 CHAPTER 2
- STUDY AREA



IREAES
FRRat




%

CHAPTER2  STUDY AREA .

2.1

River Basins Related to the Prbject
(1} Kok and Ing Basins

. The Kok and Ing basins, water sources for the proposed project, arc located at the

northwcstem—h_lost corner of Thailand near the Golden Triangle covering the total drainage

* area of 18,000 sq.km which can be divided into 10,900 sq.km for the Kok basin and 7,100

sq.km for the Ing basin,
(a) Kok Basin

The Kok river originatés in the dense forest arca of the elevation of 1,500 m,

MSL belonging to Myanmar tesritory, joins large tributaries of the Fang and Lao in
Thailand tcrﬁtoty and empties finally into the Mckong river. The upper Basins of
Fang and Lao also are formed with high mountain arcas elevated between 1,000 to
'1;300 m, MSL. In the upper basin, flat arca for agricultural use is very scarce except

- small slender spots extending along the river course. Aftes bassing through Chiang
Rai cily, the river flows down to the Mckong river forming meandering shape with
the river slope of less than 1 to 3,000. The high and low water level at the
conjunction point of the Kok river '“ilh the Mckong river are 360 and 350 m, MSL

' respeclwely Thc lower Kok basin has alittlc flat area with elevations 350 to 360 m,
and is suffered from mundat;on durmg wet season mﬂucnccd by the Mekong back
:‘ ) water. There are many wetlands i ina form of lake swamp and mundated area along
.the m er in the lower basin. The Nong Luang S\\amp among them is the notable one

' “hnch will be dcvcloped by the proposed pro;ect
- (b) Ing Basin .

~ The Ihg'ri'ver originates at the southern piatcéu with t'!.le'.elévali'dns 450 to 500
m, MSL, ﬂows down toward north dlrcchon collcctmg small tnbutancs and reaches
-' Amphoe Thoeng where a large mbutary ofthe Lao-joins to the Ing river. The Lao

river originates in the castern mountam area of clevalions 1,000 to 1,500 m,MSL
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having a drainage area of 1,300 sq.km.The Phayao lake is located in the upper Ing
basin and is utilized for fish culture and irrigated agriculture. In the .upper basin, flat
atea of 6 to 8 km wide with the elevation of 450 to 350 m is expanding along 70 km
of river reaches and is used for agriculture. The Ing river flows down forming a very
gentle slope of less than 1 to 5,000 in the upper.reachcs'and about 1 to l.O,()OO'in the
lower basin with meandering shapes paniculafly downstream of Amphoe Thoeng.

The Ing river empties finally into the Mekong river. The high and low water levels at

- the conﬂuenc'e with the Meckong arec 350 and 340 lh, MSL respectively. In the

.. downstream reaches along a distance about 20 km, the area is used to be inundated

during wet season duc to the back water from the Mekong river.

In the .lng basin also, a number of wetlands are existing along the river. Most of
them are, howevef, dried up in dry season due to no rainfall and less river runoff. The
Nong Leng Sai swamp and Phayao lake are the famous wetland in the basin,

{¢} Sub-Basins

The Kok and Ing river basins can be divided into the following sub-basins. They

are blessod with potémial water resources as compared to those in the Chao Phraya

basin.
Sub-Basin Division of Kok and Ing River Basin :

. _ . Drainage Arca | Average Annual | Specific Yield
Basin | Sub-Basin (sqkm) | Runoff (MCM) | (um)
Kok Mae Kok (Myanmar) ' 2',980_ S 2,106 - 725

' Mae Fang ’ 2,160 1,296 600
Mac Lao . ; © 3,110 - R ¥ 1) B 184

Mae Suai (Lao Tributary) | 470 - 200 - 426
Lower Mac Kok _ 2,160 1,108 513

Total 10,880 5,280 490

Ing Upper Mae Ing 1,100 270 245
Middle Mae Ing 2,210 ' 670 300

Nam Phung - L1130 _ 280 © 250
Maclao =~ L2600 7 31S 250
Lower Maelng .~ 1,420 - 405 oy 285
Total - . | 7020 | o140 | 272
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Sub-basin division and river profile are shown in the Database Map.

Nan Basin

*- The Nan basin is primarily divided into two sub-basins by the Sirikit dam, the upper

basin

with the drainage area of 13,100 sq.km and the tower basin of 21,260 sq.kni.
(@ Nan Upper Basin

The Nan rivcr'originatcs at the high mouniéin area of 1',000 10 1,500 m

clevation which forms thé internattonal border of Thailand with_ Lao PDR and flows

~ down into the Sirikit dam. The basin s formed By a slender shape of about 200 km

- long and 60 to 70 km wide with a number of tributaries flowing in decp valleys and

dense forests. Fanmland is very scarce extending on slender flat arcas along the main

stream of the Nan river and major tributaries, amounting to 84,000 ha er equivalent

to only 8% of the total drainage area of the basin.

" {b) Nan Lower Basin

The Nan lower basin, “luch is the beneficial area of the pro;ect is lying along
the Nan river downstream of the Sll’lklt dam. The river flows down the very flat area
with the elevations between 100 to 30 m, MSL and reaches to the conjunciion point

with the Yom river.

The notabte Naresuan barrage for the Phitsanulok irrigation project was
constructed and is under operation at the middle point of the Nan lower reaches.
Several Iargc tﬂbutancs such as the Khwae Nos, Wang Thong, cle. are extending in

the eastem hllty and mountainous area. Those tnbutar:es often bring b1g floods during

wet season and as a result lhe do\\nstream arca of Nan lo“ er basin mamly bc?ongmg

to Ph:ch:l provmcc alwa)s suﬁ'ered fmm mundat:on The large agncul!ural lancl of

‘about 1 mllhon ha is l)lng on the Nan Tower basm



(c) Sub-BasinDivision . . S &
The Nan basin is divided into the following sub-basins in the NESDB's 25 River
Basin Study. The upper basin has a large potential water resources as compared with

the lower basin. The sub-basin division is also illustrated in the Database Map.

Sub-Basil)_ Division of the Nan River Basin

. . Drainage Area | Average Annual | Specific Yield
Basin - - SubBasin (sq.im) Runoff (MCM) (mm)
Upper Nan | Upper Part of Nan 2,220 1,263 569
" | Huai Nam Yao 640 307 480
Nam Wa ' 2,180 1,612 739
Sccond Part of Nan 1,570 566 361 '
Nam Yao 600 © 538 897 %
Nam Samun © 1,350 113 84
Nam Haeng ' 1050 - 115 110
Third Part of Nan 3,370 1,098 326
Sub-Total 12,980 - | 5612 432
Lower Nan | Nam Pat - 1,960 212 | 108
Fourth Part of Nan 3,230 912 282
Nam Phak 1,000 365 365
Khlong Tron 1,270 146 115
Nam Khiae Noi " 4,680 - 1,326 283
Nam Wang Thong 2,300 783 340
Lower Part of Nan 6,920 S 214 31
_ Sub-Total N 21, 360 - 3,958 ~ I8S
Total : ' 34, 340 19,570 © 279

3) Chao Phraj'a Delta

'lhe Chao Phraya delta the largest bencﬁcmi arca of lhc pro;ect IS locatcd in the
"dm\nsiream most part of the Chao Phraya basin occupymg 33 800 sq km of wluch some
15,000 5q. km are vcry flat with clevallons from 3 to 10 m, MSL formmg the nolable
paddy cultivation arca of Thalland Bangkok metmpohtan area and satelhte cities are

involved in the delta area.

~The delta area is divided by the Chao Phraya river into two paits, the eastern area
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2.2

and western area. The castern delta is served mainly by the Chainat-Pasak canal, while the
western delta is served by the Noi, Tha Chin and other rivers. The Pasak river joins the
Chao Phraya river in the eastern delta, while the Krasico river in the westcrn delta empties

into the Tha Chin river. Both rivers often bring large floods during wet season.

(4) Other Sub-Basins in Chao Phraya Basin

There arc Yom, Wang, Ping and Sakae Krung sub-basins in the Chao Phraya basin,
These sub-basins have the drainage arca of 73,000 sq.km in total. Their upper basins are
formed bly mountainous forest areas preserving the watcr resources, while the lower basins
with the plateau and flat arca where rainfed agriculture is dominant. The rivers in the above
sub-basins join the Nan river and reach to the Chainat barrage, which is located at upstream
most of the delta arca playing an important role to distribute the Chao Phraya water to the

delt_a aréa.

Although those sub-basins have no direct relation to the project, their potential water
resources and water demand will be studied approximately to evalvate the water balance in

the whole Chao Phraya basin.
(5) Mekong River

The Mckong river originates thé castern part of Tibetan'higlﬂand in China, passes
through the high mountain arca in Lao PDR and Myanmar and reaches the Golden Triangle
poiﬁt, forﬁﬁng the upper.Mekong basin. The lowc.r Mckong starts at the Golden Triangle
point and reaches to the river mouth in the Mckong delta. Gauging station to observe the
Mekong river ftow is lset up at Chiang Saen located near ‘thé Golden Triangle. At Chiang

Sécri, the drainag.c. area and a&’étagé annual runoff is 'fepo'rted at 189,000 sq.koi and 85,000

MCM, respectively.

Meteorological Conditions

1y General Meteorology

The climate in the Kok, Ing and Chao Phraya basins is characterized by distinctive
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dry and wet seasons created by the northeastern and southwestern monsoon air movements. %
The dry scason fasts from November to March when the northeastern monsoon brings a
dry stable airflow. March and April are the honést months presenting tempcraturb of more
than 30°C. In May, the southwestern monsoon is established with brcvailing southwestern
winds and a moist potentially unstable airstrcam resulting in longer period of rainfall. As
- the wet season progresses, rainfall becomes more intense and prolonged until July, August

and September, which are usually the months of the highest rainfall.

Gencral meicorological condition such as temperature, huntidily, evaporation, cte. in
»

the Kok, Ing and Nan basins 15 shown in the Database Map, and as summarized below;

* - General Climatic Parameters in Kok, Ing and Nan Basin

. .- | Tempera-| Relative | Wind Cloudi- Dew : Pan
Basin ture Humidity | Speed ness Point | Evaporation

(°C) (%) {(Knots) | (Deca) (°C) {mm)

Kok 24.8 73.9 1.8 5.2 19.2 1,481

Ing 254 | 727 1.5 .- 5.2 19.1 - 1,530

Upper Nan 253 - 78.7 0.7 5.2 20.7 1,368

Lower Nan 27.5 71.7 2.0 55 21.3 1,746

{(2) Rainfall
(a) Gauging Stations and Rainfall Data

There are 101 rainfall gauging stations in and around the project arca as shown

below;

River Basin | Number of Gauging Station
Kok | 35 |
Ing 14
Nan 52
Total 11¢) B |

The completed data are avaifable from carly 1950's at many stations in the
project arca. The monthly rainfall data at the major stations are compiled in the

Supporting Report with a summary as shown in Table 2.1. Bascd on the ni(.)nthly"
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rainfall data, the rainfall charts and isohyctal maps are prépatcd as shown in the
Database Map. The annual fluctuations of rainfall for a long term record of about 70

years are also analyzed as shown in the Database Map.

* Table 2.1 Mean Annual Rainfall in the Project Area

= Rainfall (mm) :

Ba- Station Name Stahon - Maximum | Minimum
sin : Code Wet Dry Total (mm) (mm)
C - Season | Scason :
Kok | A.Fang 307102 1 1,043 277 | 1,320 1,968 832
Kok | Chiang Rai 308013 | 1,366 348 | 1,714 2,184 1,005
Kok | Mac Chan . | 308062 | 1,538 382 | 1,920 3,314 1,100
Kok | Chiang Sacn 308112 | 1,294 336 | 1,630 2,383 1,057
Ing | Phayao -1 73013 702 235 037 1,600 395
Ing | Thoeng | 308042 | 1,195 326 | 1,521 2,144 610
Ing { Chiang Kham 73022 | 1,042 312 | 1,354 2,004 466
Nan | Nan | 28013 889 308 | 1,197 1,511 155
Nan | Uttaradit 70013 | 1,072 324 | 1,396 2,064 1,050
Nan | Phitsanulok 39013 | 1,027 295 | 1,322 1,813 919
Nan | Phichit 38012 | 1,085 259 | 1,344 2,428 736
Nan | Phetchabun 36013 81l 285 | 1,096 1,709 131
Nan Nakhon Sawan 26013 823 258 | 1,081 1,577 598

(b) Rainfall Characteristics

~ The mean_aﬁnual rainfall over the Kok basin increases from 1,000 mm in the
‘southc.m_dis;rict of Amphoe Wiang Pa Pao to 1,900 mim in the northern district of
Amphoe Mac Chan. In th_c Ing basin, the _annﬁal rainfall varies from 1,000 mm at
Chahgwai Phayao to 1,600 mm at Chiang Khong. On the other hand in the Nan
basin, the highest éunual_ amounf of rainfall of exceeding 1,600 mm takes place in
the upper basin, however, in fhe lower basin, rainfalls are generally small accounting
for about 1,000 mm. About 70 to 80% of annual rainfall occurs in wet season and less

rainfall is normally observed in dry season.
{c) ° Probability Rainfall

. In the past .Zl years from' 1974 to 1995 the Chao Phraya basin occasionally

: suffered feom such big ﬂoods occurred in 1975 and 1995 and scvere droughts

expencnccd in successive three years from 1991 to 1993. The probabll:ly rainfalls
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which bring such a flood and drought are cvaluated as shown in the Supporting Report

and as summarized below;

Probability Rainfalis at Major Stations

_ - Flood Rainfall (mm/ycar) = . . Drought Rainfall (mm/year)
Station T : .
P=1/5 | P=1/10| P=1/20 { P=1/50 | P=1/5 | P=1/10 | P=1/20 | P=1/50
Nan ‘ 1,400( 1,510 1,610 1,740 | 1,030 950 880 | .. 820
Uttaradit 1,550 1,640 1,730 1,820 1,230 1,160! ¢t 100| 1,040
Nakhon Sawan 1,240 | 1,320 1,430 1,540 910 840 79| 730

 From the frequcncy analysss of ramfall it can be evaluated that ﬂood ramf’alls

of 1975 and 1995 would occur once in 10 to 20 years hence not brmgmg serious

problem in water management of the Nan river system, however the drought rainfall
in 1991 to 1993 would occur once in § years then bringing f'rcquénl"wa'ter‘_éhoriagcs

in the Nan basin,
2.3 liyd;ological Condiﬁons
{1) Gauging Station and Runoff Data
The location and distribution of gauging stations and their runoff records in the
~ project area and the Chao Phiaya basin are collected as compiled in the Thai-side Study

* Report. The number of gauging stations are 8 in the Kok basin, 13 in the Ing basin, 73 in

the Nan basin and 34 in the Chao .Phra'ya dctta'aﬁ_:éu. ln_éc'co'rdance: \r_vith the collected data,

the JICA Team has analyzed the monthly flow diagram of the river sySiém ‘specific runoff
yield, flood h}drograph ctc. For the major stauons as compxlcd in the Suppomng Report
and the Database Map as well. o o

(2) Runeff Characteristics in General

(a) " Runoff Pattern in Wet and D'ry Season

All rivers in Kok, !n'gf and Chao Phraya basins p‘-rcscnt Eciéﬁvely rich runo.ff, 80

to 85% of which concentrates in wet scason from June to November. Rives runoff in
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dry scason is however very scarce. In the lower Nan and Ping basins located
downstream of Sirikit and Bhumibol dams, there are relatively rich runoff in dry

season because of water released from the dams. Thc Kok river also has arich runoff

: evcn in dry scason as compared with Ing and other rivers in the Chao Phraya basm

since the catchmcnt of about 3,600 sq. km belongmg to Myanmar temtory is blessed

with high rainfall and dense forest which can recharge wet scason rainfall for release

in dry s¢ason.
(»  Return Period of Annual Runoff in Sirikit Reserveir
The Siﬁkit rescrvoir has often suffered from shortage of inflow in wet season

which is msufﬁclent to fill the storage and would in turn result the shoxtage of water

to be released to the Chao Phraya delta area in dry season. On the contrary, the

- reservoir has faccd the flood problems in specnﬁc flood years of 1975 and 1995 when

the flood inﬂqw spifled over the reservoir uncontrolled resulling severe damages

' downstream in the C_héd_l’hr_aya delta arca. The freq_uéncy analysis of flood and

drought nmoffs was made on the basis of the runéﬂ' recbrd collccted from N1 station,

“h:ch s located upstream of thc Smklt dam having the long term runoff record of

more than 70 years. The results are summanzed as under;

Ftood and Drought Runoff of Nan Rner at Nl Siauon (Umt MCM)

Probability ' Flood Runoff Drought Runoff
Pl 3400 2,000
p=1/10 - | 4,000 1,700
P=1/20 - 4,400 o 1,360
P=1/50 - - 4,600 ' 1,340

" Ruhc-)flChﬁa're:zcte.ristiés of Major Rivers

Runoff ch'uactenslics of thc major fivers are studled in accordancc thh ihe runoff

data as comp:led in lhe Suppomng Report and as summanzcd in Table 2.2
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{a) - Kok River

~ The Kok river, the water source for the project, has an abundant annual runoff
of 2,140 MCM or 714 mm cquivalent at the international border of Thailand with
Myanmar, and 3,590 MCM or 593 mm at the proposed diversion damsite. The Kok
river presents the dry scason runoff of about 700 MCM at the proposcd diversion
damsite which is sufficient for irrigation use in dry season. In the Kok river,
fluctuation of annual runoff is small showing the minimum annual runoft of 2,000

MCM which corresponds to 60% of the mean annual runoff. The Kok river has a

sufficicnt annual runeff of 1,600 MCM supplied from tributarics in the lower reaches

between the diversion damsite and river mouth. Accordingly the river maintcnance

" flow will be fully secured even if the Kok water is diverted at the proposed diversion

site by the project.

.'(b)lng River

The Ing river, which is also the water source of the project, has an annual
ranoff of 1,880 MCM or 331 mm equivalent at the proposed diversion damsite.
However, the dry season runoff is as small as 150 MCM which is less than 10% of
annual runoff, because the drainage area is composed of the plateau with scarce
vegetation and alluvial plain along the river where rain water can’t be fostered in wet
season. The minimum annual. runoff of the Ing river at the proposed diversion site is
about 820 MCM which corresponds to 40% of the mean annual runoff. Accor.dingly

the annual fluctuation of the Ing river runoff is slightly larger than that of the Kok

" river. Although the runoff cobservation is not avéilablc, there arc plenty of inflow

- from numbers of tributarics in the lower Ing basin. In addition, the backwater of the

Mekdhg river reaches the middle part of the lc\\;ef Ing basir keeping the water level

at a high posilioh in wet season. Accordingly a particular carc for the river
- maintenance water in the lower Ing basin will not be needed, even if the proposed

- project diverts the Ing water at the diversion damsite.”

{c) Upp er Nan River

. The upper Nan river is the source of ‘water for the Sirikit dam. The river
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presents a rich annual runoff of 2,540 MCM or 552 mm at the N1 station of Nan
city, however, the dry season runoff js as smaﬁ as 220 MCM or only 8% of the
annual runoff. The upper Nan basin is composed of ‘small and steep mountainous
area, so that the rain water in wet scason used to be drained immediately into the

river. A big flood discharge of 2,800 cu.m/scc is recorded at the station.
(@) Sirikit Inflow

The mean annual inflow to the Sirikit dam is 5,120 MCM, of which the dry
season runoff is 6nly 720 MCM. The wet scason runoff is about 4,400'1\{CM which is
insufficient to restore tﬁc effective storage capacity of 6,660 MCM. As the result,
the Sirikit reservoir has not been filled with water at the end of wet scason with the

emply capacily of 2,000 to 3,000 MCM.

The annual inflow presents the wide variation year by year with the maximum
of 9,500 MCM in the flood year and the minimum of 3,000 MCM in a dry year.
Accordingly the seservoir has faced the difﬁbﬁlty to carry out the proper reservoir
operation. Although the dry season inflow is so small as 720 MCM, the reservoir can

- release the dry season ontflow of 2,720 MCM through a proper operation.
(¢) Runoff in the Lower Nan Basin

Being located downsiream of the Sirikit dam, the lower Nan basin produces the
rich wet season runoff from many tributary basins of about 20,000 sq.km, however in
dry season river flows are scarce or almost nothing. The wet season rﬁnoff in the Nan
river increases as the flow gocs down showing 2,900 MCM at .Ut‘taradit, 4,710 MCM
at Phitsanulok, 6,030 MCM at Phichit and 6,830 MCM af C]iung Saéng located at
~ the confluence \nlh the Yom nvcr after colleclmg side ﬂow from tnbulary sub-
basins, The dry season runoff, however, docs not increase 50 much presentmg almost
sami¢ values of 2,500 to 2 700 MCM with lhe Smklt ouiﬂow at all stations along the
river, since the small runoffs from tributary basms are mostl).r consumcd for lrngauon

and other uses within the own catchmcnt areas

Accordingly the Nan river has the bulk surplus watcr:to meet the water demand
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in the Chao Phraya delta in wet scason, however in dry season the limited water has

no allowance to supply cxcess water to the delia arca.

(H Yom River

The Yom river, flowing adjacent on the west to the Nan river, has the mean
annual runoff of 2,560 MCM (specific yield of 209 mm) at the Y14 station in
Sukhothai city. The Yom runoff is much smaller than those of the Nan and Ping

rivers with no room to contribute to the downstream Chao Phraya delta arca.

The upper basin of the Yom river has been devastated due to slush-bum
farming and tree fclling so that a big flood with the peak discharge of 4,060 cu.m/sec
takes place in a specific flood year bringing inundation damage to the downstrcam

area.
(g) Wang River

The Wang river is the largest tributary of the Ping river having the mean
annual runoff of 1,080 MCM at the W4A station in Tak city. The Wang runoff is
also small and no room to supply cxcess water to the downstream arca can be

expected.
(h) Bhulﬁibol Infiow

The mean annual inflow into the Bhumibol reservoir is 5,240 MCM of which
the dry season runoff accounts for 670 MCM only, and the wet scason runoff is as
small as 4,550 MCM which is quitc insufficient to restore the effective storage

capécily of 9,660 MCM in the Bhumibol reservoir. Consequently the reservoir has

| never beén filled with water bmscnling the empty storage volume of 3,000 to 5,000

MCM every year at the end of wet season.

Thc resenolr mﬂow vatics )ear by year w:th a wide fluctuation bet\\een 8,800

MCM in the weltest yeat and 2,560 MCM in the driest year, makmg the operallon of

TeserV oir rather dlfﬁoull



The oulflow from the reservoir is 1,920 MCM in wet season and 3,020 MCM
in dry season on average, providing the similar amount of dry season water to the

detlta area as compared to that of the Sirikit reserveir,
{i) Runoff of Lower Ping Basin

The iowcr Ping basin, located downstream of the Bhumibol dam, consists of
* large tributary sub-basins of about 16,300 sq.km providing 2,800 MCM of the mean
annual runoff. Even in dry scason such tributary sub-basins contribute to increase the
Ping river water to 3,400 MCM at the P‘JA statton in Kamphaeng Phet from 3,020

MCM released from the Bhumibol reservoir.

The wet season runeff also increases from 1,920 MCM of the Bhumibol

outfiow to 4,350 MCM at the P7A station.
(3) Runoff at Nakhon Sawan (C2 Station)

All runoffs from the Nan, Yom, Wan:g and Ping rivess meet together at the C2
station located in Nakhon Sawan city upstream of the Chainat barrage. The mean
annual ranoff at the C2 station is 22,560 MCM, which can be divided into 15,400
MCM of wet season runoff and 7,100 MCM of dry seasoh runoff. The wet season
runoff increases remarkably as compared with the outflow of 4,.050 MCM rcleased
from the both Bhumibol énd Sirikit resénroirs, hoivevcr in dry season, the runoff at
the C2? station remains almost same as the 6utﬂow of 6,000 MCM from the both

1CServoirs.
(k) Runoff at Chainat Barrage

Being located at the entrance of the Chao Phraya delta area, the Chamat
barrage controls the Chao Phraya river water and divert it 1o the delta arca. Although
the Sakac Krung river flows into the Chao Phraya m'cr_beh\'ecn Nakhon Sawan and
Chainat, the mean annual runoff of the Chad Phr'a\'y' river at Chainat is 22,400
- MCM showing almost same valuc as that of Nakhon Sawan, smce the runoff from the

Sakae Krung catchment is small and used moslly within thc sub- basm
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About 4,200 MCM is diveried from the Chao Phraya river at Chainat,
conveyed through the Chainat-Pasak and other canals/rivers to the delta area for
irrigation and other purposes in dry scason. The downstream selease of the Chao
Phraya river at Chainat barrage accounts for only 2,200 MCM or 137 cu.nv/sec on an
average in dry scason and used to decreasc to 100 to 150 MCM/month or 63 to 90
cunvsec in dry months, which is insufficient to maintain the river course and to

prevent the sca water intrusion.
)  Mckong River
The Mckong river runoff has been observed at Chiang Saen near the Golden

Triangle site and Chiang Khong near the 1Ing river mouth, showing the mean annual

values of 85,500 MCM and 95,500 MCM respectively. At both stations, the

" fluctuation of river water levels between wet and dry seasons is observed at about

10m.
Water Level and Peak Flood Discharge

The peak water level and discharge during flood, necessary for project planning, is

collected at major stations in the Kok, Ing and Nan basins as summarized below,

- Water Level and Discharge During Peak Flood

Stations Drainage Area | Discharge | Water Level | Retura

{sq.km) (cu.mv/sec) | (m, MSL) | Period
Chiang Rai (G2A), Kok River 6,063 953 392.8 30
Thoeng (IN1), Ing River 5,700 1,250 368.2 550
Bang Wang Hit (N51), Yao River 774 380 235.8 ~20
Thung Chang (N17), Nan River 1,156 - 1,843 1,014 . 30
Nan (N1), Nan River ' 4,609 2,800 200.5 20
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(5) WaterQuaIily
(@)  Sediment Transport

The regression analysis for rclationship between the mean annual suspended
sediment discharge and its corresponding catchment area was carried out using data

from selected 30 stations. The regression equation oblained is as follows;

Qs = 82.175 x A098?

where Qs denotes the mcan annual suspended sediment discharge in

tons/ycar and A catchment area in sq.km,

From the above formula, suspended scdiment discharge at Thoeng (IN1}) is
calculated as 425,892 tons/year. On the other hand, mean sediment discharge records
from 1968 to 1994 at .Thocng shows 234,976 tons/year, and therefore it is nccessary

for facility design to check the éa_lculated result in alt aspects,
(b) Water Quality

The O/M Division of RID measures the water quality of all rivers and canals in '
the province. Prescntly available three years data were collected. As for the dissolved
oxygen (DO), data are available only for two months varying between 4 and 5

mg/liter, that is within the standard range.

2.4 Land Use and Capability
(1) Land Use for Forest and Farm Area

The land use for forest and farm area 'of_ the Chao Phraya basin and the project area
of the Kok and Ing basins is studicd based 6n the data on prolvin.ci.al level in Agricultural
Statistics of Thailand and the provincial area rate bcing occupied by each sub-bas_inr such as
the Nan, Yom, Ping, Delta, ¢te. in the Chao Phraya basin an& the Kok and Ing basins m the

project arca.
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The land use for forest and farm area in 198} and 1992 is analyzed as shown in the

- Supporting Report and as summarized below;

Summary of Land Use for Forest and Farm Arca (Unit: 1,000 ha)

. : : Total Forest Area . Farm Arca Other Area
River Basin Area | “
S ~ - 1981 1992 | 1981 1992 | 1981 1992
1.Chao Phraya . : ' S
Nan S} 3,430 1,290 1,040 1,010 11,0807 1,130 1,310
Yom 2,360 | 1,030 830 760 [ 760 570 770
- Wang | 1,080 830 720 10| 150 140 210
- Ping | 3,390 2,430 2,100 560 650 400 640
Pasak | 1630 | 330 230 830| 910} 420{ 490
Sakae Krung 520 150 | -130|  260| - 260 110 130
. Delta/Tha Chin | 3,380 400 330 | 2,260 2,070 720 980
Total 15,790 | 6,460 | 5,380 ( 5,840 | 5,880 | 3,490 | 4,530
2.Project Arca E
Kok & Ing 1,470 790 640 | 340 360 340 470
Upper Nan 1,090 570 460 20 130 430 500
3. Whoic Country [ 51,310 | 16,090 | 13,500 [ 19,410 { 21,130 | 15,810 16,680

{a) Chao Phraya Basin

The Chao Phraya basin is the mos.l. inlpdrtant one in the agricultural scctor of
Thailand holdmg the forest area of 5.4 miltion ha occupying 40% of total forest arca
in the country and the farm arca of 5. 9 million ha corresponding to 25% of the

=‘:natmnal farm area. The charactensucs ‘of the land use for forest and farm arca arc

Summanzed as follows;

- The upper basins of the Nan, .Yom, Wang én& Ping rivers arc formed with the
Bigh mountainous arca being covered with the dénsé fcrés:t which foster the
water resources in the Chao Phraya basin. The forest area in the basin,
however, has been decreascd to 5.4 million ha in 1992 from 6.5 million ha in
1981 dug to tree feiimg, slash and bum farmmg, conversmn to farm land, etc.

- Thc largc forosl area of 250,000 ha in the Nan 2{}0 000 ha in the Yom and
| 330 000 ha in the ng has been lost dunng 10 )ears from l98| to !992 In
-.accordancc with the dccreasmg foresl area in those basms the ftood in wet

" season has increased, \yh:!e the dry scason runoff has decreased.
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- Farm land arca in the Chao Phraya basin is cstimated at 5.9 miltion ha which is
not changed from 1981 to 1992, The farm land in the Ping basin has increased
from 1981 to 1992 but that iﬁ the delta arca decreased duc to conversion of

~ the farm land to the urban and industrial development arca in the delta area.

- Farmarea in the Nan and delta which is the direct beneficial aréa of the water

- diversion project reaches to the large area of ébout 3 miﬁion h:;,-i.n 1992 and
rcquir;:s the large amount of irrigation watcr at present aﬁd in future.

- Thci'o.lh'cr land area whiéh wiil beuseiess jand for agriculture and belong to the
urban and indﬁslrial arca has been considérably increased and reaches to 4.5
million ha in 1992 for 3.5 million ha in 1981. Deforested area has lost the

rencwal capacity for vegetation due to soil and gully erosion, etc.
(b) Project Arca

The project area consists of the Kok and Ing basins with the drainage arca of
14,700 sq.km excluding the area of 3,000 sq.km in Myanmar, and the upper Nan
basin with the area of 10,900 sq.km lying upstream of the Sirikit dam.

- The upper basin of the Kok and Ing as well as the upper Nan consists of high
mountain with the dcns.e_forcst and fosters the watér resources in the area.
Forest arca in the project area, however, has been lost due to deforestation and
is l_imifed to 640,000 ha in the Kok and Ing basins and to 4§0,00'0 ha in the
ﬁpper_Nan basin which are 20% léss than the fbrcst a_re.a in 1981,

- Farm land in Kok and Ing basins has not bee.n increased fror.n 1981 to 1992,
while the !an.d_ in the upper Nan increased to 130,000 ha in 1992 from 90,000
ha in 1981. |

(2) Farm Land Use for Paddy, Field Crops, etc.
Férm land use for paddy, ficld crdps etc. In the Chao Phrayé'.and the project area

also is studied by the same manner as apphed for :he land use for forcst and farm area. The

" sfud} rcsutt is shown in the Supportmg chorl and summanzed as follous
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_ Summary of Farm Land Usc for Paddy, Ficld Crops, ctc. (Unit: 1,000 ha)

Total Paddy Field Crops Tree Crops Vegetable Others
River Basin - - e
1981 1992 | 1931 1591 195 552 981 1992 1983 1992 1981 1992

1.Chao Phraya . . . )

Nan 1,010 | 1,680 | 650 h30) 290 350 30 50 1 5 39 (3]

Yom 760 760 520 440 180 240 30 40 H 4 r 36

\Vang' 110 150 70 75 30 50 3 10 4] 2 ki 13

Fing 560 650 325 305 170 215 0 15 3 }7 3z 33

Pasak 380 310 405 350 4130 460 16 52 2 4 37 44

Sakae Krung 260 260 160 140 45 100 4 10 (I 2 51 H

DelafTha Chin | 2,260 | 2,070 | 1,6¢0 § 1,310 430 490 g0 140 13 22 37 108

Total 5,840 | 5,880 | 3,730 ) 3,210 | 1,615 | 1,915 193 337 20 36 282 312
2 Projesd Arca

Kok & Ing 340 360 250 210 60 bt 1 217 ] ] 2 17

Upper Nan 90 130 | 40 40 40 7% 5 13 o 1 ) 6

(3) Chao Phraya Basin

- The paddy arca in the whole Chao Phraya basin has decreased to 3.2 million ha
in 1992 from 3.7 million ha in 1981, while the area for ficld crops, tree crops,
vegetable, ctc. has considerably increased from 1981 to 1992 because of
achievement of crop diversification program promoted by Thai Government
and increased market demand for various kinds of food. '

- The field crops such as maize, soybean, etc. to be used for vegetable oil and
livestock feed are increasing at the plateau and hilly area in the Nan, Yom and
Sakae Krung basin as well as in the delta area in dry season.

- The tree crops, especially orchard plantation also is increasing at the area in
the Nan and delta area which is the direct bencficial area in the project.

- In the delta arca, orchard and vegetable plantation is prevallmg in the recent
year in accordance with the market demand for urban mhabntant in Bangkok
Metropolis and other citics. _

- The plantation area for ficld crops, orchard and vegetable will increase toward
21 century in parallel with increasing urban population, as a result the irrigation
water in dry season will increase year by year.

(b)  Project Area

' Paddy plantahon in the pmJect area has aiso decreascd bul p!antatlon for ficld

crops and orchard increased.
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(3) Land Capability in the Project Area

" Land capability for crops in the project area is approximately studicd based on the
soil map and land use map prepared by DLD as shown in the Database Map. Summary of

land capability for cach basin is shown in the Supporting Report and outlined bcl'ow;
(a) Kok Basin

| The land suitable for paddy cultivation consists of the soil units 3,6,8, 15and
16 covering the area of 101,000 ha. The above land mainly extends on the low lying
area atong the Lao river and near Chiang Rai city. The land suitable for field crops
and fruit trees belongs to the soil units 1, 6,‘ 13, 18, 20 and 25 with the area of %
191,000 ha. This land is mainly distributed in the foot of hilly area along the Lao aﬁd
Kok rivers. Out of the paddy land of 101,000 ha, the area of 61,200 ha belongs to
the first class land suvitable for paddy an__d the remaining area to the second class. The
land suitable for upla.nd‘crrops and fruits belongs mainly to the sccond class land due to

some topographical probleras.
(b} Ing Basin
There are the land of 203,100 ha suitable for paddy and 94,300 ha for ficld

crops and fruits, belonging to the same soil units as in the Kok basin. The land

suitable for paddy_i's mainly expanding on the large and flat alluvial plain along the

Ing river, while the tand suitable for field crops and fn_nité is distributed in thc'high

fand being scattered near the paddy area.
{c) Upper Nan Basin

The upper Nan basin is mostly consisted of the mountainous arca w.i.th
scailered flat arca. Accordingly the tand suitable for paddy.is as s:ﬁaﬂ as ii,BOO ha,
which is mainly in a slender shapc'along tributaries ﬂowing into the Nan ri\_re'r. The
land suitable for ficld crops and orchard occupié's. é!arge area of 186?0_00 ha, h.owevei,_ .

the.y are under some topographical piob!c:ns.'.. e
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2.5 Agricultural Condition
(1) Agricultural Development Policy

The most important policy for agricultural development in Thailand is to promote
the crop diversification program, The program was initially sct up in the 6th National
Economic Development Plan (1987 to 1991), has Becn cmphasized in the 7¢h Plan (1992

- to 1996) and the 8th Plan (1997 to 2001} and will coniinuc in the 21 century, bocause of

the following background and reasons;
(é) Effective Use of Farm Land

The agricultural development in the past was achicved mostly by expansion of
the farm land area for paddy and cassava cultivation converting the forest area to
farm land as explaincd in the paragraph 2.4(1), as a result the forest area has been

- lost year by year in the country. There is no more room for cxpansion of farm land
in the country due to cons.crvatio'n'of the forest arca. Accordingly the agricultural
development to meet the future food requirement shall relay on the offective and
suitable utilization of the existing developed farm area. Namely the second crop

* plantation after wet season paddy shalt be accelerated in order to achieve the
maximum land wtilization and increase the agricultural products to meet the

~increasing food demand.
© {b) ' Limited Water Resources

According to lhc successful progress of the national economic development in
the recent years, the w ates demand for agriculture and domesuc and industrial uses has
been largely mcuased, while the existing water resources are timited to respond to the

' i_ncfcasing water demand. In addition, new projects for water resources development
e cou!d.no't. be implemented easily due to fack of the suitable damsites and severe
env:ronmental impact for the pro;ect Accordmgty the watcr shortagu problcm for

| - agnculture and non agnculture sectors will take place in near future, especially in the
" Chao _Phraya delta arca where the h|gh agﬂcultural productivity has becn achicved,

~and the rapid urban and industrial dcvelophlént will f_a{:é the critical water shortage
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problem. Therefore the crop divessification to introduce upland crops in dry season
instead of dry season paddy cultivation which requircs much water consumption shall

be accelerated in future, in order to prcv'cnt_ the water shortage in dry season. .
(c} Reduction of Paddy aﬁd Cassava Area

- ‘Altbo.ugh the paddy is the prevailing crops in Thailand and familiar crops for
farmers, the paddy production has increased year by year with the expansion of
irrigation projects not only in Thailand but alse in other countries in the
Southeastern Asia, as a result the rice price in the world market in recent years
has fallen down. Accordingly farmers' income depending on paddy mono
culture has decreased. 1t will therefore be necessary in future to introduce crop
diversification instead of the rice mono culture, in order to obtain higher
agricultural income and to meet food demand. |

- Cassava plantation shall also be replaced to other crops because of its
destructive nature of soil fertility, long land occupation of more than 1 year

for hawcsling and low market price.
(d) Increasc of Various Food

A number of various food dcmands including processed foods by use of
agribultural products from upland crops, fruits, vegetables and livestock have been
increased in recent years together with the economic growth not only in the urban
and semi-urban districts but also in rural areas in Thailand. In addition, the export of
these processed food has been increasing. It is lf)erefore necessary to increase

productivity of such materials under the crop diversification program.
(¢) Income Generation and Job Creation for Farmers

Farmer's lively food is supported mostly dépcn&ing on the inco;ne .from'péddy
cultivation in wet season, however, there is no opporlunity to work_fbr income in
dry season because of Jack of i_rrigat_ion water. lt.will be '_necess'a'ry to introduce the
sccond ciop plantation by m_e'ans' of prd\}iding water, in_order to create_ﬁ jdb

opportunity and to gencrate source of income in the rural area,
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Improvement of Agricullural Production Structure and Systent

The following policy was set up in the 7th Plan to improve the agricultural

production structure and system and to accelerate and achieve successful crop

diversification program. lts implementation was approved ny the Cabinet in December

1993;

(3)

Plantation area for dry season paddy, cassava, coffce and pepper shall be reduced and

~ diveried to areas for uplahd crops, fruits, vegetables and grass land for livestock

breeding. Total crop diversification area during three years from 1994 td 1996 was
planned at 786,000 ha, of which paddy reduction arca was as large as 360,000 ha.

In ordcr to achieve the above crop diversification prbgram, the Government

' provided 36,000 million Baht during these three years, of which 25,800 mitlion Baht
" was allocated to convert paddy area to others crop land. Additional budget of about

.26 900 million Baht is scheduled to be provided for crop diversification from 1997 to

2010.

For crop diversification of paddy and cassaifa the Government will provide the credit
with low zmcrest of 5% pcr annum with a rcpayment perlod of 15 years, instead of
the ordmary interest of 8%. '

For reduction of coffce and pepper, the Government wilt pay 6,800 Baht/rai (42,500
Baht/ha) for agricultural subsidies. |

For fruit plantation, the Government will provide the credit for water resources

* facilities such as farm pond and irrigation system on farm level.

Agriéultural Prdduc_!iﬁty

o Agncultural producuvmes iny olwng cmpped area and production as well as livestock

| breedmg in 1995 in the’ Chae Phraya basin and the pro;cct arca of the Kok and Ing basins
~ are studied based on the Agricultural Statistics of Thalland Crop Year 1994/95 as shown in

B the Supporttng Repon The outlmcs arc summarlzed as follows;
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{a)  Area and Production of Major Crops
Crop Area and Production of Major Crops
Wet Paddy Diy Paddy Maize Cassava " Sugarcane Soybean
Bastn‘Crops - -
A P A P A F A P A P A P
1. Whote Country B.295 18,161 630 2,950 ].351 3,.956 297 18,164 923 50,591 395 528
2. Chao Fhrays i
Nan 430 i168 Ti 35 131 3%0 40 548 30 1,553 70 21
Yom 313 B3B 34 154 58 148 13 190 43 2,410 87 109
Ping/Wang 340 1,044 19 79 &6 189 41 566 54 1139 62 82
Sakae Krung 1068 181 -4 15 38 111 21 5% 25 1518 | ¥4 18
Pasak 269 716 B 33 25% 822 [ X] 201 3 1,544 33 47
ta 991 3,129 373 1,747 159 457 64 S1s 199 11,606 26 k1
Tolal 2,451 176 513 2,364 Til 2,117 ]9‘2 1,219 383 2|.TBQ 250 385
Rate (2/1) (%) 10 40 75 80 53 53 15 bs a1 43 73 73
3 Kok & Ing 155 4713 3 9 49 147 2. 29 - - 8 i0

Notes: A Hapvested area in 1,000hs, P Production in 1,00010n.

The Chao Phraya basin is the largest crop producﬁon area in the country
occupying 40% of wel scason paddy and sugarcane, 50% of maizc and 70% of
- soybean against the total production of the country.

Especially the Nan basin and delta arca, the direct beneﬁbiai area of the

- project, have a large paddy production of 1.5 million tons and 4.9 million tons

respectively. L _

Maize production in three basins of the Nan, Pasak and dclta reaches about 1.7
. million tons occupying 80% and 45% of the total producuon in the Chao

Phraya basin and the whole country. - _

Soybean, which has been expanding in recéni ycars, is harvested in all sub-

basins in the Chao Phraya basin and its production "reache-gs 385,000 tons

corresponding to 70% of the country's pfodticlion. | _

In the Kok and Ing basin, the wet season paddy prevails under rainfed and

supplemental irrigation condition. There is vcrj' scarce itrigated agriculture in
* dry season b_ccause_ of no or less rainfall and river runoff. Upl_an.d_ érops such as

maize and soybea'n ar¢ planted in dry season in a limited area by use of soil

water saturated during wet scason. e

In the Nan basin lhcrc isa Iarge paddy area of 43{} ,000 ha of wluch about

300,000 ha lying on the flat alluvial plam along thc Nan rwcr will be the

bencﬁma_l area for the project, The remaining 100,000 ha is scattered mostly

in tributary basins. Upland crops such as maize, sugarcane and soybean are
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largely planted under rainfed condition in wet season and semi-irsigated
condition in dry season.

The Chao Phraya delta area, which is the beneficial area for the project too,
has the irrigation arca of 1.2 million ha. The present irrigation arca is,
however, limitcd to 1.0 million ha ducto lack of water, The wet scason paddy
of 1.0 million ha and dry scason paddy of 370,000 ha are preseatly under
cultivation. In addition, the arca of 80,000 ha is cultivated in dry season for
upland crops, fruits, vegetables, etc. and the arca of 23,000 ha is used for
fishery ponds. If sufficient water is available, the dry season area could be
increased to at least 600,000 ha corresponding to the irrigation intensity of

50%.

Livestock Breeding
Livestock Brccding(l,'OOO Hcads) o
Basin/Livestock Buffato | Cattle Swine
1. Whole Country 4,754 6,360 4,985
2.Chao Phraya - 7
Nan | 129 324 236
Yom ‘ 165 - 293 220
Ping/Wang 175 394 371
Sakae Krung 70 335 152
- Pasak 26 66 137
Delta 145 674 8i8
Total | eso | 2,086 1,834
Rate (2/1) (%) 14|33 37
3. Kok&Ing . 98 138 | 158

Buffalo, which is u.'sed for cultivation, is decreasing year by year in all basins due

to prom'otion_ of agricultural machines for cultivation works.
_Cattle breeding for milk and meat preduction and _afso swine breeding have been

“expanded in sub-basins in the Chao Phraya basin in accordance with incrcasing

tivestock products, as a result requirement for animal feed such as maize,

soybean has also been increased.

225



(¢) - Fresh Water Fish Culture

The fresh water fish cultuse in Thailand has been expanded in all regions and its

production and value have also been increased country-wide as follows;

Quantity: 167,000 tons in 1985 to 274,000 tons in 1992
Value: - 4,134 million Baht in 1985 to 6,477 million Baht in 1992

The condition for fish culture in the Chao Phraya and Kok and Ing basins is

outlined as follows;

Fish Culturec Condition

. . Arca Production | . . Valuc
Basin/ltem _ No of Farm Units _ (ha) (Ton) (1,000 Baht)
1.Whole Country 108,400 158,000 32,300 110,950 2,834,000
2.Chao Phraya o | : B . ' '
Nan 5,280 6,780 650 2,990 63,400
YonyPing/Wang 13,610 24.880 2,980 18,040 392,700
Pasak 1,510 2,190 420 3,590 [ 69,000
Delta 13,230 25,130 14,240 © 58,050 1,658,900
Total 38,630 58,980 18,290 - 82,670 2,184,760
Rate (2/1) (%) 36 37 . 57 175 77
31 Kok & Ing 5,520 - 8,390 260 1,040 29,300

- A]though the number of farms and units engaging in fish culture in the Chao
Phr.aya basin is 35% of the whole countiy, the ﬁroduétidn and value of fish
culture in the basin is considcfabl_y high showing the average production of 4.6
tons/ha and average value of 120,000 Bahllﬁa. | _

- Since the Kok and'lng basins have the \S'ctlancfs in thc'basi.n the fish culture is
prevailing. However its producuon and value are stifl low presenlmg 1.1
tons/ha and 30,000 Baht/ha, due to lack of water to bc supphed to ﬁshcry

ponds and low fish culture iechno!ogy
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(4) Cropping Pattern

The cropping pattern in Thailand is gencrally different in wet and dry scasons and in
irrigated and rainfed areas. The representative cropping pattern in Thailand is described as

follows;

- In wet scason from June to October, the wet scason paddy is cultivated in principal
except the perennial crop area such as orchard arca and hilly area where are suitable
for upland crops only. The wet scason paddy is cultivated gen‘srally under rainfed and

supplemental irrigation condition using effective rainfall.

- The dry season paddy is culiivated in the period from December to March under
irrigated condition whenever irrigation water is available. Upland crops in dry season
are cultivated in the area where soil moisture is enough saturated with rain water
during wet season.

- Upland crops such as maize, soybean, mungbean and cassava are cultivated not only
in dry season but also in wet season in hilly arcas where paddy plantation is difficult
due to topographic condition. | .

- In the farm land area located near urban and semi-urban arcas, various kinds of
vegetable are planted throughout.a year. Three times a year of vegetable cuitivation
is possible in the area throughout a year. |

- Orchard, sugarcane and cassava is planted throughout a ycar.
(a) Cropping'Pattem in Kok and Ing Basin

© The wet season paddy from June to October is largely planted over the Easin.
Irrigated paddy arca however is limited to the low land along the Lao tributary iﬁ the
Kok basin and in smalt arcas developed by the small scale irrigation project. In dry
season, uplaﬁd crops such as niaize, sdybean, groundiut, mungbean, tobacco, ¢tc. and
sub;tropicél crops such as polato, 'onion, ete, are planted. Although some dry season |
- paddy is cultivated in the area where irrigation water and natural stream water is
- available. Rc.présehla!ivc bropping paitem in the Kok and Ing basin is shown in the

Database Map.
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(b} Cropping Pattcrn in Nan Basin . . : %

The simitar cropping pattern as in the Kok and Ing basins is prevailing in the
Nan basin. The wet and dry season paddy cultivation is dominant in the Uitaradit
pump irrigation areas and Phitsanuiok gravity irrigation area. Upland crops are also
cultivatcd extensively under rainfed condition in wet scason and intensively under
- irrigation cbndition i dry scason. In accordance with the limited dry season
irrigation water being supplied from the Sirikit reservoir and the increasing market
demand for various food in urban and scmi-urban districts, That Government intends
to accelerate the crop diversiﬁéation program in the irrigated agricultural area instead |

of the dry season péddy cultivation.

(¢) Cropping Pattern in Chao Phraya Delta

The Chao Phraya delta holds the most important and productive farm arca
under full irrigation system in the country. Many agricultural commoditics both for
local consumption and cxport to the world market are mainly produéed in the delta

- arca. In wcl season, the farm land area in delta is cultivated mostly with irrigated
paddy presenting a hi'gh yield except small arcas where vegetables arc cultivated to
obtain high cash income. Dry séason paddy is also cultivated in the area where is not
suitable for upland crops because of heavy téxture soils and poor drainage problems.
Upland crops, orchard and vege.tablc plantations are dominant in wet and drjr season

achicving the high yield blessed with sufficient water for irrigation, skillful farmers,

casily avaifable farm inputs, high market demands and prices. The crop
diversification program will be accelerated also in the delta area in future The

- . representative cropping patterns are shown in the Database Map.
(5}  Net Production Value of Crops and Fish
The net productlon value of crops and fish is studied - bascd on data of Agncultural

Statistics of Thailand in 1994/1995 and other reports available, as sho“n i ’I able 23,

)
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Table 2.3 Net Production Value for Crops and Fish Financial

4.0

r :
oms Unit Yield | Unit Price Prfdl?cslion ngz::“’" lj:ig:::z:f
_ (ton/ha) (B/ton) Value @ !‘ﬁa) ' (Bfha)
{B/ha) . . _
. _Paddy
Wet Season Paddy, Rainfed 2.0 3,700 7,400 © 5,000 2,400
~Do-, Irrigated 3.8 3700 | 14,000 7,000 [ 7,000
Dry Season Paddy, Irrigated 4.5 4,000 18,000 10,000 8,000
. Upland Crops, Irrigated _ ‘ _
Maize 35 2000 | 10200 | 6500 3,700
Soybean 2.0 8,000 | 16,000 8,000 8,000
Sugar Cane 433 440 19,100 1 . 12,400 6,700
. Groundnut 1.8 9,100 | ~ 16400 | 10,000 6,400
© Vegetable, Irrigated 10.0 8,000 | 80,000 35,000 45,000
Fruits 5.0 15000 | 75000 | 40,000 | 35,000
Fresh Fish 95,000 | 100,000 | 60,000 | 50,000
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2.6 Water Resources Development in Chao Phraya Basin

The waler resources acvelqpment plan in Thailand is generally set up for inigated
' ﬁgn’culturc to control the rich ninoff in wet séasoﬁ and uée it for supplemcﬁ!ét irrigation of wet
‘season padd); and full irrigation of dry season crops .suc.h as paddy, upland crops, orchard;
vegetable, etc. The hydropower generation and flood control arc considered to be by-products.-
Agencics responsible fof watcr resources development for irrigated agricni!rurc arc RID, ARD and

DEDP ilﬁplcmenting the following projects;

- Large and medium scale irrigation pmJect by RID
- Smalt scale :mgation program by RID and ARD
- Pump 1rngat|on pro_;cct by DEDP

(1) Existing. Water Resources D'evelopmcnt Project

Many water resources .development projects for irrigated agricuituré consisting of
dams, weirs, puinps canals, etc have been p!an'n'ed mmplemented and opérated in the Chao
Phraya basin. The location of exlstmg large dams with their commanded areas are shown in
lhc Database Map The largest csusimg dams in Thailand are the Bhumibol dam with the
actnrc capacity of 9,660 MCM on the Ping river and the Sirikit dam with the capacity of
6,660 MCM, as outtined in Table 2.4. Other large scale dams in the Chao Phraya basin are
listed in Table 2.5.

There are about 90 existing large/medium scale dams with total active capacity of
17,500 MCM and total irrigation arca of 1.54 million ha, In addilipn,' about 1,600 small
scale irrigation projects arc under operation with total storage capacity of 230 M.CM and
irrigéblc arca of 620,000 ha. Pumping irrigation projects covering the area of 79,500 ha -

have been developed and under operation in the Chao Phraya basin.

All reservoirs except the Sirikit and Bhumibol reservoirs with largc'éapacilics are so
opcratcd that the ﬁch runoff in i\'ct season is stored in the reservoir and released .for
supplemental 1rngal|on of wet season paddy in June to huly v.hen rainfall is msufﬁcwnt for
paddy cultivation. Accordmgl}, the reservoir water to be used for dry scason lrngatlon is

quite fimited.
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Tablo 2.4 Outline of Bhu_mibo! and Sirikit Dams

1,560

1,200

231

: Dimension Unit Bhumibo! Dam Sirikit Dam
Reservoir
Catchmer;t Area km? 26,100 13,130
Average Anhual Rainfall mm 1,100 1,200
Average Annual Inflow MCM 5,250 5,120
" Maximum Annual Inflow MCM 8,707 8,574
Minimum Annual Inflow MCM 2,276 3,119
High Water Level m 260 166
Full Water Level m - 260 162
" Low Water Level ‘ m 213 123
Storage Capacity at HWL MCM 13,462 10,503
 Storage Capacity at FWL MCM 13,462 9,510
 Storage Capacily at LWL MCM 3,800 2,850
Active Capacily MCM 9,660 6,660
" Reservoir Surface Area km?2 318 260
Structure
DamType Arch Ear-th Fiil
Dam Crest Elevation m, MSL | 261 169
" Dam Height m 154 113.6
Dam Len glh “m 486 800
Spitlway (i)abacity _ nWsec 6,000 3,250
Average (:iutﬂdw for Power m3/sec 616 ' 500
 Effective Powsr Head m - 100 85
 Power Pza}at Capacity ) MW 70X6+115=535 125X 4=500
Produced ;\nnﬁai En_ergy} GWh | |




Table 25 Outline of Existing Large and Medium Dams

Drainége - Annual Active Irrigable
Basin Dam Area ~ Runoff Capacity Area
(km?) (MCM) (MCM) (ha)

Large Scale _
Ping Bhumibal 26,386 5,250 9,660 649,000
—Do- Mae Ngat 1,281 290 243 4,800
—Do- Mee Kuang - 569 210 249 28,000
Wang Kiu Lom 2,700 590 108 25,600
Nan Sirikit 13,130 5,120 6,660 - 649,000
Sakae Krung Tap Salao 534 200 152 23,000
Chao Phraya Krasieo 1,200 170 201 - 20,800

Subtotal 7 45,800 11,830 17,213 | 1,400,000
Medium Scale
Ping Mae Tub 126 24.6 39 4,160
Wang Mae Yao - 36 3.2 3.5 960
~ Do~ Mae Arb 35 4.4 75 640
~Do- Mae Prik 45 5.5 42 620
Yom Mae Kam Pong - 13.9 2.6 960
~Do— Mae Man - 23.3 188 | . 2,320
~Do-- Khlong Khang Nai 28 3.0 10.4 320
Nan Huai Head 40 6.0 41 . 1,230
— Do~ Khlong Tren - 265 38.0 104 : 3,?40
~Do- Nam Haeng 227 302 | . 188 960
—Do- 7 Sub-Projects - - . a7 1,230
Sakae Krung | 7 Sub-Projects . - - -1 | 15,700
Pasak 19 Sub-Projects - - 1080 | . 79,400
Chao Phraya_ 38 Sub‘Pro}ects - - 260 31 ,7_00

Subtotal 81 - -  205.0 143,940
" Total 88 ~ - 17,568
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In the Chao Phraya basin, only the Bhumibol and Sirikit dams can supply not only
the supplemental irrigation water for _wét_ season paddy but also irrigation water for dry
season crops. In accordance with the past opesation result of both dams, dry season runoff

of about 6,000 MCM are released from reservoirs for various uses in the Chao Phraya delta

“at the Chainat barrage. Except these two dams, there exists no dam which can store and

release this bulk ainoﬁﬁt of drj season wates, and as a result the \i.'et season renoff of
16,000 MC‘A out of 22,000 MCM of annual runoff is flowing down to the delta area

wuhout comrol

The Sirikit énd_Bhumibol dams wcré originally planned and constructed for the
irrigation purpose ‘_to cover a large arca of 1.2 milliecn ha in the Chao Phraya delta i“n
addition to the Uliaradil and Phitsanulok irrigation project areas of 250,000 ha located
downstream of the;Sirikit dam in the lowd Nan basin and the lower Ping irrigation arca of
100,000 ha downstrcam of the Bhumibol dam in the lower Ping basin. However, the

reservoir inflow of both dams h_asinol been sufficient to fill the large storage capacity and

© to supply'w_ater for the large demand in the propoéed i.r.rigation project arcas. Accordingly,

the existing irfigation system is limited only to cover the Phi!sanqtok right bank area of

108,000 ha, and other afeas in the lower Nan basin have been left under rainfed conditions.

Most of the other Iargc/medium scale dams are constructed on the tributaries for

irrigation wse in the agriculturéi area along trbutaries. These dams therefore have no

" function to supply surplus watcir to the irrigation areas in the lower Nan, lower Ping and

*" Chao Phraya delta basins.

@) _Fqlélfé Wat:er'Rgsourcés:D_'e\'relopm:ent Project

Rl[) has sel up the water resources devclopment plans, mostl) for large and medium

- scale 1mgallon dams, up to the ycar of 2006 on feasibility and pre- fcaSbehty tevel. Outlines

& oflhcsc_ proposed dams i in future are given in Table 2.6.
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Table 28 Outline of Proposed Large and Medivm Dams

Drainage | Annual | Active | Irrigable

Basin Dam Area Runoft Capacity Area

- (km2) (MCM) (MCM)  (ha)

1. LargeScale _ . _ B :

Ping | MaeKhan 1,085 181 165 | 3,200
Wang Kiew Kho Ma 1,275 265 | 190 | 4400
Yorm Kaeng Sua Ten 3,5.9'3 ' '933: ’ 1,175 ‘ ‘48,80(-}
Nan Khwae Noi 4,254 14490 | 769 | 24,900
~ Do~ Nam Khek 854 489 345 10,800
Sakae Krung | Mae Wong 615 221 250 46,700
Pasak Pasak 12,929 2,100 785 37,000
. Subtetal 24, 595 5,638 - 3,679 | 175,800
2. Medium Scale _ : _
Ping Huai Mae Khon Reservoir 34 9.6 27 | 800
Husi Mae Kon Reservoir 44 103 5.6 1,700
Khlong Khayang Reservoir 20 6.7 4.6 600
KhlongPraiResél;i'oir_ ' 51 17.i 13.0 600
Nam Lai Reservoir 74 185 15.0 1,600
Khlong Khlung Reservoir 95 20.6 18.0 1,800
Wang Barh Lu Reservoir - - 245 2,700
Yom Mae SongResefvoir - 305 6.7 65.8 8,200
Mae Tang Reservoir 120 29.8 30.6 - 3,500
Huai Mae Song Reservoir 60 6.3 12.4 -~ 1,300
Huai Ta Pae Reservoir 287 30.3 580 “ 3,200
Mae Mok Reservoir 728 85.0 9.0 | 8500
Wang Deang Reservoir 179 341 120 . 1,300
Mae Sai Reservoic m | 49 243 | 3,700
Huai Suang Reservoir 4? 5.0 5.6 700
Mae Khong Kai Reservoir ' 70 82 9.0 1,100.
Nan Mae Khaning Reservoir 229 T 340 620 | 2,400
Huai Nam Klung Reservoir 184 63.2 | - 124 | 4,500
Khlong Chomphu Reservoir 364 63.5 13.0 5,500
| Mae Chaey Reservoir 18 68 43 600
Sakae Krung | Khlong Pho Reservoir 376 97.0 615 -
Huai Nam Dung Reserveir - 40 8.2 5.0 600
Huai Kan Yao Reservoir 85 17.5 ~ bo 800
Subtotal | 3587 | 6913 | - 5663 | 56100
Total ] 28,182 | 6,3293 | 4,2453 | 231,900
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As shown in Table 2.6, the total active capacity of about 4,000 MCM could be

developed by proposed 7 large scale dams and 23 medium scale dams.

In the Nan basin, the storage capacity of about 1,200 MCM could be available from
the large scale dams of Khwae Noi and Nam Khek and three other medivm scale dams. The
available reservoir outflow taking into account the carry over capacity, reservoir losses,
ete. will be assumed at about 70% of total storage capacity or 300 MCM, of which about
400 MCM wiil be used for supplemental irrigation for wet season paddy and 200 MCM for
dry season upland crops in the area to be newly expanded along the Nan tributarics.
Accordingly the surplus dry season water usable in the areas along the Nan main sircam and

the Chao Phraya delta area witl be hmlted to some 200 MCM.

ln the Ping basin, only 200 MCM of storage capacity will be avallablc for runoff
contrel at the Mac Khan farge scale dam and 6 other medium scale dams to be constructed
in tributary basins. After controlled, waters are used mostly for irrigation in tributary basins

and will not be allocated to the Chao Phraya delta area.

In the Yom, Wang and Sakac Krung basins, about 2,600 MCM of storage capacity
will be developed. However, outflow from seservoirs will be used mo'sil'y in their own

tributary basins where large scale agriculiural areas are existing under rainfed condition,

~ presenting no contribution to the delta arca.

. Asmentioned above, water resources to be developed by the proposcd storage dams
are mostly used for irrigation in their own tributary basins and may not be atlocated to the

water demand in the delta arca. Accordingly the Chao Phraya delta could not obtain

. additional water in fu:u:q from upstream basins cven if all of the proposed development has

_ been implemented.

The Thal Gm cmment has ihcrefore surveyed and studled transbasm ‘water diversion

pro_lecls in order to effectwely uhhze the Mekong and Salmn water in the delta area

lhrough the Sirikit and Bhumibol reservous where a large cmpty space of storage is

" available.
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2.7 lyrigation Area in Chao Phraya Basin

The existing and future proposed irrigalidn areas are studied bascd on the NESDB'S 25 Basin
Study Report as summarized in Table 2.7. More details are given in the Supporting Report.

Table 2.7 Irrigation Arca at if;escﬁt and in Future

. . ‘ . Irrigation Arca (1,000 ha) - Irrigation
Basin [ ' fntensity
' Wet Scason | Dry Season | ~ Total - | - (%)
1.Existing Irrigation Arca : '
Nan P 278 - 60 ' 338 121
Yom ' 132 26 158 120
Wang 68 16 84 122
Ping . 260 53 313 120
Sakae Krung 92 - <192 | 100
Pasak 121 - 121 100
Delta 1,281 370 1,651 129

~ Total 2,235 645 2,877 | 129 .

1.Future lrrigation Area e - T :

- Nan 437 ' 11t 548 125
Yom 285 48 333 117
Wang . 138 22 160 116
Ping : 482 93 575 . 119
Sakac Krung 126 - 126 100
Pasak ' 179 - 179 100
Delta 1,315 650 1,865 . | 150
Total - - 2,962 924 3,886 131

- Remark:irrigation area in delta is based on the actual irrigated acea collected from R1D) O/M Division.

- (1) Existing Irrigation Area

The éxisting_ irrigati_on area in the Chao Phraya basin réaches as large as 2.2 million
ha in total with the irrigation intensity of 35% within the total farmland area ;)f 5.9
million ha. Paddy is méinly cultivated in wet scason, while various crops such as péddy,
upland crops, vegetables, cic are planted in _dry'"s_éa::s'oh with orchardand ;ﬁgakcénc as a
pefcnnial crops. Ché}actcrislics of the cxisi'ir.ag' i_rri'g'atic-n.l‘ arca in cach sub-basin is

summarized as follows;
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(a) Nan Basin

The largest irrigation project in the Nan basin is the large scale Phitsanulok

area covering the irrigable area of 108,000 ha on the right bank of Nan river in the

- Phitsanulok and Phichit provinces. The irrigation water for the project is supplicd

from the Sirikit dam and diverted at the Narcsuvan barrage constructed crossing the

" Nan river. Although the Phitsanulok project was originally planned with the area of

about 200,000 ha cxpanding on both banks of the Nan river in the Phitsanulok

province and the area of 100,000 ha in the Uttaradit province. However, the

* Phitsanulok irrigation arca of 108,000 ha on the right bank has only been developed

and under operation. The development for other irrigation areas have been suspended

due to lack of water in the Sirikit reservoir from where the Chao Phraya delta area

has been receiving outflow contribution.

According to the data from the O/M Division of RID, the Phitsanulok

" jrrigation projeet has irrigated the arca of 90,800 ha in wet season and 37,000 ha in

dry season on an average in the past 10 years. The project arca has suffered from
water shortage always in dry season duc to insufficient water supply from the Sirikit
dam. In 1996, the project achieved the dry season irrigation arca of 94,600 fia when
the Sirikit reservoir kept the full storage level at the end of wet season. The
Phitsanulok irrigation arca including the future area of 100,000 ha on the left bank in

addition to the existing area of 108,000 ha should be irrigated by the proposed Kok-

- Ing-Nan water diversion project.

- Uttaradit pump irrigation project by DEDP has been developed along the Nan
river covefing the area of 43,000 ha at present. A number of floating pumps are
installed along the river to withdraw the Nan river water which presents the largc
water level ﬂ_ucluéliﬁn in wet and dry seasons. These pump irrig'at'ion projects have

also suffered from water shortage problems in dry season because of Iess water in river

'sysiem. The addili;ﬁnal water for irrigation could be supplicd from the proposed

project in order to expand the wel season irrigable area.

 The arcaof 1 18,000 ha has been developed by SSIP up to prcseﬁt. These areas

- are however distributed mos-tiy in the high land a:long' small tributaries, and therefore
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no relation with the proposed water diversion project has been observed.
- {b) Delta Area

The irrigable area in the delta is about 1.2 million ha which composes the
largest and most important agricultural arca not only in thc Chao Phraya basin but
also in the .wholc country given an impqrtant role to support the national food
security. The irrigation water is supplied from the Chainat greater barrage, which was
constructed 80 years ago on the Chao Phraya river at Chainat and has been operated
well by RID. The Chao Phraya river water consists of outflows from the Sirikit and
Bhumibél dams and sideflows from many tributaries in the upper Chao Phraya basin,
flows .down to the Chainat barrage and is diverted to the irrigation area in the delta
through large irrigation canals of Chainat-Pasak, Tha Chin, Noi, etc. The irrigation

system in the delta arca is shown in Figure 2.1.

Although the irrigation arca of 1.2 million ha is planned with 100% intensity
of wet season paddy and more than 50% for dry season crops such as paddy, uptand
crops, vegetables, fruits, etc., the actual irrigation area is about 950,000 ha (80%) in
wet season and 370,000 ha (31%) in dry scason accordmg to the past 20 }cars record
callected from O/M Division of RID. The irrigation area in the delta has also suffered
from water shortage problem due to insufficient flow of the Chao Phraya river at
Chainat as shown in Figures 2.2 and 2.3. Accordingly, the developed water by the
Kok-Ing-Nan water diversion project should be supplied to cover the water shortage
in the delta area with the top priorily, because the irrigalion' area in the delia is
formed with fertile soil, skillful farmers with decp and ldng experience large market
such as Bangkok and satcihtc citics, etc. and can achlevc the h:ghest agncullural
benef' t in the country without improvement of exlstmg 1mgauon system if

sufficient |rngauon water could be suppllcd in dry season.

In the delta area, the cr0p davemﬁcahon and mland ﬁshery development has
progressed in rccent years by promoilon of the Thal Govemment as a result the
orchard area of §2,300 ha, sugarcane of 21,800 ha, v»gctable of 6, 000 ha, ﬁshery
- pond of 23,100 ha, etc have bccn under opcratlon and farmers have achicnd the

high productivity ang income. These area will be expanded year by year due to the
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Figure 2.2 TIrrigation lntehsify in Wet Scason
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Figure 2-3 Irrigation Intensity in Dry Season
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high market demand caused by irrcréasing piol‘miati.on' and food variety in the arca. : %
(c) Ping Basin -

There are large existing 1rrrgat|on pro;ect arca of 113,600 ha developed by
large and medlum scale dams and \wlrs in the basin, These areas are mostly located in
the upper basm belongmg to the Chsang Maa and Lampang provinges. Although the
Bhumibol dam with a !arge storage capacrty is e\ustmg upstream of the lower basin,
the irrigated agnculturc in the Io“er basm be!ongmg to the Tak and Khamphacng
Phet provmces has been suspended because the “ater from the Bhumrbol reservo:r
should be used for the delta arca wnth first prrortty, and is not suffrcrem to cover the

irrigation area in the lower basin. The rmgauon watcr in the lo“cr basin may be

supplied in future by the transbasm water dwersron pro_lea f‘rom the Sa!wm nver

through the Bhumibol dam.

If rhe surplus wate.r is a_vailéb_lc in dry season from the K@k-lhg-Nan water
diversion project after utilized for the Nan and Chao Phraya delta area, a part of
water presently reléased from the Bhumibol dam to the delta area could be shifted to
:n'ngatc the lower ng basin. Possrb:hty of this water al?ocahon wilt be further studied
in the Phase I Srudy of the project. '

(d) Other Basins

The large, medium and small scale as well as pumpmg rrrlgatron pro;ects have
been developed in other basins mcludmg the Yom Wang, Sakae Kmng and Pasak
basins in the upper Chao Phraya basin. The water resources in these sub-basins are
ho“ ever limited in amount and there are no room to supply excess water to the delta
arca. Dev cloped water by the proposed 1rngat|on pro;ecl mll be prrmanly used within

the bcneﬁcral areain each sub basin.
(2) Future Irrigation Area

Thc pr0posed lrrrgauon arca m futurc is scheduled to bc about 3.0 mrlllon ha in thc

Chao Phraya basin with increase of about 800,000 ha as compared to that under the
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existing condition. The dry scason irrigation arca is assumed to be 900,000 ha
corresponding to 30% of the total irrigéb!e arca. The crop diversification program will be
further accclesated in cach sub-basin by converling dry scason paddy asea to the full
irrigation areas for upland crops, fruits and vegetables in dry season. Charactcristics of the

proposed irrigation area in each sub-basin are summarized as follows;
{a) Nan Basin

The proposed irrigation arca in future will increase to 437,000 ha as compared

- with the existing area of 278,000 ha, as shown in the following table.

Existing hgf_i__Proposcd Irrigation Area in Nan Sub-Basin (Unit: 1,000 ha)

Project -~ - | Existing Proposed | Increase
Large/Mcdium Scale 112.3 158.1 458
Smali Scale i17.3 179.4 62.1
Pump Irrigation 48.4 99.5 5L.1
Total - 278.0 437.0 : 159.0

The large and medium scale irrigation project arca of 45,800 ha is to be newly

| developed by the Khwae Noi, Nam Khek and Khlong Chumphu dams as well as by the
Ban Nong weir, etc. These dams and weirs are developed mainly in tributary basins
and devéloped water is used for irsigation only in the tributary basins, and therefore
there is no room to supply excess water to the downstream irrigation arca in the
Phitsanulok and Chao Phraya delta. Expansion of irrigable area in the existing

- lrrigation pro;ect and deveIOpmenl of new irrigable area on the left bank of the
Phltsanulok pro;ect will be contributed by the proposed Kok -Ing-Nan water diversion

: pro_;cct. o

. The new SSIP area of 62,100 ha is distributed iﬁ high land of the small tributary

basins and has 1o relation to the Kok-]ng—Nan project. Some arca of Sl 100 ha to be

. | newly developed by pumpmg nnganon pro;ccls will be tocated along the main strcam
of the Nan river. Accordmgly some of water developed by the Kok-Ing-Nan project

will be used _unavondably by the proposed pumping irrigation projects.
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~(b) Declta Area

The irrigation area in delta in future is assumed at 1.32 hﬁllion ha with increase
of only 40,000 ha as compared with the ¢xisting arca of 1.28 million ha. Within the
existing irrigation system covered by the Chainat-Pasak and other canals, there are
no irrigable area to be newly developed. Some arca distributed in high fand will be
ireigated in -future by SSiP.

* In the delta arca, the dry scason cropping arca for upland crops, fruits and
vegetables will increase to a large extent supported by fhe Government's crop
diversification program and the increasing rﬁarket demand. In addition the fish
culture activity will also be expanded in the delta, espe'cially in the arca along the
“coastal line in the lower delta where large scale ﬁshery ponds haﬁc already been

developed.

At prescnt the dry season cropping area is hmlted to only 370 000 ha due to
lack of nngat:on water, Accordmgly the area requires more dry season water from
the proposed Kok-Ing-Nan project. The dry season cropping area could be increased .
casily up to 600,000 ha (50% of »roppmg intensity in dry season) if sufficient

volume of i irrigation water is available in dry season.
(c) Olher Basins

Although the proposed' irrigation area in other basins will rcach 1,210,000 ha
with increase of 530, 000 ha as compared with the existing area of 680,000 ha, most
of these area is tocated i in tributary basins and therefore will have no relation with the
proposed Kok-Ing-Nan project Among them, only some arca locatcd in the lower
: ng basin would be de\cloped by water from the Bhumibol dam 1f surplus water is

available from the proposed Kok- !ng -Nan project.
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