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ABSTRACT

Project Code : RDG4530003

Project Title : Regional Study on the Development of Effective Water Management
Institutions: A Case Study of the Bang Pakong River Basin

Investigators : Taesombut, V.!, Pongput, K., Aekaraj, S? Kysavawong, P.2 and
Biltonen, E.2

Email address : kobkiat.p@ku.ac.th
Project Duration : September 2001-November 2002

This report is conducted for the *Development of Effective Water Management Institutions”
in the Bang Pakong River Basin. The goal of this study was to identify linkages between
these three components include water accounting analysis, a socio-economic analysis,
and an institutional analysis, so as to better identify and design effective water
management institutions.

The water accounting component indicated the current situation of the basin. Currently,
water is still adequate on an annual basis, but this situation may reverse under a number
of scenarios come to being in the future. Among these scenarios is increased irrigation by
sugarcane growers and increased diversions to Bangkok. The basin efficiency of this
basin is about 90%, it showed that this basin has high effective water consumption.

The Socio-Economic Analysis and imigation Performance Analysis highlighted the
important role that irigators play in water management of the basin. In particular,
agriculture plays a significant role in the basin, both in terms of livelihoods and as a factor
in poverty alleviation. Farmers in general are not very influential in the policy making and
decision making process. They are, however, among the most vulnerable.

The institutional Analysis section indicated that while many positive steps have been taken
toward the more effective management of river basins. In particular, the recognition: of the
need for river basin organizations to manage water from the basin perspectives, the need
to establish farmer organizations to represent farmers, and the need to better coordinate
water resources management among the many diverse agencies.

Keyword: The Bang Pakong River Basin, Water Accounting Analysis, Socio-Economic
Analysis, Institutional Analysis, Effective water Management
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Chapter

1

Introduction and General Basin Description

The “Regional Study on Development of Effective Water Management Institutions” project
was originally planned to be conducted in five countries: China, Indonesia, Nepal,
Philippines, and Sri Lanka. In 2001 during a regional workshop held in Indonesia,
Thailand expressed interest in participating in the project. A new work pian was created
for Thailand and research was begun on the Bang Pakong and Mae Klong River Basins in
Thailand. A goal of the project is to develop methods to link assessments of physical
characteristics, water accounting, imgation performance assessment, and socio-economic
analysis In a manner that will improve the management of scarce water supplies within
river basins. The overall purpose is to develop a framework for water management that is
comprehensive and integrated, participatory and responsive, and dynamic and strategic.
Within this framework, policies and institutions can be improved and strengthened which
will in tum improve the management of water resources. The study can be characterized
by three components: water accounting, socio-economic analysis and irrigation
performance assessment, and institutional analysis. :

In October 2001, a field trip was taken by members of the WMI and Kasetsart University
research teams. Visits were taken fo the Bang Pakong Diversion Dam, the Pra Ong
Chaiyanuchit Irrigation Project, the Talat Irrigation System, and the Bang Plung Operations
and Maintenance Imigation Project. Additional visits were taken to observe the physical
conditions of the imrigations systems and upstream and downstream river conditions.
Information gained from these visits is included in this report.

Some of this report has been translated to Thai language (see Annex 1), such as Chapter
1: Introduction and General Basin Description, Chapter 2: Water Accounting Analysis, and
Socio-economic Analysis.

General Description to Thailand and the Bang Pakong River Basin

Thailand is located in a tropical monsoon zone subject to the southwest monsoon during
the period from May to October and the tropical cyclonic storm from South China Sea
during the end of the rainy season between September and October. The total population
is approximately 62 million. The majority of population is in the agriculture sector but the
majority of country income is generated from the industrial sector. The country consists of
25 major river basins. The annual rainfall varies between 900 and 1,500 mm per year with
an average annual rainfall of between about 1,000 to 1,300 mm per year. Due to
Thailand's location in the tropical latitudes, temperature is uniform throughout the year with
small seasonal variation around the mean of 28 °C. The average temperature in the
hottest month (April) is 32 °C while the average temperature at the coldest month
(December) is 25 °C.

The Bang Pakong Rwer Basin is located in the east of Thailand. The basin has a drainage
area of 18,500 km? and a reservoir storage capacity of 131 mem. The total irigated area



is reported to be 2.1 million rai (3,328 km?)." The average annual mean runoff is 3,712
mem. The major infrastructural characteristic of the basin is the Bang Pakong Diversion

: m is designed to regulate the flow-of water to reduoe"""iahmty |ntru5|on during -
. Irrigation systems in the basin tend to be small. - : :

The hydrologic basin is comprised of two administrative river basins: the Bang Pakong
River Basin or the Lower Bang Pakong Rriver Basin and the Prachinburi River Basin or the
Upper Bang Pakong River Basin. For the purposes of this study, the basin was sub-
divided into seven study areas. Choice of the study area boundaries was determined
based on the location of gauging stations, which facilitated the collection of data for the
Water Accounting analysis (see map in Annex 2). The flow of the river begins in Khlong
Phra Sathung which flows into Khlong Phra Prong. The Mae Nam Hanuman basin,
together with water from Khlong Phra Prong flows in to the Main Prachinburi River. This
finally flows into the Main Bang Pakong and Talat® area before flowing into the sea. Two
other sub-basins are the Nakhon Nayok and Khiong Luang which each flows directly into
the Main Bang Pakong and Talat Basin. Data for this study is presented in a manner that
attempts to arrange the study areas in an upstream to downstream direction. However,
reference to the maps should be made to get the most accurate idea of the River's layout.
Movements downstream comrespond to increased proximity to more densely populated
urban centers, particularly Bangkok. It is hope that by presenting data in an upstream-to-
downstream manner, a better understanding of the spatial aspects of the socio-economic
conditions can be ascertained. Codes were devised to represent the names of the
different sub-basins in an abbreviated fashion. These codes are presented in Tabie 1

» Table 1 Code Abbreviations for Study Areas in the Bang Pakong River Basin

Study Area Code
Khiong Phra Sathung KPS
Khiong Phra Prong KPP
Mae Nam Hanuman MNH
Main Prachinburi MP
Nakhon Nayok NN
Khiong Luang KL
Main Bang Pakdng + Talat MBP+T

Departmentof Imigation Engineering (2002). Water Resources of 25 River Basins of Thailand, Kasetsart
University. 2002. www.eng.ku.ac.th’~ime/E25BASIN.HTM
2 Inthe map In Annex , the Main Bang Pakong and Talat area is made up of areas 5, 7, and 8.
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Chapter

2

Water Accounting Analysis

At present, the water resource management is significant for everybody because human
needs the water for drinking and using in various activities whiie there is very limit water in
dry season, but has foo much in wet season and flooding. Water accounting analysis is
one of many methodologies in water resources management. This chapter is presents five
topics of water accounting that are definition and assumption of water accounting,
characteristic of the Bang Pakong River Basin, selection of representation year, water
accounting analysis, and water accounting indicator.

Definition and Assumption

Water accounting terms have been defined and applied to several river basins (Molden,
1997). The amount of water for each term can be calculated using different methods
depending upon available data and information. The methods and assumptions used in
this study for the Bang Pakong River Basin are presented as follows.

1) Domain represents a basin that includes agricultural, industrial, domestic, and
environmental uses of water. The water balance domains are selected so the area
corresponds to a management unit and the inflows and outflows could be estimated
with minimal difficulties. The interested domains presented here are seven sub-basins
in the Bang Pakong River Basin that are Khiong Phra Sathung, Khlong Phra Prong,
Mae Nam Hanuman, Main Prachinburi, Nakhon Nayok, Talat, Khlong Luang and Main
Bang Pakong Sub-Basin.

2) Gross inflow (Gl) is the total amount of water entering into the water balance domain
from precipitation, surface and subsurface sources.

m  Precipitation {PP) is the multiplication of arithmetic mean monthly depths of rain
over the watershed area. The arithmetic mean monthly rainfall is calculated using
average rainfall from several rain gage stations over their coverage area.

m  Surface inflow (Sl) is surface flow across the domain boundary on the basin or
sub-basin.

a Sub-surface inflow (SS!) is groundwater flow across the underground domain
boundary into the domain groundwater. The groundwater inflows and outflow are
assumed to be negligible compared to other inflow components.

3) Net inflow (N) is the gross inflow plus any changes in storage. Amount of gross inflow

could be decreases if some water goes into surface or subsurface storage or both,
Otherwise, it could be increased due to some amount of water from storage.
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4) Storage (S)is separated into two layers as surface and sub-surface storages.

m_ Surface storage is volume space on’ grolnd ‘surface such:as reservoirs, natural

5)

6)

7

8)

9)

channel, ponds, rivers, and canals. The slirface storage from several reservoirs in
the domain is assumed to be 90% of the total retention storage volumes. While
the total surface storage volume in the rivers, canals, and natural ponds are
assumed to be the different between the volume of minimum monthly outflow and
the volume of outflow at the beginning of wet season.

m  Sub-surface storage is ground water storage. It could be calculated as changing
in level of water table multiplied by watershed area and its specific yield. The
specific yields are assumed according to characteristics of sol and rock.

Water depletion (WD) is a use or removal of water from a water basin that renders it
unavailable for further use. Water depletion is a key concept for water accounting, as
interest is focused mostly on the productivity and the derived benefits per unit of water
depleted. It is extremely important to distinguish water depletion from water diverted to
a service or use. This is based on the reason that not all water diverted fo a use is
depleted. Water is depleted by four generic processes:

m  Evaporation (E): water is vaporized from surfaces or transpired by plants. The
estimation of crop evapotranspiration is the muitiplication of crop coefficient and
potential evapotranspiration calculated by the Penman-Monthieth method
suggested by the FAQ (Doorenbos and Puitt, 1977).

a  Flows to sinks {FS): water flows into a sea, saline groundwater, or other location
where it is not readily or economically recovered for reuse.

m Pollution: water quality gets degraded to an extent that it is unfit for certain uses.

» Incorporation into a product: through an industrial or agricultural process, such as
bottling water or incorporation of water into plant tissues.

Process consumption (P) is that amount of water diverted and depleted to produce a
human-intended product. The process depletion includes crop evapotranspiration
plus consumption from domestic and industrial uses.

Non-process depletion (NP) occurs when water is depleted, but not by the process for
which it was intended. Non-process depletion can be either beneficial, or non-

beneficial.

m Beneficial non-process depletion (B) is such as home garden and forest
evapotranspiration.

n  Non-beneficial non-process depletion {NB) is as flow to sinks and low quality of
water.

Committed water (C) is that part of outflow from the water balance domain that is
commitied to other uses, such as downstream environmental requirements or
downstream water rights. Committed water outflow here in this study is the amount of
downstream fiow to maintain sustainable ecology o environmental requirement. As
unavailable of water right among sub-basins in the Bang Pakong river basin, no
committed outflow is presently provided for the downstream sub-basins.

Uncommitted outflow (UC) is water that neither depleted, nor committed and is,
therefore, available for a use within the domain, but flows out of the basin due to lack



of storage or sufficient operational measures. Uncommitted outflow can be classified
as utilizable or non-utilizable.

Utilizable outfiow (UO) is utiizable if by improved management of existing facilities
it could be consumptively used.

m  Non-utilizable outflow {(NUQ) exists when the facilities are not sufficient to capture
the otherwise utilizable outflow.

10) Available water (AW) is the net inflow minus both the amount of water set aside for
committed uses and the non-utilizable uncommitted outfiow. It represents the amount
of water available for use at the basin, service, or use levels. Available water includes
process and non-process depletion pius utilizable outflows.

11) A closed basin is the basin where all available water is depleted.
12) An open basin is the basin where there is still some uncommitted utilizable outflow.

13) Fully committed basins there are no uncommitted outflows. All inflowing water is
committed to various uses.

Characteristic of the Bang Pakong River Basin

The Bang Pakong River Basin has a drainage area of 18,500 sq. km., comprised of
Prachinburi and Bang Pakong main rivers. The Prachinburi River Basin or the Upper
Bang Pakong River Basin, which has a drainage area of 9,821 sq. km., is comprised of
four sub-basins: Khlong Phra Sathung, Khlong Phra Prong, Mae Nam Hanuman, and
Main Prachinburi Sub-Basin. The Bang Pakong River Basin or the Lower Bang Pakong
River Basin has a drainage area of 8,679 sq. km., and consists of four sub-basins: Nakhon
Nayok, Talat, Khlong Luang, and Main Bang Pakong River Basins, as shown in Annex 2.

The Prachinburi River Basin is the upstream basin, and then Khlong Phra Sathung and
Mae Nam Hanuman Sub-Basin are not inflow another sub-basin. The Nakhon Nayok and
Khlong Luang Sub-Basins have no inflows as they are located at the upper part of the
Bang Pakong River Basin. The outflow from Khlong Phra Sathung Sub-Basin flows into
the Phra Prong Sub-Basin. The outflow from Phra Prong Sub-basin and Hanuman Sub-
Basin flows into the Main Prachinburi Sub-Basin. The outflows from Main Prachinburi
Sub-Basin, Nakhon Nayck Sub-Basin, and Khlong Luang Sub-Basin flow to the Main
Bang Pakong and Talat Sub-Basin as shown on Figure 1.

Annex 2 is presents the Map of the Bang Pakong River Basin and location of rainfall
gauging station and runcff station which used {o analyses water accounting.
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« Figure 1 Schematic Diagram of the Bang Pakong River Basin

Selection of Representative Year

In this study, representative years were selected for a nommal year, wet year, and dry year
in the study area. The methodology of representative year selection is based on rainfall
data observed at the rainfall gauging station for each sub-basin from 1963 to 1996). The
relationship between annual rainfall and years are analyzed to find the trend for each sub-
basin as show on Figure 2. From this curve, the trends of each sub-basin are similar
curve. In the same year, all sub-basins do not simultaneously experience maximum
rainfall or minimum rainfall because of the different locations, for example, in 1996 Mae
Nam Hanuman had the maximum rainfall, while Khlong Luang was nearly at minimum
rainfall. The next step was to collect the average annual rainfalls of the seven sub-basins
to build the curve of relationship for the 34 values as show on Figure 3. The method to
normalize the trend analysis was to select the representative years as show on Figure 4.
As usual, the normalized value is nearly “1” because the rainfall in this year has nearly
average rainfall for the 34 values. If the normalized value is more than 1, it is represented
wet year because it has more rainfall than average rainfall for the 34 values. While
normalized value is less than 1, it is represented dry year it has less rainfall than average
rainfall for the 34 values. The analysis of Figure 4 can be present the standard normalized
value in several years. In the year 1976, 1982 and 1994, the normalized value has nearly
1, which the year of 1994 is selected to represent the normal year while 1995 and 1996
are selected to represent the wet year and dry year, respectively, because these year is
the new record data.
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Water Accounting Analysis

Water balance studies were used to generate the water accounting components for each
domain or sub-basin site. The first four sub-basins are in the Prachinburi River Basin and
are the upstream region of the Bang Pakong River Basin. The remaining three sub-basins
were in the lower part of the Bang Pakong River Basin.

Water accounting relies on water halance for a domain bounded in space and time. The
calculations for each sub-basin were analyzed for wet season and dry season (the wet
season is from April to October and the dry season is from November to March). The
processes of water accounting analysis are as follow:

Gross inflow

Gross inflow (Gl) is the total amount of water entering into the water balance domain from
precipitation, surface and subsurface sources,

Gl=PP + Sl + 58I (1
Where PP is the precipitation, Sl is the surface inflow and SSl is the sub-surface inflow.

In this study, precipitation was collected from rainfall data for the years 1994, 1995, and
1996 representative of a normal year, wet year, and dry year, respectively.

The Bang Pakong River Basin has two sections, the upper river basin and the lower basin.
The upper river basin includes Khlong Phra Sathung, Mae Nam Hanuman, Nakhon Nayok
and Khlong Luang Sub-Basin. The lower river basin includes Khlong Phra Prong, Main
Prachinburi, Main Bang Pakong and Talat Sub-Basin. Since the upper river basin not has
the surface runoff then the surface runoff in the equation (1) is the zero while the lower
river basin has the surface runoff from the upper river basin as shown on Figure 2.
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Sub-surface inflow in this study is neglected because this data is difficult to measure and
survey and theyare _small in comparison with rainfall and surface inflow.

Net Inflow
Net inflow (NI) is the gross inflow plus any changes in storage as shown:
NI =Gl + AS (2)

Where Ni is the net inflow, Gi is the gross inflow and AS is changes in storage within the
domain consisting of changes in surface water and subsurface water (groundwater). The
reservoir storage of domain is assumed as 90% of total reservoir storage. Water storage
of river, pond and reservoir are calculating from the difference between of the minimum
monthly outflow and outflow in the early wet season.

The storage of groundwater is estimate from the rainfall in the area. The groundwater
storage in eastem of Thailand is about 4-6% of rainfall in sub-basin. This assumption was
recommended by Dr. Wajee Ramronanrong (2000) whose do many researches on
groundwater storage in Thailand.

Depleted Water
Depleted water is calcuiated by the following equation:
D=P+B +NB (3)

Where D is the deplete water, P is the process consumption, B is the beneficial non-
process depletion and NB is the non - beneficial non-process depletion.

Climatological data for calculated potential evapotranspiration is gathered at the three
synoptic stations of the Meteorology Departments at Prachinbur, Aranyaprathet, and
Chonburi, which were selected to describe the climate of the study area. The analysis of
climatological data was based on data collected from this three synoptic stations to
describe the general characteristic of the basin.

The Penman-Monthieth equation is used to calculate the potential evapotranspiration. The
potential evapotranspiration of Khiong Pra Sathung Sub-Basin is analyzed based on data
from Prachinburi and Aranyaprathet rainfall stations, while Khlong Pra Pong, Mae Nam
Hanuman, Main Prachinburi, and Nakhon Nayok Sub-Basins are analyzed from Prahinburi
rainfall stations. Furthemmore, the potential evapotranspiration of the Main Bang Pakong
and Talat Sub-basins are analyzed using data from Prachinburi and Chonburi rainfall
stations.

Evapotranspiration (ET) is crop water used under ideal conditions. The method of
calculation uses the product of a crop coefficient, K, and potential evapotranspiration from
a reference crop, Etp, to determine values of ET. The evapotranspiration is analyzed for
each land use because of the differences in K; such as bare land has a Kc between 0.2
and 0.3, while forestland has K, between 0.7 and 0.9. In this study, monthly K, is used for
the analysis. The volume of evapotranspiration is the product of crop coefficient, potential
evapotranspiration, and area for each land use.

Municipal and industrial (M&I) uses were utilized to represent non-agricultural water uses,
such as towns and factories. M&I water requirements are specified for each sub-basin.
Data for M&l was collected from “A Study on Master Plan for Water Resources
Development and Management in Eastem Region” (prepared by the Department of Water
Resources Engineering, Kasetsart University) with data available for the year 1996 and
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2000. A linear equation from available data is use to established M& water requirements
for the study year.

Qutflow (O) from a domain was either classified as committed or non-committed. Qutflow
is calculated using the following equation:

O=NI-D {4)
Where the NI is the net inflow and D is the depletion of water.

In this study, committed and uncommitted outflow is approximated to 3% and 97% of total
sub-basin outflow, respectively. Utilizable and non-utilizable outflow is set to 10% and
87% of total sub-basin outflow. The percentage of committed outflow is estimated from the
percentage of minimum flow in dry season to maintain ecology and environmental which
release to downstream sub-basin, because there are no water rights or water faws in
Thailand, so there are no criteria for release water to downstream area or environment.

Available Water

Available Water (AW) indicates how much water depleting within the water accounting
domain without effecting present downstream uses. Available water is the net inflow
minus the sum of any downstream commitments to meet water rights or environmental
needs plus any non-utilizable flows. Available water is calculated by the following
equation:

AW =NIi-C~NUOQ 5)

Where Nl is the net inflow, C is the committed water and NUQ is the non-utilizable out flow.

Verification

Results

The components required for the analysis of water accounting are rainfall, groundwater,
reservoirs, water storage, and water used. To verify the water accounting, two methods
were employed to check the accuracy. The first method was employed after conducting
the water accounting; where the outflow of the upper sub-basin equals the inflow of lower
sub-basin. The Water Resource Engineering Department at Kasetsart University analyzed
the outflow of each sub-basin for the whole Bang Pakong River Basin. From comparisons
of outflow between previously reported research and water accounting, it was found that
the most error occurred at the Main Prachinburi in every year.

For the second method, the crop coefficient is used to check the comrectness of this study.
The crop coefficient is the difference between net inflow and outflow divided by the product
of area and potential evapotranspiration. At Main Prachinburi in every year, the K is litle
higher than 1.3, which is the maximum value.

Tables 2 to 7 is presents the result of water accounting analysis, which Tables 2 and & are
display the result in the 1994 (normal year), Tables 3 and 6 are display the result in the
1985 (wet year) and Tables 4 and 7 are display the result in the 1996 (dry year). The
calculation of each item in Tables 2 to 7 is shown in Annex 4. Results from Tables 2 to 7
can illustrate as finger diagram as shown in Figures 5 and 6. Figure 5 is the water
accounting diagram of Khlong Pra Sathung Sub-Basin in the 1994 (normal year) and
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Figure 6 is the water accounting diagram of Main Bang Pakong and Talat Sub-Basin In the
1894 (normal year). These two figures are showing the water accounting analysis in the
wet season, dry season and whole year. The who!e water account:ng dlagrams of the
Bang Pakong River Basin are shown in-Annex 4. :

Water Accounting Indicators .

Water accounting indicators are fractions used fo indicate use efficiency and to describe
the current state of the system. These values can be used to predict future trends in water
resources. The following indicators are available for use:

1) Depleted Fraction of Gross Inflow (DFg) indicates how much of the gross inflow was
depleted by various uses.

DFg =D /Gl

Where D is the total depletion, calculate from P + NP, P is the process consumption,
NP is the non-process depleted and Gl is the gross inflow.

14) Depleted Fraction of Available Water (DFaw) indicates how much water that was
available for use has been depleted.

DFyw =D/ AW
Where D is the deplete water and AW is the available water.

15) Process Fraction of Available Water (PF ) indicates how much of the available water
was deplete by process uses.

PFaw =P /AW
Where P is the process consumption and AW is the available water.

16) Process Fraction of Available Water for Agriculture (PWaw.og) Same as the PFaw but
isolates agricultural uses from other uses. To do this we deduct non-agricuftural uses
that are beneficial but depletive from the available water such as domestic and
industrial uses and forest evaporation.

F,WAw.ag =ET/ AWag
Where ET is the evaporation and AW, is the available water for agriculture.
The available water for agriculture (AW,g) can be calculated as follow.
AW= NI = C — NUO — Dyyg

Where NIl is the net inflow, C is the committed water, NUO is the non-utilizable outflow
and Dy is the beneficial depleted water for non-agricultural.

The beneficial depleted water for non-agricultural can be calculate as follow.
Dbrag = Prag + Brag

Where Py, is the process consumption for non-agricultural and By is the beneficial
non-process depletion for non-agricuttural.
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17) Process Fraction of Depleted Water (PFp) indicates how much of the depleted water
was deplete by process uses.

PFp=P/D
Where P is the process consumption and [ is the depleted water.

18) Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) indicates how
much of the available water was depleted beneficially by both process and non-
process uses.

BU or BE =D,/ AW
Where D, is the beneficial depleted water and AW is the available water.

The water indicators of the Bang Pakong river basin are shown in Tables 2 to 7 which
contain data of the water accounting analysis and calculated indicators. Result of
indicators in Tables 2 to 7 can illustrate as diagram as shown in Figure 7 which is the water
indicator diagram of depleted fraction of gross inflow (DFg) of the Bang Pakong river basin
of wet season in 1994 (normal year). The whole water indicator diagrams of the Bang
Pakong river basin are shown in Annex 5.

From Tables 2 to 7, the value of DFg are less than unit in wet season (0.40 - 0.70) and
higher than unit in dry season (2.00 - 4.00). Ilts show that gross inflow in wet season is
larger than depleted water, so some exceeding water may collected in storage such as
reservoirs, natural channel, ponds, rivers, and canals. But In dry season, gross inflow in
domain is less than depleted water so it is necessary to use water from storage which
collected in wet season. If- considering DFg respect to the location of domain, most
upstream domains have higher DFg value than downstream domains because surface
outflow and sub-surface outflow from upstream domains are flow to downstream domains
and give large volume of gross inflow in downstream domains when comparison with
depleted water.

Most of DF 4 value in Tables 2 to 7 is higher than 90%, it shows that most available water
in domains was depleted. Development in this domain should do in management section
such as modifying crop schedule, crop pattemn, or other product increasing method
because the potential for infrastructure development is only 10 %, fts may be not
economically when compare with management development.

The PFaw has average volume of 70 %, it means 70% of available water was used for
process depletion. Different percentage of PFay and DFaw is non-process depletion water
{about 10-20%), so if we want to increasing water for process depletion, should do by
decreasing non-process depletion such as decrease flow to sink or improve water quality.
If consider only agriculture water use, an analysis demonstrates that PFaw.eg has higher
value as PFaw, 50 to increase water for agriculture use should decreasing non intended
use such as non-agriculture process depletion or un-committed outflow by improve the
basin management.

The process fraction of depleted water or PFp in the study has average value of 80%.
This demonstrate that 80% of depleted water was use by human intended and the rest
20% was use by the process for which it was not intended and can be either beneficial, or

non-beneficial.
From above indicator, we can summarize results as basin efficiency (BE). Basin efficiency

of the Bang Pakong river basin has an average value of 80. This demonstrates that water
use activities in this basin were efficiency or 90% of available water is beneficial water use.
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When compare BE with PFaw, BE has higher value than PFyy about 20%. This shows
that 20% of available water which are non- process depietlon is beneficial such as home
garden and forest evapotransplrahon :
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« Figure 5 Water Accounting Diagram of the Khlong Pra Satung Sub Basin in Normal Year (1994)
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Chapter

3

This section documents the results from the socio-economic research component for the Bang
Pakong River Basin located in eastem Thailand. The study sets out to buid a general
description of the socio-economic profie of the river basin, to develop performance indicators
for irrigation, and to draw lessons to link with the results from the institutional analysis and
water accounting research components. The results of the study give an indication of who are
the important stakeholders within the basin, what role they play in the water management
decision-making process, what is their relative influence level, and what is the current state of
imigation water use in the basin. The socio-economic profile and performance indicators will
greatly aid the process of crafting effective water management institutions for the Bang Pakong
River Basin. This section offers a broad overview of the socio-economic situation, an
assessment of irigation performance, and a general Institutionat setting for the two basins.
This section also offers an analysis of the linkages between the water accounting and
institutional analysis components of the study.

Macroeconomic and Socio-economic characteristics?®

Thailand has been one of the more successful developing countries over the past few
decades. lts GDP grew at an average annual rate of 7.6 percent during the 1980s. From 1980
to 2000, agriculture dropped from 232 percent to 10.5 percent as a cormnponent of GDP, while
industry climbed from 28.7 percent to 40.1 percent (World Bank, 2002). Approximately 40
percent of the total labor is employed in agricultural activities (Bank of Thailand, 2002). The
poverty rate in 1999 stood at 16 percent measured as US$ 1.50 per day.

Employment in Thailand is largely based on agriculture with nearly 40 percent of the labor force
employed in agricuitural activities. However, in 2000, agriculture accounted for only 10.5% of
Thailand's GDP. Thailand's GDP per capita for the year 2000 was reported as US$ 1,788
{Bank of Thailand, 2002). According to World Bank statistics, the population of Thailand was
60.7 million people in 2000 with a population growth rate of 0.8 percent annually. Using a
poverty line of $1.50 per day, the poverty rate for all of Thailand in 1999 was 16 percent.

In 1997, Thailand was hit by the financial crisis that caused a dramatfic increase in
unemployment. While Thailand has undertaken several economic restructuring initiatives to
address causes of the crisis, there remain several risks fo the future of the Thai economy.
Chief among these is the strong reliance of the Thai economy on exports. While the global
slowdown appears to be abating, entry in the WTQ by China will provide strong competition for
Thai businesses (Maneerungsee, 2002). Overall, while Thailand has taken great strides in
strengthening it administrative structure and economic base, there are still great challenges
ahead. It will become ever more critical that Thailand maintains its advantages and resources.

? Statistics in this section that are not cited are from the World Bank’s “Thailand at a Glance” fact sheet, 2002,
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f National Policy/Legal Setting®

" The institutions: po?lmiéiés. and laws are almost éxéidéiﬁély atthe nét‘ional' level. '.'Hdw'e'ver, lhér’é '

is a general lack of coordination between the various ministries, policies, budgets, etc. (see the
section on Institutional Analysis). The National Water Resources Commiltee has been
established by the Prime Mister to coordinate the numerous agencies involved with water
management. In 2000, the ONWRC working in consultation with other stakeholders developed
a national water policy that was approved by the National Cabinet of Thailand. The water
policy calls for increased efforts to approve a Draft Water Act to guide national water
management, develop river basin organizations, and promote a participatory approach to water
management. Many of the current directions in water management have been influenced by
the 1997 Constitution, which calls for a more decentralized and participatory approach to the
management of water resources.

However, to date the policy environment remains ineffective due to a lack of coordinated
planning mechanism and a national water law. This leaves each agency to fend for its own
self-interest at the expense of efficient water management. Furthermore, the process that is in
place is strongly top-down, which creates ineffective linkages between national and local
levels. The establishment of RBOs in Thailand's river basin should help to alleviate this
problem, as members will be drawn from govemment, non-govemment, and famer water user
groups. The current Draft Water Resources Act still lacks an effective conflict resolution
procedure and fails to assign the ONWRC strong powers of authority.

Brief Description of Development Plans for the Bang Pakong River Basin

A plan has been devised to build several upstream storage reservoirs to better regulate the
flow of water in the river. However, opposition based on environmental impacts has greatly
reduced the likelihood of these dams ever being constructed. Problems in the basin are soil
erosion along the banks with conflicting opinions about whether it has been exacerbated
because of the diversion dam. Salinity infrusion during the dry season poses a problem for
some fammers, while others have adapted by choosing to grow crops that benefit from the
saline water. Other characteristics are that the Bang Pakong must take water from the Chao
Phraya for dry season supplies and provide flood protection for Bangkok.

Management of water resources in the Bang Pakong River Basin

In 2001, the Office of the National Water Resources Committee established the Bang Pakong
River Basin Committee. This Basin Committee has the responsibility to manage water
resources in the Bang Pakong-Prachinburi River Basins, Currenfly, there are two key
agencies involved with the management of surface water resources. These are the Royal
Irrigation Department (RID) and the East Water Resources Development and Management
Public Company. The RID conducts operations to insure water supply for agriculture, industry,
and public utiities. The East Water Resources Development and Management Public
Company manage water resources, especially raw water, transmission systems for industrial
and consumer use,

In actual current practice, the RID is the main water management agency for the Bang Pakong
Basin. They base water deliveries on estimated demand requirement. This is particularly
pressing in the dry season, when water delivery is constrained by water stored in the dam.
Factors affecting delivery include requirements for transportation, salinity control, and crop
requirements, There are several conflicts within the basin, but there is no effective means for

* The separate report for the Institutional Analysis should be refermed to for a comprehensive and thorough analysis of
the institutional and legat setting.
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Demographic Characteristics of the Bang Pakong River Basin

resolving the conflicts. This problem may ease as the River Basin Committee grows in

The basin is characterized by high amounts of agricultural activity. Approximately 77 percent
of the land area of the basin is classified as agricultural. There is & significant upward in
popuiation trend as one moves from upstream to downstream (see Table 8). Population for
the basin is primarily rural in classification. The poverty rate is high throughout the basin
ranging from 45 percent to 85 percent. The proportion of rural poor who are female is
consistent throughout the basin at about 50 percent. Interestingly, the percentage of poor who
are engaged in agriculture seems unusually low with a range from 13.1 percent to 29.7
percent. This may be a resuit of error in classifying occupations as agricultural or service,

» Table 8 General Socio-Economic Indicators of the Bang Pakong River Basin

Rural % of Poor

Rural Poverty that are of Poor in

Area Name Population Population Rate famale Agriculture
Khlong Phra Sathung 251,013 241,254 45% 494 29.7
Khlong Phra Prong 172,133 164,034 80% 49.7 23.1
Mae Nam Hanuman 93,937 92,344 85% 50.3 26.3
Main Prachinburi 309,788 286,680 52% 49.9 17.3
Nakhon Nayok 233,409 215,636 54% 51.1 196
Khiong Luang 334,543 146,125 48% 50.2 13.1
Main Bang Pakong + Talat 474,129 421,509 52% 498 21.8

Socio-Economic Stakeholder Analysis

Information for the analysis of the different stakeholders is given in Table 9 below. The table
ranks the various stakehclders in terms of relative wealth and relative influence in the decision
making process. Relative weaith is related only to wealth within the basin and Is independent
of any poverty line. Relative influence is a measure of the influence that a particular
stakeholder has on the decision-making process regarding water resources. As can be seen
in the Table, irrigators are classified as both poor and low in influence. However, they are the
largest bulk user of water in the basin. This indicates large potential for conflicts and
inequitable outcomes as competition for scarce water resources intensifies. Interestingly,
water user associations are classified as high in influence. During the field visits, it was stated
that farmer water user groups have been encouraged to federate to increase their influence on
the decision making process. All users are affected by seasonal water scarcities.

For the Bang Pakong River Basin, the environment Is ranked as having high influence on the
water management decision-making process. This can be seen fo some degree in the
decision to not construct several upstream reserveoirs. The precise degree to which the
decision to not construct was based on environment concerns rather than the lack of budget is
not certain. However, environmental concems were undoubtedly a major influence in the
decision.
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o Table 9 Stakeholder Analysis in the Bang Pakong River Basin

Stakeholder | Useror ‘| ‘Source of | Management " Relative | vo | Susffer from
Manager ;| - “Water level | Management | wealth - .| wfluence | ' water
position pasition scarcity
(pootinon- | (highflow) {yesino/
poor) seasonal)
Irigators User canal From Head Allocation poor low seasonal
systems regulator to amaounts and
Fam tumout tiring
Domestic User Reservoir/ Project level, Provide source non-poor high seasonal
Users Pumping From Headwork | and delivery
through Users water to user
Industry User Reservoir/ Project level, Provide source THON-POOr high seasonal
Pumping From Headworke | and delivery
through Users waler to user
Environment User Reservoir/ - - - high seasonal
Main river
WUA User canal On-farm Request amount non-pocy high seasonal
systems and tming
Govemnment Manager Basin National and Policy and - high seasonal
Management Main Basin guidelines
Board

Poverty Situation in the Bang Pakong River Basin

The rates of poverty in the sub-basin areas studied are very high relative to the national
average of 16%. The rural poverty rates are between 45% and 85% for all sections. This
seems to be a reflection of the lack of a large-scale Irrigation project within the basin.
According to the Master Plan for the Bang Pakong River Basin, RID has built or is planning to
build 18 large irrigation projects. The projected imigated area by these 18 projects is thought to
be 1.4 million rai. There seems to be no correlation between the percentage of farms irrigated
and the poverty rates (see Figure 8). As data showed a relatively low percentage of the poor
engaged in agriculture, it is probable that imigation may have a minimal impact on poverty.
This is an important topic for further study if imigation is sought as a means to alleviate poverty.
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» Figure 8 Comparison of Poverty Rate vs. Percentage of Fams Irrigated Moving Downstream on the Bang
Pakong

Agricultural description the Bang Pakong River Basin

Rice, maize, and cassava are the most significant crops grown in the basin in terms of land
area (see Table 10). The major rice crop accounts for 54% of agricultural land in the basin with
a fairly stable trend in cropped area (see Figure 9). Shrimp faming is becoming an
increasingly important activity. As the income per rai is far higher than any crop, this raises the
potential of an influential water user group that typically creates many negative externalities for
other water users. Agriculture accounts for approximately 74% of land use within the basin
(see Table 11}, Khlong Luang has the lowest ratio of agricultural to total land use at 57%.
Irrigation is most widely developed in the Nakhon Nayok sub-basin with 1.1 million rai receiving
surface irrigation out of a possible 1.2 miflion rai of agricultural land.

« Table 10 Land area for each crop in the Bang Pakong River Basin (rai)

KPS KPP MNH MP NN KL MBP+T
Major rice 246729 | 312,368 | 272,956 347416 | 446,772 53,866 651,624
Second rice 5214 10,929 16,609 35,375 56,402 2,585 222,397
Maize 154,733 141,461 53,189 33,786 33,395 1,276 31,803
Cassava 110,248 97,634 56,573 65,408 3,106 123,479 351,352
Sugar cane 16,172 13,758 5836 5,505 4,127 65,655 61,575
Soybean 24,856 23,048 8,298 6,108 2225 83 12423
Ground nut 1,833 2,053 3998 5272 984 1,023 1,705
Cotton 3,151 2,940 1,649 1,552 350 3 482
Pineapple 627 106 0 443 19 14,337 10,170
Shrimp 4,369 2,103 3,612 6,742 197 5,821 37,535
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» Figure 9 Trend in Crop Area in Rai for Major Rice Moving from Upstream to Downstream on the Bang
Pakong River Basin

» Table 11 Agricultural Land Use in the Bang Pakong River Basin (1999)

Land Use KPS KPP MNH MP NN KL MBP+T
Total Rai 1,628,125 | 1610000 | 1,323,125 | 1,576,875 | 1520625 | 1,185625 | 2718,125
Agriculture Rai 1,314,000 | 1,262,428 934,748 | 1060479 | 1,233,581 673,137 | 2,103,409
Forested Rai 314,125 346,102 386,107 501,976 285494 497,898 615,446
Reservoirs and Rai
Ponds 0 0 370 550 2240 | 26,800 15,500
Urban Rai 0 1470 1,500 15,010 3,690 41,390 14,770
Agrricultural land and imgation
Surface/canal Rai 105,386 197 746 528,893 283,747 § 1128815 65,530 821,343
Groundwater Ral 4] 0 0 0 [ 0 0
Rain-fed Rai 1,208,614 | 1,064,682 405,855 776,732 104,866 607,607 | 1,282,066
Number of famms Number 36,520 34,352 27,000 18,233 21,933 19,698 39,785
Average farm size Rai 36 a7 35 35 35 35 35
Percent of farms
iigated % 8.0 157 56.6 268 915 97 39.0
Farmer land tenure situation
Cwn Number 135,088 74,033 35,926 110,355 69,754 153,074 223,756
Rent Nurnber 7518 10,119 5,396 19.665 30,636 20,702 44 857
Landless Number 0 0 4] 0 0 0 0
Famm Income
Average income {Baht/year)
39,792 27 559 25,588 n/a 60,087 78,858 49277
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Trends in income from growing paddy were examined for certain provinces as presented in
Figure 10. The graph shows an increasing trend in income from paddy for the Khlong Luang

“area, while the other areas are experiencing a decline in the income (in Bahtfrau from paddy.
Khlong Luang is home to Chonburi and has the highest leve! of urban land use at over 41,000
rai. Proximity to a large urban market could expiain this rise in income from paddy, particularly
if the urban areas are growing quickly in population. Furthermore, Khlong Luang is
experiencing a rise in yields for paddy as shown in Figure 11. This may be a result of less
productive lands being taken out of production causing the average to rise.

3500
3000
E\ 2500 O Other areas
=
s 2000 OMP
% : B NN
E 1500 KL
g :
= 1000 ® MBP+T
500
0
1995 1996 1998 1999
« Figure 10 Trend of Income from Major Rice in the Bang Pakong River Basin (Baht/Rai)
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o Figure 11 Trend in Yields for Major Paddy Crop in the Bang Pakong River Basin
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Irrigation Performance in the Bang Pakong River Basin

Indicators of imigation ‘performance were calculated ‘based ‘on” methodology developed by
IWMI.” The data and calculated imgation performance indicators are given in Table 12 below.
In the Mae Nam Hanuman and Main Prachinburi Sub-basins, there are no reservoirs and so
are not described in the table. The source of data is from research reported in 1996. At
Khiong Sam Sib reservoir, there are different values between the imigated area and command
area because the one part of this area received water from another reservoir. The total Q&M
expenses per cubic meter were estimated from annual water development and services cost.
The gross value of output in local currency is the total income from agricultural and non-
agricultural activities; however, non-agricultural income could be negligible compared to
agricultural income. The estimation of this value is the summation of the products of price and
area for all crops in the each reservoir.

The irigation systems examined are a small sampling of representative irrigation systems
within the Bang Pakong River Basin. The most striking feature is that no irigation revenues
are reported. General practice of imigation management in Thailand does not include the
collection of imigation fees from farmers. This sftuation can create several problems for the
irrigators and irrigation management. First, financial sustainability is not possible under the
current conditions. The irigation system will be completely dependent on government
financing to remain operational. Second, dependence upon the government for operation
financing weakens their bargaining position within the water management process. Dialogue
with various key experts indicated that a reversal of this practice is highly unlikely in the near
term. A reluctance to charge and collect water fees ali removes an instrument to help regulate
the use of water.

Relative water supply is significantly above unity for all systems, while relative imigation supply
is negative. The high values for relative water supply are indicative of the high amounts of
rainfall received on an annual basis. It is expected that these figures would vary drastically if
calculated on a seasconal basis. These high numbers all represent the potential for beneficial
use of increased storage facilities in the basin. Of course, a final decision must consider the
impacts of additional storage on alf stakeholders. The negative relative iigation supply is also
a result of the relatively high amounts of annual rainfall received. In essence, annual rainfall
surpasses crop water demand. While on the surface this would seem to indicate that irrigation
is not needed, issues of timing of rainfall and lack of storage must be considered. Finally, the
divergence of cutput per unit of irrigation water and output per unit of available water indicate
the high degree of rainfall that goes unused.

Competition and Conflicts for Water in the Bang Pakong River Basin

There are several conflicts that currently exist in the Bang Pakong River Basin. These are
summarized in the Table in Annex 7. Among these, the most apparent surmounds the Bang
Pakong Diversion Dam, which is at the center of many conflicts. These conflicts include the
need for additional storage reservoirs in the upstream sections, the balance between salinity
control and desire for saline water in the coastal regions, water quality issues, and claims of
increased riverbank erosion.

Additionally there are inter-basin issues since the Bang Pakong receives water from the Chao
Phraya during the dry season and provides flood protection for Bangkok during the rainy
season. While all of these conflicts have been identified, there remains the lack of a well-
coordinated and effective system for resolving these matters. The newly formed River Basin
Committees will in time act in such a manner; however, they currently lack the experience and

® To date, remaining difficulties cast doubt an the relfiability of data presented for gross value of production. However, the
data are presented here for completeness sake and should be considered indicative only.
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legitimacy to effectively carry out their responsibilities. It is important that the River Basin
. Committe_gs‘ being given the full support of the government in order for them to become the
- effective water resource management institutions they were designed to be.

Conclusions and Discussion ' '

This analysis has offered a general profile of the socio-economic situation in the Bag Pakong
River Basin. Additionally, the report offers an analysis of the performance of imigation within
the basin. The resuits of the analysis show that in general an improvement in the management
of water resources can hold significant benefits for society. For example, there are several
conflicts involving water quality, that if resolved would benefit all water users. However, if left
unresolved the water guality could continue to deteriorate exerting tremendous costs on
society when the issues can no longer be ignored

The conclusions of this report will be strengthened by linking to the material in the Institutional
Analysis and Water Accounting studies done for the overall project. These linkages are
reported in a synthesis report prepared for the study. The results of the socic-economic study
strengthen the cail for an improved water management framework and institutions. While less
than optimal water resource management may result from a weak institutional structure, poor
water resource management may also have negative impacts on the socio-economic aspects
of the basin. These negative impacts may amplify and feedback existing problems and
conflicts with water management.
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Chapter

4

Institutional Analvsi

Thailand has an abundance of water and other natural resources, ideal climate and
progressive rural population. Its climate is monsoonal with the majority of the precipitation
occuiring during the rainy season from May through to October. Water resources have
traditionally been used for rice growing centered in the lower plains of the Chao Phraya
basin. Water is seen to be a 'common good' and there has traditionally been free access.
No problems existed with this approach when water was plentiful and with little upstream-
downstream or cross-sectoral competition for water. However, the rapid expansion of the
Thai economy in recent times has dramatically changed this previously “comfortable” state
of water availability to the extent that there is now real competition for water in the dry
season and shortages and restrictions are not uncommon. Behind this expansion is the:

1} Growth in the demand for domestic consumption of water in the urban area.
2) Increases in demand for upstream irrigation to increase agricultural production.

3) Increasing demand for surface and groundwater for industrial development affecting
both the quantity and quality of the lower basin resources.

4) [ncrease in demand outside irrigated area.
5) Sea intrusion especially in the esfuary and nearby area.

Among these rapid changes, a firm organization and mechanism is needed in order to
counter all the negative effect and provide opportunity for sustainable development. This
institutional analysis fries to identify the framework and development of water resources
management in Bang Pakong River Basin under the national context and also to analyze
the existing organization and mechanism both at national and river basin levels.

Policy, Organisation and Legal Instrument at National Level

A number of govemment agencies are involved in water resources management and use
in Thailand (see Annex B). At the national level there are four major boards and
committees, which are responsible for policy planning and coordination of water resources.
The three most dominant ministries in terms of water management are Agriculture and
Cooperatives {MOAC), Science Technology and Environment {MOSTE), and Industry
{(MOI). Consequently it makes things more complicated and confusing resulting in work
duplications and lack of appropriate owner of work in some situations.

Water resources management in Thailand also encounters with other problems namely:
1) Policy and plan, there is no unity policy setting by all agencies concemed. The existing

plans do not systematically cover all development aspects and lack participation from
related parties at all levels.
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2) Budgeting, at present budget is allocated to each agency upon their requests. In such
process, it lacks the method for problem-sciving in each area as a whole and causes
less effective implementation. This is also the problem faced in water resources
management.

3) Legal framework, there are several acts concerning water resources but not even one
directly relates to water resources management. Therefore, it is necessary to draft
such a law that can react properly to increasing problems or requirements.

4) Aveilable information, because of too many implementing agencies, information on
water resources development scatters all around. This makes it difficult to plan for
efficient programs in water development. In addition, it is hard to formulate new
projects under Organization such circumstancs.

Under Office of the Prime Minister's Regulation on National Water Resources
Management, 1989 National Water Resources Committee (NWRC) was established with
an aim to be an apex body. It will take leading role in coordinating all concemed agencies
in planning and systematizing an information system in order to create an effective water
resources management. However, this goal was not achieved easily considering lacking of
permanent organisation to support the work of NWRC. Therefore, Office of the National
Water Resources Committee (ONWRC) was legally set up in late 1996. Annex 9 shows
mandate and composition of NWRC and Annex 10 — ONWRC’s structure.

In collaboration manner, ONWRC and other agencies concemed formulated national
water vision in 1999. Shorlly after that national water policy was further dirived by
consultation with other stakeholders and was approved by the Cabinet in 2000,

National Water Vision

By the year 2025, Thailand will have sufficient water of good quality for all users through
an efficient management, organizational and legal system that would ensure equitable and
sustainable utilization of its water resources with due consideration on the quality of life
and the participation of all stakeholders.

National Water Policy

1) Accelerate the promulgation of the Draft Water Act to be the framework for national
water management by reviewing the draft and implementing all necessary steps to
have the act effective, including reviewing existing laws and regulations.

2) Create water management organizations both at national and river basin levels with
supportive laws. The national organization is responsible for formulating national
policies. Monitoring and coordinating activities to fulfill the set policies. The river basin
organizations are responsible for preparing water management plans through a
participatory approach.

3) Emphasize suitable and equitable water allocation for all water use sectors, and fulfill
basic water requirements in agriculture and domestic uses. This will be accomplished
by establishing efficient and sustainable individual river basin water use priorities
under clear water allocation criteria, incorporating beneficiaries’ cost sharing based on
ability to pay and level services.

4) Fomuiate clear directions for raw water provision and development compatible with

the basins’ potentials and demands, and ensuring suitable quality while conserving the
natural resources and maintaining the environment,
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5)

6)

7

8)

9)

Provide and develop raw water resources for farmers extensively and equitably in
response to water demand for sustainable agricultural and domestic uses, similar to
deliveries of other government basic infrastructure services.

Include water related topics at all levels of educational curriculum so as to create
awareness for water value, understanding the importance of efficient water utilization,
necessity and responsibility in maintaining natural and man made water sources,

Promote and support participation, including clear identification of its procedures, clear
guidelines on right and responsibility of the public, non-government and government
organizations in efficient water management. The water management includes water
utilization, water source conservation, monitoring and preservation of water quality.

Accelerate preparation of plans for flood and drought protections, including waming,
damage control and rehabilitation efficiently and equitably with proper utilization of land
and other natural resources.

Provide sufficient and sustainable financial support for action programs in line with the
national policy, including water related research public relation, information collection
and technology transfer to public.

The national water policy will be a framework for implementation of water resources
management at national level and river basin as well.

Legal Instrument

The constifution

The Enactment of a Constitution in Thailand in 1997 have a influence on the government’s
natural resources and environmental policies, the implementation and operation of
govemment projects and the interpretation of relevant laws and regulations. The
Constitution provides for;

1)

2)

3)

4)

Encouraging local level to participate in preserving, conserving and utilizing natural
resources in a sustainable manner such as Secfion 79 which implied that the
Government must strongly support the community participation and Section 88 which
states that the participatory and involvement principles will be used as a guideline for
the development and enactment of laws and regulations.

Decentralizing to the local administrative level to manage and develop the natural
resources. Section 290 states that iocal administrations have rights, functions and
powers by laws in managing, conserving, and utilizing the natural resources and
environment within their jurisdictions which could affect their constituents. Of courss,
considering the new projects or activities outside their areas, which could adversely
affect the environment and livelihood within thelr jurisdictions.

Encouraging local level in planning, managing and utilizing natural resources and in
developing and enacting laws. For example, Section 56 provide scope for
communities to work with the local govemment on natural resources Issues and for
environment impact assessment to be carried out by independent, but for the
provisions to be enacted requires the passing of appropriate pardiamentary acts.

Data and information for local level to access. For instance, Section 58 states that a
person may obtain public data and information from government agencies, state
enterprises and local administrations, however, it depends upon what kind of
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information can disclosed and how it will be provided. In addition, Section 59 states
that a member of the community has right to obtain information, answers and reasons
for the issuing permits or undertaking projects or activities which could adversely affect
their communities.

The new Constitution not only provides the participatory management, but also obligation
on government administrations to implement this approach

Existing Water Laws

There are at least 28 water-related laws, administered by over 30 departments overseeing
water issues in 8 ministries

» Table 13 Classffication of Legislative Enactment Relaling to Water in Thailand

Water Quantity

Water Quality

Canal Maintenance Act, 1903

Water Hyacdinth Elimination Act, 1913
Private Imigation Act, 1939

Royal Irigation Act, 1942

Oike and Ditches Act, 1962

Minerals Act, 1967

Metropolitan Waterworks Authority Act, 1967
Electricity Generating Authority of Thailand Act, 1968
Groundwater Act, 1977

Provincial Waterworks Authority Act, 1979
Waterworks Canal Maintenance Act, 1983
Civil and Corrunercial Code

Canal Maintenance Act, 1903

Water Hyacinth Elimination Act, 1913
Mavigation in Thai Waters Act, 1913
Royal Imigation Act, 1942

Fishery Act, 1947

Minerals Act, 1967

Revolutionary Council Announcernent No.286,1972
Groundwater Act, 1977

Provincial Waterworks Authority Act, 1979
Building Control Act, 1579

Factory Act, 1992

Public Health Act, 1922

City Cleanliness and Tidiness Act, 1982

The Enhancement and Conservation of National
Environmental Quality Act, 1992

Penal Code

According to the mass of Regulatory Control of Water Resources, 2 majors concemed
have divided the water laws below;

Surface water

The Civil and Commercial Code

1)

2)

3)

4)

Section 1304 states that the water in watercourses is freely accessible and the
govenment is not able fo prohibit any private user from withdrawing water from
watercourses.

Section 1339 allows the landowner to utilize surface runoff water that flows naturally
from the higher land, to meet the basic needs {farming, livelihood, and so on.).

Section 1355 restricts on a riparian landowner that cannot withdraw water over the
reasonable need in order {o prevent water shortage in a downstream.

The utilization of surface runpff water is regulated by Section 1339 of the Civil and
Commercial Code. This section recognises a natural principle that water always flows
to a lower place and that a landowner must accept the natural flow of water across the
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land. The provision also entities a landowner to retain surface runoff to meet the need
of farm production and livelihood needs and the surplus water must be allowed to flow
naturally. The Code also recognises the right of the landholder to retain water in a well
or pond and to prohibit access of other persons to this water source.

Irigation water

There are many provisions that enact in the irigation projects, which can be divided into 2
major regulations:

1) Private Irrigation Act, 1939

The enactment of the Private Irrigation Act is to regulate water use for agriculture in
the private user’s irrigation projects. It divided into 3 categories;

Personal Irrigation

Section 4 is an irrigation scheme undertaken by a person(s) for the benefit of his
cultivation only this kind of irrigation is regulated by the government through a
permission process as a person initiating an irigation project according to Section
7 have to apply for permission from the govermment authorities

a} The District Committee if a proposed irigated area is not larger than 500 rai.
b) The Provincial Committee if a proposed area is not larger than 1000 rai.

¢} The Minister of Agriculture and Cooperatives if a proposed area Is larger than
1,000 rai.

In addition, the operation of personal irrigation is subject to Section 9 states that if
an imigation project, according to the Provincial Committee, has exceeded its
need, the Committee may on occaslons issue and order to ration the water to
neighboring land. And Section 10 was issued to ensure that the operation of
personal irigation project would not cause damage to other persons.

People Irrigation

People Irrigation is imigation project joinly under by people for cultivation within
theirs locality. They would have to obtain the permission according to Section 12
from the authority concemed and its operation and maintenance are under the
supervision of the government. The chief of itrigation project in district, sub-district
and village level has authorized to plays a role in maintaining and operating an
irrigation project, according to Section 21 would be camied out by a chief who
would allocate water in proportion with size of land actually cultivated by each
water user. If there is a conflict occur from water allocation, they may decide the
matter with majority vote and the decision according to Section 27 is final.

Commercial Ilrrigation

Commercial Irigation is an imigation project undertaken by a person(s) who
collects fee from those using water from the project. A person desiring of
operating a Commercial Irigation project according to Section 30 would have to
apply for concession from the Minister of Agriculture and Cooperatives unless the
project is temporary in its nature with no permanent construction and obstruction
to public waterways, and it does not cause damage to other persons.
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Once the concession is awarded, the concessionaire according to Section 32 is
authorized to collect fee only from those received water from the proposed project,
not from those who have already received water before the existence of the
proposed project unless a special new agreement on this matter is reached. In
operating the project, the concessionaire according to Section 33 shall not cause
damage to other persons and according to Section 34 would have to comply with
conditions in the concession. He according to Section 35 is also required to
prepare an annual report on the performance of the project and submit it to an
official controlling irrigation projects unless it is otherwise stated in writing by such
an official.

19) The Royal Irrigation Act, 1942

Groundwater

Water Quality

The utilization of water in irrigation canals is controlled by the Royal irigation Act,
1942, which is intended to govem the construction, operation and maintenance of
imgation projects undertaken by RID. The RID has an authority to regulate water
utilization and development in order to: (i) keep water in or release water from
Imigation Canals; (ii} dredge, maintain or modify Irrigation Canals, or install any
structure in the Canals, and (fii) prohibit or restrict navigation in Irrigation Canals
including setting up any condition on the navigation. In addition, Section 32
confirn the presumption that the management of water in Irrigation Canals is
legally under control of RID, thus this provision does not allow persons to
withdraw water from Imigation Canals, except for the authorized RID official.
Moreover, Section 35 does not give any permission to small water users to use
water in Irrigation Canal, however, RID officials would intervene such use when
the water become shortage. In addition to water management and allocation,
Section 20 states that when an official conveys, drains or pump water to particular
plot of land for agricuiture, no one shall obstruct the water from reaching
neighboring land or a target area. Moreover, the owner or possessor of the land
must take a necessary stop to prevent the unnecessary leakage of water from his
land as Section 21. To ensure that the owners or possessors of land would
comply with Section 20 and Section 21, Section 22 states that the owners or
possessors of land not complying with Section 20 and 21 would be liable for
wages at a local rate for those employed by the official concemed o do what to be
done by such landowners or land possessors. To prevention of excessive use of
water, Section 8 of the Act addresses the issue of irigation fees. The rate of
irmigation fee collected from the agricultural users will not over 5 baht per rai per
year, for industrial, municipal and other uses will not exceed 50 stangs per cubic
meter. Eventually, there are some provisions giving protection to the Irrigation
Canals, for example, Section 23 prohibits the construction or instaliation of any
structure or cultivation of corps encroaching Irrigation Canals.

Groundwater is regulated b the Groundwater Act, 1977, which equips the
govemment through the Department of Mineral Resources. For instance, an
important control mechanism according to Section 16 requires the permission of
drilling, utilizing or recharging groundwater.

There is several Acts concemned water quality. These Acts generally prohibit the
dumping o rubbish and other materials, toxic water, and chemicals into the
waterways and establish fines and imprisonment for offenders. Most of these Acts
are out-of-date and the scope, the fines and punishment and nature of pollution
cover are no longer in keeping with modern conditions and circumstances.
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River Basin Organization i :

Establishment of River Basin Organization

There are many government agencies and private parties involved in the development and
exploitation of the Basin's surface and groundwater resources, but cooperation and
coordination between them is weak. Even when cooperation between operating agencies
leads to plans for equitable allocate water, they are often challenged by the various
Interested parties affected. The result is often a compromise that postpones the problem
to a later date. In view of the lack of coordination, the govermment decided to establish a
central agency in water resources management in order to formulate plans, coordinate
plan implementation and camy out other works conceming management of water
resources. The Office of the National Water Resources Committee (NWRC) was
established in November 1996. Since its establishment, the NWRC has worked to
strengthen the mechanism of integrated water resources management in Thailand. A
notable step forward was the drafting of a water resources law that was recently submitted
to the Cabinet. In order to implement the law, a river basin organization or commission will
be established in each of Thailand’s river basins. This recognizes the need for
decentralization as an important step in water resources management. According o the
draft law, each river basin commission will consist of qualified persons drawn from public
and private sectors. A commission will set policy on water resources planning,
development, operation of facilities, and water allecation, and it will oversee all related
activities in the river basin including the resolution of water conflicts between various users.

Chao Phraya Basin Organization

The Chao Phraya Basin with an area of a 160,000 sq. km is the largest of Thailand's 25
river basins. The Chao Phraya provides water for the capital city of Bangkok, other large
cities, many of the country’s main industries, and for irrigation systems covering 1,635,800
ha. Two large reservoirs, Bhumipol on the Ping River and Sirikit on the Nan River, and
some smaller reservoirs store the monsoon flows for use in the dry season. As a result of
the high degree of regulation provided by these reservoirs almost 75% of the average
annual inflow of 36,600 million cubic meters (mcm) is consumed in the Basin. In the dry
season, the policy is to give priority to the minimum flows needed to keep salt water from
municipal and industrial water supply intakes in the Lower Chao Phraya. But this is in
conflict with the demands of farmers who want to grow a dry-season crop. Within the
irigation systems there are also conflicts since the area available for dry-season cropping
far exceeds the water available. Such competition and conflicts between users is found in
all the sub-basins of the Chao Phraya. Conflicts in quantity are compounded by conflicts in
quality, with downstream users suffering the effects of upstream pollution. The Basin also
faces a growing problem in the management of groundwater resources. Almost haif of
Bangkok's supply comes from groundwater exploitation that is not sustainable, and this
problem is spreading to other parts of the Basin. Every year the problems and conflicts in
the Chao Phraya Basin multiply and, in recent years, abnormally low levels in the
reservoirs have sometimes led to situations that came close to closing down the water
intakes to Bangkok.

The 1997 report financed by PHRD, the “Chao Phraya Water Resources Management
Strategy,” found that the establishment of a Chao Phraya Basin Organization is essential
to the effective management of the Basin's water resources. The establishment of such
and organization would provide valuable experience for sefting up similar organizations in
other river basins.
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Pilot Case Study of River Basin Committee

The study of establishment of Chao Phraya basin organization should be performed as a
pilot case study so that when the water law is enforced, the river basin commission will be
immediately set up according to the result of the study.

To study the establishment and operation of Chao Phraya basin organization or
commission which will be set up in the future when the water law is enforced, such the
commission must compose of appropriate function and compositon. Rules and
regulations to support its work must be delineated. The study also includes clear
determination of its roles and relations to other agencies and its staff office to support its
administrative work. This study will also be considered as a case study for establishment
of the commissions in other river basins.

in 1999, ONWRC has been working with major water-related agencies, water users,
NGOs, farmers’ cooperatives, academics, and local governments to establish three River
Basin Committees (RBCs) of Upper Ping, Lower Ping, and Pasak, There is a great
concemn of ONWRC to keep the initial models and methods quite flexible to allow some
appropriate adjustment during the pilot operation. ONWRC also appointed the RBC-
support teams to provide managerial and technical support to the establishment.

Establishing Process and ONWRC support for RBCs

ONWRC works to increase community and stakeholder participation and representation in
RBCs and key activities of unified water resource management and decision-making.
ONWRC's RBC Teams are responsible fo provide managerial and technical support to
RBCs. The members of the team come from different divisions, and are coordinated by
mid-leve! personnel from the Operation Division. The teams have to be responsible for all
inter-agency and inter-level communication. Also, the coordinators take a double
appointment to be assistant secretary or a member of Secretariat to the RBCs. This
overlapping structure assists to facilitate communication and also increase close
partnership of ONWRC and RBCs at regional level of the river basins.

River Basin Committee Structure and Composition

The organization structure is based on administrative area representation (district and sub-
district) and sub-watershed. It was a great concem on the propertion of membership,
selection process, representation, qualification, and appointment. ONWRC has provided
supports in increase the representation of NGOs and local academic/ research insfitutions
as well as the selection procedures. With limited time frame, the first round of selection and
appointment were mainly depended on the advice of the district office. Then, the initial
appointment is required from official regulations to have legal status of RBC before any
activities can be organized to use the budget, personnel support, and other resources.
Then, this is considered as an interim RBCs which can be flexible to allow some future
adjustment in term of scale and composition to increase appropriate representation and
accountability. There are some interest and cooperation from local NGOs and academics
to take part in the RBCs and acfivities.

ONWRC has initiated RBC structure with a combination of both agencies’ members and
the private stakeholders from all sectors including NGOs and academics. In the Upper
Ping, there are two to three members from NGOs and academics joining SRECs, and
three of them in RBC structure, Generally, it was designed that membership of
government agencies and local stakeholders / water users would be a ratio of 1 person: 1
person or 50 percent of each group. In practice, the RBC may have a larger percentage of
the non-agency group. While the accountability of membership and selection process

40 MAINREPORT.DOC



require further improvement, the representation is reasonably appropriate at this initial
stage of RBC establishment.

River Basin Committee Responsibilities

initially, RBCs have been designed to have three major responsibiiities including
addressing priorities in water resource issues, to promote public education and sustainable
water resource management, and to facilitate local public consultations with stakeholders
and beneficiaries.

RBC's responsibilities are explained as possible responsibilities in relation to the SRBCs/
Regional Committee, Working Groups, and Secretariat Office. There are six major
possible responsibilities of RBC. In addition a new possible responsibility for RBC which
should deal with the conflict resolutions and the problem solving between the sub-river
basins and between the related local and regional agencies. The proposed selection
process could retain the representative of the sub-river basins in the planning process and
to strengthen their representation at RBC level. The working groups should work to
prepare the draft action work plan, which would be reviewed by SRBCs / and approved by
RBC.

RBC should further expand their key responsibilities to include conflict resolutions, an
abstraction license, and revenue collection. These will enable RBCs to grow stronger, and
aiso to develop to be a decentralized decision making body which are semi-independent
from ONWRC and RID in the future. RBCs, therefore, have to improve their capacity to
carry out their own financial management.

Bang Pakong River Basin Commiittee
Rational and objective

The development of Eastern Sea Board effected the growth of infrastructure and water
needs. Apparently, the problems of water-related activities have increased and need to be
solved immediately such as the management of river basin level and project level problem.
From these circumstances, the Cabinet submitted on the development of the economic
zone in Eastem Sea Board to study on making a scheme of development and
management of water resources in eastern region, especially in 3 Provinces
{Chachengsao, Chonburi and Rayong Provinces) and surrounding provinces. The Office
of the National Water Resources Committee had been appointed to cooperate with the
Royal Irrigation Department and concerned agencies. The framework focused on the river
basin institution, the development of information system, and the water laws and
regulations in order to meet the most effective in the water resources management.

The Establishment of Bang Pakong River Basin Committee

The stakeholders’ meeting in Bang Pakong River Basin held several time in order to
receive the information, problems, advice and so on from govemment agencies, state
enterprises, water users, local administrative, NGOs, and educated institutions in Bang
Pakong River Basin who will determine the structure, composition, and power and
responsibility of the Bang Pakong River Basin Committee.

Deputy Prime Minister, Chairman of the National Water Resources Commitiee issued the
Order of the Establishment of Bang Pakong River Basin Committee on July 26, 2001. The
compaosition of the membership of the Bang Pakong River Basin Commliitee is listed in
Annex 11.
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Responsibilities
The responsibilities of the committee are as listed below

1)} To operate water resources management in the Bang Prakong-Prachinburi Basin area
that covers Prachinburi, Chachoengsao, Nakhon Nayok and Sakaeo Provinces.

20) To give opinion and advice to the National Water Resources Committee on policy
making, project planning, arid problem solving on development, conservation, and use
of water resources, together with other activities relating to water resources
management and the operation of other involved agencies in the specified river basin.

21) To give advice to the responsible agencies on project planning, prablem solving, and
any activities relating to water resource in the specified river basin.

22) To coordinate the formulation of action plans of government agencies in the basin
involving the development and conservation of water resources, water allocation,
rehabilitation of watershed area, and prevention and resolution of water scarcity, flood,
and water quality problems in the specified river basin in order to formulate the
comprehensive action plan for the river basin.

23) To determine the volume of water use, water allocation and other measures that
ensure appropriateness, faimess, and efficiency of water aliocation.

24) To monitor and evaluate the operation of the agencies involved in water resources in
the specified river basin.

25) To request information and facts of water resources from the concerned agencies so
as to collect statistics, data, information, opinion, and suggestions on water resources
management, development, conservation and problem solving of water resources as
well as protection and resolution of flood, water scarcity, arid water quality problems in
the specifies river basin.

26) To reconcile the conflicts of water resources management that occur in the specified
river basin.

27) To coardinate the operation of water resources management with the Committee of
the other related river basins.

28) To disseminate information, inform people and hear their opinion as well as create
public understanding about the operation and the results of the Committee.

29) To establish werking groups to do any task assigned by the Committee.

30) To undertake any task assigned by the National Water Resources Committee.

Major Stakeholders in Bang Pakong River Basin |

Considering allocation of good quality of water to various groups of users in the basin,
stakeholders who are involved can be grouped into 3 categories: decision maker,
implementing agencies, and water users. These categories have been identified as
follows:
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1) Decision maker and also regulator/standard setter

The Bang pakong River Basin Committee should represent this group of stakeholder.
Its composition comprises representatives of the rest in the categories.

31) Implementing agencies or resources manager and also operator/service provider
According to its function this category can be divided into:
s Group 1 concems mainly with provision and allocation of surface water, they are
+ Royal Irrigation Department
» Etzst Water Resources Development and Management Public Company
= Group 2 concermns mainly with controlling of groundWater use;
¢ Department of Mineral Resources

w  Group 3 concems mainly wiyh water quality, they are

¢ Department of Pollution Control
e Department of Public Health

»  Group 4 other bodies/ authorities (local administrative body):

o Municipality
s Tambon Administrative Organisation ( TAQ )

32) Water users
Large groups of water users are
®  Household which is represented by Provincial Waterworks Authority, municipality
8 Agriculture which is represented by water users'organisation
= |ndustry which is represented by Industrial Estate Authority
All these sectors have their own reponsibilities and roles that will be followingly explained.
1) Bang Pakong River Basin Committee
While ultimate goal of its establishment includes many perspectives and bulk
allocation of water is also one of its functions, but condidering its recent establishment
the Sub-committee does not obtain considerable capacity to perform the work at
present. Therefore, implementing agency like Royal Irigation Department is the key
actor in allocating water both for large and small group of users.
33) Royal Irrigation Department (RID)
RID operates work to supply and allocate water for agriculture, public utility and
industry and work on water-related disaster prevention, safty of dam and water

transportation in irmigated areas. Its role includes providing and managing water use in
irigated areas which constitute for 23 per cent of agricultural area of the country.
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34) East Water Resources Development and Management Public Company Ltd.

East Water's core business is managing water resources especially raw water
transmission systems for industrial and consumer use. Originally its business
concentrated only in East Coast Basin but now expands to Bang Pakong Basin.

35) Department of Mineral Resources (DMR)

DMR operates according fo the law on Groundwater, studies, analyses and
resrarches on groundwater, at present planning for groundwater and surface water are
entirely seperated. Only in Bangkok and its precinct that conjunctive use for
consumption is being considered.

36) Department of Pollution Control (DPC)

DPC recommends formulation on policy and plan on water quality, formulates
environmental quality management plan on water, monitors and exarmines water
resources quality and sources of wastewater in the basin.

37) The Department of Energy Development and Promation (DEDP)

DEDP is in charge of the overall energy development policy, carries out the water
resources development works and implements medium-small scale pumpimg projects
for imigation in order to secure adequate irigation water, however, it depends upon the
water availability.

38) Provincial Waterwork Authority (PWA)

PWA is resposible for production and distribution of potable water e.g. domestic,
industrial, etc., which includes source development, conveyance, pumping, treatment,
storage, and distribution faciities.

39) Tambon Administrative Organization (TAO)

TAQ operates maintenance of watercourse and manages water resources especially
in its administrative boundary, formulates plan, and prepares budget for plan
imptementation. TAOs are new entitles with limited technical and managerial capacity
and no experience in water management. Capacity building in simple technical
knowledge in water resources is needed for nearly every TAQ.

40} Water Users’ Organization (WUOQ)

Water Users’organization, in general, is divided into two main groups ie., formal or
legal and informal or customary. A formal organization is organized by law for formal
arrangements among the water users with specific purposes being deciced by them.
The organization then becomes a form of legal body.

At present, there are two types of water users' organization, ie. WUA and WUC that are
classified as the formal group. An informal institution is organized by informal
arrangements amoung the water users that incorporate traditional, religious, social values,
or perfoming certain purposes. There are cumently 4 water users'organizations are
classified as the informal group, ie. Traditional lrrigation Association, People Irrigation
Association, Water Users'Group and Water Administration Group

44 MAINREPORT.DOC



Water Mangement . -

Irigation Scheme

Water management in the Bang Pakong river basin is conducted at several levels. At the
upper one, the level of the whole basin, water resource is managed by several
administrations but mostly by the RID

Deliveries in the dry season are calculated according to basic requirements (transportation,
urban requirements and salt-water control) and the share for agriculture depends on the
available amount of water stored in the dam. In the rainy season, at least during the
August-November period, management mostly aims at dividing exess flows in the different
waterways in order to control the flood and avoid damages.

In both cases, this is achieved mostly through experience and manual regulation when the
situation borders excessive imbalance. The situation is monitored by the Office of Regional
Imigation 9 located in Choiburi Province and by the Central Office in Bangkok.

At the Project level, monitoring and regulation mostly concem the truck or primary canals,
whereas at the secondary ilevel, water management is under the control of zonemen who
take care of an average of 2,000 ha. At ditch level, at last, fairmers manage water by
themselves. This divislon works until some breakdown appears in the network: water
shoriage or exess of waler observed at a given level will be reported to the level above,
who will endeavour to balance thesituation. If the problem has its origin at an upper level,
then the information will proceed upward,

Observations of water levels and discharge at the main regulation structures are recorded
five times a day by the zonemen who transmit them to the Project’s Office. Specific data
related to water control in the main waterways s further forwarded to the regional office
and Bangkok main office. At the project level, however, this large amount data is seldom
analysed and regulation is mosfly based on experience, with respeonsiveness limited to the
abnomal situations observed and reported by the lower levels

Allocation to main canals regulated by RID. Secondary tirfiary canals and on-farm levels

are managed by WUO, There is no water charge but farmers may pay for the system
maintenance to WUO.

Waterworks Schemes
1) Eastwater Scheme
Main pipeline for raw water delivery is constructed in Cha Cheong Sao and Chonburi
Provinces in order to distribute water to PWA, Industrial Estate Authority and factories.
It is planned to meet demand of all these purposes up to the year 2007.

41) PWA Scheme

Only some restricted areas have been serviced by PWA. It has caused lack of enough
clean water for pecple and the service has been supplement by village waterworks.

42) Village Waterworks Schemes

They are managed by TAOs and other agencies and their budget derived from local
tax and money allocate by central govemment. Within the year 2006 all village
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waterworks will be transferred to TAQ. Their management will be done jointly with
wWuO.

SWOT Analysis and Discussion

The Establishment of Bang Pakong River Basin Commiittee

The establishment of River Basin Committee is a mechanism of decentralization of water
resources management to representatives of stakeholders in a river basin area, aiming to
stimulate people participatory in decision making and problem solving which will iead to
effectiveness, equity, and sustainability.

Bang Pakong River Basin Committee established in 2001. Obviously, it is in the initial
stage and mostly concemed with selection of the representatives from stakeholders. In
addition, it must set up the organizational network to link with grassroot organizations. The
process must be designed in paralle! with capacity-building at all levels. This can be shown
as follows:

1) River basin level

In order to manage water resources at this level, the work includes establishing a river
basin committee, creating its network, and strengthening the organization by using
various tools which are planning and designing for budgetary process, monitoring,
collecting basin data and information such as surface water, groundwater, demand for
water, agricultural plan, water quality, risk area, water user groups, etc. Morecver, a
research and study and interactive communication with public are also needed.

43) National level

The key role is to provide the management model and mechanism for river basin
organization. To give some examples they are formulated integrated water resources
management plans by a participatory approach, improved the process of budget
allocation in order to reduce the overlapping projects and to be in accordance with
national water policy. Furthermore, research and study to formulate management
model for river basin organization involving the development and conservation of
water resources, water allocation, preservation water resource, prevention and
resolution of flood, water quality problem, and so on is important.

44) Intermational level

The establishment of network of water resources management is considering
worldwide and Intemational Network on Basin Organization {INBO) has been
established. Basically, respective country has its own specific character and its
frameworks for management are different. Cooperation among themseives in term of
technology and experiences transfer will be an important factor for an achievement in
this area.

Working Process of Bang Pakong River Basin Committee

Since its establishment in 2001, its initial work was a selection of genuine representatives
from private sector. The selection process was carefully designed in order that
representatives from every group of stakeholders were genuinely represented. When its
composition was completed, the Committee set up working groups and assigned them to
do three tasks which are formulation of river basin plans, collecting river basin information
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and coordination for public relation. However, previous experiences showed that all these
tasks were properly derived by working within administrative boundaries. it meant working
groups had to be established at each level of administrative bodies and the work then
prepared at the smallest units which are tambons and provinces. Therefore, the Bang
Pakong River Basin Commitiee set up three levels of working groups namely working
group at the province level, working group at the tambon level and working group at the
village level. To stimuiate and strengthen them, ONWRC plans to formulate integrated
plan for the river basin. It will emphasize capacity building component by practicing the
River Basin Committee and the Working Groups with planning process and giving them
relevent knowledge.

SWOT Analysis of Institution in Bang Pakong River Basin
1) Strength

= Having a River Basin Committee (RBC) that is flexible in its composition,

® Having an Office of the Prime Minister's Regulation on Water Resources
Development and Management to be a legal basls for the RBC,

s Having representatives from various groups at different levels to participate in the
working group established to help functioning RBC,

a Wil have an integrated planning step introduced to the RBC and other
stakeholders.

45) Weakness

m  Having many agencies concemed in water resources management in the river
basin,

Lack of an information system of the river basin,

Lack of well defined direction and goal for the RBC,

Lack of continuity of technical aims in the RBC Secretariat,

Lack of general acceptance in process of selection of RBC's member,

Lack of full range of organizations that link to the small areas of the river basin.

46) Opportunity

= Having support from core agencies at national level e.g. NESDB, Budget Bureau
and Civil Services Commision,

m Wil have experienced and capable staff from other agencies transferred to new
Development of Water Resources which will establish in October 2002 according
to public sector reform,

® Do not encounter with resistance from NGOs.

47) Threat
= Selection of RBC’s members does not represent genuine representatives,
® Lack of active participation from stakeholders,
m Lack of cooperation from concemed agencies,
m  Problem occurred with Bang Pakong Dam will have a negative effect on RBC.

Discussion Following SWOT Analysis

At this stage the works have been concentrated on a selection of genuine representatives
from stakeholders and then strengthening the River Basin Committee. They are fully
dynamic considering both the selection process and the capacity building components.
Eventually, the target of solving water-related problems in the river basin will be scrutinized
and proposed by the River Basin Committee. At some certain stage, the River Basin
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Committee will possess with full capacity in considering various aspects and making
decision. However, capable implementing agencies are basic requirement for any
success.

Diversified use of water in Bang Pakong is a crucial factor for working direction of the
basin. Major water uses in industrial sector and communities make it different from other
basins, Emphasis must be placed to waste water treatrnent and in this connection, the role
of various local agencies should be enlarged and strengthened. The River Basin
Committee should link its work to the local agencies’ work. Developing of river basin's plan
and information should take into account all these factors.

After a new Department of Water Resources is established, a river basin management
should be trained among staff of this Department. Socio-economic implication of the river
basin management should be focused as well as technical aspect, in order to ensure a
SUCCESS.

The pilot case study and the establishment of the Bang Pakong River Basin Committee
reflect two critical points. First, a selection process of its representatives from various
groups of stakeholders should be designed in a very careful manner in order that the
representatives selected are genuine and well-represented. Second, a system of linkage
to agencies at different administrative boundaries including local units should be
established in order that the work of the River Basin Commiittee will be forrnulated from the
smaliest unit of administration. It will create a unity in water management work.

Good exercise for the Bang Pakong River Basin Commitiee is learning and establishing a
process of problems solving. This will include capacity building for the River Basin
Committee to effectively plan and fumish themselves with a capacity to consider budgets
and monitor implementation. It is important to strengthen all other involved parties, which
are staff of the new Department of Water Resources, staff of local administrative bodies
and water uses groups. This component should be furthered studied and practiced.
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Chapter

S5

Synthesis and Recommendations

This report provides a synthesis of three distinct analyses conducted for the “Development
of Effective Water Management Institutions” in Thailand. Two river basins were examined
for the study: the Mae Klong River Basin and the Bang Pakong River Basin. This reports
documents the major findings for the Bang Pakong River Basin; while, a separate report
exists for the Mae Klong River Basin.

The three analyses done for the study include water accounting analysis, a socio-
economic analysis, and an institutional analysis. Research was conducted from a river
basin perspective, as it has become widely accepted that the river basin scale is the
appropriate scale from which to manage water resources. The goal of this study was to
identify linkages between these three components so as to better identify and design
effective water management institutions.

Report Summaries

This section offers a brief review and “lessons leamed” summary from each of the three
research components. Specific details for each of the components can be referred to in
the separate reports that were written for each of the components. Descriptions of the
linkages were developed from research findings, internal brainstorming sessions, and
discussions with key experts.

Water Accounting

Water accounting is & framework for describing the use and productivity of water within a
given area. The methodology for water accounting is based on the use of water balances.
it considers the inflows and outflows for different water use boundaries such as basins,
sub-basins, and smaller divisions. For this study, the Bang Pakong River Basin was
divided into seven different sections. These sections were based on the existence and
location of gauging equipment that would facilitate the study, as data was readily available.
See Annex 2 for a map of the seven different sections. The seven sections were also
used for the Socio-Economic Analysis to facilitate comparisons and identification of
linkages between the different research compaonents.

Waler accounting calculations were done for each section on a seasonal and annual
basis. The importance of storage and inter-basin transfers of water into the basin are
shown by the high depleted fraction during the dry season. This high fraction of depleted
water use is evident on an annual basis as well.
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Analysis of data showed that gross inflow in wet season is larger than depleted water, but
in dry seaso is less than depleted water. The ratio of depleated water to gross inflow is
decrease from upstream to downstream basins. The ratio of depleted water to available
water is higher than 90%, it means most available water in domains was depleted. This
includes evaporation in waterways, evaporatranspiraton in fallow lands, water which flows
to the sea, and other location where it is not economically recovered for reuse, water which
unfit for certain uses, and water which incorporation in to a product. From available water,
there are 70% of available water was use in process consumption or depleted to produce
a human intended product such as crop evapofranspiration and comnsumption from
domestic and industrial use, and 80% of depleted water was use in process depletion.
From this analysis, the basin efficiency of basin is about 90%, it showed that this basin has
high effective water consumption.

From the water accounting analysis, development for this basin should do in management
section such as modifying crop schedule, crop pattem, improve water quality, decreasing
non intended use, or other product increasing method because there is little potential and
not economically to construc any infrastructure in this basin.

Socio-Economic Analysis

The Socio-Economic Analysis was conducted to document the general socio-economic
description of the Bang Pakong River Basin. Additional analysis was conducted to assess
the performance of irrigation within the system. Data sets were gathered and aggregated
according to the areas devised for the water accounting activities (as shown in Annex 6).
This section offers a brief summary of the basin and imigation performance. Special
attention is paid to the poverty situation in the basin and impacts that can have on the
effective management of river basins.

Analysis of the data showed that rural poverty is most concentrated in the two areas of
Khieng Phra Sathung and Khiong Phra Prong.® However, there does not appear to be
any clear relationship between the poverty rate and the percentage of farms imigated. The
rural poverty rate ranges from 48% in the Khiong Luang Area up to 85% in Mae Nam
Hanuman (using the official Thai Poverty Line). The gender structure of rural poverty
remains roughly constant averaging about 50%. Of particular interest is the relatively low
number of poor working in agriculture, which averages 21.6%. This is drastically lower
than the 63% recorded in the Mae Klong River Basin. Other factors which need to be
considered in relation to poverty within agriculture include distance to market, degree of
local markets, and suitability of land for faming.

Influence in the policy making precess among all water users is shown to be lowest for
famers and even lower for poorer, non-irrigating farmers. However, water is still the
largest bulk user of water. [t will be necessary to address this traditional imbalance
between influence on policymaking and imigation water use. As water scarcities increase,
the potential exists that the more influential users will gain a larger share of the water at the
less influential users' expense. This could exacerbate the poverty problem within the
basin.

income per rai for paddy crops appears stable across the basin, except in Khlong Luang
where income for paddy is trending upward. This mirrors an increase in yields for paddy in -
the Khlong Luang Area. Yields seem somewhat lower in the upstream portions of the
basin; however, & definite conclusion will require more data. The upstream sections tend
to have more land area In production of maize and cassava but paddy remains the key
crop.

® Datais cumently being deaned, so sorme anomalies are expected. Results are to be treated as Indicative only.
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From the Socio-Economic Analysis, a number of conflicts were identified that currently
exist between various water users within the basin. A table listing these conflicts is
presented in Annex 9. The tabie illustrates the conflicts and tradeoffs arising from a
number of stakeholders. The dominant characteristic of the tradeoffs is that they primarily
involve imgators versus another group or conflicts among different groups of irrigators.
Since irrigators were also shown to be the least influential in the decision-making process,
they will likely be the loser in any conflicts especially since effective conflict resolution
mechanisms remain weak or undeveloped. Within immigator groups, a poorer iigator is
likely to suffer a similar outcome.

Finally, an analysis of irrigation performance was conducted for the irrigation systems in
the Bang Pakong River Basin. The most striking feature of this analysis is the zero ranking
for the financial self-sufficiency criteria. This is a direct result of irrigation being provided as
a free public good. This creates a situation were the management of the imrigations
systems is fully dependent on funding from the government in order to operate. By not
being financially independent, an irrigation system remains dependent on the govermment
and more susceptible water management decisions that are not in the system's best
interests. Another feature is that relative water supply indicator is over 1, while the relative
irrigation supply is negative. This is a result of rainfall exceeding crop water demands,
usually by a great amount. This does not, however, illustrate seasonal scarcities that may
exist. Increased water storage could be a necessary development if seasonal water
scarcities become more acute.

Institutional Analysis

The Institutional Analysis was conducted te identify the institutional structure of water
resource management as it applies to the Bang Pakong River Basin. The most chvious
finding of the Institutional Analysis is the strong national focus of the analysis. There
appears to be little actual development of local and basin level institutions for the
management of water resources. This stems in part from the lack of a comprehensive
water resources law at the national level. There also are a large number of diverse
govemnment agencies that camy some responsibility for management of water resources.
In October 2002, a major reorganization of the government will take place. Of relevance
here, is that the department of Water Resources will be removed from the Ministry of
Agriculture and place in the Ministry of Natural Resources and Environment.

While the general concepts of effective water management have been recognized (e.g.
river basin management, fammer organizations) and initiai steps have been taken to
implement these concepts, the existing structure is still lacking in its ability to effectively
realize these management concepts. The guiding principles followed by the govemment
for managing river basins are given as efficiency in problem solving, equity in allocation,
and participatory management processes. Curment institutional arrangements are felt
appropriate to achieve these ideals by members of the ONWRC.

Thailand has created by a decree from the Prime Minister a national apex body for the
management of water resources. This body is known as the Office of the National Water
Resources Committee ONWRC. This office is responsible for coordinating and
formulating policies and regulations as well as overseeing the river basin organizations.
The river basin organizations have been organized to decentralize the management and
development of the water resources. In 2001, the Bang Pakong River Basin Committee
(BPRBC) was established by the ONWRC. The BPRBC will have responsibility for
management coordination and water resource regufation for the Bang Pakong River. The
Institutional Analysis report cites the difficullies facing the newly formed River Basin
Committees in fulfiling their tasks. A significant problem is that there is general lack of
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agreement in the selection of the committees members. Furthemmore, the current
membership list is felt to inadequately represent the stakeholders.

While many of the needed developments and reforms are embodied in the National Water
Vision, there remains a large gap in setting up in concrete terms the necessary framework.
The Draft Water Law, for example, calls for the establishment of the river basin committees
and provides for a process of dispute resolution. However, the draft law does not grant
either the river basin committee or the dispute resolution agencies any real authority to rule
on disputes,

Existing laws related to the management of water resources are often old and based cn
conditions that no longer exist. For instance, Section 1304 of the Civil and Commercial
Code states that water in water courses is freely available and that the govemment cannot
prohibit anyone from withdrawing this water. The Code does place limits on withdrawals
based on limits of reasonable need upon users. The Royal Irigation Act of 1942
addresses canal irigation. The Royal Irrigation Act sets a limit for irrigation fees at 5 Baht
per rai per year. Besides being exiremely low, this fee is currently not collected in the
basin. This creates a problem where the irrigation management is entirely dependent on
receiving subsidies from the government in order to stay financially feasible.

While many reforms have been made regarding changes in the administrative structure,
there remain deficiencies in the management capacity of newly formed organizations such
as the RBC, Tabon Administrative Organizations, etc. These organizations will need to
receive substantial capacity buiiding efforts to build the experience and know-how required
to effectively manage the water resources under their control. This point seems especially
relevant to the newly established RBC.

The Bang Pakong Diversion Dam is operated by the Royal lrigation Department. There
are several conflicts surrounding its operation. The two most serious conflicts include
batancing the divergent needs of water users below the dam and water users above the
dam. The second conflict is between the water storage needs of the diversion dam and
the environment. Original plans called for the construction of 12 storage reservoirs
upstream. Environmental concems are currently preventing the construction of these
dams. This hampers the full effectiveness of the diversion dam. The recently established
river basin committee will face a big challenge in resaclving this issue.

Recommendations and Conclusions

The previous sections have briefly reviewed and highlighted findings from the three
analyses conducted. The water accounting component indicated the current situation of
the basin. Currently, water is still adequate on an annual basis, but this situation may
reverse under a number of scenarios come to being in the future. Among these scenarios
is increased irrigation by sugarcane growers and increased diversions to Bangkok. Either
of these scenarios could create a situation where water quantities are insufficient to meet
demand.

The Socio-Economic Analysis and Imigation Performance Analysis highlighted the
important role that irigators play in water management of the basin. In particular,
agriculture plays a significant role in the basin, both in terms of livelihoods and as a factor
in poverty alleviation. Farmers in general are not very influential in the policy making and
decision making process. They are, however, among the most vulnerable.

The Socio-Economic Analysis also illustrated the declining paddy prices faced by farmers
in the river basin. This could create a situation where poverty increases in the upstream
and income inequality increases within the basin.
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Prawn farming is becoming an increasingly popular agricultural activity. The retums per rai
are far higher than for any crops. However, prawn raising activities can have many serious
negative impacts, such as reduced yields in surrounding fields, polluted water released
downstream, higher quantities of water used, and illegal abstraction of water to fill the
ponds. An effective method needs to be implemented to balance the needs of all the
various stakeholders. These methods can involve stricter enforcement of palicies,
incentives to discourage creation of externalities by prawn farmers, and compensation for
injured parties. Prawn faming does offer a higher income eaming option, which creates a
strong factor to prevent interference in attempts to more effectively regulate it.

In general, the position of famers within the decision-making process needs to be
strengthened. Farmers must have a stronger ability to influence policy. This can involve
larger groups of farmers such as federations of water user groups. It can also invoive
high-level representation or membership in a high-evel decision-making body.

The institutional Analysis section indicated that while many positive steps have been taken
toward the more effective management of river basins. In particular, the recognition of the
need for river basin organizations to manage water from the basin perspectives, the need
to establish farmer organizations to represent farmers, and the need to better coordinate
water resources management among the many diverse agencies. However, more
progress needs to be made o realize the ultimate goals of these changes. Foremost is
the need to enact an effective and comprehensive national water [aw. The law should
clearly spell out not only the dufies and responsibilities of the different agencies, but it
should also clearly specify the authority each agency will have in enforcing its duties and
regulations. A shortcoming observed during field visits was that different agencies were
either unclear of who was responsible for enforcement of polices or they lacked the means
to do so. Managing parties should have some representation at a high level in the
govermment in order to hoid legitimacy and power in having their needs met.

Recognition of the need for sfronger local management has led to the formation of river
basin committees. This is a good fundamental move for better coordination of different
agencies and representation of stakeholders at a more decentralized level. The biggest
challenges facing the effective management of water resources in the Bang Pakong River
Basin are:

1) The improvement of interagency and stakeholder communication and cooperation;

2) The effective enforcement of policies and regulations;

3) The creation of effective institutions that are responsive to farmer needs and can
influence the decision-making process;

4) The creation of an incentive system to regulate/control/compensate for water use
pattems; '

5} The recognition of and response to increasing water scarcity.

This report has summarized the three research components conducted for this study and
offered brief reviews. Linkages between the three components were made and
recommendations were made regarding policy developments to devise more effective
water resource management institutions to manage the water in the Bang Pakong River
Basin.
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Annex 2. Map of the Bang Palong River

» Figure 12 Boundary of the Bang Pakong River Basin and its Sub-Basin
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» Figure 14 Location of Runoff Gauging Stations in the Bang Pakong River Basin
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* Table 18 Various Crop Evapotranspiration for Water Accounting Analysis in the Bang Pakong River Basin in Normal

Year (1994)
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Annex 4. Water Accounting Diagram
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« Figure 15 Water Accounting Diagram of the Khiong Pra Sathung Sub Basin in Normal Year

(1994)
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» Figure 16 Water Accounting Diagram of the Khlong Phra Prong Sub Basin in Normal Year (1994)
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= Figure 17 Water Accounting Diagram of the Mae Nam Hanuman Sub Basin in Normal Year

(1994)
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» Figure 18 Water Accounting Diagram of the Main Prachinburi Sub Basin in Nomal Year (1934)
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« Figure 19 Water Accounting Diagram of the Nakhon Nayock Sub Basin in Normal Year (1994)
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« Figure 20 Water Accounting Diagram of the Khlong Luang Sub Basin in Normal Year (1994)
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» Figure 21 Water Accounting Diagram of the Main Bang Pakong + Talat Sub Basins In Normal

Year {1994}
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« Figure 23 Water Accounting Diagram of the Khlong Phra Prong Sub Basin in Wet Year (1995)
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Annex 5. Water indicator Diagram

Wet

0.69

Depleted fraction of Gross Inflow

s Figure 36 Water Indicator Diagram of the Depleted Fraction of Gross Inflow (DFa) of Wet

Dry

Season in Normal Year (1994)
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Depleted fraction of Gross Inflow

» Figure 37 Water Indicator Diagram of the Depleted Fraction of Gross Inflow (DFa) of Dry Season

in Normal Year {1994)
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Annual 0.85 Depleted fraclion of Gross Inflow

» Figure 38 Water Indicator Diagram of the Depleted Fraction of Gross Inflow (DFa) of Normal Year
{1994)

KL

Wet 0.97 Depleted fraction of Available Waler

« Figure 39 Water Indicator Diagram aof the Depleted Fraction of Available Water {DF aw) of Wet
Seasen in Normal Year {1994) :
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D .
ry 1.00 Depleted fraction of Available Water

« Figure 40 Water Indicator Diagram of the Depleted Fraction of Available Water (DFaw) of Dry
Season in Normal Year (1994)

Annual 0 98 Depleted fraction of Available Water

= Figure 41 Water Indicator Diagram of the Depleted Fraction of Available Water (DFaw) of Normal
Year (1994}
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KL

Wet 0.90 Process fraction of Available Water

« Figure 42 Water Indicatar Diagram of the Process Fraction of Available Water (PFaw) of Wet
Season in Normal Year {1994)

NK

M-BPK + TL

KL

Dry 092 Process fraction of Available Water

« Figure 43 Water Indicator Diagram of the Process Fraction of Avaitable Water (PFaw) of Dry
Season in Normad Year (1994)
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LT

KL

Annual 0.91 Process fraction of Available Water

o Figure 44 Water Indicator Diagram of the Process Fraction of Available Water (PFaw) of Normal
Year (1994}

P FAW-ag

Wet 0.92 Pracess fraction of Available Water
' for Agriculture

« Figure 45 Water Indicator Diagram of the Process Fraction of Availabie Water for Agriculture
(PFaw-ag} of Wet Season in Normal Year {1994}
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» Figure 46 Waler indicator Diagram of the Process Fraction of Available Water for Agriculture
(PFaw-ag) of Dry Season in Normal Year (1594)
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s Figure 47 Water Indicator Diagram of the Process Fraction of Available Water for Agriculture
(PFaw ag) of Normal Year (1994)
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Wet 0.92 Process fraction of Depleted water

« Figure 48 Water Indicator Diagram of the Process Fraction of Depleted Water (PFmo) of Wet
Season in Narmal Year (1994)

KL

Dry 0.92 Process fraction of Depleted water

» Figure 49 Water Indicator Diagram of the Process Fraction of Depleted Water (PFo) of Dry
Season in Normal Year (1994)
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Annuai 0.92 Process fraction of Depleted water

» Figure 50 Water [ndicator Oiagram of the Process Fraction of Depleted Water (PFm) of Normal
Year (1994)
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Wet 0 95 Beneficial Utilization of Available Water
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» Figure 51 Water Indicator Oiagram of the Beneficial Utilization of Avaliable Water or Basin
Efficiency{BU or BE) of Wet Season in Normal Year {1994)
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Dry 0.96 Beneficial Utilization of Available Water
- or Basin Efficiency

« Figure 52 Water Indicator Diagram of the Beneficial Utillzation of Avaliable Water or Basin
Efficiency{BU or BE) of Dry Seasen in Normal Year (1994)
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KL

Annual 0 95 Beneficlal Utilization of Available Water
’ or Basin Efficiency

o Figure 53 Water Indicator Diagram of the Beneficial Utilization of Avaliable Water or Basin
Efficiency(BU or BE) of Normal Year (1994)
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Annex 6. Some Notes on Data Collection
Analysis

The data for the demographic analysis is derived from secondary data in the NRD2C
database referred to in Thai as Kor Chor Chor Song Gor. The NRD2C data are
collected at the village level and are available for the years 1994, 1996, and 1999.
The interesting data which is extracted from the database are Population, Multiple
Occupation, Single Occupation, and Property fields. Each field of database contains
some items as follows:

1) Population Field contains number of populations households, and males and
fernales which categorized according to their ages,

2) Multiple Occupation Field contains number of households which have many
occupations and their income,

3) Single Occupation Field contains number of households and their income. The
single occupations are paddy field, up-land crop, fishery, households industry,
employee and others.

4) Property Field contains number of households which have own land, rent land,
rent some part, and landless.

From various data in various fields in database, the data are verified by using these
relations:

Total population = Surmmation of male population and female
population

Total maie population Summation of males according to their ages

Total female population Summation of females according to their ages

Total households = Summation of households which have single
occupation and multiple occupation

Total households = Summation of households which have own

land,

lent land, lent some land, and landless

Total households = Summation of households which work on
paddy
field, up-land crop, fishery, households industry,
employee, and others.

After verification of data, the population data were categorized to be poor and non-
poor based on official Thai poverty lines. The poverty lines were collected from the
Assessment of Developing Offices in unit of income per head per month. People who
had less income than the poverty line were classified as poor, while others were non-
poor.
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Because the NRD2C data are collected in village basis, the poverty lines will change
to be income per hausehold per month by multiplying with the average population per
household and number of months in a year. Afterward, each category was
aggregated to the sub-district (Tambol) level and to sub-basin level by using
percentage of village in a sub-district and percentage of sub-district in a sub-basin.

The data for the agricultural analysis were taken from the secondary data from
NRD2C database, Agriculture Economic Office database, and A Study on Master Plan
for Water Resources Development and Management in Eastern Region (prepared by
Department of Water Resources Engineering, Kasetsart University).

The Agriculture Economic Office data were collected on a provincial level for the year
1998. The relevant data was extracted from the database including total area, forest
area, farm size, number of farms, number of farms holding fand, and number of
unclassified land. The data were verffied by using the foliowing relations:

fl

Total area Forest area + Farm holding land + Unclassified

land

Farm holding land Farm size x Number of farm

The data from “A Study on Master Plan for Water Resources Development and
Management in Eastemn Region” was collected on a sub-basin level and was available
for the year 1994. The relevant data which was extracted from the study include
agricultural area, forested area, and reservoir and pond area.

Data for farm income part is from the NRD2C database. The first step for converting
population and income per person data from village basis to sub-basin basis is to use
factor of percentage of village in sub-districts (Tambol) and percentage of sub-district
(Tambeol} in sub-basin.

The data for cropping pattemns, prices, and yields is the secondary data from
Agriculture Economic Office database, and A Study on Master Plan for Water
Resources Development and Management in Eastem Region (prepared by
Department of Water Resources Engineering, Kasetsart University). The Agriculture
Economic Office data were collected on a provincial level for the year 1995, 1996, and
1999. The relevant data which was extracted from the database include irrigation area
(rai), price {Baht per rai), and yield (kilogram per rai), which were categorized
according to the type of crop, such as major rice, second rice, maize, cassava,
sugarcane, soybean, groundnut, cotton, pineapple, shrimp farm, mix orchard, and
other agricultures.

Land use data from “A Study on Master Plan for Water Resources Development and
Management in Eastern Region” were collected on a sub-basin level for the year
1994. The interesting data which was extracted from the database Is imigated area
(rai) which was categorized according to the type of land use such as rice, maize,
cassava, sugarcane, plant forest, rubber plantation, mix orchard, shrimp farm, fish
farm, salt fanm, inland forest, muddy shore forest, other agricultures, reservoir, and
pond,

The assessment of irmigation performance includes a description of some reservoirs in
the sub-basin or irmigation system. In Mae Nam Hanuman and Main Prachinburi sub-
basins, there are no reservoirs are not described. The source of data is from the
research reported in year 1996. Khlong Sam Sib reservoir has different values
between irigated area and command area because the one part of this area received
water from the other reservoir. The total O&M expenses per cubic meter are
- estimated from annual water development and services cost. This is according to
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water charge management research reported in year 1997. The gross value of output
in local currency is the total income from agricultural and non-agricuitural, however,
non-agricultural income could be negligible compared to agricultural income. The
incomes in this item are total income and do not subtract cost. The estimation of this
value is the muttiplication of revenue from irrigation and irrigated area.
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Annex 7. Legal Setting of Water Resource
Management in Thailand

» Table 32 Legal Setting of Water Resource Management in Thafland

Title of Law Draft water Groundwater | Land Classification ) Ditch and Imigation act
and resource act act 1977 consolidation of river basin | dike act 1942
. act 1975 act* 1962
classification
number:
Issuing ONWRC Department | Office of Land Royai Forest | Royal Royal
authority: of Earth Consolidation | Depariment | Imigation Imigation
Resource for Agriculture Department | Department
Scope: National National National National National Nationa!
Aspect All aspects of Registration | Land Allowable Existence Issues to
addressed: water resource of tube well, | consolidation landusefor | and support
management program. each basin maintenance | imigation
and utilization. classification. | of ditch, developrment.
Description of River Basin All private If the majority It prohibits &l | Fammers can | Giving RID
Impiementation Committee is boreholes of farmers in development | notinvade and its
established by must be the area agree | including the ditch and | officers the
procedures: NWRC to registered, | with land dam must do authority in
perform function | new consolidation construction | some construction,
as assigned, In | boreholes program. The | attheriver maintenance | operation
cases of dispute must geta OLCA will basindass 1 | at and
RBC suggests permit and announce the {slope area appropriate maintenance
resolution, can annual fee land with good time. of irigation
refer to NWRC should be consolidation forest project and
for higher paid. No area and condition). system.
resolution permitis partially pay for
procedures needed for the cost.
government
agency.
Responsible DER OLCA RFD RID
parties: NWRC, RBC RID
Enforcement NWRC issues DER should | Thetargetarea | RFD controls | RID shouid RiDis
mechanisms: national poficy moenitor and | 1s Irigation land use inform recognized
and RBC issues check area and accordingto | famertodo | and authority
bhasin strategy number of should initiate the some was granted
and well and by famer. classification | maintenance | to its duty.
management. amount of of basin. of field ditch.
umping.
148 APPENDICES.DOC




Annex 8. Trade-off Analysis for the Bang
Pakong River Basin

= Table 33 Trade-off Analysis for the Bang Pakong River Basin

Level of
parties
{macro,
Competing meso, Description of Possible resolution
Groups micro) conflict Trade-offs and source
Imigators will ask the
Imgators want o build a Villagers do not want villagers for a possible
ImigatorsVillagers Meso dam for irmigation. irmgation development. solution.
Imigators might
communicate with
Irigators have insufficient | Industry needs fo comect | industry for timing and
water quantity and for tming and quantity of | quantity of water before
Imigatorsfndustry Meso reliabifity. water. delivery.
Imigators right
communicate with
Imigators have insufficient industry for timing and
Irigators/Water water quantity and Industry needs to comect | quantity of water before
supply Micro reliability. for quantity of water, delivery.
Irrigators cannot release imigators will have the
Imigators/Salinity water for the timing highest priority water
intrusion regulation Maso requirement. Flood tide and ebb tide. requirernent.
Poor water quality from
shrimp famms damage the | Rice and shrimp famms Zoning regulations for rice
Rice/Shrimp fam Meso praduction of rice, are same area. and shimp farmes.
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Annex 9. Mandate and Composition
National Water Resources Committee
(NWRC)

Articles 6 and 7 of the “Office of the Prime Minister's Regulation on National Water
Resources Management, 1989" established the NWRC and detailed its functions.
Article 7 states that the NWRC has the duties to:

1) Formulate objectives and policies on large, medium and small-scale water
development projects for the Cabinet's approval.

2) Provide guidelines to and accommodate government of water projects at various
scales as assigned to NWRC, and coordinate the preparation of such plans and
projects.

3) Review and approve the plan or the construction or development of water projects
at various scales.

4) Control and supervise the implementation of plans or the construction or
development water projects at various scales.

5) Consider and resolve urgent problems encountered by govermment agencies,
state enterprises and other organizations in implementing pltans or projects and
then reports to the Cabinet.

6) Set priorities for water allocation and use control for water various sources in
according to demands for domestic consumption, power generation, industry,
agrictiture and others, then report to the Cabinet, and supervise the
implementation of the priorities.

7} Administer, control and supervise the inspection and rehabilitation of water qua!tty

8) Prepare a report on the construction or development of water protects at various
scales, the situation of water quantity and quality, and water utilization in meeting
various demands.

9) Propose the Cabinet to issue or revise rules, regulations and laws conceming the

" construction, development, control, protection and conservation of water sources
including water quality.

10) Carry out other missions assigned by the Cabinet.

11) Administer, control and supervise the operation of the Office of the National Water
Resources Committee,

12) Appoint sub-committees or working groups as necessary to assist NWRC,

13) Employ experts or institutes to carry out tasks under the responsibility of NWRC
and set a remuneration rate as appropriate.

The NWRC was established in 1989 by Article 6 of the Office the Prime Minister's
Regulation on National Water Resources Management. The NWRC consists of the
Deputy Prime Minister as chairman, the Secretary of the Office of the Prime Minister
as secretary, and other members appointed by the Prime Minister as seen fit. In
practice, the Director of the Office of NWRC is usually appointed as assistant
secretary. The current Commiftee, according to the Prime Ministers Office’s Order
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No. 87/2000 conceming the Appointment of National Water Resources Committee
Members, consists of 34 members who are listed below:

1) Deputy Prime MINISIEr .......c.oo.oviiricccese et es sttt sere s sene Chairman
2) Minister to the Prime Minister's Office . rrernre e eser e VICE ChaIMan
3) Minister of Ministry of Agriculture and Cooperatwe .................................... Vice Chaimman
4) Secretary-General Of NESDB ..........ccovucccmniicivereeecsievess e seessteseeeesaseensesenes Member
5) Director-General of Budget BUreau ...........c.couriccmeeicesrresise st erire e Member
6) Permanent Secretary of Agriculture and Cooperatives ... s .. MEMber
7) Pemmanent Secretary of Science, Technology and Envuronment ceerrrn e MEMber
8) Permmanent Secretary of Defense ... Member
9) Pemanent Secretary of INTEFION............cc.ccieieiiecernteec e neeeeseseeesesens Member’
10) Permanent Secretary of Transportation and Communication................cccccceenn.... Member

11) Permanent Secretary of INAUSHY ... s sssseneneeen. MEMbBDET
12) Permanent Secretary of Public Health .........ccccoecvevcnireeve v .. MemMber

13) Director-General Of RID.............coovvereeereeeeee et et eev s s veses s se e anes Member
14) Director-General of Department Energy Development and Promotion.................Member
15) GOVEIMOL, EGAT ..ottt s s e et Member

16) Senior expert in Waler reSOUTCES ...ttt e s neeene. NIETIRET
17) Senior expert in Water FESOUICES ... s mersseseres e MeMber
18) Senior expert i Water FESOUMCES ..o vissnse s vs st ess et essmsarasee e Member
19} Senior expert in Water FESOUITES ..o resessieesestoreessrseessseeneense. MEMBET
20) Senior expert iN Water FESOUICES ..o nsssesssessssssssisssecssnsnnan. MEMbEr

21) Senior expert in Water TESOUICES ......c.u vt et ssrsse s serssesssssrsassnses Member
22) Senior expert i Waler F@SOUMCES .......ovvverirerereorreesrssmmarssrssscsassssersesensiesssnerens MEMBDET
23) Senior expert in water resources .. termerr et tneesesesensnsennsnsnenenseanees o VIEMDET
24) Secretary-General to the Prime Mmrster ~.Secretary
25) Deputy Secretary-General to the Prime Mlmster Ass;stant Secretary
26) Director, ONWRG ..ot st se s srs et s e e Assmtant Secretary
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Annex 10. The Organization of the National
Water Resources Committee

Office of the National Water Resources Committee

Legal Section Water Resources Specialist
_ : Operations Coordination &
Policy & Planning Branch Evaluation Branch
Water Resource Operation
Policy & Master Plan _ Cogordination Section
Development Secticn 1% Water Resource Operation
i Coordination Department
2" Water R Operat
1% Policy & Master Plan Department i (‘miae;meg:unﬁnenpetm o
2™ Policy & Master Plan Depariment Evaluation Section

l: 1% Evaluation Department
2™ Evaluation Department

Water Resources Information Branch ]

Research & Foreign [
Reiation Branch |

1% Water Resources Condition Section ] Data System Section

2™ Water Resources Condition Section

E 4
Foreign Relations Section 1* Data System Department

2™ Data Systern Department

Data Analysis & Compilation

1* Data Compifation Department
2™ Data Compilation Department

Public Relations & Mass
Coordination Branch General Administration Section

Public Relations Planning Section

Public Refations Policy Deparfment Corespondences & General
Public Relations Plan Coordination Department | Admi rﬂstration Departrent

Mass Cooperation Coordination Section T__ Personnel Department
i: 1* Mass Cooperation Coordination Section Finance & Supply Department
2™ Mass Cooperation Coordination Section —
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Annex 11. Composition of the Mae Klong

1) Provincial Governar of ChachoengsSa0. ... eeereresereen Chaiman
2} Duputy Provincial Govermnor of Prachinburi ..o v virecer . ViceChairman
3) Duputy Provincial Governor of Nakhon Nayok............coeieecieeececee. Vice Chairman
d) Duputy Provincial Govemor of Sakag0 .......ccvveeceieveeriieeseeereseseseeresns Vice Chairman
8) Director of the Office of the National Water Resources Committea ....... Vige Chairman
6) Director of the Regional Irrigation Office 9 ..........c.cccvveecroveecriererresrreneene Vice Chairman
7} Representative of Office of the Permanent Secretary Ministry of Industry ........Member
8) Representative of the Royal Forestry Depatment ........cccoevvveeiercrcreresecreres Member
9) Representative of Department of Agriculture Extension ........c.ccvecvevv v, Member
10) Representative of Department of Community Development ............c..coon.en. Member
11) Representative of Provincial Waterworks AUthOMY ..........c.covvereiteiiecneeirenene. Member
12) Representative of Department of Energy Development and Promotion............ Member
13) Representative of the Office of Accelerated Rural Department..........................Member
14) Representative of the Public Relations Department...........occcceeeeevveeesrerennnn... Member
15) Representative of Department of Health ..o Member
16) Representative of water user group in agricultural sector ............oeeoevveenrenen-o... Member
17) Representative of water user group in agricuitural secior ................ ererreerntaneas Member
18} Representative of water user group in agricultural sector............cvceveeeeeenne . Member
19} Representative of water user group in agricultural sector ...........ovevveeeerinene..n... Member
20) Representative of water user group in agricultural sector ..........o.cceeevverceenenen.... Member
21) Representative of water user group in agricultural Sector .............c.ccevveevereennn.... MemMber
22) Representative of water user group in agricultural SECtor... ..o ieereceieennnnne Member
23) Representative of water user group in agricuitural SECLOr ....vvereree v s Member
24) Representative of water user group in agricultural sector ......c...ocee v reneeen... Member
25) Representative of water user group in agricultural sector...........ccocceceirecereeanne.. Member
26) Representative of Local Administration ...........co.eeccivic et Member
27) Representative of Local Administration ... Member
28) Representative of Local ADMInistration ... s s M@mber
29) Representative of Lotal AAministration ............ocveieeecnecce e vovserereseeeenner, MeMbear
30) Representative of water user in industry Sector........cccceceieveveeiersicevisiscceneen... Member
31) Representative of water user in industry Sector..........cceciecvsemvnine v ceeennn. M@Mber
32) Representative of water user in commercial SECtOr ... oreeeecvicecsee e Member
33) Representative of water user in commercial Sector........ccoceevciverecevseres v Member
34) Representative of water user in business and tourism sectar............................. Member
35) Representative of waler user in business and tourism sector.............ccvuieeee... Mermber
36) Expert or Representative of Non-Government Organization..............cc.vvee.... Member
37) Expert or Representative of Non-Government Organization .........c....ceueeeee..... Member
38) Expert or Representative of Non-Government Organization .............cooev.ooen...... Member
39) Expert or Representative of Non-Government Organization ..............ovveeeeeeee.n.. M&mMber
40) Expert or Representative of Non-Government Organization ..o, -...Member
41) Expert or Representative of Non-Government Organization........c.ocveveieriverennne Member
42} Chief of Irrigation Project in Chachoengsao Province... ..Member and Secretary
43) Official of the Office of the National Water Resources Commlttee
....................................................................................... Member and Assrstant Secretary
44) Official of the Provincial Administration Office of Chachoengsao ...
....................................................................................... Member and Assmtant Secretary
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