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CHAPTER 4 THE PROJECT WATER DIVERSION PLAN
4.1 Concept of Kok-Ing-Nan Water Diversion Plan

The shortage of water for various sectoral uses including agriculture have been aggravated
especially in the Chao Phraya river basin by the rapid cconomic development activities, as
grasped in the previous chapter of this report. Strong environmental movement in the recent
years to offer resistance againét construction of any proposed large/medium scale storage dams

has prompted RID to search a better alternative of transbasin diversion scheme.
(1) Concept of Kok-Ing-Nan Water Diversion Plan

“The proposed Kok-Ing-Nan water diversion project is one of the optional plans
which intend to divert surplus water in wet season transbasin from the river basin where
water is abundant to the one where it is nceded. The plan as envisaged would first divert the
water from the Kok river possibly at the existing Chiang Rai weir constructed by DEDP
near the ¢ity of Chiang Rai. The use of the existing weir would minimize the environment_al
impact to be induced by the proposed scheme in the upper Kok basin, since no further

- construction of storage type structure is fequircd. The diverted water would then be

transported under gravity to the head of the Nan river basin through a series of channel and

* tunne! systems to meet the requirement of wates in the lower Nan basin as well as in the
Chao Phraya delta arca after once storcd and reghlated in the Sirikit reservoir. The

. diversion channcl and tunnel will on the way mtercept the runoff from the Ing river, and

will supply water for irrigation and domestic uscs in the Kok, Ing and upper Nan basins.

- The conceptual planning study of this project has been made by the Thai Consultants
JV under the contract with RID since March and just completed in October 1996. The

scheme pnmanl) compnses the fellomng three eomponenls,
- Kokto Ing diversion scheme,

- lng to Nan diversion scheme, and

- Assomated development schemes in Kok Ing and upper Nan basms
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Kok-Ing Diversion Scheme

The water diverted form the Kok river will be cbnvcycd to the proposcd diversion
damsitc on the Ing river near Amphoc Thoeng through a 50 km long diversion channel,
composed of open canal, siphon, cutvert and tunnel sections as required by topographic,
geographical and present land use conditions, About 1,100 MCM/year of water will be
diverted from the Kok river and transported through the diversion channel during wet
scason from June to Decemmber. The diversion channel will carry dry scason water from the
- Kok river for the purposes of agricultural and other regional development within the Kok
and Ing river basins, however the proposed scheme doces not intend to carry any portion of
water into the head of the Nan basin. The capacity of the Kok-Ing diversion channel is

preliminarily estimated at 125 cu.m/sec.
- Ing-Nan Diversion Scheme

- The above Kok-Ing diversion channel is linked with the Ing-Nan diversion channel at
the propo'sed Ing diversion dam, where the ‘water from the Kok river and the Ing runoff
- combine.The scheme will divest the Ing water with the first priority, in order to minimize
the capacity of the Kok-Ing diversion channel. Since the alignment of the Ing-Nan
diversion channel passes unavoidably a rugged mountainous region, the lng;Nail c_liizersion
channel is composed mostly of tunncl sections. The total length of the tunnel is estimatcd
preliminarily at some 50 km, with a discharge capacity of 175 cum/sec. The channel will
~ carzy about 2,000 MCM/year of water under gravity system, including 1,100 _MC.M from
the Kok river and 900 MCM of the Ing runoff,

Associated Development Schemes in Kok, Ing and Upper Nan Basins

The proposed Kok-Ing-Nan water diversion project intends to first utilize the
existing av'ail.able runoffs of the Kok and Ing rivers for irrigéted_ aﬁricuflurc and other
developments in the Kok, Ing and upper Nan basins. Remaining i'fu\:vs in the river systems
after diverting waters for such developments are the potential sources of \;'atelf for the

proposcd Kok-Ing-Nan water diversion project. .
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(2) Demand and Supply for Transbasin Water Diversion

As pre_viously studied in Chapter 3, about 2,700 MCM/year of water resources is to be
exploited in addition to the proposcd developments within the basin in near future. As large
empty space of storage as 2,700 MCM is left unused in the Sirikit reservoir unider the

| normallycar condition. The ﬁroposcd scheme's pfiority concern is to fill this emply storage

space with waters diverted transbasin from the catchment where waters are abundant.

The river basins wherc waters are abundant especially in wet scason and from which
transbasin water divession is possible from technical and engincering points of view
'including topography, geographjr and geology without constructing a lérge scale storage
dam/reservoir are the Kok and Ing river basins. ' |

The proposcd schemes assume the following uses of the Kok and Ing river waters;

Flow Condition of Kok and Ing River with/without Pmposéd Scheme

' Volume in MCM/year
Water Aliocation
' Kok River Ing River

Existing Runoff at Proposed Diversion Site 3,800 1,730
Primary Diversion for Developmient within Basin 1,200 630

Available Flow for Proposed Diversion Scheme 2,600 - 1,050
Flow to be Diverted By Proposed Diversion Scheme 1,100 900
Remaining Flow _ 1,500 150

4.2 Water Demand and Supply in Kok, Ing and Upper Nan Basins

' (l) Water and Land Resources

Water and land resources in the Kok, Ing and upper Nan basins are summarized from

~ the RJD's'Con'ccptual_ Pianning Study (the Local Study) as follows;
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Water and Land Resources in Kok, Ing and Uppér Nan Basins

_ River Basin
Water and Land Resources — -
Kok Ing Upper Nan
Water Resources '
Drainage Area (sq.km) 10,900 7,100 13,130
Annual Runoff (MCM) 5,280 2,335 5,312
Land Resources (ha) .
Potential Isigable Area | 132,200 (100%) | 105,515 (100%) NA
Existing Irrigation Arca 94,147 (71%) 55,461 (53%) 21,269 (N.A)
Irrigation Arca in Future 127,015 (96%) | 73,541 (76%) 47,265 (N.A)J

In addition, in the Chao Phraya river basin downstream of Nakhon Sawan, there

extends the potential irrigable arcas of 1.4 million ha of which about 1.28 million ha has

been under irrigation including 1.2 miltion ha covered by the Greater Chao Phraya

irrigation project.
(2)  Proposed Irrigation Development Projects

In the ‘abov_e table, the proposed irrigation developmicat arca amounts to 32,900 ha
for the Kok river basin, 18,080 ha for the Ing basin and 26,000 ha for the upper Nan basin.

Such proposed projects for irfigation development are listed in the following table.

Proposced Irrigation Projects and Proposed irrigation Arca

Kok Basin Ing Basin Upper Nan Basin
. Irrigation . lrri.g.atilon . . [rrigation
p Project . P .
. roject Area (ha) ) _ Arca (rai) roject Area (rai)
Upper Fang Res. 2,900 Upper Thoeng Weir 5,920 Tha Wang Pha E 3,200
Mac Talop Res. | 1,490 Lower Thoeng Weir | - 4,480 Ban Khong Nok 3,820
Huai Keai Res. 4,480 Pak Ing Regutator 7,680 Small Scale Projects 18,970
Mae Na Wang Res. 2,080 - : :
Mac jadce Res. 5,760
Mag Pun Luang Res. 8,800
Mag Yang Mint Res. 6,240
Mag Suai Res. Li20 _ ‘ oL .
Total 32,870 - Total . .| 18,080 o Total - | 25,990

From the existing and proposed projects distributed in river basins, short lists of the -
- water resources development projects, involving improvemeht and rehabilitation of the
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c\ustmg projects, were prepared by the Thai-side Study as the ca.ndldatcs for the associated

developmcnt projects to be further studied in the feasnb:hty study, as shown in the

Supporting Report.

(3}

Existing and Future Water Demand
(a) Ierigation Water Demand

The irrigation water requircments were calculated by the FAO's Modified
Penman Mcthod, on the _basis of meteoro!dgical data collected from Chiang Mai and
Chiang Rai cities for the Kok basin, Phayao city for the Ing basin and Nan city and
Tha Wang .Pha for the upper Nan basin. In addition, the data from Uttaradit,

Pitsanulok, Pctchabun and Nakhon Sawan ‘were usod to estimate irrigation

requirements for the lower Nan basin. The crop coefficients or Ke values were

extracted from the existing reports for water resources development projects the

concermned b:as_ins in addition t_o' the experiments of the pilot projects of RID. The
requirements for land preparation and nursery was assumed to be 200 mm and 250
mm respectively for wei and dry scason cropping while the rate of percolation was
set at l 5 mm/day. The effective rainfall was computed on weekly basis by means of

balancmg rain water supply, field water requirement, effective storage on paddy and

*decp percolation. The irrigation cfficicncies were taken at S0% and 55% for wet and

dry season rice crop_ping and 45% and 50% for wet and dry season upland crops. The

" existing and proposed cropping pattesns and calendars are presented in the Database

- Map.

The results of such calculations are as in the following table;

There are significant differences in estimates of irrigation water requirement
for dry season cropping compared to actual application of around 600 mm observed
in the Phitsanulok and Greate'r Chao Phraya irrigation areas as previously studied in
Chapter 3.- This may be duc to various hydrologiczil factors and application of

improved cfficiencies for irrigation, however, it may be needed to undertake more

“ careful studies on est:matlon of water demand for irrigation. For dry season cropping,

 estimates of lmgatxon water rcqmrcment are dlsmbuted within a acceptable sange.
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Irrigation Water Reg wirement (Unit: mm) %

Crops Kok Basin | Ing Basin | Upper Nan Lower Nan | Chao Phraya
Wet Season o S
Rice 324 318 5035 421 560
Maize 45 65 156 102 -
Soybean 32 38 . S125 95 - . -
Mungbean 36 25 104 83 -
Dry Season - _
Rice 1,153 1,133 1,186 1,192 1,430
Maize - - - - 287
Soybean ' 525 495 .. 544 556 -
Cabbage 312 315 343 343 462
Perennial Crop . _
Sugarcane _ - - - : - 692
Mango 1,971 - 1,853 2,579 2532 | . -
Pomelo 1,578 1,456 2,100 2,054 _
Fruit Trees L. : - - 1,017

chardlcss \\hclher the implementation of all of the proposcd projccts in near
future is possible or not, the waters required by those prcgecls are to be secured within
the basins. Accordingly, the water demands for irrigation are estimated correspondmg

to the existing and proposed isrigation areas as in the followings.

Water Demand forklrrigatioﬁ

Present Conditicn (1996) ~ Future Condition (2016)
River Basin - Irrigation Arca Wét_ér Demand | Irrigation Area | Water Demand
' (ha) - {MCM) . oo(ha) o (MCM)
Kok 94,147 562 127,014 -0 154
Ing 55,460 334 73,540 438
Upper Nan 21,269 122 47,265 2N
Chao Phraya Delta | © 1,200,000 6,971 | 1,269,000 10,927

- (b} Water Demands for Sectors other than Agriculture .. -

Inthe Thai-side Stud), the water dcmand for domestic uses was esnmatcd based -
“on the pro;cctlon of population incsease by applymg a constant rate of gromh '
lobscncd for the period from 1982 to 1994. The per cap:(a consumpt:on of water

was taken at 140 hter/da;/capz!a for the arcas mcludod in Muang and districts, and at .
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50 liter/day/capila for the area of villages and communities. For the Chao Phraya
delta area, the projected values were extracted from the Feasibility Study of Raw
Water, prepared by MWA in 1990. In gencral in Thailand, the per capita water
consumptions for domestic uses are taken at 200 to 400 liter/day for Bangkok
Metropolitan éfca, 100 .tc') 180 liter/day for a I:irge scale numicipality, 20 to 100

liter/day for a medium scale municipality aud 20 liter/day for rural areas.

In the cstimation of water uses for industrics, a constant annual growih rate of
5% was adopted with a unit consumption of water at 10 cu.m/day/factory. For the
estimation of water uses for industry as well as for tourism in Bangkok Metropolitan

areas, an annual constant atc of increase of 2.9% was adoptced.

The water demand for tourism was estimated on the basis of the data on the
tourist expansion collected from the National Registration Office, with a projected

growth of tourism at an annual rate of 6.3% under assumption that the local tourists

- stay overnight for 3 days while tourists from outside countries will stay overnight 6

days both._.with consumption of water of 615 lites/day/person.

As regards the river maintenance flow to be released downstream river course,

- the average flow in March, 22.8 cum/scc or 720.28 MCM/year, was taken for the

Kok river at the proposed di_vcrsion_damsitc, 1.9 cum/scc or 58.97 MCM/year was
applied for the Ing river, while 40 cu.m/sec or 1,261 MCM/year was considered as the
minimum flow at thc Chao Phraya diversion dam for navigation and salinity control

purposcs.

.. The water demands for sectors other than agriculture at present and in future

are summarized as in the following table.
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Water Demand for Scctors other than Agricu'lturc

Kok Basin Ing Basin Upper Nan Basin Chao Phraya

Sector and Demanxd
_ Present | Future | Present | Future | Present | Future | Present | Fulure

Domestic Uses : : Do :

Population {million) 0.89 1.32 0.77 1.09 0.40 0.55

Water Demand (MCM) 21.84 | 3308 | 2215 | 31.51 9.96 13.63 | 1,769.0 | 3,226.0
Industrial Uscs : _ _

Number of Factory 985 2,613 513 1,376 585 1,551

Water Demand (MCM) 2.80 7.41 1.89 5.02 211 566 | 600.0 | 1,100.0

Tourism Uses . o _
Number of Tourist (million) | 0.81 275 0.38 0.69 0.27 0.49

Water Demand (MCM) 2.54 3.68 1.i8 2,18 0.85 1.56 - -
River Maintenance Flow ' _
Water Demand (MCM) T2028 | 712028 | 5897 | 5897 - - 1,261.04 1,261.0

(4} W_atér Balance Study

The water balance study was undertaken employing the HEC-3 model, dc#cloped_ by
the Hydrologic Engineering Center of the US Aﬂny Comps of Engineers in 1981. The
model simulation performs the river flow routings on a monthly basis, based on the
historical record of river rﬁnoffs, requirements for water diversion for irrigation and other
uses, and storage function of the existing and proposed reservoirs. The sirﬁuléted results for
the Kok, Ing, upper Nan and Chao Phraya basins for the present condifion with the
existing watcr uscs and water resources development facilities are illustrated in the Database

Map.

The future conditions, with full developments of the potential water resouvrces for
irrigation and other various activitics in the year 2016, arc also simulated with outputs
given in the Database Map. In simulation of water balance for the future condition, the

crop intensity for dry season irrigation was assumed at 30%,
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‘§ 4.3 Optimum Water Diversion Capacity
(1) Available River Runoff at the Probosed Diversion Site
{a) Kok Diversion Site

River discharges are primarily used to irrigate existing and potential agricultural
areas, to supply domestic and other purposes and to maintain downstream river
course. Residual river flow after such water diversion is the potential source of water
for the proposed water diversion project. Since the proposed project also intends not
to utilize the Lao (kok-Lao) runoff from engincering point of view, evaluétioh of the

Lao runoff is therefore excluded from the water diversion planning study.

&y
I Ja
T

Monthly Runoff of Kok River at Proposed Diversion Site (Ekisting Condition)
130 207] 04| 78| 73| St6| 356 248 | 179| 18| 973,79
295 | 357] s0s| 1491 1,07] 798| 664} 431 287 90| 160/ 5920

24| 87] 121 258 415] 34| 11| 86| s6| 34| 17]201
' {Unit=MCM)

Monthly Runoff of Kok River al. Proposed Diversion Site (Available for Proposed Projgét) _

76| 30| 529| 588 4s58| 295| 149 16 35 i3 1 2,606
169 | 565 853 | 845] 640| 519 | 346 149| 73 361 3,776

0 135| 320 | 344| 269| 158 520: 15 0 0l 1,564
' ' (Unit=MCM)

(b) Ing Diversion Site

~+ The Ing siver runoffs, including those of the Lao river, the largest tributary of

‘ | the'lng river ar¢ g'i'ven as _fbllows;
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| Ape | May |- dupe | Taly: 'Al.lfg_-i'ziSen-zf 0l (NOV- D.e;¢-fi ‘Jan, | Feb. | Mar. | Nor.
il 34 63 164 398 479 3 19 166 52 29 12 3 1,733
39 196 79 569 79 | 1 i4 632 543 190 74 27 24| 3,046

, 2) 2} 2| avjore4| 00| 99| 371 18] 8| 4f 3| 83
Note: Record includes Lao river nunoff, ' ' (Unit=MCM)

Monthly Runoffof lrlg Rncr at Proposcd D:vcrswn Sne (E\isimg Condltlon)

Monlhly Runoﬂ of lng River at Proposcd Dwersnon Site (Avatlablc for Proposcd Pro;ccl)

| May | Juoe | Tuly | Avg. | Sep. [ 0t [ Novi | bec. | Jan | Feb. [Mar | Vear

19 12 79 260 1322 1245 (154 |11 1o 0 . 70 -1 1032 |

s (89 [331 |43 [700 [487 | 415 76 177 o |o |34

i ‘‘‘‘‘ 0 3 52 |13z | 121 19 (] h 0 |6 . |0 500
' Unit=MCM)

(2) Existing and Projected Role of Sirikit Reservoir
(a) Existing Function of Sirikit Reservoir

Of the annual total inflow of 5 1060 MCM on the average in the past 21 years
from 1974 to 1994, 4,400 MCM concentrate during wet season from June to
November. In wet scason, the reservoir releascs 2,100 MCM of water for hydro-
' po\\er gencrauon downstream water rcqlurcmcnt and ﬂoocl control, and remaining
2 300 MCM 15 uscd to restore storage for use in succeeding dry scason. On the
contrary in dry season from December to next May, the rescrvoir receives only 700
MCM of inflow from catchment and releases 2,700 MCM for downstream
beneficiaries, thus consummg 2,000 MCM of storage.

Past Water Balance of Smkat Rcservon {Unit= MCM)

2,100 2,3()0 | _ Used to restore Storage
2;700 (-)2,000 Used to consume storage

_____ L 4,300 300 - '_ R

As the result of above opcrahon the rescrvoir storage was 4 600 MCM in

terms of total storage or 1,800 MCM in aclive storage at the end of June when
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storage is rccommendable to be the lowest providing storage space for unforeseen
flood during wet scason, and 6,800 MCM or 4,000 MCM at the end of November
when the highest storage is to be maintained to promote downsircam releascs in
answer to the request from beneficiaries during dry scason, meaning that the reserveir
still keep 1,800 MCM of usable storage at the end of dry season and there remain
2,760 MCM of space to be filled with water at the end of wet season.

The existing problem of the reservoir operation cvaluated above is mainly due
to lack of inflow, and it is therefore impossible to be solved unless the water is

imported by means of transbasin watcr diversion.

R R Full Storage 6,668 MCM (Active)- - -----------

7,808
6890 Siorage space
5,808) - - . 2,66BMCM oo e S 7
| b ; ~ 1 nflow
4,808 -~ oo 4,800 — . 280
‘ . ' . Butflow
ee8f----- oo s D e 2,768
2,808, onp . I Erre Inflosw ----------- -
1,888 1 4400 Loss 200
eenp----------7 utflow |-
2,180
___________________________________________________
Loss 1897
6|7|3|9||a|n||2|t|2|3|4|5 | 6 |

Euisting Situation of Sirikit Uperat_mn

“. * {b)  Projected Role of Sirikit Reservoir

 The proposed Kok -Ing-Nan Water Dners:on Pro;cct aims at gaining as much

mcreased storage in the Sirikit resenon‘ as poss;b!c at the end of wet season for

: ‘-;‘promohon of donnstream watcr re!easc in the succeeding dry period and also
provxdmg as much mcuascd storage space as p0531blc at the end of dry secason or
bcgmnmg of wet season for unforcscen ﬂaod runoff from the catchment. These

effects conflicting cach other will be achle\.ed only “hen lhe water diverted
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3)

transbasin from Kok and Ing is introduced into the reservoir.

An ideal pattcm of operation of the Sirikit reservoir is to restore its storage

. toward the full storage at the end of November using runoff during recovery period

from July to November, and to wtilize the storage during consumptive period from
December to next May, in response to the request from downstream water users. In
view of flood control, rescrvoir water level is also ideal to be the lowest at the end of

June when flood runoff begins to flow into the reservoir. Such an improvement

- concept of Sirikit reservoir opcration is visualized as shown in Figure 4.1,

(c) Water Demand to be Released from the Reservoir

In the proposed water diversion project the Sirikit reservoir performs an

important part in receiving and storing the water diverted in wet season and releasing

it during dry season for dowastream utilization mainly in Uttaradit and Pitsanulok

area tn the lower Nan basin and the Chao Phréyé delta area. The existing condition

of water shortage in these arcas ha; already been explained in the previous chapter.
Study on Optimum Diversion C.gpatii.y
(a}  Potential Diversion and Preliminary Selection of D;vcrsion Capacity

Possible améunt of water diversi(;n !‘rorﬁ thc‘l.(ok énd lhg basin t_ovlthc.Sirikit
reservoir largely depe_nds on .tllx'e dischargg rcAapaéit_y _of .dilyg_r:sic.m ‘c’ha_nnc_l. A larger

amount of water may be expected as the capacity enlarges, however the rate or

incremental raise of amount may decrease when the capacity exceeds a certain limit.

A greater construction cost will be required for a larger diversion channel and over-

estimation may cause needless control of diversion when the reservoir is filled with

runoff from its own catchment, and therefore be uneconomic. A preliminary study

was undertaken to scl up a range of diversion channel capacities for which further

studics be made te sclect a suitable capacity linking the possible amount of diversion

and the Sinkit reservoir operation.

+ Capacilics of 100 to 200 cum/scc with an interval of 25 cum/sec were given to
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the Ing-Nan diversion channel while 0 to 100% diééﬁargc capacities of corresponding
lng -Nan capacity were set for the Kok- Ing channcl for cvaluation of potential

amount of diversion. As illustrated in Figute 4.2, the study reveals thc followings;

- Potential amount of diversion from Ing basin is defined only by the capacity of
Ing-Nan diversion channel, _

- Potentiat tetal amount of divusi_on falls below 2,000 MCM when capacities of

“smatler than 150 cunvsec is given to Ing-Nan diversion channel.

- Potential total amount of diversion increases as the capacity of Kok-Ing
channcl enlarges, however a growth rate of increase tums to decrease if the
capacity of Kok-lng channel cxceeds a certain turping point, and for'cvery
combination of diversion ca.pacilies, a growth rate of increase of potential
diversionamount tums to rapid decrease when the capacity of 'Kok-!ng channel

exceeds 80% of Ing-Nan capacity.

Accord:ngly the following coinbination of dlschargc capacity is sekected for

further selective study of suitable diversion capacity.

Ing-Nan Diversion Channel: 150,175 and 200 cu.m/sec
Kek-Ing Diversion Channel:  50% to 80% capac.ities of Ing-Nan channel

(b}  Optimum Diversion Capacity
Criteria for Selection of Optimum Diversion Capacity

In consideration of the exlstmg funcllon and the projected role of Smk:(
reservoir, the most important is to evaluate not only the amount of water which can
be mlroduccd through transbasin water diversion from the Kok and Ing basin but also
the increase of usable storage in the rescrvmr from uh:ch water is relcased to meet
do“mstrcam requrrement In this pomt of 3 view, cvaluatlon of the optimum dwerszon

capacnty should be linked wnth operatlon cf !hc Smkxi reservoir,

As is sho“n in Flgum 4.1, under the prcsent sntuatlon in normal }mrs the

reservoir has becn Operated within a very narrow rangc of storage. Thls range of -
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from Kok and Ing Basin

iversion

Figure 4.2 Potential Total and Incremental Amount of D
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storage bpbration can however be cxpahdcd by intfoducing water diverted into the

reservoir.

In the study, 2,700 MCM of the average emply space of storage in the Sirikit
reservoir was taken as the target for the additional usable storage (USTOdry in the
following figure) to be provided by the project for normal years at the end of

November for use in succecding dry season.
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Suitable Combination of Diversion Capacity

From the case studies of Sirikit reservoir operation in combination of various
diversion capacitics as shown in Table 4.1, the amounts of water to be effectively and
safely diverted from the Kok and Ing rivers without wasted in the Sirikit reservoir
through spillage (effective diversion), for the case with the Kok-Ing diversion
channel capacity of 120 cu.m/sec, were compared with costs to be sequired for
construction of various capacitics of the Ing-Yot (Ing-Nan) tunnel n order to
evaluate the best suitable capacity. The construction costs approximately estimated

for this purpese are given in Chapter 5 of the Supporting Report.

Capacnty of Effective Amount | Construction Cost Water Cost
Ing-Yot Tunnel | of Diversion (MCM) | (million Baht) {Baht/cu.m)

150 cum/sec 1,869 19,933 10.67

200 cu.m/fsec

21,306 10.59

As the result of study, the following combination of diversion capacities was

‘selected preliminarity {refer also to Figure 4.2);

" Ing - Nan 175 cum/sec

" Kok - Ing S 125 cunwfsee

More dotailed studics on the ‘capacity of diversion channel will be sequired

during the feastbility s!udy phase mainly for the range between 150 cu.m/fscc and 175

cu. m!scc in combination with the optimum rule of the Smku reservoir and in
" consideration of effect of the Mae Kok hydro-power dam to be constructed near the

o _ border of Thailand and Myanmar
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4.4

Proposed Water Diversion Plan
(I} Improved Operation Rule of Sirikit Reservoir

In consideration of seasonal pattcrn of rainfall in the irrigation service area as well as

of available runoff flowing into the river from where water is diverted for irrigation and

other purposes, the Sirikit water has a significant importance for dry scason crops under
vegetative and reproducti.vc stages and under initial irrigation stage for wet scason crops. In
irrigated service area under such situations, it must be intolerable and irresistible that the
water supply from the reservoir be interrupted. Tt .is, therefore, inevitably necessary that
the reservoir is so operated as to ensure its storage by this time. In planning a rational
operation of the reservoir against more complicated requircment of water for irrigation and

others, an objective standard must be necessarily required to be established.

During dry season, operation of reservoir is undertaken in a way that two purposes
confronting each other can be adjusted. The first objective is to promote. water release
cffectively in response to demand of the service arca. However, as a fesult, promotion of
water release accclerates consumption of available storage in the reservoir. Secéndly, some
countermeasures for unforeseen drought is needed. In preparation for present and fulure

drought, watcr rclease is rather restricted intending prescrvation and restoration of storage.

During wet season when inflow into the rescrvoir largely exceeds water demand under
the normal condition, the reservoir should be so operated'_that i) as much water relcase as
possible be allotted for power generation, ii) as small amount of water as possible be wasted

through spiflage, and iii) reservoir be finally recovered to the full storage level as frequent

as possible at the end of wet scason. Accordingly even during wet season, a role of reservoir _

operation is constructed by means of cstablishing various modes of allowable release with

respect to available storage, ai_niing at the most effective utilization of the limited watcr

fesources for multiple purposes of irrigation, hydto-elec{ric power generation and other .

water supplies.

Apart from the above concept of Teservoir operation, the followmg assumpnon is

employed for evaluation of the proposed funcuon of the Smkat rcservou in this conca,plual
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§' 'plan phase of study with no detailed information segarding water requirement, in order to

simplify the problem.

(2)

' During the recovery period of reservoir storage, from July to November, the

" reservoir is so operated as to allot allowable relcase for power generation within the

maximum limit of the power plant, following the existing operation rule curve {upper

rulc curve).

During the c_onsumpii@ period of storage from December to June, the rescrvoir is so
operated as to release monthly amount of \vafcr corresponding to the past
achie\{cmcnt; and additional usable storage is evaluated as the remaining sterage at
the end of consumptive period minus a certain volume of storage to be carried over

for unforescen drought.

During the consumptive period, above additional usable storage is divided equally for

the period for the purpose of evaluation of possible increase of energy output only.

Contribution ol'.t_he Project for Water Utilization

' Contribu!idn of the Prqjec_t' may be explained by the allocation of Sirikit storage in

comparison with and without lﬁfojcct {refes to Figure 4.3),

Storagc Allocation of Smkrt Reservonr {With Pro;cct Condmon)

;- Unitis gnen in MCM and storage is shm\n in ferms ofactu-e slorage (full storage=6 660MCM)

Inflow includes transbasin water diversion.
Flood year comprises 1975, 1981, 1994 and 1995, whlle normal year conlsins 1982, 1983 and

: 1935 and dry year 1987, 1992 andl993

4-19



Figure 4.3 Storage Allocation of Sirikit Reservoir (With Project)
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Comparison on Usable Storage during Consumptive Period

{Unit: MCM)

On an average for 20 years from 1974 to 1993, an increase of usable storage is

evaluated at 2,420 MCM as presented in Table 4.1,

(3) Existing Operation Rule Curve and ¥ncreased Energy Output

| Existingﬂpsmlinn' Rule Cusye

Possible amount of divcrsi'on_ water as cvaluated in paragraph 4.3 is not always
introduced into the reservoir since under cxisting sitﬁation the rcscr\;dir is controlled by the
existing operation rule curve, especially by the upp.ér rule curve during peak flood period.
The study tempordrily folld\\'s the existing rule curve for evaluation of suitable capacity of
diversion channel. The operation rule curves of the Sirikit reservoir may be further studied

and revised"in the following detaited study phase.

To cfaluate_ aforementioned diversion capacity in consideralioﬁ of existing opcrationi
rule cun'é' a preliminary simulation study of lhe Sirikit rescrvoir opcration was made
cmploymg the snmplc assumpllons that, i) reservoir opcration is simutated only during wet
scason bccause the amount and seasonal variation of the downstream water demand are still

unkno“n and ii) rcleasc of watcr from the rcsenon’ is mmally ﬁ\ced at a constant rate of

a1, 2 MCM/momh or 650 cu. mlscc x 6 hours x 30 da}s and iii) the n,lease will be reduced
10 75% of the jnitial rate when lhe July inflow fowered | 000 MCM and reduced again fo

56. 25% \\hcn the total mﬂo\\ durmg Iuly and August falls !o“er than 1 800 MCM.

Varlous combmauons of dners:on capamly of Ing -Nan channcl such as 150, 175 and

200 cumlsec \mh Kok- lng capacnty correSpondmg to 50 to 80% of lng-Nan capacily were
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put into the simulation. Table 4.1 summarizes all the simulated results, and Figure 4.4
presents variation of monthly storage in the reservoir simulated for the specified case with

the diversion capacity of 175 and 125 cum/sec.

- Nd spillage and no exceeding of the upper rule curve would occur even in abnormal
flood year. of 1975 for ecvery combination of diversion capacity, if the carry-over
storage is taken at 500 MCM, however the storage cxceeding the upper rule curve
would occur when diversion capacity is taken larger than 175 x 125 cum/sce.

- - Spillage of oncc in October 1975 would occur and, excluding 1975; the storage
exceeding the upper curve would occur in September 1981 when carry-over storage is
taken at 1,000 MCM.

. The storage excesded _Ihc upper cusve for two to five times within 20 ycars, when the

~ carry-over was set at 1,500 MCM.

The 1981 flood was caused by the inflow of 4,370 MCM in July and August when the
FeSCIVOIr Was SO operated to release 1,070 MCM downstream in August, and the storage was
controiled under the rule curve. This amount of release may cause downstrcam flood

darnage and therefore it may be judged unusual. For this reason the ycar 1981 can be

“eliminated from the evaluation study.

. From the above point of vicw, the combination of diversion capacities, 175 cum/sec
for the Ing-Nan diversion channel and 125 cumfsec for Kok-Ing channel, is evaluated
reasonable when the carry-over storage is'sct_around__-l,OOO_ MCM. With the 175 and 125
cumfscc capacities of diversion, as the long-term average for 20 years including dry years

the projcct' would produce about 5,520 MCM of hSable storagc as for dry season which is

~ about 2,420 MCM greater than the exisﬁng usage togeth'er with a gréat increasc of hydro-

power generalion since the reservoir storage or stage is Enain!ained much higher than the

p"rcscnt achievement.
Increase of Hydropower Encrgy at Sirikit Dany

Existing achievement of hydro-power generation is summarized in the Supporting
Report. Based on these data, a rate of gencrated energy against storage volume was derived
as; '
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{Effective, MCM)

Storage
(%)




@ : Ratc=2.8435E-03 x Storage0.4708

The above equation was then put into the simulation study employing the following

assumptions;

Energy output was calcutated in accordance with relcase of water for power

generation together with averaged reservoir storage during the month, for

recovery period from July to November, and

For consumptive period from Becember to June, total volume of inflow was
added to the simulated usable storage at the end of recovery period and then
divided equally during the pcriod to calculate encegy output, because actual

' ~ demand and its scasonal pattern are still unknown,

Comparison of Energ

5“,‘&.‘
- >

" 1t should bé'ﬁo'téd' here that the above calculation only presents possibility of
" increase bf éneiéy output at the Sirikit dam' to about 1.5 times as much as the existing
achlevement since compulauon is not bascd on practical rclcase of water from the

reservour Deta:led study witl be done dunng the fcas:blhly study phase mcluded in the study

on ophmum operation rule of the rcscrvo" S
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(4) Influence of Diversion on Flow Condition of Kok, Ing and Mékong River %
(8 Influence on the Kok and Ing River

The proposed water diversion project with discharge capacity of 125 cunvsec
and 175 cum/sce respectively for the Kok-Ing and Ing-Nan channel will divert 2,008
MCM of water from the Kok and Ing basins, of which 1,107 MCM (55%) are from
the Kok river and 901 MCM (45%) from the Ing river inclusive of the Lao tributary.

Flow condition of the Kok and Ing rivers before and after water diversion is tabulated

in the Supporting Report.

2,248 _
£,588 (1 145 | 1,733 1,011) 4t 1052 16| 36| 152

4,532 9661 5,528 | 3,259 399 ¢ 3,658 | 1,327 3241 1,650

Note: Wet season fiom Junc to November and dry season from December to May
Pioject diverls excess waler in December.

Comparing with the existing flow cdndition, ift wet scason irrigation and other
development within the basin will primarily wtilize about 24% (696 MCM) of the
Kok river water and some 35%_ ( i:,037 MCM) _\\.-‘_ill be dive'f_lcdrtransbasi.n to lhc .Sirikit.
reservoir. On the contrary in dry season, irrigation and ;:)th;:r dcvéIOpm_ent ‘\'eji_jll‘usc

58% (493 MCM) of Kok w_atef and the proposed project will divert 8% (70 M_CM) in

December when the river still keep considesable amount of flow. D'uring Jahizary to

May, the project will not divert the Kok and Ing wateratall, -

As regards the Ing river i‘ncludi'ng thé Lao tril:tu"fars".= irrigati.on .a:hd: Sthcr
dc\etopmcnt within the basin will primarily utilize about 36% (57? MCM) of the Ing
~ river water in wet scason and by the proposed pl’Ojcct 56% (895 MCM) will be
:dncrted transbasin to the Slnknt rescnonr On the contrary in dry season, irrigation -
and other development will usc ?2% (]04 MCM) of lng water and lhe proposed
project will divert 3% (6 MCM) in Dcccmbcr '
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(b) Influence on Mckong River

The proposcd project intends to divest in total 2,008 MCM of water mainly
from excess runoff of the Kok and Ing rivers in wet scason from June to November,
including 76 MCM of diversion in December when both rivers stifl maintain

considerable amount of flow.

lnﬂuenée of Water Diversion on Mckong River

105,435

(5)

6,647 1.1%

0 13,880 | - 17,288 -

2,008 80,753 S asw| 129,370 1.6%
o (Unit: MCM)

From the above table, the proposed amount of water diversion shares 3.1% of
original flow of Meckong river at Chieng Saen during Junc to November, 1.9% in
December and 2.5% as an annual total value. The proposed figures arc also compared
with Meckong's flow condition at Chiang Khan, showing [.8% during Junc to

November, 1.1% in December and 1.6% as an annua_l.total. Since the Mckong river

" flows deep mountainous area in Laos and there are almost no existing or proposed

© water resources development in the area between Chieng Sacn and Chiang Khan, it

may be no objectioh to conclude that the proposed project would exert influcnce on

the flow condition of Mekong river as small as lcss than 2%.

Availability and Method of Water Diversion in Dry Season

.5 (a) Available Diversion Water in Dry Season

Judging from the residual flows after projecied water diversion as compiled in

. the Suppdrtihg Report, there are almost no cxcess water in the Ing river especially in
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dry season, however, the Kok river still keep some excess water throughout a year @

which can be additionally utitized for agricultural and other development within the

basin,

_Summary on Residual Flow in Kok and Ing River

1,500
150

1,650
(Unit: MCM)

{b) Mecthod to Utilize Excess Flow in Dry Season

The above excess flow, however, fluctuates from time to time, and therefore
can not be cffectively used unless once stored and controlled. The method to utilize
excess discharges in the river isto store them in the cxisting Storagc facilities such as
small scale and medium scale reservoirs and/or swamps (i.c. Nong Luang Swamp)
through thc diversion channel and by distributing feeder canal to connect them. lt is
also possible to divert more excess water and distribute lhem into existing storagc
facilities through the Kok-Ing diversion channel in wet scason, because the Kok- lng
diversion channe! has a space to carry additionat water for this purpose, except a

qmte limited period of peak flow as is seen in Flgure 45,
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4.5 Possibility of Pumping Water Diversion from Lower Ing River

Aécording to the analysecs made for selection of a suitable capacity of the diversion
channel, the average annual volume of water to be diverted from the Kok and Ing rivers and to be
conveyed through the channel is estimated at 2,010 MCM, showing'a much snaller value when
compared with iis full capacity of 2,770 MCM (175 cu.m/sec x 183 days in wet scason). This is
duc to the fact that the flows in the river system in June, July and November varying from 40
cu.mfsec to 110 cu'.mfs_cc are more or less smaller than the channel capacity, resulting that there

- are considerable cmpty spaces in the diversion channel.

A.long the Ing river downstream of lhc-proposcd Ing divcrsion.damsitc, t_hcfc are nurﬁbcrs
of large and small ln'butaﬁes, represented by the Nam l.{ong Khﬁa and Nam Mae Tak, flowing into
the Ing river supplying a plenty of excess flow especial'l}r durihg wel season. In addition, the tiver
water level is used to reach 345 m to 350 m, MSL around the Ing river mouth affected by water
level in t-hc Mckong river. S_uch hydrological and
hydraulic condition allows the Bi ng fiver water

Purp Capacly vy Tota? Amaunl of Divession

fevel to reach 360 m, MSL at the Ban Nam Ing,

located at the confluence of the Nam Maé_ Tak
| with the lng. ri:x_fcr about 20 km downstream of the
Ing divc_rsio=n dam. It is considered to be possible
‘and casy to di_\;rert excess flows from the lower Ing
river into the p'réposed divers'-ion channel in order
to fill fhe einbty bapacily and to i_ncrcas& the
 total volume of diversion, if a rubber dam is
'c'onstruét_cclll 'ahd_a pumping station is‘_installed at

this point.'

A preliminary study was undertaken to sct
up a suilable plimping capacily as shown in the

figure. Thchrsludy showed that the puniping

capacity of 50 cum,m.fscc_' would be suitable,

[} 19 1] 3 40 b (2 10 (] S0 100

Rump Copacly fou mzee) indicating a2 pumping factor of 41.5%, tunnel

factor of 82.7% and the total amount of
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diversion into the Sirikit reservoir would be
about 2,300 MCM/year meaning that about 320
MCM of watcr could be diverted from the lower

Ing basin.

In the above explanation, the pumping factor is defined in terms of a rate of the total
volume of water to be pumped up against the full capacity of pumping for 24 hours durin.g the
concerning ﬁeriad_from Ju_nc to November, a tunnel féctm is a rate of volume of water to be
conducted through the diversion tunnel against the full capacity of 2,‘?70 MCM, and the total
amount of ‘divcrsion‘ is defined as the total volume of water come from the Kok and Ing rivers

supplemented with water pumped up from the lower Ing river.

Furthenmore, the additional water of some 200 MCM might be available for this pumping

operation since there are sufficient volume of water available in the lower Ing river basin.

The construction cost of the said pumping station and rubber dam would be some 1,200
“million Bahts, producing a water cost of 2.4 Bahts per cubic meter {1,200 miilion Bahis divided
by 500 MCM), which would be considered to be feasible. More detatls are given in the following

table;

- Pumping Cépacity, Pump Factor, Tunncl Factor and Total Diversion

Pumping Pump Tunnel Total Amount Diversion
Capacity Factor Factor of Diversion - by Pump
{cu.m/sec) (%) (%) . {MCM/ycar) (MCM/year)
0 - 0.0 . 71.6 1,980 0
L1 513 745 2,062 80
20 | 4838 7.2 0 2,135 152
30 . 46.3 - 78.7 2,178 216
40 43.9 80.8 2,236 273
50 416 82.7 2,288 | 323
60 396 84.4 2,334 370
70 36.9 85.3 © 2,360 402
30 34.4 36.0 - 2,379 428
90 33.¢ 87.2 2,412 462
og 316 88.3 2,443 491]

Note: Water diversion in December is excluded from computii;ﬁ. :

Some additional s;udics_wére further progressed on': the operation of the Sirikit reservoir, on
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the premise of the above pumping diversion plan. In the actual practice of irrigation in the
Phitsanulok and Chao Phraya delta arcas in dry scason, cropping area is restricted in accord'mcc
with the available storage in the Bhumibol and Sirikit reservoirs. In the simulation of the Sirikit

reservoir operation, assumptions were made as follows;

Storage of Sirikit Reservoir at Wet Season End and Delta Planted Area

Storage of Sirikit Reservoir at End of November
{Active Storage in MCM)

Release of Reservoir Storage
for the Successive Dry Season
' - (MCM)

3,000 (50% of potential)

Less than 3,000 MCM

3,000 to 4,000 MCM
4,000 to 5,000 MCM
5,000 to 6,000 MCM

- 3,600 (60% of potential)
4,200 (70% of potential)
3,100 {(85% of potential)

More than 6,000 MCM

6,300 (105% of potential) J

The study shows that about 5,370 MCM of water, about twice as large compared to the
existing outflow of 2,700 MCM, can be expected in dry season released from the Sirikit rescrvoir
if a pumping station is installed at the lower reach of the Ing river with a capacity of 50 cum/fscc.
The results of simulation study are summarized as follows, with more details given in the

Supporting Report.

Opcration of Sirikit Reservoir with and without Pumping Diversion
{(Piversion Channel Capacily = 125 cu.m/sec x 175 cu.m/sec)

Pump Amount of Diversion (MCM) Reservoir Qutflow (MCM)
Capacity .
From Kok " From Wet Diy
(cu.m/scc) ang Ing Pump Total Season Season Total _
None 2,076 0 . 2,076 1,895 5,010 6,905
50 0 2,076 329 _ 2,405 1,895 5,370 1,265
100 0 2,076 499 2,575 1,895 5,505 7,400
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4.6 Possibility for Water Diversion Plan by Kok Hydropower Dam

(1) Background

Italian Thai Dcvelopmeﬁt Public company Limited (ITD) is going to construct the
Kok hydropower dam at the upstream of the Kok river in Myanmar territory by BOT
manner (Built, Operation and Transfer). In accordance with the information given by
ITD he has ncgonated with the Ministry of Energy in Myanmar to construct the
hydropower dam and obtained a teatative approval by the Myanmar Government. lTD
also has negotiated with PEA and EGAT of the Thai Government to use the power encigy
gencrated by the Kok dam for electrical consumption in Thailand, whilc he is asking the

RID what will be the influence of the Kok dam on the downstream agriculn)ral area.

This h.)'dropower' dam plan was originally formulated by the Electric Power
Development Company (E.P.D.C), Japan under the technical assistance to EGAT in 1992
and has a'h'igh pOSsib'ility for implementation I‘rorﬁ‘tcchnical and cconomic aspect, so that

the JICA Team has collected relevant data and carried out the foltowing preiiminary study.

(2) OQuatline of Project

- Damsite chéfidn, Kok upstream in Myanniar territory 3 km far from
o Iﬁc border of Thailand
- o _Resei#oif Dimension |
; Drainage Are:ei at Dﬁmsité ' 2,980 km?
Ammual Inflow 2,230 MCM
 Full Water Level 570 m, MSL
Low Water Level . 550m, MSL
Grdss Storagc Capacity ' 4,650 MCM
" Effective Storage Capacny 1,650 MCM
- " Dam Dimension _ - a
Typg ' Concréte Dam
- Crest El;valioh ' | 575 m
.. Rivér Bed Elevaliqh ' 450 m
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Dam Height . 125 m

- Hydropower Outline

Maximum Outflow 300 m3¥/sce
Effective Power Head 112 m
Installed Power Capacity 290 MW
Annual Encrgy Production 637 GWh

The annval average runoff of 2,200 MCM consisting of 200 to 400 MCM/month in

wet scason and 50 to 100 MCM/month in dry season will be completely contrelted with the

Kok reservoir with the large cffective ca'pac_ity of 1,650 MCM. The rescivoir operation

will be set up as follows ;

&)

Out of average annual runoff of 2,200 MCM, the wet and dry scason runoffs arc

1,700 MCM and 500 MCM respectively.

Out of 1,700 MCM in wet scason runoff, 900 MCM mll be used for the hydrepower
in wet season without storage and the temained 800 MCM will be stored in the
reservoir and be used for the dry season. _ o ) .
Accordingly, the dry season outflow at the dam will reach as much as 1,300 MCM
cofnbining the dry season natural runoff of 500 MCM and the retained water of 800
MCM. '

Annual runoff has gencrally a large annual Muctuation as shomng 3,000 MCM in wet
year and | ,300 MCM in dry year. Thcrcforc the carry over capacny of 600 to 700
MCM will be required at the rcscnou to cover thc less rcscno:r inflow in dry year.
Namely, the capacity of | 000 MCM out ofthc cft"cchvc capa(:lty of 1,650 MCM

would be used for_actual _rcscrvoxr operauon in ihe rormal )ear.
Utilization of Controlled Outflow in the Kok Dam

Runoff at the Kok dwcrsmn damsuc \ult be changed as follous by the conlrollcd

outflow from the Kok dam as a rcsult lhc wa!cr to be dncrted at thc Kok diversion dam

will be consnderabl} mcreascd
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Wct Season Dry Scason
Itcms Total
6-7 8—9 10- l l 12-1 | 2-3 4-5
Present Runoff at Diversion Dam 3,800 6310 | 1,450 880 420 220 220
Side Flow excluding Kok Water 1,600 | 260 600| 370 130 90 100
Outflow from Kok Dam 2,200 300 300 300 430 440 4390
Changed Runeff at Diversion Dam 3,800 ] 560 | 900| 670| 610 | 3530 530
Discharge for Total Runofl (m3/sec) 120 106 170 | 127 114 104 10}
Discharge for Kok Qutflow (m¥/sec) 70 57 57 57 32 86 82

As is clear in the above table, the runoff at the Kok diversion dam after the

construction of Kok dam is mostly controlled and the average discharge is 100 to 120

mY¥sec through the year except the discharge of 170 cum /sec inuAugust and Scptember

which is the flood months.

Accordingly the divession water could be casily taken at the diversion damsite as

increased as follows;

}one to july - .l 20 m3/sec x 86,400 scc x 61 days x 70% =

440 MCM

August to September 125 m3/sec x 86,400 sec x 61 days x 90% = 590 MCM
October to November 125 m3/sec x 36,400 sec x 61 days x 70% = 460 MCM
Wet Scason Subtotal o 1490MCM
December to Janvary . 110 m3/sec x 86,400 x 61 days x 70% 410 MCM
February o March 100 m3/scc x 86,400 x 59 days x 70% = 360 MCM

_ Apnl to May 100 m3/sec x 86,400 x 61 days x 70% = 370 MCM
' 2,630MCM

- Annual Total

The diversion water at the Kok diversion damsite will reach at about 1,500 MCM in

wet season which increases about 400 MCM as compared with the case of 1,100 MCM

without Kok hydropower dam, while the 1,140 MCM could be additionally diverted in dry

_sé_._asoh _to Sirikit dam. The above increased additional water will be used as follows ;

- 400 MCM in wet season \\lll be controlled at Smku dam and used for dr) scason

o zmgahon in the Chao Phraya basm

- 'Out of 1, 100 MCM in dry season 300 MCM mll be used for irrigation in the Kok

ancl lng basin and the rcmamcd 800 MCM for 1mgatxon in the Chao Phraya basin

| through Smklt dam

- Asa rosu!t avaitable dry season water in total in thc Chao Phraya basm reaches at
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3,200 MCM. : @

Effect of Mac Kok H}dro Power Dam

Volume of Watcr Diversion (MCM)
Original plan without Kok dam _ 2,000
Increased Water through storage 400
Increased Water mlhout storage 860
Total 3200

4.7 Water Use Plan

The beneficial areas of aboilt 2,400 MCM of additional usable dry season;\.vater.from the
proboced Kok-Ing-Nan water dnersmn pro;cct are irrigable areas of elther existing or newly
developed locatcd in the lo\\er Nan basin downstream of the Sirikit reservoir and/or the Chao
Phraya delta area. Provision of water to irrigable arcas in other river basins or tnbutary sub-basins
‘under gravity is not possible, and thercfore the fol.lowing. dry scason water allocation plans are

proposed.
() Municipal and Industrial Water Supply

The annual demand increments of municipal and industrial water supply to the
| Bangkok Metropolitan arca, satellite citics, industrial zones, provincial capitals along the
Nan river such as Phitsanulok, Uttaradit and Phlchlt are cstimated at 1 240 MCM, of which %

50% or 600 MCM accounts for water demand in dry season.

Out of 1,700 MCM of dutﬂow from the Sirikit Teservoir duri'ng wet scason, 600
'MCM is allocated to municipat and industrial purposes after wtilized for power generatmn
The remaining 1,100 MCM together with about 4 600 MCM of side flow from the
catchment is used for supplcmenta! irrigation as \\ell as domestic purposc in the areas
f'o\\nelream of the reservoir. In this connecllon it is prcfcrable to control the Sirikit
outflow in wet season by allocating more water in the carl} and late pcnod while less water

 during Avgust and September when side flows arc abundant. The priority is to be given in

dry season to allocate 600 MCM of water for watct éuj)ply from édditioﬁally a?aﬂable
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water of 2,400 MCM taking into account the critical sitvation of supply and demand of
water as well as the special importance of urban and industrial development in the delta
arca. More detailed study wilt be done regarding allocation of water in the course of the

feasibility study.
(2) Irrigation Water Supply

The remaining water of 1,780 MCM per annum (2,400 MCM minus 620 MCM) is
wsable to upgiade irrigation conditions iﬁ the lower Nan and Chao Phraya delta basins. The
pretiminary water allocation plans to these irrigable areas arc proposed as in the folloﬁ.’ing,
howevcf, this tentative plans would require more detailed study during the coursc of the

feasibility study.
(a) Waler.Usc Plans A and B

For cffecllive utilization of land resources and due io restriction from li'mited
water resotlr_cés, the existing agricultural policy in Thailand intends to shift the dry
season crops from paddy which consumes much water to ﬁpland crops including
orchard and vegetables. Actually in the field, production of these crops other than

~rice, livestock and inland fishery has been increasing supporied by the change or

diversification of dict and promotion of export of agricult_urdl product.

Inthe e\usnng Plntsanulok project area of 108,000 ha and Chao Phraya delta

area of 1,190, 000 ha the croppmg intensity in dry season is limited to less than 30%
due to shortage of mlgatmn water. ln order to mprovc the current situation in these

: irngatlon arcas, lhc proposed pro;ect aims at increasing dry scason lrngatlon for
upland cmps other than paddy, such as maize, soybean, sugarcane, fruit trees and

\iégctab!es togélher with ihebromb_tioﬁ of ﬁshéfy. _

e In both im’gétion 'a'reas theré is no need for additional investment of irrigation

" system dcvclopment since the trngauon facnlmes have already been comp!ctcd
- :mgatlon tcchno!ogy of hcneﬁcral farmcrs is qultc h:gh uater users association and
agrmultural coopcratncs have a:rcad) csiabhshcd and thcrcfore high productivity

can be expected by usc of additional water prowdcd b) the proposed project.
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~ The water use plan A to irrigate dry scason. crops cntirely excluding paddy and
ptan B to irrigate dry scason crops including'paddy are proposcd in these irrigation
arcas. As shown in Tables 4.2 and 4.3, in total 270,000 ha with adry seaéon cropping
intensity of 27% under the ptan A and 224,000 ha with a dry season intensity of
17% under the plan B can be irrigated by the watcr of about 1,800 MCM introduced
by the propbscd project.

Tablec 4.2 Water Usc Plan A
(For Imstmg Irrigation Area without Dry Season Padd})

Unit Phitsanulok Arca Delta Area Total
Ircigation { e v . N

Crops Demand Area Water Area Water Area Water

. an? !ha) (ha) Demand (ha) Demand tha) Demand

. {(MCM) {MCM) T (MCM)
Dry Maize 4,000 6,000 2440 | 64,000 256.01 70,000 280.0
Dry Soybean 5,000 5,100 255 54,900 27451 60,000 300.0
Dry Peanut 4,000 1,700 68! 13,300 - 732 20,000 300
Sugarcanc 7,060 3,400 23.8| 30,600 256.2| 40,000 280.0
Orchard 11,000 3,400 37.4| 36,600 402.6{ 40,000 440.0
Vegetable © 6,000 900 5.4 2,100 - ' 5461 10,000 60.0
Flsher) . 12,000 2,600 3.2 27,400 . 3288 30,000 360.0
Total : 23,100 154.1 [ 246,900 1,6459 270,00'0 £,800.0

Table 4.3 Water Use Plan B
(For Existing Irrigation Area with Dry Season Paddy)

Unit Phitsanulok Arca Delta Area  Total
Irrigation |~ ' '

Crops Demand Arca Watcr Arca Water Arca Water
(m¥ha) (ha) Demand (ha) Demand (ha) Demand

(MCM) | 77 (MCM) o {MCM)
Dry Padd} 10,000 | 6,000 60.0| 85,000 = 850.0] 91,000 910.0
Dry Maize 4,000 3,000 - 12,01 32,000 - 128.0( 35,000 140.0
Dry Soybean 5,000{ 3000 150 27,000 135.0| 30,000 150.0
Diry Peanut 4,000 - . - 9,000 36.0 9,000 36.0
Sugarcane 7,000 2,0600f 140 18,000 126.6| 20,000 = 140.0
Orchard 11,060 2,000 220 18,000 ~198.¢| 20,000 220.0
Vegetable 6,000 _ - 4,000 24.0 4,000 240
Fishery - _ 12,00_0 _ 1000 k20 14,000 .. 168.05 15,000 - 180.0
Total = 17 000 135.0] 207,000  1,665.0 | 224,000 . 1,800. 0

Notc lrngablc arcas in Phitsanulok and delta arcas are 108,000 ha and 1,190,000 ha
respectively. Accordmgly the increasing croppmg intensity in dry season is 22%
- under the plan A and 17% under the plan B bccause of higher water consumpuon of
dry scason paddy. , -
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(b) Watcr Use PlanC

The irrigated agricultural development of the Phitsanulok Stage 1 arca
extending over the lcft bank of the Nan river with the potential arca of 120,000 ha
has been suspended due to fack of the Nan river water as well as tack of the Sirikit
outflow during dry scason. An alternative plan C of water allocation to this area is
also proposcd in order to expect promotion of agricultural productivity in the area
which would in turn redress deteriorating balance of income between both banks of

the Nan river. By constructing the irrigation canal system in the service area to Jink

" with the existing Naresuan barrage, irrigation waters can be distributed easily with

smaller investment and the beneficial land is converted from rainfed situation to _
irrigabfe farmland. 'i‘hc suppfémental water for wet season paddy can also be
distributed providing large benefits. Surplus water afier irsigating the newly developed
arca is used in the existing irrigation afcas, providing waters to 335,000 ha of

irrigable area as shown in Table 4.4.

Table 4.4 Water Use Plan C .
(F or Existing and New Irrigation Arca with Dry and Wet Se:ason Padd))

Phitsanulok Pitsanulok Chao Phraya Delta Total
. Uit Existing Area Newly Developed Exisling Atea Lo
Irrigalton - oo
Crops o . . ¥ .
Demand Acca Water Arca Nater Arca Water Arca Water
n¥ha) (ha) Demand (ha) Demand (ha) Demand (ha) Demand
(MCM;) (MCM) {(MCM) MCM)
Wel Paddy © 2,000 S © -] 120,000 240 | . - | 120,000 240
Dry Paddy . 10,000 - o 12,000 120 25000) = 250 37,000 370
Diy Maize 4,000 3,000 12 4,000 | 16 39,000 156 | 46,000 184
Dry Soybean 5,000 3,000 15 3,000 15 33,000 165 39,000 - 195
Diy Peanut . 4,000 1,000 4 1,600 4 11,000 44 13,000 52
Sugarcane 7,000 | & 2,000 ’ 14 2,000 14 22,000 154 26,000 182
Orchard 11,000 2000( .. 22 2,000 .22 22,000 242 26,000 286
Vegetable 6,000 [ - 1,000 -6 1,000 5 6,000 36 8,000 48
Fishery 12 000 - 1,000 12 ] 2,000 24 17,000 204 20,000 240
Total 13,006 | - 85 | 147,000 461 | 175,000 1,251 | 335,000 1,797
~{3) Water Use Plan for Hydro-Power Generation

As thc b)pmdugt of water release from the Smktt rcscno:r for 1rr:gauon and other

uses n the lo“er Nan basm and Chao Phra}a delta arca, prosent achlcvcment of energy

producll_on of 820 GWh at the Sirikit plant will mcreasc_ to about 1,200 GWh after

4-39



implementation of the proposed Kok-Ing-Nan water diversion project.

{4

Water Allocation Plan in the Kok and Ing Basin

There is considerable amount of flow in the Kok river even in dry season although no

or less flow in Ing river.

Ordinary Flow in MCM
Ordinary Flow in cu.m/s

Drought Flow in MCM
Drought Flow in cu.nvs

_ Flow Condition of Kok River in Dry Season

Docember | January
24

20 o7

90 6}

34 22

Febreary |  March
118 97
19 36
35 20
14 7

Tolal

April May
86 130 851
36 49 54
20 25 255
8 9 16 |

There arc about 100,000 ha of bulk and fertile farmland in the Ing basin and arc

utilized for paddy cultivation in wet scason under rainfed condition. In the basin in dry

scason, however, rainfall and runoff of the Ing river is small making the area quite dry. The

strong desire of the resident peoples to the proposed Kok-tng-Nan water diversion project

is to stabilize the irrigated agriculture and inland fishery in the arca by means of diverting

and introducing the Kok river water especially in dry scason. It can be evaluated from the

above Kok river flow that about 30,000 to 50,000 ha in ordinary years and 10,000 10

15,000 ha in dry years can be irrigated by the Kok water in diy season. 1t is also judged that

at least 30,000 ha of dry scason irrigation is possible by the Kok water when the existing

and proposed reservoirs in the Ing basin arc combined with water to be diverted from the

Kok river. The study tentatively proposces the following cropping plan in the Ing basin;

 Propased Cropping Plan in the Ing Basin by Use of Kok Water

Crons Area (ha) Unit Water Total Water
P © Requirement {m¥ha) | Demand (MCM)

Maizg 10,600 4,000 40
Soybean 6,000 5,000 30
Pecanut 6,000 4,000 24
Orchard 6,000 11,000 66
Yegetable 2,000 6,000 i2
Fishery 2,000 12,000 24

Total 32,000 - 196

4-40

%



	CHAPTER 4 THE PROJECT WATER DIVERSION PLAN  
	4.1 Concept of Kok-Ing-Nan Water Diversion Plan  
	4.2 Water Demand and Supply in Kok, Ing and Upper Nan Basins  
	4.3 Optimum Water Diversion Capacity  
	4.4 Proposed Water Diversion Plan  
	4.5 Possibility of Pumping Water Diversion from Lower Ing River  
	4.6 Possibility for Water Diversion Plan by Kok Hydropower Dam  
	4.7 Water Use Plan  




