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1.1

Chapter 1 INTRODUCTION

GENERAL

In accordance with the scope of work for the Preliminary and Master Plan on Floqd
Protpction/l}rain_a‘ge _Project in the Ea.stern Suburban-Bangkok in the Kingdom of
Thailand agi'eed upon between the Bangkok Metropolitan Administration (BMA)
and Japan International Cooperation Age;icy (JICA) in Nove.mber. 5, 1982, the JICA
Study Team commenced the .Site Office Work in Thailand on May 16, 1983,

After the completion of the site work in Bangkok, the ] ICA Study Team catried out

the preliminary study on the Flood Protection/Drainage Project in Eastern Suburban

Bangiok in their home office.

Main work of the Preliminary Study is-as follows:

1. Data collection and analysis related to the study
Review of previous study

Development of the criteria to formulate the drainage zone.

2
3

"4, Development of the criteria to set the p'riorit'y.of the drainage zone.
5

. Analysis for selecting master plan area

" 6. Definition of survey area for master plan_'

7. Rough study of flood protection and drainage method. .

8. Studies of organization, operation and management plan

The main objective of this Preliminary Study is the selectién/de_afinition of master plan

area. The preliminary study was focussed on this objective.

- A rough study of flood protection/drdinage methods, and studies of organization,

operation and management plans were also made. These established the guide lines

for the preparation of the master plan to be executed in the next stage of the Study.

‘Brief contents of cach chapter of the Repbrt are as follows:

For Chapter 2 to 5, the necessary ‘data for the basic conditions of the Study were
collected and studied. Chapter 2 deals with the general characteristics of the Study

Arca, Chapter 3 deals with the historical flood, Chéi)tér 4 with the information of the

1983 flood, and Chapter 5 deals with the existing klong networks and flood control

system,

I--1



1.2

In Chapter 6, based on these studies, the major causes of flood damage are investi-

gated,
Chapter 7 reviews previous studies and relevant plans.

In Chapter 8,_ the study on the future urbanizaed area is explained and Chapter 9, the

study on the land subsidence is described.

In Chapter 10, using the causes of flood damage investigated in Chapter 6, the general

concept of a flood protection/drainage system is proposed.

In Cha:ptei' 1 l,: the methodotogy of the flood protection study is explained.

In Chapter 12, a'hydrologicai and hydraulic modél is established, and in Chapter 13,

the hydrological design criteria is 'explained.

In Chapter 14, the result of the hydrological and hydrautic study _is explained. At this

point a basic idea on the flood protection/drainage system is established.
In Chépter 15, the selection/definition of a Master Plan area is explained.

Chapter 16 describes the studies on the organization, operation and management
plans. Chapter 17 describes the study on the finance as reference. It is to be noted
that the indicated construction cost is obtained from assuniptiong and not obtained

from the result of study estimates. -

In Chapter 18, the conclusions. of the Preliminary S'tudy and suggestions for the

Master Plan Study are given.

BACKGROUND OF THE STUDY

Bangkok, the capital of Tlﬁéi]and, is located on the flat deltaic plain of the Chao
Phraya River. The existing ground level of Bangkok is about 0.0-2.0 meters above
Mean Sea Level, the flood level of the River frequently exceeds 1.5 meters above

Mecan Sca Level,

Bangkok’s population rcached approximately 5,480,000 as of January 1983, whereas

"it was only about three million in the early 1970s. The construction of infrastruc’tu.u_e,

including flood protéction'/drainage has not been kept pace with such rapid urbani-

zation.



In addition to the low ground elevation, land subsideﬁce, the maximum rate of which
has been 10 cm/year, has been taking place due to the excessive pumping-up of
groundwater. In the flood of 1980, some parts of Bangkok was inundated for a

period of about two months.

In order to solve this problem, a Master Plan which covers 370 km? in the central
area of Bangkok was already prepared and proposed in 1968 by en_gineering consul-
tants, Camp Dresser & Mckee (CDM). The proposed system consisted of three parts:

a flood protection system, a drainage system and a sewerage system,

In order to protect the area against flooding, it w.as proposed to constiuct embank-

ments all around the area and install floodgates and locks.

Pumping statmm and dlams were also proposcd so that stormwater could be pumped
from the plotected areas into external klongs and the river, whenever the water level

of the latter is higher than the level of the internal klongs

The reguired facilities proposed in the CDM Master Plan were not COnstructed with
some exceptlon Instead prov131onal measures such as installation of portable pumps,
sandbdgs and cofferdams were provided to protect the centraI parts of Bangkok while

othel 'ne'as ‘were left unpxotected

- The Government of Thailand has now decided to solve the flood problem in the core
area of Bangkok as part of the fifth national development plan (with financial assis- ,

“tance from the World Bank).

The flood protection project in the eastern suburban area is planned to be imple-
mented during the sixth plan starting in 1986. A request was made by the Govern-
ment of Thailand to the Government of Japan for the Preliminary Study and a prepa-

r:’iiioh of Master Plan for Eastern Suburban—Bangkok.

In response to a request from the Government of Thailand, the Government of Japan
has decided to conduct a Preliminary Study and Master Plan for the Flood Protec-
tio'n/D'rain'age Proj_éct in Eastern Suburban-Bangiok (hereinafter referred to as the
St:udy), within the general'framewbrk of tcéhni‘éal éooperation between Thailand and
Japan which is set forth in the Agreement on Technical Cooperation 'bctwcen the
Government of the Kingdom of Thailand and the Government of Japan signed on 5

'Novcmber 1981.



1.3

1.4

1.4.1

1.4.2

Based on this agreement, the JICA, an official agency responsible for the implementa-

‘tion of technical cooperation programs of the Government of Japan, was assigned to

‘carry ouf this Study,

In NoV_embér 1_'98‘2, the scope of work to be performed by JICA was agreed upon
between Bangk:ok Metropolitan Administration (BMA) and JICA,

OBJECTIVE OF THE STUDY

~ The objective of the Study is to carty out a Preliminary Study of the Flood Protec-

tion/Drainage Project in Eastern Suburban-Bangkok, and to undertake a Master Plan
Study in the high priority area (to be identified) based on the results of the Prelimi-

nary Study. This Report presentslthe result ofthe Pz-e]iminary Study, and the Master

- Plan study is planned to be commenced in May, 1984,

The Study aims at a planning of the adequate facilities so as to play a role for provid-
ing the city with pleasant and healthy environment. The project should matci the
socio-economic situation of the country in view: of long range operation of the

facilities and-also have consistency with other rélated projects. -

Target year for the Master Plan Study is adopted as the year 2000 under the consider-
ation of consistency with other related plans dr projec'ts; e.g., “Draft of the Structural
Plan for Bangkok Metropolis and its Vicinity ™ prépared by DTCP, “Master P]ah on
Flood. Protection/Drainage Project in Bangkok Metropolis” prepared in 1968 by
Camp Dresser .and Mckee (CDM Plan).

STUDY AREA
Preliminary Study

The Preliminary Study area covers the eastern suburbs of 501 square kilometers
located between the Viphavadee Rangsit Highway and the Green Belt Zone as shown

inFig. 2.1.

Master Plan

The Master Plan Study arca was sclected as shown in Fig. 15.1, based on the results

of the Preliminary Study.



15 EXECUTION OF THE STUDY

The Study was carried out by the Study Team which was composed of the Japanese
Consultant Staff retained by JICA and Counterpart Statf of Department of Drainage
and Sewerage (DDS), BMA,

‘The Advisory Committe of DDS and JICA acted as advisors to the Study Team. Afl

the technical matters on the Study were resolved by the DDS advisory committee.

1y Members of JICA Advisory Committee |
Chairman
1. Mr. Tsunekazu Fukui Ministry of Construction
Committee Member
2. Mr. Akira Kato Ministry of Construction -
3. Mr. Isao Dohdoh Japan Scwage Works Agency
4. Mr. '_Fadao Isi_ﬂka_wa Ministry ot Construction
5. Dr. Katsuhide Yoshikawa - Ministry of Construction
6. ‘Mr. Kenichi Ohsako : . Tokyo Metropolitan Government
7. Mr. Yoichi Seki Japan International Cooperation Agency
(as Coordinator)
2y Member of JICA Study Team
1. Mr. Saburo Fukagawa Team Leader (PCI)
2, Mr. Kazufumi Momose Drainage System Planning (1) (TEC)
3. Mr. Hikoroku -Ohtsuka Drainage System Planning (2) (PCH
4. Mr. Toshiaki Tokumasu Hydrologic Analysis (PCI}
5. Mr. Masami Kondo Drainage Network Planning (PCI)
6. Mr. Shigehiko Homma Drainage Facility Planning {TEC)
7. M r. Daijiro Sezaki Facility Maintenance Planning (TEC)
8. Mr. Toshinori Ohshita Runoff Observations and Analysis for

Model Area (PCI)

9. M. Jyudo Hagiwara Flood Damage Survey (TEC)

10, Mr. Sachio Okutsu Land Survey (TEC)

I1. Mr. Kohki Fujii Land Use Planning {TEC)

12, Mr. Hidekazi Tanaka Admin_istration/M;magement Planning

(PChH
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4)

PDS Advisory Committee

1. Mr. Anuchit

2. Mr, Somchit

3. Mr. Mana

4. Mr. Nikom

5. Mr. Piroon

6. Mr. Pitool
Mr, Thongchai
Dr. Ksemsan

Mr. Thammanat

DDS Counterpart Staft

Dr. Ksemsan

. Mr. Teeradej
Mr. Thd'ngchai

" Mr. Thammanat
Mr. Changtong
Mr. Prasert
Mr. Vichai
Miss Angsana

_ Mr. Praving

fau—

Mr. Sompop
Mr. Atorn

—
—

‘Project Director

Assistant Director
Committee Member
Commitiee Member
Committee Membér
Committee Member
Commitiee Member
Sec'r'etary

Assistant Secretary

Leader of thé Staff
Counterpart
Counterpart
Counterpart
Counterpart
Counterpart

Counterpart

‘Counterpart

CoUzﬁerpart
Counferpart

Counterpart



2.1

2.2

23

2341

Chapter 2 DESCRIPTION OF THE STUDY AREA

The characteristics of the Study Area gives a decisive influence on the plénning of the
flood -protection/drainage system. So, the geneal characteristics of the Area are
studied in this Chapter.

TOPOGRAPRHY

The Study Area (Fig. 2.1) is located in part of the “central pilain’ which is an exten-
sive and r_ather flat arca formed by the sediments of the Chao Phraya and its tribu-
taries over a long period of time. The width of the lowland in the central plain ranges

from 200 km in the southern patt, to 150 km in the middle and 60 km in the north.

- The topographic map (Fig. 2.2), surveyed in 1969, indicates that 70 péfcent of the

“low-lying flat part of the central plain is lower than 2.5 meters above mean sea level

(MSL).

Pumping of groundwater, however, since the 1970s has changed the topogréphi’c fea-
tures. A large part of the plain has already subsided and this area becomes 'a"large
lake during a flood period. Figs. 2.3 — 2.5 show the ground surface elevation and
profiles respectively in the Study Area, which are based on thel re'cént survey con-
ducted by:tile' Stu'dy Team. The lowest parts of the Study Area are Lat Phrao, Hua
Mark, 'B_z‘mrg Kapi and P]ira Khanong. The gro"u'nd elevations in tliese areas are lower
than 1.0 meter above MSL and the lowest is about 0.2 meter, while the highest water

level of the Chao Phraya river exceeds 2.0 meters above MSL.

GEOLOGY

The central plain was evidently formed on a fault/flexure depr_éssion filied with plas-

‘tic sediments. The depression is underlain by various types of bedrock at depths of

400 to 3,500 meters. The aliuvium is composed of alternating sands and clays as

shown in Fig. 2.0.

CLIMATE
Rainfall

Bangkok has three seasons, cold, hot and wet. The “Cold Sea_s'on”,' is from November

to January, the “Hof Season”, from February to May, and the “Wet Season” the
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remaining five months from June to October, The weather is relatively dry from

November to April with almost no rain in December and January.

During the wet season, regular rainfall becomes more intense from June to August

due to southwest monsoon starting in mid-May, and subsides in mid-November.

The heaviest rainfall occurs in September when the typhoon passes through the coun-
try on a wide front, Fig. 2.7 .i'n:dicu'tes the mean monthly rainfall and number of rainy

days which occurred in Bangkok during'the period from 1951 to 1982.

Evaporation, Evapotranspiration and Humidity

Evaporation has a definite negative correlation with rainfall. Measurements in Bang-
kok reported by AIT indicate the figures of 150 mm per month during the low-
rainfall season between December and April, drdpping to about 120 mm per month in

September.

The actual ev;;potrahspiration figufes vary with the rainfall, temperature, soil mois-
ture and other factors. According to the report of NEB in 198_2, the highest, mean
and lowest evapotranspiration figures are 113 mm/month, 81 mm/month and 39 mm/

month re'spectiif'ely for the Lower Chao Phraya Basin,

The humidity. in Bangkok is relatively high. It averages 78 percent annually. Evapo-
ration and humidity in Bangkok and evapotranspiration in the Lower Chao Phraya

Basin are also shown in Fig. 2.7,

Temperature

The average annual temperature in Bangkok is 27.7°C, while the average monthly
figures range from 23.5°C in December to 29.6°C in April. Mean monthly maxima
range from 31.3°C to 34.9°C, and the minima, from 20.6°C to 25.7°C.

CHAQC PHRAYA RIVER

The Chao Phraya river so called the mother of the Thailand has a drainage area of
162,600 km? (it occuﬁics 32 pcrceht of the total area of the Thailand) and a !tolal
length _of river course of 980 km. Average annual rainfall in the drainage area’is
1,500 ;llilimetérs. It is said that rainfall in the upper reaches of the river Wili not

reach the river mouth until several months after failing.
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Flood discharge at the entrance of the Chao Phraya delta and at the river mouth for
the flood of 10-year return period are estimated as about 5,400 m? /sec. and 3,300
m? sec. respectively. The reduction in the downstream of the river is caused by the
¢ffect of flood water retention in the arca between Chainat and Ayutthaya. (Ref.

to section 7.3)

The water lcvel of the Chao Phraya river usually rises first in May or June to about
2 ~3m ahove the lowest river level within a period of only 1 — 3 weeks, after which
there is a fall of 1.-- 2 m during July. The second rise follows gradually and reaches
its maximum in October in thé upper reaches and November in the lower reaches.
Fig. 2.8 shows the daily flow and water level which was observed in 1980 at Nakon

Sawan on the Chao Phraya river and at Ban Muang Na on the Pa Sak river.

The water level at Bangkok Port as shown in Fig. 2.9, how_éver, is affected strongly

by the tide in the Gulf of Thailand as well as the upstream discharge.

IRRIGATION

During the reign of King Rama V (1868—1910) in Thailand the cultivated area of the
Chao Phraya river _d_e!ta e:icpénded considerably, and riée exporf alsb increased sharply
from the mid- 1870s.  In the 1870s, the State began to adopt policies for the recla-
mation of reccfxelds that depended upon the excavatlon of canals In the Study Area,

large areas of arable land were also cultivated for rice.

Most of the central plain had alréadﬂz been fully devé]oped as paddy field by the

Greater Chao Phraya Project (Fig. 2.10): In the area south of Avyutthaya, the irriga-
tion is done by storage of ‘water since gravity ifrigation is difficuit. The iocation of
heéd works and water regulating gates or navigation locks is shown in Fig, 2.10, The
water level has been contriollcd. to be at about the same level as the {and. The water -

tevel starts rising in August and lowers in November as shown in Fig. 2.10. -

In planning the Greater Cliao Phréyé Project, which was sta'rt_ed in 1952, the net
water requirernent for a rice growing period of 180 days was estimated as 1,800 mm
(10 mm per day), and the average effective rainfail for the saine period.was 1,050 min.
The differcnce of 750 mm is considered as the net ih‘igatioh water 1"équii’ement.
Allowing .for losses in coml.'cyance and distribution of about 800 min, the estimated
gross irrigation water required was calculated to be 1,550 mm (8.8 mm per day).:
In a survey of the water demand in the year 1968 in the nqrther'n region of the Great-
er Chao Phraya Project, it was found that fhe approximate irrigation water éupply was

950 £ 270 mm for broadcast wet season rice.

2-3
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ECONOMY
National Levei

Thailand has enjoyed high economic grdwth during the past two decades, The
national income has increased by approximately eight per cent per year and the real
GDP has quadrupled and the GDP per capita has more than doubled in twenty years.
(GDP per capita in 1981 = US$770)

The most striking feature of Thailand’s growt.h pattcm over the past two decades
has been the sustained growth of the agricultural sector. Agricultural output, the
highest source of income (25% of total production in 1981), has expanded at the
rather high rate of five per cent per annum. - Thailand has enjoyed not only agricul-
tural self-sufficiency but also a position as a continuous food exporter. Most of the
growth of agricultural production can be explained by the expansion of land under

cultivation along with relatively stable average y'ie.lds.

Recent growth in the industrial sector, (approximately 11% pei annum), has been
sustained by the dynamic private sector. While the government is providing infrast-
ructure and exerting a relatively limited control over private industry, a free enter-
prise system has emerged which has allowed development to take place at a rapid
rate consistent with the needs and resources available. The portion of manufactur-
ing in GDP reached 21% in 1981.

The rapid economic growth, however, has created many problems affecting social
and environmental conditions, and increased urban congestion leading to deterio-
ration in cultural, social values, mental well-being, and the salety of lives and pro-
perty. Furthermore, it is also widely observed that benefits from past development
efforts and economic progress have not been distributed cqua[ky throughout the

country.

Recent world economic changes, particularly due to high energy prices, high interest
rates, and stagnant economic growth, have greatly affected the Thai economy as is
the case for any country which imports raw materials for energy, capital and many

other resovrces related to production.

In order to overcome these difficulties in development, the That Government estab-
lished a new national economic discipline, the Fifth National Development Plan

19.82‘——1 986, It has the following major goals:

b2
i
N
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(i) The adjustment of economic structure through economic growth.
(2) Equity in distribution of naﬁonal economic and social development effort.
(3) AlIeviation of poverty for people in backward rural arcas,

(4) Closer coordination between economic and social development and national

security management.
(5 The implementation of the Plan into opcrationai plans.

(6) Emphasis on the role and cooperation of the private sector.

The Plan, drafted by the National Economic and Social Development Board, has

its major focus on the economic development of the provincial area.

Municipal Leve!

The economic activities of Bangkok Metropolis are significant for the entire economy
of the Kingdom. Due to the highly centralized nature of the Thai- bureaucracy and
also the geographical advantages, all the major central government facilities, industrial
firms, trading companies, multinational corporations and international organizations
are located in this area. These establishments are supported with seaport, airport,
other transportation facilities, and also with various commercial and service activities,

resulting in a high concentration of people and their economic activities in the city.

The population in Bangkok Metropolis of § million was 60% of the urban population

and 10% of the total population in the Kingdom in 1980. Although the area comp-
rises only 0.6% of the cou:ﬁry, 30% of the GDP is generated in the Metropolis, Table
2.1 indicates a comparison of GDP and GRP of Bangkok by sectors. It indicates that
the higher production for manufacturing, construction, transportation and communi-

cation, banking and other services are generated in Bangkok.

In 1979, the GRP per capita of Bangkok was 2.4 times of that of the whole Kingdom.
The difference in income level induces an influx of migrants from outer arcas, which
brings rapid growth of the urban population which was estimated to be 5% per year
in 1979. Various problems related to the rapid urbanization are evident in inadeguate
infrastructure such as transportation facilities, water supply, sewerage, waste disposal,
flood protection, drainage and other public facilities. The phenomenon of flooding
deteriorates the local conditions further, bringing about another burden for the

municipality of Bangkok.



{z¢ "oN PUEBIIRYL ‘Y0oOQqie?dj TEOTISEIZIS I 9DaIN0G]

(9£9¢18) T910C (£65%) 657°TT re3rdes 94

2.6

16L06T 169996 ) iye30L

VAR ¥99°1¢ 0°6 Ceettre 5 $32TAIIS
5°9 082°6 8¢ 26747 . uoTIRIISTUTWPY DTN
¥ 2 959 ¢ 1 €489 : o sButrieng Jo dyysixaumg
9791 990°2e 9 ¢ Cnetie s3e3sy TESY § soueAnsUl ‘SuTsueg
0°LT 81G°¢c? 602 _ 796 TTT i _ speay
6°8 9EneT €9 zIESE uoFIESTURLWE) g UOTARIZOdSURT]
071 8871 0°1 0€L°S Ayddng 193epM pue A3TDTAIVBTZ
Lt 9Z9° 1T 9°¢ TCveTe COTIINIISUO)H
8797 . 7Zh 0" €761 c98°80T Sutinioernuey

- - 72 86LcT S | BuTuty
L0 SO0°T 8°¢2 © o 915°gYyT 2an3TNoTa8Y

y 3ueg WOTLTIW i Jueg UOTTTTM

AoNZuBy 30 quo GopBuTy 210UM 30 405

{661} 1ONQACHd TVYNOIDIY SSOHD SHCHMONVE ANV LONAJ0Hd J31iS3W0A SS0HD w,.N 2iqe}



27

28

29

POPULATION AND LAND USE

The population of the Bangkok Metropolis and the StudyiArea in 1980 was estimated
to be 5,070,000 and 1,160,000 respectively. The annual population growth rate in
the Study Area during the period from 1970 to 1980 was 5.2 percent, which was

larger than the annual growth rate of 4.0 percent for the Bangkok Metropolis. The

‘past trend of the population of the Bangkok Metropolis and the Study Area are

shown in Fig. 2.11.

The present land use in the Study Area is of ribbon development pattern as is shown

in Fig. 2.12.

TRANSPORTATION

Bangkok is the starting point of three of four national long-distance highways;'Ro'u‘te'

1 to the North: Route 3 to the SQ'utheast'_;' and Route 4 to the West and peninsular

Thailand. Natioﬁal _Hig_hway R:o._ute 31 and _34 were:constructc_d'as by-passes to
relieve the traffic on Routes 1 and 3, respectively. Other National Highways are
Route 304 (called Ram Indra Road), No. 336 and No. 3202. (Fig. 2.1)

Except for these national highways, the roads are administered mostly by BMA.

Figs. 2.13 and 2.14 indicate the main road network and the road elevation (details
are shown in Figs. 4.3 to 4) which were usually raised to about two meters above
sea level. These levels are now below two meters due to fand subsidence, however,

are higher than the ground levels in the adjacent areas,

The elevations of north-bound and east-bound-railwéy line are alse higher than the
ground levels in the ad}acent.aréas. Thércforc, both railway lines and most of roads

will be used as natural boundaries for flood protection and/or drainage zone.

CONCLUSION

The Study Area of 501 km?, located in the eastern suburban-Bangkok is character-

ized by the extiemely low and flat, as it is located in deltaic al]uvi'al_ plain of the

Chao Ph raya basin.

Even now, the high water level of the Chao Phraya River exceeds the gro‘und surface
in the Study Area during high tide and flood season. The Study Area will be sub-

merged by water from the Chao Phraya River if no measures is taken.

2-7



Ih rainy season, a large amount of water tlows intb the Study Area from outer area
besides"t.hc rainfall within the Study Area. Urbanization has been 'i'enuu‘kably aceele-
rated toward eastern suburban area (Stud'y Area) during two decades, thus increased
propertj{. Roads and railways are servcd. as dykes since they are of mounding struc-

tural type.
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Chapter 3 HISTORICAL FLOOD

The historical flood is one of the important basic d_afa for the study of a flood protec-
tion/drainage system, The Study Team investigated the historical flood. Floods in

1983, which occurred during the Study is described in the following chapter.

HISTORICAL FLOOD

I*rom the begmmng of the history of Bangkok the reign of ng Rama I, floods have

been one of the b1g problems in the capital.

The largest flood in recent years occurred in November 1942, when flood-water

overflowed the banks of the Chao Phraya River from Nakhon Sawan southward

through Chainat, Ayutthaya, Pathum Thani, Nonthaburi and into Bangkok over a two
month period. The highest water level of 2.27 meters above mean sea level ever
recorded at Memorial Bridge occurred at that time, while the disch_arge of the river at
Nakhon Sawan was over twice the capacity of the channel éﬁd reached 6,500'étlbic

meters per second (CMS);

Since dams' and a water diversion system of the Greater Chao Phraya Project, were

constructed by RID in'19'6()s, a large flood was prevented for a while.

Since the mid- 703 however, ﬂoodmg began to occur again. The flood of 1975 had a
dlscllarge of 4 ?50 CMS at Nakhon Sawan which was still lower than that of 1942,
The population of Bdngkok had grown to more than 4 million by 1975, and the social

and economic effects of the 1975 flood were much gleatcr than the flood of 1942,

In 1978, 1980 and 1982 secvere floods also occurred. The liighest water levels at
Memorial Bridge, as shown in Fig. 3.1, were over two meters above mean sea level

when the flooding occurted.

Since the. 1970s, the recorded highest water level (Ref. to Fig. 3.1) has been rising.
One of the reasons for this ph'enomenon‘is the land subsidence which has occurred
due to excessive removal of grohndwater which has been practiced in the area since

the 1970s.

RECENT FLOOD

Flood areas, depth and dulatlon in the Cel’!tldl area of Bangkok are relatively deared

since flooding has been experienced frequently.

3-1
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No such an information outside the central area, however, are obtainable since flood-

ing there has only récently become a problem. Urbanization has now taken place in

“the Study Area where only paddy field used to be cultivated.

In the flood of 1980, some parts of the eastern suburbs were covered with ficod
water for more than two months. The tlooding occurred in the Study Area apain in

1982. Fig. 3.2 shows the [looded area in 1982 which was provided by DDS.

Based on this fipure, and in order to grasp a more precise situation regarding the

. flood, the .Study Team surveved the flooded ai'eéz, dept.h and duration of the 1982

flood. According to the strvey results, the entire Study Areaexcept some paris near
the Airport were 'submergcd under flood waters as shown in Fig. 3.3. The depth of

water was generally more in the northern and eastern parts of the Study Area,

Thowever, these areas are mainly used as paddy fields. The water dépth in themiddle

part was around 20 cm, shallower than the north and east, however the social impact
here was much more extensive. The floods lasted from a few days to three months as

shown in Fig. 3.4, Fig. 3.5 shows the 6bs_erved flood mark in 1980 ﬂoo_d.

Fig. 2.9 indicates the average 10-days rainfall in the St.udy Area anid the d'aily highest,
mean and lowest water levels in the Chao Phraya river at Bangkok Port. These figures
show that large flobds w.hich occur from September to November are inﬂuenced
mostly by the low and mean water [evels which make gravity flow difficult in the low-

lying Study Area.

FLOOD DAMAGE INVESTIGATION IN PAST

Several atfempts by different organizations were made to estimate the cost of flood

damage in the central Bangkok area.

These estimates vary from 133 million Baht to 1,100 million Baht asshown in Table

31



Table 3.1 FLOOD DAMAGE IN GENTRAL BANGKOK

- Es timateﬂ-

No. Year Cost of Damage Investipated Item Source of
{mil1llion Baht) Fatimate
1 | 1975 flood 1.100 1 Direct damage, indirect | Water Resource
damage and utility Committee,
losses NESDB
2.111975 flood 133 Health benefit World Bank
2.21 1975 flood 1,000 Aanual iﬁcrement of World Bank
land value
3 | 1981 flood 450 Direct damage, indirect | Burkhard#
damage and flood
prevention cost
* Burkhard Teichgraber, Karlsruhe University, West Germany’
3.3.1 Estimate by the Water Resources Committee, NESDB for 1975 flood

)

3)

4)

Damage from the flooding in 1975 was estimated as follows by the Committee for

Planning of Water Resources Committee:

Direct damage :

Indirect damage :

1,000 B per affected households

(2/3 of all 600,000 households were affected.)

1,600 B for each houschold

(in the period 3 months)

Utility losses (Damage to streets)

= 400 million Baht

= 600 million Baht

The damaged road surfaces comprised more than 500,000 sq. meters of main road

Repair cost for main roads

Repair cost for branch roads

Total Damagé

= 30 million Baht

= 40 million Baht

1,100 miltion Baht

3-3




3.3.2 Estimate of Work! Bank

An appendix to the World Bank report /1/ contains a brief economic analysis for the
1975 flood. The category “benefits’” was used _tb appraise the City Core project.

To evauate them, the following methods were utilized,

1. Helath @ Assume costs of medical goods and services were estimated at 200 Baht
per person per year for one third of the population : (March 1980

prices) 133 million Baht

5 All marketable land values are said to be enhanced by S per cent owing to the

execution of the project. This benefit will be : 4,940 million Baht
Estimation basis is as follows:

{a) Value of property

Downtdivn dense B 3,000 — 4,000 per square meter
Moderate dense : B 2,000 per square mefter
Uninhabited © -~ B 1,000 per square meter

(b) Size of area: 82 square kilometers

(¢) -Assume 30 per cent is downtown dense
30 per cent.is moderate dense

40 per cent is uninhabited

(d) Assume 50 per cent of downtown is marketable (Balance is roads and public
land)
60 per cent of moderate dense is mafketéxble

80 per cent of uninhabited is marketable

(e) Assume all marketable land values are enhanced by 5 percent because of the

flood protection project.

(f) Then, downtown value increase = B 2,152 million

Moderate densc value increase =B 1,476 million
Uninhabited value increase =1 1,312 millioft
Total increase = B 4,940 million

/}/ World Bank : Bangkok Flood Protection and Drainage Project, Staff Appraisal Report

Thailand, November 1979, World Bank Report No. 2002



Assuming these increased values accrue over a five year period, annual values are

1,000 million Baht,

3.3.3 Burkhard Estimation

Damage from the flooding in :1 981 was estimated by Burkhard Teichgraber, Karlsruhe

University of West Germany. The estimates were done for residential houises and for

commercial stores, for three categories as indicated below.

(1) Direct Material Damage

Damage on private buildings and loss of production and services.

(2) Indirect Damage

Non-material damage such as time loss in the traffic and environmental damage

expressed in terms of willingness-to-pay.

(3)‘ Flood Prevention Investment

These costs for raising land, construction: of flood walls and other preventive

measures as an investment by residents or by shop owners.

The results of this estimate are indicated in the table below.

Means of Damage

{(Baht/m?)
Direct Indirect p G
_ Damage - Damage revention
_ _Large dwelling and terrace-houses 12.8 5.5 620 -

Residential . Small dwelling houses ‘ 345 13.6 . 41.1

Flats _ 445 3.78 741
Street shops 1960 499 3590
Trade Shops - 3470 526 3610
Supermarket & Department Stores 2840 673 2340
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p)

3)

4y

The Burkhard Bstimate was based on 65 questionnaires distributed over an area of
5.4 km?*. The fipures were extrapolated linearly to 450 million Baht as the estimated

damage for an arca of 82 km?® in the central area,

Flood Damage Survey in 1982 Flood

There has'i_)een no flood damage estimate made within the Study Area, although
thére are some 1'e601'ds on flood damage ih the central Bangkok arca. The Study
Team surveyed the damage of the 1982 flood within the Study Area. The SUIVEY Was
done in the form of a direct interview method from Jim_e 29, 1983 to July 13, 1982,
with the assistance of 11 staff members of DDS. The number of collected samples was
approximately 400. The area sur'veyéd was mainly in the middle of the Study Area,

where the flooding was considered to be severe.

Flood damage is classified into five categories; direct damage, indirect damage,

secondary damage, intangible damage and uncertain damage.

Direct Damage

This daniage is costs for repairs of replacemment for goods spoiled by water,

Indirect Damage

This damage includes the value of lost business and services, the cost of alleviating

hardship, safég’uarding health, rerouting traffic, delays and related phenomena.

Secondary Damage

Secondary damage may occur when people who are not living or not working in the
flooded area suffer economic losses caused by the flooding, ¢.g. those who depend
on the output from a damaged property or on services which are'af[‘écted, suffer a
substantial reduction in income. Secondary damage, however, is normally smaller

than secondary benefits and can be excluded from the evaluation;

Intangible Damage

‘The valuc of damage to environmental quality, social well-being ete. cannot be ex-

pressed in monetary units and is, therefore, designated as intangible damage.
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Uncertain Damage

The inhab_itants of a flood-prone area suffer continuous uncertainty as to when the
next flood will occur and how serious it will be. The cost for flood prevention works

belongs into this category.

Among the five categories, three items; direct, indirect and uncertain damage were

estimated by the Study Team as follows:

Damage from the 1982 Flood

Direct Damage ;260 mil_lion Baht
Indirect Pamage : 41 million Baht (only for traffic delays)
Uncertain Damage : 82 million _Baht

~ Total Damage =384 million Baht
(Details arc explained in Appendix B)

Conclusion

Floods, forced to be admitted by Bangkokians for a long time, have become more
and more serious sinée the late 1970s. Severe floods occurred in 197.8, 1980 and
1982. Especialty, the 1980 flood caused much havoc. The flood damage investigations
for the flood in central Bangkok exist, hhowever, no flood damage investigation
was made for the Study Area. Hence, as a case study of flood damage in the Study
Area it was estimated as about 400 million Baht for 1982 flood by the Study Team.






41

4.2

. Chapter 4 FLOOD N 1983

During the Preliminary Study in 1983, Bangkok was incidentally assaulted by an ex-
traordinary rainfall and flood. The opportunity was taken to get as much informa-

tion about the flood as possible, which is described in this chzipter.

FL.OOD SITUATION

1983’ flood in the Bangkok Metropolis caused by heavy rainfall started in the Bang
Na area at the end of August. It extended to some parts of northern and eastern

suburbs in the Bangkok Metropolis from the middle of September and continued

- until the énd of November. Fig. 4.1 shows the view of the inundation area in the

Bangkok Metropolis between the middle of September and the end of October. The
depth of the ﬂo'od water along the main road is indicatéd in Fig. 4.2. The stretches

of main roads over which floodwater flows are clearly found from Figs.. 43 to 4.7.

Most serious flood 'areas are Bang Na, Hua Mark, Bang Kapi and Lat Phrao. These
areas were flooded for more than two months and the depth of floodwater reached

about one meter at some places in these areas. Schools in the flood areas were

- closed, especially Ramkhamhaeng University in Hua Mark and Japanese school in -

Soon Vijai.

Aimost all the Study Area suffered from ﬂoodmg, espemally areas a]ong the main
klongs suffered severely. The heavy rainfall especially in August of about 460 mm
rainfall was recorded, whilst in the 1980 ﬂood only about. 190 mm was recorded

Furthermore, much water equivafent to 12 mm to 15 mm per day rainfall came from

“the outer areas. into the Study Area. The volume of 12 to 15 mm per day (totaled

1,080 mm to 1,350 mm for'three-monf}l)'is almost the sanie as the rain.f'all (1,078

mm} in the Study Area.

However, existing capacity of main pumps and main klongs were only 9 mm per day.
Consequé_:ntly,' inflowed and precipitated water accumulated in the low-lying area in

the Study Area, thus flood lasted for a long period.

RAIN FALL

Monthly area rainfall in the Study Area in August, September and 0ct0bcr in 1983
amounted to 461.5 mm, 331.8 mm and 284.8 mm respectively. Three-month rain-

fall totalled to 1,078.1 mm. Table 4.1 shows the comparison of monthly rainfalls

“in recent flood years.
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It is very clear from Table 4.1 that the amount of the rainfall in August 1983 is more

than twice that of other years, and the totul rainfall in the three months, in 1983 is
more than 1.5 times that of other years, The rainfall in three months from August

to October 1983 is of a 25-year return period.

Tabie 4.1 MONTHLY AREA RAINFALL IN AUGUST, SEPTEMBER
AND OCTOBER IN THE STUDY AREA

(Unti: mm)

Month  Year 1978 1980 1982 1983
August ' 90.0 1915 168.9 461.5
September 3214 3189 2375 3318
October 1192 2743 . 2388 2848

Total 5306 7847 6452 1078.1

Monthly and weekly rainfall at Don Muang, Bangkok and other stations are shown
in Fig. 4.8 and the daily area rainfall in the Study Area and the variation of water

level at Bangkok Port'in the Chao Phraya River are shown in Fig. 4.9.

WATER LEVEL OF KLONGS AND INFLOW FROM THE
OUTSIDE OF STUDY AREA

The water level at 12 water gauging stations in the existing klongs were observed in

the 1983’s rainy season by the Study Team in éooperation with DDS counferparts.
The detail of the observation result is shown in Appendix F.

Fig. 4.10 shows the locations of the water fcvel gauging stations. The daily area
rainfall in the Study Area and typical water level at the observation stations between

August and November are shown in Figs. 4.11 and 4.12.

Fig. 4.12 shows that the water levels of two stations G and H were 1.2 above MSL.
in the middle of October being caused by heavy rainfall and floodwater {rom the

northern and eastern parts of the Study Area.

The amount of water inflow from the outside of the Study Arca was obscrved at
essent.ial points as shown in Figs. 4.13 and 4.14. The total inflow into the Study.
Area was cstimated between 70'n§3 fsec and 90 m? fsec. at the time of the observation
period which were cquivalent to F2 mm/day 1':1i11'fall to 15 mm!cidy {for the Study

Areaof 501 km?. -
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CONCLUSION

The 1983 Flood was in extraordinary which is the biggest for these 40 years.

The 'probabi'lity of the rainfall in three months from August to October in 1983
flood has been estimated as 25-year return period, while the probability of 1980
flood was only a 3.4-year return period. Further, water amount inflowed from the

outer areas into the Study Arca was almost the same as the rainfall in the Study Area.

Invaluable data such as flood level, flooded area é'ncl the amount of inflow from the
outside of the Study Area were obtained, which are not only used in the hydrological
study but also give a guideline for establishment of flood protection/d'rainage system

and selection of Master Plan Area.

4-3
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Sand bags protect the Hua Mark Police Office from
on Oct. 14, 1983.

The Hua Mark Police Office inundated with flood water
4-5 on Oct. 17, 1983,



Floodwater was the waist depth in front of
Rang Khamheng Univ. on Oct. 17, 1983,

The shops prevent the floodwater by gand bags.
4--0



Chapter 5 EXISTING KLONG NETWORKS AND FLOOD CONTROL SYSTEM

Existing klong networks and flood control system are the basic physical conditions
in planning the flood protection/drainage system. So, they arc explained in this

Chapter,

ACTIVITY OF DEPARTMENT OF DRAINAGE AND SEWERAGE

The flood in 1975 caused severe havoc throughout the city core, because it was
thought that a big flood such as the one which occurred in 1942 would not happen
again because the large dams had been constructed in the upper reach of the Chao
Phraya River. As a result of the 1975 flood, the Bureau of Drainage and Sewerage

(now called “the Department of Drainage and Sewerage™) was established in 1977,

In 1978, DDS devised emergency flood protection schemes or short-term measures
to alleviate the problem aiming at the protection of the 100 square kilometers area in
the center of the city. Seven polders were devised in which five polders (No.! to
5} are in the central area and two polders (No. 6 located in Bang Na and No. 7 in Hua
Mark) are located within the Study Area as shown in Fig. 5.1. These arcas are enclosed
by dykes which utilized existing roads and railways and cofferdams to block outside
water from flowing into the areas. Rainfall occurring within these protected arcas

is to be pumped out.

Since 1980, not only the central area but the eastern suburbs (Study Area) as well,
suffered from flooding. Flooding in the Study Area lasted longer than that in the
central area due to inadequate outflow capacity and abundant inflow from the outer
areas. Provisional measures such as many cofferdams, pumps and gates were con-
structed. In addition, many main klongs were cleared out so that water could easily

run off to the south.

Apart from the emergency schemes, a long-term program for central Bangkok, called
the “Bangkok Flood Control and Drainage Project (BFCD)” covering an inner core
area of 86 km? began in June 1983, and detailed designs and draft tender documents
are expected to be completed by February 1985, This program is explained in

section 2 of Chapter 7.

In addition, a considerable arca is protected from water coming tfrom outer areas

under the administration of DDS as shown in Fig. 5.2.
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EXISTING KLONG NETWORK

The extensive network of canals, known as klongs, that traverse the Area serve as a
drainage system, while pipe drains have been installed in some urban areas. Origi-

nally, the klongs were excavated for navigation, irrigation and drainage.,

The klongs have long served as an irrigation and drainage system. After World War Il,
the Study Area was covered by the irrigation network project, the Greater Chao
Phraya Project™. Irrigation water carried from the Rama VI dam on the Pasak River

is to be stored at a high clevation with regulators.

The density of distribution of the klongs is more than one kilometer per one square
kilmﬁeter. Fig. 5.3 shows the main existing klong network. Channel widths Qary
from a few to 40 meters. The main klongs which are more than 20 iﬁetérs wide are
Phra Khanon, S.aen Saep, Tan and Lat Phrao. Typical cioss sections are shown in
Figs. S4and 5.5. | ' |

According to the result of the  topographic suivey, averége longiiudinal grades of
Klongs Phra Khanong, Saen Saep, Tan and Lat Phirao as shown in Figs. 5.6,5.7,58
and 5.9 are estimated to be about 1:15,000 to 1:20,000.

The existing discharge capacities estimated by the uniform flow method are shown in
Figs. 5.7, 5.8 and 5.9, while the capacities estimated by the non-uniform flow method
are shown in Fig. 5.10 under the condition of keeping the water surface below ground

elevation.

The discharge capacity of Klong Phra Khanong is estimated to be 50 m® /s to 80 m® /s
downstreant of the confluence of 'Klong Tan, with 10 m?®/s to 20 m* /s upstream.
These results are by the calculation of both ‘the uniform flow method and the non-

uniform flow method.

Similarly, the discharge capacities of Kldngs Tan, Saen Saep and Lat Phrao are esti-

mated as about 25 m*/s, 15 to 25 m® /s and 10to 20 m? /S respectively.

This means that main Klongs can carry such stormwater in one day as being equiva-
fent to. 9 mm a day preéipitation in the whole Study Area of 501 km?, or 18 mm
precipitation even if the drainége area is reduced to fhc half. A discharge capacity
of the Area is governed mainly by the existing downstream capacity of Klong Phra
Khanong. Consequently, flooding occurs frequently because rainfall exceeds [0 mm

per day.
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" ELOOD CONTROL SYSTEM

Seven areas have been p'rotc_ak:ted by a polder system from stormwater flooding as
shown in Fig. 5.1. About 180 pump units with a total capacity of about 100 m? [sec

are installed at 86 locations mostly within the areas covering 100 kmn? which are
shown in Fig. 5.11,

At present, stormwater within these protected areas causes inundation for a short

period which is then pumped out.

The larger areas, outside these protected arcas have temporary flood protection facili-
ties, most of which are cofferdams. The locations of these facilities are shown in

Fig. 5.2.

CONCLUSION

Various flood protection measures have been executed in the central arca of Bangkok.

Recently, they have been expanded towards the Study Area.

However, the capacities of these measures — pumps, kiongs, etc. — are insufficient,
and most of the measures are of a temporary nature or remedey works, for flood

damage.

Hence it is necessary that the permanent measures as well as improvement of drainage

capacity will be taken for alleviating flood damage.
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Chapter 6 CAUSES OF FLOOD AND FLOOD DAMAGE

" Based on the site:invcstigation for past flood damage and the existing flpod protec-

tion system, the major causes of flood and flood damage in the Study Area were
investigated. This chapter describes the findings.
GENERAL

In order to establish a suitable and effective flood protection and drainage system,

the causes of flood and flood damage were studied by:

1. Bvaluation of the geﬂéral mechanism of flood damage occurrence.
(refer to Fig. 6.1')

2. Review of the present status of the tlood protection plan arranged by NESDB.
(refer to Fig. 6.2)

MAJOR CAUSES OF FLOOD

The major causes of flood in the Study Area were found to be as the following:
(refer to Fig. 6.3)

Rainfail -

The rainy season liSually extends from inid-M_a& to mid-October as the southwest
monsoon brings moist air from Indian Ocean. Besides the monsoon:, heavy tropical
storms due to tropical depressions are experienced in Bangkok several times between

August and October. The highest rainfall usually occurs in September.

‘Low Flat Plain and High Water Level of the Chao Phraya River

" The ground surface elevation in the Study Area is very low while the water. I'eve_l of

_the Chao Phraya River rises between September and November due to high tides and

floodwaters flowing from the North. Thus, the amount of discharge from the Stud'y

Area to the Chao Phraya River is reduced.

Inflow from Outer Areas

The amount of floodwater due to inflow from outside of the Study Area is very

large.
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Progression of Land Subsidence

Land subsidence which is caused by excessive pumping-up of groundwater, reduces
the gravity discharge from the Study Area to the Chao Phraya River.

Insufficient Drainage Capacity

Besides the major causes of flood described above, the insufficient drainage capacity
of klougs, pumps, gates and drainage pipes are the other causes. Main drainage gates
to the Chao Phraya River are limited in number, There are only four stations, Bang
Khen, Bang Sue, Phra Khanong and Bang Na in the Study Area. '

Change in Land Use Condition

Flood water retention capacity in the Study Area has decreased considerably becuase:
housing construction and reclamation of swamp areas has taken place to meet land

use demand for urbanization, causing an increased runoff discharge.

MAJOR CAUSES OF FLOOD DAMAGE

Flood has occurred in the Study Area since a long time ago due mainly to natural
conditions mentioned in the preceding section. However, it is relatively recent years
that flood became a serious problem. This was caused by unplanned urbanization,
which increased flood damage potential and subsequently flood damage. In other

words, {lood damage was created by bumnan activity.

GENERAL FLOOD DAMAGE MODEL

Flood damage will occur when a heavy rainfall occurs in a flood-prone area which
has damage potential. In general, the flood damage potential can be measured by the

relationship between ground surface and expected flood water level.

Fig. 6.4 shows an example of flood damage models..

CONCLUSION

The following six factors are considered as the causes of fload.

1} Rainfali

2} Low Flat Plain and High Water Level of the Chao Phraya River

62



3) Inflow from Outer Areas
4) Pro_'grf':ssion of Land Subsidence
5) Insufficient Di’ainage Capa'éity

6) Change in Land Use Condition

The rapid increase of flood damage in recent years was caused by aw increase of
damage potential due to unplanned urbanization. Therefore, flood plain management

will play an important role for alleviating the flood damage.

6--3
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Chapter 7 PREVIOUS STUDIES AND RELEVANT PLANS

In th_is chapter, the previous flood control studies and relevant plans related to this

Study are investigated to provide the fundamental imformation for the Study.

CAMP DRESSER & MCKEE (CDM) PLAN

Since 1960, numerous studies related to flood protection and drainage have been
made for Bangkok. In 1969, a Master Plan prepared by Camp, Dresser and Mckee
(CDM) was approved by the Government as the o_fficia] plan, The study area covers

370 square Kilometers of central parts of Bangkok.

The proposed Master Plan includes establishment of 11 poiders as shown in Fig. 7.1,
whose fcl'rea varies from 11 to 100 square kilometers each. Each pdlder was planned
to be protected from external flood waters by a flood prot_ecfioﬁ barrir;r consisting
of a combipation of embankments, highways and concrete walls. .Each polder is
surroundcd either by rivers or large klongs. The crést elevations of t.hc flood protec-
tion barrier are 2.2 meters above MSL at Memorial Bridge (47 km upstream from the
river mouth) and 1.9 meters at Bahgkok' Port (28 km). These are .plalmed based on

the 100-year frequency flood levels and a freeboard of 0.37 meters.

Drainage: within each p'older' is =alffr;ac'ted_ by a system'_of 'interconnected internal drain-
age klongs. Stormwater runoff is pﬁixﬁped from the _ihtérnal drainage klongs into the
external klongs such as Klongs _Phré Kﬁanon, Séen Saép and Lét Phrao, or directly
into the Chao Phraya River. Each pdider‘réqﬁires from ‘one to eight pumping sta-
tibns._ Fig. 7.2 indicétes the principal components of the proposed system consisting
of the flood barriers, the internal drainage klongs and the stormwater pumping sta-

tions.

' Ac(:ording to the results of the éomputcr study by CDM, the planned pumping

capacity varies between 15 and 27.5 CMS (0.6 to 1.4 CMS/km’) while the avérage
peak run-off ranges from 4 to 7 CMS/km?. This difference is created by temporary

stormwater storage within the areas.

According to the CDM plan, stormwater d'rainag'e in the residential area was designed
to carry away the run-off expected from a storm occurring only once every two
years. In other developed pérts of the study arca, the drainage was designed for a

storm with an expected frequency of once in five years.
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Implementation of the CDM plan was proposed to take about 30 years to complete
up to the year 2000. The _bu(iget for this project estimated in 1968 C_xcl_uding the

»

sewerage system were 7,400 million baht,

The most significant portion of the construction cost, which was 1o be completed

within 14 years or by the year 1980, was 1,150 million baht in terms of 1968 costs.

The construction, however, did not proceed except for two pumping stations: the

Rama IV and the Padung Krung Kasem and some other facilities,

FLOOD CONTROL AND DRAINAGE PROJECT IN CENTRAL
(CITY CORE) AREA

" NEDECO in joint venture with NECCO and LAND MARiNE/SPAN is now carrying

out the Feasibility Study and Detail Deswn on “Bzmgkok Flood Control and qumage
PlOIGLt (City Core)” covering an area of 86 km , which is shown in Fig. 7.3. The
NEDECO’s study began in June 1983, and the detail desigit is scheduled to be com-

pleted by February 1985. The main work items are summarized as follows:

Review of the Project Status
General Studies for all Polder Areas
Specific Studies for each Polder Unit

o 0w >

Preparation of Detail Designs and Draft Tender Documents

Procurement Assistance

tr

The draft of general study report covering the items A and B was presented on 30
September 1983. Other items are now under study. [t is understood that this report

is the interim report that shows a guide line for the detail design,

According to the report a flood protection barrier, consisting of retaining walls or
(raised) embankments is proposed to prevent flooding of the central arga. The flood
protection barrier is classified into three classes; main protection barrier, -;c,c,ondary

protection b'nuel and temporary protection barrier.

Main protection barrier will be located along the Chao Phraya River and the major
boundary klongs, viz. Klong Bang Sue, Klong Tan and Klohg Phra Khanong. This
barrier will be designed for high water levels with & return period of 100 years and

with expected land subsidence in 10 years.



Secondary protebtion barrier will be located on the inland boundaries, viz, Viphavadi
Rangsit Highway, northem side of the east bound railway line and north of New
Petchburi Road. This barrier is designed for high water lévels with a return period
of 10 years and with e;‘cpeéted land subsidence in § years. Temporary b'ar_rier will be
located inside the project area to protect the first phase area (western pér‘t of the
project area, whilé the second phase (eastern part) is not completed. For the design
of temporary barrier a return period of high water levels of 10 years and with ex-

pected land subsidence in 3 years is adopted.

It is designed that klong water ie_vel within the main barrier is to be 1.5 m or more
lower than the land level of the protected area. Assum'ihg that a land ie{fel is between
1.00 m a:_;d 1.50 m above MSL (Mean.Sea Level), the average klong water level should
be around MSL —0.25 m., ' '

The polder units are proposed to have an independent water management for each

' uni't, which are shown on Fig. 7.3. Some of the units will be combined to larger units.

P10visionaily, the design of the drainage system is based on a combination of rainfall
with a 2 years return penod outside” water levels of 0.70 m and I .35 m above MSL.
 The frequency of occurrence of this condition is once per 10- years Howecver, the
future drainage. system in easte_m parts of the Core Project area will be based on the
use of pumped discharge only, because the possibility of discharge by gravity will

decrease with land subsidence.

Local short flooding caused by torrential rainfall, for example with a 10 years refurn
period, seems to be allowed because of the difficulty of increasing storage capacity
.and the high cost of the installation of additional pumps For example, installing
addltlondl pump with relatively high capamty at some places can reduce the duration

of flooding to only a few hours.

Table 7.1 gives a summniary of the peak . runoff values for the distinguished polder
;‘dI‘EZl'S expressed in m? /sec pér km? at the selected return pefiods for the present and
future land use conditions from the result of the model simulations for storm-dura-

tions of 3 hours.

The pumped-out water from the Core Area to main klongs, Klong Tan, Klong Phra
Khanong and Klong Bang Sue, brings the greatest impact on flood protection/drain-
age system in the Study Area. Therefore, improvement of these main klongs and in-

stalling pumps in their lower reach are essential for the drainage system.



Table 7.1 PEAK RUNOFF IN M*/8 PER KM? IN POLDER
AREAS DUE TO RAIN-STORMS OF SELECTED
RETURN PERIODS (CITY CORE PROJECT)

i am

Size of { present land use | Future land use
Polder Polder l— ' .

(km?) 2 { TS |TLO ™ | 15 | 710
1 19.8 | 10.5]12.5¢14.0 { 12.0{ 14.2{ 16.0
14 1.2 | 11,50 13,7 {15.4 | 12.0]14.3] 16.1
1B 8.6 | 10.1[11.9 |13.4 | 12.9]15.3]17.2
2 11.2 12,5 14.9 [16.7 | 12.5] 14.9] 16.7
3 17.4 8.3]10.0 |11.2 8l10.6|11.9
38| 12,0 | 8.6110.2 [11.5 | 9.7|11.6]13.0
3B 3.2 | 10.3012.2 (13.7 | 10.3|12.2] 13.7
3C 2 9.0]10.8 }12.1 9.5111.3( 12.7
4 7.6 8.6]10.3 |11.6 | 12.7] 15.2] 17.2
5 15.0 8.3 9.8 [11.0 | 10.7]12.5] 14.0
6A 12.1 8.1] 9.7]10.8 | 9.5]11.3]12.7
6B 0.8 | 12.6|15.0|16.9 | 15.9] 18.9] 21.3
6C 2.7 10.0411.7 13;1.l.19.z 12,0} 13,3

The recommended pump capacity for present and future situation by NEDECO is

shown on Table 7.2,

The total cost of the project is provisionallly estimated at;

Flood protection barsier B 792,860,000
Pumpfng stations B 900,900,000 _
Sluices .B 6,35_0,000 .
Kilong improvement, etc, B 436,670,000
Land z.lc'qu'isition B- 416,000,000
Total B 2,552,780,000
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table 7.2 EXISTING PERMANENT AND PROPOSED NEW PUMPING
STATIONS (CITY CORE PROJECT)

capacity of pumping' station
Polder gizi of exi%ting proposed Total
older (m3/s] [m3/s] m3/s
o (km?) . : : /' !

1 A/B 19.8 6

10 36
. 20

2 11.2 25 - 25

3 17.4 - 10
10 40
15
5

4 7.6 - 15 (35)% 15 (35)%

5 15.0 2.2 :

2.2 29.4 (69.4)%
15 (25)% }-
- 10 (15)*

6 15.6 - 25 (35) % -
5 35 (%
. .

Total 86.6 55.4 ' 125 (45)* 180,464 (225.4)%

% 1 These capacities will be requi.red in the .future,

taking iote account of land subsidence.

CHAO PHRAYA RIVER WATER LEVEL LOWERING PLAN

The water level of Chao Phraya River usually experiences the first rise in May or June
within a period of 1-3 weeks. The second rise occurs gradually and reaches its maxi-

mum in October in the upper reaches and in November in the lower reaches.

When the water level rises, a considerable quantity of water escapes into tributaries
and branches. This water overflows the banks of tributaries and spreads out into the
low-lying areas on both banks of the Chao Phraya.. The lower pléin of the Chao
Phraya River, between Nakhon Sawan and Bangkok, loo.ks hike a Iérge lake during a

high flood season,

- The hmjor cxistihg storage dams in the Chao Phraya river, the Bhumipol dam (cffec-

tive storage volume, 8,600 million cubic meter) and the Sirikit dam (ditto, 8,800

~million cubic meter) have a flood regulating capacity of 500 m?/sec of the Chao

Phraya River. These dams, which have been in operation respectively since 1962



and 1971, have had a remarkable effect on lowering water levels in the Chao Phraya
River for small to medium size floods. However, for large floods, these are not so

effective,

Besides these dams’ capacity, “conservation areas” between Chainat to Ayutthaya
- play an important role in alleviating the flood damage in the Chao Phraya River basin.
About one-third of the discharge of the Chao Phraya River is retained in the “conser-

vation areas”,

The followings are brief outline of the calculated distribution of discharge in the

middle re'ac_h of the Chao Phraya River.

1) Total discharge flow into the Chao Phraya delta is 5,365 m? fsec for the flood in a

10-year return period.

From the Chao Phraya River at Chainat 4,160 m? /sec
From the Pasak River at Tha Rua 520
From western te.rréce : 35
From eastern terrace 100
From others (Rainfall etc.) 500

Total 5,365

2 A flow of 3,515 m?/sec is discharged through the two ri#f_ers, while the remaining

flow of 1,850 m? /sec is distributed over or naturally conserved as follows:

Co_hser\;'ed amount ' 1,850 m? [sec
Chao Phraya River 3,3 15
Suphamburi River _ 200

Total 5,365

'About one-third of the discharge of the Cﬁao_Phraya River is retained in the “conger-
vation arcas” between Chainat to Ayutthaya. If these areas do not retajn the water,
_then the water level in the lower reach beqp'me.s very’ h'igh'. If the retaining capacity
loses a flow of 600 m? /seé out of total of 1,850 m? fsec, tfmn fhc, water level in
Bangkok is estimated to be increased by 0.4 to 0.5 meters aécording to the NEDECO'
study, ' '

AIT is now undertaking an 18-month long study which is called the “Flood Routing
and Control Alternatives for the Chao Phraya River for Bangkok” for NESDB. The

study began in early 1983, The following flood control schemes are being considered
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in this Study.

a. (onstructlon of diversion dams and flood bypdSS channels to divert flood flows
to Bangkok, '

b. Dredging or widening of the shallow or natrrow reaches of the Chao Phréya River

to increase flood conveyance capacity.

c¢. Construction of cutoff channels at meanders below Bangsal which is located

between Bangkok and Ayutthaya,

The above-mentioned study will be studied under the condition that no any adverse

effect will be made on the irrigated area. It will also not consider such “headwater”

schemes as reforestation or reservoir construction.

The natural storage capacity of the Chao Phraya plain has prtytectéd Bangkok from
severe flooding. Accordingly the conservation of the areas which are contributing to

storage of potential flood water should be maintained in their present land con-

_dition.

GREEN BELT PROJECT

_ Thé Master Plan of the Royally-lnitiated Flood Prevention Schem'e, the so-called

“Green Belt Pro]ect was worked out in 1981 after the serious ﬂodding which oc-
curred in 1980. The plan covers the area of the eastern cultivated fields as shown in
Fig. 7.4. The area between KIong Sam Wa’ _and Klang Lan Pia Tew has been declared
as a green beif'area, which clea.rl'y separates the unbanized area and the surrounding
agr'icultural land. The prejeift aims at the drainage of the water quickly into the
South, directly into the Gulf of Thailand. For this purpose, the ‘co'nst:ruction of
embankments, repulators and'éofferdams, and dredging and widening of kiongs

are being planned as described in the following paragréphs:

Embankment

An embankment along the city’s eastern 0ut§kirt’s para.llel to the western side of Rom
Klao Road is to bc built from Klong RdngSit to Bang Phli district in Samut Prakan
Province. Thls embankment will be 77.08 kilometers long Ihe Rom Klao Road and
other roads, forming dykes, arc to be raised in elevation in order to construct an

effective barrier.



2)

3)
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Regulator aﬁd Cofferdam

Forty-three mguhtors and cofferdams are to be instalied alom, the dykes and the
main kiongs to control the flow of water, preventing from flowing westward into

inhabited aveas,

Klong {(Canal)

Diedging of 19 canals, 1735 kilometers in total tength, are expected to improve the
flow of water into larger canals such as Klongs Raﬁgsit, Bang Khen, Lat Phrao and
into the Chao Phrava River via'Klongs Bang Na, Saen Saep and Phira Khanong. The

planned discharge capacities are shown in Fig, 7.5.

During the first year of this King’s project in 1981, the Royal Irrigation Department
(RID) completed the dredging program for the large canals of Rangsit, Nong .Ngu
Hao, Bang Plara and Lam Pla Tew. These will be linked to several small klongs which

the BMA have excavated in Bang Khen, Lat Krabang and Ph_ra'Khaliongdistricts.

The Green Belt Project, which will cost 375.39 miElion baht, is expe‘ctcﬂ to be com-
pleted by 1985, The project is the joint responsibility of NESDB RID, BMA, the
nghways Departmem and the State Railway of Thailand (SR'I)

SAMUT PRAKAN SEA WALL PROJECT

‘Samut Prakan Province, covering an area of 934 km? whick had a population of

536,000 in 1980 is located adjacenf to the south of the Study Area. Some parts of
Samut Prakan have been changed substantially from a rural area consisting of farmers,

fruit growers and fishermen into an industrial area which is located nedr Bangkok Port

along the Chao Phraya River.

The problem of drainage and flooding in Samut Prakan has become similar to chg-

kok since the 19605 The excessive withdrawal of gxoundwatcr due to the increase

“of factories and population has caused land subsuit,nt,c For the prevention of land

. subsidence, the Metmpoutan Water Works Authority (MWWA) is planning to supply

surface water as a substitute for groundwater.

A flood protection Master Plan on “Samut Prakan Sea Wall Project” was completed
in September 1983 by the Thailand Tustitute of Scientific and Technological Research.

As the project name denotes, the embankments along the Chao Phraya River, the

~ Gulf of Thailand and the Green Belt area are planned to prevent inflow from outer

areas. Pumps and gates will be constructed for drainage.” In this scheme, floodwater
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7.6

flowing into the area from eastern Bangkok (Study Area) is not conisidered.

URGENT FLOOD CONTROL MEASURES DUE TO 1983 FLOOD

In 1483, Bangko_k was assaulted by the extraordinary rainfall and flood, The flood
was the worst for about 40 years. The total rainfall from August to November
amounted to about twice the usual mean rainfall. The damage due to floods are ex-

pected to be ex'tmordinary‘.-

In these situation, t]_le Government of Thailand set up the “Committee of Flood
Protection and Solution in BMA and the Circumferenice” on October 10, 1983 in

order to take urgent measures for flood control.

It is reported that at the Committee held on October 25, 1983, the following three

- plans were decided to be executed using the budget of central government.

These plans are scheduled to be completed by the middie of 1984 & 1985 flood

season.

Table7.3 THREE URGENT PLANS

(Unit: miltion Baht)

P Oreanizati - Budpet
| reantation 1984 1985 Total
1. Raise of Eleva- RID 194.5 181.5 376
tion of Rom SRT ’ :
Klao Road HD.
2. Dike at Samut PWED 122
-Prakan Samut Prakan
. Proviice
3. Improvement of | Samut Prakan : ‘ . 81
Klong Samrong Province
- Total | : ‘ 579

Besides the thfee plans, additional .l 1 plans were also aut'horizéd. {Fig. 1.6) Naviga-
tion locks a.nd :.pumps will be improved at the mouth of Klong Bang Khen, Klong.
Bang Sue, Klong Sam Saen, Klohg Plira Kh.anong, Klong Jek, Klong Bang Oa, Kiong
Béng_ Na and Klong Sam Rong. Two flood protection barriers along both sides of
Klong Saen Saep (from Patumwan Gate to Klong Bang Kapi 'intersection.) and along
western side of Klong Phra Khanong (from Phara Khanong Gate to Klong Tan inter-
section) will be’ constructed. Fou:_‘_ klongs in Samut Prakan Province; namely, Klong

Bang Ping, Klong Preksa, Klong Mahavong and Klong Tup Nang will be dredged.
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7.7

‘Yotal 59 umts of portable pumps having a capacity 3 CMS each will be iﬁstalled at
11 locations in the left bankside of the Chao Phraya River. Thése pumps are sche-
duled to be conmpleted by the middle of 1984 to cope with 1984 flood.

The three urgent plans and the additional 11 plans have direct or indirect linkage with
the Droposed flood protection system in the Study Arca. Basically, the 14 pl'ms

seet to be consistent with the proposed flood protection system.

Aa'nong the three urgent plans, raising the level of Rom Klao Road (as one of the
Green Belt Projects) has been proved to be éffeétive, as will be shown in Chapter 14,
More than half the stormwater in the 1980 and 1983 flood would have been reduced
if the Green Belt Project had been completed. Other two urgent plans witl contribute
to relieve the flood conditions in Samut Prakan Province, however, they will GnIy
indirectly mitigate flood con(l.itions. in the Study Area, because stormwater from the

Study Area will become more easily to be drained southward.

Among the additional 11 plans, eight plans arc intended to prevent backwater from

the Chao Phraya River and to pump out stormwater from the Eastern Suburban Area

- to the Chao Phraya River Six plans (Klong Bang Khen Project, Klong Bang Sue,
' Klong Phra Khanong, Klong Jek, Klong Bang Oa and Klong Bang Na Project) are

included in the Study Area except Klong Sam Saen Project (Inner Core Pr()ject) and
Klong Sam Rong PrOJect (Samut Prakan Seawall Project). As these six klongs will
become the main outlets from the Study Area, these plans can be considered as the
ﬁrst step for temporary measures against ﬂoods in the Study Area. The proposed
tlood protectlon system by the Study Team may be two-stage pump system of a more
pelmanent nature considering that the flood-prone area is located along the mam
klongs. The majn pumps will be mstalled at the main outlet and auxiliary puinps
will be installed at the inner polders which will be planned for the very low-lying

area where main pumps cainot solve flood problems.

The temporary pumps in the urgent plan can be used in other places when designed

pumps are installed by this project.

CONCLUSION

In this Chapter, the following 6 Piaﬁs/P_rojects were investigated:

| 1) Camp Dresser & McKee (CDM) Plan

2) Flood Control and 'l)rainage' Project in City Core Area (review and revise of

CDM Plan)
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3) Chap Phraya River Water Level Lowering Plan
4) Green Belt Project
53 Samut Prakan Sea Wall Project

6) Urgent Flood Control Measures due to 1983 Flood.

- Among the six plans, plans 1), 2) and 6) are aiming mainly at improvement of storm-
water discharge, while plans 3), 4) and 5) are aiming mainly at prevention of inflow
- from outer area and from the Chao Phraya River. These P]hns/Pfojects have great
inﬂuénce on the fiood condition of the Study Area, especially plans 2), 4) and 6)

which are closely related. They are basically consistant with this Study and are

recognized as effective Plans/Projects.
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