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[rrigable  Area
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Potentiat Irrigable Area _Proposed” Scheme Area

: Soil Series Mo, Study Ared
Yopegraphy Materials Associated . (ha) (%} (ha) (%) _(ha) (%)
Former Tidal Flot Brackish Deposits 1. 12 13 t4 4,80 14 1,210 3] 230 2
Lower ‘Terrace Riverine Alluium  16.18. 26 14,550 48 9,270 79 6,490 B4
. 28. 30, 32 35 '

Higher Terrace Rlverine Alluvium 36. 37. 38.46 14,290 38 1,220 iQ 1,080 14

" Residual Hill and
Footslopa Granite Rocks 74 180 — - - - -
Total 30,200 00 1,700 100 7,800 00

Fig.3 Soil Map of the Khloncj Luang Scheme Area
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. Soil Saries No _ Study  Asea Han Knai Exlension Area  Ban Khet Existing Area  Thap Ma Area
Topograghy Materials Associated  Exient (ha] (7o) Tha) (% {ha} %) {ha) (%)
Boeoch and Sand Bars  Beoch ond Sond 1. 2.3.4 7.470 18 1.550 17 420 8 640 23
Bar Daposilts
Tidal Flat fvockish Deposits 6 300 - 300 3 - — - "
Altuial Plain Altuvium 8.9.12.14 12.480 30 4 280 as 4.810 g9 1720 61 a7
Piadmont or Low ©  Alluvium or 1920 21.27.34 770 2 10 - - - - - S : > 42
Residual  Hil Coltuvium "
s .
Hill (Slighty unduloting Transported Materiols 36.37 4 680 kl . OB0 12 30 — 30 |
wash surfacs ) ond Residuum from _ IK_____ : o~
' Granite and Gnaiss _— RO : fal T
Hitl (Undulating to —do~ W 40814243 16.590 30 1.180 . 20 140 3 419 15 D
ralling topography } 44, 45.48 49.50 . . . (3£
: 52.5%5.59.60 - . : o .
Tetal 42.290 100 9.000 100 5.400 100 2800 100 , - £ 7|
. _ a6 2 : Q\
) : 2{.,, 46 o
(@) Ban Khai Extenson Area _ L % 137
(2 Ban Khoi Existing Area : _ i :{s\%c‘@ _
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Fig. 4 Soil Map of the Rayong Area
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SCALE [
Sutability Study Potential Proposed
Class Areq Irrigable Area Scheme Area
I 1.830 830 210
a 5.580 2.970 2.120
n ©10.500 6. 300 4. 410
I/ W 610 - -
v 70 — —
v 11..610 |.600 .00
Total 30.200° 11.700 7.800
| (Unit: Ho)
_ (; ::) Potential Irrigable Ared

(D Proposed Scheme Area

Fig.5 Land Capability Map for Paddy of the

Khlong Luang Scheme Area
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Fig.6 Land Capability Map for Paddy of the Rayong Area
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N land Use Study Areg ’ &I‘S}ﬂiiﬂl Irriq&ble Area Proposed Scheme Areog
Class Subclass Map Symbol  {ho) {%) {ha) (%) (ha) (%)
Urban area Residential and u.i 300 I 40 - 80 I
cormercial
Agricultural fond - Pevennial crop A2 1.410 5 260 3 80 1
Fietd oop A3 3780 29 1020 9 870 P
Hoddy field A4 19.050 &3 0210 87 6620 85
Grasslond G 570 2 170 | 170 2
Forest Hill and mountain F2 60 — - - - -
forest
Mangrave F3 30 - - - - -
- Total 30.200 100 11700 100 7.800 100
{:r:} Potential [rrigatfe Area
O Proposed Scheme Ared
Fi ' KINGDOM  OF THAILAND
Fig. 7 Present Land Use Map of the Khlong

Luang Scheme Areq
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Ban Khal Extension Area

Land Use

Ban Khai Existing Area

Thap Ma Area

_ (ha) (%) {ha) (%) (ha) (%)

Rice Field 6.310 701 4.800 88.9 1.960  70.0
Upland Crop Field = 1. 900 211 100 .9 650 232
Perenﬁiul Crop 580 6.4 — — 100 3.6
Others 210 2.4 500 9.2 90 32
Total ) 9.000 1000 5.400 100.0 2.800 100.0

(1) Ban Khai Extension Areq

(2 Ban Khai Existing Area

(@ Khiong Thap Ma Area

LEGEND

Land Use
Class Subclass Map_Symbol
Urban darea Residential and 11
commercial
institutional Uu.3
Agricultural fond  Perennial crop A2
Field crop A3
Raddy field A4
Grassiand Unimproved grasslond 6.2
Forest Lowlond and F.l
piedmont forest
Hill and mountain  F. 2
Morsh dnd Swarmnp M

Fig.8 Present LLand Use Map of the Rayong Area
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{1}

(2)

Fig.9 (1/2)

Khtong Luang Irrigaiion Scheme

—
May | Junit Jul | Aug.| Sep. | Oct. | Nov.| Dec.| Jan.| Feb.! Mar | Apr.
. -
A
\\\ )
N Rice, Lacal Var, '
\
5 3,970 ha
AY
Y
by
\\
i
N
\\ .
N Rice, Impr. Var
hY
S 2,650 ha
AN : /\/Gro'un_dnu'rs 80ha
“-\-:__‘ : Cas;(;\_fa- 406 ha
: Sugarcang 390 ha :
________________________ S VP
%fhers 310 ha :
Ban Khai Extension Irrigation Scheme
r__'“;
Moy | Jun Jul. | Aug| Sep.| Oct.| Nov.| Dec.| Jan.| Feb.| Mar| Apr.

Rice, Local Vor.

3,770 ha

Groundnuts 20 ha

| P

Stiigurcane 320ha

Cassava 1,560 ha

Present
Irrigation Scheme Area
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(3) Ban Khai

Existihg Ir'rigation Scheme

May | Jun.| Jul.| Aug.| Sep.| Oct. | Nov.| Dec.j Jan.| Feb.| Mar.| Apr.
T L O Irrigated
N Irrigated
. Rice,Lmpr, Var.
. Rice, Loecal Var.  [,330 ha : .
. s \ 1,900 ha
o7 - '\
~. Irrigoted S ’
S Rica, Impnr. Var. W ted
——- N 890 ha eqatables 320hd
. Rainfed
\ Rice, Locul Var.
\ 1,450 ha
_____ Rainfed Rc{njnfad
Cassavad X pland Cro
260 ha \ Rics, 1mpr Vqr ﬁu
W___________Q'J_'?_"S_Hﬁo_o_*lﬂ________,“mﬁ_“.ﬁﬁu_J

{4) Khlong Thap Ma Irrigation Scheme

Fig. 9 (#/2) Present

May | Jun.| Jul.| Aug.| Sep.| Oct.| Nov.| Dec| Jan| Feb.| Mar | Apr
\_\'——
. Rice, Local Var.
\ I, 180 ha
\\
N\
T\f,, Ay = P
N -
. Rice, Impr. Var. Groundnuts 20ha
. 780 ha
“\
Cassava 5I10ha Sugarcane
120 ha
Gthers SOha Fruit Trees 60ha

Cropping Pattern in the Proposed

Irrigation Scheme Area

KINGDOM  OF THAILAND
THE EAST COAST WATER RESOURCES
DEVELOPMENT PROJECT PHASE I

TI-112 JAPAN INTERNATIONAL COOPERATION AGENCY




(1)  Khlong Luang Irrigation Scheme
{ Cropping Intensity 1. 4)

May. | Jun. | Jul. 1 Aug. | Sep. | Qct | Nov. | Dec. | Jan. | Feb. | Mar. | Apr.

SN
\\\ Rice, Local Var.
. 1,320 ha
\Groundnuig; \
Rice, Impr_VGr. 1,610 ha

\

R
5,280 ha 7\ _ =

Mungbsans 420 hﬂﬁ
Vegetables 610 ha

{2) Ban Khai Extension  lrrigation Scheme

{ Cropping Intensity 1.4)

Huy. Jun. | Jul. | Aug.| Sep. | Oct. | Nov. | Dec.'| Jan. | Feb. | Mar. Apr.:

S _ : )
\\we, Locat Var.
i 1.420 ha :

- _ .
v\ It Rice, Impr. Var. ™
e \ ‘:\ 850 hu\
\ ) ; -
' \ Rice, Impr Var. Groundnuts
\\ _ . 1,730 ha
\ 5,700 ha T~ _Vegetables T
\-\ : ' 500 ha
\
\

Fruit_ Trees 580 ha

i i . : . KINGDOM ~ BF THAILAND
Fig.10(1/2) Cropping Pattern for the F’r_oposed THE EAST COAST WATER RESOURGES
Irrigation Scheme DEVELOPMENT PROJECT PHASE 1l

JAPAN INTERNATIONAL COOPERATION AGENCY
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(3) Ban khoi Existing lrrigation Scheme _
( Cropping Intensity = 1.4 _)

Mdy. Jun. | Jul. | Aug.[ Sep.| Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr.

< .
e Rice , Locai Var.
S 960 ha

. voT ~JT Fice, Impr.var
N \ ~ e Imec Yo
\\ Rice, limpr. Var, Groundnuts _
\ 3.840 ha. . - 1.090ha
\ Vegetables 300 ha
\
b\

(4) Khlong Thap Ma lrrigation Scheme
{ Cropping Intensity : 1.7 )

May. | Jun. | Jul. | Aug. | Sep. ] Oct. | Nov. | Dec. | Jan. ] Feb. | Mor_ i Apr.

4
~
\\ Rice, [mpr. Var.
Rice, Impr. Var. AN 830 ha
X 1.880 ha N

Groundnuts
700 ha

Vegetables 150 ha

7 .
Fruit Trees 80Qha

H 2 i ' KINGDOM OF THAILAND
Fig. 10 (</2) Cro.ppmlg Pattern for the Proposed THE EAST epAST WATE F RESOURCES
Irrigation ~Scheme DEVELOPMENT PROJECT PHASE i
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1. INTRODUCTION

The irrigation development in Thailand has been promoted in order to
raise productivity of'agricuiture, especially putting a priority on
development of irrigation system and expansion of on-farm facilities as

well as water resources development,

This sectoral report présénts the irrigation devélopment plan con-
cerned with the Khlong Luang, Ban Khai Extension and Khlong Thap' Ma
Irriéation Schemes as well as the Ban Khai Existing irrigation Schene.
The irrigation déVelopment plan has been formulated in harmony with
development plan of the Khlong Luang, Khlong Yai and Khlong Thap Ma Dam

Schemes,

Field survey and investigation were carried out in collaboration
with RID durlng a four-month period from August to December, 1982, During
the period for field survey, major effort was laid on collection of data
and information, and the projection of-irrigation water demand for the
target year 200l. The projection of irrigation water demand comprises
selection of potential irrigable area and estimation of uwnit irrigation

diversion reguirement.
The spe01flc 1rrlgat10n developnent plans for the respectlve scheme

areas were established based on the results of fleld works and the avallable

data during the period from Januvary.to May, 1983.
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2. PRESENT IRRIGATION AND DRATINAGE
CONDITIONS IN THE STUDY AREA

2.1 General

The Study Area coverg Chon Buril and Rayong Prov1nces, ehcludlng
the Prasae river basin, angd roughly corresponds to the area defined as
Easlern Seaboard. The Study Area of about 5,500 km_ is divided into
coastal basin and inland basin whlch is further sub- lelded 1nto the
Rayong river basin of about 1, 800 km?2 and the Khlong Ludng river basin
of about 2,100 km2, The coastal basin is dissected by a large number of

small rivers and has an area of about 1,600 km2,

The first activity for the irrigation development taken by RID in
the Rayong river basin is the cohstruction of irrigation facilities in
the Ban Khai Irrigation Project area with a net irrigation area of
4,800 ha (30}000 rai). The construction was started in 1951 and completed
in 1960 after spending 9 years. Following the completion of this project,
RID took up the Rayong Fload Protection Project, Khlong Thap Ma Drainage
Project, Khlong Yal Da irrigation Project and Bun Ton Chan Irrigation

Project.

In the Xhlong Imang river basin, the Ban Bung Dam Project was imple-
mented in 1958 for manufacturing use and to maintain irrigation water
to the paddy fields of 320 ha (2,000 rai) located downstream of the dam.
The Phan Thong and Phan Thong Extension Drainage and Conservation Projects
were constructed by RID near the confluence of the Bang Pakong and Khlong
ITmang rivers, In addition to these projects, the Tha Lat Irrigation
Preject and the Bang Pakong Left Bank Flood Protection and Conservation
Project were mainly established in Chacheongsao Province covering the low-
iying area located in the left bank of the Bang Pakong river, a part of

which is included in the Khlong Luang river basin.

Méjor activity of RID in the coatal basin is the construction of the
Ban‘tha Dam and Irrigation Project with a net irrigation area of 1,360 ha
(8,500 rai). TIts construction was initiated in 1971 and completed in 1974,
Following the Ban Phra Project, the Khlong Samhak‘Mammuang Irrigatiqn

Project was implemented in 1979, Besides, the construction of the
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Map Prachan Dam Project was completed in 1980, and the construction of

the

Nong Kho ﬁam'Project was started in 1980 and is scheduled to be com=

pleted in 1983.

Other than the above~mentiocned irrigation facilities, there are

village~level irrigation facilities constructed by villagers themselves,

depending their water sources on small streams. Most of these systems

serve only supplementary 1rrlgatlon in the rainy season.

The

are

The locations of the above mentloned RID projects are ghown in rig. 1.
main features and operatlon and maintenance conditions in the projects

brlefed below.

Rayong River Basin
{1} Ban Khai Irrigation Project

The Ban Kﬁai irrigation Project with a net irrigation area of
4,800 ha was implemented by RID. 1Its construction was started in
19251 and completed in 1960 after spending 9 years. The Dok Xrai dam
was constructed in 1975 by RID for releasing water to the Ban Khai
area. The dam is located on the Dok Krai river, which is the tribu-
tary of the Rayong river, about 10 Rm upstream from the confluence
with two rivers. 'The active storage capacity of this reservoir is
57 MCM, A diversion weir with a crest length of 47 m is located on
the Rayong river about 4 km upstream from Ban Khai. The project
area broadly extends north to south along the Rayong river down-
stream from the diversion weir. The right main canel of 11.4 km long
and the left main canal of 12.7 km long are constructed with unlined
conditions in all reaches. Their design capacities are 2.95 m3/sec
for the right main canal and 2.0 m3/sec for the left main canal res—
pectively. 'The lateral canals and the farm ditches have been con-
structed in 50 % of the whole area. The remaining areas are irrigated

by plot-to-plot systen.
There is no drainage facility in the project area except some

drainage ditches and erossdrains. Many tributaries of the Rayong

river crisscross in this area and cross the main canals. Many cross-
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drains are constructed at each crossing point. The drainage ditches,
which have been constructed by farmers themselves, are connected to
the tributaries. Some drainage ditches are used as the dual-purpose

ditches for irrigation and drainage.

Operation and maintenance works are carried out by RID for the
diversion weir, main canals and lateral canals. According to the
operation records at the diversion weir éite, about 68 MCM of irriga-
tion water was diverted to the area in 1979. The annual budget
allotted for these works is about B 127 x 10°. Water users' group
has not been established yet in the area. No water charge is collected

from the farmers.

(2)  Bung Ton Chan Irrigation.Project

The project area of 1,280 ha (8,000 rai) is located immediately
east of the left main canal of the Ban Khai Irrigation Project.
The diversion weir with a length of 8 m and a height of 1.5 m is
constructed on the tributary of the Rayong river about 8 km upstream
from the confluence in 1980 by RID. The main cahal, however, is not
constructed. Farm ditches have been constructed in some parts of the
project area by farmers as the dual-purpose ditches for irrigation
and drainage. The area is irrigated by plot-to-plot system. There
is no drainage facility in the proiect area., Farm ditches are used

as the drainage ditches.

(3) Khlong Yaj Da Irrigation Project

The project area of 320 ha (2,000 rai) is located about 10 km
east from the Rayong-municipality. The diversion weir with a length
of 15 m and a height of 1.8 m connects to two main caﬁals with a
length of 100 m each and were constructed in 1977 by RID. Farm ditches
have'been_constructed=to some extent in the area by farmers themselves.
Any drainage facility has not been constructed. Some farm ditches

are used for drainage and connected to the tributaries.
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{4) Rayong Flood Protection Project

This project‘area is located immédiately south of the Ban Khai
Irrigation Pfoject and north of the Rayong municipality, and slenderly
extendé east Lo west along Route 3. Since this area extends over the
low-lying alluvial flood plaihs of the Rayong river, the area suffers
from inundation especially in the rainy season. Three short-cut _
channels equipped with drainage gates was constructed in 1962 by RID.
Most of this area is covered by paddy fields. These paddy fields
are cultivated under thé réinfed condition and by using the stagnant
water in the rainy reason. The new national highway, Route 36, was
constructed across this area, The construction of this new highway
is céusing the inundation problems even after the completion of the

flood protection facilities.

{5) Khlong Thap Ma Drainage Project

The project was implemented in 1978 by RID to selve the drainage
problems in the area. The area is located about 10 km west of the
Rayong municipality and bounded by Route 3 in north. The drainage

sluice, which is the main facility of this project, is only constructed.

Khleng Luang River Basin
(1) Ban Bung Dam Project

The Ban Bung dam is located on the Ban Bung river, which is the
tributary of the Khlong Luang river, about 3C km upstream from the
confluence of the both rivers., The dam with a length of 2,100 m and
a height of 9.5 m was constructed for the purpose of manufacturing
use in 1958 by RID., The dam has an active storage capacity of 0.4 MCM.
The area located downstream.of the dam is covered by the paddy fields
of 320 ha (2,000“rai):_ The operation and maintenance schedule for
the dam is planned to release water to the paddy fields as a mainte-
nance flow, though the paddy fields are not provided with the irriga-~

tion facilities,

ILI-5



(2) Phan Thong and Phan'Thonq Fxtension Drainage and
Conservation Projects

The Phan Thong Project area of 2,960 ha (18,500 rai) and the
Phan Thong Extension Projéct area of 3,520 ha (22,000 rai) are located
downstream reach of the Khlong Tuang river basin, near the confluence
of the Bang Pakong river and the khlong Imang river. The areas extend
over the low-lying alluvial plains of the Khlong Luang river. Before
completion of the project works, these areas suffered from inundation
in the rainy season and intrusion of sea water in.the dry season.
The implementation of the Phan Thong Project was started in 1956 and
completed in 1965 by ﬁID after SPénding 9 years. The major facilities
of the project comprise the double rectangular tidal gates and 12-km
long drainage channel. The drainage channel is used for the regulating
pond against the flooding water. The implementation of the Phan Thong
Extension Project was started in 1970 and completed in 1978 by RID.
The gdouble rectangular tidal gates and the single rectangular tidal

gates were constructed as the main project facilities.

Most of these project areas ars covered by paddy fields which are
not irrigated through the irrigation facilities. In the rainy season,
water requlated in the drainage channel is supplied to the fields
through the drainage gates installed by farmers themselves, 2 certain

area is irrigated on the same way by farmers even in the dry season,

{3) Tha Lat Irrigation Project

The Tha Lat Irrigation Pfoject with a net irrigation area of
about 20,800 L:a (130,000 rai) was constructed by RID during a 23-year
period from 1950 to_l973. The project area extends over the left
bank of the Bang Pakong river. _Thé irrigation area of about 13,000 ha
extends over Chachoengsao Province and the area of 7,800 ha extends
over Chon Buri Province. The diﬁersion weir with a length of 23.0 m
and é height of 5.0 m is.located on the tributary of the Bang Pakong
rivér, which is the Tha Lat river, about 34 km upstream from the
cqnfluence of -the both riﬁers‘ The main canal having the design

capacity of 16.0 m?/sec at head runs for 45 km and reaches to

iTI-6



2.4

the Khlong Luang river basin area. The latexal canals and farm
ditches have been constructed in about 80 % of the area, and the

remaining areas are irrigated by plot-to-plot System.

There is no drainage facility in the project area except some
crossdrains, whlch are constructed at the CrOSSlng points of canals
and natural streams. The small tributaries crisscrossing in the

area are used as the drainage canals.

Opération-and maintenance works are carried out by RID for the

diversion weir, the main canal and lateral cahals. According to the

operation records at the diversion weir, about 255 MCM of river flow
were diverted to the area in 1980. Water users' groups have not been
established yet in the project area, Water charge is not collected

from the farmers.

(4) Bang Pakong Left Bank Flood Protection and Conservation Project

The project area lies on the left bank of the Bang Pakong river
and extends over the low-lying alluvial plains of the Bang Pakong
river., This area is mainly located in Chachoengsao Province and about
2,700 ha (16,875 rai) out of 10,400 ha (65,000 rai) is located in
Chon Buri Province, The area was inundated in the rainy season and
intruded by saline water in the dry season before implemehtation of
the project works. The construction was started in 1950 and completed
in 1963 by RID. The drainage gates were installed at the outlets of
each tributary flowing into the Bang Pakong river. They are used as
flood conﬁrol gates in the rainy season and as tidal gates in the dxy
season. ‘The area is covered by paddy fields. The paddy cultivation

is mostly carried out under the rainfed condition.

Coastal Basin
(1) Ban Phra pPam and Irrigation Project

The project area is loéated about 5 km noxth from the Si Racha
municipality slenderly extending from south to north, and bounded by
the -hill skirts in éést and by Route 3 in west, The Ban Phra dam with
a crest length of 1,800 m and a height of 24 m and the irrigation area

of 1,360 ha (8,500 rai) in net were constructed by RID during a 3~vear
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period from 1971 to 1974. The dam has an active storage capacity
of 104 MCM, The main canal with a length of 8.2 km is lined with
concrete throughout all reaches. The farm ditches have been con-

structed by farmers themselves.

There is no drainage facility in the project area except some
crossdrains. Some farm ditches are connected to small tributaries

and used as the drainage ditches.

Operation and maintenance works have been carried out by RID
for the dam and the wain canal. The.annual budget allotted for these
works is about B 52 x 103. According to.the data on present iand use,
the planted area of paddy *n the rainy season is reduced by about
200 ha from the original area of 1,360 ha due to urbanization in

the vicinity of the project area.

{2) Knlong Samnak Ma-muang Irrigation Project

The project ls located about 19 km west from the Rayvong munici-
pality and has an area of 100 ha {635 rai). The diversion weir with
a length of 11.4 m and a height of 1,8 m was constructed in 1979 by
RID, Theough the construction of irrigation canals and farm ditches
has been entrusted to the farmers, there is no irrigation facility in
the area. Any drainage facility has not been constructed., Natural
streams in the area are used for drainage canals, Operation and main-
tenance works of the diversion weir is executed by RID. Irrigation

in the area is carried out by plot-to-plot system.

{3) Map Prachan Dam Project

The Map Prachan dam having an active storage capacity of 14 MCM
is located about 8 kmm east from Pattaya. The 2-km long and 17-m high
dam was constructed by RID mainly for water supply. Its construction
was started in 1974 and completed in 1980. The paddy filelds of 420 ha
{3,000 rai} are located downstream of the dam. Although thése paddy
fields are not irrigated by the irrigation facilities, the daﬁ cperation

is planned to release water to the paddy fields as maintenance flow.
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{4) Nong Kho Dam Project

The Nong kho dam is located about 15 km east from the Si Racha
municipality. The construction of dam was commenced in 1980 and
will be completed in 1983. The dam with a length of 2,000 m and a
height of 17 m is expécted to create a reservoir having active
storage cabacity of 18 MCM. The outlet facilities of dam for re-
leasing water to paddy fields of 1,200 ha {7,500 rai) is under con-

Structuion, though the irvigation project has not been realized vet,
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3. POTENTIAL IRRIGABLE AREA

3.1 General

In. order to select the other potential_irrigable'areas than the
exisﬁing iriigation areas in the Study Area, various déta on complex -
natural resources and interreiated land data have been collected angd
analyzed.’ Systematic appraisal for land; goils, topography and so on
hés been conducted és a basic stﬁdy integrated with economics, engineering.
and other fields in selection of relative degree of laﬁd suitability.

Lands selectéd as‘?otential irrigable area should be suitable for crop

production undexr the irrigation and drainage improvements.

The potential irrigable area for paddy cultivation is sclected for
‘every basin, i.,e. the Rayong river basin, the Khlong Luang river basin

and the coastal basin.

3.2 Potential Irrigable Area in the Study Area
3.2.1 Factors to be Considered in Selection
(1) Land, Scils and Topography

Land éapability classfication related to the soils, topography
and drainage characteristics has been carried out referring to the
land capability maps in a scale of 1/100,000 prepared by the Land
Development Pepartment and revealed the grade of irrigation suita-
bility. Typical soil characteristics involved are texture, structure,
depth, sfoniness, horizon arrangement and layering, EC, pH, infiltra-

tion rate, moisture characteristics and so on.

Macro and micro topographic conditions are evaluated with res-
pect to degree and direction of slope; land capability énd_land deve-
lopment,; based on the avallable topographic maps (1/20,000 and 1/50,000).
Irrigability reiating to location and topography is the main point in

this context.
Land capability classification is firstly categorized into two

ordexs, namely, Suitable Tand and Not Suitable tand. The Suitable

" Land is sub-classified into Highly Suitable {(Class 1), Moderately
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Suitable {11), Sultab]e {(ITI) and Marginally Suitable (IV), accordlnq
to suitable degree. The land capability cla351flcatlon in the Stuﬂy

Arvea 1s shown in Fig., 2.

(2) Present Land Use

Land use survey has been carried out in three basins., The present
land use is classified based on the maps on a scale of 1/50,000 and the

results of field check survey.

The condition of present land use is the major.faCtor for selec-
tion of the potential irrigable area in order to minimize the invest-
ment cost. To qulckly reap the economlc return after implementation
of the prOJecL the cultlvated land, espec1ally EXlStlng paddy field,
should be selected within the sultable range of land capablllty clasgi-
fication w1th plOVlSan of 1rrlgat10n and drainage improvements. .
So far as the land capablllty allows, the area should be further

extended over the existing upland area.

{3) Water Resources

The irrigation development depend on the water resources endowed
in the upper reaches of the rivers in the Study Area. In order to
use the limited water resourées to the maximum extent, construction of
storage dam is essentially needed, The_érea should be selected in
the vicinity of.the exploited site of water resources and deveiopéd

to some extent,

Judging from the fact that a pump irrigation is costly from the
aspect of éperation and maintenance costs, the area to be developed
undér a gravity'irrigation system ig préferentially selected as the
potential irrigable area. Iocations of bossiﬁle ititake sites and

their water stages are essential factors in this context.

.2 Rayong River Basin

The Rayong river basin is located in the southeastern part of the

Study Area and has a catchment area’ of approximately 1,800 kmz, corres-

ponding to the western half of Rayong Province.

1
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This river basin is encompassed by the western and eastern mounta-
neous ranges and bisected by the Rayong river flowing from north to
south. An alluvial plain is extending over the both banks of the Rayong
riverrohly from Ban Khai to Rayong with width of 5 km to 10 km, with gentle
undulation in altitude ranging from El. 30m to El. 5m and merging with the
southern coastal plain. “fhe Ban Khai Existing Irfigation Project area
of 4,800 ha in net is located in the middle of the above alluvial plain.
The remaining area of the alluvial plain is cultivated with paddy under
rainfed conditions without irrigation facilities, The hilly land is
covered almost with forest and upland crops excepting the narrow strips

along the small stream.

The 1and capability of the.area for paddy cultivation is classified
into the Suitable of 14,000 ha, the Marginally Suitable of 700 ha and
the Not Suitablg of 162,900 ha. Most of the suitable lands extend over
the alluvial plains along the Rayong river and the Khlong Thap Ma river.
These rivers have ample perennial flowé and the potential damsites are
identified in the upper reaches of the rivers. Therefore, the alluvial
plains extending over the boith banks of the Rayong river and the Xhlong

Thap Ma river are considered to be potential irrigable areas.

3.2.3 Khlong Luang River Basin

The Khlong Lmang river basin is situated in the northern part of
the Study Area. This basin covers the northern part of Chon Buri Province

and has an area of about 2,100 kmz.

The area is bounded by mountains in south and northeast, and a vast
alluvial plain is extending from southeast to northeast with slight undu-
lation in altitude ranging from El. 40 m to El. Sm. Most of lowland areas

of the alluvial plains suffer from inundation during the rainv season.

The Khlong Luang river has an ample perennial flow and the water
resource can be exploited in its upper reach due to topographic conditioms.
The paddy cultivation is carried out under the rainfed condition in most

of the alluvial plains especially during the rainy seasons.
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About 40 % of the total river.basin area is capable for paddy
caltivation, according to the land capability classification, i.e.
Highly Suitable: 4,500 ha, Moderately Suitable: 18,000 ha, Suitable:
55,000 ha, Marginally Suitable: 4,0QC ha and Not Suitable 130,300 ha.
Taking into consideration the'potential water resources, the land extend-
ing over the both'banks of the Khlong Luang river is giveﬁ a top priority
for irrigation development and considered to be a botential irrigable

area.

3.2.4 Coastal Basin

Theé coastal basin is located in the southwestern part of the Study
Afea and covers 1,600_km2 of the séuthern coastal area of Chon Buri

Province.

The. boundaries of the area are the mountaineous ranges in east and
north, and the area is facing with the Gulf of Thailand in west.
Coastal plains are well developed in the western coast of the area with
width of about 10 km, Numerous small rivers originating from the eastern
mountains dissect the area into small patches forming low-lying alluvial

rlains.

The land capability for paddy cultivation classified into the Mode-
rately Suitable of 1,000 ha, the Suitable of 10,500 ha, the Marginally
Suitable of 2,500 ha and Ehe Not Suitable of 144,500 ha respectively.

The suitable lands disperse on the both banks of the small streams which
has scarce of water resources to be exploited. 1In the area, only the
existing Bang Phra Irrigation Project area of 1,360 ha is developed in the
northern part with provision of the storage dam. Taking into consideration
the availabilily of water resources and topographiec conditions, the suita-~
ble lands extending along the small rivers are not attractive for newly

irrigation development and not taken as a potential irrigable area.
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3.3

3.3

Irrigation Development Scheme Avea

.1 DBasic Consideration in Selection of Scheme Area

(1} Govérnment Development Plan

FolloWinq‘the Fourth Nationél Feonomic and Social.Development
Plan {hereinafter referred to as National Development Plan) which
terminated in late 1981, the Pifth National Development Plan was
issued by the National Economic and Social Devélopment Boafa(NESDB)

in late 1981.

In order to achievé_the shorter—run objectives of a rapid econo-
mic recovery and a greater degree of economic stability stipulated
in the'Fifth Development flan, the following overall targets and
supporting policy measures were set forth in respect to agricultural

sector.

(a) To attain the target of about 7 % increase in the GDP, ihe
value in agricultural sector is projected as; overall target:
annual increase by 4.5 %, a crop production: annual increase by

4.7 %.

{b} The strategy for agricultural development has to emphasize
structural improvement within the sector: production increase
through crop intensification and further agricultural diversifi-

cation will be promoted.

{¢) In orxder to raise productivity of agriculture, the priority is
gi?en.to development of irrigation system and expansion of on-
farm facilities as well as water resources development.

In addition, emphaéis is placed on soil improvement and streng-

thening agricultural support services.

{d) The investment of the Goﬁernment for irrigation development will
 stress on improving and reéstoring fhe existing irrigation projects
4£0  increase production efficiénéy. The new irrigation systemn,

: however, will stress more on medium and.small scale projects

which could raise pro&uctivity in a short term.
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{(2) Relation with Industrial Development

The Government of Thailand is launching into industrxialization
with performahce of the Fifth National Development Plan. The deve-
lopmeﬁt of the_Easﬁerh Seaboard 1s the baékbone of industrialization
and its deveiopment plan is béing as Eastern Seaboard Study (ESS)

undexr the NESDB.

To cope with the rapidly increasing water demand owing to the
development: of the Fastern Seaboard, the East Coast Wafer Resources
Development Project, Phase=1 (hereinafter called Phase-T Study)
was conducted during the period from July 1981 to March 1982. Though -
the industrial water demand projected by Phase~I Study is a little
~different from the projected by ESS, the Phase~I Study conducted the
detailed désign of water transmission system from the Dok Krai reser-
voir} active storage capacity of 47 MCM, to Map Ta Phut - Sattahip.
The Dok Krai reservoir has been utilized to supply irrigation water
to the existing Ban Khai Irrigation Project area of 4,800 ha in net.
In accordance with the above water diversion from the Dok Krai reser—
voir, the Phase-I Study proposed the construction of the Nong Pla Lai
dam, which will create a reservoir with an active storage capacity of
144 MCM, to irrigate not only the existing Ban Khai area but alsc its
surrounding area. These plans will, thus, be treated as existing one

in the present study.

There exist no definite plan for future water supply to Laem

Chabang area which has the industrial and domestic water demand of

28 x 106 m3/year in 2001. TIn addition, there appears an acute shortage
of domestic water in communities located in the area downstream from
the proposed Khlong Luang damsite. Though the Xhlong Luang dam scheme
has originally been planned for the purpose of irrigation and flood
control, this scheme is deemed to be most prospective alternative in
supplying the future industrial and domestic water in Laem Chabang

area,
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3.3.2 Potential irrigable Area for'Irrigation'Development Scheme

Following the results of the land capability classification (refer to
Sectoral Report IT), present land use and other selecting factors, the
potential irrigation development scheme areas are delineated in both the
Réyong and the Khlong Luang river basins in the Study Area as shown in.

Figs. 3 and 4.

In the Rayong river basin, there exist two proposed schemes, i.e.
the Ban Khai Extension Scheme and the Khlong Thap Ma Scheme. - On the other
hand, the Khlong Luang Scheme is proposed to be developed in the Khlong

Luang river basin.

The Ban Khai Extension area lies on. the left bank of, the Rayong river
and outside the Ban Khai Existing Scheme area. The area is located
immediately to the east of Rayong municipality and slenderly extends north

to south along the left main canal of the Ban Khai Existing Scheme.

The Khlong Thap Ma area lies over both banks of the Xhlong Thap Ma river
which is a branch of the Rayong river. The area is located immediately west

from the Rayong municipality, bounded by the Rayong river in east,

The Khlong Luang area is located immediately to the east of Phanat
Nikhom which is located about 30 km northeast from Chon Buri municipality.
The area lies on both banks of the Khlong Luang river, is bounded by the
hill skirts in north and south, and extends for 25 km from east to west

with an average width of 4 km.

In selecting the potential irrigable areas for each scheme, some areas
classified into c¢lass V in land capability are taken up as a potential
irrigable area, taking into consideration the present.land use of paddy
cultivation and the irrigation and drainage improvements under the with-

project conditions.

The potential irrigable areas for each scheme including the Ban Khai

Existing Scheme arc summarized as follows:
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.. (Upit: ha)
Ban Khai Ban Khai

Class of - .

Land Khl?f? Luang Extension - Thap Ma Existing
Capability Gross Net Gross Net  Gross Net  Gross Net
1 830 710 0 0 0 0 0 0
II 2,970 2,510 0 0 0 0 0 0
ITI 6,300 5,330 4,620 3,940 760 650 4,700 4,180
v 0 0 420 370 80 70 0 0
v 1,600 1,350 3,960 3,390 1,960 1,750 700 620
Total 11,700 9,900 9,000 7,700 2,800 2,400 5,400 4,800

3.3.3 Irrigation'Development Scheme Area -
(1) Khlong Luang Irrigation Scheme

According to the result of optimization study on the Xhlong
Luéng Dam Scheme presented in Sectoral Report XI, the exploited water
resourée limits the'irrigétion area to 6,600 ha in net with cropping
intensity of 140%. The irrigation area is selected from upper to
lower as far as 6;600 ha are obtained. The selected irrigation area

extends from the proposed damsite to Phanat Nikhom municipality.

The selected irrigation area is almost identical with that
envisaged by RID. It is located immediately downstream from the
proposed damsite and divided into North sub-area (2,100 ha) and South
sub-area (3,500 ha}.

(2) Ban Khai Extension Irrigation Scheme

The exploited water resources of the Nong Pla Lai and Khlong Yai
reservoirs can supply water to the whole potential irrigable area of
7,700 ba other than the Ban Khai Existing area of 4,800 ha with
cropping intensity of 140%.

There exist two possible intake sites for the Ban Khai Extension
Scheme, i.e. at the confluence of the Nong Pla Lai and the Khlong Yai
rivers, and on the Khlong Yai river about 7.5 km downstream from the
proposed Khlong Yai damsite. The former can topographically cover

the irrigation area up to only 5,500 ha in maximum and can not cover
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the highly suitable area extending over the left bank of thé.Khlong
Yal river. Whereas, the lattér can cover the whéle area with provision
of diversion of water from the Nong Pla Lai river to the Khloﬁg Yai
river. ‘aking ihto acéount the ab&ve conditions, the irrigation area

is selected from the Khlong Yai diversion site down to the lower part:.

The Ban Khai Extension arsa extends along the Left.Main Canal of
the Ban Khai Existing Irrigation Scheme. It intégrates approximately
two—third of the existing irrigation area under the Bung ‘Ton Chan
Irrigation Project (1,280 ha}. The area is being irrigated by un-

requlated runoff of the Khlong Hin Dat river.

(3) Khlong Thap Ma Irrigation Scheme

According to the result of optimization study, the Khlong Thap
Ma dam can serﬁe irrigation water tb'the wﬁole potential irrigable
area of 2,400 ha in net with cropping intensity of_l?O%. The selected
irrigation area extends from the proposed damsite to Rayong munici-
pality. The area is mainly divided by Route 3 into two areas, i.e.
the alluvial flood plain extending to the north from Route 3 and

the coastal plain extending to the south from Route 3.

Distribution of land capability for each scheme area including

the Ban Khai Existing Scheme area is sunmarized below.

{(Unit: ha in net)

Class of

boa [ mmmel oo s
Capability -
E 150 o 0 0
II 1,800 o 0 0
IxT | 3,750 3,940 650 4,180
iv 0 | 370 70- 0
\ 200 3,390 1,750 620
Total - 6,600 - 7,700 2,400 4,800
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4, IRRIGATION WATER REQUIREMENTS

4.1 General

This_dhapter deséribes the method for determining the irrigation
diversion requirémeﬁts for each of the irrigation schemes proposed in
both the Réybng and Khlong Luang river basins. The irrigation diver-
sion reguirements for the Ban Khai Existing area of 4,800 ha are also
estimated in this Chapter, since the future water diversion schedule
was not confirmed during the study period. These irrigation diversion

requirements are used for the water balance study in the Study Area.

beterminations of irrigatibn diversion requirements for each of
the irrigation schemes are made on a monthly basis for a ld-year period
from 1968 through 1981.utilizing the meteorclogical data presented in
Sectoral Report VI and also on a 10-day basis for a period required for

the water balance study.

Irrigation diversion requirements are estimated based on the cropping
calendar shown in Fig. 5 and alternative cropping patberns with dif-
ferent cropping intensities for each scheme as presented in Sectoral

Report IT.

In estimating the requirements, the study results presented in the
"Feasibility Study Report on the Bast Coast Water Resources Development
Project, Phase-I" by JICA in March 1982, and "Reconnaissance Report for
Bang Pakong River Basin Development™ by RID in 1971 are fully referred to.
The empirical and theoretical formulas developed in the past by various

experts are also used in this study.

4,2 Crop Water Reqﬁirement

Crop water requirement is defined as amount of water needed to neet
consumptive demands of a crop for optimum growth from seeding until har-
vesting. This fequirement includes water necessary for the land prepara—
tion period, the nursery bed period for transplanted paddy and the crop

growing period. This can be expressed in the following equation:
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= LP 4 N 4 FC  vurernnernnannees. {4.1)

CWR

where,
CWR
LP H
N H
FC H

3

crop water requirement in mm
land preparation requirement in mm
nursery requirement in mm (for paddy)

field crop requirement in mm

Parts of the above equation are derived by using the methods mentioned

below.

The calculated results of crop water requirement is summarized

in Table 1.

(1)

Field Crop Requirement

The field crop requirement consists of water consumed by crops

dufing the period from seeding or transplanting until harvesting and

pércolation losses in the paddy field., It is expressed in the

following equation:

(a}

FC =
wnere,
FC
ET
ke

KE

(ET*KC + P) ¢ KE wvuenunnnnn cee. (4.2)

field crop requirement in mm

reference crop evapotranspiration in mm
crop coefficient

percolation loss in paddy field in mm

crop area factor determined by the cropplng ca1endar
and given in Table 2.

Reference crop evapotranspiration

Reference crop evapotranspiration rates may be correlated with

recorded evaporation data or derived by empirical methods. Since

there is no sufficient recorded evaporation data available, empirical

method based on other recorded meteorological data is utilized.

out of several emplrlcal and theoreflcal methods, the modified

Penman method, Wthh is 1ntroduced in the "Crop Water Requirements"

publlshed by FAO in 19277, is selected For this study.

The meteorological data recorded at Chon Buri Station are used

in the calculation of reference Ccrop evapdtranspiration for the
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scheme areas proposed in both the Rayong and Khlong Luang river
basins. Those data are summarized in Table 3. The following

is the calculated result of reference crop evapotranspiration.

(Unit:  mm)

.Month Monthly Daily
APR 164 5.5
MAY 141 4.5
JUN 137 4.6
JUL 136 4.0
AUG 130 4.2
S5EP. Li2 3.7
-ocT 116 3.7
NOV 128 4.3
BEC 140 4.5
JAN 137 4.4
FEB 137 4.9
MAR ' 173 5.6

Total or .

average 1,651 4.5

Crop coefficient

The relationship between reference crop evapotranspiration and
water consumed by crops is expressed in terms of crop coeffi-
éient. The crop coefficient of each crop varies with their
growing stages. It is determined based on the actual measure-
ment. data by Irrigated Agriculture Section, RID, though some
modifications are made referring to the FAO standard.

The éfoP coefficient curves for each crop are shown in Fig. 6.
The average crop cdefficients are estimated taking into conside-
ration the various growing stages and crop area factors as pre-

sented in Table 4.

Percolation

Percolation is affected largely by soil textures as well as
groundwater condition in paddy fields. The rate of pércolation
is considered to be cbnstant throughout the year, though the
slight change in groundwater condition may occur in a long range.

The soil texture in the proposed scheme areas -are generally sandy.
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S (2}

work

The rate of perqolation is determined on the bais of the

actual measureﬁentIresults'carried out in the Ban Khai Exist-

ing area in PHaSEHI.Studf and in the Bang Pakong river basin

in the Bang Pékong River Basin Development Study. Their results
show that the percolatien rates rahge from 1.6 mm/day to 5.8 mm/
day in the Ban Khai Exiéting'area and from 1.0 mm/day to 4.0 mn/
day.in the Bang Pakong river basin respectively. Considering
of-these.results, the percolation rate for fhe proposéd.scheme
areas in both the Rayong and Khlong Luang.river basins is assumed

to be 3.0 mo/day on an average throughout the year.

Land Preparation Requirement

Water.required for land preparation is considered for puddling

in paddy cropping and for pre~irrigation in upland cropping.

The guantity of water required'for-puddling works is theoxetically

assessed for soil depth to bé puddled and porosity, which vary rela-

tively from place to place. In this study, the following formula and

assumptions are adopted for the approximation.

{a}

Formula
LP = (WS +E+ P + DS)= KL » (Di/Dp) +.v.vn.. cevs (4.3}
where, ' .
LP ; land preparation requirement in mm
WS ; amount of water required to raise soil moisture
content to saturation in mm
E ; evaporation from water surface in mm

P ; percolation loss in mm

required water depth above surface of paddy field

ns ;
after puddling in mm
Kl ; land preparétion_area factor

Di days’offgalculation basis for water reQuireﬁents:
monthly basis; 30 days, 10-day basis; 10 days

Dp land preparation period in days.

~
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{b) Assumptions

i)

ii)

iii)

iv)

v)

vi)

vii)

Land préparation works will be done for 10 days.

Water depth above the surface of paddy field after
puddling is 30 mm ‘

Porosity is 45 % in both éurface'soil (20 cm depth} and
subsoil (10 cm depth) to.be puddled-

Vapeur phase in soils éfter’puddling is 5 g

S0il moisture content before irrigation is 15 % in volume

Bvaporation rate is 3.5 mn/day, 80 % of evapotranspiration
rate

Percolation rate is 3.0 mm/day

(¢} Calculated results

The

calculated result 6f total puddling water requirement peyr

unit area for 10 days is as follows:

Lp

The
nuts

aver

(3) Nuars

Wate

= D5 + WS +E 4+ P

i

.30 + 300 x (0.45 = 0.15 -~ 0.05) + 3.5 x 10 + 3.0 x 10
170 ram

Il

land preparation requirement for upland crops such as ground-
R mung beans and vegetables are assumed to be 60 mm on an

age, referring to the other similar projects in Thailand,

ery Reguirement

r for nursery bed period is required only for transplanted

paddy. The nursery requirement is calculated based on the following

equation:
N = TP R+ (ET+ ke +P)+Kn ouueneninn... e (4.4)
where,
N ; nursery requirement for paddy-field in mm
LP ; land preparation requirement of nursery bed in mm
R ; ratio of area for nursery bed to main paddy.field,

1720 of main field
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ET ; reference crop evapotranspiration in mm

ke ; crop coefficient
P ;  percolation loss, 3 mm/day
Kn ; nursery arcea factor.

4.3 Crop Irrigation Requirement

The crop irrigation requirement is defined as amount of water exclu-
sive of effective rainfall for crop growth. This requirement is expressed

in the following equatioﬁ:

CIR = CWR - ER: Kt ..... eaaes (4.5)
where,
CIR ; crop irrigation reguirement in mm
CWR ; crop water requirement in mm
ER ; effective rainfall in mm
Kt ; total crop area factor.

The daily and monthly rainfall data have been collected from the va-
rious meteorological stations in and around the scheme area as presented
in Sectoral Report VIY. Among them, the data at the Ban Khai station are
used for the estimation of effective rainfall for the scheme areas in the
Rayong river basin and the data at the Ban Mai station are used for the

Xhiong Luang river basin respectively.

The effective rainfall depends on several factors including amount
and intensity of rainfall, permeability and water holding capacity of
soils, slope of the land, and vegetative characteristics. TIn this study,
however, the relation between the monthly rainfall and the monthly effec—
tive rainfall established by RID are adopted for the estimation of effec-
tive rainfall for both the paddy and upland crops. Their relations are

presented in Fig. 7. The estimated results are shown in Table 5,
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4.4 Farm Irrigation Requirement

The farm irrigation requirement is defined as a crop irrvigation
requirement plus an allowance for farm distribution losses within a
farm unit or rotation unit which is approximately 10 ha in size.

Thus the farm irrigation requirement can be expressed as:

FIR = CIR/Ef .......... e . {4.6)
where,
FIR ; farm irrigaticn reguirement in mm
CIR ; crop irrigation requirement in mm

Ef i farm irrigation efficiency factor.

The farm distribution losses consist of mainly percolation loss for
upland crop field and seepage losses through paddy dike for paddy field
on the farm level. Very little experiment data are available for evalua-
tion of farm efficiencies for the projects in Thailand. Therefore, the
average farm efficiency for paddy cultivation is assumed to be O.85 and

that for upland crops is assumed to be 0.7.

4.5 Irrigation Diversion Requirement

The irrigation diversion requirement is estimated as the unit water
reguirement based on the alternative cropping patterns for the respective

scheme areas,

Losses and wastes inherent in the operation of water distribution
systems must be added to the farm irrigation requirements to determine
the diversion requirements, These losses and wastes are grouped into
canal conveyance losses due to evaporation and seepage, and canal operation

losses due to inproper gate operation.

The irrigation diversion requirement is estimated by the following

equation:
IDR = L (FIRi - Ci) /Et .e.u.... ceee. (407)
where,
IDR ; irrigation diversion requirement in 1it/s/ha
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FIRi ; farm irrigation requirement of each crop in
lit/s/ha :

Cci ; crdpping intensity of each crop based on the
cropping pattern and given in Table &

Et combined irrigation efficiency factor

-

Combined irrigation efficiency consists of canal conveyance efficiency

and canal operation efficiency. These efficiencies are assumed as follows:

. . : (Unit:. %)

Canal Conveyance Canal Operation Combined

Efficiency EBfficilency Efficiency
Field canal duty 90 95 : - 86
Lateral canal duty 95 95 77
Main canal duty 95 ' 95 _ 70

Based on the above assumptions, the combined irrigation efficiency

factor of 0.7 is adopted -in this study.

The calculated results of the unit irrigation diversion reguirements

for the respective scheme areas are shown in Table 7.
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5. DRAINAGE WATER REQUIREMENT

5.1 standard for Drainage Plan

The proposed scheme areas mainly extend over the alluvial plains of
each river; i.e. the Rayong river, the Khlong Thap Ma river and the
Khlong Luang river. Most of the areas suffer from mal-drainage in the
rainy season. If the lands are not drained well within a feasible range,
the productivity will not go up even after the provision of well-designed

irrigation facilities.

From the past experiments and observations in Japanii on the relation
between Ehe'yield reduction rate Qf'paddy and, depth and duratLOn of sub-
mergence at different growing stages of paddy, the following considerations

could be made:

{(a) The sub~mefgence at the growing stdge of young panicie formation
gives the serious danage to the yield of paddy, on the gontrary,

damage due to Submmergence at the maturlng Stage is 1n51gn1flcant.

(b) he dufatidn of sub-mergence within 1 to 3 days is not signifi-
cant, but damages of pé&dy remarvkably increases due to sub-

mergence beyond 3 dayé.

"(c) When a part of leaves still remains above water surface, the
"damage to paddy is decreased as comparéd with that when leaves

are completely sub-merged.

Whlle, “the midest ralny season in the prOjGCt area occurs in the
period between August and October. 'The grow1ng stage of paddy between middle
stage of tlllerlng and beginning stage of panlcle formation would corres-

pond to midest rainy season.

FAS: These are presented in "Hand Book on Yield Reduction Rates of
Summer Crop due to Various Causes” published:by the Ministry of
Agriculture, Forestry and Fisherieg of Japan in 1975,
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Taking into account the above conSiderations, the following design
standard would be applied for making the future drainage plans in the

proposed schemes.

(1) The allowable depth of sub~mergence in the paddy fields should

be 30 cm, and duration of sub-mergence should not exceed 3 dayé.

(2) The sub-mergence more than_SO cm in depth should not last more

than 24 hours.

5.2 Drainage Requirement

Tn general, the criteria for the calculation of unit drainage require-
ment defines the rainfall intensity with certain prebability and a drain

period necessary for removal of excess water to an allowable extent.

In this study, the drainage requirements are estimated on the basis of

the following assumptions and procedures:

(1) The daily rainfall data at Ban Khai (1968 — 1981) are used in
this study for the scheme areas in the Rayong river basin and
the daily rainfall data at Ban Mai (1968 - 1981) are used in

the Khlong Lmang river basin respectively.

(2) Design rainfalls at the both stations are estimated to be 208 mm
at Ban Khai and 166 mm at Ban Mai of 3 days consecutive rainfall

with a l0-year return period.

{3) Based on the average rainfall distribution pattern, the distribu-

tion percentages of the design daily rainfall are estimated as

follows:
(Unit: 2)
Day Ban Khai Ban Mai
1st day 40 43
2nd day 29 27
3rd day 31 30
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{4) Relationship between cumulative rainfall and runoff coefficient

is assumed as follows:

Cumulative Rainfall (mm) Runoff Coefficient (f)
less than 10 0
10 - 30 ' 0.1
30 - 50 0.3
50 - 100 ' 0.5
100 - 300 0.8

{5) Relationship between rainfall and runoff distribution is assumed

as follows:

Rainfall ist Day 2nd bay 3rd Day 4th Day

) (%) _(®) (2) (2)
less than 30 100 - - -
30 - 50 70 30 - -

50 -~ 100 60 30 10 -
more than 100 50 30 15 5

{6) Based on the above assumptions, the drainage requirements are

estimated as follows:

Design Cumulative Coef- Run-off {mm)
Rainfall Rainfall ficient 1st 2nd 3rad 4+th 5th
(mm) {mm) {(f) Day Day Day Day Day

Ban Khai ({(for Rayong river basin)

83.2 83.2 0.5 25.0 12.5 4.1 - -
60.3 143.5 0.8 - 28.9 14.5 4.8 -
64.5 . 208.0 0.8 - - 31.0 15.5 5.1
Total (mwm) 25.0 41.4 49,6 20,3 5,1
Unit Drainage Reg. (lit/s/ha) 2.89 4,79 5.74 2.35 0.59
Ban Mai (for Khlong Luang river basin)
71.4 ) 71.4 0.5 21.4 1G.7 3.6 - -
44,8 1l6.2 0.8 - 25.1 10.7 - -
49.8 166.0 0.8 - - 27.9 11.9 -
Total (mm) 21.4 35.8 42,2 11.9 -
Unit Drainage Req. {(lit/s/ha} 2.48 4.14 4,88 1.38 -
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From the above calculations, the design drainage requirements are
determined to be 5.74 lit/s/ha for Rayong river basin ared and 4.88 lit/
s/ha for Khlong Luang river basin area, which are defined as the peak

requirements in the above calculation.
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6. UPGRADING OF EXISTING IRRIGATION AND DRAINAGE SYSTEMS
OF THE BAN KHAI TRRIGATION PROJECT

6.1 - Present Conditions and Constraint

The Ban Khai Irrigation Project with a net irrigation area of 4,800 ha
was wholly completed in 1960 after a long construction period over 10 years.
The area is béing served by two main canal systems; Left Main Canal with
"a total length of 12.7 km commands 2,560 ha and the Right Main Canal with
a total length of 11.4 km serves 2,240 ha. At present, lateral canal
‘systems and farm distribution sysiemé have been comp1eted to onlj 50% of
the entire area, resulting in mal-distribution -and uneven distribution of
irrigation water throughout the service area and ineffectiﬁe use of the
available water resources., Drainage systems have been provided to such

extent .as could be constructed by farmers' themselves.

Number of households, population and family size are estimated to be
;,840 households, 9,300 persons and 5.1 perSons respectively, _Nuﬁber of
. farmer's households, population and farm size are also estimated to be

1,625 houscholds, 5,400 persons and 3.3 ha.

The scheme area of_4,800 ha is.used fér 4,640 ha'of paaay and 160 ha
of ﬁpland_érops in the wet season, and used.for 1,900 ha of paddy and
1,150 ha of uplénd crops in the dry season. Whereas} thé_cfopped area
under the irrigated condition is 2,240 ha of paddy'in thé wet season}.and

1,900 ha of paddy aﬁd 320 ha of vegetables in the dry season.

Yields of crops rémain'reiatively low. For instance, yield of paddy
is in the order of 1.8 t/ha to 3.2 t/ha, which vary substantially with the
variety of paddy, irfigation water availéble,_amount'of farm input, étc.
Such low yield is considered to be attributable to the mal~ and uneven
distribution of irrigation water, conventional farming practiées, less
application of fertilizers and chemicals, insufficient agricultural

support services, etc.
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6.2 Proposed Upgrading Works

The wost suitable cropping pattern is determined éo as to maintain
a living standard of the farmers at the same level as that in the Ban Khai
Extension avea, through the study on the optimum development scale of the
Khlong Yai Dam Scheme. The cropping intensity is proposed to be raised
up to 1.4, though the present croppihg intensity under the irrigated
bondition is about 0.9. The crop vields are projected to he 4.0 to 5.0 t/ha

for paddy, 2.5 t/ha for groundnuts and 10.0't/ha for vegetables.

According to the result of layout planning, it is proposed that the
Left Main Canal covers the irriéation area of 2, 4?O.ha and the Right Main
Canal also covers.the area of 2 380 ha. Fur*hermore, based on the proposed
cropping pattern, the calculated deqagn d:scharges for each canal are to
be 3.8 m3/s for the T.eft Main Canal and 3.7 m3/s for the Right Main Canal
respéctively. In order to meet these design discharges, the existing
design capacitiés of intake strucfures and canals are necessary to be
expanded and the canals will be lined with a plain concrete to convey the

irrigation water efficiently.

The lateral and sub~-latexral canals will be newly provided in the area
where the lateral and sub lateral canals have not been provided. Even in
the area provided w1th the lateral and sub- lateral canals, those are
necessayry to be upgraded. The total length of canals is to be 16 km for

the upgrading works and 26 km for the new construction.

The drainage water from the irrigated lands will be evacuated to the
Rayong river through the improved and newly constructed drainage canals.
The total length of the drainage canals is about 52 km consisting of 32 km

of improved canals and 20 km of newly constructed canals.

6.3 Economic Justification

In order to assess econcmic viability on the upgrading works of the
Ban Xhai existing irriqation.facilities, the benefit-cost ratio (B/C) and
surplus (B-C) are calculated based on the annual equivalent benefits and
costs. The annual beneéfit is estimated as the remainder between the total

benefits under the with-project and without~project conditions. The annual
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cost is estimated as the total cost of the annual equivalent construction
cost, based on econémic life of 50 Years and discount rate of B%, ané the
anrmual operation, maintenance and replacement costs. In estimating the
dannual cost, the econowmic cost for on-farm development as well as the
economié'cost for upgrading. works of the existing irrigation and drainage

facilities are counted. 7The calculated results are as follows:

{a) Economic cost for upgrading works

Amount (103 ¥)

~ Preparatory works : 20, 360

-~ Main canals _ 70,320
- Lateral canals 33,690
-~ Drainage canals G, 000
- On-farm facilities 1;920
- Contractor's administration cost 4,560
- Contractor's profit 8,480

Sub-total 145,330
- Engineering services 20,740
- G&M eguipment : 19,470
- Administration cost of executive agency 7,100
~ Physical contingency 28,900

Total 221,540

(h) Annual cost

- Anmaal eguivalent construction cost 21,010

- Annual OMR costs - 2,250
Total - 23,260

{¢) Annual incremental benefit 71,040
{d) Benefit-cost ratio (B/C) 3.1
(e) Surplus (B-C) ' 47,780

From the result of the above economic evaluation, it can be said that
the upgrading works of the irrigation facilities would be feasible. These
'upgrading works are proposed to be implemented as soon as possible, in
accordance with implementation of the Nong Pla Lai dam which is scheduled
to be constructed by 1986 as the water resources for the Ban Khai Existiﬁg

Irrigation Scheme,
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7. PLANNING AND PRELIMINARY DESIGN OF
PROJECT FACILITIES

7.1 General

'Major'objective of the irrigatioh scheme 1s to increase agficultural
productions with provision of suitable irrigation and dfainage systenms.
In'brder to supply optimum irrigation water to the service area from water
resources, the facilities required include intake fadilifies, irrigation

canals, drainage canals, inspection road and their related structures.

The basis for determining the facility requirements is that enough
facilities be provided in the most effective and economical manner so that
eaéh function can he combined with and fully compatibie with other farming
cperations. Based on these requirements, the following planning and
preliminary design of facilities are prepafed. The salient features of

facilities required for each scheme are summarized in Tables 8 to 11

7.2 Design Irrigation Water Requirement
7.2.1 Unit Design Irrigation Water Requirement

According to the calculation results of the water requirements for
water balance study, the peak irrigation water requirements concentrate
in August in most years. The unit design irrigation water regquirements
in August are calculated on the 10-day basis through the same procedures
as that mentioned in Chapter 4. In the calculation, the 10-day effective
rainfall with 5-year return period of non-excess probability are estimated
using l4-year rainfall records observed at Ban Mai and Ban Khai Stations.

The estimated results are shown below.

(Unit: mm)

Station August

' ist 10-day 2nd 10-day 3rd 10-day
Ban Mai (for paddy) 3.0 5.0 25.1
‘Ban Khai (for paddy) 10.4 13.5 0.0

..Based on the above effective rainfall, the unit design irrigation water

.requirements for the respective schemes are calculated taking into account
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the respective cropping patterns. According to the calculation, the peak

unit irrigation water requirements for 10-day period are summarized as

follows:
{(Unit: “lit/s/ha)
August
heme

Scheme Tst lo-day  2nd 10-day 374 10-day

Khlong Luang o 1.34 1.55 1.11

Ban kKhal Extension 1.20 1.29 1.44

Ban Khai Existing 1.3C 1.40 1.56

Khleng Thap Ma 1.20 1.29 1.44

7.2.2 Design Diversion Reguirement

The design diversion requirements are defined as the peak diversion
discharge, which are obtained by multiplying the unit design water require-
ment by the irrigation area. The design diversion requirements thuas

calculated for the respective schéme areas are shown below.

Irrigation Area Design Diversion
Scheme .
{ha) Requirement (m3/s)
/1
Khlong Luang 6,600 10.7—
Ban Khai Extension 7,700 1.}
Ban Khai Existing 4,800 7.5
Khlong Thap Ma 2,400 3.5

/1: Including the design discharge of 0.51 m3/s for the domestic
and industrial use. :
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7.3 Intake Facility
7.3.1 General

The irrigation water for the Khlong Luang Irrigation Scheme area is
-directly'diverted.from the Khlong Luang dam through the intake structures.
The Khlong Thap Ma Irrigation Scheme area is also supplied with'irrigation
water frém the intake structures to be constructed at thé.Khlohg Thap Ma dam.
On the other hahd, the irrigaticn water for the Ban kKhai Extension Ifriga~
tibn‘Scheme area ié taken from fhe Khlong Yai headworks Lo be constfucted
on thé_Khlonq Yai river. 1In éddition, the irrigétion water is supple-
mentarily diverteé from the Nong Pla Lai headworks to the Khiong Yai river.
For the Ban Khai Existing Irrigation Scheme area, thé irrigation water is
supplied from the existing headworks, though the intake structure is

upgraded'to meet the design intake capacity.

7.3.2 1Intake Structure

Intake structure comprises intake tower, outlet conduit, outlet and
access bridge. The water off-taken is dissipated its energy at the bottom
of the intake tower and then passes through outlet conduit with free flow
condition. Each intake tower is of reinforced concrete and equipped with

regulating gate respectively,

The size of each outlet conduit is mainly determined so as to pass
the design intake discharge with free flow condition. The longitudinal
slope of 1:1,000 is given for each conduit within the limits of permissible
velocity. Outlet is installed to dissipate velocity head and regulate
the flow condition. The parshall flume is equipped at the end of outlet

in order to measure the intake discharge.

A bridge access to intake tower would be spanned between the dam
crest or abutment and the tower to operate regulating gates. The bridge

is composed of steel girders and piers.

The intake structure fbr the South Main Canal is the joint facility
to serve domestic and industrial water aé well as irrigation water, and
its desigﬁ discharge includes 0,51 w3/s for the domestic and industrial use.
The configurations of the intake structufes are shown in Figs. 8 and 9.

Their main features are summarized below,
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Design Intake _Intake Tower oOutlet Conduit Length of

Intake

Structure Discgarge Size Height Diameter Length Bridge

o (m=/s) (m) {m) {m) {m) {m)
Khlong Luang Dam
- North 4.81 2.0x2.0 10.2 2.0 54.0 23.0
~ South 5.94 2,0x2.0 10.2 2.0 3060.0 43.0
' Khlong Thap Ma Dam
~ East 1.80 2.0x1.3 123.¢ 1.3 100.0 41,0
- West 1.63 2.0x1.3 13.9 1.3 87.0 46.0

7.3.3 Headworks

The main function of headworks is to introduce the required quantity
of irrigation water from the rivér to the scheme area at every stage of
river water. In order to fulfill this purpose, the structure should be

stable against flood and other forces and should not hamper the river flow.

The Ban Khai Extension Irrigation Scheme has two headworks, i.e. the
Nong Pla Lai and Khlong Yai headworks. The_both headﬁorks consist of
various components such as movable welir, fixed weir, intake and dike
portions. For well funcfidning as the headworks, each portion should be

combined with and fully compatible with each other.

(1) Basic Design Condition

For the preliminary design of the headworks, the following basic

design conditions are taken into consideration.

(a) Topography

The proposed site of the Nong Pla Lai headworks is located on

the Neng Pla Lai river at about 3.5 km downstream from the Nong
Pla Lai proposed damsite. The Khlong Yai headworks is located on
the Khlong Yai river at approximately 7.5 km downstream from

the Khlong Yai proposed damsite, For the both sites, there

exist the narrow strip of the allu#ial deposit in the both banks
of the river and the skirt of the hilly regidn with gentle
inclination. The river widths are akout 40 m at the Nong Pla

Lai headworks sgite and about 30'm at the Khlong Yai headworks

site.
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(h)

{c}

Geology

The geological conditions of the both proposed headworks sites
are broadly donstituted'by the sediment ﬁeposits consisting of
ferrace deposits and fluvial deposits., The N-value is raﬁging
from 15 to 30. The foundations are expected to have the bearing

capacity of about 20 t/m2.

Hydrology and hydfauliés

Design flocd discharge: The flood discharge with S0-year return

period is taken as the design floocd discharge. The relation
between the regulated cutflow and inflow at the Dok Krai dam is
a?plied in order to assume the design flood dischérge after
completion of the Nong Pla Lai and Khlong Yai dams. The estimated
design flood discharges are 200 m3/s for the Nong Pla Lai head-

works and 310 m3/s for the Khlong Yai headworks.

Pesign flood water level: The design flood water levels at the

both headworks gsites are calculated to be El. 27.1 m for the
Nong Pla Lai headworks and EL. 26.6 m for the Khlong Yai headworks.

Design intake discharge: The'design intake discharge at the

Khlong Yai headworks is taken as the peak irrigation diversion
reguirement of 11.1 m3/s for the Ban XKhai Extension area. The
design intake discharge at the Nong Pla Lai headworks is deter-
mined to be 4.9 m3/s, in order to divert water from the Nong Pla
Lal river to Khlong Yai river for the irrigation area of 3,400 ha,

at the peak discharge time.

Design intake water level: Based on the ground surface elevation

of irrigation area and the t0pographic conditions of the both
headworks sites, the design intake water level at the Khlong Yai
headworks site is determined to be El. 25;0 m at the head of

the main canal and at the Nong Pla Lai headworks site to be

El. 25.5 m.
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(2)

(a)

(L)

(c)

{a)

Specific Design of Headworks
Type of weir

As described in the "Basic Deéign Condition", the design flood
discharges at the both sites are large and the Ffoundation materials
are sediment deposits. In such conditions, the overflow-type
concrete weir with ééduring'sluice is proposed at the both sites.
The full width of concrete weir would be constructed on the

sediment deposits as a floating type.

Hydraulic calculation

Overflow discharge of water under complete overflowing condition
can be calculatéd by;

O=C-B - H e, e eaeeas (7.1)
where,

Q : discharge (m3/s)
width of weir {m)

upstream water depth above crest (m)

o= o

coefficient of discharge {=1.83)

Typical section

Typical section of the weir is decided considering such forces
as external water pressures, uplift pressures, silt pressures,
and own weight of the weir. As the foundations at the both weir
sites would have enoﬁgh béaring capacity for the weirs, the
stability is examined on overturning and sliding. According to
the study result on creep length, the both weirs would require
the sheet piles. The general features of the both weirs are

shown in Figs. 10 and 11.

Intake

The intake structures are designed based on the intake water
discharges. In order to prevent the sand intrusion from the
river, a permissible intake velocity is limited to be about

1.0 m/s.
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7.3.4 Diversion Channel

Between the two headworks, approximately 1,8‘km.long diversion channel
will be constructed. & part of reqgulated release from the Nong Pla Lai
dam will be diverted at the Nong Pla Lai hcadworks into the Khlong Yai
river through the diversion channet, Furthermore, the water will be
diverted, together with the regulated release from the Khlong Yai dam, at
the Khlong Yai headworks into the Ban Khai Extension area. The diversion
channel has a design capacity of 4.9 m3/s. The channel is lined with a

7-cm thick plain concrete in its all reaches.

7.4 Irrigation Canal System
7.4.1 Function and.Requirement of Canal

Irrigation canal systems in each scheme include main canals, lateral
and sub~lateral canals. The layout plannings of these canals are done
after understanding their respective functions and reguirements mentioned

below., The canal layouts of each scheme are shown in Figs. 12 to 15.

(1} Main Canal

The function of main canal is to convey irrigation water from
intake site to development area in the most ecconomical way. The khlong
Luang, Xhlong Thap Ma and Ban Khai Existing Schemes have two main canals
regpectively. The Ban Xhai Extension Scheme has one main canal.

The main canals have concrete lined trapezoidal sections.

(2) Lateral and Sub-lateral Canals

The functions of lateral and sub-lateral canals are to deliver
irrigation water from main canals to tertiary units. The sizes of
lateral units vary basically from 50 to 500 ha consisting of 2 to 20
tertiary units. The lateral and sub~lateral canals are of unlined

earth canal and have trapezoidal sections.

{3) Tertiary Units

The tertiary units are demarcated so as to have the maximum area

of 40 ha.
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7.4.2 Layout Planning of Camnal

(1)

Layout Planning

Prior to the field survey, layout planning of canals is made on

the map. For this work, the map on a scale of 1/20,000 prepared by

RID is used. In the planning, the following matters are taken into

consideration.

{a)

(b)

{c)

{a@)

(e)

(2)

{a)

{b)

{c)

()

Canal aligmment should be straight and short as much as possible.

The alighment should be planned so as not to pass through village

yards and not to give damages to public facilities.

If there are existing irrigation areas, areas are to be incorpo-

rated to the new scheme as much as possible.
Embankment portion should be minimized as much as possible.

Canal water level should be kept as high as possible for easy

operation of canal system.

Field Survey

Based on the layout planning prepared on the map, the detailed
field reconnaissance is made along the canal alignments to grasp

micro-topography, hydrological conditions and scil conditions.

The topographic survey including preparation of additional map
on a scale of 1/20,000 for the Khlong Thap Ma Scheme area and
the map on a scale of 1/2,000 for the diversion weir sites of

the Ban Khai Extension Scheme area.

The construction material survey is made for their availabilities

and prices.

For the layout planning, agricultural and socio-economical data

are also collected.
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7.4.3 Preliminary Design of Irrigation Canal

(1) Design Discharge
Based_on the unit irrigation water requirements for the respective
scheme areas, the design discharges for the canals over the four scheme

areas are obtained as shown in Figs. 16 to 19.

{2) Velocity

The maximum and minimum permissible velocity is determined so as
not to give the erosion and not to allow the sedimentation and the
growth of aquaplant and moss in canals. ~Considering. these basic

requirements, the canal water velocities are determined as follows:

Maximum Minimun
Velocity Velocity
(m/s) {m/s)
- concrete-lined canal 1.2
- earth canal 0.7 0.4

(3) Roughness Coefficient

The Manning formula is used for determination of hydraulic
properties of canals. The Manning's roughness coefficient "n" is

determined as follows:

Manning's "n"
- concrete-lined canal 0.015
- earth canal 0.025

{4) Freeboard and Waste Bank

The freeboard in canals is normally governed by considerations
‘of the canal size and location, velocity, storm-water inflow, water
surface fluctuations caused by checks, wind action, soil characteris-

tics, etc. The freeboard is determined by the following formula:
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Th = 0.05 x @ + hv + A ittt teennnnnnronnnsn (7.2}

‘where,

Fb : minimum freeboatd (m)

d : water depth for maximum design discharge (m)
hv : vélocity head (m) '

A : allowance (0.05 to 0.15 m)

The height of waste bank is determined to be 0.2 to 0.5 m for
concrete-lined canal and 0.2 to 0.3 m for earth canal,'while their

width is 2.0 m for coﬁcrete—lihed canal and 1.0 m for earth canal.

{(5) Canal Base Width/Water Depth (B/h) Ratio

The ratio of canal base width and'water.depth'is determined as

follows: -

- concrete-ilined canal 1.6 -~ 1.5

- earth canal 1.0 - 2.0

{6} Side Slbpe
The side slope of 1:1.5 is adepted for the design of both
concrete-lined and earth canals taking into account the soil mechanical

conditions.

(7} Lining of Canal

All the main canals are lined with 7-cm thick plain concrete to
check seepage from the canal banks and bottom and to protect the canal

section against erosion.

{8) Canal Cross Section

Considering above mentioned items, canal types and their typical

cross sections are designed as shown in Fig. 24.
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7.4.4 Preliminary Design of Related Structures

A number of related structures are required in conjunction with irri-
gation canals for conveyance, regulation and measurement of irrigation

water and protection of canal system.

The reguired types and their features of the major canal related
structures are shown in Figs. 25 to 31. The general characteristics and

design criteria of those structures are briefed as follows:

(1) Culvert

Culverts are constructed to convey canal water under roads.
The culverts in the prbpoéed canal system are classified into 14 types
depending on their discharges. The two types for main canal have box
barrels and the others have pipe barrels. Design water depth in the
harrel is taken to be about 80% of barrel height, and design velocity
is to be 110% to 130% of canal water velocity.

{2} Inverted Siphon

Inverted siphons are constructed to convey canal water under
rivers and drainage channels, These structures are classified into
four types depending on the canal discharge. The three types have
design capacities of more than 1.0 m3/s and are provided with box
barrels. Other types have a design capacity of less than 1.0 m3/s
and provided with pipe barrel. The maximum velocity is taken to be

1.5 to 2.0 m/s.

(3} Drop Structure

The function of drop structure is to dissipale excess energy.
The structures are classified into two types depending on canal water
discharge, i.,e. inclined type and vertical type. The inclined type
is applied in case that canal discharge is more than 2.0 m3/s and drop

height is more than 1.5 m.
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(43 Cﬁeck Gate

A check gate is provided just downstream from turnout and spill-
way to wmaintain the reguired water level during.the period of off-peak
flow in the canal. The check gate structures are classified into two
types. Type—n has two rectangular gates and installed at the site

where the canal discharge is more than 5.0 m3/s.

(5) Turnout

Turnouts are constructed to divert irrigation water from one
canal to_others. There are two types of turnout; (1) for diversion
of.water from main canal to lateral or sub-lateral canals, or lateral
canal to sub-lateral canal {simply called "turnout"), (2} for diversion
from main canal or lateral canal or sub-lateral canal to tertiary
unit {(called "farm turnout"). The turnouts are provided with one lane
of pipe barrel with a diameter of 300 mm - 1,000 mm and concrete-made
outlet structure. All the farm turnouts have a pipe barrel with 300 mm
diameter, and the farm turnouts are protected by stone masonry against
erosion upstream and downstream.from these structures. Parshall
flumes are equipped with turnouts and installed at the head of lateral
and sub-lateral canals for the purpose of canal water measurement.
The parshall flumes are classified into eight types depending on the

canal discharge.

{6) Spillway

Over-flow type spillways are constructed along the canals for
the purpose of flushing off all the excess water in the canals.
These structures are classified into six types depending on the canal
discharge. The design discharge of the spillway is taken to be 25%

of the canal discharge.

(7} Crossdrain

Crossdrains are constructed across the irrigation canals at the
places where the canals run across depressed lands or natural streams,

Crossdrains are classified into three types depending on the design
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‘discharge. Type-A has two lanes of box barrel and provided for the
-design discharge of more than 8.0 m3/s. Type-B with a single box
barrel is provided for the design discharge of more than 1.6 m3/s.

Type-C has a single pipe barrel.

(8) ower Chute

in order to take water of less than 1.6 m3/s into the irrigation
‘canals at the crossing point of canals and streams, over chutes are .
provided in case that the base elevation of stream is higher than

the canal base_éle&ation.

{9) Bridge

Concrete bridges are provided on operation and maintenance roads
to cross over rivers and drainage channels at.the points where the
construction of siphons is planned.’ Concrete. bridges are also
provided over irrigation canals at the points where canal crossings

are needed for'villagers along the irrigation canals.

7.5 .Dfainagé Canal System
7.5.1 General

The functions ofidrainage canals are to dfain out water in fields and
to lower or control_the subsurface water level, and to lead the water to
outlets or disposal points. The. layout of the irrigation system and topo-
graphy are the main factors for determining the 1ocatidn of the drainage
canai. Existing natural streams or depreésed areas are used for location

of the drainage canal as much: as possible.

7.5.2 Layout Planning of brainage Canal
Through the field investigation, the following items are checked and
studied. '
- Field damage due to floods and mal-drainage is surveyed for its
extent and magnitﬁde._

- Present drainage mechanism is observed in its vicinal areas.
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- Rainfall data is calculated for the analysis of the intensity

and duration of rainfall and estimation of drainage reguirements.

- Present land use in the areas is surveyed for the use of analysis

on drainage reéquirements.

Based on the results of field 1nvestlgatlon mentloned above, drainage

canal systems are planned

7.5.3 Preliminary Design of Drainage Canal and Tts Related Structures

According to the drainﬁge waler requirement calculated in Chapter 5,
the unit design discharge is determined for each scheme area. Design
discharges of respective drainage canals are calculated on thé basis of
the unit design discharge. Existing natural streams and drainage canals
are incorpgrated into the proposed drainage canal network as much as

possible.

The related structures to the drainage canals include culverts and
drops. They are planned and designed with the same principles as those

‘of the related structures for the irrigation canals.

7.6 Inspection. Road

For the proper operation and maintenance of project facilities, well
arranged inspecticn roads are of'vital*importance._ Since these roads will
be used as Villagé roads and faim roaas after the project implementation,
the arrangement of the 1nspect10n roads’ should be made considering the

exmstlng road nétworks:

(1) Main Inspection Road

The main inspection roads are required for inspection, operation
ahd maintenance of main canals. Considering the future increase of
vehicles for the inspection and operatlon and heavy construction
equlpment to be required for the canal maintenance and repair, all
the main inspection réads are so designed as to have an effective
width of 5 meters and to be laterite-paved. These roéds are also
used for the movement.of agricultural broducts and equipment and for

the day-to-day services between villages and from them to the'highway.
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(2) Lateral Inspection Racd

_ The lateral inspection road is mainly provided alongside the
lateral canal. All these roads have an effective width of 3 meters
and are paved with laterite. These roads are also used for the

purpose of farm operation, particularly for harvesting.
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8. CONSTRUCTION TIME SCHEDULE

8.1 Development Programme
8.1.1 Basic Considerations on Development Programme

In order to formulate the construction time schedules of'the.proposed
1rr1gat10n schemes, i.e. the Khlong Luang, the Ban Khai Extension and the

Khlong Thap Ma Irrigation Schemes, 1nclud1ng the upgradlnq of the Ban Khai
Existing Irrigation Scheme, the following basic considerations on develop~

ment programme are made:

(a) The priority is given to improvement or upgrading of the existing

trrigation system and expansion of on-farm facilities.

(b) - The irrigation scheme, of which the water resource is already
planned or proposed to be developed, will be developed in keeping

pace with implementation of water resource development.

{c) Develbpment of irrigation sgheme will be well harmonized with

development sequence of water resources,

(d) PFor financial flexibility, the implementation schedule of each

scheme will not be overlapped as far as possible.

(e) The irrigation schemes will be extended in accordance with
establishment of agricultural supporting systems to obtain the

benefit projected,

(f) To raise a living standard of the farmers in the Study Area,
the irrigation schemes will be realized alternately in both

the Rayong and the Khlong Luang river basins.

8.1.2 Dpevelopment Programme for Each Scheme

In accordance with the above considerations, the development programmes

for each irrigation scheme are established as follows:
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(1) Ban Khai Existing Irrigation Scheme

The Nong ?la Lai reservoir has been propbsed'to be créated by
the end of 1986. This ressrvoir was planned as the water resource
mainlty for irrigation of the Ean Khai area of 4,800 ha which is being
Supplied.from'the Dok Krai reservoir at present. Following this pilan,
the 1rrlgatlon and drainage facilities in the existing area will be
upgraded and extended to the whole area in keeping pace with imple-

mentation of the Nong Pla Lai dam, as mentioned in Chapter 6.

(2) Ban Khai BExtension Irrigation Scheme

The Nong Pla Lai reservoir is expected to have an active storage
capacity of 144 MCM. Based on the result of water balance study, '
the Nong Pla Lai reservoir can serve 1rrlgat10n water to about 3,400 ha
of the Ban Khai Exten51on area other than the-Ban'Khal Esttlng area,
even if the domestic and 1ndustr1al water for the coastal area is
taken from the reservoir. The remaining area of 4,300 ha will be
developed with provision of construction of the Khlong Yai reservoir.
Taking into consideration the abové-conditions, the Ban Khai Extension
area will be developed in accordance with the completion of the Khlong

Yai dam,

{3) Khlong luang Irrigation Scheme

In the Khlong Luang river basin, only the Khlong Luang Irrigation
Scheme is envisaged to be developed. Considering of egual distribution
of the Government's investment to the farmers in the Study Area, this
scheme will be developed by the end of 1991. Based on the result of
water balance study, the Khlong Luang reservoir can supply irrigation

water to 6,600 ha with cropping intensity of 140%.

(4) Khlong Thap Ma Tfrrigation Scheme

The implementation of the Khlong Thap Ma Irrigation Scheme will be
made with prov151on of construction of the Khlong Thap Ma reservoir
which w11l be used only “For 1rr1gatlon purpose. This scheme will be

1mplemented from 1985 to the end of 1989.
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8.2 Construction Time Schéduie

The construction time schodules for cach scheme are prepared in
accordance with the development programmes described in the preceding
section 8.1 and shown in Fig. 32, The detailed descriptions are as

follows:

(1) Ban Khai Existing Irrigation Scheme

TopographicIMép on a scéle of 1:5,000 with a contour interval
of 0.5 m has to be prepared for the scheme area. This work will be
started from 1985 and completed within six'months{ The detailed
design works for upgrading of the main canals, lateral canals and
drainage canals will bé started from 1985 and completed by the end
of 1986, including the Lime necessary for survey and investigation

and the detailed design.

The project office and quarters will be completed prior to the
major construction works. This work will be started from 1986 and
Compieted by the middle of 1987. The land aquisition for construction
of project facilities will be completed six months ahead of the
construction work., The necessary financial arrangement will be

started at least one year ahead of commencement of construction.

The time required for the upgrading works of the Right and Left
Main Canals will be arcound 2.5 years. The upgrading and extension
works of lateral canals will be started from 1988 and completed by
the end of 1989. The drainage canals will be improved and constructed

for 1;5 years and completed by the end of 1989,

(2) Ban Khai Extension Trrigation Scheme

Aerial photo mapping for the scheme area and the detailed design
works will be commenced from 1985 and completed by the end of 1986.
" The loan arrangemeht and nécessary preparatory works will be started

from 1986 and completed before the major construction works.

The construction of the Nong Pla Lai diversion weir will be

carried out by dividing into two portions. The left side portion
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of the weir including fixed welr, movable weir and intake will be
constructed in two dry seasons of 1987 and 1988. The dike portion
at the right side will be constructed in 1988. The construction of
the Khlong Yai diVersion weir'will‘bé alsQ carried out on the same
procedure as the Nong Pla Lai diversion weir. The construction of
left side portion of the weir will be started after the completion of
diversion chaﬁhel and dbmpleted in the dry season of l98§. The dike

~poxrtion will be constructed in 1989,

- The construction of main canal including main inspection road
will be carried out for three years from 1988 to 1990. Following
thé main canal construcfioni lateral canals ihéluding secondary
inspectién roads will be iﬁplemented dﬁring the pericd from the middle
of 1989 to the middle of 1991l. In the rainy season, the earth works
will be cut down and the main effort will be paid to the construction
of related structures. The excavation work of drainage canals will

he sfarted from 1990 and completed by the end of 1991.

(3) Khlong Luang Irrigation Scheme

Aerial photo mapping for the scheme area will be prepared on a
scale of 1:5,000 with a contour interval of 0.5 m. This work will be
carried cut duriné the period from the beginning of 1986 to the middle
of 1986. The detailed design works will be started from the beginning
of 1986 and ¢ompleted by the end of 198B7. The loan arrangement and
preparatory works such as construction of office and guarters and
land acquisition will be started from the beginning of 1987 and

completed by the middle of 1988.

The construction of the intake structure will be carried out in
keeping pace with progress of construction of the Khlong_Luang dam
and started from theé beginning of 1988 and completed by the middle of
1982, 'Phe North and South Main Canals including main inspection roads
will be constructed during the period from-1988 to 1991. The con-=
struction of lateral canals will be started from the middle.of 1989
and completed by the middle of 1991. The drainage canals will he

constructed during two years of 1991 and 1992,
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{4} Khlong Thap Ma Irrigation Scheme

Aerial photo mapping for the scheme area and the detailed design
works will be started from L1985 and completed by the end of 1986.
‘The loan arrangement and preparatory works will be commenced from

1986 and completed by the start of the major construction works.
The construction of intake structure, main canals, lateral canals

and drainage canals will be started from the beginning of 1987 and

completéd by the end of 1989.
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9. CONSTRUCTION COST ESTIMATE

9.1 Conditions

The unit prices for construction works are analyzed on the 1982

current price basis prior to construction cost estimate. For the con-

struction cost estimate of each irrigation scheme, the following

assumptions are made:

(1}

(2)

(3)

(4)

{5)

The conversion rate between RBaht and US Dollar is assumed to
be US$1.00 = Baht 23.00 referring to the current exchange rate

in Thailand.

All of the construction works would be executed by contract
basis. Machinery and equipment required for construction works
would be provided by contractors themselves. Therefore, depre-
ciation cost of construction machinery and equipment would be
accounted in construction cost. The procurement cost of

machinery and equipment would be out of consideration.

The contractor's administration cost, profits and taxes payable
to the Government for contract amount are estimated separating
from the unit prices used for estimation of direct construction

costs.

Taxes on the construction materials, machinery and equipment

to be imported from abroad are not include in the estimate.

The construction costs integrated by unit costs are divided into
foreign and local currency portions. The local currency portion
is estimated on the basis of the current price in Chan Buri and
Rayong Provinces in 1982 and the data collected from the on-
going and completed irrigation projects avound the project area.
While, the foreign currency portion is alsc estimated based on
the CIF prices in Bangkok referring to the FOB prices in Japan
in 1982.  All of the work items, materials and eguipment are
provisionally éldssified into both local and foreign currency

portion as given below:
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(6)

‘Local Currency Portion

- Labour wages,

~ Sand, cjravel and wooden materials,

- Fuel, oil, etc.

- Cemént,

- Secondary concrete producté,

- Small gates for canals,

- Reinforcement bar,

- Structural Qteel aﬁd steel pipe,

- Inlana transporticon cost,

- Construction cost of the Government's office and guarters,
—IMiﬁor and miécellaneous works,

- Land acquisition and compensation, and

— Administration cost of executive agency.

Foreign Currency Portion

- Large gates for intake structure and headworks,
~ Depreciation cost of construction equipment and machinery,

- Expenses and fees of engineering services by foreign
consultant,

~ Foreign contractor's administration cost and profits, and

~ Vehicles to be reguired for the construction supervision and
0&M equipment for the project operation.

As regards the physical contingency related to the construction
quantities, commissions and changes in unit prices, around 15%
equivalence of the direct construction cost is incorporated in
the construction cost in view of the preliminary nature of

the estimate. While, the price contingency of 8% per annum for
the foreign currency portion and 10% per annum for the local
currency portion are also incdorporated in the construction cost

to cover increase of costs due to future price escalation.
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(7)  Associated costs to be financed by the Government, such as the
costs for strengthening the extension services, facilities of
water users' association and improvement of social infrastructures

are not included in the estimate.

9.2 Cost Estimate

The summary of the construction 005£ for each itrigation scheme is
shown in Tables 12 to-15; The annual disbursement schedule of the con-
struction cost is worked out based on the cqnstruction time_schedule.

The detéils for each irrigation scheﬁe are stated in Tables 15 to 19.
The breakdown of the direct construction éost estimate for each irrigation

scheme is shown in the Bill of Quantity in separate volune,

The prices of major local materials and labour  wages used in‘the
estimate and the unit prices for major construction works are shown in

Tables 2¢ and 21 respectively.

In addition to the cost estimate on the contract ‘basis, the con-
struction costs on the force account basis are estimated for reference to
implementation of the schemes by the Government. They are shown in Tables

26 through 38,

9.3 Annual Operation and Maintenance Costs

The annual operation and maintenance costs include the salaries of
project administration and water control staffs, the.materials and labour
cost for repair and maintenance of project facilities, the cost for
opefation, repair and maintenance of 0O&M Equipment, the-runhing cost of
project facilities.' The énnualroperation and maintenaﬁce costs for each
irrigation scheme are taken to be 0.5% of the direct construction costs,

and summarized below.

Scheme : OsM Cost (L03E)
Khldng Luang 1,860
Ban Khai Extension 2,810
Ban Khai Existing : 360
Khlong Thap Ma ' 740
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9.4 Replacement Cost

Some bf the facilities, especially mechanical workv and O&M equipment
have shorter useful life than the civil works and require replacement at
a certain tlme within the project useful life. Table 25 shows the useful

life and replacement costs of the mechanical’ works and O&M equipment.
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