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- SUMMARY OF CONCLUSION AND RECOMMENDATION

The Government of Kingdom of Thailand issued the Fifth National
Economic and Social Development Plan (the Fifth National Plan),
which covers a 5-year period from 1982 to 1986. The Fifth
National Plan focuses to restore the'nation's'eeonomic and
financial stabilityr to improve the economic efficiency and to
alleviate the poverty through the development of industry and

increase of agricultural production.

The Eastern Seaboard'Development is the Spearhead of the nation's
industrial development plan and aims at developing the basic

industry basedron natural gas. The development area_extends'over

Chachoengsao, Chon Buri and Rayong Provinces. The majority of the

'development area are located along the coastal area in Chon Buri

and Rayong Provinces.

~ The agrlcultural development 15 regarded to be promoted in the

backward area of the industrial development area in. order to
create the balanced socjo~economic Situation throughout region

and to increase the'exportable quantity.

The East Coast Water Reeources Development Proneot Phase II
{the Study) was launched by the - Government to treat of increasing
1mportance of land and water resources development for the

industrial development and agrlcultural productlon.

The objective area of the Study (the Study Area) oovers'Chon Bur i

and Rayong Provinces, except the Prasae river basin, and embraces

the majority of the Eastern Seaboard Development Area,

The Studj contalns two subjects: (a) study for the long term water
demand and supply balance in the Study Area and (b) feasibitity '
study’ for Khlong Luang, Khlong Yai and Khlong Thap Ma Dams.
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The long-~term water supply plan over the Study Area has been
elaborated already and has pointed out clearly the significance
of development of Khlong Luang Dam Scheme (the Scheme).' The
Scheme is distinguished as multiple-purpose areal-development

project, since it is désigned as an element in regional plan.

The Scheme is located in the Khlong Luang river basin, which has
a drainage atea of 1,930 km2. The population in the basin is

291,100 in 1981, of which about 88% resides in the rural area.

The lands and water resources of the basin remain almost untapped.
The flat alluvial plaing, occupying about 40% of the basin area,

are used extensively for agriculture.
The irrigation and drainage system, however, is provided only
7,800 ha of lands, which is served by the water diverted from the

Bang Pakong river basin.

The main crops are rice, cassava and sugarcane. The crop pro-

"ductivity is low due to lack of irrigation supply and agricultural

input and inundation.

The pipe-water service is provided mainly for the urban areas,
The existing six water works serve about 20 x 103 people, being

only 7% of the tbtal.population in the basin.

The remaining people depend on groundwater or water-vender for

their domestic use.

The alluvial.plains are prone'to inundation to a large'exteht,
owing to flat'tdbography and flooding of the Khlong Luang river.
It is estimated that about 58,300 ha of lands were inundated in’
1974.

52
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The domestic and industrial Water dependent on the Khlong TLwang
reservoir is estimated as the sum of the quantity of inter-zone
water diversion and the demand within the basin. 'It is 1.9 x
106 m3 per year in 1986, 4.1 x 10% m3 per year 1991, 10.9

x 106 m3 per year in 1996 and 17.8 x 106 m3 per year in 2001,

The plan formulation study was conducted to ascertain the optimum
devélopment plan of the Scheme. It was performed in two steps
each of which treats of various alternatives. The first step is
directed to formulate the optimum land and water resources devel-
opment plan, including the water supply. The second step is led
to formulate the aptimum flood mitigation measure in the basin[
As the results, the dptimum development plan of the Scheme is

determined,

The flood'mitigation plan evolved the most favourable basic flood
control plan faor standard project flood with a SOmyeaL recurrence
lnterval : The basic plan is made up of comblnatlon of dam and
river 1mprovement works. Both dam and river 1mprovement works
generate high economic return by the.:eduction of flbod damages.
It is expected'ﬁhat the river improvement works will be proceeded

in stagé—wise manner after the completion of the Khlong Luang Dam.

The water conveyance system w1ll be zmplemented in two phases
taklng 1nto account the growth of the domestic and industrial

water demand. The first phase with 5.5 x 106 m3 per year

"of systen capac1ty must be realized at latest in 1991 in order

to release Chon Buri- Pattaya area from the water shortage. The

system capacity will be expanded to 11.0 x 106 m3 per year

with completion of the second phase in 1996.

The proposed irrigation development area of 6,600 ha extends along
the both banks of the Khlong Luang river in the immediate down-
Stream from the dam. The area is divided into the North Area

{3,100 ha) and the South Area (3,500 ha).
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The recommended crops are rice, mungbeaﬁs, groundnuts and
vegetables. The rice will be cultivated in the whole irrigation
area during the wet season while the crops will be grown during
the dry season. Crbpping intensity is 1.4, an increagse of 0.4
from the present. The crop production'will:increase largely as
shown below, resulting from the introduction of advanced farming

practices and proper water managdgement,

B Crops gig?:z: “© With PE?E?Ct Incii?se

Rice
~ Local variety 7,150 5,280 ~1,870
- High Yielding Variety 6,100 23,760 17,660
Mungbeans ' - 630 630
Groundnuts lbO 4,030 3,930
Cassava | 6,400 - ~6,400
Sugarcane 16,770 - ~16,770
Vegetables ~ 6,100 6,100

Preliminary designs were per formed for the dam, raw water
conveYance system and irrigation and drainage system,

regspectively.

Dam comprises a main dam and a saddle dam. The main dam is of

_homegeneous earth—fili type with the maximum height of 17.1 m

above the river bed and the crest length of 3,820 m. The
upstream and downstream_slopes are 1:2,6 and 1:2.4 respectifely.
The total embankment volume is 3,271 x 103 n3. The spillway

is de31gned as a side~channel spillway with open channel chuteway
based on inflow design flood with a peak discharge of 1,460 wm3/s
{500-year recurrence 1nterva1). Its crest elevation and length

are El. 39.5 m and 70,0 m, respectively,

ThP waLer conveyance system is has a total 1ength of 56 km. The

plpellne is de91gned by coating steel pipe having an inside
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diameter of 600 mm and is installed in two rows. The intake is
located in outlet of irrigation outlet of South Main Canal and is
equipped with 3 units of volute pumk. The row water basins are
selected at Rhao Choeng Thian near Chon Buri. Two booster pump
StathnS are installed on the plpellne- the one equipped with

3 units of volute pump is located at Ban Suan Phak and the other

with 3 units of volute pump is installed at Ban Yot Noen.

Two irrigation intakes are constructed in the reservoir and are
comnected to the North and the South Main Canals respectiveiy.
The intake comprises an intake tower with 10.4 m in height and
equlpped with régulating gate (2.0 m x 2.0 m) , conduit pipe with
inside dlameter of 2.0 m and outlet associated wlth dlscharge
measurement device, The North and. the South Maln Canals are

designed with concrete 11n1ng and stretch for 31 km and 22 km,

-respectlvely Fifteen lateral canals are allgned within the

1rr1gat10n area and their total 1ength is approx1mately 34 km.

Envxronmental aspects of the scheme is Drellmlnarlly evaluated

laLCOLdlng to the standard established by National Env1Lonmenta1

Board. The standard comprlses four categories namely, phy51cal
resources, ecologlcal resources, human use values ang quallty of
ilife values. it is clarified that the scheme will induce positive
impact on human use value and quaJTty of llfe values greatly.-
through the water resources development. Impact on such 1tems as
water quallty and fauna and flora will be mlnlmlzed or avoided by
guaranteeing ‘the river maintenance flow ko the downstream of the
river. It is recommended that detalled survey on env1ronmental
impacts of the Scheme will be conducted by the executive agency

before the implementation of the Scheme..

The scheme ﬁill be implemeﬁted'ih two stages. The first stage
includes the construction of multiple-purpose dam and the Ffirst

phase of water convéyance system and the development of irrigation

and drainage system., The second stage is the construction of the

second phase of the water conveyance system.

w0
i
]
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The First stage will extend over 8 years from- 1985 to 1991, The
construction period will be % years from 1985 to 1990 for the dam,
4 years from 1987 to 1991 for the first phase of the water
convevance system and 5 years for the irrigation and drainage

system.

The second stage will be implemented in a 4-year period from 1991

to 1995,

‘The total investment cost is estimated to be B 4,566 x 106

. comprising B 2,664 x 106 of iocal currency component and ﬁ 1,902

x 10° of foreign Currengy component as shown below:

(Unit: B 10 %

Local Currency Forelgn Currency Total

Pro in ke
FOde OO S Component (8106) /Component (3106) / _ (BL06) /

Multiple-purpose dam 752.8 1,716.8 2,469.6

Irrigation and Drainage - 277.6 629.6 907.2
System

Water Conveyance System, 388.3 170.6 558.9
Ist Phase

- Water Conveyance System, © 483.2 146.8 630.0

2nd Phase : : :

Total 1,901.9 - 2,663.8 4,565.7

The benefitlaccrues:frbm the water supply,:irrigation and drainage
development and flocd control and is estimated as follows for the

Full development stage:

(Unit: B 10%)

Bene fits Annual- Benefit

e e JMBOG)
‘Water supply 423.3
Irrigation.and Drainage 180.7
#lood Control _ _ . 49.8

Total o - 653.8
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The water supply benefit is measured by justifiable expenditure.
Economic feasibility of the Scheme is evaiuated by economic
internal rate of return {EIRR}. EIRR is computed at

16.1 %, indicating the high economic soundness of the Schenme .

Investment cost is allocated to the components by "Separable costs

~ remaining benefit method" and summarized as follows.

(Unit: B 109

_ Foreign Local -
Components Currency Currency Total
Dal Water Supply 1,112.3 866.8 1,979.1
Irrigation - 684,1 1,556.7 2,240.8
Flood Control 105.5 $240.3 345.8
Total 1,910.9  2,663.8 4,565.7

Financial aspect of the Scheme is evaluated by respective

:compohent paying particulag attéhtion to the repayability of the
' Scheme to the international loan. International lona is assﬁmea'

" to be financed with an interest rate of 3.5 % per annom and term

of 30 years including 10 years of grace period. Repayability is
examined based on the project cost allocated to éach project
component and revenue expected to be collected thﬁough wa ter
supply is assumed to be.B 4.0/m3. Water tariff on irrigation
water is broadly estimated at B 670/ha to ifecover annual O&M
cost., TInternational loan is expectéd_tb be repayed in due

schedule, with Government subsidy'giben at the appropriate time.

RID will be responsible for implementation, operation and
Mmaintenance of dam and irrigation compohents._ An appropriate
agernicy would be appointed for the implementation, operation and

maintenance of the raw water conveyance system. The Center for



the Integrated Plan of Operation (CIPO) established within
National Economic and Social‘Development Board (NESDB) will

coordinate all the activities of the agencies with the activities

related to the Eastern Secaboard bDevelopment.



PRINCIPAL FEATURES OF KHLONG LUANG DAM SCHEME

L.

1.

1.

1.

1

2

3

MULTIPLE-PURPOSE DAM

Hydrology

(a) Catchment area 526 kin2
(k) Arnual average inflow _ 3.97 m3/s
{c} Design flood for spillway tSOOuyear flood) 1,460.m3/s
(@) Extra-ordinary flood {(Probable maximum) 2,520 n3/s
Reservoir

(a) High water level El. 39.5 m
(k) Low water level . El. 33.8m
{c) Flood water level El. 40.5 m
(d) Extra-ordinary flood waler level El. 40.9 m
(e) Gross storage 169.1x106 m3
{f) ~ Surcharge 34.3x106 m3
(g) Active storage. 119.0%x106 m3
~(h) Dead storage 15.8x106 m3
(i) Reservoir area at HWL 32.2 km2
Main Dam

{a) Type - . . HomogeneOUS_earthfill
(b) Crest éiévation El. 42.5m
(c)  Dam héight above riverbed l4.5m
(d) Crest length 3,820 m
7(@) Crest-wid?ﬁ 8.0m
{f} Slope, ugétream 1 2.6

_ downstream 3 2.4

{g) Embankment volume;

Earthfill, including blanket
Filter
Rock riprap

2,605,000 m3

2L

3,000 m3

154,000 m3



1.4 saddle Dam

(a) Type : _ Homqgénedﬁs earthfill
(b} Crest elevation El. 42.5 m
{c) Dam height above original ground
-surface 7.5 m
{(d) Crest length 2,250 m
{(e) Crest width 8.0 m
(f) Slope, upsﬁream 1+ 2.6
downstream 1 : 2.4

(g) Embankment volume;

Earthfill . ‘ Z15,000 mz
Filter 53,000 m.,
Rock riprap 31,000 m
1.5 Spillway
{a) Type _ Non-gated side channel
_ i weir
{b) Overflow weir qrest elevation ' El. 39.5 m
(¢) . Overflow weirfwidth _ 70.0 m
(d) Length of chuteway, including stilling _ '90.0 m

basin

2. WATER CONVEYANCE SYSTEM

First . Second
Phase Phase
2.1 Intake
(a} Tocation : Khlong Luang Dam
(b} Design dischéxge 15.3 m3/miﬁ "15.3 m3/min
{c¢} 'Pype of pu@p ' HoriZontal double
. _ -sucticn volute pump
(d) Pump.capacity ;_-. 110 KW/unit 110 KkW/unit
(e) Wumber of unit 2 1
' 2

(f) Floor area of punp station ; 15.3 m

2.2 Pipeline

(a} Type of pipe _ Coating steel pipe
(b)  Inside diameter of pipé #600 .mm #600 mm
{c) Number of row I 1

() iiehgth of pipeline - b6 km 56 km
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2

Booster Pump Station No.l

{a)
(b)
(c)

(d)
(e}
(£)

Location
Design discharge

Type of'pﬁmp

Pump’ capacity
Number of uanit

Floor area pump station

Booster Pump Station No.2

{a)
{b)
(c)

{d)
(e)
(£}

Location
Design discharge

Type of pump

Pump capacity
Number of unit

Floor area of pump station

Raw Water Basin No.l

(a)
{b)

Location

Storage capacity

Raw Water Basin No.2

{a)
(L)

Location

Storage capacity

IRRIGATYON AND DRAINAGE SYSTEM

Net Irrigation Area

Intake

{a) Location

(b) .bééign diééharqe

(c}) Diaﬁeter of outlet conduit
(1) Length of ouflet conduit

(e}

Intake gate (BxH)

Pirst Second
Phase Phase

Ban Suan Phak
3, .. 3, .
14.5 m™ /min 14.5 m™ /min

Horizontal double
suction voluté pump

190 kW/unit 190 kW/unit

2 1
162.5 m2

Ban Yat Noeﬁ_.
3, . 3,0,
13.6 m /min 13.6 m3/m1n

Horizontal double
sucticn volute pump

160 kW/unit 160 KW/ unit

2 1
162.5 m2

Ban Yat Noen

180 m3

¥hao Choeng Thian

4,200 m3
North Area South Areca

Khlong Luang Reservoir

4.81 m>/s 5.94 m/s
#2,000 mm #2,000 mm
' 54.0 m 300.0 m

2.0m x 2,.0m.  2.0m x 2.0m



3.3 Main Canals

{a)

(b}
(c)
{a)

Type of.canal

Side slope
Effective width of inspection road

Length

3.4 Lateral and Sub-Lateral Canals

{a)
{b)
(c)
()

Type of canal
S5ide slope
Effective width of inspection road

Total length

3.5 Canal Structures

3.6 ‘Drainage

{a)
(1)

New drains

Tmproved drains

{c)  Structures

North Area South Area

Trapezcidal, lined
with concrete

1l : 1.5
.Om

2]

31.1 km 21.8 km

Trapezoidal, unlined

1 :: 1.5
3.0 m
15.0 km 19.0 km
158 nos. 241  nos.
27 km
10 km
45 nos.
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Tlectric Meésures
k¥ =

kilovolt .
kilowatt .
megawatt =
kilowatt. hour
kilovolt Ampere

1,000 kw

- ¥il -~

(9)

Measures :
millimetre monho = micromho = conductance
centimetre ppm = parts per million
metre prb = parts per billion-
kilometre: % = per cent

LCD = litre per capita
. per day
square metre PS = 0.736 kW i
" hectare = 10'n’ pH = scale for acidity
square kilometre = 105m? ° = degree
0.16 ha ! = minute
: " = second
_ . °C = degree centigrade
= litre = 1,000 cm® 10? = thousand
‘kilolitre = 1 m® 10° = million
cubic netres 10° = billion (milliard)

Derived Measures Based on the
Same ‘Symbols
m’/s = cubic metre per second
ton/ha = ton per hectare
lOGmafyr, MCM/yr

= million cubic meter

per year
OTHER ABBREVIATIONS
GDP = gross domestic product
GRP = gross regional product
"~ El. = elevation
HWS = high water surface
Sh = sanitary district
DA = .development area
ESS = Eastern Seaboard Study
"FOB = free on board
CIF = cogt, insurance and
freight
‘WHO = World Health Organization



C. ABBREVIATION OF ORGANIZATIONS

MOAC Ministry of Agriculture and Cooperéﬁives
RID " Royal Irrigation Departmént

DOF Department of Fisheries

LDD Land Development Depaftﬁenf

NESDB National Economic and Social Development Board
NEB National Environment Board

NSO National Statistical Office

MOI Ministry of Industry

DMR Depar{ment of Mineral Resources

DIW Department of Industrial Works

MoC ‘Ministry of Communications

HD Harbor Deparment_

DHW 'bepartment of Highways

DOH Department of Health

RTN Royal Thai Nawvy

PWWA ‘Public Water Works Authority

MD Meteorology Department

DOLA Department of Local Administration

TAT Tourism Authority of Thailand

D. LOCAL TERMS

Changwat : Province

Amphoe : District (Township)

Tambon : Township (Town}

Muban : Village

Muang : Administrative Center of Province
King Amphoe : Sub-district

Mae.Nam :  River

Khwae : Main tributary of a river

Huai : Stream, creek or small tributary
Khldng : Céhél

Khao :  Mountain






1. INTRODUCTION
1.1 Authority

The.Feasibility Study on East Coast Water Resources'Development
Project, Phase II (the Study) was carrled cut in accordance with
Implementatlon Arrangement, Technlcal Caoperation for Fe351b111ty Study
on East Coast Water Resources Development Project (Phase II), ¥hlong
Luang, Khlong Yal and Khlong Thap Ma Dam (the Implementation Arrange-
ment), which was conclnded in the date of February 22, 1982 between
Japan International Cooperation Agency (JICA), an executive agency of
the Government of Japan and Royal Irrigation Department (RID), Ministry
of Agriculture ang Cooperatlves, an executive agency of the Government
of Kingdom of Thalland= The objective area of the Study (the Study
Area) extends over Chon Buri and Rayong Provinces, excluding the Prasae

river basin.

The JICA entrusted the Study ‘to Nippon Koei Co., Ltd., associated
w1th leken Consultant Inc. (the Study Team).

The Study Team conducted the field 1nvestlgatlon and study durlng
the period from July, 1982 to July, 1983 with the counterpart support -
provided by the Government of Kingdom of Thalland (the Government).
This report is one of draft final report and presents the flndlngs and

recommendations on the Khlong Luang Dam Scheme.
1.2 Historical Background

Thailcnd.is embarking in a new era of induétrializaticn with
enfcrcenent of the Fifth National Economic and Social Development Plan
(the Fifth National Plan), which covers a S-year period from 1982 to
1886. The Fifth National Plan pléces a great emphasis on Rastern
Seabhoard Development as the keystone of industrialization. It involves
not only indnstrial development but also urban development and associated
infrastructural development. The agricultural development:is also given
high priority in the Fifth National Plan. So far as the Study.Area is

concerned, the agricnltural development deserves particular attention.



It must be promoted positively in the backward area of the industrial
 development arcas so as to create the balanced socio-ecocnomic situation

throughout the Study Area.

In order to cope with the rapidly increasing water demand due to
the above-mentioned development activities, the Government launched the
Bast Coast Water Reeources Development'Project (the'Phase I Study),
objective of which was to conduct the feasibility study of Nong Pla Lai
and Ban Bung Dams. The Phase I Study was carried out by JICA in
eompliance with request made by Ehe Government during the periocd from

February, 1981 to March, 1982.

The NESDB conducted.Eastern Seaboard Study {the ESS).and issued an
Interih Report in July, 1982, fThe report contains a comprehensive
study:relevant'tb Eastern Seaboard Development, including econcmic,
infrastructural, social and urban development programme, 1mplemen—

tat1on, finance and impact of development

The Government fur ther requested the Governmehﬁ of Japan to extend
the technical cooperation on the Study in Septembek, 1981, The Government
of Japan:decided to provide the necessary technical cooperation and
entrusted its execution to JICA. . The JICA dlspatched a Prellmlnaty Survey
Team to Thailand during the perlod from February 9 to 23 1982 to flﬂallze.
the technlcal cooperation and concluded the Implementatlon Arrangement w1th

RID as- aforementloned

1.3 Scope of Study

.The Study is to conduct_the-feasibility study on the water resources
_developmen£ of_the’Khloné-Luehg river and Rayong river, especially
" centering £he construction of dams, namely Khlong Luang, Xhlong Yai and
Khlong Thap Ma dams. The Scope of Work contains two studying subjects as

follows:

Part A: Study for the long-term water demaﬁd and supply balance
in the Study Area.

_Part B: Feagibility study for'khlong Iuang, Khlong Yai and Khlong
Thap Ma Dams,



For the purpose of the Study, target yearg have been set forth;:

1991 as intermediate target year and 2001 as final target year.

The study for the long-term water demand and supply balance has
been campleted already during.the field investigation period and *Study
Report on Long-Term Water Supply Plan“ was issued in January, 1983. The
report points out clearly the significance of development of Khlong
Luaﬁg.bam Scheme (the Scheme). The Scheme is distinguished as multiple-
purpose areal-development pfoject, since it is dééigned'as an element in

regional plan. The feasibility study of the Scheme deals with;
(1) Khlong Luang multipie»purpose dam development,
{(2) Irrigationrand agricultural development,
{3) Raw water conveyance system development, and

(4) Flood mitigation plan



2. BACKGROUND
2.1 Socio-Economy of Thailand
2:1.1 Land and Population

The territory of Thailand is approximately 514 x 103 km?, being
located between 5°20' and 20°40' north in latitude and between 97°20!
and 105°40' east in longitude. Administratively the country ié divided
into 72 provinces. FEach province is further divided into more or less 10
districts. BEach district is further subsegmented into several townships
which are composed of.a number of villages. Map of Thailand is shown in

Fig. 1.

Thailand lies in tropical monsoon zone and is blessed with fairly
rich land and water resources. Approximately 177 b4 103 kmz, corres—
pondlng to 34 % of the nation's land, are used for agrlcultural pur pose,

of whlch about 118 km2 are paddy fleldS.

The national population was 44.3 x 105 in 1980, of which 4.7 x 10°
people reside in Bangkok Metoropolis. The population density in 1980 was

2 on the average, ranging from 52;? in North Region to

86.3 pefsons pér km
137.5 in Central Region, The population growth was 2.6 % pér annum duging

a l0-year period from 1970 to 1980.
2.1.2 FEconomic Pe:formance

The econdﬁy of Thailand has achieved a continuous.expansion,_through
its five—Year national dééelopment pléns, of which the period is 1962 -
1366 for the first plan, 1967 - 1971 for the second plan, 1972 - 1976 for
the third plan and 1977 - 1981 for the fourth plan, respectively.

The GDP increased from B 140 x 10% in 1971 to B 315 x 10% in 1981 at
1972 constant prlce, or from ¥ 3,602 per capita to B 6,636 per caplta.
The average growth rate was 9.5 % per annum in 1971 - 1976 and 7.4 % per
annum in 1977 - 1981.



The 1981 GDP is composed of B 151 x 109 in service sector, B 88
x 107 in manufacturing sector and B 76 x 102 in agricultural sector,
The share of the manufactufing sector increased from 16 $ in 1971 to 21 %

in 1981, while that of the agricultural sector declined from 28 % to 24 &.

The export of goods and services .increased sharply'frbm.ﬂ 17 x
10? in 1971 to B 153 x 10% in 1981, while the import of goods and
services also increased from B 27 x 10% in 1971 to ¥ 217 x 10? in
1981. The most dominant export and'import commodities are rice and
petroleum, reSpeetively. Rice export was 3,036 x 103 tons in 1981
and earned B 26 x 109, corresponding to 17 % of the total export
value. The import of petroleum and lubricant amounted to B 65 x 109

in 1981, which nearly coincides with the deficit in the foreign trade.

The socio-economy of Thailand is reported in more detail in

Sectoral Report I, Socio-Economy.
2.2 The Fifth National Plan

The Government 1ssued in October, 1981, the Flfth National Plan,
which was establlshed reflectlng the performance in the preceding
national plans durlng the last two decades. The Fifth Natlonal Plan.

contemplates to accompllsh the following national poliecy objectives;

{1) To restore the nation's economlc -and flnan01al Stablllty by
mobilizing nore sav1ng and bu1ld1ng up the nat10na1 and

economic dlsc1p11ne in bath the publlc and private sectors,

{2) To adjust the economic structure and to 1mprove the econamic
efflclency in order to magnlfy the economic act1v1t1es in the
rural area, to earn more forelgn exchange with expan51on of

export and to be consistent with the'worldis economic changes,

{3) To develop the social structure and to improve the social
services such as education, health, justice and other basic

needs in the rural area.



(4) To alleviate poverty in backward area.

{5) To coordinate congistently economic development activities

with the national security management.

The economic target of the Fifth National Plan is presented in

Table 1 in comparison with that of the Fourth.National Plan.

More detailed explanation on the Fifth National Plan 1s presented

in Sectoral Report I, Socio~Econony .

2.3 Eastern Seaboard Development

The Fifth'Natioﬁal Plan séts forth the following policy measures

with respect to industrial activity:

{1) To switch from impoft substitution to exports,

{2) " To decentralize the inddstrial activities to the provincial

areas,

(3) To develop the basic industry, practiéally based on natural

gas.

(4) To develop labour intensive industry and technology in~ekport

industry.

The Fifth National Plan sets forth the following targéts for

industrial activities:

Average Growih

Description Rate ($/yr)
(1} Manufacturing output . 7.6
' Export ihdustry : _ 15.0
Domestic consumption ) 5-~6
(2) Employment increase 7.6

(3) Consumption of petroleum

product (max. level) 4.0




The.Eastern Seaboard Development will make a great contribution to
the national. policy objectives., Firstly, it will spearhead to change
the industrial structure from import substitution to expor ts, based on
local resources, partidularly on a natural gas. Secondly it will become
a major employment Qenerator in North and FEast Régions. Thirdly, in the
long term, it will serve decentralization of economic and industrial

activities from Central Region.

The ESS propoées seven strategic development areas in the eastern
seaboard; Chon Buri, 8i Racha—Laem.Chabang, Pattaya, Sattahip, Map Ta
Phut-Rayong, Chachoengsao and Ban Phe. Out of these, Chachoengsao and
Ban Phe are located outside the Study Area. TFig. 2 shows the map of the

Study Area, including the development areas.

8ix industrial devélopment zones have been designated by the ESS as

tabulated hereunder tdgéther with development area and plan.

Area Proposed Industrial

Proposed Zone (ha} Development
Chon Buri 160 Urban service industries
Laem Chabang 480 Export processing and light
" industry
Sattahip 0 Ship repairs and services and
: ' transhipment
Map Ta Phut 800 Héavy industry,'poliuting
- industry and construction
materials
Rayong ' 80 Agro-industry
- Chachoengsao B0 Agro-industry




The development of infrastructures is an integral part of indus-
trialization. The infrastructure development plan has also been worked

out by the ES5 as presented in Table 2.

The Eastern Seaboard Development will certainly create additional
employments and induce migrants from the cutside of the Tastern Seaboard.
The additional employments and induced population have been projected to
be 130,200 and 201,550, respectively, by the ESS for a 20-year period from
1981 to 200l. The ESS predicts that approximately 71 % of the additional
émpléyment'occurs in three development areas, Si Racha-lLaem Chabang,

Pattaya and Rayong-Map Ta Phut.
2.4 Agricultural Development

The agri¢ulture still plays an important role in the econony of
Thailand. It sustains thé_self—éuffiéiency of stéple food and the
employmént absorption. It 5190 makes a great cbntribution to foreién
trade; share of ag#iCulpﬁral products accounts for 52 % of the total

export value in 1980, Major crops are rice, rubber, maize and cagsava.

The agrlcultura] development durlng the last two decades was
characterlzed by diversification of crops and expansion of cultivation
area, During a l0-year period from 1972 to 1981, planted areas were
expanded year after Yéar with a considerably high rate; 15.3 % per
annun for upland crops, 40.0 % per annum for oil crops, 16.2 % per
annum for perennial crops and 3.4 % per annum for paﬁdy. The increase
in production was méinly resulted from Sdch rapid expansion of planted
areas, However, an increaée in crop yield remained as low as 2.0 ‘% per

annum on an-overall average during the Fourth National Plan.

The Fifth National Plan:pﬁts forward'the following.targets and
supporting policy measures, in-ofdér to achieve the short-run chjectives

of a rapid economic recovery and a greater degree of economic stability:



(1) To attain the target of about 7 % increase in GDP, the value

in agricultural sector is projected as,

{a) overall target: annual increase by 4.5%
{b) crop production: annual increase by 4.7%
{c} livestock production: annual inqrease by 4.2%
(8} fisheries production: annual increase by 5.4%

(e) forestry production : annual increase by 0. 3%,

{2) More emphasis will be placed on the consérﬁation of forest
and watershed, The forests and natiocnal park, totalling
-about 10.4 x 106 ha, should carefully be conserved by
proper rehabilitation works and the reafforestation éhouid
be implemented at a rate of about 48,000 ha per éhnum.

Hence, expansion of farmland will be 1imited_ovér the S-year
period., In this dontext,'the strategy of agricultural devel-
opment has to emphasize struétural improvement within the

sector,

(3) In order to raise productivity of agriculture, the priority
is given to development of irrigation system and expansion of
. on—fapm facilities as well as water resources development,
An. eimphasis will be placed -on soil improvement and strength-

ening the agticultural support services.

Sectoral Report I, Socio-Economy presents in more detail the

issues and policy measures of agricultural development -in Thailand.

2.5 Pipe-Water Supply Services

The pipe-water supply services are mainly administerd by MWWA and
PWWA, The MWWA is reSponsible solely for Bangkok Metropolis and the
PHWA assumes a direct responsibility for 117 vownships, 707 sanitary

districts and 2,000 villages throﬁghout the country,



The PWWA has been endeavouring to expand the pipe-water supply
services along its two basic programmes; large scale water supply
programme and rural water supply programme. The former focuses on the
municipalities and. sanitary dlstrlcts with more than 5,000 population
and is executed under full responsibility of PWWA. The latter is
promoted for sanitary districts and rural communities with 1,500 - _
3,000 population and is mainly implemented by the local administrative
authorities under financial and technical assistance from PWWA, OARD

and DMR,

Accord;ng to the information obtained from PWWA, the pipe~water

supply situation in 1982 are as follows.

Nos. of Water Supply Served |

W;:zrr:;gzly Supply System- Capacity Population
g (nos) (103 m3/day) (109)

Large Scale - 189 849 S 3.7

Rural ‘ 663 378 2.1

Total . 832 1,227 _ 5.8

As is ¢lear from the above table, the pipe-water served population -
is only 13 % of the national population. The water supply per capita
is 210 l/day on the average, ' '

In line with the pollcy measures set forth in the Fifth Nat10nal

Plan, the PWWA established its Flvenvear Plan. 1t stlpulates the

- following basic objectives;

- 10 -



() The water supply capacity in the urban area will be augmented
from 849 x 103 w3 per day in 1981 to 1,414 x 103 nm3 per day
in 1986. Pipe-water supply population will be 4.4 x 10° w3
in 1986.

(2) The rural water supply Progr amme will also be emphasized.in
order to alleviate a gap in standerd of 1iving between the
urban area and the rural acea. The objective is to develop
and expand the water supply system for 150 communities and to
construct the new waterISupply system for 250 communities.
These will bring about an additional water supply capecity of

3% x 106 3 per annum.

According to the Five-Year Plan of PWWA, the total investment cost
is estimeted at B 7,665 X 105, compriéing'B 1,577 = 10% for the rural
water supply programme and B 6,088 x 106 for the large scale water

supply programme.
2.6 Loﬁg-Term Water Supply Plan
2.6.1 General

In order to meet the rapidly'increasing water demand due to
industrial and urben development and agricultutai'development, long-
term water supply plan has been worked out for the Study Area as one of
the object1ves of the present study. The proposed development plan is
reported ‘in Study Report on Long—Term Water Supply Plan, Herein contained

are the outllne of the plan.

The’long—te;m'ﬁater supply plan is, in principle, formulated aihing
at sa;iefying all the water demands in the Study Area in Target Year
200;; The Target Year is determined in due consideration of per iods of
the natiohalIfive—year'deveiopment pians and development period of Eastern

Seaboard Dedelopment.
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Pursuant to principle of water resources management, the Study
Area. is basically divided into 10 zones ag shown in Fig. 2. Each zone
consists of a single river basin or a couple of river basins. The
water supply plan over the Study Area is formulated primarily based on

the result of water demand and supply balance of the respective zone.

It should,_however; be kept in mind that the water supply plan
presented in this report is a little differeht ffom that originally
proposed in the Study Report on lLong-Term Water Supply or other
relevant sectoral reports. The water ‘diversion from Neﬁ ﬁan Bung dam,
which was an integrél part of the original plén, has been cancelled in
due considerationlof the RID's policy amendment. 1In the revised plan,
.carresponding ambunt of water is supplied.froﬁ_the Bang Phra dam by
means of reduction of a rate of river mainﬁénanée flow. The reduction
of the river maintenance flow is judged allowable for the following

reasons.

(1) The Bang Phra dam is located only at 2,5 km distance to
estuary., There is neither intake nor water user inbetween

the dam and the river mouth.

(2) The Bang Phra dam has never been releasing regularly thé
water to the downstream for unspecified use, according to its
operation record. The unspecified release is rarely possible,
since the Bang Phra reservoir is 2.4 times bigger than the

averade annual inflow.

(3) Under the present reservoir operation practices, any particular

adverse effect on aQuatic ecology has not been identified.

{4) The river maintenance flow is still &ustained at a rate of
1.1 x 106 m3 per year. The aquatic ecology and riparian
lands would, therefore, be preserved at the same status as the

present.
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The water demand and supply balance and alignment of raw water

conveyance s?stems have been adjusted accordingly in this report.
2.6.2 Water Demand

The water demand comprises the domestic use, industrial use and
irrigation use. 1In addition, a concept of river maintenance flow is
introduced., The projection of the water demand is discussed in detail
in Sectoral Report IV, Domestic and Industrial Water Demand, and III,

Irrigation Development Plan.
(1) Domestic Water Demand

In compliance with the'pipemwater supply programme seﬁ forth in
the Five-Year Plan of PWWA,'eabh zone=is classified into'Urbah area
) and rural’ area. The urban-area is deflnea as munlclpallty/ sanitary
dlstrlct with more thanh 5,000 population by Target Year 2001 and is
further classified into develppment area and non—development area in

accordance with Eastern Seaboard Development Plan.

The domestic water demand is pro;ected based on the projected
population, water _consumption per capita and servigce factor for
every 5-year pericd, namely, 1986, 1991, 1996 and 2001, The

projected population and domestic water demand are shown in Table 3.
(2} Industrial Water Demand

The industrial water demand has been projected by ESS in line
with the industrial development plan described in the preceding
Section 2.3. ‘The industrial water demand projected by ESS accrues

only from the development areas.

Presently several enterprlses are extractlng groundwater or
water from reserv01rs by their own fa011xt1es. For enterprlses
located outside the development area, the same quaﬁtity of water as
being consumed needs to be'guaranteed. This waﬁer supply was

carefully investigated and is added to the industrial water demand
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projected by ESS to produce the real industrial water demand. The

estimated industrial water demand is presented in Table 4.
{3} Irrigation Water Demand

In the Study Area, there are two major irrigation areas at
present. They are Bang Phra irrigation area with a net irrigation
area of 1,120 ha in Zone 2 and Ban Khai irrigation area with 4,800

ha in Zone 10.

In édﬁition, three irrigation develdpment schemes are envisaged
to be newly realized in association with development plan of Khlong
Louang, Khlong Yai and Khlong Thap Ma dams. = The irrigation area of
the respective scheme is tentatively determined based on the pre-
liminary water balance study. The development programme was set up
in conjunction with water resources development requirement for the

domestic and industrial water supply.

The irrigation water requirement is estimated based on the
provisional. cropping pattern with 150 % of cropping intensity and
approximated irrigation area. The irrigation area and water

regquirement applied for water balance study are given below,

Irrigation Water

Iréigzgéon I;;;ga:;z? Requirement (106 m3/yr)
1986 1991 1996 2001
Khlong Luang 4,700 0 60.1 60.1 60.1
Bang Phra 1,120 15.4 15.4 15.4 15.4
Ban Khai i 4,800 65.8 65.8 65.8 65.8
Ban Khal Extension 5,400 75.1. 75.1 75.1 75.1
Thap Ma 2,200 0 0 30.6 30.6

Total 18,220 156.3 216.4 . 247.0 247.0
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It should be noted that the above agricultural development
plan is provisional. They will finally be determined through
optimization study'of the agricultural land and water resources

development of the respeétive development shceme.
(4) River Maintenance Flow

The reduction of river flow due to intensified water use will
result in adverse effect to various water users, if it exceeds a
cértain amoﬁnt. It is therefore proposed to introduce the cohcept
of the river maintenénce flow. The river maintenance flow is the
minimum discharge'which is able to maintain Qater depth,'flow
velocity, water quality, channel stability, aquatic ecosystem and
scenery to the extent necessary for navigation, fish catch,
operation and'maintenance of intakes, maintenance of river
facilitiés, sea wateﬁ repﬁlsion, prevention of estuary clogging,
conservation of groundwater, preservation of riparian land and

people's amenity.

In the Study, in principle, the rate of the river maintenance
flow is tentatively assessed to be equal to 90 % dependable
monthly run-off at balance point. The river maintenance flow thus

assessed is shown in Table 5.
{5) Overall Water Demand

The overall water demand of the respective zone is presented
in Tables 6 through 9. The followings are the overall water

demand expressed in terms of source water demand for the whole

Study Area.
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(Unit: 106 m3/yr)

Water Demand 1986 1991 1996 2001,
Domestic ©33.1 45.4 . 66.7 91.5
Industrial 56.6 71.2 77.4 88.5
Irrigation - 156.3  216.4 247.0 247.0
River maintenance flow 21,0 21.0 31.5 31.5

Total 267.0  354,0  422.6  458.5

2.6.3 Water Resources Development Potentials

As varlfled in the succeedlng sub section 2.6.4, under the present
water resources development conditions, water shortage of about 57 x
106 m3 is foreseen to éccur in Target Year 2001. A new water resources
development plan is indispensable to satisfy the whole water demand for the
successful implementation of Eastern‘seaboard Development and agricdltural

development.

The water resources development potentials in the Study Area are
studied primarily based on the data and information so far collected by
RID as reported in detail in Sectoral Report XI, Water Resources

Engineering.

As listed hereunder, there are 8 dams either existing or ander

construction or under planning as shown in Fig. 2 and Table 10.

Out of dams in operation, both ‘the Phluta Luang and Khlong Bang
Phai dams are used exclu51vely for Sattahlp Naval Base. Thus they are
not taken into con51derat10n in the formulation of the long-term water

supply plan.
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8ix dams, Bang Phra, Map Prachan, Dok Krai, Nong Kho, New Ban Bung
and Nohg Pla Lai dams have the active storage capacity of 339.7 x 106 m3
in total and produce the net regulated outflow of 227.5 x 105 m3 per

year in such drought year as 1979.

There have been identified 9 potential damsites, including Khlong
Luang, Khlong Thap Ma and Khlong Yai damsites, in the Study Area. Out
of these, five damsites are located in small rivers in the coastal area
as shown in Fig, 2. It is foreseeable that the enticipated water
shortage will be met by development of several dams.among the potential

damsites.

Water supply capacity othhe‘tespective potential damsite is ebtained
based on storage-draft relatienships of Khlong Luang, Dok Krai, Nong Pla
Lai and Khlong Yai dam51tes, where streamflow observation records are
avallable for a l4-year period £rom April, 1968 to March, 1982, The saild

- storage~draft relatlonshlps are shown in Flg. 3. A relatlonshlp between .
storage ratio and unit development cost of water is then developed for the

respective potentlal damsite as shown in Fiq. 4,

The relationships shown in Fig. 4‘ expresses two elemenfe. Firstly,

Khlong Luang, Khlong Yal and Khlong Thap Ma damsites are 1ncomparably

super ior to the other potentlal damsites in terms of anit development cost
of water. Secondly development scale is the most economical within a range
of 80 - 100 % in terms of storage ratio.. For the purpose of water balance
study, development scale is tentatively determined to be 100 % in terms of
the storage ratio for Khlong Luang, Khlong Yai and Khlong Thap Ma damsites
and 80 $ for. the remalnlng 6 pontential damsites, - Table 11l shows the
‘salient features and water supply capacity of the respectlve potential dams

‘at the pre-determined development gcale,
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2.6.4  Water Balance

The water balance study was performed in order to determine the
water resources development requlrement as reported in detail in

Sectoral Report X, Water Balance Study.

The repreeentative river is selected in each zone, in which a
balance p01nt is located for the water balance study. The balance
point 1s,-1n principle, set up at the lowest intake 51te. The
representatlve river and balance point of the respectlve zone are as

shown in Table 5.

The water demand and aupply balance was calculated zone by zone at
1ntervals of 10-day perlod during a lZ-month period from May, 1979 to
Aprll, 1980, which is the driest year among a l4-year period from 1968
‘to 1981,

AL first water withdrawal was computed as the water demand
deducted by the avallable local water resources " The water'withdrawal
means the net reduction in river flow which is requlred to meet the
water demand. The water deficit is then calculated as the water
w1thdrawa1 less the hatural run~off at the balance point under the

following presumptions.

. - {a) The Dok Krai Pipeline Project fully supplies the water
' withdrawals in Zones 7 through 9.
5
(b} As to Zone 2, natural run-off of the representatlve river is
negllglbly small compared to the domestic and industrial
water demand. Therefore the whole domestic and industrial
watef demand is determined to be met by inter-zone water

diversion.

The water demand and supply balance was lnltlally calculated under
the present water resources development condltlon. The Nong Kho and
Nong Pla Lai dams are treated as existing one. The result is given

hereunder.
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N {Unit: '10'5 m?’/yr.)
Water Water Water Supply '
Year Demand Withdrawal Deficit by Daits Balance
1986 267.90 264.9 214.0 218,0 -4.,0
1991 354.0 351.9 283.1 218.0 +65.1
1996 422.6 420,5 - 335.3 218.,0 - +117.3
2001 458.5 456 .4 367.5 218.0 +149.5

As shown in the above, the water supply as a whole is short of the

demand.: The water demand and supply balance situation varies largely

from zone to zone, depending on the magnitude of water demand and the

“availability of water resources. The integrated developmen

t of water

resources and inter-zone water diversion system is ascertained to be

most appropriate measure to overcome the shortage of water supply.

A set of four water supply alternatives were drawn up for Target

Year 2001 to ascertain the most optimal plan.

The water demand and

supply balance was further computed for the respective water supply

alternative.

The water demand and supply balance under the proposed

water supply plan is givén in Tables 6 to 9 and is summarized below.

: C(Unit: 106 m3/yr)
Water ‘ Water ' Water Supply
< 1
Year Demand Withdrawal  Deficit by Dams 2rance
1986 267.0 264.9 214.0 227.5 -13.5
1991 3540 351.9 306.2 369.7 -63.5
1996 422.6 420.5 371.5 411.0 -39.5
2001 =7.0

458.5 . 456 .4 404.0 411.0

The water balances for the intermediate years are calculated

referring to the development sequehée of the proposed water supply plan.
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2.6.5 Proposed Long-Term Water Supply Plan

All the water supply alternatives were examined in detail from the
viewpoint of investment requirement, tecﬁnical soundness and social _
problems. As the results, the water supply plan shown in.Figs. 5 to 8
is_determined to be most promissing plan. The fundamentals of the

proposed water supply plan for Target Year 2001 are as follows:

(1) Development of water resources facilities

Khlong Luang,“New Ban Bung, Khlong Thap Ma and Khlong Yai dams

(2) Development of water conveyance systems
Khlong Luang, Ban Bung, Nongkho, Nong Pla lai, Bang Lamung,

Huai'Yai, Dok Krai and Ban Khai systems

(3) Water diversion from the.inland area to the coastal area
Khlong Luang river basin to Chon Buri Pattaya area: 11.0 x 106m3/yr
RaYOng river basin to Chon Buri-Pattaya area: 31.3 x 106m3/yr

 Ray6ng river basin to Sattahip-Map Ta Phut area: 54.8 x 106m3/yr,

Water demand and_supply balance until the targe# year 2001 is

shown in Fig, 9.

Investment reQuirement for the proposed_water supply pléﬁ is
roughly estimated to be B 8,827 x 109, consisting of B 3,602 x 106
for water resources development, ¥ 4,205 x 106 for water conveyance

system and B 1,020 x 106 for irrigation development.
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3. KHLONG LUANG RIVER BASIN
3.1 Natural Conditions
3.1.1 Ipcation and Topography

The Khlong Luang river basiﬁ is located in the northern part of the
Study Area and extends over approximately 1,930 km?. Tt is'bounded on
the north with the Bang Pakohg river basin, on the south with the Rayong
river basin and on the east Qith the Prasae river basin. The basin map

is shown in Fig. 10.

The Khlong Luang river is a trlbutary of the Bang Pakong river,
whlch pours itself 1nto the Gulf of Thalland immediately downstream from
the confluence with the Khlong Luang river. It originates in Mt. Rhao

Ang Kraden (El. 338 m) and has a total length of about 90 km.

The Khlong Luaﬁg river basin'émbréces vast and flat alluvial plains,
which occupy approximateiy 40 % of the basin area. The alluvial plains
have a_slopé of more.of less one per"cent and have been used for -agricul-~
turé=extensively. Owing to its excessively genfle land slope, the alluvial
pléins are subjéct to poor drainability and are prone to inundation
annually to a great extent: The ground height 'is for the most parts lower

than El, 100 m.
3.1.2 Climate

Details of climate over the Study Area are reported in Sectoral

Report VII, Meteorology and Hydrology.

The climate over the Khlohg Luang river basin is tropical and
monsoconal, There are two distinct seasons in a yeaf; Dry éeasoﬁ with
the northeast monsdbn lasts from.November to Apfil, while the wet season
with the southwest honsoon extends from May to October. Tﬁe'climatol—
ogical data at Chon Buri, Sattdhip and Ban Nong Mapring étations are

presented in Table 12,
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 Air temperature varies only slightly from the annual average of 290c,
:The averﬁqe annual basin rainfall is approximately 1,300 mm, of which more
‘than 80 % occurs during the wet season. The relative humidity is almost

constant throughout the year, 93 % on the average.
3.}.3 Hydrology

The stream flow of the Khlong Luahg river has been recorded at Ban
Mai stream dauge, which is located at 500 m downstreém from the proposed
Khlong Luang damsite. There is no other stream gauge in the bagin, _The
drainage area of thé.Khlong Luang river is 484 km? at the stream gauge,
The catchment area of the proposed damsite is 525'km2; including the

Huai Sung river basin.

The run—offs:at the préposed damsite.were estimated at 10-day _
intervals for a l4- year ‘period from April, 1968 to March, 1982, Table 13
. shows - the monthly mean run-offs at the dam51te. The average annual
run-cff is 3. 98 m /s, ranglng from 1.04 m /s in 1979 to 8.30 m3/
in 1974

The floed ana1y51s was made by means of unit hydrograph method., The

synthe51zed probable floods at the damsxte are as follows,

Return Peak

Period {year) Discharge (m3/s)
10 ' 860
50 1,100
100 1,220
500 1,466
Probable Max. : - 2,520

The sediment yield from the basin area is evaluated to be 300
m3/km2/year. '
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The run-off and flood analyses and sediment transport are

discussed in detail in Seétoral Report VII, Metéorology and Hydrology.
3.1.¢4 Groundwa ter

The reconnaissance survey on groundwater resources was carried out

as explained in Sectoral Report IX, Groundwater Resources.

Local -phreatic aquifers are found in flood plains, which consists
of silty sand, sandy clay and rare gravelly sand layers. The aguifers
are recharged by rivers and paddy fields. Remarkable descent of
groundwater'level in the aquifers takes place during the dry season.
The aquifers are encountered with salt &ater intrusion; chloride

content in groundwater amounting to 600 ppm in and arcund Phanat Nikhom.

Reglonal conflned or unconfined aqu1fers are ascertained to be
exlstent to a very small extent due to high clay content and resultant
1ow permeability and also low storage capacity in the terrace dep051ts.
The groundwater in the terrace deposits appears to be recha;ged by

vertical infiltration of rainfal;s.

According to the inventory and sampling surveys, 3pproximately 80 %
of rural'bopdlation are dependent on shallow.dug~wells for their domestic
wéter. The annual groundwater abstracﬁion through the shallow dug-wells
- are roughly estimated at 6.8 x 106 m3,.éll of.which is presumed to be
domestic use.f'There are twoe tube-wells in the basin at'preseh£; They
produce 0.3 x 10® n3 of groundwa ter annually,.of which 90 % are

exclusive use for manufacturing.
.The groundwater development potential is concluded to be quite_low

owing to the salt water intrusion deep into the alluvial plains and poor

hydraulic characteristics of the terrace deposits.
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3.1.5 Geology

In the Khlong Imang river basin basement rock is pre-Cambr ian meta-
morphic rocks, comprising gneiss, gneissose granites, quértz—micaschiéts,
phyllites, shales and quartzites. The basement rock is intruded with

granite of Carboniferous to Triassic periods.

- The metamorphic rocks are developed in the eastern part of the basin
and exposed around the uppermost reaches of the river and the eastern
watershed, The intrusive granites are located in the western part and

crop out in the southern watershed.

Quarternary deposits of terrace and fan, as well as lateritic
residual soil, cover the bedrock extensively in the upper half of the
basin, while alluvial flood deposiﬁs and coastal sand are wide—spread in

the lower half of the basin.

The Sectoral Repo:t VILL, Geology‘discribes in more detail'the

geological condition of the basin and proposed damsites.
3.1.6 Soils

Soils and land capability explained herein are for the potential
irrigable area, among which the irrigation service area of Khlong Luang
dam will evehtually be selected. Figs. 11 and 12 show detail soil map

.and land capability map respectively.

The soils in the poténﬁialiirrigable area are classified into two
soil groups; soils of recent aiiuviﬁm_anq soils of semi-recent alluvium.
They are divided into a nuwiber of soil series by LbD. Table 14 preséﬁts
. distribution of soils by soil series.” The most predominant 6ne_is Chon
_Buti series which occupies 55 % of the whole pofential irrigable area.
Kléeng series covers 28 % of the area. The generalized brief descrip-

tions on these s0il series are as summarized below.
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Chon Buri Series {Cbh): The soils are derived from terrace sediments
and mainly exténd 6ver the low marine terrace. They have, in general,
very deep effective soil depth, loamy to sandy texture and mottled
profile. .pH value varies from 4 to neutral. Drainage ¢ondition is
somewhat poor ‘and pérmeability is moderate. The series are correlated
with Low Humic Gley Soils‘(National) or Typic Paleaqual fs in USDA

taxonomy.

Klaeng Series (Kl): They are derived from alluvium underlain by

marine deposits and occupy the level terrain of the lower portion
on the low terraces which mainly extend over the hofthwestern part
of'fhe potential irrigable area, '"The soils are deep in effective
soil depth, fine to medium in texture and mottled throughout the
profile and are strongly acid. Drainage conditions are externally
and internally poor. The series are classified into Low Humic Gley

soils (National) or Oxic Plinthagualfs (USDA).

The iand capability of the potential irfigable area -is referred to
Land:Capébility Map published by LDD and:is presented ih Fig. 12.
AcCofding_tQ tﬁe_LDD‘S'Ciassification,-land capability is broadly divided
into two categories; namely, "Suitable" and "Not Suitable"; A categdry
of "Suitable" is”further sub-divided into (1) Class I, highly suitable,
(2) Class II, moderately suitable, (3) Class III, suitable and (4) Class
IV,‘margihally suitable, Nearly 80 % of the potential irfigéble area 1is

ascertained to be Classes II and III,
3.2 Administrative Division and Population

The Khlong Luang river basin falls in with Chon Buri Province and
includes 51 townships. Major town/city is Phanat Nikhom, Tha Bun Mi,
Nong Tamlung and Ban Bung. The administrative divisions are shown in

Fig, 10.

The total population in the basin is 291,100 in 1981, of which 88 %
resides in rural area. The urban population is 32,200 in 1981; 13,500 in
Phanat Nikhm, 4,900 in Tha Bun Mi, 9,800 in Nong Tamlung and 6,000 in Ban

Bung.
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3.3 Infrastructure
3.3.1 Transportétion

_ The Khlong Luang river bas1n is served with Well deVeloped road
network systems. One primary, one inter-regional and 4 secondary
national highways and 2 provincial highways run through the basin as

shown in Fig. 10.

Phanat Nikom is connected with Chon Buri {capital city of Chon
Buri Province) through Route 315 with a distance of about 30 km and
then with Bangkok Metropolis through Route 3 or Route 34 with a
distance of 80 km. The Route 3 links Chon Buri with the port city of
Sattahip through the international tourism resort, Pattaya with a.
distance of 100 km. Route 331 passes through the center of the basin
and interconnects w1th Route 344 and Route 3138. The former wifh a
length of about 1G5 km runs between Chon Buri and Kiéeng thfough Ban
" Bung and the latter connects Ban Bung w1th Rayong (capital city of
Rayong Prov1nce) w1th a distance of about 90 km. The national and

pr0v1nc1al hlghways are paved with asphalt.

Rural roads areISPreéd over the basin area. Most of the rural

roads are laterite-paved with two lanes.
3.3.2 Pipe-Water Supply

There are 2‘large scale water works and 4 rural water works in the

Khlong Luang river basin as listed below.
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' P
Types Water Works lant

Capacity {(m /day)
Large Scale Ban Bung 480
Phanat Nikhom 2,160
Rural Nong Kakha 240
' Phan Thong 720
Tha Bun Mi 720
Ban Soet 480

Total 4,800

The pipe~water served population is rQUghly estimated at 19,5 x 103
in 1981, comprising 10.3 x 103 under large dcale water works and 9.2 x
103 under rural water works. The pipe-water servxce factor is, there-~
fore, approximately 7 %. Majorityiof peopie rely on groundwater and water
vender for their domestic use. Per capita water supply'is estimated to be

about 120 l/day Ffor 1981.

The Sectoral Report XII, Water Conveyance Engineer ing complles more

information and data on the pipe-water supply.
3.3.3 Irrigation and Drainage
The RID has been endeavoring to develop the irrigation systems and
to improve the dfainage condition. The following irrigation and drainage
projects have been realized by RID in the basin, up to date.
(1} Baﬁg Pakong Left Bank Flood Protection and Conservation Project
The project area is located along the left bank of the Bang
Pakong river and extends over 10,400 ha, of which about 2,700 ha - .

falls in with the Khlong Luang river basin. The purpose of the

prbject is.to protect the land from flood damages and to prevént the
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salt water intrusion into the lands. The paddy cultivation is
predominant in the project area at present under the rainfed

condition.
{2)  Tha Lat Irrigation Project

* The project area extends over both the Bang Pakong and kthng
Luang basins with net irrigation area of 20,?00fha. The stream
flow of the Tha Lat river is diverted at about 34 km upstream from
the cdnfluehce with the Bang Pakong river to irrigate about 20,700
ha of land., Approximately 7,800 ha of the service area is located

in the Khlong Luang river basin.

(3}  Phan Thong Project and Phan Thong Extension Drainage and

- Conservation Project.

The pgoject areés are located in. the most downstréam portiop
of the Khlbng Luang”river basin. The projects were implemented in
order to:improve tﬁe drainage condition in about 6,500 ha of lands
and to.prevent the saline water iﬁtrusion; Drainage channels have
veen constructed between the KHlOng Soet river, Khlong Phén Thong
river and the Bang Pakong riﬁer with a total length of 10.6 km.

Tidal gates are installest at the downstream end.

The locations of the above-mentioned projects are shown in Fig. 13.
The Sectoral Report III, Irrigation Development Plan displays more

detailed descriptions.
3.3.4 Dams and Barrages

The surface water resourcés of the Khléng Luang river bésih
remains almost Unta§ped. ‘There has been.developed oniy oné dam, Ban
Bung, in.a small tributary of the Khlong Luaﬁg river. 1Its salient
features are presented in Table ld. The Ban Bung dam is capable.of
producing thefhet regulating flow of 2.2 x 106 m3/year with.active
storage capacity of 0.4 x 10% p3, It devotes itself mainly to

supplying water to manufacturing sector.
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3.4 Regional Agriculture
3.4.1 Farm Population and Households

_ Agriculture over the proposed irrigation area of 6,600 ha is
" described herein. The Sectoral Report I1, Agricultural Development
Plan describes the regional agriculture over the Khlong Lwang river

basin.

The populétion and number of household in the proposed irrigation
area are 13,368 and 2,140, respectively, according to the statistic
data obtained from Agricultural Extension Office in Phanat Nikhom. The

average family size is 6.2 persons.

The number of the farm household is estimated_at 1,917 and the
farm population at 7,800.. Potential farm labor force is presumed to be

2 to 3 persons per farm household,
3.4.2 Land Holding and Land Tenure

The averagé iand holding size is 4.1 ha, which is 0.8 ha émaller
than that of.the entire Chon Buri Proviﬁée. According to the Agricul-
tural Census Repbrt; 1918, the househblds with land holding size of
less than 1.0 ha account for 15 $% of the total in Chon Buri Province.
The households of 1.0 to 4.0 ha are most pre&dminant,.o¢Cpring about

43 % of the total.

Approximately 74 % of farms are owner operator and 13 % tenant in
Chon Buri Province, according to the Agricultural Census Report, 1978.
Approximateiy 75 % of the entire farm holding lands is occupied by the

owvner operators,
3.4.3 Land Use
The land use in the proposed irrigation area was ascertained by

land use map in a scale of 1 to 250,000 and Field survey. The land use

map is shown in Fig. 14.
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Although the proposed irrigation area is not provided with irriga-
tion, rice is grown in 87 % of the area under rainfed condition.
Approximately 1,000 ha of the area is used for cultivation of upland
crops such as ¢assaba, sugaréane, groundnuts, etc. Tree crops such as

mangoo and banana are grown in about 630 ha of the area.
3.4.4 Cropping Pattern

The cropping pattern prevailing over the proposed irrigation area

is shown in Fig. 15,

Rice is planted from the beginhing of July to the middle of August
and is harvested from the beginning of November to the middle of
December . It is not cultivated during the dry seasor owing to lack of

irrigation water supply.

Cassava is cultivated in rather limited area during the dry
season. Planting extends over two and half.months from the middle of
October to the end of December and harvesting lasts also two and half

months from the middle of August to the end of Qctober.
-The cropping intensity is 1.0 under the present condition,

Sugarcane isiddltivafed widéiy in the area. Planting of plant
cane takes place durlng the per1od from the middle of December to the
end of April. It is harveOted during the period from the middle of
December to the end of April.

3.4.5 Farming Practices

Varioﬁs varieties of rice are cultivated in the proposed irriga#
tion area, all of which are of nonmglutinbus type. The high yvielding
varieties have been spread over about 40 % of paddy cultivation area.
Applications of fertilizers and agro-chemicals are rarely practiced.
Transplanting and harvesting are done still manually, Harvested paddy

is threshed mainly by means of trampling of buffaloes,
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Cassava is mainly grown for industrial use. HNative variety
designated as "Rayong" is predominantly cultivated in the proposed_'
irrigation area. Fertilizing is generally not carried out. Planting
is made manually at a rate of one set per squére meter; 10,000 sets per
ha.

Sugarcane is planted with a spacing of 1.3 m by 0.3 m, 25,600 sets
per ha. Earthing is done two times during £he'growing pe;iod; the
first is one to one and a half month after planting ahd the second two
to three months after planting. Ratooning is commonly practiced after
harvesting with cutting the stubbles of harvested cane. Fertilizers
are applied at a rate bf 310 kg per ha of compound fertilizer (N$15 -
P:15 - K:15).

3.4.6 Crop Yield and Production

Yields of crops remain low because of lack of irrigation water
supply and less supply of agricultural requisite: Productions of crops
vary from year to year, characterized by climatological conditions.

Crop yield and production for 1981 are given below.

Croee viers Thann "o
Rice, local varieties 1.8 7,150
Rice, high yielding varieties 2.3 6,100
Cassava : ©16.0 " 6,400
Sugarcane 43.0_ 16,770
Groundnuts 1.3 - 100
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3.5  Plood Problems
3.5.1 Flood Characteristics

The Khlong Luang river flows through broad alluvial plains subject
to frequent overflow, in a reach between the proposed damsite and the
estuary. The reach is characterized by flat bed slopes,. meandering
channels of very small Elow capacity, and low banks. The reach is marked
by the formation of numerous secondary channels. The average full of the

reach is 0.4 m per kilometer.

Systematic stream gauging has béén conducted dnly at Ban Main Stream
gauge station located at 500 m down stfeam from the proposed damsite since
 1967. According to the stream gauging records, the Khlong Lumang river
basin has been experiencing humerous floods over the years. The recent

"devastating f£loods were observed in 1974 and 1981,

The floods genetally occur during the months of September and

October, although it ra:ély héppens in the months of August and November.
3.5.2 Channel'Capacity

Critical channel capacities were aﬁalyzed for all river ieaches
pertinent to flood control étudy. Critical Flows or‘bankfﬁl:fibws were
computed by means of non-uniform flow formula based on the'longitudinal
profile and cross-sectiocnal survey data along the main stem of the Khlong
Luang river, Fig. 16 shows the criiical channel capacities along the

river stretch.

The average bankfull flow iz 63 m3/s for the lowest reach, 23
m3/s for the middle reach and 60 m3/s for the upper reach. The
magnitude of -the floods exceed far beyond the critical channel capacity,

causing flood damage along the whole strétch.
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3;5.3 Flood Magnitude and Frequency

In the basin, flood records are available for a short period at Ban
Mai.stream gahge. Thus flood run-off analysis was performed by means of
flood run~off simulation model in order to reveal the magnitude of flood
andg establish_a relationship among frequency, magnitude of flood and
flood damage. The simulation model consists of three basic elements,
i.e., (i) flood run-off calculation by sitb-basin, (ii) channel routing

calcuiation, and (iii) flood regulation by dam.

For the énalysis, the Khlong Luang river basin is divided into 8
' sub~basins as shown in Fig. 17. The main stem of the river is divided
into 5 reaches. The simulation model is then formed as ptesented in
Fig, 18.

The Flood run-off of the respective sub—;bne is.synthesized.by means
of Unif hydrograph method. The basin rainfall of the sub-zone is '
obtained based on a réiétionship between the point rainfall and the areal
rainfall., B rate of direct flood run-off is estimated to be 55% based on

the past flood run-off records.

The routing through river channel is computed by applying the

storage function method.

‘The flood run-off at the upstream.end of the réspective reach was
simulated'by a combination of the flood run-off calculation and channel
routing calculation. Flood freguency curve thus obtained is' shown in

Fig. 19.

The flood run-off analysis is discussed in Sectoral Report VII,

Meteorclogy ahd.Hydrology.
3.5.4 Flood Prone Area

Because of insufficient channel capacity, the lower Khilong Luang
river basin has been sufferred from'floodings. The flooding pose a

severe hazard to the population and exert a negative effect on economic

graowth of the area.
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In order to grasp the extent'of.fldoding and the character of flood
losses, the flood damage survey was cérried out during the period from
August td October, 1982 in coliaboratién with RID. The survey was
dependént on a interview survey, which was conducted at 31 sbots in the

basin.

As the results, flood inundation area has been :evealéd for the 1974
and 1981 floods as shown in Figs. 20 and 21, The inundation area is
estimated to he 58,300 ha for the 1974 flood and 44,400 ha for the 1981
flood. The 1974 and 1981 floods have recurrence intervals of 18,0 vyear
and 3.6 year, respectidély, according to -the flood frequency curve at Ban

Mal stream gauge.

The inundation areas are classified into four land use categories as

shown below, according to the topographid map and land use map.

Inundated Area (ha)

Land Use _
1974-f1ood 1981~flood
Paddy field 40,100 40,400
Uplands 2,100 1,700
Village area 1,700 1,500
Other lands 14,400 10,800
Total 58,300 44,400

The number of houses subject to flood damage is estimated at 17,360 for

the' 1974 Flood and 15,350 for the 1981 £lood.
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3.5.5 Flood Damages

The flood damages in the basin have been broadly grouped into four
categories, namely, (i) rice, (ii) upland crops, (iii)} house and
household effects and {iv} livestock. Other tangible losses such as
impairment of public facilities and utilities and buiseness and
financial losses are assumed to be 20 § of the damages of the above

categories, Intangible losses are not taken into account.

‘The damage rate was determined for each damage category depénding on
the seasonal occurence and frequency of flooding and the characteristics
of flooding such as depth and period. The damageable value is also
determined for each category. The damageable values of rice and crop are
based on their yields and prices prospeéted to 1990 and are estimated to
be B 13,760 per ha and ¥ 7,130 per ha respectively. The damageable
values of house and household effects and livestock are estimated to

be B 39,600 per household and ¥ 7,390 per householid réspectively.

The flood damage was calculated based on the damégeable value and
damage rate for each damage category and flood damage curve is prepared
for each river reach as shown in Fig. 22. The flood damages of the

1974 and 1981 are estimated for the whole river basin as shown”bélow.

(Unit: ¥ 106)

Damage Categories 1974-flood - 1981-flood

Rlce ' 173.5 95.8 |
Upland crops - L 3.4 1.8
House and household effects - 25.6 18.6
leestock o 109.5 _ 75.1
Other tangible : 62.4 38.3
Total  374.4 229.6

The average annual flood damage in the basin is estimated to be

B 123.4 x 106 based on the flood damage curves.

Thorough study on flood damage is compiled in the Sectoral Report

X111, Flood Mitigation Engineering.
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4, LAND AND WATER RESQURCES DEVELOPMENT PLAN
4,1 Plan Formulation
4.1.1 Methodology

As is displayed in Section 2.6, The Khlong Luang Dam Scheme has a
nature of multlple purpose areal- development project and is the key-
stone of the proposed water supply plan over the Study Area. It is
designed to serve the domestic and industrial water supply for both the
1n516e and outside of the Khlong Luang river basin, irrigation and
flood control. Among the purposes, water supply and 1rr1gat1on have
priority over flood control. Therefore, plan formulation was initially

‘directed to the land and water resources development.

The domestic and industrial water supply forms an integral part of
the land and wafer'resources development:. The quantity of .the domestic
and industrial water supply are the same as estimated in Section 4.3.
Therefqre the optimum tand and water resources development pian will be
formulated dealing with three variables: extent of irrigation area,

cropping intensity and development écale of dam.

In order to establish a relationship among the irrigation area,
cropping intensity and reservoir active storage, a number of reservoif
operation studies were conducted with the aid of a dlgltal computer.
Based on the relationship, various development alternatlves were
arb1trar1ly selected and their cost and benefit were estimated for
economic comparative study. A development plan generating the maximum

annual net benefit is selected as the optimum development plan.

The plan formulation on the land and water resources development

is elaborated in Sectoral Report %I, Water Resources Engineering.
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4.1.2 Reservoir Operétion Study

The feservoir operation was simulated at intervals of 10~day
"period during a ld-year period from April, 1968 to March 1982. The
felease from';eservoir comprises the-domestic and industrial water
supply, irrigétion water supply and maintenance flow. The reservoir

operation”study follows - the baéic conditions set forth as below.

{1) 1In order to avoid a conflict between the water uses, the
Khlong Luang dam assures completely all the water withdrawals

dépendent on it during the aforementioned l4-year periocd.

(2) The river maintenance flow is sustained throughout the year
at a rate of 0.06 m>/s as adopted in the formulation of the

long~-term water supply plan.

(3) The quantity of the domestic and waﬁer supply is 17.8 x 106 3
per Year in Target Year 2001. It will be supplied at a constant
rate of 0,56 m3/s throughout the year. .

The simulation of reservoir operation is presented in Fig. 23 for
the optimum development plan. Based on the results of the reservoir
operation study, the relationship between the irrigation area, cropping
intensity and reservoir active storage capaciﬁy is developed as shown
in Fig. 24, The cropping patterns and corresponding irrigation water
requirements are compiled in Sectoral Report II; Agricultural Develop-
ment Plan and Sectoral Report III, Irrigation Development Plén, res—

pectively.
4.1.3 Development Altérnatives

The relationship in Fig. 24 is carefully examined from the
viewpoint of the land and water resources development and twelve

development alternatives are arbitrarily established to sound their

economic feasibility. The twelve alternatives are as under-listed,
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D&I Water Cropping Net Trri- - Reservoir

Eizgiggtiggs Sugp;g -Intensity gatiog Area Active Storage
(10° m’/yr) (%) __(ha) (10_m)
-1 17.8 130 5,900 89
1-2 17.8 130 6,700 103
1-3 17.8 130 7,200 119
1~4 17.8 130 7,400 135
2-1 17.8 140 5,300 89
2-2 17.8 140 6,100 103
2-3 17.8° 140 6,600 119
2-4 17.8 140 6,800 135
3-1 17.8 150 4,500 89
3-2 17.8 150 5,300 103
3-3 17.8 150 5,800 119
3-4 17.8 150 6,000 135

4.1.4 Economic Compar ison

The project cost and benefit were calculated for the respective

development alternatives as described hereunder.
(1) Project Cost
The construction costs of dam and irrigation facilities and
water conveyance system were estimated based on the basic layout
design and at the price level of 1982.
The project cost was converted into annual equivalent cost at

a discount rate of 8 % per annum with économic life of 50 years,

The annual O & M cost and replacement cost were also estimated.
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{2) Project Benefit

The project benefit is derived from the domestic and
industrial water supply and from the land development., Project

benefit derived from eévery component is discussed in Chapter 8.

The domestic and industrial water supply benefit is estimated

at B 166.0 x 10° per annum,

The annual agriculture benefit is estimated to be B 25,224/ha
for cropping intensity 130 %, ¥ 27,358/ha for 140 $ and ¥ 30,577/ha
for 150 %.

The annual equivalent cost and benefit and OM & R costs are
sﬁmmarized in Table 15, The annual net benefit is defined as the
annual benefit less the annual equivalent cost-and M & R coét. It is
calculated for the respective development alternative as shown in Table

15 and is illustrated in Fig. 25.

As is evident in Table 15 and Fig.'25, the development alternative
2-3 generates the highest annual net benefit among the twelve alter-
natives compared. Therefore, the alternative 2-3 is recommended as an

optimam plan for the land and water resources development,
4.2 Optimum Development Plan of Khlong Luang Dam Scheme

The plan formulation on the land and water resources development
plan has clarified the optimum reservoir active storage, cropping
intensity and irrigation area.. Also the plan formulation on the flood
mitigation plan has revealed the storage capacity requirement in the
Khlong Luang reservoir for flood control. The development scale of .
Khlong Luang Dam Scheme is finélly determined integrating the above

study results as shown below.
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(1) Multiple-Purpose Dam

o

Purpose

.

‘Reservoilr

Storage capacity

Gross :
Surcharge :
Active :
bead

%0

Flood water level

High water level

Low water level

Dam
Crest elevation

Dam height

{2) Land Development

Irrigation area

-

Proposed crops
Cropping intensity :

(3) Domestic and Industrial
Supply Quantity :

Domestic and industrial water
supply, irrigation water supply

mdfkmdcmmmﬂ

169.1 x 1065m3
34.3 x 10%m3
119.0 x 1063
15.8 x 105m3
El. 40.5 m
El. 39.5 m
El. 33.8 m

El. 42.5 m

17.1 m above the river bed

6,600 ha _

Paddy, Groundnuts, Mungbeans,
Vegetables

140 %

Water Supply

17.8 x 105 w3 per vear

4.3 Domestic and Industrial Water Supply Plan

4.3.1 Water Demand Centers

The water demand centers are defined as urban. area with more than

5,000 population and develophent areas in the Eastern Seaboard Dévelop-

ment.

The urban acea will be provided with pipe-water service in

accordance with the large scale water supply programme of PWWA.
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There is no developméni'area in the Khlong Luang :ivér basin,

According to the population projection in Sectoral Report I,
Socio-Economy, Ehere will be four urban areas'by Target Year ﬁﬁﬂl in
the basin. They are Ban Bung, Phanat Nikhom, Tha Bun Mi and:Nong
Tamlung, all qf_Which are presently served with pipe—water by either
large scale wa£er supply_programme of,:ural water supply progtamme.u
The Ban Bung and Phanat Nikhom areas éré facing an acﬁte shortage of
water. The Five-Year Plan {1982 - 1986) of PWWA includes the improve-
ment of existing plant and expaﬁsion of distribution area for Ban Bung
and Phanat Nikhom. It should, however, be noted that Ban Bung area is
qot included in the objective area of Khlong Luang Dam Scheme.
According to the longnte:m'water shpply plan, Ban Bung“aféa'will be

served by New Ban Bunhg dam,

_ The service areas of the rural water supply programme ha&é not
been identified yet by PWWA. However the water resources de#elopment
will be formulatéd taking into account the domestic water demand of

rural area in future.
4.3.2 Projected Water Demand

The domestic water demand in the Khlong Luang river basin has been
projected in line with the same method aé descfibed_in the preceding
sub-section 2.6.2. The projécted population and water demand by 5~year
period are shown in Table 16. Prbjectéﬁ annual domestic water demand
is 3.0 x 106m3 , 4.8 x.105m3, 6.5 x 106m3 and 7.9 x 106m3 for the year
1986, 1991, 1996 and 2001 respectively.

As explaiped.in the preceding sub~sectioh 31.3.2, there are 6 water
works in the Khlong Luéng_ri@er basin, excébting Ban Bung waterf@orks.
These water works have their water soutées in small streams or"irrigétion
channel running nearby. The water Supply capacity.of 6 water wofks is
estimated=to be 1,1 x 106 m3 per.year, which is.presumed to be
confinqdusly available even in future. Therefore the acﬁdal domestic
water demand is defined as the total water demand dedddﬁed_by local

water resocurces.
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There is no partiCUlar indu$trial water demand dependent on Khlong
Luang Dam Scheme. The Bang Pakong Power Station, which is located to
the north of the Khlong Luang river basin and requiring 6.6 x 106 m3
per yvear of water in Target Year 2001, is taking the required water off

from Bang Phra reservoir.
4,3.3 Inter-Zone Water Diversion

The Khlong Luang Dam Scheme bears the water supply to the cvoastal
ared. According to the water demand and supply balance, Chon Buri-
Péttaya area will encounter with a huge quantity of water shortage; 5.3
x 106 m3 in 1991, 19.7 x 106 m3 in 1996 and 42.3 x 106 m3 in
2001. The long-term water éupply_plan endorsed the inter-zone water
diversion plan. The water shorﬁége will be solved by water diversion
both from the Khlong Luang and.Rayong river basins, in proportion to
their run-off coeffigients and availabilities of water. Water diversion

from the Khlong Luang dam is computed by the fdiidwing equation;

0d = WD x [k{1) x AD(1)}/[k(1) x AD(1) + k(2) x AD(2}]
AD(1) = ND(1l) - DI(l) - MF(1)

AD(2) = ND(2) - DI(2) - MF(2)

where,

Qd: annual water diversién from the Rhlong Luang dam

WD: * annual water shoftage'in Chon Bﬁri—Pattaya area
"k 1 run-off coefficient of river

ND: annual regulated'ouﬁflows from the reservoirs

DI: domesti; and industrial water demand in the basin

MF: river maintenance flow

Suffixes (1) and (2) wmean the Khlong Luang river basin and the

Rayong river basin respectively.
The Khlong Luang Dam Scheme diverts the domestic and industrial

water into.Chon Buri-Pattaya area at a rate of 0.4 x 106 m3 in

1991, 5.5 x 106 m3 in 1996 and 11.0 x 106 m3 in 2001.
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The total domestic and industrial water demand dependent on the

Khlong Luang Dam Scheme is summarized as follows;

{(Unit: 106 m3/yr)

"Description - 1986 1991 1996 2001

Basin use, urban area 0.5 1.0 1.2 1.4
Basin ﬁse, rural area 1.4 2.7 4,2 5.4
Inter-Zone diversion 0 0.4 5.5 ©11.0
Total 1.9 4.1 10.9 17.8

The water'deﬁand in 1986 is mostly attributed to the domestic use
in ru;al aréa, which would continue to depend on local water resources
or grouﬁdwater for the present. The Khlong Luang Dam Scheme should,
howevér, come into OPEréEion in 1991 at the latest in order to'ensure

the water demand in both the inside and outsie of the basin.
4.4 Agricultural hevelopmént Plan
4.4.1 Proposed Irrigation Area

The plan fopmulation manifested that the optimum land development
is to irfigate.ﬁ;soo ha of lands with the propoéed cropping pattern
having 140 % of cropping intensity.

The.irrigation develépment area is carefully selected’within the
potenéial irrigable area,-paving attentions to the-pfeéeht land use,
soils, land capabiiity,-eCOnomic return and so on. The selected
irrigation area is almost coincided with that_deline&ted by RID. As
shown in DWG No. 3-1 it 15'10cated.imméaiately downstream from the
proposed Khlong Luang damsite and is divided into two éreas, namely,
North Area with 3,100 ha and South Area with 3,500 ha in a net

irrigation area.
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4.4,2 Proposed Cropping Pattern

The proposed croppihg pattern with 140 % of cropping intensity is

shown in Fig. 15.

Rice will be culﬁivated predqminéntly as nation's principal food
and export commodity. The Government has1been emphasizihg in its Fifth
National Plan an incfease of rice prodﬂctibn to cope with Future
population increase and to improve the'internationéi trade balatce.

The high yieidihg varieties will be predominant among rice varieties in
future and will be planted for 80.%'of the proposed irrigation area
during'the wet season. ' The traditional varieties will also be grown in
the remaining 20 % of the area during the wet season for the sake of

distribution of risk and choise in taste.

Groundnuts and mungbeans will be cultivated during the dry season.
They are selected from the viewpoints of soil conservation and farmer's

" ¢ash income.

Vegitables will also be cultivated during the dry season in
relatively large area, Consumption of vegitables are predicted. to be
increased with a leap in the coastal area resulting from the induced

population.

The future land use in the proposed irrigation area will be as

follows.
(Unit: ha)
: Wet Dry
Crops Season Season Total
Rice
Local varieties: ‘ 1,320 - 1,320
High yielding vatieties 5,280 - 5,280
Groundnuts - 1,610 1,610
Mungbeans T 420 ' 420
Vegetables - : " 610 610
Total 6,600 2,640 9,240




4.4.3 Proposed Farming Practices

In line with development of advanced irrigation and drainage
system, the improved farming practices will naturally be introduced
into the area to attain and maintain the high crop productivity. The

proposed farming practices by major crop are described hereunder.
(1) Rice

The distribution of seeds of the'ﬁigh quality is essential to
increase the crop vield as expected. The RD varieties such as

RD-7, RD-9 and RD-25 are recommended as high yielding varieties.

The fertilization is also significant to increase the yield.

The fertilizer a?plication'rates are proposed as follows:

Applicatio t h
Varieties pp n Rate (kg/ha)

of Rice Nitrogen Phosphate
High vield 80 - 100 30 - 50
Local 30 -~ 40 26 - 30

For plant protection, intensive application of agro-chemicals
will be adopted to control insects (stemborers and plant hoppers)
and disease (blast). It is recommended to carry out the_spraying

systematically thfough'the farmer's Qroup.

The.proper water management is indispensable for qultivation
of rice, particularly the high yielding varieties. Water will be
supplied deep in depth during the footing period of seedlings and
critical period fog.the punicle.development and fertilization '

stage of rice plants,
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(2) Groundnuts and Mung Beans

To maintain the expected yields of groundnuts and nmungbeans,
good land preparation, careful pulverizing, optimum application of
fertilizers and partinent spraying of agro-chemicals should always
be sustaiﬁed. The recommended fertilizer applications are as

follows.

. Application Rate
Fertilizer _ {kg/ha)
Nitrogen 7 to 13
Phosphate 7 to 13

Potassium 10 to 20

4.4.4 Farm Input
(1) Labour Requirement

The labour force requirements are estimated for "without

project” and "with project" conditions respectively, as tabulated

below,

o {(Unit: 103.manrday)

_ Labour Reguirement Available ‘ - Labour Requirement Available
Month Without With~ family Month Without With family
project project labour project project labour
Jan, 26.3 ° 31.4 124.6 Jul, 84,2 60.8 119.8
Feb, 5.0 19.1 110.2 Aug. 75.3 111.6 115.0
Mar . 4.6  15.2 124.6 - Sep. 12.7 21.8 95.9
Apr, 4.8 12.6 “1l9.8 Oct. 17.1 34.3 105.4
May 5.1 3.2 110.,2 - Nov. 42,0 95.3 124.6
Jun, 9T 13.7 1i9.8 Dec, 46 .6 43,7 i24.6

Total 333.4  462,7 1,394.5

The family labour fully satisfies the labour force

requirement.
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(2) Material Reguirements

The requirements of farming materials such as seed, fertilizers
and agro~chemicals will increase substantialiy due to introduction of
advanced farming practices. The annual material requirements are

estimated as follows for the full devélopment‘stage.

Farming Materials Unit Quantity
Seed
Rice, local varieties t 40
Eigh yielding varieties t - 158
Groundnuts t 48
Mungbeans t 13
Vegitables t 18
Fertilizer
* Compound (N:16, P:20, K:0) £ 1,680
(N:15, P:15, K:15) £ 490
{(N:13, P:13, K:21) t 220
Urea B | £ 430
Agro~éﬁémicals _
.InsectiCides, Fungicides - kg 14,245
Herbicides . . 1 _ 16,150
‘Rodenticides kg 29,700

4,4.5 BAnticipated Yield and Production

The target yields are projected referring to the results of
experiments in the'Agricultural Experimental Stations and the other
information from the Agricultural Extension Office in Chon Buri.

The:tafget crop yiélds and productions are shown below.
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Target

Crops . vield P’:Od‘:i;ion
e {t/ha)
Rige
Local varieties 4.0 5,280
High yield varieties 4.5 . 23,760
Groundnuts 2.5 4,030
Mungbeéns 1.5 ' 630
Vegitables 10.0 6,100

A five-year period will be required to reach the target yields
‘because of the need for strengthening of agricultural support service

.systems.
4.5 Irrigation bevelopmént Plan
4.5,1 Trrigation Requirement

The_i;rigation.requirement was calculated at intervals of l0-day
to per form the plan formulation and to determine the design discharge
for the irrigation facilities. The calculation method is briefly

described below.

Re ference crop evapotranspifation was calculated based on the

Modified Penman Method for thé respective crop. The climatol-
IOgiqal“técords at Chon Buri station was applied for the

calculation.

Effective rainfall was derived from a raiﬁféll - effective rainfall

relationship, which_was'developed by RID. The rainfall records

observed at Ban Mai rain gauge were adopted.
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Irrigation efficiency is determined as shown below,

Canal Conveyance Canal Operation Combined

LBfficiency Efficiency Efficiency
Field canal daty 90 95 86
Lateral ecanal duty .95 : 95 77

Main canal duty 95 95 70

The'diversion requirement was calculated at 1.55 1l/s/ha at the
maximum. This figure will be employed as design discharge for pre-

limipary design of irrigation facilities., -
4.5.2 Drainage Requirement

The drainage improvement will be plahned so as to remove within
72 hours excess water resulting from the max imum 3-day continuous
rainfall expected to oceur at a frequency of 10 years. Three-day ten-
year frequency tainfall,is 166 mm décording to the rainfall records
observed at Ban Mai rain gauge. Drain design discharde is calculated

at 4.9 1/s/ha.
4.5.3 TIrrigation and Drainage Systems

The irrigation service will be dlrectly attalned by the Khlong

Luang dam through two main canal systems as shOWn in DWG No. 3-1.

The North Main Canal w1th a total length of 31.1 km w1ll run along
the right bank of the Khlong Luang river and commands 3,100 ha. Its

conveyance capacity will be 4.81 m3/s at its head.
The South Main Canal will be aligned along the left bank of the

Huai Sung and commands 3,500 ha. Its total length will be 21.8:km and

has a conveyance capacity of 5.94 m3/s at its head,

- 49 -



The irrigation area will be divided into adequate numbers of
lateral and/or sub-lateral units, eaqh of which will be furﬁher'Sme
divided into a number of tertiary units. The maximum command areas
of the lateral and tertiary units will be limited to 500 ha and 40 ha
respactively. Fifteen lateral canals are alighed within the irriga-
tion area. The total length of lateral canals is 15 km and 19 km for

- the north area and the south area respectively.

Systematic drainage system will be provided over the irrigation
area. FExcess water will be evacuated from the irrigated land principally
by natural channels but many of the channels will need improvement.
Artificial drains would also be constructed in some areas. The total -
length'of drains is roughly estimated at 37 km, comprising 10 km of the

natural channel improvement and 27 km of the artificial drain construction.
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5. FLOOD MITIGATION PLAN
5.1. Formulation of Basic Flood Control Plan
5.1.1 Basic Principles

As éxplained in Section 3.5, flooding have incurred damages on
agricultural product house and hou51ng property etc, It could be
' expected that flood hazards to life and health will increase as
population expands, and intensified use and occupancy of flood plain

lands will result in increased property damage from future floods.

An appropriate flood protection measure will be essential for
enfprcement and prosperity of economic activity, conservation of land,
increase of agricultural.productivity and assutahce_of human lLife and
health. Such protective measure, however, should be in view 0f3.

long—term-pérspective.

_ A basic Flood control plan is elaborated as a guide in establlshu
ment of f£lood mitigation measure and plan of flood protect10n works.
The basic plan is based on a standard pr03ect flood, whlch has a

recurrence interval of 50 years,

Tt is belng ant:clpated that New Ban Bung dam w1ll be taken place
in 1984 As well, Khlong Luang dam will also be . 1mp1emented w1th1n a
couple of years to meet the increased water demand. These dams will
evi&éntly contribute to flood damage reduction. Therefore the hasic
flood'contpol plan is established depending'on a combination of New-Ban

Bung and Khlong Luang dams and river improvement work.

The flood mitigation plan is thoroughly explained in Sectoral

Report XIIT, Flood Mitigation Engineering.

~ 5] -



5.1.2 Flood Control Alternatives

The magnitude of_the river improvement works is dominated by flood
regulation effect by reservoir,=which varies with sufcharge volume in
the reservoir. The surcharge voldme is ‘@ependent bn'discharge capacity
of spiliway. Thus the flood control alternatives were set up by appling
the spillway width of Khlong Luang dam as a parameter. Three alterna-

tives are arbitrarily set up as shown below.

Structures . Unit T Altern;tives S
New Ban Bung Dam _
 High water level El.m 82,1 82.1 82.1
Flood water level EL.m  84.3 84.3 84.3
Surcharge volume 106m3 7.8 7.8 7.8
Spillway width m 20,0 20.0 - 20.0
Dam crest . El.m 86.3 1 86.3 86.3
Khlong Luang Dam .
High water level El.m 39.5 39.5 39.5
Flood water level  Bl.m 40.6 40.5 40.4
Surcharge volume 106m3 39.2 - 34.3 31.4
Spillway width m 50.0 70.0 90.0
Dam crest El.m ) 42,6 42.5 42,4
River Improvement Work _ . N
Length : km 47,0 47.0 a7.0
Earthwork - 103m3 - 5,712 5,718 5,725

The features of New Ban Bung Dam are quoted from “Maln Report, The

East Coast Water Resources Development Project”.
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As for Khlong Luang dam, the high water level has been determined
at El. 39.5 m through the land and water resources development plan,
The spillway is designed as a side~channel spillway without gate and
its crest elevation is the séme with the high water level. The
surcharge volume and flood water level are decided by routing the

500-year inflow flood.

The requirement of the river improvement work was worked out
subsequent to flood routing by reservoir and according to the flood
cun~o£f simulation model presented in Section 3.5. Prelihina:y design
. of channel improvement work is carried out baséd on the criteria
recommended by Ministry of Construction, Japan. The quantity'of earth
work, practically dike embankment indicates only sllght difference
anmong the alternatlves, since flood run-offs from the sub-basins in
downstream from the dam is so large compared to critical channel '

capacities.-

The construction cost of each structure is estimated For cost
compariéoh among theualternatiVes. Since New Ban Buné Dam is expected
to be7completed before implementation of Khlong Luang dam, its
consttdction cost is exciuded The construction cost of Khlong Luang
dam attributable to flood control 1s presumed to correspond to dam
‘embankment cost above the high water level and spiliway cost. The

estimated costs are as follows,

(Unit: B/106)

- Alternatives
structures il 3 3
Khlong Luang Dam (incremental only) 307.7 302.9 303.9
River improvement work 1,086.6 1,087.4 1,088.2
Total ' 1,394.3  1,390.3 1,392.1
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5.1.3 Proposed Basic Flood Control Plan

The construction costs of three alternatives are almost even.
The alternative 2, however, indicates the minimum cost and its total
dam construction cost is also the lowest among the three. .Therefore

the alternative 2 is proposed as the basic flood control plan.

The Khlong Luang dam retains the surcharge volume of 34.3 x 106m3
between FWL 40.5 m and HWL 39.5 m. The spillway width is determined at
70 m and its crest is set at El. 39.5 m.

Thé discharge distribution is prepared as shown in Fig. 26. The
existing river channel will be improved as smooth as possible and flood
run—off will be confined between the dikes. Plan and profile of the

proposed river improvement work are shown in Pig, 26 respectlvely
]

5.2. Flood Control Effects by Dams
5.2.1 Flood Regulation by Reservoir

Both the New Ban Bung and Khlong Luang damg will withhold a 1arge
portion of flood peak run-off for ‘a while and thus reduce damages ' 1n
the GOWnstream reaches. The flood regulatlon by reservoir is worked
out for various probable floods and then flood frequency curves: Qf the
respective channel reach was modified taking into account the effect of
reservoir flood regulation. The modified flood freguency curves are

shown in Fig. 19. ' .
5.2.2 Flood'Contfol Benefit by Dams

The flood control benefits were measured as the différénce betweén-
the annual damages under unrequlated conditions of flooding and those

with the reservoir in operation, The flood control benefits of Ban

Bung and Khlong lLuang reservoirs are estimated as follows.
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(Unit: ¥ 106y

conditions’ Residual Benefit
; damage _
Unregulated 240.9 -
New Ban Bung ' 230.3 10.6
New Ban Bung + Khlong Luang 180.5 49,8

The annual f£lood control benefit of Khlong Luang dam is assessed to
be B49.8 x 106, which is consequently adopted in economic evaluation of

Khlong Luang Dam Scheme.
5.3. Economic Comparison of River Improvemeht Works

The river improvement plaﬁ involved in the basic flood control
plan is established.fbr a long-range objective and will be realized
as a mean.of final Flood control resort, since existing channel
capacity is exessively small comparéd to magnitude of flood. It,.
however, would be plaﬁned to be executed in a stage~wise in due

consideration of flood damage severities.

Economic-ﬁiabilityfof river im?rovement work was exéﬁined for
'threé_different risk levels, namely, 10-year, 30—year and:50;year in
terms of recurrence ihtervai of;flood. The éohstruction.cost was
éstimated based on the preliminary layout.design and cbnverted into
annual equivalent cost at an assuﬁed discount rate of 8 % per annum.
The operation and maintenance coét_waS'also estimated for each measure.
The annual benefit was_esfiméted from the flood damage curves affer‘New
Ban Bung and Khlong Luang dams. The'esﬁimatéd annual cost éﬁd benefit

are as shown below,
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(Unit: ¥ 106

River Improvement Annual Annual Annual

Works Cost Benefit Net Benefit
Risk Level : l0-year 102.3 158.5 56.2

" Risk Level : 30~year 108.9 172.7 63.8
Risk Level : 50-year 114.1 175,17 61.6

As shown above, the river improvement works generate high economic
return by reducing flood damages. Among the three cases, the river
improvement work at the risk level of 30 years is most atractive from
_ the economic point of view, creating - the annual net benefit of
B 63.8 x 106,

It is expected,.therefore, thaf river improvement work will be
flrstly proceeded aiming at pzotectlng the flood with the recurrence
interval of 30 years. It is recommended to conduct gsystematic flood
damage statlstlcal survey so that econcomic and financial losses in the

basin will be realistically clarlfled
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6. PRELIMINARY DESIGN
6.1. Dam and Reservoir

6.1.1 Reservoir

_ According to the pian formulation studieés, the gross storage
capacity of the reservoir is determined at 169.1 x 106 m3, consisting
of 15,8 x 100 3 Qf dead storage,'llé.ﬂ x 10% m? of active storage
and 34.3 x 10% m3 of surcﬁarge.. The dead storage is decided'taking
into account sediment depoéit over 100 years. The floecd water level,

' high water'level and low water level are El. 40.5 m, BEl. 39.5 m and El.
33.8 m, respécfively. The flood water level is determined against a
500-year prbbable flood. The reservoir water level rises to El. 40,9 m,

when probable maximum flood should occourv,

DWG No. 1-1 shows the map of reservoir area. Fig. 27 shows the
area-storage curve of the reservoir.

6.1.2 Dam

b

Khleng Luang multiple-purpose dam consists of a main dam and*é
‘saddle dam as shown in DWG No. 1-2. The saddle dam is located behind the
left abutméht.of the main dam. The main dam sits astride two streams;

the Khlong Luang river and the Huai’ Sung rivers.
(1) Dam Crest Elevation

Crest elevation of dam is set at El, 42.5 m allowing 2.0 m of
freeboard above the . flood water surface. Dam height is 17.1 m above

the river bed and crest length is 3,820 m.
(2) Geoiogical and Geotechnical Evaluation
In order to supplement the existing data, additional geological

investigation was carried ocut. The results of the investigation are

compiled in Sectoral Report VIII, Geology.
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The proposed axisg éf ﬁhe main dam is identical with that
selected by the previous study. As shown in Fig. 28, dam and
reservoir are situatéed in the geological province of premCambrian
Schist. A prominené hill, named Khao Ndng Nam, forms the left
abutment of the main dam and is composed of the pre~Cambrian
shales and schists. The right abutment is thefﬁndulatiné uplénds,
which are wholly underlain by the terrace deposits of sands and
gravelly clay. The river valley is approximately 4,000 m in width
and is covered by thick flood plain deposits. The gedlogical map
of the damsite is shown in Fig. 29 and geological profile along

the proposed dam axis is pﬁeéented in Fig. 30.

Permeability, measured in the recently drilled two bore holes
BLl and BL2, shows low value in the order of 10-5 cm/s for the
flood plain and terrace deposits under the Khlong Luang valley.
The bore hole BL! revealed that the underlying weathered shale and
schist are more pervious, with 1.3 to 7.2 x 104 cm/s of per-
meability coefficient, from 7 m to 20 m of depth, and they are
virtually impervious below 20 m. This intermediate zone of per—
meability in the order of 1074 cm/s will provide main leakage
path on impounding the reservoir. Though the rate of leakage per
unit width of a vertical slice of foundation is not very much, the
total leakage quantity would be a noticeable amount since the dam
is very long. However, it is deemed not reasonable to sink an
impervious earth cut-off up to 20 m of depth, while the height of
dam is only 14 m above the river bed. If the unconsolidated
overburden with low permeability is continucusly developed in the
upstream, it may be regarded to function as natural blanket to
suppress the possible leakage within a reasonable amount. In view
of local irreguiar variation of permeability, however, the

continuity of the natural blanket is very dubious.

Under such circumstances, it seems that the most appropriate
measure  for, leakage conktrol is to spread an artificial earth
blanket upstream from the earth embankment of the dam. This will

- be constructed as an extension of the earth blanket on the left



bank which has been recommended to control the high leakage area
by Svérdrup & Parcel International, Inc. (1973), and cover the
right abutment as wéll, where the interface of the weathered
bedrock to the overlying terrace deposit does not rise more than

El, 25 m.
(3} Type of Dam

Geologiéal and topographic conditions allow to build only a
£ill type dam at the proposed damsite. A homogeneous earth fill
type dam is selected from the viewpoint of the availability of

embankment materials such as earth, rock; sand and gravel,

_According to the material su:vey, earth borrow area is
selected on the left abutment of the main dam. The soils are
composed of terrace and colluvium deposits. Riprap and sand and
gravel will be produced in Khad Bo Kwang Thong quarry site, which
is located at about 15 km south of the proposed damsite. The

Sectoral Report VIII. Geology contains the material survey.
(4) Zoning

Typical dam section is shown in DWG No. 1-2. Dam body is
embanked with homogeneocus earth material. A chimney drain with a
thickness of 2.5 m is arranged in dam body for drainage. The dam
foundation is excavated to 3-5 m in depth in the terrace deposits
and the flood plains and to about 3 m on the left abutment. The
upstream slope is surfaced with a rock riprap and downstream slope

with sodding.
(5) Stability Analysis

Based on the stability analysis, the upstream and downstream
slopes of dam are determined at 1:2.6 and 1:2.4 respectively; The
minimum allowable safety factor is set at 1.2. 'The design values
of materials, results of the stability analysis and the sliding

circles are shown in Fig, 31.
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The preliminary design of dam and its appurtenant structure
is attained as a part of water resocurces engineering as presented

in Sectoral Report XI,
(6) Seepage Analysis

In compliance with the'recommendation in the above (2}, an
earth blanket is spread over in the upstream from the main dam Ffor
leakage control. Tts length is 60.0 m at the maximum and its

thickness is 2.0 m.

The énalysis of seepage through dam body and foundation was
attained by applying the Finite Element Method. Detailed analysis
data such as mesh of input, potential Fflow line, flow function,
-uplift pfessuré head and vector of flow velocity are compiied in

Sectoral Report XI, Water Resources Engineering.

. The blanket is de31gnea SO as to reduce the quant1ty of
seepage water less than one per cent of the average annual inflow,

namely 40 1/s.
6.1.3 Spillway

The.spillway is located on the left abutment of the main dam as
shown in DWG No. 1-3. '

In accordance with the de51gn crlterla of RID a 500- year probable
fioed, of whlch peak dlscharge 1s 1,460 m/s is adopted as de51gn
inflow flood, The design of spillway is made taking into account the

retardation effect of the reservoir.

- A side~-channel spillway is selected as most suitable type to the
proposed damsite. Its crest length is determined at 70 m from the
viewpoint of flood mitigatiord plan'as explained in Chapter 5. The crest
elevation is set at El. 39.5 m, the same elevation asg the high water
level. - The maximum outflow from the spillway is 147.0 m3/s at flood
water level El. 40.5 m. The flood regulation by the reservoir is shoﬁn

in Fig, 32,
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In case of occurrence of the probable maximum flood with a peak
discharge of 2,520 mB/s, the reservoir water level.rises to El. 40,9m

and the spillway discharges 245.0 m3/s at the maximum,

The side-channel spillway is connected to chuteway with a total
length of 40.0 m. A stilling basin is prbvided at the downstream end

0of chuteway to dissipate the excess energy of flow.
6.2. Water Convéyance System
6.2.1 Pipeline

The water conveyance system is planned to bhe implementéd in.two
phases'éo that system capécity can be adjusted to possible incréase or
decreasé in water deménd. The design of the water conveyance system
is thoroughly described in Sectoral Report XII, Water Cohveyance

Engineering.

 Thé'iﬁtake is located at the head.of'éhe South:Main Irrigétion
Canal’ and raw water basin i& provided at the end of the pipeline in
Khao Choeng Thian. The pipeline is aligned along provincial highway
and national highway as shown in-DWG_No; 2-1. The pipeline is desighéd

in pressure flow and has a total length of 56 km in two raws.

Design discharge is determined as shown below,'taking into account
the plant factor of 1.3 and water diversion to the rural area within

the basin.

Length DiScharge(m3/s) Pipe Dia. (mm)

Reach

(km) st 2nd lst  2nd

Phasge Phase Phase Phase

Intake-5 km point 5.0 0.26 0.26 600 - 600
5 km point-Ban Suan Phak - 14.0 0.25  0.25 600 600
Ban Suan Phak-31.8 km point  12.8 0.24  0.24 600 600
31.8 km point-Raw water basin 23.7  0.23 0.23 600 600
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The most economical combination of pump capacity and pipe size is

selected through comparative study of several alternatives,

The pipes are of coating steel pipe having an allowable stress of
10 kg/cm2 In hydraulic design, static head is confined at 80 m at
the maximum for the sake of water hammer. The hydraulic design of the

system is shown in Pig. 33.
6.2.2 Intake

The intake is located at the left bank of the South Main Irrigation
Canal. It is composed of diversion pipe, receiving well, pump well and

pumping and electric stations as shwon in DWG No. 2-2.

Pump well has a capacity of 108 m3 petween HWL 34.4 m and 1ML
31.4 m, Three double suction volute pumps with $ 200 mm are installed,
of which one unit is the standby. Each' pump has a dlscharge capacity

of 15.3 m3 per minute and pumping height of 30 m in gross.
6.2.3 Booster Pump Station

The booster pump station is installed at two locatioﬁs; namely, Ban.
Suan Phak and Ban Yot Noen. ' The Ban Suan Phak station is equipped with
3 units of double suction Qolute-pump with ¢4 200 mm, including a standby,
each of which has a disbharge capacity of 14.5 m3 per minute with total
head of 55 m. Thé'associated pump well has a capacity of 878 m3
between HWL'Zi.S m and LWL 18.8 m.

The Ban Yot Noen. station is 51tuated at about 42 km point from the
intake and is equlpped with 3 unlts of double suction volute pump w1th
3 200 min, 1nclud1ng a standby. The discharge capac1ty and total head of
cach unit are 13.6 m3 per mxnute and 50 m respectively. The pump ‘well
has a capacity of 878 m3 between HWL 36.8 m and LWL 332.8 m.

The prel;mlnary d951gn of the booster pump stations is shown in DWG
No. 2-3.

- 62 -



6.2.4 Raw Water Basin

Two raw water basins are provided., The one is located at the same
site as Ban Suan Phak booster pump station for convenience of delivery of
water to Phanat Nikhom. It has a storage capacity of 180 m3, sufficient

for 4 hours retention,

The other raw water basin is installed'at the end of the pipeline,
Khao Choeng Thian. Its storage dapacity is 4,200 m3 between HWL 62.0 m
and IWL 59,0 m and is determined taking into account 4 hours retention
time. DWG No., 2-4 shows the preliminary design of the raw water basins

and DWG No. 2-5 the appurtenant facilities.
6.3 Irrigation and Drainage System
6.3.1 Intakes

The preliminaray design of the irrigation and drainage system is’
contained in Sectoral Report III, Irrigation Development Plan. The

summary is explained herein.

Two intakes will be located in the.feservoir as shown in IWG
No. 3-2. Both intakes comptise intake tbwer, conduit, outlet with energy

dissipator and disdharge measur ing device, and operation bridge,

The intake téwer is equipped with a reqgulating gate of 2 m in height
and 2'm in width., 'The sill elevation is set aﬁ El. 31.8 m. The conduit
with a steel liner of 2 m in diameter is embedded deep ihko‘foundation to
prevent possible piping: Its length is 54. 0 m for the North Intake and
300 m for the SouthJintake. -

6.3.2 Irrigation Canal and Canal Structures

The alignment of the irrigation canals is shown in DWG No. 3-1.

Longitudinal profiles of the'main canals are shown in DWG No. 3-3.
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For design of canal, the maximum and minimum velocities are set at
1.2 m/s and 0.6 m/s respectively for concrete-lined canal and at 0.7 m/s
and 0.4 m/s respectively for earth canal. The main canals are lined with
7 em thick plain concrete for their entire reach and have a trap9201dal

cross-section with side slope of 1:1.5,

The irrigation system is associated with various canal structures
such as culvert, inverted 31phon, drop structure, check gate, turnout

spillway, cross- drain, aqueduct and bridge.
6.3.3 Drainage Canal and Related Structures

The drainage network in the irrigation development area is shown in
DWG No. 3—-1. The natural streams ahd existing local drains are

incorporéted into the drainage system as much as possible,
6.3.4 'Inspection Road

“The inspection road is classified into main 1nspect10n road and
lateral inspection road. The main inspection roads run along the malﬁ
canals and have an effective width of 5 m paved with laterite. The
lateral inspection roads are allgned almost along with the lateral canals

and is 3 m in width.
6.4 Envirommental Aspects
6.4.1 NEB Standard
Impacts of the Scheme on env1ronmental conditions are prellm-
1narlly evaluated in the present study. " The standard establlshed by
National Envitronmental Board {NEB standard} is applied to the evaiuation.
The NEB is the responsible agency for preservation of the nation's
environment and making recommendations to the Government on enivironmental

impacts of projects., NEB standard was prepared in 1979 and includes

evaluation standard for dam and reservoir.
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6.4.2 Environmental Impact Evaluation

Four categories are presented as to be evaluated for water resources

development project,.as listed below.

(1) Physical resources
(2) Ecological resources
(3) Human use values

{4) Quality of life values
Fach category includes more specific items to be examined,

The following table presents the result of the evaluation focused on

the items considered to be related to the Khldng Luang Dam Scheme.

. . Grade
Environmental : :
Item Dam and Irrigation
Resources .
Regervoir System
Physical ~ Water Quality 2 and (1) -
Resources - .

: Soils - (2)
Ecological Fisheries 2 and (1) 1
Resources :

Fauna & Flora (1) ' 2
quests (1} -
Fertilizer & : - : (1)
Agro Chemical |
Human Use Water Sﬁpply 3 3
Value . _
Flood Control 3 _ -
Quality of Socio_ébonomy 3 3
Life Values . :
Public Health - 2 1
Recreation 3 . 1
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Grade ié’expressed by figures 3,'2, 1 indicating the beneficial
impact of major, intermediate and minor, while figures with parentheses
indicate adverse effect; (3), (2) and (1) mean major, intermediate and

minor adverse effect.

Ac¢ording to the result, the Khlong Luang dam induces positive .
éffect on the most items.in human use ‘vatue’ ~and quality of life values.
The Scheme contrlbutes to the 1mprovement of sanltary condition,
economic 51tuat10n and recreational opportunities of the local
_population either directly or indirectly through water resources
development and reéuitant industrialization and agricultural development

of the area.

Although the Scheme poses to.iﬁGUCe a little adverse effect on
several itemé of physical resources and ecologiéal'resources, it is
expected that they will be llmlted to the mlnlmum level by . guaranteelng
the river maintenance flow to the downstream of the river. As already
ewplalned 1n subﬂsectlon 2.6. 2, the concept of river malntenance flow 1s
1ntroduced in the present study in order to minimize or avoid the adverse
effect of the water resources development on such items as water quality,

fauna and flora and fishery,
6.4.3 Recommendations

Environmental impacts of the Scheme is 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 Scheme,

Following actions are récommended to be taken by the executive

agency hefore the implementation of the Scheme.

(1) Detailed surveﬁ on the environmental conditions in the Scheme
area, _

(2) Establishment of specific counter measufes against possible
adverse effect : _

(3) Establishment of regular monitoring system on-water quality,

fauna and flora etc.
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7. COST ESTIMATE
7.1 Investment Cost
7.1.1 Basic Conditions

The Scheme comprises three components; multiple-purpose dam, raw
water conveyance system and irrigation and drainage system. The.
investment cost of the respective component consist of the direct cost,
cdmpensétion and reldcation cost, administration cost of executive
agencies, engineering service, physical.contingency and price
contingency. It was estimated based on the 1982 price level, The

followings are the basic conditions for the direct cost estimate.

(1) The currency exchange rates were assumed;

Us3 1 = Baht 23 =" Japanese Yen 240

(2)° All the construction works will be- executed by contractors

selected through international- competitive bidding;

{3) Unit price of each work item included direct cost such as
personnel ‘and labour expenses, material costs and operation
“and depreciation costs of construction quipment. The unit
price is divided into foreign currency portion and local |
currency portion in accordance with the followihg

classification.

Foreign Currency Portion

- Depreciation cost of construction plant and equipment,
- Large'gaﬁe and valve, '

-~ Electrical equipment,

- Hydro-mechanical equipment,

- Steel pipe and valve,
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Local Currency Portion

- Labour wages,

~ Sand, gravel,'timber, board,

- Fuel, oil, lubricant,

- Cement,

- Small gate, reinforcement steel bars,

~ Inland transportation cost.

{4) The contractor's overhead and profit was estimated in accord-

ance with the Government's guideline issued in July 30, 1982.

(5} Income taxes to be levied by the Government is also included

in accordance with the above guideline.

(6) Import tax and duty on the equipment, plants and materials

imported by contractors were not taken into account.

The compensation and relocation cost is referred to the result of

the compensation survey, which was directly conducted by RID in 1982.

The administration cost of the executive ageancies was assumed to
be 2 %, 4 % and 5 % of the direct cost for dam, water conveyance and

dirrigation component respectively,

The costs of engineering services was assumed to be 10 & of the
direct cost for the dam components, 8 % for the water convevance

component and 13 % for the irrigation component respectively.

The physical contingency is assumed to be 15 % of the sum of the
‘direct cost, compensation and relocation cost, administration cost of

the executive agencies and cost of engineering services.
The price COntingency was estimated assuming broadly a price

escalation of 10 % per annum for the local currency portidn'and of 8 %

per annum for the foreign currency portion.
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7.1.2 Investment Cost

The investment cost estimate is presented in Table 17 and ig

summarized as follows:

(Unit: ¥ 106)

Foreign Local
Coamponent Currency Currency’ Total
: Portion Portion
First Stage
Multiple~purpose Dam 752.8 1,716.8 2,469.6
Irrigation and 277.6 629.6 907.2
Drainage System
Water Conveyance 388. 3 170.6 558.,9
System
Sub-total . 1,418.7 2,517.0 3,935.,7
Second Stage -
Water Conveyance 483.2 146.8 630.0
System ' ' :
Sub~total 483.2 146.8 630.0
Total 1,901.9 2,663.8 4,565.7

The detailed construction cost estimate of the dam, water
conveyvance and irrigation components are compiled in the Bill of

Quantities attached to the report.

The above investmént coét is estimated on the international
competitive bid basis, based on which economic evaluation of thé
_project is conducted. However, apart from the above, the investment
gosts on the basis of force account construction are estimated for dam
and irrigation components, respectively for the purpose of reference.
They are compiied in Sectoral Report XI, Water Resoﬁrces Engineering,

and Sectoral Report III, Irrigation Development Plan, respectively.
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7.2 Operation and Maintenance Cost

The'operation and maintenance cost of the respective projeét
céﬁponent is assumed to be 0.5 &, 1.0 ¢ and 0.5 § of construction cost -
fdr dam, water conveyance system and irrigation and drainage systems
respectively. For the water conveyance system, electrical chafge ig

added at the rate 6f'B 1.19 per kwh.

The annual operation and maintenance cost is estimated to be B 5.1
X 106 for the dam, ¥ 15.2 x 106 for the water conveyance system and
B 1.8 x 106 for the irrigation and drainage system.

7.3 Replacement Cost

Some facilities and equipment need to be replaced periodically,.

Economic life and replacement cost are estimated as follows:

Economic : 6
Facilities and Equipment Life Replacement Cost (3 107)
(vear) First Stage Second Stage
Water Conveyance Systein
Hydro-mechanical -equipment 16 10.2 4.7
Electrical eguipment 16 27.9 6.0
Pipeline A 11 184.8 184.6
Irrigation and:Drainage System
Gate 25 22.5 -
O&M equipment 10 21.8 -

7.4  Implementation Schedule

The implementation schedule of the Scheme is shown in Fig. 34.
The implementation of the Scheme is divided into two stages, since the
water conveyance system'is completed in two phases in accordance with

the growth of water demand.
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The first stage includes the_conétruction wérks of the multiple-
purpose dam, irrigation and drainage system, the First phase of the
water conveyance system and the procurement of 0&M equipment for
irfigation services. The commencement of the first stage is assumed
to be the beginning of fiscal year 1985, The construction period by

the project component is scheduled as follows:

Multiple purpose dam : 1985 to 1990

Irrigation and drainagé system ¢ 1986 to 1991

Water conveyance system, lst phase : 1987 to 1991

The second stage is the implemehtation of the second phase of the
water conveyance system. It will také place in 1991, The construction
period will extend over two and half years from 1993 to 1996,

Disbursement schedule of investment coSt is presented in Table 18,

7.5 Major Construction Eguipment

The major construction plant and equipment required by the project

component are listed as shown in Table 19.
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8. ' BENEFIT

8.1 Domestic and Industrial Water Supply Benefit
B.1.1 Unit wWater Supply Benefit

Domestic and industrial water supply benefit is derived from the
cost of alternative faéilities with the single purbose of supplying
domestic and industrial water. Alternative facilities include the dam,
which is assumed to be located at the same location as the proposed
Khlong Luang dam and the water conveyance system which is pfdposed in the
present study. The_bénéfit is estimated at the terminal point of the
water conveyance éystem which is the raw water basin proposed to be

located at Khao Choenyg Thian.

Unit D&I water supply benefit is obtained by the following formula.

. : v n
55, Cl(n) + Cg(n)': 57 _CA- Sun
A=l (14 1) m=l (146"

where, Cy }; Construction cost of alternative facilities (F106)
Ca(n); OM & R cost of alterrative facilities (F106)
Unit D&I water supply benefit (B/m3)

oA

Sn Water supply volume (106 m3/year)

“a

i ;Dlscount rate, which is the same rate as the internal

rate of return (IRR)

-

. . fa e e 6
Congtruction Cost of Alternative Facilitids (B10")

Dam : - _ 764.5
Water Conveyance System ' 542.3
Total _ - 1,306.8

o Cost of Alternative Facilities (ﬁlO )

1991, 1996 - 2001

Dam _ 2,9 2.9 © 2.9
Water'Conveyance Sysﬁem 4.0 16.5 14.8
Total _ ' 6.9 13.4 17.7
Water Supply volume (10% n?) 4.1 10.9 17.8

Replacement cost is as shown in section 7.3. Unit D&I water supply

benefit by different discount rate is as shown below.
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Digcount Rate Unit Benefit

(%) {B/m3)
10.0 . 12.69
12.0 _ 15.88
14.0 19.51
16.0 23.57
18.0 ‘ . 28.07

Unit D&I water supply benefit is estimated at B 23.78/m3 at the
discount rate of 16.1% which corresponds to internal rate of return of

the Scheme,

8.1.2 Water Supply Benefit

Total D&I water supply benefit is obtained by multiplying the unit
water supply benefit by annual water supply for domestic énd industrial
use. It is estimated at B 97.5 x 106, in 1991, B 259.2 x 106, and
B 423.3 x 106 in 2001. ‘Domestic and industrial water supply benefit
will reach the makimum level at around ye&r 2001 and thereafter will be

kept constant,

8.2 MAgriculture Benefit
8.2.1 Agricultural Production

In_;he Khiong LuanéJScheme area, such new crops as mungbeans and
groundnuts wiii be iﬁtréduced as secénd crop after rice., Agricultural
production of each croé under Vwifhoﬁt project” and "with project™
conditions is summarized as follows. '

{Unit: t/yeaf)

Without “With

Crop: Project Project Increment
‘Rice (Local) _ 7,150 5,280 ~1,870
Rice (High Yielding) 6,100 23,760 17,660
Mungbeahs 0 630 630
Groundnuts 100 4,030 3,930
.Sugarcane _ 16,770 0 -16,770
Vegetable 0 6,100 6,100
Cassava 6,400 0 ~6,400

Figures in the above table are the annual production'at the full
development stage. Build-up period is assumed to be four years.
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8.2.2 Price Prospect

Fconomlc prices of major agricultural commodities and products are’
estlmated in terms of the international market price prospected for the
year 1990 in the 1982 constant price. Prices after 1991 . is assumed to be
constant, Internatlonal market price, which is CIF and FOB prices at
Bangkok 6r CIF brice at other international port, is adjusted to farm
gate price by taking into account costs for inland transportatlon,

handling charge and processing etc.

Financial price of agricultural input and output is.obtained from
available data at government agencies and local offices and hased on the
farm survey conducted by the Study Team. Both economic and financial

prices are presented in Table 20.
8.2.3. Benefit

Benefit created by agricultural development is indicated by the net
incremental benefit, It {s the difference in net production valué'
between with project condition and without project condition. Wet
production value of each case is obtained by subtracting production cost
from gross production value, fTotal incremental benefit of the Scheme is

estimated at B 180.7 x 106 per annum as shown in Table 21.
8.3. Flood Control Benefit

Annual f£lood control benefit by the Khlong Luang dam is estimated

in sub-section 5.2,2, It is ¥ 49.8 x 106 per annum.
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9. PROJECT EVALUATION
9.1 Economic Bvaluation
©9.1,1 Basic Assumptions

The economic feasibility of the Scheme is evaluated by economic
1nternal rate of Leturn (hIRR) FurtheL, sensitivity analy51s is
'conducted to assess the impact of possible changes in economic

conditions on the economic soundness of the Scheme.
The following assumptions are established in the evaluation.
{1) The implementation péridd is 11 years from 1985 to 1996.

(2) oOnly direct benefit is counted in the evaluation and any

indirect or intangible benefit is not taken into account.

{3) Economic price is expressed in terms of the 1982 constant

price.
(4) Economic useful life of the project is assumed to be 50 years,
9.1.2 Fconomic Cost

Economic cost is derived by subtracting transfer payment from
financial cost. Transfer payment includes tax, compensation and
relocation cost and price escalation., 1In éddition, 15 % of local

currency portion is deducted as transfer payment.

Land cost of the reservoir area is estimated by the opportunity
cost of land which is the annual agricultural production foregone.
Produdtibn foregone is estimated to be B 38.5 x 1066 per annum based on
the net production value of crops dndet‘ﬁithout project condition. It.

is extracted from the net incremental benefit.
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Economic investment costs of dam, raw water conveyance system and

irrigation facilities are presented below.

(Unit: ¥ 106)

Foreign, Local

Component Currency . Currency Total
e Portiquu Por tion e

ggBST'STAGE 

Multiple—pufpose Bam 508.9 653.9 1;162.8
Water Conveyance 1240.7 62;3 303.0
System (First Phase)

Irrigation 173.8 . 283.7 457.5
Sub~total . 923,4 . 999.5 1,923.2
SECOND sgggg

Raw Water Conveyance 201.7 37.6 239.3
System {Second Phase)
- Bub-total 201,7 37.6 239.3
Total 1,125.1 1,037.5 2,162.5

Irrigation facilities include the intake on the left bank which
is the joint facility for domestic and industrial water supply and

irrigation water supply.

Disbursement schedule of economic investment cost is presented in

Table 22,
9.1.3 'Benefit-Cost Stream
Based on the implementation plan and estimated annual benefit,

benefitncost stream of the Khlong Luang Dam Scheme is established as

shown in Table 23.
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9.1.4 Economic Internal Rate of Return

Economic Internal Rate of Return (EIRR) is computed based on the

benefit-cost stream for several cases and presented as below.

(Unit : %)
Condition EIRR
(1) Standard : 16.1
{(2) 10 % of Cost Increase 13.5
(3) 10 % of Benefit Decrease 13.3
(4) (2) + (3) ' 11.2
{5} Delay in Construction for 2 years ii.0

EIRR is found to be 16.1 % for the standard condition indicating

the high economic soundness of the Scheme.
9.2 Financial Evaluation
9.2.1 Cost Rllocation

Investment cost and Q&M cbst of joint facilities are allocated to
the domestic and industrial water supply component, irrigation wa ter
supply component and flood contr01 component respectively, in order to
clarify the size of investment cost to be borne by each related
agency. Joint facilities include the dam and the'intake at the left
bank of the dam. |

Investment cost is allocated by "Separable Cost - Remainig Benefit

Method”. The investment cost by project component is summarized as

follows.
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(nit: g 109

Component:

Foreign

Local

Currency Currency Total
D&I Water Supply 1,112.3 866.8 1,879.1
Irriéation 684.1 1,556.7 2,240.8
Flood Control 105.5 240.3 345.8
Total 1’901f9 2,663.8 _ 4,565,7

Allocated cost for flood control component will be borne by the

government subsidy.

9.2.2 Financial Fvaluation of Domestic and Industrial Water Supply

Investment cost for domestic and industrial wakter supply is

financed based on the following assumptions.

a. Foreign currency portion of the investment cost is financed

through international loan with an annual interest rate of 3.5

% and a term of 30 years including grace period of 10 years.

b. Xocal currency portion is borne by the Government.

Disbursement schedule of allogated investment cost for domestic

and industrial water supply is presented in Table 24.

Allocated operation and maintenance cost is estimated to be

¥ 16.8 x 106 annuaiy. Replacement cost is directly derived from the

replacement cost of raw water conveyance sysfem as presented in Section

7.3

Recovery of the foreign currency portion of investment cost, O&M

cost and replacement cost is planned under. the condition that 0O&M cost

and 10 % of the total investment cost and replacement cost is recovered

by water tariff collected from water users.
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Most of the 1nvestment cost is borne by the government, gince the
dam and water conveyance system for écmestlc and industrial water
Supply. is one of the most essentlal infrastructure for the industrial
development of the area. Under the above conditions;-the water tariff
ig assumed to be B 4/m3 including B 2.5 for management cost of PWWA
lncludlng O&M cost of purlflcatlon and distribution system and ¥ 1.5
for 0&M cost of raw water conveyance and 10 % of investment cost and

replacement co&t.

Cash flow statement of domestic and industrial water supply is

presénted in Table 25,
9.2.3 Financial Evaluation of Irrigation System Develoément

Investment cost for- irrigation system dévelopment is financed

based on the following assumptions.
a. Foreign currency portion of the investment cost is financed
through international lean with an annual interest rate of 3.5
% and a term of 30 yeafs including 10 years of grace period.

b. Local currency portion is borne by the Government.

‘Disbursement schedule of allocated investment cost is presented in

Table 24.

Allocated OM & R cost is estimated to be ¥ 4.4 x 106 annualy.

Replacement cost is same as those presented in section 7.3,

Recovery of investment cost, 0&M cost and replacement cost is

planned under the following conditions.

a. O&M cost is recovered by water tariff collected from

beneficiaries..

b. 1Investment cost and replacement cost is borne by the

Government.

Cash -flow statement is presented in Table 26.
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9.2.4 Farm Budget Analysis

Farim budget analysis is conduéted to assess the impact of the
Scheme onh the economy of farm household., Farm households which own

gross land area of 2,0 ha and 4.5 ha are taken up as typical farms.

Annual income and outgo under the "with project®™ and "without

project" condition is estimated as below.

{Unit: §g/year}

Size of Without Project ' _ With Project - Increment of

Household Income Outgo Reserve 1Income Outgo Reserve Reserve
1.8 bha 21,230 21,230 9 38,860 33,990 4,870 4,870
4.5 ha 33,130 30,280 2,850 ‘96,540 53,670 42,820 40,020

_.'With the implemeﬁﬁation of the Scheme, farmer's incoﬁe is expected
to grow remarkably. It is considerd that the farmers will have enough
capacity'to pay for the water tariff induced on irrigation water use,
Annual water tariff is broadly estiﬁated fb be B 570.per ha which is

equivalent to the annwal OsM cost.
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10. ORGANIZATION AND MANAGEMENT

10.1 Related Organizations

The water administration in Thailand is directed by the Water
Resources Committee although several ministries, goverhment agencies
and autonomous institutions have responsibilities and interest in water

resources development and conservation.

The_RID is engaged in water resources deﬁelopment relevant to
agricultural land develobﬁent. The organization chart of RID is shown
in Fig, 3%. The RID has 11 ﬁegional Offices. Bach regional office
asSﬁmes a responsibility for'constructibn, Operation and mainténénce
of water résburces, irrigation and drainage facilities in its adminis-
trative area. The Khlong Luang river basin ig within a territorial

area of Regional Office No. IX.

The PWWA is an éLtonowDus agency and is responsible for the

pipe-water supply in the area outside of Bangkok Metoropolis.

The PWD of the Ministry of Interior has a responsibility mainly
for infrastructure development in rural area, such as electrification,
road, minor pipe4water_supply, etc. The PWWA was formerly a division

within PWD. The organization chart of PWD is presented in Pig. 36.

The proposed development activities éfe deeply concerned with the
Eastern Seabcard Development. .The Eastern Seaboard Development
Committee (the Committee} is chaired by the Prime Minister and is
empowered to rule on behalf of the Cabinet. Fig. 37 shows the
organization chart of the Committee. The function of the Committee is
the overall'cdntrol of the deveibpment programme related to policy

issues.
The NESDB is a part of the Office of the Prime Minister

responsible For advising on the economic and social development of

Thailand. fThe Center for the Integrated Plan of Operation (CIFO) is a
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technical division within NESDB and is the Secretariat Office of the
Conmittee. CIPO assumes responsibility for preparing the details of
the_development operation as well as coordinating and monitoring

the implementation programmes of all government agencies concerned.
10.2 Executive Agencies

Twe executive agencies will directly be involved in the implemen-

tation of the Khlong Luang Dam Scheme.

The RID will be responéible for the implementation'as well as
operation and maintenance of thé dam and irrigation components. The
project manager will be appointed by RID and he will take the whole
responsibility to the RID for the proper implementation of the dam and

irrigation components.,

An approprlace government agency w1ll be appointed for the proper

1mp1ementat10n, operation and maintenance of water conveyance system.'

CIPO will coordlnate all the activities of the agen01es thh other

act1v1t1es related to Eastern Seaboard Development,
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