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March 26, 1997
Mr. Kimio Fujita
President,
Japan International Coopcrat:on Agencey
Tokyo, Japan

Letter of Transmittal

Dear Mr. Fujita,

We are pleascd to submit hereby the final report on the Conceptual Planning and Initial
Environmental Examination on the Kok-Ing-Nan Water Diversion Project in the northern and
central regions of the Kingdom of Thailand. This report incorperates the advice and suggestions

" of the authoritics concerned of the Government of Japan and your good Agency and the

conceptual formulation of the above mentioned project. Also included are comments made by the
Royal lirigation Department of the Ministry of Agriculture and Cooperatives of the Government
of Thailand during technical discussions on the draft report which were held in Bangkok.

The conceptual ptan was formulated and evaluated in order to confirm the necessity and
viability of the proposed project for further implementation of the feasibility study. The
proposed project will make a large contribution to the sustainable socic-economic development
of the Chao Phraya basin toward 21 century and hence it was judged from this conceptual
planning study that this project is necessary and viable. There exist, however, impacts on the
natural environment on the diversion routes or at any local places where environmental
mitigation measures should be carefully planned and implemented taking into account the
watershed management rules provided in Thailand.

In view of the urgency of solving water shortage problems and of need for sustainable
socio-economic development of the Chao Phraya river basin as a whole, it is recommended to -

'proceed to the feasibility study. It is however nccessary prior to the commencement of the

feasibility study that agencics concerned arrive at a general consensus on the conceptual planning
of the proposed project in connection with watershed management rules.

We wish to take this opportunily to express our sincere gratitude to your Agency, the

~ Ministry of Foreign Affairs, the Ministry of Construction and the Ministry of Agriculture,

Forestry and Fishery. We also wish to express our deep gratitude to the RID and other authorities
concerned of the Government of Thailand for the close cooperation and assistance extended to us
during our investigations and study.

| Very truly yours,
L ~

Shoichiro Higuchi
. Leader of the Study Team







PREFACE

In response to the request from the Government of the Kingdom of Thaitand, the
Government of Japan decided to conduct the Study on the Kok-Ing-Nan Water Diversion
Project in the northern and central regions of Thailand and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA seat to the Kingdom of Thailand a study team headed by Mr. Shoichiro Higuchi,
Sanyu Consultants Inc., and composed of staff members from Sanyu Consultants Inc. and
Nippon Koei Co., Ltd,, for the period of 3.5 months from August to November, 1996 in order
to conduct the conceptual planning study and the initial environmental examination.

The team held discussions with the officials concerned of the Government of the
Kingdom of Thailand and conducted field investigations and surveys at the study area. After
the team returned to Japan, further studies were made and the present report was prepared.

1 hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concemed of the Government
of the Kingdom of Thailand for their close cooperation extended to the study team.

March, 1997

bl
Kimio Fujita
President
Japan International Cooperation Agency




A \\}, : BLEHEYY G ||

/I

weg ey 15 Buouy

wed weqey Suous

YAYHLLOAM

s
f

J

f
| vL130WAYHHL OYHD |

,/ wog oarses
=¥\

oAl HEsed 1Ol URID By

JBAlg BARAL OBYD \

e e et

Bdsy 10aloly
uonebu;
Bunsixg

8%IN0YD JBAIY

JNOAIDSIYUE(]
pasodoid

IIOAJSE Y/ WB
Sunsixz

aN3oIx?

g

weQ oPRs deyl / B

\
.
VHD
i N

eydeiog Sung " hzg oug Suoy | / A

ot A NYAMYS NOWY 4

WeQ fON aEMUY

5

+9A1 UBN

G i P

W us | NG udey

_g%

weg Guery se o, lr[J,

wed BB sey

{
L‘wz{\mc_

ahy oty L

T

N /
!
BISACIBN Y,
i
.

y r’
Sawedes

“BIRGQ ML
e °

cmz _m oc_ HOW et

soMpBule

ONVIIVHL 40 WOQONIA 3HL
N1
L23rCdd NOISHIAID

\\L \ s007 f L , L
/ .
\\\Emc_m__) ./ - = JRueApy
o RN ,

\\\,,_ AT el HS1YM NYN-ONIFHON IHL
L \\\ f
b | dVIA NOILYDOQOT
HQd QW
V HYWNYAW <mm< >O Dlmlw
3 e B
A T Br———
J— Mt



)
_/ /\'//

/;FA BONG BASIN
/’\ i

L7ising
highg Rai

it

Mekong River
.\'

LAO PDR

NGAO BASIN

1

. | 1 —

3

S | —

o,
B '_"l—u.'.l""

Dpen€
& Cuivert _

Mekong River

LAO PDR

Project Oulline

1. Annual Runoff al Proposed Diversion Site
Total : 5,530 MCM (Kok River 3,800 MCM, Ing River 1,730 MCM)

2. Annual Volume of Diversion Walter in Wet Season
Total : 2,000 MCM {Kok River 1,100 MCM, Ing River 900 MCM)

3. Major Project fFacitilies

{1} Diversion Dams
Diversion Capacity : Kok-tng 125 cum/sec, Ing-Nan 175 cum/sec)

(2} Kok-Ing Diversion Channel
Total Length 55 km (Tunnel 11 km, Open Canal & Culvert 44 km)

{3} Ing-Nan Diversion Channel
Tolal Length 62 ke (Tunnel 50 km, Open Cana! & Culvert 12 km)

(4} Yao Flood Control Dam
Gross Capacity 35 MCM, Outlet Capacity 250 cum/sec

{5} Yao River Training
Total Length 40 kmy, River Widening and Protection Works

NAN RIVER BASING

YOM RIVER BASIN

To Sirikit Oame



Key Indlcators Involved in the Kok-Ing-Nan Water Diversion Project

1. Chao Phraya Basinin Need of Water by Transbasin Water Diversion
Drainage Area 158,000 sq.km
Potential Fannland Area 5,900,000 ha
Awaifable Water Resources 33,000 MCM/year
Specific RunofY Yield 210 mm
Water Dernand 25300 MCM (1993), 33,330 MCM (2016)
Papulation 22,6 mithion (1993), 26.7 mullion (2016}
GD?P 1,750 billion Baht (L'$$ 70 biltion) in 1994
GDP per Capita 79,600 Baht (USS$ 3,200} in 1994
2. Water Resourcesin Kok and Inp Basing
fem Kok Ing Total
Drainage Area at River Mouth (sq.km) 10,875 7,120 12,995
Average Annual Runoff at River Mouth (MCTM) 5,300 2,300 7.600
Average Annnal Runoff at Diversion Site (MCM) 3,800 1,700 5,500
Planned Diversion Water in Wet Season (MCM) 1,100 N0 2,000
Planned Diversion Water in Dry Season {(MCM) 200 - 200

3. Irrigation Beneficlal Area by Alternative Water Use Plans
Beneficial Area Plan A Plan DB PlanC
Existing Phitsanulok Arza 23,100 17,000 13,000
New Fhitsanuiok Stage [l Area - - 147,000
Exdgting Delta Area 246 900 207,000 175,000
Kok & Ing New Developed Area 32,000 32,000 32,000
Total 302,000 256,000 367,000

3

Increasing Mualcipel and Industrial Water in Lower Nan and Delta Area

Invreasing Amount from 1993 to 2016 = 1,240 MCM/year (620 MCM in dry season)

&  Project Facility

{1} Kok Piversion Pam

Intake Capacity 125 cu msec

(2} Kok-Ing Diversion Channel 55 kun including open canal, culvert and tunnel
(3} Ing Diversion Dam Intake capacity 175 cum'sec

(4} Lao Diversion Canal 12.4 km consisting of culvert and tunnel

(5) Ing-Yot Diversion Tunnel Turnel of 50 km and shafis of 17 km

(6) Yao Flood Control Dam Dam Height of 37 m, storage of 35 MCM

(7)  Yao River Traiming Eength of 40 km

6 Project Cost

47,600 miltion Baht for water use plans A and B
$5,660 million Baht for water use plan C

7.  Project Evaluation

ftem Plan A PlanB PlanC
{1} Incremiental Benefit (106 Bahi)
Irigated Agricultuse 6261 4312 5435
Mounicipal & Tadustrial Water of 1,240 MCMiyear 4024 4024 4,04
Hydro-power Generation 328 328 328
Total . 10,613 8654 9,787
(D EIRR (%) BT % 13.2 127
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Exé_cuifve Siln'aniai'y
1. B .Necés_sity (_}l' Additiop.a'l _Snp]ily of .Wé.!.er ih the Chao Ph.r.ay.ﬁ Basiﬁ
_l._l | Agilic'ul.tural an(.i. So.t.‘it.}-Ecoﬁomic. Backgrﬁuﬁd
The Chao Phraya river basin covers a large watershcd arca of 158,000 sq. km (31% of the country land area) mlh ) |
the poputation of 22 million (40% of the national population), bemg rccogmmd as thc most 1mpor!anl area in

- the oounlry in view of the nationat economy

.= 'The basin has a bulk and fcmle [ann!and of 5. 9 m:lhon ha )1eldmg 40% to 50% of the nauonal :
o agncullumi products. The basin has long been the most imporant base in the country to support the

. national food securily as well as to conlnbute for ewporl of agncuilura] producl 3nd lhxs tendency will

- further continue toward 21 century.
- The economy of the Chao Phraya delta mwolwng the Bangkok Metropohs <alelllle cmes and mdustnal
- zones has been rcmarkably levelled up as indicated by its GDP of 1,520 bitlion Baht (US$ 60 billion) or
- - percapita GDP of 121,000 Baht (USS$ 4 800) covering 87%0flhe whole GDP in the basin. This trend of
i§? - - economic gromh in the dela area is cwpoclcd {0 conlinve (oward 21 oeniury mlh a prqectlon of over
' USS 10, 000 ofper captia GDP in Ihe year of 2006 and US$ 20 000 in 2016

1.2 Status of Water Sho_rlage -
n Water Deméhd o
o \Vllh the advanoe of 3gnculrure and socm-economy in the Ch.ao Phraya basin, dcmand of waler has also
. been increasing. The present water demand of 25,300 MCM including 20,300 MCM for irrigation and
. 4,900 MCM for domestic and industrial water supply in the whole Chao Phraya basin is projected to
© inerease to 33,300 MCM, of which 27,400 MCM is for 1rngat:on and 3, 900 MCM for other uses, in thc
' prcgecl target year of 2016 : .
(2) Water Resuurccs and Waier Balancc

- \Valer rcsomc&s in lhe basm and the ba?anoe of waler supply and dcmand is summarmed as follo“s

i EIR R LA Present and Fulure WaterBalance e
B - _' Presenl(l993) | .. Fume(2016) ¢
S oUnit= 4 Available Rate | o | Available { | Rate |
l_,OOOM_CM Water ; Water of Surplus | - Water Water of Surplqs
: P I - | Demand Water Demand ' Water
_ Resources | Use | T Rcsourccs R Use e
Upper Basin | .- _3_0.6 | 81 | 26%| 25| 306 | 132 | 5% 174
LowerBasin 0264 0| 172 0 65% 9.2 213 _i 202 | 95%| 11
Nolc Avanlable water resources in the lower basm compnses surplus water from the upper basin and .

R nmo[ffmm lhePasak river.
- 13 '_-Water Resourccs Develapment and Transbasin Wﬁi(cr Diversion Projects
o tl) Watcr Rcs-ources De\elopment l’rojects

s

Numbcrs of 3arge!medmm scaie storage dams ha\e bcen oonstmcted or sludned for fumrc |mp1emen!ahon

T ES-



in the basin. Implementation of proposed dams has however faced various difficultics such as social
lcmnronmental constraints including rescttiement problem in reservoir arcas. Morcover, dey eloped water
of some 4,000 MCM by these proposed dams would be utilized for supplemental irrigation and other
purposes within tributary basins, and thercfore no contnbuuon to solution of water shortage problcm in
the delia arca nould be expected.

- Transba_sin_“’atcr Di\'ersi_oh Pians
“To glmraméc stable water su'pply for sbcio-eoonomic 'a'nd agriculiural de\‘elopménl in the Chao Phraya

basin toward 21 century, the Thai Govemment has studied various transbasin water diversion plans
mainly from the Salawin and Mckong rivers. In tolal 18 alternative waler diversion plans were studlcd

since carly 1980s, however, all plans cxocpl the Kok-Ing-Nan diversion plan were evatuated to be not or |

less feasible due to constmints to be cavsed by difficulty of diversion from mternalmnal rivers,

construction of large scale stofage dams/reservoits which would bring pcoples resetllemem probiem and :

- lage oonslmcnon and oM costs for pumpmg dnersxon with hlgh water hcad, elc.
(&)] Admniagc of Kok lng-Nan Water Div ers:on Plan
3 The Kok-lng -Nan dm:rsnon plan “ould be lhe only projecl W hich cou!d bc smplemcnlcd in ear fulure to
‘solve the water shortage problem in the Chao Phraya basm The proposed projoct would be the most
advantageous as compared with other alternative plans since waters could be diverted from tribularics
Tocated within Thai lemtoq, the existing Sirikit dam could be eﬂ‘ecuwely used without roquiring
consiruction of new slorage dam/resen 0ir, \\alers 00uld be dlsmbuled under gravn:y system, elc .

2 Wateanerswn Pian

2.i_ Basac (onccpl of Water l)nersmn Plan B -

The proposed Kok- Ing “Nan water dnerswn pI:m mlcnds to dn erl in wet season about 2, 000 MCM of surplus 5
water from Kok and Ing rivers through a serics of open canals, culveits and tunnels into the e\islmg Sirikit g

reservoir where emply space of storage of 2,000 MCM to 3,600 MCM is avaitable al the e of wet season.
Acoompamed by improvement of the Sirikit reservoir Opcranon the p.opcsed project \muld suppty in dry
scason additiona! water of 2,400 MCM in rcsponse to the rcqmrcmem inthe lcmer Nan basm as v.el! asin the
Chao Phraya dchta area afler once stored and regulalcd in the reservoir. - s

2.2 Capacily and Vulumc of Waler Di\'ersitm :

The design capacmcs are pnhmsmnl) lakcn at 175 cu. mfsec for the lng—Yot funnel and 125 cu. m!sec for lhe G

Kok- Ing dnersnon channcl in ordcr lo com ey about 2 000 MCM of wet season \-.atef to the Smk:l rcser\mr

23 Waicr Use P!an

Out of the adclmonal water of 2 400 MCM lo be released in dr) season from Ihe Smkit resenmr 62(} MCM is. .

allocaled first 1o the increasing dry season demand of municipal and indusiral water supp!) in the lower Nan
basin and the Chao Phraya delta area. The remaining 1,780 MCM will be allocated for lmgated agncullura}
arcas of cither existing or newly developed in the lower Nan basm and Chao Phraya delta area almmg at

‘e\pansmn of 250,000 to 300,000 ha of cultivation area mamly for dry scason second crops. The increase in
agricultural production would accderate the crop dn'emf‘ calion program and \mutd comnbute to agrlcullural o

and agro-industrial development of lhe regionto a gfeat c\(enl

In addition, lhere stilt remain_s oon_siderabte amount of walct_' _in the Kok river even in dry season. Judging from

" ES.2
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the a\arlabrhl} of ﬂre Kok river walcr about 30,000 ha of sccond crop arca mainly in the mrddleflom:r lng siver
basin will be irrigated in dry season by the water dm:rtcd from the Kok river and comcgcd through the Kok -Ing

diversion channcl
2.4 Waler I)n.ersson Facrlru P!an

The pro;eci facrlrty (o be proposed by lhc Kok-lng-Nan water drwrsron plan is oullmcd as follows

(l) Kok Diversion Dam: ~ Water intake capacity of 125 cu. mfscc at erthcr e\rsung Chrang Rat weir or new

diversion damsite.
(2) Kok-lng Diversion Channct To connect Kok and !ng drmrsron dams with 125 cu. mfsr:c capacrly and a
tength of 50 km consisting of open canal, culvert and !unnel

' '(3) lng Dn ersion Dam: - To divert Ing water and to regulate both Kok and Ing waters.

(4)Lao Diversion Cana] To connect Ing diversion dam and lng-Yol tunnel with a capacn} of 175 cu. m!sec _
- andalengthof 124 km.

B (S) lng—‘{ol Tunnel Diversion tunnel to tink Ing river to Yot river mth a capacrty 175 cu, m!sec and a lenglh of -

50 km excluding 7 inclined shafts of 17 km.

: (6) Yao Flood Control Dam: . To conlrol floods from upper Yao basin (o mitigate ﬂood damage a'fong Yao

mer with a storage capacity of 35 MCM.

' (7) Yao Rrvcr Trammg Work__s: _ lmprove Yao river to let flow dcsrgn dJscharge of 200 cu.m/sec in upper and

400 cu. m)’sec in lovmr reachcs

25 Pm)ect Cost and Pm;ect Em!ualron

' _ Thc projocl cost is eshmalod at 47 600 rmlhon Bahl for lhe waler diversion p!an and 55,600 million Baht if the

cost for consolidation of irrigation system in the Phitsanulok lefl bank area (Stage I area) is included. The
project benefit including incremental benefits from inigated agriculture, municipal and industrial water supply
and hydro-power generation accounts for 8,700 to 10,600 million Baht per annum amordmg as waler use plans.

: The pro_rect economy shows the EIRR value of e\ooodmg 13%

-3 " Ncccsart, and Vrabllrt) ol' Kok-]ng—Nan Water Dnersron Pm;cct

Eoonormc aclmues in the Chao Phraya l:-aﬂrn espocral!} in the della area, mll be larch) rosmcled by the nater

B shortage problems andasa result the socro-coonomrc growth in Thailand will be stagnant in future, It is judged

at the present phase that the Kok-[ng-Nan water diversion project among various transhasin water diversion

' ':pmjc-c!s ever sfudied will have every possrbrirlyof realization for its rmptementahon Under this situation, Thai

Go'.ermncm rssued the Official Notice to commence the feasrbrhlj study on the Kok-Ing-Nan water diversion

project to the Mekong Joint Commiltee and provrded the tasge scaTe budget of 150 million Baht for the
_ comcp{uai planmng and feas:brhly studres of the proposed projoct in 1993, bemg mmod out at presenl b} RID. -

_ »The proposcd projecl is ]udged !o be econormcally feasrblc with thc EIRR valuc ol‘ e\cco:img 3% and RlD is,
4 with its budget size, oonsrdered to be the proper agency fof smoolh and successful implementation of 1he'
o proposed project. Constnuction of the long distance tunnel, the most difficult work among the proposcd projeci

' facrlmes could bcrmplemcmcd b) rnlernahonal compelcnl conlmclors : : .

."Smoc Lhcre e\rst 1mpacts on the namral ermrorunent on lhc diversion roulcs or al any local places
: enmonmental mmgalron measures should be carefully planned and implemented taking into account ‘the
' watershed nunagcmeni rules provided in Tharland On the other hand, the irrigation dcmlopmcnl projects to be

rmplemenlcd in association with the proposed \\aler drwrsron project mll conlnbule toa grcal extent (o the

L ccononlic gromh of the Kok and Ing river basins, and Ihercfore it is nooessary to make eser) effori to obtain the
- consem and partrcrpauon ol' Lhe rural mhabuant in the prcuocl area, _ o

ES3



The Study on the Kok-Ing-Nan Watcr Diversion Project
Summary.....Conceptual Planning Study
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g’ Cl_lAPTER H NECESSITY OF KOK-ING-NAN WATER DIVERSION PROJECT
1.1 Necessity of Additional Water in Chao Phraya Basin
(1) Background of Agriculture and Socio-Economy

The Chao Phraya river basin covers most of the northern and central regions of
Thailand having a farge watershed arca of 158,000 sq.km (31% of the country land area)
and the poputation of 22 million {40% of the national population). The basin is gencrally
recognized as the mdst important area in the country in view of the national cconomy

- since it has achieved the successful agricultural and socio-cconomic devclopment as briefed

below, as derived from proper utilization of land resources extending over the central

plateau and the lower delta arca and of water resources of the Chao Phraya river.

{a) Agriculture in the Basin

The basin has a bulk and fertile farm lénd of 5.9 million ha (25% of national
farm land area) yielding a high agricultural productivity as shown in the following
table, and has long been the most i'mportant base in the country to support the

national food securily as well as to contribute for expori of agricuﬁural product.

Item * Production {103ton) - % in National Production
i Rice 9500 _ 45
- Maize - 2100 .55
Sugarcane - 2,200 R 4
Soybean . . 400 ‘ 75
Milk & Meat Cow . 2,300 oo - 40
Swine . - I 2,300 _ B 40 .

Inland Fish - R 83 75

In :parlicular in the whole basin thc ioivér Nan basin and the Chao Phraya delta
area, which are the bcneﬁc;al areas to receive \saters to be diverted through the

proposed pmject occupy a large potenual farmland and cons:dered as a corc of

o agncui!urai productlon

S-1



The produétiou of infand ﬁshery in the delta arca rcaches as high as SS,ODO

tons which corresponds to 70% of the total production in the whole Chao Phraya

basin.
(b} Socio-Economy

The urban and industrial areas in the Chao Phraya basin have shown a rapid
development in recent years, as a result GDP in the basin has reached a high value of
1,750 billion Baht (US$ 70 billion) which is equivalent to the per capita vatue of

79,000 Baht or US$ 3,200, taking up its position fo a higher level not oﬁly in
Thailand but also among the southeastern Asian countrics. The cconomy of the Chao
Phraya delta mvolvmg the Bangkok Melropol:s satetlite citics and industrial ZOngcs,

in particular, has been remarkably levelled up as indicated by its GDP of 1,520 billion

Baht (US$ 60 billion) or per capita GDP of 121,000 Baht (US$ 4,800), whigh cover

87% of the whole GDP in the basin. This trend é_conomic grmfth 18 expected to
continue toward 21' st century with a projection of over US$ 10,000 of per capita

- GDP in the delta arca in the year of 2006 and US$ 20,000 in 2016.

(2) Limited Water Resources - .

Water resources in the Chao Phraya river system are summarized based on available
river runoff records in the past 20 years, as shown in Table-1. The average annual amount
of water resources in the basin is estimated at about 33,000 MCM in the entire basin, which

is further divided into 22,000 MCM in the basin upstream of the Chainat barrage (upper

“basin) and 11,000 MCM in the lower basm downstream of the barrage {delta arca). The |

annual amount of 33,000 MCM is cquwalent to 210 mm in terms of the spccnﬁc runoff
yield, 1 500 cu.m of per capita amount or 5 600 cu.m per ha of agncultural !aud shomng
the loucst valuc as compared with those ¢ither in other basins in Tha:land or in other
regions in southeast Asian countries. Furthermore, 30% 1o 85% of annual runoff

concentrates only in wet season and thercfore river water in dry season is very scarce.

Runoff characteristics of the river system observed at ;‘naj'or control points in the

Chao Phraya basin is given in Table-2 and schematic flow diagrams of river s'ystem in

normal and dry years are illustrated in Figures I and 2. As is clear in these figures, the

S-2
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average dry scason runoff of 6,390 MCM of the Chao Phraya river at the Chainat barrage
decreases to 3,390 MCM in dry years causing scrious constraints in water use especially in

the delta areca.

In the Chao Phraya delta, the most important area for economic devclopment in
Thailand, volumie of available water resources is as small as 610 cu.mfcépita or 3,600

cum/ha. Accordingly water supply for irrigation, domestic, municipal and industrial uscs in

~ the delta area depends on runoff contribution from the upper basin, especially from the

~ Nan and Ping river basins. The Sirikit dam on the Nan river and Bhumibol dam on the Ping

river have been so operated as to cover the water demand in the delta arca. Contribution of

~ both dams to the delia area is, however, quite insufficient because of lack of inflow into

reservoir as explained below.
(3) Water Shortage Condition
() Water Shortage at Sirikit and Bhumibol Dams

Current status of operation based on the actual result during the past 20 years
since 1974 for the Sirikit rescrvoir with the active storage capacity of 6,660 MCM
and the Bhumibo} reservoir with 9,660 MCM is summarized as shown in Tébles 3 and

- .4. Reservoir storages at the cnd of each month are also visualized together with
existing operation rule curves as given in Figures 3 and 4. As is clear in the said tables
an.d figures, both reservoirs have not been filled with water up to the designed full
level during the past 20 years due to short of inflow, except two flood years occurred

~in 1975 and 1995. Asa conséqucncé, reservoirs usually present farge empty space for

5 slofagc at the end of wet scason that_ih turn reduces volume of water to be released
from reservoir in the successive dry season. Such dry season outflows from reservoirs
are chsidérably small as compared with their storag.c capacities as c.ip!ained below; |
L R ' (Unit: MCM)

T ~ Sirikit Reservoir ~. Bhumibot Resenvoit
Item ‘ : = :
o Normal Year | Dry Year | Nommal Year |  Dry Year
Reservoir Inflow 5,120 3,240 5,250 3,700
Empty Volume at End of November 2,700 5,000 - 4,300 7,100
Dry Season Cutflow 2,720 1,640 3,020 2,180
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!nﬂd{pnccd be these small outflows from both reservoirs, the flow of Chao
Phraya river at the Chainat barrage located at the entrance to th.s_: delta area is also as
small as 6,000 MCM in normal years and 3,400 MCM in dry years which are
e{juivalent respectively to 30% and 15% of the average annual runoff of 22,000
MCM at this 'point. In order to fill both reservoirs with water at the end of wet
scason and as a result to increase dry scason outflow for downstrcam uses, the Thai
Government has studied since 1980s a number of alternative water diversion plans to

import excess water from river basing where water is abundant into both reservoirs,

(b)  Water Shortage in Exist_i.ng Phitsanulok Pfoject Area

The Sirikit reservoir was so proposcd originally as to cover not only the

existing Phitsanulok irrigation project area lying on the right bank of the Nan river
and the Chao Phraya dclta area but also the Uttaradit irrigation area and the

Phitsanulok left bank area. However, development of the Uttaradit and Phitsanulok

left bank arca has been suspended due mainly to lack of inflow inte the Sirikit

reservoir.

- The e:_cisting Phitsanulok irrigation arca has been receiving sufficient water in
wet season from the Sirikit reservoir and wet season paddy is cultivated there showing
the irrigation intensity of 90%. On the contrary in dry season, irrigation intensili.es
arc as low as 35% in normal yeéfs and 15% to 20% in dry years because of limited
outflow from the Sirikit reservoir. As a result farmers in the arca arc placed under

insecure farming conditions in dry scason.

Correlation among the Sirikit storage at the end of wet season, volume of water
diversion at the Narcsuan barrage and wet and dry season cropping ar_éa.s' are as shown
in Figure-5. In the targe flood year of 1995_\&'!1(3[\_ the Sicikit reservoir was restored to
its full lé\f_el and released rich dry scason oulflow downﬁl@ém, as a _resu.!t, the dry
season irrigalion intensity in the area fcachéd thé highest §alue of 90% cver

recorded.
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{¢) Dry Season Water Shortage in Delta Arca

The existing irrigation arca in the Chao Phraya delta is about 1.2 million ha
consisting of paddy area of 900,000 ha and other areas df 300,000 ha for upland
crops, orchard, vegetable and fish ponds. As shown in Figure-6, irrigable arca in the
delta has been utilized for paddy cultivation with irrigation intensity of 90% to 95%
in wet season receiving sufficient water from the Chao Phraya river at Chainat
barrage, however in dr').r scason irrigation intensitics are. as small as 35% in normal

years and 20% in dry years duc to lack of water.

The increase of various food demands in the Bangkok Mctropolis, satellite

citics, industrial estates and semi-urban areas in the delta has caused cxpansion of

- plantation for various uptand crops, orchard and vegetables, and this tendency would

continue from now on indicating that the dry scason water will be required more and

more in future.
() Shortage of Municipal and Industrial Water

Water demand for muﬁicipal and industrial uses in Bangkok Metropolis and
surrounding urban and industrial areas has increased year by year resulting the

following problems causcd by the shortage of water;

| - Ground subsidence in the Bangkok Metropolitan area caused by overpumping of

groundwater
- - Downstream relcase of Chao Phraya river water at the Chainat barrage, which
;18 designed to be at least 100 cu.msce, has decrcased to 70 to 90 cu.m/sec in
dry mc}ntﬁs from January to April, as shown in Figure-7, duc to shortage of dry
season flow at ihc bareage. Saline problem caused by sca water intrusion during
high tide pcr;od and water pbllu(ion due to sewage from cities and industrial

zones have taken place in recent years.

It is thcfefore necessary to release dcsigncd amount of water downstream at the

barrage in dry scason in order to mitigate negative environmental impact in and

" around the river system.
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(4) Agricultvral Development Policy

The most important agricultural development policy of Thai Gwérnnicnl is to
promote the crop'divcrsiﬁcation program, This development policy was first set up in the
Sixth National Economic and Social Development Plan ( 1987-1991), emphasized in the
Seventh Plan (1992-1996) and further progress will take place in the Eighth Plan, The
crop divessification program in Thailand will be strongly prbmotcd in the future supported

by the following background and reasons;

{a) Effective Use of Farmland

Farmland arca in Thailand has expanded.by means of cleanng forest arca and
converting it to farmland with a rapid increase from 18 million ha in 1970s to about
2} million ha at prescnt, while the forest area has decreascd remarkably to 13.5
million ha at present from 21 mitlion ha in 1970s. Expansion of farmland in this

© manner is now prohibitcd by the Government for the purpose of preserving the
forest area as well as watershed environment. Accordingly, the Thai Government
intends to expand the second crop cultivaﬁon in dry season in addition to wet seﬁsoh
paddy plahtatidn aiming at effective utilization of existing farmland and also

increased agricultural productivity.
(b) Lack of Water Resources in Dry Season

As mentioncd previously in paragraphs (2) and (3), water resources in_dry
season is quite limited. K is therefore hec:cs_sar}? to convert dry Seasé_n paddy
‘plantation which consumes large amount of water to divcrsfﬁed upland crops sﬁch as
‘maize, soybean, orchard, vegetable, etc in order to use cffectively the limited

irrigation water in dry scason,
{(c) Job Creation and Farmers' Income Generation

It is necessary, mstcad of mono- culture of paddy plantatlon to introduce
dnersxﬁed crops as the second crops aﬂer \\et season paddy also from standpomt of

farmers' job creation and income gcneratlon in dry season.
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(d} Increasing Food Demand

~ Various food demands have increased largely in not only urban and scmi-ﬁrban

area but also rural arca induced by successful urban and industrial development and
increasing income in both urban and rural areas. Accordingly, various demands for
~agricultural product inciuding upland crops, orchard, vegetable, livestock and fishery
have been increasing rapidly and widely in the country. Demand and supply of these
product will further expand in future by means of development of agricultufal

industries including food processing and storage in Thailand,

~ Under the promotion policy of crop diversification, cropped arca in 10 year
- period has changed as given in the following table. In the Chao Phraya basin and in
. particular in the delta area, the paddy area has largely decreased while the arca for

- other crops increased.

o (Unit: 103 ha)
Wheoele Country Chao Phraya Basin Delta Area

Crops : Rate Rate | Rate
1981 1992 | 92/81 | 1981 §992 | 92/81 | 193) 1992 | 92/81

(o) 7o) : (%a)

Paddy 11,760 { 11,100 94| 3,730 | 3,210 86| 1,600 1,310 82
Upland Crops | 4,380 | 5250| 120] L610 | 1920 io 480 490 102
Fruils 1,830 | 3,340 183 190 390 201 - 80 140 )] - Y75
Vegetables - 50 140 280 © 20) 60} . 280 0] 20 200
Others 1,396 | 1,300 924 280 30 111 90| - 110 122
Total 19410 | 21,130 109 | 5,830 5,890 01| 22001 2070 92

In ordp'r to accelerate the crop diversification program in the.fulure,.lhe key

factor is to incrcasé available water in dry scason and to use it most effectively.
(S) Prqjected Water Demand

Thé _NESDE prépa_red the _répori on the Water Resources Development for study of

* available water resources and water demand, classifying the whole country into 235 major

* river basins and 264 small sub-basins. The water demands in the Chao Phraya basin based on

i_he said report are summarized as shown in Table-5. Water demand for the delta area is not
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cle'arly described in the said report, and then analysis was made by JICA Team based on the
actual volume of water diverted from the Chao Phraya river at Chainat barrage to the delta
area, which includes not only irrigation water but also waters for domestic use in rural area,

navigation, fishcry and sca water intrusion prevention,
(a) Trrigation Water Demand

- Irrigation water demand in the whole Chao Phraya basin is estimated at about
20,300 MCM at present (1993) and 2?,400 MCM in future (2016) occupying
the largest portion or 80% of all water demand including domestic, municipal
and industrial supply. In the delia area, irrigation demand reaches especially

large amount of 11,600 MCM at present and 13,500 MCM in future,

- - In the Nan and Ping basins, important source of water for the delta arca, the
present irrigation water _dcmanﬂ is estimated at 5,300 MCM which will increase
largely to 8,300 MCM in future. Accordingly, water use in the delta area in

- future will be influenced to a great extent by reduction of surplus water from
both upstrean basins. |

- The unit water requirement for irrigation is evaluated as shown below;

Sakae

ftem - Nan Yom | Wang | Ping Pasak | Delta | Total
- . . Krung L
. Present Irrigation (1593) - . :
{1} Arca (1,000 ha) ’ 218 132 68 260 o 92 121 1,281 | 2,232
{2) Total Irsigation Watee (MCM) | 2,871 | 859 | 4s7| 2428 | List| 835 | 11620 | 20261 SN
{3) Unit Water Demand {cu.m'ha) 10,300 | 6,600 7,200 | 9,300 | 12,600 | 6,900 9 100 | 9,100 %

1. Present ]rrigalion(!993} _ _ .
(1} Area (1,000 ha) _ 437 285 138 482 126 179 | 1,315 | 2,962
{2) Total Irrigation Water (MCM) 4,360 | 2,066 813 4,344 1,161 L4 | 13,500 27,358
(3) Unit Watcr Demand (cu.mvha) 10,000 | 7,200 5500 | 9,000 | 9,200 6,200 | 10300 [ 9,200

Note: The future water demand in the Nan basin does nef include water rcqmremcnts in lhe Uttasadit and
Phitsanulok left bank areas. : :

- Inthe Yom, Wang and Pasak basins, supplcmcnlal irrigation for wet season
- paddy is the main watcr use in water resources deveiopment plans duc to

- msufﬁc:cnt river runoff in the basm As a rcsult the croppmg mtensnty for
second crops \slthout dr) season paddy i is as sma!l a5 10% to 20%. In the basms

the unit irrigation requlrement is assumcd as;



L ®

, .@

)

Wet Scason Paddy (6,500 cu.m/ha x 90%) + Dry Scason Sccond Crops (6,000
cunvha x 10 to 20%) = 6,500 to 7,100 cu.m/halycar

In the Nan, Ping and delta basins where there are relatively rich water at
préscnt, the cropping intensity of 100% for wet season paddy, 20 to 30% for
dry season paddy and 15 to 20% for dry scason upland crops are combined to

assume the unit irrigasion requirement as;

Wet Scason Paddy (6 500 cu. m/ha x 100%) + Dry Scason Paddy (10,000

cu.n/ha x 20 to 30%) + Dry Season Uphnd Crops (7, 000 cum/ha x 15 to

" 20%) = 9,600 to 10,900 cu. m/halyear

Other Watcr Dcmand

Domestic water for towns and villages in rural area is supplied mainly from
small tnbutarm in each basin.

Mummpal water for provincial capllal citics such as Phitsanulok, Uttaradit and
Phichit in the lower Nan basin and the Bangkok Metropolis and surrounding
satellite cities in the Chao Phraya delta area is supplied from the mainstrecam of
the Nan and Chao Phraya' rivers. The population toward 21 ccnlliry in the
delta aréa is projected with a moderate growing rate, however, the per capité

.consumptlon of water will increase as the income of inhabitant increases and

various acuvmcs in urban arca cwpand The muaicipal water demand in the
“delta arca to be supplied from the C_hao Phraya river is projected at 1,860
'M(IZM-in 2016 againsi. i_he present demand of 1,200 MCM, éééord_ing to the
: BMA‘s eshmatc | | |

Watcr demand for indusiry and tounsm in the delta arca will also increase to

- 1,100 MCM in 2016 from the prescn( demand of 550 MCM.
~ Water Balance in Basins

"_Upper Chao Phraya‘Basin :

Available water rcsouréés in the upper Chao Phraya basin arc presented in
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Table-1. Water volumes in cach river basin are such valucs that are estimated based

on the observed river runoff data in the past 20 years. Accordingly they have already

been reduced because of upstream water diversion for irrigation and other purposes.
The potential water resources in basins aficr consideration of upstream water

diversion are assunied as follows;

Present Condition (Unit: MCM)

Saka
Nan Yom | Wang | Ping Krun:’, Total

River Runofl 2,160 | 2,960 ] 1,100] 7,970 1,300 | 22,490
Upstream Water Diversion | 2,970 930 [ 510 2,50 L170 ] 8,140
Potential Water Resources | 12,130 | 3,890 | 1,610 | 10,530 | 2,470 30,630
Rate of Water Use (%) . 24.5 2319 317 243 47.4 26.6

Out of the total potential water resources "o'f 30,630 MCM, annual amount of
8,140 MCM is utilized within the uppes Chao Phraya basin, while remaining surplus

of 22,490 MCM is releé'_sed downstream forming the major source of water in the

tower Chao Phraya basin. Water demand is projected to increase in each sub-basinin -

~ the project target year of 2016 as given in Table-5, and as a consequence available
amount of water resources in the lower Chao Phraya basm will decrease as in the

follomng table.

- Future Condition (Uﬁi!: MCM)

- ..
L .' Sakae
Nan .. Yom \‘{ang | P.mg | Keung Total
Potential Water Rcsources 12,1301 3,890| 1,610 10,530 2,470 30,630
Water Demand 4,500 2,160 840 | 4,530 1,180 13,210
Surplus ' _ 7,630 1,730 70| 6,000 1,290 17,420
Rate of Water Use (%) 37.1 55.5 3221 430|478 C43.1

The water usmg sate in ihe Yom, Wang and Sakae Krung basins reaches as high
as 50%. It is rather difficult to achieve this ordef of water utmzallon wﬁhout storage

capacity of a large scale dam. Surplus water from thesc threc basins in future will

deciease to 3,800 MCM from the prescnt surplus of 5 ,340 MCM if the prcucctcd _

water demands are used wnhm basms
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Although the water using rates in the Nan and Ping basins are relatively high
“showing around 40%, a large surplus water of 13,600 MCM will be still available in

future for utilization in the delta arca.
{b) Lower Chao Phraya Basin

The surplus water from the uppei Chao Phraya basin supplemented by the

runoff from the Pasak basin is the potential watcr resources in the lower basin.

Water Balance in the Lower Chao Phraya Basin (Unit: MCM)

Water Usable in Lower Basin | Water Demand in Lower Basin

Surplus Lower _
from Pasak Total Chao Pasak Total Balance
Upper | Runoff Phraya | Basin
Basin Basin g
Present (1993} | 22,490 3,910 26,400 16,230 930 17,160 9,240
Future (2016) | 17,420 3,910 21,330! 18,860 ‘1260 20120 1210

The Sumlus water of 22,500 MCM is presently available at the Chainat barrage
for water uscs in the delta area as is shown in Figure-8. It will however decrease
in future to 17,400 MCM due to iﬁcreasillg waler use in the upstream river
basins. ' _ . |
Water demand in the lower basin also increases from 17,160 MCM at present
to 26,120 MCM in future.

In niény basins, the future increasing water demand will take place in tributary
sub-basin and it will be sup'piicd from its own water resources within the basin.
Acc'or.dingly only the aras requiring water from the mainstream of major river
are the Phitsanulok irfigatién broject arca and the Chao Phraya dclta area.

The water usmg rates of 65% at present and 94% in fulure arc practicatly

:mposs:blc to be achieved unless slorage funct:on is acccmpamed since

. evaluanqn of water availabitity and demand is based on the annual volume of

‘water \\hich include ﬂood runoff in wet season.

o In the NESDB'S 25 Rner Basin Study further dcvelopmcnt of the slagc ifand

il of the Phltsanulok lmga!:on pchct is cxcluded from the proposed project

ina long tcrm development p!an smce the dcve!opmcnt of these arcas would

s



include a negative influence on water utifization in the downstream delta area, @
unless the fransbasin water diversion plan such as the proposed Kok-Ing-Nan

project is accompanied.
(7)  Assemption of Additional Water Demand in Lower Nan Basin and Delta
(a) lrrigal‘ion Water Demand
The water dcvélopcd by the proposed diversion project can be possibly

distributed under gravity system to cither existing or newly developed areas along the

lower Nan river and in the Chao Phraya delta area, where the following additional

water will be required for dry scason irsigation;

. For sccond crops in e:\cisting Utaradit pump irrigati'o’n‘aréa
7,000 cum/a x 30,000 ha = 210 MCM
- For s'c_cond crops in existing Phitsanulok project arca
7,000 éu.mfha x 30,000 ha= 210 MCM
- For wet season paddy in newly developed Phitsanulok project area
| 2,000 cu.mvha x 120,000 ha =240 MCM
- For second crops in ncwly developed Phitsanulok project area
| 7,000 cu.nvha x 50,000 ha = 350 MCM
- For second crops in delta area. , . o
7,000 cu.nvha x 250,000 ha = 1,750 MCM
.Icnal, _ o 2760 MCM

(b) | Municipal and Industrial Water

Additional water _del_nauid for the municipal and indusirial vses in fulure is

presented in Table-5 or as summarized below;

- For provincial capitals in the lower Nan b_aéin .o 26 MCM

- - For Bangkok Metropolis and oihers m delta area 1,210 MCM
Additional water supply in dry scason (50%) 618 MCM
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(c) Total Additional Wates

The total volume of water to be additionally supplicd in dry season for
irrigation, municipal and industrial uses accounts for as large as 3,400 MCM, which is
equivalent to more than 50% of presently available dry season ranoff of 6,000 MCM

in the Chao Phraya river at Chainat.
Water Resources Deve!opmént in Chao Phraya Basin
(1) Present Water Resources Dev.elopment
- The Iargc,' medium.and small scale déms have been constructed and under operation
mainly for irrigation purposc in Thailand. Table-6 summarizes oulline of major large

/medium dams including representative notable dams such as Bhumibol (effective storage

capacily of 9,660 MCM), Sirikit (6,660 MCM), Mac Ngat (243 M_CM) and Mae Kuang

{249 MCM). The reservoir water of Bhumibol and Sirikit dams has been supplied to the

Chao Phraya delta area mainly for irrigation, municipal and industrial uscs, while the other

for irrigation purpos'e in the tributary basins.

Total cffective storage capacity of such dams is estimated at_ 17,200 MCM, of which
95% is océupie_cl by capacitics of Bhumibol and Sirikﬁ TCSCIVOIrs. The reservoir inflow of
both dams, however, is about 10, 000 MCM providing the major reason why 7,000 MCM
of large empty space of storage cwust in both rescno;rs at thc end of wet season. As a
consequence, river runoﬂ“s regulated by these etlstmg dams in the Chao Phraya basin

accounts for 11,000 MCM or 50% of the total runoff in the basin.

All dams except Bhumibol and Sirikit have no function or contribution to supply
¢xcess water in rcsponsé to the demand in the delta area, being ulitized for irrigation and
other purposes in tnbutar} basins. The availablc waters to be supplied in dry scason to the

delta arca ace thereforc limited to 6,000 MCM in normal years and 3,400 MCM in dry

. )ears all of “luch are supphed only from Bhumlbol and Sirikit dams
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(2) Future Water Resources Development

RID and other governmental agencics in Thailand have set up the future water
resources development plan in the Chao Phraya basin since 1980 with the intention of

- storing more waler in wet season and ulitizing it during dry season. Table-7 summarizes
proposcd large and medium scale dams to be implemented in future. Implementation of
such large!médium scale dams is, howcvér, being delayed due to sociat and environmental

constraints such as rcsettlement problem in the reservoir arca. -

The notable large dams nominated for irhplemcntation are the Kacn Sua Ten dam

with the cffective storage capacity of 1,200 MCM and the Pasak dam with 800 MCM

capacity, both of which are rciativeiy small scale when compared with the Bhumibol and
Sirikit dams. The total effective storage capacity of all of proposed dams is more or less
4,000 MCM, which would be much smallér to regulate sufficicntly wet season runoeff in the
Chao Phraya basin. I*'ﬁrthermorc, the reservoir water will be used mostly for supplemental
irrigation of wet scason paddy, not allocated to second crops because of Izirgc existence of
rainfed area for wet season paddy, insufficient inflow into reservoirs and others. Such waters
stored in the proposed reservoirs will thus be supptied to irrigable areas in tnibutary basins,

and no contribution to the Chao Phraya delta area will be expeoted.

Hence the delta arca will face the critical water shortage problem when proposed
water resources development in the upper basin be progressed in future. For that reason the
Thai Government intends to introduce additional water transbasin from river basins where g

water is left unused to the Chao Phraya delta where water is needed.
£.3  Alternative Transbasin Water Diversion Plan Ever Studied

In order to guarantee the stable water supp!y' for socio-ecconomic andra'gricultuml
dcvelopment in the Chao Phraya basm toward 21 century, the Thai Governmenl has studtcd
various lransbasm water diversion plans mainly from the Salawin and Mckong nvcrs as shown in
Figure-9. In total 18 alternative diversion p}ans have bccn studlcd smcc the carly 19805 ho“ ever,
ali plans except the Kok-Ing-Nan diversion plan havc bccn cvaTuatcd not or less fcas:ble for
project mplemcntatlon and further surveys and studlcs have been suspended wnth reasons as

summarized below;
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Satawin to Bhumibol Diversion Plans

In total 10 alternative transbasin plans from the Satawin river, the international siver

flowing down along the national bound'ary with Myanmar, to the upper Ping basin have

been studied aiming at filling the empty space of Bhumibo! resefvoir with water diverted.

Al of these alternative plans have been judged less feasible for implementation at the

prescnt stage. Major reasons arc as follows;

o)

Tt is necessary to sct up the water agreement between both countries to utilize the

Salawin river water,

The Salawin basin belongs to the area being controlled by the Shan mountain tribe so
that particular countermeasures to promote the projcct' will be necessary.
All plans consist of long tunnels and pumping stations requiring high pumping head of

more than 90 m, therefore requiring high construction costs and bperation and

" maintenance costs.

Mekong River to Sirikit and Upper Pasak Diversion

The transbasin diversion plans from the Mckong river to the Sirikit reservoir and the

upper Pasak basin were studied in order to fill the empty volume of Sirikit rescrvoir or to

convey Mckong water through the Pasak river to the delta area. All of these plans have

been evaluated loss feasible to be implemented because of the following reasons;

_ Approval of riparian countrics through the Mckong River Committee is necessary o

utilize the Mekong mainstreant 'mler

' lntakc weir to divert transbasin water is needed to be conslmctcd at sites belongmg to

the Lao PDR _or crossing the Mekong river. This construction work should also be

: approved ny the Lao PDR and other riparian countrics, and morcover operation of

those fac;htles \\ould mev:tably face many difficultics. |

'Thc intake weirs will be mﬂucnced by thc back water of h)dro po“cr dams such as

ihe Pamon dam at prusent undcr planmng by the Mckong River Committec.

Some plans nced Iong tunncls of more lhan 60 km where construction of access

B tunnels an., quite difficuit requmng high conslructlon costs.
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(3) Ing-Yom-Nan and Kok-Ing-Yom-Nan Diversion Plan : o %

. The transbasin plan was so sct up as to pump up the runoff of the Kok and Ing rivers
and ultimately the Mckong river water, convcy it to the border between the Ing and Yom
basins through diversion canals, and releasc it in the head of the'Y_om river. The Kaen Sua
Ten dam facilitated with a large reservoir capacity of more than 5,000 MCM is required for
this plan in order to store the bulk water diverted from the Kok, Ing and Mckeng rivers.
This transbasin diversion plan was once judged possible to be implemented and feasibiiity

-~ studics were carried out. However the project was canceled already because of significant
environmental impact to be caused mainly by construction of the Kaen Sua Ten dam, '
including resctticment of more than 1,000 houscholds, encroachment zof large farmland and
foresf. At ;5rcscnt the Kaen Sua ‘Fen dam has been separated from its origir_:al transbasin %
* diversion plan, and shifted from a mulﬁ-purpose dam for hydro-power and irrigation to a
single purpose for irrigation with reduced reservoir capacity of some 1,100 MCM to

regulate the Yom runoff only.
{(4) Other Alternative Plans

Although some transbasin water diversion plans from the Mckong basin to the uppc;

Ping basin were studicd on desk study level, all plans were already canceled.

1.4 Advantage of Kok-Ing-Nan Water Diversion Plan

The Kok-lng-N'a_n transbasin water diversion plan was formulated initially in 1991 under
the preliminary study carried out by RID, which concluded the project would be highly possible for

implementation. Major advantages of the project are summarized as under;

- The Kok and Ing rivers arc targe tributaries of the Mckong river but lhey bclong to
Thailand territory. In accordance w;th ihe Agrccmcnl on lhc Coopemtron for the
Sustainable Development of the Mekong River, waler resources in {ributary basin
coufd 'bc'easily developed b}; the soveréigﬁ country after notification of c_levelophlent '
to the Joint Committce orgamzcd by npanan countries. |

- The Thai Govcmment alrcady nonf'cd of the commcnccmcnt of feasibility sludyon'

the Kok-Ing-Nan water diversion plan to the Joint Commlltee, and the notification
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was greatly appreciated by riparian countries.

The Kok and Ing rivers have abundant runoff of about 7,000 MCM per annum, most
of which is currently emptying unused into the Mckong river because only a limited
farmland arca exists cspccially in the lower Kok river basin. There is no constraints, -
thercfore, to ulilize surplus runoff of Kok and Ing rivers in wet season for the _
propos?_cd diversion plan.

The diverted waters are to be once stored in the Sicikit reservoir where some 2,500
MCM of empty space is available at the end of wet scasbn, and released in dry scasen
in response to the request in the lower Nan basin and Chao Phraya delta arca.

Water diversion facility, composed of diversion dams, open canals and tunnels but no
storage type facility, would cause less énvironmcntal impact duc to project
- implementation.

The proposed watcr diversion plan would contribute not only to the water shortage
prob!éms in the lower Nan basin and Chao Phraya delta area but alse to development
of remote rural ar_eas by means of providing the dry scason Kok runoff to potential

irrigable arcas in the Kok, Ing and upper Nan basins.



CHAPTER 2 PROJECT WATER DIVERSION PLAN
2.1 Improvement ofSirikit Reservoir Operation

As mentioned in L1 (3) (a), The Sirikit reservoir presents large cmpiy volumes of 2,700
MCM in normal years and 5,000 MCM in dry years at the end of wet season due to lack of inflow
into the reservoir, and as a result downstream release from the reservoir in dry season is as small
as 2,700 and 1,600 MCM respectively in normal and dry years. To maximize the storage
funciion of the Sirikit dam and in tusn to increase reservoir outflow in dry season, the following

improvernent of reservoir operation will be required,

- The rescrvoir inflow during wet season in normal and dry years but except flood years

should be stored as much as possible by means of reducing wet season outflow used
mainly for power generation, in order to restore reservoir storage at the beginning of
dry season. ' _
- The Kok-Ing-Nan water diversion plan is to be set up so as to fill the empty volume
| of the Sirikit reservoir with water diverted from Kok and Ing rivers duﬁhg wet season.
- The present carrying over volume of 2,000 1o 3,000 MCM in the Sirikit reservoir,
provided for unforescen drought eépccially in carly stage of wet season, should be
reduced to some 1,000 MCM because the rescevoir could receive wet season wate.r
diverted from the Kok and fng rivers. As a consequence, usable storage capacity of
3,660 to 4,600 MCM at present actually achieved would increase to 5,660 MCM,
which would in turn increase not only the dry scasop outftow but also the flood ,g

control capacity during wet scason.
2.2 Water Diversion Plan from Kok and Ing Rivers
(1) Water Diversion Concept

The Kok and Ing rivers are blessed with rich runoff of 5,000 MCM and 2 000 MCM
respectively at the river mou!hs and 3,800 MCM and 1700 MCM at lhc proposed
diversion damsites. Thc concept of water diversion from | nver mnoff is set up as in the

followings;
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(2)

The wet scason runoff of the Kok and Ing rivers is diverted to the head of the Nan
river which finally flows into the Sirikit reservoir in order to fill the existing empty
volume of storage. Waters arc conveyed under gravity throughout the diversion

route,

The Kok river nunoff is taken at the Kok diversion dam and conveyed to the Ing
river basin through the Kok-Ing diversion channel consisting of opca canal, culvert

and tunnel.

- The Kok watcr conveyed through the Kok-Ing diversion channel and the Ing river

runoff are reguiéted at the Ing diversion dam and then conveyed to the Nan basin

through the lng—Yot long tunnel.

| The Ing-Yot tunne} passes through high mountainous arca which forms the divide of

the Ing and Nan basins and reaches the head of the Yot river, a tributary of the Yao

river which finally flows into the Nan river,

Diverted water flows down the Nan river and finally emptics into the Sirikit

TeSGIVOir.
In order to minimize the project scale as well as cost between the Kok and Ing rivers,
the plan intends to take primarily the Ing river runoff, and the deficit is compensated

from the Kok river through the Kok-Ing diversion channel.

Study on Optimum Water Diversion Capacity

"~ The pl’OjeCt facility with the followmg water diversion capacities will be required to

fulfilt the above objectwes

- 200 cu.mfsec x 183 days in wet season x 85% = 2,690 MCM

175 cu.ni!scc x 183 days in wet scason x 85% = 2,350 MCM
150 cu.nv/sec x 183 days in wet scason x 85% = 2,020 MCM

where, 85% denotes the average rate of water diversion from rivers

Both Kok and Ing rivers keep abundani river flow of 200 to 500 cu.m/sec from the

late July through SCptembet makmg possnble to ﬁll lhc abovc deSIgn capacities of 150 to

_200 cu. m/scc Ho“cver the river d:schargcs dccreasc to 50 to 150 cum/sec during the

penod fmm Junc to carly half of July and October to Nowmbcr prowdmg somc empty

space of flow in the pro_;ecl facilitics. Thc p0551ble amount of annual water dnvcrsxon is
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simulated based on the daily observation record of river runoff for the past 20 years,
combined with design capacities of 200, 175 and 150 cu.nvisce for the Ing-Yot tunnel and

150, 125 and 100 cu.nv/sec for the Kok-Ing diversion channet.

The simufated result with various combination of design diversion capacities is given

in Table-8, from which the optimum design capacities arc taken at 175 cunvsec for the

Ing-Yot tunnel and 125 cumv/sec for the Kok-lng diversion channel, supported by the

follox.ving [Casons; _ _

- In case that 150 cu.m/sec is given for the Ing-Yot tunnel capacily, annual cffcclifc
amount of water divcrsion is more or less 1,870 MCM, which is slightly short o
meet the cxlsung cmpty space in the Sirikit rcservonr

- . Incase of 175 cumfsec, the volume of diversion reaches 2,000 MCM which is
effective and reasonable to fill the Sirikit storage.

- Incaseof 2{1.(] cu.hifscc, the volume of diversion is simulated at 2,010 MCM which is

| also effective for recovery of reservoir capacity but cremental volume of diversion
. is not satisfactory as compared with that for 175 cumlscc case if increasing
construction cost is taken into consideration.

. The comparison study showed that the lowest construction cost per unit volume of

water diverted was for the 175 cu.m/sec case.

The operation of the Sirikit reservoir is also simulated employing the conditions

given for the 175 cum/sec case and taking the carrying over édpacity ai 1,000 MCM.

. Consequently the dry scason outflow from the Sirikit rescrvoir rcachcé as large as 5 100
“MCM on an average. This increasing outflow of 2,400 MCM from eusimg achievement is
equwalcnt to more than 50% of presently avallable water diversion of 4,180 MCM at the

Chainat barrage, and is really very important and valuable to dlssol\c_“atcr shortage

problem to be caused by the fulure socio-cconontic deQelopment in the Chao Phraya delta

arca.

Dry Scason Outflow of Sirikit Rescrvoir (Unit: MCM)

Present - | With | 'ln_c_:trea'se: . Ratc

Condition (1) Pro;ect ) 3y (2)!(1)

 Average 2700 | 5,100 © 2400 | 189%
Dry Year {1993) 120 | 3840 | 2,720 | 343%
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Existing Condition without Project

- Outflow (Wel)
' 2,1 1CM
Wet Season 100 MC
F-b .
4,400 MCM
- Storage
 Inflow - 2,300 MCM
5,100 MICM . |
o Dey Season Consumpftion | Outflow {Dry)
700 MCM 2,000 MCM 2,700 MCM
- Loss ]
300 MCM
Proposed Condition with Project
_ | Outflow (Wet)
- 1 1,700 MCM
o Wel Scason :
6,400 MCM -
. Storage
7 Inflow 4,700 MCM
5,100 MCM : |
. o Dry Season Consumption _ | Outllew (Bry)
- 700 MCM 4,400 MCM R 5,100 MCM
o Loss
300 MCM

2.3  Water Use Plan for Dry Season Irrigation in Lower Nan and Delta

~ The beneficial area which reccives additional dry season water of 2,400 MCM from the
Sirikit reservoir will be irrigated agricultural arca of either existing or newly developed as well as
urban and industrial arca extending along the lower Nan river and over the Chao Phraya delta

area, because the Sirikit outﬂour can't be distributed to olher areas or basms unless pumpmg system

s emplowd

(1) Additional Water for Municipal and Industrial Use

As mcnuoncd b l (7) addmonal v.ater dcmand for mumc:pai and industrial uses in
the Nan and delta area is 1, 240 MCM per annum lmolvmg dry season demand of 600
- MCM (50%}). Out of 1,700 MCM of outflow from the Sirikit reservoir during wet scason,
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6060 MCM is allocated to municipal and mdustnal purposes after utlhzcd for power
gencration. The remaining 1,100 MCM together with about 4,600 MCM of side flow from
the catchment is used for supplemental irrigation as _wel__l as domestic purpose in the arcas
downstream of the reservoir. In this connection, it is preferable to control the Sirikit
outflow in wet season by allocating more water in the carly and fatc period whilc less water

during August and September when side flows are abundant.

The priority is also to be given in dry scason to allocate water demand of 600 MCM -

from additionally zivailablc water of 2,400 MCM. taking into account the importance of

urban and industrial dcvelopmeﬁt in the delta arca.
(2) . Additional Water for Irrigation Use

The remaining 1,800 MCM after subtraction of 600 MCM from additionally
- available water of 2,400 .MCM could be allocated for irrigated agricultural purpose. Three
alternative plans of irrigated égricultural: development aiming at cxpansidn of cultivation
arcé and product mainly of sccond cropé are p_ropos.cd in accordance with the égricultural
development pélicy to acéclcrate crop divcrsiﬁcation program. This concepiual planning

level study should however be upgraded during the course of the feasibility study.

(a) Sccond Cropping Plan Exc'cpt Dry Season Paddy in the Existing Irrigated
Agricultural Area (Plan A)

In the cxisting irrigation areas of 108,000 ha in the Phitsanulok project arca
and 1,190,000 ha consisting 26 large scale irrigation projecié in the Chao Phraya
delta area, wet season paddy has been cultivated with irrigation intensity' of 90% to
100%. The intensity of dry scason irrigation for dry paddy and other second crops is
however limited to 306% to 35% due to msuﬁmlenl irrigation water in dry season
This plan A aims {o mtroducc dry season 1mgat|on for ‘second crops mamly
composcd of upland crops, orchard and vegetable but exccptmg dry season paddy,

takmg into account the fo1lou.1ngs

- The agricultural ﬂcveloi)men_t policy of Thailand intends to promote crop

- diversification program aiming at increasing second crop cullivation area and
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production. The program accelerates conversion of farmland use and crops
from dry scason paﬂdy to various upland crops for the purposc of effective use
of limited farmland and water resources and in response to increase of various
food demands including processed food in the country and expansion of export
of agricultural products.

The complete irrigation systems up to on-farm level facilities have already
been completed and operated by skillful farmers in both existing irrigation arcas
hence requiring no additional invesiment. Water users' groups and agricultural
cooperatives have already been established in the area and therefore dry scason
water introduced will be used properly and effectively achieving the high

agricultural productivity.

(b) Second Cropping Plan Including Dry Season Paddy in the Existing lrrigated
Agricultural Area (Plaﬁ B)

The plali-B is altered frdin the plan A with increase of irrigation for dry scason

paddy of 9l ,000 ha in the existing Phitsanulok and delta area. The extent of second |

crop area to be lrrlgaled by additional water is estimated at 224 000 ha wnth reduction

of 46, OOl} ha from the plan A, because of large consumption of :mgallon water by

| dr)' season paddy.

() 'Second Cropping Plan lnéluding New Phitsanulok Area (Plan €)

The 'Stage 1 of Ph'itsa'nulok‘ prdject a.rca lying over the teft bank of thé. Nan
river has been left und.evr.‘:loped until now due to insufficient water from the Sirkit
resc'rvoir In order to establish ihe batanced agricultural development and to pfomote
mcomc general:on for both bank areas the plan C i ts formulatcd to irrigate the left
bank area of 120, 000 ha i in both wet and dry seasons in addmon to lmgauon in the
erustmg Phxtsanulok right bank arca as well as in the Chao Phraya delta area. In the

right bauk area, I'Z() 000 ha of farmland is present!y cultivated in wet season under

"‘ramfed condlllon and oould bc lmproved if supplemcnlal irrigation \\aler is supplied

b) the propo_sed project in early stage of paddy growth in June and July, since there

exists sufTicient ali'l_ount of water for irrigation during the period from August to

October. The dcvcl_o.ped. arca in the plan C would reach 335,000 ha including the wet
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scason paddy arca of 120,000 ha to be newly developed on the left bank of the Nan

river.

The details of cropping plans A, B and C so formulated are given'in Tables 9 and 10.

2.4 Water Use Plan for Dry Season Irrigation in Kok and Ing Basins

As shown in the following table, there still remains considerable amount of water in the

Kok river even in dry scason. On the contrary, water resoutces of Ing river especially during dry

© scason are quite limited.

Runoff Dec. Jan Feb. | Mar. | Apr. | May Total
Normal Year (MCM) 241 179 'l I8 97 86| 130 851
Nommal Year {cu.nv/s¢c) 90 67 49 36| 36| 49 54
Dry Year (MCM) : 90 60 35 20 20 25 255
Dsy Year (cu.m/sec) 34 22 14 7 8 9 i6

A large agncultural arca of aboul IOO 000 ha is lying on thc ﬂat alluvial plam along the Ing

river and utihzcd for wet season padd) cultwat:on undu ramﬁd condltlon Ho\\wer the area is
placcd under severe dry sztuauon without any vcgc:ahon because of no or lcss rainfall and stream

flow in dry seasen. In parallel with the proposed Kok-Ing-Nan water diversion project,

formulation and implementation of irrigated agricultural projects for dry season cultivation are

strongly reqtleéted by - the local inhhﬁitant of the ing quiil Judging frd:ﬁ the wéilabilily of dry

scason water in the Kok river, about 30, 000 ha of second crop arca can be irrigated as evaluated

m the foll(mmg iablc

l;:igabfc Area

Un_it Watcf Demand

S.24

Crops : 7 lmgatlon Water
_. (ha) (cu.nvha) - {MCM)
Maize 10,000 4,000 40
Soybean © 6,000 S0 5,000 ¢ 30
Peanut - 6,000 .. 4,000 24
Fruits 6,000 11,000 66
Vegetable ' 2,000 - 6,000 12
Fishery ., 2,000 - 12,000 24
Total .. 32,000 | 196

76
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2.5 Water Use for Hydro-Power Generation of Sirikit Dam

At the Sirikit dam, a hydro-power plant with the capacity ofSOOI MW (125 MW x 4 units)
has beé{i_instalied to generate the annual cncfgy output of 1,200 GWh. However dué to
insufficient reservoir outflow and low water level in the reservoir, the average annual encrgy
produced during the past 20 yéars was mercly 820 GWh or 68% of the dc#igp.od output. This
situation of energy output will bo highly improved to produce about 1,200 GWh brought by

increased outflow from and water head in the rescrvoir.
2.6 Possibility of_SuppI'ying Additional Diversion Water

As ekplained in 1.1 (7), the incrcase of water demand iﬁ dry season in the lower Nan basin
and Chao Phraya delta area in future is cstimated at about 3,400 MCM, which can't be ccpvcrcd. '
sufficiently by the proposed water of 2,400 MCM to be rcleased from the Sirikit rescrvoir during
wet season. The deficit amohﬁl of 1,000 MCM could however be supplicd when the following

countermeasures are taken into consideration;
(1) Kok Hydro-Power Dam Plan

Supportcd by the Ministry of Energy of Myanmar and DEDP of Thailand, a plan to

~ gonstruct the Kok hydfo-power dam through BOT on the Kok river upstream in Myanmar
territory is under going. The ahnual runoff at the proposed damsite is 2,100 MCM and.the
proposcd effective storage capacity is 1,650 MCM. The above runoff of 2,100 MCM will
be complclcly‘ conirolled by the dam, as a result, about 1,000 MCM of outflow will be
relcased downstream the Kok river during dry scason. This Surplus dry season water can be
diverted from the Kok river at the Kok diversion dam and conveyed finally to the Sirikit
reservoir through the proposed diversion channel gvilhoul requiring any ﬁddilional
investment. It is not necessary to store this dry season water in the reservoir, but
immediately released downstream for use in the lower Nan basin and Chao Phraya delta

area.
(2) Pumping Plan at Lower Ing River

Sinoé the Ing river forms gentle river bed _sldpé of less than 1| to 10,000 for a distance
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between the proposed diwl'ersion dam and the river mouth, water head differcnce between
these two points is 15 m during Mckong river's high watér scason and 25 m during low
water scason. With side flows from its lower tributary s-ub-basins, the Ing river maintains
high river water levels under influence of back. water from the Mckong river. Accordingly,
the Ing river watcer can be diverted from somewhere in its loﬁ'cr reaches and conveyed to
the Sirikit reservoir via proposed Ing diversion dam and through the Ing-Yot tunne! with a

lift of 20 to 30 m by a pumping system.

If a pumping capacity of 50 cu.m/sec is instalied, the water of about 300 MCM could
be additionally supplied to the Sirikit reservoir during wet season by effectively utilizing
empty capacity of the Ing-Yot tunnel which can't be filled with watcr diverted from the
. Kok and Ing rivers in Junc, July, October and November. Mdreover, if dry scason diversion
of the Mekong river would be accepted by riparian countries, about 1,000 MCM of Mckong

water could be diverted in dry season by this pumping system.

3-26




	Cover 
	Title Page 
	Letter of Transmittal
	Preface
	Study Area Location Map  
	Major Project Facility Location Map  
	Key Indicators Involved in the Kok-Ing-Nan Water Diversion Project  
	PARTⅠ CONCEPTUAL PLANNING STUDY
	Executive Summary  
	Table of Contents Executive Summary  
	CHAPTER 1 NECESSITY OF KOK-ING-NAN WATER DIVERSION PROJECT  
	1.1 Necessity of Additional Water in Chao Phraya Basin  
	1.2 Water Resources Development in Chao Phraya Basin

	1.3 Alternative Transbasin Water Diversion Plan Ever Studied  
	1.4 Advantage of Kok-Ing-Nan Water Diversion Plan  

	CHAPTER 2 PROJECT WATER DIVERSION PLAN  
	2.1 Improvement of Sirikit Reservoir Operation  
	2.2 Water Diversion Plan from K ok and Ing Rivers  
	2.3 Water Use Plan for Dry Season Irrigation in Lower Nan and Delta  
	2.4 Water Use Plan for Dry Season Irrigation in K ok and Ing Basins  
	2.5 Water Use for Hydro-Power Generation of Sirikit Dam  
	2.6 Possibility of Supplying Additional Diversion Water  





