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ANNEX-VIT

IRRIGATION AND DRAINAGHE

1., INTRODUCTION

The: Sakae. Krang, river basin extends over thé northwestern part of
the Central ‘Chac Phraya Plain with a total area of about 6,300 km?.
The river basin is bounded by the mountain ridges on the west, the Chao
Phraya river on the east, the northern ridge of the Mae Wong river on
the north and southern ridge. of the Khok Khwal river on the south.
_Admlnlgtratlvely, the basin is™ 1ocated within the jurisdictions of four

provinces (Chanqwat), i.e., Khampnenq Phet, Nakhon Sawan, Uthai Thani
and Chainat.

Irrlgatlon development in the Sakae Krang river basin has been
commenced in.late 1970s by RID. - Rt present, there exist one large scale,
five medium scale ‘and 50 small scale irrigation projects in the river
basin. The - b381n is qraced with extended land resources gunite suitable
for aqucnltural .producticon.’. Neverthelesg, the land productivity is
still low due to various constraints for agricultural development. The
major constraints are as follows: )

1

Annual shortadge and unever seasonal distribution rainfall,

—'Serlous shortaae of irrigation water resources in the dry
season,'

o= Lack of perennial 1rr1qat10n svstem,
- Improper water management

—~Improper appllcatlon of aqucultural 1nputs, and insufficient
.and’ improper control of diseases, insects and rats, and

- Insufficient agricultural supporting services.

: In order to. solve ‘the above constraints, the optimum development
plan ‘should be formulated through sufficient understanding and grasp of
present conditions in the basin and technical and economical considera-
tions and examination to them.

In this ANNEX, irrigation and drainage aspects for the opt imam

development are: dlscussed laying emphasis on the’ irrigation and drainage
water requirements and plannlnq and design of project facilities.
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2. EXISTING [RRIGATION PROJECT -’

2.1 General

As stated in CHAPTER l there exrst one- large soale 1rr1gatlon
_project, five medlum scale 1rr1gat10n pr03ects ‘and 50 small scale irriga-
tion projects in’ the’ Sakae Krang river basin. These projects have mainly
been implemented- durlng the. recent 5 years: by RID in. résponség to 'the
local people's request ‘in the basin. - The ‘location map‘of_ex1st1ng_}rriga_
tlon prOJeCtS is shown in Flg VII P SRR A R RIS TR

2.2 LargerScale‘lrrigation-ProjeCti“V

.+ The ‘Thap Salao Irrlgatlon PrOJect 1s the only 1arge scale erlga—
tion- prOJect in: the basin ‘(sée Table VIl- 1).- The 1rr1gatlon SeerCe '
area of 88,000 rai (14 080 ha) ig located in the southeastern part of the
ba51n and extends west to east alono “the “both: banks of the ‘Thap Salao
river which is the main water source ‘of the! prOJect “The . major Facilities
of the pr01ect comprlse a dlver51on weir constructed: acrogs thelmain
stream of ‘the. ‘Thap~Salao river -and maln and lateral 1rrlgat10n fcanal

system. At preSent “the prOJect is sufferlng from: 1rr1gatlon water
shortage._ The ' maln reasons are as follows. :

~ There ex1st three localsmade welrs whlch cover the areas of
35 OOO rai (5,600 ha) ‘in. total. - - :

Much 1rrlgat10n water to the areas .is taken w1thout proper

water management : -

'—_Slnce 1970, the. upstream ‘Area - of “the pro;oct was rapldly opened
from the forest to the agracultural land. Consequently, the
run-off phenomena from ‘the basin. upstream of the pro;ect were
-severely changed. “No stable perennlal flow is presently expected.

For solution of water shortage problem, RID lntends to 1mp1emcnt
the Thap Salao Dam Progect ' - :

2.3  Medium. Scale irrigatioanrOject
(1} Wang Kun Pao and KhUn Lard'Borihan Requlatorsr

There ex1st two channels to dlvert the water of the Mae Wong
river. These channels were constructed by farmers themselves more
than 20 years ago‘: After constructlon of: thesé: channels, “fouch
water-of the Mae, Wong river . was: dlverted through thege channels to
outside of the ‘Mae Wong river ba81n Subsequently,:downstream
areas of the Mae Wong river were’ suffered from irrigation water
shortage. 1In resoponse to. the farmer’'s request downstream of the
‘Mae: Wong river, RID constructed “the’ regulators at “the ‘heads of
these channels in 1975 to 1977, namely Wang Kun pPad Regulator and
Khun Lard Boriban Regulator (see. 1able VII-1),
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The Wang Kun Pac Requlator is located at the left bank of

. the Mde Wong river, 8 km downstream of the proposed Lower Mae Wong

Dam, . fThe: Regulator covers the 1rrlgat10n service.area of 105,000

Srai; (16,800 ha). The Khun Lard Boriban Regulator is located at
- thew left bank of the Mae: Wong rlver, 40 km downstream of the pro-
‘posed Lower Mac _Wong Dam. The irrigation service aréa covered by

the Regulator is 55,000 rai (8,800 ha). No records on diversion

‘water “amount f£rom. the ‘Mae Wong river at both regulators are

avallable

55(2)- Khlong Nam Hom Irrlgatlon Project

The Khlong Nam Hom area of 10,000 rai {1,600 ha) is located

“at Tthe right- bank of the Mae wOng river, middle part of the Mae

wong. river bagin. (see Table VII-1). The main water source for

: .1rrlgatlon 15 the Mae Wong river. The return flow from the small
- scale 1rr1gat10n project areas along the left bank of the Khlong

pPho river. is used for augmentation of irrigation for the area.
The major facilities of the project comprise a diversion weir

_COHStlUCted in- 1975 to 1976 by RID and canal system constructed
“by farmers.

{3) - Wang'Rom'Klao-Irfigation Project

The Wang ‘Rom Xlao area.of 12,500 rai (2, OOO.Ha) is located

“at. both banks of - the Sakae Krang river, 10 km downstream of
'confluence of the Mae Wong and Khlong Pho rivers (see Table VII-1).

The main water sources are the Mae Wong, the Khlong Pho and the
Huai Thap Salao rivérs. . The major facilities of the project
consist of an earth-fill dam, spillway, intake structures and
canal systems constructed by farmers.

. (4) Khlong Yang Trrigation project

The Khlong Yang area of 7,500 rai (1,200 ha) is located at
the right bank of Huai Thap Salao river, 7 km upstream of conflu-
ence of the Huai Thap Salao and Sakae Krang rivers. The water
source . is the Huai Thap Salao river. The main facilities of the

project consist of a diversion weir, 3 intake structures and canal

systems. These facilities were constructed in 1950 to 1954 and
deterlorated at present. Rehabilitation works are required.

'Small'Scdle Irrigatiqn Projects

2.4,
There exmst small scale irrigation projects of 50 in number (see
fable VII-2)." The total lrrlgatlon service area of all projects is

1256,600. rai (41,050 ha) which consist of 60,500 rai (9,680 ha} of the
Mae - Wong river ba51n, 53,800 rai (8,600 ha) of the Knlong Pho river
basin, 66, 500:rai (10, 640 ha) of the Thap Salao river basin and 75,800
rai (12, 130 ha) of -the Khok Khwai river basin, respectively. Most of
the projects were consturcted by RID in 1980 to 1984 and have canal
systems constructed by farmers.
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2.5 Pump Trlngatlon Serv;ces flom RID

RID Regtonal Offlce VII prov1des pump 1rr1gat10n serv1ces w1th
free charge fov the farmers’ who have rainfed: paddy fl@ld alonq thc rivers
and streams in the basin. About 35 portable pump: units are usually used
for such sarvices. The requlatlons of the servmces are aq fol]owq-

- Operatlon hours of pump unlt are 22 hrs/day,;-f
- Irrlgatlon serv1ce perlod is. 120 days, and

- Thé requlatlons 1lifit farmers rece1v1ng the serv1ce for only
one crop season wet season or dry seaqon ’ :

The Reglonal offlce VII uses the budget of l Lo l 5% 106 Bath/
years for the services. . R i
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3, SELECTION OF PROJECT AREA
e . '

3-1..'Basid Cohcépts 6n.1rrigatibn_and Drainage Development

. ‘ Tn order to reallze the concepts for aqucultural development the
jo]lowlng ba51c concept% for irrigation and drainage development are
: env15aqed 1n conformlty with, the concepts for water resources development,

',a)' anlrst prlorjty for 1rr1qat10n development would be given to
' . the qupp]emental 1rrlgat10n for wet season paddy in the
.ex1st1ng 1rr1gatlon areas. :

-b) P0551ble Eurther exten sion of 1rr1qable area would be
examlnod taklng the topographic and soil conditions into
'_con51dorat10n If the exploited water resources are avail-
able, eltherthe supplemetanl irrigation for the wet season
paddy . 1n the above extension area or the irrigation for dry
'.season crop in the existing 1rrlgat10n ‘area would be
c0n51dered

'g) . he natural 5treams in the basin would ‘be used for dralnage
'~ as many as possible. The collector drains would be provided
for proper drainage in each scheme.

3.2 Mae'wdng‘RiVer Basin

As stated in Phapt@r 1l of this ANNEX there exist smale and medium
gscale lrrlgatlon pleects ‘along the Mae Wong river, which cover the
1rrlgat;on séyvice area’ of 230,000 rai {36,800 ha) in total. Most of
existing irrigation areas have an’ intake weir or regulator and irriga-
tion canal system constructed by farmers. ~ These irrigation areas would
be. incorporated into the development plan. Other than the existing
irrigation areas, there are following three potential areas, in where
the paddy cultivation is made under rainfed condition:

a)  Potential area fo 30,000 rai (4,800 ha) on the right bank
in the upstream reach of the Mae Wong river

b) Potential area of 20,000 rai (3,200 ha) on the right bank
in the middle to downstream reach of the Mae Wong river, and

o) -Pbtential‘area_of 18,750 rai (3,000 ha) on the left bank in
downstream reach of the Mae Wong river.

Total development area is tabulated as follows.

Existing Irrigation Rainfed Total
Area. Area
230,000 rai 68,750 rai 298,750 rai
(36,800 ha) : {11,000 ha) (47,800 ha)
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“The locatlon map of 1rrtgatlon development area in tho Mae Wong
river basin is shown in Fig. VII-2.,

3.3 Khlong Pho Rlver Ba91n

There ex1st small scale 1rr1gat10n progects in-the, Khlong Pho Tiver
basin, which have the 1rrlgat10n seérvice. dreas of’ 93 800 rai . (8 600 ha)
in total: . Other “than these- ex1st1nq 1rrlgat10n projectq; a mcdlum scale
irrigation’ progect the Wang Rom Klao, is located at’ just dOWn&tIEdm of
the confluenoe of the Mae Wong: rlver and the Khlong ‘Pho river.: . The Wang
Rom Klao’ has the lrrlqatlon serv1ce area of 125500 ‘rai: (2,000 ha) and is
originally 1rr1qated by uslng the water . from ‘the Khlonq Pho, because no
available water from the Mae Wong can be expected Accordlnqu. the Wang
Rom Kao would be 1ncorporated 1nto the 1rr1qatlon development plan for
the Khlong Pho tiver ba51n.

The Khlong Pho rlver ba51n has the follow1ng potentlal areas, in
where . farmers enjoy the ralnfed paddy cultlvatlon.

a) Potentlal drea of 18,750 ral. (3 000 ha), which extends on
both banks in the upstleam reach of the Khlong Pho river,

b} . Potentlal area of 12 500 rai (2 000 ha) on’ the left bank in
the middle reach of the Khlong Pho river, and

c) - Potential érea of 14,400.rai-(2,300 ha) on the right bank

in the downstream reach of the Khlong Pho river.

Total development area is summarized below.

Existing Irrigation . Rainfed . '.Total
Area o Area
56,300 rai 45,650 rai 101,950 rai
(10,600 ha) - (7,300 ha) - (17,900 ha)

The location of irrigation develOpment area in the Khlong Pho river
basin is shown 1n F1g VII-2.
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4,

4.1

TRRIGATION AND DRAINAGE WATER REQUIREMENTS

HIrrigation_Néter-ﬁﬁquirements

4.111..Genéral 

trrlgatlon water requ1rement€ under the following two conditions

are calculated

a) _IrrigationZwaterfrequireménts under the present condition
are estimated based on the present cropping pattern in
order to grasp the areas actually irrigated through the
present water balance calculation.

b) Irrigétion Waterifequirements under the with-project condi-
. tion are estimated based on the proposed creopping pattern
in order to detérmine the project scale.

The calculation of irrigation water requirements is made on

monthly basis through thé-following procedures:

4.1.

2

a) 'Estimation_of'consumptive use of water by crop,
b) Estimation of percolation rate for paddy crop,
cl . Estimation of water requirement for nursery and land pre-

paration for paddy crop,
d) Estimation of effective rainfall, and
e) Estlmatlon of diversion 11r1gat10n water requirement based

on the overall irrigation efficiency.

Consumptive use of water by crop

{1} Cropping patterns

The cropplng patterns for both present and with-project
conditions are shown in Flg VII-3 and Fig. VIiI-4, respectively.

{(2) Potential'evapotranspiration {ETp)

Slnce no data ©on the field measurement of consumptive use
of water by crop are available in the Sakae Krang river basin,

‘the consumptive use of water is estimated based on the potential

evapotranspiration made by the authorized method.

The FAO'Gfoup'Qn Crop Water Requirement recommends the

" following prediction method:

a) Blany - Criddle,
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b)  Radiation,’
a) Modified Penman, and
Q- pannevapofatibn;

Among the above methods, it is saigd that the modlfled Penman

" method would offer the best: rosults, if- accurate cllmatlc data are

~available;- - The modlfled ‘Penman method is w1dely used in Thalland
as. well as! the A51dn countrles ' : -

Climatié data fqr-about,3o“years;arejaV§ilab1e-atjNakhdn
Sawan. Calgulation of the potential evapotranspiration is: made
by the modified Penman.method based on the, climatic dat at Nakhon
Sawan. ‘The estlmated potentlal evapotranqpllatlon ig. shown in

Table- VIT 3. : :

(3i. Crop coefflclent (Kc)

Accordlng to the Chao Phraya - Meklong Ba31n qtudy made by
Acres’ Internatlonal lelted sCanada, the crop. coefflc;ent in ‘the
Chao Phraya'~ Meklong Basin -has. been: evaluated u51ng evapotranspw—
ration measurement at SamchOCk Experlmental Statlon as shown
below o : ' L : :

: Month
‘Crop - — - o
st 2nd “3rd - 4th - 5th
Transplanted (local) = 0.85 1.02 1.03  0.93  0.81
High Yield Varieties 1,00 - -1.300 - 1.32  0.87 -
Field Crops . 1 0.30. 0.50 1.00 0.80 -

These flgures are used for estlmatlon of consumpf1Ve use of
water by crop

(4) ConSumptive:use of'wéter bv.cidp.(Cu)

The consumptlve use of water by crop is calculated by the
follow1ng formula

Cu = Kcl'xETp.

where, Cu : consumptive use
- Kc . : crop.coefficient . :
ETp potentlal evapo*ransp1ratlon_
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4.1.3 Lpercolatidn rate (P)

The percolatlon raLe of l ) mm/day is 3ncorporated in“the calcula-
“tion’ of 1rrlgation water requirements fol paddy crop, in due considera-
“pion ‘of textural proflles of representative s0il Oxtendlng over the river
basin. S

4,14 4 Water requlrement for nursery and land preparatlon {we)

The ‘aréa’ requllcd for nurstry bed covers about 6 % of the cropping
area. ~Nurseries.are ‘operated in the same area and during the same period
as land préeparation. - Accordingly, it can be assumed that hursery water

requ1rement is covered by supply water for land preparation.

The follow1ng flgureg are assumed for land satulatlon and plough-
1ng, and Standlng water : prlor to transplanting.

Soil satulation 140 mm

Stahdingjwatér o ' 40 mm
180 mm

Duration of land preparation = 30 aays

The land preparation reQuiremeht is estimated by using Zijlstra and
van de Goor formula.

avT.
e
Wl = a .
a.r
e :? _wi
where, Wl - : water requirement for land preparation (mm/day)
a. = 'Value_bf 6pen water evaporation and percolation

quantity of water needed for soil satulation and
standing water {mm)

T . : duration of land preparation (day)

Estiﬁated'watér fequirement for land preparation varies from 270
mn to 300 mm.
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4, l 5 Effectlve ralnfall (Re)

The effectlve ralnfall lS estlmated by u$1ng the relatlonship
curve between total and effectlve monthly.rainfall. derived  from the Chao
Phraya - Meklonq Baeln Study as- shown Fig. VIl*S Thls curve was worked
out through the ‘simulation of £1eld ‘water levels in the present dgricul-
tural practice condltlon w1th minimal storage of field in the Chao
pPhraya’ - Meklonq Basin.. ‘The effective: rainfall. estlmated by this curve
shows rather coneervatlve flgures ‘than’ Lhat by the "effectlve,ralnfall
chart made by RID shown in Fig. VII-6. The ‘effective rainfall for up-~-
land crop is estlmated by the. above RID'S . chart ' : S

The monthly ralnfall data at Thap Than statlon were used for
estlmatlon of effectlve ralnfall : :
4,1.6 wNet Watef'reQUirement and diversionlwater7requirement

The net water requirement is. calculated using the follow1ng
formula: :

Paddy
Wn = Cu 4 P + WL - Re
Upland crop

Wn = Cu - Re -

where, Wn - : net.water requifemént
Cu : 'éonsumptive.use of water
P : percolation rate _ '
Wl }7_water requ1rement for land preparatlon

including nersery requirement
Re ' : effective rainfall

The diversion water requirement is calculated by the following
formuala: »

100

Dw = Wnrx g
where, Dw : diversidn-waéef requifement
Wn _net water requ1rement .
) E.: : overall 1rrlgatlon eff1c1enry

uenerally, tne 1rr1gatlon loeses added to the net water rcqulro—
ment are the dlver51on water requllement. The 1rr1gat10n losses .consist
-of conveyance lOS¢ on the. 1rr1gatlon canal and application loes of the
field. ‘Factors affectlng conveyance loss are size of the 1rr1qatlon
gervice area,:canal lining and the technlcal and’ managerlal facilities
of water control'on the canals “The. appllcatlon loss to the field -is
primarily affeeted by method and control of operation, the type of soils,
length of field canals, size:of the irrigatibn block, etc.
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_ The follow1ng overall irrigation efficiencies are assumed for
calculatlon of leGrSIOn water requlrement

Present condltion

Paddy. - 1 45 %

oe

Upland_brop‘: .40

' ;With—projéct,conditiqg

-5

_ Paddy ©+ 55
Uplénd_crop : 45 %

" The calculated irrigation water requirements for the present con-
dlthHS and WLthmprOJOCt condltlon are shown in Table VII-4 to Table
Vii-6, respectlvely

4.1.7 Uhit design irrigation reguirement

As. shown in Table YII- 6., the. peak unit 1rr1gat10n requarement for
with- progect condltlon varies from 0.547 &/sec/ha to 1.080 &/sec/ha.
The peak unit 1rr1gatlon water requirement with 5 year'’ s return period
is estimated at 0.9 %/sec/ha. The unit design irrigation reguirement is
determined at.1.0 %/sec/ha taking an allowance of 10 %.

4.2 - Drainage Water Requirement

4.2.1 Present_dfaihage condition

There exist no artificial drainage facilities in the Sakae Krang
river basin.  The natural .streams formed in the bhasin are used for
drainage. It was found through the field survey that there are no
serious. drainage problems in the upper and middle part of each sub-river
basin. Only lowlying areas downstream of the Sakae Krang river, the
Thap Salao river and the XKhok Khwai river are inundated with the excess
water of rainfall.

4.2.2 ‘standard for drainage plan

Taking the'present drainage cvondition into consideration, the
following basic concept for drainage development in the basin is envis-~
aged in conformity with the concepts for irrigation development:

~ The natural streams in the basin would be used for drainage as

many as pogsible. The collector drains would be provided for
proper drainage in each scheme.
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The dralnage water requlrement is: estlmated in accordance with the
fOllOWlng design standard which- i& generally: applied to drainage plan in
the humid Asilan countrles such as Thalland Phl]lpplnes, Malaysia and
.Indoncsvla K R . o . : .-

a) = Return.ﬁeriOG:fe design-f;infaiieis five yeefs,';

b) b . 1gn ralnfall is of three deys - consecutlve ?alnfall

a) DESlgn ralnfallkshall be- dralned off for thxee days,:.
SRR on-field storage of aﬁ averaée sufcha;ge of 75 mm.

4.2.3 Dralnage water requlrement

De51gn ralnfall is determlned based on thc dally ralnfall records
“at Thap Than, :

Three days-- conseCutiVe rainfall

A
w1th return perlod of flve years 1 Q TN

Unit dralnage water requlrement isg calculated by using the follow~
ing Eormula.

{R-h).x 10~ 3 % 10,000 x 103

86,4003{(1
where, d unlt dralnage water requ1rement (2/sec/ha)
R : de51gn raJnfall (mm)
h : on- fleld storage of an average surcharge (75 mm)
-d "+ allowable duratlon of 1nundatlon (3 days)

Unit dralnage water requ1rement 15 determlned at 3. 67 9/sec}ha.
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5. . PLANNING AND DESIGN OF PROJECT FACILITTES
5,1'-~Génera1

_ : The qeneral fedturea of each high priority project are to irrigate
the: area of 298, 750" rai (47,800 ha) for the Lower Mae Wong and Upper

Mae Wong Projects and the area of 101,950 rai (17,900 ha) for the
Khlong Pho Project. The facilities required for the Project are intake
weir, irrigation and drainage canals and their related structures.

Tor the plénﬁing and'design of the project facilities, the
following topographic maps are available.

(1) T0pographlc maps on a seale of 1/10 000 with a contour
: 1nterval of 1. 0 m-

The maps cover only a part of upstreém reaches of the
Mae Wong and Khlong Pho river basins.

{2} T0pographic'maps.on a scale of 1/50,000 with a contour
interval of 20 m .

" These maps cover the whole Sakae Krang river. basin.

‘ A 1ayout plannlng of main canal and lateral is made for both
the Mae Wong:and Khlong Pho river basins by using the topographic maps
on a scale of 1/50,000. However, the scale and contour interval of
the topographic map used for the layout planning are not sufficient
to estimate the construction cost of irrigation facilities. Con-
sequently, the model area located in the upstream reach of the Mae Wong
river, where is covered by the topographic maps'on a scale of 1/10,000
with a contour interval of 1.0 m, is selected for above purpose

" The planning and design of irrigation facilities for the model
area are made to mainly estimate the work guantities and the construc-
tion cost (see Table VIT-7).

5.2 Plénning and . Design of Irrigation Facilities for Model Area

5.2.1. Intake ﬁéir

_ The hydlologlcal, geological and topographical conditions at
the proposed‘lntake weir site are not investigated yet at. this moment.
Planning and ‘design of intake weir for the model area is made referring
the existing intake weirs-on_the Mae Wong river.

An Jntake weir of ooee type would be constructed for the model
area to - divert the irrigation water to the area. The weir would be
4.5 m hlgh and 35 m long including the scouring sluice portion,

In. the right end of the weir, a scouring sluice ‘with 2 sets of gate,
2.0 m wide. and’ 2.0 m high, would be provided so that the deposited
sand can be flashed down. The scouring gate would be operated by
man power.
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An Jntake structure would be constructed on the rlqht bank The

intake gates would COHSlbt of 3 sets of ellde gate, each 2,0.m WldL and
l 8 m high, whlch would be operated “by-man power._ The 1ntake dlscharge
is estimated at 7.4 ma/seo at maxlmum.

5.2.2

The layoit of pfbposedeintake WGir isfshown'ineﬁig;,VII+7;.

Irriqationecahal_eystém
1) 'Layout pianning of'irrigatioh banal ‘
a layout plannlng of 1rr1gat10n canal is made on the top0~
graphic map on a scale of 1/50,000. _The topoqraphlc map on a

scale of 1/10 000 prepared by’ RID is used for this work:: In the
plannlng the follow1ng matters are taken 1nto conslderdtlon.

(a) - Canal allgnment should be stralght and short as much
as pOS%lble.i : o N ¥

'(b) ‘ The-ek1sting ifriéatidhmcanals'are_tOEbe incorporated
‘to the prdjéct canal-system aS-much.as'possible;J.*

:fc) : Embankment portlon should be mlnlleEd as much as
p0581b1e :

The_layobt of ir:igation'cahal'SyStem is ‘shown in'Fig. VII-8.

(2) Désign'of ir;igatioﬂ canal, .

Des ign aiSChafge*

Based ‘on the unit 1rr1gat10n water requlrement of 1 0 R/sec/h
the 6681gn dlschargeq for the irrigation canals over the model area

are calculated ‘as shown in Fig. VII-9.

Linhing.offcanal

All the main canals and laterals are llned w:th 10 em thick

'plaln concrete to protect seepage from the canal bank and bottom

and the canal sectlon against.erosion.
?elocity

“The * maximom perm1351ble veloc1ty of concrete llned canals
are determined at 1.5 m/sec The minimumn perm1551b1e veloc1ty
- is determined at 0.% m/sec so as not- to induce the growth of .~
aguantic plants and to depos1t the sediments, -

ROughneSS'coefflclent

The Mann1ng formula is used for determlnatlon of- hydraullc

_perertlE& of canals. The Mannang s roughness coefflclent 't

is aésumed-at 0.015.

 VII-14-



: Freeboard”and wost bank

Preeboard ig’ dec1dcd BO as ‘to absorb the fluctuation of
 .water level dle to’the” variation of -actual roughness coefficient,
conversion of velocity head to the statistic head and wave action
ibaused by wznd or regulating structure operation. The minimum
freeboard is determined as follows:

Discharge ~ Minimum Freeboard

(mS/sec) : © (m) -
" Less than 2.0 0.15
Q.O'ﬂ 7 0 0.20

‘ - The height of waste bank is determined to be 0.3 to 0.4 m
- for concrete lined canal.

_Canal base-width/water depth (B/h) ratio

‘The ratio of canal base width and water depth is determined
as follows:

~ Concrete lined canal 1.0 - 2.0
~ Side slope
Thé'Side'sidpe-of canals is assumed at'1:1,5.

COHSLderlng above d051gn criteria, the preliminary designs
of maln canal and lateral for the model area are made. The
profile of main canal is shown in Fig. VII-10. The typical cross
section of irrigation canal is shown in Fig. VII-1l.

{2} ‘Design of related structures

Many different types of canal structures are reguired in
the irrigation canal system of model area to effectively and
efficiently convey and regulate the irrigation water. The
“following canal qtructureg are envisaged to be constructed for
fthe model ared.

Turnouts with check

These structures would be provided to divert water from
the main canal or lateral to lateral or sub-lateral. The check
would be provlded to regulate the canal water surface upstream
of the structure ang contrel the downstream flow. The structure
would comprise a rejnforced concrete flume and transition with
gradually varied section at both up- and downstream of the flume,
The flume would be equipped with steel slide gate to regulate
water surface in the canal.
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Syphcn

- The maln cana] would cross cver the many existlng streams
The syphon" eructures would be prov;ded at . such’ crosslng places.
The eructure would conslst of ‘inlet transrtlon, ‘cast-in=place
concrete conduit w1th rectangular sectlon ang: outlct transrtJOn

- culvert.
_ Culvert would be provided to ccnvey-irriéation water under
roads. The culvert would consist of a rectangular reinforced
conduit or a precast concrete pile and transition with gradually

varied section at inlet and outlet of the conduit..

Sldesplllway

The 51desplllway would be" prov1ded to waste excesslve water
which may result from misoperation, heavy rainfall or flocds
caused by break. of canal embankment. For .the purpose mentioned
abovc, ‘the’ 51desplllway would be ccnstvucted upstream of syphon
structures. -

Design of drainage canal system
(n Layout planning of drainage cannl

There exist many exlstlnq small rlvers and streams These
rlvers and streams would be used. for dralnage piipose’ as ‘much as
possible, Only collector draln would be prOVlded in the model
area so ‘as’ to drain. the, ‘excess watey of rainfall to the ex1st1ng
rivers and streams., (See Flg “YIf- 8)

(2) Devlgn of dralnage canal and 1ts reldted structures.'

N Accordlng to Lhe dralnage ‘water, requlrement estlmated in
Section 4.2, the unit de51gn discharge is determined at 3.67
i/sec/ha Design- discharge of respectlve drainage; canals are
calculated on the ba51s of the unlt deslgn dlscharge :

The related structures to the dralnage canals 1nclude COrss
drains and culverts. They are planned and designed w1th the same
principles as those of the related structure" for 1rr1gatlon
canals. :

The typlcal cross sectlcn of -drainage canal 15 ‘shown in-
Fig. VvII-11. : :
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5.2.4 - 'Inspection road

- Yor proper operation and maintenance of project facilities, well
arranged inspection roads are of vital importance.

(L) VVMQin inépection road

The'main inspection roads are required for inspection,
“operation and maintenance of main canals. Considering the future
increase of vehicles for the inspection and operation and heavy
' construction to be required for the canal maintenance and repair,

all the main inspection roads are so designed as to have an
effective width of 5 m and to be laterite-paved. These roads are
also used for transportation of. agricultural products and eguip-
ment.

(2) Lateral inspection road

The lateral inspection road. is mainly provided alongside
the lateral canal. All these roads have a width of 4 m,

Thé-typical cross section of inspection road is shown in
Fig, VII-11.
5.3  Layout. Planning of Canal System for High Priority Projects
A layout planning of canal systems for the high priority projects

‘in made by using the topographic maps on a scale of 1/50,0060. The
layout is shown in Fig. vVII-12.

vVII-17






pa3eaTITARY R _
oq 03 yGeT ~ 06T P93RICTISIBP BAIM SOHPIUT DUB ITSM  00G'L buex BuoTud T

oeTes deyr “AT

MUEQ U3OQ 9B zXWGTTX WS T exesuy

EXWG TIXWQ 9. 238d TETPEX
oes/ wogy Ajroeden xew : Aemy{Tds
cWe0T X Q0L faToATesey

. WOT8=M"L
pood . z8eT - 086T ‘WOTTT=H 'WQ9E =T ‘weq YIIBT  00S T _ oeTy woy buey °T
- Z9aty bBuexy seves III
CE X wWwetTd : aye3ul : .
9L6T - GLET Wg g =H ‘WYL = T i IToM . 000°0T woy weN buoTuyy T
IsatTd oud BuoTuy “IX
sssTa5n LLBT — GL6T T X WEX Wy @ 239D [RIPRY  000'S0T ced unuyy buem g
jojolen) LLBT = SL6T T X UWeX wg. = 338l TeTpwy 00055 . ("9-¥) ueqixog paeY wupl T
. . . : . | . .Hmbﬂm:mcoﬁ.mmz —
- aoeload uoriebiIxl STROS WTDPIW BuTasTxXE
Wy 8°5¥ = TBILIET -
S fTLE = uTBW ¢ We3SAS UOTIBOTIAIT
 ZXWSLTEWoZ ueq 3ybIx S
PR R O TRWSTTXWGTL  MUBRGRFIRT Cf ayeaur .. - . . S - |
. BooD . 786T - OLET WOC =H ‘W09 =7 ¢ ITem 000'eg o oErEsdeg T
. e [ o Lo X c . | Hwb..nm OMH..mw...nm,m.ﬂ_H. .*T
3o8loxg woTyebraar wamowmeHmA:maﬂumﬂxm
| UOTATPUOD x®ex (1EX) meavw

ST ) o . S3T3TTIORI O SaInayesg UTRI - sweN 108 Coxs
. DUTRSTXRI = UOTIONIISUOD o qpfﬂu 24 M:..._ -+ ,ﬁ; : " . uoT3ebTIAI. e m ’ m.

.HUNHO&&.ZOHB.@DHMMH FIYOS WOTAHW INY J2¥YT ONILSIXH T-1IIA 27l

VII-i8



(24 009’8 )

. _ . .oog’es ... I®30L
©legLTT 86T . S9A woTTd - € - 81 LS .000°T (M) qooy wesy Buon gl
elyTT . £861 . oN - - §°Z 0z . -o00‘B () eg TeA Buon . TTT
C o 6zZ°T . - £86T  S3% S WQUTe~T WOt -T KA S-LT o 00s'z (M) usTY ®L Buem ueg: "0T

Tzez" 0 186l o S Tmr T o LT s . 000'%F .. (i) oud buorwa g
C.€19°¢ 7 0861 . SBE LWOTIé -7 WOTTP -T 52 T 008 L. - (). buour Suemy cewy g

o¥se . Te8T - SRR .. - ugrid -2 £ ve 006’9 S My e . dEW . L
69670 . -t E86T SOA . S = WOTTe =T g'T 0T 000’9 oL (M) USE TRA TeNH "9
@6TTT . .gE6T - SeR T . a=e o o WOTTE-T 4 or . 00871 S (M) urH Suem. g

S8s°0 | Z85T B3 O WOt Te -~ T - T A 000’s - {m) uow Swayr %

€€L°T . ¥86T $89X- . - MOTT~T wWOTTH - T b §TZST . QCE‘F . (M) -Towpd Buorwi-uedg- g

991°¢E - p86T. S sex. . WoTT$~-T Wt T - T € 0T - 000'% © {BY) oud BuoTy vz

LIF € 7861 . s®R wo*T$ - I - §L7¢ 0S5 - 000‘% (M) Dbuseq . oewyieny dueg -1 e

- I S _ : o - aeATHOyg BuoTwy "II
(e 089°6 ) _

_ o _ 005709 - Te3on
69T T . - - ¥86T oN L WoTTé-T ~ WO'TH-T s ST 00€ Couny BALCTENH 6
©opELTT . 1861 . sex WOZXWOZg-T WOTTE -2 ST T 000’01 - (4) Busoud utH bPuem . g -

TZZT1 €86T . 'S9R wo Te -1 = AR S - 000“% _ " (m)- 0Bk BuoN < "y

009°Z - TBET Sen - LugtTd - - .z A 000°% (M) 09TQ TRE WET "9

$S8°¢€ . 286T on . - .- £ 0F 002 () HO¥-¥ Buemes -g

88%°C - . LL6T - sei = LwgrTe -z €. sz .. o00‘9z (s ER.Buem. ¥

6L0°€ - veel sax - S - S 7 Z6E 000“‘e (T} geT UTH TENE g

00T 1T .. Z86T oN woTP -z . MEQ0P -1 ..§°g  sgz . goo’OT . (3d) nbures buorux ‘%

T59°0 ¥g6T . SeX S wWotTd -2 - - - - 000°¢€ (D¥) oex wey buem weg T

. . : . ) I2ATY Suem €W "T
(& 40T AR R TR wmy . (Ted)
2500 o aeei weasks xqmm.pﬂmﬂm ~oMueg 3IeT aubtey yzbusg esIy | mﬂmz 1oelozd
uoTy - oty : IoxeInbsy pesy SE3I0N PRSH . :
—onAZSUCD  —DNAJSUOD a0ﬂummﬂMuH . 2IN30NI38 JO SANILSI UTEH . ucT3ebTIaT

NISYE SEATY ONWYNITIYS NI S
(£/T) I0F00¥d NOITWOIMEI TTIYDS TIVWS ONILSTIXE £0 ISIT AJOINIANI  ¢-IIA aTqel

VII=19



ey 0p970T )

| =ORIISUOD

009°99 T=30L
§4870 »867 - sex wotIe ~ ¥ wo 1 - 2 - - 00072 (99) god tenH  "GT
TZT°T €867 SeX  WQGTTXWQS T~ ¢ - - - 000'¢ (9¥) uoyd uTH o®y ued “PI
EET™0 €867 ON - - 9°0 L 000'€ (M) uweyd exd TemH €T
9TZ"0 #8671 S9% - wo T - T - - 00S (99) uoy eag dog ueg 7T
8621 1861 oN ~ - $T°T 1T 000°T (M) oud eUL  "TT
££9°0 oseT o - - §z°1 1T 000°S () ewpbueyd BuoN  "0T
£€9°0 08671 o "~ - 5 1 6 000°S _ (M) TOTY ued 6
0£E" T 1961 o - - SL°T ST 000°T (M) o®TUL HON uBg -8
9L8°T v86T oN ~ - TSI ST 000°¢ (M) TM TENH L
'§007T v86T ON wo T - T woTe - T $9°1T A 000’€ (m) weg Buoy -9
$88°0 7861 CEDA wuoTTe - 1 woTTd - T LT 1 000°¢ (1) PeR og ued "¢
901" 2 1861 soA - wWe-Té -2 §'¢€ S99 - 000'F (m) TeUd Buowx %
L5670 1861 SPA  WGLUTXWOTY-€ 0 - - ~ 008712 (D) 39U yeT ¢
8gL 0 . 1861 s®X ~ WOSTIXRWGL T~ - - 000%0T (DY) omfei g
¥Sh 0 86T S8X - ugrTé - - - . 0os’e () Suenw eq -1
 xeaTy ceres deyr “III
L 0T B _ _ o i W W (T23)
L3S0y Teok : Hmum.mw queg VAT - Mued 3IST 3ybtay - yabual BoIy swey 30sloIg
uoT: woTY . XoFReInbay pReH SI}IOM SESH .
~ONIRSUCD uoTIeSTAAL 2IN3ONIIS IO 2INTBDI UTEW uoTaebraxr

S (43

ZHm¢> mm>Hm wszMkmme NI

IDTLoEE ZOHB@@H%WH JTE0S. TIVHS OZHHMHNN O ISIT. WMOHZF>ZH

NIHHU 2TgeL

ViI-20



By 0ct' 2T )

- 8z5 T 86T - ON ug ob - . W ob-71 91 og 000'E (M) PON .B®L O T
T00%2 86T S JworTé-g o = 67T ZT 000°0T (4} ES Buoyd.oex €T
0L € Pe6T 59X wotIe.- T worTe - T Sz 6°%Z -000'% M)Taedn T tzT
8oL T 8T 59X B (¢ He..m - - §'T ST 000°¢ . Jowpl TenH 1T
€99 T T €86T s34 _ - CwptTe - T §°0 - st 005’ ¥ () ﬁmz utE weg .. "OT
Z8LE . . FE6T o - - woTe - T 6 06Z 0o€g (&) amz DuoTwy wed 6
Z8L°€ €861 S9K - - SwptTE -2 6 067 008 Ammv NOT TenH g
OvLT 6L6T S3% . Lwettd-z o - B grie ooL’e Wy wpr.og (L
ZSET0 Te6T S®K L= worié -1 - - -008°T (2¥) Tezq Buog -9
TEET 1867 sag : - ug" 0XW I-T 79T gz . 000°sz (M) UOUSRION ¢
TLe 1 86T LT G wugro¢ -z = S 2 6T 000701 (M) oewy weN Buem
G8E"T 7861 S®% Lwgr0d -2 wgro¢ -z St 9707 000°¥% (M) memY UDIDLTRUH g
8€0°T 1861 oN WwoTTe - T : -~ 1T°c g ¢t 000°Z | (o¥) oex Buoy ueg gz
PEEE 7861 s3% . - worTd - 1T 0°¢ 0°€ 000’9 ﬁzv aoxu_msom_ T
. H@bﬂm TRMAL MOﬂM “ATL
(£ 50D T m (W) (Tex)
180D xeex . Coyueg 3uybrtd o juwd 3397  aubTey bus . o
uoT3 uoT3 &mpmMm < IoleTnbayg mwmm : wanoz MWmm A. b Swey 30sloid
-ONAJSUCYH —ONAZSUCD UOTIRETIAT 2aMNoNIRS IO 9INIESI UTEW UoT3BebTIAT

NISUA WIATE ONVUXIVNYS NI

(€/€) IDALEOd NOITVOTHEI TT¥OS TIYKS ONIISIXKE 40 ISTT XHOINZANTI

Z-I1IA sTgel

ViI-21 -



TPOULDW UBNUSI DPOTISPOW 2yl AQ PIIBTNORTD 330N

mr g/’ T = I

- N

LS

Al 91 €€t XA €ET 0%T VAl LLT 98T LLT 0% 1 LZT Yauoum,/
°F z°% £°% 1% £ % Sy 8 L°g z 9 L°g 0°¢ "% Kep /um E Rcs
Z0'T €0°T  €0°T 20°T 1¢°T ©O'T Q0T .€0°T €0°T 10T 20"t 2071 2
PO £°0 z'o. 70 $°0 70 50 G0 L0 L0 770 £°0 085 /W !
6°68. ®°%6 L°¥6 G786 . 6°Z& S°16  G06 T°68 §°98 £°LB 6°98 - £°.8 % Xew gy
L LTL LL 1L €L s*L &L - 6°8 £°6 Le 7°8 S°L U SL 0/Sud = s59
0T 80 90 $°0 L"0 879 60 1T 9°1 97 z° 1 T°% Aep furs (pe-®s3) (W) F (M~T)
0°¢ £°¢ 9°¢ g ¢ 9 ¢ L€ 6°¢ vy S ¥ o F L°€ 6°¢ Awp /uni Wity
0¥ €% L% S % L7F g% . 0°S 9°s 8°s 1°¢ 8% &6°¢ Arp fung TW - S =W
8T = R s 870 870 870 670 171 71 7T 571 LT Aep funz . Tud
T80 8L'C 497G 6%°0 0SS0  6%¥°0 €570 §9°0  ZLT0  OL'0  BL'QO  8BLO (/w3
€T°0 zI'0 .0T°0 ©OT0 0T°0 0I°0 ©QI°C ©0I°'¢C Tt°0 zZI0 <TI0 %10 (po) 3
£°ST - 0°9T - £°9T €797 . %97 §'9T .°9T .6°9T Z°LT 6°9T #%°91 8'¢1 (1) 3
97 ¢ 8" 8¢ - £°§ §'g 9°¢. &S L79 gL <79 €9 g°g Aep /unt o oswg
8%°C-. LPTO0  Z¥TC. SE°0  GETD  GETQ L£°0 TPTO SPTO ¥PTOT LPTC LBO {N/u 05" 0+5Z70Q) {0-T)
6470 SL°C 0 €970 €0 PO E€FT0 8PP0 TI2T0 6970 L3T0  SLT0 . &L70 N/u
9°TT . %2l 6°€l 0°6T - L°6T. &°ST 6°GT ~ 0°9T 96T L°PT E€°ET 0721 £ep /um =t
BLOO 9LTO L LLTO . LLTO  LLTO LLTO cBLTO - BLT0  08°0  BL'OC LLTO  WLTO M
$Z°0 . ¥ZTC - £2°0 ° €T°0 . -€Z°C . €TT0 2O . TTTO. 0T0  EZTT0  £2°0 0 9TQ . M-
GEt0 SETO- ££70° ZET0 9€°0  9€°0 - 6£°0  6E°0  ¥E'O  E£b°0  LE°0  HE"O _ AL zro= (s
g . og . 1T 8T 123 €€ PP ¥ 79 69 LE ¥ Aep /i . _ o
90T+~ G76. S°L 8°9% .- .9'8. .. C'0T 80T €€l  ¥'8T Z'LT 9°%T -T2t Icrew - pe-es
97STC TI6E 0TTE PT0E . TTOE L LTOE LTOE. 678T  0TiT 0 BTET LT0T . Teqm _ p3
T°ZE UTTSE T 9TLE L '8TLE T 0T6E T IO STTIR  ETE€F . E£7LF  TTPR §T8E 8Tz dECM . S e
L9 €L .08 Z8 - 8L . SL - #L oL T9 19 - ze €9 , % . | uesw. g
BTST. L°9T 0 6TLT 0°8T 0 $7€T - U0°6Z  976T  9°0E C6°IE C LT0E £°8¢ 9°sE Do wesu I,
23q. A£ON 320 & bny IRe . unp Aepg - . zdy . xenR ged  Cuep N 3Tun

NOIIWITESNTYLOAVYAT TYTLNILOL

UOTIERS UeMmES WOUNeEN

£=1IIA 2Tg=l

VIT-22



Taple VII-4
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Pable VII-5 IRRICATION WATER REOUIREMENT POR
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'I‘able VII 5 IRRIGATION WATER REQUIREMENT FOR
- PRESENT CONDI'I‘ION SEMI-IRRIGATED FIELD (2/2)
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" Table VII-7 MATN FEATURES OF IRRIGATION' MODEL AREA

1. Head_Works'7J
1.1 Intske Weir
TYéé of weir
wéir height
Weir length
‘1.2 Scouring Sluice
Gate type
Size of _q:a't'e (BxHxNo.)
1.3 Intake Structure
:Intake'diScharge
Gate ﬁypé : '

Size of gate (BxHxNo.)

2. Irrigation. Svstem

Irrigation service area

Main canal. (concrete linning) -

Lateralf(éoncrete linninq)
Sub-lateral |
Reiated éfructureé-
' Turnout with Check
Syphoﬁ'
‘Culvert

Side Spillway

3. Drainage System

Lateral drain

© VIT-29

“Ogee type
:28;6;m "

'Sljde'gafe :

L 2.0m % 2.0m X 2 nos

7.36 m¥/sec’
Slide gate

2.0m x1.8m x 3nos

37;360 ha =

12.7 kn
52 ..7 kin -

- 44.8 km .

48 nos
7 nos
2_4-no_s_=

2 nos -



- LEGEND

(rai)- . . I. MAE WANG RIVER
Y~1. TAP SALAO : 88,000 ~1. BAN WANG NAM KAO (RG)
S . (14, 080ha) -2, KHLONG. SAINGU. (RE)
. ~3. HUAT HIN LAB (RE)
ZEXISTING MEDIUM SCALE IRRIGATION PROJECT - -4, WANG MA (W)’
- (ral) ~5. SAWANG A~ROM (W)
M~1.' RHUN mm-somm;(m) 55,000 ° ‘-6, LAN BAI DIEO (W)
~2. WANG KHUN PRO 105,000 ~7. NONG YAO. (W)
-3, KHLONG NAM HOM = 10,000 ' ~B. WANG HIN PHOENG (W)
-4, WANG ROM KLAQ : 12,500 =9, HUAT PRA XHUN
-5, :xl}!mm_; YAN’G_ o 7,500 Total
' ‘Total . 190,000 _
' (30,400ha) IT. KHLONG PHO RIVER

-1. BAN HUA KHAOC DAENG (W)
N : : : : ~2. KHLONG PHO (RG)
ORI | RN - ' ~3. BAN KHLONG XHOX (W)
i gy l O B N : : - -4, THUNG MON (W)
ii. \ ““““T ﬁ ; i B o ' - -5. WANG HIN (W)
ﬂillln““"“ 1“‘ o : -6. HUAI YAI HEN (W)~
y il ruili"“l | SR S ~7. MAP KAE (W)
.HMH l L o e ~8. KHAO KWANG THONG (W)
T e T ~9. YHLONG PHO (W)
: “lo : ~10. BAN WANG TA KIEN (W)
[]""" l 4 -11. NONG YAI DA (W)
““lm -12. NONG KWAN KOOB (W)

Total

III. THAP SALAC RIVER
: -1l. PAK MUANG (RG)
-2. TAXRD {RG})
-3. LAK MET (RG) "
-4. FHONG CHAI (W)
~5. BAN BO MAD (W)
6. NONG BAK (W)
~7. HUAI WI (W}
-8. BAN MOK THAEO (W)
~9. DON KLOI . (W)
=10. NONG PHANGKHA (W)
~11. THA PHO (W)
~12. BAN SUP PRA KON {RG)
~13. HUAI PRA CHAN (W)
~14, BAN KAO HIN CHON (RG}
-15. HUAI ROB (RG) '

1Y) |Duoﬂ9N

. o oy fomy

- Total

j
i
} IV. XHOK KHWAI RIVER
-1. PONG KHOI (W)
/\ ~2. BAN NONG KAE (RG)
A ~3. HUAI KHUN KAEW (W)
o -4. WANG NAM KHAO (W)
-5. NORACHON (W)
-6. DONG PRAI (RS)
-7. BO LUK (W)

- Existing Medivm Scale

-8. HUAI LUK (RE}
~9. BAN KHLONG WA (RE)
-10. BAN HIN NGUN (W}
-11, HURI KHOT

-12. I TOOB (W)

-~13. KRO CHONG LOM (W)
-14, KAO TA NOD (W}

Total

Existing lérgé Scaié .
Irrigation Project

Irrigation Project

Existing Small Scale
Irrigation Project

SCALE B S
10 20km

Fig. VIO =1 ‘Location Map Of Existing Irrigation Project
" i{n the Sakae Krang River Basin _

EKISTING LARGE SCELE IRRIGATION PROJECT . EXISTING SMALL.SCALE IRRIGATiON PROJECT

(zai)
3,000
10,000
3,000
26,000
200
4,000
4,000
10,000
300

60,500
(2,680ha)

4,000
4,000
4,300
5,000
1,500
5,000
6,000
7,500
4,000
2,500
8,000
1,000

53,800
(8,600ha)

3,500
10,000
21,500

4,000

2,000

3,000

3,000

1,000

5,000

5,000

1,000

500

3,000

2,000

2,000

66, 500
(10,640ha}

6,000
2,000
4,000
10,000
25,000
1,500
2,700
809
300
4,500
2,000
4,000
10,000
3,000

75,800
(12,130ha)
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VIT-3  PpPresent Cropping Pattern
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- ANNEX VIII

_HYDRO POWER DEVELOPMENT

1. ELECTRIC POWER DEMAND

1.1 Present Situation of-Power Demand

In connection with power demand increase in Thailand, except for some
yearO_ln which power demand 1owered due to the oil crises during the 1970's,
the - average annual growtn ‘of power demand during the same period was record-
ed at’ such a hlgh rate as more than 13%

This growth rate'Was”forced to be lowered due to the energy-saving
pOllCleS of Lhe Thai Government and hike 1in electricity tarlffs but stiil
showed ovér 6% on the average per annum.

Tt'has‘proved that poWer demand'incroase in- local cities and rural
areas 1s more brlsk than the Metropolitan area. In other words, an average
annual increase . rate of power demand in-the Metropolitan area is 9% while
local cities and rural areas enjoy an average annual growth rate of 1e% dur-
ing the perrod from 1975 through 1982

As of September 1981 the electrlflcation ratio of the Metropolitan
arca was recorded at 769 ~and that of local cities and rural areas 34%. The
average electrlflcatlon ‘ratio of the entire terrltory of Thailand is esti-
mated at around 40% ‘Aeccordingly, a large amount of power demand in local
cities and rural areas, could be anticipated with the progress of the
electrlflcatlon_thereof.

-The . Thal Government is desirous of reallz1ng industrization by utili-
zation of natural gas to be exploited on the Siam Gulf in accordance with
the Fifth Economic .and Social Five Year Development Plan {(which commenced
in October 1981). 1t is estimated that the annual growth rate of power
demand up to the year of 1992 in Thailand will be at least 6% on the aver-
age in succession. '

1.2 Power Demand Forecast

1. 2 T Demand forecast in whole Thailand

pPower demand {load) forecast in Thailand has been worked out by the
"Load: ‘Forecast Worklng Group for Power Tariff Study Sub-Committee® composed
of repreeentatlve of LGAT MER , PLA, NEA and NESDB.

The load forecast by them was performed by means of micro and macro
methods. Under the micro method, they have estimated power demand in the
respective supply areas of MEA and PEA based on the time-series of energy

sales in varlous types of power supply.

VIri-1



As for the supply areas of PEA, analyses were made deflnltely on._cor-
relation curves between per—caplta GDP and energy. consumptlon and perusal -
was . also made into schewnes for establlshment of new lndustrles and relevant
pro;ecte,'lncrease ox decrease of the populatlon, the progress of hou51ng
pr03ects, eta, : S :

For. checklng the appxoprlateness of” the results of the study made by
the above micro method, the macro method study was made on flve (5); cate—
'gorles of power demands, res;dentlal (household) consumers, commer01al con~
sumers, industrial consumers,. street llghts and’ others Then analyses wero
conducted oiv correlations between per~caplta GDP,_and energy consumptlon
thereby estimating the total leues of power demand throughout the country
up to.the year of 1992.j : :

As a result of comparlsons of the results of load forecast between Lhe
micro and- macro methods, it. has proved that those results obtalned by the
two methods” are almost approxrmate ~Since the resulte of power demand
{load) forecaet are rev1sed by the sald Worklng Group every year based on
actual records in. the prev1ous years, it can be said that such forecast
fully reflects p0551ble increase in power demand to a con51derably accuraLe
extent. (Reter to Fig. VIIT- 1) o : : :

1.2.2 Demand forecast in and'around'the etﬁdy area

The supply area of PEA in whlch Lhe site for the Sakae krang Rlver
Basin Irrigation.-Project is located belongs to Northern Region 3 of Thai-
land. :

The above-mentloned Reglon has srx (6) substatlons supplylng electrlc
power to. seven (7) provrnces.n The: expected supply. areas of electllc power
to be obtained Erom this- Pro;ect will be the present areas to whreh )
electric power . is supplied at present through Nakhon Sawan Substatlon and
Manoron Substation. = Breakdown of the supply areas from ‘the two substations
after completion of the Project is expected to be as follows: '

1} Nakhon;SaWan Snbstetion'

Makhon Sawan Province

1 A. Muang

2 A. Krok Phra.

3 Lat Ydo

4 Tha Tako

5 Chumeaeng

6 A, Banphot Phisai
74' A._anngde

8 A Ehaieali
9 A. Khao Leo.
10  T. Kaho Thong
11 ' Phayuha Khiri’
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" Kamphaeng Phet Province
1 - A. Khanu Woralaksaburi
'2) Manorom Substation

A, Muang

2 A:.Manorom

3 a. Sankhaburi

4  A. Sanphaya
.5 . A. Wat Sihé

6  A. Hanka

" Uthai Thani Province

1 A. Muang

2 A. Nong chang

3 A{ Nong Khayang
4 . A. Thap'Than

5 “A. Sawang.Arém.
6 A, Ban'Rai

7 A Lan sak

Nakhon Sawdn Province

A. Phayuha Khiri
T. Nong Pho
Takhli

bW N e
®

'-_T. Hua Wai

The values of power ‘demand (load) forecast prepared by PEA have been
Complled for each PrOV1nce._ The said forecast covering the period from
1984 up to- 1992 is made by refcrence to each category of actual energy con-
sumption recorded durlnq the past ten (10) years from 1974 through 1983.

The results of the power demand forecast made for each of Nakhon Sawan,
Chai Nat and Uthani Provinces are as shown in Figures VIII-2 and VIIT-3.
A5 may be seen from ‘Tables VIII-]l to VIII-3, energy consumption in Nakhon
Sawan Province is larger than that in the two other Provinces, and the
quantity of energy consumption per household in Nakhon Sawan Province is
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larger than that in the’ two other PrOV1nces, -and the quantlty of energy
consumption per household in Hakhon Sawan Province is approx1mately 140
k¥h, 100 kih and 80 kWh : . .

. The-actual records of:energy_consdmptién“fox onie 'year from October:
1983 through September 1984 (See Tables VITI-4 and VIII-6) indicate that
there are some disparities in energy consumptlon befween the ralny &eason
and dry seasan. : = S

Accordlng to’ brewkdown of Prov:ncemwlse energy consumptlon as- glven _
n Table VIII-7 to VIII 9,-energy consumptlon for residential use ‘in Naklion
Sawan PIDV1nLe accounts - for- some 50%,°58.1% and 73.4%, respeotlvely, of’
the total energy consumptlon in the three Provinces occup1es the largest
pOrthh of the total enerqgy . consumptlon. : :

As for energy consumptlon for commer01al and 1ndustr1a1 use, Nakhon
Sawan Province is a hub of economic activities in- this Reglon and- has
larger eherqgy consumptlon in the sald categorles, compared w:th the Lw0
other Prov1nces. o . S

The txend of,incréaée in’ the number of consumers-are as given in Table
VIII-10 to VIII- -12, proving that energy consumptibhrfgr commercial and-
industrial use in the two Provinces otheér than Nakhon'SaWan'Province'was
not so larger in quantlty from 1974 through 1983 while Nakhon Sawan Prov-
ince has been making a rapid increase in the amount of energy consumptlon
since 1977. :
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2.  ELECTRIC POWER DEVELOPMENT PLAN

2;1‘.-Néééésiﬁies'far'Develdpmeﬁt

Economlc growth of Thalland durlng the 1970‘5 showed a rise of 7.4%.
Of developlng countries in. Asma,,thls gountry takes pride in vigorous econ-
omic: advancement immediately after Hong Kong, Korea, Tailwan and Singapore.
Economic growth in the industrial sector of Thailand, among others, has al-.
most doubled. Lhat in the 1960 s._'

Power demand as of 1982 is recorded at: 17 500 GWh. As stated in
Section 1.2 ”Electrlc Power Demand Forecaet", the increise in peak demand
is to be gradually lowered down from an arnual. growth rate of 14% in 1983
to-that of 6. 5% in 1965 Thereafter an annual growth rate of 6% is esti-
- mated to contlnue :

2 900'Mw and 17,500 GWh are acttal figures as power demand as of 1982
“and such demand is. estlmated to become two-fold or more in 1991. From 1982
onward power demand increase per year will reach a. 1evel of 400 to 500 MW
and 2, 400 to 3 , 200 GWh.- '

‘At present 011 flred power pldnts meet 55% of the total power demand
in Thalland - As v1ewod from the whole of energies, the country relies’
upon oil by 78% for ‘sat isfying Lhe reguirements. Therefore, the Govern-
ment of Thailand 1ntends to develop alternative energies such as natural
gas, llgnlte, hydro power: and so forth on a large scale thereby ensuring
her economic tablllty in the future Accordingly, il is desired that
development oF hydro power ‘plants be made by effectlve utilization of ir-
rigation water to be obtained upon completion of the Sakae Krang River
Basin Irrigation Project.

2.2 Hydro Power Development Plant

2.2.1 Basic plan

The Sakac Krang River Ba51n Irrigation Project is a water resources
development scheme which mainly aims -at realization of irrigation develop-
ment. It is, therefore, essential that the hydro power development plan
be scrutlnlzed on the basis of reservoir operation which will depend on the
said 1rr1qat10n development plan. In other ‘words, the above-mentioned

~hydro power: development plan may be counted as the so-called "generat-
ion schems 1n01dental to irrigation water™ Necessary studies have been
made as follows in: connection with the upper and lower stream sites of the
Mae Wong. River and the Khlong Pro river to which high priorities are given
among the components of the Sakae Krang River Basin Irrigation Project.

(a) 'Study on maximum discharge
The maximum diécharqe has been determined based on the quantity

of the release water as given in Table VIII-13, which was obtained
from the optimal water balance.
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(b}

_ (C)'

(d)

(e)

- Four (4) cases were selected from among the. monthly average dis-~

charge and duratlon curves of water to be released from the .
respective ‘dam (coverlng 28 years from 1954 through 1981) at the
Upper Mae Wong site; Lower Mae,hong site and Khlong PhQ_SlLe

Rated head
The rated head has bOen obtalned assumlng that the standard water

level (rated head) ig: to be - the. average water level of reseyvoir
Operdtlon rule of each dam (whlch has been proposed to have the

optimal scale) cover1ng 28 years from 1954 through 1981,

'Estlmate’of constructlon“cost

The’ constructlon cost has been estlmateu by reference to costs
1ncurred in construction of other hydro power development prOj—-

" ects w1th gimilar scale in Thailand.

Benefits 3

The respectlve power plants at the proposed 51tes of the Pro;ect

“will provide fiyrm power of hull. According to a flgule adopted

by EGAT at the planning stage of progecto, kwh beneflt ‘has been
assumed to be Bl per kWh :

Annual expendltures-

The annual expendltures have been” aseumed to be 2% of the con-
struction cost of the- power faCllltleS, accordlng to a. flgure
adopted by EGAT at the plannlng stage of prOJects

2.2.2 Outline of hydro power development plan

The outcome of the studies as described in the Basic Plan is as shown
in Table VIII-14. Table VIII-15 gives the results of the case study.
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Table VIIT-1 RECORD OF NAKHON SAWAN ELECTRIC ENERGY CONSUMPTION

~ SEPTEMBER, 1984

.Eﬁergy'

Nér;ne:s' ) of Di éiﬁfiéts .623;u$£rs Consumption Rgvenue é‘éiiige . ng\:sﬁ;gi;zn
L . -onsumers: () (B (B/kWh) (kWh)
Nakiion Sawan 22,006 | 6,626,809 | 11,736,795.27| 1.77 299.91
ingﬁﬁgagJﬁeg .5}5815  . 178,246 :247;888.63 1.39 54,33
‘Krékgﬁhfa-- Lek0 89,468 122,289.83 | 1.37 54.55
Ban Tak Eenleun {,403 36,735‘ 120,225.15}  1.39 54.69
Lad Yao 6,014 . 841,529_ 1,524,222.47 | 1.81 139.93
_,rﬁaiiako'j 3,590 279,962 | 442,480.81| 1.58 77.98
ﬁaﬁ Huo Tanon 2,325' 93;1375' .118,159;53 1.27 40,03
Chin Saeng 5,250 | 477,160 730,470.63| 1.53 90.87
_&éng:Buo | 4,155 249,243 375,174.18 | 1.34 59.99
Thap Krit i,ziﬁ 66,960 92,199.48 | 1.38 54,93
Ban Pot Phisai 3,841 233,047 323,697.14 | 1.39 60.67
Paisali 2,584 139,633 200, 503.10 1.44 54,04
Rao Leo 2,159 '125,605 170,053.53 |  1.38 57.25
Ban_Haﬁa_pho' 511 24,803 31,309.33 | 1.26 48.54
Phayuhakiri 4,253 463,041 793,410.88 |  1.71 108.87
Ban Khao Thong 1,102 51,101 69,193.64 | 1.35 46.37
Ban Tha Nam Oy 1,205 124,737. 206,309.05 | 1.65 103.52
Nong Pho 869 43,644 58,955.99 | 1.35 50.22
“Ta K11 7,754 1,726,604 | 2,940,027.92] 1.70 222,67
Ban Chong Khae 2,467 128,690 182,369.86 | 1.42 52.16
Ban bﬁah'sgn 678 44,347 63,147,021 1.42 65.41
Ban Huo Sai 926. 50,071 66,508,811 1.33 54,43
'rak Fa 2,105 183,758 282,209.74| 1.54 87.30
Takro - | 1,190 27,724 32,419.64 1.17 23,30

Total - 82,615 | 12,354,104 | 20,930,021.29| 1.69 149.54

VIII-7




Table VITI-2 < RECORD OF CHAT NAT. ELECTRIC ENERGY CONSUMPTION
' ' SEPTEMBER, 1984 ' o

Names of Districts

No. of
~Gonsumers

Bnerhy
Consump tion
(kWh)-~

‘Revenue .

SO

| Average.

. Price.

Per Capita |

Consumption
- (kih)

Chainat
Mano-Roﬁ
Sankaburi

Ban Huai Krot
Sapaya

Ban Pho Narg Darm .
.Hun Kha
Bén Neon Kham
Ban

Huai Ngu

Total

10,375

3,620
1,167
1,370
2,737
3,554
;,104'

1,359

29,092

1,310,174

740,068

205,589

54,747

66,298

138,726

285,450 |
40,002

83,913

2,920,967

2,117,628, 50

972,072,17

287,234,25

75,417.03 |

'86,491.84

' 183,742.02

459,249.44

50,980.24

115,411.84°

4,348,227.33

(B/kWhTﬁF

1.31

140 |

1,38
1.30
1.32
1.61
'1;27

1.49

12628

. 205.23
56,79
46,91
48,39
50,69
80,32
36,23

53,82

100,54
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~ Table VIII-3 RECORD OF UTAL THANI ELECTRIC ENERGY CONSUMPTION
.. SEPIEMBER, 1984 |

“Energy

Nat_néé of Districts : er(r)lsur?érs Consump_ti_on Revente A‘}i‘;zige gi;sﬁigizin
| Conewmers | (kwh) @) | Bam) | (i)
ﬁtaigThahi é,iéi 913,555 | 1,550,461.27 1.70 147,56
Nonjz Chang - 2,727 160,207 | 233,033.62| 1.45 58.75
Ban Khao ngg'cfaﬁ '-957 . 58,055 85,480,22 1,47 60.66
'.Nohgjkhé Yang 1411 55,200 | 71,609.17]. 1.30 39.12
Thap Than _ .2;566 - 106,815 141,549.30 1.33 41.63
Ban'gai 829 49,269 . 70,963.65|  1.44 59.43
saﬁ'pha Rung 546 47,762 72,416.18 1,52 87.48
Lan Sak | 920 68,888 101,750.67 | 1.48 74.88
Wat Sing 2. 696 150,676 216,170.07 | 1.43 55.89
Savang Arom 1,000 40,830 ' 55,348.39 |  1.36 40.83
Talvt Khu 1,298 50,437 66,337.23 | 1.32 38.86
Total | 21141 1,701,696 | 2,665,119.79| 1.57 80.49
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Table VIIT-4  RECORD OF NAKHON SAWAN ELECTRIG ENERGY CONSUMPTION

_'FROM OCT. 1983 TO SEP . 1984

| Consum Gehy |y L@ | (e

Oct. 1983 77,609 | 10,680,758 | 17.966,216.79 151.68_.. 137,62
Nov. 1983 78,074 | 10,262,265 | 17,213,363.26 ':i;éa_ 131,44
Dec. 1983 | 78,335 | 9,827,132 16;300;610,50 1,66 12545
sam. 1984 | 78,808 | 9,776,661 16,378,449.31 | 1,68 | . 124.06
Feb. 1984 79,489 . 10;661;153 _17,366;?60g16- 1;68 134,12

Mar. 1984 79,827‘: .11,573;129— :19;$2a;509.14' ;;69" )144;98 _
Apr. 1984 80,465 12,60i’,i_10j 21,311,126.72 i;syf_ 156460
way 1986 | 81,062 | 12,956,217| 21,728,078 S| 1.68 | 159.81
June 1984 81,657 | 12,855,424 17.618,518.92 | 1.37 157;43
July 1984' 82,135 12,136,649 20,430}757.35 1;69' §147.76
Aug. 1984 93,508 | 12,001,097 | 20.169,675.40| 1.68 | ~128.3
Sep. 1984 82,615 | 12,354,104 20,930,021.29 |  1.69 149,54
Total 973,586 | 137,683,699 227,483;187;53 1.65 141,42
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Table VIiI 5. RECORD OF CHAINAT FLECTRIC ENERGY CONSUMPTION
FROM OCT. 1983 to SEP. 1984

- Energy .

'.Aﬁgﬁfhz: .Ogﬁéﬁgirs Consumption Réyenue Agi;ige giisgzgtisn
= ons i) (B) (B/ku) | Gom)
'-ogﬁ; 1983 H26,6?O- 2,296,243 | 3,645,872.09 | 1.59 86.10
NQQQ 1983 | :.26,773 | =2;3A3,722_ | 3,615,239.06 1.54 87.54
Pec. 1983 | 26,948 2,110,086 | 3,228,254.84 | 1.53 78.30
'Jéﬁ.'i984. 327;1671 1,956,883  2,948,268.61 1.51 72,03
'Feb;31984:_ '_27,366" 2 07&'947--_ 3,171,914.70 | 1.53 75.99
Mar}-fésa'f 27,556 | 2,565,158 3,942,552.96 | 1.54 93.10
Apr. 1984 '27,734  2,670, 811 4,127,502, 24 1.5 96.30
May 1984 '27,904‘ 2,643,891 | 4,058,412.28 | 1.54 94.75
June 1984 28,227 | 2,695,301 | a172,862.67 | 1.5 95,49
Ju;y 1984__' 28,077 | 2,575,555 | 3,965,454.16 | 1.54 91.73
Aug.'f984' 28,709 i2;605;428 : 3,93&,690.52 1.51 90,79
Sep. 1984 29,002 | 2,924,967 | 4,358,229.33 | 1.49 | 100.54
Total 332,163 | 29,464,082 45,168;653.45 1.53 88.70
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Table VIII-6 RECORD OF UTAL THANI ELECTRIC ENERGY CONSUMPTION
FROM OCT, 1983 to SEP, 1984 - '

.Month

._:Né;.of.,

Consumers

“Energy
Consumption
(kWh)

 .Revenue

:Ii lﬁt<33j7_j .

Average-
“Price.

PérfCépita_
Consumption
(kWh)

ch.
Nov. 1983
Dec, l§83
Jan.
Feb. 1984
Mar. 1984
Apr.,
Méy-
June 1984
July 1984
Aug.

Sep. 1984

Total

1983 '

1984

1984

1984

1984

19,113

. 19,268 |

19,364

19,435
19,545

19,759

20,024

20,260

20,374

20,653

20,812

21,141

239,748 .

1,403,035

1,367,447

1,241,029

1,231,881

1,374,123
1,443,235

1,611,278

1,652,861

1,594,841

| 1,616,580

1,591,299

1,701,696

17,829,305

2,156,968.07
2,078,531.94

'2,007,420.05

1,827,091,07

2,058,117.85

2,178,407.45
2,484,933.58
2,574,394.67

2,508,927.23

2,548,843.71

2,463,520.45

2,665,119.79

27,552,276.46

_(B/kWh)'

1.54

: 152
1.62

148
;.50.5
i.51

st

1.56
1.57
1.58
1.55

1.57

- 1.55

-23;41
o
64.09
63.38
70,31
_?3;Qé_
 :?80.4?
81.58
178.28
.778.27_
 76.46

. 80.49

74,37
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