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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, s2 Kysavawong, P2 and
Biltonen, E.?

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 Irrigation Performance Analysis highlighted the
important role that irrigators 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

1Faculty of Engineering, Kasetsart University, *Water Resources Department, and

*Internation Water Management Institute-South East Asia
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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 plan 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, irrigation 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 turn 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 IWMI and Kasetsart University
research teams. Visits were taken to the Bang Pakong Diversion Dam, the Pra Ong
Chaiyanuchit Irrigation Project, the Talat Irrigation System, and the Bang Plung Operations
and Maintenance Irrigation Project. Additional visits were taken to observe the physical
conditions of the irrigations 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 River 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 mcm. The total irrigated area
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is reported to be 2.1 million rai (3,328 km2).1 The average annual mean runoff is 3,712
mcm. The major infrastructural characteristic of the basin is the Bang Pakong Diversion
Dam. The dam is designed to regulate the flow of water to reduce salinity intrusion during
the dry season. 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 Khlong 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 correspond 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 Table 1

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

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

! Department of Irrigation Engineering (2002). Water Resources of 25 River Basins of Thailand, Kasetsart
University. 2002. www.eng.ku.ac.th/~irre/E25BASIN.HTM
?Inthe map in Annex 2, 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 while there is very limit water in
dry season, but has too 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 Khlong 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 (SI) is surface flow across the domain boundary on the basin or
sub-basin.

m  Sub-surface inflow (SSI) 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) Netinflow (NI) 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)

5)

6)

7

8)

9)

Storage (S) is separated into two layers as surface and sub-surface storages.

m Surface storage is volume space on ground surface such as reservoirs, natural
channel, ponds, rivers, and canals. The surface 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 soil 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 to 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 multiplication of crop coefficient and
potential evapotranspiration calculated by the Penman-Monthieth method
suggested by the FAO (Doorenbos and Puitt, 1977).

m  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.

m 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.

m  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
committed to other uses, such as downstream environmental requirements or
downstream water rights. Committed water outflow here in this study is the amount of
downstream flow to maintain sustainable ecology or 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
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of storage or sufficient operational measures. Uncommitted outflow can be classified
as utilizable or non-utilizable.

m  Utilizable outflow (UQ) is utilizable if by improved management of existing facilities
it could be consumptively used.

= Non-utilizable outflow (NUO) 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 outflow. It represents the amount
of water available for use at the basin, service, or use levels. Available water includes
process and non-process depletion plus 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 sg. 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 sqg. 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 sqg. 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 Nayok 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 runoff station which used to analyses water accounting.
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Selection of Representative Year

In this study, representative years were selected for a normal 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 balance 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 + SSI @)
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 Nl is the net inflow, Gl 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 eastern 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 calculated 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 Prachinburi, 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 Khlong 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. Furthermore, 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&l) 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 Eastern Region” (prepared by the Department of Water
Resources Engineering, Kasetsart University) with data available for the year 1996 and
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Outflow

2000. A linear equation from available data is use to established M&I water requirements
for the study year.

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

O=NI-D 4)
Where the Nl 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 laws 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 = NI - C - NUO (5)

Where NI is the net inflow, C is the committed water and NUO 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 correctness 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 little
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 5 are
display the result in the 1994 (normal year), Tables 3 and 6 are display the result in the
1995 (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
1994 (normal year). These two figures are showing the water accounting analysis in the
wet season, dry season and whole year. The whole water accounting diagrams of the
Bang Pakong River Basin are shown in Annex 4.

Water Accounting Indicators

Water accounting indicators are fractions used to 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.

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

15) Process Fraction of Available Water (PFaw) 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-agricultural uses
that are beneficial but depletive from the available water such as domestic and
industrial uses and forest evaporation.

PWaw.ag = ET/ AWy
Where ET is the evaporation and AW,gis the available water for agriculture.
The available water for agriculture (AW,g) can be calculated as follow.

AW,g= NI = C — NUO — Dineg

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

The beneficial depleted water for non-agricultural can be calculate as follow.
Dbnag = I:)nag + Bnag

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

PFTD =P / D
Where P is the process consumption and D 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). Its 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 DFaw 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 pattern, or other product increasing method
because the potential for infrastructure development is only 10 %, its 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 PFw and DFay 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..g has higher
value as PF,y, so 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 90. 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 PFay, BE has higher value than PFay about 20%. This shows
that 20% of available water which are non-process depletion is beneficial such as home
garden and forest evapotranspiration.
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e Table 2 Water Accounting Data and Calculated Indicators for the Upper Bang Pakong River Basin (1994 = normal)

Items Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 3,021.8 398.0 3,419.8 4,148.8 366.0 4,514.8 4,022.3 265.2 4,287.6 6,810.0 346.8 7,156.8
Surface Inflow 0.0 0.0 0.0 828.6 55.8 884.4 0.0 0.0 0.0 3,261.0 114.5 3,375.5
Sub-Surface Inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Precipitation 3,021.8 398.0 3,419.8 3,320.2 310.2 3,630.4 4,022.3 265.2 4,287.6 3,648.9 232.3 3,781.2
Net Inflow 2,625.2 794.7 3,419.8 3,630.3 884.5 4,514.8 3,328.8 958.8 4,287.6 6,240.4 916.4 7,156.8
Gross Inflow 3,021.8 398.0 3,419.8 4,148.8 366.0 4,514.8 4,022.3 265.2 4,287.6 6,810.0 346.8 7,156.8
AStorage 396.6 -396.6 0.0 518.5 -518.5 0.0 693.5 -693.5 0.0 569.6 -569.6 0.0
Net Inflow 2,625.2 794.7 3,419.8 3,630.3 884.5 4,514.8 3,328.8 958.8 4,287.6 6,240.4 916.4 7,156.8
Depleted Water 1,796.6 738.9 2,535.5 1,864.2 802.2 2,666.5 1,833.8 926.5 2,760.4 2,1554 893.9 3,049.3
Process Water 1,488.7 618.8 2,107.5 1,508.3 654.1 2,162.4 629.7 287.2 916.9 1,879.4 706.0 2,585.4
Water uses intended by humans 0.9 0.9 1.8 0.9 0.9 1.8 04 04 0.7 1.5 1.5 3.0
Evapotranspiration by crops (ET) 1,359.7 612.8 1,9725 1,366.8 649.0 2,015.8 468.0 2811 7491 1,698.6 693.4 2,392.0
Evaporation from municipal and industrial uses (M&l) 1.1 1.1 22 1.1 1.1 2.2 0.5 0.5 0.9 1.9 1.9 3.7
Beneficial Non-process Water 307.9 1201 428.0 355.9 148.1 504.0 1,203.7 638.8 1,842.5 2753 187.0 462.3
Low or Non-beneficial Non-process Water 0.0 0.0 0.0 0.0 0.0 0.0 04 0.5 1.0 0.7 0.9 1.6
% Compare with Rainfall 42 1.0 3.8 42 1.0 3.9 4.0 20 3.9 5.0 4.0 49
Flows to sinks 126.9 4.0 130.9 139.4 31 142.6 160.9 53 166.2 1774 9.3 186.7
Available Water 1,879.4 7445 2,623.9 2,040.8 8104 2,851.3 1,983.3 929.8 2,913.1 2,563.9 896.2 3,460.1
Outflow (VP) 773.9 48.3 8222 1,724.2 741 1,798.2 1,434.9 31.7 1,466.6 2,460.0 6.3 2,466.3
% Compare with VP 107.1 115.5 107.6 102.4 11141 102.8 104.2 101.5 104.1 166.1 357.5 166.5
Outflow 828.6 55.8 884.4 1,766.1 82.3 1,848.3 1,495.0 322 1,527.2 4,085.0 225 4,107.5
Uncommitted Outflow 803.7 54.1 857.9 1,713.1 79.8 1,792.9 1,450.1 31.3 1,481.4 3,962.4 218 3,984.2
Utilizable Outflow 82.9 5.6 88.4 176.6 8.2 184.8 149.5 3.2 152.7 408.5 22 410.7
Non-utilizable Outflow 720.9 48.5 7694 1,536.5 716 1,608.1 1,300.6 28.0 1,328.7 3,653.9 19.6 3,573.5
Committed Outflow 249 17 26.5 53.0 25 55.5 448 1.0 458 122.5 0.7 123.2
Depleted Fraction of Gross Inflow (DFg)) 0.59 1.86 0.74 0.45 219 0.59 0.46 3.49 0.64 0.32 2.58 0.43
Depleted Fraction of Available Water (DFaw) 0.96 0.99 0.97 0.91 0.99 0.94 0.92 1.00 0.95 0.84 1.00 0.88
Process Fraction of Available Water (PFaw) 0.79 0.83 0.80 0.74 0.81 0.76 0.32 0.31 0.31 0.73 0.79 0.75
Process Fraction of Available Water for Agriculture (PFaw-ag) 0.80 0.91 0.83 0.75 0.90 0.79 0.37 0.52 0.41 0.71 0.89 0.75
Process Fraction of Depleted Water (PFrp) 0.83 0.84 0.83 0.81 0.82 0.81 0.34 0.31 0.33 0.87 0.79 0.85
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.96 0.99 0.97 0.91 0.99 0.94 0.92 1.00 0.95 0.84 1.00 0.88
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e Table 3 Water Accounting Data and Calculated Indicators for the Upper Bang Pakong River Basin (1995 = wet)

ltems Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 3,708.7 441.9 4,150.7 5,048.1 468.0 5,516.1 3,681.6 381.2 3,962.8 7,660.5 353.8 8,014.3
Surface Inflow 0.0 0.0 0.0 1,393.6 47.0 1,440.6 0.0 0.0 0.0 3,905.0 113.9 4,018.9
Sub-Surface Inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Precipitation 3,708.7 4419 4,150.7 3,654.5 421.0 4,075.5 3,581.6 381.2 3,962.8 3,755.5 239.9 3,995.4
Net Inflow 3,275.6 875.1 4,150.7 4,564.0 952.1 5,516.1 2,974.9 987.8 3,962.8 7,130.0 884.3 8,014.3
Gross Inflow 3,708.7 441.9 4,150.7 5,048.1 468.0 5,5616.1 3,681.6 381.2 3,962.8 7,660.5 353.8 8,014.3
AStorage 433.2 -433.2 0.0 4841 -484.1 0.0 606.7 -606.7 0.0 530.5 -530.5 0.0
Net Inflow 3,275.6 875.1 4,150.7 4,564.0 952.1 5,516.1 2,974.9 987.8 3,962.8 7,130.0 884.3 8,014.3
Depleted Water 1,882.0 828.1 2,7101 1,961.1 881.8 2,842.9 1,672.9 944.3 2,6171 2,395.1 880.1 3,275.2
Process Water 1,635.7 553.7 2,189.4 1,676.3 649.1 2,3254 751.8 318.3 1,070.2 2,184.6 707.8 2,892.4
Water uses intended by humans 1.0 0.9 1.9 1.1 1.0 21 0.5 0.5 0.9 1.6 1.6 32
Evapotranspiration by crops (ET) 1,633.6 551.5 2,185.1 1,308.5 642.5 1,950.9 715.0 309.7 1,024.7 1,242.0 694.6 1,936.7
Evaporation from municipal and industrial uses (M&l) 1.2 1.2 24 1.3 1.3 26 0.6 0.6 1.2 20 2.0 4.1
Beneficial Non-process Water 246.3 2744 520.7 284.8 232.7 517.5 920.6 625.4 1,546.0 209.8 1714 381.2
Low or Non-beneficial Non-process Water 0.0 0.0 0.0 0.0 0.0 0.0 04 0.5 1.0 0.7 0.9 1.6
% Compare with Rainfall 0.0 0.0 0.0 10.0 1.0 9.1 1.0 20 1.1 250 4.0 237
Flows to sinks 0.0 0.0 0.0 365.5 42 369.7 35.8 7.6 434 938.9 9.6 948.5
Available Water 2,021.4 832.8 2,854.2 22214 888.8 3,110.2 1,803.1 948.6 2,751.7 2,868.6 880.6 3,749.1
Outflow (VP) 773.9 48.3 8222 1,724.2 741 1,798.2 1,434.9 31.7 1,466.6 2,460.0 6.3 2,466.3
% Compare with VP 180.1 974 175.2 151.0 95.0 148.7 90.7 137.3 91.7 192.5 65.6 192.2
Outflow 1,393.6 47.0 1,440.6 2,602.9 70.3 2,673.2 1,302.1 43.6 1,345.6 4,734.9 41 4,739.1
Uncommitted Outflow 1,351.8 45.6 1,397.4 2,524.8 68.2 2,593.1 1,263.0 423 1,305.3 4,592.9 40 4,596.9
Utilizable Outflow 139.4 47 1441 260.3 7.0 267.3 130.2 44 134.6 4735 0.4 473.9
Non-utilizable Outflow 12124 40.9 1,253.3 2,264.5 61.2 2,325.7 1,132.8 37.9 1,170.7 41194 3.6 4,123.0
Committed Outflow 41.8 14 43.2 78.1 21 80.2 391 1.3 404 142.0 0.1 142.2
Depleted Fraction of Gross Inflow (DFg) 0.51 1.87 0.65 0.39 1.88 0.52 0.47 248 0.66 0.31 249 0.41
Depleted Fraction of Available Water (DFaw) 0.93 0.99 0.95 0.88 0.99 0.91 0.93 1.00 0.95 0.83 1.00 0.87
Process Fraction of Available Water (PFaw) 0.81 0.66 0.77 0.75 0.73 0.75 0.42 0.34 0.39 0.76 0.80 0.77
Process Fraction of Available Water for Agriculture (PFaw-ag) 0.87 0.83 0.86 0.64 0.86 0.70 0.57 0.54 0.56 0.45 0.90 0.55
Process Fraction of Depleted Water (PFrp) 0.87 0.67 0.81 0.85 0.74 0.82 0.45 0.34 0.41 0.91 0.80 0.88
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.93 0.99 0.95 0.88 0.99 0.91 0.93 0.99 0.95 0.83 1.00 0.87
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o Table 4 Water Accounting Data and Calculated Indicators for the Upper Bang Pakong River Basin (1996 = dry)

ltems Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 2871.2 617.0 3488.2 3642.6 7431 4385.7 3149.3 521.5 3670.9 5723.6 570.8 6294.4
Surface Inflow 0.0 0.0 0.0 7249 734 798.4 0.0 0.0 0.0 2587.8 223.3 2811.1
Sub-Surface Inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Precipitation 2871.2 617.0 3488.2 2917.6 669.7 3587.3 3149.3 521.5 3670.9 3135.8 347.5 3483.3
Net Inflow 2502.6 985.6 3488.2 3180.5 1205.3 4385.7 2555.2 1115.7 3670.9 5217.2 1077.2 6294 .4
Gross Inflow 2871.2 617.0 3488.2 3642.6 7431 4385.7 3149.3 5215 3670.9 5723.6 570.8 6294.4
AStorage 368.6 -368.6 0.0 4621 -462.1 0.0 594 .1 -594.1 0.0 506.4 -506.4 0.0
Net Inflow 2502.6 985.6 3488.2 3180.5 1205.3 4385.7 2555.2 1115.7 3670.9 5217.2 1077.2 6294 .4
Depleted Water 1777.6 912.2 2689.8 1770.9 1044.4 2815.3 1377.0 1053.3 2430.3 2047.2 1033.8 3081.1
Process Water 1531.3 6721 2203.5 1521.7 748.2 2269.9 675.1 375.3 1050.4 1784.3 8304 2614.7
Water uses intended by humans 1.0 1.0 21 1.1 1.0 21 0.5 0.5 1.0 1.7 1.7 34
Evapotranspiration by crops (ET) 1328.0 663.6 1991.7 1227.6 7391 1966.7 642.6 363.8 1006.3 1623.7 812.7 2436.3
(E'\\lllgrl))oration from municipal and industrial uses 13 13 26 13 13 26 06 06 12 21 21 43
Beneficial Non-process Water 246.3 2401 486.4 2492 296.2 545.4 7014 677.5 1378.9 262.2 202.6 464.8
Low or Non-beneficial Non-process Water 0.0 0.0 0.0 0.0 0.0 0.0 04 0.5 1.0 0.7 0.9 1.6
% Compare with Rainfall 7.0 1.0 59 10.0 1.0 8.3 1.0 20 1.1 5.0 4.0 49
Flows to sinks 201.0 6.2 207.2 291.8 6.7 298.5 315 10.4 41.9 156.8 13.9 170.7
Available Water 1850.1 919.6 2769.7 1911.8 1060.5 2972.3 1494.8 1059.5 2554.3 2364.2 1038.2 3402.4
Outflow (VP) 773.9 48.3 822.2 1724.2 741 1798.2 1434.9 31.7 1466.6 2460.0 6.3 2466.3
% Compare with VP 93.7 152.1 971 81.8 2173 87.3 82.1 196.5 84.6 128.9 689.8 130.3
Outflow 7249 734 7984 1409.6 160.9 1570.5 1178.2 624 1240.6 3169.9 434 3213.3
Uncommitted Outflow 703.2 71.2 7744 1367.3 156.1 1523.3 1142.9 60.5 1203.4 3074.8 421 3116.9
Utilizable Outflow 725 7.3 79.8 141.0 16.1 157.0 117.8 6.2 1241 317.0 4.3 321.3
Non-utilizable Outflow 630.7 63.9 694.6 1226.3 140.0 1366.3 1025.0 54.3 1079.3 2757.8 37.7 2795.6
Committed Outflow 21.7 22 24.0 42.3 4.8 471 35.3 1.9 37.2 95.1 1.3 96.4
Depleted Fraction of Gross Inflow (DFg)) 0.62 1.48 0.77 0.49 1.41 0.64 0.44 2.02 0.66 0.36 1.81 0.49
Depleted Fraction of Available Water (DFaw) 0.96 0.99 0.97 0.93 0.98 0.95 0.92 0.99 0.95 0.87 1.00 0.91
Process Fraction of Available Water (PFaw) 0.83 0.73 0.80 0.80 0.71 0.76 0.45 0.35 0.41 0.75 0.80 0.77
Process Fraction of Available Water for Agriculture (PFaw-ag) 0.78 0.86 0.81 0.70 0.84 0.74 0.60 0.56 0.58 0.74 0.89 0.78
Process Fraction of Depleted Water (PFp) 0.86 0.74 0.82 0.86 0.72 0.81 0.49 0.36 0.43 0.87 0.80 0.85
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.96 0.99 0.97 0.93 0.98 0.95 0.92 0.99 0.95 0.87 1.00 0.91
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e Table 5 Water Accounting Data and Calculated Indicators for the Lower Bang Pakong River Basin (1994 = normal )

Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 2,939.8 334.1 3,273.9 1,864.3 445.7 2,309.9 10,070.3 503.4 10,573.6
Surface Inflow 0.0 0.0 0.0 0.0 0.0 0.0 5,306.8 50.4 5,357.2
Sub-Surface Inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A
Precipitation 2,939.8 334.1 3,273.9 1,864.3 4457 2,309.9 4,763.5 453.0 5,216.5
Net Inflow 22117 1,062.2 3,273.9 1,618.8 691.2 2,309.9 8,417.3 2,156.3 10,573.6
Gross Inflow 2,939.8 334.1 3,273.9 1,864.3 445.7 2,309.9 10,070.3 503.4 10,573.6
AStorage 7281 -728.1 0.0 2455 -245.5 0.0 1,653.0 -1,653.0 0.0
Net Inflow 2,211.7 1,062.2 3,273.9 1,618.8 691.2 2,309.9 8,417.3 2,156.3 10,573.6
Depleted Water 1,329.7 1,040.5 2,370.2 1,279.0 684.9 1,963.9 2,242 4 2,065.2 4,307.6
Process Water 987.8 7954 1,783.1 1,180.4 628.3 1,808.7 1,852.1 1,582.3 3,434.4
Water uses intended by humans 1.1 1.1 21 34 34 6.8 2.1 21 41
Evapotranspiration by crops (ET) 955.9 792.7 1,748.6 1,170.8 620.3 1,791.1 1,823.6 1,559.6 3,383.1
Evaporation from municipal and industrial uses (M&l) 1.3 1.3 27 43 42 8.5 26 26 5.2
Beneficial Non-process Water 339.2 242.0 581.2 62.8 324 95.2 363.7 4525 816.2
Low or Non-beneficial Non-process Water 2.7 3.2 6.0 35.8 24.3 60.0 26.6 304 57.0
% Compare with Rainfall 1.0 0.1 0.9 0.1 0.1 0.1 0.5 4.0 0.8
Flows to sinks 294 0.3 29.7 1.9 04 23 23.8 18.1 41.9
Available Water 1,417.9 1,042.7 2,460.6 1,312.9 685.6 1,998.5 2,859.9 2,074.3 4,934.2
Outflow (VP) 1,612.3 20.2 1,632.5 336.3 8.8 345.1 6,661.1 97.8 6,759.0
% Compare with VP 54.7 107.1 55.4 101.0 71.3 100.3 927 93.2 92.7
Outflow 882.0 216 903.7 339.8 6.2 346.1 6,174.8 91.2 6,266.0
Uncommitted Outflow 855.6 21.0 876.6 329.6 6.1 335.7 5,989.6 88.4 6,078.0
Utilizable Outflow 88.2 22 90.4 34.0 0.6 346 617.5 9.1 626.6
Non-utilizable Outflow 767.4 18.8 786.2 295.6 54 3011 5,372.1 79.3 5,451.4
Committed Outflow 26.5 0.6 271 10.2 0.2 104 185.2 27 188.0
Depleted Fraction of Gross Inflow (DFg)) 0.45 3.1 0.72 0.69 1.54 0.85 0.22 410 0.41
Depleted Fraction of Available Water (DF aw) 0.94 1.00 0.96 0.97 1.00 0.98 0.78 1.00 0.87
Process Fraction of Available Water (PFaw) 0.70 0.76 0.72 0.90 0.92 0.91 0.65 0.76 0.70
Process Fraction of Available Water for Agriculture (PFaw.ag) 0.79 0.89 0.83 0.92 0.94 0.93 0.69 0.87 0.76
Process Fraction of Depleted Water (PFp) 0.74 0.76 0.75 0.92 0.92 0.92 0.83 0.77 0.80
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.94 0.99 0.96 0.95 0.96 0.95 0.77 0.98 0.86
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e Table 6 Water Accounting Data and Calculated Indicators for the Lower Bang Pakong River Basin (1995 = wet)

Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 3,850.7 3725 4,223.2 2,098.9 4451 2,544.0 11,679.0 545.1 12,224 1
Surface Inflow 0.0 0.0 0.0 0.0 0.0 0.0 6,440.0 319 6,471.9
Sub-Surface Inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A
Precipitation 3,850.7 3725 4,223.2 2,098.9 4451 2,544.0 5,239.0 513.2 5,752.1
Net Inflow 3,059.8 1,163.4 4,2232 1,846.9 697.1 2,544.0 9,970.1 2,254.0 12,2241
Gross Inflow 3,850.7 3725 4,223.2 2,098.9 4451 2,544.0 11,679.0 545.1 12,224 1
AStorage 790.9 -790.9 0.0 251.9 -251.9 0.0 1,708.9 -1,708.9 0.0
Net Inflow 3,059.8 1,163.4 4,223.2 1,846.9 697.1 2,544.0 9,970.1 2,254.0 12,224 1
Depleted Water 1,893.2 1,143.0 3,036.1 1,308.5 689.7 1,998.2 24154 2,153.7 4,569.2
Process Water 1,409.9 568.5 1,9784 1,206.2 625.0 1,831.2 1,990.7 1,669.4 3,660.0
Water uses intended by humans 1.1 1.1 2.2 3.7 3.6 7.3 14 1.3 2.7
Evapotranspiration by crops (ET) 1,368.8 565.6 1,934.4 1,195.9 616.4 1,812.3 1,961.4 1,420.0 3,3814
Evaporation from municipal and industrial uses (M&l) 14 14 2.8 4.6 45 9.1 1.7 1.7 34
Beneficial Non-process Water 480.5 571.3 1,051.8 66.5 40.5 107.0 396.8 452.5 849.3
Low or Non-beneficial Non-process Water 2.7 3.2 6.0 35.8 24.3 60.0 28.0 31.9 59.8
% Compare with Rainfall 1.0 0.1 0.9 0.1 0.1 0.1 0.5 48.0 47
Flows to sinks 38.5 04 38.9 21 04 25 26.2 246.3 272.5
Available Water 2,009.8 1,145.0 3,154.8 1,362.3 690.5 2,052.8 3,170.9 2,163.8 5,334.7
Outflow (VP) 1,612.3 20.2 1,632.5 336.3 8.8 3451 6,661.1 97.8 6,759.0
% Compare with VP 724 101.2 727 160.1 83.6 158.2 1134 102.5 1133
Outflow 1,166.6 20.5 1,187.1 538.5 7.3 545.8 7,554.6 100.3 7,654.9
Uncommitted Outflow 1,131.6 19.8 1,151.5 522.3 71 529.4 7,328.0 97.2 74252
Utilizable Outflow 116.7 20 118.7 53.8 0.7 54.6 755.5 10.0 765.5
Non-utilizable Outflow 1,015.0 17.8 1,032.8 468.5 6.4 474.8 6,572.5 87.2 6,659.7
Committed Outflow 35.0 0.6 35.6 16.2 0.2 16.4 226.6 3.0 229.6
Depleted Fraction of Gross Inflow (DFg)) 0.49 3.07 0.72 0.62 1.55 0.79 0.21 3.95 0.37
Depleted Fraction of Available Water (DF aw) 0.94 1.00 0.96 0.96 1.00 0.97 0.76 1.00 0.86
Process Fraction of Available Water (PFaw) 0.70 0.50 0.63 0.89 0.91 0.89 0.63 0.77 0.69
Process Fraction of Available Water for Agriculture (PFaw.-ag) 0.80 0.71 0.77 0.91 0.94 0.92 0.67 0.75 0.70
Process Fraction of Depleted Water (PFp) 0.74 0.50 0.65 0.92 0.91 0.92 0.82 0.78 0.80
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.94 1.00 0.96 0.93 0.96 0.94 0.75 0.98 0.85

MAINREPORT



e Table 7 Water Accounting Data and Calculated Indicators for the Lower Bang Pakong River Basin (1996 = dry)

Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
Wet Dry Total Wet Dry Total Wet Dry Total
Gross Inflow 2759.0 | 411.8 | 3170.8 | 2310.1 | 288.8 | 2598.9 8765.4 7915 | 9556.9
Surface Inflow 0.0 0.0 0.0 0.0 0.0 0.0 4742.2 76.7 4818.8

Sub-Surface Inflow
Precipitation

Net Inflow
Gross Inflow
AStorage

Net Inflow
Depleted Water
Process Water
Water uses intended by humans
Evapotranspiration by crops (ET)
Evaporation from municipal and industrial uses (M&l)
Beneficial Non-process Water
Low or Non-beneficial Non-process Water
% Compare with Rainfall
Flows to sinks
Available Water
Outflow (VP)
% Compare with VP
Outflow
Uncommitted Outflow
Utilizable Outflow
Non-utilizable Outflow

N/A N/A N/A
2759.0 | 4118 | 31708
20123 | 1158.5 | 3170.8
2759.0 | 4118 | 31708

746.7 -746.7 0.0

20123 | 1158.5 | 3170.8
1267.7 | 1127.6 | 23954
925.8 586.7 | 15125

1.2 1.2 24
895.5 5836 | 14791
1.5 1.5 3.0
339.2 537.7 876.9
27 3.2 6.0
1.0 0.1 0.9

276 0.4 280
1342.2 | 1130.7 | 24729
1612.3 20.2 1632.5

46.2 152.6 475
744.6 30.8 7754
7222 299 7521

74.5 3.1 775
647.8 26.8 674.6

N/A N/A N/A
2310.1 | 288.8 | 2598.9
2055.0 | 543.8 | 2598.9
23101 | 288.8 | 2598.9
2551 -255.1 0.0

2055.0 | 543.8 | 2598.9
12274 | 5414 | 1768.7
1147.3 | 458.6 | 1605.9

39 3.8 7.6
1136.3 | 449.8 | 1586.1
4.8 4.7 9.6

443 44.5 88.9
35.8 38.2 74.0
0.1 0.1 0.1
23 0.3 26
13101 | 5416 | 1851.8
336.3 8.8 3451
2461 28.2 240.6
827.6 25 830.1
802.8 24 805.2
82.8 0.2 83.0
7201 21 7222

N/A N/A N/A
4023.2 7148 | 4738.0
71031 2453.8 | 9556.9
8765.4 7915 | 9556.9
1662.3 -1662.3 0.0

71031 2453.8 | 9556.9
2359.9 2188.8 | 4548.7
1935.2 1704.4 | 3639.6

22 22 45
1910.0 1356.3 | 3266.3
2.8 2.8 5.6
396.8 452.5 849.3
28.0 31.9 59.8
0.5 48.0 7.7
20.1 3431 363.2

2834.3 22153 | 5049.6
6661.1 97.8 6759.0
71.2 2709 741
4743.2 265.0 | 5008.1
4600.9 2570 | 4857.9
474.3 26.5 500.8
4126.5 2305 | 43571

Committed Outflow 223 0.9 233 24.8 0.1 24.9 1423 7.9 150.2
Depleted Fraction of Gross Inflow (DFg)) 0.46 2.74 0.76 0.53 1.87 0.68 0.27 2.77 0.48
Depleted Fraction of Available Water (DF aw) 0.94 1.00 0.97 0.94 1.00 0.96 0.83 0.99 0.90
Process Fraction of Available Water (PFaw) 0.69 0.52 0.61 0.88 0.85 0.87 0.68 0.77 0.72
Process Fraction of Available Water for Agriculture (PFaw.-ag) 0.79 0.72 0.76 0.89 0.89 0.89 0.74 0.70 0.72
Process Fraction of Depleted Water (PFp) 0.73 0.52 0.63 0.93 0.85 0.91 0.82 0.78 0.80
Beneficial Utilization of Available Water or Basin Efficiency (BU or BE) 0.94 0.99 0.97 0.91 0.93 0.92 0.82 0.97 0.89
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e Figure 6 Water Accounting Diagram of the Main Bang Pakong and Talat Sub Basin in Normal Year (1994)
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e Figure 7 Water Indicator Diagram of the Depleted Fraction of Gross Inflow (DFei) of Wet Season in Normal Year (1994)



Chapter

3

Socio-Economic Analysis

This section documents the results from the socio-economic research component for the Bang
Pakong River Basin located in eastern Thailand. The study sets out to build a general
description of the socio-economic profile 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
irrigation 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 irrigation performance, and a general institutional 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. Its GDP grew at an average annual rate of 7.6 percent during the 1980s. From 1980
to 2000, agriculture dropped from 23.2 percent to 10.5 percent as a component 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 agricultural 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 dramatic increase in
unemployment. While Thailand has undertaken several economic restructuring initiatives to
address causes of the crisis, there remain several risks to 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 WTO 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.

23 MAINREPORT



National Policy/Legal Setting®

The institutions, policies, and laws are almost exclusively at the national level. However, there
is a general lack of coordination between the various ministries, policies, budgets, etc. (see the
section on Institutional Analysis). The National Water Resources Committee 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 government, non-government, and farmer 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 intrusion during the dry season poses a problem for
some farmers, 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. Currently, 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 utilities. 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 referred to for a comprehensive and thorough analysis of
the institutional and legal setting.
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resolving the conflicts. This problem may ease as the River Basin Committee grows in
experience and influence.

Demographic Characteristics of the Bang Pakong River Basin

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 a significant upward in
population 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 result of error in classifying occupations as agricultural or service.

e 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 female Agriculture
Khlong Phra Sathung 251,013 241,254 45% 49.4 29.7
Khlong Phra Prong 172,133 164,034 80% 49.7 231
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% 511 19.6
Khlong Luang 334,543 146,125 48% 50.2 13.1
Main Bang Pakong + Talat 474,129 421,599 52% 49.8 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 stakeholders in terms of relative wealth and relative influence in the decision
making process. Relative wealth 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 to some degree in the
decision to not construct several upstream reservoirs. 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 concerns were undoubtedly a major influence in the
decision.
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e Table 9 Stakeholder Analysis in the Bang Pakong River Basin

Stakeholder User or Source of | Management Role in Relative Relative Suffer from
Manager Water level Management wealth influence water
position position scarcity
(poor/non- (high/low) (yes/no/
poor) seasonal)
Irrigators User canal From Head Allocation poor low seasonal
systems regulator to amounts and
Farm turnout timing
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 non-poor high seasonal
Pumping From Headwork | and delivery
through Users water to user
Environment User Reservoir/ - - - high seasonal
Main river
WUA User canal On-farm Request amount non-poor high seasonal
systems and timing
Government 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 irrigated 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 irrigation may have a minimal impact on poverty.
This is an important topic for further study if irrigation is sought as a means to alleviate poverty.
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e Figure 8 Comparison of Poverty Rate vs. Percentage of Farms Irrigated Moving Downstream on the Bang

Pakong

Agricultural description the Bang Pakong River Basin

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

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).
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 million rai of agricultural land.

Shrimp farming is becoming an

KPS KPP MNH MP NN KL MBP+T

Major rice 246,729 312,368 272,956 347,416 446,772 53,866 651,624
Second rice 5,214 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 5,836 5,505 4,127 65,655 61,575
Soybean 24,856 23,048 8,298 6,108 2,225 83 12,423
Ground nut 1,833 2,053 3,998 5,272 984 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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e Figure 9 Trend in Crop Area in Rai for Major Rice Moving from Upstream to Downstream on the Bang
Pakong River Basin

e 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 | 1,610,000 | 1,323,125 | 1,576,875 | 1,520,625 | 1,185,625 | 2,718,125
Agriculture Rai 1,314,000 | 1,262,428 934,748 | 1,060,479 | 1,233,681 673,137 | 2,103,409
Forested Rai 314,125 346,102 386,107 501,976 285,494 497,898 615,446
Reservoirs and Rai
Ponds 0 370 590 2,240 26,800 15,500
Urban Rai 1,470 1,900 15,010 3,690 41,390 14,770
Agricultural land and irrigation
Surface/canal Rai 105,386 197,746 528,893 283,747 | 1,128,815 65,530 821,343
Groundwater Rai 0 0 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 farms Number 36,520 34,352 27,000 18,233 21,933 19,698 39,785
Average farm size Rai 36 37 35 35 35 35 35
Percent of farms
imgated % 8.0 15.7 56.6 26.8 915 9.7 39.0
Farmer land tenure situation
Own Number 135,088 74,033 35,926 110,355 69,754 153,074 223,756
Rent Number 7,518 10,119 5,396 19,665 30,636 20,702 44,857
Landless Number 0 0 0 0 0 0 0
Farm Income
Average income (Baht/year)
39,792 27,559 25,588 n/a 60,087 78,858 49,277
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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 Baht/rai) from paddy.
Khlong Luang is home to Chonburi and has the highest level of urban land use at over 41,000
rai. Proximity to a large urban market could explain 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.
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e Figure 10 Trend of Income from Major Rice in the Bang Pakong River Basin (Baht/Rai)
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e 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 irrigation performance were calculated based on methodology developed by
IWML.> The data and calculated irrigation 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
Khlong Sam Sib reservoir, there are different values between the irrigated area and command
area because the one part of this area received water from another reservoir. The total O&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 irrigation systems examined are a small sampling of representative irrigation systems
within the Bang Pakong River Basin. The most striking feature is that no irrigation revenues
are reported. General practice of irrigation management in Thailand does not include the
collection of irrigation fees from farmers. This situation can create several problems for the
irrigators and irrigation management. First, financial sustainability is not possible under the
current conditions. The irrigation 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 all removes an instrument to help regulate
the use of water.

Relative water supply is significantly above unity for all systems, while relative irrigation 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 seasonal 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 all stakeholders. The negative relative irrigation 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 output 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 surrounds 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 on the reliability 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
Committees 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 irrigation within
the basin. The results 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 quality 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 socio-economic study
strengthen the call 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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e Table 12 Irrigation Performance Indicators in the Bang Pakong River Basin

Main

Khiong Bang
Name of Basin and Sub-Basin Phra Khlong Pakong +

Area Sathung Khlong Phra Prong Nakhon Nayok Luang Tolat

Khilong Khiong Tha Kra Khilong Khilong Srai Huay Ban Lad Kra

Irrigation System or Sub- Sam Sib Huay Chan Krear Bark Pan Po Bhod Thong Prae Beung Ting
system Reservoir Reservoir Reservoir | Reservoir | Reservoir | Reservoir | Reservoir | Reservoir | Reservoir | Reservoir
Gross value of Output in Local Currency Baht 4,175,490 8,625,600 6,553,860 8,679,120 6,095,600 2,044,390 2,057,890 4,065,980 | 10,870,020 | 11,037,080
Irrigated Area. rai 2,680 4,000 3,000 4,000 2,800 1,000 1,000 2,000 2,000 1,500
Command Area. rai 2,200 4,000 3,000 4,000 2,800 1,000 1,000 2,000 3,000 1,500
Diverted Irrigation Supply mcm 0.94 3.04 2.96 3.59 2.06 0.03 0.02 1.9 2.59 1.22
Annual Rainfall (Approximately) m’ 7,019,456 10,476,800 7,857,600 | 10,476,800 7,333,760 2,316,800 2,316,800 4,633,600 4,633,600 3,475,200
Rainfall mm 1,637 1,637 1,637 1,637 1,637 1,448 1,448 1,448 1,448 1,448
Crop Water Demand mcm/year 0.297 3.04 3.04 3.59 243 0.027 0.024 1.903 2.992 1.216
Total Water Supply mcm/year 4.30 13.17 4.39 6.73 13.37 1.14 12.44 9.11 14.09 5.66
Total Irrigation Supply mcm/year 5.57 3.10 4.25 4.75 0.22 4.05 1.70 7.70 9.25 4.15
Total O & M Expenditure Baht/railyear 241.58 95.79 175.10 146.78 2.64 98.04 146.2 3311 397.75 237.93
Revenue From Irrigation Bath/railyear 0 0 0 0 0 0 0 0 0 0
Output per unit of cultivated area Baht/railyear 1,558 2,156 2,185 2,170 2177 2,044 2,058 2,033 5,435 7,358
Output per unit of command area Baht/railyear 1,898 2,156 2,185 2,170 2,177 2,044 2,058 2,033 3,623 7,358
Output per unit of irrigation water Baht/m® 444 2.84 221 242 2.96 68.15 102.89 214 4.20 9.05
Output per unit of available water Baht/m® 0.59 0.82 0.83 0.83 0.83 0.88 0.89 0.88 2.35 3.18
Relative water supply - 42.39 4.47 3.98 4.24 3.11 235.81 167.37 6.48 4.64 6.27
Relative irrigation supply - -0.83 -0.42 -0.88 -0.69 -0.04 -1.77 -0.74 -2.82 -5.63 -1.84
Financial Self-sufficiency - 0 0 0 0 0 0 0 0 0 0
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4

Institutional Analysis

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
occurring 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) Increase in demand outside irrigated area.
5) Sea intrusion especially in the estuary 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 tries 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 government agencies are involved in water resources management and use
in Thailand (see Annex 8). 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 concerned. 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-solving 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) Available 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 circumstance.

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 concerned 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 concerned formulated national
water vision in 1999. Shortly 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) Formulate 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 warning,
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 constitution

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
government 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 Section 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 local 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 course,
considering the new projects or activities outside their areas, which could adversely
affect the environment and livelihood within their 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 government 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 parliamentary 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

e Table 13 Classification of Legislative Enactment Relating to Water in Thailand

Water Quantity

Water Quality

Canal Maintenance Act, 1903

Water Hyacinth Elimination Act, 1913
Private Irrigation Act, 1939

Royal Irrigation Act, 1942

Dike 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 Commercial Code

Canal Maintenance Act, 1903

Water Hyacinth Elimination Act, 1913
Navigation in Thai Waters Act, 1913
Royal Irrigation Act, 1942

Fishery Act, 1947

Minerals Act, 1967

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

Provincial Waterworks Authority Act, 1979
Building Control Act, 1979

Factory Act, 1992

Public Health Act, 1922

City Cleanliness and Tidiness Act, 1992

The Enhancement and Conservation of National
Environmental Quality Act, 1992

Penal Code

According to the mass of Regulatory Control of Water Resources, 2 majors concerned
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
government is not able to 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 to 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 entitles 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.

Irrigation water

There are many provisions that enact in the irrigation 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 irrigation project according to Section
7 have to apply for permission from the government authorities

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

c) 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 irrigation project, according to the Provincial Committee, has exceeded its
need, the Committee may on occasions issue and order to ration the water to
neighboring land. And Section 10 was issued to ensure that the operation of
personal irrigation project would not cause damage to other persons.

People Irrigation

People Irrigation is irrigation project jointly under by people for cultivation within
theirs locality. They would have to obtain the permission according to Section 12
from the authority concerned and its operation and maintenance are under the
supervision of the government. The chief of irrigation 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 carried 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 Irrigation

Commercial Irrigation is an irrigation project undertaken by a person(s) who
collects fee from those using water from the project. A person desiring of
operating a Commercial Irrigation 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 Irrigation Act,
1942, which is intended to govern the construction, operation and maintenance of
irrigation 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
Irrigation Canals; (ii) dredge, maintain or modify Irrigation Canals, or install any
structure in the Canals, and (iii) prohibit or restrict navigation in Irrigation Canals
including setting up any condition on the navigation. In addition, Section 32
confirm 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 lIrrigation 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 agriculture, 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 concerned 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 irrigation fees. The rate of
irrigation 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 installation of any
structure or cultivation of corps encroaching Irrigation Canals.

Groundwater is regulated b the Groundwater Act, 1977, which equips the
government 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 concerned 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

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 government decided to establish a
central agency in water resources management in order to formulate plans, coordinate
plan implementation and carry out other works concerning 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 to 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 allocation, 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
irrigation 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 half 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 setting 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 composition. 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
concern 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 to provide managerial and technical support to
RBCs. The members of the team come from different divisions, and are coordinated by
mid-level 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 concern on the proportion of membership,
selection process, representation, qualification, and appointment. ONWRC has provided
supports in increase the representation of NGOs and local academic/ research institutions
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 activities.

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 SRBCs, 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
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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 responsibilities 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
also 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 Eastern 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 Commiittee

The stakeholders’ meeting in Bang Pakong River Basin held several time in order to
receive the information, problems, advice and so on from government 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 Committee issued the
Order of the Establishment of Bang Pakong River Basin Committee on July 26, 2001. The
composition of the membership of the Bang Pakong River Basin Committee 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, problem 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, fairness, and efficiency of water allocation.

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 coordinate 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 working 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:
m  Group 1 concerns mainly with provision and allocation of surface water, they are
e Royal Irrigation Department
e East Water Resources Development and Management Public Company
Ltd.
m  Group 2 concerns mainly with controlling of groundwater use:
¢ Department of Mineral Resources

m  Group 3 concerns mainly wiyh water quality, they are

e  Department of Pollution Control
e Department of Public Health

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

¢  Municipality
e Tambon Administrative Organisation ( TAO )

32) Water users
Large groups of water users are
m  Household which is represented by Provincial Waterworks Authority, municipality
m  Agriculture which is represented by water users’organisation
m  Industry 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 Irrigation 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 irrigated areas. Its role includes providing and managing water use in
irrigated 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 to 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 examines water
resources quality and sources of wastewater in the basin.

37) The Department of Energy Development and Promotion (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 irrigation in order to secure adequate irrigation 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 facilities.

39) Tambon Administrative Organization (TAO)

TAO operates maintenance of watercourse and manages water resources especially
in its administrative boundary, formulates plan, and prepares budget for plan
implementation. 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 TAO.

40) Water Users’ Organization (WUO)

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 performing certain purposes. There are currently 4 water users’organizations are
classified as the informal group, ie. Traditional Irrigation Association, People Irrigation
Association, Water Users’Group and Water Administration Group
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Water Mangement

Imigation 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
Irrigation 9 located in Cholburi Province and by the Central Office in Bangkok.

At the Project level, monitoring and regulation mostly concern the truck or primary canals,
whereas at the secondary level, water management is under the control of zonemen who
take care of an average of 2,000 ha. At ditch level, at last, farmers manage water by
themselves. This division works until some breakdown appears in the network: water
shortage or exess of water 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 is 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 mostly based on experience, with responsiveness limited to the
abnormal situations observed and reported by the lower levels

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

are managed by WUOQ. 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 people 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 government. Within the year 2006 all village
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waterworks will be transferred to TAO. Their management will be done jointly with
WUO.

SWOT Analysis and Discussion

The Establishment of Bang Pakong River Basin Committee

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 lead to
effectiveness, equity, and sustainability.

Bang Pakong River Basin Committee established in 2001. Obviously, it is in the initial
stage and mostly concerned 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 parallel 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. Moreover, 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) International level

The establishment of network of water resources management is considering
worldwide and International 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 themselves 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 Committee 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 stimulate 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

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

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

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

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

45) Weakness

m Having many agencies concerned 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 arms 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

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

m  Will 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,

m Do not encounter with resistance from NGOs.

47) Threat
m  Selection of RBC’s members does not represent genuine representatives,
m  Lack of active participation from stakeholders,
m Lack of cooperation from concerned 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 treatment 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 Committee will be formulated from the
smallest unit of administration. It will create a unity in water management work.

Good exercise for the Bang Pakong River Basin Committee is learning and establishing a
process of problems solving. This will include capacity building for the River Basin
Committee to effectively plan and furnish 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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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 learned” 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 a 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 components.

Water 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 evapotranspiration 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 pattern, 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 irrigation 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
Khlong Phra Sathung and Khlong Phra Prong.6 However, there does not appear to be
any clear relationship between the poverty rate and the percentage of farms irrigated. The
rural poverty rate ranges from 48% in the Khlong 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 farming.

Influence in the policy making process among all water users is shown to be lowest for
farmers and even lower for poorer, non-irrigating farmers. However, water is still the
largest bulk user of water. It will be necessary to address this traditional imbalance
between influence on policymaking and irrigation 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, a 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.

® Data is currently being cleaned, so some anomalies are expected. Results are to be treated as indicative only.

50 MAINREPORT



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 table illustrates the conflicts and tradeoffs arising from a
number of stakeholders. The dominant characteristic of the tradeoffs is that they primarily
involve irrigators 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 irrigator groups, a poorer irrigator 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 irrigations
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 government
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 to identify the institutional structure of water
resource management as it applies to the Bang Pakong River Basin. The most obvious
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
government agencies that carry 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, farmer organizations) and initial 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 government
for managing river basins are given as efficiency in problem solving, equity in allocation,
and participatory management processes. Current 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 regulation for the Bang Pakong River. The
Institutional Analysis report cites the difficulties facing the newly formed River Basin
Committees in fulfilling their tasks. A significant problem is that there is general lack of
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agreement in the selection of the committees members. Furthermore, 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 on
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 government cannot
prohibit anyone from withdrawing this water. The Code does place limits on withdrawals
based on limits of reasonable need upon users. The Royal Irrigation Act of 1942
addresses canal irrigation. The Royal Irrigation Act sets a limit for irrigation fees at 5 Baht
per rai per year. Besides being extremely 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 building 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 Irrigation Department. There
are several conflicts surrounding its operation. The two most serious conflicts include
balancing 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 concerns 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 resolving 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 Irrigation Performance Analysis highlighted the
important role that irrigators 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 returns per rai
are far higher than for any crops. However, prawn raising activities can have many serious
negative impacts, such as reduced vyields 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 policies,
incentives to discourage creation of externalities by prawn farmers, and compensation for
injured parties. Prawn farming does offer a higher income earning option, which creates a
strong factor to prevent interference in attempts to more effectively regulate it.

In general, the position of farmers 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 involve
high-level representation or membership in a high-level 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 to realize the ultimate goals of these changes. Foremost is
the need to enact an effective and comprehensive national water law. The law should
clearly spell out not only the duties 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
government in order to hold legitimacy and power in having their needs met.

Recognition of the need for stronger 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
patterns;

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.

53 MAINREPORT



References

v v
MAIWIFINTTUNTNNNTIN 2543 A, TATIMIAREUNDIAN WAUHA IMIHALWALIAMINTWENNT
v Y Y
WIMANZINODN, LNUNANMINALAZTANMINTNNTNGUINUNIL AT BNUWED  1ruadABNTY

yatsemu.

v )
MAINIFINTTUNSTNNTIN 2543 2. TATIMIANEUNDIAN WHUHEAMINALALTAMINT WENNT
2 v Y
WIMAaE IU0DN, IHUKANMINAUIEZIANINTNeNTTIQUIN)TRUYT, TIeunan wuedonIy

¥atlsemu

1 Y
AsNFaTTIMU. 2543, TATIMTANHUNOIAN WHUHANMINALIAZIAMINT NeNNTIIINAAL Tueen,
Y 4 Y
FHNUHAN  UHURANMINALAZTAMINTNNNTINGUIILNIEAL.  MAIIIAINTTUNTNEINTIN

AULIRINTTUANANT VHINNAUNBATANAAST

Bank of Thailand. 2002. Population, Labour Force and Wage, Data Dissemination and
Public Access Team. 2002.
www.bot.or.th/bothomepage/databank/EconData/KeyEcon/tab17e.asp

Bank of Thailand. 2002. Thailand's Maccro Economic Indicators, Bank of Thailand. 2002.
www.bot.or.th/bothomepage/databank/EconData/Thai_Key

Department of Irrigation Engineering (2002). Water Resources of 25 River Basins of
Thailand, Kasetsart University. 2002. www.eng.ku.ac.th/~irre/E25BASIN.HTM

Doorenbos, J. and Prutt, W.O. 1977. Guidelines for Predicting Crop Water Requirements.
FAO Irrigation and Drainage Paper, no. 24. Food and Agriculture Organization of United
Nation (FAO), Rome.

Maneerungsee, W. 2002. Exporters can't rely on US alone. Bangkok Post. Bangkok.

Molden, D. 1997. Accounting for Water Use and Productivity. Colombo, International
Water Management Institute.

Molden, D, R. Sakthivadivel, and Z. Habib. 2000. Basin Level Use and Productivity of
Water: Examples from South Asia. IWMI Research Report 49. International Water
Management Institute (IWMI), Columbo.

World Bank, 2002. Thailand at a Glance, World Bank. 2002. www.worldbank.org/data

54 MAINREPORT



e Table 28 Precipitation Data for Water Accounting Analysis in the Bang Pakong River Basin in Dry Year (1996

Main / Sub Basin

Drainage
Area, sq.km.

Rainfall Station

Prachinburi River Basin
Khlong Phra Sathung

Khlong Phra Prong

Mae Nam Hanuman

Main Prachinburi

2,605
2,576
2,117
2,523

74052, 74071
44100, 74012, 74081, 74092, KGTNR.1
25152, 44132, 44181, 44191, KGTNR.2, KGTNR.4, KGTNR.5

22301, 44013, 44022, 44032, 44043, 44062, 44201, 44220, 44230, 44250, 44260, 44270, 44282

Sub Total

9,821

Bang Pakong River Basin
Nakhon Nayok

Khlong Luang
Main Bang Pakong + Talat

2,433
1,897

22012, 22022, 22032, 22042, 22060, 22070, 22080, 22090, 22100, 22110, 22120, 22130, 22140, 22150, 22160, 22170, 22180, 22190, 22200, 22210, 22220,
22230, 22250, 22260, 22270, 22280, 22290, 22331, 22341, 32150, 44301, 54122, 54320, NYNR.1

03320, 09022, 09032, 09062, 09110, 09140, 09171
03012, 03022, 03032, 03042, 03052, 03080, 03090, 03100, 03150, 03160, 03172, 03184, 03190, 03210, 03220, 03231, 03242, 03250, 03260, 03270, 03280,

4,349 03290, 03301, NYNR.2
Sub Total 8,679
Total 18,500
Main / Sub Basin Monthly Rainfall, mm. Total, mm. Total, mcm.
APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | JAN | FEB | MAR | Wet | Dry ANNUA| Wet Dry |ANNUAL

Prachinburi River Basin
Khlong Phra Sathung 103.1| 1712 157.2| 1402| 173.4| 217.3| 243.1 62.5 0.0 25.2 27.2 18.9| 1,102.2| 236.9| 1,339.1 2,871.2 617.0 3,488.2
Khlong Phra Prong 111.7| 188.0| 149.0/ 183.9| 203.0] 268.1| 1407 78.1 0.2 9.8 11.0 49.2| 1,132.6 260.0| 1,392.6 2,917.6 669.7 3,587.3
Mae Nam Hanuman 782 2526| 172.8| 209.0| 311.7| 3923 149.2 79.1 1.2 39 17.0 66.9| 1,487.6| 246.4| 1,734.0 3,149.3 521.5 3,670.9
Main Prachinburi 700 2127 1772 1826| 2206| 3321 1177 20.3 0.4 5.8 34 37.8| 1,242.9] 137.7| 1,380.6 3,135.8 3475 3,483.3

Sub Total
Bang Pakong River Basin
Nakhon Nayok 87.553| 197.76| 137.41| 178.66| 237.57| 267.79| 114.79| 43.621| 0.3579| 0.1684| 7.9789| 29.563| 1134| 169.24| 1303.2| 2758.9964 | 411.76604 | 3170.7624
Khlong Luang 444| 2447 1158| 1622 163.8| 261.1| 2703 65.4 0.6 2.6 4.4 349 1,217.8] 152.2| 1,370.0 2,310.1 288.8 2,598.9
Main Bang Pakong + Talal 61.4| 187.9| 1206| 1106| 125.3| 2284 1523 55.1 0.0 13.8 6.8 27.3| 9251| 164.4| 1,089.5 4,023.2 714.8 4,738.0

Sub Total

Total




