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APPLICATION OF A MATHEMATICAL MODEL FOR WATER BALANCE
STUDIES OF PETCHABURI SUBWATERSHED.

SUKANLAYA TREWITTHAYANURUK 4136852 ENTM/M
M.Sc. (TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)

THESIS ADVISORS: CHUMPORN YUWAREE, M.Sc., CHARLIE
NAVANUGRAHA, Ph.D., SURA PATTANAKIAT, Ph.D.

ABSTRACT

The objectives of this thesis were to study the physical characteristics,
hydrometeorology, water mass balance and water resource management in Petchaburi
sub-watershed area. Petchaburi sub-watershed area is a part of Petchaburi watershed
area, which Petchaburi river is the main river and, Huai Phak and Huai Mae Prachan
creeks are the branches. There is one large water source development project, Kaeng
Krachan reservoir.

This study used various water management programs. MIKE BASIN combination
with ArcView GIS program was used to construct a mathematical model to examine the
potential of the water resource, water requirements and water balance of this watershed.
The model was adjusted in four topics, 1) the development condition of the watershed:
current year, short-term future, medium-term future and long-term future, 2) the
potential of the Petchaburi irrigation project, 3) the Rule Curve consideration or non-
consideration of the Kaeng Krachan reservoir, and 4) the development of the Huai Phak
and Huai Mae Prachan reservoirs in the future, 36 watershed condition models were
constructed. The other programs were used to construct the time series of the rainfall,
runoff and water requirement in various activities.

The result revealed that the watershed condition model in the current year and the
short-term future had the similar trend of water resource management. The irrigation
efficiency of the Petchaburi irrigation project during the wet to dry seasons was 35-45 %
and considered the Rule Curve of Kaeng Krachan reservoir. Petchaburi sub-watershed
had the total water available of 1,992 MCM/year, water requirement of 1,347
MCM/year and non-water requirement of 1,005 MCM/year. From the data of past 30
years, the model predicted water shortages in 10 years in the lower Petchaburi sub-
watershed, 15 years in Huai Phak sub-watershed and 6 years in Huai Mae Prachan sub-
watershed. The medium-term future of the watershed model had 35-45% of the
irrigation efficiency during the wet to dry seasons and considered the Rule Curve. The
model predicted that there would be water shortages in 8 years in Huai Mae Prachan
reservoir and 1-4 years in the upper and lower Huai Mae Prachan sub-watershed,
respectively. The model of the watershed development condition in the long-term future
showed irrigation efficiency of 40-50% and considered the Rule Curve. The model
predicted that water shortages would occur in 8-10 years in the lower Petchaburi sub-
watershed and 11-12 years in the upper and lower Huai Phak sub-watershed,
respectively. However, there would not be water shortages in Huai Phak reservoir.

KEY WORDS : MATHEMATICAL MODEL / WATER BALANCE / PETCHABURI /
MIKE BASIN / HYDROLOGY

113 P. ISBN 974-04-3626-9
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CHAPTER I
INTRODUCTION

Water is the important natural resource for all human beings. It is widely used
in both direct and indirect ways, such as for consumption, agriculture, industry,
transportation and recreation. Moreover, water is the food resource and the important
factor for income of surrounding communities. As a result, water plays an important
role in economy and society. Although, the water provides many benefits, it can also
cause numerous problems. During the wet season, the water quantity in the river
increases rapidly to a point that the water system is unable to support the volume of
water. This can cause the inundation of houses, agricultural areas, lives and property.
During the dry season, the water quantity decreases and this can cause a shortage. One
of various causes is inefficient or incorrect water usage and change of land use.
Moreover, the water quality can be affected by unsuitable usage. In order to solve and
prevent the problems, The suitable and efficient management of water resources must

be considered.

Currently, watershed management is very significant for water resource
management. For watershed management and planning, many parameters are needed
to understand and study such as the type of soil, land use, agriculture and engineering
limitations. The mathematical model is used as a tool for simulate general conditions
and efficient watershed management and planning. It is able to consider water
shortage conditions, requirements and acceptable quality for potential water sources.
In this research, MIKE BASIN program will be used to display the water supply and
demand. It is an application program which was developed by Danish Hydraulic
Institute (DHI), Denmark. It is a system of hydrological simulation models, which
integrates watershed planning and management. In general, MIKE BASIN can be
characterized watershed as numerical data of main rivers and tributaries, times series
data of hydrology, potentiality of water use and water requirements. Furthermore, it is

a tool that can be used in combination with Geographic Information System (GIS) in
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the spatial data part of the ArcView GIS program, which contains a Graphic User

Interface (GUI) that simplifies to the user’s control of the program.

Petchaburi watershed is a medium sized basin, which is located in the central
part of Thailand. It is covered with 6,208 square kilometres of the area of the
Petchaburi province. The main river is Petchaburi river and the river branches are
Huai Mae Prachan, Huai Phak, Huai Mae Pradoan and Bangkloy river. Land use of
Petchaburi watershed consists of forest area and covering approximate 45% of the
province area, agriculture area 53%, community area 1% and water sources 1% (1).
The up stream of Petchaburi river is a high range of mountains situated on west of the
watershed in Kaeng Krachan National Park. The down stream river is located on east
of the watershed, which is a plain situated at coast of the Gulf of Thailand. Presently,
Petchaburi river has a large reservoir called Kaeng Krachan reservoir, which is 710
million cubic meter in capacity and is a water source for the Petchaburi irrigation
project and Phet dam allocating water to the irrigation area in 749.25 square

kilometres (2).

1.1 Significance of problem

Currently, the problems of water resources in Petchaburi watershed are water
shortages for agriculture and consumption, periodic inundation and river
degeneration. Water shortages occur in the dry season, mostly on floodplain area. The
main causes are physical characteristics and hydrological conditions of the river.
Moreover, the communities’ expansion causes increasing demand of water. For the
upper watershed, which is the mountain and plateau area, there are problems of water
shortages for agriculture always, since most agriculture depends on rainfall (3). Even
though the lower watershed, which is the floodplain area, has a large irrigation
system, water requirements for agriculture of this area are still increasing. Especially
in some years when the quantity of rainfall in Kaeng Krachan reservoir is low, it can
cause severe water shortages (2). The problem of inundation occurs in the wet season,

mostly on the eastern portion of the lower Petchaburi watershed, from the Phet dam to
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Bang Ta Boon Bay in Tha Yang district, and in the Ban Lard and Muang Petchaburi
districts. The Muang Petchaburi municipality is often inundated during October to
November due to three reasons. First, it is a coastal city, so it can be influenced by the
level of the sea and can be affected by low discharge in the river. Second, if there is
heavy rain at the water source and/or the Muang Petchaburi municipality, the water
level in Petchaburi River will rise rapidly and flooding will be occur on the river. The
last cause has to do with the drainage and wastewater treatment system of the city,
which is designed to release in Petchaburi River directly. As the result, Muang
Petchaburi municipality always suffers floods in the wet season (4). As for the water
degeneration of Petchaburi River, which is mostly found at floodplain, there is
intensive agriculture areas and widespread use of fertilizers and insecticides that

diffuse into the rivers and canals (2).

In this study, climate, topography, hydrology, water requirements and the
water system of Petchaburi sub-watershed are used to be the guidelines of water
resource management and planning for the present and future. This study uses the
MIKE BASIN program to simulate the current conditions of the Petchaburi sub-
watershed system model and the future conditions in order to learn the most efficient
approach to management, which provide guidelines for future water resource
management. The input data of this program is meteorological data, rainfall, runoff,

reservoir performance, irrigation system, irrigation area and return flows.
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1.2 Objectives

1) To study physical characteristics, hydrometeorology and water mass

balance in the Petchaburi sub-watershed.

2) To study the guidelines for water resource management and planning

which consider suitable topography, climate, hydrology and society within

the Petchaburi sub-watershed area. The case study of water resource

management in the current year, the short-term future year, the medium-

term future and the long-term future year are simulated.

1.3 Scope of the study

1) Boundary of study area

Study area is the Petchaburi sub-watershed. It is located in the lower central

region of Thailand between latitude 12°30" and 13°30’, and longitude 99°00’ and 100°

15'.  Figure 1-1 shows Petchaburi sub-watershed boundary consisting of the

Petchaburi River (main river), Huai Mae Prachan and Huai Phak, and bounded by the

following:

The North

The South

The West
The East

Mae Klong river basin. Pak Tho district, Ratchaburi province
and Am Phava district Samut Song Khram province.

Western Gulf of Thailand Coast river basin (Pranburi river sub-
basin). Hua Hin district, Prachuap Khiri Khan province.

The upper Petchaburi watershed.

Gulf of Thailand.
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2) Study issue

This study will provide the most efficient methods of water resource
management in the Petchaburi sub-watershed by simulating watershed conditions
using the MIKE BASIN program. It will be simulated the water system model in the
current year (2000), the future of 3-year short-term period (2003), 5-year medium-
term period (2005) and 10-year long-term period (2010).

3) Conceptual Framework

This research will be divided into four steps. (1) The first step, the factors are
assigned for case study consisting of the study years, Kaeng Krachan reservoir
performance, Huai Mae Prachan and Huai Phak reservoirs increment, agricultural area
size, cropping pattern and efficient irrigation. (2) The second, the MIKE BASIN
program will be used to simulate the water system model on each case study. (3)
Third, the potential of the sub-watershed in all cases study will be studied by
comparing the water mass balance between runoff quantity and water requirements.
(4) And finally, a suitable case study is chosen for water resource management in the
current year, in the short-term future and in the long-term future, which are illustrated

in Figure 1-2.
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1.4 Definitions

1)

2)

3)

4)

5)

6)
7)

8)

Water Resources Management System - the study and detection of
problems possibly relate to water and how to use water in the most
effective way.

River Basin - an area which contains the boundary and center point of
water flows relate to water management. It is an indefinite size, which
depends upon the main objective of decision-maker on the area.

Model - to simulate things from real items, to build or simulate items from
large scale to smaller scale or simulate theory with reality and behavior.
Mathematical Model - modeling of real conditions in a system by using
mathematical values of objects in the system to represent real conditions.
Mathematical equations in calculation are used for simulation according to
regulations and conditions.

Simulation - to study real or hypothetical conditions, a system is modeled
for a given set of conditions. The result can indicate a trend and impact of
those conditions. Therefore it is useful for studying possible future
conditions, foretelling results and/or impacts.

Water Balance - (runoff plus rainfall) minus water requirement.

Water Requirement - quantity of water need for all activities such as
agriculture, irrigation, livestock, domestic, industry, travelling, energy,
aquatic animal planting and water requirement in last tide, etc.

Hydrology - a scientific branch relate for occurring, movement, circulation
and expansion of water on land (plain waters), water quality in physical
and chemical, water reaction to the environment including relation to

living things.



Fac. Of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 9

CHAPTER II
LITERATURE REVIEW

The information in this thesis search from many related documentation and
research. In this chapter consists of 6 parts such as study area, basic concepts of river
basin management, the tool for river basin management and planning, model of water

resource management, water requirements and related research as the following:
2.1 Study area

2.1.1 Topography and Climate

Topography of Petchaburi sub-watershed separated into 3 parts such as the
West is mountain from North to South, the Center is floodplain and the East is coastal
area. Climate of Petchaburi sub-watershed from the Climatic data between 1971 to
2000 (30 years) of Meteorological Department (Table 2.1-1) is the average
temperature 27.8 degree of celsius, the max temperature 33.4 degree of celsius on
May and the min temperature 20.7 degree of celsius on December. Petchaburi sub-
watershed nearly coastal area so that the temperature not hot and cool. The average
amount of rainfall is 987.4 millimeter per year, rainy day is 100 days/year, the
maximum amount of rainfall is 272.4 millimeter in October and the minimum amount

of rainfall is 4.4 millimeter in February.

2.1.2 Cropping pattern

Agricultural areas of Petchaburi sub-watershed is 856.21 square kilometers,
which consist of rice, field crop, fruit and vegetable about 480.05 km* (56%), 226.44
km? (27%), 132.29 km* (15%) and 2.03 km® (2%). Farmers are usually cultivating
rice and field crop in wet season, fruit and vegetable in all year. But the Petchaburi
irrigation project cultivates rice in wet and dry season, field crop in dry season and
fruit in all year. Data analyze from the statistic data of the agriculture area of

economic plant in Petchaburi province 2000.
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Table 2.1-1 Climatological data of Petchaburi rainfall station for the period1971-2000

Station PHETCHABURI
Index station 48465
Latitude 13 09N
Longitude 100 04 E

CLIMATOLOGICAL DATA FOR THE PERIOD 1971-2000

Elevation of station above MSL 2 Meters
Height of barometer above MSL 4 Meters

Height of thermometer above ground 1.25 Meters

Height of wind vane above ground 10.5 Meters
Height of raingauge 0.11 Meters

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Pressure (Hectopascal)
Mean 10123 10112 1009.9 1008.4 1007.2 1006.6 1006.7 1006.9 1008.1 1009.8 1011.4 1013.1 1009.3
Ext. max. 1022.8 1020.7 1021.3 1016.8 10132 1012.4 1012.7 1013.4 10157 1017.7 1020.2 1022.9 1022.9
Ext. min. 1003.7 10022 1002.0 1000.6 999.2 1000.1 999.2 999.4 10009 10022 1003.2 1006.3 999.2
Mean daily range ~ 4.28 4.40 4.52 4.47 3.87 3.49 3.41 3.62 4.18 4.40 4.24 433 4.10
Temperature (Celsius)
Mean 257 2741 28.4 29.5 29.4 28.9 28.6 28.5 28.1 27.6 26.7 25.1 27.8
Mean max. 30.5 31.0 32.0 33.1 33.4 32.7 32.5 324 32.0 313 30.9 30.4 319
Mean min. 21.0 22.8 24.5 25.7 259 25.8 25.4 25.5 25.0 24.4 232 20.7 242
Ext. max. 35.0 352 36.6 37.8 37.3 37.2 38.1 37.5 375 35.7 345 35.1 38.1
Ext. min. 14.0 16.1 16.0 21.8 231 22.9 21.0 23.0 21.6 18.5 15.6 12.4 12.4
Relative Humidity (%)
Mean 74 76 77 76 76 75 76 76 80 82 78 72 77
Mean max. 86 86 85 85 85 85 86 86 90 92 89 85 87
Mean min. 60 65 66 65 64 63 64 64 68 68 62 55 64
Ext. min. 25 28 21 38 39 38 40 38 46 41 41 33 21
Dew Point (Celsius)
Mean 20.6 22.5 23.8 24.7 24.6 24.0 23.7 23.6 24.1 239 22.1 19.4 23.1
Evaporation (mm.)
Mean-pan 118.0 128.6 1703 1664 160.0 132.8 1325 126.1 1187 102.1 103.9 114.0 15734
Cloudiness (0-10)
Mean 3.4 35 3.9 5.0 6.9 8.2 8.2 8.6 8.3 7.5 53 3.7 6.0
Sunshine Duration (hr.)

NO OBSERVATION

Visibility (km.)
0700 L.S.T. 53 5.7 75 8.4 10.6 11.2 11.4 10.9 10.7 9.0 7.6 6.8 8.7
Mean 7.1 7.8 8.9 9.8 11.4 1L/ b7 11.8 11.4 11.2 9.9 8.7 8.0 9.8
Wind (Knots)
Mean wind speed 1.8 4.1 5.8 4.9 3.2 25 28, 1.8 1.3 1.0 1.2 1.2 -
Prevailing wind NE S S S S S S S SE NE NE NE -
Max. wind speed 38 46 45 36 45 30 32 26 40 40 35 25 46
Rainfall (mm.)
Mean 8.7 4.4 18.0 35.1 87.1 93.0 76.6  101.3 156.7 2724 123.0 11.1 9874
Mean rainy day 1.0 1.1 2.0 35 9.7 12.5 13.7 15.1 16.3 16.6 7.5 1.3 100.3
Daily maximum 74.7 253 59.7 749 1654 564 64.7 703 259.6 1994 188.0 729  259.6
Number of days with
Haze 17.0 8.1 7.6 6.6 2.6 0.5 0.3 1.0 0.5 3.1 12.8 21.1 81.2
Fog 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Hail 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Thunderstorm 0.0 1.1 1.4 35 9.6 8.2 8.1 7.6 12.2 14.3 5.3 0.2 71.5
Squall 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Remark : Meteorological department, 2001
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2.1.3 Population
The population of Petchaburi sub-watershed is 427,306 persons and 133.26
persons/kilometer. Data analyze from the statistic data of the population and house

separated by province, district and tombon in Petchaburi province 2000.

2.1.4 Industry
The total factory of Petchaburi sub-watershed is 711 factories, which consists
of small, medium and large factories on 600, 78 and 33 factories, respectively. Data

analyze from List of industry in Petchaburi province 2000.

2.1.5 Watershed hydrology

2.1.5.1 River system

Petchaburi River is a main river of Petchaburi sub-watershed system.
Petchaburi River flow from the west to the east of watershed, which is the outlet to
the Gulf of Thailand at Klong Bangtaboon. The branch consists of Huai Mae Prachan
and Huai Phak, which flow into Petchaburi River. The water source of Huai Mae
Prachan come from the mountain of Northern part of Ratchaburi province and run
from North to South and proceed to Petchaburi River at Thayang district. The water
source of Huai Phak come from Angkaew and Namyod mountains at the south, flow
from South to North and connect with Petchaburi River at Thayang district.

In this thesis Petchaburi sub-watershed is divided to 5 sub-watershed, which
consist of the middle Petchaburi sub-watershed(1), the middle Petchaburi sub-
watershed(2), Huai Phak sub-watershed, Huai Mae Prachan sub-watershed and the

lower Petchaburi sub-watershed, show as table 2.1-2 and figure 2.1-1.

2.1.5.2 Rainfall
Petchaburi sub-watershed is in the tropical monsoon area so that the most
rainfalls come from the southeast monsoon wind in May to November and from the
tropical cyclone storm in October. It has heavy rainfall in October.
Rainfall data of Petchaburi sub-watershed will be analyzed from 24 stations,

Mae Klong watershed 4 stations and Western Coast Gulf of Thailand 3 stations as
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shown in figure 2.1-2. Rainfall data was analyzed that 90% of the rainfall amount in
Petchaburi sub-watershed, the annual rainfall on May to November and 10% in
December to April. Then Petchaburi sub-watershed has 7 months for wet seasons
(May-November) and 5 months for dry seasons (December-April). The average
annual rainfall of all stations will be used to interpolate the isohyets map as shown in

figure 2.1-3.

2.1.5.3 Runoff
Current the natural flow of Petchaburi River changed by the operating of
Kaeng Krachan reservoir, which influence the runoff quantity of the middle and lower
Petchaburi River. Except Huai Mae Prachan and Huai Phak are not influence so that
they have the natural flow. (1)
Runoff data analysis of Petchaburi sub-watershed used the runoff station of
Royal Irrigation Department 4 stations such as B1A, B3, B6 and B8 and EGAT 1
station such as KKC, show as figure 2.1-2. KKC is inflow runoff computation to
Kaeng Krachan reservoir from EGAT. Petchaburi sub-watershed has the monthly

average runoff 70 percent of the annual runoff on June to December. (1)

Table 2.1-2 Petchaburi sub-watershed areas

Sub- Sub-watershed Area
watershed 1 (Square Kilometer)
1 Middle Petchaburi Sub-watershed(1) 95.35
2 Middle Petchaburi Sub-watershed (2) 413.08
3 Huai Phak Sub-watershed 313.06
4 Huai Mae Prachan Sub-watershed 1,116.66
5 Lower Petchaburi Sub-watershed 1,588.20
Total 3,526.35




Fac. Of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 13

s e Bl

==
I:l L — _ —

2 [0

Figure 2.1-1 Petchaburi sub-watershed map
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Figure 2.1-2 Position of rainfall and runoff stations in Petchaburi sub-watershed
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Figure 2.1-3 Rainfall Isohyetal Map in Petchaburi sub-watershed
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2.2 Basic concepts of river basin management

River basins are important management units. They are the natural context in
which freshwater occurs, the ultimate source of all water used and the receptor of
most waste water. Moreover, they have important non-consumptive uses, such as
recreation, nature, shipping and hydropower production.

River basins are being used ever more intensively. In many basins human
pressure is reaching the maximum sustainable level or has already surpassed this
level. Conflicts between different water uses and between upstream and downstream
use are increasing, many basins are overexploited, and the capacity to meet the
different social demands is decreasing. To prevent or remedy these problems, an
integrated approach to river basin management (RBM) has been called for. Basic
elements of such an approach are a basin-wide scope; attention to the different forms
(surface and groundwater) and aspects (quantity, quality) of water; attention to the
relations between land and water resources; and the integration of natural limitations,

social and economic demands, and legal, political and administrative processes. (5)

2.3 The tool for river basin management and planning

Proper river basin planning and management is important in many countries as
the available freshwater resources put serious restrictions on the economical and
social development. Use of water has often detrimental impacts, directly or indirectly,
on the water quality and reduces the available amount of clean water for consumption.
Allocation and usage of water require therefore consideration of the environmental
impacts in order to maintain acceptable ecological and environmental conditions of
the natural environment.

River basin management and planning may broadly be conceived as an
attempt to identify the best possible utilization of the available water resources given
certain soil, land, agricultural, engineering, and social constraints. Due to the

multitude of water resources development options, which often exists, conflicts over
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the utilization of a particular source between individual users and the interdependency
between water, soil and land use, river basin management is indeed a complex task.

A water resources management tool, such as the MIKE BASIN, centers
around a basin wide representation of the water availability and potential users of
water, offers such a framework

MIKE BASIN is a software product , which has been developed through
research and projects undertaken by Danish Hydraulic Institute (DHI) within the field
of river basin management and watershed management. Although DHI has applied
analytical tools in such projects during the last one-two decades, the development of
PC based GIS, and in particular ArcView GIS, has initiated a whole new development
strategy within this field. The use of Geographic Information System (GIS) in
integrated river basin management is only natural since most of the data has to be

stored in a spatial form. (6)

2.4 Model of water resource management

2.4.1 MIKE BASIN

MIKE BASIN is professional engineering software package and a powerful
modeling tool for integrated river basin planning and management. It accommodates a
basin wide representation of water availability, sector water demands, multi-purpose
reservoir operation, transfer/diversion schemes, and possible environmental
constraints. The software package is particular useful allowing conclusions
originating from studies of individual aspects to be brought together in a framework
capable of undertaking an integrated analysis. It can assist decision makers in
identifying a sustainable development of scarce water resources for competing uses,
taking into account specified priorities, rural and urban characteristics, and socio-
economic constraints.

The model uses a Graphical User Interface (GUI), which links MIKE BASIN

directly with customized ArcView ™ GIS. Furthermore it uses a sophisticated Time


http://www.dhi.dk/mikebasin/Whatis.htm#Planning
http://www.dhi.dk/mikebasin/Whatis.htm#Schemes
http://www.dhi.dk/mikebasin/Whatis.htm#Reservoirs
http://www.dhi.dk/mikebasin/Whatis.htm#Reservoirs
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Series Editor, which allows simultaneous editing and graphical display of time series
as well as import/export to spread sheet programs.

The model is providing a mathematical representation of the river basin
encompassing the configuration of the main rivers and their tributaries, the hydrology
of the basin in space and time, existing as well as potential major schemes and their
various demands of water.

It is structured as a river network model in which the river systems are
represented by a network consisting of branches and nodes (Figure 2.4.1-1). The
branches represent individual stream sections while the nodes represent confluence,
locations where certain water activities may occur, or important locations where
model results are required. Model results comprise information on the performance of
individual reservoirs and demand schemes as well as the conditions in any part of the

river system. (7)
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Figure 2.4.1-1 Schematic layout of network modeling (7)
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2.4.1.1 ArcView GIS based GUI

MIKE BASIN uses a graphical user interface (GUI), which links MIKE
BASIN with ArcView ™ GIS. The interface is developed in an ArcView ™
environment and works using the ArcView'™ GIS functionality. The model
application uses a customized ArcView' " GUI which represents the state-of-the-art in
such types of modelling. Integration in the ArcView milieu ensures that the full
ArcView functionality is maintained. Because several of the model interface functions
use standard ArcView facilities the user should be familiar with ArcView.

The model operates on the basis of a digitised river network established
directly on the computer screen in ArcView' ™ GIS. All information regarding the
configuration of the flow simulation network, location of water users, reservoirs and
intakes and outlets of return flow are also defined by on-screen editing. By activating
and activity symbol, easy to edit menus appear for further editing.

Basic input to the model consists of time series data of catchment run-off for
each branch. Additional input files define reservoir characteristics and operation rules
of each reservoir, meteorological time series and data pertinent to each water supply
or irrigation scheme such as diversion requirements and other information describing
return flows. The model uses DHI's own Time Series Editor for input of time-series
data. Data can be imported into the Editor from tab delimited ASCII files or directly
from excel using the standard windows cut and paste functions. The Editor is also

used for result presentation. (7)

2.4.1.2 MIKE BASIN components

1) River network
The natural river system is schematized and represented with a node-branch
structure. Flows are calculated at each node. The flow in a node at the downstream
end of a particular branch will be a function of several variables:
- the flow in the nearest upstream node;
- the estimated runoff from a sub-catchment belonging to the upstream

branch;
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- return flow and/or extraction of water taking place at the river node.

Nodes are automatically geo-referenced in relation to other nodes and
described by possible upstream and downstream node references.

First step in setting up a river basin model is to define an underlying model
river network upon which the node references can be based. The model river network
is a simplification of the physical system. The user can either "digitize" a network
based on an imported image illustrating the natural river system or simply use a blank
screen.

The model allows to define priorities of river diversions and water extractions
from multiple reservoir systems as well as priorities for water allocation to multiple
usage from individual extraction points.

The schematization must describe the functions and inter-relations as in the
natural system, but does not necessarily need to have the same layout and scaling as
the natural system. However, for presentation purposes, at a later stage in a project it
may be an advantage to design the model network such that it resembles the physical
system as close as possible. Overlays with other features used in ArcView outside the

model can also be done, e.g. shapefiles of river systems, thematic maps etc. (7)

2) Water demand schemes

Schemes are processes/activities which can be incorporated in a model. There
are two types of activities available:

- Irrigation area;

- Public/industrial water supply

Extraction of water can be for several purposes. Most common are municipal
water supply and industrial water supply. The activity defined as urban water supply
means that there is a simple relationship between temporal variation in water
extraction and return discharge, given as time-series to and from river nodes.

If a certain scheme for drawing water has been assigned a node, attempts will
be made to do so as long as the water availability permits, and hence transferring only
the remaining water to the downstream node. Under water shortage all available water
will be extracted, leaving no water flows to downstream reaches. The actual

performance of a scheme can be presented.
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If several extraction points have been assigned for a specific water demand
scheme, the water will be drawn in order of priority from the individual nodes as long
as water is available. The order of priority is given when defining the connection on
the screen.

A water supply node could be placed anywhere on the display. The
connections between the water supply and the river network are specified through the
input menu for each water supply scheme. The linkage between extraction points and
demand schemes will be drawn automatically on the screen with colours indicating

the order of priority. (7)

3) Reservoirs

Mike Basin can accommodate multi-purpose multiple reservoir systems. The
purpose of individual reservoirs is to simulate the performance for specified operating
policies using associated rule curves. These define the desired storage volumes, water
levels and releases at any time as a function of existing storage volumes, the time of
the year, demand for water and possible expected inflows.

Operating rules are often defined to include not only storage target levels, but
also various storage allocation zones. For example the following zones can be
considered as illustrated Figure 2.4.1-2 :

A conveyance loss factor can be specified for each reservoir user. The
conveyance loss is proportional to the delivery through the branch to the user. Water
demands for the reservoir users are automatically increased according the losses. This
means the user-specified demands will still be fulfilled if sufficient water is available
in the reservoir.

Multiple reservoir systems allow for specifying water extraction from several
reservoirs to a specific demand scheme in any order of priority. Reservoirs are placed
on top of a river node. Down-stream node connections will automatically be
established. Connections to other reservoir and users are specified through the input
menu for each reservoir scheme.

At the HVA control input field in the reservoir menu a file holding the values

for Height, Volume and Area relations must be specified. (7)
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4) Results presentation

Simulations can be carried out with any time step without consideration to the
time intervals of input data. Assuming that a certain combination of water usage, sub-
basin transfers and reservoirs has been defined the model simulates the performance
of the overall system by applying a basic water quantity mass balance approach in
every branch and node

Model output comprises information on the performance of each individual
reservoir and irrigation scheme within the entire simulation period, illustrating the
magnitude and frequency of any water shortages. Furthermore, time series of river
flow at all nodes are simulated enabling the user to determine the combined impact of
selected schemes on river flows.

The MIKE BASIN menu will change when the model is set to presentation
mode, and five new buttons will be added to the standard ArcView view GUI. Any
node point or scheme can be selected for display in the Time Series Editor. If several
simulations have been loaded and is visible, all outputs generated for the selected
point will be displayed in the Time Series Editor programme at the same time. This
will give the user the possibility to check the data from individual simulations against

each other. (7)
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Figure 2.4.1-2 Reservoir rule curves (7)
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2.4.2 ArcView GIS

Geographical Information System (GIS) is defined as an information system
that is used for input, store, retrieve, manipulate, analyze, and output geographically
referenced data. It helps to support decision making for planning and management of
water resources and other fields.

GIS can be a very important tool in decision making for sustainable
development because it can provide decision-makers useful information by means of

analysis and assessment of spatial databases.

Important characteristics of GIS necessitate its use. This consists of following
important characteristics:
- A powerful approach for handling spatial data.
- Data maintained in a digital form.
- Ability to manipulate spatial data.
- Integration of spatial data and corresponding attribute data in single
analysis.

- Better storage and updating of data.

There have been developed extensive software for GIS application. All can be
classified under following four categories:

- Professional

- Desktop/Presentation

- Business

- Mass market

MIKE BASIN uses graphical user interface (GUI) of the ArcView GIS. This
software falls in the category of Desktop/Presentation. The ArcView GIS is a
powerful easy-to-use tool for desktop GIS and mapping. Environmental Systems
Research Institute (ESRI, USA) has developed it. ArcView helps to visualize,

explore, query, and analyze data spatially.
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ArcView has following four components (Figure 2.4.2-1). Each component
has a set of tools for working with it.

1) View component

- An interactive map, which is used for display, explores, query, and analyze
geographical data on the screen.

- Defines the geographic data that will be used.

- A collection of themes: themes in a view are a distinct set of geographic
features like rivers, lakes, roads, cities, states, etc.

2) Table component

- Enables to work with data from tabular data sources.

- Can be used to display, query, and analyze geographic data.

3) Chart component

- A visual representation of a tabular data.

- Can represent all the records of a table or a selected subset of records.

4) Layout component

- A map that is used to display views, charts, tables, and imported graphs for
output.

5) Script component

- Contains Avenue code (programming language).

- Can compile, debug, and run the script for adding new capabilities.

Automating tasks, building complete applications, etc.

Qutput

Pratabase

Graphics

Geographic
features

Figure 2.4.2-1 Components of ArcView.
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2.4.3 WUSMO Version 4.6

WUSMO (Water Uses Study Model) used for study the appropriation of
reservoir projects, and adapt the water allocation of completed project. The model is
tools for assess the potentiality of water development projects that is composed of 3
models such as Effective Rainfall Model, Irrigation Demand Model and Basin System
Simulation Model. (9)

In this research just only used 2 models, which consist of Effective Rainfall
Model and Irrigation Demand Model. Models can investigated agricultural water

demands all river basins that including to inside and outside irrigation areas.

2.4.3.1 Effective Rainfall Model (ERM)

Effective Rainfall Model used to compute rainfall quantity for instead
irrigation water. Model computes the daily effective rainfall and sum to weekly.
Weekly effective rainfall is input data for Irrigation Demand Model. Figure 2.4.3-1
shows work flow diagram of Effect Rainfall Model. (9)

2.4.3.2 Irrigation Demand Model (IDM)

Irrigation Demand Model used to compute the weekly of irrigation water
requirement and return flows in each irrigation areas, after that converted to monthly.
This model can simulated plants to 8 types, such as Local transplant rice, Hyv
transplant rice, Local broadcast rice, Hyv broadcast rice, field crop (wet), field crop
(dry), vegetable and fruit. Figure 2.4.3-2 shows Work flow diagram of Irrigation
Demand Model.
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Figure 2.4.3-1 Work flow diagram of Effect Rainfall Model (9)
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Figure 2.4.3-2 Work flow diagram of Irrigation Demand Model (9)
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2.4.4 HEC4PC

2.4.4.1 Introduction

This program was prepared in The Hydrologic Engineering Center, US Army
Corps of Engineers. It will analyze monthly streamflows at a number of interrelated
stations to determine their statistical characteristics and will generate a sequence of
hypothetical streamflows of any desired length having those characteristics. It will
reconstitute missing streamflows on the basis of concurrent flows observed at other
locations and will obtain maximum and minimum quantities for each month and for
specified durations in the recorded, reconstituted and generated flows. It will also use
the generalized simulation model for generating monthly streamflows at ungaged
locations based on regional studies. There are many options of using the program for
various related purposes, and it can be used for other variables such as rainfall,

evaporation, and water requirements, alone or in combination. (10)

2.4.4.2 Description of equipment

This program requires a FORTRAN IV compiler. HEC4PC will run on a
microcomputer under DOS version 2.0 or higher with 512 kilobytes of RAM or more.
A math-coprocessor, the 8087 chip, is required. Due to large volume of output and

required temporary disk storage.

2.4.4.3 Methods of computation

This program is the statistical modeling which consist of principle statistic and
time series relation between stations or Serial and Cross — Correlation. Program
computation keeps property of principal statistic of station data such as mean,
standard deviation and skewness. This computation seems the linear modeling which
consist of random part. HEC4PC use statistical distributed by Pearson Type III
Distribution. (1)
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2.45 NAM

2.4.5.1 Introduction

NAM is the abbreviation of the Danish “Nedbor-Afstromnings-Model”,
meaning precipitation-runoff-model. This model was originally developed by the
Hydrological Section of the Institute of Hydrodynamics and Hydraulic Engineering at
the Technical University of Denmark (Nielsen and Hansen, 1973). During the past
decade it has been extensively applied and modified by the Danish Hydraulic Institute
in a large number of projects. (11)

A mathematical hydrological model like NAM is a set of linked mathematical
statements describing, in a simplified quantitative form, the behavior of the land phase
of the hydrological cycle. Numerous hydrological models exist. The NAM Model is a
so-called deterministic, conceptual, lumped type of model with moderate input data
requirements.

The input data to the model are : precipitation, potential evapotranspiration
and temperature (only if the snow routine is used). On this basis, it produces, as its
main results, runoff and groundwater level values as well as information about other
elements of the land phase of the hydrological cycle, such as the temporal variation of

the soil moisture content and the groundwater recharge.

2.4.5.2 Model structure

The model structure is shown in Figure 2.4.5-1. It is an imitation of the land
phase of the hydrological cycle. Water is stored in four storages.

The snow routine is optional and temperature data is only required if the snow
routine is applied. The precipitation is retained in the snow storage only if the
temperature (TEMP) is below 0°C, whereas it is by-passed to the surface storage in
situations with higher temperatures.

Moisture intercepted on the vegetation, as well as water trapped in depressions
and in the uppermost cultivated part of the ground is represented as surface storage.

Umax denotes the upper limit to the amount of water in surface storage.
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The soil moisture in the root zone, a soil layer below the surface from which
the vegetation can draw water for transpiration, is represented as lower zone storage.
Lmax denotes an upper limit to the amount of water in this storage.

Rain and melted snow are subject, first, to the functions of the surface storage.
The amount of water, U, in surface storage is continuously diminished by evaporative
consumption as well as by horizontal leakage (interflow). When there is maximum
surface storage, some of the excess water will enter the stream as overland flow,
whereas the remainder is diverted as infiltration into lower zone and groundwater
storages.

Moisture in the lower zone storage is subject to consumptive loss from
transpiration, while the moisture content controls the amount of infiltrating water
which enters the groundwater storage.

The groundwater recharge is generally divided into two groundwater sotrages,
upper and lower, having different time constants. The groundwater storages act as
linear reservoirs continuously draining to the stream as baseflow.

The overland flow and the inter flow are routed through one linear reservoir
(representing routing in the soil system). Then all of the streamflow components are
added and routed through a final linear reservoir (representing routing in the channal
system); thus, a continuous streamflow hydrograph at the outlet of the basin is

obtained.

2.4.5.3 Model parameters

1) Storage capacities

Umax, Lmax (mm.), define the upper limit of water content in the upper zone
and lower zone storages respectively. The value Umax should reflect that the upper
zone is interpreted as water content in interception storage, in surface depression
storages and in the uppermost few cm’s of the ground. Lmax can be interpreted as the
maximum soil moisture content in the root zone available for the vegetative
transpiration. Ideally, Lmax can then be estimated by multiplying the difference
between field capacity and wilting point of the actual soil with the effective root

depth. However, Lmax represents the average value for an entire catchment; averages
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Figure 2.4.5-1 Structure of the NAM Model. (11)

are for the various soil types and root depths of the individual vegetation types.
Therefore Lmax cannot in practice be estimated directly from field data but an

expected interval can be defined.

2) Overland Flow Coefficient
CQor is the overland flow runoff coefficient. It is a very important parameter
determining the extent to which excess rainfall runs off as overland flow or infiltrates.
CQor 1s without dimension and has a value between 0 and 1. Physically, in a lumped
way it reflects the infiltration and also to some extent the recharge conditions. Small
values of CQor are expected for a flat catchment having coarse, sandy soils and a
large unsaturated zone; while, large CQor values are expected for catchments having

low permeable soils such as clay or bare rocks.
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3) Interflow Coefficient
CQir (hour™) is the interflow drainage coefficient. CQyr determines together
with U the amount of interflow. CQjr is the quantity of U drained to interflow every
hour; therefore, CQyr is in fact a reciprocal time constant. It is a dominant routing

parameter of the interflow because CQr' >> CK1, CK2.

4) Baseflow Parameter
CBFL is responsible for dividing the recharge into two groundwater storages,
the upper and the lower. The only difference between the function of two reservoirs is
the time constants used in routing the recharge to baseflow. When the value of this

parameter is equal to zero, then only the upper groundwater storage is active.

5) Threshold Values

CLir, CLop, CLg. These are all positive coefficients less than unity and
without dimension. They relate to the relative soil moisture content, L/Lmax, in the
interflow, overland flow and recharge. They work as threshold values so that no
interflow, overland flow, or recharge is generated if L/Lmax is less than CLr, CLop,
CLg respectively. Physically, the threshold values should reflect the degree of spatial
variability in the catchment characteristics, so that a small homogeneous catchment is
expected to have larger threshold values than a larger heterogeneous catchment. For
catchments with alternating dry and wet periods, the threshold values determine the
start times of the flow components in the periods where the root zone is being filled
up. This fact ease the calibration of these threshold parameters. It should be noticed
that the threshold values have no importance in wet periods when L = Lmax. The
importance of the threshold values varies from catchment to catchment and is usually

larger in semiarid regions.

6) Time Constants for Routing
CK1, CK2, CKBFU, CKBFL (hours). The four parameters are time constants
of linear reservoirs. The time constants are very important parameters for the time

distribution of the simulated runoff values. They can be estimated from hydrograph
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recession studies. The time constants usually require a short calibration period for
estimation (2-3 years) unless the groundwater reservoirs have a very slow response.
The calibration of the model parameters described above is carried out by trial
and error method. However, during calibration, evaporation from the surface storage
and the lower zone storage can be increased by increasing Umax and Lmax and vice
versa. The peak flow events and volumes are controlled by CQor and it has a linear
effect on the overland flow. The parameter CLor mainly affects the starting time of
the overland runoff after relatively dry periods. The baseflow is dependent on the
other streamflow components. It can be increased by decreasing the overland flow
and interflow and vice versa. The shape of the overland flow can be steered through
CK1 and recession of interflow can be steered through CK2. But for two-layer
Groundwater zone, the time response for the secondary and primary groundwater

storages can be controlled through CKBFU and CKBFL respectively. (12)

2.5 Water requirement of other activity

Water resource is a influence natural resource with human activity. This

research divides water requirement to 4 types such as water requirement for

agriculture, domestic, industry and natural river conservation.

2.5.1 Agricultural water requirement

Agricultural water requirement means waters for crop growth, which receives

from rainfall or sum of rainfall and irrigation water or irrigation water. (13) There is

divided agricultural water use to in/out irrigation areas.

2.5.2 Domestic water requirement

Domestic water requirement of population means water quantity for drinking

and cleaning. (13)
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2.5.3 Industry water requirement

Industry water requirement means water quantity for process of production,

washing and cooling. (14)

2.5.4 Water requirement for natural conservation
Water requirement for natural conservation means water quantity for river
maintenance flow, which is water quantity for reserve in the river. River maintenance

flow equals the average of low flow rivers in dry season. (15)

2.6 Related research

Xavier (2001), the main objective is to formulate a guideline for IWRM for
Bangladesh situation. Six water sector components are reviewed: water sector
assessment in Bangladesh, water policy and strategy, institutional framework, water
legislation and standards, water allocation, and functions and values of water
resources. Questionnaires and interviews of concerned individuals in the water sector
evaluate the point of view of Bangladesh on IWRM process. The modelings develop
different scenarios on water resources management and assess present and future

impacts of planned projects onto the water system by MIKE BASIN. (16)

Choaktawee (2001), the objective of this research was to evaluate the
performance of Irrigation Project in Phetchaburi Basin. The study was implemented
using data of dry season 1998 to wet season 1999. Various data were collected such as
crop calendar, cropping pattern, delivery method, irrigation application method, water
quantity, percolation in the field and loss in canal system, and effective rainfall. In
addition, water allocation for all activities were evaluated using 5 indexes i.e. delivery
performance ratio, conveyance efficiency, utility of water supply, equity, and
temporal reliability. Results indicated that irrigation efficiency was also evaluated, the
values were 46.67 percent for dry season and 31.07 percent for wet season. The

performance evaluation showed that the Pethchaburi irrigation project was well
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implemented. Nevertheless, all indicators in the wet season may not be used as a
representative since irrigation practice was not applied for the whole season due to

flood at the end of season. (17)

Manoj (2000), this study performs a detailed simulation of the Mun River
Basin situated in the northeastern part of Thailand. The Mike Basin model is used to
simulate the system. The technique used in the model is a basic water quantity mass
balance approach. The output of the model is analyzed in terms of event-based
reliability. Based on the availability and utiliazation of water resources in the Mun
River Basin, a monthly simulation is applied using hydrological data from 1965 to
1997. Various scenarios of water resources development of irrigation projects, and
domestic and industrial water supply projects are considered in the simulation. It was
found that overalll reliability of the irrigation system is 42 percent and water supply
system is 38 percent. The low reliability is due to the very high variation between dry
season and wet season water availability. Sensitivity analysis on cropping intensities
of irrigation schemes indicates that reliable wet season cropping across the basin is 79

percent, and reliable dry season cropping across the basin is only 12 percent. (18)

Kamtorn (1999), this research is to develop a flow forecasting program using
Visual Basic based on statistical methods, namely, Adaptive Filtering, Lag-One
Markov Process, Winters’ Method and Decomposition model. The results from each
model are compared in order to find an appropriate flow forecasting model to be used
for a generic river basin. The research is also to manage related data in a database
form and simulate a mathematical model using RiverWare, a software program for
water resources management. The results of the research show that none of the flow
forecasting models using Adaptive Filtering, Lag-One Markov Process, Winters’
Method or Decomposition method gives good results when they are compared to
observed data. The multiple regression analysis method is then selected to forecast the

flow. (19)

Suchart (1996), this study aims at a monthly rainfall-runoff model beginning
with WRECU-I Model, which is nonlinear, lumped and deterministic. The study areas
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are the Petchaburi Basin and the West Coast Gulf of Thailand Basin or the Prachuab
Kirikhan Coast Basin. The model are used to synthesize runoff of 14 sub-basins. The
model HEC-4PC 1is adopted to synthesize runoff from rainfall data in a systematic
manner for comparison. It is concluded that the WRECU-I Model can synthesize
monthly runoff very well for Petchaburi Basin and Prachuab Kirikhan Coast Basin.
When compared with the HEC-4PC, the WRECU-I Model can better synthesize
runoff during the high flow period in terms of both quantity and time of occurrence.
Though, the HEC-4PC give the important statistics of the synthesized runoff very
close to those of the observed data. The resulted peak flow is often unreliable

comparing with rainfall data. (20)

Chulalongkorn University (1994), studied about the potential development of
Petchaburi watershed. The objective was to studied hydrometeorology, water resource
development project and planning and water resource management planning at the
short-term future year and the long-term future year. In this study simulated the water
resource development and water requirements model on main and sub watershed or
Basin Simulation Model (BSM) which used HEC-3 of U.S.Army Corps of Engineers.
HEC-3 used to analyze the condition of water resource development and water
requirement in each case study and analyze the result of watershed modeling in 60
case study. This research used HEC-4 of U.S.Army Corps of Engineers, which is
Rainfall-Runoff Model (RRM) by expanded to 40 years (1952-1991). It can assessed
the irrigation water requirement and simulated the watershed modeling. Water
requirement consists of the agriculture-irrigation, domestic, industry, tourism and

conservation. (1)

Muhammad (1986), the study deals primarily with the applicability of the
NAM model in simulating the daily rainfall-runoff relationship of twelve small river
basins in different regions of Thailand. An investigation to test the viability of the
model in simulating the annual discharge, baseflow and peak flows has been carried
out. The model was calibrated using concurrent daily streamflow, rainfall and
monthly evaporation data. It was verified using independent data to assess its

predictive reliability. It was found that prospects of model’s applicability to daily
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streamflow estimation is promising in the Northern and North-Eastern regions and the

model is inevitably a good engineering tool for the prediction of annual discharge.

(12)

Nirut (1985), the aims of the study are to investigate the water uses in the
Petchaburi irrigation project; to determine the average cultivated areas on dry season;
and to find a suitable Dry Season Area Reduction curve by WUSMO. Irrigation
supplies of four head regulators were calculated from calibration curves. Irrigation
efficiency of the main canal was about 35-59 percent in dry season and 28-52 percent
in wet season. Subsequently, the study about reservoir operation was undertaken

using irrigation efficiency for planning purpose. (21)
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CHAPTER III
METHODOLOGY

The purpose of this thesis would like to simulate mathematical model of

Petchaburi sub-watershed system by consider the water balance and search the

guideline of water resource management and planning, which consider suitable

topography, climate, hydrology and society within Petchaburi sub-watershed area.

The research methodology could be divided into 3 parts as the following; (1) tools and

equipment (2) research methodology (3) the application of water resources

management program. The methodologies were shown as the following:

3.1 Tools and Equipment

The tools and equipment were used in this study as the following:

1)
2)
3)

4)
5)

6)
7)
8)

Planimeter

Program MIKE BASIN 2002 by Danish Hydraulic Institute (DHI)
Program ArcView GIS Version 3.2a by Environmental Systems Research
Institute (ESRI) (1992)

WUSMO Version 4.6 by Manas (1995)

HEC4PC Program by Hydrologic Engineering Center, U.S. Army Corps of
Engineers (1971)

NAM Program by NIELSEN and HANSEN (1973)

Microsoft Excel 97 by Microsoft Corporation (1997)

Operating System on Windows 98 and Windows XP
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3.2 Research methodology

The main objective in this thesis was done is study the water balance of
Petchaburi sub-watershed using the watershed model and considering on the
concerned factors which would be affected to the water resource management, the
reservoir, the operation of rule curve, the irrigation area, the cropping pattern, the
irrigation efficiency and the water requirement. The water balance will be used to
assess the water resource management and guideline for water management as shown

in table 3-2-1.

Step 1: Data collection

The data will be collected from the relevant organization as shown in the table

3.2-1 and illustrate on the type of data and the sources of data.

Step 2: Data analysis

Data analysis can be divided into 2 sub-steps; (1) Characterize the rainfall-

runoff model and (2) Compute the water requirement in each activity.

(1) Characterize the rainfall-runoff model
This model will be study the rainfall-runoff data both in the past and in
the future from the rainfall station and runoff station. The researcher will characterize
the time-series data ranged of 30 years in the past (A.D. 1971-2000) and to synthesize
the time-series data ranged of 10 years in the future (A.D. 2001-2010).

(1.1) HEC4PC Model will be used to characterize the rainfall-runoff
data from 5 main stations and 4 sub-stations as shown in the figure 3.2-1 and figure
3.2-2. The limitation of this model is a limited data, which it can be run only 9
stations in each time. The data must be covered 30-year long-term data from the
rainfall stations chosen. HEC4PC and NAM will be used to characterize the runoff
data. The runoff from Kaeng Krachan reservoir at B1A station, B3 and KKC will be
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characterized by HEC4PC program. In the opposite runoff not is effected from Kaeng
Krachan reservoir from B6 (Huai Mae Prachan station) and B8 (Huai Phak station)
used NAM program to characterize, shown in figure 3.2-3. The selection of runoff
station can be seen in appendix D. It was illustrated that the rainfall station 37141 was
related to the runoff station B6 and the rainfall station 37181 will related to the runoff
station B8.

(1.2) HEC4PC Model will be used to characterize the rainfall-runoff
data from 10-year long-term period, shown in table 3.2-3. After that the researcher
will take the data from main station to characterize the rainfall-runoff data of other

station.

(2) Water requirements; There are four requirements in this step consists of the
domestic water requirement, the agricultural water requirement, the industrial water
requirement and the conservation water requirement. The detail is shown as the

below;

(2.1) The domestic water requirement
The population projections and future estimation will be used. The 10-year
data (1991-2000) and consists of population number and household number which are

vary by province, district and municipality.

Muang municipality area is 210 litres/person/day
Local municipality area is 180 litres/person/day
Out of local municipality area is 50 litres/person/day

The domestic water requirement could be derived as equation 3.1;

Water requirement = number of population * water consumption * 365 (m*/year) (3.1)

1000
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(2.2) The agricultural water requirement

Program WUMO Version 4.6 will be used to compute agricultural water
requirement. Only 2 models will be used: Effective Rainfall Model and Irrigation
Demand Model.

10-years data past (1991-2000) collecting from Office of Petchburi
Agricultural will be used to compute. It consists of the economic plant, fruit and tree
in Petchaburi.

In the case agricultural area that is situated in the irrigation area, the effective
irrigation will be considered of factor. In contrast it’s not, then the effective irrigation
was not.

WUSMO Model could compute the water requirement from the past to the
future. Wiboon (1983) (24) used to compute water requirement of plant and used to

analyze the water requirement in the future.

(2.3) The industrial water requirement
The simple linear regression analysis is a statistical methodology, will be used
to analyze the water demand of factory used from the past to the future. The data will
be collected from Office of Industrial Petchburi.
Firstly, The researcher will assign the size of industrial water requirement by

factory size as below:

Then the equation to compute can be derived as the below;

Water requirement = number of factory * water consumption * 365 (m’/year)  (3.2)

(2.4) The conservation water requirement; it can be compute from the

average of low flow during the shortage period from B1A station.
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Figure 3.2-1 Conceptual Framework to study
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Data

Sources

Application

(1) Geographic Information System
of Petchburi sub-watershed

- Sub-watershed boundary

- Political boundary

- Water way and reservoir

- Land-use

Division of
Pollution Control

Primary data

(2) Meteorological data from Amphur
Muang, Petchburi province: 10-year
long-term data (1991-2000)

Division of
Meteorology

To compute the agricultural
water requirement and act as
the primary data for the
reservoir

(3) Daily rainfall quantity
(millimeter/day)
30-year long-term data

Division of
Meteorology and
Department of

To compute the agricultural
water requirement, to
characterize the rainfall-

The data was collected from the Irrigation runoff and act as the primary
rainfall  station: Petchaburi sub- data for the reservoir
watershed station, the close sub-
watershed station consisting of the
western gulf of Thailand sub-
watershed and Mae Klong sub-
watershed
(4) The average quantity of daily | Department of | The primary data of water
runoff (m’/day), the data collected | Irrigationand | flow in reservoir as well as to
from 5 runoff station in Petchburi GATT characterize the rainfall-
sub-water-shed, B1A, B3, B6, B8 and runoff data
KKC as well as in 30-year long-term
data
(5) Reservoir data (m’/month) Department of | General data of reservoir
- General data Irrigation and
- Water quantity flow in the reservoir GATT
-Reservoir increment
(6) 10-year long-term data of| Departmentof | To compute the agricultural
agriculture(1991-2000) Irrigation, Office | water requirement
- Agricultural area size (Rai) of Provincial
- Type of plant Agriculture and
- Cropping Pattern Office of District
Agriculture
(7) Others data, 10-year long-term Office of To compute the domestic and
peroid (1991-2000) Provincial industrial water requirement
- Population Statistic and
-Number and Type of factory Office of
Provincial

Industry
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Table 3.2-2 The 30-year long-term past (1971-2000) of monthly rainfall-runoff data
of Petchaburi sub-watershed characterized by HEC4PC Model

Main Station Code
Time 37012 | 37022 | 37042 | 37052 | 37062 Others Station Code

Characterized Rainfall

1. BS.dat / / / / / 37090 | 37220 | 37250 | 37270 -
2. Rainl.dat / / / / / 37032 | 37260 | 37270 | 37330 -
3. Rain2.dat / / / / / 37190 | 37230 | 37250 | 37280 -
4. Rain3.dat / / / / / 37090 | 37200 | 37220 | 37240 -
5. Rain4.dat / / / / / 37082 | 37090 | 37210 | 37293 -
6. Rain5.dat / / / - / 37090 | 37101 | 37141 | 37181 | 37322
Characterized Runoff

1. Runoffl.dat / 37101 | 37141 | 37181 | 37322 | KKC B6 B7 B8 -
2. Runoff2.dat / / / / 37090 | BIA | B2A B3 B10 -
Table 3.2-3 The 10-year long-term future (2001-2010) of monthly rainfall-runoff data
of Petchaburi sub-watershed characterized by HEC4PC Model

Main Station Code
Time 37012 | 37022 | 37042 | 37052 | 37062 Others Station Code

Characterized Rainfall

1. PBS.dat / / / / / - - - - -
2. PRainl.dat / / / / / 37032 | 37260 | 37270 | 37330 -
3. PRain2.dat / / / / / 37190 | 37230 | 37250 | 37280 -
4. PRain3.dat / / / / / 37090 | 37200 | 37220 | 37240 -
5. PRain4.dat / / / / / 37082 | 37090 | 37210 | 37293 -
6. PRain5.dat / / / - / 37090 | 37101 | 37141 | 37181 | 37322

Characterized Runoff

1. PRunoffl.dat / 37101 | 37141 | 37181 | 37322 | KKC B6 B7 B8 -
2. PRunoff2.dat / / / / 37090 | BIA B2A B3 B10 -

Remark : /

The rainfall station was used to characterize the data

The rainfall station was used to characterize the data
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Figure 3.2-2 Characterize the monthly rainfall-runoff data by HEC4PC Model.
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Figure 3.2-3 Characterize the rainfall-runoff data in 30-year long-term period
in 1971-2000 by NAM Model.
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Step 3: Simulation of Petchaburi sub-watershed Model

This simulation will use the network model. It will simulate on the physical

environment by Node and Branch (node-branch structure). In this thesis will be to

simulate the river network by MIKE BASIN Program.

The data requirements to operate on the MIKE BASIN 2002 are;

The water way and water direction flow in Petchaburi River and river
branch.

The runoff statistics collecte from the runoff station

The rainfall statistics and evaporation

General data and the operating rule curve

The agricultural data consisting of the agricultural water demand and size
of plantation

The others water requirement consisting of the domestic water
requirement, the industrial water requirement and the conservation water

requirement.

Simulation of Petchaburi sub-watershed Model by MIKE BASIN 2002

Input the spatial data of river network of Petchaburi river and branch
watershed

Input node into the river network and put the runoff data to each node also.
Node consisted of Simple node, Catchment node, Diversion node and
offtake node.

Input the irrigation node to the agricultural water demand both in and
outside the irrigation are as well as the general data.

Input the reservoir node to the irrigation area and put the general data of

reservoir, operating rule curve, the statistical runoff and evaporation.
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Step 4: Assigning the case study

The factors concerning on this study are;

1) The situation of sub-watershed development; the current year (2000), a 3-
year short-term future (2003), a 5-year middle-term future (2005) and 2
cases study of 10-year long-term future (2010).

2) 3 cases study of the effective irrigation consumption during the dry season
and rain season; 30-40%, 35-45% and 40-50%.

3) Reservoir performance considering the operating rule curve as well as not
considering the operating rule curve.

4) The estimation of Mae Prachan and Huai Phak reservoir in the future.

The research of Choketawee (2000) (17) proved that the effective irrigation of
Petchanburi irrigation project and water conservation during the rain season and the
dry season was 31.03-46.67%. So, the effective irrigation is assigned into 3 ranges;
30-40%, 35-45% and 40-50%. The result are expected that the irrigation is more

effective till to solve the water shortage.

There are 36 cases that are considered in this thesis, which shown in table 3.2-4.

Step 5: Simulation of Petchaburi sub-watershed system model

The 36 cases in this model will be adjusted from the concerning factors in step
4, which could be guideline for the water resources management. Also, MIKE BASIN
model will be used to study the sub-watershed system by simulate on the step 3.

The output of this study will be the information of irrigation and reservoir
performance, the severe and frequency of shortage, return flows and water mass

balance.
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Kaeng Huai Mae Huai Phak
Krachan Irrigation Project of Petchaburi Prachan Reservoir
Case Reservoir Reservoir
study Year Rule Efficient Irrigation area Irrigation area | Irrigation area
curve/ irrigation Wet-Dry Wet-Dry Wet-Dry
Non-rule Wet-Dry (Rai) (Rai) (Rai)
curve (%)
1 2543 N-RC 30-40 468,280/17,400 - -
2 35-45 468,280/17,400 - -
3 40-50 468,280/17,400 - -
4 RC 30-40 468,280/17,400 - -
5 35-45 468,280/17,400 - -
6 40-50 468,280/17,400 - -
7 2546 N-RC 30-40 468,280/17,400 - -
8 35-45 468,280/17,400 - -
9 40-50 468,280/17,400 - -
10 RC 30-40 468,280/17,400 - -
11 35-45 468,280/17,400 - -
12 40-50 468,280/17,400 - -
13 2548 1 N-RC 30-40 468,280/17,400 - -
14 35-45 468,280/17,400 - -
15 40-50 468,280/17,400 - -
16 RC 30-40 468,280/17,400 - -
17 35-45 468,280/17,400 - -
18 40-50 468,280/17,400 - -
19 2548 2 N-RC 30-40 468,280/17,400 27,000/2,500 -
20 35-45 468,280/17,400 27,000/2,500 -
21 40-50 468,280/17,400 27,000/2,500 -
22 RC 30-40 468,280/17,400 27,000/2,500 -
23 35-45 468,280/17,400 27,000/2,500 -
24 40-50 468,280/17,400 27,000/2,500 -
25 2553 1 N-RC 30-40 468,280/17,400 27,000/2,500 -
26 35-45 468,280/17,400 27,000/2,500 -
27 40-50 468,280/17,400 27,000/2,500 -
28 RC 30-40 468,280/17,400 27,000/2,500 -
29 35-45 468,280/17,400 27,000/2,500 -
30 40-50 468,280/17,400 27,000/2,500 -
31 2553 2 N-RC 30-40 468,280/17,400 27,000/2,500 4,100/1,000
32 35-45 468,280/17,400 27,000/2,500 4,100/1,000
33 40-50 468,280/17,400 27,000/2,500 4,100/1,000
34 RC 30-40 468,280/17,400 27,000/2,500 4,100/1,000
35 35-45 468,280/17,400 27,000/2,500 4,100/1,000
36 40-50 468,280/17,400 27,000/2,500 4,100/1,000
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Step 6: Water balance table in each case study

The outstanding outcome of the MIKE BASIN Model is the water balance of
Petchburi sub-watershed. The table will show the comparison between the quantity of
runoff and the water requirements. It will show in each requirement node, agricultural

water, domestic water, industrial water and conservation water.

Step 7: Study the water mass balance of each case study

The water balance shows the severe and frequency of water shortage. The
water balance can solve and be a guideline for the water resource management. This
step is the most effective case study for managing water resource. The equation can

be derived as the following:

Water Balance = Water Availability — Water Requirement (10° m3/year) (3.3)

When :

Water Availability — the quantity of water can be consumed. The
meteorological statistic and the environmental characteristic of the sub-watershed are
as the data to analyze.

Water Requirement — quantity of water need for all activities such as

agriculture, irrigation, livestock, domestic, industry, etc.

Step 8: the suitable case study

In this step, the suitable case study of the water resources management for

Petchaburi sub-watershed are studied.
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3.3 The application of water resources management program

The application programs using to manipulate the data is on Program MIKE
BASIN, Arc View GIS, WUSMO, HEC4PC, NAM and EXCEL. Most of the program
will be selected to use characterize the data for MIKE BASIN and the network sub-
watershed. The data input for MIKE BASIN program consists of map and water
boundary. The water system are nodes and branches, time series of rainfall-runoff
quantity, evaporation, the water requirement, the general data of reservoir
performance, also including the operational rule curves and the capacity and area

curves.

1) MIKE BASIN and ArcView GIS will be used together to characterize the
data. MIKE BASIN program is a extension module of ArcView GIS. It performs the
potentiality of water resources, water requirement and operating rule curve by
simulating the river system. The output can show the severe and frequency of water
shortage. The result can also perform into 3 direction, (1) Time series in TSEdit, (2)

Monthly time series tables in HTML format and (3) AVI movies.

2) WUSMO Program; The input data for WUSMO program consist of the
quantity of daily rainfall, potential evapotranspiration, Kc, agricultural area size,
cropping pattern, irrigation efficiency. The output can show on the effective rainfall
model and irrigation demand model. After subtracting the rainfall quantity needed, it

will be illustrated on the time series of plant needed water. Lastly, the result was

continued to input data for MIKE BASIN.

3) HEC4PC and NAM program; these program can be used to evaluate the
quantity of runoff water. The data should be run on the completely and long series.
The output will be prepared for the MIKE BASIN information.

HEC4PC data should be the monthly rainfall quantity. It could be
characterized by monthly rainfall-runoff quantity. This study will use the data from
the rainfall-runoff stations in the long-term period in the past and in the short-term

period in future for 40 years (1971-2010) to characterize the rainfall-runoft data.
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The input factors for NAM model consist of daily rainfall quantity, daily
evaporation and runoff quantity by comparing with the verification model. Because
water flow condition and natural flow of B6- Huai Mae Prchan and B8- Huai Phak are
not effected from Kaeng Krachan reservoir, they will be selected as the case study for
this research. NAM program can consider the overland flow, interflow and baseflow,
it can make for the result complete.

The result of runoff estimation can show only the past and current data.
Because it can not estimate rainfall quantity and daily evaporation in long-term period

future. So, the result of water quantity in the future is shown in HEC4PC model.

4) EXCEL program; it is benefit for time series of rainfall-runoff quantity,
evaporation and water requirements. The output will be prepared for the MIKE
BASIN information, and including others statistical analysis such as simple linear
regression and others calculations. It can help the researcher to predict the water
requirement, domestic water requirement, industrial water requirement and

conservation water requirement.
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Figure 3.3-1 Conceptual Framework to characterize data
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CHAPTER IV
RESULTS AND DISCUSSION

The result of this study were divided into 3 part as the following; (1) the result
of rainfall-runoff characterized (2) water requirement in all activities and (3) model of
Petchaburi sub-watershed system. There’re 36 case study. The result were revealed as

the following.

4.1 Results of rainfall-runoff characterized

4.1.1 Calibration

This step showed the daily runoff and real water from B6-Huai Mae Prachan
and B8-Huai Phak for 10 years (1983-1992). NAM model was used to simulate the
result as shown in figure 4.1-1 and 4.1-2 respectively. And the results of parameter
calibration by NAM Model illustrated in table 4.1-1.

The runoff station model proved that Multiple correlation (R) of B6 was
0.3329 and relative at 33.29%. The highest R was 0.6671 or 66.71%. The lowest R
was 0.0125 or 1.25%. And R of B8 was 0.3909 or 39.09%. The highest R was 0.6055
or 60.55%. The lowest R was 0.2050 or 20.50%.

Multiple correlation (R) was related correlative between observed runoff and

simulated runoff. (28)

4.1.2 Verification

This step showed the daily runoff and real water from B6-Huai Mae Prachan
and B8-Huai Phak for 3 years (1993-1995). NAM model was used to simulate the
result as shown in figure 4.1-3 and 4.1-4 respectively.

The runoff station model proved that R* of B6 was 0.5112 or it was relative at

51.12%. The highest R* was 0.5773 or 57.3%. And R* of B8 was 0.5999 or 59.99%.
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The highest R* was 0.6997 or 69.97%. As the result above it was proved that R* was

approximately at 60-70%. So it can be concluded that this parameters can input on

NAM program to characterized the quantity of runoff for 3 years (1971-2000) as

shown in table 4.1-1.

Table 4.1-1 Parameters of NAM Model

Parameters | Unit | B6 — Huai Mae Prachan | B8 — Huai Phak | Usual value
Area km® 796.78 313.06 -
Umax Mm. 18 23 10-25
Lmax Mm. 126 225 50-250
CQOF - 0.6 0.6 0.01-0.99
CKIF h. 1000 1000 500-1000
TOF - 0.4 0.3 0-0.7
TIF - 0.3 0.1 0-1
Cmelt - 0 0 0-0.7
CK1 h. 48 48 3-48
CK2 h. 48 48 3-48
Cerea - 1 1 Default value
TG - 0.7 0.7 0-0.7
SY - 0.2 0.2 0.01-0.3
CKBF h. 1000 700 500-1000
GWLBF0 m. 10 10 Default value
Remark : Umax, Lmax = Storage capacities (mm.)

CQOF

CKIF

= Qverland flow runoff coefficient

= Time constant for interflow

TOF, TIF, TG = Threshold values

Cmelt

CKl1, CK2

= Snow routine

Cerea, SY, CKBF, GWLBFO0 = Baseflow

= Time constants for overland flow routing
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This thesis was studied on the water requirement of domestic used,

agriculture, industrial water and conservation water. The detail was shown in the

following.

4.2.1 Domestic water requirement

The result as shown in the table 4.2-1 which is the condition of current 2000,

the condition of short-term future plan 2003, the condition of medium-term future

plan 2005 and 2005 2, and the condition of long-term future plan 2010 1 and

2010 2.

Table 4.2-1 Domestic water requirement in Petchaburi sub-watershed,

Unit : MCM/Y ear

w
Month

Domestic Water Requirement (MCM/Year)

2000 2003 2005 1 2005_2 2010 _1 2010_2
Jan. I3t 1.34 AN | _g] 1.40 1.40
Feb. 1.22 1% Iip 7 1.22 142 1.27
Mar. 1.31 1.34 1.35 I'83 1.40 1.40
Apr. 1.27 1.29 1.31 1.31 1.36 1.36
May 1.31 1.34 1.35 1.35 1.40 1.40
Jun. 1.27 1.29 1.31 1.31 1.36 1.36
Jul. 1.31 1.34 1.35 1.35 1.40 1.40
Aug. 1.31 1.34 1.35 1.35 1.40 1.40
Sep. 1.27 1.29 1.31 1.31 1.36 1.36
Oct. 1.31 1.34 1.35 1.35 1.40 1.40
Nov. 1.27 1.29 1.31 1.31 1.36 1.36
Dec. 1.31 1.34 1.35 1.35 1.40 1.40
Total 15.44 15.72 15.94 15.94 16.54 16.54
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4.2.2 Agriculture water requirement in Petchburi sub-watershed

The simulation of agricultural water requirement was shown in Petchburi sub-

watershed model as Table 4.2-2

Table 4.2-2 Agriculture water requirement in Petchaburi sub-watershed,

Unit : MCM/Y ear

Year Agriculture water requirement (MCM/Year)

l\m\\ 2000 2003 2005 1 2005 2 2010 1 2010 2
Jan. 56.0 18.7 18.9 19.4 19.9 19.9
Feb. 141.7 130.2 126.9 128.0 125.8 125.8
Mar. 223.7 200.3 201.1 201.6 192.2 192.1
Apr. 157.8 146.6 147.4 147.8 141.8 141.5
May 55.2 93.1 93.6 94.0 89.3 88.8
Jun. 19.0 22.0 »y 22.0 22.3 22.0
Jul. 175.2 224.0 2244 231.9 2133 213.0
Aug. 332.5 336.5 336.8 347.6 SZLY 320.8
Sep. 96.7 173.1 173.3 178.4 165.0 164.7
Oct. 160.1 122.9 123.1 126.1 117.8 117.5
Nov. 90.2 344 34.5 34.4 35.1 349
Dec. 54.0 Nowe, 16.8 16.8 17.4 17.3
Total | 1,561.4 | 1,518.3 1,518.8 1,547.8 1,461.0 1,458.4

Remark: The agricultural water requirement in 2000 was higher than 2003 and 2005.
Because the effective rainfall was low at the agricultural area. It made the overland
flow requirement higher. It can be concluded that the agricultural water requirement is
higher in 2000. Due to the high irrigation efficiency and the reduction of water lost, it
will be low of water requirement in 2010. The irrigation can provide more water

resources to agricultural area.
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4.2.3 Industry water requirement

The simulation results of industry water requirement was shown in Petchaburi

sub-watershed model as shown in table 4.2-3

Table 4.2-3 Industry water requirement in Petchburi sub-watershed

Unit : MCM/Y ear

Year Industrial water requirement (MCM/Y ear)

Month™| 2000 2003 2005 1 2005 2 2010 1 2010 2
Jan. 1.41 1.91 2.20 2.20 2.92 2.92
Feb. 1.32 1.72 1.98 1.98 2.63 2.63
Mar. 1.41 1.91 200 2.20 2.92 2.92
Apr. 1.3 1.85 212 2.12 2.82 2.82
May 1.41 1.91 2.20 2.20 2.92 2.92
Jun. 1.37 1.85 My 2.12 2.82 2.82
Jul. 1.41 1.91 2.20 2.20 2.92 2.92
Aug. 1.41 1.91 2.20 2.20 2.92 2.92
Sep. 1.37 1.85 271 20 2.82 2.82
Oct. 1.41 1.91 2.20 2.20 237 2.92
Nov. 1.37 1.85 2.12 2 32 2.82 2.82
Dec. 1.41 1% 2.20 2.20 2.92 2.92
Total 16.70 22.46 25.85 25.85 34.34 34.34

4.2.4 Conservation water requirement

The conservation water requirement was considered by the average low flow
in the dry season period of runoff station B1A. Because it is the most closed to the
mouth of Petchaburi river. The statistic in 1971-2000, showed that at BIA station
faced the average low flow at 31.8 million cubic meters or 12.3 cubic meter per

second in April.




Fac. Of Grad. Studies, Mahidol Uniyv.

M.Sc. (Technology of Environmental Management) / 63

The study of water requirements of Petchaburi sub-watershed can be

concluded as the table 4.2-4

Table 4.2-4 the conclusion of water requirements of Petchaburi sub-watershed

Year Water requirements (MCM/Year)
Water requirement 2000 2003 | 2005_1 | 2005_2 | 2010_1 | 2010_2
1. Domestic water 15.4 g7 15.9 N Y] 16.5 16.5
2. Agricultural water 1,561.4 | 1,518.3 | 1,518.8 | 1,547.8 | 1,461.0 | 1,458.4
3. Industrial water 16.7 22.5 25.9 289, 343 343
4. Conservation water 381.6 381.6 381.6 381.6 381.6 381.6
Total 1,975.1 | 1,938.1 | 1,942.2 | 1,971.2 | 1,893.4 | 1,890.8

The result above showed and revealed that the agricultural water requirement
was highest at 1,511.0 million cubic meters per year or 77-80%. The second
requirement was the conservation water at 381.6 million cubic meters per year or 19-
20%. And the rest requirement was at 2-3% including the industrial water requirement
at 26.6 million cubic meter per year or 2% and the domestic water requirement at 16.1

million cubic meter per year or 1%.

4.3 Simulation on river system model

This model was simulated on Petchaburi sub-watershed consisting of current
sub-watershed model, short-term future model, medium-term future model 1 (not
including Huai Mae Prachan and Huai Phak reservoir, medium-term future model 2
(including Huai Mae Prachan), long-term future 1 (including Huai Mae Prachan), and
long-term future 2 (including Huai Mae Prachan). This model can be divided into 36

cascs.
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4.3.1 Currently river system of Petchburi sub-watershed

The current river system of Petchaburi sub-watershed (2000) was simulated
into the river condition on central and lower Petchaburi river and river branches
including Huai Mae Prachan and Huai Phak as shown in figure 4.3-1. There are 6
models for this study. The case study of 1-3 were non-use rule curve of Kaeng
Krachan reservoir. The irrigation efficiency of supplying water and conservation
project on the wet-dry seasons was shown 30-40%, 35-45% and 40-50% respectively.
In contrast case study of 4-6 were the operational rule curve of Kaeng Krachan
reservoir. The irrigation efficiency of wet-dray seasons was 30-40%, 35-45% and 40-
50% respectively.

As the results, it proved that the irrigation efficiency on wet-dry season in the
current year is 35-45%. And it was considered on the operational rule curve of Kaeng
Krachan Reservoir. So the current condition of river is alike the case study 5 as
illustrated in table 4.3-1: 30-year long-term analysis of water balance in Petchaburi
sub-watershed system river.

In table 4.3-1, it shows that the watershed condition of Huai Mae Prachan and
Huai Phak are similar with all cases. Because Kaeng Krachan reservoir is not effected
to them. The water shortage in 30-year long-term of Huai Phak and Huai Mae
Prachan are 15 years and 6 years, respectively, also the percentage of water shortage
are 25.0% and 3.9%, respectively.

The result above can be concluded that the condition of water shortage of Huai
Phak is more severe than Huai Mae Prachan. Then Phet Dam has to supply the water
to the irrigation area and conservation project. Moreover it proved that the shortage
condition depend on the irrigation efficiency. It means that if the irrigation is high
effective, the water shortage is lower. As shown in Appendix A, it proved that the
water availability, water requirement and annual percentage of water shortage of Huai
Phak were approximately at 105.5 of million cubic maters, 78.1 of million cubic
meters and 25%, respectively. Node N10 was at 1,413.6 million cubic meters, 124.6
million cubic meters and 0%, respectively. Huai Mae Prachan was at 421.3 million
cubic meters, 124.7 cubic meters and 3.9%, respectively. Finally Phet Dam was at

1,277.4 million cubic meters, 989.6 million cubic meters and 6.3%, respectively.
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As the result, it was revealed that Node N10 was not shortage. Because Kaeng
Krachan is the large size, there is the big water availability. Moreover Huai Phak is a
short line river and a small area. It causes of low water availability as well as more
water shortage than others sub-watershed.

In opposite, Huai Mae Prachan is a large area and the quantity of water
requirement is low. Most of the areas are covered with high land and less amount of
plantation area. So the water availability is sufficient. This area is mountainous and
steep slope in waterway. During rainy season, the water is vastly flows. Thus it is not
heavy rain in the rain season, it causes of the water shortage.

For Phet Dam, which is usually supply water for the project, covered the
irrigation area approximately 468,289 rais. It is also faced with the water shortage, but
it is not severe. Because the water availability is not sufficient, Kaeng Krachan

supplies water for the project.

4.3.2 Short-term future of Petchaburi sub-watershed system model

This table 4.3-1 shows the short-term future condition of Petchaburi sub-
watershed (2005) as illustrated in figure 4.3-1. The watershed simulations were shown
into 6 cases study (case study 7-12). The case study 7 —9 were non-use rule curve to
consider on the irrigation efficiency and conservation water project on wet-dry season
shown on 30-40%, 35-45% and 40-50%, respectively. And the case study 10-12 be
used for the rule curve. The irrigation efficiency on wet-dry season was 30-40%, 35-
45% and 40-50%, respectively.

Short-term future of Petchaburi sub-watershed system model (2005) showed
that the water condition is not different in the current year (2003). It was considered
that on the case study 11 and used the rule curve of Kaeng Krachan reservoir as well
as irrigation efficiency was 35-45% as shown in table 4.3-1. In 2005, it was estimated
that Huai Phak would contain the quantity of water availability at 62 million cubic
meters and water requirement at 69 million cubic meters. This causes the water
shortage at 7 million cubic meters or 10%. Also Node N10 contains the water
availability at 1,316 million cubic meter, water requirement at 117 million cubic

meters and no water shortage.



Sukanlaya Trewitthayanuruk Results and Discussion / 66

Huai Mae Prachan can supply the water availability at 351 million cubic
meters and water requirement at 138 million cubic meters as well as no water shortage
condition. And Phet Dam can supply water availability at 1,204 million cubic meters
and water requirement at 1,209 million cubic meters. The water shortage was at 4

million cubic meters or 0.3%.

4.3.3 Medium-term future of Petchaburi sub-watershed system model 1, 2

Medium-term future of Petchaburi sub-watershed system model 1 (2005 1)
was simulated into 6 case study (case study 13-18) as shown in figure 4.3-1. The case
study 13-15 was non-use rule curve of Petchaburi reservoir at the irrigation efficiency
and conservation water on wet-dry season were at 30-40%, 35-45% and 40-50%,
respectively. And the case study 16-18 use rule curve. The irrigation efficiency on
wet-dry season was at 30-40%, 35-45% and 40-50%, respectively.

Medium-term future of Petchaburi sub-watershed system model (2005 1) was
estimated that the water condition looks like the current year (2000) and the short-
term future (2003) which is in the case studyl7. It used rule curve of Kaeng Krachan
reservoir and irrigation efficiency at 35-45% as shown in table 4.3-1.

In 2005, the water availability of Huai Phak is average at 166 million cubic
meters and no water shortage condition. The water requirement is 69 million cubic
meters. Node N10 can supply the water availability at 1,694 million cubic meters and
water requirement at 117 million cubic meters as well as no water shortage condition.
Huai Mae Prachan can supply the water availability at 152 million cubic meters and
water requirement at 142 million cubic meters as well as no water shortage condition.
And Phet Dam can supply the water availability at 1,405 million cubic meters and
water requirement at 1,209 million cubic meters as well as no water shortage
condition.

Huai Mae Prachan was added to characterize in the medium-term future of
Petchaburi sub-watershed system model (2005 2) as shown in figure 4.3-2 and table
4.3-2. There were 6 case studies to simulate the model including case study 19-24.
There were non-rule curve of Kaeng Krachan reservoir. The irrigation efficiency in

wet-dry season was shown at 30-40%, 35-45% and 40-50%, respectively. In opposite,
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case study use 22-24 the rule curve of Kaeng Krachan reservoir. The irrigation
efficiency in wet-dry season was shown at 30-40%, 35-45% and 40-50%,
respectively.

The study of Huai Mae Prachan reservoir on Petchaburi watershed
development plan, the project was assigned to construct in the 9 Thailand Master Plan
in Economic and Social Development. The density area was 458 square kilometers
and reservoir density was 42.2 million cubic meters. Also the irrigation area during
wet-dry season is between 27,000-2,500 rais. In rainy season, most of the agriculturist
can grow the rice in the rainy season. But in dry season, they can only do on farming.

As the result above, it proved that Huai Mae Prachan can solve the water
shortage problem in the upper-lower area and considered by the total number of
shortage year from 5 years to 1 year and 4 years, respectively. From the table 4.3-1
and table 4.3-2, it can prove that Huai Mae Prachan in the next 30 years will be faced
with the water shortage in 8 years. It also showed the water availability, water
requirement and water shortage in short-term future model land model 2. The
researcher assigned the irrigation efficiency was at 35-45%, which was alike the 17

case study and 23 case study.

Medium-term future of Petchaburi sub-watershed system model (2005 2)
consisted of Huai Mae Prachan reservoir as illustrated in Appendix B. Huai Phak
condition and Node N10, which were not different in the medium-term future model
1, and did not face with the water shortage condition.

The upper Huai Mae Prachan can supply the water availability at 30 million
cubic maters, water requirement at 14 million cubic meters, and also no water
shortage condition. Huai Mae Prachan reservoir can supply the water availability at
10 million cubic meters, water requirement at 10 million cubic meters and the water
shortage at 6 million cubic meters or 34%. The lower Huai Mae Prachan can supply
the water availability at 135 million cubic meters, water requirement at 97 million
cubic meters and no water shortage condition. And Phet Dam can supply the water
availability at 1,409 million cubic meters, water requirement at 1,209 and no water

shortage condition.
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4.3.4 Long-term future of Petchaburi sub-watershed system in model 1, 2

Long-term future of Petchaburi sub-watershed system in model 1 consisted of
Huai Mae Prachan reservoir shown in figure 4.3-2. The model was simulated into 6
cases, including case study 25-30. The case study 27-30 were non-use rule curve at
the irrigation efficiency and water conservation on wet-dry season were shown at 30-
40%, 35-45% and 40-50%, respectively. And case study 28-30 used the rule curve.
The irrigation efficiency on wet-dry season were shown at 30-40%, 35-45% and 40-
50%, respectively.

The estimation of this model was the irrigation efficiency would be higher in
the future, and it was similar to the case study 30, which used the rule curve and the
irrigation efficiency at 40-50% as shown in table 4.3-2. As the estimation of the year
was 2010, it proved that Huai Phak could supply the water availability at 135 million
cubic meters, water requirement at 69 million cubic meters and no water shortage
condition. Node N10 can supply the water availability at 1,475 million cubic meters,
water requirement at 121 million cubic meters and no water shortage condition.

The upper Huai Mae Prachan can supply the water availability at 25 million
cubic meters, water requirement at 14 million cubic meters and no water shortage
condition. Huai Mae Prachan reservoir can supply water availability at 27 million
cubic meters, water requirement at 16 million cubic meters and no water shortage
condition. The lower Huai Mae Prachan can supply the water availability at 172
million cubic meters, water requirement at 113 million cubic meters and no water
shortage condition. Finally, Phet Dam can supply the water availability at 1,254
million cubic meters, water requirement at 1,110 million cubic meters and no water

shortage condition.

Long-term future of Petchaburi sub-watershed system in model 2 (2010 _2)
consisted of Huai Mae Prachan reservoir and Huai Phak reservoir as shown in figure
4.3-3. The model was simulated into 6 cases including case study 31-36.

Case study 31-33, that non-use rule curve at the irrigation efficiency and water
conservation on wet-dry season, were 30-40%, 35-45% and 40-50%, respectively.

Case study 34-36, that use rule curve at the irrigation efficiency and water
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conservation on wet-dry season, were shown on 30-40%, 35-45% and 40-50%,
respectively.

As the study was Huai Mae Prachan reservoir on Petchaburi watershed
development plan, it proved that there are no construction plans. The watershed is
approximately 198 square kilometers, density at 27.5 million cubic meters and the
irrigation area on wet-dry season at 4,100-1,000 rais. The agriculturist can only grow
the fruit both in rainy season and dry season. Moreover the Huai Phak reservoir could
supply the water for irrigation and water conservation project for Petchaburi irrigation
project is approximately 1,000 rais. As the above result, it showed that Huai Phak
reservoir can solve the water shortage problem of upper and lower area in the next 15
years, 11 years and 12 years, respectively. Moreover the irrigation size is appropriate
to the reservoir size, there is no water shortage condition as shown in table 4.3-2 and
table 4.3-3. Water availability, water requirement and long-term future of water
quantity in model 1 and model 2. Because the irrigation and water conservation
project would be improved in the future, the irrigation efficiency was added to 40-
50%. Thus the case study 30 and case study 36 would be watershed condition in the
future.

Long-term future of watershed system model 2, case study of Huai Mae
Prachan and Huai Phak (the case study 36) as shown in Appendix C. The result was
exactly revealed that watershed condition of Huai Mae Prachan and Node N11,
similar to the long-term future model, were no water shortage condition. The upper
Huai Phak can supply the water availability at 83 million cubic meters, water
requirement at 35 million cubic meters. Thus there’s no water shortage condition.

Huai Phak can supply the water availability at 25 million cubic meters, water
requirement at 7 million cubic meters and no water shortage condition. Lower Mae
Phak can supply the water availability at 68 million cubic meters, water requirement
at 25 million cubic meters and no water shortage condition. And Phet Dam can supply
water availability at 1,295 million cubic meters and water requirement at 1,110

million cubic meters and no water shortage condition.
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Figure 4.3-1 River system map of Petchbursi sub-watershed in the current year (2000),
the short-term future year (2003) and the medium-term future year type 1 (2005 _1)
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Table 4.3-1 30-year long-term analysis of water balance in Petchaburi sub-watershed

system ; case study 1-18

Nodes Case study
1,7,13 \ 2,8,14 | 3,9,15 |4,10,16(5,11,17] 6,12,18
R3 : Kaeng Krachan reservoir and Middle Petchaburi sub-watershed(1)
Quantity of water availability (10° Cubic meter ) 676.8 | 676.8 | 676.8 | 676.8 | 676.8 | 676.8
Quantity of water requirement (10° cubic meter) 28.6 28.6 28.6 28.6 28.6 28.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N6 : Huai Phak sub-watershed
Quantity of water availability (10° Cubic mete ) 105.5 | 105.5 | 105.5 | 105.5 | 105.5 | 105.5
Quantity of water requirement (10° cubic meter) 78.1 78.1 78.1 78.1 78.1 78.1
Quantity of water shortage (10° cubic meter) 20.3 20.3 20.3 20.3 20.3 20.3
Percentage of shortage (%) 25.0 | 25.0 25.0 25.0 25.0 25.0
Total year of shortage (Year) 15 15 15 15 15 15
N10 : Middle Petchburi sub-watershed(2)
Quantity of water availability (10° Cubic mete ) 1,413.6|1,413.6(1,413.6|1,413.6|1,413.6| 1,413.6
Quantity of water requirement (10° cubic meter) 124.6 | 124.6 | 124.6 | 124.6 | 124.6 | 124.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N12 : Huai Mae Prachan sub-watershed
Quantity of water availability (10° Cubic mete ) 421.3 | 421.3 | 421.3 | 421.3 | 421.3 | 4213
Quantity of water requirement ( 10° cubic meter) 124.7 | 124.7 | 124.7 | 124.7 | 124.7 | 124.7
Quantity of water shortage (10° cubic meter) 5.1 5.1 5.1 5.1 5.1 5.1
Percentage of shortage (%) 3.9 3.9 39 3.9 39 39
Total year of shortage (Year) 6 6 6 6 6 6
R16 : Phet Dam and Petchaburi Irrigation Project
Quantity of water availability (106 Cubic mete) 1,277.411,239.3(1,277.7|1,276.2|1,276.6| 1,277.0
Quantity of water requirement (10° cubic meter) 1,133.3] 989.6 | 879.1 |1,133.3| 989.6 | 879.1
Quantity of water shortage (10° cubic meter) 126.5 | 77.6 36.7 | 1235 | 64.4 33.7
Percentage of shortage (%) 10.8 7.6 4.0 10.5 6.3 3.7
Total year of shortage (Year) 13 10 7 13 10 6
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Figure 4.3-2 River system map of Petchabursi sub-watershed in the medium-term future
year type 2 (2005_2) and the long-term future year type 1 (2010 1)
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Table 4.3-2 30-year long-term analysis of water balance in Petchaburi sub-watershed

system ; case study 19-30

Nodes Case study
19, 25 | 20, 26 | 21,27 | 22,28 | 23,29 | 24,30
R3 : Kaeng Krachan reservoir and Middle Petchaburi sub-watershed(1)
Quantity of water availability (10° Cubic meter ) 676.8 | 676.8 | 676.8 | 676.8 | 676.8 | 676.8
Quantity of water requirement (10° cubic meter) 28.6 28.6 28.6 28.6 28.6 28.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N6 : Huai Phak sub-watershed
Quantity of water availability (10° cubic mete) 105.4 | 1054 | 1054 | 1054 | 1054 | 1054
Quantity of water requirement (10° cubic meter) 78.1 78.1 78.1 78.1 78.1 78.1
Quantity of water shortage (10° cubic meter) 20.5 20.5 20.5 20.5 20.5 20.5
Percentage of shortage (%) 25.0 25.0 25.0 25.0 25.0 25.0
Total year of shortage (Year) 15 15 15 15 15 15
N10 : Middle Petchaburi sub-watershed(2)
Quantity of water availability (10° Cubic mete ) 1,413.811,413.8(1,413.8[1,413.8|1,413.8|1,413.8
Quantity of water requirement (10° cubic meter) 124.6 | 124.6 | 124.6 | 124.6 | 124.6 | 124.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N12 : Huai Mae Prachan sub-watershed
Quantity of water availability (10° Cubic mete ) 73.2 73.2 73.2 73.2 73.2 73.2
Quantity of water requirement (10° cubic meter) 13.1 13.1 13.1 13.1 13.1 13.1
Quantity of water shortage (10 cubic meter) 0.2 0.2 0.2 0.2 0.2 0.2
Percentage of shortage (%) 1.5 1.5 1.5 1.5 1.5 1.5
Total year of shortage (Year) 1 1 1 1 1 1
R13 : Huai Mae Prachan Reservoir
Quantity of water availability (10° cubic mete ) 29.5 29.5 29.5 29.5 29.5 29.5
Quantity of water requirement (10° cubic meter) 1529 15.9 15.9 15.9 15.9 15.9
Quantity of water shortage (10° cubic meter) 1.8 1.8 1.8 1.8 1.8 1.8
Percentage of shortage (%) 10.6 10.6 10.6 10.6 10.6 10.6
Total year of shortage (Year) 8 8 8 8 8 8
N14 : Lower Huai Mae Prachan sub-watershed
Quantity of water availability (10° cubic mete ) 367.5 | 367.5 | 367.5 | 367.5 | 367.5 | 367.5
Quantity of water requirement (10° cubic meter) 98.4 98.4 98.4 98.4 98.4 98.4
Quantity of water shortage (10° cubic meter) 2.9 2.9 2.9 2.9 2.9 2.9
Percentage of shortage (%) 2.9 2.9 2.9 2.9 2.9 2.9
Total year of shortage (Year) 4 4 4 4 4 4
R16 : Phet Dam and Petchaburi Irrigation Project
Quantity of water availability (106 cubic mete) 1,267.2(1,267.3|1,267.3(1,266.1|1,266.5|1,266.8
Quantity of water requirement (10° cubic meter) 1,133.3] 989.6 | 879.1 |1,133.3] 989.6 | 879.1
Quantity of water shortage (10° cubic meter) 1313 | 71.3 39.1 | 128.8 | 68.0 35.9
Percentage of shortage (%) 11.2 7.0 43 11.0 6.7 4.0
Total year of shortage (Year) 14 10 7 14 10 7
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Figure 4.3-3 River system map of Petchabursi sub-watershed
in the long-term future year type 2 (2010 _2)
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Table 4.3-3 30-year long-term future analysis of water balance in Petchaburi sub-

watershed system; case study 31-36

Nodes Case Study
31 | 32 | 33 34 35 36
R3 : Kaeng Krachan reservoir and Middle Petchaburi sub-water shed (1)
Quantity of water availability (10° cubic mete ) 676.8 | 676.8 | 676.8 | 676.8 | 676.8 | 676.8
Quantity of water requirement (10° cubic meter) 28.6 28.6 28.6 28.6 28.6 28.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N6 : Upper Huai Phak sub-watershed
Quantity of water availability (10° cubic mete) 66.3 66.3 66.3 66.3 66.3 66.3
Quantity of water requirement (10° cubic meter) 37.9 37.9 37.9 37.9 37.9 37.9
Quantity of water shortage (10° cubic meter) 7.7 i 7 7.7 7.7 7.7 7.7
Percentage of shortage (%) 19.4 19.4 19.4 19.4 19.4 19.4
Total year of shortage (Year) 11 11 11 11 11 11
R7 : Huai Phak Reservoir
Quantity of water availability (10° cubic mete ) 22.7 22.7 22.7 22.7 22.7 22.7
Quantity of water requirement (10° cubic meter) 6.7 6.7 6.7 6.7 6.7 6.7
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N8 : Lower Huai Phak sub-watershed
Quantity of water availability (10° cubic mete ) 57.9 57.9 57.9 57.9 57.9 57.9
Quantity of water requirement (10° cubic meter) 27.8 27.8 27.8 27.8 27.8 27.8
Quantity of water shortage (10° cubic meter) 6.0 6.0 6.0 6.0 6.0 6.0
Percentage of shortage (%) 20.9 20.9 20.9 20.9 20.9 20.9
Total year of shortage (Year) 12 12, 12 12 12 12
N10 : Middle Petchaburi sub-watershed (2)
Quantity of water availability ( 10° cubic mete) 1,407.2|1,407.2(1,407.2|1,407.2|1,407.2|1,407.2
Quantity of water requirement (10° cubic meter) 124.6 | 124.6 | 124.6 | 124.6 | 124.6 | 124.6
Quantity of water shortage (10° cubic meter) 0.0 0.0 0.0 0.0 0.0 0.0
Percentage of shortage (%) 0.0 0.0 0.0 0.0 0.0 0.0
Total year of shortage (Year) 0 0 0 0 0 0
N12 : Upper Huai Mae Prachan sub-watershed
Quantity of water availability (10° cubic mete ) 73.2 73.2 73.2 73.2 73.2 73.2
Quantity of water requirement (10° cubic meter) 13.1 13.1 13.1 13.1 13.1 13.1
Quantity of water shortage (10° cubic meter) 0.2 0.2 0.2 0.2 0.2 0.2
Percentage of shortage (%) 1.5 1.5 1.5 1.5 1.5 1.5
Total year of shortage (Year) 1 1 1 1 1 1
R13 : Huai Mae Prachan Reservoir
Quantity of water availability (10° cubic mete ) 29.5 29.5 29.5 29.5 29.5 29.5
Quantity of water requirement (10° cubic meter) 15.9 15.9 15.9 159 15.9 15.9
Quantity of water shortage (10° cubic meter) 1.8 1.8 1.8 1.8 1.8 1.8
Percentage of shortage (%) 10.6 10.6 10.6 10.6 10.6 10.6
Total year of shortage (Year) 8 8 8 8 8 8
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Table 4.3-3 (Continued) 30-year long-term future analysis of water balance in

Petchaburi sub-watershed system; model 2 in case study 31-36

Nodes Case Study
31 32 33 34 35 36
N14 : Lower Huai Mae Prachan sub-watershed
Quantity of water availability (10° cubic mete ) 367.5 | 367.5 | 367.5 | 367.5 | 367.5 | 367.5
Quantity of water requirement (10° cubic meter) 98.4 98.4 98.4 98.4 98.4 98.4
Quantity of water shortage (10° cubic meter) 2.9 2.9 2.9 2.9 2.9 2.9
Percentage of shortage (%) 2.9 229 2.9 2.9 2.9 2.9
Total year of shortage (Year) 4 4 4 4 4 4
R16 : Phet Dam and Petchaburi Irrigation Project
Quantity of water availability (10° cubic mete) 1,260.6|1,260.6 | 1,260.8 | 1,259.5|1,259.9 | 1,260.2
Quantity of water requirement (10° cubic meter) 1,133.3| 989.6 | 879.1 |1,133.3| 989.6 | 879.1
Quantity of water shortage (10° cubic meter) 1353 | 742 40.7 | 132.7 | 70.8 38.3
Percentage of shortage (%) 11.5 7.3 4.5 NS 7.0 4.2
Total year of shortage (Year) 15 10 7 15 10 8
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The conclusion of this study can be divided into 3 part as the following below;

1) Current year condition (2000), short-term future (2003) and medium-term
future model 1 (2005 _1), the watershed systems were not different.

2) Medium-term future model 2 (2005 2) and Long-term future model 1
(2010 _1), the watershed systems were not different.

3) Long-term future model 2 (2010 2)

5.1.1 Current year, short-term future and medium-term future model 1

In case of no Huai Mae Prachan and Huai Phak reservoirs, the simulation of
Current year condition , short-term future and medium-term future model 1 were not
different as shown in figure 5.1-1. It was absolutely concluded that the area
surrounding Petchaburi river (at the end of Kaeng Krachan reservoir to Phet Dam) did
not face the water shortage problem. Because Kaeng Krachan is a large reservoir on
origin water as well as the capacity of reservoir is around 710 million cubic meters, it
can supply the water for Petchaburi irrigation project on wet-dry season at 468,280-
17,400 rais. Phet Dam can be irrigated and drained water to the irrigation area. Due to
a large irrigation area of agriculture covering in lower Petchaburi sub-watershed, it
faced the water shortage in some years. As the result proved that 30 years past, it
faced with the water shortage around 10 years. Huai Mae Prachan is one branch of
Petchaburi river and carried the water flowing from Tanoa Sri mountain. The
watershed area is approximately 1,015 square kilometers. Thus the runoff quantity is
approximately about 1,066 million cubic meters and there occur some water shortage
conditions. In 30 years past, it occurs the water shortage only 6 years as well as it can
supply the water to agricultural area around the lower Petchaburi sub-watershed at

about 458 million cubic meters per year. Also Huai Phak is a small sub-watershed
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covering 313 square kilometers and the potentiality of generating water is a small area
which causes the low runoff quantity. Thus most of the area occur the 15-year of
water shortage condition from the next 30 years. Moreover the rest water in
Petchaburi sub-watershed and it flows into the gulf of Thailand is around 1,611

million cubic meters per years.

5.1.2 Medium-term future model 2 and Long-term future model 1

In case of adding Huai Mae Prachan reservoir, Huai Mae Prachan
used to the model. It can be changed and affected to the quantity of Phet Dam as
shown in figure 5.1-2. It means that Huai Mae Prachan can solved the water shortage
in upper and lower area. As the result revealed that the shortage was reduced from 6
years to 1 year and 4 years, respectively. Moreover this causes, the runoff flowing to
Phet Dam is around 9 million cubic meters per years. Also the water quantity of
Petchaburi did not consume around 1,622 million cubic meters per years.

As the result above, it proved that after Huai Mae Prachan was constructed,
the water resources management in medium-term future will increase the
effectiveness. It should be assigned the rule curve of Kaeng Krachan reservoir and

irrigation effective on wet-dry season at about 35-45%.

5.1.3 Long-term future model 2

In case of adding Huai Mae Prachan reservoir and Huai Phak as shown in
figure 5.1-2, it proved that Huai Phak can reduce the water shortage. As the result that
showed the water shortage at the upper-lower area was reduced from 30 years to 11
years and 12 years, respectively. But there is some affections to Phet Dam. Because it
is a small size of reservoir as well as far from the Phet Dam. Moreover the runoff
quantity can not supply around 1,663 million cubic meters per years. It was also
estimated that the irrigation effective would be increased from 35-45% to 40-50%. It
causes the agricultural water requirement decrease and also affects to the higher
runoff. It absolutely proved that in case of having Huai Mae Prachan and Huai Phak,
it can decrease the water shortage. Furthermore, there are supply water resources to
the Petchaburi irrigation project by using the rule curve of Kaeng Krachan reservoir

and irrigation effective on wet-dry season at 40-50%.
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5.2 Problem and Recommendation

5.2.1 Problem and limitation of this thesis

Y

2)

3)

4)

NAM model is used for characterize the runoff data. The data
needed for this research are rainfall-runoff quantity and daily
evaporations. The study can prove that the chronological data, the
statistically meteorological data from Department of Irrigation, is
short and some data are missed.

NAM model can only simulate the natural flow of water. In case of
some obstacle to change the waterway, it could not simulate in this
model.

HEC4PC model; this model have to use the statistical analysis. The
rainfall-runoff characterized, it can prove that rainfall quantity or
runoff quantity in some months is higher than the real data.
WUSMO program; this program can use for characterizing the
quantity of agricultural water requirement in the current, past and
future of watershed condition. WUSMO program can not
characterize the water consumption in the future, since the daily

runoff data of in the future can not characterize by WUSMO.

5.2.2 Recommendation

1)

2)

3)

Before studying sub-watershed system, the researcher should study
more about primary data and input data for simulating as well as
the statistically meteorological data.

Before using the rainfall-runoff data for HEC4PC model, the
researcher should calibrate all data.

To find the quantity of agricultural water requirement for the
future, the researcher used the method of Wiboon (1983), the
methodology to find the water quantity for plant. The result was
similar to WUSMO program.
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APPENDIX A

Comparation Graph between Water Availability and Water Requirement

Case Study 5
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Case Study-05 : Comparation between water avalability and water requirement of

Eeservor Mode B3 (Kaeng Erachan Feservor)

WA =" Water Avallabidity (BICHD  WE = Water Eequirement (WD

YEAR WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WE |MCM| %
1971 | &85 11 717 l& 704 28 I 1]
1972 | &l3 11 718 15 638 26 0 0
1973 | &34 10 715 1% BE7 29 ] 1]
1274 | 715 10 oy 17 718 27 0 0
1975 | &6l 12 724 1& BE7 27 ] 1]
1376 | 635 12 oy 13 6as 3l ] ]
1997 | &38 12 711 19 1) 51 1] ]
1578 | 887 12 718 17 700 30 0 ]
1578 | ad4 13 702 12 BAE 32 1] 1]
1980 | all 11 3] 17 642 28 1] ]
1981 | 659 10 708 17 703 27 0 0
19682 | &6l 10 ] 1& B85 26 1] ]
1283 | &l 11 711 12 649 29 0 0
1984 | &al 13 715 18 BE3 31 ] ]
1285 | 712 10 720 17 715 27 0 0
1986 | &57 12 714 13 6g1 30 1] 0
1287 | &ll 10 705 20 649 30 0 1]
1988 | 677 10 718 12 B35 28 0 0
1983 | &lg 10 L] 1% 648 30 ] ]
1250 | &3 12 6o5 12 638 30 0 1]
1991 | &37 11 BE5 17 6857 28 1] ]
19532 | 5599 11 [t 12 640 30 0 0
1953 | &l5 11 630 1l 542 27 1] ]
1354 | 723 12 o7 1z 718 30 1] ]
1995 | A52 10 705 13 674 28 ] 1]
1956 | 774 9 715 1& 749 26 ] ]
e 14 720 17 707 31 0 0
19595 | 583 10 Be5 13 631 28 ] ]
1993 | a6 11 626 l& 674 27 0 0
2000 | &&8 12 a0 1& =] 29 ] ]

Caze Study-05
Reservoir Node R3
{Kaeng Krachan Reservoir)

Dizcharge (MCM)

= ENNE E

1571 y

L 035

1972 1
1973 '
1974 !
1975 1
1976 '
1977 !

1378 y

15973 !

1980 :

1951 1
1232 1

1933 1
1954 1
1985 |

1388 .

1987 !

1988 :

1959 !
1990 1

1991 !

1992 I

1993 .

15954 y

1995 !
1998 :
1957 :

1998 1
1999 1
2000 1

O Water avalability B%Water requiremert
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Case Study-05 : Comparation between water avalability and water recuirement of
Moaode Mé (Huat Phale Sub-watershed)
WA =" Water Avallabiity (JICHD  WE = Water Eequirement (WD

Appendix A / 88

YEAR WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WE |MCM| %
1971 | 241 28 11 42 252 0 I 1]
1872 | 115 30 43 40 163 70 1] ]
1973 | 98 28 25 52 121 &0 ] 1]
1274 | 102 28 12 51 114 79 0 0
1975 | 57 30 9 40 133 35 4 5
1376 | %0 31 3 51 33 22 1] ]
1997 | 52 32 5 a0 57 52 45 55
1373 | 10 33 1 46 10 83 72 g7
1978 | 3% 3% 1 55 33 22 52 57
1980 | &% 29 1 47 21 78 1] ]
1281 | 180 27 23 46 203 72 0 0
1982 1] 31 11 46 11 77 65 B3
1983 | 4% 30 4 5l a3 g1 28 34
1984 | &2 38 2 49 B 87 24 27
1985 | 55 28 3 47 58 75 17 22
1986 | 30 31 2 51 31 g1 50 62
1987 | 39 27 12 i 51 20 29 37
1983 | 285 a7 '8 4z 298 & 1 ]
1985 | &2 29 9 52 71 g1 10 12
1950 5 33 2 a0 7 23 76 2l
1991 | 24 30 1] 47 24 77 53 35
1952 5 30 0 =) ] g1 76 34
1953 | 151 30 3 46 159 78 ] ]
1254 | 1Z1 34 10 43 151 83 1] ]
1985 | 187 a5 3 43 185 74 ] 1]
1956 | 228 21 15 44 240 &5 ] ]
1957 | 88 41 10 46 8 87 0 0
19595 | 107 25 15 49 122 74 ] ]
19539 | 283 29 20 44 303 73 0 0
2000 [ 54 34 15 43 353 78 E 12

1371
1972
1973
1574
1575
1578

1577

1378
1373
1580
1581
1982
1983
1384
1385
1988
1987
1538
1385

1550

1351
1952
1953
1954
1935
1358
1997
1353
1955
2000

Case Study-05
Node Mo
{Huai Phak Sub-basin})

O Water availability B Water requirement
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Case Study-05 : Comparation between water avalability and water requirement of
Moade M10 (Middle Phetchabur Sub-watershed)
WA =" Water Avalabiity (JICHD  WE = Water Eequirement (WK

YEAR WET DRY ANNUAL | SHORTAGE
WA | WR | WA | WR | WA | WR |MCM| % Case Stuly-05
1971 | 1,767 | 53 | 233 | 81 |2000| 134 | o o e
2 2 (WA dle Phachakmi Sub-wabershed)
1972 | 939 | 58 | 302 | 73 [12e1| 131 | o 0
1973 | 1,068 | 47 | 242 | 88 [1310( 134 | 0 o Dischazes (CH)
1974 | 1,829 47 | 247 | 82 |2036| 122 | 0 0 r § § § E E E
1975 | 1,152 | 46 | 265 | &4 |l422| 110 | 0 o 18271 !
1976 | 1,016 | 42 | 214 | 75 |1,230( 117 o o 1272 _g:|
1977 | 943 | 43 | 242 | 76 [1084) 120 [ 0 a 1973 _z::'
1978 | 1,155 55 | 258 | 70 [1414( 125 [ 0 cu 1974 | 1
1979 | 1,001 59 | 294 | 26 [1395| 145 | 0 ] 1975 -z:'
190 | 785 | 44 | 208 | 78 993 [ 122 | o ] 1976 p—
1981 |1.623| 39 | 225 | 76 |1m88| 115 | 0 a ap -z:'
1952 | 1,342 39 | 294 | 76 [1@36| 115 [ 0 o i _z:'
1983 | 781 | 47 | 289 | 83 [10%0( 150 | o a T
194 | 1,200 55 | 198 | 78 (1388 133 [ o o -
1985 | 1,627 | 36 | 213 | 77 [1=40| 113 | 0 o 1360 _5
1986 | 1,086 | 47 | 242 | 20 [1328| 127 | o a e F’:I
1987 | =01 | 44 | 196 | @6 | 997 | 120 | © 0 1962
1988 |1592| a2 | 212 | 77 |1818| 119 | © ] 1983 _ﬂ:'
1wEe | 787 | 44 | 244 | 80 1031|124 | o | @ 1964 T
1990 | 619 | 50 | 113 | s0 [ 732 | 129 | o | © s
1991 | 705 | 48 | 99 | 79 | 8035 [ 127 | O o 1984 _g:|
1992 | 566 | 49 |16l | 85 | 727 | 134 | @ o 1987
1993 | 732 | 46 | 109 | 7% [8e2 [ 124 [ 0 ] 1 =
1994 | 1,726 | 52 | 158 | 80 [1=s4| 132 | o o L350 -z:'
1995 | 1,217 42 | 173 | 79 [13e0| 121 | 0 i 1990 G—=
1906 | 2463 | 36 | 256 | 69 2719 106 | 0 o i 'F,
oo [ om0 [t [o0 [ s | T2 pr—
1999 |1395| 48 | 172 | 2 |15 | 116 | 0 a ae
000 [ 1,219 51| 303 | e | 1,523 120 | O o 1asd _z:'
1995 ——1
1996 | :
1907 -z:'
1958 _F'
1900 -z:'
2000 2’:l
]
O %W ater availability B Water requirement
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Case Study-05 : Comparation between water avalability and water requirement of
Mode M12 {Huat Mae Prachan Sub-watershed)
WA =" Water Avalabiity (JICHD  WE = Water Eequirement (WK
YEAR|  WEI DRY ANNUAL | SHORTAGE
WA | WR | WA | WR | WA | WE |MCM| % CaseStudy-05
Mode H1X
1971 | =32 | 48 | 27 | 75 | 409 | 123 | 0O 1] (112 Mas Prachan Sub-uatershed)
1972 | 302 | 47 | 119 | &7 | 421 | 112 | O ]
1973 | 337 | 42 | %3 | 78 | 430 | 11 | 0 ] Discharge (MCM)
1974 | 413 | 45 | &4 | &7 |42 | 113 | O 0 s = 2 & %
1975 | 262 | 46 | 41 | &8 | 303 | 11z | o i ' : : ’
1971
1976 | 4828 | 50 | 44 | 74 | 532 | 124 | © 1] 1
1972 b3
1977 | =4 | 59 | 27 | &0 | 111 | 139 | 28 | 20 1
1973
1978 | 256 | 62z | 16 | 75 |27z |13 | o o 1
1974 f——
1979 | 128 | 65 | 16 | 83 | 145 | 138 | 3 2 1
1980 | w7 | s1 | & | 78 | 44 | 120 | &5 | @& ik _5
1981 | 444 | 41 | 57 | 73 | so0 | 114 | o 0 197 Pz
1982 | 76 | 51 | se | 72 [ 135 | 123 | 0 0 7 _51
1983 | s49 | 38 | s | 78 | 709 | 117 | © 0 1978
1984 | 314 | &5 | 49 | 80 | 384 | 144 | 0 0 1973 &=
1985 | 292 | 42 | 27 | 71 | 319 | 13| O 1] 1980 P
1988 | 96 | 57 | 21 | 74 |17 [ 131 ] 14 | 11 1981 fpr——
1987 | 185 | 48 | 33 | 78 | 218 | 127 | © 1] 1932 |3
1988 | 211 | 43 | 32 | 75 |23 | 1e | © ] 1983 [——
1989 | 207 | 59 | 26 | 78 | 2% | 137 | o ] 1984 [
1990 | 23 | 57 | 23 | 72 | 105 | 129 | 23 | 1B e —
1991 | 155 | &0 | 15 | 76 | 171 | 136 | 0O ] 1
1936 |
1992 | 354 | 52 | 36 | 82 | 390 | 13a [ © i 1
1987
1993 | 407 | 51 | 50 | 70 |457 | 120 | © ] 1
1928 [
1994 | 102 | 61 | 31 | 71 |13z |13z | O o 1
1989 !
1995 | 630 | a4 | 26 | 75 |ess | 119 | o i |
1996 (1,099 | 39 | &2 | &8 |1182] 107 | o ] S _5
oo | 19s | 71 | es | 70 | ze1 | 142 | o 0 1991 b
1993 | 579 | 48 | 49 | 72 [exe | 113 | 0 o 1352 _5
1999 | 1,476 | 45 | 125 | 355 |1.601| 99 o i} 1583 _z:'
000 | 956 | 54 | 110 | 71 | 1068 123 0 i} 1994
1998 ZI:|
1997 b
1998 z:l
1999
2000 2a:l
B
B

O Water availability 8 W ater requirement
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Case Study-05 : Comparation between water avalability and water requirement of
Eeservor Mode E16 (Phet Dam)
WA =" Water Avallabiity (JICHD  WE = Water Eequirement (WD

YEAR| wET DEY ANNUAL | SHORTAGE
WA | WR | WA | WR | WA | WR |MCM| % Case Siudy-05
Rezervoir Node El&
1971 [ 1,580 | 471 | 149 | 452 | 1728 ®23 | O i Phet Dam}
1972 | 870 | 607 | 240 | 422 |L110|1,029] O i
1973 | 272 | 537 | 156 | 443 |L129| 80 | O i
z Discharge (MCIM)
1974 [ 1,721 | 517 | 159 | 400 |lg=s0| 917 | O i NG N bow
1975 | 1,065 | 488 | 196 | 452 | 1261 %40 | O ] .. S
1976 | 1,045 436 | 143 | 442 |1188| 272 | © o 1971 _F‘
1977 | 793 | 520 | 143 | 453 | 938 | 973 | 37 | 4 1972
1973 | 1,117 | 534 | 171 | 449 |1288(| 983 | O ] 1973 !
1979 | 920 | 652 | 171 | 462 |1,100) 1,114 13 1 1974 b
1230 | 527 | 435 | 112 | 485 | 746 [ 980 | 214 | 22 1975 bz
1981 [ 1,575 464 | 152 | 442 | 1727 207 | O i 1976 b
1982 (1,131 | 600 | 192 | 446 |1323|1,048| O i 50 el
1983 | 221 | 461 | 120 | 465 | 1061 928 | O i B [
1924 | 1,086 | s92 | 129 | 457 |1215|1,155| O i 1979 o
1985 [ 1,495 | 510 | 147 | 435 | 1641 245 | O i 1980 s
1986 | 223 | 567 | 148 | 458 |1.071|1.025| O i o
1987 | 708 | ss5 | 111 | 457 | =20 |1,022| 202 | 2o [ =
1988 [ 1,362 | 615 | 147 | 450 | 1509 1,086| O i -
1953
1923 | 695 | 606 | 146 | 461 | 40 | 1087 227 | 21 1
1954
1990 | 515 | sso | 79 | 460 | 595 | Lo10) 415 | 41 -
1985 b
1991 | 671 | 595 | 53 | 450 | 729 |1,048| 318 | 30 ]
1985
1992 | &0l | S | 110 | 471 | 712 | 1,040 328 | 32 _mel
1903 | 799 | 485 | &6 | 464 | 265 | 950 | &5 | @ o _ﬁ
——
1994 | 1498 | 571 | 106 | 419 | 1603 200 | o o 1988 4
1995 (1,262 | 342 | %6 | 465 |1358| =07 | 0 | 0 1933 b
1996 | 2,576 | 406 | 179 | 425 |2755| 831 | O i 1330 _Em
1997 | 1,359 650 | 215 | 439 | 1.574| Lo8e| 0O ] 1991 _&
1992 | 727 | 531 | 178 | 470 | 805 | o001 @s | 10 1992 e
1999 | 1829 | 454 | 142 | 375 |19 829 | 0 0 1993 b
2000 | 1,435 | ™96 | 226 | 447 | 1,861 (1243 0 a 1994 b
L
1996 3 :
L e
1998 o
T —
2000
o
g
O Water availability B W ater requirement
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APPENDIX B

Comparation Graph between Water Availability and Water Requirement

Case Study 23
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Case Study-23 . Comparation between water avallability and water requirement of
Eeservor Mode B3 (Kaeng Erachan Eeservorr) Tt - B
WA =" Water Avalabiity  WE = Water Eequirernent

YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WR |MCHM| % Case Siudy-23
Reservoir Node R3

1971 | @95 | 11 | 717 | 16 |04 | 2 | o i {Kabng Kpachan Reseriis
12 | &5 | 11 | e | 15 | ess | 26 | o ]
1973 | &34 | 10 | 715 | 19 | es7 | 29 i i Discharge (MCHM)
| s | w || 17 | e | o2 | o ] - B B B B B B
1975 | @62 | 12 | 724 | 16 |e=7 | 27 | O i |
1976 | &35 | 12 | 717 | 19 | ese | @1 ] ] !
1977 | 836 | 12 | 711 | 1% | ee7 | =1 i i '
1973 | ég7 | 12 |78 | 17 | 700 | 30 | O ] 2] '
1979 | 644 | 13 | 702 | 19 | ees | 32 | O ] ik '
1980 | 611 | 11 | 684 | 17 |42 | 28 | @ o A :
1981 | &99 | w0 | woe | 17 | w03 | 27 | O 1] :: .
1982 | @6z | 10 | 9 | 16 | e85 | 26 | O i i :
1983 | &0s | 11 | 7l | 18 | e4s | 29 | O ] ;L ,
1924 | @80 | 13 | 715 | 12 | €83 | =31 i i L ;
1985 | 712 | 1w |0 | 17 | s | 27 | o ] - !
1986 | 657 | 12 | 714 | 18 | &8l | 30 | © i = !
1987 | &0 | 10 | w05 | 20 | e49 | 30 | O i - 1
1988 | &77 | 10 | 79 | 18 | ees | 2 | O ] o ]
1989 | @09 | 10 | w3 | 19 | e48 | 30 | O i 1986 !
1900 | 603 | 12 | eme | 18 | &39 | 30 | O 1] 1587 :
1991 | &37 | 11 | ess | 17 | 857 | 22 | © a v '
1992 | 599 | 11 | 698 | 18 | &40 | 30 0 i = '
1993 | @15 | 11 | em0 | 16 | edz | 27 | © 1] ;
1994 | 723 | 12 |7 | 12 |76 | 30 | o i II
1995 | @52 | 10 | 705 | 18 | em | 2@ | o ] .
1996 | 714 | 9 | s | 16 | v | 2 | o i : ,
1997 | &98 | 14 | 720 | 17 | w07 | @ ] ] :
1993 | 583 | 10 | ews | 12 |63 | 2 | O ] ]
1999 | &ee | 11 | eme | 16 |em | 27 | 0 ] !
2000 | &68 | 12 | 721 | 16 | &m0 | 29 | o i 1
2000 | 775 | 13 | Mé | 13 | 73 | 26 | o i ]
2002 | 45 | 13 | 704 | 11 | &m0 | 23 | o ] ]
2003 | 663 | 13 | 709 | 11 | &z | 23 | o i '
2004 | w48 | 13 | 707 | 11 | &7 | 23 | o ] '
2005 | 687 | 13 | 703 | 11 | &8s | 23 | o i :

!

I
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Case Study-23 . Comparation between water avallability and water requirement of
Eeservor Mode E16 (Phet Dam) Tt - 3WCh
WA =" Water Avalabiity  WE = Water Eequirernent
YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WR |MCHM| % Case Study-23

1971 | 1,573 | 471 | 143 | 432 [1721 923 | 0o o R’m;:;g::)ms

1972 | 857 | e07 | 239 | 422 | Lowe| 1029 O ]

1973 | 289 | 537 | 155 | 443 |L124| %80 | O i Dizcharge (MCHM)

1974 | 1,710 s17 | 158 | 400 |1@ee| 917 | O ] . & & B % E E

1975 | 1,053 | 488 | 196 | 452 |1249| 940 | © i |

1976 | 1,097 | 436 | 142 | 442 | 1,179 278 | O ] ) s

1977 | 792 | s20 | 143 | 453 | 934 | 973 | 39 | 4 P e

1972 | 1,105 | 534 | 171 | 449 |1276| %83 | O ] am ; !

1979 | 925 | 652 | 171 | 462 |1,096| 1,114 18 2 195

1930 | &27 | 495 | 118 | 465 | 745 | we0 | 215 | 22 1914

1281 | 1,540 | 464 | 150 | 442 |1690| 207 | © 0 1 |errrrrh

1982 | 1,128 | é00 | 191 | 446 | 1319|1046 O i o e

1985 | 254 | 461 | 179 | 465 |1033| 926 | © ] e

1924 | 1,081 | e92 | 128 | 457 | 1210|1155 O i -

1985 | 1,480 | S10 | 145 | 436 | 1625 %45 | O ] :g

1986 | 219 | 567 | 147 | 458 | 1066|1025 © ] e

1927 | @95 | 565 | 111 | 457 | 206 |1,022| 216 | 21 ]

1988 | 1,345 | 615 | 147 | 450 | 1494 | L086| O ] -

1929 | &35 | é06 | 145 | 461 | 231 |1067| 236 | 22 56 [

1900 | S14 | sso | e | 460 | Se1 | L0100 418 | 41 1

1991 | 683 | 585 | 58 | 450 | 721 | 1048 325 | 31 it |

1992 | 579 | 569 | 110 | 471 | 689 [1,040( 351 | 34 s

1993 | 773 | 485 | 65 | 464 | @38 | ws0 | 112 | 12 P

1994 | 1,495 571 | 105 | 419 |1600| %90 | O i e

1995 |1z238 | 342 | 96 | 465 |1334| 807 | O ] e

1996 | 2,578 | 406 | 178 | 425 |2756| 831 | O i T

1997 | 1,350 | 650 | 214 | 439 | 1564|1089 O ] - f

1993 | 711 | 531 | 178 | 470 | ms% |Loo1| 112 | 11 . :

1999 | 1,85 | 454 | 139 | 375 | 1995 829 | O ] $.

2000 | 1,439 | 796 | 236 | 447 | 1,676 [1,243| 0 i —_—

2001 | 2,080 | 816 | 343 | 437 |2445[1,253| 0 i = !

2002 | 854 | 818 | 169 | 389 | 1,023 | 1,207 184 | 13 e

2003 | 1,035 | 819 | 159 | 390 | 1,193 | 1,209 13 1 . 1

2004 | 924 | 820 | 151 | 395 | 1076|1214 139 | 11 e

2005 1,258 | 821 | 150 | 388 | 1409|1200 o ] )
——

5
B
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Case Study-23 . Comparation between water avallability and water requirement of
Mode M6 (Huat Fhale Sub-basin) Uit - BICT
WA =" Water Avalabiity  WE = Water Eequirernent

YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WR | WA | WR | WA | WR |MCM| % Case Study-23

1970 | 241 | 28 | 11 | 42 | 252 | | o i (Huat ngslfli-bash]
1972 | 115 | 30 | 49 | 40 | 163 | 70 | © i
1973 | 96 | 28 | 25 | sz | 121 | 80 | O i Discharge (MCH)
1974 | 102 | 28 | 12 | 51 |11a| 79 | o | o o % B BE B % & §
1975 | 57 | 30 | 9 |40 | e | g2 | 4 | s — == |
1976 | %0 | 31 | % | s1 | @ | 82z | o i o —
1977 | =32 | a2 5 so | 37 | 82 | 45 | ss v
1972 | 10 | 37 1 46 o | 83 | 72 | &7 '-m:—,.‘
19799 | 39 | 38 | 1 | s3 | 3@ | 82 | s2 | 57 575 e
lgw0 | &9 29 1 47 21 76 o o '-’“'_E
1981 | 180 | 27 | 23 | 46 | 203 | 72 ] 1] 97 [
w082 | o | st | 11/ - | e
1983 | 49 | 30 | 4 | 51 | 53 | 81 | 2@ | w4 ;:Em
1924 | 62 | 38 | 2 | 49 | 64 | &7 | 24 | 27 o -m——lﬁ
1985 | 55 | 28 | 3 | 47 | s8 | 75 | 17 | 22 -k
1986 | 30 | 31 | 2 | 51 | a1 | 81 | so | &2 =
1987 | 39 | 27 | 12 | 53 | 51 | so | 29 | 37 i
1988 | 285 | 27 | 13 | 48 |28 | 73 | © 1] e—
1989 | 62 | 29 | 8 | s2 | 71 | 8 | 10 | 12 158 [y
1990 | 5 33 2 50 7 83 | 76 | %1 oy ——-
1991 | 24 | 30 | 0 | 47 | 24 | 77 | 53 | &@ :%: T '
ez | 5 | a0 | o | s | s | 81 | 76 | m 1559 |
1993 | 151 | 30 | & | 46 | 158 | 7 | © 1] * Pz
1994 | 121 | 34 | 10 | 48 | 131 | 83 | © i ¥ e
1995 | 167 | 25 | 8 | 49 | 175 | 1 | o i [z
1996 | 226 | 21 | 15 | 44 | 240 | 85 | © i [
1997 | =2 | 41 | w0 | 46 | 2 | 87 | © i ' ;
1998 | 107 | 25 | 15 | 49 | 122 | 7 | o i 1 :
1999 | 283 | 29 | 20 | 44 |33 | 73 | o i E;@'
2000 | 54 | 34 | 11 | 43 | &4 | 7 | 13 | 17 e
2000 | 183 | 40 | 28 | 34 | 191 | 4 | 0 i , ]
2002 | 93 | 40 | & | 29 | 98 | &% | 0 1] 2 b
2003 | 56 | 40 0 22 | 56 | e 13 19 e
2004 | &2 | 40 g 29 | &7 | &9 2 2 : E‘
2005 | 160 | 40 | & | 29 | 186 | 82 | o o prre

==

——
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Case Study-23 . Comparation between water avallability and water requirement of
Moade M10 (Middle Phetchabur Sub-watershed)
WA =" Water Avalabiity (JICHD  WE = Water Eequirement (WK

YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WR |MCHM| % Case Study-23
Node N10
1971 | 1,767 | 53 | 233 | 81 |z2p000| 134 | O i AR S
1972 | 989 | S8 | a0z | v |Lawi| 1E1 | oo ]
1973 [1,068| 47 | 242 | 88 |1310| 134 | O i Discharge (MCH)
1974 | 1889 | 47 | 247 | =2 |z213| 128 | O ] - % ES: % % %
1975 | 1,158 | 46 | 265 | &4 [1422| 110 | 0 o ‘ : : : ] ' |
1976 | 1,016 | 42 | 214 | 75 |1z230| 117 | O i e
1977 | 943 | 43 | 242 | 7 |1184| 120 | O ] oy
1973 1,155 | 55 | 258 | m |1414| 125 | © ] am 1
1979 (1,101 | 59 | 294 | 26 [1395] 145 | 0 a eSS
1930 | 735 | 44 | 208 | 7@ | w93 | 122 | © i o p————————
191 | 1623 | 39 | 225 | 76 |1mes| 115 | O 0 e
1982 | 1342 39 | 294 | 76 [1636| 115 | 0 0 e -
1923 | 781 | 47 | 289 | 83 |10 130 | o o R
19234 |1200| 55 | 198 | 78 |1398| 133 | O i o .
1985 | 1,627 | 36 | 213 | 77 |1840| 113 | O ] % —
1986 | 1,084 | 47 | 242 | &0 |1328| 127 | © ] :m:,
1987 | 201 | 44 | 196 | 26 | 997 | 129 | © i gy
1988 | 1598 | 42 | 218 | 77 |1816| 119 | O ] b ]
1989 | 737 | 44 | 244 | 20 |1p031| 124 | © i =
1990 | 19 | so | 113 | =0 | a2 | 129 | o 1] -
1991 | 705 | 43 | @ | v | =05 | 127 | 0O i o 1
1992 | 566 | 49 | 161 | 85 | 727 | 134 | O i 58—
1993 | a2 | 46 | 109 | 7 | me2 | 124 | O i 0
1904 1726 | 52 | 153 | &0 |1ms4| 132 | o o -
1995 | 1,217 42 | 173 | 7w |1a90| 121 | o ] S
1996 | 2463 | 36 | 256 | 69 |2719| 106 | O i = .
1997 | 1,566 | 65 | 329 | 75 | 1895|140 | O ]
1993 | 633 | 39 | 304 | 20 | w43 | 119 | 0O i = :
1999 | 1,395 | 43 | 172 | &= |1566| 116 | O ] ,
2000 {1,219 | 51 | 313 | &9 |1,532| 120 | o i =
2001 | 2,169 | 68 | 467 | 55 |Z636| 123 | O i wp——————
2002 |1,032] 68 | 247 | 48 |1,279| 117 | o i m—
2003 [ 1,109 | &9 | 217 | 48 |1326| 117 | o i 1
2004 (1,136 | &9 | 221 | 49 |1,357| 118 ] ] T
2005 | 1,463 &9 | 232 | 48 |1é94| 117 | 0 o 1
oy f———
ﬂ:I
:
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Case Study-23 . Comparation between water avallability and water requirement of
Moaode M12 (Upper Huat Mae Prachan Sub-watershed) Tt BOCH
WA =" Water Avalabiity  WE = Water Eequirernent

YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WR | WA | WE | wa | WwR |McM| % Case Sindy-23

1971 | 88 | s 5 a | 711 | 14| o o mummﬁmm_ i
1wz | s2 | 4 |2t | 7 ||| oo 0 Discharge (MCM)
wrs| s | 4 |16 | &8 | 75 |12 | 0 | o s T B T & E &
| 73 | a4 || 7 s | 11| oo i — ]
1975 | 45 | 4 7 7 |s3 | 11| o o —
1976 | 85 | s 8 g | s2 | 13| 0 0 E—
1977 14 | & 5 3 |13 | 15| o 0 87—
1978 | 44 | s 3 g |47 | 15 | o o 157 —
1979 | 22 ] 3 9 25 | 17 i 0 90—
1980 | & 5 1 g g8 | 13| 8 | 44 e
el | 7 | 3 | w | 8 | = | 12 | o 0 1578 o
ez | 13 | & | w0 | &8 | 23 | 14 | o o 519 bl
a3 | 113 | 3 | w | 8 || 1z | @ 0 rh
1984 | 54 | 7 3 g |83 | 158 | o o 18—
1985 | 51 | 4 5 g | ss | 12| o 0 =n
1986 | 17 | 5 4 g | 20| 13| o o o
1987 | 32 | s & g |3 | 13| o o & Gl
1988 | 37 | s & g |42 | 13 | 0 0 z ;:I
1989 | 38 | & 5 g |40 | 15| o o =
1990 | 14 | & 4 g | 12 | 14| o 0 i =
1991 | 27 | & 3 g |30 | 14| o o o
1992 | &1 | s 6 s | s2 | 15 | 0 0 .
1993 | 71 | 8 5 g | 7w | 13| 0 0 <
1994 | 12 | 7 5 g | 23|15 | o 0 o —
1995 | 108 | 4 4 g |14 | 12 | O 0 =
e | 191 | 3 | 14| 7 || 11| @ o =
1997 | 3 | 72 |11 | 8 |45 |15 | o 0 o
1998 | 100 | 4 3 g |19 | 12 | o o '
1999 | 256 | 4 | 22 | & |21 | @ 0 0 =
000 | 166 | S 24 ] 122 | 13 0 0 S
2000 | 101 | @ 5 5 |8 | 14| o o '
002 | 15 | @ 1 5 | 15| 14| 0 0 ; :
o | s6 | 9 | 2 | s | s || oo | oo ——
2004 | 28 | @ 1 5 | 2@ | 14| o 0 =
2005 | 26 | 9 3 5 |30 | 14| o o '

e

P
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Case Study-23 . Comparation between water avallability and water requirement of
Eeservor Mode E13 (Huat Mae Prachan Eeservoir) Tt - BOCH
WA =" Water Avalabiity  WE = Water Eequiremnent
YEAR|  WEI DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WE |McM| % Case Study-23
Rezervoir Node K13
1970 | 42 | 12 | 41 | 2 | 42 | 13 | @ 0 {Huai Mae Prachan Reservoir)
1972 | 39 | 15 | 42 | 1 |40 |17 | 0 0
1973 | 42 |12 | 42 | 1 | 42 | 13 | @ 0 Discharge (MCM)
1974 | 42 | 12 | 41 1 |22 |13 | 0 0 B g g g g g
1975 | 3@ | 12 | 41 1 |40 | 13 | 0 i 1 '
1976 | 44 | 13 | 41 1 | a3 | 15| 0 0 e '
1977 | 37 | 19 | 3 | 2 | 37 | 1@ | 0 i '
1978 | 25 | 18 | 26 | 1 |26 | 20 | @ o o i .
1979 | 19 | 20 | 21 | 20| 20 | 21 | @ 0 - 2 )
1980 | & | 15 | 8 1 7 |18 | 1 7 :i : 3 ,
1981 | 3 | 14 | 9 1 5 | 16 | 10 | 9
1oa2 | 31 | 20 | 35 | 1 | 3w | ;0 | 10 | &4 R
1983 | 26 | 10 | 24 | 2 |25 | 11| @ 0 . —
1984 | 40 | 192 | 3@ | 2 |40 | ;m | 0 i i
1985 | 32 | 12 | 3l 1 |32 | 13| ¢ 0 e
1986 | 31 | 17 | 35 | 1 | s | 18 | @ 0 P ——
1987 | 16 | 18 | 21 1 15 | 12 | 1 & st ; :
1988 | 17 | 10 | 17 1 17 | 12 | 0 ] 3 F‘
wea | 13 |18 |1 |1 |15 | 2\ o
1990 | 80| 1e.)o12 | NEEEERAYZP 1] M ! [mTh
1991 | 4 | 17 | 4 2 4 |12 | 7 | 38 N
1992 | & | 14 | 8 2 7 |15 | 14| m e
1003 | 21 | ls | 24 |1 | g [e—-— s
g | A |19 |32 | 1 |3z | 21| o 0 ' _-Ezzm
1995 | 31 | 9 | 24 | 1 |2 | 1w | 0 0 |
1996 | 56 | & | 41 |y T e 0 0 '_ ;
1997 | 33 | 20 | 40 | 1 |3 | 21| @ 0 e ————
1998 | 37 | 13 | 34 | 1 | 3 | 14 | 0 i ] |
1999 | 61 | 11 | 43 | 1 | s3 |12 | @ ] R e
2000 | 54 13 42 1 43 14 i] i . -FI
2000 | 38 | 14 | 39 | 1 | 3 [ 16 | 0 o ] - 1
2002 | 17 | 14 | 24 | 1 |20 |16 | 0 0 - !
2003 | 17 | 14 | 18 | 1 17 | 16 | 0 0 ; !
2004 | 15 | 14 | 20 1 17 | 16 | 0 ] e
005 | 8 14 | 14 1 m | 18 5 54 i —'
e
e
'g’
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Case Study-23 . Comparation between water avallability and water requirement of
MNode M14 {Lower Huat MMae Prachan Sub-watershed) Tt BCT
WA =" Water Avalabiity  WE = Water Eequirernent

YEAR|  WET DRY ANNUAL | SHORTAGE
WA | WE | WA | WE | WA | WR |MCHM| % Case Sinidy-23

1971 | 335 | 34 | 23 | 65 | 358 | 99 | O i mmmﬁmm i
1972 | 261 | 31 | 1w0s | S8 | Ges | 89 | O ] :
1973 | 295 | 29 | 7 | e | 373 | 95 | 0O i ek PN &
1974 | 369 | 32 | 53 | s2 |42 | %0 | O ] = § : § § § 5 § §
1975 | 226 | 34 | 34 | 57 | zé0 | @ i ] o
1976 | 429 | 35 | 37 | 64 | 465 | 99 0 o 02—
1w | 1 [Ta | es | es | 7ost i INE A g%
1973 | 215 | 41 14 | 65 | 229 [ 106 | 0 a S
lope | 110 | 43 | 14 | 72 | 124 | 115 | © ] i =
a0 | 32 | 35 | 5 | eés | 38 |13 | 85 | &3 e E——
1981 | 3em | 27 | 47 | e2 | 414 | 89 | © 1] R
192 | &7 | 31 | 49 | 62 | 116 | 93 | © i :: ?
1985 | sl | 29 | st | &7 | ez | 97 | O ] o
1984 | 273 | 42 | 41 | &2 | 314 | 110 | O i o —
1985 | 244 | a0 | 23 | &1 | ze7 | 92 | © ] i 1
1986 | &3 | 37 | 17 | &4 | 100 | 101 | 1 1 o ———
197 | 157 | 29 | 28 | &2 | 184 | 97 | © i P ==
1988 | 176 | 33 | 27 | e4 | 205 | 97 | © ] Y —
1989 | 175 | 33 | 22 | e | 196 | 107 | © i =
w0 | 71 | 38 | 1w | e2 | so | 101 | 11 | 10 1557 for
1991 | 130 | 40 | 13 | &6 | 143 | 105 | O a 1o [
1992 | 294 | 36 | 30 | 71 | @2s | w07 | O i 1585 o
1993 | 340 | 35 | 42 | eo |32 | 95 | O 1] =
1994 | =3 | 33 | 26 | el | 113|100 | o i T
1995 | 544 | 33 | 22 | 65 | S5 | 98 | O ] r—
1996 | 999 | 30 | w0 | s2 |1poes| == | O i ; Z:I
1997 | 166 | 47 | s4 | el |z20 | w07 | o ]
1993 | s05 | 32 | 41 | &2 | sS4 | 95 | O i = ;
1999 | 1,344 | 31 | 109 | 48 |1453| 79 | O ] -
2000 | @64 | 37 | 116 | 61 | sen | =@ | o i =
2000 | 497 | 47 | 26 | 47 | sz3 | w4 | o i !
2002 | 75 | 48 | 03 | 43 | 7@ | =1 | 13 | 14 ]
2003 | 270 | 49 | 11 | 44 |28 | =3 | o i —
2004 | 139 | 50 | 5 | 45 | 144 [ 25 | @0 ] =
2005 | 127 | 51 2 | 45 | 135 | 97 | o i —

e

e
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APPENDIX C

Comparation Graph between Water Availability and Water Requirement

Case Study 36
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Case Study-36 . Comparation between water availability and water requirement of
Eeszervor IMode B3 (Kaeng Krachan FEeservorr) Tt BT
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DRY ANNUAL | SHORTACE
WA | WR | WA | WR | WA | WR |McM| %
1971 | s85 | 11 | 717 | 16 |4 | 2 | O i
1972 | &15 | 11 | 718 | 15 |&s8 | 28 | O i
1973 | 634 | 10 | 715 | 19 | &7 | 2@ | © i
1w | 715 | w |77 | 17 | e | 27 | o ]
1975 | é62 | 12 | 724 | 16 | &7 | 27 | © 1]
1976 | &35 | 12 | 717 | 19 | &9 | 31 | O i
1977 | &36 | 12 | 711 | 19 | &7 | 31 | o 1]
1978 | 687 | 12 | 718 | 17 | 700 | 30 | © i
1979 | 644 | 13 | 702 | 19 | es2 | 32 | O 1]
1980 | 811 | 11 | &34 | 17 | &42 | 28 | © i
1921 | s99 | 10 | 708 | 17 |03 | 27 | © i
1982 | 668 | 10 | 708 | 16 | &85 | 26 | © ]
1983 | s05 | 11 | 711 | 18 | &49 | 2@ | © i
1984 | @80 | 13 | 715 | 18 | &3 | 31 | O i
1985 | 712 | w0 |70 | 17 | s | 27 | o i
1926 | &57 | 12 | 714 | 18 | &8l | 30 | © i
1987 | 610 | 10 | 705 | 20 | 649 | 30 | O i
1988 | 77 | 10 | 719 | 18 | &8s | 28 | © ]
1989 | 08 | 10 | 703 | 1% | &48 | 30 | © i
1990 | s03 | 12 | 689 | 18 | 639 | 30 | O i
1991 | 637 | 11 | &85 | 17 | 657 | 28 | © a
1992 | 599 | 11 | &98 | 18 | &40 | 30 | O i
1993 | 815 | 11 | &80 | 16 | &2 | 27 | © 1]
1994 | 723 | 12 | 707 | 18 | 718 | 30 | o i
1995 | &52 | 10 | 705 | 18 | &1 | 2@ | O i
1996 | 714 | 9 | 715 | 16 | Me | 2 | o i
1997 | g9 | 14 | 720 | 17 |07 | ;1 | o i
1998 | 583 | 10 | &9 | 18 | &3 | 28 | O 1]
1999 | 86 | 11 | 636 | 16 | & | 27 | O i
2000 | g68 | 12 | 721 | 16 | ée0 | 2¢ | 0 1]
2000 | 775 | 13 | 78 | 13 | 3 | 2 | 0 i
2002 | g45 | 13 | 704 | 11 | e | 23 | 0 1]
2003 | &83 | 13 | 709 | 11 | esz | 23 | 0 i
2004 | g4z | 13 |07 | 11 | &7 | 23 | 0 i
2005 | &87 | 13 | é9s | 11 |9l | 23 | 0O i
2006 | g66 | 13 | 702 | 11 | sl | 23 | 0 i
2007 | 653 | 13 | 706 | 11 | &75 | 24 | 0 ]
2008 | 622 | 13 | 702 | 11 | ess | 24 | o i
2009 | g42 | 13 | 719 | 11 | &7 | 24 | 0 i
2010 | 677 | 13 | 712 | 11 | es4 | 24 | 0 i

Caze Study-36
Rezervoir Node K3
{Kaeng Krachan Reservoir)
Dizcharge (MCM)
—_ r [~ k. (7] th =1 =
(=] =] =] (=] =] (=} =]
(=] =1 =1 =1 =1 =1 =1 =1 =1
]
]

974 ;
1594 |
1576 |
1577 g
1978 !
157 .

1580 1
15%1 .
15k 1
1583 +
1584 .
19S5 ]
oty ]

e !

15 ]
1559 ;

1550 1
1991 :
]
1]
1
]
1
1
]
1
]
]
]
..'Td
g
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Case Study-36 . Comparation between water availability and water requirement of
MNode Mé (Upper Hual Phak Sub-watershed) Tt : MCH
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DRY ANNUAL | SHORTACE
WA | WR | WA | WR | WA | WR |McM| %
w152 | 13 | 7 | 21 | 158 | 34 | o i
1wz | 72 | 15 | 31 |19 | w3 | 3 | o i
1973 | 6l | 13 | 16 | 25 | 78 | 3@ | o i
1974 | 54 | 14 | 8 | 25 | 72| 3@ | o ]
1975 | 36 | 14 | & | 19 | 41 | 33 | o 1]
1976 | 57 | 14 | 5 | 25 | &2 | 3@ | o i
1977 | 20 | 16 | 3 | 24 | 23 | 40 | 17 | 42
1wre | 6 |18 | 0 | 22 | 7 | 40 | 34 | =4
1979 | 24 | 20 | 0 | 26 | 25 | 45 | 21 | 48
1980 | s& | 14 | 1 | 23 | 57 | 37 | o i
1921 | 113 | 13 | 14 | 22 | 127 | 35 | © i
gz | o | 16 | 7 | 22 | 7 | 38 | 31 | &
ez | 31 | 15 | 2 | 25 | 33 | 3@ | & | 15
1984 | 39 | 19 | 1 | 24 | 40 | 43 | 3 7
1985 | 35 | 13 | 2 | 23 | 37 | 37| o i
1926 | 19 | 15 | 1 | 24 | 20 | 3% | 20 | so
1987 | 25 | 13 | 7 | 26 | 32 | 3@ | 7 | 18
192 | 179 | 12 | 8 | 23 |17 | 3 | © ]
1989 | 39 | 14 | 5 | 25 | 45 | 3@ | © i
w0 | 3 | 16 | 1 | 24 | 5 | 40 | 35 | &9
1991 | 15 | 15 | 0 | 23 | 15 | 38 | 23 | &0
ez | o3 |15 | 0 |25 | 3 | 3@ | 38 | ez
1993 | =5 | 15 | 5 | 22 |wo| 37 | o 1]
1994 | 7% | 17 | & | 24 | 22 | &1 | 0o i
1995 | 105 | 11 | 5 | 24 |10 | 3 | o i
1996 | 142 | 9 9 |21 |51 | 30 | o i
1997 | 55 | 21 | & | 22 | &1 | 43 | © i
1998 | &7 | 11 | 10 | 24 | 77 | 3 | o 1]
w99 | 172 | 15 | 13 | 21 |10 | 3 | o i
2000 | 34 | 17 | 7 | 21 | 40 | 3@ | 0 1]
2000 [ 103 | 22 | 18 | 16 | 120 | 38 | 0O i
2002 | s2 | 22 | 4 |15 | &2 | 37 | 0 1]
2003 | 35 | 22 | o | 14 | 3 | 3 | 1 3
2004 | 39 | 22 | 4 | 14 | 42 | 3 | 0 i
2005 [ 101 | 22 | 2 | 14 |05 | 3 | 0 i
2006 | 30 | z2 | 7 | 14 | 37 | 3 | 0 i
2007 | &0 | 21 | 18 | 14 | 78 | 35 | 0 ]
2008 | 41 | 21 | o | 14 | 41 | 35| 0 i
2000 | &9 | 21 | 2 | 14 | 7 | 35| 0 i
2010 | 78 | 21 | s | 14 | 83 | 35 | 0 i

Case Study-36
Node Né
{Upper Huai Phak Sub-watershed)

Digcharge (MCH}
- 2 S Z

L oo

1504 fm—
195 [
1504 [

&
B
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Case Study-36 . Comparation between water availability and water requirement of
Eezervor IMode BT (Huai Phak Eeservoir) Tt : MCH
WA =" Water Availabiity  WE = Water Eequirement

YEAR WET DRY ANNUAL | SHORTAGE
WA | WR | WA | WR | WA | WR |MCM| % Case §tudy-36

1971 | 33 2 27 4 a0 & o o mﬁep“h':’; ::::nfm
1972 | 27 2 29 4 27 & o 0
1973 | 23 2 27 5 26 7 o o Discharge (MCH}
1974 | 24 2 26 5 25 7 o o s DWW @ B OB
1975 | 24 3 27 4 25 & ] ] : : ' — '
1976 | 24 3 26 4 23 7 i i -
1977 | 24 3 26 4 23 7 0 a m ERE 4
1975 | 20 3 23 4 21 7 o a s ——
1979 | 12 3 16 5 13 g a a ==
1280 | 18 5 16 4 17 7 o o 1571 1
1921 | 28 2 26 4 27 & ] i o
ez | 22 | 2 |26 | 4 | 2 | & ] ] e
1283 | 13 3 13 5 16 7 o cu f’ — ,
1934 | 22 3 21 4 22 7 a 0 o f——1
1985 | 20 2 24 4 22 & o f 1588
1986 | 21 3 25 4 22 7 ] o 1984 prr———
1987 | 14 2 21 3 17 7 i ] e

6
1983 | as 2 23 4 a0 7 a a o —
1989 | 22 2 26 5 24 7 o o (o ]
1990 | 20 3 24 4 21 7 0 a B
1991 | 11 3 15 4 13 7 a a 590 fo———
1992 | 7 2 11 3 2 7 o a = ?
1993 | 10 3 9 4 10 q 0 a I
1904 | 26 3 27 4 26 7 o ] e
1995 | 28 2 26 4 27 7 i ] T —— ]
1906 | a3 5 26 4 a0 & o i ‘ .
1997 | 24 3 27 4 25 2 o o A
1998 | 25 2 26 4 25 7 a a = :
1999 | 58 2 27 4 33 & o o e—
2000 | 24 3 27 4 25 & a a g
2001 | 32 3 28 4 a0 & 0 0 o
o2 | 18 | 3 |25 | a4 | 2| 72| 0| 0 o
2003 | 18 3 25 4 21 7 o o R
004 | 14 3 20 4 16 7 a 0 =
005 | 26 3 13 4 25 7 o o —
2006 | 16 3 23 4 19 7 0 0 oo
2000 | 13| 3 |2 | a4 |17 | 7| 0|0 0
2008 | 20 | 3 | 26 | 4 | 2z | 7 o o g
09 | 21 3 22 4 21 7 0 0 ?
2010 | 24 3 26 4 25 7 o o

O%Water availability B Water requirement
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Case Study-36 . Comparation between water availability and water requirement of
Mode ME (Lower Hua Phale Sub-watershed) Tt : BICh
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DRY ANNUAL | SHORTACE
WA | WR | WA | WR | WA | WR |McM| %
11| 152 | 1w | 5 |15 | 157 23 | o i
1972 | &2 | 11 | 28 | 14 | %7 | 23 | o i
1973 53 | w0 | 1w | 18 | &3 | 28 | O i
1974 | sz | w0 | & | 18 | 54 | 28 | O ]
1975 | 27 |11 | 4 |14 |31 |2 | oo 1]
1976 | 48 | 12 | 4 |18 | 53 | s | o i
1977 | 12 |12 | 3 |18 | 15 | 30 | 15 | a0
1w | 4 | 13 | 1 16 | 5 | 20 | 24 | =2
1979 | 15 | 13 | 1 19 | 15 | 32 | 15 | 0
1980 | 35 | 10 | 1 17 | 3 | 22 | o i
191 | 112 | w0 | 1w | 16 | 122 | 28 | O i
1982 | 1 1| 5 | 16| & | 27| 21| 79
ez | 19 | w | 2 | 18 | 21 | 2@ | 7 | 28
19e4 | 25 | 13 | 2GR ENREY |—5— |1
1wes | 23 | w | 2 |17 | 25 | = | 2 7
1986 | 12 | 11 1 18 | 13 | 29 | 185 | 55
1987 | 15 | 9 s |12 | 20 | 2 | 8 | 29
ez | 177 | w0 | & | 17 | 183 | 27 | © ]
1989 | 30 | w0 | 4 | 1% | 34 | 2@ | O i
w0 | 3 |12 | 2 |12 | 4 | 30 | 25 | %5
11| 3 | 11 1 17 | 10 | 27 | 17 | &2
ez | 2 | 1w | 1 12 | 3 | 28 | 25 | =8
1993 | 70 | 10 | 4 |16 | 14| 27| o 1]
1994 | &7 | 12 | 4 |17 | 72| 2= | o i
1995 | 101 | 9 4 |17 |ws | 27| o i
1996 | 143 | 3 6 | 16 | 149 | 24 | @ i
1997 | 46 | 14 | 5 | 16 | s0 | 30 | o i
1998 | 41 | 9 7 | 1w | & | 27| 0 1]
w99 | 179 | w0 | 8 | 16 | 187 | 2 | o i
2000 | 24 | 12 | 5 | 15 | 2@ | 28 | 0 1]
2000 | 91 | 13 | 15 | 12 |08 | 28 | 0 i
2002 | 36 | 13 | 4 | 1w | 3@ | 23| 0 1]
2003 | 22 | 13 | 1 1w | 24 | 23| 0o i
2004 | 24 | 13 | 4 | 1w | 28 | 24 | 0 i
2005 | 77 | 13 | 2 | 1w | s0 | 24 | o i
2006 | 19 | 13 | & | w0 | 25 | 24 | 0 i
2007 | 37 | 14 | 17 | 10 | 54 | 24 | 0 ]
2008 | 25 | 14 | 1 1| 27| 2| o i
2000 | 47 | 14 | 2 | 11 | 4% | 24 | 0 i
2010 | 62 | 14 | & | 11 | e | 25 | 0 i

Casze S5tudy-36
Node INE
{Lower Huai Phak Sub-watershed)
Dizcharge (MO}

o
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L ohT
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Case Study-36 . Comparation between water availability and water requirement of
Mode M10 (Middle Phetchabur Sub-watershed)
WA ="Water Avalabiity (JICW  WE = Water Eequirement (WChD)

YEAR|  WET DRY ANNUAL | SHORTACE

WA | WR | WA | WR | WA | WR |McM| % Case Study-36

Mode N10
1971 (1,767 | 53 | 233 | 81 |zo00| 134 | O i Middle Phebohaburi Sub-watershed
1972 | a9 | 52 |30z | 73 |Lael| 1m | o i
1973 | 1,068 | 47 | 242 | 88 |1310] 134 | © i SO
1974 | 1,889 | 47 | 247 | 82 |z136| 128 | © ] 2 % —§- % § %
1975 | 1,158 | 46 | 265 | &4 |l422| 110 | © 1] e S
1976 |1,016| 42 | 214 | 75 |1230| 117 | o i '
1977 | %43 | 43 | 242 | 76 |1184| 120 | © 1] Y 7
s (1155 ] 55 | 258 | 0 144|125 | o | @ e \
1979 |1,001| 59 | 294 | 26 |1,395) 145 | © 1] :g:,
1980 | 785 | 44 | 208 | 78 | 993 | 122 | © i =
1921 |1,623| 39 | 225 | 76 |Leds| 115 | © i s
1982 |1,342| 39 | 294 | 76 |1436| 115 | © i i ————————
1983 | 781 | 47 | 289 | 83 |1,070 130 | o 0 s
1984 (1200 55 | 198 | 78 [1398) 133 | O i o ——
1wEs [1ezr| 3 | 213 | 77 1m0 1z | o | @ : =
1926 |1,086| 47 | 242 | 80 |1328) 127 | © i B
1987 | 201 | 44 | 196 | ®6 | 997 | 120 | © a e
1988 |1,598 | 42 | 218 | 77 |L8l&| 119 | © ] =
1989 | 787 | 44 | 244 | =0 |1031| 124 | © i om0
1990 | &1 | S0 | 113 | =0 | a2 | 129 | o i =
1991 | 705 | 48 | @3 | 79 | 805 | 127 | © a sy
1992 | se6 | 43 | 161 | 85 | 727 |13 | o | © A
1993 | 792 | 46 | 108 | 78 | @2 | 124 | © 1] ’
§:I

1994 |1,726| 52 | 158 | 80 |1884| 132 | © i 2
1995 | 1,217 42 | 173 | 79 |13w0| 121 | o i Ne——i
1996 | 2463 | 36 | 256 | &2 |2719| 108 | O ] g
1997 | 1,566 65 | 329 | 75 [1,89s| 140 | 0 0 e
1998 | 638 | 39 | 304 | 80 | @45 | 119 | o 1] '
1999 (1395 48 | 172 | 68 |L3&| 118 | O i ————
2000 1,219 ] S1 | 313 | &9 |1.532) 120 | 0 1] -
2001 |2,189 | 68 | 487 | 55 |2e38| 123 | 0O 1] g =-
2002 [1,052] 68 | 247 | 48 |1Eme| 117 | 0 1] ]
2003 (1,109 | 63 | 217 | 48 |1326| 117 | 0O 1] T
2004 (1,136 | &9 | 231 | 4% |1357| 118 | O 0 —
2005 (1444 | 69 | 232 | 48 |1675| 117 | 0 i e
2006 (1,143 ] 69 | 183 | 0 |1326| 118 | 0 i I —
2007 [1470| 70 | 367 | 0 |lLEs7| 118 | 0 i o
2008 | 782 | 70 | 189 | 0 | 977|120 | 0O i A
20 |1 24 g LAl L 0 a O %Water availability B Water requirement
20010 (1,254 71 | 209 | 0 |1483| 121 | 0O i
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Case Study-36 . Comparation between water availability and water requirement of
MNode M12 (Upper Huat Mae Prachan Sub-watershed) Tt ; RMCI
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DRY ANNUAL | SHORTACE
WA | WR | WA | WR | WA | WR |McM| %
1971 | 66 | 5 3 g |7 | 14| o i
1wz | s2 | 4 |21 | 7 ||| o i
1973 | 52 | 4 | 16 | &8 | 75| 12| 0 i
1w | 7= | 4 |11 | 7 |2 | 11| oo ]
1975 | 45 | 4 7 705 | 11| oo 1]
1976 | 85 | 5 ] g |92 | 13| 0 i
1977 | 14 | & 3 2 |19 | 15| o 1]
1972 | 44 | & 3 g |47 | 15| o i
1979 | 22 | 2 3 2 |25 | 17 | o 1]
1980 | & 3 1 ] g | 13 | 8 | 44
wel | 77 | 3 | w | 8 | 87 | 12 | O i
1982 | 13 | & | 1m0 | &8 |23 | 14 | o ]
ez | 113 | 3 | @ | 8 |13 | 12 | o i
1984 | 54 | 7 2 2 | &3 | 16 | 0 i
1985 | 51 | 4 3 g | 55 | 12| o i
1926 | 17 | S 4 g |20 | 13| o i
1987 | 32 | 5 8 g8 |3 | 13| 0 i
1988 | 37 | S 8 g | 42 | 13| 0 ]
1989 | 36 | & 3 g |40 | 15| o i
1990 | 14 | & 4 g |12 | 14 | 0 i
1991 | 27 | & 3 g |30 | 14| 0 a
1992 | 61 | 5 8 2 | sg | 15 | 0 i
1993 | 71 | & 2 g | 19| 13| 0 1]
1994 | 18 | 7 3 g |23 | 15| 0 i
1995 | 109 | 4 4 g |14 | 12 | 0 i
1996 | 191 | 3 | 14 | 7 25| 11| o i
1997 | 34 | 7 |11 | 8 | 45 | 15 | o i
1998 | 100 | 4 2 g [ we| 12| 0 1]
1999 | 256 | 4 | 22 | & |21 | @ i i
2000 | 166 | 5 | 24 | & |18 | 13 | 0 1]
2001 | 101 | @ 3 5 |ws| 14| 0 i
2002 | 15 | @ 1 s 15| 14| 0 1]
2003 | 56 | @ 2 s | se | 14| 0 i
2004 | 22 | @ 1 5 |29 | 14| 0 i
2005 | 26 | @ 1 s |27 | 14| 0 i
2006 | 8 9 0 3 po| 14| & | 39
2007 | 7 2 2 sl || s | a2
2008 | 20 | @ 0 s |20 | 14| 0 i
2008 | 19 | @ 0 5 |20 | 14| 0 i
10| 23 | @ 3 s |2s | 14| 0 i

Case Shudy-36
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Case Study-36 . Comparation between water availability and water requirement of
Eezervor IMode E13 (Huat Mae Prachan Feservowr) Tt : BRCH
WA =" Water Availabiity  WE = Water Eequirement

YEAR WET DRY ANNUAL | SHORTACE
WA | WE | WA | WR | WA | WR [MCM| % Casge Study-36
Rezervoir Mode R13
1971 | 42 12 | 41 2 42 | 13 i i (Huai Mae Prachan Reservoir)
1972 | 39 15 | 42 1 an | 17 0 0
1973 | 42 | 12 | 42 1 4z | 13 | @ a Discharge (MCM)
& & b3 3 & a kS
1974 | 42 1z | 41 1 42 | 13 o i : : ; 3 ; ,
1975 | 3@ 12 | 41 1 a0 | 13 0 0 : .
1976 | 44 13 | 41 1 43 | 13 i o - )
1977 | 37 17 | 38 2 37 | 19 0 0 . = 1
1975 | 25 13 | 26 1 26 | 20 i o 575 ; 1
1979 | 19 20 21 2 20 21 o o Ll T :
———
wEn | 6 | 15 | s 1 7 |18 | 1 7 i
57
1981 | 3 14 9 1 & 1 | 10 | 39 e
1982 | 31 | 20 | 33 1 33 | 21 o | &4 8881 [y
1983 | 26 o | 24 z 25 | 11 o 0 e
:
1984 | 40 17 | 39 2 a0 | 21 0 i
198 e
1985 | 32 12 | 31 1 32 | 13 o i .
984 X
1928 3l 17 3§ 1 32 128 ] n] N ———
1987 | 16 13 | 21 1 15 | 12 1 & e
198 | 17 | 1w | 17 1 17 | 12 ] i 1
[ -] .
1989 | 13 16 18 1 15 | 17 2 11 =
o Iy
1990 | @ 16 12 1 10| 17 7 an i S——
1991 | 4 17 4 2 4 12 7 35 L e L.
1992 | & 14 2 2 7 13 14 77 B e
1993 | 21 | 15 | 24 | 1 | = | 17| & | s T
|
1994 | 31 19 | 32 1 a2 | 2 o o
X m——l
1995 [ a1 9 24 1 28 | 10 0 0 ,
1996 | 58 g 41 1 50 g o o e
1997 | 33 20 40 1 36 21 o o e
1993 | 37 13 | 34 1 @ | 14 0 0 T '
]
1999 [ &l 11 | 43 1 53| 1z o o & .
2000 | 54 13 | 42 1 42 | 14 0 0 e
2001 | 38 14 | 39 1 i | 18 o o )
2002 | 17 14 | 24 1 0 | 18 0 0 i
200% | 17 14 18 1 17 | 18 i i Pz
2004 | 15 14 | 20 1 17 | 1& 0 0 ez
e
2005 B 14 14 1 10 18 5 34 vt [
2006 | 4 14 5 1 4 16 | 12 | 75 N |
2007 | 5 | 14 | 9 1 7 |16 | = | &7 e
2008 | 20 14 | 27 1 23 | 18 o o =
2009 | 29 14 | 36 1 32 | 18 0 0 B
2010 | 27 14 | 27 1 27 | 18 o o

O Water availability B Water requirement
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Case Study-36 . Comparation between water availability and water requirement of
MNode M14 (Lower Huat Mae Prachan Sub-watershed) Tt ; BACH
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DRY ANNUAL | SHORTACE
WA | WR | WA | WR | WA | WR |McM| %
1970 | 335 | 34 | 23 | &5 | 358 | @@ | o i
1972 | 261 | 31 | 105 | 58 |36 | 89 | O i
1973 | 295 | 29 | 7 | & |33 | 95 | o i
1974 | 389 | 32 | 53 | s8 |422 | @0 | o ]
1975 | 226 | 34 | 34 | 57 |20 | @1 | o 1]
1976 | 429 | 35 | 37 | &4 |48 | 99 | © i
1977 | 73 | 39 | 23 | 69 | 85 | e | 12 | 11
1972 | 215 | 41 | 14 | &5 | 229 | 108 | O i
1979 | 110 | 43 | 14 | 72 | 124 |15 | o 1]
1980 | 32 | 35 | s | es | 38 | 103 | &5 | &3
1921 | 382 | 27 | 47 | &2 | 414 | 82 | © i
1982 | &7 | 31 | 49 | &2 | 116 | 93 | © ]
1983 | 561 | 29 | s1 | &7 | &2 | 97 | © i
1984 | 273 | 42 | 41 | &8 | 314 | 10| O i
1985 | 244 | 30 | 23 | &1 |27 | 92 | © i
1926 | =3 | 37 | 17 | &4 | 100 | 100 | 1 1
1987 | 157 | 29 | 28 | &8 | 184 | 97 | © i
1982 | 176 | 33 | 27 | &4 | 203 | 97 | © ]
1989 | 175 | 38 | 22 | &8 | 196 | 107 | © i
1990 | 71 | 32 | 19 | &2 | so | 101 | 11 | 10
1991 | 130 | 40 | 13 | &6 | 143 | 108 | © a
1992 | 294 | 36 | 30 | 71 | 325|107 | o i
1993 | 340 | 35 | 42 | e0 |32 | @5 | © 1]
1994 | =2 | 38 | 26 | 61 | 113 | 10| o i
1995 | 544 | 33 | 22 | &5 | s65 | 98 | © i
1996 | 999 | 30 | 70 | 58 |Loé9| 88 | O i
1997 | 166 | 47 | s4 | &1 | zz20 | 107 | O i
1998 | 505 | 32 | 41 | &2 | S46 | @3 | O 1]
1999 |1,344 | 31 | 109 | 48 |1453| 79 | © i
2000 | ®64 | 37 | 116 | &1 | 980 | ®E | 0O 1]
2001 | 497 | 47 | 26 | 47 | 523 | %4 | 0 i
2002 | 75 | 48 | 3 | a3 | 78 | sl | 13 | 14
2003 | 270 | 43 | 11 | 44 | 281 | 83 | 0 i
2004 [ 139 | 50 | 5 | 45 | 144 | 85 | 0 i
2005 [ 127 | s | 3 | 46 | 130 | 87 | 0 i
2006 | 57 | s2 | 3 | 48 | e0 [ 100 | 3@ | 40
2007 | 51| 53 | 16 | 49 | &7 [ 102 | 38 | 3
2008 | 135 | 55 | 3 | s1 | 138 | 106 | 0O i
2009 | 134 | s6 | 3 | s2 | 137 | w8 | 0 i
2010 [ 157 | s8 | 15 | 55 | 172 | 113 | o i

E

192
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Case Study-36 . Comparation between water availability and water requirement of
Eeszervor IMode E16 (Phet Dam) Tt ; BCH
WA =" Water Availabiity  WE = Water Eequirement

YEAR|  WET DEY ANNUAL | SHORTACE

WA | WR | wa | W | wa | wr [McM| % Case Study-36
1971 [1,589 | 413 | 148 | 407 |1,717| 820 | @ o Rg“;::im)mﬁ
1972 | ®53 | 532 | 239 | 381 |Lo0%2| w13 | o 0
1973 | 954 | 471 | 154 | 399 |1,117]| 870 | © a Discharge (MCM)
1974 [1,704 | 453 | 158 | 360 | 1261 814 | @ o . & E B % g %
1975 (1,042 | 438 | 195 | 407 |1243| 335 | o | o e
1o?e | 1,080 383 | 142 | 398 | 1,172 781 o o e
1977 | 785 | 456 | 143 | 408 | 927 | 884 | o | © "
1978 (1104 | 468 | 171 | 405 [1275] 873 | o | @ it : '
1979 | 921 | 571 | 171 | 415 |1092| %82 | o 0 ; =
1980 | 609 | 434 | 118 | 413 | 728 | 853 | 125 | 15 i —
1921 | 1,534 | 407 | 150 | 399 | 1,684 | 508 ] a0 9T
1982 (1,128 | s26 | 191 | 402 (1318|928 | o | o 51
1983 | 245 | 405 | 179 | 419 |1024| 824 | @ o i i
1984 1,062 | 612 | 128 | 412 |1,196|1,024| 0 0 : e
1985 [ 1,471 | 447 | 146 | 393 |1618| 840 | @ o e e
1926 | 917 | 497 | 147 | 413 |1,065| =10 o o 1550 e
1987 | 636 | 436 | 111 | 412 | 797 | so7 [ 111 | 12 "

) e
1928 (1,341 | 540 | 146 | 406 |1487| 245 | 0 0 e
1989 | 878 | 531 | 145 | 415 | 823 | 947 | 124 | 13 o e
1990 | 514 | 483 | 7% | 414 | 593 | 897 | 304 | 34 B
1991 | 658 | 523 | 33 | 408 | 7@ [ 922 | 212 | 23 )
1992 | 579 | so0 | 110 | 424 | es0 | 924 | 235 | 25 e
1993 | 751 | 426 | &4 | 419 | ®15 | mas | 30 | 3 E@
1994 1,489 | s01 | 105 | 377 |1593] 873 | @ o e .
1995 (1,233 | 301 | 95 | 419 |1329| 720 | @ 0 ————
1996 2,575 | 357 | 177 | 384 |z752| 741 | @ o : 7 '
1997 [1,344 | 571 | 214 | 396 | 1558 957 | O 0 e
1998 | 704 | 467 | 178 | 424 | 382 | 891 | & 1 :
1999 1,834 | 400 | 138 | 339 |1972| 739 | @ 0 ) m
2000 | 1,434 | 699 | 236 | 403 | 1ge9|L10z| o 0 = )
2001 (207 | 737 | 362 | 398 |2439|1,133( O ] errnrrrrrrrrrc
2002 | 240 | 738 | 169 | 358 | 1009 |1oss| 87 | @ prr
2003 |1,025| 739 | 159 | 359 | 1124 |10s8| o o 2
2004 | 914 | 740 | 151 | 363 |1mes|Lios| 3@ | 3 —
2005 | 1,239 | 741 | 147 | 357 |1387|Lose| o o ——
2006 | 970 | 742 | 137 | 381 |L107|L108| O o N
2007 | 1,121 | 743 | 250 | 382 |1371|L10s| o 0 e
2008 | 705 | 744 | 127 | 366 | =33 [L110f 278 | 2s e
2009 | 933 | 745 | 178 | 380 |LIl1|L106| O 0 g’
2010 | 1,135 | 746 | 156 | 384 |1295|1L110| o o
O Water availability B Water requirement
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