mﬁmﬁzﬁ'qnnﬁmxa:ﬁuﬁtﬁua@iam‘nﬁﬂqﬂnﬁ'ﬂu“‘mm annoilas Saw%mgmw

wwa dm 103yl

¢

INLRNWSIH ﬁuﬁ‘auwdwaamsﬁnmmuné’ngmﬂ‘%tym;\f‘mmmﬂmumﬁ'msﬁm
AUIBINAERITANIUINR DN anaII 3B INIFdaTamMIzIasaN
Tfadngan pasnIstaningay
ilnydnun 2542
ISBN 974-334-727-5

a =4 L3 a a
fuAN5v0Y qmao AN IINUTIRY



FLOOD ANALYSIS AND FLOOD PRONE AREAS IN AMPHOE MUANG,
CHUMPHON PROVINCE

Miss Pranee Charoenying

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Environmental Science
Inter-Department of Environmental Science
Graduate School
Chulalongkorn University
Academic Year 1999
ISBN 974-334-727-5



Thesis Title FLOOD ANALYSIS AND FLOOD PRONE AREAS IN AMPHOE
MUANG, CHUMPHON PROVINCE

By | Miss Pranee Charoenying

Program Inter-Department of Environmental Science
Thesis Advisor Associate Professor Chaiyudh Khantaprab, Ph.D.
Thesis Co-Advisor Assistant Professor Thavivongse Sriburi, Ph.D.

Accepted by the Graduate School, Chulalongkomn University in Partial Fulfillment of

the Requirements for the Master’s Degree

57 e 2

N Ceg Lot . T PAR A 24 A 880 ... De@n of Graduate School
(Professor Suchada Kiranandana, Ph.D.)

THESIS COMMITTEE

{Sunya Sarapirome, Ph.D.)



Und wingbs - ms’%mﬁ:ﬁqﬂnﬁ’mua:w‘ruﬁt?mmamnﬁ@qmﬁ'&u‘%nm dunaifios SInTaTUNT
(FLOOD ANALYSIS AND FLOOD PRONE AREAS IN AMPHOE MUANG, CHUMPHON PROVINCE)
8. fBnw : sa. a5, Swavs dundny, 8 MBrwsw ;o ke as. vidosd @313 94 wi.
ISBN 974-334-727-5

nrassignnindeadalaaifoulmugnadaduadaminndnssidasisanntsa
o’ o« 1 [ o [ %3 A o v o - 3 N' L] ’O’ <X - (% A'
duiusonnas wudrladudardgyiinifieaguniaTununguinguns Ae maiaduanmindassnain
b ] 3
wiglu¥au uanaanfiannnisdnen HEC-1 model wudn mnidaenilasAnsasdaeszezioafluanan
QI/ ’0’ 1 . o g 1 Aﬂl lIAJQ
nesiatlinnmivingega (ag time) uazsvdtniwingege Winaurannninidasuulsanislingu uas
o P o [YN P , al gl o q v L 1 o
AMFULLFAII DI D nsildsunlasnislinauldiieausinasin WS uronivindisdunawasiunn
Xoom o 4 & T, ¥ . ¥
uananiifuinai idarrazinamdunnaunssiaFunanivingagaanas iunaniarseiiningegn
2 ox
WAL
a 3 2 P2 a ' a & o aa
maTzdenatvaslianasiniuussgnniy TasmsUszanmdwiniees  dedsms
ar o a - o P a & 4d4d
Tuuduasnuua iNanImudauRRiaf 2 5 15 25 uaz 100 1 hinsfile lislunsdsaiunuiiges
' a w A ) Aa ' s A& dd d ' a [ & 4
@amsmaqﬂnnmmuuauwmhnmmas] wmﬂﬁuﬁmammamsm@qmnmmauaquwmﬁma
PIORBINT 195N wwedd Yolnal ol Wil ez thuw 2unszid @mnuaa 19wmann
T : ) o o o o @ s 3’ d d 3
g thnih ven duinile use wenned TutSimsnaiiiag WnIaUNs Wuniliodans
a o v aa a & 4 a & A ) a o o )
iagnnisnenudaudiie 2 Uasausguiun 184 M lalas AunLEEIdamsIiagnnABfiany
@ an A A A & A 4 ' a a o @ Ao A
Saunite 5 Uasauaguinh 212 TeRlalas wunFssdemafiaannasnenudauiiia 15 Uateu
g 4 a & d 4 . a o A @ aa A & 4
AUAWN 244 aRlRLaS AuniEgsdenaiaannAsnnufauRiia 25 Taseunguivui 253 m
A & 44 ) a a o o Ao | A 4 Aa
. THALMNAT uaY AunLReedamafiegnnasnmudauiiia 100 Tasaunguiun 269 aanlaues
favioufuwlafigdudnuRuinimuesasdunaiiiasdanyiiny  23.19 wafidud 26.66 1asidus
oo A & A4 ' a o
30.74 wlasidud, 31.89 1asidud, usy 33.92 lafidud anusrau TeRuiFasdomafingnnaialuy

mudeufiiadngiu  luiwsaglumahanlfiiudeyadmiumsnsusuisznsiamsgnnai
TuiSudunaifies Jniaguns

FREWVT ...
iy 10k FRUUO

o =3
Unsenmn




4072305423 : MAJOR IN INTER-DEPARTMENT OF ENVIRONMENTAL SCIENCE

KEY WORD : FLOOD FREQUENCY ANALYSIS / FLOOD PRONE AREAS
PRANEE CHAROENYING : FLOOD ANALYSIS AND FLOOD PRONE AREAS IN AMPHOE
MUANG, CHUMPHON PROVINCE. THESIS ADVISOR : ASSOC. PROF. CHAIYUDH
KHANTAPRAB, Ph.D. THESIS CO-ADVISOR : ASSIST. PROF. THAVIVONGSE SRIBURI,
Ph.D. 94 pp. ISBN 974-334-727-5

The flood statistical analyses are used for delineation of several flooding factors by means
of multiple regression and correlation equations. The results of flood statistical analysis in the
Chumphon basin is primarily caused by heavy rainfall of tropical storm. Furthermore, the HEC-1
model, showing the variation in lag time and flood peaks, reveals various levels of land use pattern
and urban development. The land use changing not only promotes the increase volume of discharge
after heavy rainfall, but also shortens the lag time and increase the flood peak and river stage.

The rainfall and flood frequency analyses have been carried out using the method of
moment of parameter estimation for Gumbel Probability Distribution for the designed of 2, 5, 15, 25,
and 100 years return periods. The flood prone areas are estimated from various designed flood
events. The results indicate that large part of the flood prone areas are in the westem part of khlong
Tha Taphao. The location of flood prone areas of different of return periods cover numerous
Tumbons of Hat Phan Ktar, Bang luk, Na Cha-ang, Wang Mai, Wang Phai, Na Thung, Tha Taphao,
Ban Na, Khun Krathing, Tak Daet, Bang Mak, Tha Yang, Pak Num, Thung Kha, Visai Nua, and Hat
Sai Ree in Amphoe Muang. The flood prone areas of 2 years return period is about 184 square
killometres, 5 years return period is about 212 square killometres, 15 years return period is about
. 244 =quare killometres, 25 years return period is about 253 square killometres, and 100 years return
" period is about 289 square killometres. The flood prone areas of 2, 5, 15, 25, and 100 years return

periods cover 23.19%, 26.€6%, 30.74%, 31.89%, and 33.92% of the total area of Apmhoe Muang,
respectively.

The flood prone areas of different return periods are critically important fer the planning and

management of the flood disaster in Amphoe Muang, Chumphon province.
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CHAPTER |

INTRODUCTION

The main cause of a flood disaster in tropical area is the heavy rainfall during the
monsoon season. However, there are other factors that increase the severity of flood
such as the low relief of the fiood plain area, deforestation of the watershed area, poor
drainage, and land use change. Rapid development of urbanization as a result of
increasing population, migration and human settlement leads to the reduction of natural
retention storage, filling up of canal and overpumping of groundwater hence, reduces
the drainage efficiency. Thus, flooding problems have the tendency to be prolonged and
deteriorated.

Flood damage has been generally increasing each year and can be categorized as
direct and indirect. Direct damages are those caused by the physical contact with
floodwaters , whilst indirect damages are those consequent to direct losses. The
damages result in loss of lives, property and production as well as affecting activities
involved in the flooded area . Large and long duration of flooding can be considered as
the economic loss. Flood affects directly to the people in terms of health impairment ,

risk of life and mental depression.

1.1 Statement of the problem.

The Chumphon basin had been among one of the most serious flooded areas in the
southern part of Thailand. In this area, flooding occurs every year causing a lot of
damage to the social and economic development. In 1988, the so-called “Gay” typhoon
passed through Amphoe Muang in Chumphon province situated at the downstream of
Chumphon basin was severely flooded. During this period the runoff and the flood
volume reached the peak and the flood was longest. However, in 1997 the flood caused
by “Zita” typhoon was somehow brought higher volume than that in 1989. The flood
level went up to as high as 4-6 metres above the mean sea level (MSL) for more than 6
days. Constructions, agricultural and poultry-farm land were seriously damaged and
some people were killed. The cost of damages were more than five thousand millions
baht.



1.2 The study area.

The study area lies in the vicinity of Ampth Muang, Chumphon province
between the lattitude 10-15-00 N. to 11-20-00 N., and longitude 98-45-00 E. to 99-33-00
E., covering an area of approximately 794 square kilometres. The main rivers passing
through the study area are khlong Tha Taphao and khlong Chumphon which eventually
discharge directly to the Gulf of Thailand. (Figure1.1)

1.3 Objectives.

The objectives of this study are :
(1) To understand the geographic setting of the area used to be flooded in the past,
(2) To analyze the causes of flooding, evaluating the damages from flood, and

(3) To identify the flood prone area in Amphoe Muang , Chumphon province.

1.4 Scope of work.

The data and information regarding the topography, landform, existing landuse
péttern. population as well as the general socio-economic condition of the study area
will be primarily assessed in order to serve as the background of the present study.
Besides, the historical records of flood and flood damages are acquired as much as
possible. After that, the flood analysis will be conducted using the hydro-meteorological,
namely , rainfall, water stage and discharge data available. The velocity of runoff, which
has the implications on the lag time and discharge, is not included in this analysis so
that the final flood risk assessment is accordingly identified and presented as flood

prone map.



Map showing boundary of Amphoe Muang and the location of Tumbons in Amphoe Muang, Chumphon province.
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Flood Analysis and Flood Prone Areas in Amphoe Muang, Chumphon Province.
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inter-Department of Environmental Science, Master of Science in Environmental Science.

Figure 1.1 The boundary of Amphoe Muang and the location of Tumbons in Amphoe Muang, Chumphon province.




1.5 Previous works.

Chatrchareonmitr {1977) simulated the in main ch_annel and floodplain flow of the
Chao Phraya river. Method of node and branch was used for main channel fiow
computation while the level model developed earlier by Tingsanchali (1975) was used
for the flood plain. Both models were linked together through weir equation of over bank
spillage. The combination of explicit and implicit scheme was used in the numerical

solution which had improved the numerical stability.

Hosking et al. (1984) concluded that the General Extreme Value (GEV) distribution
with Probability Weighted Moment (PWM) method of parameters estimation yielded
significantly better results in flood frequency analysis. He recommended the PWM

method because of its fast and straight forward computations.

Arora and Singh (1986) have estimated the Extreme Value type 1 (Gumbel)
probability distribution by methods of moments, maximum likelihood, probability
weighted moment, mixed moments, least squares and incomplete means of Montecarlo
samples. They concluded that probability weighted moment (PWM) method without
doubt is the superior method resulting in less bias, least standard deviation and higher

efficiency estimates.

Chubpisan and Srivittina (1986) suggested that the landuse are changed by human
activities. Different pattern of landuse has different of runoff coefiicients, such as,
business zone is higher than these of the industrail zone and residential zone .
Urbanization is increased by human activities but at the same moment the infiltration is

reduced, and the impervious area is increased .

Veerapun (1986) and Savedpravitkun (1995) concluded that the main cause of
flood in Nakomsitummarat province and Phedburi downstream basin areas are resulted
from the depression that heavy rainfall increased runoff and breached occur in flood

embankment in the river.

Luveera et al. (1987) suggested that the protection of flood and solution to the flood

problem can be conducted through the flood analysis using collected data such as
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hydrology data, meteorology data, topography, geography, surrouding environment of

stream and landuse planning.

ESCAP (1988) prepared the Manual and Guidelines for Flood Risk Analysis and
Mapping aiming at officers of the Typhoon Committee Members, who were in charge of
flood loss prevention, understood the techniques on flood risk analysis and mapping.
The Manual and Guidelines describes the related techniques of three approaches of the
flood risk analysis, namely, geomorphological approach, past flood approach and
hydrological and hydraulic approach, in detail together with their advantages and
limitations. The Manual and Guidelines also included the application results in the Upper
Klang river basin in Malaysia and the Easthern Suburban Bangkok in Thailand, both of
which were selected demonstration pilot areas. Furthermore, an actual example of flood

risk map in Japan was included.

Nkemdirim and Kendrick (1996) suggested that the Hydrologic Engineering Center
(HEC-1) model can be used to construct synthetic hydrographs for isolated interior urban
floods. Flood peak and lag time were very well preserved in simulated flows. Total
volume was not adequately expressed. Lag time varied inversely with both urban
development and storm intensity. Peak discharge varied with storm intensity, but this
variability was well defined only at very high urbanization levels. An 17€ % increase in
storm intensity produced a change of about 15% in peak discharge. Claims for flood
damage correlated well with estimated of peak flow and lag time combined. Other
measures of flood experience also correlated with the two features. Within the range of
storms utilized, urban development factors consistently outranked storm intensity as a

determining factor in flood damage.

Office of the Environmental Policy and Planing (1996) have estimated the flood
risk map of eastem , western , and central part of Thailand using the GIS. Parameter
estimation are the topography, geography, hydrology, meteorology, and landuse. The
results lead to the determination and classification of two types of flood area. They are
flash flood area in Chantaburi basin in eastem part, and all basins in westem part. The

other is “land-locked” flood area in Prachinburi basin and Bangprakong basin.

f



Office of the Environmental Policy and Planing and Forest Department (1996)
have studied the flood prona area in Northeast basin of Northeastern part of Thailand
using the GIS. The results lead to the determination and classification of flood area.
They are two types of flooded area. One type is slow runoff in the flood plain and “land-
locked” flood area. Flood hazard degree is categorized into four levels consisting of no
hazard flooding, low hazard flooding, moderate hazard flooding, and high hazard

flooding.

Tungtum and Yuvananon (1996) studied the impact of landuse change , volume
and characteristics of runoff flowing in Pasak basin. Parameter estimation can be done
by runoff data , rainfall data and forest areas in 1982-1990 . Data has been analysed by
multiple linear regession equation. They found that correlation between runoff and
rainfall were linear. It is noted that the forest areas were changed by human activities
and the runoff in the wet season of upstream area has increased but the overall ronoff
in this basin has not changed. This finding is significant and the management of the

basin is accordingly required.

Kanchanaharn (1997) studied the application of flood plain mapping and risk
assessment by the intergration of fused multisensor remote sensing derived information
within a GIS. Landsat TM and ERSSAR data could be used to extract open water
flooded over a three-year periods of October 1993, 1995 and 1996 for flood area and
landuse classification. The study area is located in the central part of Thailand, mainly
focused on Chao Phraya and Tha Chin basin. It includes most parts of Nonthabur,
Samut Prakam, Samut Sakomn, west part of Bangkok, east part of Nakhon Prathum, and
south part of Phathum Thani. She found that two types of flooded area could be
identified. They are : (1) Flood occurring from water discharge combining with local
rainfall and high tide as obviously seen in the northern part of the study area
(Nakhonprathom , Pathumthani and Nonthaburi) In this case, the high risk area occopied
10.91 % of overall area . (2) flood occurring from the high tide (almost without affect
from local rainfall or water discharge from the north of Thailand) which was obviously
found in the southern part of the study area. It was found that high risk area occupied

17.62% of overall area.



Kawinpoomstan (1997) studied the flood risk mapping of the Yom river basin in
Phrae and Sukhothai areas, Thailand. The objective of this study is to develop the flood
risk map using the hydrological and hydraulic approach.in estimating the changes in the
flood plain inundution for different retum period floods. It was found that at Amphoe
Muang, Phrae the duration of flooding varies from 17 days (10-yr design flood) to 40 day
(100-yr design flood) and the maximum depth is 0.80-2.13 m. above the average bank
elevation. Amphoe Muang ,Sukhothai the duration of flooding varies from 31 day (2-yr
design flood) to 87 day (100-yr design flood) and the maximum depth is 0.70-0.96 m.

above the average bank elevation.

Thongsuk (1997) concluded that areas of Pha Nakhon Si Ayutthaya province are
lowland with an average elevation of 3-6 meters above the mean sea level and that the
areas which are frequently flooded are along the river bank. Factors related to floods
using flood occurrence as dependent high runoff _and population. It is found that a retum
period of 5,20 and 100 years showed that 34.75 , 38.72 , 20.71 and 5.82 percent of the
province area were classified as high, moderate, low and no risk areas, respcetively.
Flood areas include the Sena municipal area, Amphoe Maha Rat, Amphoe Ban Phraek,
Tha Rua municipal area, Tha luang municipal area, areas surrounding the urban island

and areas along major rivers.



CHAPTERHI

DESCRIPTION OF THE STUDY AREA

2.1 Geographical setting.

2.1.1 Location and topography.

The study area is located in the southemn part of Thailand, mainly corfined to the
area of the Chumphon basin in Chumphon province. The total area is approximately 794
square kilometres, lies between latitude 10-156-00 N — 11-20-00 N and longitude 98-45-
00 E — 99-30-00 E. Figure 2.1 shows location of the study area. Khlong Tha Taphao
and khlong Chumphon are the main rivers in this area. Khlong Tha Taphao is combined
by tributaries of khlong Rap Ro and khlong Tha Sae. It passes Amphoe Muang,
Chumphon province and discharges directly into the Gulf of Thailand. It is about 39
kilometres long and a watershed area occupies about 2,227 square kilometres.

Khlong Chumphon is a relatively small river, located in the southwestemn of
Chumphon province. The river originates from mountain in the southwest near Ranong
province. It flows from west to east and discharges into the Gulf of Thailand at Ban
Banghai. The total length of about 61 kilometres and the cacthment area is about 449
square kilometres. The area of the Chumphon basin covers 3 Amphoes of Chumphon
province, namely, Amphoe Pathui, Amphoe Tha Sae, and Amphoe Muang, consisting of
Rap Ro, Tha Sae, Tha Taphao, and khlong Chumphon watersheds. Figure 2.2 shows
location of the Chumphon basin in this area. Chumphon province is topographically high
mountainous area in the west, namely, Thanowsri range with the elevation of about 200-
600 metres (MSL). The central part of the east Chumphon province is low land of
undulating terrain and flood plain with elevation of 100-200 metres (MSL). It is an
important agricultural area. The urban and suburban areas are mainly in the flood plain
and are bisected by a dense network of khlongs. In the far east is the coastal zone with

wide beaches of gentle slope.



Map showing the boundary of Amphoe Muang and stream network.
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Figure 2.1 The boundary of Amphoe Muang and stream network.
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Map showing the location of watersheds in the Chumphon basin.
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Figure 2.2 The location of watersheds in the Chumphon basin.
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2.1.2 Land use and land cover.
The study of land use and land cover in the Chumphon basin, covering 3
~ Amphoes consist of Amphoe Niuang, Amphoe Tha' Sae, and Amphoe Pathui are
identified into 9 classes using the interpretation of Landsat-6 (TM) in the scale 1:50,000
of 1988, 1993, and 1998. The available bands from Landsat-5 (TM) are band 2, band 3,
and band 4. The present land use and land cover pattern of the study area is for
agriculture purposes, such as, paddy field, tree crops land, field crops land, orchard,
shrimp farm, deteriorated and forest land. Land use and land cover changing from 1988-
1998 shown decreasing of forest land, orchard land, paddy land, field crops land, and
mangrove forest land and increasing of deteriorated forest land, tree crops, shrimp farm,
and residential land and others. However, the implication of the expanding social and
economic development has resulted in the conversion of primary agricultural lands and
forest areas into industrial and urban residential uses, namely, housing, road networks,
and factories, etc. The result leads to the reduction of natural retention storage,
infiltration and increasing of impervious areas. Thus, trend of flood problems in this area
has been increasing. Land use and land cover maps show in Figure 2.3 — 2.5 and in
Table 2.1 shows land use and land cover in 3 Amphoes, Chumphon province and Table

2.2 shows land use and land cover in Amphoe Muang, Chumphon province.

Table 2.1 Land use and land cover of 3 Amphoes, Chumphon province of 1988, 1993,
and 1998.

Classification of land use Land use and land cover in 3 Amphose, Chumphon province.
and land cover 1988 1993 1998
Areas | Percentage | Areas | Percantage | Areas | Percentage
(km®) (km) (km’)
1. Forest land 865.36 | 28.55 728.35 | 24.03 697.54 | 23.01
2. Deteriorated forest land 190.74 | 6.29 308.36 | 10.17 318.74 | 10.52
3. Orchard 1206.02 | 39.79 58456 | 19.29 997.13 | 32.90
4. Paddy field 145.01 | 4.78 74.51 2.46 28.45 0.94
5. Tree crops land 29295 | 9.67 134.156 | 4.43 676.52 | 22.32
6. Field crops land 22899 (755 1051.16 | 34.68 136.94 | 4.52
7. Mangrove forest land 39.98 1.32 37.91 1.25 21.95 0.72
8. Shrimp farm 33.88 1.12 68.14 225 52.82 1.74
9. Residential land and others | 28.11 0.93 43.81 1.45 101.08 | 3.33

Source: Satellite Image of Landsat-5 (TM) in 1988, 1‘993, and 1998 from the Thailand

Remote Sensing Center, the Office of the National Research Council of Thailand.
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Table 2.2 Land use and land cover of Amphoe Muang, Chumphon province of 1988,

1993, and 1998.

Classification of land use Land use and land cover in Amphoe Muang
and land cover 1988 1993 1998

Areas | Percentage | Areas Percentage | Areas Percentage
(m’) (km”) (km’)

1. Forest land 246.27 | 30.99 218.00 | 27.43 251.09 | 31.60

2. Orchard 32490 | 40.89 12463 | 15.68 354.50 | 44.61

3. Paddy field 30.39 3.82 18.96 2.39 24.58 3.09

4. Tree crops land 2.56 0.32 4.60 0.58 4.85 0.61

5. Field crops land 134.95 | 16.98 309.46 | 38.94 8.86 1.11

6. Mangrove forest land 21.71 273 37.91 477 18.29 2.30

7. Shrimp farm 33.88 4.26 59.39 7.47 52.82 6.65

8. Residential land and others | - - 21.72 273 79.68 10.03

Source: Satellite Image of Landsat-5 (TM) in 1988, 1993, and 1998 from the Thailand

Remote Sensing Center, the Office of the Nationél Research Council of Thailand.

2.1.3 Climate.

The study area has a tropical climate. Northeast monsoon occurs during the
period from October to February, bringing rain to the southemn part of Thailand, including
the study area, whereas, during May to October of each year, humid Southwest
monsoon from the Indian Ocean will again passes this area. Pressure depressions
occur in the South China sea, causing a lot of rain to be swept over to the study area,
during November to December of each year (Figure 2.6). Furthermore, Bengol cyclone
often occurs from Bengol Bay, during May. As a result, two seasons are distinguishable:
The hot and rainy season from Northeast monsoon extends during February to April and
southwest monsoon extends during May to October. Thus, the area has rainfall
throughout the whole year and the temperature does not fluctuate drastically.

The climatic condition of Chumphon province in 30 years period showed in

Table 2.3 and Figure 2.7.
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Map showing land use and land cover in 3 Amphoes, 1988
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Figure 2.3 Land use and land cover in 3 Amphoes of the Chumphon basin, 1988
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Map showing land use and land cover in 3 Amphoes, 1993
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Figure 2.4 Land use and land cover in 3 Amphoes of the Chumphon basin, 1993.
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Map showing land use and land cover in 3 Amphoes, 1888
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Figure 2.5 Land use and land cover in 3 Amphoes of the Chumphon basin, 1998.
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Figure 2.6 Type of storms pass through Chumphon province in each year.



17

Table 2.3 Average monthly climatic conditions of Chumphon province during 1968-1997.

| Month | Av. rainfall Av.rain-day | Av. temperatdre Relative Evaporation
(mm.) (day) (C) humidity (mm.)
(%)
Jan. 82.5 7.0 253 81 114.6
Feb. 55.5 52 26.4 79 115.7
Mar. 59.7 5.2 275 78 146.4
Apr. 84.1 75 28.5 77 148.6
May 173.0 16.8 28.0 81 129.6
Jun. 171.7 20.2 274 82 109.5
Jul. 178.3 21.0 27.0 82 111.0
Aug. 2270 220 26.9 83 106.8
Sep. 159.9 19.5 26.8 84 108.0
Oct. 2412 19.2 26.6 85 101.9
Nov. 354.3 14.5 259 85 93.3
Dec. 91.1 7.7 251 81 102.4

Source: Meteorological Department.
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- Figure 2.7 Hythergraph of Chumphon province over the 30 years period.
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2.1.4 Hydrology.

There are totally 7 gauging stations available inside the Chumphen basin,
namely, x.64, x.46, x46A, x.158, x.180, x.53 and x.53A. The source of data are operated
by The Royal Irrigation Department.

The water discharge data collected at x.64 and x.158. in June,1993 revealed
that the water discharge of khlong Tha Sae was about 6.935-23.475 m'Isec. and the
velocity was 0.453-1.009 m/sec. The water discharge and water stage collected in 1997
revealed that the maximum water stage and discharge in this area were highest in 24"
August 1997 (Table 2.4). The water discharge and capacity of khlong Tha Taphao at A.
Muang (x.158) were 2,000 mslsec. and 300 m/sec. The average runoff of khlong Tha
Taphao at x.64 was about 256.5 - 510.5 million cubicmetres per annum, x.158 was
1280.31 million cubicmetres per annum, and the average runoff of khlong Chumphon at

x.53 was 298.68 million cubicmetres per annum (Table 2.5).

Table 2.4 The maximum water discharge and water stage of Chumphon basin, 1997

Station name Max. water stage (m. in MSL) Max. water discharge (mafsec.)
x.64 9.83 485.65
x.46 9.67 2034.00
x.158 9.40 1242.20
x.53A 8.46 505.00
x.180 5.88 740.00

Source: Irrigation Project, Chumphon province, 1997

Table 2.5 The mean annual runoff, watershed area of the gauging stations in

Chumphon basin.

Station name Watershed | Mean annual runoff Mean annual runoff Period of
area (X 1,000,000 ma) (liters/sec./ kmz) measurement
X.46A 617 496.45 25.51 1977-present.
x.46 751 720.31 27.88 1971-present.
x.64 957 510.49 16.92 1973-present.
x.158 1,819 1280.31 22.32 1984-present.
x.53 223 298.68 42.47 1971-present.

Source: Team Consultant Engeneering Co.Ltd., 1995.




2.2 Sociai conditions.

Ratio of working population of Chumphon province and total population of the western of
Thailand is 76.4%. Whilst, total working population of Chumphon province is 52.26%,
which have less in agriculture than others (Figure 2.8). Furthermore, in this study the
population in 3 Amphoes of Chumphon basin are presented in Figure 2.9. Table 2.6

shows population of 3 Amphoes, covered in this area.

Table 2.6 Number of population in 3 Amphoes of Chumphon basin and total population

in Chumphon province.

Population structure of Chumphon province has higher birth rate about 15.8 %.

Year Chumphon province A.Pathiu A.Tha sae A.Muang
1990 397,679 37,973 51,807 125,895
1991 402,625 38,704 52,894 126,667
1992 416,048 40,649 56,464 129,498
1993 420,644 40,684 56,599 124,091

1994 428,329 41,332 57,932 135,905
1895 432,867 41,297 58,866 138,119
1996 439,996 41,649 60,982 139,816
1997 448,087 42,118 64,132 141,001

1998 454,170 42,575 66,104 142,099

Source: The Registration Administration Bureau, Ministry of interior.
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Figure 2.8 Population structure and labour population in Chumphon province of 1998
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Figure 2.10 Population structure by the range in age in Chumphon province ,1998.

The structure of working population with the age of 26-30 years old is the
highest. The Figure 2.10 shows the population under 15 years old are very high in
number. Furthermore, the base of pyramid has narrowed. In the future, the trend of

working population will be decreasing.

2.3 Specific flood problem In the Tha Taphao and khiong Chumphon watersheds in

Amphoe Muang, Chumphon province.

2.3.1 Causes of flood.

Causes of flood as summarized by Veerapun (1986) and Vongvisessomjai ef.al.
(1996) revealed that the flood is the result of one or more of the following natural causes

(1) A sequence of severe rainstorms in the upstream catchments producing high
and prolonged discharges in the downstream catchments.

(2) Intense rainfall in specific subcacthments giving rises to local flash floods in
the mountainous and hilly areas upstream, and in the flood plains of the lower basin;

this is particularly critical in urban areas.
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(3) Flood waves from different fributaries may coincide when they meet at the
confluence. The resulting flecoding will be more severe than flooding from an individual
flood wave. |

(4) High tides from the Gulf of Thailand propagating up the river.

Furthermore, combining with the deforestation, urban development factors, it
increases the severity, duration and size of flood.

(5) Deforestation in the upstream catchments through systematic logging of
forests and slash and burn cultivation. The consequence of deforestation is that storage
of rainwater in the dense canopy of vegetation and in the root zone is lost. The runoff
from the deforested areas to the rivers is more rapid and with higher peaks.

(6) Urban development has increased rapidly in the recent decades. A
consequence of the urban growth is that a number of paddy fields, ponds and swamps
in flood plains which formerly served as natural reservoirs for flood water are converted
into impervious paved areas thus reducing fiood retention capacity and increasing speed

of flood wave and height of flood.

2.3.2 Flood descriptions.

Flooding is a temporary condition of inundation of land adjacent to river channels
or along the shorelines of lakes and oceans. River and lake-shore flooding results from
. the occurrence of relatively unusual conditions such as dams, dikes, and levees.
Flooding along oceanic coasts results from hurricanes, typhoons, and other storm
activity and from tsunamis, or seismic sea waves, which are generated by earthquakes.

In Thailand, the flood can be generally categorised into 4 main types as follows :

(1) Coastal flood. Tropical storms can produce heavy rains or drive ocean water
onto land. Beaches and coastal houses can be swept away by the water. Coastal
flooding can also be produced by sea waves called tsunamis, tidal waves that are
created by volcanoes or earthquakes in the ocean.

(2) Flash flood. After the heavy rain in the deforested mountainous part of the
catchment area, the fast-moving water flow as sheet flood into tributaries and
subsequently causes the sudden flood in the low-lying intermontane areas.

(3) River flood. Flooding along rivers is a natural event. Some floods occur
seasonally during the heavy rainfalls of the monsoon period. Water fills river basins too
quickly, and the river will overflow its banks. Often the land around a river will be

- covered by water for miles around.
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(4) Urban flood. As undeveloped land is paved, different constructions are built,
cut-and-fill are undertaken, and occasionally the ground surface is subsided due to
many causes, it loses its ability to absorb and drain tﬁe rainwater. Rainwater in most
cases is locked in urban area and caused flooding for extraordinary a long period of

fime.

2.3.3 Flood events in Amphoe Muang, Chumphon province.

In order to monitor the flood extent as one objective of this study, the
background knowledge of flood phenomena in the past should be considered and fully
understood.

The flood events in 1995, 1996 and 1997 were caused by heavy rainfall from a
sequence of tropical storms. The heavy rainfall in the watershed area created high peak
floods in the downstream of Chumphon basin, located in Amphoe Muang, Chumphon
province.

In 1995, the flooding occurred during 13th to 1'.7th November, the khiong Tha
Taphao overflowed the bank. The low-lying villages and roads were submerged. The
water level reached maximum in 15m November with the flood stage of 5.29 metres
(MSL). The total duratin of flood was 90 hours (3 days 18 hours).

In 1996, the magnitude of flood is larger than the flood in 1995 and had
occurred during 31" July to 4" August. The maximum flood stage had reached 5.36
metres (MSL) and the duration of flood had lasted for 4 days.

Furthermore in 1997, flooding occurred two times during 7'h to Qm August and
21* to 31% August. The maximum floods stage in the first time was about 50 — 80
centrimetres (MSL). Flood had inundated the municipal and surrounding area. The
second flood during 21" to 31" August, 1997 was the largest flood and caused damages
more than the Gay typhoon in 4m‘_Novernber 1989. The maximum flood stage was 6.62
metres (MSL) with the duration of flooding of 11 days (Figure 2.11-2.13).

2.3.4 Economic lost from flooding.

The cost of flood damages in Chumphon province in the past years were
calculated by the Public Welfare Department and the Local Administration Department.
The costs of damages during the years 1995 to 1997 are shown in Table 2.7



Table 2.7 Summary the costs of flood damage in Chumphon province.

A. Cost of damages of lives and properties :

25

Year Casualty People migration House damage
No. of family | No. of people | No. of death |No. of Los; No. of injury [No. of family| No. of Total Partiality
people houses |of houses
1995 18,339 75,507 7 - - 57 - 1 1
19986 14,529 61,939 1 - - - - - -
1997 62,746 244,675 30 - 245 1,695 5,889 452 1,925

B. Cost of damages on agriculture ;

Year Paddy field (Rai) | Crop (Rai) | Orchard (Rai) | Total areas (Rai) Total cost (Baht)
| 1995 32,301 6,498 42,150 80,949 47,000,000
1996 2,250 159 7,725 10,134 2,926,860
1997 24,259 6,117 24,099 54,475 38,000,000
L

C. Cost of damages of fishery and livestock :

Year Fish / shrimp pond | Livestock (No.) | Total cost (Baht)
1995 145 44,688 2,564,400
1996 3 - 500,000
1997 6204 21,772 3,577,000
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D. Cost of damages on public utilities :

Year | No. of Road. Bridges. Mines/dams. School.

Amphoe | No. of roads | Total cost No. of Total cost No. of Total cost | No. of schools | Total cost

(Baht) bridges (Baht) mines/dams (Baht) (Baht)
1995 8 338 47,666,813 33 4,220,534 6 449,600 - -
1996 8 1,678 270,318,260 94 36,337,840 16 2,533,660 - -
1997 9 1,402 175,120,263 223 128,622,527 58 7,014,859 115 39,150,601
(Continued)
Year Temples. Govemment building. Others. Summary of total
No. of temples | Total cost | No. of government | Total cost [No. of others| Total cost cost (Baht)
(Baht) building (Baht) (Baht)

1995 - - - - 2 381,000 52,717,947
1996 - - B - 110 6,425,740 315,615,500
1997 96 12,293,900 22 12,780,194 25 24,917,200| 399,799,544

Source: Office of the Civil Disaster Protection, Department of Local Administration,

Ministry of Interior.

The statistics on the cost of flood damages in Chumphon province show that the
trend is progressively increased. The cost of flood damages directly depending upon the
flood stage and heavy rainfall. These costs of flood damages are the actual cost
excluding the opportunity lost which is expected to be much higher than estimated. It is
noted that the data and information on the cost of flood damages are far from perfection

due to the lack of systematic evaluation and recording system.

2.4 Flood management activities.

Flood management includes all activities, which can be undertaken to reduce the
severity of flooding and relieve its effects. The current flood management activities in
Amphoe Muang for control of water movements to reduce or mitigate the severity of

flooding, such as, flood by-pass channel or spillway, pumping stations to lift runoff out of
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the low lying areas and water-gate construction. They consist of 14 projects are as
follows: (Figure 2.14 - 2.16).

1.1 Dredging of Khlong Hua Wung- Phanang Tak diversion in order to accelerate
the flow of surface runoff from Khlong Tha Taphao to the Gulf of Thailand.

1.2 Dredging of Khlong Bang Long diversion in order to drain the surface runoff from
Khlong Sam Kaeo to Ao Pak Had.

1.3 Water-gate construction on the east side of khlong Hua Wung- Phanang Tak for
Kam Ling project (Nong Yai flood retention pond).

1.4 Constructing four pumping satations in Amphoe Muang area.

1.5 Improvement of municipal drainage system.

1.6 Improvement of Khlong Nong Muang Kom in the municipal Muang Chumphon of
totally 2,150 metres long to be the retention pond and finally drain the surface runoff to
khiong Tha Nang Sang.

1.7 Improvement of khlong Tha Nang Sang of totally 7,500 metres long to serve as
the drainage of the surface runoff from Khlong Tha Taphao.

1.8 Improvement of khlong Noi, separated from khlong Tha Taphao, in order to drain
the surface runoff directly to the Gulf of Thailand.

1.9 Improvement of khiong Sam Kaeo in the downstream area near Ao Phanang
Tak Tumbon Na Cha-ang.

1.10 Construction of the Sam Kaeo water-gate.

1.11 Dredging of Khlong Ban Au Taphao-Ban Bang Tum diversion of totally 2,500
metres long at Tumbon Tha Yang in order to drain the surface runoff from khlong Tha
Taphao to Ao Pak Had.

1.12 Improvement of Huai Ban Dan Sai Kaeo at Tumbon Na Thung in order to drain
the surface runoff to Ao Pak Had.

1.13 Improvement of khlong Ta Duang at Tumbon Bang Mak and Tumbon Na
Thung of totally 2,300 metres long.

1.14 Preparation of the Nong Yai-Kam Ling project (Nong Yai retention pond).

It is noted that the implementation and time-frame of these flood-control projects
are not certain depending upon the project financing. Therefore, these activities have

been excluded in the identification of flood-prone areas under the present study.



Figure 2.11 Flood stage in Amphoe Muang of the “Zita” typhoon in 24" August 1997.
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Figure 2.12 Flood stage in Amphoe Muang of the “Zita” typhoon in 25" August 1997.

Figure 2.13 Flood stage in Amphoe

e = -y

Muang of the “Gay” typhoon in 5" November 1989.
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Figure 2.14 Khlong Tha Nang Sang of totally 7,500 metres long to serve as the
drainage of the surface runoff from Khlong Tha Taphao.

Figure 2.15 Construction of the Sam Kaeo water-gate.
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Figure 2,16 The Nong Yai-Kam Ling project (Nong Yai retention pond).



CHAPTER It
THEORETICAL CONSIDERATIONS

3.1 General principles of flood risk analysis and mapping approaches.

Approaches to the flood risk analysis and mapping are classified into 3 types.
The first is the geomorphological approach, the flood risk is evaluated on the basis of
geomorphological units, such as, natural levees, and old river course which indicate
flood susceptibility. The second is the past flood approach, the flood risk is evaluated on
the basis of the inundation data of past floods. The third is the hydrological and
hydraulic approach, the hydrological and hydraulic models are used for obtaining the
inundation areas and depth. Each approach has advantages and disadvantages and
thus the most suitable approach should be selected for consideration according to
objectives, conditions of the study area, available data, etc.

In this study, the flood risk map is developed based on hydrological and
hydraulic approach. The return period of water sfage used in mapping are 2-yr, 5-yr, 15-
yr, 25-yr, and 100-yr.

The hydrological and hydraulic approach can estimate the river stage
corresponding to the given frequency and magnitude of flood. Generally, this method
can be developed for the flood prone maps.

Rainfall analysis is fo obtain the mean hyetograph over the basin that
corresponds to the given retum period. Flood analysis provides the water stage at
designated points on rivers, using the extreme value obtained in the each year. Flooding
conditions in the flood prone are can be estimated for the future land use with the

planned flcod mitigation measures corresponding to the arbitrary magnitude of flood.

3.2 Rainfall and flood frequency analysis.

The objective of frequency analysis of hydrological data is to relate the
magnitude of extreme events to their frequency of occurrence through the use of
probability distribution. This information on magnitude and frequency relationship is used
in the design of flood control structures, dams, bridges, hydroelectric power plants efc.
Commonly used empirical distributions for frequency analysis are Gumbel, Log Normal,

Pearson type 3 and Exireme Value.
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The Gumbel probability distribution is selected for flood frequency analysis in
this study. The theoretical description of the Gumbel distribution, method of parameters

estimation and plotting position formulae is given in the following paragraphs.

3.2.1 Gumbel distribution.

Gumbel method of frequency distribution considers the extreme values. Based
on the argument that the distribution of flood is unlimited, i.e., there is no physical limit
to the maximum flood, Gumbel proposed that the probability “P” of the occurrence of a
value less than or equal to any value X (probability of non-exceedence) can be
expressed as:

P(X < x ) = exp[-exp (-0 (x-W1))] (3.1)

Where, P( X £ x ) is the probability of non-exceedence and o and L are the
location and scale parameters respectively.

Taking Y = o (x-p) and substituting in to equation 3.1 we get:

P(X<x)=e (3.2)
The expression, Y = o (x-p) represents a straight line on Gumbel paper. The retumn
period, T = 1/ {1-[p (X=x) 1}, indicates that once in T (years) the considered limit will

be exceeded.

3.2.2 Parameters estimation.

The values of o and p in equation 3.1 which are known as location and scale
parameters respectively can be estimated by various methods. Probability weighted
moment method, maximum likelihood and method of moments are commonly used. The
approximate expression for the probability method of moment are given below:

o = 1.2825/C° (3.3)

u =X -0.45000 (3.4)
where ;

G = Variance of the observed

X = Mean of the observed

By estimating the values of a and p from equations 3.3 and 34 the value of
unknown event X5 can be estimated by the following expressions:

Xy =X+ SK (3.5)
or Xr=pu+ oYy ‘ (3.6)

Y+ = -In(In(T/IT-1)) (3.7)



T = (n+1)/m (3.8)

K = (Yr=YoiS, | (3.9)
where ;

X1 = Computed rainfall/discharge

Y+ = Reduced variate

X = Mean of the observed

S = Standard deviation of the observed oo

‘K = Frequency factor |

Y, = Mean value of the reduced variate

S, = Standard deviation of the reduced variate

T = Retum period
n = Number of years of record

m = The rank of the event

3.2.3 Plotting Position.

Numerous method have been proposed for determination of plotting position,
most of which are empirical in nature. To plot the flood (or other hydrologic) data, the
data values must first be ranked from 1 to n (the number of years of record) in order of
decreasing magnitude. The rank m and number of years of record n are then used to
compute a plotting position, or empirical estimate of frequency or re‘:m pzatiod. The
most commonly used are Weibull and Gringorten’s formulae which are given below:

P = m/(n+1) Weibull Formula (3.10)

P = (m-0.44)/(n+0.12) Gringorton Formula (3.11)

where;

P = 1IT = probability of exceedence

3.3 The Hydrologic Engineering Center model (HEC-1).

The HEC-1, Flood Hydrograph Package, computer program was originally
developed in 1967 by lLeo R.Beard and other members of the Hydrologic Engineering
Center (HEC) staff. The latest version 4.0 (September 1990) was developed. It
represents improvements and expansions to the hydrologic simulation capabilities
fogether with interfaces to the HEC Data Storage System (DSS). New hydrologic
capabilities include Green and Ampt infiltration, Muskingum-Cunge flood routing,

" reservoir releases input over time, and improved numerical solution of kinematic wave
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equations. The Muskingum-Cunge routing may also be used for the collector and main
channels in a kinematic wave land surface runoff calculation. The HEC-1 model is
designed to simulate the surface runoff response of é river basin to precipitation by
representing the basin as an interconnected system of hydrologic and hydraulic
components. Each component models an aspect of the precipitation-runoff process
within a portion of the basin, commonly referred to as a subbasin. A component may
represent a surface runoff entity, a stream channel, or a reservoir. _Representation of a
component requires a set of parameters which specify the particular characteristics of
the component and mathematical relations which describe the physical processes. The
result of the modeling process is the computation of streamflow hydrographs at desired
locations in the river basin.

The HEC-1 model components are used to simulate the rainfall-runoff process
as it process as it occurs in an actual river basin. The model components function
based on simple mathematical relationships which are intended to represent individual
meteorologic, hydrologic and hydraulic processes which comprise the precipitation-runoff
process. These processes are separated into precipitation, interception/infiltration,
transformation of precipitation excess to subbasin outflow, addition of baseflow and flood
hydrograph routing. The subsequent sections discuss the parameters and computation

methodologies used by the model to simulate these processes.

3.3.1 Precipitation.

A precipitation hyetograph is used as the input for all runoff calculations. The
specified precipitation is assumed to be basin average. Any of the options used to
specify precipitation produce a hyetograph. The hyetograph represents average

precipitation depths over a computation interval.

3.3.2 Interception/Infiltation.

Land surface interception, depression storage and infiltration; are referred to in
the HCE-1 model as precipitation losses. Interception and depression storage are
intended to represent the surface storage of water by trees or grass, local depressions
in the ground surface, in cracks and crevices in parking lots or roofs, or in an surface
area where water is not free to move as overland flow. Infiltration represents the

movement of water to areas beneath the land surface.

TAA00BGAH
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Two important factors should be noted about the precipitation loss computation
in the model. First, precipitation which does not contribute to the runoff process is
considered to be lost from the system. Second, the ‘equations used to compute the
losses do not provide for soil moisture or surface storage recovery. This fact dictates
that the HEC-1 program is a single-event-oriented model.

The precipitation loss computations can be used with either the unit hydrograph
or kinematic wave model components. In the case of the unit hydrograph component,
the precipitation loss is considered to be a subbasin average. On the other hand,
separate precipitation losses can be specified for each overland flow plane in the
‘kinematic wave component. The losses are assumed to be uniformly distributed over
each overland flow plane. In some instance, there are negligible precipitation losses for
a portion of a subbasin. This would be true for an area containing a lake, reservoir or
impervious area. In this case, precipitation losses will not be computed for a specified
percentage of the area labeled as impervious. There are 3 methods that can be used to
calculate the precipitation loss in this study as follow:

1. Initial and uniform loss rate.

An initial loss, STRTL (units of depth), and a constant loss rate, CNSTL (units of
depth/hour), are specified for this method. All rainfall is lost until the volume of initial
loss is satisfied. After the initial loss is satisfied, rainfall is lost at the constant rate,
CNSTL.

2. Exponential loss rate.

This is an empirical method which relates loss rate to rainfall intensity and
accumulated losses. Accumulated losses are representative of the soil moisture storage.
The equations for computation of loss are given below

ALOSS = (AK + DLTK) PRCP™ (3.12a)

DLTK = 0.20LTKR(1-(CUMUDLTKR))2 (3.12b)

For CUML < DLTKR

AK = STRKRIRTIOL™ ™ (3.12c)

Where ALOSS is the potential loss rate in inches (mm.) per hour during the time
interval, AK is the loss rate coefficient at the beginning of the time interval, and DLTK is
the incremental increase in the loss rate coefficient during the first DLTKR inches (mm.)
of accumulated loss, CUML. The accumulated loss, CUML, is determined by summing

the actual losses nomputed for each time interval.
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DLTKR is the amount of initial accumulated rain loss during which the loss rate
coefficient is increased. This parameter is considered to be a function primarily of
antecedent soil moisture deficiency and is usually -sform dependent. STRKR is the
starting value of loss coefficient on exponential recession curve for rain losses. The
starting value is considered a function of infiltration capacity and thus depends on such
basin characteristics as soil type, land use and vegetal cover.

RTIOL is the ratio of rain loss coefficient on exponential loss curve to that
corresponding to 10 inches (10mm.) more of accumulated loss. This variable may be
considered a function of the ability of the surface of a basin to absorb precipitation and
should be reasonably constant for large rather homogeneous areas.

ERAIN is the exponent of precipitation for rain loss function that reflects the
influence of precipitation rate on basin-average loss characteristics. It reflects the
manner in which storms occur within an area and may be considered a characteristic of
a particular region. ERAIN varies from 0.0 to 1.0. Estimates of the parameters of the
exponential loss function can be obtained by employing the HEC-1 parameter
optimization option.

3. SCS curve number.

The Soil Conservation Service (SCS), U.S. Department of Agriculture, has
instituted a soil classification system for use in soil survey maps across the country.
Ras<ed on experience, the agency has been able to relate the drainage characteristics of
soil groups to a curve number, CN. The SCS provides information on relating soil group
type to a curve number as a function of soil cover, land use type and antecedent
moisture conditions. Precipitation loss is calculated based on supplied values of CN and
IA (where IA is an initial surface moisture storage capacity in units of depth). CN and IA

are related to a total runoff depth for a storm by the following relationships:

ACEXS = (ACRAN — IA)’/(ACRAN - IA + S) (3.13)
S = (1000 — 10 * CN)/CN or
S = (25400 — 254 *CN)/CN (Metric units) (3.14)

where ACEXS is the accumulated excess in inches (mm.). ACRAN is the accumulated
rainfall depth in inches (mm.), and S is the currently available soil moisture storage
deficit in inches (mm.).
In the case that user does not wish to specify |A, a default value is computed as
IA=02*S (3.15)
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Since the SCS method gives total excess for a storm, the incremental excess
(the difference between rainfall and precipitation loss) for a time period is computed as
the difference between the accumuiated excess at the end of the current period and the

accumulated excess at the end of the previous period.

3.3.3 Unit hydrograph.

The unit hydrograph technique is used in the subbasin runoff component to
transform rainfall excess to subbasin outflow. A 1-hour unit hydrograph is defined as the
subbasin surface outflow due to a unit (1 inches or mm) rainfall excess applied
uniformly over a subbasin in a period of one hour. Unit hydrograph durations other than
an hour are common. HEC-1 automatically sets the duration of unit excess equal to the
computation interval selected for watershed simulation.

The rainfall excess hyetograph is transformed to a subbasin outflow by utilizing
the general equation:

Qi) =2 u(f) * X(i—j+1) (3.16)
where Q(i) is the subbasin outflow at the end of computation interval i, U(j) is the jth
ordinate of the unit hydrograph, X(i) is the average rainfall excess for computation
interval i. The equation is based on two important assumptions. First, the unit
hydrograph is characteristic for a subbasin and is not storm dependent. Second, the

runoff due to excess from different periods of rainfall excess can be linearly superposed.

3.3.4 Synthetic unit hydrograph.

The parameters for the synthetic unit hydrograph can be determined from gage
data by employing the parameter optimization option. Otherwise, these parameters can
be determined from regional studies or from guidelines given in references for each
synthetic technique. There are three synthetic unit hydrograph methods available in the
model.

1. Clark unit hydrograph. The Clark method (1945) requires three parameters to
calculate a unit hydrograph: TC, the time of concentration for the basin, R, a storage
coefficient, and a time-area curve. A time-area curve defines the cumulative area of the
watershed contributing runoff to the subbasin outlet as a function of time. In the case
that a time area curve is not supplied, the program utilizes a dimensionless time area

curve:

Al=1141T" 0<T<05 (3.17)



1—Al=1.41401-T)"° 05<T<1 (3.18)
where Al is the cumulative area as a fraction of totai subbasin area and T is the fraction
of time of concentration. The ordinates of the time-area curve are converted to volume
of runoff per second for unit excess and interpolated to the given time interval. The
resulting translation hydrograph is then routed through a linear reservoir to simulate the
storage effects of the basin; and the resulting unit hydrograph for instantaneous excess
is averaged to produce the hydrograph for unit excess occurring in the given time

interval. The linear reservoir routing is accomplished using the general equation:

Q@2)=CA*1+CB*Q(1) (3.19)
The routing coefficients are calculated from:

CA = AUR + 0.5A1) (3.20)

CB=1-CA (3.21)

QUNGR = 0.5(Q(1) + Q(2)) : (3.22)

where Q(2) is the instantaneous fiow at end of period, Q(1) is the instantaneous flow at

- the beginning of period, | is the ordinate of the translation hydrograph, At is the
computation time interval in hours (also duration of unit excess), R is the basin storage
factor in hours, and QUNGR is the unit hydrograph ordinate at end of computation
interval.

2. Synder unit hydrograph. The Synder method (1938) determined unit graph
peak discharge, time to peak, and widths of the unit graph at 50% and 75% of the peak
discharge. The method does not produce the complete unit graph required by HEC-1.
Thus, HEC-1 uses the Clark method to affe¢t a Snyder unit graph. The initial Clark
parameters are estimated from the given Synder's parameters are computed from the
resulting unit hydrograph by the following equations:

CPTMP = QMAX * (Tpeak-0.5*At)(C*A) (3.23)

ALAG = 1.048* (Tpeak-0.75*At) (3.24)
where CPTMP is Synder's C, for computed unit hydrograph, QMAX is the maximum
ordinate of unit hydrograph, Tpeak is the time when QMAX occurs, in hours, At is the
duration of excess, in hours, A is the subbasin area in square miles, C is a conversion
factor, and ALAG is Synder's standard Lag, T, for the computed unit hydrograph.
Synder's standard Lag is for a unit hydrograph which has a duration of excess equal to
T,/5.56. The coefficient, 1.048, in equation results from converting the duration of excess

to the given time interval.
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3. SCS dimensicnless unit hydrograph. Input data for the SCS dimensionless
unit hydrograph method (1972) consists of a single parameter, TLAG, which is equal to
the lag between the center of mass cof rainfall excess and the peak of the unit

hydrograph. Peak flow and time to peak are computed as:

TPEAK = 0.5*At + TLAG (3.25)
QPK = 484*AREA/TPEAK (3.26)

where TPEAK is the time to peak of unit hydrograph in hours, At is the duration
of excess in hours or computation interval, QPK is the peak flow of unit hydrograph in

cfsfinch, and AREA ié the subbasin area in square miles.

3.3.5 Kinematic-wave rainfall-unoff modeling.

The kinematic-wave method is an altemative to the unit hydrograph approach to
rainfall-runoff modeling. The parameters of this model are developed from physical
characteristics of the basin, and equations of motion are used to simulate the movement
of water through the system. This method is particularly useful in urban studies because
the effects of urbanization can be accounted for by changing the measurable physical
parameters of slope, catchment length, surface roughness, and etc. surface features of
the basin are represented with two basic types of elements: overland flow and channel
flow. One or two overland flow elements are combined with one or two channel flow
elements to represent a subbasins together in a network. A typical urban drainage
pattern is shown in Figure 3.1 Overland flow occurs on two general types of surfaces:
pervious and impervious. ‘

The kinematic-wave equgtions are the continuity equation for unsteady open
channel flow with lateral inflow and a simplified Manning’s equ:ation are follows:

OAIOt + OQIOX = q (3.27)
where: Q = channel flow, s

A = cross-sectional area of flow, f

qo= lateral inflow, ﬂsl(s)(ft)

x = distance along the flow path

t=time, s
Manning'’s eqution is written in the form

Q=0oA" (3.28)
The coefficient is found with the general equation:

o =kKs"™ In (3.29)



where: K = constant that depends on geometry
S = slope
n = Manning's roughness coefficient
These same basic equations are used in computations of flow both for overland

flow elements and for channel flow elements.
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Figure 3.1 Typical urban drainage pattern.

The elements used in kinematic-wave computations in HEC-1 consist of three
basic elements, shown in Figure 3.2, are used to model the runoff process with HEC-1:
(1) one or two typical overland fiow planes, (2) a typical collector channel, and (3) a
typical main channel. The collector channel may also be modeled with an additional
subcollettor channel. Each element represents average conditions in the basin. The

relationships between flow elements are depicted in Figure 3.3
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Figure 3.2 basic elements in kinematic-wave model.
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Figure 3.3 Schematic of flow elements in kinematic-wave model.
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3.4 Definition of degree of flood hazard.

Hunt (1984) proposed the principles of the definition of flood hazard degree from
several study areas in Geotechnical Engineering Investigation Manual in the detail as
follows:

Flood hazard degree involves in the magnitude of flood occurrence and the
probability of flood occurrence which relates with the retum period of flood. Flood
hazard degree is defined into the following 4 levels:

(1.) No Hazard Flooding: This level is defined the flood condition as the usual

condition.

(2.) Low Hazard Flooding: This level is defined to be more than the usual
condition. The flood condition is considered to be more than the usual
condition approximately 1.25 to 1.5 times. The retum period of the probability
of the flood is between 2 to 5 year.

(3.) Moderate Hazard Flooding: This level is defined to be more than the usual
condition about 1.5 to 2 times. The return period of the probability of the
flood is between 5 to 25 year.

(4.) High Hazard Flooding: This level is defined to be more than the usual
condition about 2 times. The return period of the probability of the flood is
more than 25 year.



CHAPTER IV

METHODOLOGY

Under the present study, method of work can be divided into 5 steps as follows:
4.1 Acquisition of secondary data.
4.2 Preparation of database using the GIS.
4.3 Statistical analysis of secondary data, rainfall and flood frequency analysis.
4.4 HEC-1 model application.

4.5 Determination of flood prone area in Amphoe Muang, Chumphon province.

4.1 Acquisition of secondary data.

The existing data related to this study have been collected in the forms of maps,

reports, books, and historical statistical records as follows:

4.1.1 Base maps.

- Topographic map of the scale 1:50,000 map sheet numbers 47291, 4730I,
4730I1, 48291V, 48301, 4830Il, 4830Ill, 4830IV, and 483111l from the Royal Thai Survey
Department, Bangkok, Thailand, 1993.

- Land use map of the scale 1:50,000 from the Pollution Control Department,
Bangkok, Thailand,1994.

-Surface water resource map of the scale 1:50,000 from the Department of Land

Development, Bangkok, Thailand,1994.

4.1.2 Remote sensing data.
Land use data classified from satellite images of LANDSAT-5 (TM) bands 2, 3
and 4 of the scale 1:50,000 in 1988, 1993 and 1998 from the Thailand Remote Sensing

Center of the Office of the National Research Council of Thailand.

4.1.3 Reports and historical statistical records.
- Agricultural land use data were collected by the Chumphon Provincial

Agricultural Extension Office and the census of agriculture, the National Statistical



45

Office. This basically consists of 3 components, namely, orchard land, paddy land, and
crop land. ‘
. -- Number of storms passing through Thailand in each year from the

Meteorological Department.

- Population statistics from the Registration Administration Bureau, Ministry of
Interior.

- Number of factories in each year from the Chumphon Provincial Industry
Extension Office.

-Forest land statistics from the Royal Forest Department.

4.1.4 Rainfall data.

There are totally 7 rainfall stations available within the Chumphon basin. The
sources of data are obtained from the Meteorological Department. Figure 4.1 shows the
locations of these rainfall stations. Table 4.1 presents the list of rainfall stations and their
locations, and the available rainfall data. All of stations have reasonable long period of

record.

Table 4.1 Summary of the locations of rainfall stations and available rainfall data.

St. no. St. name St. code Location Available
Latitude Longitude (year)
1 A. Muang 10013 10-29-30 99-11-04 1976-1995
2 A. Pathiu 10022 09-42-26 99-19-15 1951-1995
3 A. Thasae 10032 10-39-44 99-10-30 1953-1995
4 Thasae 517001 10-38-00 99-12-00 1975-1997
5 Pathiu 517006 10-41-00 99-19-00 1975-1997
6 Pathiu Agriculture co.Ltd 517008 10-565-00 99-23-00 1982-1997
7 Chumphon Muang 517201 10-29-00 99-11-00 1968-1997

Source: The Meteorological Department.



46

Map showing the location of rainfall stations in 3 Amphoes of the Chumphon basin
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Figure 4.1 The location of 7 rainfall stations in 3 Amphoes of the Chumphon basin.
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4.1.5 Water level and discharge data.

There are totally 7 gauging stations available \_Nithin the Chumphon basin. The
sources of data are recorded by the Royal Irrigation Department. Figure 4.2 shows the
locations of these gauging stations and Table 4.2 presents a list of gauging stations,

their locations, and information concerned.

Table 4.2 Summary of locations of gauging stations, and information concemed.

St. | St code Khlong Area Location Period of data No. of year | drainage area Gauge
no. (year) (sq.km.) datum
1 X.46A Rap Ro A. Tha sae |Lat. 10 37' 19" N |1977-1984 8 617 AD
) Long. 9903 39" E
2 x.46 Rap Ro A. Tha sae |Lat. 1036'47° N |1976,1985-1995 12 751 AD
Long. 99 37' 07" E
3 x.64 Tha sae A. Tha sae |Lat 1039 49" N (1973-1995 22 957 AD
Long. 99 10°17° E
4 x. 180  |Tha Taphao|A. Muang [Lat. 1029'42° N (1993-1996 4 1550 MSL
Long 99 10' 23" E
5 x.158 Tha Taphao|A.Tha sae |Lat. 10 35'34" N {1990-1995 6 1819 AD
Long. €9 08' 42" E
6 . x.53 Chumphon |A. Muang |Lat. 1029'57° N |1971-1990 19 223 AD
Long. 88 04' 15" E
7 x.53A Chumphon |A. Muang |Lat. 10 30" 20" N (1991-1995 4 305 AD
Long. 99 07' 12" E

Source: The Royal Irrigation Department.
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Map showing the location of gauging stations and stream networks in the Chumphon basin
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Figure 4.2 The location of 7 gauging stations and stream networks in the Chumphon basin.
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4.2 Preparation of database using the GIS.

421 General of Geographic Information System (GIS).

GIS are computer-based tools to capture, manipulate, process, and display
spatial or geo-referenced data. They contain both geometry data (coordinates and
topological information) and attribute data, that is, information describing the properties
of geometrical objects such as points, lines, and polygons.

Burrough (1986) defined GIS as “A powerful set of tools for collection, storing,
retrieving at will transforming and displaying spatial data from the real world".

Amoff (1989) defined GIS as "Any manual or computer based set of procedure

used to store and manipulate geographically referenced data”.

4.2.2 Geographic Information System Structure,

The two basic types of geographic data structures used in most GIS are rasfer
and vector. The raster data structure is analogous to a grid placed over an image. The
vectfor data structure is represented by uniform node, line and area of x,y coordinates.
Geographic features such as rivers, roads and boundaries are represented as lines or
vectors.

Components of GIS: A GIS has five major components
(a) Data Input: It collects and processes spatial data from a variety of sources, including
digitized map information, coded aerial photographs, satellite and remote sensing
images and geographically referenced data.

(b) Data management: It allows a database to be used through a combination of
hardware and software facilities and to relation to each other.

(c) Data Manipulation and Analysis: It transforms the various data into a common form
that permits subsequent spatial analysis. Tabular data, stored on computer systems for
example, are converted first to a map scale common with other data, and then all data
are analyzed together.

(d) Data Retrieval: In the creation procedure of a database, access procedure is
established retrieval of both spatial and non-spatial data. Efficient data retrieval are
largely dependent upon the volume of data stored, the method of data encoding and file
structure design. In general there are well-developed procedure for efficient retrieval of

non-spatial data in GIS.



(e) Data Display: The data reporting displays the database, the results of statistical
computations, and produces hybrid maps. Outputs include tabular data, colour images,

graphs and single or composite maps.

4.2.3 GIS Software (ARC/INFO).

ARCI/INFO version 3.4D (ESRI, 1992) has been employed in this study. The
software, that is a vector based GIS software, consists of two sub systems, ARC which
is a set of tools for managing geographic features, such as, points, lines and polygons,
and INFO which is a database management system for managing attributes associated
with the geographic features by ARC.

Creation of database, the first step is to input the spatial data from maps and
store in the computer. The computer is a tool for capture, manipulate process and
display spatial data. The required database are topographic contour, land use and land
cover, boundary of the study area, rainfall stations, and gauging stations. The elevation
contour and boundary of the study area are obtained from the topographic map. The
land use and land cover data are interpreted using LANDSAT-5TM image of the
Thailand Remote Sensing Center of the Office of the National Research Council of
Thailand. The rainfall stations and gauging stations data are obtained from the
Meteorological Department and the Royal Irrigation Department. The steps of work are
as follows:

(1) Digitization of maps.

For the digitization of maps, tic points are required. Tics are reference points
that allow all coverage features to be registered to a common co-ordinate system. The
tic points for maps are selected according to the location under studied.

The digitization of the tic points is very important before starting the digitization of
a map. This is because when digitizing or editihng a coverage, tics are used to
automatically transform digitizer coordinates into coverage coordinates. The Root Mean
Square (RMS) error is kept as low as 0.003. The ADS command of ARC/INFO is then
used to digitize the maps.
(2) Digitization of coverages.

Before starting digitization of a coverage, tic points are entered each time with
the same RMS error limit as accepted criteria during the digitization of tic points. By
doing so, the map is registered and its spatial data are ready to be digitized. Different

data layers having different RMS error results unwanted sliver polygons during the
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matching of the boundary of the same feature in overlay functions. The line digitized
used in creation of the contour coverage. The polygon digitized used in creation of the
boundary, land use and land cover coverages. The point digitized used in creation of

rainfall stations and gauging stations.

(3) Identification & correction of digitization error.

After digitization of a coverage, the next step is to display the map and
correction of the error that occurred during the digitization. Chiefly, dangle error
(dangling nodes) is found. They indicate that a polygon does not close properly
(undershoot)) or an arcs has exceeded its intersection with another arc (overshoot).

The undershoot errors are removed by using the CLEAN with an assignment of
proper fuzzy tolerance and dangle length. The fuzzy tolerance was defined as the
minimum distance that separates all arc coordinates in a coverage. During the use of
CLEAN command, 2 or more arc coordinates within the fuzzy tolerance of each other
are snapped together. Dangle length is the minimum [ength allowed for dangling arcs.
Any dangling arc less than this length would be deleted during CLEAN. Remaining
dangling arc is removed using the command REMOVE ARCS of ADS
(4) Adding user-ID to coverage features.

The feature in the coverage was categorized into different GIS classes: which
were then assigned User-lds. Usei-ids could be assigning by keyboard entry.

(5) Building arc/polygon topology

The next step after correction of errors is the creation of texture coverage using
BUILD command. In order to ensure that the arcs are stored as an order series of X, Y
coordinate which defined a line, all arcs in coverage are sequentially numbered, the

polygon is created by a number of arc which comprise its border.

Other maps, such as: surface water resources map, boundary of 3 Amphoes
and boundary of administration of Tumbons in Amphoe Muang are obtained in the
digitized map from. Finally, the coverages from digitization of map is completed for use

in the next step of delineation flood prone areas.
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4.3 Statistical analysis of secondary data and rainfall frequency analysis.

4.3.1 Statistical analysis of secondary data.

The correlation analysis of flooding, a dependent variable, and 8 independent
variables, such as, maximum water level, rainfall and runoff, population, agriculture land
use, forest land, number of storms and number of factories. Then, secondary data are

collected, and analysed using the multiple linear regression equation.

4.3.2 Rainfall frequency analysis.

Annual maximum rainfalls of each station from the available data are used to
calculate the frequencies of the annual rainfalls. The Gumbel probability distribution is
applied for the rainfall frequency analysis. The moment of method has been employed
for parameters estimation of each type. The design rainfall time series of 2, 5, 15, 25,

and 100 years return period.

4.3.3 Flood frequency analysis.
The design water level time series of 2, 5, 15, 25, and 100 years return period
are analysed by the Gumbel probability distribution. The results of different return period

flood stage estimated the changes in the flood prone areas.

4.4 HEC-1 model application.

The input data required for HEC-1 are rainfall, rainfall loss factors,total area of
main drainage basin and their composing subbasins, flow and channel elements, and
synthetic unit hydrograph parameters.

4.4.1 Parameter estimation.

Calibration of a model with historical data is an essential part of model
development. It is procedure of adjusting parameters until the model satisfactorily
simulated the observed physical processes in the hydrologic system and procedure
reliable results. The time of the parameter optimization are selected in 4m November,
1985 and 22”d August, 1997. The parameter optimization option in HEC-1 estimates unit
hydrograph, rainfall loss function, and routing parameters using gauged precipitation and
runoff data from the same event. The parameters are adjusted on the basis of the

comparison, and the procedure is repéated until a suitable fit is obtained. A schematic
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rocedure used in parameter estimation is shown in Figure

Select initial estimates

of all unknown parameters

Simulate rainfall-runoff process to

Computer runoff

Compute value of objective function

(compare computed runoff hydragraph with observed hydrograph)

Determine next estimate of

parameters

No

Stop

Figure 4.3 Schematic diagram of parameter estimation.

4.4.2 The kinematic wave meth
The areas of study are

SUB1 covering the drainage

od.
chosen 4 subbasins in the Chumphon basin, consist of,

area of x.64 in Amphoe Pathiu, SUB2 covering the

drainage area of x.46 in Amphoe Tha Sae, and SUB3 covering the drainage area of

x.158, and SUB4 covering the

drainage area of x.180 in Amphoe Muang. (Figure 4.4)

The time of its flood are selected in 1995 and 1997. These times represent a rang of




urban development (Table 4.3 and 4.4). The typical parameters are determined using

the topographic maps, land use maps, and the Royal Irrigation Department.

SUB 1

SUB 3

Figure 4.4 Kinematic Wave Model in the Chumphon basin Schematic.
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Table 4.3 Mean overland flow elements over pervious and impervious subbasins by

study area.
Study | Drain area Flows Area Over land Over land Manning’s n Loss rate,
Area (miz) element type represented Length (it.) Slope (ft/ft) SCS curve number
(%)
1995 1997
Subt 369.5 Impervious 10 15 976 0.003 0.15 98
Pervious 90 85 1291 0.002 0.13 82
Sub2 | 289.96 Impervious 4 10 5789 0.002 0.15 98
Pervious 96 90 780 0.003 0.12 83
Sub3 | 702.32 Impervious 40 50 3448 0.003 0.15 98
Pervious 60 50 1598 0.001 0.32 92
Sub 4 | 598.46 Impervious 40 50 1234 0.0001 0.15 98
Pervious 60 50 991 0.0001 0.40 92
Table 4.4 The Channel data for input HEC-1 model.
Subbasin Length Slope Manning, Area Shape Width (ft) Side slope Upstream
(ft) (fift) N (mi’) (ftitty Inflow
Sub1 )
Collector channel 29527 0.0022 0.24 325.31 TRAP 0 0.015
Main channet 2099710 0.0008 | 0.24 TRAP 82.02 0.29 No
Sub 2
Collector channel 22066 0.001 0.14 22328 | TRAP 0 0.09
Main channel 1755823 0.0002 | 0.14 TRAP 114.8 0.19 No
Sub3
Collector channel | 21325 0.001 0.20 601.98 | TRAP 0 0.09
Main channel 45931 0.001 0.20 TRAP 66 0.19 Yes
Sub4
Collector channel 14749 0.Co1 0.20 547.80 | TRAP 0 0.13
Main channel 72178 0.0003 | 0.20 TRAP 0 0.21 J Yes

The collector-channel parameters can be determined by examining a drainage

map of the basin and selecting a typical collector system for each subbasin. The

selecting of the parameters is as follow:

1.

The area associated with the collector system can be determined from the

topographic map. This is area in square miles.

2. The channel shape and size will usually change along the length of the channel.

The channel in the study area are represented a trapezoidal shape.

3. The channel slope can be estimated from a topographic map by taking the

difference in elevation between the upstream and down stream ends and dividing by

the length.
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4. A Manning’'s N which best represents the roughness of the major part of the channel

should be used. Tables of n for various types of channels are available in hydrauiic

handbooks and the Royal Irrigation Department (Table 4.5).

Table 4.5 Effective roughness parameters for overland flow.

Surface Manning’s N
Dense growth* 0.40-0.50
Pasture™ 0.30-0.40
Short grass prairie*” 0.10-0.20
Sparse vegetation™ 0.05-0.13
Concrete/asphalt vary shallow depths* 0.10-0.15
Concrete/asphalt small depths” 0.05-0.10

* From Crawford and Linsley (1966)
** From Woolhiser (1975)
Source: Bedient and Huber, 1988

The purpose of this simulation is to develop a runoff hydrograph, due to the 10%

chance strom, at the outlet of the watershed. The precipitation data are obtained from

the Meteorology Depariment. Precipitation loss factors of rainfall to the soil follows

Horton’s infiltration capacity theory (Horton,1933). The program allows input of two loss

rates: an initial or starting loss rate (STRTL) and a constant loss rate (CNSTL). STRTL

dominates the process from the beginning of the storm until some value of basin

recharge is reached. The events were mostly nocturnal, evaporation was assumed to be

zero. A second loss factor is percent basin impervirousness. The impervious areas have

an infiltration rate of zero.
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4.5 Determination of flood prone area in Amphoe Muang, Chumphon province.

~ The results of different flood stage of different fetum period in Chumphon basin

is being used to identify the flood prone area maps under the following procedures.

4.5.1 Delineation the sub-watershed areas.

There are 4 gauging stations in Amphoe Muang, namely, x.158, x.180, x.53, and
x.53A. The data obtained from these stations are being used to generate the flood stage
time series of retum periods of 2-yrs., 5-yrs., 15-yrs., 25-yrs.and 100-yrs.. The
watershed areas in the present study are sub divided into 3 sub-watersheds, such as,
sub1-watershed of Tha Taphao watershed, sub2- watershed of Tha Taphao watershed,
and khlong Chumphon watershed as shown in Figure 4.5. Finally, The flood prone

areas are delineated by smoothly connecting the boundary line of sub-watershed areas

4.5.2 The flood storage model (flood cell).
The flood prone areas maps are delineated on the topographic map of the scale
1:50,000 (Figure 4.6) by drawing the boundary line of equal flood stage for different

return periods as shown in Figure 4.7,
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Map showing the boundaries of sub-watersheds in Amphoe Muang
490000 495000 500000 505000 510000 515000 520000 525000 530000
1170000 y \N /;\\ 4970000
f \ ,/ R \\
( e 4 3 -
e
B
/ \;N NN /,/"’ f ‘ ]
1168000 /,A\__ J = Sy e =i i o S~ 1165000
1460000° -/ : 1180000
1155000 \ - 1158000
; \v’_\_\\\
-
1150000 L 1 1150000
ey
1145000 . 1145000
1140000 | ! 1146000
430000 495000 500000 505000 510000 515000 520000 525000 530000
N
5000 0 5000 10000 Meters A
Legend
B Tl sub1-watershed of Tha Taphao watershed
o Sub2-watershed of Tha Taphao watershed
i Khlang Chumphon watershed
—_— Boundary of Amphoe Muang
Flood Analysis and Flood Prone Areas in Amphoe Muang, Chumphon Province.
Miss Pranee Charoenying.
Inter-Department of Environmental Science, Master of Science in Environmental Science.
Graduate School, Chulalongkorn University.

Figure 4.5 The boundaries of sub-watersheds in Amphoe Muang.
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Map showing the topographic contour lines and elevation points in Amphoe Muang
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Figure 4.6 The topographic confour lines and elevation points in Amphoe Muang.
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Figure 4.7 Delineation of flood prone area for flood storage model.




CHAPTERV

FLOOD ANALYSIS OF THE CHUMPHON BASIN

5.1 General characteristics.

The topographic maps of the scale 1:50,000 from The Royal Thai Survey
Department map sheet numbers 47291, 47301, 4730Il, 48291V, 4830I, 4830Il, 4830lll,
48301V, and 4831Ill are employed in the study. Besides, the stream profile of khlong
Tha Taphao and khiong Chumphon in Amphoe Muang, Chumphon province and cross
section data at all gauging stations in the Chumphon basin from The Royal Irrigation
Department, are also used for delineation of the basin. The location of the Chumphon
basin, the boundary of the drainage area of the basin, the surface drainage system, and
the gauging stafions are shown in Figure 5.1. Altogether 2 stream profiles along the
main drainage system in Amphoe Muang are shown in Figure 5.2 and 5.3. The stream
profiles of khlong Chumphon is begun at x.53 to x.53A and the stream profiles of khlong
Tha Taphao is begun at x.158 to x.180. The 6 gauging stations along the main drainage
system in the Chumphon basin, are x.46A, x.46, x.64, x.158, x.180, and x.53. There are
recorded cross section profile, namely, 2 points at khiong Rap Ro (x.46A and x.46), 1
point at khiong Tha Sae (x.64), 2 points at khlong Tha Taphao (x.158 and x.180) and
another 1 point at khlong Chumphon as illustrated in Figures 5.4 to 5.9.
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Map showing the boundary of the Chumphon basin, the watersheds, stream networks, and gauging stations
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Figure 5.1 The boundary of the Chumphon basin, the watersheds, stream networks, and gauging stations.
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Figure 5.2 The stream profile of khlong Chumphon in 1991.
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Figure 5.3 The stream profile of khlong Tha Taphao in 1991.
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Figure 5.4 Cross section profile at x.46A of Khlong Rap Ro in 1997.
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Figure 5.5 Cross section profile at x.46 of Khlong Rap Ro in 1997.
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Figure 5.6 Cross section profile at x.64 of Khlong Tha Sae in 1997.
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Figure 5.8 Cross section profile at x.158 of Khlong Tha Taphao in 1997.
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Figure 5.9 Cross section profile at x.180 of Khlong Tha Taphao in 1997.

5.2 The overview of flood in Chumphon basin.

The statistical records, namely, number of storms, number of industrial factories,

forest area, number of population, runoff, rainfall, paddy field area, crop area, orchard

area, water level or stage, and flooding during 1976-1995 are employed in the flood

statistic analysis. They are used for determinaion of several flooding factors using the

multiple regression and correlation’s equations. The results are summarised in Table

5.1.
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Table 5.1 Summary of coefficient cf variable correlations.

A B c D E F G H | J K
A | 1.000

B | 400  1.000

c | 490 183  1.000

D | -036 067 -846  1.000

E | 481  -221 369  -404  1.000

F 327 15 970  -918 370  1.000

G |-663 -305 -881 571  -347 -789  1.000

H | 327 -013 -106 216 159  -170  -063  1.000

| 114 7200 227 -A75  -145 220  -209 -076  1.000

J | -308 -420 -084 -233 397 -016 472  -001 -219  1.000

K | 476 744  -072 301  -304 -127 -081 059 361  -395  1.000
Remarks:

*

Coefficient of correlations at 0.05 significance

** Coefficient of correlations at 0.01 significance

A = Crop land. B = Flooding.

C = Orchard land. D = Forest land.

E = Number of industrial factories. F = Number of population.
G = Paddy land. H = Rainfall.

| = Runoff. J = Number of storms.

K = Water level or stage.

it is observed that the statistical records of floods in the Chumphon basin during
1971 to 1997 revealing the increasing in both frequency and magnitude. Mean annual

rainfall and water level, and flooding in the basin are given in Table 5.2.
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Table 5.2 Mean annual rainfall and runoff, and flooding in the Chumphon basin.

Mean annua! water level (m, MSL)

Year Mean annual rainfall (mm.) Remarks
517006 517001 517201 x.64 | x.158 | x46 | x.53A | x.180

1971 n.a. n.a. 4.69 n.a. n.a. n.a. 2.21 n.a. Fiood stage 0.7 m.

1972 n.a. n.a. 5.7 n.a. n.a. n.a. 2.47 n.a. -

1973 na. n.a. 548 9.35 n.a. n.a. 2.51 n.a. -

1974 n.a. na. 5.09 9.25 n.a. n.a. 2.69 n.a. -

1975 3.81 6.10 7.02 9.52 n.a n.a. 2.64 n.a -

1976 2.73 3.97 4,06 9.20 na. 8.24 2.76 n.a. Flood stage 1.0 m.

1977 2.38 4.84 6.24 8.97 n.a. 9.87 2.51 n.a. -

1978 4.07 5.66 6.16 9.28 n.a. 8.66 2.62 n.a. -

1979 2.59 6.29 4.38 9.04 n.a. 8.53 2.49 n.a. Flood

1980 3.01 545 4.91 8.89 na. 8.57 2.59 n.a. Flood

1981 3.32 545 5.22 9.00 na. 8.55 2.56 n.a. Flood

1982 3.95 4.90 7.15 9.04 na. 5.55 249 n.a.

1983 1.81 3.51 3.78 8.74 n.a. 8.38 241 n.a.

1984 273 231 4.63 8.80 n.a. 8.53 2.36 n.a.

1985 3.94 4.62 517 8.86 n.a. 8.12 245 n.a. Flood

1986 3.23 2.39 477 9.08 n.a. 8.31 2.58 na. Flood

1987 3.41 273 3.67 8.75 n.a. 7.94 225 n.a.

1988 3.64 3.44 3.58 8.95 n.a. 8.23 257 n.a. Flood

1989 4.00 445 5.87 n.a. n.a. 8.55 n.a. na. Flood

1990 2.62 2,79 4.02 8.71 4.81 8.35 2.52 n.a. Flood

1991 3.96 4.17 4.67 8.86 4.80 8.27 2.88 n.a. Flood

1992 2.13 3.79 3.83 8.71 4.47 8.06 248 n.a. Flood

1993 275 3.92 432 8.64 448 8.17 na. 5.30 Flood

1994 3.44 4.92 541 8.85 4.71 8.38 4.44 1.91 Flood

1695 410 5.42 5.03 8.78 | 4.38 7.93 4.20 1.64 Flood stage 5.25 m.(MSL)

1996 6.15 6.54 5.60 9.3 4.76 8.13 3.03 3.42 Flood stage 5.36 m.(MSL)

1997 5.28 5.76 5.88 8.94 4.29 7.70 3.07 n.a. Flood stage 6.62 m.(MSL)

Source: The Royal Irrigation Department and the Meteorological Department.

Naturally, the flood in this basin is primarily caused by heavy rainfall of tropical

storm during the monsoon season during the months of August to November. However,

the tropical storm tracks in the past have not regularly passed through the drainage

area of the Chumphon basin. Therefore, the flood frequency is basically closely related

to frequency of rainstorm within the drainage area.

With regard to the duration of rainfall in the drainage area and magnitude of the

flood, which is directly related to the stream dischargé or water level in the stream

channel, it is indirectly depending upon numerous factors, namely, forest land,




70

urbanization and population, industrialization, agricultural pattern, etc. Deforestation in
the drainage area for logging and for expanding agricu_lturai area not only promote the
increase volume of stream discharge after heavy rainfall, but also shortening the lag
time between peak rainfall and peak flood. Changing of forest land in 3 Amphoes of the

basin is shown in Figure 5.10.
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Figure 5.10 Forest area in 3 Amphoes of the Chumphon basin in 1988, 1993, and 1998.

The population increase and urbanization in 3 Amphoes, namely, Amphoe
Pathui, Amphoe Tha Sae, and Amphoe Muang recently have decreased the infiltration
of rainwater and consequenﬂy caused increasing flood magnitude in the downstream

area of Amphoe Muang. The poppulation and population density in 3 Amphoes of the

Chumphon basin are shown in Figure 5.11.
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Figure 5.11 The population and population density in 3 Amphoes of the Chumphon
basin during 1990 to 1998.

5.3 Rainfall and flood frequency analysis.

In the present study, the maximum annual rainfall records from 7 rainfali stations
(Table 4.1) within the Chumphon basin have been employed in the rainfall frequency
analysis. (Figure 5.12)

The rainfall frequency analysis has been carried out using the method of
moment of parameter estimation for Gumbel Probability Distribution. Extreme values
selected are maximum values of data set. The observed annual maximum daily rainfall
values for each year make up a set of extreme values that can be analysed statistically.
Rainfall retum period of 2, 5, 15, 25, and 100 years estimated from Gumbel Probability

Distribution of the local stations within the basin are shown in Table 5.3.
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Table 5.3 Maximum annual rainfall for return period of 2, 5, 15, 25 and 100 years using

Gumbel Probability Distribution.

St. no. St. code Rainfall for return periods of (mm.)
2 yrs. 5 yrs. 15 yrs. 25 yrs. 100 yrs.

1 10013 108.95 144.54 181.40 197.88 241.89
2 10022 118.75 180.21 243.87 272.33 348.33
3 10032 105.45 154.10 204.48 227.01 28717
4 517001 120.12 | 180.09 258.49 289.96 374.03
5 517006 141.92 192.37 244.62 267.97 330.36
6 517008 147.12 225.78 307.25 343.67 440.94
7 517201 118.72 196.02 276.07 311.86 407.45

The rainfall frequency analysis in terms of different rainfall return periods of 2, 5,
15, 25, and 100 years are further used in the evaluation of scale or magnitude of
flooding of the Chumphon basin. It is apparent that the scale or magnitude of flooding
depending upon the discharge or stage of the drainage system within the basin, where
as the discharge or stage is mainly the consequence of rainfall with-in‘the cacthment
area of that drainage system.
Under the present study. Altogether the stage records from 4 gauging stations
(Table 4.2) are being used for the flood frequency analysis. {Figure £.1) The records of
maximum water level or maximum stage have been used in the flood frequency analysis
of the Chumphon basin. The stage is simply the hydrological term for the height of the
water surface of a stream or lake or other body of water above a reference surfaée or
datum plane. In this study, the mean sea level is used as the datum plane.
| The dimensionless time series water level or stage are used to derive the
synthetic time series water level for the designed of 2, 5, 15, 25 and 100 years return
periods using the probability weighted moment method of parameter estimation for
Gumbel Probability Distribution of the 4 local gauging stations within the basin, namely,
x.158, x.180, x.53, and x.53A. Extreme values selected are maximum values of data
set. The water level or stage for the return periods of 2, 5, 15, 256 and 100 years
estimated from Gumbel Probability Distribution of the 4 local stations in the Chumphon

basin are shown in Table 5.4.
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Map showing the boundaries of the Chumphon basin, the watersheds, stream networks, and rainfall stations.
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Figure 5.12 The boundary of the Chumphon basin, the watersheds, stream networks, rainfall stations.
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Table 5.4 Maximum water level or maximum stage for the return period of 2, 5, 15, 25

and 100 years of the Chumphon basin.

St. no. St. code .Water level for different return periods (m. , MSL)
2 yrs. 5 yrs. 15 yrs. 25 yrs. 100 yrs.
1 X. 158 10.486 12.204 13.983 14.779 16,904
2 X. 53* 5718 7.554 9.456 10.306 12.576
3 X. 180 3.989 4.882 5.797 6.206 7.298

Remarks: * Combination of water level or stage recorded from x.53 and x.53A.
** Calculation of water level or stage at x.180 using linear regression analysis

between x.158 and x.180 existing data.

The water level or stage for the retum periods of 2, 5, 15, 26 and 100 years
estimated from Gumbel Probability Distribution of the 4 local stations in Amphoe Muang
will be indicated the flood prone areas by drawing the boundaries which is equal to the
flood stage for different return periods on the topographic contour map in each sub-

watershed.

5.4 The results of HEC-1 model.

The calibration is accomplished by running HEC-1 with data from historical storm
events and comparing the resulting synthetic hydrographs against hydrographs obtained
from gauged sites. The parameters are adjusted and the computation repeated until a
suitable fit between the two hydrographs i;s obtained.

HEC-1 successfully modeled the two features of most important to us, namely,

peak flow and lag time. Model results are equally good of parameters.( Table 5.5)

Table 5.5 Comparison of computed and observed hydrographs.

Sum of Equiv. Mean flow Time to Lag cme to Peak flow Time to peak

flow | Depth(in.) | (fflsec) | ocenter of emu (h) (#'rsec.) (h)

) max (h)
Precipitation excess 3.958 36.00
Computed hydrograph | 340573 | 2.646 7568 77.16 41.18 15749 36.0
Observed hydrograph 198794 | 2.6486 7568 77.99 41.99 12217 36.0
Difference 0 0 Q -0.84 -0.84 3532 0
Percent difference 0 -1.88 28.91




The calibration results of optimization parameters as follows:

Clark unit hydrograph parameters

Synder standard unitgraph parameters

Lag from center of mass of rainfall (cme)

T,=3.41
T, =550

Excess to center of mass of unitgraph (cmu) 90.60 h.

Unitgraph peak

Time of peak

Exponential loss rate parameters: STRKR

DLTKR
RTIOL
ERAIN

3975 ft/sec.
6.00 h.

221

5.71

1.00

0.50

R =91.35
C,=0.06
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Table 5.6 Summary of results of HEC-1 modeling of storm events in November, 1995 in

the study areas.

Study area Peak flow Time of flow Runoff depth
| (Isec.) ) (in.)
Sub 3357.33 33 0.57
Sub2 2126.97 36 0.55
Sub3 34600.94 12 0.98
Sub4 13082.32 21 0.98

Table 5.7 Summary of results of HEC-1 modeling of storm events in August, 1997 in the

study areas.

Study area Peak flow Time of flow Runoff depth
(#Isec.) (h.) (in.)
Sub1 3673.09 32 0.61
Sub2 2311.05 37 0.5¢
Sub3 35430.23 12 1.01
Sub4 14813.51 19 1.01

The peak discharge of a flood event indicates its magnitude. The greater the

peak the stronger the potential of the event to inflict damage. In August, 1997 produced

_the largest peak flow. The peak flow of SUB 3 is highest followed by the SUB 4. It
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follows that inundation should be deeper in SUB 3 than SUB 4, covering the Tha
Taphao watershed, located in Amphoe Muang, Chumphon province. The lag time for
the various flood events are shortest lag time belongs to SUB 3, this is followed by that
of SUB 4. The premier storm event had the longest lag time. Thus, in terms of

suddenness, residents of SUB 3 had the shortest period in which to react to their flood.

5.5 Flood prone area.

The flood problems particularly in the area of Amphoe Muang, Chumphon
province is essentially caused by the overbank flow of the khlong Chumphon and khlong
Tha Taphao during the high-flow period of the year. The discharge or stage of khlong
Chumphon depends on the rainfall in the khlong Chumphon watershed area of
approximately 540 square kilometres in the western and central parts of Amphoe
Muang. Besides, the discharge or stage of khlong Tha Taphao depending upon the
combination of discharges or stages of khlong Rap Ro and khlong Tha Sae under the
influence of rainfall in the Tha Taphao watershed area of approximately 1700 square
kilimetres. The Tha Taphao watershed covers the area of Amphoe Tha Sae, some parts
of Amphoe Pathiu , and the eastern part of Amphoe Muang.

The critical stages of the khlong Tha Taphao and khlong Chumphon at 4
gauging stations are shown in Table 5.8. This means that any increase discharge over
this critical stage will be seen as a rise in stage marked by spill over of the water onto
the land adjacent to the channel (Figure 5.13).

The past 27 year records of floods in Amphoe Muang, Chumphon province
between 1971-1997 have revealed that there are altogether 17 floods of different
magnitudes and frequencies. However, there seems to be an increasing trend of scale
or magnitude of floods. The year of floods and flood stages are summarized and
presented in Table 5.2.
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Table 5.8 Summarized the critical stages at 4 gauging stations and maximum capacity

in Amphoe Muang, Chumphon province.

Name of stream Gauging stations Critical stages Maximum capacity
(m,MSL) (m’Isec.)
Khlong Chumphon x.53 14.00 n.a.
X.53A 8.00 211
Khlong Tha Taphao x.158 9.50 800
x.180 3.40 254

Source: The Royal Irigation Department.
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Figure 5.13 Schematic drawing of the flood analysis of Amphoe Muang, Chumphon

province.
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The maximum water levels at each gauging station are obtained from the
Gumbel Probability Distribution for various designed flood events earlier outlined. The
flooding boundary of each designed flood event is cloéed by comparison between the
maximum water levels and the elevation contour lines on the topographic map. The
boundary of the inundation areas of each sub-catchment area are finally connected.
Figures 5.14 — 5.18 show the flood prone areas of various designed flood events,
notables, 2, 5, 15, 25, and 100 years retum periods. The flood prone areas for various
designed flood events are given in Table 5.9.

The flood prone areas in the eastemn part of khlong Tha Taphao of different
retumn periods have occupied less area than the flood prone areas in the westemn part of
khlong Tha Taphao. The location of flood prone areas of different of return periods
cover numerous Tumbons of Hat Phan Ktar, Bang Luk, Na Cha-ang, Wang Mai, Wang
Phai, Na Thung, Tha Taohao, Ban Na, Khun Krathing, Tak Daet, Bang Mak, Tha Yang,
Pak Num, Thung Kha, Visai Nua and Hat Sai Ree in Amphoe Muang. Therefore, the
results indicate that the large part of flood prone areas are in the western part of khlong
Tha Taphao. The flood prone areas of various designed flood events, namely, 2, 5, 15,
25, and 100 years retumn periods cover 184, 212, 244, 253, and 269 km2 or 23.19%,
26.66%, 30.74%, 31.89%, and 33.92% of the total area of Apmhoe Muang, respectively.

The flood hazard degree is delineated using the principles of the definition of
flood hazard degree from several study areas in Geotechnical Engineering Investigaticii
Manual (Hunt, 1984). The flood hazard degree is .deﬁned into the 4 following levels
under the present study:

1. Very low hazard flooding: the return period of the probability of the flood is 2
years. The flood prone area is about 184 km".

2. Low hazard flooding: the return period of the probability of the flood is 5
years. The flood prone area is about 212 kmz.

3. Moderate hazard flooding: the return period of the probability of the flood are
15 and 25 years. The flood prone areas are about 244 km2 and 253 kmz, respectively.

4_ Very high hazard flooding: the retum period of the probability of the flood is
100 years. The flood prone area is about 269 km-.

The areas adjacent to the khlong Tha Taphao and khlong Chumphon in the
eastern part of Amphoe Muang, is generally low land of undulating terrain and flood

plain. This eartern part of Amphoe Muang is also very important built-up area and
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agriculture land. Therefore, the flood damages in the area, both lives and properties are

exceedingly high.

Table 5.9. Flood return periods, flood prone areas, and flood prone areas in the eastem
and the western part as divided by the khlong Tha Taphao in Amphoe Muang,

Chumphon province.

Flood retum Flood prone Flood prone Flood prone areas as divided by the
periods (years) areas (kmz) areas (%) khlong Tha Taphao (kmz)
The eastern part The westemn part

2 184.104 ! 23.187 59.832 124.272
211.667 26.658 64.866 146.800

15 244.040 30.736 69.828 174.209

25 253.190 31.888 73.797 179.391

100 269.358 33.924 _ 78.390 190.965

It is regarded that the flood analysis of khlong Chumphon and khlong Tha
Taphao particularly in Amphoe Muang, Chumphon province including the preparation of
the flood prone maps of different return periods are critically important. Against the
background of the present study, numerous preventive and remedial measures as well

as appropriate waming system can be accordingly formulated.
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Map showing the flood prone area of 2 years return period
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Figure 5.14 The flood prone map of the 2 years returmn period.




82

Map Showing the flood prone area of § years return period
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Figure 5.15 The flood prone map of the 5 years retund period.
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Map showing the flood prone area of 15 years retum period
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Figure 5.16 The flood prone map of the 15 years retum period.



84

Map showing the flood prone area of 25 years return period
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Figure 5.17 The flood prone map of the 25 years return period.
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Map showing the flood prone area of 100 years return period
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Figure 6.18 The flood prone map of the 100 years retumn period.




CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion.

The Tha Taphao and khlong chumphon watersheds in the Chumphon basin at
Amphoe Muang, Chumphon province have undergone several periods of serious
flooding. Besides, the trend of scale or magnitude of flood has been increasing. The
cause of flood resulted directly from heavy rainfall, promoted increasing runoff in the
river of the basin during the monsoon season during degree of the months of August to
November and indirectly depending upon the quantity of forest area, urbanization and

population growth, as well as industrialization and agricultural pattern.

Rainfall and flood frequency analyses are carried out using extreme values of rainfall
and water levels or stages recorded from 7 rainfall stations in the basin and 4 gauging
stations in Amphoe Muang. In this study, regression techniques are often incorporated
into other method, such as, the relationship between rainfall and runoff in the
watershed, where data is not adequate enough for analysis, and relationship between
runoff at stations x.158 and x.180 for analysis of peak or maximum stage. On the basis
of the Gumble distribution, it is considered to be best fitted and appropriate for every
basin in Thailand. Therefore, the Gumble distribution has been employed under the
present study for the design of different flood retumn periods of 2, 5, 15, 25 and 100

years in order to delineate the filcod prone areas.

The results of HEC-1 model, indicate the variation in lag time and flood peaks that
would result from various levels of land use pattern and urban development. The
changing of land use into the impervious areas in the watershed effect to the flood
peak, rainfall excess, and runoff depth is increasing. Iin addition to, lag time and rainfall
loss have decreased because of increasing of the pervious areas. Therefore, the areas
are occurred flooding close to the Tha Taphao watershed in Amphoe Muang. HEC-1
did not model total runoff very well. However, it does not appear that increasing

urbanization significantly affects runoff depth.
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The flood prone areas in Amphoe Muang are mostly located in the westemn part of
khlong Tha Taphao close to the khlong Tha Taphao and khiong Chumphcn. Therefore,
the location of flood prone areas of different of retum peh’ods cover numerous Tumbons
of Hat Phan Ktar, Bang Luk, Na Cha-ang, Wang Mai, Wang Phai, Na Thung, Tha
Taohao, Ban Na, Khun Krathing, Tak Daet, Bang Mak, Tha Yang, Pak Num, Thung
Kha, Visai Nua and Hat Sai Ree in Amphoe Muang. The tlood prone areas of 2 years
retumn period is about 184 square killometres, 5 years return period is about 212 square
killometres, 15 years return period is about 244 square killometres, 25 years return
period is about 253 square killometres and 100 years return period is about 269 square
killometres. The flood prone areas of 2, 5, 15, 25, and 100 years retum periods cover
23.19%, 26.66%, 30.74%, 31.89%, and 33.92% of the total area of Apmhoe Muang,
respectively. The flood of 2 years retum period is very low hazard flooding. In contrast,
the flood of 100 years return period is very high hazard flooding. These areas are very
important residential and agriculture land areas. Thus, the flood cost damages are
apparently very high. The analyses of flood prone areas are being used to generate the
flood prone maps. The flood prone maps of different return periods are critically
important in predicting the occurrence of floods and the damage they are likely to
produce. Consequently, the formulation of flood controls planning, prevention and relief
of fiood.

The preseiii iood management activities in Amphoe Muang not enough for reduce
the effects from flood. Thus the flood management should be includes all activities,
which can be undertaken to reduce the severity of flood and relieve its effects. The
management activities are physical actions, which control the movement of water and
relieve the conditions, which cause damage, danger and hardship. Flood management
activities in this area should be includes structural flood mitigation and non-structural

flood management measures as follows:
1. Structural flood mitigation options.

1.1 Control of water movements to reduce or mitigate the severity of flooding such

as floodway, diversion, reservoir, channel improvement works, and etc.

1.2 Establishing and upholding standards of flood safety for strategic public facilities,

such as, transportation infrastructure, public welfare supplies and energy supply.

2. Non-structural flood management measures.
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2.1 Planning, regulation and enforcement of restrictions on land use in flood plains

to reduce the public, private and commercial activities risk.

2.2 Forecasting, warning and emergency reponse to flood events.

6.2 Limitation of data to be used under the present study.

6.2.1 The lack of uniformity of data collected by different govemment agencies, the
data collection based on administrative boundaries in stead of hydrological boundaries,
and short periods of data collection are the main problems. Furthermore, the data
collection system in different agencies is not under the similar system. Thus, the
secondary data obtained from numerous agencies are not adequate enough for the

analysis, and some data show error and inaccuracy

6.2.2 The remote sensing data in the past used for delineation of the flood prone
areas and served as a basis for the indication and elevation of flood prone area maps of
different return periods, are not available particularly during the critical time of flood

periods.

6.2.3 The information of present flood management activities are not used for the

analysis flood in this study.

6.2.4 The velocity runoff data are not available. So that, in the flood analysis under
the present study does not include the identification of lag time and the evalution of

discharge.

6.2.5 The data from limited gauging stations in Amphoe Muang are not adequate

enough for the analysis definite of flood prone areas.

6.3 Recommendation for future studies.

This study is carried out as a preliminary work in identifying the flood prone
areas of Amphoe Muang, Chumphon province. Additional improvements can be made

as follows:

6.3.1 The detailed study on the effects of flood control structures, such as, reservoir,
floodway, and dike on the changing condition of inundation area and flood stage should
be undertaken made in order to develop the definite flood prone areas under the

influence of the flood control activities.
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6.3.2 The duration of flood should be estimated for each designed flood retumn

period.

6.3.3 The historical records of flood and remote sensing data are important for the
analyses and identification of flood. Therefore, all of the information and data, if

available from any source, should be fully integrated in the study of flood in this area.

6.3.4 The rainfall frequency analysis in terms of different rainfall retum periods can
be further used in the evaluation of scale or magnitude of flooding of the Chumphon

basin.

6.3.5 The extreme value analysis used for any flood of specific retumn period is not
entirely based on rainfall or water stage. The retum periods can be computed separately

for synthetic flood peaks and lag time.

6.3.6 The results of other parameter optimization in HEC-1 are be used for synthetic

unit hydrograph.

6.3.7 The future study should employ the GIS Sofiware for generating the contour

lines for delineation of the flood prone areas.
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