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PREFACE

In response to a request from the Government of the Kingdom of Thailand, the
Government of Japan decided to conduct a master planning and preliminary
design study on Master Planning for the Sewerage Development Project for
Lower Chao Phraya River Basin and entrusted the Study to the Japan Interna-
tional Cooperation Agency (JICA}.

JICA sent to Thailand a study team headed by Mr. Masatoshi Momose, Nipbon
Jogesuido Sekkei co., Ltd., and composed of members from the said company

and Pacific Copsultants International 4 times between May 1992 and December

1993.

The team held discussions with the officials concerned of the Government of
Thailand, and conducted field surveys at the study area. After the team
returned to Japan, further studies were made and the present report was

prepared.

I hope that this report will contribute to the promotion of the project and

to the enhancement of friendly relations between our two countries,

I wish to express my sincere apprecjiation to the officials concerned of the
government of the Kingdom of Thailand for their close cooperation extended

to the team.

January 1994

(e &&%n%_ﬁ

Kensuke Yanagiya
President

Japan International Cooperation Agency






January, 1994
Mr. Kensuke Yanagilya
President
Japan International Cooperation Agency

Tokyo, Japan

Dear Mr. Yanagiya _
Letter of Transmittal

We are pleased to submit herewith the final report of the study on Master
Planning for the Sewerage Development Project for Lower Chao Phraya River Basin

in the Kingdom of Thailand.

The field investigations and studies were conducted starting from the end of

March 1992 and completed by the end of December 1993,

The final report consists of four volumes consolidating two times each of
progress report and interim report: One-Summary report which succinctly de-
scribes the study and recommendations; Two-Main report which covers water
pollution control plan, sewerage master plans for eight areas and preliminary
design of two selected areas; Three-Supporting report including detailed analy-
sis and relevant information; Four-Data report covering field findings and

data.

We hope that the implementation of the proposed sewerage projects would greatly
contribute to the improvement of water quality in the public water body and

sanitation conditions in the study area.

We wish to take this opportunity to express our sincere gratitude to your
Agency. We also would like to show our appreciation to the Public Works De-
partment, Ministry of Interibr, Thailand on the close cooperation and assist-

ance extended to us during our study.

Very truly yours,

/\ . m.v'\/l;\
Mdsatoshi Momose )
Team Leader
The Study on Master Planning
for the Sewerage Development

Project for Lower Chao Phraya
River Basin
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GENERAL INTRODUCTION
1.1 Background of the Study

The Chao Phraya river flows from the Northern Valleys through the central
plain and into the gulf of Thailand. The total length of the river is about
980 km with the basin area of 160,000 km2 (322 of total land area of Thai-
land). The Chao Phraya River has been playing an important role for power
éupply, irrigation, water supply, navigations, fishing and wastewater dis-
posal. However, water pollution of river, especially in the lower river
basin, is considerable in recent years due to rapid urbanization and indus-

trialization.

Water supply for the Bangkok Metropolitan area with a population of about 8
million is depending on the river for its water source (96.5%). The river
water may not be maintained usable for the water supply purpose in the near
future unless proper countermeasures are implemented. Under these critical
situations in the water quality, the Government of the Kingdom of Thailand
adopted water quality standards for the Chao Phraya River in 1986 and estab-
lished several measures in 1988 in recognition of urgent needs of water

pollution control.

The Government of Kingdom of Thailand requested the Japanese Government in
August 1989 cooperation for preparation of Master Plan of the sewerage
development project covering eight (8) municipalities/Sanitary Districts

(S.Ds).

1.2 Objectives of the Study

The objective of the Study is to prepare a countermeasure plan for compre-
hensive water pollution control of the Chao Phraya River and to establish a
master plan up to year 2011 for sewerage development along the river stretch

between Chai Nat and Nontha Buri.

1.3 Study Area

The Study area shall cover lower Chao Phraya River basin between Chai Nat

and Nontha Buri. The Master Planning for Sewerage development project shall



be done for the following municipalities/sanitary districts,

Chai Nat Municipality, Chai Nat Province
Sing Buri Municipality, Sing Buri Province
Lop Buri Municipality, Lop Buri Province
Ang Thong Municipality, Ang Thong Province
. Pa Mok Municipality, Ang Thong Province
Sena Municipality, Ayutthaya Province
Prachatipat and Kukhot Sanitary Districts
{area so called Rang Sit), Pathum Thani Province

~SC B W N e

8. Bang Bua Thong Municipality, Nonthaburi Province .
1.4 Study Organization
1.4.1 General Organization

The General organization for the Study is as shown below.

Japanese Side Thai Side
e ettt 7 et
| i I - N — i
H Advisory JICA ! H PWD Steering
! Committee ! ! f—--—-4 Committee
: A b
1 I i {
1 1 1 i
] 1 ] 1
! [ 1 i I
; | Study ! } SED I
! | Team [|====s=====| Counterpart |
i b ! Team i
| . | i
e e i L e e e, —————————— J
Note : JICA : Japan International Cooperation Agency
PWD : Public Works Department, Ministry of Interior

SED : Sanitary Engineering Division
1.4.2 Japanese Organization

The Japanese Organization consists of the Study Team under JICA

headquarters and the Advisory Committee for JICA headquarters.

The members of the Study Team are as follows:



Name Field in charpe

1. Masatoshi Momose Team Leader

2. Akio Takeuchi Water Quality conservation
|Sewerage Planning

3. Masami Kondo Sewage Treatment Planning

4. Hiroshi Shiraishi - Facilities Design

5. Takafumi Kiguchi Water Pollution Control

6. Chaisak Sripadungtham Hydraulic/Hydrology

7. Kenji Kawada Water Quality Analysis

Takamasa Katsuki Construction Planning
' [Cost Estimate

9. Norihiro Noda OrganizationfManagement

10. Tatsuo Tsuchigane Economist/¥Financial Analysis

11. Koichi Nakazato _ Survey

The members of the Advisory Committee are as follows:

Name Field in Charge Present Post
Kunic Ichimura Chairman Director,
Water Quality Control Dept.,
PWRI, MOC
Shigeru Miyahara Sewerage Planning Director,

Sewage Works Bureau,

The Municipal CGovernment of
Kurashiki

Qkayama Prefecture

Masatoshi Yamada  Water Pollution beputy Manager,
Analysis Project Planning Dept.,
Japan Sewerage Works Agency

1.4.3 Thai Organization

The Thail organization consists of the SED Counterpart Team and the
Steering Committee, operating in coordination with the Public Works

Department of the Ministry of Interior.

The principal members of the counterpart Team are as follows:



Agencg. o Name Related Field

PWD Kreeta Soikeetee Sapitary Engineering

PWD PrenjifIHonjunthanukula Agricultural/Civil Engineering
PWD Sekson Chorungsarit Civil Engineering '

PWD Tepchai Sere-umnoi Civil Engineering

PCD Tawee Pienchalo Environment

DIW Kosol Jairungsee Industry

RID Virat.Khao~Uppatum Irrigation

prep Somsanguan

City Planning

Note : PCD : Pollution Control Dept., Ministry of Science Technology
. and Environment
DIW : Department of Industrial Works
RID : Royal Irrigation Department
DTCP : Department of Town and Country Planning

The members of the Steering committee are as follows:

1.5

Name
Prajaya Sutabutr
(Chairman)

Sujin Channarong

Siritan Pairojboriboon

Vichan Vongvivat

Thossaporn Suddhaiinda

Sakchai Suriyajantathong

Reports

Position
Director General,
Public Works Department

Deputy Director General,
Public works Department

Deputy Director General,
Pollution control Pept.,

Ministry of Science Technology

and Environment

Director, SED
Public Works Department

Deputy Director, SED
Public Works Department

Department of Industrial Works

The Study reports prepared are as follows:

(1)

Summary Report (Volume 1)



(2) Main Report (Volume 2-1, Volume 2-2}
(3} Supporting Report {(Volume 3)

{(4) Data Report (Volume 4.1)

(5) Drawings (Volume 4-2}

The Main report presents the results of the whole study. It consists of
three Parts : Part (I} Water Pollution Control Plan, Part (II) Sewerage

Master Plan for The Eipht MunicipalitiesfAreas, and Part (III) Preliminary
Engineering Design of Sewerage Systems for Rang Sit Area and Bang Bua Thong

Municipality.

Part (I) presents a water pollution analysis and recommendations on the
required countermeasures for water pollution control in the Lower Chao
Phraya River Basin. The findings and field measurement results conducted
during the Stages I and II field work in Thailand formed the primary study
base of this comprehensive basin-wide water pollution control plan. Some
sectoral reports prepared by several agencies in Thailand were also fully

reviewed in this study; the major portions of which were summarized in

Volume IV - Data Report.

Part (I1), Sewerage Maéter Plan, is arranged to consolidate eight separate
plans and simplifies the contents with the provision of common
conditions/assumptions, general approach and methodology in Chapter 2.
Basic figures such as frame values and unit wastewater quantity and quality

are projected in the water pollution control plan.

Part (II1) presents a preliminary engineering design for Rang Sit area and

Bang Bua Thong municipality which were selected among eipght municipali-

tiesfaresns.
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CHAPTER 1 INTRODUCTION
1.1 General

Part T of this report presents water pollution analysis and recommendations
on the required countermeasures for water pollution control in the Lower
Chao ?hraya river basin. The findings and field measurement results taken
during the conduct of Stages [ and II field works in Thailand formed the
pfimary study base of this comprehensive basin-wide water pollution control
Pplan. Some sectoral reports prepared by different agencies in Thailand were
also fully utilized in this Study, major reports of which were summarized in

Volume IV - Data Report, Part I.

The existing general features of the river basin including its future state
in terms of water pollution were described. Various water pollution
sources both existing and projected were identified. Furthermore, the
allocation of pollution load to be reduced by these different sources was
determined and recommeﬁd&tions were formulated for the reduction of these

poliuntion loads.

In developing the water pollution control plan for the lower part of the

river basin, the following major activities were undertaken:

(1) Estsablishment of fundamentals for water pollution analysis. This

includes:

- natural conditions and administrative composition;

- laws and regulations relevant to water pollution control and water
pollution status;

- sanitation conditions and sewerage system at present and in the fu-
ture;

- socio~-economic profile and present and future land uses;

- population, and the existing and future profile of the industry,
agriculture and fishery sectors;

- present and future water uses and hydrological conditions of rivers;
and

- unit wastewater quantity and quality of various water pellution

sources.



Available information on these parameters were gathered, assessed and

analyzed. Surveys, ocular inspection and Interviews of key informants were

undertaken if no secondary information exist.

(2}

(3)

(4)

5)

Present water pollution analysis. This includes the formulation and

determination of the following:

run-off model of pollution load with water quality checking points;
frame values and genefated pollution load by administrative unit;

frame values and generated/discharged pollution load by sub-area of
water quality checking point/{pollution load inflow ppint; and

study on concentration and run-off ratios.
Future water pollution analysis. This involves the following:

determination of frame values and generated pollutidn load by adminis-
trative unit: _
frame values and generated/discharged polluﬁion load by sub-area of
water quality checking point/pollution load inflow point; and

concentration and run-off load by sub-area of water quality checking

point. -

Determination of pollution load to be reduced by pollution source.

This includes the formulation and determination of the following:

concepts and targets to reduce pollution load;

allowable pollution load by pollution source at each water quality
checking point;

pollution load to be reduced by different pollution source by water
quality checking point; and

pollution load to be reduced by different pollution source by adminis-

trative unit.
Formulation of recommendations on the reduction of pollution load.

This will cover three major pollution sources, namely: domestic waste-

water, industrial wastewater, and other water pollution sources.



Minutes of meeting exchanged every fieldwork between JICA Study Team

and Thai side are included in Supporting Report 1-1.

1-3






CHAPTER 2

ADMINISTRATIVE COMPOSITIONS
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CHAPTER 2 ADMINISTRATIVE COMPOSITION AND NATURAL CONDITIO&S
2.1 Outline of the Study Area
2.1.1 Local Administration Overview

Local administration in Thailand can be classified into two forms. One is
the provincial or changwat administration. which can be considered as an
extension of the national government through linkages like budget and gener-
al policies. The changwat administration consists of smaller political
subdivisions: the districts or amphoes, the commune or tambon, and the
viliage or muban (in the order of decreasing size). The other is the auton-
omﬁus administration unit which consists of the following three bodies: the
changwat administrative organization (CA0), the municipality, and the sani-
tary district. The delineation of the local administration system is shown
in Figure 2.,1.1. The three asutonomous hdministration bodies are further

described below.
(1) Municipality

A specific area meeting a certain degree of urbanization is usually
administered under a municipality. A municipality may be further
categbrized according to general size, e.g., if it has fifty thousand
or more inhabitants and an average density of three thousand
persons/km2, it is classified as a "nakhon {city) municipality" or if
it has at least ten thousand inhabitants with the same aforementioned
population density, it 1s classified as a "muang {town) municipality".
An urban area may be classified as a "tambon (commune) muanicipality"
if it fails to meet the above-mentioned criteria but nevertheless
shows that.it has Ehe financial capacity to perform the designated
functions of a municipality. The functions of each of the three

municipal classes are shown in Table 2.1.1,
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(2)

Sanitary District

A sanitary district (SD) 1s established in an urban area, which fails
to meet the municipality definition criteria but nonetheless meet
other set criteria of lesser proportions, e.g., minimum populiation of
1,500, etc., The principal functions of the SD are indicated in Table

2.1.2.

Table 2.1.2 The Functione of Sanitary District

Provide and maintain roads and waterways.

Provide and maintain drainage system.

Keep roads, sidewalks and public places clean.

Refuse and garbage disposal,

Provide clean water or water supply.

Provide slaughterhouse.

Provide market, ferry and harbor facilities.

Provide cemeteries and crematory,

Provide and maintain electricity or other lighting.

Provide and relieve natural disasters.

Provide fire fighting equipment.

Provide and maintain medical centers.

Promote people’s education,

Provide and promote people’s employment.

Provide and maintain sport, recreation facilities, public parks, zoos
and people’s meeting places. '
Promote religion, culture and ethics.

Provide necessary public utilities.

Provide commercial activities.

Other necessary sanitary district activities for the benefit of people
or duties stated by law.

S o T N me e T L e R G dm il e e e T R M e 4 e e e e W e R M A e KR AR ke RS N o W e m B frm A e ks o m am m m m m

from the Sanitary District Act, B.E, 2495, Source: Jica UCRS

Changwat Administrative Organization {CAQ)

The Changwat Administrative Organization (CAO) covers all areas in the
province except for the areas of jurisdiction of the municipalities
and SDs. It is headed by the provincial governor and the Changwat
council serves as the legislative arm. The CAO and the provincial
administration are similar and overlap in many aspecﬁs. Their areas
of jurisdiction overlap except for the municipal and SD areas. More-
over, the two bodies are both headed by the provincial governor and
also, some provinrial personnel hold positions in both organizations.

Table 2.1.3 shows the principal functions of the 7A0,



Table 2.1.3 The Functions of Changwat Administrative Organization

et e s B i e b P EE WM s A S e e e g hm e rm e ER AR ke e i i e A A We M TE Fm At Sm G R A Am me we e e m M e osa B3 RE Lk e B e e TR R LR e e mn e s

1. Maintain peace and order and foster goodwill of people.

2. Provide education, maintain religion and promote culture.

3. Provide necessary public ukilities.

4. Prevent and give treatment of diseases, establish and maintain medical
centers.

5 Provide and maintain roads and waterway.

6. Provide and maintasin drainage system.

7. Keep roads, sidewalks and public places clean.

8. Refuse and garbage disposal.

9. Provide clean water or water supply.

10. Provide slaughterhouse.

11.  Provide market, ferry and harbor facilities.

12. Provide and maintain electricity or other lighting.

13. Provide cemeteries and crematory.

14, Provide and maintain sports, recreatiom facilities, public parks, zoos
and people meeting places.

15. Maintain and promote people’s employment.

16. Allocate money to local administration units as stated by law.

17. Contrel and make profit from CAO properties.

18. Prevent and relieve natural disasters.

19, Provide commercial activities.

20. Other necessary CAO activities for the benefit of the people or duties

stated by law.

Quoted from the Changwat Administration Organization Act, B.E. 2498.
Source: JICA UCRS

2.1.2 Administrative Composition of the Study Area

The study area, the lower Chao Phraya river basin, essentially covers five
(5) provinces in the Upper Central Region (UCR) and two (2) provinces in the
Bangkok Metropolitan and its Vicinity Region (BMR). The provinces are Chai
Nat, Sing Buri, Ang Thong, Lop Buri and Ayutthaya in the UCR and Pathum
Thani and Nonthaburi in the BMR. The location of these subject provinces is

presented in Figure 2.1.2.

Local autonomous administration units within the study area consist of 14
municipalities and 66 sanitary districts as of May 1992. The study area may
also be subdivided into 57 districts or amphoes comprising of 587 tambons,
Total population of the seven (7) provinces in 1990 was placed at 3,350,000,
gbout 37.7% of which was residing within the urban areas (municipalities and
sanitary districts). Table 2.1.4 shows the main local administration units

by changwat and its corresponding areas and population.
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2.2  Topography, Geclogy and Hydrogeology in the Chao Phraya River Basin
2.2.1 Topography and Geology

Chao Phraya rviver basin is located between 14-200 N in longitude and 98-
1010 E in latitude and shaped as a long slip in the N-§ direction. The basin
occupies 162,000sqkm, about one-third of the whole country territory of
514,000sqlm. Tt is bounded by the Mekong basin on the north and'eﬁst.
Salween and Méklong basins on the west, and the Gulf of Thailand on the
south. The basin can be divided into three: the upper basin of the north-
ern highland, the middle basin in the middle flood plain and the lower.basin
of the Chao Phraya delta.

The upper portion of the study area has an average ground elevation of about
16 meters above mean sea water level (amsl) graduslly sloping down toward
Ayutthaya to a level of 2amsl. From the south portion of Ayutthaya to

Nonthaburi, terrain is almost flat.

Active and former tidal flats of marine and brackish water deposits are
found extensively in the southern central plain. Active tidal flats lie in
a narrow strip along the coastline, while the former tidal flats are found
in the immediate area of Bangkok. The soil in the latter area is poorly
drained and gray colored hydromorphic alluvial soils with very fine clayey

tropaquepts.

Former tidal flats of older brackish deposits exist in a large area extend-
ing from Ayutthaya to Bang Khen and Bangkok. The area is usuhlly flooded
especially during heavy rain periods. The soil is poorly drained and is

composed of very fine textured hydromorphic alluvial soil,

Flood plains of recent river alluvium are found along the Chao Phraya river
from Ayutthaya to Phitsanulok and Kamphean Phet. In the higher elevation
area of these flood plains, the soil is moderately well drained with loamy
alluvial soil, while in the lower portions, the soil is poorly drained with

clayey hydromorphic alluvial soils.

Low alluvial terraces of semi-recent and old alluvium are found in both

sides of the flood plains. The relief is flat and the soil in the low

2-12-



portions of the terraces is poorly drained with fine loamy to clayey tex-
tured low humic gray soils. The higher portions are better drained with

fine loamy and non-calcic brown soil.
Figure 2.2.1 shows the main land forms of the Chao Phraya river basin.
2.2.2 Hydrogeology

Most areas in Thailand have good groundwater resources. Terrace and recent
alluvial aquifers, which are good water-bearing strata are found throughout

the reglons except in the northeast area.

The groundwater resources of the study area (no;th of Sing Buri) consist of
both terrace and recent alluvial aquifers. Moreover, phreatic aquifers near
the surface yield good quality water, which can be used for irrigation by

means of deep and shallow wells.

At the lower portion of the sthdy area, thick clay blankets exist extensive-
ly with a depth of 20 meters. Underneath, separated by layers of clay
and/or sandy clay, are a number of layers of terrace and recent alluvium

aquifers, which reach to the depth of around 650 meters.

This groundwater ressource, however, has been overexploited: for Bangkok
Metropolis alohe, abstraction rate is estimated at 1.3 million cubic meter
per day. This has resulted to the lowering of groundwater level more than
50 meters in some areas which in turn caused land subsidence and salt water
intrusion problems. With these problems, water use for irrigation was
deemed unfeasible. Figure 2.2.2 shows the hydrogeological profile of the

lower Chao Phraya river basin,
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2.3 Meteorology and Charscteristics of the Study Basin
2.3.1 Metéorology

The Chao Phraya river basin is located in a tropical monsoon region. Sea-
sonal change of climate is affected by the southwest monsoon from the Indian
ocean and northwest monsoon from the China mainland. Southwest monsoon is
laden with moisture and warm air mass, while northwest monsoon, with dry
cold air mass. Confrontation during the transition period causes high
precipitation. About 85% of annual pre&ipitation is by.the gouthwest mon-
soon from May to September, while the northwest monsoon brings merely a
little rainfall ffom October to April. 1In general, there are 3 seasons due

to these monsoons as follows:

(1) Summer (between'February and May):
The wermest period is April with an average highest temperature of

about 35.59C from past records.
(2) Rainy Season (from May fo October):

This season is sometimes called as the wet season., Tropical cyclones
often occur in the South Pacific Ocean and move into the basin, that

cause torrential rains.
(3) Winter (from November to the middle of February):

The weather is dry and cold (dry season). Average lowest temperature

is about 200¢,

The study area experiences an average annual rainfall of about 1,200mm as
shown in Figure 2.3.1. Annual mean temperature is 280C and annual mean
relative humidity 70-75Z. Table 2.3.1 shows the climatological data in

Bangkok Area which may represent the study area.
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2.3.2  Characteristics of the Study Basin

The Chao Phraya river, which originates from the mountain area in the north,
is composed of 4 main upstream rivers, namely: Ping; Wang, Yom, and Nan. It
runs through Nakhon Sawan and flows down to the Gulf of Thailand. The river
has a total length of about 380km and covers a drainage basin of about
162,000sqkm. The basin is divided into two sub-basins: the upstream area of
Nakhon Sawan with 106,500sqkm, and the down stream ares with 55,000sqkm.
Annual discharge from the basin is about 30,000cum and flow rate is more

than 1,000cum/{2, Width of the river at Bangkok area is about 180m and the

depth is 20m.

The upper portion of the tributaries up to Makhon Sawan are still natural
rivers, while those in the lower reaches are converted artificially to meet

the requirements of irrigation, hydropower generation and municipal water

supply.

The upper basin covers the majority of the northern region, where the area
is mountainous and hilly with wide sloping valleys running along the basin.

The forest covers about 552 of the drainage area in the upper basin.

In the central valley consisting of the northern hilly area and the central
valley, an alluvial plain has been formed by the Chao Phraya river system.
The upper plain in the central valley located north of Chai Nat is formed by
the lower river valley of the Ping, Yom and Nan rivers. An alluvial plain

called the Bangkok plain lies south of Chai Nat,

Buring flooding period, the delta area is completely inundated. The greater
part of the Bangkok plain is covered by a layer of so-called Bangkok dark
heavy clay with a thickness of approximately 2m. This soil, under the
conditions of yearly flooding and consolidation, is extremely suitable to

rice production,

In the downstream area from Chai Nat, the main river branches into several
tributaries: the Noi, Lop Biro and Pasak rivers. The river meanders as a
single channel from Ayutthays southwards until the Gulf of Thailand. The
lower stretch is affected by ocean tides up to Pa Mok in Ang Thong (about

160km from river mouth). In the downstream section from Chai Nat to Ayut-



thaya, the river has a slope of 5-6cm/km, while from Bang Shai to the river

mouth, it has a milder slope of 2emfkm.

The boundary of the basin in the stﬁdy area is delineated referring to the
watershed map prepared by RID. However, it is limited to the drainape area
during dry season under natural topographic/hydraulic conditions, while the
area coverage of the RID is larger (especially in the lower part of the
basin) because it includes_sfeas covered for irrigation. The total area of

the lower Chac Phraya river basin for this study arrived at 6,037.4sgkm.

The overall Chao Phraya river basin and composition of provinces in the

basin are shown in Figures 2.3.2 and 2.3.3 respectively.

2.4 Inundation and Flood Control

2.4.1 Inundation and Flood Control Damage

Major flood damages along the Chao Phraya river are caused by overflow of
the main river and its major tributaries during the rainy season, but in
some areas, inundation is caused by torrential rainfall. (Generally, flood

problems occur both in lower and upper basins from Nakhon Sawan.

Upper Rasin from Nakhon Sawan

Flood records show that there were 400,000 casualties for the period 1976-
1985. The records also revealed that floods had affected a total area of
33,000ha. Section 2.4 of Volume IV-Data Report presents flood records taken

from the questionnaire survey,
In the upper basin, major flood areas are:

1 Wang river basin: Along Wang river near the confluence with Ping
river,

(2) Yom river basin: The lower part of the Yom river between Sukhotai and
the confluence with Nam river,

(3) Nan river basin: The area along several tributaries of Nan river.
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lL,ower Basin from Nakhon Sawan

In the lower basin, records showed that there were around 1,452,000 flood

casualties and the flooded area extended up to 171,000ha.

The recent serious flood problems were recorded in 1875, 1978, 1980 and
1983, Major causes of these floods were torrential rains and low flow

capacity of river courses.

Inundation occurs mostly in the west middle part of the lower reaches from
Sing Buri to Ayutthaya. This is probably because of the existence of natu-
ral rivers without provision of an appropriate embankment. The capacities
of these rivers are also inadequate to carry torrential rainfall and high

digcharge from the main river.

Another cause of inundation is the tidal effects on the lower part of the
basin. The big flood experienced in 1983 was the result of this phenomenon

given the allowable flow rate of the main river.

A summary of the recorded peak discharge by river is shown in Table 2.4.1.

Table 2.4.1 Discharge Rate by River

@ m m AR . e L e e B T e T TR e WE = A o Me = e e Am v = Atk e e e UT ML G MR Y M W R Am e e e em e e e W A R N M RS e e T e me A T T wn s

Drainage Peak Discharge (cum/s)

River { sqlm) 1978 1980 1983
Ping-Wang 42,700 1,178 905 1,439
Yom 21,415 480 732 465
Nan 32,878 1,430 1,520 673
Chao Phraya '

Nakhon Sawan 110,569 3,540 4,3202,290

Chai Nat 120,693 3,740 3,795 3,290
Pasak 14,374 3,206 886 851

It can be concluded that one of the main causes of floods in the Chao Phraya
river basin is excess discharges/overflow from the river. Although the
amount of water released downstream is controlled at the dams in the upper
basin, it is sometimes unavoidable to release water beyond the capacity of
the river to ensure structural stability of the dams. In the lower basin

from Ayutthaya to the river mouth, the tidal effect is also an essential
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cause of flooding. During low tide, flow velocity decreases gradually and
under constant flow rate there is a rise of water level, sometimes over the
river bank. Water releases from the upstream dams, torrential rainfall and

tidal effect'are, theréfore. considered as major reasdns of flood problems.
2.4.2 Flood Control

Hydraulic structures in the Chao Phraya river are categorized into 4 types

sccording to their functions and structures as follows:

(1) Dams and reservoirs on main tributaries in the upper part
{2) Diversion weirs or barrages across main river
{3} Regulators or gates on main canals

(%) Flood protection dike along the main river

The main functions of these structures are to control the amount of water

for various purposes, i.e., hydropower generation, irrigation, flood con-

trol, flood mitigation, salt water intrusion control, and navigation.

Major hydraulic structures in the basin are as follows:

(1) Dam and Reservoirs
Bhumipol Dam and Sirikit Dam are major dams in the upper basin located
on natural tributaries. Controlled discharges at these dams affect
flow rate of the main river at Nakhon Sawan.

(2) Diversion Dams/Weirs/Barrages

Ma jor dams/weirs/barrages in the lower basin are described below and

location of these facilities is shown in Figure 2.4.1,
1) Chac Phraya Dam/Barrage

Chao Phraya Dam/Barrage is located in the uppermost part of Chao
Phraya river in Chai Nat province. This barrage has multifunc-
tions, i.e., irrigation, navigation, municipal water supply,

salinity and flood control. The dam is composed of 16 units of
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2}

3

12.5m wide radial gates and a 14.0m wide lock with a miter gate.
An emergency splllway of 1,000m long with a crest elevation of
+17.00m (amsl) is located on the left bank. 'Design pesk dis-

charge is 3,300cum/s.

Some important operational regulations of the dam are as fol-

lows:

a) Water level behind the dam is kept at +16.50m (amsl) for
controlling flow rate to lower water courses.

b) Water head between upstream and downstream portions of the
dam is controlled to be less than 9.5m to maintain struc-
tural stability.

c) Minimum discharge is set at 50 m3/s for the purpose of

navigation, salinity control and municipal water supply

~ during dry season,
Rama VI Dam/Barrage

Rama VI barrage located on Pasak river in Ayutthaya province was
constructed and completed in 1924 with & units of 12.5m wide
and 7.5m high slide gates. The function of the barrage is
basically for irrigation in the Pasak river basin. This barrage
also plays a crucial role for flood control together with Chao
Phraya Dam in the Chao Phraya river basin. However, operational
regulations are still not clear and discharge during dry season

is nil.
Ma jor Regulators and Gates

There are several regulators and gates along Chao Phraya river
and it¢ tributaries. Main purposes of these regulators are for
irrigation and navigation manually controlling the discharge
through the gates. Flow capacities of these regulators are
commonly designed with less than 20 m3/s. Most of the repulators

including Bsng Ban Pump Station, Singhanat Gate, Phra Udom Gate,
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Bang Bua Thong Gate, Chulalongkorn Gate and Pra Intrarvacha Gate
are located from Ayutthaya to Nonthabhuri provinces to cope with

the larpge agricultural land.
4} Flood Protection Dike along Major Rivers

Flood protection dikes were constructed mostly along the Chao
Phraya river and the lower portion of Pasak river to prevent
flood damage in the surrounding agricultural areas. The height
of dike was designed for a 25 year return period with free board
of 0.5m. After that big flood in 1983, the height of the dike
was raised consequently, increasing the height of free beoargd
from 0.5m to 1.0m.  TIn the area of Banpkok Metropolis, circle
levees or dikes were constructed not only to prevent overflow
from the Chao Phraya river, but also inflow from the north and
east areas. In the urban area of the west bank, the feasibility

of a. polder system is being studied.

During rainy seaéon, river flow is controlled for flood prevention, but
occasionally due to torrential rainfall, discharge volume goes beyond the
capacity of the dams and excess water has to be released to the drainage
basin resulting to flood problems. On the other hand, during dry season,
the flow is mainly controlled for irrigation use, saltwater intrusion con-
trol and navigation purposes. Discharges from dams and barrages during
rainy season are arranged at a minimum level so that enough water is stored
for paddy cultivation, since run-off from rainfall is negligible during dry

season,
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CHAPTER 3 - LAWS AND REGULATTONS RELEVANT TO WATER POLLUTION CONTROL
AND WATER POLLUTION STATUS

3.1  Administrative/Institutional Set-up Related to Water Pollution

Control

Environmental problems are becoming more and more serious in Thailand due to
the rapid growth in its economy and urbanization. In the past, the Public
Works Department (PWD) was the main organization in charge of water pollu-
tion contrel. Later, due to the rapid growth of Bangkok Metropolis, the
Bangkok Metropolitan Authority (BMA) was established and it took over the
responsibility of water pollution control. The 0ffice of the Natiomal
Eﬁvironment Board (ONEB) was also established to carry out the main respon-

sibility of environmental management in Thailand.

Due to the urgency and difficulty of solving water pollution problems,
countermeasures are being provided through the cocperation of several agen-
ciesfoffices including the Pollution Control Department (PCD) {re-organized
from ONEB), BMA, PWD, Department of Industrial Works (DIW), Department of
Health (DOH), Royal Irrigation Department (RID), and others. The Central
Government agencies involved in water environmental management are indicated

in Figure 3.1.1 and are described as follows:
(1) National Economic and Social Development Board (NESDBE)

The NESDB is the central economic planning agency of Thailand and it
is under the Office of the Prime Minister. The NESDB methodology in
‘drawing up envirommental plans and policies includes, in addition to
internal studies and analysis, consultation and ceordination with
other government agencies, working groups/{committees (inter-agency on
otherwise), the academy and other consultants/expefts. Aside from its
planning tasks, the NESDB screens/evaluates and monitors plans and

projects of sectoral agencies.
{2) Department of Industrial Works (DIW)

The DIW is under the Ministry of Industry and its principal Ffunction

in environmental management is to enforce the Factory Act and other
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acts pertinent to industrial operations. One of its specific func-

tions is to oversee indusirial activities with environmental implica-

tions. The organizational chart of DIW is shown in Figure 3.,1.2,

Among others, its activities in environmental management are the

following:

1)

2)

4)

3)

6}

7)

8)

Issuance of licenses prior to construction of factories;
DIV reviews treatment system design and/or measures for pollu-

tion control prior to the construction.

Issuance of licemses prior to operation of facilities;

DIV inspects treatment facilities vis-a-vis approved design.

Factory Monitoring;
DIW regularly monitors wastewater treatment efficiency and
issues all necessary instructions/orders to remedy any system

deficiencies (within its powers under the Factory Act).

Renewal of Licenses;
DIW inspects factories, if necessary, when licenses are to be

renewed every three years.

Industrial Complaints;
When complaints related to industrial pollution are received,
DIW inspects the facilities, and under the Factory Act, issues

a8ll necessary instructions.

Issuance of Factory Expansion License;
DIW reviews the existing wastewater treatment system and deter-

mines its viability/effectiveness vis-a-vis the proposed expan-

‘sion.

Treatment Facility Design; 7
DIV designs treatment facilities for factories with small pro-

duction capacities, without charging any fee.

Central Wastewater Treatment Facilities;

DIW has constructed central wastewater treatment plants for the
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(3)

(4)

wastewater generated at the sugar refineries in Ratchaburi and
Ranchanaburi provinces and for hazardous wastes treatment at

Bangkhuntien.

9) Training for Treatment Operations;
DIW conducte training courses for operatorsftechnical staff in

operation of industrial wastewater facility.
Department of Health (DOH)

The DOH is under the Ministry of Public Health and conducts environ-

mental monitoring.
Public Works Department (PWD)

The PWD is under the Ministry of Interior. PWD's main areas of re-

sponsibilities comprise the following:

1) Technical Services;
These services include planning and design works, construction
supervision of both government and private projects, construc-

tion of public utilities and supply of equipment, etc.

2) Legal Aspect;

Primarily enforcement of building codes.

3) Urban Area Development;
Providing solutions to basic problems, e.g. traffic, water

supply, wastewater treatment, solid waste disposal, etc.

43 Rural Development;
Construction/provision of basic infrastructures Iike roads,

water and power supply, and other public utilities.

PWD has regional administration offices which are directly under the
central office. The regional offices manage a total of 72 provincial
offices. Among the divisions of the PWD, the Sanitary Engineering

Divigion (SED) is in charge of water pollution control. Its main

3-5



(3)

functions are planning and design of flood protection, drainage, solid
waste disposal and sewerage works for municipalitles and sanitary
districts, etc., Other responsibilities include application and re-
search activities. such as standardization and improvement of sanitary

works, The orpanizational chart of the PWD is shown in Figure 3.1.3.

OEPP, PCD and EPD of the Ministry of Science, Technology and Environ-

ment

The ONEB which was established in 1974 as the lead environmental
agency in Thailand has been re-organized in April 1992 into three new

offices, as follows :

1) Office of Environmental Policy and Planning (OEPP)
2} Pollution Control Department (PCD)
3) Environmental Promotion Department (EPD)

Main tasks of each office are as follows :
1) Office of Environmental Policy and Planning (OEPP)
- to develop the alternatives of environmental policy

- to formulate the management system, implementation programs, and
long-term and short-term plans of Pollution Control together

with PCD and EPD

- to follow-up activities of the government agencies, state enter-
prises and private sectors in compliance with the national
environmental quality standards, including the prevention of

pollution from industry, energy and agriculture.
2) Pollution Control Department (PCD)
- to supervise the works in planning, design and operation of

development projects in the countty.to ensure the appropriate-

ness of these projects with reference to measures for
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3)

conservation of the natural resources

to implement the Environmental Impact Statement (EIS) program,
including the provision of technical guidelines and advises for

the preparation of the EIS reports by the project proponents.

to carry out special studies and researches needed for estab-
l1ishment of environmental protection plans, for speclally sensi-
tive regions including Chao Phraya river, Mae ¥hlong river, the
Songkla Lake, the beach resorts of Pattaya and Phuket, the Khao

Yai Park and other special resource areas

to monitor the environmental quality and record the data for

effective use in conservation of the environmental quality
to recommend the minimum criteria or standards needed for assur-
ing the reasonable protection of natural resources such as

water, land, air, etc.

to undertake studies/projects on special environmental problems

in cooperation with other government agencies

Environment Promotion Department {(EPD}

to serve as a center for coordination and public relations in
the promotion of environmental quality improvements within the

country and with foreign countries

to prepare official documents and information materials, and

publish and distribute journals,

to carry out environmental education, training, etc.

The organizational chart of the OEPP, PCD, and EDD is shown in Figure

3.1.4.
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(6)

Royal Irrigation Department (RID)

The RID is under the Ministry of Agriculture and Cooperatives. The

main function of the RID is to manage all hydrology related works for

the whole country with special attention to the Chao Phraya river

basin. Major activities of the department are:

1)

2)

3)

4)

Collection of meteorological and hydrological data

Planning, study and design of the water reéourcesiirrigation

facilities

Operation and maintenance of the river for irrigation use, flood

control, salt water intrusion control, navigation, etec.

Liaison with other agencies on activities for hydropower, waste-

water treatment, etc.

Relevant divisions of the department which have important reoles/func-

tions in the Chao Phraya River basin are:

1)

2)

Hydrology Division

This Division has three field investigation offices in the Chao
Phraya river basin located at Chiang Mai, Phitsanulok and Chai

Nat.

The work of the divigsion entails hydrological observation, and
data filing for the analysis/study of hydrological phenomenon in
the river basins, especially on the Chao Phraya River. Other
functions include observation of intake water for irrigation
use, daily collection of weather forecast maps from the Meteor-

olegy Department as well as maintenance of recording gauges.
Operation and Maintenance Division

This division is in charge mainly of the operation and mainte

nance of constructed river structures and water flow controls in
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(7)

agricultural areas. The division also collects hydrological data

from regional irrigation offices to analyze them.
The organization chart of the RID is shown in Figure 3.1.5.
Local Administration
Local administration also plays an important role in water pollution
control, although it may be restricted due to limited mandatetand
technical expertise at the present time.
For example, municipélities undertake various environmental managémeﬁt
works within its jurisdiction. Such works are principally handled by
the Sanitation and Environmental Department, and these are broken down

as follows:

1} Garbage dispﬁsal

2) Maintenance 6f existing drainage and sewers

3) Control and monitoring of wastes genérated by fgctbries

4) Maintenance of-cleanliness

5) Control and monitoring of wastewater generated by slaughter-
houses

6) Liaison with related agencies for environmental planning and’

implementation of the projects therefrom.

Figure 3.1.6 presents a typical organization of a municipality as

represented by Ayutthays Municipality.
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3.2  Present Policies and Countermeasures for Water Pollution Control

Policies and countermeasures have been formulated for environmental manage-
mant ﬁurposes.including water pollution control. These are embodied in the
7th National Economic'and Sociai Development'Plan.(NESDP). More specific
policies and countermeasures are formulated By bodies like the Special
Committee for the Formulation of Policies and Countermeasures to Gontrol

Water, Air and Noise Pollution in Thailand and others.
3.2.1 The Seventh National Eceonomic and Social Development Plan (NESDP)

One of the main development objectives of the 7th NESDP is the. upgrading of
the quality of the environment and natural resource management and corollary
to this is the plan target for environmental development. Specifically, it
calls for the reduction of BOD load of waStewaﬁer discharged to the lower
part of the Chao Phraya river (from the estuary to 100km upstream) with not
more than 4 mgfl. The following guidelineslpolicies pertinent to water
pollution were formulated to attain the objectives and targets set in the

7th Plan.

(1) Reduction of Water Pollution Load Generated by Communities, and Indus-

trial and Agricultural Activities by:

1) Supporting relocaticn of pollution-generating industries within
_ Baﬁgkok Metropolis-and vicinity towns to designated areas;

2) Enforcing the effluent standards for all buildings based on the
building coutrol act or other existing laws, and livestock and
agriculture farms; .

3) Collecting water fees from agricultural and industrial activi-
ties as well as levying effluent chérges to encourage economi-
cal use of water and to stimulate application of appropriate
technology;

4) Encouraging use of wastewater treatment technology in produc-

tion/business operations;

5) Encouraging waste recycling and promotion of use of treated
wastewater;
6) Controlling and supervising reduction of pollution level partic-

ularly in locations outside the target zones of wastewater
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(2)

(3)

treatment systems.

Enforcement of Control Measures and Prevention of Additional Effluent

Discharges to Public Water Bodies (Currently facing critical problem)

by:

1)

2}
3

4)

Controlling constructionf{expansion of factories which generate
water pollution load, as well as the location and expansion of
communities near the target water resources;

Encouraging establishment of industrial estatesfzones;
Designating land use zones for livestock and aquaculture farms,
supporting business operations in the form of estates, grouping,
associations which have a system of basic facilities, i.e.,
wastewater treatment system, etc.; and

Separating sanitary sewerage systems from drainage systems in
new communities/industrial areas to increase pollution control

efficiency.

Investment in Wastewater Treatment Systems, in particular:

1)

2}

Construction of comprehensive wastewater treatment systems for
communities and industrial plants in target areas e.g. Bangkok
Metropolis, vicinity towns, regional urban centers, tourist
destination, eétc.; and

Conduct of feasibility studies for the construction of waste-

water treatment systems in other areasg, in the order of priori-

ty.

In addition to the above, other significant environmental management poli-

cies in the 7th Plan are:

(1)

(2)

(3)

Promotion of the "polluter-pays-principle" (to ensure that polluters

shoulder the burdens of treatment and disposal of wastewater);

Establishment of an environmental fund for investments in environmen-

tal management;

Promotion of private sector investments in environmental management
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