) Losses due to water problems
decrease

(11) percentage of loss values on economic
crop in irrigation area due to flood and drought
(%)

(4) Having appropriate cultivation area in
irrigation command area

(12) percentage of irrigation area being
cultivated (%)

Quality of service

(5) Existing infrastructures ready for
services

(13) % of irrigation structures functioning

(14) % of irrigation canals in good condition

(15) % of dams repaired and rehabilitated to
standard condition

(16) % of reservoirs the sediment was surveyed

(6) Water users get water on quantity
and timely basis

(17) % of water users in irrigation area satisfied
with water delivery service

(18) no. of calibrated structures

(7) Area damage by water decreases

(19) irrigation area damaged by flood (rai)

(8) Having standard water quality

(20) % of large scale reservoir with water
quality above standard

(21) % of natural water courses with water
quality above standard

Operation Efficiency

(9) Repair and rehabilitation of
irrigation structures completed as
planned

(22) % of large scale irrigation projects
completed the construction as planned

(23) % of medium scale irrigation projects
completed the construction as planned

(24) % of community or rural water resources
projects completed the construction as planned

(25) % of flood control projects completed the
construction as planned
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(26) ) % of repair work completed as planned

(27) ) % of rehabilitation work completed as
planned

(28) ) % of on farm development work
completed as planned

(10) Having pre-construction activities
ready as planned

(29) ) % of feasibility study completed as
planned

(30) ) % of survey work completed as planned

(31) ) % of design work completed as planned

(32) ) % of land procurement work completed
as planned

(33) no. of days to get permission to use forest
land

(11) People, communities and other
agencies participation

(34) % of projects with no protest

(35) no. of public relation meeting during
project planning and pre-construction periods

(36) % irrigation area with water user groups
established

(37) % of water user groups with active water
management

(38) no. of young irrigation engineers been
trained

(12) Public relation in conducted
continuously and thoroughly

(39) no. of access to RID web site

(40) no. of channels for public relations

(41) no. of times for public relation activities

(13) Planning and implementation are
effective

(42 ) wet season irrigation efficiency

(43) dry season irrigation efficiency

(44 ) water management cost per rai (B/rai)

(45) % of large and medium scale reservoirs
with storage rules

(46) % of large and medium scale reservoirs
with release rule for dry season

(47) no. of projects having the integrated plan
with other agencies for water damage
prevention and mitigation

(48 ) wet/dry water utilization rate (cu.m/rai)

(49) income from non-agricultural sector
increase

(50) no. of official irrigation watercourses that
can collect water fee increase

(51) % meteo-hydrological stations established
comparing to the plan

(52 ) % meteo-hydrological stations working

(14) Having the warning and forecasting
water situations

(53) no. of telemetering stations constructed
and rehabilitated

(54 ) % of telemetering stations working
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(55) % of warning to the events happened

Organizational Development

(15) Effective management system

(56) no. of work processes that the processing
steps and time reduced

(57) % of budget paid

(58) % of user satisfied with the service

(16) Personnel have the capability and
will power to work

(59) % success in implementing knowledge
management plan to support the strategic issue

(60) no. of staffs trained

(61) no. of curriculum for human resources
management

(62) % of users satisfied with staff performance

(63) % of staffs satisfied with the project
performance

(17) Having appropriate database and
technology

(64) % progress in IT development for water
resources development and management

(65) % projects with GIS database

(18) Having research and development
to support operation

(66) no. of research and development projects
completed

(67) no. of research reports that can be used
beneficially

(19) Sufficient modern machines,
equipments and facilities

(68) % machines and equipments working

(20) Modern regulation and legislation

(69) no. of regulations and legislation revised
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ANNEX 3 - IPTRID Indicators of 5 Pilot Projects

IPTRID Indicators

Huai Sam
Description Phetchaburi | Borrommthad Phayao Pad Huai Mong
) Nov-06 Nov-06 Dec-07 Jan-07 Jan-07

Availability of water (surface plus ground) to users - using
stated conveyance efficiency for surface water and assumed
efficiencies for ground water, MCM (includes all farmer

DIl pumping) 703 316 n.a. n.a. n.a.
Surface irrigation water inflow from outside the command area

DI 2 (gross at diversion and entry points), MCM 624 633 n.a. n.a. n.a.
Net groundwater imported into the project, MCM 0 0 n.a. n.a. n.a.
Total irrigation water supply (surface plus groundwater)
brought into the project boundaries, MCM. 624 633 n.a. n.a. n.a.
Physical area of cropland in the command area (not including

D13 multiple cropping), ha 57063 58,400 146 2,706 9,789
Irrigated crop area in the command area, including multiple

Dl 4 cropping, ha 57063 56,368 226 2,866 13,288
Annual external irrigation supply per unit command area
(m®ha) 10931 10,835 n.a. 0 0
Annual irrigation supply per unit irrigated area (including
multiple cropping) - (m3ha) 10931 11,226 n.a. 0 0




176

ANNEX 3 - IPTRID Indicators of 5 Pilot Projects

Total external water supply - including gross precipitation and
net aquifer withdrawl, but excluding internal recirculation,

DI 5 MCM 1140 1,217 n.a. 30 131
D18 Flow rate capacity of main canal(s) at diversion point(s), cms 54 52 n.a. 3 10
Peak gross irrigation requirement, including all inefficiencies,
DI 9 cms 100 51 n.a. #DIV/0! #DIV/0!
DI 10 Gross annual volume of irrigation water entitlement, MCM 895 n.a. n.a. 8 40
DI 10 Gross maximum flow rate entitlement of the project, cms 0 0 n.a. 0 0
DI 10a Average percentage of the entitlement that is received, % 76 n.a. 100 36
Gross revenue collected from water users, including in-kind
DI 12 services. $US 32,665 1,584 313 #VALUE! 15,541
Total management, operation and maintenance cost of project.
DI 13 $US 3,265,026 2,672,607 31,312 246,570 579,274
Total annual (Project + WUA) expenditure on system
DIl 14 maintenance, $US 237,254 1,108,039 n.a. #REF! #REF!
Total number of Project and WUA employees 2,253 199 13 10 46
DI 15 Total cost of personnel in the project and WUAs, $US 2,042,478 777,584 26,283 23,508 189,246
Total number of Project and WUA employees who work in the
DI 16 field 1,001 45 8 4 9
DI 17 Gross revenue that is due from the water users, $US #DIV/0! #DIV/0! 625 #VALUE! 15,541
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ANNEX 3 - IPTRID Indicators of 5 Pilot Projects

D118 Gross annual agricultural production, tons see note below
Total annual value of agricultural production at the farm gate,
DI 19 $US 132,395,528 44,538,672 148,838 | 1,108,100 | 19,961,530
Total annual volume of water consumed as ET on the fields
DI 20 (ET) - MCM 458 883 n.a. 19 82
DI 21 Average irrigation water salinity, dS/m 3 n.a. n.a. 1 1
DI 21 Average drainage water salinity, dS/m 0 n.a. n.a. 0 0
Dl 22 Biological load (BOD) of the irrigation water, average mgm/I 0 n.a. n.a. n.a. n.a.
Dl 22 Biological load (BOD) of the drainage water, average mgm/I 0 n.a. n.a. n.a. n.a.
Chemical Oxygen Demand (COD) of the irrigation water,
DI 23 average mgm/I n.a. n.a. n.a. n.a. n.a.
Chemical Oxygen Demand (COD) of the drainage water,
DI 23 average mgm/I n.a. n.a. n.a. n.a. n.a.
Dl 24 Change in water table depth over the last 5 years, m n.a. -1.0 n.a. n.a. n.a.
DI 25 Average annual depth to the water table, m 2.5 5.0 n.a. n.a. n.a.
D126 Differences in the volume of incoming salt and outgoing salts Requires in-depth computations
RAP 9 Total annual NET groundwater pumping, MCM 0 0 n.a. n.a. n.a.
RAP 20 Crop ET - Effective Rainfall, MCM 102 389 n.a. n.a. n.a.
Average Field Irrigation Efficiency, % (computed from ET and
RAP 31 Gross) 45 123 n.a. n.a. n.a.
Estimated conveyance efficiency for pumped internal aquifer
RAP 15 water, % 42 95 n.a. 40 70

Values for DI 18 must be extracted from Table 9 on each
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| INPUT-Year"X" worksheet

IPTRID Indicators (computed from the values above)

**Note - IPTRID indicators may not equal the RAP indicators of the same name because the RAP indicators reflect recent USA

) understanding of terminology for transferrable indicators.
Annual irrigation water delivery per unit command area (m*/ha) 10,931 10,835 n.a. n.a. n.a.
Annual irrigation water delivery per unit irrigated area (m*/ha) 10,931 11,226 n.a. n.a. n.a.
Conveyance system water delivery efficiency, % (as stated) 113 50 n.a. n.a. n.a.
Annual relative water supply ***does not include rice deep
perc.*** 2.5 1.4 n.a. 1.6 1.6
Annual relative irrigation supply ***does not include rice deep
perc.*** 6.1 1.6 n.a. 0.0 0.0
Security of entitlement supply, % received 76 100 35.86
Cost recovery ratio 0.01 0.00 0.01 #VALUE! 0.03
Maintenance cost to revenue ratio 7 699 n.a. #REF! #REF!
Total MOM cost per unit area (US$/ha) 57 46 49 91 59
Total cost per employee (US$/person) 890 3,907 2,022 2,351 4,114
Revenue collection performance #DIV/0! #DIV/0! #DIV/0! | #VALUE! 1
Staff per unit area (Persons/ha) 0.0406 0.0035 0.0629 0.0035 0.0035
(Number of turnouts operated by staff)/(total field staff persons) 0.1705 0.0000 0.8846 1.1000 9.0652
Total revenue per unit volume of water delivered by project
authorities (US$/m?) n.a. n.a. n.a. n.a. n.a.
Total MOM cost per unit volume of water delivered by the
project authorities (US$/m?) 0.0052 0.0042 #DIV/0! | #DIV/0! #DIV/0!
Total annual value of agricultural production (US$) 132,395,528 44,538,672 148,838 | 1,108,100 | 19,961,530
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Output per unit command area (US$/ha) 2,320 763 913 410 2,039
Output per unit irrigated area, including multiple cropping

(US$/ha) 2,320 790 511 387 1,502
Output per unit irrigation supply that is imported into the

project boundaries (US$/m?®) 0.2123 0.0704 n.a. #DIV/0! #DIV/0!
Output per unit of total water (including precipitation) into the

project (US$/m°) 0.1162 0.0366 n.a. 0.0370 0.1523
Output per unit water consumed (US$/m?) 0.2170 0.0504 n.a. 0.0587 0.2437
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1. UN¥ (Introduction)

N ' < . . A A A A 1 ) Y
MIUseuNa081952A137 (Rapid Appraisal Process, RAP) ﬂ@Lﬂi@ﬁNﬂﬂ%“B’JEﬂﬁﬂmzlﬂ
Usgiliumaaniomassyinan (Key Indicators) Ndfnmon1susmsialasamssallsemuld
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P19 UTEVVUAZ 01950137 D1 1ATIMIFalszmulideyaiiugiun RAP Apamsagual ms
a o < [ 4 o
Usziliumalasamsvalszmuansomnldudnadomelu 2 dlai asssiinaawamsriiam
o . Ay ¥ 1 V! Y & a A
#an (Key Performance Indicators) ‘V]Ul@mﬂ RAP 92928141 1A59m15%5a15emuUNI1uUemasan
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dnny aame 1l
o A
O dneamlumseyindinlulasans
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O 9ABoUTUNIZYDI IATIMIMUMIAUTUMST MTUTMITNTNINTUAZEITAIS
O wwImamsardunundagouszaulszaninalumsantiuanulasans
(Project Performance)
] Y
ol heaens 1 RAP 39 lagniimuniuny Excel U52nouaie Worksheets @199 14
Worksheets A4015°9%1 1 5192198 RAP Worksheets 1jUn1u11ne 14 Worksheets taagoglu

MARUINTIIEY

A15197 1 518821988 RAP Excel Worksheets

Sheets | Name Worksheet Description
1 1.Input-Water If one wants to use only one year data, the average water year
Balance for Yearl should be used. It requires the input (mostly monthly) of:
- Crop names

- Irrigation Water Salinity

- Crop threshold ECe values

- Field crop coefficients, by month

- Areas of crops

- Water supply

- Precipitation

- Recirculation and groundwater pumping
- Special agronomic requirements

2 2.Input-Water Insert sheet2 and copy form and format from sheetl to sheet 2
Balance for Year 2 and rename. Make appropriate link cells in column X-Al in
sheet 4.
3 3.Input-Water Insert sheet3 and copy form and format from sheetl to sheet 3
Balance for Year 3 and rename. Make appropriate link cells in column AK-AV in
sheet 4.
4 4.External Automatic computations of monthly and annual values of
Indicators (ignore various water supply indicators. These are temporary values-

these, except to input | except the user must input "CI" values. The final, important
needed ""CI" values) | values can be found in the worksheet '14. World Bank BMTI
Indicators'
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Sheets

Name

Worksheet Description

5

5. Project Office
Questions

Most of the data for this sheet are obtained from the Project
office. They include:

- General project conditions

- Water supply location

- Ownership of land and water

- Currency

- Budgets

- Project operation, as described by office staff

- Stated water delivery service at various levels in the system.

6. Project Employees

Requests information regarding employee training, motivation,
dismissal, and work descriptions.

7 7. WUA Data for Water User Associations (WUA) that were not
obtained in the “Project Office Questions” are obtained here.
This requires asking questions in the Project Office as well as
having interviews with Water User Associations. Questions are
related to:
- Size of WUAs
- Strength of organization
- Functions
- Budgets
- Water charges
8 8. Main Canal Data for the Main Canal, including
- Control of flows
- General canal characteristics
- Cross regulators
- General conditions
- Operation rules
- Turnouts
- Communications
- Regulating reservoirs
- The level of service provided to the next lower level
9 9. Second Level Same as Main Canal
Canals
10 10. Third Level Same as Second Level Canals
Canals
11 11. Final Deliveries | Information regarding the level of water delivery service to
individual ownership units, and at the last point of operation by
paid employees.
12 12. Internal This worksheet summarized the internal indicators that were
Indicators calculated in the previous worksheets, plus asks for input
regarding a few extra indicators. Weighted category indicators
are computed for groups of sub-indicators.
13 13. Benchmark This worksheet holds intermediate calculated values. Ignore
Indicators (ignore this page.
these)
14 14. World Bank This, plus worksheet 12, provide the final summary for the

BMTI Indicators

exercise.
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Mstszliuasssiineuen azodluzilveinmstsziiutladomsnan(nputs) tay wanan
Y o ° A a Y oy 9 3
(Outputs) ¥931A3IN5 udhmnAamIlszanimwaua q wu aums lshralsznu

Y a Y Y a o
ATUHANAR Lmzmumﬂmuﬂizmm DINYU

USuanivadszmundosns

Useansnmmssadsemu (%) =100 —— > 7 .
snanisatsenmunavuanas

1 v 9
assyiimeusnaz ivennaisdesdutiumses Isieiulse@nsnmmaniu uaassud
X { v o 4 4 1 1 o
meluganertoanunszuIumsiauaz a15auivee InTINTIZEIT0FI832YNITA0
d‘ A a a 1 9 a 1 = a1 :) o
oz lsiivoinuszansnn Ut mam szt wun assyiimeueniiadiunn o191l
Usznoumsanduluiodsulsalasimsldiumis  Fuhnzaeildlsz@ninmvosassyil
o2
MEUBNATY
9 3 A q ¥ Y o A o = a =
doyalinanhisadszmuily  ldnnmsasiviavsemsdon Felndeelinig
a A A [ ] LK) a Y] g}/ KX o < 9 = 1 [ ]
Aanaavselianu lumiveusginlaesssumna aniudsuiludesimaszymnnu limiven
yosmszmlugivessisnnuiey (CI)

nsdiNdoyalin1stantaeuuin@ (Normal Distribution)

tcr OV = 2 = 0.68 68%

I

H_

[\
I
I

cr 42CV 0.95 95%

=< o

dauuzihldszanmen C1 vesdoyaly Sheet 4 — External Indicators A1 CI 49IA35%

A o 9 Ad a 1w o 9
NPYUBDNNATUIUINUDYA 2 ‘yﬂﬂlﬂuaﬁimaﬂu %5ﬂ1u’3ﬂ!1@ﬁ]1ﬂﬁﬂﬂ’]i

2 2 2 2
1lm1 CII m, CI2

L =
m, +m,

e CIL = CI YDINAMIAIUIY (result)

Cl, CL = CI vosdoyah 1 uaz 2

m,m, = Avosvoyai 1 taz 2



(2D}

(45

v
@

1w J

ABNU CA

ANNEX 4-8

M CI Idnaums




ANNEX 4-9

4. pszuIMMsMelunazassrimely (Internal Processes and Internal Indicators)

ihynevesmsdSulzelnsems1diuais (Modemization) Ao Matuilsza@nsninns
A a % I 4
yalszmu uwanas Fuiluassyiineusn tazaanNUTeHIBUDINADLBIINMTAIUAN
Y 4 1 =) L % L} QJ
sEaul iszansnmms IFauau MsdauasunsogsmnuegNIANUFUV0ITIAN HAgN3
Y 1 4
suilgeanunnadon Tnssms Taemsiuiindosas wiomsmuaun M09 Return Flows
=2 g ~ ' = o an ¥
Fuiluasssinely RAP azasvoniwaziden lunsliulzaismsarauiveslasanmsuas
2 a A v Y Y 9190’
mauszansuansaair gl
' a ~ 2~ L4

Excel Worksheets 5 — 11 484 RAP az¥glumsisziivmasssinieludalse Tow

Y
aago 11l

4 v A A 9 [ %’
(1) 529A152noUNANNNIITOINUNIAIVALIIVDIIATING
. 3 g
) fvuaszaumsdairlig i
s s A o {
(3) asdeUEITALITIAZINALiANTIANTLAZNTZUIUMTN 1T UMIAIuaNIEZNTZY
4
iy

= a I @ 2 A [ A
mwumfﬂngﬂﬂszmuaaﬂmlﬂummm 0 — 4 FINUANUUNYAIATIT NN 2

M15199 2 NMIMHUANYDIATIFTIAe U

AMUDIATIINE 11 ANUHUNY

0 uenn deeliuilge
1 ud doetlSuilse
2 nwold

=1
3 a

=

4 Aun

~ 1 . = kY = v .
mwuma“lmmmagiu Sheet 12 (Internal Indicators) F9U5ENOUAIIATTFUNAN (Prime
fl X [ 1 o 1 %’ o .
Indicators) 11azA55¥M80Y (Sub-Indicators) FIATTHIGOBUAAZAIVLTANINUN (Weight Factor)
FIVONINANNAINYVOIATTFUIOS  IWONTIUAIVOIATIFUIOIUARZ AL A WITOAIUIUHIA

Youasspivan laangas



ANNEX 4-10

PII = P (1)
E A% i
(14® PII = AMA35¥UN 81 UNSA(Prime Internal Indicators) F43A1 0-4
SII, = A1v09A33%1n18 118087 (Sub-Internal Indicator) i H43iA1 0-4

v 3 @ ] { .
W, = Ao ssimelugesn i

Y
v IS v

= o A = | Y
AITVUUAN UINHUUA 39 A1 ﬂQLLﬂﬂQ1u@1§1QV] 3 AIIVUNANAIN 1-34 1sznouaie

=R
ATIVUYDY

% J =) v @ d' A A A é n Y ] 1
-6 A TIUATIVUUANAIN 35-39 ADATTVUNLIAY m“lullﬂumagizmn 0-4

1 o 1 1 50’ (%] 1 (%]
J0AZIPIAATTFINAN ATIFHIDY NUNMTMUUAMATIFE  LaZANNWINYDIATTFHUAAZA

uanaluaisan 4

M5199 3 A55¥UN81UKMAN (Prime Internal Indicators)

ey | assyimealurian
A 1 %’ a [ [
I-1 MIusmMsaainseliusazuilasldsy
v YA ° ' o
12 msaainlasamamuua B duaazulas1dsy
A 1 %’ A A 9 Aa Y 9 A
-3 MIuTMIdaihasaigagameniimuinaIugy
A v YA ° Y Y Ay Y A
-4 msusmsauii Insamsimua ngagatentimmiiauay
a 1 %’ a 1
I-5 MIUIMIaIssveInaesais v
A vY A ° v '
-6 msusmauii Iassmsimual3vesnassaolvg)
Y v
-7 130 - anuzNgAnITUMIURUAMNNAN AaoATTUVAABINDTHIT Iaeniina1y
d’ Yo "9
nlasumong
\l
navsmalviel
= ]
-8 as3riles. nannaosaelng
-9 | A33%Y Turnouts YodAaoIeelng
a1 I %’ [
10 | asssuewiiniluaassmelvg
11 | msAasedemauazmsanmaulumsguanassdislng
12 | anwia ldvesnassaelng)
4 1
13 | mamuguinluasesdisIng




ANNEX 4-11

d’ \ =) 3 . .
19197 3 (719) A35%UN 10 1UYan (Prime Internal Indicators)

vnaay | assvimeluvian
AADILDY
P=|
-4 | 35951103, na1snasawsos
-15 | @35%% Turnouts Y9IAADIHDE
1 U %’
-16 | ass¥iorawnilunasawes
17 | msAasedomauazmsannaulumsguanasivoy
-18 | anwnilivesnaosaos
Y
19 | mimuguihlunaoswes
AADILNY DY
20 | a35%H1as. na1snasauenyes
I-21 | @35%% Turnouts Y94AABILENYDY
1 U %’
22 | assyienawninlunasauenyos
123 | msAasedomsuazmsanaulumsguanasuensoy
124 | anmwnililvesnaoaentyos
Y
125 | minauguihlunaesuenyos
126 | quilszana
27 | ®1mvhn
Y
128 | eaAmsf 9
129 | dszansammmsidiniim
9 a o
130 | M3lFneuiaes IuaugIng
9 a L %’
I-31 M3 l¥neunuaes lunInuguin
U 90’ Q/dy td' Lﬂ' o o ] Y g
132 | anwawsa lumsaahldnunmgalgnmeaiveayumsvatsemueaislvy (1
J 9y 1%
szuunenelansaau)
{ 1 o < 4 Y] ] 1 ?:} 1
133 | msnfasunlasnsuiluieaivayumsvadsemuaielvy  dihszuuvenield
TENEIN)
] 4 Y]
134 | mssuuazldlse Temivesdoyadoundu

I-35

AMUARUIUUVON Turnouts




ANNEX 4-12

q’ \ =) 3 . .
19197 3 (719) A35%UN 10 1UYan (Prime Internal Indicators)

vaneay | asssimelundn
a A d' vy 1
assviiauilulaginn o-4
I-36 911U Turnouts/Operator
1 A %‘ 1
137 | anvgasalumsaiuguinlunassmelvg
1 A g
138 | anugusalumsaruauinlunaeswony
1 a ?‘)‘ o
-39 | anwgusalumsaruauinluszauu)an




d’ = = d'
M3197 4 51002055 FUN8 1Y 11 Sheet 1 4 YD RAP

ANNEX 4-13

No. Primary Indicator Sub-Indicator Ranking Criteria Wt
a 1 %’ a 9 1
I-1 ﬂﬁ‘Uiﬂﬁﬁ\‘luﬁ]iﬂﬁl‘ﬁlm
azuilaaldsy
v A 2 A Y A A o ¥ ¥ ' I A a 9 '
I-1A ﬂﬁ’)ﬂﬂiu1ﬁﬁu1‘ﬂﬁﬁiﬁl!ﬂa$ 4 - mimuamumazmmumagiummmmaau NﬂWiGl‘]Nﬂ!@ElNLTﬂﬂgﬁiJ 1
l,L‘IJ’cN (Measurement of uazﬁmﬁﬂ’uﬁﬂ%’aga
volumes to the individual A a0 ¥ Yy gt ¥ ~ ) ' s A
3- mimumwumazmmumagiummmwwah uﬂ151%ﬂ1uag1ugﬂmmzﬂaa
units) a A oA oo ¥ 2 Aa ¢ 1w o v 3
2- mﬂimum@mmazmmummﬂﬁﬂwu LLGIﬂTi’Jﬂ‘iE’iJWIi!Lﬁ%@@lﬁﬂﬁﬁ\i‘HW
a1y
=\ v @ [ %’ [] 4 9 1 1 @
1- ummmmmﬁmumg“lummmwa“l*v L!ﬁulllllﬂﬁ?ﬂlﬁiﬂﬁi
] [ =Y [ 1 g
O-Vlllflﬂﬁﬂﬂﬂﬂﬂﬂiuﬁ%@ﬁﬂﬂﬁﬁQHW
A [] 1 %’ 9 [ 29 o w d' [ d‘ [ ] U ?:’ 1 9/%’ 9 o
I-1B mmawquiumamuﬂmm 4 -VliJiJ"’UfJﬁnﬂﬂlﬂElﬂﬂ‘Uﬂ’NiJﬂ A3 LLAZBINIAINTITEAIUN LL@IEﬁ%HWI@\‘]ﬂWﬁHﬂ 2

azi1lag (Flexibility to the

individual units)

a2 2-3 T
o A o A [] 1 %‘ 1 % [ Y] = A
3 - MUUAANVD BATT HIDFINAMTARNLUUBUMIAD uaauTalSunlasu]d

v o

Yas 1 3 ' Y o v 3 A
2 -1 u%aﬁmmuumﬂum !,maaﬂﬂamﬂummmmmsmmmw%T%ﬂizmm




ANNEX 4-14

v Y 1 v 3 [ ]
1 - QUMY UITOULIT u,miaummamm‘luﬂammuau

[ 4
0 -t

I-1C

[ d‘ A 1 %’ 9y
ANVUIeRD IuMsai 1y
uaaziilag (Reliability to the

individual units)

E4
o

Y 4 1 ' ' [ o %1
4 - 1!11115\1?@1‘?!@]11]?1311]5 9ATILAY FINAINMTENNNMKUA taznswdsuiasin

9

i1 Y
3 - dnsmazrnmmsduiianuiredes ldgan tauugaiagdiard

3 4
waznudsuasings

v
S 1

3 : = & gy 4 9 o ?
2 —HTQﬂﬁﬂuWﬂﬂﬂﬂuiuL’mTﬂﬂﬂﬂﬂﬁ “luﬂ?mmﬂgﬂ@m Lm”lummﬂ?mmm m
1 %’ d' 1 1 %’ [ [ 1 d' A 1A dy Y 1
1 - linswfsuasindgs myadahdsliaseinyeds uanatuiiosnn
I
50% UDNTLYLINTIUIMIHUA

{ v 3 [ 4 1
0— A0 OAT LAY izﬂznmmimuﬂuuu%ﬁa 1NN 50% VBILIAN

v
=S 1

' H
uaz"lwimﬂ?mmm m

I-1D

3
ﬂ’J13J!,ﬁ1JfJﬂ1ﬂ/L‘]Ju‘ﬁiﬁll1u
1 %,‘ Y 1
mimuﬂmmawﬂm
(Apparent equity to individual

units)

3 Yo 3 2 v ¥ = @
4fﬂﬂ@ﬂ1u1ﬂiﬂﬂ1i !,mzﬂwiusmuam llmummsmmsﬁqmgmummw

9
o

j‘ d' Yo %‘ 1T W 1 i‘ d’d [ Yo
3 - pniunveslasims dsuiwmng uameluwanuideanulasud
lutauenia

]
[

[ &’ d‘ Yo I%’ [ Y 1 j‘ A A Yo %’
2fLmazwummqums”lmullmmmmu meﬂ“lmsumwuwmmﬂu"lmum

[uanIn

1 4 ] dy A tg A
1- mmmu@mﬂagiummmﬂmnm@ ngnnunLaznelunun




ANNEX 4-15

] v 9
0- flﬂ?ﬁJhliJlﬁll’ﬂﬂ1ﬂ 11NN 50 % Lﬁ@W‘ﬂﬁﬂ!WIﬁ@ﬂﬂ’]“ﬂ\‘]Iﬂiﬂﬂﬁ

v YA
I-2 M9 lasans
mvua 3 uaazuilag
Yo
18451
A =}
I-2A MUOUATIH I-1A
A =S
I-2B MiouasIwil I-1B
A =\
I-2C MiouUATssi I-1C
A =1
I-2D MUoUATIF I-1D
A 1 %’ A A
-3 MIVTNMIANNT9NYA
Y Aoy Y A
gamenlimim
AAN
o Y %‘ dy
I-3A funtlasineigail 4-1uag

(No. of fields downstream of

this points)

3 - 1eon 3 uilag
2 - een 6 uilag

1 - 8n71 10 uilag




ANNEX 4-16

A '
0 - 10 taarsouINNN

I-3B

v 2 ?,‘ A Y dy
ﬂ”li?]ﬂﬂiiﬂ@]iu”l‘ﬂﬁﬂﬁ%ﬂu

Q

(Measurement of volumes

delivered at this point)

d‘ A W %‘ %‘ 1 I A = 9 1

4 - mimumﬂmuazﬂ’mﬂumﬂgiummmmaﬂu Imsl¥auesiaumuneay
= v =K 9

HAgUNIUUNNUDYA

Y Y
o

A A o o 1 I Y A 9 [] ¢ A

3- Lﬂimumwumazmmumagiummmwwa% umﬂwmeg“lummmmaﬂ

A A A o %’ %’ A 4 [ ]
2- mmmumwmuazmmuumuﬂﬁﬂwu uamMsIatsuag

1 90‘ 2 ]
LLﬁ%@@Iﬂﬂﬁﬁ\iuﬁNtha
v o v 3 ] J Y 1 (= o

1- ﬂﬁ?ﬂﬂﬂﬂﬂﬁﬂ’QUWfJgﬁluLﬂmMWfJﬁl% LL@1NNﬂ133ﬂ1EN1ﬂi

] @ = @ v 3
0 -Vlllflﬂﬁ’m“lJilIWIiL!ﬁg@ﬂﬂﬂﬁﬁQHW

[-3C

Y
o

A '
mmawquﬁluﬂm

(Flexibility)

H Y
o v A o o ¥ o

H { ¢ 1 90’ J
4 -Vlhﬁﬂgl}ﬂmﬂﬂlﬂﬁl’lﬂ‘ﬂﬂ’ﬂha AT UALTDULITNITAIUN LL@IEﬁ%ﬂWI@QﬂWﬂHﬂ
82911 2-3 Tu
o A o G 1 %’ 1 @ 1 (% A Y
3 - NMUUAAIIND BATT WIDIDUNITNITAIUUUDUAYAD LL@ﬁWNWﬁﬂﬂiULﬂaﬂuulﬂ
v o Yas 1 3 = ' 9 o Y 3 A
2 - mﬂuﬁlﬁmﬁmumuuwyunﬂu UATDANDDINUAITUADINTITUIVDINY

Tawlszana

v Y 1 v Y [ ]
1- mumuuwyuﬁﬂu ummumimm"luﬂammuau

[ 4
0 -t

I-3D

oA A Y 3
ﬂa1uu1g%an®"lﬂ1uﬂu1

U

y
o A o

3 1 { 1 U 3
4 - mmﬁmﬂﬁmummﬁ AT AL ¥ IAINNMYUA azns1wYTuasin




ANNEX 4-17

(Reliability)

] v Y ] 4 1 Y U
3- ammazmqna1mimmﬁmmuu%ﬁa‘lﬁ’qmm meuqmwzmm%ﬁ

v
=S 1

Y
taznIuTnasings

v ' Y 1 v ' ' %; [
2 - ihgndaundegaiilunaindesms lulfinangndes ua linslsmaesinds

A A

1 %’ d' 1 1 90’ o [ 1 1A 49! Y 1
I- "lummﬂ?mmumm ﬂ”liﬁ\i‘l!”lfl\ﬂﬂﬂ@ﬂu”lﬁfﬂﬂﬂ HAUNATUUBYN I
v 23
50% VDNTLYLLINITIUININUA
{ 1 ?,‘ (] 4 1
0- AND BRI LAY 3383&361?\15?(\11!1[1%1!%%@5@ 11NN 50% VDA

[} E
waz lunswdsnasiigs

I-3E

<
anuauonAdusssulu

F4
Mslasuih (Apparent Equity)

3 Yo 3 = v 3 = @
4fﬂﬂﬁ;ﬂ1u1ﬂﬂﬂﬁ !,Lazmaclusmug]m llmummsmmsﬁqmgmmﬂﬂmu

9
o

i‘ d' Yo %‘ 1T W 1 i‘ d’d [ Yo
3f‘VJﬂ‘WLl‘V]GIJi’NTﬂi\iﬂ1§1ﬂiﬂu1m1ﬂu meﬂ“lummwumﬂmﬂu%suu
Tranenin

v g A Yo I%’ " o ! Lg A a [ Yo %}
2—u,maxwumaﬂﬂiqmﬁllmullummmu u@ma“lummum@mm"lm‘um

[uanIn

1 4 3’/ ' j’ = g A
1- mmmuamﬂagiummmﬂmﬂma nigiuRaznelunun

] v 9
0- flﬂ?ﬁJhliJlﬁll’ﬂﬂ1ﬂ 11NN 50 % Lﬁ@W‘ﬂﬁﬂ!WIﬁ@ﬂﬂ’]“ﬂ\‘]Iﬂiﬂﬂﬁ

14

a v 3 A
NITUITNITAIUIN

Tasamamviualinaa

Q

]
=1

Yy Aa Y 9
QGWHEJ‘VINL?]”IWI!TV]




ANNEX 4-18

ALY
A =\
-4A MUDUATIFY I-3A
A =1
-4B MioUATI¥Y 1-3B
A =\
-4C MUOUATT¥ [-3C
A =1
[-4D MOUATI¥Y [-3D
A =1
-4E MO UATI¥ I-3E
2 ! %’ a
I-5 MIVUITMTTININTIVOI
Anovdy Ing
=\ A 1 1] 1} f %I
I-5A ATTFUANNIANEU 4 - A1 9731 tazseun asunlainn Tagmruuaa1samsadaliimgn
g eqe a %’ 3’/ [ [
(Flexibility) AMUADINITIIIVDIAAD I I AIEASTIAD U

T ' ' %/
3-AW0 8a51 tazseunsiasuulawin Tasmuuan1s19amMsaeinn

a %’ ?X‘J 1 U
ﬂ’ﬂll@%}i’Nﬂﬁiliﬂsll’f)\iﬂaﬂﬂgﬁﬂﬂﬁl”lﬂu”l 133NN
o v 3 o @ ) y ¥
2 - ']JiiJ@I”IiNﬂﬁﬁ\‘]u”ﬂqﬂﬁﬂﬂ”lﬁIﬂﬂﬁdﬂ?ﬁﬂll@”lﬂﬁﬂ?ﬂui

R = A 1 9 o J
1 - msumsasimuualaglasans 3Jfnil,ﬂﬁﬂul!ﬂa\‘]ﬂﬂ'l\‘]u@ﬂnﬂﬁﬂﬂ'lﬁ




ANNEX 4-19

D) Yy Py v Y A A =
0- Ejﬂjﬂﬂll’E]'lﬂ']iﬂ']ﬂu']uluﬂi'lﬂﬁ'ﬁ']\iﬂ']ﬁﬁ\‘]u1 Wﬁ@uﬂ'ﬁlﬂﬁﬂullﬂﬁq

= 1 ) 4
1/;ﬂizﬂznammummmaﬂﬂm

=~ A A Y
ﬂii%uﬂ31uu1l‘ﬁﬂﬂﬂllﬂ

1] ] Y 1
I-5B 4 - garugueimsnszauaiad lunawdaiims lvavaz 1dsuihnelu 2-3 42 Tug
vy g HE ' H '
(Reliability) voaamhvnenmvua Lidmsunaiiszrine
9 o J Y = [ A Yo %} Ay
3 - AAIUANDINTNTIVOATING I1a uAD1ADITEDN | AU eag laTuiNdoans
a 3 g =
Imsviani 2-3 asalu 13
[ 1 %’ d' Y] t:' Yo 1 A v o [
2 - dasimsdaiigniiunlasu sz lasuneunsenasimuadszunm 2 T
[ Y ] =) %’ @ 4 3‘; =
uagnABaiueY InMsviarlszauna 4 dilam aasandl
@ 1 %‘ d' [ d‘ Yo 1 A v o [
1 - oanmsdaingnisunlaeu vz ldsuneunsonasmmuailszina 4 Ju
[ [ Y 1 =\ %’ o 4 ?1}./ =)
uae1v ligndesuiuey Inmsunahlszinm 7 e aaeanddl
0 - A70D 9931 azIoUNIUAMY IuUUBUNI 50% YBIIAT LAY
, y
TunswfSuani
IS . g 1 1 [ [ %’ a [ { [
I-5C ATIFUANMANONA (Equity) | 4 - yniuilunassaielvg ldsumsdanimieusmsseaunamilount

U %’ a 1 T {
3 - 5% U84 Turnout mﬂﬂam”lﬁ'sumsmum%usmmamwmmﬁﬂ

2 A

2 - 15% 494 Turnout 11NAA0Y IASUMIANIIUIDUITMIUIN A UR DY
Yo 1 %’ A a 1 1 1 d‘
1 - 25% 94 Turnout 91AAADL 1A UM IANNNIDUI MIUEANAURAY

1 A = d' 1
0- ¥1INNI25% Wii’]"liJiJg']JLL‘]J‘]JTILLUUBM




ANNEX 4-20

v - 901
I-5D MINILANBATINT lna i 4 - S5maniwazainguld + 5% L5
AADILDY Y Bt ¥
3- J5maniwazarugula £10%
[ Y 1
2 - Tigsuaniuanruguld £ 10%
9
1 - auantSunai 18 £20%
9
0- Augulsnanitld £25%
~ v 3 A
16 MIUTMIANNN
Tasamsiviua 13veq
Anovde Ing
A =
I-6A illouasIuil 1-5A
A =
1-6B louasI¥il I-5B
A S
1-6C illouassril I-5C
A =
1-6D illouas il 1-5D
v dal QU
17 1339 - ANy

nganssuMRIan

NANT AAOATZULAADT




ANNEX 4-21

=) v d’
Vims Taonwiinaui
Yo 19y
lasuang
v@ Y %‘ ™ ] oA 1 %,I Ha A
-7A sEAUMs 19 isann 4 - linwumgmsainnuasnivsonguinbasnsoni1 114 Tae lifigns
%‘ Y a2Aa A 9 ' ' N
msteni 14 Tag lfidns wio e 15 lusasnuinnnidvua
vy matenih 19 usani vd Y n (9.2 N I
' 3 - wumgmsainyasnseni 14 Taeluiians 14 ve wni 114
I A o
1INNMAMHUA (Degree to M S
(Deg Tudgasinunnnnmuua s 0-5 %
which deliveries are NOT o y - A Y
2 - numamssinnuainsoi 14 Taelilians 14 vie wnirlu1d
taken when not allowed, or at o A VA
lugasimnnnidmua Uszanm 5-15 %
flow rates greater than iy Y ) ) v )
= ° a2a A A °
1 - wuigmsainnyasnse i ly1y Taelulians 1d vie wiiila14
allowed) , .
3 = I A o
lugasiiunnnimmua Uszunm 15-30 %
Jd { %’ a2Aa A %’
0 - wumgmsaimneainsenin 114 Taelidans 1y vie wnirly1y
Tugasnunannmvua 11130 %
Y o ~ @ =
1-7B dodunameanumsinenlu

Aa0Y (Noticeable non-
existence of unauthorized

turnouts from canals)

] S v a &
4 - hinumgmsalAneATNIHIONGUINEATNIAAAINON
o’d’ A 1 a ?x’; =
3 - WUHMTUNNYATNTHIDNQUINYATNTAAGNNON sz 0-3%
o’d’ A 1 a ?1’1 [ =
2 - NUHANM TUNNYATNINIDNQUINYATNTAAGNNON sz 3-6%

S 1 a &
1- W‘Umﬁ]ﬂﬁﬂ!ﬁLﬂ‘]emiﬂiﬁ%@ﬂﬁjhlﬂyﬂiﬂiﬂﬂﬁiﬂ@ﬁ sz 6-10%




ANNEX 4-22

S 1 a & '
0- W‘Umﬁ]ﬂﬁﬂ!ﬁLﬂ‘]emiﬂiﬁ%@ﬂﬁjhlﬂyﬂiﬂiﬂﬂﬁiﬂ@ﬁ 11NN 10 %

o ] Al o
I-7C M31a1ee1AITralsenu 4 - luwurigmsaimimsiaeens
. J 1 o
(Lack of vandalism of 3 - WUHMANIANLMIN180113 Uszunal 0-3 %
toll o
structures) 2 - NUIHAMIANUMIMA00113 Uszaas 3-6 %
g o
1 - WMl NMIaieeIns Yszua 6-10 %
g o 1
0 - WUHANIANLNTINAIOIAT WA 10 %
Aaevde v
I-8 Uas.nannass lunaass
o 181114%1' (Cross regulator)
] ] ] = a Y 3 A A o A
I-8A anwen-Nelunmsdiu das. | 4-msmuquirenn awnsota-ila viu ladeuazsiaE vieliszuuse Tula

vi Iygyw
nanenaa liaarildaw
whvnendeams ue li'ld
NUOAINIADIAIIANNS

. ¥
aain ldaihvune

2 o Y o 3 A o v 3 Y Y
615\1141\111![1@@ ff'liJ'liﬂﬂ’lﬂﬂlligﬂﬂu11’75@@@|51ﬂ15ﬁ\1u11@@18@111@]@\1ﬂ13

2 Y [ Y A 1 a R
ﬁuﬂiﬂﬂﬂ‘ﬂﬂu1!1VlﬂﬂHJLﬂWWNWﬂI@ﬂﬂWﬁﬂﬁUUWU@’JﬂN@ullllﬂu 2 ATINDIU

o o Y < Y o o Y oA ¥ o
3- ﬂﬁ‘iJ‘i‘lJ‘U11!1]'5%%}71“@\118&@%3’]@5’] !L@]ﬂ@\iﬂWﬂﬁﬂi‘Uﬂ?ﬁmﬂﬁﬁmﬂﬂﬂ@’lu

' = 2 Y 9
ﬁ@ﬂ'lﬂWiﬂ\‘l’ﬂgﬁ']ll']ﬁﬂﬂ'JUf;INUWVlﬂﬁTNLﬂWWNWﬂ‘V]ﬂ@QﬂWi




ANNEX 4-23

o Yo ' X% Yy 9 o 9 A

2 - mamuguin ladiwnnuazgeen uadiamnsaauniugu1d deslsudieiie
[ ?x’z 1 [ A Y 90’ Y 12 1 A

1IN 5 AssaeeIMsaeiwie Iguin Idaudhmuie ualinnugeenyse
UATY

o Yo 1 A [ =) I n Y
1 - myaauguin lagn geennuiesuasie uvansaiunudlulil'le

? <
lumsamvuguii liiuldawanudeans

4 o 1 ! 90’

0 - mydemsuazginsal lifisaweNvzaruguihldussqulmunela

1 %’ H
unvaziluly 18 lumsaiuaini ldauidesms

I-8B

52AUVDINTINITNE U
3.NAWNAADN
(Level of maintenance of the

cross regulators.)

]
[ )

= ° o A o ' ' A a
4 - 3Jﬂ131J1§\15ﬂ‘]&|1l!ﬂﬂﬂﬂ\1ﬂuﬂﬂlﬂfﬂl Iﬂf]‘ﬂ?ulﬂ TIUITDHOULB U IUNLTINY

Y 7 Y AAa sa a
llﬂﬂ18(1u 2-3 97U EJﬂL”JuﬂiﬂlTliJLWﬁﬂTiiuWﬂﬂﬂ@]

q

=) o [ [ ti'd 9 ] 1 d' =) 9
3 - imsthgesnwuudesnunane 19 aunsageuusuauidonola
@ Jd A d A o 9 o o
molu2 dlansi Uginsaiieawedmiumsingasny
~ ° o Aa ' Ao w 1A A a o
2 - imsthzessnuanlndmmzdiuidiny 9 nundemsnidemena i
TuTasams uali@deneun

° @ a g o ' { o
1- Gummim';:iiﬂ‘mmuﬂﬂmﬂumuaumﬂ WU31ﬁ61ﬂ15ﬁlaﬂﬂ18%1u3uu1ﬂ

o v

1 I A
LLﬂ%‘]JNﬁ'Jumu@Tﬂ”liV]ﬁﬂlﬂﬂJ

9y

= = A 1 o o = < o [
0 - UANUFYINIYUIN L‘L!Bﬁﬂﬂﬂ’.l”lﬂﬁ”l%ﬂﬂﬂ”lﬁﬂ?ﬂSﬂiel”l uqﬂnsmmmu

° o Sq ¥ vy A 12
maihgesnunldanladesnse il




ANNEX 4-24

Y

I-8C assyimanlasunlasszay | 4 - manlasumlassgamnindesnii 10 %
Y H Y '
11 (4=1lp8 , 0=111) 3 - malasunlasseauindesnii 20 %
] ) .
(Lack of water level 2 - malasunlasszauinttosnii 35 %
$ v 1 1 (%
fluctuation ) 1 - malasudasszauiintosnvsomidu 50 %
] ) .
0 - M3asuulasszauiinunn 50 %
a a %’ ! ! u'l
I-8D ATTYUITLOLIAMTAUNI 4 - szgznaIMIAUNveninasanasdae lvaiieonit o 42 Tug
E [ a %’ 1 1 &
YpeInaoanaday 1ng 3 - s2EZNAIMsAUNNUeanasanassaelvatioonit 18 52T
4 { v Y Aa Y 1 1 o
Welimsnlasusasimsaain | 2 - szegnamsaunuesinasanassaslInaiosndi 30 2 lug
A y 1 1 [ o
(4=11p8 , 0=117) 1 - szoznaMsiauneninasanaesaisvajioannrseminy 5593 Tug
a %’ 1 1 &
0 - 282NN IAUNINVOIIAARa0 @8 THaLINNI 55 F2 Tug
1-9 A35%% Turnout ADBIAY
gy
(Turnouts from the Main
Canal)
-9A ANNEINYIUNIIAILANNIT

v
1J5uVIULaLIAUN Turnout

. o
molimsdaindluldam

1 a a 1 3
4 - ﬂ15ﬂ3ﬂﬂ1111@9]}\1183J1ﬂ fﬁlﬂiﬂﬂﬂ-ﬂjﬂ 1J”|u"l$fﬂwuaz'i’smi’m§ﬂﬁsz‘uu
o waX o P v ¥ oA o R A Y
mﬂum]mvmm]lﬂﬂ ﬁ”linﬁﬂﬂ']ﬁﬂlligﬂ']_luﬁﬁi@'F)G]51ﬂ15ﬁ\1u1]1ﬂ\118@111@@\3ﬂ15

3 Y % Y A 1 a ¥ oo
ﬁ”l?J”Iii]ﬂ'J‘]JﬂiJu”lulﬂﬁ”ﬂJL'ﬂ”lﬁll”lfliﬂEJﬂ”Ii']Ji']J']J”I‘L!ﬂ'JleI’E)thLﬂH 2 ATINDIU




ANNEX 4-25

whve ua 1 ldvauneany

Mazaari it laaanthvune

%’ Y <3 A A v w A v 1A
3- ﬂ')‘llf‘pJ’E)'lﬂWﬁH'lulﬂQWElllﬁgi'Jﬂli'J Lﬂi@\‘]ll@’Jﬂ@ﬁiWﬂWihlﬁaﬁ'i@ﬂ'ﬁ’lﬂﬂWﬂ

9 Y Y X% = A
ADINIT Gl‘]fﬂuul@ﬂWfJﬁiJﬂ’Jﬁ ELGIENVllIﬂLEJEJN

o 1 13 4 a 1Y
2- msmuguangenuanasaniuau 14 msesilouazimaiinnsia
8A31M3 Inanoud e tazaamMsdouiion

o o 1 v I 1
1 - manuani ldgwn geennsedunsio vransaiunilu 11181y

Y
msauahlfiilullawanudesnsla

4 o 1 ! %’
0 - mydemsuazginsal lifisaweNvzaruguihldussqulmunela

1 90’ H
unuazilu 18 lumsanuaini ldauidesms

I-9B

JLAVUBINITUIFITAMN

= U ?:’ Y !
Turnout &1 1MuNAABDY
szavudaaq

(Level of maintenance)

'
[ )

= ° o Aa o ' ' A a
4 - llﬂ13ﬂ1§\15ﬂ1&|”IL!‘]J‘]Jﬂi’)QﬂHV]ﬂLfJfJﬂJ Iﬂfﬁ/]'Jllﬂﬁ”m"Iiﬂclfﬂullglfﬂﬁﬁuﬂlﬁﬂﬁﬁlfl

Y 7 Y AAa sa a
llﬂﬂ18(1u 2-3 97U EJﬂL”JuﬂiﬂlTliJLWﬁﬂTiiuWﬂﬂﬂ@]

q

=) o [ [ ti'd 9 ] 1 d' =) 9
3 - imsthyssnpwuutfesnuiaweld awnsoseuusuduidone ldnie
[ J C4 ) o o v
Tu2 dilevi Uginssisanedmiumatingasnm
~ ° o A ' Ao w 1A A a o
2 - fimsthyssnmalndmwizauidiay  wunliemsnideniena
luTasams ua ldi@eeun
1 - 1am3igesnunulndlurats o n3al WUNLIMINAIMIBTIUIUNIN
1 I Ao o
sazuNdiuemsndnn
=\ = A "9 ) @ =\ o o @
0- UANUFsTIENN Hosnnanuanlumsingisne tgilnsaidimsums

o o dq v Y9y A 12
hyesnnlganladoesnse il




ANNEX 4-26

4
AN T IUMTIZUI8U

L} 90‘ { %

1-9C 4 - Nty lumsszneifionsims lvagega

493 Turnout YBINADINY 72 - arnaniiee
a4 AN ' ' Tyvo 1A
Tngjlgnaowszdudaadhl | Hlgmiseutaunn omsuaensszei lddnnnesnuun 1y
(Flow rate capacities)
A o3
1-10 ATIrHYeI0NWN Tu
Aaevde v
(Regulating Reservoirs)
o ! y 3’; o

I-10A ANVNINLANVOINUIUDN | 4- NauninzauuazsisIuIuigans

ﬁlﬂﬁ:’] P o 3 ' 'Y 3 A o ' 11 ' 9
2 - UBNHNUL 1 UNS UAABINMIUINANIUY HIodwnUe lignADg
(Suitability of the number of 0- lyis
locations)
a A 9 a A

1-10B Useansnavoamsleanu 4- QAgew

(Effectiveness of operation) 2- 1hunae imslFauuadmnidnoninann
0 - lud w50 lutims 9 wieldanligndes
I-10C ANUMNIZANVOIANNYDN 4 - Aoy

Y
Y o

U

2 - a5 Tl ualvgy line




ANNEX 4-27

(Suitability of the

storage/buffer capacities)

0- luil wisednmnu lvuumy linalse Tesd

I-10D 13111339511 4- Adeu
(Maintenance) 2 - aaadn
= A ] =\ v A o Y a A
0 - il viseugunIaeliaznouuazdrnyaurmldlszaninwanas
I-11 MIAAADADATUALNT
awvanlunsguanaes
aelng
Aa Y A a v A 9 1 &
I-11A ANVDNFAIVANDIANT 4 - D luNsAaneaas Yosni 4 92 119
a A v Yo v o A a VA Y ' o
AasedesNUALWAUY | 3-anudlumsAadedes Heendl 12 $21ug
G218 2 - anudlumsdaaedoas oeni 24 $2114
1 - anudlumsaadodoans 1esnNUIOMINY 168 52 114
0 - anvdlumsfanodoa1s ¥1A 168 F21U4
Aa Y A A a v A 9 1 &
I-11B ANUDNENIVANDINTHIO 4 - D luNsAanaaa1s YosnI1 9 4 119

a ] 4 o E4
Wanihaaaedoasnug 191

(#Tu9)

d' a 1 A 9 1 &
3- Avalumsanned@edis Woandn 24 ¥ 1u9

= P | Y v ]
2 - ﬂ’J'ljJﬂGlUﬂ'ﬁ@lﬂﬂﬂﬁ@ﬁ'ﬁ UBDYNIT 48 511/3111\3




ANNEX 4-28

A a 1 A Y] oA 1w o
1- ﬂ’J'lﬂJﬂGlUﬂ'ﬁ@]ﬂﬁﬂﬁ@ﬁ'ﬁ HUDYNINIBDININDY 168 615’3111\3

0 - anvdlumsfanodoa1s ¥1A 168 F21U4

[} d' A H 1
I-11C ANUULyeeluMS 4-dien aunsosedieldiuldnaoanal
AadodomsdioTnsdnyin’ 3 ' ALF
AAABABATAIYINIANNHIO | 3. Gynn awnsodedisldauld 95% vesm
3 4 4 1 - { v I a @ {
INGapAT YOIFAIUAY 2 - pannug luvaneiui egnelsnawansadumslldganaemeldaula
9113 Melu 30 W
1 Yy Y FY ' a o =
1 - lifimeasalddaruguenasldaula uaanso@umalddiganamse
' ] ¥ =2 4
aoeeldaulanasanal melunainsera Tug
0 - lutimeasalidaiuguormsldanls uaawisadumslildganiiszuu
A L 4 ' QU Y
fomsmelunans s Tug uasinldau1ild
A4 o 9 = v 9 v ' o
I-11D ANUDNHINITI00NNTID 4 - AW luMI00NATIINABWALWARINVRAIVANDIAT UoenI 2 T
AROAZNANEAUARILAN | 3 - A7ND IUNMTEPNATIINADILAZ WANNURAILANDIAIST BN 7 TU
QRGRERE 2 - A7ND 1UNTPONATINAROWAZWANYAUANILANDIATT HooNI1 15 1
1 - 1D luM509nATIINABILATWANBAUARILANDIANT UoENI HIOININD 168
o)t
0 - AW lUNMTPPNATINAADILAZ WANNURAILANDIAIT NINNTT 168 T1
~ v 9 H H o w Y ]
I-11E UIzuUAITINIAYOYA 4 - Aiveungadiagnnya Imssenudeyadoundulinsiwediaiosnn 2 .




ANNEX 4-29

Y

(oa TuiansenIunuAIeio)

= A~ Y Y v
mﬂmm"lwaauwaﬂ il

=

~ o ' 2 ~ o =R 9 A A ~
3-ql 811114@1:111/\11/131‘1] 'f]fJ’l\‘lhlﬁﬂﬁ']ll 3Jﬂ’]'ﬁJu‘ﬂﬂﬂl@ya@]@iu@ﬁﬁaf]ﬂﬂa’]ﬂﬁﬂ’]u

9
uazlimsnenudeyadeunduiiosivaznsy

v K

=~ 9y Z 1 o A A A Y 9 [ o L4
2 - UMTUUNNUBYAHATYATINDIUNTDIU UNITINYNUVDYATDUNAY dilaviay

e

1 33
a A e R Y ) v o J
1 - WWGBRRUNANUNNIUU 1!ﬂﬁﬂﬁlﬂu"llﬂyﬁﬁl@uﬂaﬂﬁ1ﬁlﬁﬂﬂ1ﬁ

~ D) ) o A A 7 A 4
0- NNTTINUUDY gD UNAY 1/1ﬂLﬂE)‘M‘H‘iE)W“LAﬂ?WHTLAUNWH%

[-11F

fﬂiﬁ DUUATULUINADN
(Availability of roads along the

canal)

= '8 Y =2 Y ] y &
4 - DUUANN mauﬁmmmmm% fJEJNu’E'JﬂUuﬁﬂﬁuﬂﬂl@ﬂﬂﬁ@ﬂiunﬂﬁﬂWW
)] 1 ~ [ d o o A k)
21N YNLIUYINNDINALYUIN ) Q‘ﬂﬂimcﬁaumgqmmmmtam”lﬂuuauu
ludnianilevesnans
= s Y2 Y 1Y ) &
3 - QUUFANINA iﬂau@mmimmm"lﬂaemuaﬂuuﬂmuwmﬂaaﬂunﬂamw
Y ~ ' A & =
21N YNLIUYINNDINALYUIN ) Glu"umz‘waﬂﬂwuwmﬂamﬂmmuummm
9 =2 Y A [
LGIJ”IﬂQllﬂ‘;]LWEN‘]JN‘H’N
' 9 = 9 X =< = A o
2 - ﬁﬂ”l‘Wﬂ‘L!LlGIJTIJiz !,mam1smmml1@muﬂmuwamam “lmauuuuﬂﬂﬂq

N9UDINADY

a ! & Y1y 2 I
1- ﬁmﬁmﬂu‘wNuunuuuuﬂwuwmﬂamnﬂmﬂ'lmmmamuamm"lcm

! @ o 0o A Y2y KA A2
LL@Qﬂﬂ‘iﬂl“b’f)iJ’IJqui\‘]?ﬂlﬂiﬂZﬂlﬁENL‘IHQ\‘]%@LWENUNWH“VIWHHH

0 - ladmnsodn liviimsihsesae linwudsvuvestenasslugasienun




ANNEX 4-30

12 | anwmnaldvesnaesas
gy
o o o & ad
-12A JLAVYDINITINFITIINY 4-idew
navLazAaINae (0-4) 3-8 1dau’la ua liGeuseamnaig
o [ a o = d‘ [ ] Y a A o 9
2 - msthyesnunlnads lianenezdesnunass hildssansammsrhaudosas
1 - 1090819108 30% Wudeelszanininag
A 1= o o v o n Yo ° %
0 -neu lilimsthgesne siemanany g3 ldlasunmsihgesnm
o = 3 d'll 1R 1] o s d = 9 ] '
I-12B MmNl sz an 4 - MIITBUUOBNIN (08N 4%)
Y & EANE N, - Y4
@MnIanmslnlaay 3 - MITIBY BYITNIN 4-8% VeIlTuannauinass
1 U %’ a A o~ v ' N =N E { 1
PWMMAFIAUDNANITAN 15 0955950 agaznang 9-15 % veulsainanhiidudinaes
1 o I A Aa
NMITIT uaINg Y o a3
1 - M35V pgIZHIN 16-25 % vossmanihnduinnaeg
ﬂﬁgﬂﬂﬂﬂﬁj d = A 1R 4 ° Yya 9 o w v 3
0 - ms53ud luitalszasdgann wrhldinadedinalumsaai
Y ¢ @ o ¢ ° o ' o A
I-12C ANuWINYRIgnIaiLas 4 - gUnsslnazMItneenns lumsthyesnueg lunaviabey

Y Y A o [
LﬂTWU]V]iu’ﬂTiUT?QiﬂH]

9 1 ~
ﬂa'ﬂ\‘lllﬂi’]EJNLWENWi’]

o o i 7 ) ° o Y 5 Y
3- Qﬂﬂﬁmuazmmuﬂuagiummmwwa‘wmumgﬁﬂm"lﬂ LLGIiJﬂi‘g“ri‘Wﬂ1u

[ J
NIIIABDIANT




ANNEX 4-31

[\

1 19 ¥ Y = A o
- Qﬂﬂimﬁ’luﬁlﬁmﬂ%ﬂuqﬂ LAz TUINNONISNINTURNISIIENTT
Y

o w o Jd A 1 3}; [ A Y =
an QJJG]ll@IﬂWJGLu 1 ddat vsounnUY UAUTIYNITOUS) AIDN5D 1 1
A

=).

Wii’]iJ”lﬂﬂ’jﬂUﬂ”li‘]j”l'gﬂgﬂy”l
4 1 7o do o oqd Y ?A
1- qﬂﬂimuazuﬂamaagflummmmqw Qﬂﬂiﬂlﬁ1ﬂiﬂuﬂﬂﬁl%\ﬂuqﬂ !Lﬂ@ﬂﬂiﬂ!@u 9

TFauli'la yaansdanamsineusy aausegels wieliswan lidisane

0- gunsal ludivane naz1¥uild vas hifidsmshialumsdngenu

I-12D ATIFTITOLNAMIAUNN | 4 - szeznamBAUNedmsumIthzeiam desndn 1 927w
R EATREAVAPAREIYR! 3 - szggnaMIAUNG M uMIthyesne deondt 2 33 1u9
GzoznalumsAumeiih | 2 - sseznamadumedmsumsthysne deendt 3 #1Tus
mathothgesnndaaalnage | 1- szeznamadumedmsumsthzeinm desnimiomidu s 121
Tunan) 0 - 52ozAIMIAUNIA UMY 1N 1 99 Tua

I-13 maauguihluaaesde

GLW‘EIJ(Operation)
I-13A ANUTIABIVDINITAIUAN 3 ¥

915N [NOABUAUDY
AD 189 IUYOYadoUNAUIN

AUWUDIFAIUANDIAT T

= Y] v 3 a A A% Y A 3 a
4 - gy D1MIFIUUNUYITOVIA (UHIAUHTDUIALUAAUUINNIYAQDN)

mmiﬁ’aﬂmmmﬁﬂmuaum"lﬁ'mtflu 12 ¥ T4

' 90’ [
2.7 - @1?’]15?1'3\111!?”“13‘0ﬂ@Uﬁuﬂﬂﬂﬂ%@yauW%WﬂﬁuWﬂJ ulﬁjmeflu 1




ANNEX 4-32

9 Y =R

A a
ARDINIDAINGIVDY &
4 Y
mernuymmsdanu ms
=
1asunas Wedge Storage
saznalumsindoudives

H
w1

13- 91nsiinuansasevauedldnely 3 u

0- IMIHINUAINTaRUa U ldd NI 3 U

v
=

=\ %‘ [ %’ P 9 ] [ 1 [ @ dy 9 A A
I-13B Nszuumsveruazdni®e | 4- Aidey Joyaruanszauandiszavil laasainamaziniene
Y ' %‘
A9ANZ0INUANNADINITIN | uazIzuUdhaTanouauodld
‘ﬁ!!,ﬁ)ﬂ%\‘] a A g}./ A A A =\ o Y ] 1 9 =< ?1’1 @
2.7- & Tuseuiindene UmsiSuljadeyaluiediniiesnilinsamnaesiu
.2
HAZISUUFMNNAINIT0A0UAUDI 1S
= @ 1 ?,’ [] [] 9 1% <Y 9 d'd 4
1.3 - imsdsulyamsumsaainlviegaiesenndlaridieteyaniilss Teai
! < 3
Tasmsnlasuulasdullamanudsansaiuiienin
] [ @ 4 [ T J
0- owazimsliulysdoyalminndiand uadoya linvelivlse Tomi
1Az INTMIAVAUD I
-13C ANUFAIUIAZANNYNAD

YOINFUNEAIUANOIATT

(Cllarity and correctness of

4 - MAIFARULAZYNADININ

'
o Y o 1

2.7 -Mdarau ua litseazdeaiiean

1.3 - lidanu uagndeq




ANNEX 4-33

instructions to operators.)

o @ ] 9 T ] A (K=
0- mm"lugﬂﬂm Ulmﬁ]x‘vﬂ!ﬁ]uwia"luﬂmu

v
I-13D UMIATINFVENINAAD 4 -7Uag 1 A5
Y
aapAN gz IeNUIuM | 57900
Y o % Y
Y] 4 9
Taninaulasenisnsiy 13 - dlenvias 1 ad
peua 1M INMIATINEY A A Do
0 - PAADY HIDUIUVINAI 1 1HDU
NNAIUVDINAD
-l4to | navIyed milounansaolng)
I-19D (Second Level Canals)
[-220to | AADILENYDY nilounaosaolvg
I-25D (Third Level Canals)
Y Y A
JUYsZIN IMTN Lag
s 3
AN 1911
1-26 sz (Budgets)
[ 1 A (Y 1 ~ Y v 9/%
[-26A % Y09A1 O&M Y0 1ATINT | 4 - WINANHIBNIND 90 % UDIA1 O&M V041n53n1s N lav1nngud 19t

Y
o

& ' Y3 Ax
maammﬂqmﬁ%u NuNI3

3 - WINNIUIONINDY 75 % ¥09A1 O&M Vo3 1Asams 7 laninngu

U

Y
A 19100

U




ANNEX 4-34

9
%

\an
wunnaqui 14 ialugl

U

=1 1

9
¥OIUTINUKIOAUN

Y
o

' A 1w 1 Ay v ' 9y
2 - UINNNUIBUNMNY 60 % UBINT O&M V041ATINS ﬂqﬂﬂ1ﬂﬂqum%u1

U

1 A 1w 1 A Y ' v 3
1 - UINNNUITANMNY 40 % UDIAT O&M ﬂlﬂﬂjﬂiﬂfni m‘lﬂmﬂﬂqum%m

U

1 1 : ' %l
0 - 108n31 40 % ¥0IA1 O&M VoaIn5ams N ldvinngue 14

v
=

4 - szana 0&M N 1ASU59 1IANINHIBININY 90 % YoUTEIUNADINT

1-26B % V999U 5ZINUMU O&M
~ Yo o a J ~ Yo a 1 A 1 W ~ Y
1d5uaa35959 Ap 3 - quilszanm 0&M A 1A U5 MINNNHTMINY 750 % veeaulsznmidens
Ay AN Yo a A A 9
wilszanaidesmslums | 2 - wwlszana 0&M N 1ATUI33 1NN NHIOIMINY 60 % Voeeuszinuideans
o A A Yo a J A 1 o = v
AUTUNIT 1 - 9uszana 0&M NIRTUT 1INNIMTOINND 40 % VoUUTIUNABINT 0
A gy a9 ' a9
0 - sulszuna 0&M N1d51939 oonn 40 % vouuilszanuidens
Y H 9
1-26C % vosm ldnenanuanldlu | 4- mldaelumsidSulzalasems 1nnan 20 % vesuiszanunanug
v
msdFulgelasamsld 3 - ald9elunsdsulgelasesmsdesnimieminy 20 % vesuilszmnavue
@ @ ' Y1 o 9 ' A ' v ke
Nualy 2 - algmglumsdiulgalasanmsioanmIaminy 15 % voauilszanamanug
v
(modernization) 1 - mlFnelumsdSulzeTasamsdesnivsomn 10 % vesudszanunavus
v
0 - mlFrelumsdivilgalassmsdoanimiominy 5 % vesulszmnunarug
1-27 ERLATRLL (Employees)
= ~ Yo ~ @ Y Y A 9 =
1-27A ANVdLazANUNDINYI T 4 - 1dsumsevsuneriisalunnszay imihidhlaliannuaunsovesauios

Y Y A o
N1IDUITNUDIVTNUING AU

Ugiamslueuuag

A A aa ¥ Y a Yy ¥ 9y Aa ¥ 1A g o
LAZIATONND Nﬂﬁalﬁ]‘WiﬂllGlWUiﬂWi NITIWNITUUINUNTITID U TUAIUUAULTWEVININTIU

A
1S9 1RINENN




ANNEX 4-35

Y Y A a o
LRIUUINUITNITICAUNAN

Y a ] 1

3 - uimsszaunanlasumseusuedeAaaB U ULAz ABIHD
' YA o o nm vy ' v 9 Y A o a o
uanuinangratelszns bildgnaenea ligswinsgaudfianms luauw
~ [ 1 =) da! = ' 9 Y A @
2 - ﬂﬁfJ‘UﬂJWfJLWﬂ\‘lﬁlunﬂigﬂ‘U l,mvluaﬂmwmwm LWi1$’NL%1WHWﬂH1’!ﬂi$@U
o ) Y A ' Yo = =
EN‘lﬂﬂﬂ'ﬂﬂJL‘lﬂGlﬁ]'iﬂxﬂJﬁgﬂﬁ LTﬂ‘ﬁuWﬁJNﬂuullllﬂﬁlhlﬂi'ﬂﬂTﬁ’fJ‘UﬁlI“VIW@LWEN

= Li’ ' [ Y o ) =
333Jﬂ\11/‘|uj§1uﬂ@uﬂﬁiﬂﬂﬂﬂNWulliJWﬂLWEN

~ 9 = [l Aa A [ Y o
1 -UNMIBUIUUBDININ llmJmﬂﬁ%iumiﬂizmuﬂmauu@maumﬁmmmnm

Y
0- Lm‘]_l"lllﬁﬂﬁ@‘ﬂ311‘1/]\1ﬂ@utm%ﬁﬁﬂﬂ”liiﬂleﬁl”lﬁ”lﬂu

A 9 a A v [
- [ v a I
I-27B matdoananlsz@nsnmms | 4 SyihiiudazauiineaziBoavesniii uazszyisnssziiuiluae 1
5 g Y (Y [ Jd o a 1
ianuiluanednyaionys anmalonys Taelimsdsziusstiuazudanaliuaazaunsiy
1 114 : y < I [ ¢ o a Aa a
(Availability of written 3 - Ueazeauedriiig laena ldluaednualonys Imslsziulszansia
performance rules) 5163 e liavelinnusa
= a 1 = =S Y ~ = = axy
2 - imsdsziiuma ua luiseaziDeaueaniingn 511999193102 8AUBIID NN
1Jsziiuma
= = Y A g o Jd o J 1A A Ao
1 - Ueaz@eauoIrinNtuaednyalony s ua i nMsdsziunsanu
(= = ¥ A 1A a [ I
0 - Tulseaz@eavosriinm uaz liiasmslssiuedrailunians
) v A 9 9 ~ Yo 1 a Ya v A 1 I~
1-27C g1 lumsaagulaves 4 - ;s gsumsduasuldaauazdaaulaesediaiuniams vazainiso 2.5

Y Y A
LRIUUIN

o A Y 1 a 9 J
Gﬂluuﬂﬁhlﬂﬂﬁﬂﬂl‘lﬁﬁiﬁﬁiiﬂ




ANNEX 4-36

(Power of employees to make

decisions)
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(Ability of the project to

dismiss employees with cause.)
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5. UUIN9NMI1Y RAP Excel worksheet
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6. 3189021980 Worksheet
6.1 Worksheet 1 — Input — Year 1
Y
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b Y <3| ! { ¥ 3 ¥
(10) A1 ECe voa1nvalszmunds Hluaundsveanaivalszniuraziinniaia
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6.1.2  M19197 1- anlsEansny uaz ECe FIgAVDINY (Field Coefficients, Ke, and
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A15190 5 mmmwmﬁmmﬁ% (Salt Tolerance of Various Crops) (Mass and Hoffman 1977)

Threshold
ECe Threshold ECe
(ECe at initial (ECe at initial
yield decline) yield decline)
Crop dS/m Crop dS/m
Alfalfa 2.0 Onion 1.2
Almond 1.5 Orange 1.7
Apricot 1.6 Orchard grass 1.5
Avocado 1.3 Peach 1.7
Barley (grain) 8.0 Peanut 3.2
Bean 1.0 Pepper 15
Beet, garden 4.0 Plum 1.5
Bermuda grass 6.9 Potato 1.7
Broad bean 1.6 Rice, paddy 3.0
Broccoli 2.8 Ryegrass, perennial 5.6
Cabbage 1.8 Sesbania 2.3
Carrot 1.0 Soybean 5.0
Clover 1.5 Spinach 2.0
Corn (forage and grain) 1.8 Strawberry 1.0
Corn, sweet 1.7 Sudan grass 2.8
Cowpea 1.3 Sugar beet 7.0
Cucumber 2.5 Sugarcane 1.7
Date 4.0 Sweet potato 15
Fescue, tall 3.9 Tomato 2.5
Flax 1.7 Wheat 6.0
Grape 1.5 Wheat grass, 3.5
crested
Grapefruit 1.8 Wheat grass, tall 7.5
Lettuce 1.3
AI9819MIATUIN

EC,, = 1 ds/m

Crop = Grain Corn

NAMINN S EC, = 1.8 ds/m

LR - : - 0125

(5X1.8)—1

[

v 3 A v A Ada o 3 o Yo X
ANUADINITHANDNMTBLA1NADNAANINUU¥ALTE N i]%ﬁﬁﬂiﬂﬂ”lu]mllﬂ 31U

: . y
Pnandesmsmonruguanuayluwasin

LR
= ET of Irrigation Water X

I—LR
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9
$ ET mmiwadszniu

= 100,000 mcm
LR = 0.125
? 4 ' 0.125
ﬂ‘%mmumﬁ’mmsgﬁammummﬁu = 100,000 x ———
1-0.125
= 14,286 mcm
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6.1.4  m313N 3 hid@EuTiudgnuilasims (Surface Inflow)
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6.1.5  M151397 4 uHanAIAUMeY (Internal Surface Water Sources)
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4 ' o ! v %’ ' o . .
3197 6 AIVLNNITAIUIN K, GIf’Nﬂﬁﬁ\‘]u”lﬂﬂuﬂﬁﬂgﬂ‘ﬁﬂ)’ (Pre-plant Tirrigation)

Day Kc Explanation
1 1.05 [Irrigation - wet soil surface
2 1.05 [2nd day of irrigation - wet soil surface
1st day after irrigation. No standing water. Soil surface still
3 1.05 |dark
4 1.05 [2nd day after irrigation. Soil surface still dark
5 1.05 [3rd day after irrigation. Soil surface still dark
6 0.7  |4th day after irrigation.
7 0.5 |5th day after irrigation.
8 0.3  |6th day after irrigation.
9 0.15 |7th day after irrigation
10 0.15 |8th day after irrigation
11 1.05 |Rain - wet soil surface
12 1.05 [2nd day of rain - wet soil surface
13 1.05 |1st day after rain. Soil surface still dark
14 1.05 [2nd day after rain. Soil surface still dark
15 1.05 [3rd day after rain. Soil surface still dark
16 0.7  |4th day after rain.
17 0.5 |5th day after rain.
18 0.3  |6th day after rain.
19 0.15 |7th day after rain
20 0.15 |8th day after rain
21 1.05 |Rain - wet soil surface
22 1.05 [2nd day of rain - wet soil surface
23 1.05 |[1st day after rain. Soil surface still dark
24 1.05 [2nd day after rain. Soil surface still dark
25 1.05 [3rd day after rain. Soil surface still dark
26 0.7  |4th day after rain.
27 0.5  |5th day after rain.
28 0.3  |6th day after rain.
29 0.15 |7th day after rain
30 0.15 |8th day after rain
Avg. Kc=| 0.71 [for this month of 30 days
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6.1.7 313N 6 VoyalAAY (Groundwater)
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6.1.9  M3197l 8 ANNABIMSHUNBMIINBATMIAABOU
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Y I ] v 4 1 %
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(Standing Water) L‘]dJ UfU
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6.2 Worksheet 4 — External Indicator
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M3197 10 ATTFHAANAADN (Environmental Performance Indicators)
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