s -
S e
=
Loy T g B = o
Kt : . m&:ﬂdm L
o P N g s
P = Py - e
- b .y " B e
o B b b e
oo - oL e . T
7y bolt L . - e
P P Lo : Y - 5 f—-—
P R “,f\ “waev . ﬂnﬂ&. e
= . Htims s F . il
B T = R i £ 3 3 e
et i P P Ermdiorsn —— TR TR
- Ho L e LA o pa— e el
= e Al A Faeme s S LS i
e - PO 5, o own . —— iy
....L.l. L. et : wrmuatm_ . m m . . g ) i . . . mHH.
e b d e 3 2 - ot . -
e ey T el - ey, . . P
. B bl . - i b P S
. [y L T g S . el . .
i - o Sy X “e R
= g = oo B » e
; - P G- p .
- R T e by =g
g P R s, W tram Bl Rty e Srian
e R ot e P o T psy
o L3 o e L3 L
; s, oy - © N w— U,
o oo - B -+ e R
P G g . — p -
LSRN = = = o= LD = o
e e . . . p
wiln Cu ﬂl&ﬂu . T e
. el il Faan ) En o
R © Sefd
L e e

Vi TE o =

TRY ¥
i

et e
T o et

./
= e
N
G L
= - i
i e
P i
= —

'ﬁ%mﬁﬁw-






N KINGDUM OF THAILAND |
MINISTRY OF Acmcuuuns AND COOPERATIVES
; ROYAL IRRIGATION DEPARTMENT |

| THE EAST COAST WATER RESUURCES_ o

DEVELOPMENT PROJECT (PHASE II)

 VOLUME 3

* MAIN REPORT
" FEASIBILITY STUDY ON
KHLONG YAl DAM SCHEME

- JEA LisrARY : |

T T

AUGUST 1983
JAPAN INTERNATIONAL GOOPERATION AGENCY



JZ[‘/*

_&J,_
SDS | !



1oe1s'

‘_Mop Ta Phut

Khlong ThGK Mol
Irr!iallon rea

|

- LEGEND

_{ormt :
Y 13
Khi Lua i5
wg:_':g BJSH‘?Q
221
Nong Pla Lal
S L., Water Conveyance System
[ PN \“:
,/ - \‘_\_ "'
Khao Sono Pt) e S ’
" foslf ) @
N " \ :
o0 , l‘f\._\—, Nong Plo Lol Dom - .g&\?\\ _ \%onm
5 : . \\ {*_‘3‘@ 5 187
N —
\ . ;' Nong Pla Lal
. ! P .
N/ , Lol R: egd Work:s
7 e | “[IKhlong Yol Head Works])
/7 | i ?
& BonKhai Extention
' Iz 2 lnr"igalion'-‘f\reo
‘\'f Ban Khoi Héad Works e ain Canal ;) '
e Khorg Thop Ma%/ _ o
33 / N River : & Left Maln Canal
_/’ Khae 3Ria/h! Main”(:onal Knoo aNquong
128 I‘ioe . EOé'I Main Cang ) Bon Khal Existing
7 \\ . : Irrigation Areg
l'" L )
2 i | \ _ 122
45 "r _ . /—\\ _ . N 45
e Khlong Thap Ma Dam o
3 West Moain Conal]

Geneml Layout of Khlong Yai and Khiong
Thap Ma Dom Schemes

g ;yeke o Sh Gulf of Thailand
voster Pump ation '

O Head Tank - ’ 0 SeALE

: | IL—_

Ty ors







1.

5.

SUMMARY OF CONCLUSION AND REOCOMMENDATION

The Government of Klngdom of Thailand issued the Pifth Nat1ona1
Economic and Social Development Plan (the Fifth National Plan),
which covers a S-year period from 1982 to 1984, The Fifth_
National Plan focuses to restore the nation's ecohomib and
financial stability, to -improve the economic efflciency and to
alleviate the poverty through the developrent of industry an

increase of agricultural production,

The Eastern Seaboard Develépment'is the spearhead of the nation'é
industriai‘development'plan and aims at developing tha basic
indusiry based on nétural gas.. The development area extends over
Chachoengsao, Chon Buri and Rayong Provinces., The majority of the
develoPnent area are located along the coastal area in Chon Buri
and Rayong Pcovinces.

The agricultural developrent is regarded to be promoted in the
backward area of the 1ndustria1 development area in order to
create. the balanced socio- -economic SLtuation throughéut region and

to increase the exportable quantity.

The East Coast Water Resources Development Project, Phase 24 (the
Study) was launched by the Government to treat of increasing
impor tance of land and water resources development for the
industrial development and agricultural production.

The objective area of the Study {the Study Area} covers Chon Buri
and ‘Rayong Provinces, except the Prasae’ river basin, and embraces
the majority of the Eastern Seaboard Developnent Area,

The Study c0ntalns two subjects‘ {a) study for the long-term water

demand and sugply balance in the Study Area and {b) Eeasibllity
study for Khlong Luang, Khlong Yai and Khlong Thap Ma Dams.

5-1
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The long- term water supply plan over the Study Area has been

elaborated already and has pointed out cleatly the signlflcance of
development of Khilong Yal Dam Scheme (the Scheme) The Scheme is -
distinguished as multnple-purpose areal- development project, since

it is designed as an element in regional plan.

The Scheme is located in the Rayong river basin, which has a
drainage area of 1,730 km2, The population 1n the basin is
169,400 in 1981, of whxch about 75% reSLdes in the rural area.

The lands and water resoutces of the basin remain almost untapped.
There are approximately_14}900 ha of land suitable for cﬁltivation
of paddy, of which 4,800 ha is being 1rrigated under Ban Khai
Irrigation Project and 2 400 ha is located in the Khiong Thap Ma

'rxver ba31n. The main crops are rice, cassava and sugarcane. The

crop product1vity is low due to lack oE 1trigation supply and

agrlcultural input and inundation.

The pipe-water service is provided mainly for the urban aceas, The
existing three water works serve about 24 x 103 people, being

only 15 8§ of the total population in the basin. _The remaining
people depend on groundwater or water-vender for tﬁeii domestic

use,

The alluvial plains are prone to inundation to a largée extent,
oning to flat topography and flooding of the Rayongriver., It is
estimated that about 21,000 ha of lands were inundated in 1974,

The Scheme bears substentiel portion of water deficit in Chon Buri
- Pattaya area. The quantity oE'lnter—zone water diversion is
estimated to be 4.9 x 106 3 per year 1991, 14.2 x 106 m3 pex

year in 1996 and 31.3 x 10% m3 por year in 2001, The existing Dok
Krai dem Eully assqkes the domestic and industrial water demand in’

7_Map'Ta Phut - Sattahip area. The annual water demand is projected

to be 38.2 x 106 m3 in 1986, 43.2 x 105 w3 in 1991, 48.2 x 106 m?
in 1996 and 53.5 x 10% o3 in 2001, |
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15,

The pla5 formu1ation study was conducted to ascertain the optimum
development plan of the Scheme. 1t was performed in two steps
each of which treats of various alternatives, The First step is
directed Eo-fotmulate the optimum land and water tesources devel- .
opmeht;plan, including the domestic and industrial water supply, .
The second step is led to formulate the optimum flood mitigation
plan in the basin. as fhe results, the optimum development plan
of the Scheme is determined.

The flcod mitigation plan evolved the most favourable basic flood

control plan for standard project Elood with a_Sﬁ?year recurreénce

interval, The basic plan is made up of combination of dam and

riveg improvement works, The river improvement works, however,
are not recommendable positivelYIEOIItHe present, because of less
technical feasibility,

The water conveyance system between Nong Pla Lai dam and Nong Kho

'reservonr will be implemented in two phases taking into accournt

the growth of the domestic and industrial water demand. The first
phase with' system capaCLty of 0.65 m3 per second must he realized
in 1991 at the latest in order to release ‘Chon Buri-Pattaya area
from the water shortage. The system capacity will be expanded to
1,30 m3 per Second with completion of the second phase in 1996,

With'develbpmént of Norg Pla Lail and Rhlong Yai dams, the whole
irrigable area extendlng along the main stream of the Rayong
river, 12, 500 ha, will be served with the year-round irrigation
water supply. The atea compr {ses’ Ban Khai existing area {4,800
ha) and Ban Khai Extension Area (7,700 ha). The Ban Khai
Extenslon Atea is” extending along Left Main Canal of the Ban Khai

existing area.

The recommended Crops are'rice, droundnuts, fruit trees and
vegetables, The rice will be cultivated in the whole irrigation
area during the wat season while it will be grown about 10 % of
the area durlng the dry season. The groundnuts and vegetables
will be grown during the dry season, Cropping intensity is 140 %
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for both the Extension Area and ex1st1ng area. The crop pro—
ductxon will incxease largely as shown below. resulting from the

_Lntroduction of advanced farming practices and proper water.

management,

. '(Unit' ton/year)
——-—‘_——_quﬂ‘ﬂﬂi“*ﬂjgggéﬁﬁiﬁﬁ.é{%i.s,_;, : EXISELEE.&Eééz:____,
Crops - : In- ' In-

*op withoct With crement Without With  crement
_ e Project Project ___ _ Project Project

~ Rice |

- Local variety 6,790 5,680 -1,110 5,000 3,840 -1,160

~ BYD 5,840 29,900 24,060 12,790 19,980 - 7,190
Groundnuts 30 4,330 4,300 - 2,730 2,730
Fruits 2,500 4,060 1,560 - - ~
Vegetables - 5,000 5,000 1,600 3,000 1,400

'Prelimihary designs were peiformed for the Khlong Yai dam, raw
water conveyance system and 1rrigation and drainage system,

respectively.

The dam is of homogeneous earth-£111 type with the maxlmum height
of 17,3 n above the river bed and the crest length of 3, 980 m.
The upstream and ‘downstream slopes are 1 to 3.0 and 1:2.6
respéctively. The total embankment volume is 2,495.x 103 3,
The spillway is qesigﬁed:ss a side-channel spiilway with open
channel chotewsyfbased oﬁ inflow design flood with a peak
disché;ge Of 1;250'm3/s (500-year recurrence interval). Tts
crest elevation and length are at El, 47. S'h éﬁd 70.0 m, respec-
tivel?. The river cutlet is designed for the maximum release of
8.7 md/s and is composed of intake, conduit plpe ‘with 4 1,500 mm
and Hollow-jet valve,

) The water conveyance system connects the Nong Pla Lai dam with the

Nong Kho dam with a total length of 53 km. The intake is located
at the outiet of the rive: outlet of Nong Pla Lal dam and is

 -‘:equlpped with 5 units.of horizontal double suction volute pump,

8-4
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each having a discharge capa01ty of 19 4 m3 per min. The plpe-~
liné is designed by a combination of 900 mn pipe and & 800 mm
plpe and is 1nstal1ed in 2 rows. The boosting pump station anad
head tank are located at Ban Thap Thong and Ban Khao Khayai
respectlvely. '

WO hedd#orks are propOSed ks bhe constrocted to irrigate the Ban
¥Khai Bﬁteneion'e:ea; The one.iSIIOCated in the Nong Pla Lai river
and its diversion wexr is 63 m in length and 3.56 m in height in
fixed portion, The other is situated in the xhlong Yai river and
its diversion weir is 4.1 m in height and 103 n in length. Both
headworks are linked by diversion channel, which has a trapezoidal
shape with a bottom width of 2.0 m. The des;gn dxscha:ge of the
diversion channel is 4.9 m3/s. The main canal is 0r191nat1ng

from Khlong Yai headworks and has a total length of 45.2 km. Ik

is designed with a trapezoidal cross sect1on with concrete lining.

The total léngth of lateral canals is 123 km,

Envxronmental aspects of the Scheme is preliminarily evaluated
ac¢cording to thé standard established by Natienal Environmental
Board. The standard comprnses four catégories namely, phys1ca1
resources, ecological resources, human use values and quality of
life values.' It is clarified that the Scheme will 1nduce positive

impact on human use values and qualxty of 11Ee values greatly

through the ‘watar resources development. Impact on such 1tems as

water qualxty and Eauna ‘and EIOra will be minimized or avoided by
guaranteelnq the river maintenance Elow to the downstream. of the

civer. It is recommended that detailed survey on environmental

'impacts of the Scheme will be conducted by the executive agency

before the implementation of the Seheme‘

The scheme wlll ba implemented in two stages. The first stage
1noludes the c0nstruction of Nong Pla Lai and Khlong Yai dams,
the f1rst phase of water conveyance syetem and the development
of irrigation and drainage system,  The second stage is the

constcuction of the second phasé of the water conveyance system.
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The E1rst stage will extend over 8 years from 1984 to 1991 The
construction perlod wxll be 6 years ftom 1985 to 1990 for the
dams, 5 years from 198? to 1991 for the flESt phase of the water
conveyance system and 6 years from 1986 to 1991 for the zrrlgation
and dralnage system, The second stage will be 1mplemented in a

S-year period from 1992 to 1996.

The total investment cost is estiﬁated_bo beﬁﬁ 7,579.8 x 106
compr ising B 3,154.0 x 10% of foréign currency portion and .

B 4,425.8 x 10% of local currency portion as shown below:

(Unit: ¥ 106y

Foreign Local _ _
Project Components " Currency . Currency Total
et BOrtlon  Portion
Eir_at__ﬁtaﬂ_ o
Nong Pla Lai bam _ - 713,2 1,612,8 2,326.0
Khlong Yai Dam 707.4  1,377.5  2,084.9
Water Conveyance Syskem, 1st Phase 585.8 248.3 - 834,11
Irrigation and_Drainage'System : 380.4 911.2 0 1,291.6°
“Total o | 2,386.8  4,149.8  6,536.6
Second_Stage ,
Water Conveyance System, 2nd Phase 767.2 276.0-_ 1,043.2
Grand Total 3,154.0 4,425.8  7,579.8

20!

The benefit is accrued from the wa*er supply, irrlgation and -
draxnage development and Elood control and is estlmated as follows.

for the full development_stage:

5-6
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(Unit: B 106y

Benefits : Annual Benefit

Water Supply

 Con Buri - Pattaya Area ' 539.8
Map Ta Phut - Sattahip Area . - 253.8
ireigation and Drainage . 198.2

Flood Control _
Hong Pla'Lai:Dam 37.2

Khiong ?ai pam | _ ' 20.0
Total : 1,049.0

The water supply benefit is ﬁeasured‘ﬁy justifiable expenditure.

Economlc Eeas;billty of the Scheme is evaluated by economlc .
internal rabe of return (BIRR), EBIRR is oonputed at 15.0° %,

'indicatang the hlgn economic soundness of the Scheme, From the

v1ew point of economic feasxbxllty and urgent water demand in

“Chon Buri - Pattaya Aréa, the Scheme is hxghly recommended to be

. implemented at the ea;llest tlme-p0551ble.

Investment cost is allocated to'thé components by "Separable Cost

= Remaining Benefit Methbd“ and summarized as follows,

{Unit: P 106y

Foreign Local :
Component o : : Currency Currency “Total
e Portion___ portion — _
D&I Water Supply 2,355.9 2,644.3 5,000, 2
Itcigation : 593, 4 1,359.8 1,953.2
Flood Control 204,7 421.7 626, 4
Total 3,154.0 4,425.8 7,579.8
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Financial aspect of the Scheme is evaluatqd by respective ¢onponent
paying particulat attention to the repayability of the Scheme to
thefintétnétiOnal ioan. International loan is assumed to be |
financed with an interest rate of 3.5 % per annum and a term of 30
years including 10 years of grace petiod. Repayability is examined
based oh the ?roject'cost allocated'to each project odmpohent and’
revenue expected to'ﬁe collected thfough ﬁater tariff. Water
taciff on doméstic and industrial water supply is assumed to be

B 4.0/m3, wWater taciff on irrigation water is broaaly estimated
at B 530/ha to cecover annual O&M cost. International loan is
expected EQ be repayed in due schedule, with Government subsidy

given at the appropriate time.

Economic feasibility of the rehabilitation works in the Ban Khai
Exiéting Area is evaluated by henefit - cost ratio (8/C).
Investment cost is estimated to be B 390.5 x 100 cdmériéihg_'

B 118.7 % 105 of foreign currency portion and B 271.8 x 106 of
local éuffenéy édrtidn. Benefit - COSt tatio is estimated at

3.1. Rehabilitation works ‘ace highly recommended to be
implemented iﬁ parallel withe tﬁe construction of the Nong ?15 Lai

pam for the efficient and effective utilization of ﬁater.

RID will be responsible for implemeﬁtatioﬁ, operation and
maintenance of dam and irriqatidn components. An appropriate
agency would be abpbinéed for the impiementation, operétién and
maintenance of the rad water conveyance system. The Center for
the Intégrated Plan of Operation {CtPO) established within _
National EConomic_and social Development Board (NESDB) will
coordinate-a11 thé activities of Ehé agencies with the activities

related to the Bastern Seaboard Development.

S-8



PRINCIPAL FEATURES OF KHLONG YAI DAM SCHEME

MULTIPLE-PURPOSE DAM

Hydrology

(a)

Catchnent area

(b) aAnnual average inflow

{c) Design'flood for spillway (SOO—year flood)
(@) Extra—oidinary flood (Probable maxirmum)
Reservoir

(a) .High water level

(b)  Low water level

(¢}  Flood water level _

{d) Extra-ordinary flood water level

{e) Gr055.storage

{(f) - Surcharge

{g} Active storéqe

{h) Dpead stdragé

(i) Reservoir area at HWL

Dam

{a) Type

(b}  Crest elevation

{c) Dam.height above riverbed

(d) Crest length

(e)
{£)

{g)

Crest width

Slope, upstream _
downstrean

Embankment volume

Earthfill
Filter
Rock riprap

5-9

2

]

218
2.76 m'/s
1,230 m /s
1,950 m /s

[

w o w

El. 47.5 m

El. 40.6 m

El. 48.8 m
El. 49.4 m
71.5 % 16%
16.9 x 10°m
48.0 x 10 m
6.6 x 10 m

11.9 ka

[ B -
W W W w

Homogenecus
earthfill

El. 50.8 m.
17.3 m
3,980 m
8.0m

1 : 3.0
1 : 2.6

2,051.000 m>
254,000 m
190,000 m
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()

Spillwéy
{a) Type
(b) Overflow weir crest elévétion
(c) Overfiow weir width |
{a) Length of chuteway, lncludlng
stilling basin
 River Outlet
(a) Deéiqﬁ discharge
() Diameter of conduit
{¢) Length of conduit
{d) Regulating gate
{e) Valve
WATER CONVEYANCE SYSTEM
Intake
{a} Location
{b) Design disﬁhatge
{c}  Type of pump
{d) Pump capacity
{e) ' Nﬁmber of unit
ff} Floor area of pump sEation
Pipeline
té)_ ‘Type of pipe
(b)  Inside diameter of pipe o
Between intake and head tank
Between head tank and hong Kho Dam
(q} Number of row

Length of plpellne

Between intakeé and head tank

Between head tank and Nong Kho Dam

s5-10

Néﬁ;gated side-
channel Weir‘_
El 47 5 m
10,0 m

160.0‘m'

8.7 m/s
#1,500 mm
S50 m .
1.5m % 1.5
Hollow-jet

First

_ _Secbﬁd
Phase . ‘Phase

Nong Pla Lai Dam .
19.4 m>/min  19.4 m>/min’

Horizontal doubie.

suction volute pump
390 kW/unit 390 kW/unit
3 2

-2
259 m

Coating steel pipe

#900  mn $900 mm

#800 mm 4800 mm
1 1 '
30 km 30 km
23 km 23 km
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2.4

(b) 'Design discharge

Second

‘phase

First

- R phase
Booster Pump Station
Aa} _1Dcatiqh Ban Thap Thong
19,4 m3/hin
(c) Type of pump Horizontal double

: ) ' _ suction volute pump
{d) Pump capacity . 3 o 3

2

{f) Floor area of pump station 259 m

Head Tank

(a) TLocation Ban Khao Khayai

(b} Storagé‘capabity 2,327 3

{c) High water level | ' El. 118,0 m
Low watér-level El. 115.0 m

IRRIGATION AND DRAINAGE SYSTEM

Net Irrigation Area

7,700 ha

Nong Pla Lai Headworks

(a) Locat i6n : NOng_Pla"Lai-river

(b) Design £lood 200 m3/s
(¢) Flood water level _ El. 27.05 m
(aj Design ihtake dischérge 4.90 m3/s

19.4 m?/min

{e) Design intake water level

El. 25.46 m

() Typé of divérsion weir .Flbatiﬂé type
(g) Height of weir above riverbed 3.56 m

(h)  Length of fixed weir _ 60 m

{i) Crest‘elevation of fixed weir El. 25.56 ﬁ
{(§) Width of scouring sluice 3.0 m

(k) &ill elevation of intake El. 23.96 m
(I) Intake gate (B x H) 2.5n % 2.0m
(m) Nurber of intake gate 2



‘3.3 Diversion Channel

(a)
(b}
{c)
{d)

Désign discharge
Type

Bottom width
Length

3.4 Khlong Yai Headworks

“(a)
b}
{c)
()
{e)
{£)
(g)
th)

(i)

(3)
(k)
(l)_
{m)

3.5 Main
{a)

{b)
(c)
{d)

Location

Design’flood

Flocod water level

Design intake diécharge
Design intaké water level
Type of diyérsion weir

Height of weir akbove rivé?bed
Length of fixed weir

Crest elevation of fixed weir
Width of scouring sluice

S8ill elevation of intake
Intake date (B x H}

Number of intake gate

Canal
Type of canal

Sidé'élop'_

Effective width of inspection road |

'Lengfh

3.6 Lateral and Sub-Lateral Canals

(a)

{b)

{c)
@)

Typa of_éanal
Side slop

Effective width of inspection road

Total length

3,9 m3/S:_

. Trapézoidal, lined

with concrete

2.0m

1,800 m

Khlong Yai river
280 mi/s

El. 26.57 m
11.09 m3/s

El. 25.00 n
Floating type
4.1 m '
95.0 m

El. 25.1m

' 8.0'm

E]..: 23.0m
4.0mx 3.0m
2

Trapezdidai; linéd
with concrete
1:1.5

5.0 m

45,2 km

Trapezoidal, unlined
1:1.5 | |
3.0m

123 ko



'3.7 Canal Strﬁctures

3.8 Draiﬁage
{a) New dtéins
(o) Improved drains

{c) Structures

501 nos.

81 km
43 km
59 km
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1. INTRODUCTION
1.1 Auvthority

The Féasibility_Study_bn East Coast Water ResOurces Development
Project, Phase II (the Study) was carried out in accordance with
Implementation Arrangement, Technical Cooperation Eor Feasibility Study
on East Coast Water Resources Development Project (Phase II), Khlong
Luang, Khlcong Yal and Khlong Thap Ma Dams (the Implementation Arrange-
ment), which was concluded in the date of February 22, 1982 between
Japan Inteznatxonal CoOperation Agency (JICA), an executive agency of
the Government of Japan and Royal Irrigation Depar tment (RID}, Ministry
of Agriculture and Cooperatives, an executive agency of the Government
of Kingdom of Thailand. The objéctive area of the Study (the Study
Area) exteads over Chon Buri and Rayong Provinces, excluding the Prazae

river basin.

The JICA entrusted the Study to Nippon Koai Co., Ltd., associated
with Nikken Consultant Inc. (the Study Team).

The Study Team conducted the field investigation and study during
the periocd from July, 1982 to July, 1983 with the counterpart support
provided by thé Government of Kingdom of Thailand (the Govérnment).
This report is one of draft final report and presents the findings and

recommendations on the Khlong Yai Dam Scheme.
1.2 Historical‘Background

Thailand is embarking in a new era of industrialization with
enforcement of the Fifth National Economic and Social Development Plan:
{the Fifth Natfonal Plan), which covers a S-year period from 1982 to
1986. The Fifth National Plan places a great emphasis on Eastern
Seaboard Davelopment as the keyatone of industrializatiOn. It involves
not only industrial development but alse urban development and associated
infrastructural déevelopment. The agricultural development is also given
high priority in the Fiffh National Plan. So far as the Study Area is

concerned, the agricultural development deserves particular attention.



»

It must be promoted positively in the backward area of the industeial.
development areas so as to create the balanced socio-economic 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 thé
East Coast Water Resources Development Project (the Phase I Study},
objective of whigh was to conduct the feasibility sﬁudy dE Nong Pla Lat
and Ban Bung Dams. The Phase I Study was carried out by JICA in
compliance with regquest ﬁade'by the Government during the periocd from
February, 1981 to Match, 1982,

The NESDB conducted Eastern Seabbard_Study {the ESS) anﬁ issued
an Interim Report in July, 1982. The repoit contains a combrehensive'
study relevant to Eastern Seaboard ﬁévelopment, includingVQCOnomic,
infra- étruétural, sociél and urban development programme, iﬁplementa—

tion, finance and impact of development,

The Government further requested the Government of Japan to extend
the technical cooperation on the Study in September, 1981. The Government
of Japan decided to execute the technical cooperatidn and entrusted thereof
to JICA. The JICA dispatched a Preliminacy Survey Team to Thailand during
the period from February 9 to 23, 1982 to finallze the technical coopera-
tion and concluded the implementation Arrangement with RID as afore-~

mentioned.
1.3 Scope of Study

The Study is to conduct the feasibiliity study on the water resources
development of the Khlong Luang ziver and Rayong river, especially
centering the cénét:uctioh of dams, namely Khlong Luang, Khlong Yai and
Kh10n§ Thap Ma dams. The Scope of Work contains_twd studying subjects as
follows; '

. Part A: Study for. the ioﬁg—term water demand and supply balance
in the Study Area.



Part B: Feasibility study for Khlong Luang, Khlong Yai and Khlong
Thap Ma Dams.

For the purpose of the Study, target years have been set for th;
1991 as intermediate target year and 2001 as final target vear.

The study for the.long—term wétet demand and supply balance has
been_cbmpieted already dﬁring the field investigation period and "Study
Report on Long-Term Water Supply Plan® was issuved in Januwary, 1983,

The report points out cléarly the significance of developrent of Khlong
Yai Dam Scheme (thé Scheme). The Scheme is distinguished as maltiple-
purpoée areal-development project,_sincé it is designéd as an eélement

in regional plan. The ﬁeasibility study of the Scheme deals with;
{1} Khlong Yai.multiple?purpose dam development,
{2) Irrigation and agficultural development,
{3} Raw water conveyancé sygtem development, and

(4) Flood mitigation plan



2. BACKGROUND
2.1 Soc¢io-Economy of Thailand
2.1.1 Land and Population

The teiritory of Thailand is approximately 514 x 103 kmz, being
located between 5%20' and 20°40' north in latitude and between 97°20°
and 105°40"' east in longitude. Administratively the country is givided
into 72 provinces. Each province is further divided into more or less 10
districts. Each district is further subsegmented iﬁto'séveral townshiﬁs
which are composed of a number of villages. Hap of Thailand is shown in
Fig. 1.

Thailand lies in tropical monsoon zone and is blessed with fairly
rich land and water resovrces. Approximately 177 x 103 kmz, corres-
ponding to 34 % of the nation's land, are used for agricultural purpose,
Of which about 118 km? are paddy fields.

The national population was 44.3 x 10° in 1980, of which 4.7 x 10°
people reside in Bangkok Metoropolis. The population density in 1980 was
86.3 persons per km? on the average, ranging from 52.7 in North Region to
137.5 in Central Region. The population growth was 2.6 % per annum during
a 10-year period from 1970 to 1980.

2,1.2 Economic Performance

The economy of Thailand has achieved a continuous expansion, through
its five-year national development plans, of which the period is 1962 -
1966 for the first plan, 1967 - 1971 for the second plan, 1972 - 1976 for
the third plan and 1977 - 198) for the fourth plan, respectively, The GDP
increased from B 140 x 10? 1a 1971 to B 315 x 10% in 1981 at 1972
constant price, or from B 3,682 per capita to B 6,646 per capita. The
average growth rate wés 9.5 % per annum in 197} - 1976 and 7.4 % per annum
in 1977 - 1981,



The 1981 GDP-is.composed of B 151 x 109 in service sector, ¥ 88
x 10% in manufacturing sector and B 76 % 102 in agricultural sector.
The share of the manufédtﬁring sector increased from 16 % in 1971 to 21 %
in 1981, while that of the agricultural sector declined from 28 % to 24 %.

The expoti of goods and services increased sharply from K 17 x 109
in 1971 to B 157 x 10? in 1981, while the import of goods and servicas
also increased from B 27 x 107 in 1971 to B 217 x 162 in 1981. The
most dominant export and’ import commodities are rice and petroleun,

‘respectively. 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 107 in 1981,
which nearly colncides with the deficlt In the Eoreign trade.

The soclo-economy of Thailand is reported in more detail in
Sectoral Report I, Sdcio-Economy.

2.2 The Fifth National Plan

The Government issued in October, 1981, the Fifth National Plan,
which was established reflecting the performance in the préeceding
national plans during the ldst two decades., The Pifth National Plan
COntemplates to accomplish the following national policy objectives;

(1} To restore the natlon's economic and financial stability by
mobilizing more saving and building up the national and
economic discipline in both the public and private sectors,

{2) To adjust the economic structure and to improve the economic
efficiency in order to magnify the economic activities in the
rural area, to earn more foreign exchange with expansion of

export and to be consistent with the world'é economic éhanges.

(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 consistently economic development aciivities'

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 Pldn.l

More detailed explanation on the Pifth National Plan is presented

in Sectoral Report I, Socio-Economy.
2.3 Eastern Seaboard Beveiopment

The Fifth National Plan sets forth the following policy measures
with respect to industrial activity: :

(1) To switch from import substitution to exports.

{(2) To decentralize the industrial activities to the provincial
areas. _ _ |

(3} To develop the basié industry, practically based on natural
gas, : ’ ‘

{4} To develop labour intensive industry and technology in expoft-
industry. ' '

The Fifth National Plan sets forth the following targets for the
. Industrial activities:

Average Growth

Pescription Rate {(8/yc)
”'(l) _Manuf&qtﬁring output ' 7.6
Export industry 15,0
Domestic consumption 5-86
{2) Emnployment increase 7.6

{3) ConsuﬁptiOn'of petroleum" _
 product. (max. level) ' B 4.0




»

The Eastern S¢aboard bDevelopment will make a great contribution to

the national policy ohiectives,

Ficatly, it will spearhead to change

the industrxal structure from import substitution to exports, based on

local resources, particularly on a natural gas.

Secondly it will become

a major employment generator in North and East Regidns. Thirdly, in the

long term, it will serve decentralization of econonic and industrial

activities from Central Region.,

The ESS pProposes seven strategic development aceas in the eastern
seaboard; Chon Buri, Si Racha-Laem Chsbang, Pattaya, Sattahip, Map Ta

Phut~Rayong, Chachoengsao and Ban Phe,
Ban Phe are located outside the Study Area.

Out of these, Chachoengsao and
Fig. 2 shows the map of the

Study Area, including the development areas.

Six industrial development zones have been designated by the ESS as

tabulated ‘hereunder together with development area and plan,

Proposed Induskcial

Area
Proposed Zone {ha) Development
Chon Buri 160 Urban sérVice industries
Laem Chabang 480 Export processing and llght
industry
Sattahip 40 Sbip repalrs and services and
transhipment '
Map Ta Phut . 806 Heavy iIndustry, pollutlng
' industry and construction
materials
Rayong 80 Agro—ihdustry
Chachoengsao 80 Agro-industry

The development of infrastructures is an integral part of indus-

trialization.

The Infrastructure devélopment plan has also been worked

out by the ESS as presénted in Tabile 2.

The Eastern Seaboard Development will certainly create additional

empioyments and induce mlgrants from the outside of the Bastern Seaboard.



The additional employménts and induped population have beén prﬁjécted
to be 130,200 and 201,550, respectively, by the ESS for a 20-year
periodrfrom 1981 to 2061. The ESS predicts that apptoximately 71 3%
of the additional employment occurs in three development areas, Si
Racha—Laem-Chabang, Pattaya and Rayong-Map Ta Phut,

2.4 Agricultural Development

The agriculture still plays an impdrtant role in the econoﬁy of
Thailand. It sustains the self-sufficiency of staple food and the_
employmenk ébsorption. It also makes a-great conttibution to foreign
trade; share of agticultqralrproducts accounts- for 52 % of the total

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

The agricultural development'during the last two decadeé was
characterlzed by dxversificatlon of crops and expansion of cultivatien
area. Dur;ng a lo-year per10d from 1972 to 1981, planted areas ware
expanded year after year wlth a considerably hlgh rate; 15.3 & per
annum for upland crops, 40. 0 % per annun for oil crops. 16.2 % pes
annum for perenn1a1 crops and 3.4 % per annum Eor paddy. The increase
in production was mainly resulted from such rapid expansion of planted
areas., However, an increase in crop yleld renained as low as 2.0 & per

annum on an overall average during the Fourth National Plan.

The Fifth National Plan puts forward the following targets and
supporting policy measures, in order to achieve the short-run cbjectives

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

{1) To attain the target of abou£ 7 % increase in GDP, the value

in agricultural sector is projected as,

{a) ovérall target: annual 1nétease by 4.5%

(b} crop ptod&ctidn: annual increase by 4.7%
(c)“_livestock production: annual increase by 4.2%
{(d} ‘fisheries production: annual increase by 5.4%
(e) forestry production : annual incérease by 0.3%.



{2) More emphasis will be placed on the conservation of forest
and watershed; The fote§t3 and national park, totalling -
about 10.4 x 106 pa, sﬁould carefully be conserved by
proper reéhabilitation works an& the reafforestation should
be implemented at a rate of about 48,000 ha per annum.

Hence, expansion of farmland'wlll be limited over the 5-year
period. In this context, the strategy of agricultural devel-
opment has to emphasize structural improvement within the

sector,

{3) In 6rder ko raise productivity of agriculture, the priority
is given to development of irrxgation system and expansion of
on-farm facilities as well as water resouvrces development,
An emphasis will be placed on soll improvement and strength?
“ening the agricultural support services.

Sectoral Report I, Soclo- Economy presents in more detail the
lasues and pollcy measures of agricultural development in Thailand.

2,5 Pipe-Water Supply Services

The pipe-water supply services are mainly adﬁinisferd by MiWA and
PwWA, The MWﬁA is feSponsible solely for Bangkok Métiopolis and the
PAWA assumes a direct responsibility for 117 tOwnships; 707 sanitary
districts ang 2,000 villages throughout the country,

The PWWA has bean endeavouring to é¢xpand the pipe-water supply
services alOng its two basic programmes; large scate water supply
programme and rural water supply programme. The former focuses on the
municipalities and sanitary d1strict3 with more than 5, 000 population
and is executed under full responsibility of PWWA. The latter is
promoted for sanitary districts and rural cbmmunities with 1,500 -
5,000 population and is mainly implemented by the local admlnistratlve
authorities under financial and technical assistance from PWWA, OARD
and DMR.



According to the information obtained from PWWA, the pipe-water

supply situation in 1982 are as follows.

. ﬁos. of - Water Sﬁpply _ -Served
wﬁ:g;f:;ggly Supply System  Capacity Population

{(nos) (303 m3/day) {106)

Large Scale 169 849 3.7

Rural 663 378 2.1

Total 832 1,227 5.8

As is clear from the above table, the pipe-water served population
is only 13 % of the national population. The water supply per capita
is 210 1/day on the average, : '

In line with the policy measutés set forth in the Fifth National
Plan, the PWWA estab11shed its Five -Year Plan. It stipulates the

following basic objectlves;

(1) The water supply capacity in thé urban area will be'éudmented
from 849 x 103 3 per ﬁay in 1981 to 1,414 x 103 m3 per day
in 1986, Pipe ~water supply population will be 4.4 x 106 3
in 1986.

(2) The rural water supﬁly ﬁfoﬁfamme'will also be emphasized in
order to alleviate a gap in standard of living:betweén the
urban afea and_the rural area. .Thé Objeétive is to de#élop
ang ékpand the water'suppiy éystem for 150 conmunities and:to
'construct the new water supply system for 250 communities.
These will bring about an additional water supply capacity of
35 x 106 m3 per annun,

According to the Five-Year Plan of PWWA, the total Investment cost
is estimated ét B 7,6654k 106, comprising.ﬁ 1,577 x 10% for the rural
water supply prégramme and B 6,088 x 10° for the large scale watex

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

In order to meet the taﬁidly increasing water demand due to
industrial and urban developrent and a9r1cu1tural development, long-
term water supply plan has been worked out for the Study Areca as one
of the objectives of the present study. The proposed development plan
is reported in Study Report on Long-Term Water Supply Plan., Herein
contained are the ocutiine of the plan.

The long-term water supply plan is, in principle, formulated aiming.
at satisfying all the water demands in the Study Area in Target Year
2001, The Target Year is determined in due consideratlon of periods of
the ‘national five-yeat development plans and development period of
Eastern Seaboard bBevelopment,

Pursuant to_pt{nciple of water resources management, the Study
Area is_basically'éivlded into 10 zones as shown in Plg, 2, Each zone
consists of a asingle river basin or a couple of river basins, The water
supply élan over the Study Area is formulated primarily based on the
result of water demand and supply balance of the réspective zone,

It should, however, be kept in mind that the water supply plan
presented in this report 1s a little different from that originally
proposed in thé Study Report on Long-Term Water Supply or other
relevant sectoral reports. The water diversion from New Ban Bung dam,
which was an integral part of the original plan, has been c¢ancelled in
due consideration Of the RID's policy amendment.  In the revised plan,
corresponding amount of water is supplied from the Bang Phra’ dam by
means of reduction of a rate of river maintenance 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.
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{2) The Bang Phra dam has never heén releaSingKregularly ihe wafer
to the.downstream for unspecified use, according to its
"operation record. The unspecified release is ractely possible,
since the Bang Phra reservoir is 2,4 times as much as the

average 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 sustained at a rate of
1.t x 10% m3 per year. The aquatic ecology and tiparian.
lands would, therefore, be preserved at the same status as the

present.

The water demand and supply balance and alignment of rad water

conveyance systéms have been adjusted accordingly in this report.
2,6.2 Water Demand

The water demand comprises the domestic use, tndustrial use and
irrigation use. In addition, a concept of river malntenance flow is
introduced. The projection of the water demand {s discussed in detail
in Sectoral Report 1V, bomestic and Industrial Water Demand, and III,
Trrigation bPevelopment Plan, '

{1) bomestic Water Demand

In compliance with the pipe-water supply programme set forth
in the Five-Year Plan of PWWA, each zone is classified into urban
area and rural area. The urban area is defined as municipality and
sanitary district with more than 5,000 population by Parget Yeac
2001 and is further classified into development area and non-
deveiépment area in accordance with Eastern Seaboard Development

Plan.
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The domestic water demand is ptojebte& based on the prbjected
population, water consumption per capxta and service factor for
every S-year period, 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 precedlng
Section 2.3. The industrial water demand pro;ected by ESS accrues

only from the developmant areas.

Presently several enterprises are.extracting’grodnéwater dr
water from reservolrs by their.éwh facilities., For enterprises
iccated outside the development area, the samé quantity of water
as belng consumed needs to be guaranteed. This water supply was
carefully inveét{gaéed and is added to the industrial water demand
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 addition, three icrigation development schemes are envisaged
to be newly realized in association with development plan of Khlong
Luang, Khlong Yal 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.
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The irrigation water requirement is estimated based on the
provisional cropping pattern with 150 % of cropping intensity and
approxrimated iirigation_area. The irrigation area and water

requirement applied for water balance study are given below,

Irrigation Water

I‘;ig:;:°“ | I::iga:;:? _ Reguirement (106 md/yr)

o 1986 1991 1996 2001

Khlong Luang 4,700 0 0.1 60.1 60.1
Bang Phra 1,120 15.4 15.4 15.4 15.4
Ban Khai 4,800 65.8  65.8 65.8  65.8
Ban Khal Extension 5,460 75.1 . 75.1 75.1 75.1
Thap Ma 2,200 o o0 30.6 30.6
Total 18,220 156.3  216.4  247.0  247.0

It should be noted that the above agricultural dévelopment
plan is provisional. "They will finally be determinéd through
optimization study of the land and water resources development

of the respective gdevelopment shceme,
(4) River Maintenance Flow

The reduction of river flow due to inténsified water use
will ;esult in adverse effect to various water users, Lf it
exceeds a certain amount. It is therefore proposed to introduce
the concépt of the river maintenance flow. The river maintenance
‘flow is the minimum discharge which is able to maiﬁtéin"water
"dépth; flow velocity, water quality, cﬁahnei stability, aquatic
eqosystem'aﬁd éceﬁery to the extent necessary for navigation, fish
'cdtch; operétion and'mainténance of intakes, malntenance of river
facilities, sea water repulsion, prevéntion of estuary clogging,
conservation of groundwater, preservation of ripacrian land and

pebple's amenity.
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In the Study, in'principle, the rate of the river maintenance
flow {s tentatively assessed to be equal to 90 ? dependable
monthly run-off at balance point. ‘he 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 throqgh 9. The followings are the overall water
demand expressed in terms of source water demand for the whole
Study Area.

(uait:  10% n¥/yr)

Water Demand 1986 1991 1996 2001
Domestic 3301 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 varified in the succeeding sub-section 2.6.4, under the present
water resources development coﬁditions, water shdrtage of about 57 x
106 3 s foreseen to occur in Target Year 2001, A new water reésources
development plan is indispéensable to satisfy the whole water demand for
the successful implementatzon of Eastern Seaboard Development and

agricultural development,

The water résourcés 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 RI, Water Resources
Engineering, .

As listed hereunder, theére are 8 dams either existing or under

construction or under planning as shown in Fig. 2 and Table 10.
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Out of dams in operation, both the Phluta Luang and Khlong Bang
Phai dams are used exclusively for Sattahip Naval Base. Thus they are
not taken into consideration in the formulation of the long-term water

supply plan.

8ix dams, Bang Phra, Map Prachan, Dok Krai,_Ndng Kho, ﬁew Ban Bung
and Nong Pla Lai dams have the active storage capacity of 339.7 x 106 3
in total and produce the net requlated outflow of 227.5 x 10% w3 por
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'fdfeseeable that the anticipated water
sﬁortage will he met by develépment of several dams amdng the'pofential

danmsites.

ﬁatet supply cépacity of the respedtive'poteniia1=damsite is obtained
based on storage-draft relationships of khlong Luang, bok.Krai, Nonq.bla
Lai and Khioﬁg Yai daméites, where streémflow observation tecords are
available for a l4-year period from April, 1968 to March, 1982, The said
storage-draft relationships are shown in Fig. 3. A relationship betweeén
storage ratio and unit development cost of water is then developed for the

respective potential damsite as shown in Fig. 4.

The relationships shown in Fig. 4 expresses two elements. Firstly,
Khlong Luang, Khlong Yai and Khlong Thap Ma damsites are incomparably
superior to the other potential damsites in terms of unit development cost
of water. Secondly development_scale is the most economic¢al within a range
of 80 - 100 % in terms of storage ratio. For the purpose of water balance
study, deﬁéiopment scale is tentatively determined to be 100 % in terms of
the storage ratio for_xhlong Luang, Khlong Yai and Xhlong Thap Ma damsites
and 80 § for the remaining 6 pOntenﬁialrdamsites. Table 11 shows the
salient featqies and waier-supplf.capa¢ity of the respective potential dams
at the pre-determined developmént scale.
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2.6.4 Water Balance

The water balance study was performed in order to determine the
water resoucces development requirement as reported in detail in
Sectoral Report X, Water Balance Study.

The representative river is selected in each zone, in which a
balance point is located for the water balance study. The balance
point is, in principle, set up at the lowest intake site. The
representative river and balance point of the respective zZone are as

shown in Table S.

The watet denand and supply balance was calculated zone by zone at
intervals of 10-day period during a 1Z-month period from May, 19?9 to
April, 1980, which is the driest yéar anong a l4-year period from 1963
to 1981.

At first water withdraﬁal was computed as the water demand
deducted by the available local water resources. The water withdrawal
means the net reduetion'in tiver flow which is required to meet the
water demand. The water deficit is then calculated as the water
withdrawal less the natural run-off at thé balance point under the

following presumptions.

{a) The Dok Xrai Pipeline Project fully supplies the water
withdrawals in Zones 7 through 9.

(b} As fo Zone 2, patural run-off of the representative river is
negligibly small compared to the domestic and industrial
water demand. Therefore the whole domestic and industrial
water demand is determined to be met.by inter-zone water

diversion,

The water demand and supply balance was initially calculated under
the présent water resources development condition. The Nong Kho and
Nong Pla Lai dams are treated as existing one. The resuvlt is given

hereunder.
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: (Unit: 106 malyr)
Water . Water: - HWater Supply

Year Demand Withdrawval __ Deficit by Damg  2rance.
1986 267.0. 264,9 214.0 218.0 -4.0
1991 354.0 3519 283.1 218.0  +65.1
1996 a22.6  420.5 335.3 . 218.0  +117.3
2001 458.5 456.4 . 367.5 218.0  +149.5

As shown in thé above, the water supply runs short as a whole,
The water demand and supply balance situation varies largely from zone
to zone, depending on the magnitude of watér demand and the avail-
ébiliiy oE ﬁater résources. The 1ntegrated develOpment of water
resources and inter-zone water diversion system is ascertained to be

most appropriate measute to overcome the shortage of water supply.

A set of four water sbppiy aliérnatives Qere drawn up for Target
Year 2001 to ascertain the most optimal plan. The water démana and
supply balance was further computed Eor the respective water supply
alternative, The water demand and supply balance under the proposed
water supply plan is given in Tables 6 to 9 and is summarized below,

(wnit:  10° m/yr)

Water Water Water Supply . .
Year Demand Withdrawal  Deficit by bams  Lorance
1986 267.0 264.9 214.0 227.5 -13.5
1991 354.0 351.9 306.2 .369.7 ~63.5
1996 422.6 ' 420.5 371.5 . 411.,0 -39.5
200} , 458.5 456.4 404.0 411.0 -7.0

The water balances for the intermediaté years are calculated

referring to the developrent sequence of the proposed water supply plan,
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2.6.5 Propesed Long-Term Water_Supply Plan

All the water'supply alternatives were examined in detail Erom the
viewpoint of investment requirement, techﬁical soundness and social
problems., As the results, the water supply plan shown in Figs. 5 to 8
is determined.tb-be most promissing plan. The fundamentals of the
proposed water subply plan for Target Year 2061 are és follows;

(1} Development of water resources facllities
Khlong Luang, New Ban Bung, Khlong Thap Ma and Khlong Yai dams
(2) Development of water conveyance systems

Khlong fuang, Ban Bung, Nong Kho, ﬁong Pla Lal, 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 10% m3/yr
Rayong river basin to Chon Buri-Pahtaya area: 31,3 x 106 pd/yr
Rayong river basin to Sattahip-Map Ta Phut area: 54.8 x 105 m3/yz.

Water démané and supply balance untfl the target year 2001 is
shown fn Pig. 9.

Idvestment requirement for the proposed water supply plan is
roughly estimated to be ¥ 8,827 x 106, consisfing of B 3,602 x 108
for water resources developnent, B 4,205 x 106 for water conveyance
system and B 1,020 x 10° ror irrigation development.
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3. KHLONG YAI RIVER BASIN
3.1 RNatural Conditions
3.1.1 Location and Topography

The Khlong Yai Dam Scheme is one of a series of water resources

development projects in the Rayong river basin.

The Rayong river is situated in the eastern part 6£ the Study'Area
and has a drainage area of approximately 1,730 km?, The proposed Khlong
Yai damsite is located in the Khlong Yal river, a tributary of the Rayong

river,

The Rhlong Yal river takes its origin in Mt. Khao Liang Khwai (El.
179 m) and flows down almost southward. It joins with the main stream of
the Rayong river at about 10 km downstream from the proposed damsite., A
drainage area of the Xhlong Yai river is 218 km? at thé proposed damsite,

The Rayong river embraces a vast alluvial plain in the dowastream
from the confluence of the Khlong Yai and Rayong rivers., According to
the land usé, soils and land capability assessments, there is approxi-
mately 14,900 ha of lands suitable for cultivation of paddy in the
Rayong tiver basin. Out of this 4,800 ha has been irrigated under Ban
Khai Ircrigation Ponebt by streamflow regulated by Dok Krail reservoir
and another 2,400 ha lies in the Khlong Thap Ma river basin, a tributary
of the Rayong river. The remaining 7,700 ha of lands is named Ban Khai
Bxtension Area and extends over outside of the Ban Khal Irsigation
Project area on the left bank of the Rayong river. The area is, at
present, used for cultivation of paddy and upland crops such as cassava

and sugarcane without irrigation.
The alluvial plains have a slope of more or less one per cent and

are prone to inundation to a large extent., The ground height is for
the most parts lower than El. 100.0 m.
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3.1.2 Climate

Petails of climate over the Study Area are reported in Sectoral
Report VII, Meteorology and Hydrology.

The olimate over the Rayoﬁg river basin is tropical and monsoonal.
There are two distinct seasons in a year. Dy season with the north-
east monsoon lasts fiom November to April, while the wet season with
the southwest monscon extends from May to October. _The cllmakoiogical
data at Chon Buri, Sattahip and Ban Nong Mapring sﬁatiohs are presented
in Table 12. | |

Air temperature varies only slightly from the annual éverage of
29°¢., The average annual basin rainfall is approkimately 1,300 mm,
of which more than 80 % occcurs during the wet season. The relative

humidity is almost constant throughout the year, 93 $ on the average,
3.1.3 Hydrology

The stream flow of the Khlong Yai river has been recorded at Ban
Pak Phraek stream gauge, which is located at approximately 2 km down-
stream from the proposed Khlong Yal damsite. fThe drainage area of the
Khlong Yai river is i61 km? at the stream gauge. The catchment area
of the proposed damsite is 218 kmz, including the Khlong Nong Ai Run
river and Khlong Ma Mui river basins,

The run-offs at the proposed damsite were estimated at l0-day
intefvals for a l4-year period from April, 1968 to March, 1982, Table
13 shows the monthly mean run—offs.at the damsite. The average annual
vrun-off is 2.76 m3/s, ranging from 0.85 m3/s in 1979 to 3.52 m3/s
in 1969,

The flood analysis was made by means of unit hydrograph method,

The synthesized probable floods at the damsite are as follows:
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Return = Peak

Pericd (year) _Discharge (mA/s)
10 718
50 932
100 1,040
500 1,230
Probable Max. 1,950

The sediment yield from the basin area is evaluated to be

300 m3/km?/year .

The run-off and £160d analyses and sediment transpozt are
discussed in detall tn Sectoral Report VII, Meteorélégy and Hydrology.

3.1.4 Groundwater.

The reconnaissance survey on groundwater résources was carried out
as explained in Sectoral Report IX, Groundwater Resources. '

local phreatic¢ aquifers are found in'flbod plains; which consists
of silty s;ﬁd; sandy ¢lay and rare gtavélly sand 1a§ers.. The aquiférs
are recharged by rivers and paddy fields. Remafkabié des¢ent of
groundwater level in the aquifers takes place during the:d:y Se3Eson .,
The aquifers are encountered with salt water intrusion. The salt water

is detected in Ban Khai, about 13 km upstream from the estuary.

Reglional confined ét unconfined aquifers ace ascertained to be
existent to q.yery:émali extent, due to high c¢lay content and resultant
low pérmeability and also low storage capacity in the terrace deposits,
The grOundwater in the terrace deposits appears to be recharged by
vertical infiltration ‘of ‘rainfalls,
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: According to.the inventory and sampling surveys, approximately 80 %
~ of rural population are dependent on shallow dug-wells for their domestic
water, .Tﬁe annual'qrdundwéter abstraction through the shallow dug-wells
are roughly eStimated.at 4.1 % 106 3, all of which fs presumed to be
dbmestic'use. 'There are 5 tube-wélls.in the Rayong river basin at
present. They prdducé 0.2 % 106 n3 of groundwater annually, of which

40 % are exclusive use for manufacturing.

_'The groundwater dévelopment potential is concluded to be quite low
owing to the salt water intrusibn deep into the alluvial plains and poor
hydraulic characteristics of the terrace deposits,

3.1.5 Geoclogy

The Rayong river basin; including the Khlong Yal riveflbasin, is

: éituated In the geolOgié'pfovinCe of the pre-Cambrian metamorphic rocks.

- Gnelss and gneissose granites are cropped out around the eastern divige

of the basin, whereas the Triassio intrusive granltes are widely developed
on the western side of the basin. Small patches of crystalline schists
and éhyllites_are looated'in the'Khléng,Thap Ma valley.

The terrace and collunial deposits of Quatérnary period are wide-
spread in the basin, covering the metarorphic bedrocks. The river
alluvial deposita and flood deposits cover the central parts of the
basin,; along the viver valley,

The kayong'river basin 1s geneérally characterized by topography of
penepiain in' the ldte atage of erosion. The tecrraln is flattened by
“erosion ihud'IOW-unﬂulaElng hills and wide open valleys. ‘Some isolated
hills with rather steép slopés remain only at places. The bedrocks crop
out almost solely on those isolated hills.

The Sectoral Report VIII, Geology displays in more detafl the
geological condition of the Rayong river basin and proposed damsites,
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3.1.6 5Soils

Soils and land capability explained herein are for the whole
irrigable areas in the Rayong river basin, consisting of Ban Khai
existing arvea (4,800 ha) and Ban Khai Extension Area {7,700 ha). Figs,
10 and 1! shows the detailed soll map and land capabillty map,

respectively,

Major - soil g;odps in the area are the soils 6f_é11uvium and soils
of transported_matérials and residuum from granite and geneiss. They
are classified into a number of soll series by 1DD. Table 14 and 15
present the distribution of soils by soil series for Ban Khai Extension
Area and Ban Khai existing area. The predominant soil series are
alluvial soils‘poofly drained'compleges (AC-pd) series, Khok Khian (KO)
séries_and Hual Pong (Hp) series. The generalized brief déscfiptions

on these soil series are as follows.

Alluvial Soils; Poorly Brained Com?lexes incfpd): These soils are

typical alluvial soils on the low-lying alluvial plain developed
along the Rayong river and its t:ibutaries. These goils are
character ized by-gleic horizon and/or layer. The soils have, in
general, fine texture and strong acid reaction. Inherent
fertility of the scoil is low. The drainage conditions are
externally and internally poor, due to flat or depressed
topography and fine soil texture.

Khok Khian Secfes (KO): Xhok Khian series are typical wet soils

characgérized by a thick, mottled,:gray aiqlllib horizon. They
are formed from relatively old alluvium and occur on the lowér
parts of terraces, Relief is flat to almost flat, The soils have
medium texture, deep effective soil depth and mottled profile, PH
'values show very strong acid to strong acid, The lands are poorly
-drained with slow surfaCe runoff, Khok Khlan ser ies are
correlated wlth Low Humic Gley Soils (National} or Typlc
Paleaquults (Uspa) .
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Huai POngqgggigg‘lag) Huai Pong series ace light coloured and
freely drained soils which have developed on the low and middie
terraces. They are derived from sandy alluvium whlch consiats of
the materials transported granite and gneiss. The lands covered
with these soils mainly extend aver the hilly zofie. The soils are
deap, slightly acid to moderately alkaline. bDrainage conditton is

well to somewhat poor,

The land capability is referced to Land Capability Map published
by LDD and is presented in Pig. 11, According to the LDD's'élassifica—
tion, land capability is broadly divided into two categor ies, namely,
"Suitable" and "Not Suitable™, A.category‘of "Suitable® is further
sub-divided into (1} Class I, highly suitable, (2) Class 11, noderately
suitable, (3} Class III, suitable and (4) Class IV, marginally suitable.
Nearly 65 % of the irrigable area is ascertained to he Class 1I.

3.2 Administrative Pivision and Population
The Rayong river basin falls in with Rayong Province and includes
23 townships. Major town/city is Rayong and Ban Khai. The administra-

tive divisions are shown in Fié. 12,

The total population in the basin is 169,400 in 1981, of which
75 % resides in rural area. The urban population is 42,500 in 1981;
37,300 in Rayong and 5,200 in Ban Khai.

3.3 Infrastructure
3.3.1 Transportation

The Rayong river basin is served with wall-developed road network
systems. One primary, one inter-regional and one secondary national

highways and one provincial highway run through the basin as shown in
rig. 12,
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National highwéy Route 3 runs along the southern coastal area,
conneéting Rayong with Sattahip and then goes up to the north passiag
though ?ét;aya,-béem Chabang, Chon Buri and finally connects to
Bangkok. Rayong is connected with Ban Lamuhg lecated on the eastern
coastal area by Route 36 which runs in the inland area northwestern- _
wards to Ban Lamﬁng with the diétance of around 55 km. Rayong is élso
connected with Chon ﬁuri by Route 3138 which goes through inland hilly
area toward the north passing through Ban Khai with the approximate
distance of 100 km,

Rural roads aré spread over the basin area. Most of the rural

roads are laterite-paved with two lanes.
3.3.2 pipe-water Supply

There are ¢neé large scale water works and two rural water works in

the Rayong river basin as listed below.

Types L Water Works zz;:zity (m3/day)
Large Scale Rayong 7,680
Rural Ban Khai 480
Pulak Daeng 240
Total 8,400

The pipe-water served population is roughly estimated at 24.3 % 103 in
1981, comprising.20.3 x 103 under large scale water wdrﬁ and 4.0 x 103
undet rural water works. The pipe-water service factor is, therefore,
approx[maieiy 15 3. Majority of people rely on groundwater and water
vender for théir domestic use. Per caplta water supply is estimated to
be about 220 1/day for 1981,

The Sectoral'ReportIXII, HWater Conveyance Engineering compiles

more information and data on the pipe-water supply.
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3.3.3 Irrigation and Drainage

The RID has been endeavbring to develop the icrigation systenms énd
to improve the‘drainage condition. The €ollowing irrigation and
dralnage projects have been realized by RID in the Rayong river basin,
up to date.

{1} Ban Xhai Irrigation Project

Ban Khai Irrigation Project was completed in 1960 by RID.
Its érea extends along the both banks of the Rayong river with
a net irrigation area of 4,800 ha. It is provided with two main
canals with the length of 11.4 km and 12.7 km; respect{?ely.

The project area is served by regulated flow by Dok Krai
reservoir. The regulated flow is diverted to the irrigation area
at the Ban Khai diversiOn weir tocated 4 km upstream of the
not theen tip of the itrigation area. Lateral canals and the farm
ditches have been constructed in S0% of the whole area and the
remaing areas are irrigated by plot-to-plot system, There is no
systematic drainage system and excess irrlgatidn water is
evacuated mainly by primitive drain ditches constructed by farmers

themselves.
(2} Bung Ton Chan Irrigation Project

The project area of 1,280 ha is located immediately east of
the left main canal of the Ban Khal Irrigation Project. It is
served by a run-of-river irrigation system., The unregulated flow
of the Khlong Hin pat fiver is dlverted at the diversion weir. A

- very primitive feeder canal have been provided and distribution is

made by plot-to-plot system,
{3) Khlong Yai ba Irfigation Project

The project area is iocated about 10 km east of Rayong and
its area of 320 ha is being irrigated by unregulated flow of the

- 27 -



kKhlong Yai Dai riGer by the run-of-river system. 7Two main canals

with the length of 100 m were constructed by RID in 1977.
(4) Rayong.Plood Protection Project

The project was implementéd aiming at piotécting the paddy
fields and Rayong from inundation. fThree diversion channels with

requlating gates were constructed in 1%62 by RID.

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

detailed descr iptions.
3.3.4 Dams

' The surface wéter'resources of the Rayong river basin have been
developed partiy. There is one'ekisting dam, DOk Kcal Dam and one dam
under planning, Nong Pla Lai Dam in the basin. salient features of the

two dams are presented in Table 10.

Dok Krai dam was cOnstrUCteﬂ,inVIQTS. Its fesgrvoir haé a gross
storage capaélty of 70,8 x 106 m3. The Dok Kral dam has altered
its function.frbm the irrigation water sﬁpply to the domestle ahd
industrial water supply. Nong Plan Lai dam is primarily plannéd to
inherit Dok Krai dam's function and to further expand the irrigation
area in the Rayong river basin. 1Its reservoir has a Q:oss storage

capacity of 200.7 x.lQG m3,
3.4 Reéional Agricélture
3.4.i Farm ?§§§1§tioﬁ and ﬁquééhoids.
Aé:icﬁlture_over the Ban khai existing areé andlBaﬁ Khai
Extension AteaAis'déscfibéd herein. The Sectoral Report II,

Agricultural Developmént Plénrdescribes the regional adriculture

over the Rayong river basin, .



The population énd_number of househbld ia the Ban Khai existing
freigation area ace 9,300 and 1,840, cespectively and in the Ban Khal
Extension Area 15,610 and 2,730 raespectively, according to the

'staﬁiétlc data obtained from hgfichltural Extension Office in Rayong.
The average family size is 5.1 for the existing area and 5.7 for_the

axtention area.

The number of the farm household and farm population are éstimated
at 1,625 and 8,300 respectively for the existing area and 2,280 and
13,000 respectively for the extention atea. Potential farm labor force

is presumed to be 2 to 3 persons per farm household.
3.4.2 Land Holding and Land Tenure

The'ave:age lahd"holding size is 3.3 ha for thg existing area and
3.9 ha £Sr the extension area., - According to the Agricultural Census
Report, 1978, the households'ﬁltﬁ land holdinglsiié'éf'less than 1.0 ha
account for 6.8 % of the total in Rayong Province. The households of
1.0 to 4.0 ha are most predominant, occupying about 48 % 6f the total.

_Apprbxlmatély 90 % of farms are owner operator and 4 % tenant in
Rayong Province, according to' the above-said report. 'ApprOximateiy
91 % of the entire farm holding lands 1s occupied by the owner
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.

In the Ban Rhai existing irrigation area rice is cultivated in
4,640 ha in the wet season, of which 60 $ I3 irrigated. Rice is also
grown in. the dry season in about 1,900 ha under frrigation, Some
upland crops and vegetableés are cultivafed during the dry season.
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In the Ban Khat Extenticn Area, rice is cultivated in 6,300 ha or
70 % of the total area under rainfed condition in the wet season.
Upland crops and perennial crops are cultivated in 1,900 ha and'580 ha
respectively. |

3.4.4 Cropping Pattern

The cropping patterns prevailing over the extension and existing

areas are shown in Pigs. 15 and 16,

Wet season rice is planted from the beginning of_JulY to the _
middle of August and is harvested froﬁ the beginning of November to the
middle of December. Dry season rice is trans?lanted during éxpericd
from the middle of January to the end of February and is harvestéd
during the period from the middle of April to the end of May.

Cassava is cultivated in rather limited area., Its planting extends
over two and half months from the middle of October to Ehe end of
December and hatvestihﬁ lasts also two and half months from the middle
of Auguat to the end of October.

Sugarcane is cultivated in the limited]areé. "Planting of piént
cane takes place during the period from the middle of becember Eo:the .
end of April. It is harvested during the period from the middle of
Decempber to the end of April,

The cropping intensity is 100 % in the extension area and 160 % in

the exlsting area uader the present condition.
3.4.5 Farming Practices

Var ious varieﬁiesidf\tiée ate cultivated in the existing and
extension areas, all of waich are of non-glutinous type. The high
yielding varieties iiavg been spread over about 40 3 of paddy
cultivation area. Apblic&ﬁioﬁs of fertilizers and agro-chemicals are
rately practlced. Transplanting and harvesting are done still .
manually., Harvested paddy s threshed mainly by means of trampling of
buffaloes, | o
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Cassava is:mainly grown for indusfrial use. Native varlety
designated as "Rayong"™ is predominantly cultivated. Fektilizing is
generally not carried cut. Planting is made manvally at a rate of one
set per.square meter; 10,000 sets per ha.

Sugarcane is planted with a sbaclng'of 1.3 m by 0.3 m, 25,600 sets
per ha. FEarthing is doné two times during the growing period; the
fiest is oné to one‘and.a half month after planting and the second two
to three months aEtef planting. Ratooning is. commonly practiced.
Fertilizers are applied at a rate of 310 kg per ha of compound
fertilizer (N:15 - P:15 - K:15),

3.4.6 Crop Yield and Production

Yieids of crops remain 1ow because of lack of enough on-farm
facxlities and irrigation water supply and less supply Of agricultural
requislte. Productipns of crops vary from year to year, characterized
by climatologiéal conditions. Crop yield and production for 1981 are

given below.

- Yield (;/hqj Production {t}
Description Existing Extention Existing Extention
il Area Area Area Area
Rice, wet season
- Local varieties 1.8 1.8 5,000 6,790
- High ylelding varieties 3.2 2.3 5,950 5,840
Rice, dry season '
~ High yielding varieties 3.6 - 6,840 -
Groundnuts - 1.3 - 30
Cassava 16.0 16.0 15,840 24,960
Sugarcane - 43.0 - 13,760
Pruits - . 5.0 - 2,500

" Vegetable 5.0 - 1,600 -

- e e e e e e e T - it e 8 e 2 e e et e
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3.5 Flood Probiens
3.5.1 Flood Characteristics

The Rayong 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 flow capacity, and low banks. The average fall

of the reach is 0.4 m per kilometer,

According to the stream gauging records of Ban Khal station, the
Rayong river basin has been ekperiencing numerous floods over the
yearé. The recent devastatingifloods were observed in 1974 and 1981,
respactively.

The floods génerally occur during the months of September and
October, although it rarely happens in the months of August and
November .,

3.5.2 Channel Capacity

Critical channel capacifiéS‘weré analyzed for all river reaches
pertinent to flood cqntrbl study. Critical or bankful flows were
computed by means of non-uniform flow formula based on the longitudinal
profile and cross-sectional survey data along the main stem of the
Rayong rivér. Figs. 17 and 18 show the critical channel capacities
along the khlong Yal and Rayong rivers respectively.

The ayerage.bankfuil flow is 23 m3/s for the khlong Yai river
and 160 m3/s for the middle reach of the Rayong river. The magnitude
of the floods exceed far beyond the critical channel capacity, causing
flood damage.

3,5.3 Flood Magnitudé and Frequency
In the Rayong river basih}_flood records are avallable for a short

period at three stream gauges, Thus flood run-off analysls was per-
“formed by means of flood run-off simylation model in order to reveal
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the magnitudé of flood and establish a relatidhéhip'awbng frequency,
magnitude of flood and flood damage. The simulation model consists of
three basic elements, i.e., (i) £lood run-off calculation by sub-basin,
{i1) channel routing calculatfion and (111} flood regulation by dam.

For the analels, the Rayon§ river basin 1nc1uding the Khlong Thép
Ma river basin is divided into 9 sub-basins as shown in Fig. 19.
Further main stem of the Rayong river is divided into 6 blocks and the
Khlong Thap Ma river is treated as one block. The simulation model is

then formed as preésented in Fig. 20,

_ The flood run-off of the respective sub-zone 1is synthesiéed by
means of unit hydrograph method. The basin tainfali of the sub-zone ls
obtained based on a relationship between the point réinéail and the
areal faihfail. A rate of direct Flood run-off is estimated to be 65%
based on the past flood run-of£ records.

The routing Eh:ough 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 caiculation and cﬁannel
routing calculétlon. Flood frequency cﬁrve thus obtalned 1s shown in
Fig. 21.

The flood run-off analysis s discussed in Sectoral Report VII,
Meteorology and Hydrology.

3.5.4  Flood Prone Area
Because of insufficient channel capaclty, the middle and lower
Rayong river basin has been sufferred from floodings. The floodings

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

economic gromth of the area.
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- "1In order to grasp the exteant of Eiooding and the character of
flood losses, the flood dam&ge;survey'qu éa;rie@.out during the. period
from August to October, 1982 in Coliabd;ation withiRiD. The'éntvey was
conducted through interview sutvey;'whiéh was conddcted at 27 spots in _
the basin. As the results, flood inunﬁatidn area has been reveaiéd'foq
the 1974- and 1981-floods as shown in Pigs. 22 and 23, . The inundation
area is ostimated to be 21,000 ha for the 1974-fiood and 17,000 ha for
the 1981-flood. The 1974- and 1981-floods have recurrence intervals of
18.0-year and 3.6-year, respectively, according to the Flood frequéncy

curve at Ban FKhai gauge.

The inundation areas are classified into four land use catégories

as shown.below, according to the topographic map and land use map,

Land Use . Inundated Area_(ha)_

1974-flood ' 1981—flood
Paddy field : 11,300 - _ 16,400
Uplands 4,000 1,800
village area 1,600 1,200
Other lands . 4,100 3,600 -
Total : 21,000 17,000

The number of houses subject to flood damage is estimated at
16,570 for the 1974-flood and 12,420 for the 1%31-Flood.

3.5.5 Flood bamages

The flood damages in the basin have been broadly grouped iato
four categories, namely, (i) rice, (ii) ﬁpland,crops. (iii) house
and household effects aqd (iﬁ):livesfock. Other tangible losses
such as impalrment of public facilities and utlities and buiseness
and financial losses are assumea'ﬁo'be 20 % of the above damages.,

Intangible losses are not taken Into account,
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The damage rate was determined for each damage category depending on
-the seasonal occurence and frequency of flooding and the characteristics
of flooding such as depth_and duration. The_damageable value is also
determined for each category. The damageable values of rice and uplang
crop are-based on their yields and prices prospected to 1990 and are
estimated to be B 14,090 per ha and g 14,510 per ha respectively, The
damageable values of house and household.effeéts and liveébOCK are
estimated to be B 39,600 per household and B 1,164 per household
respectively,

The flood damage was calculated based on the damageable value and
damage rate for each damage category and flood damage curve ls _prepared
for each river :each as shown in Fig. 24.  The flood damages of the 1974-

_and 1981-floods are estimated for the wholé Rayong river basin as shown

below.
(Unit: ¥ 106)
Damage Categor ies 1974-£flood ' 1981-flood -

Rice B : 418.6 34,2
Upland Crops 15,1 6.4
House and houschold effects . ' 21.2 15.0
Livestock 9.8 7.6
Other tangible 18.9 _ . 12.6
Total 113.6 75.8

The aﬁerage annual flood damage in the basin is estimated to be
¥ 147.1 x 10% based on the flood damage curves,

Thorough study on flood damage is compiled in the Sectoral Report
XiII, Flood Mitigation Enginéering.
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