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A.
(1)

(2)

(5)

ABBREVIATIONS AND LOCAL TERMS

ABBREVIATION OF MEASURES

Length
mm = milliimetre
" cm = centimetre
m = metre
km = kilometre
Area
m? = square metre
ha = hectare = 10'nf
km? = square kilometre = 10%m?
rai = 0.16 ha
volume
lit, 1 = litre = 1,000 cm®
k1l = kilolitre = ) m?
m?® = cubic metres
MCM = million cubic metres

= 1,000,000 m°

Weight . o

mg .= milligramme

g = gramme a

kg . = kilogrammes-

t = ton = 1,000 kg

gwt = quintal ‘= 100 kg

Time

s = second

min = minute

h = Thour

d = day

¥r T year

Money

B = Bant (unit of Thai currency
' US$ L = % 23.0)

5 = yS dollar

¥ = Japanese Yen

Electric Measures

kV = kilovolt

kw = kilowatt

MW = megawatt = 1,000 kW
kwh = kilowatt hour

kva kilovolt Ampere

]

Other Measures

‘mmhe = micromho = conductance

ppm = parts per million
Ppb = parts per bhillion
% = per cent

LCD = litre per capita

_ per day

PS5 = 0.736 kW

Pl = scale for acidity
° = degree

! = minute

" = second

°C = degree centigrade
10? = thousand

10° = million _
107 = billion (milliaxd)

-
S g

Derived Measures Based on the
Same Symbols '
m'/s = cubic metre per second
ton/ha = ton per hectare
10%m% /yr, MCM/yr
= nmillion cubic meter
per vear

OTHER ABBREVIATIONS

GDP = gross domestic product
GRP = gross regional product
El. = elevation
HWS = = high water surface
sD =  sanitary distziét

- ba = development area

' ESS = Eastéfn Seabeard Study
FOB = free on board
CIF = cost, insurance and

freight -
WHO = World Health Organization



C. ABBREVIATION OF ORGANIZATIONS

MOAC Ministry of Agriculture and Cooperatives
RID Royal Irrigation Depaitment

DOF Department of Fisheries

LDD Land Development Department

NESDB National Economic and Social Development Board
NEB National Environment Board

NSO National Statistical Office

MOT Miniétry of Industry

DMR Department of Mineral Resources

DIW Department of Industrial Works

MOC Ministry of Communications

HE Barbor Deparment

DHW Department of Highways

- DOH Department of Health

RTN Royal Thai Navy _

PWWA Public Water Works Authority

.Mb Méteofélogy Department

DOLA Department of Local Administration

TAT Tourism Authority of Thailand

D. LOCAL TERMS

Changwat :  Province

Emphoe’ : District {Township)
Tambon : :fownSHip ("Town }
Muban- : Village
Muang : Administrative Center of Province
King Amphoe Sub—diétricﬁ'
Mae Nam : River .
 Khwae : Main tributary of a river
Huai : Stream;:creek or smailftributary
Khlong : Canal

Xhao . Mountain
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1. INTRODUCTION

This sectoral report presents the result of preliminary evaluation
of 1mpacts of water resources development on the environmental aspects

of the Study Area.

Chapter 2 presents the result of the assessment of surface water

quality of rivers based on the available data with the view of followings,

(1) To 1ntr0duce the water guality standard/crlterla being adopted

in Thalland

{2) To evaluate the water quality of surface water in the Khlong
Luang and Rayong rivers, in which the water resourées develop-

ment facilities are being planned.
(3) To reveal water pollutant sources presently existent.

(4) To assess preliminarily the guantity of polluted effluent to

rivers.

Chapter 3 contains study items sich as'physical resources, ecological
resbutces; human use values and QUality of life values. These items are
set up on the basis of "The Manual of NEB Guidelines for Prepafation of

Environmental Impact Evaluation".



2. WATER QUALITY

2.1 wWater Quality Standard

En Thailand, there are three kinds of water quality standard esta-
blished by National Environment Board {NEB) , Departmeht of Health (DOH),

and Department of Industrial Works (DIW)-.

(1) NER Standard

This standard is applled to fresh surface water, maln]y river,

from the v1ewp01nt of malntenance of natural environment.

Rivars are classifiea into five classes based on the purpose
of water use. For such uses as domestlc, flSher and’ agriculture,
certain level is requ1red to be preserved for several items and
water quallty is managed to satisfy the requlred standard. Unt1¢
now cla551L1oat10n has been completed on;y along the Chao Phraya

river. Deta:ls of- NFB standard are shown in Tables 1 and 2.

{2) DOH Standard

The DOH is now preparing water quality standard for water supply,
which,is expected to be issued in 1983. For the time being, The standards
recommended. by WHO, 'comprising the standard for potable water and that

for water source, are applied. Tables 3 and 4 present the DOH standards.

(3) DIW Standard

this standard is applied to wastewater from industrial factories

and is presented in Table 5.

‘The NEB qtandafd is deemed mest suitable for the study, since

it mainly concerns with water quallty of fresh surface water of rivers.

2.2 Water Quality at Present
2.2.1 Rayong River
A series of water guality surveys has been carried out at the Rayong

river by DOH. Data is available for five consecutive years from 1978 to

1982 at'fouf éampling points along the Rayoﬁg river. ‘The sampling points
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are located at 3 km, 8 km, ‘10 km and 13 km upstream of the river month

respectively.
Tables 6 to 9 show the survey results and Table 10 presents the

comparison of the survey results and the NEB Standard. They are summa-

rized in the table helow for the year 1982,

Grade of Water Quality by NEB Standard

- Sampling Points

ITtems
1 2 3 4
Dissolved Oxygen 3 3 :3 3
Biochemical'Oxygen Demand (BOﬁ). 32 3 1
Tpfal Coliforﬁ 4 1 1 1
Nitrogen (NO,) 193 143 1-3 143
Copper (Cu) . ’ 1-3 143 1-3 ‘;

Source : DOH

The results show that most of the items are classified into the grade'
between the first and theé third. Water of these grades can be used for
agriculture, fishery and domestic use. For domestic use general treatment

is needed,

At present water 6f the Rayong river is used for irrigation water iﬁ
Ban Khai area as well as for domestic use in Ban Khai and Rayong. There
are two water works along the river; Ban Khal rural water works and
Rayong large scale water works. Water gquality of the Rayong river at

present satisfies the required standard for domestic purpose.

2.2.2 Khlong Luang River

Two kinds of data are available concerning the water quality of the
Khlong Luang river as shown in Tables 11 and 12. Table 11 indicates the
results of the survey conducted in 1970. The survey was carried out

aiming at evaluating the suitability of water for irrigation use and the
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guality was judged to be acceptable for that purpose.

Result of the survey conducted jointly by RID and the study team in

1982 is summarized in the table below and presented in Table 12.

Survey Result of Khlong Luang River

N . . . e
items Unit Result Corresponding Crade

by NEB Standard
Nitrogen (NH,) ppm nil 1-3
Nitrogen (NO,) jsjsitd 0.58 1-3
Manganese (Mn) ppm 0.15 1-3
BOD. Ppm 5.0 5

Comparison with NEB Standard is présented in Table 10.

The result shows that most items are cla551f1ed into the grade between
the first and the third except BOD. Although BOBE is cla551f1ed into the
grade 5 hased on the NER standard, it is within the permlSSlble level accord-

ing to the DOH standard for water source which sets the maximum level at 6 ppm.

At present, water of Khlong Luang river is used ocut of harm 5 way
for agrlcultural use and for domestic use for which water is taken at’
Tha Bun Mi water works. The water supply for Tha Bun Mi is treated

in general way.
Despite the general conclusion reached above, it is expécted that

the more broad and detailed data are co%lected by establishing the

monitoring system in the Khlong ILmuang river.
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2.3 Existing Water Pollutant Sources

An attempt was made to flnd out the major pollutant sources in such
sectors as industrial, domestic, and livestock in the ‘Study Area and then
to loughly estimate quantity of polluted effluent to rivers. BOD is used
as a indicator of water quallty, becanse it is useful to 1nd1tat9 a level

of organic pollutlon and is easy to be estimated.

BOD load is estimated by the following general formula.
L=Axc;lBixNi

'where, L : BOD load

" A : run-off ratio, defined as a rate of waste which
reaches major rivers to the total waste discharged
from pollutlon sources

Bi: basic unit of BOD 1oad in the activity i.

Ni: number of pollutlon sources in the act1v1ty i.

(1) Pollution from industrial sector

In the present study, tapioca starch mills and white sugar mills
are taken into account for estimation of BOD loads fram industrial

waste for the two reasons.

(a) Firstly, as shown 1n Sectoral Report I, Sociao- Economy} the
1ndustrlal act1V1t1es in the Study Area are, at present, mainly

based on agro—lndustry, particularly tapioca and sugar industries.

(b) Secondly, BOD load from tapioca starch mill and white sugar
mill is remarkably high compared with other industrial activities

"as shown in Table 14.

The total BOD load is estimated based on the following basic

assumptions.

"(a) On the avérage, BOD loads are 6,000, 1, 100 and 4 SOO'kg/day/
factory for tapioca starch mlll of fqut grade type, that of
"second grade type and white sugar mill respectively. Taploca

starch mill of the first grade type is featured by the machine-



oriented process, 1nc1ud1ng centrifugal process, as shown in
Fig. 1, the second grade Lype is simpler and has the labour
intensive process with a little mechanization, as shown in

Fig. 2.

{b) 30% of BOD is being removed by treatment system owned by

factories.

(c) The run-off ratio is broadly taken at 60% based on emplrlCdl

data in Japan.

(d} The number of tapioca starch mills is 61 and that of white

sugar mills is 8 in the Study Area as shown in Table 13,

(e) 15% of the total taploca mills is of the flvst grade type,

while 85% of that is of the second grade type.

The total BOD load from the industry is estimated atl:about 62

tons per day for the whole Study Area as shown . in Table 15.

(2} Pollution from domestic sewage

The total BOD load is estimated based on the following basic

assumptions.

{a) In the Study Area, most of domestic sewage-is discharged
by permeation-type, which removes Suspended 50lids but hardly
decreases BOD load. Hence, the basic unit of BOD load whlch
is assumed Lo be 40 g/day/person is considered to dlscharge

totally 1nto rivers.

(b) The run-off ratio is 60% for urban area and 10% for rural

area.

{¢). Population in 1981 is 358 x 107 in_ﬁrban area and 570 x 103

in rural area.

.. The estimated total BOD load is 1l tons per day for the whole

Study Area as presented in Table 16.
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(3) Pellution from livestock

The following basic assumptions are introduced in estimating

BOD load.

(a) The Basic units of BOD load are 640 g/day/head for buffalo

and cattle and 200 g/day/head for swine respectively.
{(b) The run-off ratio is 5%.
(c) Number of livestock is as shown in Table 17.

Conseguently, BOD load is estimated to be 3 tons/day at present.

as shown in Table 17.

(4) Total BOD load

The total BOD load in the Study Area is eétimated to be 76
tdns/day at pfeéent as shown in Table 18. The most influencial
pollutant source is the industrial source, especilally tapioca starch
mills and whiﬁe sugary ﬁills, whose BOD load accounts for 82% of the
total BOD load. The domestic sewage source weighs down 14% and the

livestock source 4%.

Water Quality in Future
{1) Probable pollutant source in industry

The prospect of industrial activitfkin future comprises two
elements. One is the prospect of existing industry, particularly
tapioca starch and white sugar industries,. and the other .is that

of heavy industries newly planned by ‘the Eastern Seaboard development.

For tapioca factories and sugar mills, no consiaerable growth
in number is expected for the:followihg reasons. Firstly, there is
little room left in the Study Area for expénsion of such upland crops
as sugarcane and cassava. Secondérily, the policy of the diversifica-
tion from cassava to other crops will be promoted to lower the
production of cassava to meet the demand level based on the Fifth

National Plan. Thirdly, neighbourhood of the Study Area including



the southern part of Northeastern region has no major productive area
of sugarcane. For these reasons, it is justified to conclude that
there is hardly possibility that the number of the factories which

are the pollutant source of river water will increase in the future.

'With regafd to the Eastern Seaboard development, the significaﬁt
incréésé in industrial activities is expected mostiy along the
seashore. :Wastewater from the new industrial centers will be
discharged directly to the sea and is’cohsidered to have little effect-

on the river water.

For these reasons, it is concluded that no industrial pollutant
source is expected to increase in the Study Area in future, so far

as river water is concerned.

(2) Prospect of domestic pollutant sources .

The pollutant from domestic sewage will_increase.because of

population growth and improvement in living standard.

Basic figures for domestic sewage is assumed for the year 2001

as follows:

{a) The basic unit of BOD load will increase from 40 g/day/person

to 45 g/day/person in 2001.
(b} The run-off ratio will be kept at the present level of 60%.

{c) Pdpulation in 2001 is projected as follows:
. .3

Urban : 705 x 10
' 3

Rural : 645 x 10

The BOD load from domestic sewage is estimated to be 22 tons/day

in 2001 as shown in Table 16.



{3) Livestock pollutant source

The pollutant from livestock is assumed to be negligibly small
even though increase takes place in future in view of its small share

in the total BOD load.

(4) Water quality in future

As discussed already, pollutant squrcé which is conéidered to
increase in future is domestic sewage water. Increase of Boﬁ'ldad
in domestic Sewage is projécted to increase by 100% from 11 ton/day
in 1981 to 22 ton/day in 2001. Total BOD load in the Study Area
will increase by 13% from 76 ton/day to 87 ton/day in 2001 as’ presented
in Table 18. Consequently, share of'three'pollutant sources in the
total BOD load will be 71%, 25% and 4% for industrial, domestic and

livestock respectively.



3. ENVIRONMENTAL IMPACT EVALUATION

3.1 NEB Guideline

The National Environnental Board (NEB) is the responsible agency for
preservation of the nation's environmment and making recommendations to the
Government on environmental impacts of projecks. NER prepared "The Manual
of NEB Guidelines for Preparation of Environmental Impact Evaluation™ in
1979, which contains study items and descriptions for evaluation of various
kinds of projects. The Chapter “Dam and Reservoir" includes the following

four items:

(1) Physical resources

This item deals with physical aspects of environmental impacts

of a proiject.

(2) ‘Ecological resources

This item deals with ecological aspects of environmental impaéts
of ‘a project. '
{3) Human use values

‘This item comprises impacts evaluation on human life originating

directly from construction of dams and other facilities.

{4) OQuality of 1ife values

This item comprises evaluation of beneficial and adverse effects
on human life originating indifectly'from construction of dams and

other facilities.

Based on this guideline, the environmental impact evaluation of the

project are presented.
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3.2

River Maintenance ¥Flow

In the water resources development of the Study Area, the concept

of river maintenance flow is introduced in order to minimize the possible

adverse eflfects on the environment.

The river maintenance flow is the minimum discharge which is able

to maintain water depth, flow velocity, water quality; chaniel stability,

agquatic ecosystem and scenery to the extent necessary for navigation, fish

catch, operation and maintenance of intakes, maintenance of river facilities,

sea water repulsion, prevention of estuary clogging, conservation of

groundwater, preservation of riparisn land and people's amenity.

3.3

Physical Resources
{1} Soils

The soilézbf the Khlong Luang, Bah Khéi Eétension, Thap Ma,  and
Ban Khai Irrigétion Scheme afeas maiﬁly belong to the soils;of recent
alluvium, which are mainlf élayey, but. locally loamy or even sandy
in fhe mindr'brook'valleys. These soils ave moderately suitable for

rice and upland crop cultivation.

In agricultural development plan, groundnuts and mungbeans are
proposed as second crops after rice in a rotation cropping system
taking into account their function of sail improvement, in order to
minimize the reducfion of fertility of soil which:might_be caused

by continuous irrigation and drainage,

Ecological Resources
{1) = Fisheries

As for inland-fishery, the main activity is fish pond culture.
The fish catch in the two provinces is only 2 x 103 tons in 1880 or
1.5% of the whole Thailand and commercial fishery of large scale is

not found.
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Although.siight change in ecological_éystem might take place,
the construction of dams will.not'bring-abﬁut seridus effect on the
fishery at ddwnstream of the rivers, since river maintenance flow
is guarantéed. By the development of new reservoir, chances will be
increased for fishry and fish catch and it will contributé to the

improvement 6f the living standard of local people to a great extent.

(2} Fauna and flora

Tt is difficult to assess the impacts on fauna and flora because

few data and information are available at present.

Riyef water systen and flood—chgin mighﬁ be changed becagse of
the construction of dams. But its impact on'fhe area is considered
to be small because the impounded drea of dams is small compared with
the total catchment area and no rare species to be protected have
been reported iﬁ the Study Area according to the data collected ftom_

" the Royal Forest Department,

(3) Forests.

Forests to be conserved are established by the Royal Decree in
Thailand. - In the two preovinces, 15 forest reserves are established

and cover an area of about 2,794 kmZ.

Forest of Pa Tha Bun Mi and Bo Thong was,established_in 1954 as
a forest to be.conser§ed. The impouﬁded area of the Khlong Luang
dam includes 1.28 km? of this forest, which %s 0.5% of its total area
of:273 km2. The impact of submergence on the conservation of forest
ié.considéred to be negligible small in view of its small share in

the total forest area.

(4) Fertilizer and agro-chemical use

Major crops cultivated in the Study Area are rice, cassava aﬁd
sugarcane. At present, as for rice, most of formers apply no fertilizer

or agro-chemicals.
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In accordance with the agricultural development in the project
areas, more fertilizer and pesticide will be applied to the production

of crops.

However, its impact on water quality and other environmental
aspects is considered to be little. Amount of fertilizer being
pianned to be introduced is 30100 kg/ha of nitrogen and 20-50 kg/ha
of phosphate for rice 6f whichsamount is not especially big CQmpared
with the pracfice of other countries. Besides, most fertilizer and
pesticide at present do not ébntain such harmfﬁl substance as being
toxic to fish etc. Introduction of new agricultural imports, however,
should be carefully promoted with due attention to the maintenance

of environment.

Human Use Values
(1) Water supply

Newly developed water will be supplied stably for domestic and

industrial use and for irrigation as follows:

: Dam Scheme
Khiong Khlong Khlong

Water Supply

(MCM/year) Luang Yai Thap Ma
Domestic and industrial .
water supply ‘ 12.4 31.3 . 0
Irrigation water supply 60.1 65.8 30.6

‘ In the Study Area, present service factor, which is the ratio:
of population served with pipe-water sﬁpply to the total population
in .the area is estimated to be 53%, 53% and 3% in thé:Dévelbpment,
non-development and rural areas, reSPectivély. In 2001, service
factor is expected to increase to 100%, 70% and 30% in these areas,

respectively in accordance with water resources development,

The irrigation.area, which covers approximately 27,140 ha at
present will be expanded to 39,440 ha by the year 2001 along with

the irrigation development,



Prevailing of pipe water supply will contribute to the decrease
of water-bornc diseases, such as malaria, dengue fever and liver
flukes. Use of clean water will improve the sanitary conditions of

the local people.

(2) Flood control

The rivers in'the.Stﬁdy Area are narrow and meandering remarkably.
The flooding pose a severe hazard to the pepulation and exert a

negative effect on economic growth of the area.

The construction of dams will reduce the magnitude and frequency
of flooding remarkably and contribute to the social and economic

development of the area greatly.

Quality of Life Values
{1} Socio-economy

The water resources deﬁelopment project in the Study.Area ailms
chiefly at supplying domestic, industrial and irrigation water.
bomestic and industrial water supply is one of the most essential
requisites for the Eastern Seaboard Development, which is one of the
key projects in the Fifth National Pian. Agricultural development
in accordance with irrigation water supply in the .rural backwaxzd
area Ls also essential to promote the balanced development of the

regional economy.

Thus, water resources development in the Study Area is one of
the basic'requiSites for the economic development of the avea, and
in'ihis respect, induces great effect on the living of the local

inhabitants and economic activities in the area.

(2) Recreation

The rapid increase of population in the Study Area will  cause
a significant increase in the use of reservoir for recreational

activities, such as fishing, camping, day picknicking and boating.

Rapid urbanization in the Study Area will exalt the importance

of natural resources including reservoir for their recreational use.

v-14



3.7 Preliminary Bvaluation

-Environmental impacts of the Khlong ILuang, Khlong Yai and Khlong
Thap Ma Dam Schemes are eyaluated in numerical values according to the

NEB standard and presented in 20.



4. RECOMMENDATIONS

Environmental impacts of the Schemes are evaluated preliminarily
in the present study. It is proposed that detailed study will be
conducted according to the NEB standard at the implementation stage

of the Schemes.

Following actions are recommended to be taken by the executive

agency before the imblementation of the Schemes.

(1} Detailed survey on the environmental conditions in the Scheme

areas

(2} Establishment of specific counter measures against possible

adverse effect

(3) FEstablishment of regular monitoring system on water guality,

fauna and flora, etc.
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. Table 1

NEB STANDARD FOR FRESH SURFACE WATER

Class
" Item Unit
- 1 2 3 4 5
Temperature o n ! n' n' -
Dissolved oxygen (DO) | ppm n 4 -
Biochemical oxygeh o
demand (BOD) ppm - . 2.0 4.0 -
pH - 6-8 - 6f - 6--8
Coliform bacteria MPN/100ml
- Total coliform - 5,000 {20,000 | - -
- Faecal Coliform - 1,000 4,000 - ~
Nitrate iNOB) as W ppm 5.0
. Ammonia (NH3) as N ppm 0.5
Phenols ppm 0.05
Copper (Cu) ppm 0.1
Nickel (Ni) rpm 0.1
Manganese (Mn) . Ppm 1.0
Zinc {Zn) " ppm 1.0
Radioéctivity curie none
Toxic subétancés
Total Mercury (Hg) bpm 0.092-
Cadmium (Ca} _ iapm 0.0052,0. 0522
Chromium {(Cr) pem " 0.05
Lead (Pb) ppWm 0.05
Arsenic (Aé) PPl 0.01
Cyénide (cN) ppm 0.005
Pesticides Ppm 0.05

"Note ; n

/1 : Water hardness expressed as CaCO, less than 100 ppm
/2 : Water hardness expressed as CaCO3 more than 100 ppm
Source NEB

natural state : _ .
n' natural state but changing not more than 3 C



Table 2 WATER QUALITY CRITERIA OF FRESH SURFACE WATER

(CTLASSTFICATION STANDARDS)

Class

Standard {Water Use)

i Very

good quality water sources used for

consumpﬁion and supply without passing any treatment except
normal sterilizing _
conservation of water sources ecosystem to enhance the natural

growth of basic life

'quaiity water source used for

consumption and supply after general treatment

¢conservation of aguatic life with regard to fishery

fishery

‘entertainment

3 Medium quality water sources used for

consumption~énd_$upply after general treatment

agriculture

quality water sources used for

.consumption and supply after special treatment

industrial purposes

other purposes

5 Water sources which ére not in class 1-4 used for

transportation

Source : NER



Table 3 DOH STANDARD FOR POTABLE WATER

Highest desir- Maximum permis-

Item. Unit: able level sible level
PH - 7.0-8.5 . 6.5-9.2
Colour, Pt-Co scale - _. : Units 5 50
Turbidity,silica scale . Units 5 25
Total solids | myg/ 1. -500 1,500
Hardngss (as CaCO3) mg/1 100 500
Calgium (as Ca) mg/l 75 200
Magnesium (as Mg) mg/1 30k 150
Iron (Tdtal as Fe) mg/1 0.1 1.0
Manganese (as Ma) mg/1 0.05 0.5
Copper (as Cu) mg/l 0.05 ' 1.5
Zine (as Zn) mg/1 5 15
Lead (as Pb). mg/1 - . 0.1
Chromium (Total as Cr) mg/1 —_'.. 0.05
Cadmium (as Cd4) ._ : mg/1 - 0.0i
Sulfate (as $0y) g/l 200 400
Chloride {as C1) C mg/1 200 600
Fluoride (as F) mg/1 0.6~O.8£g' D=
Nitrate (as N) mg/1 - 10
Coliform bacteria 37 C

48 hrs. " (MPN/100 ml) less than 2 ' -

/1 : Not more than 30 mg/l if there are 250 mg/l of sulfate; if there
" is less sulfaté, magnesium up to 150 mg/l may be allowed.

/2 : Annual averdge of maximum daily air temperature 26.3-32.6C

Source : DOE



Tahle 4 DOH STANDARD FOR WATER SOURCE

Itemr _ ) Standard
Colour, Pt-Co scale Units 300
Dissolved solids g/l 1,500
Iron (as Fe) : mg/l 50
Manganese (as Mn) mg/1 5
Copper (as Cu) mg/ 1 . 1.5
Zinc {as Zn) mg/ 1 1.5
Lead (as Pb) : mg/ 1 0.05
Chromium, hexavalent (as Cr) mg/1 0.05
Fluoride (as F) mg/1 1.5
Ammoniq.(as NHB) ' e/ 0.5
.Totai Nitrogen (as N) mg/1 1
Nitrate {as N) mg/1 10
Biochemical Oxygen Demand . mg/1 . ' 6
Chemical Oxygen Demand .mg/l 10

Bacteriological Standards

I.

IT.

TIX.

Iv.

Classification Coliform bacteriaéL
{MPN/100 ml)

Bacterial quality applicable to

disinfection treatment only 0-50

Bacterial quality requiring cbnvénv
tional methods of treatment (coagulation,
filtration, disinfection) ' 50-5000

Heavy pellution requirinq extensive _
types of treatment : _ - 5000-50000

Very heavy pollution, unacceptable

unless special treatments designed for

such water are used : source to be used . L
only when unavoidable greater than 50000

/1

+ ~ When more than 40% of the number of coliform bacteria represented
" by the_MPN Index are found to be of the faecal coliform group,
the water source should be considered to fall into the next higher
category with respect to the treatment required.

Source : DOH



Table 5 DIW STANDARD FOR INDUSTRIAI. WASTE WATER

Item

Unit

Maximumn permissi-

ble level
pH - 5-9
Permanganate value Ppm 60
Dissolved solids ppm 2000
Sulfite (SOZ) as st pPpin 1
Cyanide (CN) as HCHW Ppm 6.2
Copper {Cu)} PPm 1.0
Nickel (Ni) Ppm 0.2
Manéanese {Mn) ppm 5.0
Zinc (Zn) ppm 5.0
_Mércury {Hg) Ppm -0.005
Cadmium - (C4) ppm 0.03
Chromium (Cr) ppm 0.5
Lead.(Pb) pom 0.2
" Arsenic {As) pPR 0.25
‘Barium {(Ba) © ppm 1.0
Selenium (Se) ppm 0.02
- Tar - nilk
0il ana grease ppm 5
Formaldehyde ppm 1
Phenols & Cresols ppm Il
Free Chiorine ppm 1_
insecticide & Radioactive substance - nil
BOD {at 5 day, 20°Q) ppm 20-G0
Tempera£ure °c 40
Source : NEB



Table 6 WA’I‘ER'_ QUALITY ANALYSIS OF RAYONG RIVER
AT 3 KM POINT

__(Unit : ppm)

Ttems 1978 1979 1980 1981 1982
PH _ 6.6 7.0 8.2 6.1 6.8
Conductivity /1 | 550 7,000 - 50,000 - 1,000 900
Pissolied: Oxyqgen 3.7 3.8 14.0 4.7 5.0
Color (Pt-Co Scale) >500 35 30 45 75
Turbidity (J7TU.) 480 195 15 270 40
Suspended solids 78 91 17 220 35
Dissolved solids 564 3,917 27,117 750 487

Alkalinity (Total CaCo3) 26 . - - - s

Calcilum (Ca) .14 . = - - -
Magnesium (Mg) 12 - - - -
Chloride (cl1) 188 1,819 12,79 270 54
‘Nitrogen (Total) 2.35 1.06 0.28 1.74 1.12
Nitrogen (NH3) - - - 1.74 -
Nitrogen (N03) 0.50 0.70 0.65 0.50 0.10
Phosphorus (PO4) 0.20 0.14 0.02 0.10 0.82
BOD5 <1 1.9 5.3 2.0 2.3
Arsenic (As) - - - - nil
Cadmium - (Cd) - - - - nil
Chromium (Cr) . - - - - .nil
Copper {(Cu) _ - - - 0.09 ‘_ 0.002
Iron (Fe} ‘ - - - a4, 7 1.50
Lead (Pb) - - - . 0.086 nil
Manganesér(Mn) - - - 0.27 . 0.08
Mercury '(Hgﬁg“ - - - 0;08 _ 0.43
Zinc {Zn) : - - - 0,13 0.13
Coliform bacterfa

(MPN/1CGC ml) - 4,600 2,400 >24,000 24,000
Faecal bacteria

_(MPV/]_OO ml) - <20 80 16,000 7,800
Date of sampling May 18 May 17 Apr. 13 : May 20 .JUn. 3

K}_: Indicated ih micromhos/cm.
/2 : Indicated .in ppb

Note ; Sampling addres : Sapan Chalermchai, A.M. Rayong, 3 km - " <
upstream from the riwver mouth

source : DOH
ik V=23



Table 7

AT 8 KM POINT

WATER QUALiTY ANALYSIS OF RAYONG RIVER

fUnit : ppm)
1978 1879 1980 1981 l9é2
PH 6.7 6.9 8.2 "~ 5.8 -
Conductivity/> 450 1,500 30,000 5,000 ~
‘Dissolved Oxygen 2.6 5.1 11.2 3.7 -
Color (Pt-Co scale) "> 500 a5 40 45 -
Turbidity (JTU.) 420 75 30 65 -
Spspendid solids 65 60 38 35 -
Dissolved solids 542 850 16,948 2,965 -
Alkalinity (Total,
CaCO3) 26 -~ - - -
Calcium (Ca) 10 - - - -
z;lagnesi.um' (Mq) 9 - - - -
Chloride (Cl) 131 326 8,297 1,330 -
Nitrogen (Total) 1.96 1.40 0.62 2,02 -
Nitrogen (NHB) - - - 2,02 -
Nitrogen (NO,) 0.40 0.60 0.25 0.16 -
Phosphorus (PO4) 0.39 0.20 0.02 _' 0.16 -
BODS 2.4 1.6 4.4 1.2 -
Arsenic (As) - - - - -
Cadmium (Cd) - - - - - -
Chromium (Total) - - - - -
Copper  (Cu) - - - 0.02
Iron (Fe) - - - 1.7 -
Lead (Pb) - - - 0.03 -
Manganese (Mn) - - - 0.15 -
Mercury (Hg)/‘2 ~ - - 0.33 -
Zinc {Zn) - - - 0.12 -
Coliform bacteria - 48,000 1,300 1,700 -
Faecal coliform bacteria - 35,000 50 700 -
Date of Sampling May. 18 Maﬁf 177 Apr. i3 HMay 20 -
_/}_ micromho‘s/cm
/2 :'. Indicated in ppb _ _
Note ; Sambling address : Ban _N.oen Phra, A.M. Rayong, 8 km
upstream of the river mouth
sSource DOH
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Table 8

WATER QUALETY ANATYSIS OF RAYONG RIVER
AT 10 KM POINT

(Unit : ppm)
1978 1979 1980 laogl 1982
pH _ 6.5 6.9 7.0 - 7.6
Cond.t.xc:‘Etivityéi 80 120 900 - 100
pissolved Oxygen 3.8 3.9 5.2 - 5.6
Color (Pt-Co Scale) > 500 45 40 - 30
Turbidity (JTU.} 480 90 40 - 40
Suspended solids" 3é7ég 79 29 - 63
Dissoclved solids 239 395 - 149
Alkalinity (Total,
CaCQ3) 34 - - - -
Calcium  (Ca) 7.2 - - - -
Magnesium {Mg) 0.9 - - - -
Chloride. (C1) 6 12 161 - - 2
Nitrogen (Total) 1.46 1.40 1.46 . 0.84
Nitrogen (NH ) | - - - - -
Nitrogen'{mos) 0.50 0.70 0.10 - 0.27
Phosphorus’(POa) 0.32 0.09 0.04 - nil
BOD, <1 3.4 2.8 - 2.1
Arsenic {As) - - - - nil
- Cadmium (cd) - - - - nil
Chromium (Total) - - - - nil
Copper. {Cu) - - - - 0.004
Iron {Fe) - - - - - 2.69
Le&d (Pb)} - - - _ nil
Manganese (Mn) - - - - 0.13
Mercury (Hg)ii - - - - nil
Zinc (Zn) - - - - 0.15
coliform bacteria - 6,200 3,500 - 4,600
Faecal coliform bacteria - 4,900 780 - 1,300
Data of Sampiiﬁg May 18 .- May'l7'r Apr.:iB - Jun, 3

| /1 .:
/2

Note ; Sampling addres :

micromhos/cm

total solids

/3~ : . Indicated ihkbpb

Sapan Ramphonsa, A.M. Rayong, 10 km

upstream from the river mouth

South ": -DOH
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Table 9 WATER QUALITY ANALYSIS OF RAYONG RIVER

AT 13 KM POINT

(Unit : ppm)

1978 1979

upstream of the river mouth

Source : DOH

V-20

1980 1981 1982
PH 6.5 6.5 7.3 - -
.Conductivityéi 100 110 150 - -
Dissolved Oxygen 4.8 5.0 5.3 - -
Color (Pt-Co scale) ~>500 45 35 - -
Turbidity (JTU.) 480 95 40 - -
Suspendid solids 87 91 18 - -
Dissolved solids 261 210 145 - -
 Alkalinity (Total,CaCos) 34 - - - -
Calcium {Ca) ' 7.2 - - - -
Magnesiﬁm (Mg) 0.9 - - = -
Chloride (CL) 5 10 19 - -
Nitrogen {Total) 2.30 0.95 1.12 - -
Nitrogen'(NH3} - - - ' - -
Nitrogen (NO3) 0.50 0.70 0.10 - -
Phosphorus (PO4) 0.08 . 0.48 0.02- - -
BOD_ <1 1.4 1.2 - -
Arsenic (As) - - - - -
Cadmium  (CAQ) | - - - - -
Cﬁromium (Total) - - - - =
‘Coppex (Cu) - - - - -
Iron (Fe) = - - - _
Lead {Pb) - - - - -
Magnanese {(Mn) - - ~ - -
Mercury  (Hg) - - - - -
Zinc {Zn) \ - - - - -
Colifofm bacteria - 700 2,400 - -
'Fae031 coliform bacteria - 460 270 - -
Date of sampling. May 18 May 17 Apr. 13 - -
ZL_ : micromhosfcm _
Note ; Sampling address : Sapan Ban Don, A.M. Rayong, 13 km
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Table 11  WATER QUALITY ANALYSIS OF KHLONG LUANG RIVER AT KGT 19

Items Unit Results
ph : ' _ 7.4
Conductivity micromhos/cm 210
Total Solid ' Ppm _ 268
Scdium adsorption ratio - ' 1.2
Soluble Sodium percentage % 46
Residual Sodium Carbonate meqg/e 0.0
Calciﬁm (Ca) meqg/e 0.65
Magnesium (Mg) : " 0.31
Sodium (Na) " 0.81
Katium (K) .o - ' 0.33
Chloride (Cl) ' om . 0.78°
Bicarbonate (HCO3) Bt 0.88
Sulfate (S0,) S . o.22
Sampling_Pdint : KGT 19
Sampling Date : March 25, 1970
Data Source :  RID



Table 12 WATER QUALITY ANALYSIS OF KHLONG LUANG RIVER
AT PHANAT NIKHOM

Items . Unit 1982
PH - 7.1
Conauctivify micromhbs/om : 180
Color (Pt-Co Scale) wnit 136
Turbidity. o ppm .-135
Suspendid'Solids ppm 166
bissolved Solids ppm 124
Alkalinity (Total, CaCo3) ppm 63
Calcium (Ca) ppm 13
Magnesium tMg) ﬁpm 6.9
Chloride (Cly = ppm 13
Nitrogen.(N03) 3 E Ppm 0.58
_Nitpogen {NH3) ppm _ nil
 Ph§spH0rus (POy) ppm ' 0.16
BODE; | ' ' : ppm 5
Iron (Total) ' ' '.ppm ' " %.0
Iron (Dissolved) ppm 0.45
Mangancse {Mn) ppm ' Q.iS
Remarks ; Sampling address : Ban Si Wichai, A.Phanat Nikhom.

Date of sampling : 28 October 1982



Table 13 TAPIOCA STARCH MILL AND SUGAR MILL
IN STUDY AREA -

(Unit : number)

' fapioca Starch Mill o Sugar.Mill
Factory Employee Factory Employee

Chon Buri Province

Chon Buri district . 21 | 104 0 - 0

Phanat ijikhom .

district 0 0 1 202

Ban Bung district _ 4 ' .235 3 1,202

Si Racha district 4 129 1 171

Bang Lamnngsdistrict 18 212 0 .0
-Nong Yai sub-~ _ :

district 0 . 0 : L1 - 490

Sub-total 47 170 6 2,065
Rayong province

Rayong district 12 210 0 0

Ban Khai district o ' 19 1 . 250

Pluak:ﬁaeng district 1 _ 6 B 241

Sub-total 14 235 2 491 -
Total _. 61 1,005 8 2,556

Source: DIW



Table 14

BASIC UNIT OF INDUSTRIAL WASTE

Waste wa ter/~l BODég BOD 1csad£—:i
(m3/day/factory) {ppm) {kg/day/factory)

Tapioca starch mill

First grade type 1,500 4,000 6,000

Second grade type 190 5,600 1,100
Sugar mill 5,600 800 4,500
Canned food 50 3,000 150
Animal food 50 500 25
Vegetable oil 50 2,000 100
Fish source 15 1,300 20
/1 : | Waste water discharged
/2 : BOD concentration of waste water discharged

Source: NEB

/3 BOD load produced



Table 15 CALCULATION OF BOD LOAD FROM INDUSTRY

198] 2001
Basic Unit of BOD load (kg/day/factory)
Tapioca factory'}first grade type} 6,000 6,000
Tapioca factory (second grade type) i,100 1,100
White sugar mill 4,500 4,500
Removing rate by treatment systems (%) 30 30
Arrival rate of waste to rivers (%) 60 60
Number of factories
Taploca factory {(first grade type) 9 9
Tapioca factory (second grade type) 52 52
White sugar mill 8 8
Total BOD lodd (tons/day) ' 62 62

Table 16 - CALCULATION OF BOD LOAD FROM
" DOMESTIC SEWAGE

1981 ; 2001
Basic unit .of BOD load (g/day/person) 40 45
) ]
Arrival rate of waste to rivers (%)
Urban area 60 &0
Rural area 10 10
, 3 :
Population (10~ persons)
Urban area ' : 350 705
Rural area ' 570 645
_ Total BOD load (tons/day} . 11 22



Table 17 CALCULATION OF BOD LOAD FROM LIVESTOCK

1981 2001
Basic unit of BOD load (g/day/head)
Buffalo ' 640 640 .
Cattle G40 640
Swine 200 200
‘Arrival rate of waste to rivers (%) ' 5 5
- . /1
Nunber of livestock (head)™— : _
Buffalo : 65,000 - 65,000
Cattle 19,000 19,000
Swine 50,000 50,000
Total BOD load (tons/day) o 3 3
/1 + The figures are of both Chon Buri and Rayong provinces, which

includes the Study Area (Source : MOAC)

Table 18 ESTIMATED BOD LOAD IN 1981 AND 2001

. BOD Load Share
Pollutant Source (tons/day) : (%)
1981 2001 1981 2001
Industry 62 62 81l.6 71.3
Domestic Sewage 211 22 . 14.5 25.3.
Livestock - 3 3 3.9 3.4

Total 76 a7 100.0 100.0




‘Table 19

ESTIMATED BOD LOAD FROM DOMESTIC

SEWAGE BY AREA

V-34

Populatiohé}(103) BOD Load  (ton/day) Share of
— Increment (%)
1981 2001 1981 2001 Increment
Developmeht Area
Chon Buri 134 211 3.2 5.7 2.5 . 22
Laem Chabang 48 166 1.2 4.5 3.3 30
Pattaya 37 103 0.9 2.8 1.9 17
Sattahip 19 26 0.5 0.7 0.2 2
Rayong 45 119 1.1 3.2 2.1 19
Sub-total 283 625 6.9 16.9 10.0 90
. Other Urban Area 67 80 1.6 2.2 0.6 5
Rural Area 570 645 2.3 2.9 0.6 5
Total 920 1,350 10.7 22.0 11.2 © 100
/1 : Sectoral Report IV, Domestic and Industrial Water Demand



Table 20

ENVIRONMENTAL TMPACT EVALUATION

_Environmental Trem

Resources Dam and Irrigation
Reservoir System

Physical Water Quality 2 and (1) (1)

Resources .

- Soils - (2)
Ecological Fisheries 2 and (1) 1
kesources Fauna & Flora (1} 2

Forests (1} -
Fertilizer & - (1}
Agro Chemical
Human Use Water Supply 3 3
athe Flood Control 3 -
Qualtity of Socio—~economy 3 3
Li Value .
ife Values Public Health 2 1
Recreation 3 1

Note: 1, 2, 3;

Beneficial impact of najor, intermediate and minor.

(1), (2), (3); Adverse effect of minor, intermediate and major.
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Fig. 2 Flow Diagram of Second. - Grade
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1. INTRODUCTION

The topographic survey was Carfied out during thé period from
August 26 to November 19, 1982. Major acti#ities were directed to
¢ollect the existing survey data and to execute the supplemental'tOPOPI
graphic survey to the proposed reservoir area, damsites and irrigation
service areas. The supplemental survey were accomplished in coliaboration

with the Topographic Survey Division of RID.

Compensatibn survey was conducted by.RID during the period From
October 25 to November 20, 1982 in accordance with‘the minutes between
RID and JICA Advisory Téam in the date of Aﬁgust-BOth, 1982. The survey
was aimed to clarify the size of cqmpenSatioﬁ cost of'réservoir areas

of the Khlong Luang,'Khlong Yai and'Khlong Thap Ma Dams.
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2. AVAILABLE SURVEY DATA

The under-listed survey data are made available from the RID.

(1) Topographic Map

Contour

Resexrvoix o ' Scale Intervals oS- of
. . Sheet
- {m)
{a) Reservoir and Irrigatidﬁ Service
Area
Khlong Luang 1/20,000. 1.0 3
Khlong Yai 1/10,000 1.0 3
Khlong Thap Ma - 1/10,000 1.0 i1
Ban Khai 1/10,000 1.0 4
1/20,000 1.0 5
() PropoSed Damsites
Khlong Tuang . 1/4,000 1.0 3
Khlong Yai 1/4,000 1.0 2
Thap Ma - : 1/1,000 1.0 3
(c) Longitudinal Profile, Canals
and Roads
Khlong Luang, Right main canal H: 1/2,000 6
o ' v: 1/100
 Khlong Luang, Left main canal H: 1/4,000 3
: : v: 1/100
"Khlong Luang, Access road H: 1/2,000 2
v: 1/100
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3. SUPPLEMENTAY, SURVEY

3.1 Topographic'Mappinq

(1)

(2)

(3}

Reservo

(1.1)

(1.2

(1.3)

Irrigat

irrigat

ir Area
Khiong Luang

The existing map covers up to El. 40.0 m, which the dam crest
elevation is planned at arcund El. 43.0 m. The supplemental
topo-mapping was made up to El. 45.0 m. The mapping'area is

64 ¥m2,

Khlong Yai

The Supplemental_topo—mapping extended up to El. 49.0 m, since
the existing map covers an area below El. 42.0 m. The mapping

area is 17 kmz.

Khlong Thap Ma

The existing map covers up to El. 27.0 m, whereas the dam
crest elevation is prdpoéed to be around EL, 31.0 m. The
supplemental survey expanded the existing map up to El. 35.0 m,

The mapping area is 13 km2.

ion Service Area

;The additional topo-mapping was carvied out for the propoéed Thap Ma

ion area in a scale of 1/10,000 with one meter contour intervals.

The map was subsequently connected with the existing topographic map

of Ban

Damsite
Topogré
whole a
lafgely
1/1,000

Khai irrigation service area.

phic mapping of the Khlong Luang damsite was conducted for the
rea, since topographic relief of the damsite has been changed
by earth borrowing work. The map is prepared in a scale of

with 0.5 m contour intervals.
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(4) Diversion Weir Sites

For the purpose of irfigation development: in'thé.Ban.Khai Extension
area, diversion weir will be constructed in the Rayong river. Two
prospective sites have been choosen. The topographic map is
prepared for both sites in a scale of 1/2,000 with 0.5 m contour

intervals.

3.2 River Profile and Cross-Sectional Survey

For the preliminary planning of the river improvement works, the
river profile and cross-sectional survey was carried out along the
Khlong Luang, Khlong Yai and Khlong Thap Ma rivers. The cross-section

was taken at average intervals of one km with a width of 50 wm from bank.

Rivers Surveyed Cross~Section
Length (km) - (nos)
Khlong Luahq 46 31
Khlong Yai 11 12
Khlong Thap Ma 11 12
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4. VPFURTHER SURVEY

The following survey works need to be accomplished for the performance

of the detailed design of dams, raw water conveyance system and irriga-

tion and drainage system.

(1} Dams
(1.1) “opographic mapping, intake and spillway
Scale: 1/1,;000, contour intervals: 0.5 m

2

Khlong Luahg : 320,000 m
2

Khlong Yai : 100,000 wm
2
Knlong Thap Ma: 600,000 m

{2} Raw Water Conveyance System

(2.1) . Route alignment survey
Topo—map; scale: 1/1;000, contour intervals: 0.5 m, wide: 80 m
Longitudinal profile; H: 1/1,000, V: 1/200, intervals: 50 m
' Cross-section  ; H: 1/200, V: 1/200, intervals: 500 m
Min. wide: 50 m

¥hlong Luang : 56 xm
Nong Pla Tai : 53 km
Ban Khai =~ : 16 km

(2.2) Topographic mapping, structural sites
Scale: 1/200, contour intervals: 0.5 m

Khlong Luang, 4 sites: 72,000 m?
Nong.Pla Lai, 4 sites: 48,000 rn2
Ban Khai, 2 sites: 29,000 m2
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(3} Irrigation and Drainage System
(2.1) Aerial-photo mapping of the service area

Scale: 1/5,000, contour intervals: 0.5 m

Khlong Luang ' 100 km2

Ban Khai plus Ban Khai Extension: 180 km?

Khlong Thap Ma . : 50 km?

(3.2) Topographic mapping
Scale: 1/200, contour iﬁtervais: 0.25 m

Nong Pla Lai headwork : 1.8 km?

Khlong Yai headwork : 1.5 km2

(3.3) Route alignment survey

Topo Map; Scale: 1/1,000, controur intervals: 0.5 m

Longitﬁdihal Profile; H: 1/1,000, v: 1/200; intervals: SO m

Cross—section ; H: 1/1,000, v: 1/200, intervals: 50 m
min. Qide 200 m for diversion and main

canal and 100 m for lateral canal and

drains.
Diversion canal : 1.8 km
Khlong TLuang, main : 53 km
. lateral : 34 km
drain : 37 km
‘Ban Khai Extension, main : 45 km
lateral : 123 km
drain | : 124 km
Ban Khai,_méin : 22 km
“lateral : 48 km
drain . 52 km
Khlong Thap Ma, main : 17 km
lateral ;38 km
drain 1 39 km
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5. COMPENSATION SURVEY

Compensation survey was conducted to clarify the guantity and unit

price of the land and properties located within the areas which are

expected to be submerged by the reservoirs.

house, crops, trees, public buildings, and factories.

The Survey was

Properties surveyed include

carried out mainly by staffs of Law and Land Division and Regicn IX office

of RIP.

Survey results are summarized in the table below.

Amount:

. Unit Price
item Unit Quantity (3103[7 (3103)_w
I. Khlong Luang Dam
1. Land Acquisition-Cost ha 3,232 50.0 +161,600
2. Compensation Cost - - - QELQQQI
2.1 Houses No. 450 20.0 _9_;_@
2.2 Crops : - - 36,100
(1) Cassava ha 1,120 7.5 8,400
{2) Sugar Cane _ ha 1,280 15.0 19,200
(3) Rice ha 160 21.9 3,500
(4) Others clump 50,000 100.0 5,000
2.4 Trees - - - 17,900
{1} Coconut No, 14,000 0.4 5,600
(2) Jackfruit No. 14,000 0.45 6,300
(3} Others No. 30,000 0.2 6,000
2.5 Eggiigmguilding - - - 890
(1} School No. 1 250.0 250
(2) Residence No. 2 70.0 140
of Teachers
{3) Monasfery No. 1 500;0 506
Total - - - 225,490
II. Khleng Yai Dam '
1. Tand Acquisition Cost ha 560 46.9 26,250
2. Compensation Cost - - - 29,390
2.1 m No. 384 20.0 7,680
2.2 Crops - - - 13,950
(1) Cassava ha 560 7.5 4,200
(2) Sugarcane ha 560 15.0 8,400
(3) Rice ha 16 21.9 350
(4) Others clump 10,000 1,000
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Unit Price Amount

Item. . _ Unit Quantity (F103) {B103)
2.3 Tree - - - - 4,700
(1} Coconut No. 2,000 0.4 800
(2}  Jackfruit No . 2,000 0.45 900
(3) Others No. 15,000 0.2 3,000
2.4 bPublic Building - - - | 3,060
(1) School No. 4 500 2,000
(2) - Residence  No. B 70 560

of Teacher :
(3) Monastery No. 1 500 500
Total - - - 55,640

Khlong Thap Ma

. - Land Acquisition Cost ha | 1,152 112.5 129,600
Compensation Cost - - ~ 13,130
2.1 House | No., 276 : 30.0 - 8,280
2.2 Crops - - - 5,150

(1) cassava ha _ 120 7.5 900
(2} Rice ha : 80 . 219 1,750
(3} Others clump . 25,000 0.1 2,500
2.3 Trees - - - _ 109,500
(1} Coconut No. 100,000 0.4 40,000
{2} Rubber No. © 35,000 0.4 14,000
(3} Rambutan Mo . 35,000 0.3 10,500
(4) Durian No. 35,000 1.0 35,000
{5) Others No. 50,000 0.2 10,000
2.4 Factory - . - | - 1,900
(1) Rice Mill  No. ' 1 500 500
(2) Cassava m? 7,000 0.2 - 1,400
Drying ; :
Field _
2.5 Public Building - - - - 6,480
(1) School unit 2 250 500
(2) Resideﬁce L . | _ :
of Teacher unit 4 70 280
{3) Temple unit i 5,200 5,260
(4) Monastery - unit . 1 500 500
Total - - - 260,910
Grand Total - - - ' - 542,040
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1. INTRODUCTION

The study on meteorclogy and hydrology covers (1) meteorology of
the Study Area, (2} run—off anélysis, {3) flood analysis, and (4) sedi-

ment Eransport.

The meteorological study outlines tlie meteorological features of
the Study Area such as temperature, relative humidity, evaporatibn,
wind, cloud cover, and rainfall. These are the.indispensable informa-

tion to water resources development planning.

The run-off analysis provides gtatistical surface flow data for
water utilization planning such as'irrigation and domestic and industrial

water uses.

The flood analysis aims at determiﬁing the flood discharges for
the design of river channel and spillway of dam. For the estimation of
flood run-off from rainfall, a run-off simulation model by dimension-

less unit graph method is applied.

Sediment transport are studied so as to design the dead water

storage of the proposed reservoir.
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2. METEQOROLOGY

2.1 General

The Study Area has tropical climatic characteristics. There are two
distihot_ééaéons in a year; Dry season with the northeast monsoon lasts
from November to April and is generally sub-divided into two pericds,
hamely, - cool winter period from November to January and hot Summer period
from'Febfuary £0'April. ‘The cool winter périod is the most favourable
peridd throughout the.year and nminimum air temperéture occufs in the period.
The hot summer'ﬁeriod is hot and humid and air temﬁerature is the highest
throughout the year. Wet season with the southwest monsoon starts from
May and ceases.in October. During the wet season, approximately 80 % of
annual rainfall ccecurs. Table 1 summarizes the climatic features of the

Study Area.

: UL TR . : . e :
The solar radiation and air temperature is sufficient to grow the
various sub-tropical and tropical crops.  However, irrigation is unavoid-

able due‘hauneven distribution of rainfall throughout the year.

The MD collects the majority of the synoptic climatological data.
The RID alsc conducts the climatological observation at some particular
sites. At present, the MD operates two synoptic stations. Sattahip
station has abandoned its activity in later 1370s. The RID operates 5 semi-
synoptic stations within the Study Area. They are located at Rayong, Ban
Nong Mapring, Ban Pak Phraeck, Bang Phra and Bén Mai, respectively. There
‘are 8 rain-gauge stations in the Study Area, all of which are aﬁministrated
by the MD. Fig. 1 shows the locations of the semi-synoptic, synoptic and
rain gauge-stations and Fig. 2 shows the availabkility of the élimatological

data.

2.2 Air Temperature

The air temperature records observed at the Chon Buri, Saftahip and
Ban Nong Mapring are shown in Fig. 3 as representative. The air

temperature in the inland area is a little Lower than that in .
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the'boastal area.  For instance, the mean annual temperature is 26.9°C at
the Ban Nong Mapring station, and 27.9 C at the Sattahip station. The

seasonal variation is shown below for the selected three stations.

Highest Mean Lowest Mean

. y . :
. Monthly N Monthly Variation
Stations
: Temp . Month Temp . Menth
(°c) - (*0) (°c)
Chon Buri 29.9 May 25,8 December 4.1
Sattahip. 29.7 April 26.1 December 3.6
Ban Nong Mapring 28.1 April 24.7 January 3.4

At the Sattahip Station, the extreme maximum rises as high as 40.5°C
in April and the extreme minimum declines as low as 12.3°C. The average
diurnal variation is approximately 8.3°C,'varying between 11.1°C in January -

and 6.3°C in July.

2.3 Relative Humidity

The relative-humidity of the Study Area is represented by that
cbserved at the Chon Buri, Sattahip and Ban Nong Mapring stations.
The daily maximum- and minimum valués are not recbrdéd at the Ban Nong
Mapring station. Fig,.4 shows the relative humidity collected at the said

three stations. .

' The mean relative humidity in the inland area is generally higher than
| that in the coastal area and remains almost constént throughdut_fhe year.
The mean annual relative humidity is approximately 93% in the inland area,
while that in the cdastai area 1is approximately.VS%. The seasonal varia-
ticon of the meaﬁ monthly relative humidity is approximately 15% in the
coastal area and apprbximétely'S% in the inland area. The mean monthly

relative humidity is high in September and low in December.
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2.4  Evaporation

The MD's'synoptic=stati0n5 are equipped with piche,.whilé the RID's
semi«synoptic stations are provided with US Class~-A pan. In general,
the evaporation measured by the Class-A pan is commonly applied for water
rasources engineering and irrigation enginéering. The évaporation record
is therefore referred to the Ban Nong Mapring, Bang Phra and.Ban Mai Stations,

which are equipped with the Class-A pan.

The average annual eﬁaporation over the Study Area is'approximately
1,200 mm. Fig. 5 shows the average monthly evaporation of the three selected

stations.

2.5 Wind

The wind direction is characterizéd_by monsocon. At the Chon Buri
station, ‘the northeast wind is dominant during the dry season and the south

wind during the'wet season.

The wind velocity at the Bang Phra and Ban Mai stations are measured at
ong meter above the ground surface for the convenience of cdlculating the
evapotranspiration. AL the Chon Buri and Sattahip, it is observed at 12 m

above the ground surface.

The mean annudl wind veiocity'is 13.2 km/hr at the Sattahi@zstation ané
11.7 km/hr at the Chon Buri sfation. The monthly wind wvelocity is . illusg-
trated in Fig.-6. According to "Climatological pata of Thailand, 25 Year’
Period (1951-1975)", ‘the Sattahip station recorded 73 knots i.e. 135 km/hr

of the maximim wind velocity.

2.6 Cloud Cover

The cloud cover records are available at the Chon Buri and Sattahip

. . aac . y . ‘ " :
‘stations and are indicated in terms of oktas. It was applied for calculation
of the evapotfanspirations. Fig. 7 shows the average monthly cloud cover

at the two stations.
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2.7 Rainfali

The Study Area is blessed with relatively abundant rainfall, approxi-

mately 1,300 mm per annum as shown in Fig. 8.

The rainfall distribution i$ uneven throughout the year. Approximately
80% of the annual rainfall occurs during the wet season. Fig. 9 indicates

the seasonal variation of the rainfall.

The rainfall amount varies considerably from place to place and

- from year to year.. As shown in the isohyetal map in Fig. 8, annual'faiﬁfall
tends to decrease toward the west. Acéording to the rainfallrrecordé.at_
the Sattahip rain gauge station, the annual raiﬁféllé varied from 757.5 mm
‘in 1955 to 2T689 4 mm iﬁ 1970. Fig. 10 indicates the historical varlatlon
of the annual lalnfall durlng a 30-year period from 1952 to 198l. TPables 2

to 9 show the monthly rainfalls at the selected stations.
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3. RUN-OFF ANALYSIS

3.1 General

The Study Area extends over approximately 5,480 km? and can broadly

be divided into 3 areas as shown below.

Khleong Luang river basin : 2,118 km? A
Rayong river basin : 1,776 kmn?
Coastal area : 1,585 km?

The Khlong Luéng river originates in the Mt. Khao Ang Kraden (El. 338 m)
and flows down noftherly. At around Ban Wang Bong it turns its flow course
toward the northwest and reaches the Amphoe Phanat Nikhom. Then the river
flows meandering in flood plain with direction toward the west and joins.
with the Bang Pakong rivexr at approximately 13 km north of Chon Buri.

The total river length is approximately 150 km and average gradient is appro-

ximately 1/5,000.

The Rayong river basin is bounded on the north with the Khlong Luang
river basin. The Rayong river takes its origin in the Mt. Khao Chomphu
(El. 725 m) and runs toward the south until the confluence of the Huai Yai
river, where it turns its flow direction toward the southeast. At approxi-
mately 11 km north of the amphoe Ban Khai, it joins with the Khlong Dok
Krai and changes its flow direction toward the south. At about one km
downstream from the confluence, the Rayong river joins with another tribu-
tary, the Khlong Yai river, and flows doﬁn with southern direction until
Rayong. -In the proximity of Rayong, it forms a laige meandering and then
runs into the Gulf of Thailand. The river length is approximately 90 km in

a total and river gradient is approximately 1/4,000.

There are a large number of small rivers in the coastal area. Most of

. ' 2 ..
the rivers have the catchment area lesser than 150 km~ and generally origi-
nates in low hills, which'fdrm_the watershed with the Rayong river basin on

the east and with the Khlong iuang river basin on the north.

/1 Including approximately 193 km2 of the Bang Pakong river basin.
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The RID has been carrying out thé systematic stream-gaunge observation
in thenstudy Area. At present, there are 6 stream gauge stations in the
Rayong river basin and one stream gauge sﬁation in the Khlong Luang riverxr
basih. There is no stream gaﬁge in the coastal area. Out of 6 stream
gauges in the Rayong river basin, 3 stream gauges are located at inlets of
diversion channels in estuary but stream flow measurement has never been
cbnductéd there. A few stream gauges have béen abandoned but the records
before the abolishment are available. Fig. 1 .ghows the loCation of the
gstream gauge stations and Fig. 11 the availability of the stream gauging

records.

The run-off analysis was made for 5 stream gauge stations; the Ban Mai
station in the Khlong Tuang river basin and the Ban Mae Nam Khu, Ban Nong
Mapring, Ban pak Phraek and Ban Khai stations in the Rayong. river basin.

In order to obtain the run-off data in riversiin the coastal area, the

Hual Sukhrip, where the reservoir cperation records are available from the

Ban@ Phra réservoir,-was selected as the representative and an aitempt was

made to calculate back the inflows into the reservoir by means of water balance
equation. The resulted figures indicate abnormally high run-off cocefficient

in comparison with rainfall, probably due to inaccurate recording in reser-
voir water level and amount of water abstruction. Therefore, they are not
adopted in the present study. The run-offs at the damsites and balance

points were estimated from those recorded at the above five stations.

For the purpose of the water balance study over the Study Area, a hydro-
logicai vear 1979 was chosen as a standard year;which was the most draught
year during a l4-year period from 1968 to 198l1. The 10-day discharges at
the stream gauge stations and balance points are calculated to facilitate

the water balance study.

3.2 Stream Gauging Records
3.2.1 Ban Mai Stream Gauge Station

The Ban Mai stream gauge station is located in the main stream of the
Khlong Luang river, approximately 500 m downstream from the proposed Khlong
Tuang damsite . The catchment area at the station is presented to be 535 km2

in hydrological documents issued by RID. After careful field investigation,
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it was found that the above figure may include the catchment area of a small
stream on the left bank of the Khlong Luang river. The said small stream joins
far downstream from the gauge station and has 50 km? of the catchment area.

For this reason, the catchment area was corrected ot 484 km2,

The stream flow méasurement has been conducted periodically'dhring the
pericd from 1967 to 1974 and has been éuspehded Qince 1975. Stage-discharge
curves established by RID were carefully examined and they were édjusted
by applying the least-sguare mathod. New sﬁage—discharge curves are shiown
in. Fig. 12. The stage-discharge curve in 1974 was Vetified to be
employed in éalculating discharges afte:'l975, presuming that there have

never been drastic changes in_hydraulic condition in the gauge site.

3.2.2 Ban Mae Nam Khu Stream'Gauge Station

The Ban Mae Nam Khu stream gauge station has abandaoned its operation in
March 1973, OWing to the construction of the Dok Krai dam.. It was established
in.May 1967 at the existing dam site in the Khlong Dok Krai. The catchment
area of the Khlong Dok Kral river is 291 km2 at the damsite. The water stage
and stream flow measurement records are available during the period from

May 1967 to March 1973 and during the period from 1967 to 1972, respectively.

The stage-discharge curves established by RID were carefully reviewed
in viewpoint of the distribution and accuracy of the stream flow measurement
results and were modified by means of the least-square method as shown in

Fig. 13.

3.2.3 'Ban Nong Mapring Stream Gauge Station

The Ban Nong Mapring gauge station is located in the Khlong Nong Pla Lai
river at approximately 2 km downstream from the proposed Nong Pla Lai dam—
site. The station was established in May 1967 and is equipped with the ordi-
nary staff gauge. Tﬁe catchment area of the Khlong Noné Pla Lai.river is

416 kmzat the gauge station.
The water level has been observed continuously since 1967 at intervals

of 5 times a day during the normal flow period and at one hour intervals

during the flood period. The stream flow measurement results are available
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for a 8~year period from 1967 to 1974. No stréam flow measurements have

been conducted since 1975.

The stream flow measurement_results.were carefully examined from the
viéwpoint cf distribution ana-tolérance and were finally assorted into
three groups. The measurement results obtained during.the period from 1967
to 1971 were judged to be distributed within a.certain éanfidential limit.
The measurement results in 1972 indicates a little difference from those
recorded in the previous period. The measurement results obtained during
1973 and 1974 are also distinquishable from those in 1972. Therefore three
rating curves were constructed as presented in Fig. 4. The ratiﬁg curve

No. 3 is applicable to calculate the discharges in and after 1974.

3.2.4 Ban Pak Phraek Stream Gauge Station

The Ban Pak Phraek stream gauge Statidn is situated in the Khlong Yai
river at appréximétely 2 km downstream from the proposed Khlong Yai dam-
site and at apprbximateiy 500 m upstream from the confluence of the Khlong
Yai river and Khlong Ma Mui rivers. The hydrological documents of RID
define thé‘catchment area at 244 km?. The figure most probably includes
the catchment area of the Khlong Ma Mui river, 83 km2. Therefore the catch-
ment afea of the Khlong Yai river at the Ban Pak Phraek was corrected to

be 161 km?2.

The station was established in May 1977, and since then the gauge height
records have been accumulated by RIB. The stream flow measurements have
been periodically carried out by RID since establishment of the gauge station.
The stage-discharge curves were prepared for every hydrologic year as rre-

sented in Fig. 15.

3.2.5 Ban Khai Weir Site

The Ban Khai welr is located in the main stream of the Rayong river at
approximately 4.5 km upstream from Ban Khal and commands: 1,143.km2
of catchment area. The gauge height observation énd amount of water abstrac-
tion from the Rayong river have been monitored by RID since June 1967.

The stream flow measurement has never bheen conducted there.
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3.3 10-Day and Monthly Mean Discharges at Stream Gauge Stations
3.3.1 RBan Mai Stream Gauge Station.

Tables 10 and 11 present the 10-day discharges in 1979 and the monthly

mean discharge during the period from April 1968 to March 1982, respectively.

The annual mean discharges range between 0.96 m3/s in 1979 and 5.55 m3/s

6
in 1978. The average annual discharge is 3.66 m3/s or 115.4 x 10 m3.

3.3.2 Ban Mae Nam Khu Stream Gauge Station

The Ban Mae Nam Khu station is lacking in gauge height records after

April 1973, because it was ébolished by completion of the Dok Krai dam.

Two different methods were adopted to supplement the lacking discharge data.

Discharée data during the period from April.l973 to March 1975 were
converted from the Ban Nong Mapring station in proportion of catchment
areas. As shown in Fig. 16, specific discharge at the Ban Mae Nam Khu

station is proportional_td that at the Ban Nong Mapring station.

Discharge aata during the périod from April 1975 to March 1982 were

. principally calculated by the following water balance equa£ion. The resulted
figures were compared to the observed dischérge at the Ban_Nong Mapring
station to confirm their acéuracy and were refined if any discrepancies

were found out.

AS = Qi =00 = (E+ R}  .uiuriirann. (3.1)
R o= 0.7 EP"D  eeenenecanannann eee {3.2)
where, . . _
_ﬁs; :  change in reservoir storage_'m
Qi : inflow into reservoir
Qo : outflow from reservoir
E : evaporation loss from réservoir surface
R : rainfall fallen directly on reservoir
Ep : Pan evaporation, observed by Class'"A“'pan'

A : reservoir surface area.
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The iOQGay discharges_in 1979 and monthly mean discharges during the
period from April 1968'to:March 1982 are shown in Table 10 and 12, respec-
tively. The annual mean discharges vary from 1.12 m3®/s in 1979 to 4.55 m3/s
in 1972. The éverage annual. discharge is 3.22 n3/s5, or

101.5 x 10° 3.

3.3.3 Ban Nong Maprin§ Stream Gauge Station

The Ban Nong Mapring gauge station has the longest discharge records
among the stream gauge stations in the Rayong river basin. The 10-~day
discharges in 1979 is shown in Table 10. . The monthly mean discharges are

presented in Table 13 for the period froﬁ'April 1968 to_March 1982.

The hydrological year 1979 marked the driest vear with annual discharge
1.51 m3/s and that 1974 recorded the mé#imum annual discharge 5.38 m3/s.

The average annual discharge is 4.08 m2/s, or 128.7 x 10° m3.

3.3.4 Ban Pak Phraek Stream Gauge Station

The daily Qiséharges were calcﬁlated for.the'period from May 1977 to
March 1982 based on the observed daily géuge heigﬁts and the rating curves.
For the period from BApril 1968 to May 1977, diséhafge'data were extrapolated
from those recorded at the Ban Nong Mapring statlon by means of the run-off
correlation. The run-off correlatlon between the two statlons are shown

in Fig. 17 and is indicated by the following equation.

1.58

Qy "= 0.952 - Oon" "7 L. .., - (3.3)

where, ‘ )
Qv : specific discharge at Ban Pak Phraek stétion, m3/5/100 km2
on specific discharge at Ban Nong Mapring'étation, m3/s/100 km2.

Table lO shows the 10~ day discharges in 1979 and Table 14 the monthly

mean dlscharges for the perlod from Aprll 1968 to March 1982. The average

annual discharge is estimated at 2.05 m3/s, or 64-6 x 10% m3.
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3.3.5 Ban Khai Weir Site

The discharges at the weir site are theoritically obtainable by the

following equations.

Qr = DO + 08 cuaerennan. e (3.4)
= Or + (Qdi - Qdo) L.iieiiiiie . (3.5)
where,
0 : natural flow at the weir site; mgjs
Qo ¢ welr overflow discharge , m3/s
@a : intake discharge , m3/s
Qr. . discharge at the weir site after April, 1975, m3/s
0di : inflow into Dok Krai reservoir, m3/s
Qdo :. outflow from Dok Krai reservoir, m3/s

The equétion (3;4) is applicabié for the peripd from April 1968 to March
1975, prior to thefconstruétioh'of'fhe Dok Krai dam, The equation (3.5}
is adoptéd fér the period after April 1975, since the stream flow regime at
:the weir sité-has been completely altered by the Dok Krai reservoir.
The infake discharge aha weir overflow discharge have been monitored pre-

cisely, from day to day by RID.

The resultant figureé shouid Fulfill the following conditions.

C > Oy +0On+0Qd  L..i..iaaaa... (3.6)
where,
Qo discharée at the weir site, m3/s _
Qv : discharge at Béh Pak'thaek‘Station, ﬁ3/s
On : discharge at Ban Ndng Mapring station, m3/s
0d : discharge at Ban'Mae.Ném Khu:station,'m3/s

In case that the computed figuré was incohsistent with the conditién,
it was modified accordingly. The estimated figures wefe compared with the
recorded discharges at the Ban Nong Mapring station as presented in Fig. 18,
in ordef'to verify their accuracy. It could be said that the estimated

figures are fairly accurate as far as seen in Fig. 18.

‘Pables 10 and 15 shows the 10-day discharges in 1979 and the monthly
mearn discharges during the perxiod from April 1968 to March 1982, respectivély.
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3.4 Rainfall-Run-off Cofrelation

The Study Area is'@oorly provided with éhe rain gauge stations, only
15 rain gauge stations for 5,500 km<2. There is only one or two rain gauge
station in.the catchment area of the five stream gauge stations. It is
hardly capable of analyzing the real rainfall-run-off correlation. The
rainfall-run-off correlation contained herein is to indicated a general

tendency for reference purpose.

Table 16 shows the annual run-off, annual rainfall and run~off coeffi-

cient at the five slream gauge stations. The summary is given hereunder.

Catchment Average  Average Run-of £
Gauge Station area annual annual coef ficient
o ) rainfall run-off
_ (km?) T (o) {106m3)
Ban Hai 484 "1, 260 115.4 0.19
Ban Mae Nam Khu 291 1,425 101.5 0.25
Ban Nong Mapring. o 484 1,425 128.7 0.22
Ban Pak Phrack _; 161 1,425  64.6 0.28
Ban Khai 1,143 1,425 494.8 0.30

3.5 10-Day Run-offs at Balance Points
Fox the purpose of the study of the long~term water demand and supply
balance plan, the Study Area was divided into 10 zones as shown in Fig.. 19.

Each zone excepting zone 7 has a representative river, in which balance

peints are selected as discribed below.

Balance Polnt

Zone Representative

Mo - river_. Location Catchment area (km?)
i Khlong Luang Khlong Twang damsite 526

1-1 Huai Bén Bungl‘1 Ban Bung.dam 51.2

2 Khleng Yai Cﬁeng Estﬁary 30.1

(to be continued)

/1 : BSub-zone.
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: " Balance Point
Jone Representative

No. river Location Catchment area (km2) |
3 Huai Sukhrip Bang tha dam 123
4 Khlong'Bang Lamung  Estuary 301
5  Huai Nong Pru Map Prachan dam : 37.9
6 Hual Yéi Estuary 119
7 ' - - -
8 Khlong . Phayun Estuary 31.8
9 Khlong Huai Yai Estuary 120
1o . ﬁayong ’ Ban Khai ’ 1,143
10~1 Khlong Thap MaZl Khlong Thap Ma damsite ' 158

The. l0-day run-cffs in 1979 were estimated for the above 11 balance

points, as presented in Tables 17 and 18.

The.lO—day_fun—off at Zone 1 balance point was converted from thé
Ban Mai gauge in proportion of the catchment areas. The 10-day run-off at
- balance points in Zcones 2 to 9 and 10-1 was extrapolated from those at the
Ban Mae Nam Khu gauge station in proportion to the catchment areas, while
the run-off at balance point in Zone 10 is referred to the recorded discharge

at Ban Khai.

3.6 Monthly Mean Run-offs at Damsites

as described in Sectoral Report XT "Water Resources Engineering,
9 potential damsites have been identified by RID, out of which 3 damsites,
Khlong Lmang, Khlong Yai and Khlong Thap Ma damsites, are contemplated to
be studied at feasibility level. The potential damsites are listed up

hereunder.

/1 : Sub-zone,
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Potential Damsites Zone ‘Rivers Catchment

No. area
_ ' (km?)
Khlong Luang 1 Khlong Tuang 526
Pa Daeng 1 Huai Pa baeng 53.8
lHuai Bung 4 Hual Bung 68.5
Huai Takhian Tia 4 | Huai Takhian Tia 33.0
Khlong Na Xlua 5 Khlong Na Xlua 22,3
Huai Chak Nok 6 Huai Chak Nok 18.1
Huail Yai 6 Huai Yai 65.9
Xhlong Yai . 1o ¥hlong Yai 218
¥hlong Thap Ma . 10 Khlong Thap Ma 158

In addition, in the Study Area there are 4 dams in operation, one

dam under construction and 2 dams under planning as tabulated hereunder.

. Zone . ' Catchment
Dams : Rivers
: No. area
: 2
1. Dam in Operation (km<)
Ban Bung 1 Huai Ban Bung - 51.2
Rang Phra 3 Huai Sukhrip 123.0
Map Prachan 5 Huai Nong Pru 37.9
Dok Krai 10 Khlong Dok Krai 291.0
2. Dam under Construction
Neng Kho ' 4 Huai Nong Xho 48.3
3. Dam under Planhing
Ban Bunqil 1 Huai Ban Bung 51.2
Nong Pla Lai 10 Khlong Nong Pla Lai 408.0

The lO —day and monthly mean run—offs at all the above~listed damsites
and dams wede eéstimated For the period from April 1968 to March 1982 for
the purpose of the study of the long—term watey demand and supply plan.
The estimate was made simply in proportion of catchment areas between the
dam/damsite and the selected gauge statidns. Tables 19 thruIZl present
the estimated 10-day mean run-offs, and Tables 22 through 35 present the

/1 Replacinq the existing Ban Bung dam
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monthly mean run-offs.

3.7 Maintenance Flow at Balance Points

To determine the maintenance flow at each balance point, monthly
run~-offs were estimated. The monthly run~offe at balance points were
gstimated by the same procedure as described in Section 3.5. These are

shown in Tables 36 Lo 44 and 46,

The maintenance flow at the balance point of Zone 10 is deemed to
be indicated by the discharge immediately downstream from Ban Khai weir.

The weir overflow discharge is shown in Table 45.

For Sub-zone 1-1, the river maintenance flow was assessed based on

- the historic water supply records of the Ban Bung reservoir,

The maintenance flow which are assumed to be equal to 90 % depend-
able monthly:discharge. Estimated values are summarized as shown below.
It should be noted that the amount of the river maintenance flow is

nil, if the balance point is located at estuary.

zone ' Maintenance Filow

No. Balance Point . (md/s) (MCM/y 1)
i Khlong Luang damsite ' 0.06
1-1  Ban Bung dam’ _ 0.01 0.4
2 Fstuary of the Khlong Yai Cheng river ;, -
3 Bahg*Phxa dam 0.26 8.0
4 'Eétuary”bf the Khiong Bang Lamung river - -
5 Map ﬁfachAn dam _ 0.08 2.5
6 Estuary of the Huai Yai river - -
8 Estuary of the Khilong Phayun river - -
9 Estuary of thé Khleng Huai Yail river - -
10 Ban Khai weir ' 0.38 ©12.0
10-1

Khlong Thap Ma damsite 0.33 10.5
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4. FLOOD ANALYSIS

4.1 General

Flood analysis of the Xhlong Luang and Rayong river basins are
conducted aiming at determination of the probable flood runoffs for
the design of river channels and spillway of dams. - The probable flood

run-offs are estimated from design rainfall by the simulation model.

The analysis maihiy consists of rainfall analysis to set the
'design rainfall and runoff analysis to calculate the probable flood

runoff by the simulation model.

The rainfall analysis includes the studies on probability,
basin rainfall, and rainfall pattern. For the runoff analysis,
dimensionless unit graph method is adopted in considerdtion of the

availability of rainfall and ruﬁdff data in the basins.

4.2 Rainfall Analysis

4.2.1 . Available Data -

The daily rainfall data are available in 4  stations in the
Khleng Luang river and _ 7 stations in the Rayong river basin.
Among - these, 5 stations have recording rain gauges, but the

recording charts are not processed yét ahd'hot réédy for use.

On the other hand, the rainfall infensity data are available
at A.M. Chen Buri located near the both basins. These data are

applicable to the present study.

‘The annﬁal maximum daily rainfall data .are available at the

stations listed below.
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JAvailable Data on Sample

Station Annual Maximum Rainfall Nos.
Ban Mai 1965 - 1981 17
-~ Phanat Nikhom 1954 ~ 1969, '1972 - 1981 ' 26
Ban Bung 1952 - 1981 30
Phan Thong 1952 -~ i955, 1958 - 198L 28
Ban Khai 1957 - 1981 ' 25
Rayong 1952 - 1981 30

4.2.2 Probable Point Rainfall

The annual maximum rainfall data for different durations of 1, 2,
3 and 4 days.are cémpiled in Table 47° . The probabilities of them
are calculated by the Gumbel method. The calculation results are
presented in Table 48 and Fig. 20. The probable rainfalls: at Ban Mai

and Ban Khai stations are summarized below.

Return Period (year)

Station Duration 10 30 50 100 500

Ban Mai. 1-day 104.0 125.8 135.8  149.2  180.3
2-day 143.1 176.2 191.4 211.8  258.9
3-day  168.8 208.1 226.1 250.2  306.1

Ban Khai  l-day 138.0 165.0 177.3  193.9 232.3
2-day 176.5 211.1 226.8  248.1  297.3
3-day 214.7 = 255.6 274.2  299.4  357.5

4.2.3 Basin Rainfall

The relation between the basih mean rainfall and the point rainfall
is studied for the Khlong Luang, ¥ong Pla Lai and Rayong river basins,

using the daily rainfall records of the selected major storm in the
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past.. The basin rainfall is calculated as an arithmetical mean of the
daily rainfalls observed at the rain gauge stations in and around the

respective basins.

The result of study is shown in Table 49. Accordihg to the results,
depthuérea relation curve is prepared as shown in Fig. 21. Applying
this éurve, the ratios_of poiﬁt and basin meaﬁ rainfalls are estimated
as follows for the'basins u?stream of the proposed Xhlong Luéﬁg, Khlong

Yai and- Khlong Thap Ma damsites:

Damsite Drainage Area Point~Basin

- : (km?) Rainfall Ratio
¥hlong Luang damsite 526 0.64
Khlong Yai ‘damsite 218 0.70
Khlong Thap Ma damsite 158 0.73

4.2.4 Design Probable Rainfall

Hourly rainfall data compiled by the MD are available at Chon Buri
station for the period from Jan. 1964 to Sep. 1974. BAmong these
selected are the 1964-May, 1966-May, 1966-September, 1969-September,
1971-August and 19273-September storms of which 24~hr rainfall heights

are more than 80 mm.

Relationship between rainfall and duration of these selected
storms are shown in Table 50 and Fig. 22. This relationship indicates
that about 50 % of 24 hr rainfall concentrates, on average, during

1 hour.an& 85 % during 6 hours .
On the other hand, the difference between probable 3 and 4-day

rainfall is so small that the 3-day probable rainfall is adopted for

the flood analysis.
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4.2.5 Probable Maximum Precipitation

The probable maximum precipitation (PMP) is edtimated for the drainage

areas of the proposed Khlong Luang, Khlong Yai and Khlong Thap Ma damsg, in

order to estimate the maximum possible flood to be used for check of

safety of dam.

The maximun daily rainfalls recorded at stations around the Study

Area listed below.

] - Max. -

Station Province Date Rainfall

' {mm/day)

Aranyaphathet Pfachin Buri 23 apr. 1968 129.7
prachin Buri .Prachin Buri 25 Jun. 1964 ~168.0
Chon Buri Chon Buri 13 Oct. 1952 145.4
Sattahip Chon Buri 30 Nov. 1970 319.6
Chanthaburi’ Chanthaburi’ 21 oct. 1952 336.8
Khlong Yai Trat 16 Aﬁg. 1970 553;7

The rainfalls at Chanthaburi and Khlong Yai exhibit strong orographic

effect of ‘the Chanthaburi and Banathat mountains, so that the storms cannot

be transposed into the Study Area. The daily rainfall recorded at Sattahip

station on November 1970 is therefore adopted to estimate thé maximun

probable precipitation.

The results aré summarized as follows.

The calculation of the PMP is shown in Table 51.

Basin Rainfall {mm}

bamsite 1-day F-day 3-day
Khlong Luang £ 200.1 245.6 286.5
Khlong Yai 257.7 327.8 368.8
283.0 360.0 405.0

' Khlong Thap Ma
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The return periods of these PMP are assessed around 20,000 to 200,000
years for the basin of Khlong Luang dam accerding to the rainfall frequency
curve at Ban Mai, and 30,000 to 150,000 years for the basins of Khlong

Yai and Khlong Thap Ma dams according to the curve at Ban Khai.

4.2f6 Effective Rainfall

The effective rainfall is expressed as a ratio between tofal rainfall
over basin and total run—-cff from the basin during a storm. The ratios
are egtimated for several storms as shown in Table.Sz. The average effec~
tive rainfall ratio is figured out to be 0.55 for the Khlong Luang river

basin and 0.65 for the Rayong river basin.

4.3 Flood Run—off Analysis
4.3.1 Methodology

Run-off simulation model is established for the Flood run—off analysié.
The simulation model consists of mainly three elements of analysis, i.e.,
{1) run-off calculation-qf sub-basin, (2) chahnel flow calculation, and

{3) flood regulation by dam.

" For the analysis, a river basin is divided into sub-basins as shown
in Pigs. 23 énd 24; The river is divided into adequate:number of reaches
and a run-off system nodel is prepared as shown in Figs. 25 and 26. The
run-off system model is a netwdrk.of the sub-divided channels linked to

the sub-basins and dams if any.

(1) Runoff Calculation of Sub-basin

The unit gfaph method is applied to the run-off calculation of sub-

basins.

Unit Hydrograph

Unit graph is derived from dimeﬁsionless hydrograph and lag time.

Dimensionless hydrograph is constructed from the recorded hydfoqraphs

not significantly affected by flood retardation and is shown in Fig. 27.

VEI-21



Lag ‘Time in. Sub-basin (Lg)

Since no hourly rainfall record concurrent to the discharge hydro-
graph are available, lag time of the sub-basin is calculated by the follow-

ing two empirical formulae.

a. Formula by U.$. Bureau of Reclamation:

Lg = 0.165 (L x Lea/{s) 0 )0 382 L. (4.1)

where
L : Length of the longest watercourse from the objective

point to watershed divide (km)

Leat Length.of the watercourse from the objective point to
intersection of perpendicular from centroid of basin

to stream alignment (km)

s : Overall slope of the longest watercourse from the

object point to watershed divide

b. Formula by Xraven:

Propagation Velocity (W)} is assumed as presented below.

Propagation Velocity

River Slope
Y ope {m/sec)

+
L

more than 1/100 3
17100 - 1/200 3.0
less than 1/200 2.1

Factors involVéd in the above formula is presented in Tables 53

and 54,

‘Base Flow

Base flow of sub-basin is assumed nil, since its magnitude is exces-

. sively small cbmparéd with peak discharge.
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{2) cChannel Flow Calculation

The run-off from each sub -basin isg suoject to retard due to storage

in each channel and lag time up to the object point.

Flood Retardation by Channel Storage

The flood retardation by channel storage is calculated by the storage
function method. The storage function method is described in the run—-off

storage relationship expressed as;

= KOP  oririiieninannnnn, e RN (4.3}
ds
- = et e eaan A s
At I -9 {4.4)
where _
: Channel storage (m3)
Q  : oOutflow from the channel stretch (m3/sec)

K; P: Storage functions’

at : Unit time (sec)
ds : Tncremental channel storage during the time dt (m3)
I : Inflow te the channel stretch (m3/sec)

In the above equation, the storage functions are estimated using the

non~tniform or uniform flow calculation.

Lag Time of Channel

The Kraven formula which has been presented in the section of "lag

time of sub-basin" is adopted in the present study.
Table 55 slows the lag times of each channel reach.

(3) Flood Regulation by Dam

Flood regulation by the existing and proposed dams are calculated

by the following equations:

Equation of continuity

ds
'C—IE——I—Q .......T... ........... Pereeaen (4.5)

Reservolr storage curve

s = £ (H) ..., e e e (4.06)



outflow from reservoir

o=cs (-2 ... e @

where
dt: Unit time (sec)
ds: Incremental reservoir storage during the time dt-(m3)
I : Inflow to the reservoir (m3/sec)
Q : Outflow from the reservoir (m3/séc)
s : Reservoir storage (m3) which is a function of water
level (h) in the reservoir
Diécharge coefficient assumed at 2.0
Spillway width {m)

: Water level in the reservoir (El.m)

mom oW O

Crest elevation of spillway (El.m}

4.3.2 Probable Floocd Run-off

probable floods are calculated based on probable rainfalls and run-
off simulation model as shown in Tables 56 and 57. Probable maximum
flood is calculated only for the propbsed damsite to ascertain the safety

~of dam.

Flood hydrographs of 50 -, lbO-— and SOO—yéar and'probablé maximﬁm

floods are presented in Figs. 28 to 39.
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5. SEDIMENT TRANSPORT

5.1 Available Data

The. record of reservoir sedimentation is available only at the Ban
Bung reservoir in the Khlong Luang river basin. According to the record
the sedimentation of reservoir amounted to 170,000 n3 during 23 years from
1958 to 1981. fThe annual sediment yield rate at Ran Bung damsite is
estimated considering the trap efficiency of the reservoir as presented

in Table 58. The result are sunmarized as follows:

Description Values
&. Sediment trapped 144 wd/yr/km?
b..Trap ratio 85 % _
. Annual yield 169 m3/yr/km?

No- sediment measuremeht record is available in the Khlong Twang
and Rayong river basins. In the Bang Pakong river basin which is an
northern adjacent baSLn of the Khlong Luang river, sediment records
are available at four gquging'stations at Kabin Buri, Ban Wan ¥Xhian,
Ban Kaeng and Ban Tﬁung“Faek. However these data méy not be applicable

to the study area because of difference of locations and basin sizes.

5.2 Sediment Transport Rate

The available data are too short to estimate the sediment yield at
cach damsite. Further sediment studies based on the additional survey
and measurements will be necessary before the Ffinal decision of design

sediment inflow.

The sedlment yield rate of 300 ms/yr/km2 has been adopted to the
Ban’ Bung dam scheme 1n the Khlong Luang river ba81n and Nong Pla Tai

dam scheme in the Rayong river basin,

Therefore,.the design sediment yield rate of 300 m3/yr/km2 is applied

to the design of proposed dam scheme in the present study.

VII-25



Reservolir sedimentation for each potential reservoir is calculated

as shown in Table 59, ¥In calculating the reservoir sedimentation volume,

the following conditions are adopted:

a. Design sediment inflow of 300 m?’/yr/km2 is applied to all

the potentiél reservoirs.
b. Sedimentation for 100 years is estimated.

o.

Trap efficiency of the reservoir is assumed to be 100 % .
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6.  RECOMMENDATION

The hydrological data play a basic role among the flood control and

water resources development projects.

After collection and arrangement of the hydrological data in the
Study Area, the Study Team would like to present some recommendation on the -

observation and processing the hydrological data as follows.

a. Installation of additional raingauge station: As a whole,'the
number of raingauge stations is not sﬁfficient enough to
estimate the basin rainfall. At least two additional raingauge
stations are necessary for each of the Khlong Luang and Rayorng
river basins. The villages named Ban Thap Rang in Phanap_Nikhom
district (N13°12',E101025') and Wat Ban Chaloem Tap in Baﬁ.Bqng
district (Nl3°05‘,E101516’) are suitable site for installation
of raingauge station in due considerakion of observation purpose

and its maintenance and management.

b. Processing of recording raingauge data: There are one recording
raingauge sfétion in the Khlong Tuang river basin and 3 stations
ih_the.Rayong river basin. The processing of récording sheets
of these sfations is delayed and hourly rainfall records are
not ready.for use. . It is desifable that the recording sheets

are processed within one month after the recording. -

C. ObSEIvatioﬁ af Ban Khai stafion: At present, stream gaﬁging
at Ban Khai weir is carried out twice a dayl Since Ban Khai
gauging étation.plays an important role in water resources study
of the Rayong river basin, times of observation shoula be in-

creased 6r the automatic. stream gauge should be installed.

d. Operation record of reservoir: Further detailed and frequent
recording of reservoir_opeiation, which include the gate opera-

tions and stream gauging, is recommended to each dam.
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Measurement of sediment discharge: No sediment discharge record
is available in the Study Area. Sediment discharge records are
necessary for the studies on sediment problems of the river and
maintenance of irrigation facilitics; The méasurement of sedi~
ment discharge should be executed periodically both in the Khlong

Luang and Rayong rivers and their tributaries.
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