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ABSTRACT

This study was the application of SWAT model to simulate managing water resources in the
Songkhla Lake Basin. It was based on the principles of Water Balance in the study of water supply
and water demand for various activities currently and in the future.

In this study, the potential surface water supply in each sub-basin was used in the SWAT
model to analyze the relationship between rainfall and runoff. Relative differences in percentages,
correlation coefficients (R?) and efficiency coefficients (Nash and Sutcliffe) were used to compare
the model results and the observed data.

The results of calibrating the model in three sub-basins, which were the gauging stations at
Khlong Na Thom, Tha Chiad and U-Taphao, showed the relative differences in percentages to be
17.29%, 2.18% and -4.51%, respectively. The correlation coefficients (R”) were 0.70, 0.56 and
0.73, respectively, and the efficiency coefficients (Nash and Sutcliffe) were 0.68, 0.50 and 0.65,
respectively. The results indicated that the SWAT model was able to simulate surface runoff quite
well using data from the rainfall stations, which were widely scattered over the basin.

The results of water balance indicated that yearly average surface water supply during 1975
to 2004 was 6,051.16 mem and ranged from 3,104.88 to 10,524.93 mcm. In 2004, the water
shortage for irrigation projects was 281.64 mcm or 28 % of the water demand for irrigation. The
residuals which were the surface runoff that drained into Songkhla Lake averaged 5,345.34 mcm
yearly. In 2014, the water shortage for irrigation projects is estimated to 326.02 mem or 26.59 % of
the water demand for irrigation. The residuals should be an average of 5,198.01 mcm yearly

The water demand may continue to increase in the future, therefore further studies should
consider the approach to manage water demand in order to improve usage efficiency, reduce water
loss, water reuse, and encourage water recycling. All of these may contribute to reducing water

scarcity in the basin.

KEY WORDS: WATER BALANCE /SOIL AND WTATER ASSESSMENT TOOL (SWAT
MODEL) / SONGKHLA LAKE BASIN
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CHAPTER1
INTRODUCTION

1.1 Background and Statement of Problems

Currently, water resources become more crucial for human consumptions since
both population and economic growth constantly increase. Meanwhile, water quality is
deteriorated making the available of water sources unable to meet the demand.
Therefore, many basins had encountered severe water shortages which caused
conflicts in water sources occupation (Mingsarn Kaosa-ard, 2004). Obviously,
developing plan and water resources management were extremely significant for
maximum benefit from usage of available water resources with the least impacts to the
public both present and future.

Songkhla Lake Basin which is considered as large basin located near east coast in
the south of Thailand. It covers the areas of Nakhon Si Thammarat Province,
Patthalung Province and Songkhla Province with the total areas of 8,557 square
kilometers. It consists of land for 7,517 square kilometers and surface water for 1,040
square kilometers that could be divided into Thale Noi, Thale Luang (Upper Songkhla
Lake), Thale Sap (Middle Songkhla Lake) and Thale Sap Songkhla (Lower Songkhla
Lake). The southern part of Thale Sap Songkhla where Songkhla Lake joined with the
Gulf of Thailand contained 3 separated ecosystems, fresh water, brackish water and
salt water. It was this unique feature of Songkhla Lake Basin where complexity of
ecosystem brought fertility and biodiversity (Prince of Songkla University, 1994A).

Geographical characteristics of the basin on the east were mountainous ranges
with undulating and steep as well as low land around the lake. The drainage areas
consist of 9 sub basins originated from Nakhon Si Thammarat (Kao Banthad) on the
west and entering into some part of Sangalakiri range in the south until draining into
Songkhla Lake Basin. Land use based on the area conditions of Songkhla Lake Basin.
The high mountainous areas covered with forests. Areas on the east side and slope on
the south side of the basin founded small hills alternated with the flat lands for

planting Para rubber. The large areas surrounding the lake used for growing rice,
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orchards and aquaculture, freshwater in Songkhla Lake for irrigation, water
reservation and natural drainage, communities consumptions, industries and
agricultures as well (Land Development Department, 1998).

From the above-mentioned statement, Songkhla Lake Basin had shown its
development capacity in commercial, investment and tourism which contributed to
economic growth and community rapid expansion. The current population indicated
more than 1.5 million people living around this basin which resulted in steadily
increasing demand for water, land and other resources. This had cause severe
depletion of those resources and eventually brought in problems of freshwater
shortages, salinity intrusion, waste disposal into the lake, shallowness of the lake as
well as conflict from resources utilization.

Therefore, the development plan for Songkhla Lake Basin concerning resources
management should be aware of water balance of the basin as well as maximum
benefits from the use of water resources, including righteousness toward all water
users who needed water for different activities. At the same time ecological balance
must be preserved for sustainable usage with the least impacts.

In this study, Soil and Water Assessment Tool (SWAT Model) was employed to
forecast impacts of set policies and decision-making in water resources management
and various agricultures toward environment and resources, such as, production of
water supply, sediments and chemical waste to forecast the impact of policies and
decisions-making in managing water resources and transforming agricultures toward
environment and resources, such as water yield and chemical waste within the large
basin where monitoring stations are not available (Neitsch, et al., 2001). The study of
water balance in Songkhla Lake Basin was focused on duplicating events to analyze
water resource management in the set event whether or not compatible between
capability of water supply and water demand in various activities for managing water

resources appropriately and righteously.

1.2 Educational Conceptual Framework

This study was the application of SWAT model to duplicate managing event of

water resources in Songkhla Lake Basin through analysis based on the principles of
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Water Balance in the study of water supply and water demand in various activities to
analyze over or under supply of water as related to water demand in various activities

currently and expected increasingly in the future.

1.3 Research Objectives

1.3.1 To assess water supply and water demand for agriculture, aquaculture,
livestock, consumptions, industries and environmental flow, Songkhla Lake Basin
both current and future.

1.3.2 To study water balance of Songkhla Lake Basin using SWAT model.

1.3.3 To compare results from SWAT model with measurable data to test the

appropriateness in assessing water supply of Songkhla Lake Basin.

1.4 Scope of Study

1.4.1 Songkhla Lake Basin which covered Patthalung Province and some parts of
Songkhla Province for total areas of 8,557 square kilometers was selected as the study
area.

1.4.2 Analysis of water supply and water demand for agriculture, aquaculture,
livestock, consumptions, industries and environmental flow, Songkhla Lake Basin
both current 2004 and in future 2014.

1.4.3 Analysis of water balance in Songkhla Lake Basin, using the model SWAT

to assess the over or under supply of water toward consumptions in various activities.

1.5 Expecting Results

1.5.1 Water supply and water demand for various activities in Songkhla Lake
Basin as well as over supply and shortage of water toward consumptions in various
activities.

1.5.2 Water level remained in Songkhla Lake Basin after draining into Songkla
Lake as related to current and future water demand.

1.5.3 Trends for water resources management in Songkhla Lake Basin.
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Chapter 11
REVIEW LITERATURES

This study had reviewed literatures as the basis for adaptation of Soil and Water

Assessment Tool to study of the balance of water in Songkhla Lake Basin as follows:

2.1 General Characteristic of the Study Area
2.2 Water Balance

2.3 Water Demand for Various Activities

2.4 Estimation of Surface Water Supplies

2.5 Models for Water Resources Management

2.6 Relevant Researches

2.1 General Characteristic of the Study Area

Songkhla Lake Basin which located on the eastern coast of the Southern region
had occupied the whole area of Patthalung Province, 12 Districts of Songkhla at
Ranot, Krasae Sin, Sathing Phra, Singhanakhon, Mueang Songkhla, Na Mom, Sadao,
Hat Yai, Khlong Hoi Khong, Bang Klam, Rattaphum and Khuan Niang with the total
area of 8,557 square kilometers. The areas comprise land area of 7,517 square

kilometers and lake approximately 1,040 square kilometers as illustrated in Figure 2-1.

Geographical Characteristics

The West and the South of Lake Basin founded mountain ranges and high
mountains by having Nakhon Si Thammarat range (Kao Bantad) on the west,
stretching as watershed from the north to the south, starting from the city limit
between Patthalung and Trang Provinces descending to the city limit between
Songkhla and Satun Provinces. The South located some part of Sangalakiri range. This
area covered with abundantly dense forest and originated main water sources. Next to
the mountain area undulated plains from low hills alternated with flat land that

paralleled with the mountain ranges starting from the north to the south of the Basin
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which was adjacent to the large plain surrounded Songkhla Lake. This area had
originated from piling sediment of mountain water that flew into Songkhla Lake. In
the East of Songkhla Lake Basin located the coastal flat land adjacent to the Gulf of
Thailand.
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Figure 2-1: Illustration of Administrative Boundaries of Songkhla Lake Basin
Source: Department of Provincial Administration (2003) and Prince of

Songkhla University (2003)
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Water source of Songkhla Lake Basin comprises 2 sources. First source is
consisted of water source in the lake and waterways that flow into the lake. Songkhla
Lake water source is called “Lagoon” with joining exit to the sea at Gulf of Thailand.
It influences by tidal effect from sea and the flow of fresh water which created
diversified 4 separated ecosystems: Thale Noi, Thale Luang (Upper Songkhla Lake),
Thale Sap (Middle Songkhla Lake) and Thale Sap Songkhla (Lower Songkhla Lake).

The source of water supply of Songkhla Lake Baisn originates from Nakhon Si
Thammarat mountain range (Kao Bantad) in the west and some part of Sangalakiri
mountain range in the south. Water flow from the west to the east, passing
mountainous areas, undulating area, large flood plains surrounded Songkhla Lake
Basin and draining into Songkhla Lake. Illustration of 10 sub basins which originated

from small canals that flew into Songkhla Lake is shown in Table 2-1.

Table 2-1: Drainage Area of Each Sub Basins of Songkhla Lake Basin

Drainage Area

Sub Basins
(km’) (rai)

1 Khlong Pa Phayom 805 503,125
2 Khlong Tha Nae 353 220,625
3 Khlong Na Thom 747 466,875
4 Khlong Tha Chiad 759 474,375
5 Khlong Pa Bon 323 201,875
6 Khlong Phru Por 500 312,500
7 Khlong Rattaphum 617 385,625
8 Khlong U-Taphao 2,383 1,489,375
9 Peninsular Sathing Phra 1,030 643,750
10  Songkhla Lake System 1,040 650,000

Total 8,557 5,348,125

Source: Royal Irrigation Department (2003D)
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Climate

Songkhla Lake Basin which located on the western of Gulf of Thailand and
within Indochina Peninsular had been influenced by the Southwestern and
Northeastern Monsoons for the annual rainfall. There are only 2 seasons: rainy and
summer. Rainy season which begin from May to January consisted of 2 periods. First
period starts from May to September with light rainfall under the influence of
Southwestern Monsoon that had flown over Indian Ocean. Second period started from
October to January under the influence of Northeastern Monsoon passed through the
Gulf of Thailand. The heaviest rainfall during rainy season occurred from February to
April under the influence of Southeastern Monsoon with hot and humidity winds that
cause overall humidity, especially the hottest weather during April.

Climatological Data at Songkhla Lake Basin was being summarized for climatic
features of Songkhla Lake Basin by Thai Meteorological Department as illustrated in
Table 2-2. Average annual rainfall is 1,920.1 millimeters with the maximum rainfall of
457.6 millimeters in November and the minimum rainfall of 36.9 millimeters in
February. Average annual temperature is 27.7 Celsius with the average minimum
temperature of 23.8 Celsius in January and the maximum temperature at 33.6 Celsius
in April. The maximum average relative humidity is 83.2 percents. During March, the
minimum average relative humidity remained at 74.5 percents with the average annual
evaporation from pan evaporation is 1,673.4 millimeters. The maximum evaporation
occurred during March 1s 177.6 millimeters and the minimum evaporation in
November is 102.3 millimeters. Average annual cloudiness (0-10 units) is equaled to
7.5 units with maximum cloudiness during October and November of 8.4 units and
minimum cloudiness in February of 5.9 units. The average annual wind velocity is 3.6
knots.

Cultivation Design

Statistical data of cultivation areas and crop calendar of large and medium
irrigation projects from Songkhla Provincial Irrigation Project 16 suggested that most
agricultural areas are used for paddy fields, rubber plantations, small crops and
vegetations. Seasonal paddy fields started from the middle of September to February
while off-season paddy fields started from the middle of March to July together with

planting field crops alternated with vegetations as illustrated in Table 2-3. Most rice
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RD 7, RD 9 as well as local rice is cultivated in the large and medium scale irrigation

areas of 641,900 rais with the area for seasonal rice of 539,265 rais.

Table 2-2: Songkhla Lake Basin Climatic Averaging (1973-2003)

Climatic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual
Averaging

Rainfall (mm) 66.4 36.9 65.0 101.3 1408 97.0 1044 1132 140.6 228.1 457.6 369.1 1,920.1
Temperature ("C) 26.7 27.2 28.1 28.8 28.7 28.4 28.2 28.1 277 27.3 26.5 26.2 27.7
Maximum Average 30.3 31.4 32.7 33.6 33.4 BEal, 329 329 323 31.4 29.9 29.3 31.9
Temperature °C)
Minimum Average 232 233 23.7 24.3 24.5 24.2 23.8 23.8 23.7 23.6 23.6 23.4 23.8
Temperature °0)
Relative Humidity 77.8 76.3 74.5 74.8 76.8 75.8 76.3 75.8 . 5 80.8 83.8 82.3 77.8
(%)
Wind Velocity 5.2 4.8 4.2 3.1 24/, 2.9 3.2 3.6 3.1 2.4 3.1 4.6 3.6
(knot)
Cloudiness 6.3 59 6.2 6.8 7.8 ) 8.0 8.1 8.2 8.4 8.4 7.7 7.5
(0-10 unit)
Pan evaporation 1392 1495 177.6 165.0 1479 1359 141.4 1485 1327 1221 1023 I11.3 11,6734

(mm.)

Source: Thai Metrological Department (2003)

Table 2-3: Cultivation Calendar of Songkhla Lake Basin

Crops

Month

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

- Seasonal paddy field

- Off-season paddy field

- Fruit trees and Hardwoods

- Vegetations

- Field Crop

%

N

Source: Royal Irrigation Department (2003D)

Symbol Explanations

//// Prepared plots
l Growth period

) \\\\\\\\‘ Harvesting period
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Soils and Land Use

Soils in Songkhla Lake Basin contained soils in the coastal areas which caused by
waves and winds hurling sands to pile up on the coastlines. Soils are mostly sandy
suitable for planting coconuts and sheltering. Soils surrounding Sathing Phra Penninsula
and Songkhla Lake came from sedimentary formation of seawater. Soil textures are clay
and sandy clay suitable for paddy while higher ground formed by sedimentary formation
of both old and new particles. Soil textures are loose soil, loose soil mixed with clay
and clay which has been used for planting Para rubber, fruit trees and orchards. As for
the higher ground along the hill slope, soil textures depend on the rock layers
underneath. This area is used for planting Para rubber and orchards if water source is

available nearby (Land Development Department, 1998).

Land use in Songkhla Lake Basin could be categorized into 5 main groups:

Residential Areas

Approximately 2.3 percents of land use for residential areas consisted of urban
communities, commercial areas, villages, including governmental offices and
industrial zones located in the flat areas of Songkhla Lake. The large urban
communities are Hat Yai Local Municipality, Patthalung Provincial Municipality as
well as sub urban communities. Industrial land use would cluster near urban
communities, especially Hat Yai District and Songkhla Provincial District.

Agricultural Areas

Land use for agriculture has taken approximately 62.4 percents of Songkhla Lake
Basin for planting Para rubber, paddy fields, orchards, palm oils and shrimp farm. Areas for
paddy fields are located around the plain and flat areas around the Lake. The plain areas
between the mountain ranges are suitable for planting Para rubber while many orchards
scatter around the community’s residential in the suburban. As for shrimp farming, it is at
upper coastal areas of the basin, such as, Hua Sai District, Ranot District, including
surrounding areas of lower Songkhla Lake Basin.

Forest Areas

Forest areas consisted of either land and swamp forests or freshwater marshes
approximately 18.3 percents of basin areas with 5 parts of land forests and 1 part of

swamp forests or freshwater marshes. At the basin, land forests contained headwaters
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of the stream founded in the National Parks, Parks and Wildlife Preservation. Since
most forests are rainforests that located in monsoon climate, they receive direct
influence from monsoon for the whole year.

Water Source Areas

Water source areas, both natural and man-made existed approximately 12.6 percents
of the basin.

Other Areas

Other areas, for instances, grasslands, shrubs, moist land, swamps and desert

mines approximately 4.4 percents were seen throughout Songkhla Lake Basin.

Table 2-4: Land Use in Songkhla Lake Basin

Land Use Category Y

rais Percentage* Percentage**

Residential area 123,007 2.30
Agricultural land 1% 72 62.40 (100)
Paddy field 1,220,977 22.83 (36.59)
Rubber plantation 2,141,389 40.04 (64.17)
Mixed orchard, oil palm, etc. 162,583 3.04 (4.87)
Shrimp farm 31,554 0.59 (0.95)

Forest land 978,707 18.30
Water body 673,864 12.60 (100)
Natural 666,911 12.47 (98.97)
Man-made 6,953 0.13 (1.03)

Others 235,318 4.40

Total 5,348,125 100

Source: Land Development Department (2000)
* Percentage of the Basin Area, ** Percentage of Each Sub Category
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2.2 Water Balance

Water becomes natural resource with the unique property quite different from
other substances, for example, constantly moving from one place to another or
changing water from liquid to vapor as gas and later to ice and snow in solid form.
These changes resulted from slight differences on the earth surface changing in the
different temperature on earth surface of waterworks and atmosphere had created

Hydrologic cycle as being illustrated in Figure 2-4.

2.2.1 The Hydrologic Cycle
Hydrologic Cycle originates from occurring and recycling water on earth.
Recycled water changes its form and circleulates within Hydrologic Cycle with no

beginning and ending as being explained in details by the following illustration

(Viraphol Taesombut, 1985).

ba‘ﬁ'bqr {confining strata system
for artesian basin) Opan markng
f%%aw system
g

Figure 2-4: The Hydrologic Cycle
Source: Environmental Protection Authority: EPA (2000)

Water vapor in the atmosphere or atmospheric moisture is presented in the
atmosphere where water evaporated into spray of water and formed droplets of water
which fall to earth in various forms as precipitation, rain, snow, hail, sleet, Ice, Dew

and Frost.
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However, not all water reach the earth surface; some portion might immediately
evaporate back to the atmosphere while other portions or so called “Interception” that
gathered on the top of the trees, leaves or tree trunks would eventually evaporate back
into the atmosphere. The amount of rainfall on the top of the trees was called
“Throughfall” while some portion came down the tree trunks was called “Stem flow”.

Rainfall that fall to the ground start to seep through soil creating infiltration and
became subsurface runoff. In the case where soil particles had very little humidity,
infiltration rate would be very high. The saturated water under the surface of the earth
is sinking further by earth gravity or percolation and much further until becoming
groundwater with many layers. As soon as the water reached the solid layer that could
not pass through, it would flow along the underground slope and parallel to the solid
layer or being called “Interflow” which may flow out to the surface again. Water that
seeped through soil and went through different steps might be absorbed by plants
through roots to nourish the trunks and release water through leaves or being called
“Transpiration”. The amount of water released might be more or less depended on
crop type.

Remaining water form percolation when rainfall was at higher rate than
percolation rate. Some part of water that might gather in the small area was called
Surface storage and water running in the stream was called “Streamflow” or “Surface
runoff”. Throughout those steps, evaporation happened which would turn water into
vapor to constantly rose to the atmosphere. When the temperature decreased, water

vapor soon formed cloud droplets and fall as rain.

2.2.2 Water Balance

Water balance referred to the study of volume of water in each step of water
cycle which might be varied more or less depended on the control factors of those
steps (Viraphol Taesombut, 1985). Water balance in the basin is explained by the
volume of water entering the basin which should be equaled to variation of storage
water, including the volume of runoff from the basin, as being explained by the

following equation (Manu Srikhajorn, 1994).
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P = Q+E+GtM

Given P = Amount of Rainfall
Q = Amount of Surface water
E = Amount of Transpiration
G = Amount of Groundwater
M = Amount of Humidity

Molden (1997) referred to the study of Water balance accounting approach as the
study of whole water system by looking at the balance of supply and demand of water
in order to understand the best possible way to save water as well as effectively using
water in conducting various activities to improve the efficiency and production of
irrigation in farming projects and basins.

Therefore, planning and managing water resources must consider water balance
that could be applied as natural phenomena in water variation related to the needs for
water usage in all activities as illustrated in the following equation (Pirote Kriengsiri,

1995).

Given Water Balance = Water Availability - Water Requirement

Water Availability Consumption amount of Surface Water and rainfall

Water Requirement = Needs for water use in various activities in

agricultures, consumptions, industries and lowflow

In summarize, water balance represented comparison between water Supply and
water demand. Water supply derived from rainfall that fell into the basin, mostly
seeping into the ground and becoming groundwater or evaporated into atmosphere.
The remainder turned into runoff. Since data on runoff were transparent and available
more than groundwater and runoff was nominated as water supply. As for Water
demand which had occurred from economic activities and human basic necessities, it

could be categorized into different topics in the next sections.
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2.3 Water Demand for Various Activities

Water Demand for Songkhla Lake Basin for analysis purposes were separated
into 6 categories.

2.3.1 Water Demand for Agriculture

Water demand for agriculture referred to the amount of water essential to plant’s
growth which might derive from rainfall or rainfall combined with irrigation water.
Water demand for agriculture could be inside irrigation area and outside irrigation area

(Pramote Maiklad, 1989).

Water consumption for agriculture in Irrigation Areas

Irrigation Water Requirement or water demand for irrigation referred to
supplementary water from rainfall that fell on the cultivation areas or being called
effective rainfall and amount of water seeping through the soil layers which might be
more or less depended on soil type or being called percolation, including the amount

of water loss while sending water to cultivation areas per the following equation.

{(Kc x ETo J+P-E}*1.6*Area

IWR =
Eff
Given IWR = Irrigation Water Requirement (million cubic meters/month)
Kce = Crop Coefficient by each plant as illustrated in Table 2-5
ETo = Potential Evapotranspiration value according to the formula

of Penman-Montieth (millimeter/month)

P = Percolation (millimeter/month)
E =  Effective rainfall (millimeter/month)
Eff = Irrigation Efficiency (percents)

Area =  Areas for specific crops (rai)
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Agricultural Water Consumption outside irrigation areas
Water demand for agriculture outside irrigation area calculated from the

following equation:

CWR = {(KcxETo)+P-E}*1.6*Area
Given CWR = Water demand for agriculture outside irrigation area

(million cubic meters/month)

Kc = Crop Cocfficient of each plant as illustrated in Table 2-5

ETo = Potential Evapotranspiration value according to the formula
of Penman-Montieth (millimeter/month)

P = Percolation (millimeter/month)

E = Effective rainfall (millimeter/month)

Area = Areas for specific crops (rai)

Calculation for crop water consumption widely accepted are 7 methods: Penman-
Montieth, Modified Penman, Hargreaves, Pan Evaporation, Makkink, Blaney-Criddle,
Thornthwaite. Presently, FAO is recommended the use of formula Penman-Montieth
for calculating ETo together with the development of CROPWAT program to support
calculation of ETo. Findings that by applying the formula of Penman-Montieth to the
calculation of ET, after comparison with other formula, Penman-Montieth gave much
closer ETo to measurable water consumption than other formula since this formula
contained all components related to water consumption. Furthermore, this formula was
built from base theories widely accepted than other formulas, excluded specific

formula for that local (Viboon, 1983 and Varawoot, 1996).
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Table 2-5: Crop Coefficient of Each Plant

Weeks Local Rice Rice RD. Peanuts Cucumbers Fruit Hardwood Fishes

Trees Pond
1 0.83 1.03 0.60 1.02 0.60 0.9 1.0
2 0.83 1.07 0.72 1.14 All year Allyear  All year
3 0.83 1719 0.85 1.60
4 0.93 1.29 0.94 1.90
5 1.06 1.38 1.17 2.10
6 1.06 1.45 1.24 1.90
7 1.06 1.50 1.28 1.73
8 1.06 1.48 1.36 1.44
9 1.06 1.42 1.04 1.03
10 1.06 1.34 0.99 0.75
11 1.06 1.23 0.91 0.65
12 1.06 0.94 0.77 0.52
13 0.96 0.86 0.60
14 0.83 0.50
15 0.83 0.40
16 0.83
17 0.83
18 0.72

Source: Royal Irrigation Department (1996)

2.3.2 Water demand for aquaculture

Water demand for aquaculture must be sufficient for breeding as well as having
proper quality as required, such as, Dissolved, pH, alkalinity and hardness. These
water qualities which were essential for culture should be monitored both together
(Wirat Jiwyam, 2001).

However, this study was conducted to consider the water supply whether or not it
had been sufficient for the demand. Therefore, water demand for aquaculture would be

judged for each time period based on volume and water supply.
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Factors relevant to assessing water demand for aquaculture

Factors relevant to water needs for cultivating aquatic animals consisted of the
followings (Yoo and Boyed, 1994).

1. Water sources for cultivating aquatic animals (rainfall, groundwater,
subsurface water, rivers and streams, lake, reservoirs, tab water, saline and sea water)

2. Water supply essential for raising aquatic animals

3. Soil type, soil profile, soil texture, and percolation rate and soil fertility

4. Landscape and climate of cultured areas

5. Cultured designs for specific aquatic animals

6. Components of cultured ponds (areas, depth, irrigational system and drainage
system)

Methods for estimating water demand for aquaculture

Water demand for aquaculture in Irrigation areas could be calculated from data of
cultured areas during the culture season, soil characteristics and water consumption for

aquaculture in the Irrigation areas. Estimating water demand for culture in the

Irrigation area could be calculated by the following equation (Wirat Jiwyam, 1998).

(ETc+Wcd+P-E)*1.6*Area

IWR =
Eff
Given IWR = Water demand for aquaculture in Irrigation Areas

(million cubic meters/month)

ETc = Crop Evapotranspiration (millimeter/month)

Wed = Water demand for changing water during the aquaculture
(millimeter/month)

P = Percolation in the pond (millimeter/month)

E = Effective rainfall (millimeter/month)

Area = Area of surface water in the pond (rai)

Eff = Trrigation Efficiency (percent)
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Table 2-6: Average Pore Space and Water Loss in Different Type of Soils

Pore Space Percolation
Soils

(% capacity) (mm./day)
Sand 38 25-50
Sandy Loam 43 13-76
Loam 47 8-20
Clay Loam 49 2.5-1.5
Silty Clay 51 1.25-1.0
Clay 53 0.25-5

Source: Kelly and Kohler cited Wirat Jiwyam (2001)

Water use during the aquaculture

Water use during the aquaculture referred to water supply that evaporated from
the cultured areas which depended on many factors, such as, seasonal climate, soil
characteristics and other surrounding conditions. In this study, Plant’s water

consumption derived from the following equation.

ETc = KcxETo

Given ETc as Crop Evapotranspiration for cultivating aquatic animals
(millimeter/month)
ETo as Potential Evapotranspiration the formula of Penman-Montieth
(millimeter/month)
Calculated by Program CROPWAT 4 for WINDOWS version 4.3

Kc as Crop Coefficient as illustrated by table 2-5

Water Supply used for changing water during the aquaculture
Water Supply used for changing water during the aquaculture referred to water
supply needed to replace water during the culture which depended on design and type

of aquatic animals that could be calculated from the following equation:
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Wed = (WX)*D*T

Given Wcd = Water consumption for changing water during
the aquaculture (million cubic meters/month )
Wf = Water to fill in the pond at the beginning

(million cubic meters/month)
= Number of culture in 1 year
= Percents of each water drainage

= Number of water drainage

As for estimating water demand outside irrigation area, total water consumption
during the aquaculture, water consumption for changing water during the aquaculture

and percolation rate derived from the following equation:

WR = (ETc+Wcd+P)*1.6*Area

Given WR = Water demand for aquaculture outside irrigation area

(million cubic meters/month)

ETc = Water consumption during the aquaculture (millimeter/month)

Wcd = Water consumption for changing water during the aquaculture
(million cubic meters/month)

P = Percolation in the pond (millimeter/month)

Area = Surface water in the ponds (rai)

E = Effective rainfall (millimeter/month)

As for analysis of water situation to decide if was sufficient or insufficient for
aquaculture outside irrigation areas which depended on rainfall mostly, net water
supply for aquaculture must be considered to realize the increasing water demand.
Calculation of water demand to aquaculture derived from subtracting effective rainfall
supply from water demand for aquaculture outside irrigation area as being shown in

the following equation:
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WRnet = (ETc+Wcd+P-E)*1.6*Area

Given WRnet

Net water demand for aquaculture outside irrigation area

(million cubic meters/month)

ETc = Crop Evapotranspiration during the aquaculture
(millimeter/month)
Wed = Water consumption transferring during the aquaculture

(million cubic meters/month)

P = Percolation in the pond (millimeter/month)

Area Surface water in the ponds (rai)

™
Il

Effective rainfall (millimeter/month)

2.3.3 Water demand for livestock

Water demand for livestock referred to water supply essential to existence of
raising animals. Water consumption rate would change as soon as number of raising
animals started to increase as well as type of raising animals (Pramote Maiklad, 1992).

The criterions for water demand for livestock were summarized as follows (Kampand

Bhaktikul, 2004).

Milk cows 60 liter/one/day
Beef cows 40 liter/one/day
Fowls 0.15 liter/one/day
Buffaloes 50 liter/one/day
Pigs 20 liter/one/day

Department of Livestock Development (1999) classified water demand based on
the type and size of animals. Presumably, large animals needed more water than small
animals. Animals with more productive also demand more water than non-productive
animals. Animals that gave products with more water contents, such as, milk cows.
Furthermore, other environmental factors had been involved, for example, water
quality, water temperature, environment temperature, air humidity. Averaging water

demand was illustrated in Table 2-7.
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Table 2-7: Averaging Water Demand per Type of Animals (Unit: Liter/One/Day)

Type Water Types Water
Demand Demand

Full grown beef cows 60 Foster pigs weight 30 kilograms 6
Milk cows during milk 60 Foster pigs weight 60-100 8
dried up kilograms

) 4 . 14
Nursing Milk cows 90 Nursing pigs
Full grown horses 40 Foster sheep 4
Nursing Horsing 50 Nursing sheep 6
Hens 0.5

Source: Department of Livestock Development (1999)

2.3.4 Water demand for consumption

Water demand for consumption referred to water supply essential to population’s
living in the area. Water consumption rate would change as soon as the number of
population started to increase as well as the health standard (Pramote Maiklad, 1992).
Water consumption rate varies from urban and suburban depended on availability of
water source in each location. As for Thailand, averaging water consumption was at
200 liters per person per day and criterion for consumption in different areas could be

summarized as follows (Kampand Bhaktikul, 2004).

liter/person/day
Bangkok Metropolis and Vicinities 416
Up-countries 50-55
Large cities 200-250
Medium cities 120-200

Small cities 110-120
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Shinnawat Phrommanot (1999) studied water demand for consumption in
Songkhla Lake Basin by surveying water consumption in the city limit, such as, Hat
Yai Municipality, Songkhla Provincial Municipality, Patthalung Provincial
Municipality based on data of water distribution of Provincial Waterworks Authority.
As for water consumption in the suburban, the survey was conducted in the
surrounding areas of Hat Yai, Sathing Phra Peninsular, Kao Krang in the lake, Khao
Chaison.

Population data of the village derived from Department of Provincial
Administration and NRDC-2C. As for population growth rate for future forecast,
population increasing rate was calculated by the method of National Statistical Office

as being shown in the following equation.

r = [Ln(Pn/Po)/t]*100

Given r = Average changing in population (%)
Ln = Log,
P, = Population in the base year (1993)
P = Present population (2003)
t = Number years between based year and present year

Water demand form the survey of water consumption was concluded for
averaging water consumption in different areas as follows (Shinnawat Phrommanop,

1999).

Urban

- Hat Yai Municipality 323 liter/person/day
- Songkhla Municipality 337  liter/person/day
- Patthalung Municipality 202 liter/person/day
Sub Urban 40-68 liter/person/day

Sutheraporn Nimitkulpaiboon, Trirong Bimba and Rungnapha Yiemsakorn,
2000) who studied water consumption rate of suburban population with Village
Waterworks system of Department pf Health found that the average water

consumption for the nation was equaled to 86.56 liters per person per day and daily
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water consumption rate for a household was equaled to 392.97 liters per a household
per day. The averaging water consumption rate as classified by region was being

shown as follows:

Averaging Water Consumption

Region
liter/person/day liter/household/day
- North 70.29 296.58
- Northeastern 42.65 215.17
- Central 101.35 511.77
- South 107.77 510.60

While the Royal Irrigation Department (2003) forecasted water consumption in
Songkhla Lake Basin by applying data of population at Sub District level from
Department of Provincial Administration between 1994 to 2001 and the rate of water
consumption by population was divided into water consumption rate of population
living inside the Municipality areas which derived from the analysis of water
consumption data of Provincial Waterworks Authority. As for water consumption rate

outside Municipality area, it was based on basic necessities (BMN) as follows.

Local Municipality 250 liter/person/day
City Municipality 200 liter/person/day
Sub District Municipality 120 liter/person/day

Outside Municipality area 50-55 liter/person/day

The study of water consumption suggested uncomplicated steps and processes.
Most of times without survey of definite water consumption but rather depended on
population data and water consumption of related agencies as the basis for calculation
of current water demand. As for assessing water demand for future consumption,
previous data of changes in population must be taken into consideration to calculate
for increasing rate of population to be forecast for number of population in the future

for assessing future water consumption.
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2.3.5 Water demand for Industry

Water demand for industry referred to water supply essential for manufacturing
process. The rate for water usage in the industry depended on type of industry and
production capacity (Pramote Maiklad, 1992).

Royal Irrigation Department (2003) had assessed water demand for current
industry and forecasted future trends for the next 20 years for Songkhla Lake Basin
from current water consumption which had been calculated from multiplying area data
for industry per Sub District as being specified by factory type with rate of water
consumption per factory type as being specified by Department of Industrial Works
(Table 2-8 and 2-9) to derive at future forecast for calculation of area increasing rate to
operate Provincial industry. Afterward, the increasing rate would be calculated with

factor to adjust value for each Sub District.

Table 2-8: Industrial Water Consumption per Industry Size

Water Averaging Water
Industry Type Consumption Rate Consumption Rate
(cubic meter/day) (cubic meter/day)
Large Factory
- Manufacturing Seafood and 1,000-8,000 4,500
Transformation of liquid Para rubber
Middle Factory
- Manufacturing Rubber Sheet or Smoked 50-450 250
Rubber and Refrigeration
Small Factory
- Mills or General Services Not exceed 2 1

Source: Songkhla Provincial Industrial Office (1999)
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Table 2-9: Average Rate for Water Consumption per Industry

Average rate for

water consumption

Industry Details
(million cubic
meters/rai/day)
Accessory Parts and different tools 6
Chemical Chemical 8
Food Foods and beverages 12
Metal Smelting, annealing 5
Other General industry 7
Outdoor Grinded, sand suction, firewood, pressing cotton 4
pressing, roasting seeds
Paper paper pulp, paper containers 4
Textile Weaving, bleaching and tannery 3
Nonmetal Nonmetal, such as, glass, ceramics, lime 8
Wood Wooden Furniture 3

Source: Department of Industrial Works (2003)

2.3.6 Water demand for Environmental flow

Water demand for Environmental flow refers to water supply that must be
constantly released into the canal to preserve surrounding environment and prevent
excessive salt water from entering the area. This amount of water supply had become
steadily crucial for the development, especially in the north water where water supply
must be reserved to preserve natural conditions of waterways (Pramote Maiklad,
1989).

Water demand for Environmental flow is assessed during the Low flow where the
water supply might not be sufficient or accepted for Environmental flow without
causing the unbalance of the system. Until now, there has not been any method to
indicate the definite volume of Environmental flow. It depended on conditions and
water demand of the area and different methods in the assessment (Kampanad

Bhaktikul, 2004).
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According to Somboon Pornpinatepong (1998) who studied the salinity intrusion
in Khlong U-taphao with Mathematics Models, he found information in order to
preserve water in Khlong U-taphao at freshwater stage for the whole canal.

During the drought if the flow of water was at 1 cubic meter per second at
extended flow for 24 days, salinity 2 ppt might reach Hat Yai Sub District, when the
flowing rate occurred at 10 cubic meters per second, water in Khlong U-taphao would
turn into freshwater for the whole canal.

Songvut Kitvornvutthi (2002) studied water consumption at U-taphao Basin had
identified water demand to Environmental flow by taking surface runoff supply at the
surface runoff station the end of basin. Data were arranged from the highest to the
lowest, starting from 95 percent of total data equaled to 4 cubic meters per month or

1.54 cubic meters per second as the lowest runoff supply to Environmental flow.

2.4 Estimation of Surface Runoff Supply

Estimation of surface runoff supply aimed to study the models for reservoir and
usable surface runoff data must contain sufficient statistical information as well as
accuracy. In reality, available surface runoff data belonged to the year with minimum
statistical information and some part had been missing. Therefore, various models
were brought into the analysis of surface runoff water (Viraphol Taesombut,
1988:244-283).

Model for estimate surface runoff can be divided into the following groups:

1. Multiple Regression Analysis Model is a model that is based on statistical and
time series analysis. It does not require characteristics of basin, but require long
collected rainfall data, which is convenience and fast the estimation process.

An example of the model is HEC-4 (Monthly Stream Flow Simulation)
developed by the U.S. Army Crops of Engineering, The Hydrologic Engineering
Center. This program can either used to analyze monthly surface runoff supply for
different gauging stations or rainfall data. Different data would be analyzed to find
association in statistic as well as constructing extended monthly data of surface runoff

supply in the desire statistical length. Furthermore, missing information can be filled
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out by calculating surface runoft supply of other stations in the same period. (Viraphol
Taesombut, 1988:277)

2. Rainfall-Runoft Model is the model using data of rainfall data that had been
collected longer to find the association with surface runoff supply by applying
physical data and hydrological data, such as, soil type, land use, moisture and
evaporation. This model must be compared and adjusted with parameter to show
characteristics of basin in order to find the best parameter to represent that basin
(Suchart Sirijungsakul, 1996) such as NAM model (Sukanlaya Trewitthayanuruk,
2003), SCS model (Teerasak Kittisiriwattanakul, 2002).

2.5 Models for Water Resources Management

BASINS 3.0 Models

BASINS 3.0 (Better Assessment Science Integrating point and Nonpoint Sources)
was the model developed by U.S. Environmental Protection Agency (EPA) to study
and analysis of environment in order to plan management in the basin and learning
water quality by applying program ArcView GIS to correct, manage, compile data and
display results as map or table (US. EPA, 2001).

Components of BASINS 3.0 Model

Components of Model are divided into 3 parts: (illustration 2-5)

1. Environmental Base Data are the part to access main data to extract
information from main data generated to sub models, such as, data on climate, soil,
insecticides and pesticides and vegetations.

2. Tools for data management consist of Assessment Tools, Data Mining, and
Watershed Reporting as being parts relevant to data preparation for model designed
for nature channels characteristics, geographical characteristics and concluding overall
data into specified statistic.

3. Basin Models consists of QUAL2E, WinHSPF, SWAT, PLOAD used as
models for water quality, plants nutritional loss, flowing of insecticides and pesticides
and surface water runoff, flowing rate by duplicating QUAL2E model as instream
water quality model. As for WinHSPF, SWAT and PLOAD models are watershed

models.
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Figure 2-5: Components of Model BASINS 3.0

In this study, SWAT sub model duplicated from BASINS 3.0 in the study water
balance of Songkhla Lake Basin from Soil and Water Assessment Tool (SWAT)
model developed by Dr. Jeff Arnold for USDA Agricultural Research Service (ARS).
SWAT is a river basin or watershed scale model, is physically based, to study the
effects of policies setting and decision-making in the management of water resources
and agriculture in the basin toward changing environment and water resources or
surface runoff supply, sedimentary, plant’s nutritional loss, insecticides and pesticides
or agricultural products in the basin as well as land use and conditions in management,
such as, Reservoirs and Dams (Neitsch, et al., 2001).

Two models based on the principles of water balance are constructed to duplicate
conditions of basin. First model is called the Land Phase of the hydrologic cycle which
involved the application of hydrological process to find surface runoff supply,
transevaporation, soil moisture, subsurface runoff and percolation rate in rainy day.

Second model is called routing phase of the hydrologic cycle which duplicated water
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movement, sediment, water pollution with sub components of routing in the main
channel or reach and routing in the reservoir as illustrated in the Figures 2-6 to 2-8.

For the model to apply with daily data and extending calculations for 100 years,
data for modeling could be categorized into 3 characteristics:

1. Watershed Characteristics, such as, soil type, area conditions or land use.

2. Climate Characteristics, such as, temperatures, and rate of evapotranspiration

3. Hydrological Characteristics, such as, surface runoff, rainfall

HEC-3 Model

HEC-3 model (Reservoir System Analysis for Conservation) was developed by
the U.S. Army Crops of Engineering, The Hydrologic Engineering Center (HEC) as
the program for analysis reservoir system using principles of water balance to plan
water management according to the water demand in various objectives in the
watershed, such as, waterworks, drought water support (Metapun Chaleekun, 1996).
However, The Hydrologic Engineering Center had stopped development and
disbursement of HEC-3 model since 1983 and HEC-5 model (Simulation of Flood
Control and Conservation System) had nearly the same capability as HEC-3 model,

with controlling and preventing functions for flooding.

MIKE BASIN Model

MIKE BASIN model was developed by Danish Hydraulics Institute (DHI) for
managing and planning watershed based on water supply and demand for various
activities, including management for miscellaneous reservoirs, water transformation,
including environmental limitations as the joint model for working with program
ArcView GIS to access, analyze and display data (Sukanlaya Trewitthayanuruk,

2003).
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Figure 2-6: Components of SWAT Model
Source: Neitsch, et al. (2001)
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Figure 2-7: Land Phase of Hydrological Process of SWAT Model
Source: Neitsch, et al. (2001)

Figure 2-8: Routing Phase of Hydrological Process of SWAT Model
Source: Neitsch, et al. (2001)
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2.6 Relevant Researches

Prince of Songkhla University (1994B) studied data and capability in the
development of Songkhla Lake Basin by collecting and studying data of Meteor-
Hydrology to analyze rainfall and surface runoft supplies in Songkhla Lake Basin and
assess capability of surface water through regression analysis between surface runoff
supply and basin area in comparison with the assessment by separating basin into
group, using average rainfall. Assessment of water consumptions was done for
agriculture, irrigation and consumption as well as industry and tourism. Capability
analysis for water sources development was conducted with HEC-3 model for analysis
of basin and HEC-4 model for extending data when data were insufficient.

The study revealed over supply and shortage of water in each sub basin of
Songkhla Lake Basin and came up with planning for the development of basin both
short-term projects from 1994 to 1996 and long-term projects from 1997 to 2006 by
sub basin 1 (Khlong Pa Phayom and Tha Nae) with the water shortages at Tha Nae
and Khlong Ban Praw Weir at 33.1 million cubic meters per year, sub basin 2 (Khlong
Na Thom) with the water shortages at 194.1 million cubic meters per year, sub basin 3
(Khlong Tha Chiad) with the water shortages at Tha Chiad Weir at 121.3 million cubic
meters per year, sub basin 4 (Khlong Pa Bon) with the water shortages at Pa Bon Weir
at 0.1 million cubic meters per year, sub basin 5 (Khlong Pru Por) without any
projects, sub basin 6 (Khlong Rattaphum) with the water shortages at Chamuang Weir
at 80 million cubic meters per year, sub basin 7 (Khlong U-taphao) with the water
shortages at Khlong Hoy Kong, Khlong Lar Reservoir, Khlong Vad Weir and Ban Tha
Sae Weir at 31.2 million cubic meters per year.

Khon Kaen University (1998A and 1998B) reviewed the study of data and
development capability of basin by the Office of the Committee for National
Economic and Social Development based on the principles of Water Balance by
comparing 2 parts of water supplies which were supply and demand. Results of
present analysis of 1997 and future 2006 indicated that although the project had fully
developed, there were still water shortages in some areas which supported the need for

finding more water supplies, giving 2 alternatives, first finding more areas for



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) / 35

constructing more projects and second, shifting water from over supply of water to
area with water shortages.

Chennawat Prommanop (1999) studied water demand for consumption and
agriculture in the surrounding communities of Songkhla Lake Basin that had affected
Songkhla Lake by studying at freshwater supply and water demand from Songkhla
Lake Basin, specifically selected 9 sub basins. Results finding revealed that expected
surface runoff water in the area could derive from averaging freshwater supply which
should be sufficient to response to the demand of water from the basin. However, in
some area, such as, sub basin 8 or Sathing Phra Peninsula had water shortages of 83
cubic meters per year caused by lacking area to catch water and off-season paddy
fields rice. Somehow, water shortages and sudden flooding could happen in some area
even though water demand and supply by average were in balance.

Nonetheless, this study had not taken relevant factors to managing reservoirs or
dams in the basin into account without considering existing water supply in the
reservoir and volume of water in the reservoirs or dams that could shift water for
agricultural area in the basin.

Kamthorn Unhakanjnkij (1999) studied the mathematics model for managing
water resources in the basin at Chanthaburi Province through the application of HEC-4
in finding surface runoff water and using RiverWare model for water balance of the
reservoir.

Pairat Narongrit (2001) studied water consumption in Rattaphum Basin,
Songkhla Province to the study water consumption in agriculture, consumption and
preserve ecological water balance by applying WUSMO model version 5.0 together
with effective rainfall Model, water consumption Model, and Irrigation water Model,
Analysis model for water balance, including analysis for economic compensation of
the project.

Results study indicated that currently Rattaphum Basin had sufficient water for
consumption and agriculture matching with water supply from Khlong Kroy Noi and
waterways that had flown through Khlong Rattaphum. As for the lowest water supply,
at the end of environmental flow, the water supply was equaled to 560,000 cubic

meters per month which was quite sufficient to preserve balance in many areas.
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Songwut Kitworawut (2002) studied water consumption at U-taphao by studying
water demand for consumptions, industries, irrigations and preserving ecological
balance of environmental flow as well as economic compensation of the irrigation
project through the application of WUSMO version 5.0 to analyze effective rainfall,
water demand for irrigation and analysis of water balance.

The study found that Khlong Jumlai Reservoir was having water shortages 10
months (6 years), averaging 0.015 million cubic meters per year as well as water
shortages at Khlong Vad Dam for 48 months (20years), averaging 0.084 million cubic
meters per year, but no water shortages at Khlong Lar Reservoir .

Nattapol Srisutasinee (2001) studied surface runoff water of Songkhla Lake Basin
on the west coast through adapting the mathematics model of VIC-2L (Variable
Capacity 2 Layers) as the model for rainfall- runoff water that had been developed by
Liang et al. of University of Washington, Department of Civil and Environmental
Engineering. Results of the study suggested that the model could work very well, but
unable to calculate surface runoff water that would effect factors in water
management, such as, dams and reservoirs which had caused miscalculation in surface
runoff supply.

Sukanlaya Trewitthayanuruk (2003) studied water balance in the sub basin of
Phetcahburi Province through the application of NAM-model (Nedbor Afstromning
Model) and HEC-4 to find surface runoff supply and using MIKE BASIN Model
together with Program ArcView GIS to duplicate management and planning basin
based on water balance criteria of the basin as well as considering available water
supply to serve water demand in various activities.

Arnold and Allen (1996) assessed water balance of 3 sub basins in Illinois
through the application of SWAT model to consider the impacts toward land
management, variation of cultivation, groundwater usage and reservoirs management
per water supply and water quality.

Molden, et al. (2001) studied water balance in the basin level 4 of Southeast Asia
by studying water supply and water demand for various areas in the basin as well as
setting up trends for managing water resources to use water economically and

effectively.
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Mauro, et al. (2003) used SWAT model as tool to aid decisions for Caia Basin in
Portugal to study impacts of construction of reservoir toward water balance in the soil
by duplicating events for construction and non-construction of reservoirs and water
consumption for irrigation.

Pikounie, et al (2003) used the model SWAT to study impacts of different land
use toward water balance of Pinios Basin in Thessaly (Ali Efenti Catehment) by
duplicating events that changes land use in 3 cases: First case, when there was the
expansion of agricultural areas, second case, when some basin reduced forest areas
and third case, when there was urban expansion.

According to the above study that there had been some application of models to
study the water balance in Songkhla Lake Basin. However, the model previously used
or HEC-model, WUSMO had few limitations in the assessment of surface runoff
water release into the lake. This model had failed to recognize the characteristic
differences of the basin, geographical characteristic, land use and soil type. Therefore,
data from the calculation of this model could be off from the real value.

As for VIC-2L. model and NAM-model, even though they had judged by various
factors as related to characteristics of the basin as well as geographical characteristic,
land use and soil type which had made the data more accurate. Somehow, VIC-2L
model and NAM-model still had limitation that obstructed the consideration of other
relevant factors, such as, reservoirs or weirs. Therefore, shifting water for irrigation in
the basin could be miscalculated from surface runoff water when using both models.

In this study, SWAT model was used to study water balance of Songkhla Lake
Basin because of its physical characteristics as well as land use, soil type, including
the ability to recognize relevant factors to water management, such as, reservoirs or
weirs which could make the study of water balance in Songkhla Lake Basin even more

accurate.
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CHAPTER I
RESEARCH METHODOLOGY

3.1 Educational Attributes

This study is the adaptation of SWAT model to duplicate event in managing
water resources in the basin through the application of water balance as related to the
study of capacity of water supply and water demand for various activities as well as
analysis on shortages or sufficiency of water supplies to match with water demand for

all past and present activities.

3.2 Educational Tools and Equipments
3.2.1 Educational Model consisted of the followings:
1. CROPWAT 4 for WINDOWS version 4.3
2. HEC-3 (Reservoir System Analysis for Conservation)
3. HEC-4 (Monthly Stream flow Simulation)
4. BASINS 3.0 (Better Assessment Science Integrating point and Non-point
Sources) sub model SWAT (Soil and Water Assessment Tool)
3.2.2 Educational Data consisted of the followings:
1. Songkhla Lake Basin Geographical Information Technology
2. Meteorology data consisted of information on temperatures, evaporations,
humidity and wind velocity from 4 Thai Meteorological Department Monitoring
Stations at Songkla District from 1971 to 2003. Hat Yai Airport from 2039 to 2003,
Kor Hong Meteorological Agriculture, Songkla Province from 1971 to 2003 and
Patthalung Muang District, Patthalung Province from 1982 to 2002
3. Monthly rainfall data dated back 30 years until present (1970-2005) from 30
Rainfall Monitor Stations as illustrated in the Figure 3-1
4. Monthly surface runoff data dated back 30 years from 1970-2005 of 9 Surface

Runoff Monitor Stations as illustrated in the Figure 3-1
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5. Water sources development project consisted of constructed reservoirs and

weirs, for instances, locations, capacities and regulations for water drainage from

reservoirs as illustrated in the Figure 3-2

6. Agriculture, for instances, cultivation plans, cultivation areas, vegetations,

livestock and aquaculture during 1993-2003

7. Number of population and industrial data during 1993-2003

8. Data of land use and soil characteristics in 2003

3.3 Educational Steps

3.3.1 Data Collection

Data for the study and sources of data was illustrated in Table 3-1.

Table 3-1: Data, Sources and Objectives

Types of Data Sources Objectives
1.  Songkhla Lake Basin Prince of Songkhla Basic data and modeling for
Geographical Information ~ University rainfall-surface runoff
Technology
2. Meteorology Thai Meteorological Calculation of water demand
Department

3. Rainfall data

4.  Surface runoff data

5.  Reservoirs, weirs and
agriculture in irrigation
areas

6. Land use and soil features

7.  Population and Industrial

Works

8. Aquaculture areas

Royal Irrigation Department

Royal Irrigation Department

Royal Irrigation Department

Land Development
Department

Department of Provincial
Administration, Department
of Industrial Works and
National Statistical Office

Department of Fisheries

Calculation of crop water
demand and modeling for
rainfall-surface runoff
Calculation of water supply
and model calibration
Reservoir management and

crop needs for water supply
Calculation of water use and

modeling for rainfall-runoff

Calculation of water use

Calculation of water use
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3.3.2 Data Analysis
Data analysis was divided into 3 parts: Capability assessment of water supply,

water demand for various consumption and analysis of water balance in Songkhla

Lake Basin.

1) Water Supply Capability Assessment

In this study, Analysis of relationship between rainfall and surface runoff is used
Soil and Water Assessment Tool (SWAT model), which is a sub model of BASINS
3.0, to calculate for surface runoff supply of sub basins as the basis for water supply

through water balance model.

2) Evaluation of Water Demand for Various Activities
Water demand for various activities under this study was comprised of water
demand in agriculture, livestock, aquaculture, consumptions, industries and

environmental flow.
2.1) Water demand for Agriculture

CROPWAT 4 for WINDOWS version 4.3 was used for calculating water demand

in Agriculture in accordance with Irrigation Requirement from the following equation:

{(Kc x ETo J+P-E}*1.6*Area

IWR =
Eff

Crop water demand outside irrigation areas derived from calculation by the

following equation:

CWR = {(KcxETo )+P-E}*1.6*Area
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Given IWR = Crop water demand inside the irrigation areas
(million cubic meters/month)
CWR = Crop water demand outside the irrigation areas
(million cubic meters/ month)
Ke = Crop Coefficient of each plant as illustrated in table 2-4
ETo =  Potential Evapotranspiration according to

the formula of Penman-Montieth (millimeter)

P = Percolation of cropping plot (millimeter)
E =  Effective rainfall (millimeter)

Eff = Irrigation effectiveness(percent)

Area = Cultivation areas for certain crops (rai)

2.2) Water demand for Livestock
Assessing water demand for livestock by multiplying average water usage per
each type of livestock with number of such animals in Songkhla Lake Basin based on
the following criterion:
Cattle 50 liter/one/day
Pigs 20 liter/one/day
Fowls 0.15  liter/one/day

2.3) Water demand for Aquaculture

Assessment for water demand in aquaculture derived from the following

equation:
WR = {(KcxETo)+P}*1.6*Area
Given WR = Water demand for aquaculture (million cubic meters/month)
Ke = Coefficient in water consumption equaled to 1
ETo = Potential Evapotranspiration according to the formula

of Penman-Montieth (millimerter)

P = Percolation (millimeter)

Area Areas for aquaculture (rai)



Limchai Prachayasittikul Research Methodology / 44

2.4) Water demand for Consumption

Estimation of water demand for consumption were divided into assessing the
water demand in urban and suburban by multiplying the average water consumption of
an individual with total urban or suburban population in Songkhla Lake Basin.

Future demand would be obtained by multiplying with number of expected

population in the following equation:

r

P-Pd+ —)"
= ol 700)
Given P, = Future population in the expected year
P, = Current population (2003)
T = Average changing in population (%)
n =  Number of forecast years

r = [Ln(Pn/Po)/t]*100

Given r =  Average rate of changing in population (%)
Ln  =Quuss
4 = Current population (2003)
Vs = Base population (1993)
t = Number years between base years and current years

Averaging water consumption of population in Songkla Lake Basin was shown in

the following illustration.

Urban

- Hat Yai Municipality 323 liter/person/day
- Songkla Municipality 337 liter/person/day
- Pattalung Municipality 202 liter/person/day
- Sub District Municipality 120 liter/person/day
Suburban 107 liter/person/day
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2.5) Water demand for Industry
Assessment of water demand for industry was done by multiplying average value
of water use per industry type with total number of factories in each category in

Songkhla Lake Basin.

Table 3-2: Water Use of Industrial Factories according to the Scale

Average
) ' Water Use
Industrial Factories ) Water Use
(cubic meter/day) _
(cubic meter/day)

Large Factory

- Manufacturing Seafood 1,000-8,000 4,500
and transforming liquid Para rubber

Medium Factory

- Manufacturing Rubber Sheets 50-450 250
or Smoked Rubber and Refrigeration

Small Factory

- Mills or general services Not Exceed 2 1

Source: Songkhla Industrial Office (2004)

Demand for future consumption obtained by multiplying expected number of
factories based on current number of factories with increasing rate of industrial sector.

2.6) Water demand for Environmental Flow

Water demand for Environmental Flow was assessed by judging the most
updated monthly surface runoff supply with the least flow at 90 percent of data to
identify water supply for preservation in each sub basins to maintain the same supply

both present and future.

3.) Water Balance Analysis

Water balance was analyzed by using Soil and Water Assessment Tool (SWAT
model) as the sub model for BASINS 3.0 program to analyze water use in agriculture,
aquaculture, livestock, consumptions, industries and environmental flow. In this study,
the analysis had been separated into 2 periods: Current analysis of present events 2004

and future events 2011.
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3.4 Models Comparison

Comparison adjustment of SWAT model for Songkhla Lake Basin by applying
data of surface runoff supply at water monitor Station in the Basins as compared to
results from the SWAT model based on previous results comparison from the equation

of Nash and Sutcliffe (Wainwright and Mulligan, 2004:56) as follows:

n

2.0

NS = 1-—

i_Mi)2
Zn:(oi _Oavg )2

1

When NS value was getting near 1, it would indicate the compatible data. On the

contrary, nearly 0 NS value represented very little relation.

The comparison of relationship or data disbursement through Correlation

Coefficient with the span between -1 <r < 1 from the following formula:

NzniOiMi—Z::(Oi)Z:‘: M)
[ ReBadusus {2 u)]

Positive value suggested relation in the same direction, in another words,

RS

increasing one more value another value would also increase. The obtained value
when getting close to 0 represented compatible data while near 0 indicated little
Correlation or none. The obtained value should be more than 0.60 for acceptable

Correlation.

Comparing differences of modeling results and measurable data through relative

differences in percentages from the following formula:

0,.,—M
_( avg avg)><100

avg
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If the value turned out to be positive, available data from the model would have

less value than acceptable measurable data with miscalculation of =10 percents.

Given NS = Efficiency Achievement
R*> = Correlation Coefficient
R = Relative Differences in Percentages
O; = Monitoring Value
Oae = Average Monitoring Value
M; = Modeling Value
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Data Collection

Meteorology Number of Population
Rainfall supply Number and size of Industrial Factory
Surface runoff supply Practical Operation of Reservoir
Soil types Areas data, type of vegetations and
Land use design for cultivation
Groundwater Number and type of livestock

Areas for aquaculture

!

Data Preparation for analysis

! !

Analysis of Surface Runoff Wate? IS
- Agriculture
Supply of sub basin through - Aquaculture
sub Rainfall-Runoff model - Ly !
- Consumption
of BASINS-SWAT - Industry
- Environmental Flow

!

Analysis of water balance
applying BASINS - SWAT

Model
|
Water Supply > Water Demand Water Supply > Water Demand
(Sufficient) (Insufficient)

v

Managing Water Resources for Basins

Figure 3-3: Educational Flowchart
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CHAPER 1V
RESULTS

This research had applied SWAT model to study water balance in each Songkhla
Lake Sub Basin to find surface runoft, water demand as well as analysis of water

balance in each Songkhla lake Sub Basin. Results of the study were shown as follows:

4.1 Estimation of Total Runoff Using SWAT Model

4.1.1 Model Calibration

Calibration through SWAT Model was the simulation of the basin to find total
runoff in each Sub Basin and total runoff drained into the reservoir by calibrating
results with Total runoff data that had been recorded at the surface runoff monitoring
stations at Khlong Na Thom, Khlong Tha chiad and Khlong U-Taphao.

The parameter of model undergone the calibration consisted of 7 value as

illustrated in Table 4-1 and results of parameter as illustrated in Table 4-2 and 4-3.

Table 4-1: Parameter Explanation of Model Calibration

Parameter Explanation

CN SCS runoff Curve number

AWC Available water capacity of soil layer

GW_REVAP Coefficient of ground water flow from shallow aquifer to revap

REVAPMN Least discharge water in the shallow aquifer causing the flow of ground water

from shallow aquifer to revap

GWQMN Least discharge water in the shallow aquifer causing the flow of ground water
from shallow aquifer to Return flow

GW_DELAY Ground water delay value

RCHRG DP Deep Aquifer Percolation friction value

From Table 4-1, parameter in the value could be divided into 2 parts. First part

contained Parameter to control the flow of surface runoff to adjust CN to the value
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from soil type, soil utilization and Antecedent Moisture Condition (AMC) by
assuming that CN value equaled to 0 which meant for non-surface runoff. In case
where CN value equaled to 100, the surface runoff would be equaled to the total
rainfall.

CN value in this study had value between 25-92, having paddy with CN value
equaled to 45, 55, 65 and 75 depended on the soil type. Para rubber had CN value
equaled to 35, 50, 60 and 70 depended on the soil type. Tropical rain forest had CN
value equaled to 25, 45, 55 and 65 depended on the soil type and water source with
CN value at 92 in all soil type and urban or community had CN equaled to 31, 52, 72
and 79 depended on the soil type as illustrated in Table 4-2.

Table 4-2: CN value of Model Calibration

Soils Type
Land Utilization

A B C D
Paddy Field 45 55 65 75
Para Rubber 35 50 60 70
Tropical Rain Forest 25 45 55 65
Water Source 92 92 92 92
Urban or Community 31 52 72 79

Second part was parameter which controlled the baseflow, such as, GW_REVAP,
REVAPMN, GWQMN, having GW_REVAP adjusting Shallow aquifer with value
between 0.02-0.2 (non-unit) and value GWQMN as the starting value of Baseflow by
having the value between 0-1000 millimeter. Higher value would yield lower volume
of baseflow or adjusting value when there had been excess baseflow. With
REVAPMN represented the capacity for the lowest level of Shallow aquifer with
value between 0-100. Higher value would increase baseflow which reduce value in the
case where there had been higher flow of water than expected as illustrated in the

Table 4-3.
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Table 4-3: Parameter of Model Calibration

Sub Basin
Parameter
Khlong Na Thom Khlong Tha Chiad Khlong U-Taphao
GW_REVAP 0.2 0.2 0.2
REVAPMN (mm) 1 1 5
GWQMN (mm) 50 50 100
GW_DELAY (day) 31 31 31
RCHRG_DP 0.5 0.5 0.5

Results of model calibration and surface runoff data from 3 monitoring stations as

illustrated in Table 4-4 and Figure 4-1 to 4-6.

Table 4-4: Comparison of Total Runoff between SWAT Model and Data of Water

Monitoring Station

Water Total runoff (cms) Relative
Sub Basin Monitoring Difference R'*  NS#*
Observed  Simulated
Station (%)
Khlong Na Thom X.170 12.52 10.35 17.29 0.70  0.68
Khlong X.109 6.36 6.22 2.18 0.56 0.50
Tha Chiad
Khlong U-Taphao X.90 21.94 22.93 -4.51 0.73  0.65

*Correlation Coefficient

**Nash-Sutcliffe Efficiency Coefficient

From Table 4-4, calibration results suggested Relative Difference with the value
between -4.51-17.29 and the acceptable value should not be exceeded 10 %.
Correlation Coefficient should be between 0.56-0.73 which yielded over 0.6 for
acceptable Coefficient and Nash-Sutcliffe Efficiency Coefficient (NS) value remained
at 0.50-0.68 which should have more value than 0.60 to be effective. After considered

the calibration.
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Calibration results between model and monitored value in each sub basin
suggested that Na Thom Sub Basin had Relative Difference at 17.29 percent which
indicated that value derived from model had less value than monitored value which
was average surface runoff from model equaled to 10.35 cms and average surface
runoff from water monitoring station X.170 located at Ban Lum, Muang District,
Patthalung Province. Data were collected from 1989 to 2002 which equaled to 12.52
cms and the Correlation Coefficient equaled to 0.70 as well as having Nash-Sutcliffe
Efficiency Coefficient (NS) equaled to 0.68 as illustrated in table 4-4 which had
shown that the model had good association that met the criterion. In another words, it
was able to assess surface runoff for Khlong Na Thom Sub Basin by getting value
from the model after comparison with data from water monitoring station that matched
and went in the same direction, even though the value from comparison of differences
indicated unsatisfied results of Surface runoff in certain period. The differences
appeared during November only when there had been heavy rainfall as illustrated in
Figures 4-1 to 4-2.

Findings suggested that Khlong Tha Chiad Sub Basin had Relative Differences
equaled to 2.18 % which indicated model with slightly lower value than monitored
value. Yearly average surface runoff from the model was equaled to 6.22 cms as well
as getting value of yearly average surface runoff from water monitoring station X.109
located at Ban Kuan In No Mo, Tamot District, Patthalung Province. Data collection
from 1975-2002 equaled to 21.93 cms with Correlation Coefficient at 0.73 and Nash-
Sutcliffe Efficiency Coefficient (NS) equaled to 0.50 as illustrated in the Table 4-4 .
This had meant for the model had fair association to meet the criterion. In another
words, it was able to assess Surface runoff from the model after comparison with data
from water monitoring station that model could not assess surface runoft as planned.

Parameter was adjusted to find the one that could assess the best Surface runoff
when compared to the monitored data. Findings that used value of parameter had very
little affected on water supply of Khlong Tha Chiad Sub Basin. After rechecking data
of Khlong Tha Chiad, it was found that, the rainfall monitoring stations were unable to
cover all areas of Sub Basin due to limited numbers and daily rainfall data to represent
Sub Basin information was partially missing for monitoring which had made the

rainfall supply used in the calculation of Surface runoff misrepresented. Although the
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values from the model were slightly difference from monitoring data, the error
happened too frequent in many phases so that the value received came up with inferior
association as illustrated in Figure 4-3 and Figure 4-4.

Findings that Khlong U-Taphao Sub Basin had Relative Differences equaled to -
4.51 % which indicated model with higher value than monitored value. Yearly average
surface runoff from the model was equaled to 22.93 cms as well as getting value of
yearly average surface runoff from water monitoring station X.90 located at Ban Bang
Sala, Hat Yai District, and Songkhla Province. Data collection from 1975-2002
equaled to 21.93 cms with Correlation Coefficient at 0.73 and  Nash-Sutcliffe
Efficiency Coefficient (NS) equaled to 0.65 as illustrated in the Table 4-4. This had
meant for the model had good association to meet the criterion. In another words, it
was able to assess Surface runoff from the model after comparison with data from
Water Monitoring Station to coincide and head toward in the same direction, even
though minor differences in certain period as illustrated in Figure 4-5 to 4-6.

Model calibration and application of SWAT in 3 Sub Basins of Songkhla Lake
which were Khlong Na Thom Sub Basin, Khlong Tha Chiad Sub Basin and Khlong U-
Taphao Sub Basin. Results of the application of SWAT suggested that the model
could assess surface runoff water quite well when compared to monitoring results
recorded in Khlong Na Thom Sub Basin and Khlong U-Taphao to show Correlation
Coefficient with value of 0.70 and 0.73, respectively. The Nash-Sutcliffe Efficiency
Coefticient was 0.68 and 0.65, respectively, with the Relative Difference of 17.29 %
and -4.51 %, relatively.

As for Khlong Tha Chiad Sub Basin, SWAT model could not assess better
surface runoff than it should have been which had shown in Correlation Coefficient
and Nash-Sutcliffe Efficiency Coefficient and Relative Difference with value equaled
to 0.56, 0.50 and 2.18 percents, respectively which had been the main reason for
SWAT model to assess surface runoff to coincide and head toward the same direction
with the actual monitoring data as well as the rainfall monitoring stations were unable
to cover all areas of Sub Basin due to limited numbers d which had made the rainfall

supply used in the calculation of surface runoff misrepresented.
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4.1.2 Results Assessment of Runoff for Each Sub Basin

The SWAT model is used for assess runoff in each sub basin of Songkhla Lake
Basin, total areas of 7,571 square kilometers were divided into 9 Sub Basins with the
dimension from 323 to 2,383 square kilometers in the past 30 years, starting from
1975-2004. Calculation results of yearly and monthly average total runoff in each sub
basin were illustrated in Figure 4-7 to 4-26 together with Table 4-5. As for monthly
details explanation already displayed in the appendix A-2 to A-10, the monthly surface
runoff was natural flows which had not been considered water use from other water
sources development projects in the basin which should be significance data to further
study water balance of Songkhla Lake Basin.

The results of runoff in each Sub Basin that Songkhla Lake Basin had yearly
average total runoff 6,051.16 cubic million meters. Total runoff of sub basin had
different water supply in each area with average total runoff from 297.43 to 1,481. 23
million cubic meters with surface runoff of U-Taphao Sub Basin had the most yearly
average, next Khlong Tha Chiad Sub Basin and Khlong Na Thom with the yearly
average total runoff approximately 1,481.23, 1,143.88 and 699.99 cubic million
meters, respectively,. As for Tha Nae Sub Basin, yearly average total runoff had the
least total runoff, next, Khlong Phru Po Sub Basin and Khlong Pa Bon with the yearly
average total runoff approximately 297.43, 34 4.86 and 375.83 million cubic meters,
respectively.

Considering total runoff per annual specific yield in Songkhla Lake Basin would
have yearly average total runoff total 25.53 liters per second per square kilometer with
total runoff for each area from 19.71 to 47.79 liters per second per square kilometers.
Khlong Tha Chiad had the most water supplies per area, following by Khlong Pa Bon
and Khlong Na Thom, having the value 0f47.79, 36.90 and 29.71 liters per second per
square meter, respectively. As for Sub Basin with the least surface runoff was U-
Taphao with the value of 19.71 liters per square meter.

The spreading of monthly average total runoff would be similar by having the
most total runoff during rainy season from September to January with monthly
average surface runoff total of 4,685.21 million cubic meters or 77.43 percents. The
most total runoff occurred during November and December with the average

approximately 1,793.03 and 1,597.78 million cubic meters, respectively. During the
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dry season from February to August with the least total runoff Average total of

1,365.95 million cubic meters or 22.57 percents and the least total runoff in March

with monthly average approximately 123.56 million cubic meters.
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Figure 4-7: Yearly Total Runoff of Songkhla Lake Basin from 1975-2004
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Figure 4-9: Yearly Total Runoff of Khlong Pa Phayom Sub Basin from 1975-2004
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Figure 4-19: Yearly Total Runoff of Khlong Phru Po Sub Basin from 1975-2004
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Figure 4-21: Yearly Total Runoff of Khlong Rattaphum Sub Basin from 1975-2004
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Figure 4-23: Yearly Total Runoff of Khlong U-Taphao Sub Basin from 1975-2004
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4.2 Water Demand in Songkhla Lake Basin

Water Demand in Songkhla Lake Basin comprised of water demand in
agriculture, aquaculture, cattle rising, consumption, industry and environmental flow

as presented in the following details.

4.2.1 Water Demand for agriculture in Songkhla Lake Basin

Findings based on land utilization data in 1997 of the Land Development
Department and statistical area of small, medium and large irrigation project in
Songkhla Lake Basin in 2003 of the Royal Irrigation Department that Songkhla Lake
Basin contained entire agricultural area approximately 3,549,886 rais. It was the
irrigation area of 1,070,122 rais (Table 4-6). Most irrigation area used for growing
rice, next Para rubber, field crops and some vegetables. As for cultivated area in large
and medium irrigation project in Songkhla Lake Basin were in the total area of
641,900 rais, for seasonal paddy field approximately 539,265 rais as illustrated in
Table 4-7.

As for estimation of future land utilization based on data for planning land
utilization of the Land Development Department in 1998 together with planning data
for project in accordance with the key principle of water source development and
irrigation project improvement in Songkhla Lake Basin in 2003 of the Royal Irrigation
Department. Data for cultivation of each plant derived from hypothesis based on
proportion of cultivation area of each crop currently grown. Therefore, area estimation
for cultivating each crop in large and small irrigation projects of Songkhla Lake Basin
were 666,100 rais as illustrated in Table 4-8.

Result of study for water demand in agriculture that Songkhla Lake Basin had
water demand for agriculture for the year 2004 in aggregate total of 1,567.14 million
cubic meters. This aggregate total consisted of water demand for large and medium
irrigation projects 1005.74 million cubic meters, small and outside irrigation areas
205.41 and 355.98 million cubic meters, respectively, as illustrated in Table 4-9 and
future year 2014 with water demand of 1,780.46 million cubic meters. Water demand
for medium and large irrigation projects inside the irrigation area were 1,225.86
million cubic meters. Small and outside irrigation area projects were 203.91 and

350.71 million cubic meters, respectively, as illustrated in Figure 4-27.
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Monthly water demand and water balance of each sub basin were illustrated in
Table 4-20 to 4-23.
Table 4-6: Cultivation Area Inside and Outside Irrigation Areas of Songkhla

Lake Basin

Sub Basin Project Area (rai)
Khlong Pa Phayom Ban Praw Weir 35,700
Small irrigation 52,600

Outside irrigation area 219,520

Sub Total 307,820

Khlong Tha Nae Tha Nae 25,000
Small irrigation 43,400

Outside irrigation area 126,256

Sub Total 194,656

Khlong Na Thom Lak Sam Weir 38,700
Phaya Hong Weir 17,000

Kuan Kutti Weir 38,700

Na Thom Weir 50,000

Small irrigation 55,800

Outside irrigation area 130,845

Sub Total 331,045

Khlong Tha Chiad Tha Chiad Weir 100,000
Small irrigation 133,000

Outside irrigation area 125,606

Sub Total 358,606

Source: Land Development Department (2000) and Royal Irrigation Department
(2003B and 2003C)
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Table 4-6: Cultivation Area Inside and Outside Irrigation Areas of Songkhla

Lake Basin (continued)

Sub Basin Project Area (rai)
Khlong Pa Bon Pa Bon Reservoir 17,000
Pa Bon Weir 7,000

Small irrigation 17,300

Outside irrigation area 115,365

Sub Total 156,665

Khlong Phru Por Cha Muang Weir 57,300
Small irrigation 42,400

Outside irrigation area 179,915

Sub Total 279,615

Khlong Rattaphum Cha Muang Weir 10,700
Small irrigation 29,922

Outside irrigation area 360,272

Sub Total 400,894

Khlong U-Taphao Chumrai-hoykong irrigation 10,800
Khlong Lar Reservoir 18,000

Khlong Vad 4,000

Small irrigation 18,400

Outside irrigation area 1,063,701

Sub Total 1,114,901

Source: Land Development Department (2000) and Royal Irrigation Department
(2003B and 2003C)
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Table 4-6: Cultivation Area Inside and Outside Irrigation Areas of Songkhla

Lake Basin (continued)

Sub Basin Project Area (rai)
Peninsular Sathing Phra Pakrava 30,000
Ranode 115,000
Ban Rava Weir 7,000
Krasae sin 60,000
Small irrigation 35,400
Outside irrigation area 158,284
Sub Total 405,684
Total Songkhla Lake Basin 3,549,886
Total outside irrigation area 2,479,764
Total irrigation area 1,070,122
-Large and Medium 641,900
-Small 428,222

Source: Land Development Department (2000) and Royal Irrigation Department
(2003B and 2003C)
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Cultivation Area (Unit: rai)

A
Sub Basin Project (r::: Seasonal Off-Season  Field Para Fruit Trees/
Paddy Paddy Crop  Rubber Hardwoods
Khlong Pa Phayom Ban Praw Weir 35,700 29,180 4,000 0 0 0
Small irrigation 52,600 52,600 0 0 0 0
Outside irrigation area 219,520 47,192 0 0 161,471 17,561
Sub Total 307,820 128,972 4,000 0 161,471 17,561
Khlong Tha Nae Tha Nae 25,000 20,000 1,200 0 0 0
Small irrigation 43,400 43,400 0 0 0 0
Outside irrigation area 126,256 44,810 0 0 76,872 9,656
Sub Total 194,656 108,210 1,200 0 76,872 9,656
Khlong Na Thom Lak Sam Weir 38,700 30,000 1,300 100 0 600
Phaya Hong Weir 17,000 12,885 1,500 200 0 700
Kuan Kutti Weir 38,700 38,700 6,000 100 0 2,100
Na Thom Weir 50,000 48,000 5,000 90 0 2,470
Small irrigation 55,800 10,446 0 0 31,114 17,233
Outside irrigation area 130,445 0 0 0 130,445 6,230
Sub Total 330,645 140,031 13,800 490 161,559 29,333
Klong Tha Chiad Tha Chiad Weir 100,000 45,500 2,500 600 0 1,900
Small irrigation 133,000 55,000 0 0 83,524 13,157
Outside irrigation area 125,606 49,151 0 0 110,606 0
Sub Total 358,606 149,651 2,500 600 194,130 15,057
Klong Pa Bon Pa Bon Reservoir 17,000 0 0 0 0 0
Pa Bon Weir 7,000 7,000 1,200 300 0 200
Small irrigation 17,300 17,300 0 0 0 1,846
Outside irrigation area 115,365 28,430 0 0 103,897 2,000
Sub Total 156,665 52,730 1,200 300 103,897 4,046

Source: Land Development Department (2000) and Royal Irrigation Department
(2003B and 2003C)
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Table 4-7: Cultivation Area of Various Plants at Songkhla Lake Basin in 2004

(continued)

Area Cultivation Area (Unit: rai)
Sub Basin Project (rai) Seasonal  Off-Season  Field Para Fruit Trees/
Paddy Paddy Crop Rubber Hardwoods
Khlong Phru Por Small irrigation 42,400 42,400 0 0 0 3,044
Outside Irrigation Area 179,915 44914 0 0 126,762 6,500
Sub Total 222,315 87,314 0 0 126,762 9,544
Khlong Rattaphum Cha Muang Weir 68,000 66,000 0 0 0 0
Small irrigation 29,922 29,922 0 0 0 0
Outside Irrigation Area 360,272 18,429 0 0 323,607 8,286
Sub Total 458,194 114,351 0 0 323,607 8,286
Khlong U-Taphao Chumrai-hoykong Reservoir 10,800 8,000 3,500 300 0 467
Khlong Lar Reservoir 18,000 18,000 2,200 100 0 400
Khlong Vad Weir 4,000 4,000 300 200 0 400
Small irrigation 18,400 18,000 0 0 0 400
Outside Irrigation Area 1,063,701 37,426 0 0 1,057,510 25,545
Sub Total 1,114,901 85,426 6,000 600 1,057,510 27,212
Peninsular Sathing Phra ~ Pakrava 30,000 30,000 0 0 0 0
Ranode 115,000 115,000 40,000 0 0 0
Ban Rava Weir 7,000 7,000 0 0 0 0
Krasaesin 60,000 60,000 0 0 0 0
Small irrigation 35,400 35,400 0 0 0 0
Outside Irrigation Area 158,284 93,467 0 0 46,329 39,742
Sub Total 405,684 340,867 40,000 0 46,329 39,742
Total 3,549,486 1,207,552 68,700 1,990 2,252,137 160,437
Outside irrigation area 2,479,364 318,905 0 0 2,010,737 109,020
Inside irrigation area 1,070,122 843,733 68,700 1,990 114,638 44,917
Large and Medium 641,900 539,265 68,700 1,990 0 9,237
Small 428,222 304,468 0 0 114,638 35,680

Source: Land Development Department (2000) and Royal Irrigation Department
(2003B and 2003C)
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Table 4-8: Cultivation Areas for Various Plants at Songkhla Lake Basin in 2014

Cultivation Area (Unit: rai)

Ar
Sub Basin Project (r::)l Seasonal  Off-season . Para Fruit Trees/
Paddy Paddy Field Crop Rubber  Hardwoods
Khlong Pa Phayom  Banpraw Weir 35,700 35,700 4,000 0 0 0
Small irrigation 52,600 52,600 0 0 0 0
Outside irrigation area 219,520 47,192 0 0 161,471 17,561
Total 307,820 135,492 4,000 0 161,471 17,561
Khlong Tha Nae Tanae 25,000 25,000 3,000 0 0 0
Small irrigation 43,400 43,400 0 0 0 0
Sub Total 126,256 44,810 0 0 76,872 9,656
Sub Total 194,656 113,210 3,000 0 76,872 9,656
Khlong Na Thom Lak Sam Weir 38,700 38,700 1,300 100 0 600
Paya Hong Weir 17,000 17,000 1,500 200 0 700
Kuan Kutti Weir 38,700 38,700 6,000 100 0 2,100
Na Thom Weir 50,000 50,000 5,000 90 0 2,470
Small irrigation 55,800 10,446 0 0 31,114 17,233
Sub Total 130,445 0 0 0 130,445 6,230
Sub Total 330,645 154,846 13,800 490 161,559 29,333
Khlong Thale Chiad  Huay Chang Reservoir 10,000 10,000 250 60 0 190
Tha Chiad Weir 100,000 100,000 10,000 600 0 1,900
Small irrigation 123,000 45,000 0 0 83,524 13,157
Outside irrigation area 125,606 49,151 0 0 110,606 0
Sub Total 358,606 204,151 10,250 660 194,130 15,247
Khlong Pa Bon Pa Bon Reservoir 17,000 10,000 3,360 840 0 560
Pa Bon Weir 7,000 7,000 1,200 300 0 200
Small irrigation 17,300 17,300 0 0 0 1,846
Outside irrigation area 115,365 18,430 0 0 103,897 2,000
Sub Total 156,665 52,730 4,560 1,140 103,897 4,606

Source: Assessment by the researcher
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Table 4-8: Cultivation Areas for Various Plants at Songkhla Lake Basin in 2014

(continued)

Area Cultivation Area (Unit: rai)
Sub Basin Project (rai) Seasonal  Off-Season . Para Fruit trees
Paddy Paddy Field crop Rubber  /Hard wood
Khlong Phru Por Small irrigation 42,400 42,400 0 0 0 3,044
Outside irrigation area 179,915 44914 0 0 126,762 6,500
Sub Total 222,315 87,314 0 0 126,762 9,544
Khlong Rattaphum Lum Khan Reservoir 10,000 10,000 0 0 0 0
Lum Sang Reservoir 7,000 7,000 0 0 0 0
Cha Muang Weir 68,000 68,000 5,000 0 0
Small irrigation 29,922 29,922 0 0 0 0
Outside irrigation area 343272 18,429 0 0 323,607 8,286
Sub Total 458,194 133,351 5,000 0 323,607 8,286
Khlong U-Taphao Chumrai-hoykong Reservoir 10,800 10,800 4,000 300 0 467
Khlong Lar Reservoir 18,000 18,000 3,000 100 0 400
Khlong Vad Weir 4,000 4,000 1,000 200 0 400
Small irrigation 18,400 18,000 0 0 0 400
Outside irrigation area 1,063,701 37,426 0 0 1,057,510 25,545
Sub Total 1,114,901 88,226 8,000 600 1,057,510 27,212
Peninsular Sathing Phra ~ Pakrava Watergate 30,000 30,000 0 0 0 0
Raode 115,000 115,000 40,000 0 0 0
Ban Raya 7,000 7,000 0 0 0 0
Krasaesin 60,000 60,000 0 0 0
Small irrigation 35,400 35,400 0 0 0 0
Outside irrigation area 158,284 93,467 0 0 46,329 39,742
Sub Total 405,684 340,867 40,000 0 46,329 39,742
Total 3,549,486 1,222,873 88,610 2,890 2,125,375 151,643
Include 2,462,364 353,819 0 0 2,137,499 115,520
Total Irrigation Areas 1,087,122 956,368 88,610 2,890 114,638 45,667
-Large and Medium 668,900 661,900 88,610 2,890 0 9,987
-Small 418,222 294,468 0 0 114,638 35,680

Source: Assessment by the researcher
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Table 4-9: Water Demand for Agriculture in Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Sub Basin Project
Present Future
2004 2014
Khlong Pa Payom Ban Praw Weir 48.02 56.55
Small Irrigation 27.46 27.46
Outside Irrigation Area 44.42 44.42
Sub Total 119.90 138.45
Khlong Tha Nae =~ Tha Nae Watergate 31.68 48.76
Small Irrigation 24.77 24.77
Outside Irrigation Area 37.63 37.63
Sub Total 94.08 111.16
Khlong Nathom Lak Sam Weir 44.33 55.69
Phaya Hong Weir 22.95 28.32
Kuan Kitt Weir 71.87 71.87
Na Thom Weir 82.51 85.12
Small Irrigation 25 25
Outside Irrigation Area 7.07 7.07
Sub Total 253.73 273.07
Khlong Tha Chiad Khlong Hua Chamg Reservoir 0.00 13.46
Tha Chiad Weir 67.66 152.48
Small Irrigation 40.56 35.64
Outside Irrigation Area 24.15 24.15
Sub Total 132.37 225.73
Klong Pa Bon Pa Bon Reservoir 0 22.99
Pa Bon Weir 12.73 12.73
Small Irrigation 11.02 11.02
Outside Irrigation Area 17.05 11.78

Sub Total 40.8 58.51
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Table 4-9: Water Demand for Agriculture in Songkhla Lake Basin (continued)

Average Water Demand

(million cubic meters per year)

Sub Basin Project
Present Future
2004 2014
Khlong Phru Por Small Irrigation 25.49 25.49
Outside Irrigation Area 30.38 30.38
Sub Total 55.86 55.86
Khlong Rattapum Lum Kun Reservoir 0.00 16.03
Lum Sang Reservoir 0.00 11.22
Cha Muang Weir 105.78 122.56
Small Irrigation 15.77 19.18
Outside Irrigation Area 22.96 22.96
Sub Total 144.52 191.95
Khlong U-Tapao Chumrai-Hoykong Irrigation 24.57 30.6
Khlong Lar Reservoir 37.65 39.7
Khlong Vad Weir 9.2 10.99
Small Irrigation 12.74 12.74
Outside Irrigation Area 58.31 58.31
Sub Total 142.47 152.34
Peninsular Pkkrava Watergate 47.89 47.89
Sathing Phra Ranode 291.95 291.95
Ban Rava Weir 11.17 11.17
Krasaesin 95.78 95.78
Small Irrigation 22.6 22.6
Outside Irrigation Area 114.03 114.03
Sub Total 583.43 583.43
Grand Total 1567.14 1780.46
-Included Irrigation Area 1211.15 1,429.76
Medium and Large Irrigation 1005.74 1,225.86
Small Irrigation 205.41 203.91

- Total Outside Irrigation Area 355.98 350.71
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Figure 4-27: Water Demand for Agriculture in Songkhla Lake Basin

4.2.2 Water Demand for Freshwater Aquaculture in Songkhla Lake Basin

From the data for freshwater aquaculture in 2003 of Department of Fisheries in
Songkhla Lake Basin, the total area for freshwater aquaculture consisted of 10,296
rais. The area with the highest cultured ground located at Sathing Phra Peninsula as
illustrated in Table 4-10 and Figures 4-28. Future estimation of cultured ground based
on the previous area data to assess for area increment with the annual steady rate of 1
percent.

Findings from the study of water demand for freshwater aquaculture revealed
that overall water demand in Songkhla Lake Basin in 2004 and 2014 would be 34.04

and 44.60 million cubic meters, respectively, as illustrated in Table 4-11 and Figures
4-29.
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Table 4-10: Area for freshwater aquaculture in Songkhla Lake Basin from 1997-2003

Areas for Freshwater Aquaculture (rai)

Sub Basin
1997 1998 1999 2000 2001 2002 2003
Khlong Pa Phayom 323 356 413 525 491 519 713
Khlong Tha Nae 448 399 319 402 413 479 527
Khlong Na Thom 675 525 370 423 490 660 691
Khlong Tha Chiad 1,450 1,545 1,406 1,815 1,705 1,737 1,386
Khlong Pa Bon 236 240 592 611 423 332 437
Khlong Phru Por 98 103 82 198 244 255 446
Khlong Rattaphum 172 80 168 410 410 410 716
Khlong U-Taphao 178 178 178 593 593 593 877
Peninsular Sathing Phra 3,851 5,103 5,175 4,402 4,402 3,402 4,501
Grand Total 7,431 8,529 8,702 9,378 9,170 8,387 10,294

Source: Department of Fisheries (2004)
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Figure 4-28: Area for freshwater aquaculture in Songkhla Lake Basin

from 1997-2003
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Table 4-11: Water Demand for Freshwater Aquaculture in Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Sub Basin
Present Future

2004 2514

Khlong Pa Phayom 2.36 4.24
Khlong Tha Nae 1.67 2.26
Khlong Na Thom 2.05 2.57
Khlong Tha Chiad 5.53 6.12
Khlong Pa Bon 1.67 2.41
Khlong Phru Por 1.42 3.24
Khlong Rattaphum 2.37 5.43
Khlong U-Taphao 3.16 7.19
Peninsular Sathing Phra 13.83 11.14
Grand Total 34.04 44.60
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Figure 4-29: Water Demand for Freshwater Aquaculture in Songkhla Lake Basin
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4.2.3 Water Demand for Livestock in Songkhla Lake Basin

From Livestock data in Songkhla Lake Basin in 2003 of the Department of
Livestock Development, the most raising livestock were approximately 2,206,136
chickens, next 152,491 pigs 119,355 cows as illustrated in Table 4-12 and Figures 4-
30. Future estimation based on previous data of number livestock to asses increasing
rate of livestock with the annual steady rate of 1.0 percent.

Findings from the study of water demand for livestock revealed that overall water
demand in Songkhla Lake Basin for livestock in 2004 and 2014 would be 7.45 and

7.67 million cubic meters, respectively, as illustrated in Table 4-13 and Figures 4-31.

Table 4-12: Numbers of Livestock at Songkhla Lake Basin from 1997-2003

Type of Livestock (each)

Year

Cattle  Buffaloes Ducks Chicken Geese Swine
1997 175,351 6,559 481,812 2,875,549 765 250,873
1998 140,927 4,076 533,099 2,445,544 1,030 289,061
1999 141,709 5,798 449,760 2,709,537 529 261,919

2000 116,593 7,933 429,094 3,014,542 1,305 205,422
2001 117,778 4,452 522,305 2,818,108 1,328 242,472
2002 116,928 NI 412,679 2,277,726 1,430 160,093
2003 119,355 B4192 491,214 2,206,136 1,574 152,491

Average 132,663 5,230 474,280 2,621,020 1,137 223,190

Source: Department of Livestock Development (2004)
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Figure 4-30: Numbers of Livestock at Songkhla Lake Basin from 1997-2003
Source: Department of Livestock Development (2004)

Table 4-13: Water Demand for Livestock at Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Sub Basin
Present Future

2004 2014
Khlong Pa Phayom 0.8 0.82
Khlong Tha Nae 0.35 0.36
Khlong Na Thom 0.74 0.76
Khlong Tha Chiad 0.75 0.78
Khlong Pa Bon 0.32 0.33
Khlong Phru Por 0.5 0.51
Khlong Rattaphum 0.61 0.63
Khlong U-Taphao 2.36 2.43
Peninsular Sathing Phra 1.02 1.05

Grand Total 7.45 7.67
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Figure 4-31: Water Demand for Livestock at Songkhla Lake Basin

4.2.4 Water Demand for Consumption in Songkhla Lake Basin

From collection of population data in Songkhla Lake Basin, findings indicated
that total population resided in that area were 1,531,181 persons. Out of that numbers,
445,368 persons lived inside municipal area, outside municipal area 1,085,813 persons
as illustrated in Figures 4-32. Future estimation of total population in Sonkhla Lake
Basin expected to reach 1,531,181 persons with the steady increase rate at 1 percent.

Findings from the study of water demand for consumption revealed that overall
water demand in Songkhla Lake Basin for consumption in 2004 and 2014 would be
83.29 and 92.08 million cubic meters, respectively, as illustrated in Table 4-14 and
Figures 4-33.
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Figure 4-32: Numbers of Population at Songkhla Lake Basin from 1993-2003

Source: Department of Provincial Administration (2004)

Table 4-14: Consumption Water Demand in Songkhla Lake Basin
Average Water Demand

(million cubic meters per year)

Sub Basin
Present Future
2004 2014
Khlong Pa Phayom 8.92 9.86
Khlong Tha Nae 3201 4.32
Khlong Na Thom 8.28 9.15
Khlong Tha Chiad 8.41 93
Khlong Pa Bon 3.58 3.96
Khlong Phru Por 5.54 6.12
Khlong Rattaphum 6.84 7.56
Khlong U-Taphao 26.4 29.19
Peninsular Sathing Phra 11.41 12.62
Grand Total 83.29 92.08
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Figure 4-33: Consumption Water Demand in Songkhla Lake Basin

4.2.5 Water Demand for Industry in Songkhla Lake Basin

From data collection on factories numbers in Songkhla Lake Basin during 1997
to 2003 by industrial type, findings indicated during 2003, there had been some
changes in registration by canceling the registration of factory type 1 which comprised
of small factories, ready for instant operation as specified by Business Entrepreneurs,
for example, mills, land digging or filling and most services business. The number of
industrial factories (new method of registration) in this area had been drastically
reduced. As example, the numbers of Industrial factories in Songkhla Province, in
2002 had total of 1,507 factories. In 2003, only 1,166 factories remained in business.
At the same time, Patthalung Province had major reduction from 748 factories in 2002
to only 371 factories in 2003.

In principle practice , the most effective method for finding accurate water
demand closest to actual should based on the average value of each industry or type
and volume of raw materials used for daily production. Furthermore, water demand in
the industry also depended on other surrounding factors, for instances, recycling water.
The reference data came from Songkhla Provincial Industrial Office in 2003 which

had measured volume of waste water from various industries in the basin with the
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assumption that waste water equaled to 80 percents of the consumed water supply.
From those data, calculation for water supply demanded by those industries in each
Sub Basin could be derived as illustrated in Table A-13. Future estimation must base
on previous numbers of industrial factories to assess increasing rate of number of
industrial factories with the stable increasing rate at 1.98 yearly.

Findings from the study of water demand for industry revealed that overall water
demand in Songkhla Lake Basin in 2004 and 2014 would be 37.97 and 46.29 million

cubic meters, respectively, as illustrated in Table 4-15 and Figure 4-34.

Table 4-15: Industrial Water Demand at Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Sub Basin
Present Future

2004 2014
Khlong Pa Phayom 0.02 0.03
Khlong Tha Nae 0.02 0.03
Khlong Na Thom 0.05 0.06
Khlong Tha Chiad 0.06 0.08
Khlong Pa Bon 0.05 0.06
Khlong Phru Por 0.01 0.02
Khlong Rattaphum 1.54 1.87
Khlong U-Taphao 20299 36.55
Peninsular Sathing Phra 6.23 7.59

Grand Total 37.97 46.29
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Figure 4-34: Industrial Water Demand at Songkhla Lake Basin

4.2.6 Water demand for Environmental Flow of Songkhla Lake Basin

Monthly water demand for environmental flow was observed through current
average monthly surface runoff before applying statistical analysis to find monthly
surface runoff during the dry season at 90 percent of total data in order to maintain
quantity of water in each sub basin at the same rate currently as well as future.

Findings from the study of water demand for environmental flow revealed that
overall water demand in Songkhla Lake Basin in 2004 and 2014 would be 163.93

million cubic meters as illustrated in Table 4-16 and Figure 4-35.
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Table 4-16: Water Demand for Environmental Flow at Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Sub Basin
Present Future
2004 2014
Khlong Pa Phayom 12.04 12.04
Khlong Tha Nae 6.30 6.30
Khlong Na Thom 14.35 14.35
Khlong Tha Chiad 30.52 30.52
Khlong Pa Bon 0.63 0.63
Khlong Phru Por 1.68 1.68
Khlong Rattaphum 33.95 33.95
Khlong U-Taphao 47.81 47.81
Peninsular Sathing Phra 20.65 20.65
Grand Total 167.93 167.93
s0.00 47814781
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Figure 4-35: Water Demand for Environmental Flow at Songkhla Lake Basin
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Results of the study for water demand previously mentioned had revealed the
average water demand for the total of 1,897.84 million cubic meters per years which
consisted of water demand for agriculture, aquaculture, livestock, consumption,
industry and environmental flow with yearly average of 1,567.14, 34.06, 7.45, 83.29,
37.97 and 167.93 million cubic meters. As for the future year 2014, Songkhla Lake
Basin would have average water demand of 2,8139.05 million cubic meters per year
which consisted of water demand for agriculture, aquaculture, livestock, consumption,
industry and environmental flow with yearly average of 1,780.46, 44.60, 7.67, 92.08,
46.29 and 167.93 million cubic meters, respectively as being shown in Table 4-17 and

Figure 4-36.

Table 4-17: Summarized Total Water Demand at Songkhla Lake Basin

Average Water Demand

(million cubic meters per year)

Water Demand
Present Future Change

2004 2014 (%)

Agriculture 1,567.14 1,780.46 13.61
- Inside Irrigation Area 1,211.15 1,429.76 18.05
- Large and Medium 1005.74 1225.86 21.89

- Small 205.41 203.91 -0.73
-Outside Irrigation Area 355.98 350.71 -1.48
Aquaculture 34.06 44.60 30.95
Livestock 7.45 7.67 2.95
Consumption 83.29 92.08 10.55
Industry 37.97 46.29 21.91
Environmental Flow 167.93 167.93 0.00

Grand Total 1,897.84 2,139.05 12.71
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Figure 4-36: Summarized Total Water Demand at Songkhla Lake Basin
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4.3 Water Balance in Songkhla Lake Basin

Analysis of water balance for irrigation involved with comparison between water
supply and water demand to find out if there had been any shortages and at what
volume.

Model used in this study was HEC-3 model (Reservoir system analysis for
conservation) developed by U.S. Army Crops of Engineers, Hydrologic Engineering
center as the model to simulate basin system with reservoirs or weirs to serve water
demand at one set location.

The data applied with HEC-3 model to analyze water balance for the irrigation
covered the following areas.

(1) Meteorological data (Evaporation rate) for 30 years from 1975-2004.

(2) Rainfall supply data, surface runoff data for 30 years from 1975-2004.

(3) Water demand for irrigation of medium and large irrigation projects,
aquaculture, livestock, consumption, industry and environmental flow of
Songkhla Lake Basin separated by each sub basin as previously mentioned in
Topic 4.2

(4) Data on characteristics of reservoirs and weirs, such as, maximum and
minimum capacity, area-capacity curve.

(5) Monthly data were used in the study.

(6) Obviously, analysis through HEC-3 model in this topic had not included
Peninsula Sathing Phra (part 1-4). It was mainly because water source in some part of
Songkla Lake Basin contained inferior quality of water. Therefore, water utilization
must consider not only the quantity but also the quality of water as well. The Khlong
Phru Por Sub Basin never established any medium or large irrigation projects.
Therefore, analysis water balance for these two sub basins had been done by
comparison of water supply which involved surface runoff and water demand in other
areas that occurred monthly by subtracting the water demand from monthly water
supply to derive at the volume of water in each month as the overall analysis to show

whether or not water supply in that sub basin was enough.
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Analysis of water balance divided into 2 parts, at current situation 2004 and
future 2014 as follows.

Analysis of current situation involved in water utilization of existing irrigation
project consisted of the following as illustrated in table 4-18.

Khlong Pa Payom Sub Basin consisted of Khlong Pa Payom Reservoir to
generate water for Ban Praw Weir with water for agricultural purposes for 37,500 rais
and in the rainy season for 29,180 rais.

Khlong Nae Sub Basin consisted of Tha Nae Regulator Project for agricultural
purposes with the total area approximately 25,000 rais and in the rainy season 20,000
rais.

Na Thom Sub Basin consisted of various medium irrigation projects.

o Lak Sam Weir for agricultural purposes approximately 38,700 rais, in the
rainy season for 30,000 rais and during the drought 2,000 rais.

o Phaya Hong Weir for agricultural purposes approximately 17,000 rais, in
the rainy season for 12,885 rais and during the drought 2,400 rais.

o Kuan Kutti Weir for agricultural purposes approximately 38,700 rais, in
the rainy season for 38,700 rais and during the drought 8,200 rais.

e Na Thom Weir for agricultural purposes approximately 50,000 rais, in the
rainy season for 48,000 rais and during the drought 7,560 rais and for consumption
4.92 million cubic meters per year.

Tha Chiad Sub Basin had Tha Chiad Weir for water utilization for agricultural
purposes approximately 100,000 rais, in the rainy season for 45,500 rais and during
the drought 5,000 rais.

Pa Bon had Khlong Pa Bon Reservoir to generate water for Pa Bon Weir for
agricultural purposes approximately 7,000 rais, in the rainy season for 7,000 rais and
during the drought 1,700 rais.

Khlong Phru Por had no medium and large irrigation project in the Sub Basin.

Rattaphum Sub Basin had Cha Muang Weir for agricultural purposes
approximately 68,000 rais, in the rainy season for 66,000 rais for consumption 1.92

million cubic meters per year.
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U-Taphao Sub Basin had many weirs and reservoirs as follows:

e Khlong Chumrai generated water to Khlong Hoykong for agricultural
purposes approximately 10,800 rais, in the rainy season for 8,000 rais and during the
dry season for 4,267 rais.

e Khlong Lar generated water to Khlong Hoykong for agricultural purposes
approximately 18,000 rais, in the rainy season for 18,000 rais and during the dry
season for 2,700 rais.

o Khlong Vad generated water for agricultural purposes approximately 4,000

rais, in the rainy season for 4,000 rais and during the dry season for 900 rais.

Analysis Future Situation

The study was done to consider water demand and irrigation project in
accordance to the development planning of the Royal Irrigation Department in
Songkhla Lake Basin by presenting these projects as to support the study.

Khlong Tha Nae Sub Basin had Project Ban Kao Kaew Reservoir to promote
cultivation for Tha Nae Regulator.

Khlong Na Thom Sub Basin had Project Lum Sin Reservoir to promote
cultivation for Na Thom Weir.

Khlong Tha Chiad Sub Basin had Project Kao Hua Chang Reservoir to promote
cultivation for Tha chiad Weir

Khlong Rattaphum Sub Basin had Project Khlong Lum Kun and Lum Sang
Reservoir to generate water for cultivation area approximately 10,000 and 7,000 rai,
respectively to benefit Cha Muang Weir.

From existing large and medium projects in accordance to the development plan
of the Royal Irrigation Department in Songkhla Sub Basin with the capacity for water
retention approximately 128.74 million cubic meters. In the future, the developing
water source should have capacity for water retention of 231.10 million cubic meters.
Therefore, the capacity for total water retention should increased to 102.36 million

cubic meters as illustrated in table 4-19.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) / 95

Table 4-18: Large and Medium Project and Irrigation Areas of Each Sub Basin

Sub Basin Project Area (rai
Khlong Pa Phayom Ban Praw Weir 35,700
Sub Total 35,700
Khlong Tha Nae Tha Nae 25,000
Sub Total 25,000
Khlong Na Thom Lak Sam Weir 38,700
Phaya Hong Weir 17,000
Kuan Kutti Weir 38,700
Na Thom Weir 50,000
Sub Total 105,700
Khlong Tha chiad Tha Chiad Weir 100,000
Sub Total 100,000
Khlong Pa Bon Pa Bon Reservoir 17,000
Pa Bon Weir 7,000
Sub Total 24,00
Khlong Rattaphum Cha Muang Weir 68,000
Sub Total 68,000
Khlong U-Taphao Chumrai-hoykong irrigation 10,800
Khlong Lar Reservoir 18,000
Khlong Vad 4,000
Sub Total 32,800
Peninsular Sathing Phra Pakrava 30,000
Ranot 115,000
Ban Rava Weir 7,000
Krasae Sin 60,000
Sub Total 212,000
Total Songkhla Lake Basin 641,900

Source: Royal Irrigation Department (2003B and 2003C)
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Table 4-19: Project Reservoir and Capacity at Storage Level in Each Sub Basin of

Songkhla Lake Basin
Capacity at Storage Level
Sub Basin Project (million cubic meters)
Present Future

2004 2014

Khlong Pa Phayom Pa Phayom Reservoir 21.00 21.00
Sub Total 21.00 21.00

Khlong Tha Nae Ban Kao Kaew - 7.00
Sub Total - 7.00

Khlong Na Thom  Lum Sin Reservoir - 40.00
Sub Total - 40.00

Khlong Tha Chiad Khlong Hua Chang Reservoir - 33.36
Sub Total - 33.36

Khlong Pa Bon Khlong Pa Bon Reservoir 20.00 20.00
Sub Total 20.00 20.00

Khlong Rattaphum Khlong Lum Kun Reservoir - 16.50
Khlong Lum Sang Reservoir - 5.50

Sub Total - 22.00

Khlong U-Taphao  Chumrai Reservoir 6.00 6.00
Khlong Lar Reservoir 25.00 25.00

Khlong Sadaw Reservoir 56.74 56.74

Sub Total 87.74 87.74

Grand Total 128.74 231.1

Source: Royal Irrigation Department (2003B and 2003C)
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Results of the study in water balance in 2004 as illustrated in Table 4-20 and
Figures 4-37 to 4-46 indicated that there had been water shortages for very projects.
Considering total water demand approximately 1,005.74 million cubic meters per year
with the water shortages approximately 281.64 million cubic meters or 28.00 percents
of water demand for the total irrigation.

When considering water balance in each Sub Basin of Songkhla Lake Basin, it
suggested that Khlong Pa Payom Sub Basin had water shortages at Ban Praw Weir at
7.02 million cubic meters per year or 14.62 percents of water demand for irrigation
which had occurred at certain time during rainy season from September to October
when the water demand was at the highest peak when there was hardly any rainfall
and during the drought when water was not available for the whole month of February
to July.

Khlong Tha Nae Sub Basin had water shortages at Tha Nae Regulator 6.28
million cubic meters per year or 19.82 percents of water demand for irrigation. In
certain part of rainy season from September to October when there was hardly any
rainfall and water demand was at the highest peak and at the end of rainy season in
January. Water shortages occurred during the drought for the whole month of
February to July.

Khlong Na Thom Sub Basin had water shortages in all areas from Lak Sam
Weirm Phaya Hong Weir, Kuan Kutti Weir and Na Thom Weir with average total
water shortages at 65.56 million cubic meters per year or 29.58 percents of water
demand for irrigation. Laksam Weir has water shortages at 12.53 per year while Phaya
Hong at 6.75 million cubic meters per year and Kuan Kutti at 28.27 million cubic
meters per year and Na Thom Weir at 18.01 million cubic meters per year. Water
shortages occurred throughout the rainy season from September to January. Water
shortages occurred during the drought for the whole month of February to July.

Khlong Tha Chiad Sub Basin had water shortages at Khlong Tha Chiad Weir
7.06 million cubic meters per year or 10.43 percents of water demand for irrigation as
a result of water shortage for almost entire rainy season and during the drought for the

whole month of February to July.
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Khlong Pa Bon Sub Basin had water shortages at Pa Bon Weir at 0.23 million
cubic meters per year or 1.81 percents of water demand for irrigation. Water shortages
occurred during the drought for the whole month of February to July.

Khlong Rattaphum Sub Basin had water shortages at Cha Muang Weir 25.18
million cubic meters per year or 25.18 percents of water demand for irrigation. Water
shortage occurred for almost entire rainy season and during the drought for the whole
month of February to July.

Khlong U-Taphao Sub Basin had water shortages in all points starting at
Chumrai-Hoykong irrigation, Khlong Lar Reservoir and Khlong Vad Reservoir with
average water shortages 11.32 million cubic meters per year or 15.85 percents of water
demand for irrigation. Chumrai-Hoykong irrigation had water shortages at 1.77
million cubic meters per year. Water shortages occurred during certain period of Rainy
season from September to October where there was hardly any rainfall and the highest
peak of water demand and during the drought from February to July.

Sathing Phra Peninsular had water shortages at all points starting at Pakrava
Regulator, Ranot Irrigation Project, Rava Weir and Krasae Sin Irrigation Project with
average water shortages total 158.99 million cubic meters per year or 35.58 percents
of water demand for irrigation. Pakrava Regulator had water shortages at 16.66 million
cubic meters per year. Ranot Irrigation water shortages happened at 105.13 million
cubic meters per year, Rava Weir at 3.88 million cubic meters per year and Krasae Sin
Irrigation Project at 33.31 million cubic meters per year. Water shortages occurred
during certain period of rainy season from September to October where there was
hardly any rainfall and the highest peak of water demand and during the drought from
February to July.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Envi. Planning for Community and Rural Dev.) / 99

Table 4-20: Results Analysis of Water Balance for Irrigation in Each Sub Basin of

Songkhla Lake Basin in 2004 (unit: million cubic meters per year)

Sub Basin/ Project Water Wate‘r Water Shortage
Khlong Demand Diversion Shortage Percentage
Pa Payom Ban Praw Weir 48.02 41.00 7.02 14.62
Sub Total 48.02 41.00 7.02 14.62
Tha Nae Tha Nae Regulator 31.68 25.40 6.28 19.82
Sub Total 31.68 25.40 6.28 19.82
Na Thom Lak Sam Weir 44.33 31.80 12.53 28.27
Phaya Hong Weir 22.95 16.20 6.75 29.41
Kuan Kutti 71.87 43.60 28.27 39.33
Na Thom Weir 82.51 64.50 18.01 21.83
Sub Total 221.66 156.10 65.56 29.58
Tha Chiad Tha Chiad Weir 67.66 60.60 7.06 10.43
Sub Total 67.66 60.60 7.06 10.43
Pa Bon Pa Bon Weir 12 78 12.50 0.23 1.81
Sub Total 12.73 12.50 0.23 1.81
Phru Por Lacking large and - - - -
medium projects in the
area
Rattaphum Cha Muang Weir 105.78 80.60 25.18 23.80
Sub Total 105.78 80.60 25.18 23.80
U-Taphao Chumrai-Hoykong 24.57 22.80 1.77 7.20
Irrigation
Khlong Lar Reservoir 37.65 28.80 8.85 23.51
Khlong Vad Weir 9.20 8.50 0.70 7.61
Sub Total 71.42 60.10 11.32 15.85
Peninsular Pakrava Regulator 47.89 31.23 16.66 34.78
Sathing Phra  Ranot 291.95 186.82 105.13 36.01
Ban Rava Weir 11.17 7.29 3.88 34.76
Krasae Sin 95.78 62.47 33.31 34.78
Sub Total 446.79 287.80 158.99 35.58
Grand Total 1,005.74 724.10 281.64 28.00

Source: Assessment by the researcher
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Figure 4-37: Water Supply in Comparison with Monthly Water Demand of

Songkhla Lake Basin in 2004
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Figure 4-38: Water Supply in Comparison with Monthly Water Demand of
Khlong Pa Payom Sub Basin in 2004
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Figure 4-39: Water Supply in Comparison with Monthly Water Demand of
Khlong Tha Nae Sub Basin in 2004
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Figure 4-40: Water Supply in Comparison with Monthly Water Demand of
Khlong Na Thom Sub Basin in 2004
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Figure 4-41: Water Supply in Comparison with Monthly Water Demand of
Khlong Tha Chiad Sub Basin in 2004
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Figure 4-42: Water Supply in Comparison with Monthly Water Demand of
Khlong Pa Bon Sub Basin in 2004
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Figure 4-43: Water Supply in Comparison with Monthly Water Demand of
Khlong Phru Por Sub Basin in 2004
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Figure 4-44: Water Supply in Comparison with Monthly Water Demand of
Khlong Rattaphum Sub Basin in 2004
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Figure 4-45: Water Supply in Comparison with Monthly Water Demand of
Khlong U- Taphao Sub Basin in 2004
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Figure 4-46: Water Supply in Comparison with Monthly Water Demand of
Peninsular Sathing Phra in 2004
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Results of the study in water balance in 2014 as illustrated in Table 4-22 and
Figures 4-47 to 4-56 indicated that there had been water shortages for very projects.
Considering total water demand approximately 1,225.86 million cubic meters per year
with the water shortages approximately 326.02 million cubic meters or 26.59 percents
of the total water demand for irrigation.

When considering water balance in each Sub Basin of Songkhla Lake Basin, it
suggested that Khlong Pa Payom Sub Basin had water shortages at Ban Praw Weir at
11.15 million cubic meters per year or 19.72 percents of water demand for irrigation
which had occurred at certain time during rainy season from September to October
when the water demand was at the highest peak when there was hardly any rainfall
and during the drought when water was not available for the whole month of February
to June.

Khlong Tha Nae Sub Basin had water shortages at Tha Nae Watergate 9.56
million cubic meters per year or 19.82 percents of water demand for irrigation. In
certain part of rainy season from September to October when there was hardly any
rainfall and water demand was at the highest peak and at the end of rainy season in
January. Water shortages occurred during the drought for the whole month of
February to July.

Khlong Na Thom Sub Basin had water shortages in all areas from Lak Sam
Weirm Phaya Hong Weir, Kuan Kutti Weir and Na Thom Weir with average total
water shortages at 60.3 million cubic meters per year or 25.02 percents of water
demand for irrigation. Laksam Weir has water shortages at 18.79 per year while Phaya
Hong at 10.12 million cubic meters per year and Kuan Kutti at 28.37 million cubic
meters per year and Na Thom Weir at 3.02 million cubic meters per year. Water
shortages occurred throughout the rainy season from September to January. Water
shortages occurred during the drought for the whole month of February to July.

Khlong Tha Chiad Sub Basin had average water shortages at Klong Huay Chang
and Tha Chiad Weir at 29.84 million cubic meters per year or 17.98 percents of water
demand for irrigation by having water shortages at Klong Huay Chang 2.56 million

cubic meters per year and Tha Chiad Weir at 7.06 million cubic meters per year with
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water shortage for almost entire rainy season from September to January and during
the drought for the whole month of February to July.

Khlong Pa Bon Sub Basin had water shortages at all points at Pa Bon Reservoir
and Pa Bon Weir at average water shortage of 4.88 million cubic meters per year or
13.77 percents of water demand for irrigation, having water shortages at Pa Bon
Reservoir 3.51 million cubic meters per year and Pa Bon Weir 1.33 million cubic
meters per year. Water shortages occurred during rainy season from September to
January and the drought for the whole month of February to July.

Khlong Rattaphum Sub Basin had water shortages at all points, starting from
Lum Kun Reservoir, Lum Sang Reservoir and Cha Muang Weir with total average
water shortages 36.01 or 24.04 percents of water demand for irrigation by having
water shortages at Lum Kun Reservoir at 2.73 million cubic meters per year, Lum
Sang Reservoir at 2.22 million cubic meters per year and at Cha Muang at 31.06
percents of water demand for irrigation. Water shortages occurred for almost entire
rainy season from September to January and during the drought for the whole month
of February to July.

Khlong U-Taphao Sub Basin had water shortages in all points starting at
Chumrai-Hoykong irrigation Project, Khlong Lar Reservoir and Khlong Vad
Reservoir with average water shortages 15.69 million cubic meters per year or 19.30
percents of water demand for irrigation. Chumrai-Hoykong irrigation had water
shortages at 4.1 million cubic meters per year. Water shortages occurred during certain
period of Rainy season from September to October where there was hardly any rainfall
and the highest peak of water demand and during the drought from February to July.

Sathing Phra Peninsular had water shortages at all points starting at Pakrava
Regulator, Ranot Irrigation Project, Rava Weir and Krasaesin Irrigation Project with
average water shortages total 158.99 million cubic meters per year or 35.58 percents
of water demand for irrigation. Pakrava Regulator had water shortages at 16.66 million
cubic meters per year. Ranot Irrigation water shortages happened at 105.13 million
cubic meters per year, Rava Weir at 3.88 million cubic meters per year and Krasae sin
Irrigation Project at 33.31 million cubic meters per year. Water shortages occurred

during certain period of Rainy season from September to October where there was
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hardly any rainfall and the highest peak of water demand and during the drought from
February to July.

Results analysis of water balance indicated no water shortages for aquaculture,
livestock, consumption, industry and environmental flow. Since the current year 2004
and future year 2014 have shown average yearly water demand in the total of 326.7
and 358.57 million cubic meters, respectively with less volume as compared to water
demand for agriculture in the irrigation area. Furthermore, water supply from model
analysis combined overall water demand from the main channels with huge water
supply. In reality, water for aquaculture, livestock, consumption, industry and
environmental flow had spread into small group all over watershed and there had been
some incidents where water shortages caused by many factors, such as insufficient
surface runoff during drought, without effective water transportation. According to the
survey of the government sector (NRDC-2C) of Rural Development Information
Center, Community Development Department, Ministry of Interior and Account Data
of the drought area, lacking water for consumption of each village in 2003 of the
Operation Center and Drought Prevention, The Royal Irrigation Department, Ministry
of Agriculture and Cooperative, informed that the numbers of villages in Songkhla
Sub Basin were 1,030 villages and the villages that had encountered water shortages
were 600 villages or 50 percents of total villages. Out of this number villages with
water shortages for agriculture only were 294 villages or 28.54 percents of total
villages. With 306 villages were short of water for consumption and agriculture or
29.71 percents of total villages. Most villages or 54.17 percents or 325 villages with
water shortages located in Patthalung Province.

Results of the study for water shortages in agriculture in the irrigation area
indicated that Songkhla would have high volume of surface water. However, from the
spreading of the water during rainy season from September to January at 77.43
percents of total surface runoff. Most water management in Songkhla Lake Basin were
managed without any control of water supply since water for agriculture derived from
natural surface runoff flow though channels and passed weir to divert water to the
agricultural areas, having no control of the water supply directly that had been sent to

the irrigation canals. This had caused problems in water utilization by many weirs.
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The area at the start of water source would draw full water into the irrigation canals

which lessen the amount of water received at the middle and the end, such as, Khlong

Tha Nae Sub Basin, Na Thom and Rattaphum, causing severe water shortages for

these areas.

Table 4-22: Results Analysis of Water Balance for Irrigation in each Sub Basin of
Songkhla Lake Basin in 2014 (Unit: million cubic meters per year)

Sub Water Water Water Percentage
Project
Basin/Khlong Demand Diversion Shortages Shortage
Pa Phayom Ban Praw Weir 56.55 45.40 11.15 19.72
Total 56.55 45.40 11.15 19.72
Tha Nae Tha Nae Regulator 48.76 39.20 9.56 19.61
Sub Total 48.76 39.20 9.56 19.61
Na Thom Lak Sam Weir 55.69 36.90 18.79 33.74
Phaya Hong Weir 28.32 18.20 10.12 35.73
Kuan Kutti Weir 71.87 43.50 28.37 39.47
Na Thom Weir 85.12 82.10 3.02 3.55
Sub Total 241.00 180.70 60.30 25.02
Tha Chiad Khlong Hua Chang 13.46 10.90 2.56 19.02
Reservoir
Tha Chiad Weir 152.48 125.20 27.28 17.89
Sub Total 165.94 136.10 29.84 17.98
Pa Bon Pa Bon Reservoir 22.99 19.51 3.48 15.14
Pa Bon Weir 12.73 11.33 1.40 11.00
Sub Total 35.72 30.84 4.88 13.66
Phru Por Missing large and small

projects in the area

Source: Assessment by the researcher
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Table 4-22: Results Analysis of Water Balance for Irrigation in each Sub Basin of
Songkhla Lake Basin in 2014 (Unit: million cubic meters per year)

(continued)
Sub Water Water Water Percentage
Project

Basin/Khlong Demand Diversion Shortages Shortage

Ruttaphum Lum Kun Reservoir 16.03 13.30 2.73 17.03
Lam Sang Reservoir 11.22 9.40 1.82 16.22
Cha Muang Weir 122.56 91.50 31.06 25.34
Sub Total 149.81 114.20 35.61 23.77

U-Taphao Chumrai-Hoykong 30.60 26.50 4.10 13.40
Khlong Lar Reservoir 39.70 29.10 10.60 26.70
Khlong Vad Weir 10.99 10.00 0.99 9.01
Sub Total 81.29 65.60 15.69 19.30

Peninsular Pakgrava Regulator 47.89 31.23 16.66 34.78

Sathing Phra ~ Ranot 291.95 186.82 105.13 36.01
Ban Rava Weir 11.17 7.29 3.88 34.76
Krasae sin 95.78 62.47 33.31 34.78
Sub Total 446.79 287.80 158.99 35.58
Total 1,225.86 899.84 326.02 26.59

Source: Assessment by the researcher
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Figure 4-47: Water Supply in Comparison with Monthly Demand of Songkhla
Lake Basin in 2014
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Figure 4-48: Water Supply in Comparison with Monthly Demand of Khlong Pa
Payom in 2014
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Figure 4-49: Water Supply in Comparison with Monthly Demand of Khlong
Tha Nae Sub Basin in 2014
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Figure 4-50: Water Supply in Comparison with Monthly Demand of Khlong Na
Thom Sub Basin in 2014
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Figure 4-51: Water Supply in Comparison with Monthly Demand of Khlong
Tha Chiad Sub Basin in 2014
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Figure 4-52: Water Supply in Comparison with Monthly Demand of Khlong Pa
Bon Sub Basin in 2014
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Figure 4-53: Water Supply in Comparison with Monthly Demand of Khlong
Phru Por Sub Basin in 2014
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Figure 4-54: Water Supply in Comparison with Monthly Demand of Khlong
Rattaphum Sub Basin in 2014
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Figure 4-55: Water Supply in Comparison with Monthly Demand of Khlong
U-Taphao Sub Basin in 2014
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Figure 4-56: Water Supply in Comparison with Monthly Demand of Peninsular
Sathing Phra in 2014
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 SWAT Model Surface Runoff Assessment

The results indicated that SWAT model was able to simulate surface runoff quite
well due to sufficient and qualified data from rainfall monitoring stations, which were
widely scattered over the basin to represent basin data for model calibration of U-
Taphao Sub Basin, following by Na Thom Sub Basin and Khlong Tha Chiad Sub
Basin. Even without rainfall monitoring station at water source of Khlong Tha Chiad,
the data of rainfall supply in each area could be huge different when rainfall in the area
of rainfall monitoring station might not fall further than that area. In this case, the
result would be miscalculated while the gigantic magnitude of U-Taphao Basin had
not affected much from all around factors.

Therefore, model calibration of surface runoff from the application of SWAT and
data of surface runoff monitoring station suggested the surface runoff from the model
were heading in the same direction with the monitoring data. From the reason
mentioned earlier, when the runoff data from the runoff monitoring station increased,
the surface runoff would increase as well with quantity differences in certain periods.

As for the Basin without data, model calibration should be done through
estimation by using parameter of model that had similar physical characteristics.
Although, there was no other way to verify accuracy, the Surface runoff could derive
from the estimation in the Basin without Surface runoff data.

By all, SWAT model should give fair accuracy of surface runoff in Songkla lake

Basin.

Model Limitations

SWAT model was physical based model which needed implication of many parts
of data by taking data rainfall supply previously collected to find the association with
water supply based on physical data and hydrology conditions, for instances, soils

type, land use, soil moisture and evaporation. This type of model required parameter
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that revealed many characteristics of the basin to find the best parameter that could
represent that basin. Therefore, data used in the model was crucial to derive at model
with precision and accuracy. Findings from the study that crucial data could
miscalculate model in 2 areas.

1. Watershed characteristics, such as, soil, area condition or land use. Findings
from the study that results from surface runoff model in the beginning and middle
phases were not that good. Afterwards, results from the model would match value with
the one at runoff monitoring station, assuming that soil data and land use in model
calculation would not change during simulation. In another words, soil data and land
use data of 2003 from the Land Development Department would be applied with the
model constructed during 1975-2004 without any changes despite the fact that
variation still changing.

2. Hydrological characteristics, such as, surface runoff data, rainfall supply data
from SWAT model calibration together with data from surface runoff monitoring
station yielded the differences in water supply as shown in the model at certain phase.
Perhaps, the rainfall monitoring station failed to cover major area of sub basin which
could influence simulation. Rainfall data in one area could be different from another
since rainfall might be heavy during the middle to the end of the basin. However, there
had been no rainfall at the origin of water source. Then, in the calculation of the model
estimation of the rainfall in the water source area would yield higher value of surface
runoff than the value from the surface runoff monitoring station. Furthermore, daily
rainfall data was missing and monthly surface runoff from monitoring only certain
phase required data synthesis which might result in the miscalculation of value when

conducting model calibration that caused inferior result.

5.2 Study Results of Songkhla Lake Basin Water Balance

Findings from the study of water balance at Songkhla Lake Basin that water
supply from surface runoff during the experimented period from 1975 to 2004 with
total yearly average surface runoff at 6,051.16 million cubic meters and yearly average
Surface runoff from 3,104.88 to 10,524.93 million cubic meters. Currently, the

irrigation projects short of irrigation water have demanded water at least 1,005.74
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million cubic meters per year. Total water shortages 281.64 million cubic meters or
28 percents of total water demand for irrigation. The rest would be the surface runoff
that drained into Songkhla Lake yearly average of 5,345.34 million cubic meters.
Future water shortages for irrigation still remained in most project with water demand
total 1,225.86 million cubic meters yearly, water shortages approximately 326.02
million cubic meters per year or 26.59 percents of total water demand for irrigation.
The remaining water supply contained surface runoff water that drained into Songkhla

Lake at yearly average of 5,198.01 million cubic meters.

5.3 Recommendation for further researches

1. In conducting parameter of the model, more field data survey should be done
further to ensure the accuracy of the value for the study of soil characteristics, such as,
soil layers, soil depth and soil type (% sand, % silt and % clay) derived from averaging
data of previous study.

2. In this study, water demand came from the change in key factors derived from
estimation only. Therefore, more study on effecting data should be done in certain
areas, such as, modifying land utilization, factor influencing selection of cultivating
plants or altering areas or numbers of aquaculture, livestock and increasing rate or
expansion of usage in industrial sector.

3. In this study, water demand for environmental flow derived form estimation of
the lowest surface runoff at 90 percents of the total. In reality, it might not be enough
to maintain nature balance. Therefore, it should be more study of water demand to
preserve natural conditions.

4. In the study of water balance, water demand for agriculture should be
considered only for large and medium projects, excluded small and outside irrigation
zone projects. Since most water utilized in the area consisted of building small dams to
draw water which could effect water utilization in different areas without proper
management and supporting system. Then, there should be more study of the effect
form water utilization in this area.

5. The model for this study based on simulation to study water balance from

criterions designated current and future situations prepared only for the study of basin.
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The proper alternatives for managing in line with objectives and limitations had not
been identified. Therefore, there should be the study by using model to select answer
with the best optimization in order to study and compare alternatives of joint-
managing of surface runoff and water demand of surface water and groundwater in
various activities.

6. Further study should consider the approach of demand management to an
improvement in efficiency of use, reduce loss, reuse, and recycle of water. It may help

to reduce water scarcity in the basin.
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Table A-2: Monthly Runoff of Khlong Pa Phayom Sub Basin from 1975-2004 (Unit: mcm)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Annual
1975 351 1.38 2.80 2.09 1.11 44.05 50.30 33855 14472 43.84 1373 3.80 649.90
1976  5.05 0.61 9.36 6.49 11.02  20.16 8225 52487 11539 57.10 17.61 596  855.88
1977 1.51 1.05 7.94 5.13 4.67 5.49 66.06 20482 14772 5223  24.08 10.15 530.86
1978  6.62 15.07  15.67 5.94 1.65 3.65 28.12  83.21 78.66  21.29 5.68 1.92 26747
1979  3.06 8.23 9.91 13.10 5.96 6.18 6820 16896 7244 3397 9.54 2,67 40223
1980 1.31 0.62 0.14 1.07 0.29 4.70 53.94 14870 97.64 3847 12.44 340 36272
1981 592 2096 19.34 8.75 3.33 1386  50.63 11041 35265 36.89 1092  3.88  637.56
1982 2439 1560  9.20 17.54 11.28 4.69 78.66 138.08 141.13  41.75 1289 836  503.57
1983 229 13.55  19.48 1594  21.88 1720 2527  92.07 11979 8542 3423 16.69 463.80
1984 1570 18.10  9.66 18.25 7.16 935 35.64 106.84 33496  46.39 1446  5.65 622.17
1985  9.34 9.32 5§ 1.63 0.78 1286  28.89 14658 12343  40.03 L1851 4.18 39427
1986 1.31 2217 1698 6.44 2.05 17.84  47.89 14694 9920  42.87 17.58  6.10 42736
1987 1.56 1.21 0.70 0.00 4.55 6.53 66.54 6290 23491 37.50 1452 4.09 43501
1988 1.80 1.72 0.82 5.98 .02 2135 1873  368.70 92.92  39.86 12.62 438 59590
19894 | 3.73 0.94 2.24 27.64  23.33 1334 3645 11948 4038 17.50 4.28 1.54  290.84
1990  2.18 1.07 0.06 0.00 0.21 3.20 87.56  97.15 93.83 3831 1375 4.67 34199
1991 1.59 1.37 2030 31.44 18.13 10.51 2773 11135 196.09 7421 2243 9.13 52427
1992 448 1.46 0.65 6.27 3.80 293 31.52 4424 9887  68.04  38.07 42.53 342.87
1993 73.11 1621 11.09 4.62 4.28 4.51 58.87 277.82 36552  66.81 21.74 5047 955.06
1994 2988 1533 12.02  26.61 29.74 1494 10257 41565 9587  48.89 16.40  6.73  814.62
1995 1.77 4.21 1.71 12.32 “82x04 16.08  20.78 368.08 9340 5340 4233 1371 66125
1995  6.79 9.80 11.90 4.49 16.81 3419 4534 16990 485.15 61.45 5191 2255 92027
1997 1140  4.11 7.40 2024 69.06  64.51 90.67 152.64 24590 49.81 1548 558  736.80
1998 1.57 3.43 0.98 1.18 2434 5128  90.83 11933 11796 11791 14877 40.62 718.19
1999 1624 943 11.91 5.53 5.40 10.43 5199 7725 77.00 5297 3991 86.01 444.06
2000 114.15 27.56 51.19  27.52 2058  21.79  29.00 204.15 86.43 12542 40.72 86.86 83535
2001  34.60 837 4.89 1.72 0.98 4.37 13.80  55.70 8429  40.26 12.51 430  265.80
2002 1.08 2.04 4.93 3.55 3.83 6.54 14.68 10896 106.81  47.87 1429  5.03 319.61
2003 2.12 1.13 56.89 16424 336.89 8891 9239 4518 2693 2528 10.62 297 85355
2004 2.71 1544  204.66 22794 14767 107.67 10054 9420  21.36 6.02 3.02 11.34 94257
Max 114.15 27.56 204.66 22794 336.89 107.67 102.57 52487 48515 12542 148.77 86.86 955.06
Aver 13.03 838 17.68 2247  28.03 2144 5319 17009 14638 50.39  23.60 15.84 57053
Min 1.08 0.61 0.06 0.00 0.21 293 13.80 4424 2136 6.02 3.02 1.54 94.88
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Table A-3: Monthly Runoff of Khlong Tha Nae Sub Basin from 1975-2004 (Unit: mcm)
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Year  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Annual
1975 1.55 1.24 0.01 0.13 034  21.11 2075 16778 83.15 24.69 784 229  330.88
1976 299  0.55 0.17 2.33 4.02 7.75 4209 27228 6539 29.03 9.10  3.09 438.79
1977 077 095 1.54 0.96 1.00 039 2954 8431 6520 2729 1357 634 23185
1978 398 13.56 740 2.82 0.77 1.51 1474 3358 4046 952 242 1.00  131.75
1979 159 740 6.77 8.27 3.22 0.82 4152 788l 2634 1656 4.59 1.20  197.09
1980  0.65  0.56 0.00 0.60 0.29 1.85 3038 6291 4533 1952 6.10 1.62  169.81
1981 216 18.86 10.43 4.01 0.86 405 2276 4475 18285 18.50  5.48 1.89  316.59
1982 15.66 14.04 477 8.64 5:92 1.62 39.55 53.81 7890 2241 692 514 25737
1983 132 1220 12.72 9.68 14.21 9.13 1391 54.05 7137  52.84 2123 10.78 28344
1984 10.62 1629  5.67 10.95 4.20 6.16 2386 51.53 17812 26.19 8.14  3.15 34488
1985 596  8.39 3.23 0.79 0.43 842 1737 69.16 60.13 2254 657 258 20557
1986 0.89 19.95 10.95 3.82 1.10 8.85 19.62 7023 4779 24.17 1088 390 22215
1987  0.78 1.09 0.52 0.00 2.87 482 4273 3232 8744 19.81 817 235 20291
1988  0.99 1.54 0.57 0.52 16.40 13.34 12.57 14055 54.05 2440 793 276 275.64
1989 286  0.85 1.31 19.27 1649 942 2433 63.00 2524 985 249 093 176.06
1990 137 0.96 0.00 0.00 0.14 211  50.67 5022 4898 2044 7.71 2,62 18523
1991 0.71 1.23 10.95 18.95 10.31 6.63 13.84 67.10 10950 3932 13.67 596 298.17
1992 2.65 1.31 0.45 2.78 0.54 1.15 1949 17.16  48.74 3993 2487 27.09 186.17
1993 3898 14.59 589 2.72 1.46 228 36.05 14493 18444 3729 1225 2788 508.76
1994 1793 13.80 7.92 18.18 1997 1029 61.38 193.52 5554 29.11 1015 435 44215
1995 099  3.79 1.35 8.82 22.18 1099 9.60 17739 5221 3171 2758 9.10 355.71
1995  4.65 8.82 8.36 3.25 11.00 23.82 30.99 10427 267.73 38.16 3047 13.67 545.17
1997 722 3.0 1.30 10.63  37.10 3022 43.71 7275 12610 27.46 8.61 330 37208
1998  0.84  3.09 0.52 0.64 1090 26.71 4147 5838 6095 5897 7087 2042 353.77
1999  7.81 8.48 5.46 2.62 1.36 4.04 2821 40.75 3575  26.60 20.19 3120 21247
2000 67.99 24.80 24.02 13.42 11.00 1090 9.95 88.97 4026  60.90 21.52 51.83 42555
2001 2139 7.3 2.17 0.95 0.10 0.04 549 3509 4942 2521 797 2.68 158.04
2002 0.82 1.83 3.64 2.68 2.62 483 1016 6687 6491 29.10 885 3.17 19949
2003 1.35 1.02  28.03 80.88  163.69 4539 4675  23.08 1353  13.04 557 1.52 42385
2004 148 1390 100.68 11056  72.00 53.77 50.72  46.63 11.35 3.25 1.47 570 47150
Max  67.99 2480 100.68 110.56 163.69 53.77 61.38 27228 267.73 60.90 70.87 51.83 545.17
Aver  7.63 7.54 8.89 11.66 1455  11.08 2847 8221 76.04 2759 13.11  8.65 29743
Min  0.65  0.55 0.00 0.00 0.10 0.04 549 17.16 11.35 3.25 147 093 13175
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Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
1975 637 2.74 3.93 3.17 4.30 14.64 1313 122.11 8796  28.88 8.25 1.98 29744
1976  2.74 5.16 5.46 6.57 11.37 9.87 2745  287.60 143.07 61.39 1832 6.15 585.15
1977 1.05 2.60 1.92 227 5.66 1.98 26.61  366.02 11038  69.05 16.86  5.89 610.30
1978  8.85 35.26 18.46 5.49 1.29 1.23 9.05 6232 11955 27.29 7.47 1.95 298.21
1979 278 5.88 7.00 LS#12 11.89  27.01 14554 68528 98.78  34.60 1045  2.73  1,047.06
1980  0.59 1.02 0.49 0.43 5.25 10.41 5484 71547 57030 10920 3501 1328 1,516.30
1981 9.17 38.41 12.85 6.56 9.14 22597 109.17 41423 99192 7998 2567 16.78 1,939.85
1982 219.17 12343  39.13 9349 3345  66.06 42035 50628 49243 8475 2692 1332 2,118.79
1983 395 17.16 36187 247.05 15325 51.70  35.31 86.89  86.54  56.55 17.40 595 1,123.61
1984  3.81 3.86 1.50 4.86 1.20 3.06 1449  61.73 27217 62.28 18.69  8.54 456.18
1985  3.39 5.45 4.83 2.46 1.89 7.58 3235 12128 131.55  46.52 13.75 441 37547
1986 1.18 14.53 11.63 427 2.05 5.44 1415 7094  69.94 2355 6.67 3.41 227.76
1987 034 1.39 3.97 1.87 6.21 5.39 15.64 1725 106.52  33.27 13.81 3.47 209.12
1988 1.22 10.26 5.72 5.09 24.05 3256 2345 212,67 131.17 4238 1273 4.07 505.36
1989 474 0.28 1.77 8.39 5.09 7.48 21.67  88.84  53.48 15.74 3.40 0.66 211.53
1990  2.30 1.32 0.47 0.00 0.85 0.70 3438 7834 7825  33.60 11.71 432 246.22
1991 0.89 2.86 2.79 11.26 14.00 12.57 9.23 80.61 14551  73.51 2240  7.26 382.88
1992 2.56 427 2.06 2.35 3.02 2.09 2830  80.80 131.17 49.92 2275 39.09 36837
1993  50.19 2297 18.81 5.60 2.49 13.16  37.02 181.79 364.66 83.09 27.61 4529  852.67
1994 3470 2697 17.89 15.65  31.10 16.58  39.72  225.09 10423  44.08 1488  7.86 578.74
1995 1.61 1.99 1.45 20.92" 5637~ /360 ~4B8I68" 233.67 11791 51.51 52.07 1636 62444
1995  7.86 7.10 6.47 7.51 13.08 3290 54.15 11041 50629 86.06 36.62 1942  887.88
1997  13.25 5.00 3.23 10.58  53.52  83.19 5943 81.17 14407 5237 15.65  5.14 526.61
1998 1.02 3.89 1.65 2.24 16.84  54.64 5234 9553 11394 14571 18251 52.09 72240
1999 2132 2283  21.02 10.59 9.56 1538 5834 10225 11409 6698  46.67 80.01  569.05
2000  74.81 59.32  48.99 19.40 16.11 25.79 1838 281.51 20431 14254 57.11  49.80  998.08
2001 19.97 7.68 4.81 3.38 8.95 15.02 2823 12283 16151 56.55 17.48  6.07 452.49
2002 3.50 10.64 3.13 1.07 5.27 7.20 2022 20285 182.63  64.66 19.06  7.28 527.52
2003 347 2.30 55.07 15944 29384 10238 95.18  46.85  25.71 28.63 10.70  2.59 826.17
2004 3.55 29.49 18578 19629 153.02 111.19 100.83  90.81 22.17 6.20 3.00 11.72 914.07
Max  219.17 12343 36187 247.05 293.84 22597 42035 71547 99192 14571 18251 80.01 2,118.79
Aver  17.01 1587 2847  29.11 31.80 33.17 5459 19445 196.07 58.69 2585 1490  699.99
Min 0.34 0.28 0.47 0.00 0.85 0.70 9.05 1725 2217 6.20 3.00 0.66 209.12
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Table A-5: Monthly Runoff of Khlong Tha Chiad Sub Basin from 1975-2004 (Unit: mcm)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1975 21.67 17.24 5591 42.32 86.08  41.22 68.02 50592 21251 240.82 2.42 10.66  1,304.80
1976 53.25 77.55 65.64 85.19 13548  37.08 22506 62434 108.84 17.32 3.62 5.80 1,439.19
1977 0.33 67.35 22.22 18.93 50.83 24.41 15330 477.09 27570  51.19 5.71 2.50 1,149.56
1978 1648  162.79  24.69 20.82 5%/ 1523 10791 110.00 197.52  43.73 5.62 5.17 725.66
1979 73.43 69.61 71.56 98.18 49.48 12128 116.83 45151 23577  34.62 6.16 1.74 1,330.17
1980 7.49 40.77 26.12 17.69 69.12 81.91 12439 293.03 13297 39.82 6.00 14.74 854.06
1981  64.31 119.03  57.78 41.91 29.28 99.99 10846 254.00 130.55 14.76 3.88 0.70 924.63
1982 120.02  91.64 41.44 66.78 37.68  45.03 181.15 9.07 3.26 11.66 3.81 15.07 626.63
1983 9.09 40.54 27.51 19.02 69.52 8239  125.01 29450 13401 1558 0.20 93.73 911.11
1984 0.34 13.73 27.04 14.09 18.31 86.44 65.57 23241 416.00 31.43 4.44 6.42 916.22
1985  35.90 42.15 41.66 37.99 20.46 66.54  126.83 30840 302.01 67.46 24.44 3745 1,111.30
1986 2193 12030  73.80 20.64 17.23 71.82 18191 288.15 210.68  33.08 6.37 12.05  1,057.95
1987  14.27 33.58 65.83 23.45 78.96  44.46 62.94 80.18 30691  52.69 9.46 10.81 783.55
1988  28.89 Sl 15.05 63.13 115.02  71.73 10.82 39888 161.87 36.11 27.56 18.22  1,004.79
1989 9.01 0.11 37.05 85.57 1.66 11928 23745 34034  45.98 14.18 4.25 1.00 895.87
1990 3.45 5.44 11.04 0.29 %38 19.23 28886 23507 17029 10.79 223 0.35 754.46
1991 0.21 10.45 14.47 50.29 19.74  70.52 2338 205.06 19247 24.19 4.35 13.65 628.76
1992 7.31 38.34 1.95 18.70 62.68 2590 23546 19944 16937  78.98 22.54 1.75 862.43
1993 56.14 49.20 50.47 7.41 2345 1148 19507 625.67 66049  36.77 8.02 40.13  1,764.30
1994 86.07 70.18 84.61 31.79 46.83 75.12 19645 68141 150.66  55.22 36.34  241.73  1,756.42
1995 5.85 30.25 0.68 118.13 21940 57.16 10056 604.24 23730 81.81 14.55 39.17  1,509.09
1995 22.81 52.63 19.54 50.44 13881 84.71 10428 388.53 664.62 5223  119.71 7.18 1,705.52
1997 97.09 10.74 42.06 62.62  300.64 302.78 16233 31742 437.88 43.41 39.41 26.09  1,842.46
1998 0.60 64.99 FL ! 23.10 92.90 57.90 96.68 17786 231.18  48.03 15.71 11.58 828.23
1999 4385 17044  69.04 12.68 10.15 45.23 92.15 23892 21496 27646 39560 6790 1,637.38
2000 21245 15376  48.26 6.74 53.64 32.79 2098  598.03 21236 120.01 86.56 17472 1,720.30
2001 17.62 8.69 2.01 23.67 15.17 4348 118.11 28637 30569 21588 30.57 4720 1,114.45
2002 0.31 33.40 1.18 1.17 4.24 5.44 97.83 22457 1230 2431 6.59 2.79 414.13
2003 17.89 18.90  153.17 23286 49326 71.69 119.06 66.47 61.34 50.01 2.19 0.48 1,287.31
2004 44.00 92.53  338.12 331.08 168.14 14932 11873 148.88 7.20 2.01 21.75 33.78  1,455.55

Max 21245 17044 338.12 331.08 49326 302.78 28886 68141 664.62 27646 39560 24173 1,842.46
Aver  36.40 58.80 49.92 5422 81.71 68.72 12885 32219 220.09  60.82 30.67 3149  1,143.88
Min 0.21 0.11 0.68 0.29 1.66 5.44 10.82 9.07 3.26 2.01 0.20 0.35 414.13
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Table A-6: Monthly Runoff of Khlong Pa Bon Sub Basin from 1975-2004 (Unit: mcm)

Year  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Annual
1975 023 010 350 052 275 0.82 1148 21484 104.18 25.44 12.10  0.03 37598
1976 052 085 209 445 2145 5.95 80.31 267.65 7577  26.55 9.97 0.03  495.60
1977 000 078 029 020 098 0.26 5.13  230.14 12567 26.85 10.76 ~ 0.03  401.10
1978  0.09 1455 062 036  0.13 0.16 1723 2345 81.78  20.11 2.29 0.03  160.81
1979 075 203 981 1341 1.80 8.70 22,14 17321 12648 2423 1089  0.13 39358
1980 0.03 036 023 0.16 092 9.16 1131 9339  66.87 21.84 3.66 0.00  207.94
1981 1.13 317 324 131 1.64 6.57 11.02  77.01 70.11 18.97 5.79 0.10  200.04
1982 241 340 _ 2109 © 7.55° 1093 239  26.16  25.80 12.00 1.90 0.43 6.97 92.04
1983 023 046 043 062 271 11.31  13.08 91.85 79.98  24.26 12.03 0.07  237.04
1984 0.00 010 036  0.13 020 2.03 592 5013 22252 37.90 1628  13.08  348.65
1985 037 056 065 069 043 2.03 17.33 10523 126.03 3391 10.43 0.10  297.74
1986 0.20 1.67 268 039 0.16 1.21 2744 11510 116.84 2430 1272 0.10  302.80
1987 0.07 033 1.64 039 1.93 0.75 1.67 7.55 12282  24.92 1730 023 179.59
1988 022 059 020 078 11.67 945 10.17 14153 9195 22.73 6.93 0.00  296.22
1989 0.05 000 036 219 0.16 6.74 4382 14535 4535 14.62 0.62 0.00  259.26
1990  0.01 0.03 007 000 0.03 0.16  60.85 85.22 82.31 22.53 11.02  0.16 26239
1991  0.00 007 013 049 026 291 046 3254 8244  50.16 14.45 026  184.17
1992 0.04 039 007 039 0.65 0.56 5794 71.16 7475 2345 13.18 232 24490
1993 213 327 487 016 033 049 2423 28227 35480 57.94 18.12 7492 82352
1994 2649 1831 18.05 16.74 1.31 1.67  42.08 32664 86.56 31.75 1586  3.14  588.61
1995 0.14 075 007 759 43.69 19.65 1897 27834 96.04 3584 4146 1220 55473
1995 020 062 026 075 2047 2027 20.67 16599 34724 4503 18.08 422  643.80
1997 377 026 1.77 441 80.31 108.14 6991 13139 19228 46.83 16.48 134 656.89
1998  0.01 062 016 020 997 1.08 474 44.01 7544 10245 20506 31.82 47556
1999 15.00 3859 16.74 1030 0.07 0.62 376  56.11 9545 4424 2894 5438 36420
2000 65.75 49.61 1625 723  2.06 0.52 036 23449 91.04 9924 2443 1723 60821
2001 152 033 000 013 0.20 0.49 494  84.04 12812 27.76 10.73 0.03 25828
2002 0.00 036 0.03 000 0.03 0.00 268 9038  21.88 6.47 0.98 0.10 12292
2003 0.07 023 029 039 049 6.47 4212 67045 17687  33.55 1128  0.07 94229
2004  0.09 075 0.52 134 2789 723 15.60  95.12  118.05 19.26 9.78 029 29593
Max 6575 49.61 18.05 16.74 8031 108.14 8031 67045 35480 10245 20506 7492 94229
Aver 4.05 477 292 278 785 7.93 2245 14701 11639 33.17 19.07 745 37583
Min  0.00 0.00 0.00 0.00 0.03 0.00 0.36 7.55 12.00 1.90 0.43 0.00 92.04
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Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Annual
1975 0.73 042 39.19 1499 398 7.08 5.09 84.65 59.28 2831 8.3 1.73  254.18
1976  0.23 0.01 0.31 0.09 0.27 6.86 21.82 12436  70.01 20.80 598 094  251.69
1977  0.14 0.14 0.13 0.55 0.55 0.04 9.16 12738 6197 2156 638 1.07  229.08
1978 021 2500 22.09 8.20 1.40 1.03 2.29 70.19 70.16  17.07 492 0.61 22318
1979  0.07 0.58 0.38 0.14 0.28 0.37 7.88 90.58 63.59 2244  6.68 1.29 19427
1980  0.50 0.30 0.09 0.00 0.96 0.40 12.57 8147 66.59  23.19 6.86 1.24  194.15
1981 043 0.63 0.15 0.73 0.77 286 1328  67.04 16229 31.01 9.49 241 291.07
1982 1.07 0.00 0.42 0.74 915 439 1322 10412 86.84 39.54 1237 420 276.05
1983 0.50 0.44 8.76  10.81 21.58 13.87 20.51 4497 16932 5292 1776 5.86 36729
1984  1.09 1.07 0.00 0.24 0.02 1.99 1751 4858 26739 57.64 17.16 6.08 418.77
1985  1.22 0.37 0.02 0.61 0.13 638 2720  59.79 85.54 3581 1125 320 231.52
1986 033 2.34 8.31 8.97 2.30 0.64  32.18 14723 90.73 2895 8.72 237 333.05
1987  0.41 0.28 0.53 0.06 0.99 217  10.66 3283 20461 5337 17.53 559  329.04
1988 097 1.07 0.05 139 1946 32.00 2297 250.68 9246 49.06 1607 546  491.66
1989 147 0.61 0.01 1.39 0.64 0.38 2.30 42.49 3474 1191 2.84 0.66 99.45
1990  0.17 0.46 0.00 0.00 0.00 0.41 2335 119.62 6890 24.63 728 211 24693
1991  0.36 0.59 0.15 1.12 0.15 0.02 0.32 47.24 9544 5384 1585 478  219.87
1992 0.60 0.54 0.07 464 11.09 579 2498 7841 97.00  63.68 30.05 19.16 336.02
1993 2070 932 4.87 0.67 0.09 11.84 5627 308.76 17156 6030 30.63 36.57 711.59
1994 2397 2082 1741  8.07 5.46 841  57.57 24349 7314 2731 834 2.54 49652
1995  0.26 7.59 1030 1430 11.09 11.49 1231 217.05 113.16 4394 1548 470 461.67
1995 0.80 1.96 1043 1042 937 2504 17.02 6517 21009 5524 1821 645 430.19
1997  1.73 0.26 0.51 0.76 1.75 3.88 3822 96.21 16049  46.56  14.83 492  370.12
1998  0.71 0.00 0.01 0.15 0.02 0.25 0.18 16.90 79.18 7127 5126 2131 24124
1999  7.40 5.44 4.66 0.47 0.00 0.84 1044 6377 15479 5347 17.58 643 32529
2000 1025 1296 1280 7.55 1253 8.3 229 13435 10234  96.81 4191 39.01 481.55
2001 2229 752 1.19 0.53 0.31 0.31 1484 5564 11044 41.12 13.10 4.12 27140
2002 0.49 0.55 0.30 0.53 0.34 0.19 6.49 29971 120.18 50.59 1554 573  500.65
2003 1.28 0.51 0.39 0.70 312 16.01 3992 49493 15131 5093 1595 545 78049
2004 1.23 1.23 235 1259 3555 29.18 22.08  54.02 85.80  30.05 10.28 343  287.79
Max 2397 2500 39.19 1499 3555 32.00 57.57 49493 26739 96.81 5126 39.01 78049
Aver 339 3.43 4.86 3.71 5.11 6.76  18.16 12239 112.64 42.11 1530 698  344.86
Min 0.07 0.00 0.00 0.00 0.00 0.02 0.18 16.90 3474 1191 2.84 0.61 99.45
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Table A-8: Monthly Runoff of Khlong Rattaphum Sub Basin from 1975-2004 (Unit: mcm)

Year  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Annual

1975 1040 24.85 4370 29.47 1933 2850 3449 14761 11500 24.96 7.68 235 48833
1976 15.61 19.77 1098 1023 17.32 2325 6394 25520  58.59 21.68 5.56 235 50449
1977 039 11.63 1476 23.03 1627 8.73 57.84 13653  59.77 15.20 4.15 1.57  349.88
1978  5.65 4295 1482  6.52 233 1625 2245 11390  95.85 15.66 4.71 1.58  342.67
1979 1594 16.18 1470 1276  12.67 25.08 36.85 13169 54.64 13.58 3.87 7.43 34538
1980 537 1876 6.4l 1329 31.60 16.64 76.13 10323  92.99 20.37 7.34 1.59  393.70
1981 1491 28.12 878 1194 9.73 21.13  33.62 12141 185.04 21.54 8.86 8.44 47352
1982 10.81 21.03 11.10 21.24 2342 1642 3853 11603  88.97 26.55 7.08 3.78 38496
1983  1.19 1673 2383 14.06 32.81 3146 35.83 88.35 23483  50.01 18.18 1040  557.68
1984 1498 4733 1644 2638 648 1943 3225 5226 27995 35.02 11.16 8.04  549.72
1985 1533 1835  7.30 7.92 9.05 2332 3057 9127 10502 41.83 8.19 345  361.60
1986 197 2531 2040 9.62 3.87 1555 8851 20546  89.35 21.96 5.94 536 49329
1987 953 1446 1231 3.72 3794 2492  38.53 4342 25035 3517 1258 342 486.37
1988  7.18  21.02 742 3794 35.61 5346 27.52 307.13  80.86 36.26 9.32 3.83 62755
1989 17.08 19.09 1228 17.05 3.90 2545 2443 66.26 22.16 15.49 2.32 0.67  226.19
1990  8.81 8.87 1.76  16.86 439 15.16  61.51 136.53  60.27 17.28 4.40 4.80  340.64
1991 288 18.04 6.73 2259 1020 11.69  21.14 95.59 10863 31.03 10.03 242 34097
1992 551 12.19 322 1856 22.84 1575 2939 103.14 11245 47.68 1420 3259 417.53
1993  30.50 21.57 1844 6.10 20.14 30.59 106.17 248.05 21822 42.67 2820 43.04 813.69
1994 31.01 26.11 26.19 10.69 14.73 26.28  97.03 25839  56.20 22.63 7.22 4.18  580.64
1995 220 2373 1559 39.15 2040 34.11 44.81 24432 14020 3999 1636 4.01 624.88
1995 1021 30.86 20.84 17.76 3934 2231 3937 10380 21496 36.11 1992 632  561.79
1997  8.29 420 1128 17.25 36.45 2470 5293 101.70 21337  36.39 9.57 395 52007
1998  1.59 7.65 248 1691 17.09 29.03 55.20 90.31 12841 10524 5587 3530 545.07
1999 22.07 2632 2429 1333 2446 20.78 3256 13052 204.14  48.11 16.08 2298  585.64
2000 42.88 3031 2050 648 19.85 2349 3039 31825 12542 12564 30.78 5047 82448
2001  17.90  7.83 8.27 9.84 8.16 1148  63.78 8339 14374  26.56 8.09 344 39249
2002 6.19 23,60 6.43 7.00 5.68 7.48 23.04 26665 121.85  30.39 9.28 823 51581
2003  6.88 10.00  8.01 12.74 830 3844 39.71 55085 179.13 3536 1034 593  905.70
2004  7.04 1735 1346 2757 6472 21.88 41.11 26.86 10452  20.01 569 10.62  360.83

Max 42.88 4733 4370 39.15 64.72 5346 106.17 55085 27995 12564 55.87 5047 905.70
Aver 11.68 2047 1376 1627 1930 22.76 4599 15794 13150 3535 12.10 10.08 497.19
Min 0.39 4.20 1.76 3.72 233 7.48 21.14 26.86 22.16 13.58 2.32 0.67  226.19
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Table A-9: Monthly Runoff of Khlong U-Taphao Sub Basin from 1975-2004 (Unit: mcm)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1975 3235 96.31 24.19  141.69 7413 13483 130.14  505.15  581.69 9545 27.19 0.49 1,843.60
1976 62.00 81.26 3143 39.40 61.24 60.84 27940 1,03531 27930  81.26 16.26 2.76 2,030.46
1977 0.00 39.31 61.03 89.27 51.56 25.89 19727 23558 189.17  35.08 0.10 0.43 924.70

1978  17.95 46.17 16.71 11.40 4.81 62.41 81.74 32999 35405 4048 2.13 1.90 969.75

1979 66.58 48.87 58.90 41.95 52.18 107.74 11754 32754 14030  23.06 0.00 18.92  1,003.58
1980  21.48 74.41 18.65 5793 12127 46.67 32353 27545 38697  70.87 19.03 0.11 1,416.37
1981 5329 11035 2540 34.82 36.58 79.08 81.46 407.59  608.05 50.46 19.44 29.23  1,535.75
1982 21.65 10671  29.72 85.48 56.06 59.59 86.01 14539 237.09 43.20 4.57 0.75 876.20

1983 1.40 56.54 40.52 13.96 95.06 10946 51.84 296.19  839.00 18146  62.17 23.17  1,770.78
1984 5436 21447 7029 14183 35.82 63.29 90.94 68.11 669.86 6291 21.58 16.09  1,509.55
1985  54.64 71.87 23.80 11.01 3344 4499 37.21 239.61 24753 16095  15.60 2.57 943.22

1986 3.97 65.12 57.14 14.06 6.79 6042 28951 63295 33292 5395 5.79 8.89 1,531.50
1987  43.35 54.77 36.98 7.43 173.55 8297 13052  102.84 76425  74.99 18.36 0.08 1,490.09
1988  16.80 74.99 24.16 17408 97.56  157.70  60.13 848.71 26493  46.27 0.66 1.89 1,767.87
1989 5547 69.00 51.67 51.41 S 15335  79.40 134.32 15.04 39.80 1.12 0.00 660.29

1990  24.10 32.46 5.95 87.93 16.44 55.84 12472 26554 15137 37.57 0.00 3.90 805.82

1991 5.02 59.85 28.05 83.33 35.06 43.76 95.26 226.79 23287 61.00 3.80 0.00 874.78

1992 17.49 35.24 12.35 33.03 71.20 40.05 67.37 189.28 183.04 4721 4.25 72.54 773.05

1993 53.15 73.02 75.66 1595 115.62 9131 24188 24021 789.17 11040  49.38 25.86  1,881.61
1994 56.86 49.98 67.46 24.84  28.79 9446 20527  556.55 17528  56.64 9.00 2.55 1,327.66
1995 1.21 31.92 53.66 16641 5141 11455 178.01 503.76 54720 11821  63.34 4.10 1,833.77
1995 23.18 103.83  55.33 4422 15505 21.10 12257 22461 51222  71.68 50.93 3.17 1,387.90
1997 12.33 15.20 8,193 5726 19449  88.20 89.89 137.89  731.19 101.10  19.33 0.00 1,478.61
1998 233 33.94 7 68.28 8232 13576 26497 42524 48491 47647 15194 147777 2,281.10
1999 8557 7825 136.82 8424 12995 7746 13234 44209 804.02 177.05 58.10 82.80  2,288.68
2000 120.62 123.77  61.91 9.53 3248 107.84 13896 1,560.83 481.07 45127  57.38 87.69  3,233.33
2001 21.60 13.66 30.48 39.20 24.54 4243 24892 17998 44729  56.54 12.55 3.65 1,120.83
2002 19.38 10398  14.79 10.28 11.93 28.87 62.63 27128 25333  58.46 8.56 12.95 856.44

2003 24.05 46.59 61.03 69.57 10632 159.09 11131 1,668.72 54528  87.49 17.33 5.32 2,902.11
2004 4527 61.57 8427 12698 203.16 10094 138.04 22.41 291.61 1146 1.29 30.62  1,117.62

Max  120.62 21447 136.82 174.08 203.16 159.09 32353 1,668.72 839.00 47647 15194 147.77 3,233.33
Aver 3391 69.11 43.24 61.22 72.28 81.70 14196 41666  418.00 99.42 24.04 19.67  1,481.23
Min 0.00 13.66 5.95 7.43 4.81 21.10 37.21 22.41 15.04 11.46 0.00 0.00 660.29
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Table A-10: Monthly Runoff of Peninsular Sathing Phra Sub Basin from 1975-2004 (Unit: mcm)

Year  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
1975 1398 41.63 1046 61.24 32.04 5828 56.25 21834 25142 4126 11.75 0.21 796.86
1976  26.80 35.12 13.59 17.03 2647 2630 12076 44749 12072 3512  7.03 1.19 877.62
1977  0.00 1699 26.38 38.58 2228 11.19 8526 10183  81.76 1516  0.04  0.19 399.68
1978 7.76 1995 722 493 2.08 2698 3533 14263 153.03 17.50 092  0.82 419.15
1979 28.78 21.12 2546 18.13 22.55 46.57 50.80 14157  60.64 9.97 0.00  8.18 433.77
1980 9.28 32.16 8.06 25.04 5242 20.17 13984 119.06 16726 30.63 823  0.05 612.19
1981 23.03 47.70 1098 15.05 15.81 34.18 3521 176.17 26282 21.81 840 12.64  663.80
1982 936 46.12 12.84 3695 2423 2576 37.18 62.84 10248  18.67 1.97 032 378.72
1983  0.60 2444 1752 6.03 41.09 4731 2241 12802 362.64 7843 26.87 10.02 76538
1984 2350 92.70 30.38 61.30 1548 2736  39.31 2944  289.53 27.19 933 695 65247
1985 23.62 31.07 1029 476 1445 1945 16.08 103.57 10699 69.57  6.74 1.11 407.69
1986 1.72  28.15 2470 6.08 294 26.12 12513 27358 14390 2332 250 3.84 661.96
1987 18.74 23.67 1598 321 7501 3586 5642 4445 33033 324] 7.94  0.03 644.06
1988  7.26 3241 1044 7524 42.17 68.16 2599 36684 11451 2000 029 0.82 764.12
1989 2398 29.82 2233 2222 420 6628 3432 58.06 6.50 1720 048  0.00 285.40
1990 1042 14.03 2.57 38.00 7.11 2414 5391 11477 6542 16.24  0.00 1.69 348.30
1991  2.17 2587 1213 36.02 15.16 18.92 41.17 98.02  100.65 26.36 1.64  0.00 378.11
1992 7.56 1523 534 1428 30.78 1731  29.12 81.81 79.11 20.40 1.84 3136 33413
1993 2297 31.56 32.70 6.89 49.97 3947 10455 10383 341.10 47.72 2134 11.18  813.28
1994 2458 21.60 29.16 10.74 1244 40.83 88.72 24056  75.76 2448  3.89 1.10 573.85
1995 0.52  13.80 2320 7193 2222 4951 7694 21774 23651 51.09 2738 1.77 792.61
1995 10.02 44.88 2392 19.11 67.02 9.12 5298 97.08 22139 3098 22.02 1.37 599.89
1997 533 657 13.71 2475 84.06 38.12 38.85 59.60 316.04 4370 836  0.00 639.10
1998  1.01 1467 3.10 29.51 3558 58.68 11453 18380 209.59 20594 65.67 63.87 98595
1999 3698 33.82 59.14 3641 56.17 3348 5720 191.08 34752 76.53 2511 3579 98923
2000 52.13 5350 26.76 412 14.04 46.61 60.06 674.64 20793 19505 24.80 37.90 1,397.54
2001 934 590 13.17 1694 10.61 1834 10759 77.79 19333 2444 542 1.58 484.46
2002 838 4494 639 444 516 1248 27.07 11726 10950 2527 370  5.60 370.18
2003  10.39 20.14 2638 30.07 4596 68.76 48.11 72127 23568 3782 749 230 1,25437
2004 19.57 26.61 3642 5488 87.81 43.63 59.67 9.69 126.04 495 0.56  13.23  483.07
Max 5213 92.70 59.14 7524 87.81 68.76 139.84 72127 362.64 20594 65.67 63.87 1397.54
Aver 14.66 29.87 18.69 2646 31.24 3531 6136 180.09 180.67 4297 10.39 8.50 640.23
Min  0.00 590 257 321 208  9.12 16.08 9.69 6.50 4.95 0.00  0.00 285.40
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Table A-11: Number of Industrial Establishments by Type of Industries in Songkhla

Number of Industrial Establishments

Type of Industries 5 5 5 ; 3
1999 2000 2001 2002 2003
Agriculture 532 530 530 318 307
Construction 192 193 194 145 199
Food and beverages 157 159 156 179 131
Wood and products of wood 193 178 169 282 184
Textile and wearing apparel 3 3 3 1 1
Chemical and Plastic 64 59 52 67 43+45
Metals and Non-metallic 86 90 94 185 138
Services 246 246 245 247 138
Others 129 130 168 83 25
Total 1,602 1,588 1,611 1,507 1,166

Source: ' Songkhla Provincial Statistical Office 2Departrnent of Industrial Works and 3Songkhla

Provincial Industrial Office

Table A-12: Number of Industrial Establishments by Type of Industries in Patthalung

Number of Industrial Establishments

Type of Industries : ; ; . ]
1999 2000 2001 2002 2003

Agriculture 518 520 911 412 108
Construction 64 63 52 138 123
Food and beverages 15 15 - 18 14
Wood and products of wood 60 60 8 76 52
Textile and wearing apparel 1 1 - 2 2
Chemical and Plastic 14 14 - 17 25
Metals and Non-metallic 81 80 2 71 39
Services 9 9 - 14 8
Total 762 762 973 748 371

Source: ]Patthalung Provincial Statistical Office 2Department of Industrial Works and

3Patthalung Provincial Industrial Office
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Table A-13: Number of Industrial Establishments by Size of Industries in Songkhla
Lake Basin: 2003

Provincial
Size of Industries
Songkhla Patthalung
Small 142 31
(10-100 m’/day)
Medium 16 4

(100-1,000 m’/day)
Large 66 -
(Exceed 1,000 m3/day)
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SCS Curve Number method

SCS Curve Number

SWAT uses a modification of the Soil Conservation Service (SCS) Curve
Number method to determine surface runoff in a watershed. The curve number method
was developed in 1972 by the USDA-SCS. The following theory was used to develop
the equations.

If looking at a single rain event and assuming that the rainfall and runoff were to

begin at the same time, the following equation could be seen.

F_d
3 - R )
where F = Actual retention
S® = Potential maximum retention (F < S’)
Q = Actual runoff
P = Potential maximum runoff (Q < P)

The equation can be rewritten knowing that the retention is the difference

between the potential maximum runoff and the actual runoff. Thus,

3 i @)

Using this and rearranging equation 2, the following relation between rainfall

and runoff can be determined.

However this equation does not take into account the initial abstractions in
runoff. The abstractions that are needed to be accounted for are interception,
infiltration, and surface storage. The following equation takes into consideration the

initial abstractions.
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¥y
5 P-1
e 4)
where S = Potential maximum retention

including initial abstractions (S =S’ + 1)

I, = 1nitial abstractions

Thus equation 2 becomes

T R 5)
and equation 3 becomes
S it 19
S S R S (6)

By analyzing the rainfall and runoff data from several experimental small
watersheds the following relation was developed between initial abstractions and

maximum potential retention.

I =028
Which than can be substituted into equation 6 giving,
0- (P—025°
PHO8Y (®)

This is the equation used in the SCS method for runoff determination. A solution
for the runoff equation can be seen in USDA-SCS (1972). The values seen on the
curves are arbitrary values called the curve number. The following equation relates the

curve number (CN) and S is in millimeters:
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N :ﬂor3225,4 w_lo ........................ %)
S+254 CN

The physical characteristics of the watershed must also be used in determining
the runoff. To do this the curve numbers were adjusted to take into consideration soil
characteristics and land management. To use these equations (8 and 9) the variable P

and the parameter CN must be inputted into SWAT.
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Figure A-1: Relationship of Runoff to Rainfall in SCS Curve Number Method

Soil Hydrologic Groups

The U.S. Natural Resource Conservation Service (NRCS) classifies soils into
four hydrologic groups based on infiltration characteristics of the soils. NRCS Soil
Survey Staff (1996) defines a hydrologic group as a group of soils having similar
runoff potential under similar storm and cover conditions. Soil properties that
influence runoff potential are those that impact the minimum rate of infiltration for a
bare soil after prolonged wetting and when not frozen. These properties are depth to
seasonally high water table, saturated hydraulic conductivity, and depth to a very
slowly permeable layer. Soil may be placed in one of four groups, A, B, C, and D, or

three dual classes, A/D, B/D, and C/D.
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Definitions of the classes are:

Group A Soils: High infiltration (Low runoff potential). The soils have a high
infiltration rate even when thoroughly wetted. They chiefly consist of deep, well
drained to excessively drained sands or gravels. They have a high rate of water
transmission. Sand, loamy sand, or sandy loam. Infiltration rate > 0.3 in/hr when wet.

Group B Soils: Moderate infiltration (Moderate runoff). The soils have a
moderate infiltration rate when thoroughly wetted. They chiefly are moderately deep
to deep, moderately well-drained to well-drained soils that have moderately fine to
moderately coarse textures. They have a moderate rate of water transmission. Silt loam
or loam. Infiltration rate 0.15 to 0.3 in/hr when wet.

Group C Soils: Low infiltration (moderate to high runoff). The soils have a slow
infiltration rate when thoroughly wetted. They chiefly have a layer that impedes
downward movement of water or have moderately fine to fine texture. They have a
slow rate of water transmission. Sandy clay loam. Infiltration rate 0.05 to 0.15 in/hr
when wet.

Group D Soils: Very low infiltration (High runoff potential). The soils have a
very slow infiltration rate when thoroughly wetted. They chiefly consist of clay soils
that have a high swelling potential, soils that have a permanent water table, soils that
have a clay pan or clay layer at or near the surface, and shallow soils over nearly
impervious material. They have a very slow rate of water transmission. Clay loam,
silty clay loam, sandy clay, silty clay, or clay. Infiltration rate 0 to 0.05 in/hr when

wet.
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Table A-14: Runoff curve numbers

Description of Land Use Hydrologic Soil Group
A B C D

Paved parking lots, roofs, driveways 98 98 98 98
Streets and Roads:

Paved with curbs and storm sewers 98 98 98 98

Gravel 76 85 89 91

Dirt 72 82 87 89
Cultivated (Agricultural Crop) Land*:

Without conservation treatment (no terraces) 72 81 88 91

With conservation treatment (terraces, contours) 62 71 78 81
Pasture or Range Land:

Poor (<50% ground cover or heavily grazed) 68 79 86 89

Good (50-75% ground cover; not heavily grazed) 39 61 74 80
Meadow (grass, no grazing, mowed for hay) 30 58 71 78
Brush (good, >75% ground cover) 30 48 65 73

Woods and Forests:
Poor (small trees/brush destroyed by over-grazing

or burning) 45 66 77 83
Fair (grazing but not burned; some brush) 36 60 73 79
Good (no grazing; brush covers ground) 30 55 70 77

Open Spaces (lawns, parks, golf courses, cemeteries, etc.):

Fair (grass covers 50-75% of area) 49 69 79 84
Good (grass covers >75% of area) 39 61 74 80
. g — 5

i(?;)grrr:/e;(r)(lzjlgl and Business Districts (85% 29 9 94 95

Industrial Districts (72% impervious) 81 88 91 93

Residential Areas:

1/8 Acre lots, about 65% impervious 77 85 90 92
1/4 Acre lots, about 38% impervious 61 75 83 87
1/2 Acre lots, about 25% impervious 54 70 80 85
1 Acre lots, about 20% impervious 51 68 79 84

Source: SCS Engineering Division (1986)
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