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PREFACE

In responsé'to the request of the Government of the Kingdom of
Thajland, the Japanese Government decided to conduct a feasibility
study on the Sakae Krang River Basin Irrigation Project and
entrusted the study to the Japan International Cooperation Agency
(yIca).

JICA_dispatched to Thailand a survey team headed by Mr. Tadashi
SAKAMOTO from July to September 1985. The team exchanged views on
the Broject with the officials concerned of the Government of the Thailand
and conducted a survey in the Sakae Krang river basin. After the team '
returned to Japan, further studies were made and the present report
has been prepared. '

_ I hope that this report will be useful as a basic reference for
development of the region.

I wish to express my deep appreciation_to the ocfficials concerned
of the Government of the Kingdom of Thailand for their close coopera-
tion extended to our team.

March 1986

O/ i .
poa
H & 7 Keisuke ARITA

pPresident .

Japan International Cooperation Agency






IETTER OF TRANSMITTAL

Mr. Keisuke ARITA

. Presrdent :

-Japan Internatlonal Cooperatlon Agency,
Tokyo, Japan

Dear Sir,

We have pleasure in submlttlng herew1th one hundred and thlrty (130)
copies’ of Fea51b111ty Study Report on the- Sakae Krang River Basin
Irrlgatlon PIOjeCt in the’ Klnqdom of Thailand in accordance with the
terms of reference issued. by JICA. ' The report consists of three
separate volumes ‘Main Text summarizes the results of the study and
presents. the conclusron and ‘recommendations; Annex provides more ‘detailed
technlcal.lnformatlons apd.proceduresb Drawings give the general plan of

"the project area and_the'layouts of dam, canals, and related structures.

Thisg study has been made to formulate the optlmum deveiopment plan
which aims to improve farmer s living standards in the project area by
increasing paddy productlon through provision of a storage reservoir
and lrrlgatlon and drainage fa0111t1es

It is verified throughout the study that the project is technically
“sound and economically and financially viable, ' In view of the pressing
needs and the economic contrlbutlon of the project, we would recommend
that the project Would be soon 1mp1emented

In Submitting this report, we wish to express our sincere appreciation
and gratitude to the persomel concerned of JICA, the Embassy of Japan
in Thalland and the Authorities concerned of the Government of Thailand
foxr the courte51es and cooperatlon extended us durlng our field surveys
and studies. :

Verf truly yours,

JW

Tadashi- SAKAMOTO _

Leader of The Study Team

for The Sakae Krang River Basin
Irrigation Project
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PRINCIPAL FEATURES OF MAE WONG IRRIGATION SCHEME

Dam and Reservolir

" (1} Dam
a. Type
b. Height

¢, Crest 1engéh
d. Embankment  volume

{2) Reservoir
a. Catchkent area
b. Total storage volume

¢. Effective storage volume
d. Reservoir area

irrigationibévelopment

(l)"Irrigatiph area

a. Upgrading
b. New development -

Rockfill dam
57 m
794 m

2.5 million m?

61% km

250 MCM

230 MCM
17.6. km®

230,000 rai (36,800 ha) -
61,900 rai. (9,900 ha)

Total
(2} Irrigation facilitiqs

a. Intake weir
b. Irrigation canals
Main canal
Lateral and Sub-~lateral
¢. Drainage canals
d. Inspection-xoad

(3) Cropping patfern

a. Crops:

291,900 rai (46,700 ha)

New . .
Upgrading ~consbruction Total
- 2 nos. 2 nos.
64:7 km 12.0 km 6.7 km
171.4 Km  113.8 km 285.2 km
96.1 km 108.1 km 204.2 km
236.1 km 125.8 km iel.9 km

Paddy' & Mung Beans

{2} Inland Fiéhery
a. Type

b. Annual Productien in reservoir

{3) Rasettlement

a, Hos. of household
b. Resattlement area

(4) Forestry in reservoir

a, Timber volume
b. Het value

b. Cropping intensity 105%

Financial Cost {Million Baht)
F.C. L.C. Total
1,946.2 948.9 2,895.1

.Ecbnomic Evaluation
{1) 1IRR 13.0%
{2) NPV (at discount rate 10%) 475 MB
Other Aspects of Development
(n Hydropong'

a.  Installed capacity 6,500 KW

b. Annual production 15.2 GHH

- agua-culture in reservoir

170 tons

101
Ban Wan San Forestry Village
(4,000 rai)

136,000 m’
"33 MB
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D4. iIn order to achieve the agrlcultural development (4 5% per anﬂum)
stipulated in the Development ‘Plan, the Government has put nore empha51s
on raising- agrlcultural productivity through the .u:rlgatlon development
coupled with ‘exploitation of new water resouxrces., It is generally
recognized nowaday that there remains a few river systems much . sultable
for creating reservoir in Thailand. The Sakae Krang river system,-
particularly the Mae Wong river, should be one of the most potential
basins for water resources exp]o;tatlon ‘in the’ northern reglon of -

Thailand.
SAKAE KRANG RIVER BASIN AND DEVELOPMENT STRATEGIES =~

05. The Sakae Krang rlver ba51n extends over the northwestern part of

the Central Chao Phraya Plaln with a total area of about 6,300 km?2.

The Sakae Krang river system eonsxsts of four (4) rlvers, i.e., from north
to south, the Mae Wong.r Khlong pho,  Thap Salao, and Khok Khwai rivers. .
The river basin compasses parts of four {4 provmnces of Kamphaeng Phet,

Nakhon Sawan, Uthai Thani and Chainat.

06. about 0,32 million people 11ved in the Sakae Krang rlver basrn
primarily rely on agriculture. Farm household accounts for. about 70% of
the total household. Others are mostly engaged.in trading,’ transporta—-
tion, and public administration which support the aqucultural activities.
Agriculture contributes to-about 45% of gross regional product whlle it
accounting for only about 24% of GDP in national economy. Agrlculture
has been and will continue to be the most 1mportant key determlnant in
regicnal econowy of the basin area.

07. Two provinces: of Naknon Sawan and Utha1 Thani where most of Ehe
Sakae Krang river basin area 1ncluded have’ about 2, 6% of the- Klngdom !
populatlon. The share of the provinces in GDP is however only less than
1.3%. The relatively poor: position of the’ area is also 1nd1cated by its
lag in per capita income; the average in past five years amounts ‘to about
3,670 Baht, corresponding to roughly two-thirds of national average
(5,610 Baht). The area suffers also from the 1nstab111ty in annual’
income which fluctuates largely year by year. Such poor economlc situa~
tion of the area is malnly derived from low product1V1ty of agrlculture.

08. Paddy cultivation is a malnstay in the Sakae Krang rlver b351n

It is surely sulted to the area 'in economlo ~gocial-historical-cultural-
physical context.  The area is endowed Wlth good soils and climate
{(except rainfall) suitable for paddy cultlvatlon and the farmers are
accustomed to paddy cultlvatlon. Farmers heavlly relv on paddy: productlon
economically. It however gives them only unstable results of yleld due

to irregular water availability. ' :



To§;

The most lmportant 51ng1e conetralnt to be increased agricultural

productlon in the basin is the lack of assured irrigation facilities
coupled with the’ shortage of available water. Other constraints such as

- yield. llmltatlons of local variety, low 1nput use and inadequate crop

_ management should become secondary in 1mportance when considered against
- .regular crop damages caused by present irreqularity in water supply.

104

The ba81c concepts for overall basrn development in the fields of

"agrlculture, water resources and irrigation are:

Agriculture

to stablllze wet season paddy cultlvatlon w1th regular water

_ supplles,

to 1ncrease unlt Yleld of wet season paddy througb improvement
of farmlng practlces under supplemental irrigation,

”to max1mlze the planted area of wet season paddy with a full

use of the limited exploltable water- reeourcea, and

':to ceneider the dry season cropping with secondary importance.

‘Hater Resoﬁrces'

to stablllze 51gn1flcant fluctuatlon of streamflow through
constructlon of dam and reservoir,

.to exploit'the'maximUm potential of pogsible dam and reservoir

within economically reasonable range,

to. 1mnlement dam and reservoir as early as pogsible; since the

forest cover of watershed has -been encroached rapldly by
Farmers and number of inhabitants in the reservoir area has

. been increasing every year, and

to continue the observations and study on groundwater balance
for future development, particularly on the effects of reservoir
exploltatlon at upstream and irrigation development at down—
btream in future.

Irrigation

- to give a first-priority'tq'the supplemental irrigation for wet

seasoh paddy in the ekisting irrigation area,

S =l expand the lrrlqatlon area w1th optimum use of available

water fESOLII.'CES '

te,ihcorperate existing-irrigation systems into the proposed

~ projects so as to minimize the project cost,

: tQ_coneider proper water'management system at farm level as well

as overall O/M system for irrigation facilitiés, and



~ to utilize the natural streams for dralnage to a max1mum extent
and to provide the collector drains in each 1rr1gatlon alea. ,

11. The development plannlng for the Sakae Krang rlver baeln would
require, in addition to the above, further studles on other aspects of
development potential, problems and measures, These 1nclude flood miti~
gation, hydropower development, inland fishery in the proposed reservoir
and the resettlement problems involved in dam construction. '

.RIVER .BASIN DEVELOPMENT PLAN AND SELECTION OF
FIRST PRICRITY PROJECT

12. Eight (8) potential dam 51te ‘are identified in the sakae Krang
river basin. Potential reservoir capacity of these dams is estimated,
on the basis of river runoff, topography and damsite - geology, as follows:

(Unlt: © MCM)

River/Dam Sit Effective Dead Total
: PAEE Storage Storage Storage
Mae Wong river

- Upper Mae Wong dam 230 - 20 250

-~ Lower Mae Wong dam 350 30. 380
Khlong Pho river '

- Khlong Pho dam 96 14 110
Thap Salac rivexr

- Thap Salao dam 160 8 1le8

- Upper Hual Rang dam 10 2 -1z

-~ Lower Huai Rang dam 18 3 : 21
Khok Khwai river

-~ Upper Khun Kaew dam 38 6 a4

-~ Lower Khun Kaew dam . 51 8 . 59

13. . The Thap Salac dam is already taken up by the Government and will
soon be put under construction. The Upper Huai Rang dam is not signifi-
cant in storage capacity compared with the lower site. Out of eight (8}
potential dams, the following sikx (6) potential dams, excludlng the above
two (2) dams, were further studied. The dam construction at these
potential sites is technically feasible. The major dimensions of these
pogsible dams are as follows: : e ' S



Xtem . Mae Wong . Khlong Haui Khun Kaew

B - Upper -Lower Pho Rang Upper Lower
Effective Storage MCM 230 350 9% 18 38 81
Reservoir Area  km? 19.5  68.0 . 32.0 2.2 2.2 7.3
Foﬁhdation S Hérd _Weathered"élluVial Alluvial Hard Alluvial

_ Rock - Rock © Deposit  Deposit Rock Deposit
Height =  m 620 381 20.9 30.5  49.5 32,0
Crest Length m 775 | 225 1,555 1,470 570 - 2,500

Embankment MCM  3.50 0.38. S 0,74 0.83 1.32 2,06

14;' The overull water balance study for all the major tributaries
1nclud1ng the Thap Salao, was made and the potentlal areas for irrigation
development in each sub-basin were 1dentlf1ed

Irrigable Area

Réver Basin Wateeresourees Fab) (ha)
1. Mae Wong Upper Mae Wong Dam of 291,900 46,700
’ Lower Mae Wong Dam

2.-Kﬁlong Pho Khloﬁg'pho pam - 111,900 17,900
3. Thap Salao Thap Salao Dam. 110,000 17,600
4. Knok Khwa'i Upper Xhun Kaew Dam 81,300 13,000
5. Sakee Krang = Groundwater 218, 800 35,000
Total | , | 813,900 130,200

After full development of the endowed water resources, a total of
about 813 900 rai (130,200 ha) will be irrigated. This potential irrigable
area corresponds to about 95% of the total exxstlnq paddy fields in the
Sakae Krang river ba51n.

'15. Fox selection of high priority projects, preliminary evaluation was
made over ‘the propoeed six (6) projects using the parameters of reservoir
performance, 1ncremenLal 1rrlgat10n area, constructlon cost and cost for
compensatlon and resettlement-



Mae Wong  Khlong Huai. Khun Kaew _
Ttem ' Upper Lower Pho - Rang. Upper Lower

1. Reservoir Performance

Irr. Area/Eff. Storage ha/MCM 213 153 260 111 - 342 292
Embk, Vol/Eff. Storage 103m3/MCM 14.8 1.1 7.7 46.1. 34.7 40.9

2. Irrigation

Irrigation Area* 103 ha 49.0 53.5 25.0 2.0 13.0 14.9
Incremental Irr. Area 103 ha 25.4 29.9 18.0 - 4.7 6.6
Irr. Area/Eff. Storage ha/MCM 110 85 187 - 124 129

3. Dam Construction Cost o
Direct Const. Cost MR 1,148 620 567 195 403 545

Cost/Eff. Storage ME /MCHM 4.9 1.8 5.9 10.8 10.6 10.7
Cost/Bmbk. Vol. B/m3 326 1,140 497 235 305 265

Construction Period Yr 5 5 5 4.5 5 5

4. Resettlement

House No 40 520 365 218 30 105
Land km2 19.5 8.0 32.0 2.2 2.2 7.3
Compensation ©@0.2 ME/house
80.6 ME/km2
ME ) 19.7 144.8 92.2 44.9 7.3 25.4

Note: #*: for wet season paddy only

Based on the evaluation on these four components, the Upper Mae Wong, .
the Lower Mae Wong and the Khlong Pho dams were selected as high priority
projects. The selected projects are all large scale projects which will
give a large impact to the basin. Other projects are alsoc considered
worthwhile for future development. Particularly a special attention should
be paid to the Upper Khun Kaew project and groundwater development in the
downstream area.

16. Following the Part A program, the pre-feasibility study on the high
priority projects (Part B) was made mainly for selection of the first
priority project. The pre-feasibility study comprises (1) determination of-
optimum scale of development, (2) formulation of development plan based.on
the selected development scale, (3) preliminary design of project facili-
ties and cost estimate, and (4) preliminary economic eValuationslfor_
comparison. As for optimum scale of development,. the pre-feasibility study
concludes through various alternative studies that“théfirrigaﬁign develop-
ment of potential maximum area with potential maximum scale of dam: and =
reservoir is the best alternative plan. Based on this optimization study,
preliminary design was made and thereby project costs were estimated on a.
preliminary basis. The preliminary cost estimates and economic internal
rate of return for each of the high priority projects are as follows:



17.

Uppey Lower

. Item - Unit Mae Wong Mae Wong Khlong Pho
1. Economi¢ Project Cost
_a. Dam M 1,123.5 628.1 578.1
b. Irrigation Mg 244 .9 944.9 423.1
¢. Others Mg 385.3  416.0 268.2
(Total) ME (2,453.4) (1,989.0)  (1,271.4)
d. Unit Cost™ B/rai 8,210 6,660 11,400
© 2. Annual Benefit
a. Total . ME 461.3 492.4 217.2
k. Unit . = B/rai - 1,540 1,650 1,940
3. Internal Rate
5

of Return (IRR) % 13.0 15.2 11.

The results of the pre~feasibility study on the high priority projects

are summarized as follows:

(1)

(2)

(3)

All_the higﬁ priority projects are technically sound and econcmically
feasible.

Irri@ation development in the Mae Wong viver basin is more beneficial
than that in the Khleong Pho river basin, having larger irrigation
area, larger number of project-benefited farmers and higher hydropower
potential. Its economic viability is also high.

Compar ison between two projects for irrigation development in the

Mae Wong .river basin indicates that the Lower Mae Wong project seems

to be more attractive in both technical and economic aspects, showing
higher IRR of 15.2% against that of 13.0% for the Upper Mae Wong
project.  However, the Lower Mae Wong project has the following
economic and social difficulties which will be induced by the resettle-

" ment of and compensation to a large number of villagers in its

reservoir area:

a. Unéeftainty is involved in the estimate of the project cost due

' to lack of reliable data on resettlement and compensation costs
as well as uncertain number of household in the reserveoir area,
and if the number of household in the reservoir area is more
than 1,600, its économic viability will become lower than that
of the Upper'Mae Wong project. Such case could be foreseen with
rather high probability.

“b. Large land area will be required for resettlement program. The

‘land reguirement.will range from 850 ha to 4,000 ha, depending
on the number. of household. The potential agricultural land
resources are already almost fully utilized in the Sakae Krang
river basin and therefore new land development for resettlement
program will be difficult.



c. 1t may take several years to completely settle the problems of
resettlement and’ compensatlon. The case of the Thap Salao dam
project gives an idea how the problems should be settled.
pPeacefnl settlement of ‘the problems will require untiring efforts
over several years. It may affect the constyuction schedule
adversely and the completion of the project may be delayed.

d. The problem of social tensions which may be induced by resettle-
ment of a large number of household, is also foreseen, and can
not be neglected. : '

e. The veservoir area is largest among those of other projects.
There exist large farmlands and forest reserve. If. the project
is realized, large negative benefits for these will surely arise.

(4) The Upper Mae Wong Project should be selected as the first prlorlty
project on the following reasons:

a. The Upper Mae Wong project is economically feasible and teéhnically
sound, with the same development scale as - the Lower Mae Wong.

b. The socio-economic difficulties of the Lower Mae Wong project
could not be neglected and might seriously affect the project
costs and construction schedulie.

c. The Upper Mae Wong project has no such socio-economic difficulties
and will possibly be realized in a shortest time.

d. The Upper Mae Wong project has hlgher hydropower development
potential.

MAF WONG IRRIGAYTION SCHEME AREA

18. The Mae Wong river is the largest tributary of the Sakae Krang river,
forming the largest sub-basin with a total area of 2,170 km? or 34% of the
Sakae Krang river basin. The Mae Wong river originates from the western
mountain ranges. The stream gradient in the upper reaches is steep and
the valley sections are more or less pronounced. The topography bacomes
flatter as the river emerges onto the alluvial plain after cutting through
the mountain ridges of Kao Chonkan located. about 14 km downstreanm of the
damsite. The river passes tbrough the bread agricultural lands, extending
on the altitude from 60 m to 100 m, until it eventually. meets and becomes
the Sakae Krang_rlver.

19.  The Mae wWong river basin is characterized by two' dlstlnct ‘Seasons;
i.e., dry season from November to April and. wet season during the rest of
the year. The mean annual rainfall is about 1,070 mm, of which" about’ 85%
is concentrated in the wet season. fotal depth of annual rainfall fluctu--
ates largely year by yeax w1th1n a range ‘from the lowest, about ‘660 mm to
the highest, about 1,890 mm. Annual mean temperature is about 28.5°C

with maximum monthly mean of 31,9°C in Aprll and mlnlmum mean of 25,2°C

in December, Annual mean pan evaporation is.2, 089 mm, in which maximum .
evaporation occurs is April {260 mm) and the minifum in September {128 mm).



20, The Mae Wong river basin is broadly divided into two geological zones;
i.€., western Pa1e0201c zone ‘and eastern Mesozoic zone. The western zone
has a; dlstlnct N-8 geologlcal structure affected by the Burnese - Malaya
 geosyncl1nal movement of meridional trend. The proposed damsite is located
along the eastern edges of this Paleodzoic zone. . In the eastern Mesozoic

zone, ' vast diluvial terrace is developed.. Semi~recent alluvial flats
run slenderly from west to east along the rlver between the diluvial
terraces and extend over the downstream areas .in the east.

21. - Average runoff rate and annual outflow for the watershed of the Mae
Wong river at the streamflow gaging station CT-5A located about 13 kn
dOwnstream from the dam81te, are summarlzed as follows:

Drainagé  Average Average Annual Average Runoff

Sizézgn Area Rainfall Runoff _ Rate
: {km?2) " {mm/yx) {MCM/km?) (%)
Cr-5A 936 1,339 0.360 26.9

The river runoff is characterized by long low flow period from
December to July. Reliable amount of water resources supplied by the Mae
Wong river is limited only during four (4) months from August to November.
About 80% of total annual runoff ocours during this period as shown below:

. (Unit: 1,000 w3/km2)

Apr. May June July Aug. Sep. Oct, Nov. Dec. Jan. Feb. Mar.

2.3 8.5 15.4 18.6¢ 37.6 85.1 125.0 45,0 12.0 6.3 3.8 2.8

Annual fluctuation of streamflow is remarkably large. The annual
runoff ranges from 0.09 MCM/km in- 1977 to 0.88 MCM/km?2 in 1983 with
an average of 0.36 MCM/km for the past 30 years.

22. pabout 0.46 million rai (731 km2) of arable land resources are endowed
in the Mae Wong river basin. Out of these potential arable land, about
0.44 million rai (710 km2) or 97% of the total area, have been developed
for agrlcultural productlon, both for paddy and upland crops cultivations.
The potential arable lands are almost fully developed. The rest of

0.91 million rai (1,440 km2) includes mountains, steep slopes, forest
reserve, river and Swamps, road and urban areas. -The existing agricultural
land comprises 0.33 million rai (520 km2} of paddy field and 0.11 million
rai (190 km?) of upland fields.

559.



23. paddy rice is by far the most lmportant crop, grown ‘on abput 73% of
the total ag11cu1tural land. ‘Paddy cultivation is concentrated in the
rainy season and extremely iimited in the dry seasomn, because ‘the depend-
able water resources are almost completely. exhaus ed durlng the dry season.
The planted area of wet season paddy widely fluctuates year by year,
depending on the available rainfall and. riverflow. Paddy yield algo
fluctuates, being directly affected by the amount of water available. Tt
ranges from 200 kg/rai (1.2 ton/ha) in the rainfed area to 450 kg/ra1

{2.8 tons/ha) in the irrigated area.

24. There are 10 existing irrigation projects in the Mae Wong river basin,
covering a total area of 230,000 rai (36,800 ha). These include three (3)
medium scale irrigation projects (MSIP) and seven (7) small 1rr1gatlon
projects (SSIP), as shown below:

Ixrigation Area

Existing Projects

(rai) . {hay
MSIP

1. Wang Kun Pao - 105,000 ' 16,800
2. Kun Lard Boriban 55,000 : 38,800
3. Khicong Nam Hom 10,000 . 1,600
Sub~-total ' 170,000 27,200

S8IP |
"1. Ban Wang Nam_ Kao . 3;000_ _ 400
2. Knlong Saingu _ i 10,000 1,000
3. Huai Hin Lab 3;000 480
4, Wang Ma 26,000 4,160
5. Lan Bai Dieo 4,000 640
6. Nong Yao 4,000 040 -
7. Wang Hin Phoeng ) 10,000 1,600
Sub~total ' 60,000 9,600
Total 230,000 " 36,800

25. The existing irrigation areas of 230,000 rai {36,800 ha) are not
always actually irrigated due to insufficient availability of irrigation
water. The water balance study on the existing condition indicates that
only about 60% of the paddy field in the éxisting irrigation areas are
actually irrigated in the rainy season under normal condition with:80%
probability rainfall. Field observations confirm that this estimate
reflects well the actual irrigated condition in the areas. '

$-10



26._ In the Mae Wong river . ba81n, the irrigated paddy field is mostly
located along the upstream cf the river and the existing canals, and the
ralnfed paddy flelds extend over the downstream areas. There is clear
dlfference in crop yield and therefore in farm income between the actually
-lrrlgated area and rainfed area. It is reported that serious disputes for
irrigatioh_wéter often occour between farmers in upstream areas and those
inathe:downstréam areas. - This causes some social tensions in the basin
area: : '

27. Total populatlon in the Mae Wong river basin is estimated at about
75,000 in total. It has been increasing at the rate of 2.4% per annum.

Total number of household is about 13, 500, out of which farm household

accounts for 10,200 or 76% of the total. About 85% of the farmers own

their farmland with an average holding size of 28.7 rai (4.6 ha).

28. The present farming practices ig still conventional; local varieties
are still predomlnant use of fertilizers is limited, agro-chemicals for
plant protectlon are not used, use of certlfled extension seeds is very
rare, etc. 'These are déerived from Dresent ‘unreliable water availability,
because most of the improved farming practices are possibly introduced
only under the condition that irrigation water is assured.

PROSPECTIVE DEVELOPMENT PLAN

29, The Mae Wong Irrigation Scheme (hereinafter referred to as

"the Project") will greatly contribute to the realization of the basic
'réqqirement for rural development in the Sakae Krang river basin, which
basically aims at:

(1) 'imPrdvemént of present poor economic position of the area through
~full utilization of the endowed water resources for increase of
paddy production, and

(2) uplifting of rural 1iﬁihg standard and improvement of present income
disparity in. the area.

These basic principles are exactly conformed to the government policy
given in the Fifth National Development Plan, and with this in view, the
Government has accorded the high priority to the water resources develop-
ment of the Sakae Krang river system in the said Plan,

30.. The Project will have various aspects of development which include:

(1) . exploitation of new water resources by construction of the Upper
Mae Wong dam,

_(2)' UQ—grading of existing farmer's irrigation system

(3) 'expan51on of 1rr1gated paddy fields (1rr1gatlon to existing rainfed
paddy flelds), and



{4) other aspects of development including:

a. hydropower developmént:at the Upper Mae Wong dam,
b. inland aguaculture development at the Upper'Mae wbng-réserVOir}
e. flood mltlgatlon by dam constructlon,

d. resettlement of the farmers who are 11v1ng in the reservoir area,
and

e,  lumbering in the reservoir area.

31. Based on the results of water balance study, the optlmum scale’ ot
the Project is determined as given below:

Reservoir Ixrrigation Cropping
Capacity Area . intensity .
250 MCM 291,900 rai 105%

(46,700 ha)

32. The present land use in the Project area will be.changed'as
follows: ' '

(Unit:  ha)

Land Use Categories Without Project With Project
Paddy field
~ irrigated 22,000 46,700
~ gemi-irrigated ' 14,800 -
- rainfed 7,800 -
Sub-total 44,600 46,700
Upland {rainfed) 2,100 -
Total 46,700 46,700

33. Paddy and mung béans are selected. as main crops in fufuré'framQWOrk
of cropping patterns. Paddy will he cultivated in the wét season and.

mung beans will be grown after: harvest of wet season paddy in the dry
season. The crop intensity of 105% is proposed in view of 1rr1gat10n
water balance, i.e. 100% of wel seéason paddy comprising 80% of high yield-
ing varieties and 20% of improved local varieties, and 5% of dry season
mung beans. :



-34-_ With 1ntroductlon of 1mproved farmlng practices and proper water
) management the crop’ ylelds are substantially increased. The anticipated
crop yvields are set up as given below

‘pPaddy
'~'highIYieldinq varieties 720 kg/rai (4.5 tons/ha)
- local lmproved varieties 640 kg/rai (4.0 tons/ha)

Mung beans ' ' oo ‘190 kg/rai (1.2 tons/ha)

35. The croP production w111 gradually increase during the build-up
period of 5 years after completion of the Project. The incremental crop
production at the full development stage is estimated:

{(Unit: tons)

. Crops’ . Without Project With Project Increment
Paddy = 98,400 205, 500 107,100
Mung beans 2,400 2,800 400

Maize - 4,600 . - -

36. . The net incrementél benefit of thé Project, which is defined as the
difference hetween the respective net’ production values under future
"with" and “w1thout“ pProject condltlons, is estimated as follows:

{Unit: 106 g}

Crops Without Project With Project Increment
Paddy 237.7 604.1 366.4
_Mung beans 7.3 10.7 3.4
Maize ) - 5.8 - ~5.8

Total - 250.8 614.8 364.0

3. Irrlgatlon water requlrements are calculated based on the potential
evapotransplratlon estimated by the modified Penman method. The unit
design water duty for canals and related structures is determined at
1. 25 [/sec/ha {0.20 f/sec/rai).

-38.._The dralnage modulus is estlmated based on the 3-day consgecutive
rainfall with 5-year return perlod, using. the rainfall data observed at
Lat Yao._ The drainage nmodulie are 3.67 X/sec/ha for the paddy Field and
4.84 I/sec/ha for the high terraces and hills.



39. The preliminary layout planning of.irrigation and drainage canals is
made on the topographic maps on a scale of 1/10,000 prepared.by RID.

Tn the planning;, the ex1st1ng farmer's irrigation systems are 1ncorporated
into the Pr03ect as far as p0831b1e :

For the upgradlng plan of ex1st1ng farmer S 1rr1gat10n systems, the
following concepts are con51dered B :

- Existing intake weirs and regulator (q&te) WOuld'be intégrated
under the Project to simplify the water managemenu 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, :

- 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 =
maintenance of irrigation facilities.

40. The hydropower generatioh plan is'ﬁade to fully utilize the irrigation
water to be released from the Upper Mae Wong-dam. The optimum hydropower
development plan is deteérmined as given below: ' '

Maximum high water level : 207.5 m
Normal hiéh watexr level T '204.5 n MSL
Rated water level 0 197.0m MSL
{in case of maximum output)

Minimum water level : . '180 m MSL
Tail water level : 152ﬂ3 mn MSL
Gross head 3 44.7 m
Rated effective head _ : 42.5 m
Maximum Gischarge : 18;5.m3/see
Maximum cutput o ;6,500 KW
Annual energy production : .£5;238 M

41. ACCOIdlng to the results of water balance study,- the return flow to
the other basins is estimated at about 53.0 MCM in the wet season and’

2.1 MCM in the dry season in the drought year: ‘with S-year return perlod
Such return flow can be used as irrigation water and/or domestlc water '
for the peOple living in the other ba51ns. : :



42. Incldental but con51derable reductlon of flood scale and frequency
will be ‘attained from the 1mplementat10n of the Upper Mae Wong dam.

" Based on the results of Fléod routing analysis, the reductions of peak and
flood volume are estimatéd as follows:

Floed = ' 'Without Reservoir = With Reservoir Reduction

~ Probability N ‘Peak  Volume Peak volume Peak Volume
{year) (m3/sec)  (MCM) (m3/sec)  (MCM) (%) (%)
10 860 91 - 650 70 24.4 23,1
50 1,200 127 990 103 17.5 18.9
_100_ : 1,340 141 - 1,130 116 15.7 17.7

43.. The Project will provide a large possibility of inland fishery deve-
lopment in the area, by creating a reservoir and irrigation canals. . In
‘the reservoir, an annual fish production of about 170 tons is expected
under natural condition. without fish releasing and feeding. It is.
approximately valued at 8 million Baht. The possibility of aguaculture
is also large in the reservoir. High production of high-valued fishes

is expected; in the case of cage culture or heédless culture, an average
of 1.6 tons per rai will possibly be realized under proper management.

44. The resetilement program is recognized as an important step to the
project implementation with the intention of ‘mitigating the impacts on

the gquality of life values, There is presumably little or no specific
problem as to the relocation of inhabitants in the reservoir area, if they
are provided appropriate compensation and resettlement site. The poten-
tial site for such resettlement. is conceived in the forestry village
project area which is managed by RFD and located close to Ban Wang San in
~Amphoe Lat Yao.

45. Since the forests which are commercially valuable are found in some
parts of the reservoir area, it is possible to gain some inccemes by selling
merchantable timber trees in advance of the inundation. The calculated

- total net profit is about 33,2 million Baht. It is highly recommended

. from this.result that the forests in the reservoir area should be cleared

' before impounding the water,

PROPOSED PROJECT . WORKS

46, Topography of dam51te 15 rather compllcated, valley shape is wide
and river course is w1nd1ng ‘Left side abutment is relatively thin and
deep topoqraphlc depre551on is located at right side abutment. Saddle
shape topography is located at about 1.5 km north of damsite, where the
ground elevatlon is almost same as prOPOSed dam crest elevation and deep
valley develops at downstream of saddle shape.



47. The dam foundatlon con31sts of hard rocks of Quart21te, Calc— 51l;cate
and Schist and there will be no leakage. through the abutments or the .
foundation of dam. However, curtain grouting will be necessary to seal
all fractures, joints and shear series near the rock surface. Congoli-
dation grouting to supplement curtain grouting would be required.
Reservoir area is generally formed by granlte rocks, . Dissolvable lime-
stone groups are not expected in the reservoir geology. A fault is. -in
evidence crossing the reseérvoir from northeast to southwest at about

1.5 km upstream of dam. This fault is old and small in scale. There Wlll
be no problem of leakage and no tréatment will be requlred ‘to prevent such
losses from the reservoir. :

48. Through the comparison study, the rockfill type dam was selected for
the Upper Mae Wong dam in .all aspects such as material ‘availability,
suitability for high dam and economic construction. The most economical
dam axis was selected through the comparison based on the preliminary
designs and cost estimates for three alternative dam axes. '

49, The height of the dam would be 57 m above the dam foundation. - Thé
crest of the dam would be designed at elevation 211 m with a maximum
freeboard of 3.5 m. The dam crest would have 10 m in width, and 794 m in
length. The slope of the ipstream and downstream faces would be 1:1.75
and 1:1.6, respectively. The total embankment volume of the dam would be
about 2,500,000 m3,

50. The dam foundation and abutments will be treated by curtain grout to
seal all fractures, shears, joints and all cracks made during explosive
excavation of cut-off trench. The maximim depth of curtain grout was
designed at 20 m at abutments and & m under the cut-off trench.

51. The Upper Mae Wong dam will have a service spillway of ungated side-
channel type at yightside abutment and an emergency spillway of ungated
chute type at about 1.5 km north of damsite. Design flood of 1,770 m3/sec
is allocated with 1,200 m3/sec at 50-year return period for service
spillway and with 570 m3/sec for emergency spillway. Flood overflow depth
was designed at 3.0 m at service spillway and 1.5 m at emergency spillway.

52. A diversion tunnel alignment was selected at left abutment from the
topographic conditions. Diversion of the river will be accomplished
through a concrete lined tumnel, 7.6 m in diameter and 230 m in 1ength,'
which will pass the desigh flood of 480 m3/sec with a water surface
elevation of 173.0 m at upstream.

53. For the purpose of furnishing 1rrlgat10n water, the 6951gn dlscharge
of 43 m3/sec will be. released with the water surface elevatlon of 180 m
in the reservoir. The intake structure was de51gned to be located at

the inlet portion of diversion tunnel with a drop-inlet type. The_outlet
pipeline of 3.4 m in diameter will be located through diversion tunnel.
The flow water through the pipe will be controlled by high pressure gate
of 1.5 m in diameter.



54. The prinéipal features of the Upper Mae Wong dam and reservoir are
summarized as follows:

1. Reservoir

catchment area _ . 612 km2
Total ‘storage: volume 250 MCM
Effective storage volume 230 MCM
pead storage volume 20 MCM
Water ‘level .

Total stofageilevel N EL. 204.5 m

Flood surcharge level EL. -207.5 m
~ Dead storage level _ _ EL. 180.0m
Reservoir_area 

Total storage area ' 17.6 km?

Flood surxrcharge area 19.8 km2

Dead storage area 3.0 km?

2. Dam . .
Type - Center-cored rockfill type
Height 57 m
Crest elevation ' EL. 211 m
Crest'lehgth. 794
Crest width _ 10 m .
Slopes ' Upstream 1:1.75
o Downstream 1:1.6

Embankment volume ' . 2,500,000 m3

3. Spillway.

Service spillway Ungated side channel type
Design discharge 1,200 m3/sec
Crest length - 110 m

Ener gency sﬂillway Ungated chute type
Design discharge 570 m3/sec
Crest length _ 210 m

4, River diversion

Approach canal 220 m
Piversion tunnel o _ 230 m

.Diametéf | 2R Horse shoe 7.6 m
Diversion canal 790 m
Divérsion dam oo . : 90,000 m3

5. Intake and outlet works

Intake design discharge _ 43 m3/sec
Intake structufe Drop inlet
outlek pipe diameter - : 3.4 m



55. The optimum hydropower development plan was examined dhanginé the
maximum discharge released from the Upper Mae Wong dam. ‘The salient
features of the hydropower development plan are as follows:

1. Penstock : émbed&ed'type, 3 m of inner diameter

2. Powerhouse : semi- underground type, 19 m of w1dth xS
19 m of 1ength S

3. Power generation : horlental Francls type, 6 500 kW of unlt'
facilities capacity, 42.% m of normal effective head,
discharge capacity of 18.5 m3/sec

4. Transmission : 30 km
system

56. Two (2} intake welr; are proposed to- dlvert the. 1rr1gat10n water to
the Ban Tha Ta Yu 1rr1gat10n area of 105,000 rai . (16,800 ha) and the
Khlong Saingu irrigation area of 51,000 rai {8,160 ha). . The intake welr
of Ban Tha Ta Yu irrigation area would be 2.7 m high'and 30 m long includ-
ing the scouring sluice portion. The intake weir of kKhlong Saingu -
irrigation area would be 1.3 m high and 28 m long.

57. The ploposed 1rrlgat10n/dra1nage fa0111t1es comprlse main and lateral
irrigation canals and their related structures, drainage canals and their
related structures, and farm roads. The main irrigation canal would be
trapezoidal and lined with 10 cm thick plain concrete,

The lateral irrigation canal would be also trapezoidal and unllned
The related structures, such as turnout, check, drop,- syphon, culvert,
bridge, spillway, cross drain, and water measuring devices, would be of
reinforced concrete., The newly propossed collector drain is traoezo;dal and.
unlined. Its related structures, such as cross drain and culvert, would be
also of reinforced concrete. All the inspection.roéds would ‘be so designed'
as to have an effective width of 5 m and to be laterite-paved. The lateral
inspection roads would be provided with an effective width of 4 m.

58. The principal features of irrigation facilities are given below:
1. Source of irrigation water _ VMae‘ﬁong*rivét-i
2. Net irrigation area . 46,700 ha

Upgrading New construction -

3. Intake weir S ' N o2 nos.
4, Main canal

Canal leagth’ - - 64:7 km . 12.0 km
Number of related structures ' 140 nos.

5. Lateral and sub-lateral canal

Canal length | 171.4 km o 113.8 km
Number of related structures S 632 nos..
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o : . Upgrading New construction
6. Draihagefcanal-- S . ‘"'
' Canal length - 96.1 km 108.1 km
Number of related vtructuree _ 46 nos.

7. 'Inspectlon road

Main road = o 76.7 km
Lateral road _ : 285.2 km

© 8. Land reclamation 1,100 ha
CONSTRUCTiQN_PLAN AND'COST ESTIMATE.

59. After the preparatory works such as access roads, offlce yards, motor
pools, etc “the dam constructlon works will be commenced from: the begin-
ning of . the dry season. “‘The excavat1on works of dam foundation, river
leerSlon canal and’ dlver51on tunnel can. be progressed almost in parallel.
Foundatlon treatment should. start from riverbed in order to ernable earlier
dam’ embankment ‘works .and remalnlng both sides treatment works might be
gradually ‘carried out prior to the dam embankment Excavation of spillway
" would be executed in parallel to the ‘dam embankment., because the useful _
excavated materlals are planned to haul dlrectly to the dam, and concrete
works. would be carrled out” after completion of the excavation. Construc—
tion of intake facilities could be carried out on a proper occasion without
relatlon to the dam construction. After completlon of those major works,
plug works of dlver51on tunnel would be executed.

60. The construction works of intake weir would be mainly executed

durlng the dry season in due consideration of flood in the river.
Concrete would be produced by several numbers of portable concrete mixers
and placed US1ng backet hanged by truck-crane. Stripping and surface
'excavatlon of the main canals and. laterals would be mainly made by bull-
dozer, and ‘sub-surface and deep excavaltion, by back—hoe shovel depending
on the so0il COHdlthn .at the working site. Spreadlng of filling materials
would be. malnly made by bulldozer and supplementally by manpower. After
completlon of: earth works, concrete lining works would be executed by
manpower uslng portable concrete mixer. Construction works of the related
- structures would also be executed by manpower using portable concrete
mixer, -

61, Pirst two. years wall be necessary tife for preparatory works includ-
ing- tenderlng, survey and mapplng, detalled design works, construction of
offices: and quarters and 50 on.  The actual construction works will be
conmenced: from the third year.. Dam construction including relevant
_fa0111t1es will" ‘need- five vears in total. In parallel with the above dam
construatlon qchedule, irrigation facilities will also be executed and
finished before completion of the dam construction, so as to enable to
use stored water as early as possible.



62. The project costs are estimated based on the mid-1985 prices.

(Unit: 106 ¥)
Foreign Local
currency Currency

Item : Total

1. Construction Cost
(including Overhead, Profit and Tax)

1.1 Dam Construction 1,051.0 807.3  243.7
1.2 Irrigation TFacilities : 638.8 .- 367.8 271.0
1.3 Office & Quarters _ 24.2 - 24.2
Sub-total 1,714.0  2,175.1 5389

2. Land Acquisition, Resettlement & : :
Compensation _ 28.0 .- 28.0
3. 0&M Equipment aa.6 40.5 4.1
4. naministration 42.9 - - a2
5. Physical Contingency 183.0 _12;.6' 61.4
6. Engineering Services. ’ " 235.3 - 194.9 40.4.
sub-total 533.8_____[357.0 ___ 175.8
Total 2,247.8 1,532:1 715.7
7. Price Contingency : . 647.3 414.1 233.2
Grand Total 2,é95.1 C1,946.2 948.9

{Exchange Rate: US$1.0 = B27 = ¥240)

ORGANIZATION AND MANAGEMENT

63. RID will be the main implementation body for the Project.  The Con-
struction Office will consist ©of a main office and four branch offices.
The main office has four sections such as administrative, englneerlng,
construction and tertiary development sections.

64. pafter completion of construction works, the Construction Office will’
be re-organized into the 0 &M OFffice under the Regional Office VI, RID.
The office will consist of a main office ‘and four branch offices. The
main office will consist of two divisions, administrative division and
technical division, and the technical division will have three sections,
namely engineering, operation and maintenance and mechanical sections.

65. The water management for the Project will broadly be divided into
the water management for the Mae Wong river including the operation of
the Upper Mae Wong dam and the water management for the 1rr1gatlon
service area, :



- Ine the full operatlon stage of the Project, the Mae wOng river will
play an important role to feed the released water from the Upper Mae Wong
dam to each. irrigation .sexrvice area. In order to assure the stable intake
of- 1rr1gat10n water to the field at diversion’points on the Mae Wong river,
the river should proPerly be managed and maintained by RID {0 &M Office).

. Efflclent operatlon of the 1rr1gat10n systems in the irrigation area
should ensuré that the right amount of irrigation water is supplied to the
crop at the right time. The water management of main systems such as
_intake fédilities, maih-ahd lateral canals will be full responsibility of
the O &M Officé. The water management of on-farm facilities will be the
responsibility of the farmers. For the proper water management at farm
level, the establishment of water User's Association by farmers themselves
is indispensable.

PROJECT EVALUATION

66. ‘The project evaluations are made in order to ascertain the feasibility
of the Project in view of economic, financial and socio-economic aspects.
The economic feasibility of the Project is evaluated in terms of the’
internal rate of return (TRR) and the net present value (NPV) at the dis-
count rate of 10%. The calculated result is as follows:

IRR : 13.0%
NPV : 475 mMillion B

67. 1In order to evaluate the soundness of the Project égainst the possible
changes in future economic conditions, sensitivity analyses are made for
the following cases:

Case-1l: 10% project cost increase due to unforeseen'qeological
and topographical conditions and unexpected increases of
material costs

Case~2: 10% project benefit decrease due to unexpected decrease
in forecasted price of farm products and in crop yields

Case-3: Two years overrun of build-up period due to unexpected
insufficiency in O &M management and agricultural
extension services

Case-4: Two years overrun of construction period due to unexpected
and unforeseen reasons '



The effects of these changes on IRR and NPV (dlqcounted at 10%) are
summarized as shown below:

NEV Thiliion B)

Case IRR (%)} 10%__
Case-1 1.9 . 331
Case~2 11.8 - 284
Case-3 12.5 ._” - 406
Case~4 11.8 ’ 285

69. The result of economic evaluation indicates that the Project has a
high economic viability and is rather insensitive to the possible
changes in basic assumptions for economic evaluation.

69. The financial evaluation of the Project is made through the farm
budget analyses on different size of farmers. The payment capac1ty is”
recognized as the ability of the project- -benefited farmers to bear the
expenses required. for operation and maintenance. of .the project facilities
as well as for repayment of capital cost. The payment capacity is measured
by the difference of net disposable reserves under future with and without
project conditions, which the farmers can actually earn from the Project
after all the farm expenses and living costs are deducted from the gross
farm income. The payment capacity under the Project at the full develop—

ment stage is estimated:

(Uﬁit: -ﬁ/farm/year)

Average  Existing Irri- Rainfed o

. ; . N Weighted

Farm Size Farm Size gation Area - Area Average

rai  ha {36,800 ha) {9,900 ha) 9

(1) Small Size Farm 7.5 1.2 6,800 10,100 7,500
{less than 20 rai)

{2) Medium SiZe Farm 28.1. 4.5 24,600 27,700 27,400

{21 - 50 rai) :

(3} Large Size Farm 75.0 12.0 66,100 _ 103,000 33,900

{morge than 51 rai)

The increased net disposable reserve would offer the incentives for
farm reinvestment and further -development to the farmers, and the sub-
stantial payment capacity would enable the farmers, if necessary, to make
some payment for irrigation water

70. It is assumed that the Capltal regquired for the pxoject 1mplementa—
tion will be arranged under the follow1ng COﬂdlthDS‘ :

{1) ¥or foreign currency portion, the capltal is financed by'
bilateral or international organizations with an interest
rate of 3.5% per annum for a repayment pericd of 30 years
including 10 year grace period.

{2} For 10ca1 currency protion, the capital is. arranged by the
government budget aliocation without repayment..

During the repayment perlod of 30 years: for forelgn loan,. the average .
amount of the government budget allocation required for covering the -loan
repayment, loan interest and O & M costs is about B125 million.
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71. In Thailand, the participating farmers are not requested to pay any
water charges, but contribute indirectly to the government revenue by
selling their rice surplus at low price which enable the exporters to
contrive the export tax and premium. These indirect incremental revenue
would amount to about 46.1 million Baht per annum in total under present
reégulations.  This would correspond to about 37% of the required
© government budget allocation for the Project.

72. 1In addition to the direct benefits stipulated in the economic
evaluation, the following secondary direct benefits and favourable .
intanqgible socio-economic impacts are expected from the implementation
of the Project:

Secondary direct benefit

(1) Possibility of hydropower generation _
..a;-:InéEalléd capacity S 6,500 KW
. 'b. Annual ehergy production - 15.2 MWh

(2] TIncrease of potential fish produdtion

a. Type '~ Agqua-culture in reservoir
' o . - Pond-culture in irrigation area
b. Annual production in reservoir 170 tons

(3) Effective use of return £low
Total volume of return flow 53 MCM in the wet season
2 MCM in the dry season
{4) Revenue from forestry resources in the reservoir area
a. ‘Timber volume . 136,000 m3
b. Net value : : 33 ME

(5) Mitigation of flood damage

a. .Reservoir's regulate vatio 8%
b. Regulating of peak flood '
(10-year flood) 24%

Favolable soclo-—-economic impact

(1} Foreiqn'exchange earning
{2) TIncrease of employment opportunity
{3) Improvement of local transportation

(4) Tmprovement of the water supplies for domestic uses in the irrigation
oarea



ENVIRONMENTAL CONSIDERATIONS o

73.. The lmplementatlon of progect fa0111t1es, partmcu]arly dam and
reservoir, and irrigated agrlcultural development would brlng about
various eanrOnmental changes to’ the area, : :

The results: of the environmental study in accordance w1th NEB
guideline are summarized as followa.. .

(1) ImpaCts of dam constructidn

The construction of the dam. and. reserv01r y1€1dS huge ‘amount of :
water, and the regular supply pf water to the downstream area from ‘the _
reservoinr will contribute ‘to increase’ of 1rrlgatlon area and groundwater
potential, mitigation of  fload damages, creation of hydropower develop- -
ment potentlal and 1mprovement of rural water supplles. ' :

The river water: quallty wrll not turn woxse, and the change of
sedlment transportatlon mechanlsm w1ll not: serlously affect on the
env1ronmental resources, i

A new opportunlty of flSh ploductlon w1ll be created in the reser—
voir, The unfavourable impacts on: forests ‘and: wild-1life habitat will
be little, and the considerable 1ncome w1ll be galned from selllng the
timber whlch is felled and logged 1n the area.

it is recommended that a resettlement progran should be prepared
‘for the pecple who will lose farm lands and houses. by creatlon of the .

reservoir. Before preparation of the resettlement program, the detalled-_'

field survey should be carried out for both the reservolr area and
resettlement area.

(2) Impacts of irrigated agricultural development

Major crops productlon will be increased through the 1rrlgat10n
development. Increase of agricultural- product1v1ty and up- gradlng of
farmers' skill will steadily increase the demand for manufacturlng and
service industries and create new employment opportunlty ‘in: industrial
sector, The well networked irrigation system will encourage the farmers
to develop the fish culture in the progect area,

The 1nspectlon road network w111 prov1de for the people in the '
project area much transportatlon services.



RECOMMENDAT 10NS

' 74. Agrlcultural development in the Sakae Krang river basin should be
'prlmarlly geared to the irrigation development coupled with new water
resources: exploitation. The fea51b111ty study on the Sakae Krang River
‘Basin Irrigation Project identified the following irrigation development

'progects-_

(1)  irrigation of 291,000 rai (46,700 ha) by Upper Mae Wong dam
{Mae Wong Irrigation Scheme),

(2) irrigation of 111,900 rai (17,900 ha) by Khlong Pho dam,

(3} irriqétion of 81;300:rai.(13,000 ha) by Upper Khun Kaew dam,
and S

(4)  groundwater irrigation development ‘of 218,800 rai (35,000 ha)
.in the downstream areas.

‘It is recOmmended_that_theSe projécts be realized gradually in several
stages. - The first stage of the irrigation development in the Sakae Krang
basln should be the Mae Wong Irrlgatlon Scheme  (the Project) whlch will
cover the largest ‘irrigation area and give. the largest economic impacts to
the_area. If the Project is realized, together with the irrigation area of
110,000 rai {17,600 ha) by the Thap Salao dam, about 401,900 rai {64,300 ha)
or about 50% of the existing paddy fields will be put under 1rr1gat10n in
the Sdkae ‘Krang rlver basin. Thege 51gn1f1cant changes of irrigated
.condltlon will increase the total volume.of return flow and give favourable
impacts to the small scale irrigation projeécts and groundwater flow in the
60wn°tream areas. :

75. . The Project is technically sound and economically feasible. BAbout
74,500 people in the Project-benefited area have long desired its early
implementation. Irrlgatlon development in the Sakae Krang river basin was
started in the Thap Salao area in the Uthai Thani province and the Mae Wong
area which belong to the Nakhon Sawan province, has been left behind.

This situation causes some social tensions. If project implementation is
delayed, the watershed area will be encroached by illegal immigrants and

the forests will be ¢léared for farming. These will result in more serious
‘problems of water shortage and floods in the downstream area. The implemen-
tation of the Project will also become difficult, .if construction is delayed,
because of the increasing number of illegal immigrants in the reservoir area.

_ With.suoh backgfound, it is highly recommended that the'Project be
_implemented as early as possible.
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CHAPTER I  INTRODUCTION

1.1 Authority

This report is compiled in accordance with Article V-3 of the
"Scope of Work for the Feasibility Study.on the Sakae Krang River Basin
Irrigation PrOJect" agreed ;upon between the Royal Irrlgatlon Department
{RID) of -Thailand and the Japan Interndtlonal Cooperatlon Agency (JICA)
on July_6 1984. The agieed "Scope of Work" contains three (3) major

. programmes: : ' :

Part A: 'study on overall ‘Sakae. Krang rlver basin water resources
'development and 1ndent1flcat10n of p0551ble project (s},

Part*B:f,pre fea51billty sLudy on hlgh prrorlty project(s) to be
selected in Part A, and

part C: _fea51b111ty study on the flrst priority project to be
.-~ selected in Part B.

Thls report presents the reeults of the feaslblllty study on the
Mae Wong Irrlgatlon Scheme fherelnafter referred to as “the Project”
unless otherW1se specified) which has becn selected w1th the highest

prlorlty through the past studies made in Part A and B.
1.2 PrOJect Hlstory

-The water ‘resources. development in the Sakae Krang river basin
nas- been strongly requested by the rural ‘people.. RID commenced the
survey and studies on irrigation and ‘agricultural development in 1970's,
and the Thap Salac irrigation project with a net area of 88,000 rai
(14,080 ha) was implemented in 1982. The river-flow din the Thap Salao
is, however, not so dependable as to irrigate the project area of
88,000 rai. It has been also recognized that the streamn-flow of other
tributaries fluctuates 1argely and causes repeated crop damages by
-drouqht and flood ‘ :

In recent years, RID has env1saged construction of storage dams to
eliminate- the. constralnts of shortage of 1rrlgatlon water in the Sakae
Krang river. bas - 8ix dam srtes have been reconnoitered by RID.  In
conformlty w1th the major objectlves Stlpulqted in the current Fifth
National DevelODment Plan, ‘the Government of Thailand intends to
urgently promote the water resources development in the Sakae Krang
river basin, and: requested to the Government of Japan to extend tech-
nical cooperatlon for the Fed51b111ty study on the Sakae Krang river
basin water resources development in July 1983. In response to the
request the Government of 'Japan decided to execute the technical
cooperation and entrusted thereof to JICA, the official agency respon-
"sible  for the Government of Japan.



JICA dispatched a preiimi Yy survey team headed by Dr. H. Vakamlchl,
Chief Engineer, the Bureau of Agricultural Structure Improvencnt,'
Ministry of Agriculture, Forestry and Fisheries, from 25th June to 7th
July in order to investigate the project site and to talk about Scope
of Work for the feasibility study. Tha Scope of Work was, after full
and fruitful discussions, concluded between the RID and the survey
team on behalf of JICA, on the date of July 6, 198&

Based on the above "Scope of Work", the overall bu51n study and
pre-féasibility study on high prlorlty projects {Part A and B) were
commenced on October 1, 1984. The field ;nvesthatlon and sLudy lasted
until the end of December, 1984. As the major outcome of the field
work, six (@) possible dams were identified and.among others, the high
priority dams, i.e., the Upper Mae ‘Wong, Lower Mae Wong and Khlong Pho,
wereé selected through a series of discussions with RIG. ‘he pre-
feasibility study on the selected high priority dams was made in Japan
during the period from January to March, 19853, and the pre—aea51bllrty
repo¥t was presented in mid-March, 1985. In the report, it was recom-
mended that first priority be glve n to the irrigatiomn developncnt by
the Upper Mae Wong dam. -

Following the pre-feasipility study, JICA dispatched a study team
to the project site again on July 1, 1985 to _mplement the feasibility
study on the Mae Wony Irrigation Scheme. The study team completed the
field survey by the end of September 1985 and submitted the Interis
Report to RID. Home office work for part € was made during the period
from October to December, 1985. The Draft Final Report was prepared
by the study team and submitted to RID in early January, 1986.

A discussion meeting on the Draft Final Report was held on January 9,
1986. Based on the comments at the meeting, the Draft Final Report was
finalized hereby by the Team in March, 1986,

2

1.3 Gutline of the "Scope of Work

The "Scope of Work for the Feasibility Study on the Sakae Krang .
River Basin Irrigation Project® is outlined as follows (for detail,
see ATTACHMENT 1) : : :

{1} Part-A {Field work)}

- review of all the existing and proposed irrigation projects in
the basin,

- assessment of land and water resources,

- identification of possikle projects for new water resources
development, )

- study on agricultural development concept and formulation'of
possible irrigation projects,

- selection aof high'priority projectis),
- preliminary envircnmental study, and -

~ preliminary study on hydropower development potential.
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(2)

(3}

Part-B

(Field work)

sﬁppiemental_collection and review of the relevant data and

“information,

field survey in the selected high priority projeckt(s) area con-
cerning with topography, meteorology; hydrology, agriculture,
socio-economy, floods, construction materials, etc.,

{(Home office work)

'forﬁulation of development plans for high priority project(s),

ériority fanking of the project(s) and selection of the first
priority preject, and

preparation of pre-feasibility report.

Part-C

(Field work)

additional field survey and data collection for the first priority
project, concerning with soil and land classification, geology,
groundwater and others,

study and determination of basic frame-work for project planning,
including development scale, land use and cropping pattern, water
requirement, dam planning and design, and project works and
benefits, '

formulation of integrated development plan for the first priority
project, and .

preparation of interim report and discussion with RID.

.(Home office work)

review of interim report,

definite plan of water resources, agricultural and irrigation
development,

preliminary design of project facilities,
economic and financial evaluation,

O/M'planning, and

,préparation of recommendations to the Government of Thailand.



1.4 Activities of Study Team

The JICA pre~Feasibility'Study team arrived in Thailand on .Qctober
1, 1984. Prior to the substantial anEStlgathn and study, the study
team undertook the field reconnaissance in the study area and’ prepared
a report on “"plan of operation for the study"

After submitted the said report to RID, the discussion was held
at the RID headquarters on October 8, between the authorities.concerned
and the study team. The approach to the project and the-plan of opera~
tion proposed in the report were basically accepted by the authorities
concerned. '

Since then, actual field investigation and study were carried out
with cooperation of RID both in Bangkok and study area. These include:

{1} overall review of existing development plans,

{2} data collection in the fields of hydrology, meteorology,
geology, soils, land use, existing irrigation systems and
agricultural econcmy,

{3) computerized analysis of meteoroibgical and hydrological data,
{4} study oh ?reSent agricultural cpnditions,

{(3) field investiéation and study on existing irrigation systeﬁ,
{(6) study on development strategies,

{7} 'assessment cf endowed water resources and water balance study,
and

{8) preliminary design of dam and related structures

In the course of the study, the Supervisory Committes headed by
Dr. H. Nakamichi, Chief Enginser, the Bureau of Agricultural Structure
Improvement, Ministry of Agriculture, Forest and Fisheries, also visited
Thailand to inspect the field investigation and study undertaken by the
study team. A series of discussions were made between the Committee and
the study team during the period of the Committee’s stay in Thailand
from bDecember 9 to December 16, 1984. 'The interim results of the study
were basically approved by the Committee with some technical comments.

The study team then prepared a draft progress report, compiling
the interim results of field investigation and study and submitted it
to RID on December 13, 1984, The meeting was held on December 19, 1984
between the Thailand authoritiés-and the study team, together with the
Committee, to discuss the interim study results. In the meeting, the
high priority dams; namely, Upper Mae Wong, lower Mae Wong and Khlong
Pho dams were officially selected. The result of discussion was con-
firmed again in the technlcal meetings which were held individually
with various divisions of RIP during the perlod from December 20 to
December 25, 1984. The progress report was finalized, following the
comments and suggestions made by the Committee and RID officials, and
was submitted to RID on December 28, 1984.



Thé_study team made, in Japan, the pre-feasibility study on the
selected high priority dam and irrigation schemes and the pre-feasibility
report was presented in mid-March, 1985. A discussion meeting on the
pre-feasibility report was held at RID on March 18, 1985 and the results
of the pre-feasibility were accepted; particularly the high priority of
the Upper Mae Wong dam was confirmed between RID and the study Leam.
Thus, the studies for both Part-A and Part-B were completed in March,

1985,

The JICA study team for the feasibility study on the first priority
project was dispatched on July 1, 1985. The team prepared the Plan of
Operation for Part-C study and held a meeting with RID on July ©, 1985,
The team made varjous activities for the feasibility study after the
Plan of Operation was accepted, of which major activities include:

(1)

(2)
(3)
(4)

(5)

{6)
("N

(8)

(9)

(10)

{11

data col}ection in the fields of topographic survey, geological
boring, soil mechanical tests, land classification survey and
soclo-economic survey which have been carried out by RID,

inventory survey for irrigation facilities in the existing

irrigation areas,

geological investigation on the proposed damsite and reservoir
area,

study on present agricultural condition and formulation of
future cropping pattern under the Project,

study on irrigation water reguirement,

computérized analysis of meteorological and hydrological data
and assessment of endowed water resources,

computerized water balance study and optimization of develop-
ment scale,

preliminary design of project facilities,
preliminary cost estimate and construction planning,

preliminary study on project institutions concerning water
management and agricultural suppoxit services, and

preliminary environmental survey and assessment of environmen-
tal impacts.

.The present report has been prepared on the basis of all these
activities mentioned above.

The RID official concerned, members of the Supervisory Committee
and study team are shown in ATTACHMENT-2. The minutes of meetings
held, between RID and the Study Team, on all past reports, are also
given in ATTACHMENT-3. : :






" CHAPTER II  BACKGROUND °

2.1 General Economic Situation

Since thé Tirst National Economic and Social Development Plan launched
in 1961, the Government of Thailand has drawn up four consecutive National
Development Plans in order to develop and rehabilitate infrastructural
facilities needed for thé expansion of production and trade, and for the
well—being of the peOple; ' _

Unlike" the flrst two plan periods (1961-—1971), where the economy -
achleved hlgh growth rates with modest inflation and an impressive accumu-
lation of forelgn reserves, the economy during the comblned Third and
Fourth Plan perlods {1972 -1981}) was saverely affected by the instability
of the 1nternat10na1 monetary system, high interest rates abroad: and the
rising prices of- 0il, because of the increased openness of Thailand's '
economy, and 1n partlcular because of its heavy dependence on - 1mported oil.

_ Considerlng'as‘a whole, however, all'these four consecutlve developﬂ
ment plans have ‘led to great achievement in economic growth and development
over the past two decades. Real GDP has quadrupled and GDP per capita has
more’ than doubled, namely the amount of GDP reached 929 billion Baht as of
1983 correspondlng to the per capita GDP ‘of about 19,000 Baht. This grbwth
was made possible through the combination-of a favorable external economic
environment except the first and second oil crisis perlods, high level of
private 1nvestment_and public sector,expendltures, but the key was a steady
increase in an agricultural production, though the manufacturing sector
also grew rapldly in response to an expandlng domestlc market. Such
growth however, alsa led to acceleratlng inflation, a guickly deterio-
rating external balance, a rapldly growing saving- investment gap 1ncreasing
in income gap in the publlc sector, and 1ncreased reltance on forelgn
borrow1ng._ :

2.2 Agriculture in Thailand -

Thailand is divided into four major regions: WNorth, Northeast,
Central Plain and South, based on climate, geography and administrative
units. Furthermore, “the Mlqlstry of agriculture and Cooperatives through
the Office of Agricultural BEconomics has divided Thailand -into 19 agro-
economic zones which are based on 50il type, ralnfall temperature, crops
grown} pfodﬂctioh effieiency and type bf farm and ‘income from agribulture.

" The total land area of’ Thalland c0n51sts of ‘approximately 321 million
rai (51,4 million ha), 37. 8% of which'is classified as farm holding land.
Of ‘the farm holding land, paddy land accounts for 74 million rai (60.6%),
field crops for 27 million rai (22, 6%), fruit and tree crops for 11 million
rai (9.4%). ' The remalnder. 9 million rai (7. 2%) 1ncludes idle land, grass
land, vegeLable land houalng area, etc.

Of the total nlanted area {101 million rai) in 1983, paddy accountq
for more ‘than 60%, maize for 10.3%;, rubber for 10.0%, cassava for 8.7%
and "in’ turn sugarcane (3. 6%), mung beans (3.0%), kenaf {1.3%), soy beans
{1.0%), etc.-



Thailand's 4.5 million farm families occupy about 121.3 mllllon rai,
throughout the 4 regions and 72 provinces. The average farm size is
approximately 27 rai. Nearly 90% of the 4.5 million farm families are
self employed and 85% of the holdings are farmed by owner-operated rather
than tenants and land tenure problem only exists in a few provinces in
the Central Plain. The farm size distribution in 1983 is estimated as

follows: -

Size of Farm (ha) % of Farms % of Area
Less than 1.0 15.9 . 2.3
1.0 - 2.4 27.4 ) 11.4
2.5 - 4.9 : 30.0 : 25.7
5.0 - 7.9 17.3 o 27.1
8.0 - 12.5 6.2 ) 15.0
More than 12.6 : 4.1 o . 18.5

Land classified as "irrigated" is calculated apout 22 million rai in
1983. However, it should be noted that irrigation is primarily. supple-
mental during the rainy season, and irrigation water cannot always be
supplied enough to the irrigated area. It is estimated that less than one
fifth of the irrigated area represents land with adeguate water control to.
permit double croppings.

Thailand's economically actlve populatlon (15 64 years of age)
amounts to 28,7 million, of which 18.0 million (62. 8%) are in agri-
cultural. sector and 10.7 (37. 1%) are in non-agricultural sector, of whlch
1.5 million in the industry sector.

Agricultural exports in Thailand contribute roughly 60% of the total
exports for earning of foreign exchange, though the share has dropped from
72% in 1972. As to the contribution to GDP, the agricultural sector also
has decreased its share in Thailand's GDP, but accounted for 23.6% in 1983
and still being the largest one in the economy. '

In addition to the above-mentioned facts, it can be pointed out that,
in comparison with other Asian countries, Thailand's agriculture is
characterized by its rapid increase. in production and diversification
based on a very fast expansion of land pervasion of tractors, with low
levels of fertilizer application, stagnancy of yields and a high variability
of agricultural production from year to year.

2.3 National Development Plan

The Government of Thailand has published its Fifth Natlonal Develop-
ment Plan (1283 - 1986} in October 1981 as a policy plan which’ gives clear
policy direction to be translated into actual operational plans, in order
to overcome the problems mentioned above and promote economic progress
while preserving a national harmony. '



Major objectives of this plan include:

(1) Coordlnatlon of écbnomic development activities wilth national
securlty management, and adjustment of economic structure,

{(2) Improvemént of economic and financial position,

(3) Restructurlng of the key productive sectors to raise economic
efflclency,

(4) Provision of soclal services, especially to backward rural
areas, and ' '

(5) Poverty alleviation in backward areas.

The'plan acoorded'gfeatér emphasis on structural adjuotment of Thai
ecconomy and was accompanied by a number of policy actions designed to
initiate this reform on a broad front. In Support of these efforts,
Thailand received 1ts first struotural adjustment loan from the TBRD in
1982, and a ‘second one in 1983. Main areas in which the Government is
aiming for structural reform are agriculture, industry, energy, fiscal
policy, and public administration, especially in management of public
resources. '

Generally restrictive fiscal and monetary policies will be followed
with a view to. reducing budgetary and current account deficits. Accord-
ingly, some of these adjustments has necessarily involved a reduyction in
its economlc growth rate. In the Fifth Development Plan, GDP in real terms
is planned to grow at 6.5% per year, somewhat lower than historical rates.

The growth in agricultural production is planned to be an annual
average rate of 4.5% over the 1982 - 1986 period, with agriculture's share
in GDP declining to 22.6% by 1986 and roughly matching the manufacturing
sector's share of 22%.

2.4 Govermment Policy for Agricultural Development

2.4.1 The role of agriculture within the Thailand's economy
and its problems

Past national development efforts have been concentrated in the
agricultural sector since agriculture is the highest single source of
income, aocouﬁtihg for about 24% of Thailand's GDP, employs about three-
fourths of tle labor force, and is the source of about 60% of total exports.
Therefore, the pérformance of the agricultural sector, though its share in
the GDP had gradually dropped yvear by year, has been and will continue to
be the key determinant of the country's social and economic progress.

'DUring the'past'ZO'yedrs of égricultural development, agrioultural
output has expanded at a rather high rate of 5% per annum and has been the
mainsprings of overall economic growth. Such development has been mainly
achieved though the diversification of crops (although paddy is planted on
more than 60% of cultivated area, the area planted to maize, cassava and



sugarcane is now just over 23 million rai and has doubled in the last
decade), the expansion of the government =t 1nfrastructural services such
as the development of water resources. and expansion of the irrigation
systems as well as the expansion of road networks between production and
marketing locatlons, and especially through the expansion of the culti-
vated area.

The growth of agr1cu1tu1al GDE, however, 'has shown a tendency of
declining in recent years, at 5.1% in 1970 - 1975 and 3.5% in 1975 - 1980
respectively, as compared with 5.5% in 1960- 1970. The cause of such
diminution would be mainly based on the following points:

- Cultivated area has bheen expanding at an annual rate of
approximately 4% to reach 110 million rai at present, but
land frontier is now nearly ended since suitable land for
agriculture is almost running out, ' '

- Yield of major crops have remained stagnant and the cropping
intensity has also remained at a low level (96%).

In addition, there are significant disparities in farm income among
the four major regions and/or the agro-economic zones, mainly due to
unegual resources endowment, with the highest incomes being realized in
areas of irrigated agr1cu1ture in the Central Region and the lowest 1n
the North and Northeast. The main cause of poverty in the North and
Northeast Region is the low yield of crops under rainfed condition and
low cropping intensity, particularly in years of low rainfall. Development
of the rainfed areas, therefore, has a special bearing on efforts to
redistribute farm income.

2.4.2 Government policy for agricultural development

The Fifth Nation Development Plan states that "if there are no
effective measures to improve the efficiency in the utilization of land
and water resources, agricultural expansion is likely to be decline
further to below 3.5% per annum during the firth plan period. Thus, it
will be necessarvy to improve the production process and efficiency in the
utilization of land and water resources in order to maintain the strategic
importance of the agriculture sector during the next 5—-1O years"

Based on the recognition that future agricultural development must
come from intensification rather than from openning up new lands, the
plan set a target for agricultural GDP to increase 4.5% per annum
{(country's economic target 6.5%), in spite of the relatively poor perform-
ance of agriculture in the late 1970°s. '

In order to achieve the said target, the plan laid down the various
policy directions and measures. Corresponding to these facts, the main
objectives of the Government's agricultural policy has been focused on the
following points;

(1) To increase agricultural productions,



(2)

(3)

(4)

(5)

To expand agricultural exports rapidly to help the balance of
payments,

To improve the agricultural marketing and pricing systems,

To alleviate rural poverty and redress inter-regional incone
desparities, and :

To better utilize the available land suitable for agriculture,

and prbtect against deforestation and conserve natural
resources.

-~ 10 -






.CHAPTER III - SAKAE KRANG RIVER BASIN AND
DEVELOPMENT CONCEPT

3.1 Current'situation:ofssakae Krang River Basin

. The Sakae Krang river basrn extends ‘over the northwestern part of
the Central Chao . Phraya river with a_total area of about 3.94 million
rai (6, 300 km2). Tt occupies about 3.6% of the entire :Chao Phraya
river basgin. 'The Sakae Krang river system consists of four (4} major
tributaries; i.e., from north to south, the Mae Wong, Khlong Pho, Thap
_ Salao and Khok Khwai:rivers. The river basin is located at about 250 km
north .from the Bangkok. and _compasses part, of four {(4) provinces of-
Khamphaeng Phet, Nakhon Sawan, Uthal Thanl ‘and Chainat.

Pour (4) trlbutarles of the Sakae Krang rivey orlglnate in the
western mountain ranges. and drlft -dewn -from west to southeast te con-
flqence with. the malnstream of the Sakae Krang, and flna]ly with the .
Chao ‘Phraya ‘river. The annual average discharges of these tributaries
are estimated; from the runoff analysis for 30 .years, at about
0.36 MCM/km2 for the Mae Wong xiver, 0.20. MCM/km2 for the Khlong Pho
river .and 0.23: MCM/km2 for ‘the Thap Salao and Khok Khwai rivers.

_xTherrlver'dlscharge in the basrn_reaches maximurm in October and
beconme minimum- in March.  The river runoff pattern is characterized
by long low flow period from December to July. ‘Reliable water resources
sipplied by the rivers are limited only during four (4) months from
August to-November. -About 80% of total annual runoff occurs during
these months.. :The river runoff .also largely fluctuates year by year,
ranglng -from 90 to 880 MCM/km? for the.Mae Wong river, from 9 to 540
MCM/km? for the Khlong Pho river and from 30 to 530 MCM/km2 for the
Thap Salao and Khok Khwai rivers.

'The Sakae Krang river‘basin is characterized by two distinct-
seasons; i.e.,_dry seascen from November: o April and wet season .during
the rest of the year. The mean annual rainfall is about 1,230 mm, of
which about 90% is concentrated in the wet season. Total depth of
annual rainfall fluctuates largely year by year within a range from the
lowest, about 720 mm to the hlghest, about 2,530 wm.

: Of total basrn area of 6,300 km2 the agrlcultural land is about
X, 860 km2,  The. rests of 4, 440 km2 are non-agricultural lands like
"mountains, steep slopes, ‘forest - reserve, Yivers and. swamps, roads and
urban .areas. 'The agricultural land consists of 1,390 km? Of paddy
fleld 360 km2 of upland.crop fleld,andullo km2 of orchard and others.

Paddy rice is by far tne most important crop, grown on about 75%
of the total agrrcultural land. ' Paddy cultivation is concentrated in
_ the rainy season and extremely 1limited-in the dry season, because the
'dependable water resources are completely exhausted during the dry

season. The planted area of paddy, even in the rainy season, widely
fluctuates year by.year depending on thée endowed rainfall and river
‘flow. The paddy yield is directly affected by total depth of annual

- rainfall, It ranges from 160 kg/rai (1.0 tons/ha) to 450 kg/rai

(2.8 tons/ha).
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About 61% of the existing paddy fields, or 534,000 rai. (85,500 ha)
in area, are presently covered with the éxisting irrigation projects of
56 in number; one large scale (Thap Salao), five medium scale ‘and 50
small scale irrigation projects. -However, most of the paddy Elelds
still remain under rainfed condition. The dependable ‘water resources
is not sufficient for supplylng the irrigation water: throughout the
growth period of rainy season paddy, to a whole irrigation-area.

Only about 58% of the existing irrigation: area 1is actually served
with water supplles and the rest laid under:rainfed condltlon under
normal rainfall condltlon with 809 pxobablllty.

Most of the 1rrlgatlon canals’ allgned in the ex1et1ng paddy flelds
are constructed by the farmers themselves. .These canals are: generally
deteriorated due to improper maintenance. ~The density of ‘the existing
canal network is very low., ~This makes equitable'distfibution‘of :
irrigation water difficult. No technical drainage system has been
provided so far in the existing irrigation area. Most of the existing
canal have dual functlon ‘of irrigation ‘and dralnage._ Thls ‘substantially
contributes to- repeated use:of the llmlted water resources. '

The present farming practices is still. conventlonal local
varieties are still predominant, use of fe rtilizers is limited, agro=
chemicals for plaht'protection are not used, use of certified extension
seeds is very rare, etc. These apparent limitations for agricultural
production increase come from present unreliable water availability,
because most of the 1mproved farming practices are. 90551b1y lntroduced
only under the condition that irrigation watexr is -assured. '

'About 0.32 million people'lived in "the SakaeiKrang river bhasin
primarily rely on agriculture. Farm household accounts for about 70%°
of the total household, - Others are mostly ‘engaged . in trading, trans-
portation, and public administration which support the agricultural
activities. Agriculture contributes to about 45% of gross regional
product, while it accounting for only about 24% of GDP in national
economy. Agriculture has been and will continue to be the most impor-
tant key determinant in regional economy of the basin area. :

3.2 Agricultural -Constraints

The Sakae Krang river basin is endowed with vast land resources
suitable for agrlcultural production; -dlevertheless, - land productivity
is still very low, due to various problems and constraints involved in
the current agriculture. The major problems and constralnts are:

(1) annual shortage and uneven distribution bf rainfall,

(2} oecasioﬁal floods, =

{3} wunreliable water.sburces for irrigation,

{4) inadequate canal networks and 1nsuff101ent den51ty of canals
which wmake equltable water dlstr1but1on dlffleult, -
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(5). improper water management and lack of water user’s associa-
tions,’

‘(6} iﬁsufficient farm road ﬁetwork

{7) scattered type of land holding pattern and small size of field
C plots, anad

(8) cdnventional farming. practices.

“The problems are manifold; however, the most important single
constraint to agrlcultural .development in the basin is the lack of
assured 1rr1gat10n faciYities coupled with ‘thHe shortage of available
water. The rainy ‘season paddy crop often suffeérs from moisture stress
at critical'périods of. grthh resulting in total of partial crop
damages. . There is a great concexrn among the farmers in the basin for

such almost regular drought ‘conditions than crop damages from-any other
causes. Other constraints such as yleld llmltatlons of local variety,
low input use and inadequate crop management should become secondary

in importance when considered adgainst regular crop damages caused by -
present irreqularity in water supply.

3.3"B33icrstrategiés for Development

The Kingdom of Thailand sustained about 8% of the economic growth
rate duringithe.reCeht-decade of 1970's. Such rapid stride of the
economic'gr0wthfin the country caused serious and complex economic
. problems and Social tensions (for detail, see Chapter II). In order to
overcome such problems and tensions, the Fifth Economic and Social
Development Plan (1982 - 1986) has been set out containing long-term
strategies and new approaches. Major objectives given in the Develop-
ment Plan are: ' S

(1) to_restructure the key productive sectors like agriculture
s0 as to improve the current economic and financiat situations,

{2) to reduce absolute poverty and accelerate rural development
in backward areas, and

(3} to upllft rural living standard as well as to strive more equi-
table distribution of income.

Twc'provihces-of Nakhon Sawan and Uthai ‘Thani where most of the
Sakae Krang river basin are included, have about 2.6% of the Kingdom's
population. ‘The share of the provinces in GDP is however only less than
1.3%. The relatively poor position of the area is also 1ndlcated by
its lag in: per capita’ income; the average in the past five years amounts
to ‘about 3;670 Baht; corresponding to roughly two- thirds of national
'average {5,610 Baht). The area suffers also from the instability in
annual iincome which fluctuates largely year by year. Such poor economic
situation of the area is mainly derived from low productlv1ty of agri-
culture whlch is definitely ascribed to lack of assured irrigation
system coupled w1th the shortage of available water.
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Paddy cultivation is a mainstay in the Sakae Krang river basin. _
Tt is surely suited to the area in economic-social-historical-cultural-
physical context. The area is endowed with good soils and climate
(except rainfall) suitable for paddy cultivation and the farmers are
accustomed to paddy cultivation. Farmers heavily rely on paddy pro-
duction economically. It howaver gives them only instable results of
yield due to irregular water availability. The most important sole
constraint to rural development in this area is again shortage of
available water.

The Government of Thailand has emphasized the importance of paddy
production increase in the Fifth National Development Plan., It is
generally recognized among the government officials that for increase
of paddy production, more attention will be given to the improvement
of unit yield per rai because expansicn of paddy field has become
rather difficult in the country, and the priority is given to the
improvement of unit yield in the existing paddy fields of the Central
and Northern Regions where exploitable water resources still remain.
The Sakae Krang river basin is one of the areas endowed with such
exploitable water resources,

The irrigated paddy field in the Sakae Krang river basin is
limited to only 36% of the total existing paddy fields; others are
presently put under rainfed condition. The irrigated paddy field isg
mostly located along the upstream of each river, and the rainfed paddy
fields extend over the downstream areas. There is clear difference in
crop yield and therefore in farm income between irrigated areas and
rainfed areas. It is reported that serious disputes for river water
are often occurred between farmers in upstream areas and those in the
downstream areas., This causes some social tensions in the area.

The Sakae Krang river basin is a considerably matured area for
agricultural production, where numerous irrigation systems have been
implemented and the presently available water is fully utilized with
almost fixed cropping system. There is no water available for vast
rainfed fields. Under these conditions, significant changes in agri-
cultural production will not be expected unless new water resources are
exploited,

Considering all these, basic strategies for development in the
Sakae Krang river basin are considered as follows:

(1} The area is endowed with large potential for rice production
and therefore the current poor economic position should be
improved through full utilization of the endowed resources
for increase of paddy production.

{2) The present rural living standard should be uplifted with

particular emphasis on improvement of present income disparity
in the area.
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These basic principles are exactly conformed to the government
policy given in the Fifth National Development Plan. With these in
mind, the basic development concept for the Sakae Krang river basin is
conceived as in the following. Major items of the basic concept are:

(1) exploitation of new water resources by means of dam construc-
tion,

(2)  full utilization of existing irrigation systems and improvement
of existing facilities, and

{3) expansion of irrigated paddy field.

These measures will significantly contribute to the realization of
the above basic requirement for rural development in the Sakae Krang
river basin. In order to realize these measures and attain the prospec-
tive goals, more precise guidelines for formulation of development plans
will be required. The proposed guidelines for development planning in
the fields of agriculture, water resources development and irrigation/
drainage are given in the following sub-sections.

3.3.1 Agricultural development

The agricultural development plan should be formulated on the basis
of the following basic concepts:
(1) Cultivation of wet season paddy should be stabilized through
optimum utilization of newly exploited water resources.

(2) Unit yield of wet season paddy should be maximized through
proper supplemental irrigation and improved farming practices.

(3) Supplemental irrigation area for wet season paddy should be
maximized with full use of the limited exploitable water
resources; however, first priority should be given to the
existing irrigation areas. If water would still remain after
supplying sufficient water to the existing irrigation area,
the rainfed areas should be benefited within economically
reasonable range.

(4) Special attention should be paid to the rainfed areas, in
connection with further studies on possibility of groundwater
exploitation.

(5) Dry season cropping should be considered as secondary impor-
tance; if water is still available during the dry season,
irrigation for dry season cropping should be considered to
a possible maximum extent. In order to save the water
consumption and to use the limited water resources more
effectively, some upland crops other than paddy should be
considered as second crop in the dry season.
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3.3.2 Water resources development

The water resources development w111 be the key component in the
rural and economic development of the' Sakae Krang river basin, The
development plan in this field should be rormulated on_the basrs of
the following concept: :

(1) Significant annual and seasonal fluctuation of streamflow
should be stabilized thiough the construction of- dam and
reservoir. C

{(2) The exploitation of dam and reservoir should be at their
maximum extent of storage within economlcally reeeonable
ranges. : : - :

(3) The implementation_of-dam.and reservoizr should be commenced.
as early as’possible, since the forest cover of the watershed
has beén encroached by farmers and the: number of 1nhab1tants
“in the reservorr area has been increasing every yeari

(4} As forxr the qroundwater exo101tat10n, the potentlal product1v1ty
is 1arge in the downstream area along the Chao Phraya river.
“Small scale groundwater development should be atcelerated
under the technical assistance of RID and financial support
of BAAC. The observation and study on the groundwater balance
and quality analysis should be required’ prlor to the ex9101ta—
tion of large scale groundwater development. :

3.3.3 Irrigation and drainage developmeﬁt

In order to realize the coneepts for agricultural develcpment, the
following basic concepts for irrigation and drainage development are
envisaged in conformity with the concepts for water resocurces develop-
ment: ’

(1) First priority for irrvigation development would be giéen to
the supplemental irrigation for wet season paddy cultivation
in the existing lrrlgatlon areas.

(2) Possible further extension of irrigable'area would be examined
taking the topographic and soil conditions into consideration.
If the exploited water resources are available, either the '
supplemental irrigation for the wet séason paddy cultivation
in the above extension area or the irrigation for the dry
season upland crop cultivation in the exlstlng 1rrlgat10n'
areas woulq be -considered.

(3) In PIlnC1ple, the 1rrlgetlon fabllltles in the exlstlng 1rrlga—
tion areas would be incorporated into the progect as far as
possible to minimize the project cost, From v1ewpelnts of.
water management, the extent of rehabilitation andnimprovement
or integrated plan of the existing facilities would be con-
sidered.
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{(4) Basin-wise water management organization and method would be
recommended to timely and fairly to distribute the exploited
water to . each irrigation.block. Establishment of water user's
organization would also be recommended for proper water
managemeht at farm level.

{5} he natural streams .in: the basin would be used for drainage as
many as p0351ble.- The collector drains would be provided for
proper drainage in each block.

3.3.4 Basic concept for other aspects of development
(1) Hydropower

Water resourceés development will be primarily considered for irri-
gation:development;; The dam plans will be worked out with the aim of
ensuring a good supply of irrigation water. The water supplies to the
irrigation areas will not be constant, being different from one season
to another. It will be impossible under such condition to obtain the
firm power constantly all the. year round. However, substantial energy
development will becomeé possible if dam projects are realized. Tt will
greatly contribute to'the effective utilization of the endowed water
resources and also to the increasing power demand in the area. ’

(2) Inland.fishery

In the present state flshery activities in Thailand are divided
1nto marlne "and inland fisheries.’ Productlon of marine fishery has had
the ovelwhelmlng majority of the total production (more than 95% of
total production of 2 million tons, 1982). Although production of
inland'fishery is not so large, its activity has played an important
role for providing the rich protain food to'people} especially those
who live in the depressed rural areas. Furthermore, the development
of aquaculture has drown the attention from the viewpoint of effective

utilization of water resources.

“rhe latest Fifth National Development Plan states that "speed up
the productlon of fresh-water fishes and release them to multiply in
natural water resexvoirs and various irrigation project in order to
provxde a source of protain". The water resources development in the
Sakae Krang river basin will prov1de the rural people with a good chance
to develop the aguaculture in the reservoirs.

(3) Floqd control

" Flood control would not be considered to be a primary purpose under
the env1saged prOjects, since the major agricultural constraints in the
river ba51n axe shortage and 1rregu1ar1ty in water supply but flood
damage is a minor. component. Incidental but considerable reduction of
flood scale and frequency could be attalned from the operation of reser-
voir, usually in the early part of wet season. The reservoir capacity
'between the’ dealgned flood water level and full storage level would also
work as a flood storage pool " The peak flood would be reduced by this

: storaqe capacity.
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(4) Environmental consideration

The'implementation_of project facilities, particularly dam and
reservoir and irrigation and drainage canal systems would bring about
various ecological and environmental impacts .to the area.

Although these impacts would be clarified through the studies, the
major impacts, other than the subsequent creation of development poten-
tials for hydropower, flood mitigation and inland fishery, would include:

~ physical and ecological resources changes in reservoirs and water-
shed areas such as stagnancy of streamflow, lnundatlon of forests,

etc.

- effect on human use values and life values, such as increase of '
agricultural production, resettlement problems, etc.

3.4 Overall River Basin Developiment Plan .
3.4.1 Identification of possible dams
Eight (8) potential damsites are identified in the Sakae Xrang

river basin., Potential reservoir capacity of these dams is estimated,
on the basis of river runoff, topography and damsite geology, as follows:

: : (Unit:. . MCM)
. o Effective . . -Dead Total
Rlve;/Dam31Le Storage .. Storage : Storage
Mae Wong river _
- Upper Mde Wong dam 230 20 250
- Lower Mae Wong dam 350 - 30 380
Khlong Pho river
- Khlong Pho dam 96 14 110
Thap Salac river
~ Thap Salao dam 160 s 168
- Upper Huai Rang dam 16 o2 _ iz
- Lower Huai Rang dam 18 3 21
Khok XKhwai river
- Upper Khun Kaew dam ~ 38 o [ 44
- Lower_Khun Kaew dam 51 8 _ 59

The Thap Salao dam is already taken up by the Government and w1ll
soon be put. under constructlon ‘The Upper Huai Rang dam is not 51gn1f1-
cant in Storage capacity compared with the lower ‘site, Out of eight (8)
potential dams, the followlng six (6) potential dams, excluding the '
above two (2} dams, were further studleé The dam constructlon at these
potential sites is technically fea51ble._ THe major dimensions of these
possible dams are as follows: ' o '
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Mae Wong Khlong Huai . Khun Kaew

Tten

Upper  Lower Pho Rang Upper Lower

Effective Storage MCM 230 350 96 18 38 51

Reservoir Area km?2 17.6  68.0 32.0 2.2 2.2 7.3
roundation - Hard Weathered Alluvial Alluvial Hard Alluvial
T . Rock Rock Deposit Deposit Rock Deposit

Height ' m 57.0 38.1 - 20.9 30.5 49.5  32.0

Crest Length m 794 225 1,555 1,470 570 2,500

Embankment MCM 2.50 0.38 0.74 0.83 1.32 2.06

3.4.2 - Potential irrigation areas in the Sakae Krang river basin

The overall water balance study for all the major tributaries
including the Thap Salao, was made and the potential areas for irrigation
development in each sub-basin were identified (see Fig. 3.4.1):

River Basin Water Resources Irrigable Arca

{rai) {ha)
1. Mas Wong Upper Mae Wong Dam or 291,900 46,700
Lower Mae Wong Dam
2. Khlong Pho Khlong Pho Pam 111,900 17,900
3. Thap Salao Thap Salac Dam 110,000 17,600
4. Khok Khwai Upper Khun Kaew Dam 81,300 13,000
5. Sakae Krang Grouﬁdwater 218,800 35,000
Total 813,900 130,200 ha

after full development of the endowed water resources, a total of
about 814,000 rai (130,200 ha} will be irrigated. This potential irri-
gable area corresponds to about 95% of the existing paddy fields in the
Sakae Krang river basin.

3.4.3 Selection of high priority dams

_For selection'of high priority dams, preliminary evaluation was
made over the identified six (6} dams, using the parameters of reservoir
performance, incremental irrigation area, construction cost and cost for
compensation and resettlement:
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Ttem . Mae Wong Khlong Huai.' Khun Kaew
' ~ Upper Lower Pho Rang. Uppe¥ Lower

1. Resexvoir Performance
Irr. Area/ . : : I

Eff. Storage ha/MCM 213 153 260 - 111 342 292
Embk, Vol./ = . _ _ R

Eff. Storage  103m3/MCM 10.9 1.1 7.7 46.1 34,7 40.4

2, Irrigation ' . : : _
Irrigation Area® 103 ha 49.0 53.5 25.0 2.0 13.0 14.9
Incremental o

irr. Area 103 ha 25.4 29.9  18.0 - 4.7 6.6
Irr. Area/ ' 7 _

Eff. Storage  ha/MCM 110 . 85 .7 - 124 . 129

3, Dam Construction Cost
Direct Const. : . o RS

Cost : ME 1,148 620 - 567 . 195 - 403 545
Cost/Eff. - ' _

Storage ME/MCM 4.9 1.8 5.9 10.8 10.6 10.7
Cost/Eubk. Vol. FB/m3 459-1,140 497 235 305 265
Construction ' _

Period Yr 5 5 5 '4ﬁ5 5 5

4. Resettlement _ : _
House No 101 4,337 365 218 30 105
Land km? . 19.8 68.0 32.0 2.2 2.2 7.3
Compensation R0.2 MB/House,
@0.6 MB/xm?
ME 32.1 908.2 92.2 44.9 . 7.3 25.4
Note: *: For wet season paddy only
Based on the evaluation on these four {4) components, the Upper Mae

Wong, the Lower Mae Wong and the Khlong Pho dams were selected as high

priority schemes,

3.4.4 Consideration on other possible schemes

(1) Upper Khun Kaew dam

The priority has not given to this dam in the prellmlnary economlc
comparison. However, this dam has the follow1ng merlts-

- small investment cost compared with other 1dent1fled posslble

dawns,

- less resettlement problem,

~ suitable geologieal foundation for dam construction.

and

"Considering the above merits, it is recommended that the further
1nvest1gatlon on the hydrological, topographical and geclogical aspects.
should be carried out by RID for future development of the Upper Khun

Kaew dam,
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(2) - Groundwater development

Flat and low-lying area at downstream of the basxn is formed by
the alluvial deposits consisting of loose to unconsolidated layers of
sand, gravel, silt and clay.  Average thickness of the alluvial deposits
is approx1mately 50 ‘m above foundation rocks. Of these, sand and gravel
layers are potential aquifer of groundwater. - The groundwater flows from
north to south along the Chao Phraya rivef,-supplemented by the flow
from the western watershed. The groundwater flow is partly blocked by
massive. rocks of quartz feldspathic tuff ‘rising in the plain. The poten-
tial productlv1ty of the groundwater 1is roughly estimated at 2.8 - 7.4
MCM/km2 :

For development of this substantial groundwater potential, it is
recommended. that .RID’ support the following activities:

~ The preséntfsmall scale.groundwater development should be accel-
erated under technical assistance of RID and financial support
of BAAC, '

- The exploitation-of larde scale groundwater resource should be
concentrated to the downstream areas in the Sakae Krang river

- basin, where the surface water resources development could not
be expected :

~ Prior to-the exploitation of large scale groundwater resources,
the investigation and study on the groundwater balance and gquality
analysis should be reguired, and

- The present observation of groundwater should be continued For
- future development, particulairly on the effects of reservoir
exploitation at upstream and 1rr1gat10n development at downstream
in future.

3.5  Selection of Mae Wong Irrigation Scheme

After pre-feasibility study on the high priority dams, i.e., Upper
Mae Wong, Lower Mae Wong and Khlong Pho dams, the JICA study team
reached the conclusion that the Upper Mae Wong dam should be selected as
the first priority scheéme on the following reasons:

(1) The Khlong Pho scheme is rather small in development scale,
having smaller irrigation area, smaller number of project-
benefited farmerxs and minor hydropower potential, and its
economic viability is also low. - The scheme also involved the
problems of resettlement and compensation because a large
number of villagers are living in the reservoir area.

{2) The Lower Mae Wong scheme has the economic and social diffi-

' culties which will be induced by the resettlement and
compensation to a large number of villagers in the reservoir
area. The major difficulties are:
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{(3)

(4)

(5)

{6)

- uncertaln number of household and thereby uncertaln costs
requ1red for resettlement and compensatiocn,

- difficulty'of-land~acquisition'fOrfresettlement'prcgfam,

"—'90531b111ty of delayed constructlon perlod,

- problems of 5001a1 ten51ons, and
- 1arge‘negatiVe benefits'for farmlahds.and-foreSt reserve3

The Upper Mae Wong C'cheme is economlcally feasible and. technl—
cally sound w1th same development scale as the Lower Mae Wong.

The socio- economlc dlfflcultles of the LoWer'Mae Wong scheme
could not be neglected and might serlously affect the construc-

. tion costs and- constructlon schedule.-~

The Upper Mae Wong scheme has no such socio—econohic diffi-
culties because a small number of villagers are 11v1ng in the

.reservoir area ‘and will p0581bly be. realized in: a shortest

time.

The Upper Mae WOng dam has the hlghest hydropower development
potential.
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.-CHAPTER IV MAE WONG IRRIGATION SCHEME AREA

4.1 Location

The Mae Wong ‘river ba51n extends ‘over the northern part- of the Sakae
‘Krang rlver basin w1th a total ‘aréa of 2,170 km?, ‘about 1/3 of the Sakae
¥Krang river baSLn. ‘The area lS ‘bounded by the mountain- ridges on. the
.west and the- Chao Phraya river on the éast. The location map'is shown
in Fig. 4.1.1.. The longest distance in north-south dlrectlon is about
30 km and 1n west east dlrectlon about 90 km.

The rlver ba51n is’ admlnlstratlvely located within the )urlsdlotlons
of three provinces (Changwat),.l €., Kampheng Phet, Nakhon Sawan and Uthai
Thani. (see Fig. 4.1.2) : Major towns within the river basin are Lat Yao
in the middle of ‘irrigation area 'and Sawang Arom in the south east of the
basin. Changwat Nakhon Sawan, capltal of the province, is located in the
eastexrn v101n1ty of ‘the Yiver ba81n, about 35 kim east from Lat Yao and
about 250 km north” from Bangkok. The Nakhon Sawan municipality is
directly connected with Bangkok by the National Highway Route No. 1.

4.2 Topography

The Mae Wong rlver basin has generally the topographical gradient
from west to east_and from north to south,

The'highest'mountain”beék“in‘the ‘basin is Mt. Khao Mokochu with
altitude of 1,960 w above ‘sea level. In ‘the upper reach of the Mae Wong
river, the stream’ gradlent is steep about 1/250, the valley sections are
more or less pronounced and the watershed is covered by thick forest,
having about 600 km2 of drainage area. The proposed damsite is located
at downstream edge of the watershed, where the altitude of riverbed is
about 160 m above sea level.

In and arouﬁd'the reservoir area, the topography is generally moderate.
Steep slopes and hills are developed at the proposed damsite and middle
‘part of reserv01r, Land-slides or large scaled talus deposite is not
formed'ih the proposed reservoir area. '

The topography becomes flatter as the river emerges on to the Central
Chao phraya Plain’ after cuttlng through the thin mountain ridges of Khao
Chonkan located about 14 km downstream of damsite. The river passes
through broad agricultural regions, having altitude of about 60 m to 100 m
. above sea level, until the river eventually meets and becomes the Sakae
Krang river. The‘average”river gradient at downstream reach is about
1/1,500 and total river length is about 200 km:
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4.3 Climate

The Mae Wong river basin is characterized by two pronounced seasons,
one dry from November to April, the other wet during the rest of the year.
The temperature differentials within the basin are relatlvely small.
Based on the data at Nakhon Sawan, mean temperature is about 28.5°C.

The coolest month is December with the mean monthly temperature of 25.2°C
while the hottest one is April with 31.9°C.

The prevalllng wind direction over the ba51n is south and relatlvely
constant during the months of February through October The average
relative humidity varies from 61% to 82% and average annual value is 70%
at Nakhon Sawan. Mean annual pan. evaporatlon is. 2,089 mn with monthly
variations of 260 mm in April and 128 mm 1n‘September.

‘Meteorological station under the Mlnlstry of Communlcatlon is’ located
at Nakhon Sawan. Among hydrologlcal gaging stations under RID within the
basin, the station CT-5a furnish meteoxologlcal data of temperature,
evaporation and wind speed. The meteorologlcal data at Nakhon Sawan are
summarized in Table 4,3.1.

4,4 Hydrology
4.4,1 Rainfall

Rainfall data were collected from 50 gaging stations locaﬁed_in and
around the Sakae Krang river basin. Among these stations, 4 gaging
stations are located within the Mae Wong river basin. Correlation and

prcobability analyses for rainfall data are shown in ANNEX ~I.

Average monthly ralnfall distribution for tne above 4 stations is as
follows:

{Unit: wm/month)

Apr. May ‘Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.

73 163 128 138 179 262 150 40 6 10 12 25

Note: Code numbers of 4 stations are 12081, 26072,'26270,
69062

Average annual rainfall of the Mae Wong river basin is 1,180 mm of
which about 85% is concentrated during wet season. September is generally
the month of heaviest rainfall and December is the driest month. Aerial
distribution of rainfall affected by the topography is not remarkable.
Average annual rainfall is calculated at about 1,320 mm in the western
watershed and about 1,120 mm in the eastern plain of the basin.
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4.4.2 Streamflow
(1) Streamflow record

- There are two streamflow gaging stations under RID located along the
Mae Wong river. The station CT-5A is located at downstream edge of water-
shed area or about 14 km downstream from the proposed Upper Mae Wong
damgite. The station CT-4-is located at the middle reach of the river or
about the center of irrigation area. Observations were started from
1969 at CT-5A and 1975 at CT-4. The station CT-5a is equipped recently
with the altomatic water level recorder. Staff gage is used at CT-4.

The runoff data at station CT-5A are considered fairly accurate
since they show highly constant’ runoff rate in the double mass curve
analysis over the observation period.  The effects of irrigation water
intake are noticeable at CT<4. Applying tank model method, the streamflow
was generated ‘at CT-5A from 1954 to 1968. Monthly river runoff for 30
years fraom 1954 to 1983 is derived from the tank model simulation and
observation record at CT-5A and summarized in Table 4.4.1.

(2} Streamflow characteristics

- Average runoff rate and annual outflow from the basin watershed,
represented by 30 years streamflow at CT-5A, are summarized as follows:

- . Drainage Average Average Annual Average Runoff
- Gaging

Station ‘Area Rainfall Runoff Rate
(km2) ~ °  {mm/yr) {MCM/km?) (%)
CT~5A 936 1,339 0.360 26.9

Average Monthly Runoff

(Unit: 1,000 m3/km?)

Apf. "May Jun. Jul. Aug. Sep. Oct. Nov., Dec. Jan. Feb. Mar.

2.3 8.5 15.4 18.6 37.6 85.1 125.1 45.0 12.0 6.3 3.8 2.8

The river runoff from the basin watershed is characterized by long
low flow period from December to July. Reliable amount of water resource
supplied by the river is limited only during four months from August to
November. About 80% of total annual runcff occurs during these months.

. Yearly fluctuation of streamflow is noticeably large. The annual
runoff amount is recorded at 0.09 MCM/km? in extremely dry year of 1977
and 0.88 MCM/km2 in 1983 while the average runoff amount is 0.36 MCM/km?
for 30 years. '
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Vegetation covers and geological condition of watershed affects to
the average runoff rate of river. Watershed of the Mae Wong river is
covered by comparatively thick forest and sandy ‘alluvial or dilluvial
deposit is not remarkable within the drainage area of CT-5A. The average
annual runoff rate of the Mae Wong river shows the highest value among
other tributaries of the Sakae Krang river basin. .

4.4.3 Water quality

Samples for water quality analysis were taken at 21 points along the
Mae Wong river including the proposed damsite and irrigation canals.
According to the "United State Department of Agriculture", the irrigation
water quality is cla551fled into four grades with regpect to the sodium
hazard (Sl -s4) dependlng on the sodium absorption ratio (SAR) and the
salinity hagard (Cl -C4) depending on the electric conductivity (EC).
Nineteen (19} samples are classified into Cl-5Sl class and two (2) samples
are C2 - S1 class, Based on this water quality analy51s, the river water
is aill within the tolerable limit amd suitable for irrigation.

As for the groundwater quality, the preliminary study was conducted
by RID from 1973 to 1978 for the downstream area of the Sakae Krang river
basin including a part of the Mae Wong river basin. In this study, most
of the water samples obtained from the bore holes dre found suitable for
irrigation. However, 18 samples out of 53 were. found unsuitable because
of very high electric conductivity and sodium absorption ratio. Certain

correlations or tendency on the depth or locations among these. samples of
unsuitable quality is not determinable as the number of samples are not
sufficient. It ig necegsary to continue the observatlon on the seasonal
variation of groundwater quality to clarify the potential productivity
for irrigation.

4.4.4 Sedimentation

Sediment load of the river is one of the major factors to be con-
sidered in the reservoir design and intake structure design. Sediment
inflow is usually calculated from bed load and suspended load. Samples
on the gradation analysis on the riverbed materials were taken at the
Upper Mae Wong damsite and 49 samples for suspended load analysis were'
collected at the river gaging station CT-53,

Applying Sato, Kikkawa and Ashida formulae, the total sediment inflow
was estimated at about 183 m3 per year per km? of catchment area. This
scale of sediment.inflow is considered moderate and will not cause serious
effects on the operation of dam and intake structures .in the downstream
of the river. Appropriate safety measurement should be considered in
application of the above result of analy51s to the de51gn of dam and
other structures.
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4.4.5 Flood

Since the observation of river discharge was started in 1969 at CT-5A
in the Mae Wong river, the recorded peak discharges of major floods are
as follows:

Peék

Total Specific
Date Discharge Rainfall Discharge
S (m3/sec) (mm) (m3/cec/kn2)
Nov. - 8, 1981 703 178 0.75
Oct. 1, 1978 592 120 0.63
Oct. 13, 1983 514 183 0.55

_ In case of 1981 flood, inundated farming area in Lat Yao district
was reported at 54,500 rai (8,700 ha) and it was 18,000 rai (2,900 ha}
in case of 1983.. Ih other words, about 16% of cultivated area before
flood was inundated by 1981 flood and about 5% by 1983 flood. Based on
the flood analysis presented in ANNEX-I, the above floods are of moderate
scale compared with the river catchment area. The flat topography and
no river treatment are considered to be the main causes to accelerate
the flood damage and to prolong the inundation period. Tloed mitigation
may not be indispensable compared with the serious problem of irrigation
water shortage but will be one of the important factors expected for the
development of the basin. ’

4.4.6 Groﬁndwater

The downstream cutside of the basin, i.e., after joining the Khlong
Pho river, is a part of vast alluvial flood plain of the Chao Phraya river,
High potential productivity of the groundwater is expected in this area.
However, within the Mae Wong irrigation area, it is expected from the
geological formation that the unconsolidated aquifer development will be
limited relatively narrow along the river course.

In the area extending downstream of the Upper Mae Wong dam, alluvial
and diluvial sand layers are developed. Groundwater flow from the Mae
Wong watershed through these layers are confined by the Khao Chonkan
mountain located about 13 km downstream from the dam. The depth of the

aquifer will be about 10 to 30 m. Fine
and. permeability will be about 5 x 1073
geologically, the area will receive the

sand portion is relatively dominant
cm/sec. Topographically and
stable supply of groundwater flow.
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4,5 Geology
4.5.1 General geology

Geologlcally, the Mae Wong river basin is d1V1ded roughly into two
parts; the western Paleozoic zone and the eastern Mesozoic part by a
Tertiary volcanic belt running along latitude of about E-99°-30', or along
the Khao Chanan mountain ranges. '

The  proposed Upper Mae Wong damsite and reservoir are located within
the western Paleozoic zone which has a distinct N-5 geological structure,
suffuring from the Burnese _Malaya geo-synclinal movement of meridional
trend. These geostructural modes are thought to have been formed as a’
result of the crustral movements during the Mesozoic and Tertiary periods.

The irrigation area is located within the eastern Masozoic part, in
which a vast Khorat Platean develops, having a moré gentle, almost flat
geostructure. The area is widely covered by Pleistocen old flood. deposits
of gravel, sand, silt and laterite.. In the downstream of the area.
alluvial deposits develop along river course and form unconfined aquifer.
Significant ountcrops of rock materials are not found in the area.
Geological chronology of the river basin is summarized in Table 4.5.1.

4.5.2 Reservoir and damsite geology
(1) Reservoir geoclogy

The reservolr area of the proposed Upper Mae Wong dam is geologically
formed by granite groups of granite, diorite and gabbro. Predominant
rocks are granite gneiss along the Mae Wong river in the reservoir,
feldspathic granite at downstream of damsite, schistose granite at damsite
and guartzose granite at upstream left bank.

The direction of schistosity of these granite Qroups is about N 20°E
The Mae Wong river course is largely winding because the river runs against
the geological schistosity. Dissolvable limestone groups are not expected
in the reserveoir geology. :

The reservoir geology shows a final state of geologic history and
forms a gentle and stable topography. Land-slide or active movement of
topography would not be expected. -

A geologic fault was found along the lineament crossing the reservoir
from northeast to southwest about 1.5 km upstream of damsite. ‘The fault
would be expected small in scale and old. '

{2) Damsite geology

The geology of the proposed damsite is predominated by green rocks
which belong to the Precambrian Uthai Thani complexes. These green rocks
are composed of guartzite, Calc-silicate rocks and Schist. Boundary of
these rocks are transitional and partly alternated. General character-
istics of rocks are summarized as follows:
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4

five

Calc-

uartzit S i
Quartzite silicate Schist
L. Color . ~ Greenish grey -
2.'Schistosity - Massive Massive Weak
3. Hardness Very hard Hard Hard to Medium
4. Rock surface Cracky Sound Slightly to Medium
- Weathered
5. Component Silica Siliceous Siliceous
Calcareocus Calcareous

Micaceous

.6 Soils

The land of the Mae Wong river basin is classified into the fellowing

1. Semi-recent Fan and Alluavium

2. Low Terrace

3. High Terrace

{5) land-form categories:

4. Dissected Erosion Surface

5. Mountains

In the prospective gross irrigation area of about 309,400 rai
(49,500 ha), the first three (3) land-form categories are identified.
‘The areas of each land categories are as follows:

Land Form

Mae Wong Sub-basin

Prospective

Irrigation Area

Categories . {tai) (km2) (%) (rai) {km2) {%)
1. Semi-recent fan and 340,000 544  25.1 169,400 271 54.7
alluvium
2. Low terrace 116,900 . 187 8.6 115,600 . 185 34.7
3. High terrace 341,300 546 25.1 24,400 39 7.9
4. Dissected erosion 160,000 256 11.8 - . -
surface _
5. Mountains 398,700 638 29.4 - - -
Total 1,35%6,900 2,171 100.0 309,400 495 100.0
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The wajor soils of the prospective irrigation area are those developed
on the semi~recent fan and alluvium and low terrace of diluvial deposits.
These occupy about 92% of the area. The area includes small area of high
terrace which is marginal for irrigation development. The soils on other
land form categories are not irrigable due to their general features of
steep topography, sand and/or gravelly texture and shallow spil depth.

The scils of the prospective irrigation area are claésified into
five (5) great soil groups and are further sub-divided into 12 soil series.

Great Soil Soil Series " Area

Land-Foru Group (Field Symbol) (rai) (ha) %
Semi-recent Non Calcid Kamphaeng Phet (Kp) 3,100 500 0.9
Fan and Brown Soils Nakhon Pathom (Np) 56,900 9,100 18.4
aAlluvium . Phetchaburi {Pb) 35,000 5,600 . 11.4
Kamphaeng Saen {Ks) 15,000 2,400 4.9
‘Mae Sai (Ms) ' . 59,300 9,500 "19.1
sub-total . 169,300 27,100
Low Low Humic Deum Bang (Db} - 36,?06 5,800 11.9
Terrace Gley Soils pak Tho (Pth) . 64,400 10,300 20.8
Roi Bt (Re) 13,800 2,200 4.5
Gray Podzolic  Ubon (Ub) 1,300 200 0.4
Soils R
Sub-total e 115,700 18,500 __ __
High Regoscls Korat (Kt) 3,100 560 1.1
Terraces Reddish Brown Nam Phong (Np) 1,300 200 0.4
Latexritic Chiang Khan {Ch) 20,000 3,200 6.4
Soils .
Sub-total . e e et 24,400 _ 3,900 _____
Total ' 309,400 49,500 100.0

The wajor characteristics of each soil series are summarized in
Table VII-} of AMNEX-VII. Details of soil description and results of
vhysico-chemical laboratory analysis are also given in ANNEX-VIT,

The soils of the prospective irrvigation area are mostly develdped on
the semi-recent alluvium and low terraces with flat to slightly undulating
topography. The scils are generally deep and medium to fine textured.

The soil reaction is slightly acid. The soils are free from salinity
problem. The soil fertility is generally low, having lew contents of plant
nutrients. - The drainability is low due to flat topography and fine texturse
of soil. The seils are graded at Rl to R3, according to the RID specifica-
tion for land capability classification, which are suitable for irrigated
rice cultivatiocn.
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4.7 Infrastructure
4.7.1 Transportation

- The major transport network in the Mae Wong river basin consists
of the prov1nc1al asphalt-paved roads and the provincial laterite- ~paved
roads. ~ An dsphalt-~paved road traverses the irrigation area from west to
sast Connectlng the Lower Mae Wong arca and Lat Yao which is the capital
: of Amphoe TLat Yao. This road further extends from Lat Yao eastward and
is connected with the national highway (Route No. 1y. an asphalt-paved
road stretches out from Lat Yao and runs southward. This road runs
through Sawan Arom and Thap Than and is connected with Uthal Thani,
capital of ‘the Uthai Thani province. Many rural roads are branched off
from the provincial roads and are networked in and around the project
area. Most of these roads are laterite-paved, but they are considerably
deterlorated due to insufficient maintenance works. After heavy rain-
fall, some of them are not jeepable.

4.7.2 Water supply

The municipal areas being adjacent to the Mae Wong river basin have
modernized municipal water supply system. The villages in and around
the Mae Wong Irrigation area, however, mainly deperd the domestic water
resources on rainfall in the wet seéason and shallow wells in the dry
season. The majority of villagers do not have their own wells but have
access to village wells (or wells of neighbours). On the other hand,
almost all villagers have two or three ungalzed big jars for collecting
rainfall and storing water from wells nereby for their drinking and
domestic use.

4.7.3 Power supply

Power supply in the Mae Wong river basin is made through 22 kv
transmission line from Nakhon Sawan Substation via Amphoe Lat Yao to
Ban Rai.

Nakhon Sawan Substation is interconnected with the National Grid
from where electricity and power are supplied and then distributed to
consumers in the irrigation area.

The energy consumption record from 1983 through 1984 at Nakhon Sawan
Substation shows that the maximum demand has increased by 10% over the
previous year and has reached at 29,900 kW, whereas the energy consump-
tion has increased by 10.8%, being 136,500 MWh. The energy consumption
at Makhon Sawan Substation accounted for about 30% of the total energy
consumption in Northern Region 3.

According to the data compiled by PEA, the electrlflcatlon ratio
in Nakhon Sawan Province is around 39% in 1984.
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4.7. 4 Health

The  Governwmeni 1ntends to 1nstal1 at least one hOSpltal in each
district (Amphoe) and cne health center. in each sub dlstrlct (Tambon)
In Nakhon Sawan prov1nce,'thls target has been almost achleved hav1ng
134 health centers per 115 sub —~districts. Slnce thlS provlnce COVerS'
a large area, some sub dlstrlcts haVe two health centere :

In the Mae Wong 1rrlgatlon area, there 15 one hospltal w:th 30 beds;
served by 4 medical doctors and 30 nurses at Lat Yao . town._ There also
exist 20 health centers and 3 prlvate clinies in the area. As for
the drugstore, about 60 stores are available. The v1llagers llVlng in
the project area are well served by these medlcal fac111t1es._

in addition to the above, . there is a general hospltal w1th ‘500 beds
at Nakhon Sawan located 35 km away from Lat Yao, which is also ready to
serve the people of the project area. : :

A.7.5 Educatioh

The publlc educatlon is composed of prlmary schocl and secondary
school. . Primary schools are controlled by the Prov1n01a1 Admlnlstratlon
of the Ministry of Interior, while secondary schools are under the
supervision of the Ministry of Education. Primary school with 6 year
term is compulsory. The children enter school -at the age of 51x.
Primary education iszfollowed by non_compulso;y‘secondary,educatlon.

According to the Provincial Administration,?there'ére-138 primary
schools with 1,008 teachers against 137 villages in Lat Yao district.
Tt means that there exists one primary school in each village.
Secondary school, in general, exists in each district center. . In the
Mae Wong irrigation area, there are 2 secondary schools, which have a
total of 80 teachers. The average distance to the secondary school is
less than 15 km. The main transport means used by the students is local
buses, pick-ups or bicycles. : '

4.7.6 Communication

fhe inter—provincial communication service by post, telegraph and
telephone is available on.a 24-hour basis but such communication except
post is only limited among provincial capital. The communication between
Nakhon Sawan and Lat Yao is made by radio communication; but this. is for
official use only.

4.8 Existing Irrigation and Drainage System
4.8.1 Irrigatidn éyétem
More than 20 years ago, irxigation development in the. Mae Wong :

river basin has voluntarily been commenced by the local people.  About
70% of the existing paddy field or 230,000 rai (36,800 ha) in the basin,
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are presently covered with the existing farmer's irrigation systems.
Thereafter, serlous disputes for river water use often occurred between
farmers in the downstream areas’ and those in the upstream areas.

Since mid-1970's, RID provided the regulators at the heads of farmer's
irrigation systems to contrel the intake of 1rr1qat10n water and also
constructed the intake welrs to assure the stable intake of irrigation
water under. the medium and small 1rrlgat30n projects in response to the
local people's request.,’ :

(1) Medium scale irrigation project

There exist three {3) medium scale irrigation projects in the Mae
Wong river basin. The total irrigation area is 170,000 rai (27,200 ha)
as shown below:

Main Intake

Name of Project Irrigation Area T

. S ) Facility
Wang Kun Pac 105,000 rai (16,800 ha) Regulator
¥hun Lard Boriban 55,000 rai - (8,800 ha) Regulator
Khliong Nam Hom 10,000 rai (1,600 ha) Weir

At the end of July, 1985, the Huai Sadao Sai weir was constructed
on the Mae Wong river; just downstream of diversion place to the Khlong
Nam Hom irrigation area, under the small scale irrigation project.

The main function of the Huai Sadao Sai weir is to assure the irrigation
water to the Khlong Nam Hom area. ' After construction of the weir, the
old bank openlng to the Khlong Nam Hom area was closed.

(2) sSmall scale irrigation project
There exist seven (7} small scale irrigation projects in the Mae

Wong river basin. The total irrigation area covered w1th all these
prOJects is 60, 000 rai {9,600 ha) as shown below:

: " . . Main Intake
.Name of Project Irrigation Area :

Facility

Ban Wang Nam Kao 3,000 rai (480 ha) Regulator
" ¥hlong ‘Saingu 10,000 rai (1,600 ha). Regulator

Huai Hin Lab 3,000 rai (480 ha) Regulator
" Wang Ma’ ' 26,000 rai (4,160 ha) Weir

Lan Bai Dieo 4,000 rai (640 ha) Weir

Nong Yao 4,000 rai (640 ha) Weir

Wang Hin Phoeng " 10,000 rai (1,600 ha) Weir
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{3} Pump irrigation services by RID

RID Regional office VII provides pump 1rrlgatlon services with
free charge for the farmers who have rainfed paddy field along the
rivers and streams in the basin., The regulations of the serv1ces_are_”
as follows: : ' ' ' :

- Operation hours of pump unit are 22 hr/day.
- Irrigation-SerViée period is 120 days.
- The regulations limit farmers receiving the services for only

one crop season, wet season or dry season.

The records of pump irrigaﬁion services byIRID for recent five (5)
vears are summarized as follows:

“irrigation Service Area’ (ral)

Year : ~ Dry Season’ : . " Wet Season -
Paddy . Upland Paddy Upland
1981 - 600 100 - 800 ' -
1982 300 100 8,800 -
1983 300 100 7,870 -
1984 2,630 - 9,942 -

1985 - 800 - 12,020 _ -

The pump irrigation services increase year by year, average annual
increasing rate of 11%. :

4.8.2 Dprainage system
Most of the existing canals constructed by Larmers have uual pur-
posas for irrigation and drainage. Besides the above farmer's irrigation

systems, many natural streams traverse the EXlStlng irrigation areas.
These streams are also used for drainage purpose.

4.8.3 present condition of existing irrigation system

In order to 1rcorporate the exzstrng farmer's 1rr1gat10n systems
into the project as far as possible, an inventory survey was conducted
to grasp such their present condltkans as dimension, degree oF deterlo—
ration, =tc.

The followings are found through the inventory survey:

- All the canals are unlined canais.

- Most of canals have dual purposes of irrigation and drainage.
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~ Existing canals were constructed by farmers, irrespective of
topography.

- The water managemént is far from the proper water delivery,
because of few control structures.

- No operation records of intake facilities are available, even
in ¢ase of:the intake. facilities constructed by RID.

~ Irrigation water is taken by farmers, irrespective of irrigation
area size. It means that the upstream area is more advantageous
than the downstream. :

- Most of existing irrigation areas have the problem on the diffi-
culty of gravity irrigation, because of improper canal: route
alignment. Under such situations, the farmers are using the
small tractor's engine to pump the irrigation water up from the
canals to their fields. '

- Bésed on the results of inventory survey, it seews that approxi-
mate half of the existing irrigaticon area faces the difficulty
of gravity. irrigation.

'4.8.4 Water management in the Mae Wong river basin

As already stated, the existing irrigation systems in the basin
were voluntarily constructed by farmers. . At present, the water manage-
ment for the systems is carried out by the voluntary farmer's group.
_Theré exist no estahlished water management procedures for the systems.
As a result, no operation records on the systems are available and the
dispute on water use of the Mae Wong river often occurs beltween the
upstream farmers and those of the downstream.

4,9  Present Condition of Agriculturxe

4.9,1 Dewmography

. The total pupulation of the project area is estimated at about
74,500 as of '1985. The average annual growth rate is about 2.4%.

Total number of household is estimated at about 13,500, out of which
_farm households account for 10,200 or 76% of the total.

' ' Farm
i d
Population Househol Household
'Mae Wong irrigation arca 74,500 13,500 10,200

Source: The National Statistical Office
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