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- ANNEX ~ V

'TRRIGATION AND DRAINAGE

1. INTRODUCTION'

More than 20 years ago, 1rrlgat10n development in the Mae Wong rlver
ba31n has voluntarlly been commenced by ‘the local people, = About 71% of
the ex1st1ng paddy field or: 230,000 rai (36 800 ha). in the basrn, are
presently covered: with the exrstlnq farmer S 1rrlgat10n systems. There-
after, serlous dlsputes for river water use often occured between farmers
in the upstream areas and those in’ “the ‘downstream areas Slnce mid-1970 s,
TRID prov1ded ‘the regulatore at the heads of farmer s 1rr1gatlon systems

“to control ‘the’ intake of irrigation water and also constructed the intake
weirs to assure the stable intake of jrrigation water under the medium and
small 1rr1gatlon projects in response to the local ‘people's reguest.
'However, the farmers 1n the basln are stlll sufferlng from shortage of
1rrlgat10n water. ) : :

In order to . solve the above problems, the optlmum development plan
should be’ formulated through suff1c1ent understendlngs and ‘grasp of present
condltlons in the bas;n and techn1ca1 and economical considerations to
them. . In- thlq ANNLX,.lrrlgatlon and dralnage aspects for the opt imam
develoPment are studied laying empha51s on the lrrlgatlon and drainage
water requirements and planning and design of proiject facilities.

2.  EXTSTING TRRIGATION AND DRAINAGE SYSTEM -
2.1 General.

_ There exist three medium scale irrigation projects and seven small
seale lrrlgatlon pro;ects in the Mae' Wong river basin. These projects
have mainly been implemented during the recent five years by RID in
response to, “the local people's request in the basin. The main works of
nrOJects were only to provide the regulators or diversion weirs with
intake fac111t1es 4t the diversion places. The irrigation canal networks
were constructed by farmers themselves. The location map of existing
1rr1gat10n progects is shown .in Flg V 1.

_ An 1nten51ve 1nventory survey of existing farmer s 1rrlgatlon systems
was conducted during about one month from mid-July to mid-August, 1985.
The number and kind of structures and their present condition as well as
present condition of canals were clarified through the inventory survey.

2;2 Medlum Scale Irrlgatlon Pro;ect

2 2. l Wang Kun Pao and Khun Lard Borlban regulators
) . There ex1st two channels to divert the water of the Mae Wong river.
These thannels Were constructed by farmers themselves more than 20 years

. ago.- After constructlon of these chanﬁels, much water of the Mae Wong
‘river waerdlverted_through these channels to outside of the Mae Wong



river basin. Subsequently; downstream areas of the Mae Wong river were
suffered from Adrrigation water shortage “In response to the farmer s -
request downstream of the Mae wong rlver, RID constructed the regulators
at the heads of these chamnels in:1975 to 1977, ramely Wang Kun Pao regu—-
lator and Khun Lard Borlban regulat01 :

The Wang Kun Pao regulatorjls located at: the left bank of the Mae f
Wong river, 24 km dowustream of the proposed Upper Mae WOng ‘dam. The :
regulator covers the 1rrrqatron:serv1ce area of 105,000 rai (16 800 ha),
The Khun Lard Boriban requlator is located at the left bank of the Mae
Wong river, 56 km downstream of the proposed Upper Mae Wong. dam “fhe
irrigation service area covered by the regulator is 55 000 ral (8, 800 ‘ha) .
No records on diversion water amount from the Mae Wong rlver at both
regulators are avarlable.

2.2.2 Khlong Nam Hom Irrlgatlon Pro;ect

Thé Khlong Nam Hom aréa of 10,000 Fai (1 600 ha) i§ located at the '
'rlght bank of the Mae Wong river, mlddle part of - the ‘Mae Wong viver ba51n.
The main water: source ‘for 1rrlgatlon is the Mae Wong rlver.. The return
flow from the . small scale 1rrlgatlon progect areas along ‘the 1eft bank of
the Khlong Pho river is used for augmentatron of Jrrlgatlon for the area.
The major fa0111t1es of the project comprise. a dlversron welr constructed
in 1975 to 1976 by RID and canal system constructed by farmers. ‘

] At the end of July 1985 the Huai Sadao Sa1 welr was constructed on
the Mae Wong rlver, Just downstream of diversion place to the Khlong Nam
Hom irrigation area, under the small scale 1rr1gat10n project.  The main.
function of the Huai Sadao Sai weir is to assure the irrigation water to
the Khlong Nam Hom area., After completion of the weir, the: old bank
openning to the Khlong Nam Hom area was closed

2.3 Smali'Scale Irriqatioanroject
There ex1st seven small scale 1rrlgatron pxo;ects 1n the Mae Wong

river basin. The total 1rrlgatlon area covered with all these projects
is 60,000 rai {9,600 ha) ‘as shown’ below: :

Name of Project - R IrrigationiArea'

L. Ban Wang Nam Kao - 3,000 vai ( 480 ha)
2. Xhlong Saingu _ io;ooo_rai (1, 600'55)_r

3. Huai Hin Lab S 3,000 rai (:_489;hdj'w

4. Wang Ma _ 26;QOD rai (4;160:hé)f

5. Lan Eai Dieo 4,000 rai (640 ha)
6. Nong Yao . - .. ©74,000°rai ( 640 ha)

7. Wang Hin Phoeng "~ '10';.0_00"_r:a_ii'{1;_'66'(5_:}'1&)* N




_ “Thesé projects were implemented by RID in 1977 to 1984 and have canal
systems'oonstruoted by farmers., In addition to the above projects, the
Hual Sadao Saili weir was constructed on the Mae Wong river in 1985 as
already ‘stated in the preceding section.

2.4 Dralnage Systems

Most of the ex1st1ng oanals constructed by farmers have dual purposes
for 1r11gatlon and dralnage. Besides the above farmer's 1rr1gatlon ‘systems,
many natural streans traverse the existing irrxigation areds.  These streams
are also used for drainage purpose.

2.5 Pump Irrlgatlon Servrces by RTD

RID Reglonal Office Vll prov1des pump 1rr1gatlon gervices with free
charge for the farmers.who have rainfed paddy field along the rivers and
streams in”the baSin; The regulations of “the services are ds follows:

- Operatlon hours of pump unlt are 22 hrs/day,-

- Irrlgatron service perlod is 120 days,'and

~ The regulatlons limit farmers rece1v1ng the services for only

one crop season, ‘wet Season or dry season

The records of pump 1rrlgat10n serv:ces by’ RID for recent flve years
are shown in Table V=L, The pump irrigation services increase year by
year, average annual lncre351ng rate of 11%, except for 1983 of flocd year.

2.6 Inventory Survey of Ex1st1ng Farmer s Irrlgatlon Systemg
2.6.1 Methodology of 1nventory 5urvey

In ordex to incorporate the ex1sting farmer's irrigation systems into
the prO]ect as far as'possible, an ‘inventory survey is conducted to grasp
such thelr present condltlons as dimension, degree of deterioration, etc.

The 1nventory survey is broadly lelded into the spot survey and the
canal route survey.,

fl) Spot survéy'

. Prior to the survey, major structure 51tes and crossing points of
canals and roads are selected by using the topographlc maps on a scale of
1.to-10,000. The spot survey is carried out to collect the following data
and 1nformatlon of ‘the existing farmer's irrigation Dystems at the
selected sites,

Canal type -

Canal dimension. ..

1

Extent of its damage

t

'Kind.of structure



.~ Dimension eof structure

~ Material of structure

i

Extent of its damage

Type of road (pavement material)

1

Width of road

Aboout. 150 spot survey sites are ‘selected on. the. topodrapbiq maps.
The results of spot survey are complled in. the "DATA BOOK: I, PHOTO REPORT
OF INVENTORY SURVEY™.: '

{2) Canal route survey

The canal route survey is carried out to investigate the'numbar'aﬁd
kind of structures and their present conditions as well as conditions of
canals. The intensive: canal route survey on the right bank upstrean of
the Mae Wong river {so called main canal B). /As for the other existing -
canals, only interview survey to the farmers is make taking. the limited
survey period and the accessibility to the site into consideration.

2.6.2 Results of inventory survey -
Main features of structures for the existing medium and small scale

irrigation Drojects are listed in Table V-Z. The average denslty of canal
and road networks for each area are tabulated below._  '

Irrigation “Total Canal Density of Total Road .DensiEy of

Area Area Length - Canal Length Road
{ha) {1m) {m/ha) o {m) {m/ha}
A 16,800 181,000 10.8 216,100 12.9 -
B 2,560 114,200 44.6 42,300  16.5
C 11,680 . 136,300 11.7 131,908 . 11.3
D 1,600 - 41,600 26.0 52,000 - . .32.5
B 4,160 15,400 . 3.7 . 54,100 13.0
Whol _
MHOLe 36,800 488,500 - 13.3. ' 496,400 13.5
Area : : . . o

The followings are found throagh the inventbry survey.-

i

All the canals are unlined_éanala.

!

Most of canals have dual purposes of irrigaﬁion.ahd_drainage..

4

Existing canals were constructed by farmers, 1rrespec 1ve of
topography . :

The water management is far from the proper water dellvery,_ -
because of few control structures.



- There are no operation records of intake facilities even in case
of the 1ntake fa01lltles constructed by RID,

w-The 1rrlgatlon ‘water is taken by farmerq, irrespective of irrigation
-area’ 51ze.i It means that the upstream area is more advantdgeous
‘than the dOWnstrtam . :

- Most of ex1st1ng 1rr1gatlon areas have the problem on the d1fflculty
rof ‘gravity 1rr1gat10n, ‘because of improper canal route allgnment.
“Under- such' sltuatlons, the farmers are using the small tractor's
engine to pump the irrigation watér up from the canals to thelr
fields. The Reglonal Office VII of RID also prov1des the pump
1rr1qat10n SeerCeS for the farmers.

- Based on the results of inventory survey;, it seems that approximate
half of the ex1st1ng 1rr1gat10n area faces the difficulty of gravity
1rrlgat10n. :

2.7:-Present_Cohdition-of Operation and Maintenance
2.7.1 Current situation of water management in Thailand

In Thailand, each irrigation project is managed by a regional engineer,
who is a head of the Regional Office of RID.  Each project is headed by a
project englneer, who “is assisted by one or more water masters. A water
master -ig"in charge of a’ region' and superv1ses a. nmumber of zonemen ang gate
‘tendexs. Zonemen supervise irrigation in a zone of approximately
10,000 rai and gate tenders are in charge of a structure, i.e. a headwork,
a cross-regulator or an- intake regulator.

Nowadays, RID is . facing with the following constraints and problems
in operation and maintenance for the irrigation projects:

- Insufficient budQet

- Insuff1c1ent staff and quallfled staff to operate the progect,

- Insuff1c1ent equ1pment for operation and maintenance such as
motor cycles, vehicles, conStructlon machlnery, ote. .

”;_Poor communlcatlon system, i e telephone, wireless set, walky-
. talky, etc., and

o Poor Cooperatlon among the farmers and RID staff.

Table V-3 and Table V-4 show the operatlon and maintenance staff
gsituation and the annual operation and maintenance cost for the existing
large scale irrigation projects 'in Thailand, re5pect1vely The projects

in the above tables. have the same problems mentioned above.



2.7.2 Water management in the Mae Wonq,river basin

As st aheﬁ in the preceding section, the existing irrigation systems
in the Maé Wong river basin were voluntarily constructed by farmers.
Only intake weirs and{ox head regulators weve constructed by. RID. under
the medlum or small scale ivrigation proiects. At present; . the water
wanagement £or the existing irrigation systems is carried out by the
velintary farmer's group. ‘there arE;nQ,establiShed'waterimanagement-
procedures for the systems. As a regull, there are no operation: records
on the systems ‘and the dispute on water: use of the Mae Wong. rivex: often
occurs betweon the upstream farmers and the. downstream those.

3. DELINFATICON OF DEVELOPMENT AREA
3.1 Basig Develoguenﬁ Concept

In OLdEx tQ realize the concepts for agrlculturai ueveloument the
foliowing basic concepts for irrigation and drainage development are _
envigaged -in conformity with the: concepts. for water resources development:

~ First priority for irrigaticn development would be given to the
supplepental irrigation for wet season naddy cultivation in the
existing lelgatlon axe&s, .

- Possible ﬁur*her'extension of -irrigable arpa would be examined
taking the. tGPQgLainC and’ soil conditions: into, cans;deratlan.
If the expleoited water- resources ars; ‘available, either the
sunganental irrigaticon for. the wet seagon paddy. gultwva;lcn,;n.
the above eXtension area or the ixrigation for the dry season
upland crop uvl*vaflon in the existing irrigatbion areas would
be considered,. I : .

- In principle, the farmer’s lrzlqatlon ﬁy“tvmb in the existing
Irrigation areas would be incorporated into the project as far as
possible to minimize the preject cost. From, viewpoints of water.
managenant, the extent of 1 ggrqdlﬁg ‘or inkegrated plan Qz Lﬁe

existing Larmexr'’s systems would be consid r¢d,

- Basin-wise water_“‘aaC¢m“nt_0xgan*zat%Qq anﬁ metﬁaq would ‘b
}€‘Q“ﬂbl3€d te timely and fairly distrilmite the axploited wathr
to each irrigation block. Establishment.of-watér'dser’s-orqani~
ld alse be recommended for proper: water management at
farm lavel, anﬁ : B K
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3.2 Delineation of Development Area

Theré exist the existing irrigation areas of 230,000 rai (36,800 ha)
1n total, which are covered by the farmer's irrigation systems These
irrigation areas would be incorporated into the development plan. Gther
than the existing irrigation areas, there are the follow1ng three
potentlal areas, in where the paddy cultivation is mainly made under the
rainfed condition:

- Poténtial-area cf 35,000 rai (5,600 ha) on the right bank in the
upstream reach of the Mae Wong river,

- potential area of 20,000 rai (3,200 ha) on the right bank in the
mlddle to. downatream reach of the Mae Wong river, and

"~ potential area'gf'7,ood rai (1,100 ha)_on,the left hank in the
‘downstream reaéh3df_the Mae Wong river. :

The potentlal areas were delineated. carefully wlth special attention
to the topographic condltlon, present land use and land Capablllty for
1rr1gatlon The selected potential areas are all irrigable by gravity
and ‘are endowed with productlve soils suitable for irrigated paddy culti-
vatlon. Through the water balance study and optimization study, it was
concluded that’ "all the ahove’ potentlal areas. would be developed under the
prognct as well as the existing 1rrlgat10n areas.

The potential“areas.for irrigatidn-development are thus delineated
at 291,900 rai (46,700 ha) as shown below:

Existing Irrigation _ Rainfed © Total
Area : Area
230,000 rai 61,900 rai 291,900 rai
{36,800 ha) {S,900 ha) {46,700 ha}

The lands out51de the delineated potential areas are generally not
1rrlgable due to their undulating topography coupled with poor s0il
conditions.

4. IRRIGATION WATER REQUIREMENTS
4.1 Genefal

Irrlgatlon water requlrements under the following conditions are
_calculated :

- Irrigation water reguirements under the present condition based
on the present cropping pattern to grasp the areas actually
“irrigated through the present water balance calculation, and



- Irrigation water requirements under the with-project condition
hased on the proposeéed cropping pattern to determine the projeet
scale through the optimization study. ) '

The calculation of irrigation water requlrements 1s made on the
monthly basis through Lhe f0110w1ng procedures

- Estimation of consumptlve use of water by crop,

- Estimation of percolatlon rate of paddy crop,.

- Estlmatlon of water reguirement for nursery and land Drepalatlon
of paddy crop, # :

- Estimation of effective rainfall, and

- Estimation of dlver31on water requ1rement based on the overall
irrigation efficiency.

4.2 Consumptive Use of Water by Crop
(1) Cropping patﬁerﬁ

Both present and proposed cropping pat erns are shown in Fig. V-2
and Fig. V-3, respectively.

(2) Potential evapdtranspiratidn (ETp)

Since no data on the field measurement of consumptive use of water"
by crop are available in the Mae Wong river basin, the consumptive use of
water is estimated based on the potential evapotranspiration made by the
authorized method. - R :

The FAO Group con Crop Water Regquirement reconmends the following
prediction method:

- Blaney - Criddle,
- Radiation,

- Modified Penwman, and

Pan evaporation.

among the above methods, it is said that the médified'?enman method
would offer the best results, if accurate climatic data are available.

In order to determine the methods to give the most reliable potential
evanotransplratlon, a study was conducted by comparlng with the direct
measurement of lysimeter in two crop seasons from 1978 to 19801_. In the
study, the following methods were studied:

/1: POTENTIAL EVAPOTRANSPIRATION AND CROP COEFFICIENT FOR RICE IN -
THAILAND by Mr. Direk Tongaram, Crop Water Requirement Experimental
Project, Irrigated Agricultural Branch, Operation and Maintenance
Division, RID '



- Perman,

- Christiansen - Hargreaves,
_.E;ﬁahf

- Makkink, -

- Blaney»:Criaéle; and

- Thorntkwaite.’

‘From- the results of study, the resport concluded that the Penman
method was the best for the climate in Thailand.

' Thus, the'modified Penman -method was adopted for estimation of poten-
rial evapotranspiration.. Estimation of potential evapotranspiration is
made based on the climatic data for about 30 years at Nakhon Sawan. The
estimated potential evapotranspiration is shown in Table V-5.

(3) * Crop coefficient (Ke)

According to the Chao Phraya - Meklong Basin Study madé by. Acres
International, Canada, the crop coefficient in the Chao Pharaya - Meklong
basin has been evaluated using evapotranspiration measurement at Somchock
Experimental Station as shown below: '

or ) Month
op ist . 2nd 3rd 4th 5th
Transplanted (local} 0.85 1.02 1.03 0.93 0.81
High Yielding Variety 1.00 1.30 1,32 0.87 -
Field Crops 0.30 0.50 1.00 0.80 -

These fiqures are used for estimation of consumptive use of water by
crop.

(4) Consumptive use of water by crop (Cu)

The consumptive use of water by crop is calculated by the following
formula.

Cu = ETp - Kc
where, Cu: consumptive use

ETp: potential evapotranspiration
Ke: crop coefficient



4,3 Percolation Rate

In the prev1ous pre- fea51b111ty study, the Dercolatlon rate was
assuned at 1.0 mw/day in the calculation of. 1rrlgatlon watexr requlrements
for paddy crop. s Afterward, the soil’ _survey .was conducted by RID:under the
additional survey and 1nvestlgat10n program wthh was requested by the
JICA study team in the Pre-feasibility Study Report on- the Sakae Krang
River Basin Irrigation Project, March. 1985 Accordlng to. the results of ’
soil survey, the so0ils in the irrigation area are rather sandy " The
results of soil infiltration tests in the flelGS indicate sllghcly high
rate. Taking such results into con51derat10n, the percolatlon rate is
changed the previous figure of 1.0 mm/day into 1.5 mm/day.

4.4 Watexr Requlrement for Nursery and Land Preparat1on

The area requlred for the nursery bed covers about 6% of the cropplng
area. Nurseries are opsrated in the same area and: durlng the same period .
as land preparation. Accordingly, it can be assumed that nursery water

_requlrement 1s COVered by water ta bhe. supplled for land preparatlon.

The follow1ng Ilgures are assumed for ‘land- preparatlon and ploughlng,
and Standlng water prior to transplanting. o

Soil saturation - 140 mm

Standin water : 40 mm

Total . . 180 mm
Duration of land-preparation_='30 days__

The land preparatlon requlrement is EStlﬂated by uswng ZYlSLIQ and
van de Goor formula.

where, We: water requlrement for land oreparatlon
- {mn/day)

ar value of open water evaporatlon and
percolation (mm) ' '

b: quantity of water needed for 5011 saturatlon
and standlnq water {mm} :

T: duration of land: preoaratlon (day)

Estimated water requ1rement fol land preparatlon varies flom 270 B:ni:|
to 300 mm. ' :



4.5 Effective Rainfall

The effectlve ralnfall for paddy crop is. estimated by using the
relatlonshlp curve between. total and effectlve monthly rainfall derived
from Lhe Chao Phraya-—Meklong Basln study as shown in Flg V-4. This
curve. was worked out through the simulation of field water levels in the
Present agrlcultural practlce condltlon with mlnlmal storage of field in
the Chao’ Pharaya-Meklonq basin. The effectlve ralnfall estimated by this
curve shows” rather’ coneervatlve flgures than that by the effective rainfall
chart made by RID shown in Fig. V=5,. The effective ralnfall for upland
crop is estlmated by the above RID's chart.‘ :

In the prev1ous pre fea51b111ty study, Lhe monthlv ralnfall data at
the Thap Than statlon were used for estimation of effective rainfall,
because. the stat on s located in: the center of . 1rr1gat10n service area
in the. Sakae Krang rlver ba51n The center of drrigation service area in
the ‘Mae Wong river ba51n isg, Lat Yao, capltal city of Amphoe Lat Yao.
Consequently, the monthly rainfall data at the Lat Yao station are used
for estimation of effective rainfall in this. feasibility study. The mean
monthly ralnfalls for 29 years from 1954 to 1982 at both station are shown
as follows.r-

Statioh_"-Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Total

Thap Than = 126 141 199 311 145 3% 3 g 13 40 76 147 1,249
Lat Yao 102 125 147 246 145 32 6 14 10 28 68 139 1,062

4.6 Net Water Requirement and Diversion Water Requirement

The net water reqﬁifement is calculated using the following formula.
‘Paddy

Wn'=Cu + P + We - Re
Upland Crop

Wn = Cu —-Re_

whure, Wn:  net water requlrement

Cu: consumptlve use of water
P percolatlon‘rate
“'We: water reguirement for land preparation

“including nursery reguirement
Re: ‘effective rainfall
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The dlverslon water requlrement is calculated by the followlng
formala:

' 100
Wd = Wn x B
where, Wd: diversion water requlremEnt

Wn: " net water lequlrement )
B ovatall 1rr1gat10n effxcxency

Generally; the diversion water requlrement is’ calculated by addlng
the net water reguirement to the 1rr1gat10n losses.  The 1rr10at10n losses
consist of conveyance logss on the 1r11gatlon canal and appllcatlon loss
of the field. Factors a:fectlng conveyance loqs are’ 51ze of ‘the" 1rr1gatlon
gservice area, ‘canal lining; the’ technlcal and managerlal SklllHE“S on ‘the
water management by the praject’ ‘staff. The appllcatlon loss to the field
ig primarily affected by method and control of operation, the type of 50115,
length of. fleld canals, 51ze of the 1rrlgat10n block, etc '

Referrlng to the study results on 1rrlgatlon eff1c1enC1es 1n the'j
Chao Phraya - Meklong Basin Study, the following overall 1rrlgat10n efflCl"

encies are assumed for calculat1on of diversion water requlrement

Present ccndition

paady . asw
Upland crop : 40%

' With-project condition

Paddy = :  55%
Upland crop : 45%

The following two cases of irrigation water requirements for both
*present" and "with-proiect" conditicns are calculated.

Present condition

- irrigation water reguirements in the irrigated field

- irrigation'water reguirements in the semi-irrigated field_

With-project condition

- irrigation water requirements for with- upgrading of éxisting
farmer's lrrlgatlon systems (overall jrrigation eff1c1ency of
55% for paddy and 45% for upland crop)

- 1rr1gatwon water requlrements tor w1thout¥upgrading ‘of
existing farmer's 1rr1gatlon systems (overall 1rrlgat10n

efficiency of 45% for paddy and 40%: for upland crop}

The calculated irrigation water requirements for both ccna1twons are,
shown in Tables V-6 to v-9. '
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4.7 -Uhit Design Irrigation ReQuirement

In. case of w1th—upgrad1ng of EXlSLlng farmer's irrigation systems,
the peak unlt lrrlgatlon requllement of W1th“prOJect condition varies from
0.75 X/sec/ha (0 120. [/sec/ral) to 1,303 X/sec/ha (0.208 f/sec/rai).
The peak unit-irrigation. water reguirement with S-year return period is
‘estimated at 1.10:f/sec/ha (0.18 f/sec/rai).. The unit design water duty
for canalv and. related eructures is determnned at 1.25 f/sec/ha (0.20 f/
sec/rai) taking an allowance of 1.0%. o

5. DRAINAGE MODULUS
5.1, Cfiterial'

The de51gn capaCLty of dralnage canal is estlmated in accordance with
the following criteria which is generally applled to the drainage plan in

the humid Asian countries such as Thalland, Philippines, Malaysia and
Inaone51a.' :

i

Retufn peri0d‘df design rainfall is fiVé'years,

I

'DESign'raiﬁfall'is_of three'dayé_conseéutive rainfall,

1

Design rainfall shall be drained off for three day, and

5

on-field storage of an average surcharge of 75 .

5.2 'D)'."'a:'L'nagé.:_l'\‘io}ﬁi_ri‘il‘us.:‘.-5."f

‘Design rainfall with return period of five years is determined at
170 mm based on the daily rainfall records at Lat Yac from 1931 to 1983.°
- The drainage modulus of paddy fields is estimated using the following
formula. ' '

_ {R-h) %1073 % 10,000 x 103
86,400 x d

" where, q: dralnage modulus ({/sec/ha)

U R: 'design rainfall (170 )

"h: “on-field storage ‘of an-average surcharge (75 mm)
d:  allowable duratlon_of inundation (3 days)

The drainage modulus of paddy [ields is determined at 3.67 f/sec/ha.
As for the drainage modulus of the high terraces and hills, it is

estlmated at 4.84 x/sec/ha based on the floods with return period of five
years at the CTSA statlon



5.3 Runoff Reduction Ratio

The above estlmated.draiﬁage modulus is applied for the drainage area
less than 3 km2 The following runoff reductlon ratlo is applled for the
drainage area 1arger than 3 km?, :

Drainage Area {(km2) _ Reducticn Ratio
0- 3 1.00°
3 - 4 _ _ G.95
-4 - 6 . 0.90
6 - 8 0.86
8 - 12 ' 0.80
12 - 16 _ 0.76 -
16 - 20 0.74
20 - 28 "0.70
28 - 40 "~ D.e6
40 - 60 = 0.61
60 - 80 0.58
80 - 120 : 0.55

120 - 160 _ 0.52

6. PLANNING AND DESIGN OF PROJECT FACTLITIES
6.1 Intake Weirs

Two {2) ‘intake weirs are proposed to divert the irrigation water
to the Ban Tha Ta Yu irrigation area of 105,000 rai (16,800 ha) and
the Khlong Saingu irrigation area of 51,000 rai (8,160 ha). For design
of these weirs, RID prepared the topographic maps on a scale of 1/1,000
at the sites (See DWG No. 12 to DWG No. 15).

{1) Design flood discharge

According to the hydrologic study, the flood. dlscharge Wlth 50-year
return period at the Upper Mae Wong damsite is estimated at 1,200 m3/sec,
The flow capacity of the Mae Wong river, however, is supposed to be. less
than 100 m3/sec. The flood discharges of lntake weirs for the existing
small scale irrigation project is so d351gned as to be the. same as the
river flow capacity at the sites, Subseqqently, ‘the design flood dis-
charges for .the proposed intake weirs are estimated at 88 m3/sec for,
the Ban Tha Yu and 63 m3/sec for the Khlong Salngu based on the flow
capacity calculated at the sites.

(2} Intake discharge

The unit peak irrigation water requirement with-Suyear éeturn'peridd
is estimated at 1.25 [/sec/ha (0.20 [/sec/rai) based on’ the results of
irrigation water requirement estimation. Accordingly, the-intake dis-

charges to the irrigation service areas are calculated as follows:

Ban Tha Ta Yu area: 21 w3/sec

Khlong Saingd area: 10.2 m3/sec
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(3) . Désign of intake weir

The intake weir of Ban.Tha Ta Yu irrigation area would be 2.7 m
high and 30 m:long including the scouring sluice portion. In the left
end of the weir; a scouring sluice with 2 Sets of gate, 2.0 m wide and
1.5 m-high, would be provided so.that the deposited sand can be flashed
down. - The scouring sluice gate would be operated by man power. The
intake gate would consist of 4 sets of slide gate, each 2.0 m wide and
2.5 m high, which would be operated by man power.

The intake weir of Khlong Saingu irrigation area would be 1.3 m
high and 28 m long:. Two (2) scouring sluice with stop-logs, 1.5 m wide
and 0:8 m high would be provided on the intake weir body. The intake
gate would not be necessary, because RID already constructed the Knlong
Saingu regulator.

6.2 Layout.Planninq,of Canal. System
6.2.1 frrigation canal

The preliminary'layout plénning of irrigation canal is made on the
topographic maps on a scale of 1/10,000 prepared by RID. In the planning,
the following matters are taken into consideration:

- Canal alignment should be straight and short as far as possible,

~ Existing farmer's irrigation systems are to be incorporated
into the project as far as possible, and

~ Embankment portion should be minimized as far as possible.

For the upgrading plan of_existing farmer's irrigation systems, the
following concepts are considered:

- Existing intake weirs and regulator {gate) would be integrated
under the project to simplify the water management on the Mae
Wong river;

- Existing intake weirs and regulator other than the proposed or
integrated ones under the project would be removed and all cutting
of the Mae Wong river bank by Farmers would be reclosed to assure
the stable intake of irrigation water released from the Upper Mae
wong dam to each irrigation area, '

- Existing farmer's irrigation systems with difficulty of gravity
irrigation would be embanked to raise the water level in the
canals for assured gravity irrigation,



- Related structures such as check, turnout, drop, syphon, spillway,
cross drain, culvert, etc. would be provided to assure the
distribution of irrigation water in a. timely and eff1c1ent manner
as to meet the crop water requlrements,

- Measuring deviCes_would-at,least be provided at the head of main
canal for proper water management,. and

- There exist no inspection roads along the existing canals.
Inspection roads would be provided for proper operation and naln-
tenance of irrigation facilities.

The layout of irrigation canal system is shown. in Fig. V-6.

6.2.2 Drainage canal

The preliminary layout planning of drainadge canal is also made on
the topographic maps on a scale of 1/10,000. 1In. the layout, the existing
natural streams in the areas are incorporated into the drainage canal
system as many as possible. The layout of drainage canal system is shown
in Fig. v-6. :

6.3 Design of Canal System
6.2.1 Design of irrigation canal.
{1) Design dischargse-

"The design discharge for the irrigation canals is-calculsted based on.
the unit irrigation water requirement of 1.25. f/sec/ha (0.20 f/sec/rai)
estimated in Section 4.7. Taking water management s0il textures,
cropping patterns, adjustment of timing of irri gatlon water supply duxlnq
the day, etc. into consideration, the fo;low;ng adjustment factor is
adopted from USBR design. standard.

Area {ha) - Adjustment Factor

20-- 50 ' 3.0

50 - Y50 : 1.75

150 - 250 . 1.20

250 - 500 S 1.1

500 - 1,500 1.10
1,500 - 2,500 . l.0%

2,500 and greatexr . 1.00

Using above figure and-adjustment-factor, the. gchemati¢ irrigatiom
diagrams are made as shown in DWG Neo. 16 to. DWG No. 19.
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(2). Canal lining

" The proposed main‘canal ‘route runs along the Cenozoic Quarternary
pleistocen diluvial lower ‘terrace on the upstream right bank of the Mae
Wong ¥iver. The diluvial 'deposit is comparatively consolidated consisting
gravélsf sands, silts and.laterite.  The. permeability is rather high.
Consequently, the proposed main canal would be lined by concrete with
10 om thick to protect seepage from the canal bank and bottom.

On the other hand, the lowlying area along the Mae Wong river is
covered by the Recent flood plain alluvial on the above diluvial deposit.
The alluvial consists of organic silt and clay. Wo canal lining would be
required. - o : :

{3) Velocity .-
The maximum and minimum permissible velocities are determined as

follows so as to avoid'the*scduring'of canal bed'andinot to induce the
growth of aguantic plants ‘and to deposit the sediments.

Maximum Velocity - Minimum Vecolity

Ttem
. e lm/sel) = (m/sec)
Concrete-lined canal 1.5 c.8
Unlinad canal : c.7. .5

{4) Flow formula and roughness coefficient

The Manning formula is. applied for hydraulic calculation of all
canals:

p=1a "V
. n.
where;, ©: 'design di$bhérge'(m3/sec)
a: flow area_(m2)
- V: mean velocity (m/sec)
n: roughness coefficient
R: hydraulic radius (m)
I: hydraulib gradient

The Manning's roughness coefficient "n" is assumed as follows:

Roughness Coefficient

Ccﬁéretéwiined canal 0.015
tnlined canal 0.030
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(5} Freshoard and waste bank .

Freeboard is decided so as to absord the fluctuation of water level
due to the variation of actual roughness,¢oefficient,'convérSion df
velocity head to the statistic head and wave action caused by wind or
regulating structure operation. The minimum. freeboard is determined as
follows:

Discharge . - Minimum Freeboard . -

(m3/sec) , : {m) -
Less than 3.0 . o .@.15

3.0 - 21,0 _ : . 0.20

The height of waste bank is determined to be 0.3 to 0.4 m for
concrete-lined canal and 0.45 to 0.60 m for unlined canal.

{6) Canal base width/water depth (th)-ratio

The ratio of canal base width and Qater_depth is determined at 1.0
to 3.0 B/h. ' ' '

(7) Side slope

The side slope of canal is assumed at'l:l.S'referrihg the results of
s0il meéchanical investigation in the irrigation area.

Considering-above design criteria, the preliminary'designS'offmaiﬁ
canal and lateral are made as shown in DWG No. 23 to DWG No. 32,

6.3.2 Design of related structure

Many different types of structures related to the irrigation canal
are required in the irrigation canal system to effectively and efficiency
convey and regulate the irrigation water. The following canal structures
are envisaged to be constructed under the project. :

(1) . Check

The check would be prov1ded to rEgu1ate the canal water surface
upstream of the structure and contrel the downstream Flow. ‘The' structure
would comprise a reinforced concrete flume and transition with gradually
varied sections at both up- and downs*ream of the flume. The filume would
pe equipped with steel slide gate to régulate the water surface ‘in the
canal.
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{2) - Turnout

The . turnout would be-divert irrigation water from the main or lateral
to -lateral or tertiary unit. The structure would consist of an inlet
transition, a ' conduit and an outlet transition. The turnout structure is
divided .into two types, namely. open channel type and orifice type, to
51mpllfy and standardize the structural features for easy and dgquick con-
structlon.'

QE?E_9§§§§§}_E¥E?‘ ‘Open ¢hannel type turnout is designed to divert
irrigation water from main canal to lateral. -The turnout would consist
of an inlet transition, a slide gate, a cencrete channel with rectanhgular

section and an outlet tramsition with gradually varied section. .

Qrifice type: Orifice type turnout is designed to divert irrigation
water from lateral to sub-lateral or tertiary unit. The turnout would
consist of an inlet transition, a slide gate, a precast concrete pipe and

an outlet transition with gradually varied section.
(3) Drop

‘The function of drop - is to convey irrigation water from'a higher
position to a lower. elevation and to dissipate excessive energy. resulting
from the drop. The drop would consist of upstream transition, inlet,
stilling pool and outlet transition. In order to prevent canals from
scouring and erosion in unlined canal, riprap would be necessary at the
upstream and downstream of drop structures.

{4} Syuhon

The syphon strurtures woulid be provmded at the places where the
main and lateral canals cross over the existing streams. The structure
would consist of an inlet transition, cast-in-place concrete conduit with
rectangular section and an outlet transition.

(5) Culvert

The-culvert (road croéSing) iz used to convey irrigation water under
the road. The culvert would consist of a rectangular reinforced conduit
and transition w1th gradually varied gsection at inlet and outlet of the
conduit.

(6) Spillway and wastéwayv

The spillway and wasteway would bé provided to waste excessive water
which may result ffomfmisoperation, heavy rainfall or floods caused by
break of canal embankment. The wasteway would be also provided to empty
the canal for inspection, maintenance, seasonal shutdown, or in an
emergency. such as canal bank failure. For the purpose mentioned above,
the spillway and: waqteway would be provided upstream of syphon and/or
near check, which divert large amount of irrigation water. The spillway
and wasteway would be composed of gate structure in combinaticn with a
side channel spillway. :



(7) Cross drain

The main canal would cross some streams coiming from the high terraces
or hills. The cross drain would be provided at those cross points. The
cross drain would consist of inlet transition, cast-in-site concrete
single or multifarrel conduit and outlet transition. :

(8) Water measuring device

Parshall'flﬁme_ﬁould be provided at the head of main and lateral
canals for the purpose of canal water measurement.

{9) Bridge

The bridge would be constructed where the inspection road crosses
over the irrigation canal or existing small streams. The bridge of
concrete slab type would be proposed. :

The typical drawings of related structures are shown in DWG No.
to DWG No. 33 to DWG No. 37. '

6.3.3 Design of drainage canal-and its related-structures_

According to- the dralnage modualus estlmatad in Section 5.2, the.
design discharges of .respective drainage canals are calculated as shown
in DWG No. 20 to DWG No. 22. The related structures to the drainage
canals include cross drains and culverts. They are planned and designed
with the same pr1nc1ples as those of the related structures for irriga-
tion canals. The typical cross section of drainage canal is shown in
DWG No. Z3. : :

6.4 Inspection Road

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

{1) Main inspection road
_.The main inspection road is required for inspection; operation and -
maintenance of the main canal. 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 a width of 5 m and effective width of 4 m to be
laterite-paved. These roads are also used fox transportatlon of agrl—

cultural products,’ equlpment and goods. :

(2} Lateral inspection road

The lateral inspection road is malnly prov1ded alonqs1de the lateral
canal. All these roads have a width of 4 'm.. .

The typical cross section of inspection road is shown in WG No. 23,
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6.5 Land Reclamation

. The potential maximum area of 291,900 rai (46,700 ha) includes about
13,100 rai- (2,100 ha) of upland where, if irrigation water is provided,
paddy cultivation would become possible. These upland areas are to be
reclaimed into new paddy fields. The rough levelling works would be
carried out for the areas of 6,200 rai (1,000 ha) to make the cultivation
land for paddy. . The remaining areas of 6,000 rai (1,100 ha) would be
reclaimed by clearing works by manpower, because of flat topography.

6.6 Main Features of Irrigation Facilities

The main features of irrigation. facilities are summarized in
Table V-=10. : . .



Table V-1 PUMP TRRIGATION SERVICE AREA (1/2)

size of . s lacation |, . e . . . - penefited Area (ral}
somson’  (mp e s s Raddy o Uplad.
Year - Season’ > tinch) - Changwat . < mphog C-Tambon LR Crap
1981 . . biy g a" tthai Thapi " Sawang Arom’ Nong Luang 600 .- 100
198} Het g 1" Nakhon Sawan Lat Yao ¢ - - - Huai NamHom| & - g0g - T
1982 .. Dbty g 6" Uthai Thani Sawang Arom - . Nong. Lwang . 300 - - 100
19a2 Wet gra2n Hakhon Sawan ‘Lat Yao . Wang Ma 1,500 -
L g 10" Nakhon Sawan Lat Yao' . - Wang Huang 1,000 .o~
g g" Nakhon Sawan - Lak ¥as . -Hoai- Nam.Hom B [/ IR -
g 8" Nakhon Sawan = - Lat Yao . Hual Wam Hem 900 _ -
g g Nakhon Sawan Lat Yao © i Map Kae' - 420 -
#oe" Rakhon Sawan - Lat Yao - - - ¢ Hang Ma .- . are - - =
@ e Hakhon Sawan Lat Yao Wang Ma . 300 -
g 8" #lakhon Sawan Lat Yao . Wang Ma 450 -
g 8" Nakhon Sawan = Lat Yao " Wang Ma- : EEESR: 11 T
2 6" " Hakhon Sawan - Lat ¥ao - Wang Ma . - . S 396 . - S =
g a" | Nakhon Hawan - . Lat Yao | wapg Ha .. 850 +
g 8" Nakhon Sawan Lat Yao | ‘Wangd Ma. o 500 -
g8 Makhor Sawan - | Lat Yao Wang. Ma 530 -
e HWakhon Sawan ' Lat ‘Yao Wang Ma 300 -
g &" * Hakhen Sawan Lat Yao Map Kae  _ " 470 -
Sub~toral . - el o : © 8,880 . —
1983  pry g6 " Uthai Thani :Sawang Arom tong Liuang 360 100
1283 Wet g 8" Nakhon Sawan Lat Yao  °  Wang Ma . - 600 -
’ g 5" Nakhon Sawan - lat Yao © HWang Ma- 350 -
g 8" Hakhon Sawan Lat Ydo : Wang Ma - ) 480 -
B e Nakhon Sawan Lat Yao Hang Ma 460 . -
g 8" Nakhon Sawan Lat Yao Wang Ma’ 114 T -
¢ 8" Nakhon Sawan . . Lat Yao Wang Ma. - 430 -
g a" Nakhon Sawan. .- Lat Yao Wang -Ma ) 470 | -
a 8" Nakhon Sawan ° Lat Yao . Wang Ma- - . 5100 . -
# 8 " #khonn Sawan - Lat Yso :. . Wang Ma oo 600 -
g 8" . . Nakhon Sawan® . : Lat Yao - Wang Ma S 420 0. -
ga . Nakhon 'Sawan . Lat Yao . “Wang Ha” : 520 . S
g a" dakhon Sawan 0 Lat Yao ' Wang Muang ’ 485 . o=
@ 8" Hakhon Sawan ' Lat Yago Map Kae .- 600 -
g 8" Nakhon Sawahi * Lat Ydo . Lat Yaa : 570 -
¢ g" Nakhon Sawan - lat Yao Lat Yao. 415 -
ge" Hakhon Sawan Lat ¥Yac Lat Yao 450 . -
Sub-total . S o . : 7,870 -
1984 pry g 8 tiakhon Sawan Lat. Yao Mae Hong : 360 -
# 5" Hakhon Sawan Lat Yao - Mae Hong : . 340 . -
d &" _ Rakhor Sawan Lat Yao Lat Yac a0 -
a 6" Nakhon Sawan Lit Yao -Lat Yao . 380 -
P e Hakhon Sawan Lat Yao Map Kae 320 -
g 6" Hakhon Sawan . Lat Yao ' Soy La Khon 50 -
g 6" " Rakhon Sawan - Lat Yao HMap Kae : 520 - S
Sub-total : . . T . 2,630 -
1984 Wet g 1o° Hakhon Sawan - Lat Yao ' Hang Muang . gg0 - -
¢ B" Nakhon Savdan . - Lat Yao . Wang Ma. S 610 -
¢.8"  Hakhon Sawan  Lat:Yao - - Wang. Ma 450 -
g 8" Makhon Sawan Lat Yao | -Wang Ma : 495 ~
g a" Hakhon Sawan Lat Yao ‘Wang Ma : 576 -
¢ B Hakhon Sawan Ltat Yéo ... .Wang Ma:. . : 520 -
g.8" Hakhon Sawan . Lat Yao.. = Wang Ma . 500 -
g 6" takhon Sawdn  Lat Yao | . ‘Hang Ha f00 - - -
g6 - - Makhon Sawan: Lat" Yac Wang Ha . *:11 R -
g g Nakhon Sawan  Lat Yao © HWang Ma ) : 613 L=
g a” Hakhon Sawan Lat Yaa Wang Ma Coe 450 -
ae" Nakhon Sawan Lat Yao " Hang Ma. 376 -
g a" Nakhon Sawan Lat fao . - Wang ¥uang . so8. - . -
# 8" _ Nakhon Sawan Lak Yao " Wang Muang 500 e
g 8" Nakhon Sawan  -Lat Yao - Wang Misng - 505 IR
g e takhon Sawan . Lat Yao . . Wang Muang : 430 - : -
¢ B" © Hakhon Sawan Lat Yao © Wang Muang ' 629 -
§ 8" . Nakhon Sawan Lat Yao ‘Lat Yao 200 ' -
g e" ‘Makhon Sawan - . Lat Yao ' “Huai MNam Hom 410 -
Sub-total S ' ‘9,942 -
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Table V-1 PUMP IRRIGATION SERVICE AREA (2/2)

Size of N Logation “Benefited Area (rai)
. LA  Punp _ _ ' . : o Paddy Upland
Year Season' = (inch) _Chasigwat = _ - Amphoe ~° ° Tambon Crop
1985  Dry. @ a Hakhon Sawan Lak Yao luai Nam Hom 800 -
1985 Wet ¢ 8" Nakhon - Sawan Lat Yao © ' Huai Ham Hom 700 —
’ : : g a" Hakhon Sawan ~ Lat Yao } Huai tam lom 890 -
@ 8.’ . Nakhon Sawan Lat Yao Map Kaeé 620 -
@ 8" . Hakhon $awan  Lat Yap Map Kae 650 -
@ a8 © Nakhou -Sawan Lat Yao - Lat Yao 580 -
7 8" ttakhoh - Sawan Lat Yao Lat Yao ’ 560 -
g et Nakhon Sawan Lat Yao Wang Muang . .. 560 -
@ a* . Hakhon Sawan . Lat Yao Wang Muang . ©OBe30 -
fa" . Nakhoh Sawan Lat Yao . Wang Huang 685 -
g av - ‘Nakhon Sawan Lat Yao Wang Ma 560 -
¢ 8" .- ""Hakhon .Sawan Lat Yao Wang Ma o 610 -
‘g.g* | . makhon Sawan Lat Yao wang Ma : 575 -
L 8 ‘Nakhon Sawan Lat Yao Wang Ma 475 -
T g . Hakhon' Sawan Lat Yao Wang Ma - 410 -
- @ 8" HNakhon Sawan Lat Yao - Wwang Ma 620 -
- @-8%" . Nakhon Sawan Lat Yao ~ Wang Ma 750 -
g 6" ‘ Hakhon Sawan Lat Yao Wang Ma 410 -
g 6" - Nakhon Sawan L.at Yao Wang Ma : 395 -
@ 6" - - pMakhon Sawan Lat Yao Wang Ma 540 -
; N L 8" © Makhon Sawan Lat Yao T Wang Ma 800 -
* Sub-total h ' 12,020 -

Source i Regional Office VII, RID {August, 1985}

/1 ¢ Dry ‘season ¥ Febriary to May

Wet season : August to November
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Table " V-7 °  IRRIGATION WATER REQUIREMENT
- OF PRESENT CONDITICN
(SEMI~TRRIGATED FIELD)

Wek Season Crop (Paddy)

Year . UL AUG  SEP _ OCT _ NOV___ DEC Total
1954 96 & 150 © 123 294 . 370 140 1,173
1955 67 167 158 4200 209 140 1,161
1956 78 162 158 208 362 140 1,168
1987 107 170 111 269 326 - 140 1,123
1958 130 - 217 111 284 . 370 . 140 1,252
1950 - 49 184 111 313 355 | 140 1,152
1960 80 211 ls2 245 310 140 1,168
1961 118 1Sl 170 244 370 125 1,178
w62 75 179 111 310 348 140 1,163
1963 - 135 149 145 241 231 140 1,041
1964 61 132 111 257 332 140 1,033
1965 140 87 118 297 346 140 1,128
1966 . - 84 _ 170 266 ‘241 228 110 1,099
1967 150, 257 164 299 304 140 1,314
1968 - 46 274 266 296 362 140 1,384
1969 76 222 111 322 221 140 1,092
1970 123 © 256 194 245 . 340 124 1,284
1971 161 114 155 298 347 140 1,215
1972 170 178 122 245 323 120 1,158
1973 188 137 111 366 350 140 1,292
1974 61 169 127 245 314 140 1,056
1975 91 206 162 225 175 102 991
1976 - 131 18l 185 282 353 140 1,272
1977 183 lss 173 301 323 119 1,288
1978 . 30 156 140 269 359 140 1,094
1979 9% 163 126 a2 370 140 1,319
1980 . 63 162 114 259 = 330 137 1,065
1981 . B4 - C1s8 177 307 163 140 1,029
1982 . 133 185 191 280 27?_ 134 1,202
Mean.© 104 - 177 151 289 313 . 135 1,169
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Table V-10

1. Source of Irrigation Water :

2.

3.

4.

pet Irrigable Area

Intake HWeir

(1] Ban Tha Ta Yu

CType. |
Length
Height .

Scouring sluice-

) * Tritake _
(2) xhlong Saingu
Type
. Length-

- Helght

scouring sluice

Intake
Main Canal

(1) Type & length

welr

welr

pf canal

Trapezoidal unlined canal :

Trapezoidal
(2) side slope of

(1)
. Culvert

Check structure

Turnout

Wwater measuring device

Spillway
Drop
Syphon
Bridge

concrete lined canal :

canal

‘Related stiuctﬁres

5. Lateral and Subflatefal_Cahal

6.

Type_&‘leﬁgth'
Trapezoidal
Trapezoidal’

(1)

{2} side slope of

{3)
' Cluvert

Check structure

Turnout .

of canal
unlined canal
concrete lined canal :

canal

Related structures

Water measuring device ' !

Apilluay
Drop -
Syphon
Bridge

:Draihage Canal

(I} Length of canal

{2
: Cross drain
© Culvert °

?"VInsbecﬁibn'Réad

B.

Y

Related structures

Main inspectich road
Road width = o
Pavement material

width of pavement :

Length

Lateral and su

(2)- L and
. Road width

b%lateral ingpection road

Favement material - :
" Wideh of pavement :

.Enegth

. ‘Land Reclamation

Mae Wong River

46,700 ha
Up~-grading 36,800 ha
New development 9,900 ha

Ogée. type

30.0 m

S2.7m ]
Gates, W 2.0 m x H 1.5 m x 2 sets
Gates, W 2.0 mx Il 2.5 m & 4 sets

Ogee Lype

28.0 m

1.3 m

Stop log, W 1.5 m x H. 0.8 m
Existing regulator

MAIN FEATURES OF IRRIGATION FACILITIES

. Upgrading New construclion Total
64.7 km 12.0 km 64.7 ki
Lo - 12.0 kmm 12.0 km
1: .5 1: 1.5
2 nos. 2 Nnos.
53 nos. 53 nos.
63 nos. 63 nos.
5 nos. 5 nos.
& nos. b nos.
5 nos. _5 nos.
3 nos. 3 nos.
3 nos. 3 nos.
171.4 km 112.2 km 283.6 km
1.6 km 1.6 km
1 1.5 1+ 1.5
38 nos. 38 nos.
244 nos. 244 nos.
274 nos. 274 nos.
27 nos. 27 nos.
12 nos. 12 nos.
B nos. "B nos.
B nos. B nos.
21 nos. 21 nos.
96,1 km 108.1 km 204.2 ki
20 nos. 20 nos.
26 nos. 26 nos.
Sm
Laterite
4 m
76.7 km
1 m
285.2 km

6,000 rai (1,100 ha)
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Fig. V-2 Present Cropping Pattern
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ANNEX -~ VI

" HYDROPOWER

1. POWER DEMAND
1.1 NatiOnalfand Regiohal Power Démand

_ The power demand in Thailand has shown such a high annual growth rate
of more than 13% on ‘the avérage in the 1970s although this annual growth
rate of the power demand was lowered in some years because of the First
world—w1de Oll*CIlSlS.. -

The early 19805 have seen the most severe and prolonged setback to
the economy. of the country dué to the second ©il ‘c¢risis occured on a
global scalé. - .The average -annual growth rates of Peak Demand and Energy
Demand throughout Thailand were tapered down to be 9.3% and '7.5% respect-
1vely for three years from 1980 to 1982.

It is antlclpated that the power demand in Thallano will maintain
similar annual increase rates in correspondence with and according to
her projectlon for sound and Steady economic advanccment

In Northern Reglon of Thalland where agrlculture and commerce are
major 1ndu5tr1es, large power ‘demand - is ‘hardly recognized in view of the
total power demand:arlslng from the whole of Thailand.

Tt .is foregeén that power demand in the category of "Domestic Demand"
1ncludlng re51dent1al energy consumptlon will be increased with the
1mplementatlon ‘progress of the ongoing electrification schemes in the
said region. :

_Northern Region is divided into three regions with regard to power
supply: viz. Region I, Region II and Region III. Power supply to the
Project are ¢ome under Region III and necessary power supply is made
through Nakhon. Sawan Substation. -

The Peak Demand and Energy Demand in Region 1II are recorded to be
86.03 MW and '367.04 GWh'in 1982. These figures account for 30% or more
of the total power consumption in Northern Region. As for the load
allotted to Nakhon ‘gawan Substation; the power demand-is 25 MW in terms
of Peak Demand and 166,314 GWh in terms of Energy Demand, constituting

29% each ‘of - the total of Northern Reglon in the same year.

_' Power demand forecast is prepared by the "TLoad Forecast Working Group
for Power ‘Tariff Study Sub=committee" composed of representative of EGAT,
"MEA, EEA,_NEA and NESDB. This forecast is to be reviewed and modified
every: year, ‘hased on actual record in the previcus year. Accordingly,
it can.be said that the above-mentioned forecast projects increase in
‘power “demand to a con51derably accurate extent: - The results of power
“‘demand forecast compiled by the Sub-committee are as shown in Fig. VI-1.



1.2 Power Demand in Mae Wong River Basin and.Adjacent'Areasi

Power supply to the Mae Wong 1rrlgatlon area. is made through 22 kv
cransmission lines from Rakhon Sawan Substation to Ban Rai via Amphoe Lat
Yao. :

Villages soattered in the dlstance approx1mately 30 km lonq between
Upper Mae wOng dam and Ban Ral are not yet to be supplled w1th electrlclty.

The actual records Df power and enexgy consumptlon at Nakhon Sawan
Substation during the period from 1974 through 1983 give that the bomestic
Demand (residential consumption) was 7 Gwh in 1974 and increased to
62.4 GWh in 1983 (refer to Table Vi-1 for detalls)

The above figures show’ that the energy consumptlon 1ncreased nine-
fold for the 10 years. “The cause of such a remarkable grow+h of ...
consumption is attrlbutable to the great Drogress of the rural electrlfl—
cation scheme and to an increase in the energy consumptlon of each _
‘household thanks to the enhancement of the livelihood of the populace.

According to the power demand forecast made .in June 1964 by PEA, the
total number of households are 189,935 .in Nakhon Sawan Province, of which
39% is electrified. It electrlflcatlon of unelectrlfled areas is further
accelerated, increase in power demand can be easily expected. A consider-’
aply high.growth rate of power demand could be anticipated if consideration
is taken into potential demand for residential enerqgy consumption.

2. POWER GENERATION. PLAN
2.1 Basic Considerations
2.1.1 Assumptions

Since ‘the Upper Mae Wong dam is to be built mainly for irrigation:
purposes, it has been planned that this reservoir be operated according
to an operation rule of the reservoir to supply the reguired gquantity of
water for irrigation. ' '

Irrigation water which ﬁill be regulated'énd'réléased'by'the TesServoir
with an effective capacity of 230 MCM. has been planned to flow into the
Mae Wong River 1mmed1ately downstream of the above-mentloned dam,

. The power generation plan is to fully utlllze water to be released
from the Upper Mae Wong dam. Consequently, it has been planned that the
power plant be of a type to utilize the head of the dam.  Water, once
used at the power plant, will be dlverted through-an ocutlet pipe and
flowed out,



2.1, 2 Hydrologlcal data

Slnce the power generatlon plan will completely rely upon release:
wa_ter,__of ‘the 'dam, necessary data have been sorted and arranged according
to a plan for release water of the dam for a period of 28 years from 1953
through 1982 and have -been used for the study.

The average monthly re‘ease water of the dam during the above-
mentioned period is as follows:

{(Unit: m3/sec)

Month Apr;_May June July ‘Bug. Sep. Oct. Hov. Dec. Jan. Feb. Mar.

average for 0:18 0.23 0.26 9.51 20.1 10.6 19.7 12.2 0.85 0.3 0,97 1.6l
28 years -

“The average monthly release water - of the dam in each year is as given
in Table vI-2,

2.2 Maximum DiScharge

The discharge of a turblne is not. to exceed the maximum quantlty of
discharge to pass through.an outflow pipe of the dam because the discharge
released from the dam will be dlverted halfway the coutflow pipe and then
used for power generation.. The duration curve giving the average monthly
discharge to be released according to the most appropriate operation rule
of the reservoir has been prepared for a period of 28 years from 1953
through 1982,

VThe following five (5) cases are taken up from the above-mentioned
duration curve shown in Fig. VI-2 for gelection of the maximum discharge.

Case I Case II Case IIT Case IV Case V

Max. Discharge (m3/sec) 26.03  22.86 21.16 18.5  14.92

 Duration Ratio (%) | 5 8 10 12 20
Annual Energy Projection (GWh) 16.994  16.640 15.898 15,238 13.618
Construction Cost (M.E) '185.00 168.00 160.30 144.00 131.50

E/kﬂh o 10.89 216.10 10.08 9.45 .66

. In determlnatlon of effective heads, the maximum output is assumed
to be obtalned when the water level of the reservoir reaches one-third
(1/3) ‘of the effectlve drawdown, thpreby determlnlng the elevation to be
197 00; .

L
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The release water level is to correspond with-the respectiveé guantity
of water to be used. The difference between the water level of the
reservolr and the level of release.water,'viz, Mtotal head" has been .
calculated. The losses of heads are assumed to be 5% of the total heads.
Thus the monthly energy production has been cobtained. .:Thereafter con-
struction costs of each eguipment, facility and relevant work have been
estimated. The most appropriate maximum discharge has been selected
through a series of the procedures as stated: above.

The annual energy production corresponding to the maximum discharge
is as given in Table VI-3.

"Omax. 18.5 m3/sec” shown in Case IV has been finally selected as .
the most economical maximum discharge out of the five cases mentioned
above in obtaining the annual energy productlon.

2.3 Rated Head’

The operating water level of -Upper Mae Wong dam varies from:a normal
high water level with an elevation of 204.5 metres to-a low water level
with that of 180 metres. The difference between both levels is 24.5 metres.

This dam has been planned in correspondence with the droughtiest year
and is to be operated at a high level in ovdinary years. A rated water
level is apart to be determined to be as high &s p0551ble in ordinary
dams. However, in case'of the rated head of this dam, it has been planned
that the water level of the reservoir be higher than the gravity water-
level, which is equivalent to one-third of the drawdown. Thus, studies
were conducted on the four cases shown hereunder. As a result of compari-
son of the four cases, the most efficient case giving He=42.5 m {Case 4)
has been selected.

Rated Water Level Annual Average = Mean Efficiency of

Effective _ of Energy Turbine & Generatoxr
Head Reservoir Production (Mwh) - %)
Case 1 a7 201.50 15,425 - 74
Case 2 455 200.00 15,263 . 75.8
case 3 a4.2 198.50 15,290 '  78.1
Case 4 42.5 197.00 ) 15,040__. _ Sﬁ.b

Annual energy production has been calculated in connection with the
above four (4} cases, based on water levels and dlscharge data for the
last ten years from 1973 to 1982.

The duratlon curve of reservoir elevatlon of Upper Mae Wong dam for
28 years from 1953 to 1982 is as shown in Fig. VI-3. The above flgure
clearly shows that a rated water level of 197.00 metres can be obtained
during 71% of the entire period. ' '

vIi-4



In addition, -xaising of the dam to a higher level than the present
1rr1gati0n plan for obtaining rated heads as much as possible will cause
a-cost per kWh to be more expensive. It can hardly be said that this
conceptlon is economical. . In other woxds, supply of discharge for irri-
gation is the primary objectlve as already stated. Accordingly, a benefit
obtainable through dam raising will be incremental energy production
caused by an-increase of ‘heads. As a result of the study roughly made,
raising of a head by 5 metres will incur the following costs.

 Incremental Energy ' ' : 1,770 Mwh
Incremental Cost of Raising bam : 100 million Baht
Incremental Cost per kWh :  56.5 Baht/kWh

Hence, it is considered disadvantageous to secure heads by means of
raising the dam only under the framework of the power sector.
2.4 Result of'Stﬁdy_:

As a result of a series of the studies, Case IV has proven to have
an optimum scale. The following are details of the proposed dam scheme

with the optimum scale.

Maximum high Wwater level : 207.5 m

‘Normal high'ﬁater level ¢ 204.5 m MSL
Rated water level . ' : 197.0 m MSL

{in case of maximum output)

Minimum water level : 180 m MSL
Tail water level ~ ¢ 152.3 m MSL
Gross head s 44.7 m
Rated effective head : 42.5m

Max imum discharge : 18;5 m3/sec
Max ifwim output T 1 6,500 kW
Annual energy production : 15,238 MWh

3. . PRELIMINARY DESIGN
3.1 Civil Structures

Design of civil structures has been made based on topographical
{1/1,000} maps prepared by RID {See Fig. VI-4).

(1) Penstock

- The route of a penstock will be determinéd according to the locations
- of an_butlét pipe. and powerhouse. . The penstock for Upper Maw Wong Power
Station is to be diverted from the effluent pipe to the right side at a
place 38,20 metres downstream on the left side bank.



The penstock is to be of welded steel pipe construction and to be
buried under the ground in view of the: operatlon ‘and malntenance ‘thereof
The inner diameter of the penstock is 3.0 metres.

(2) Powerhouse

The location of the powerhouse has béeén determined so as‘Lo obtain
heads as much as possible, taking into account a route of an outlet pipe
for conduiting water from the dam and the topography of the 51te.

) Thé powerhouse has been determined to be built on the plateau_on the
right side bank of the outlet pipe. The power station is of a semi-
underground type and has been so designed as to be able to bring necessary
materials and equipment directly to the powerhouse through an access road,

(3) Tailrace

The tailrace has been designed so that water, once passed through
the power station can return to the outlet water way. The section is to
be of an open channel type whilée the width of its bottom is to be 3 metres.

3.2 Electrical Equipment
(1) Turbine and generator

" This power station is d951gned ‘with a normal effect1Ve head of 42 .5'm,
an effective depth of reservoir -24.5 m and a maximum dlscharge of
18.5 m3/sec. It is Francis type turbine that will meet the above require-
ments. The capacity of this turbine is to have a capacity of 6,5C0 kW and
revolving speed of 300 r.p.m. The generator is to have a capacity of
7,000 kvA and a voltage of 6.0 kVv. (see Fig. VI-5)

{2) Outdeor type switchyard equipment

The single line diagram is as shown in Fig., VI-5. The switéhyard
equipment is of an outdoor type. Circuit breakers for transmission lines,
disconnecting switches and protective devices are to be installed.

The bus of the switchyard and the number of the transm1s51on line: has
been designed to be of a single bus system and one (1) circuit, since the
number of the generator is to be one (1) unit with a capacity of 7,000 kva
and the annual operation hours of the generator will be smaller (shorter).

3.3 fTransmission Line
The transmission line routeé is to cover the distance from the switch-
yard of Upper Mae Wong Power Station to the existing distribution lines

(connected with Nakorn Sawang Substation),'which is as shown on Fig. VI-5.

The supporting structure for the transml551on line is to be concrete
poles.  The pln—type 1nsulator 15 to be used for 1nsu1atlon.

VI-6. .~



4. THE SALIENT FEATURES OF UPPER MAE WONG HYDROPOWER SCHEME

. The salient features of the Upper Mae Wong Hydropower Scheme are as
follows:

(1) . Reservoir

.CétChmenﬂ area ‘ : : 612 km2
_Totél ét&ragé.vélume : 250 MCM
Ef fective storage volume : 230 MCM
Dead storage voluue S 20 MCM

Water level

Total Sﬁorage level : EL. 204.5 m -

Flood. surcharge level : BL. 207.5 m
Dead storage level : EL, 180.0 m

Reservoir area

Total storage area : 17.6 km2
{2} Penstock

Type : Enbeded

Inner diameter : 3 m
(3)_ Powerhouse

Type S Semi-underground type

Dimensions {(main building) : Width 19 m x length 19 m

(4) T Power Generation Facilities

Unit capacity : 6,500 kW

Number of.unit : 1

Type of turbine : Horizontal Francis type
Normal effective head : 42.5 m
Discharge_quantity : 18.5 cu.m/sec

Rated capacity : 6,500 KW

Revol&ing speed _ : 300 RPM

{5} Pransmission System

Distance from switchyard to

Lat Yao Branch : 30 km
Voltage classification : 32 kv
Electric systém ' : 1 circuit line of 3 phase

3 wire system

Supporting structure " i Concrete pole

vIi-7.



' 5. COST ESTIMATE
Preliminary cost estimate is made based on the salient features as
follows: C . . AR
“{unit: 106 H)
'Foreign - Local -

Wgrk.It?m Currency Currency -”Toﬁa;..j
1. Preparatofy Wdrks.lr -  - _5.? .. : T5.7
2. Civil Works L | : 3.9 3.4 7.3
3. Penstock & ;n;ét Vélve . _s;é- : 1;5-: E 7;4:.
4, Electrp;Mecﬁaﬁiﬁa};Eéuipmeﬁt' | 67.0 =.: 1£.8_ _ | 7548
5. Tranémissioh Séétéﬁ . 10.8 -'._ 1.2 . ”;2°6 '
6. EGAT Adﬁiﬁis#rétion__ . _. | ,-1;6 . i6.é : .:8.4
7. Engineering Serviﬁes | 8.9 2.2 : ll.l;_f
sub-total . 98.1 ____ 32.6 __ 130.7
8. Physical ¢ontingency _ 10.0 .. 5§2;. l3ﬂ4
potal - iosi2 . 35.8° 144.0
g, Priée ContingenéY'_‘ - S -.1641‘. 6.4.1' . 22;5
Grand Total . ' S 124.3 | 42.? _166.5_-
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Table VI-3 ANNUAL ENERGY PRODUCTION
(1953 - 1982)

- Uniti; Mih

Year (9,000 kW) (8,000 kK) (7,400 kW) (6,500 kW) (5,200 ki)
Case ' = Case 2 “"Casge. 3 - CGase 4 ‘Case 5
1955 13,368 13,226 12,810 12,089 - 11,119
1956 12792 13,010 12,890 13,183 12,259
1957 20,936 " 20,087 19,251 17,355 14,674
1958 21,248 19,602 18,216 16,438 13,699
1959 19,325 18,755 18,140 17,045 14,825
1960 13,528 12,816 12,259 12,753 11,914
1961 16,224 15,728 15,111 15,369 13,868

1962 18,866 18,353 17,527 16,335 13,644
1963 . 15,450 16,018 15,716 15,982 14,490
1964 24,366 23,107 22,117 20,666 17,916
1965 18,616 18,117 17,586 17,002 = 15,424
1966 13,382 14,946 14,655 15,289 13,664
1967 22,668 22,132 21,433 19,829 17,051
1968 7,434 6,863 7,364 6,795 6,260
1969 4,769 4,216 3,799 3,372 - - 2,219
1970 7,826 9,233 8,899 9,690 8,867
1971 16,346 17,011 16,804 17,254 16,035
1972 11,199 10,122 10,491 9,267 8,379
1973 21,249 20,809 19,962 18,991 16,813
1974 23,905 22,019 20,664 18,696 16,919
1975 14,798 15,610 14,999 . 16,099 15,327
1976 20,417 19,896 19,292 18,780 16,897
1977 20,168 18,711 - 17,652 15,911 13,354
1978 8,057 8,410 8,337 8,699 7,739
1979 13,696 12,614 - 11,717 . - 10,256 © 9,880
1980 8,391 . 10,167 - 9,734 9,647 9,098
1981 14,912 14,780 . 14,273 16,526 12,537
1982 24,350 23,387 - 22,465 20,774 17,611
Average 16,994 16,640 15,898 15,238 ;'13,613

(1978~1982) -
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ANNEX ~ VII

SOTIL, AND LAND CLASSIFICATION

1. GENERAL .

The present soil. study aims at ldentlfylng mayor s0il groups and
their dlstrlbutlon in the Mae Wong irrigation area to evaluate the endowed
land resources, and also. examining the irrigation suitability of each soil
group identified in the prospéctive irrigation area through the review of

the past soxl studles and supplementary investigations. '

The detalled reconnalssance s0il survey has been made for the whole
_country by the Department of Land Development (hHereafter referred to as
"DLD")., the ministry of Agriculture and Cooperatives, and the survey
results are’ pregented .on, the topographic maps scaled 1/100,000. In most
cases, the basic unit for soil classification is "5011 Series". The land
capability c13551flcatlon has also been carried out by DLD in order to
evaluate the land sultablllty in the country

The present 3011 c1a581f1catlon study is prlmarlly based on the
detailed-reconnaissance soil maps prepared by DLD. The land capability
study is, however, made on the basis of the actual field survey in the
prospectlve irrigation areds, which has been carried out by the Soil and
Geology Division of RID.

2.  PHYSTOGRAPHY AND SOILS
2.1 Physipgraphy

L The Sakae Krang river b381n Occupﬁes the north-western part of the
Central Chao Phraya Plain; it is bordered by the mountain ridges on the
west, the Chao Phraya river on the eagt, the northern ridge of the Mae
Wong river on ‘the north and southern ridge of the ¥hok Khwai river on the
south. - The total area of the ‘Sakae Krang river basin is about 6,300 kmZ.

_ Accordlng to the geologlcal map prepared by the Department of Minera
Resources, the surface layers of the area is mainly composed of recent
and pleistocene alluv1al_dePOS1ts Recent. alluvial deposits dominate
broadly along the Sakae Krang river system. Pleistocene alluvial deposits
are extenslvely observed over the rest of the area. Récent alluvial levee
materials are found in-narrow bands on both sides of the ‘Chao Phraya river.
Isplated hills and mountain are scattered over the central and eastern
parts of the Sakae: Krang river basin. The mountain ridges stretch in
'north~south direction in the western part of the area. The land of the
Sakae Krang rlver basin is classified into the folloW1ng six (6) land from
_categorles. : .
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Land-Form Cateqories- 3 - ’ Area_(km2) ) %

(1) Flood Plain _ : 195 3.

(2} Semi-recent Fan and Alluvium - 1,699 27'._0=
(3) Low Terraces - I 407 .7'76:5‘
(4) High Terraces o o - 907 = 14-4
(5) Dissected Erésion:Sufféce . ' _L '_'1,337 ' IZl;é:
(6) Mountains = _ : 1;755 - 27.8
Total C .o . 6,300 0 100.0 )

. The Mae Worg river is the largest trlbutary of the Sakae Krang rlver,
forming the largest stib-basin with a total area of 2,170 kn2 or 34% of
the Sakae Krang river basin, and is 1ocated northeranSt of ‘thé basin.
The shape of the Mae Wong river sub-~basin is long: ‘and narréw stretching”
from north-west to south-east. The longest dlstance in this dlrectlon is
.about 50 km, and the w1dth ranqes from 10 to 20 km. :The prospectlve
1rrlgatlon area enV1saged under the Mae Wong Scheme is located. on eastern
part of the Mae Wong river sub-basin w1th a total area of 495 km2, occupy -
1ng the most of the downstream areas.

From physiographic point.of'view, the lands in the Mae Wong sub-basin
and the prospective irrigation area are classified as follows:

Mae Wong Prospective -

zzgzqgiizs __Sub-basin . Irrigation Area
< (rai)  (xm?) ~ (%) " (rxai) (xmd) (%)

(1) Flood Plain - = - e ; '. =
(2) Semi-recent Fan 340,000 544  25.1 169,400 271 = 54.7

and Alluvium S
(3) Low Terrace 116,900 © 187 © 8.6 115,600 185  37.4
(4) High terraces 341,300 546 25,1 24,400 . .39 7.9
{5) Dissected Erosion ‘160,000 256  11.8 - -

Surface’ o . - s
(6) Mountains 398,700 - 638 29.4 . . - - . -

Total 1,356,900 2,171 100.0 309,400 495  100.0°
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The major ‘soils coverlng the Mae Wong irrigation area are those
developed on: {1} semlwrecent fan and alluv1um and (2} low terraces of old
alluviim.  These. occupy 92% of the total area.
{5): dlssected erosion surface and (6) mountains are not included in the

lrrlgatlon area due fo topographlc reasons.

The s0ils developed on

Even if the lands are partly

rrlgablc, thnse are not suited to irrigation farming due to their general
features of sandy and/or gravelly texture, shallow soil depth and low
inherent fertility. The soils on (3) high terrace of old alluvium are
marginal for irrigation, however, the area of these soils is relatively

small.

2.2 Soil Classification

Five (5) Gréat.soil Groups and 12 Soil Series are identified on the

Mae Wong irrigation- areéa.

" They are:

Gféat-Soil

. Soil Series

Landeorm . %
i Groupﬁl. {Field Symbol) {rai) {ha} N
Semi-recent - Nom Calcic Kamphaeng Phet (Kp) 3,100 500 0.9

Fan and Brown Soils ‘Nakhon Pathom (Np) 56,900 9,100 18.4
Alluvium Phetchaburi (Pb) 35,000 5,600 11.4
: Kampaeng Saen (Ks) 15,000 2,400 4.9
Mae Sai (Ms) 59,300 ¢,500 19.1
§::9_:9‘:‘21__-___“ _________________ 169,300 27,100
Low - Low Humi.c Deum Bang (Db) 36,200 5,800  11.7
Terrace Cley Seils Pak Tho (Pth) 64,400 10,300 20.8
B ' Roi Et (Re) 13,800 2,200 4.5
Gray Podzolic Ubon {Ub)} 1,300 200 0.4

-Soils
a229_§929% ___________________________ 115,700 18,300  _ _ __
High Regosols Korat (Kt) 3,100 500 1.1
Terraces Reddish Brown Nam Phong (Np) 1,300 200 0.4
Lateritic Chiang Khan (Ch) 20,000 3,200 6.4

Solls
%EE_EQEﬂl e e 24,400 _ 3,900
Total 309,400 49,500 100.0

Note: /1: Major Soils of Southeast Asia, R. Dudal and

VIT-3
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The detailed results of soil classification is given:in-Téble VII-l,
The distribution of the identified soil groups are shown in Fig. VII-1
(Soil Map). The soil map was compiled on the basis of the detailed
reconnaissance soil maps scaled 1 to 100,000 prepared by DLD and has been
confirmed through the field observations. The major characteristics of
the soil series identified in each of land-form are as follows:

{1} Flat semi-recent alluvium

KAMPHAENG PHET SERIES (Kp)
_ The soils are formed from semi-recent alluvium and occur on.xriver
levees and alluvial fan. Relief is almost flat to slightly uhdulating.
The soils are well drained. Permeability is moderate. Surface runoff is
slow. Floding, occuring as a flash flood from the stream or river, is
generally common. They are deep so0ils characterized by brown or dark
brown coloured and loam or silty clay loam textured argillic B horizon.
Soil reaction is medium acid to neutral in the surface horizon and strongly
acid to slightly acid in the subsoil. The soils are mainly found on lower
position adjacent to semi-recent terrace located on the upstream of Mae
Wong river systems.

The soils are classified as Non Calcic Brown Soils (Naticnall) or
Ultic Haplustalfs (USDA). The soils are mostly used for transplanted rice.

The s0ils of this group are formed from semi-recent alluvium and
occur on low terraces. Relief is flat or nearly flat. Slopes are 1% or
less. The effective soil depth is very deep and the soil is clay loamy
to clayey textured. The colour of the A horizon is dark brown and that of
B horizon is dark gréyish_brown, The soil structure is weak ccarse blocky,
and the reaction is slightly acid to moderately alkaline because of
calcareous nature of the sub-s0il. The scils - are mainly distributed in
the downstream area of Mae Wong river systems.

The soils are classified as Non Calcic Brown Soils (National) or
Ultic Haplustalfs (USDA). Nakhon Pathom series are mainly used for
transplanted rice cultivation.

PHETCHABURI SERIES_(Pb)

The parent materials of this soil series are semi-recent alluvium.
The soils occur on the lower parts of the semi-recent levees. Relief'is
flat to nearly flat. Slopes are 2% less. The effective soil depth is
very deep. The texture of A horizon is sandy loam and that of B horizon'
is ¢lay loam. The structure in the A horizon is massive to weak, medium
blocky due to puddling for rice cultivation. Soil reaction is medium acid
to neutral. The soils are somewhat poorly drained. Permeability is
moderate and surface runoff is slow.  The soils are characterized by a
brown to dark brown A horizon, overlylng a brown or yellow15h brown,
weakly developed argillic B horizon.
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The soils of this group are classified as Ultic Haplustalfs (USDA)
or Non Caleic Brown Soils {(National). Phetchaburi series are predominantly
nsed for transplanted rice cultivation. The soils extend over the upstream
area of the Mae Wong river system.

KAVPHAENG_SAZN_SERIES (Ks)

The sOils of this group are formed from semi-recent alluvium and
occur on old levees and breach dep051t& or semi-recent terraces. Relief
ig Flat to nearly flat, with a slightly undulating micro-relief. The
effective soil deptb is very deep and the structure is weak to moderate,
medium blocky. The soils are characterized by a brown or dark brown
coloured and loamy or clay loam texture A horizon, overlying a brown or
dark brown coloured, clay loam textured, weakly developed, argillic B
horizon. The so0ils:are generally well drained. Permeability is moderate
and surface runoff is slow. Soil reaction in the surface soil is slightly
acid; and is mildly alkaline in the sub-soil. The soils are scattered in
small extent along the Mae Wong river. - s

The soils are classified as Non Calcic Brown Soils (National)} or
Ultic Haplustalfs (USDA). Kamphaeng Saen series are mainly used for
transplanted rice cultivation. 1In places, they are cultivated for crops
such as maize, cotton and sugarcane.

@E_SELES)_ -
These soils are formed from alluvium deposits on semi-recent terraces.
Relief is flat or almost flat. The effective soil depth is very deep.

The soils are ¢haracterized by a dark gray or dark grayish brown
coloured and silty clay loam textured A horizon, overlying a grayish
brown to brown coloured and silty clay loam or silty clay textored
argillic B horizon. Soil reaction is medium acid to alkaline. The
structure of A horizZon is weak to moderate fine or medium blocky, and
that of B horizon is woderate medium to coarse blocky. The soils are
somewhat poorly drained. Permeability and surface runoff are slow. These
soils are widely developed along the Mae Wong river systems. Mae Sai
series are members of Non Calcic Brown Soils (National) or Aeric Tropa-
qualfs (USDA). The soils are mainly used for transplanted rice cultivation
in rotation with some irrigated crops such as soy beans and mung beans.

(2) Low terraces

DEUM BANG SERIES (Db)

‘The soils of this group are formed from the old alluvium and occur on
the low-lying parts of local, ‘coalescing alluviul fans. Relief is flat or
nearly flat. The effectlve s0il depth is very deep and the soil texture
is sandy loam to sandy or silty clay. The A horizon of the soils is dark
grayish brown or grayish brown coloured, overlying brown or yellowish
brown coloured sub-gsoil. Soil reaction is slightly acid to mildly alkaline.
Secondary lime modules commonly occur in the deeper sub-soil below
approximately 80 cm from the scoil surface. The soils are somewhat poorly
drained and permeability is moderate.
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The soils are classified as Low Humic Gley Soils (National) or .
Aeric Tropagualfs (USDA)., Deum Bang Soils are predomlnantly used fox
trangplanted rice cultivation. : .

BOL_ET_SERIES (Re)

These soils are formed from old alluvium and occur on the low terraces.
They also occur to a limited extent in low-lying depressions of ‘the middle
terraces. Relief is almost flat and the slopes are 2% or less.  The
effective soil depth is deep.. The soils are characterized by grayish
brown or Light brown coloured and sandy loam textured A horizon, overlying
a light brown or pinkish brown coloured and sandy clay loam or .loam '
texturéd argillic B hHorizon. Soil structure is weak medlum and'.coarse.
blocky in surface, and is massive to weak coatse blocky in sub=soil. .- Soil
reaction is medium acid to strongly acid. They are poorly drained soils.
Permeability is rapid and runoff is slow. The Roi Et series is a family
of Low Humi¢ Gley Scoils "(National) or Aeric Palequults (USPA) The soils
are used for transplanted rice in the wet season.

UBON_SERIES_(Ub)

The soils of this group are found on the higher parts of the low. and
the middle terraces, formed. on sandy alluvium. The relief is_flat to
gently undulating, and slopes are 2% or less. The effective soil depth
is deep, and the soil texture in surface soil is loamy sand_oveflying:
sandy loam sub-soil. The soil colour in A horizon is brown and that in
B horizon is pinkish, light brown or light reddish brown. The soil
structure in A horizon is single grain and/or weak blocky, and that in
B horizon is weak to moderate coarse blocky. Soil reaction is medium to
slightly acid. The soils are naturally well drained. Petméability_is
rapid and the surface runoff 1s slow. : : :

The soils are classified as Gray Podzolic Soils (National) or Aquic
Dystropepts (USDA). The soils are mainly used for transplanted rice.

PAK_THO SERIES_(Pth)

The soils of this group are formed from old alluvium and occur on low
terraces. Relief is flat to nearly flat. The effective soil depth is
very deep and the soil texture is loam to clay loam, The soil c¢olour-in
surface is grayish brown, light grayish brown or pinkish gray, -and that
in sub-soil is light brown. The s0il structure is weak coarse blocky
throughout the profile Soil reactlon is strongly to medium acid, The
s0ils are somewhat poorly drained. Permeability and surface runoff are
slow. Cutans and clay coatings occur-in B horlzon. '

The soils*are classified as’LOw Humichley Soils (National).bt'Aeric~

Paleaquuts (USDA). Pak Tho soils are predominantly used for transplanted
rice cultivation. - : o '
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(3) High:terraces

._..a.-._._........-...-...._‘-‘..-._...-

'KORAT SERIES (Kt)

Tbe soils of this group are formed from old alluvium and oceur on
high terraces. .Relief is undulating, varying between 2 and 6%. The
effective goil depth is deep. The goils have a medium texture, sandy
loam or loamy sand in surface, and sandy loam to loam in the sub-soil.
The soils are graylsh brown or very dark grayish brown coloured in A
horizon, . and light brown or pale brown coloured in B horizon. The soil
structure is weak to moderate medlum to coase blocky in A horizon, and
weak to moderate medium or ¢oarse blocky in B horizon. These soils are
excessively to mederatély well drained. Permeability and sufrace runoff
are rapid. The soil reaction is medium to strongly acid. The soils of
this group have a very weak horizon differentiation.

- The Soils are classified as Regosols (National) or Oxic Paleustnlts
(usba) . Some of the soils_of'this group do not show evidence of clay
translocation. In that case, they are classified as Ustoxic Dystropepts.
In this area, parts are cleared for upland crops such as kenaf, water
melon, maize, cotton, beans, castor bean, cassava, etc. and settlement
areas. Mostly are dry dipperocarp forest and mixed diciduos forest.

NAM_PHONG_SERIES_(Ng)

The soils of this group are formed from sandy old alluvium and
1ocally colluv1um, and occur on middle -terraces and footslopes. Relief is
undulating to rolling which slopes range from 3 to 10%. The scils are
somewhat ex06531ve1y drained. Permeability and surface runoff are rapid.
The effective soil depth is shallow and the texture is sand to loamy sand.
The thickness of A horizon varies from 10 to 20 cm, and the soil structure
is weak to medium bleocky or single grain. Soil reaction is medium to
slightly acid. The soils are dark grayish brown, grayish brown or light
brown coloured in A horizon. '

The soils are classified as Reddish Brown Lateritic Soils {National)
or Ustoxic Quartzipsamments (USDA). Nam Phong soils are mainly low opened
dipterocarp forest. Parts are cleared for shifting cultivation such as
kenaf, water melon, and maize.

gﬁza§§ﬂ5§a§_§§§§§§_£9§1

The soils of thlS group are formed from residuum and local colluviuam
derived from shale and metamorphic rock equivalent to shale, and mainly
occur on erosion surface and footslopes. Relief is undulating to hilly
which slopes range from. 4 to 20 percent. The soils are shallow gravelly,
and loamy to gravelly clayey textured. Soil reaction is medium to strongly
acid. The soils of this series are well drained soils. Permeability and
surface runoff are rapid. The soil structure is moderate fine and medium
at the uppermost of layer and moderate fine and medium blocky at the lower
part of horizon. The soils are dark brown or dark reddish brown coloured
in surface, overlying a reddish brown or yellowish red coloured argillic
B horizon.
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Chiang Xhan soils are classified as Reddish Brown Lateritic Soils
{National), or Paleustults (USDA). This area is originally mixed diciducs
forest. Parts are cleared for shifting cultivation such as corn, cotton
and algo used as road building material. '

2.3 Results of Soil Laboratory Analysis

Soil: samples were taken at 35 selected sites for physico-chemical
analysis. About 210 samples were analyzed at RID laboratory. The results
of =oil analysis are given in Table VII-2, The sampling sites are :

indicated on the scil map- (Fig. VIi-1).

The results of soil analysis are summarized as follows:

(1) Soil Reaction (pH)

Method : 1:2.5 s0il : water suspension
Range : . from 5.1 to 6.7 in surface
Interpretation : preferred range for rice cultivation

{2) Particle Size Distribution

Method :  hydrometer method
Result ¢+ from clay té sandy loam ‘
Interpretation : normally satisfactory for rice cultivation

{3) Electric Coﬁductivity

Method : s0il paste _
Range _ '+ less than 2.0 (ECx103: muwho) .
Interpretation : no salinity problem will be anticipated

{4) oOrganic Matﬁer'(OLM.%)_

Method : Walkley-black

Range : from 0,6{%) tQ'Z.O(%) in sufrfabe,:and from
0.2(%) to 0.7{(%) in sub-soil

Interpretation : normally low or medium ih'organic matter content

{5} Total Nitrogen (N%)

Method 't Kjeldahl
Range :  from 0.002{(3) to 0.11(3)
Interpretation : normaily'suitable_for'rice'cuitivatiqn
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(6)

N

(8)

{9)

(10)

(11)

‘Available phosphorus (ppm)

' Method :

Range ' :

Interpretation :

Bray (dilute HCY /NHyF)
from 4.2 (ppm) to 87 (ppm)

.1) normal]y low or medium in available P content
11) satlsfactory for rice cu]tlvatlon

Total'PotaéSium-(ppm)

Method :

'Range

_Interpretation :

Bray (Ii) method

from 50 {ppm) to 200 in surface, and from 40 to

-210 (ppm) in subsoil

normally suitable for rice cultivation

Cation Exchange Capacity (me/100 g $03.1)

:Methdd:_ :. :

Range 3

interpretation

ammonium. acetate extraction, adjusted at pd 7.0
from 6 to 25 me/loo g soil

suitable For rice cultivation

Exchangeable Cations (me/lOO g soil}

Ranqe

Interpretation

'Range : e

Inﬁerpretation_:

from 0.02 to 1.9 me/100 g soil

négligible for sodium effect

,Exchangeable Potasium (EP)

From 0.14 to 0.63 meq/100 g soil

normally suitable for rice cultivation

Base Saturation (%)

Range

Interpretation

from 21% to 80%

moderately to highly saturated by exchangeable

bases such as Ca, Mg, XK and Na

Available Moisture (%)

Method"

Range ' .

INterpretation

centrifugal method (between 0.05 and 15 bar tensions)
from 3.1 to 19.4 (%)

mederate to high moisture content
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3. LAND CLASSIFICATION

3.1 Field Procedure and Mapping

Land classification survey for the Mae Wonq 1rrlgat10n area was_
carried out by the Soil and Geology Division of- RID. Soil proflle survey
including test pits and auger boring observations was made at the repre-
sentative points selected through interpretation of aerial photos” scaled
1/15 000, and the soil was described by the horizons - and the representatlve
soil samples were taken for laboratory analysls._ (see Table VII 2)

Location of sample points and observation points (see Fig..vVIi-1)
were marked on transparent overlays of. 1/15,000 scale aerial’ photos, and
land classification boundaries were drawn dlrectly onto these overlays
using the field data and information. At the same time, and details of
the present land use at each observatlon point was plotted onto a second,

transparent overlays.

The f1Eld mapping on these 1/15 000 scale aerial. photoa were then
reduced directly onto 1/50,000 topqgraphlc maps. F181ﬂ checking - and’
compilation of these field maps was carried out by the Team.

3.2 Land Classification System

The land classification system used in this study is that developed
in the Greater Mae Khlong Multipurpose Project in. 1968, and since adopted
in many prOJECt studles by RID.

The RID system has been formulated through the past experience of
the observations and studies on soil, drainage and topoegraphic character-
istics and their effects on crop productivity. - The standard specification
for land classification is shown in Table Vii-3. The framework of the
system is basically three {3) classes rating for rice and upland crops.
Limitations on suitability of land due to soil, ‘drainage’ and’ topography
are indicated by the symbols "s", "d" and "t", either individually and
collectively. The definitions of these land class groups are as follows:

Land Class

Definition
Group .
Ul Land - -best suited for upland irrigation crops.
Uz Land less suitable for upland irfigatéd cropé'with“bne_of
two limitations in the soils, topography or dtainage.
U3 Land of dlstlnCtl] restricted suitability for upland irri-

gated crops because of extreme limitations in the. soil,
topography or drainage characteristics,

- to be continued -
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Land Class

- Definition
Group .

Rl - Land best suited for irrigated rice production.

R2 . ' "Land'adapted for rice production but with one or more
'llmltatlons. :

R3 Land usable for’ rice productlon but with severe 11m1tat10ns
often n609551tat1ng_5pe01a1 methods of cultivation, or
cultivation only when general conditions permit

Ué/U3 Land su1table for elther upland crops or rice partlcularly,
but with one or more limitations for both upland crops and
rice. . '

6. . Non-arable land. TLand unsuitable for the production of

' crops.

3.3 Results of Land Classification

_ 'The'land-classification fdr .the proposed irrigation area was made in
accordance with' the RID spec1flcatlon, and the following land class groups
were identified.

Land Class_ . ) Land Class : A;ea

Group . o o : rai ha %
R1 : U3sd/R1 92, 500 14,800 30.0
U3sd/R1 _ 15,600 2,500 5.0
U2s/R1 3,800 600 1.2
sub-total 111,900 . 17,900 36.2
R2 : _ U2s/R2s 120,600 19, 300 39.0
: U2sd/R2sd 10,700 _ 1,700 3.5
Sub-total 131,300 ~_ ___ 21,000 ________ 42.5
R3 ' : U2s/R3s 31,900 5,100 10.3
' U2t/R3st 15,600 2,500 5.0
Ul/R3s - 5,600 ' 900 1.8
U3st/R3st 13,100 2,100 4.2
§EE:E?E§}______ ____ ©6,200 10,000 21.3
Total 309,400 42, 500 100.0

The results of land classification study shows that most of the
. proposed’ irrigation area are suitable for irrigated paddy production, of
which about 179 km? are best suitable for paddy and 316 km2 are suitable
both for paddy and upland crops.
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The land cla551flcatlon nap. coverlng the Mae Won 1rrlgat10n area is
given in Fig. VII-2. The general ‘features of the major land classes are
summarized, together with suggested land use for each land class, in

Tabhle VII~4,

4. INFILTRATION RATE MEASUREMENT

4.1 Method of Measurement

Intlltratlon rates ‘of water into’ 30118 was measured by RID at the
looatlons indicated on the Land Cla581flcat10n Map (Flg Nrz-2). uThe'
double ring infiltrometer method was adopted, and ‘the medsurements were.
made both at the ground surface and at the ‘depth of around’ 20 cm below
the surface All the measurement sites were: selected on the ex1st1ng
paddy field and the measurement was made durlng the dry season (February—'
May, 1985). Evaporation during the measurement period of time (4 hours)
was disregarded. '

4,2 Evaluation of Infiltration Results

_ . Table VII-5 shows the partlal infiltration result of different scils
at 15 selected sites, and may give some idea of rates of water entry into
soils which will be expected under -irrigation.
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