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2.8 Water Demand and Supply

(1) Watél_' Demand and Supply in Thailand

Thailand is predominantly an agricultural country with rice as the main crop.
lnten_sivé invesiméﬁt has been made in agricn'lltural development mainiy for irrigation, with
a steady prowth of irrigable areas from 48,000 ha (100%) in 1910 to 4,435,000 ha
(9,2_40.%) in 1991} .. However, a rapid economic growth of Thailand in recent years has also

brought a prompt increase of water demand in sectors other than agriculture.
promp _
(a) Agricultural Water Use

* About 90% of annual withdrawals from available water resources is being
utilized for agriculture. Th.o'ugh Thailand has a 6 to 9 month period of wét season
with an average rainfall varying from 1,000 mm to 4,560 mm from place to place,
the cduntry's agricultural crops still suffer from drought periods as well as flood
disaster. These varying hs’droiogic conditions create uncertainties in wet scason rice
production especially in non-irrigated arcas. Based on the total country area of 51.3
million ha, the distribution of fand use is cemprising 26.3% for forestland, 32.5% for
unclassified arca and 41.2% or 21.1 million ha for cropland. Only 22% of the

croptand is under irrigation.

- The ESCAP ﬁrédi_cted in 1991 the aamuairvolufné of water use for irrigation
and annual irrigated areas for the future period 1990 to 2000 by a linear interpolation
" on the Bgsi§ of actual data coliccted. from lilD,' the main water user for irrigation, for
~ the di_ffefent regions of )T:héilénd during the pério;i 1980 to 1989 (Asscssment of
: Waterﬁ Rééburcés and Water Demanﬁ by Usér Secfbré in Thailand, ESCAP, 1991).
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Predicted Annual Volume of Water Use for Irrigation and Annual frrigated Area

Annual Water Use for lrrigation Annual Irrigated Arca
Region (107 m3/year) (105 k)

1990 | 1995 2000 1990 1995 2000
Northern 2.7 3.6 4.5 0.295 0.405 0.520
Central 2225 | 2425 | 2640 | 216 2.20 2.25
Northeastern 3.0 36 43 0.310 038 | 0.405
Easten 0.15 0.215 0275 | 00101 0.0106 0.0112
Southern . | .. 20, | . 25 30 | 0128 | 0156 0.183
Whole Country 3000 | - 3425 | : 3850 2.92 316 . | 340

From the above table, the annual velume of water use for irsigation will be
38,500 MCM in the year 2000 for the whole _countrf,*, of which 68.5% or 26,400
MCM wili be used in the central region. In the same year, the annual inigatcd arca
will be 3.4 million ha for the whole country and 2.25 million ha or 66.2% for the
central region. From the analysis of above prediction, the percentage increase in the
annual volume of water usc of the \\ho!e country for 1rngat|on and the annual
trngatcd area durmg the peried 1990 to 2000 w:il be 28.3% and 14, l%, respechveiy
The percentage increase in water use for irrigation is twice that of the annual
irrigated arca, meaning that the usc of water for irrigation will be more sestricted in

. future,
(b) Domestic Watc_r Supply

The institutional arrangement fd; water shpply in Thailand consists cssentially
of two major divisions, Bangkok arnd:othqr than Ba.ng.kok'. Water subply for Bangkok
is the rcspohsibility of the Mct'mpolitan Waten?orks Aulliori!y {(MWA), a |
corporation under the Mlmshy of Interior. MWA is responsible for the production,
supply and sale of water to a service area of Bangkok and nclghbormg provinces of

Nonthaburi and Samut Prakan, with a total population of 7.2 million in 1994.

Qutside the Bangkok area, the principal institution responsible for water supply
is the Provincial Watemorks Authonty (PWA) under the Ministry of Interior. In
urban arcas, PWA undcrtakes commercml operanons whife in the rural areas it

~ undertakes the consirucuon of small water supply syslems that are fi nanced largc!y

from the govemmental subsidies. Upon completion of the systems, these are turned
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over to the community concerned to manage and operate themsclves, and thereafier

PWA furhishes technical guidance only.

Aside from the PWA managed waterworks, therc arc some concessional

~ waterworks operated by municipalities, sanitary districts and other entitics, to which

the Department of Public Works (DPW) provides technical advice.

" The main sources of nrban water supply in Thailand is surface water from rivers
and reservoirs. In some semote or isolated areas, however, urban water supply is
obtained from groundwater resources. The forccast of urban water supply for the
whole country was donc by sUmzning up the fore_castcd urban water supply by MWA,
PWA and DPW. The MWA's forecast of annual water supply for the Bangkok
Metropolitan arca was obtained by interpolating based on the data provided by ADB
in 1988. The nation-wide predic.tio'n of urban water supply excluding the Bangkok
arca responsible for PWA has been made by PWA in 1990 covering the period up to

.2000. DPW's requirement was estimated by mﬁltiplying a factor of 0.23 to the
forecast data of PWA.

The sources of rurat water supply are shallow wells, deep wells, piped water
supply system, surface water supply such as ?.ril!age ponds and rainwater. The use of
rainwater jars 1s probably the most effective means of providing drinking water to the
rural populauon overa wide geographlcai area, espec:ally where p:ped water sys(cms
ar¢ nct feasible. The forecast on annual volume of rural water suppIy was given by

PWA in 1990, coxermg the period from 1991 to 2000.

Forecast Annual Ufban and Rural Water Supply by Region in Thailand

Forecast Annual Water Use for Urban and Rural Water Supply (MCW5ear)
Region Urban Water Supply Rural Water Supply

_ 199 - 1995 2000 1990 1995 2000
Northern 120 236 366 | 135 82.5 202.5
Central 1,031 1,322.5 1,638.5 10.5 65.5 161
Northeastern |~ 1295 2545 3MS| 265 | 1615 396.5
Eastern = 88 [ 7170 263 2 16 38
Southem 100 197 305 95| . 515 140
Whole Country | = 1,468.5 | 2,180 2,967 62 383 938

247 °




{c} Industrial Water Use

The sources of water supply for industrics in Thailand are surface and
groundwater. The major industries are focated in Bangkok, Samut Prakan,
Nonthaburi, Pathum Thani and Ayutthata provinces and in the eastern paris of the
country, including Sattahip and Laem Chabang- deep sca ports in Chonburi pﬁwincc,
Bang Pakoﬁg ndustrial estate in Chachocngsao and Map Ta Put industrial estate in
Rayong. Due to unrcliable and insufficient 'pipe water supply and the lower cost and

. abundance of gmun&water resources, groundwater is the main source for industrial
water suppiy in these areas. In the castern part of Thailand, the major source of

watcr for industry is surface water from RID reservoir.

The forecast of annual volume of water supply for industrial uses from
. groundwater resources are made by TDRI for the period 1990 to 2000, while
requirements from surface water resources mainly for industrial estate in the eastern

part of the country are cstimated by IEAT for the peridd 1950 to 2000.

Forecasted Annual Water Use for Industry 'by Region in Thailand

Note: The term "N A" denotes dala nol available. -

{d) Water Denﬁand and Supply in Théiland

.. Annual Water Use in MCM/year
: 1990 . S 2000
- Region ' ‘ RN
Surface Ground otal - Surface Ground Total
| Water Water ota Water | Water ol
Northern A - ‘NA | NA 50
Central 66 1,431 1,497 S99 2,000 2,099
Northeastern - - - N.A N.A 50
Eastern 50 - - %0 N.A 90
Southern - - - N.A N.A 50
Whote Country 16 1,431 1,547 * | NA N.A 2,339

~ The predicted annual volumes of water use by sectoss are thus summarized as

folows;
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* Water Demand in 1990 and 2000 (Whole Thailand : MCM)

Sector - - 199 : 2000
- Irrigation ‘ : 30,030 38,480
Urban Water Supply - L468 2,967
Rural Water Supply 62 938
Industey 1,547 : 2,339
Total 31 44,724

From the Thailand’s average annual rainfall of about 1,485 mm or 761,700
MCM cquivalent, the resulting surface runoff after subtracting losses such as
evaporation, transpiration and infiltration is about 212,300 MCM or about 28% of
rainfall. The above water demands account for only 15.6% and 21.1% of the annual
ruﬁoff', respectively in 1990 and 2000. However, it is recognized commonly that the
availabiﬁty of surface water resources has come up to a limit because of the tropical
characteristics of hydrology showing that about 80% of rainfall concentrates in wet
scason from June to November, mutually potentiated by the fact that construction of
large scale dams and reservoirs are quite restricted from both topographic and
socialfenvironmental points of view. In addition, excessive concentration of about
65% of the said water demand has causod a rapid unbalance between supply and
demand of water in the Chao Phraya river basin where the Bangkok Metropolitan

areas are involved.
Water Demand and Supply in Chae Phraya Basin

According to the NESDB's 25 Basin Study, water demand for irrigation at present and

in future in the .C_h_ao Pl_iraya basin is estimated as in the fdl!owing table;

Present and Future Irrigation Watcr Demand in Chao Phraya Basin

Nan Yom Wang Ping Sakae Pasak | Delta Total
' Krung
1.Existing Irrigation Area . L o . . . _
(1)Water Demand {(MCM) 2,871 859 487 2,428 1,161 835 11,620 120,261
(2rrigable Area (1,000 ha) 278 132 68 260 92 121 1,281 2,232
(3)Unit Demand (cumha) 10,300 6,500 1,200 9,300 | 12,600 6,900 9,100 | 9,100
2 Fulure Irrigation Area C T s - - .
(1)Water Demand (MCM) 4,360 2066 . 813 4,344 161 Li14 | 13,500 | 27,358
(2Ylrrigable Area (1,000 ha) - 437 - 285 138 482 | . 126 " 179 1,315 { 2,962
(3)Unichm&nd (cum/ha) 10,000 7,200 5,900 9,000 9,200 6,200 ¢ 10,300 | 9,200
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The total irrigation water demand of the Chao Phraya basin in future inercases to %
217,360 MCM froni the present demand of 20,260 MCM. The increased demand of about
7,100 MCM will be used mainly in'tributary sub-basins. The JIECA Study ¢valuated the unit

irrigation \Vét:;} demand based on the available operation records as foilt;y\'s;
{a)  Unit lirigation Demand in Sub-Basins

As previously shown in a table, the unit irrigation demand per ha in sub-basins,
_Nan, Ping, Sakae Krung and delta, is relatively high at 9,000 to 10,000 cu.m/ha with
the irrigétion intensity of about 120%, while that for other sub-basins is slightly tow

because of the following reasons;

. In the former sub-b'asﬁls, the cropping pattern consisting of 100% of wet
season paddy, 20% of dry season paddy and 10% of dry season upland crops
requires a larger amount of ii'rigation water. o

- In the latter sub-basins, the typical cropping pattern consists about 90% of
paddy and 20% of upland erops in dry scason, requiring a smaller amount of

irrigation walet.

The unit irrigation water demand is evaluated approximately with the following

assumpltion;

Former Pattern " Latter Pattern

Wet Paddy ~ | 6,500 x 100%%6,500 cu.niha 6,500 x 90%=5,850 cu.m/ha
Dry Paddy - | 16,000 x 20%=2,000 cu.m/ha C L R
Dry Upland Crops 6,000 x 10%=600 cu.m/ha 6,000 x 20%=1,200 cu.m/ha

Tota ~9,000 cumba | . =7,000 cumha

(b} Unit Irrigation Demand in Existing Project Area

The unit icrigation 'wate; demand in the exisiing large séal_e i}riga!ion projcct
atea, the Phitsanutok arca and Chao Phraya delta area, was also evaliated on the basis

of the actual record of diverted water from the Naresuan and Chainat barrégcs and
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irrigeﬁcd paddy arcas coli{:cted frofr_u O/M Division of RID, as tabutated in Table 2.8.
The study result shows that the unit irrigation demands in both project areas are
6,000 to 7,000 cu.m/ha in wet season and 9,000 to 10,000 cu.'mfha_in dry season.

(c). Standard Unit Irrigation Water Demand

. " The following values ar¢ considered to be suitable for the unit irrigation water

' delhand in wet and dry season crops;

- "_W.ct scason paddy : 6,000t0 ?,DOﬁ cu.m‘ha

- Dryseasonpaddy - : - 10,0000 11,000 cu.mvha
- Dry season upland crops . 4,000 to 5,000 cu.m/ha
- Orchard throughout a year 11,000 cu.ivha

(3) Domestic, Municipal and EIndustrial Water Demand in Chao Phraya Basin

In accordance with thc' NESDB’s 25. Basin Study, the dorﬁestic municipal and
industrial and other water demands are estimated as summanzed in Tables 2 9 and 2.10. The
total domcsnc municipal and mdustnal water demand in the whole Chao Phraya basin will
increase from 2,180 MCM in 1993 to 3,570 MCM in 2016. The Chao Phraya delta area
shows the largest amount of annual water demand with 1,750 MCM in 1993 and 2 960
MCM in 2016 '

Charactensucs of water demand for domestic, mumctpal and mdusma] uscs are bneﬂy

described ; as follows;
(@) _Nén Basin

The domestic water of 66 MCM at present and 76 MCM in f‘ulure is to be
supphed to the rural area in inbutary basins arrclevant to the proposed Kok-Ing- Nan
pmJect The mumc:pal water dcmand of 37 MCM at present and 57 MCM i in future
for prownmal capital citics of Uttaradu Phltsanu!ok and Phlchlt is houever lifted by

. pumps from the Nan river, and thercfore a part ofmcrcasmg water demand is to be

: supplted bythe proposed pro;ecl
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@ ' 'l‘ablc 29 Watcr Dcmand for Domestic and Industrial Uses in Chao Phraya Basinin 1993

Nan Yom Wang | Ping akac Pasak Del!a Total
. _ _ ‘ Krung
(I)Popuiallon 2,310 1,960 670 2,430 430 1,670 12,570 | 22,040
(2)Water Demand ' ' ' '
Domestic Water - - . 66 54 20 76 8 12 - 296
Municipal Waler 37 15 - 53 - - 1,200 1,305
" Industry/Tourism Water - . 1 - - 24 550 575
Total 103 69 21 129 8 96 1,750 2,176
Remarks: (1)Domestic waler in delta area is included in the irmgation demand as mentioned in 2.8(2). )
© (2)Domestic water demand is for the rural area white municipal water is for Bangkok metropolitan area andthe
provincial capital arza. :
Table 2.10 W'\ter Demand for Domestic and Industrial Uses in 2016
s
Nan Yom Vang | Ping skac Pasak | Delta Total
. | Krung
§ (1)Population 3010 | 2066 | 850 | 398 | 690 | 2,210 | 13,420 | 26,670
(2)Water Demand .
Domestic Water 76 64 23 94 | 16 114 . 387
Municipal Water 57 28 - 90 - - 1,860 2,035
Industry/Tourism Water 6 1 3 6 - 34 1,100 1,150
Total 139 93 26 190 16 148 2,960 3,572
(b} Delta Area
In Table 2.10, the municipal water of 1,860 MCM for the delta area s the
amount to be diverted from the Chao thya river at Sam Lae Accordmgly in future
o condmon in the year of 2016, 2,960 MCM of water is to be diverted from the Chao
:‘; .+ ! Phraya river with the increase of 1,210 MCM as comparcd to the prcsent demand of

| 750 MCM. About 600 MCM in dry season, 50% of 1 210 MCM, should be supplied

' by the proposed Kok-lng-Nan water diversion pchct.

2.9 Current Status of Water Operation

(1) Operation of Sirikit and Bhumibol Reservoirs

(a) Operation Data of Rescrvoirs

" Operation data of the Sirikit and Bhumibol résier'voirsiincluding inflow, storage
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and outﬂow arc collected from EGAT and proccssed for evaluation purposc as gncn
in the Supportmg Report and Database Map. Major data collectcd arc as foliows

- Momhly record of inflow into reservoirs for 22 years from 1974 to 1995 _

- Monthly record of outflow from reservoirs for 22 years from 1974 to 1995

- Monthly record of reservoir storégc for 22 years from 1974 to 1995 - -

- Monthly record of hydro-power generatcﬂ for 22 years from 1974 to 1995

The above raw data of reservoir oper'ation are then processed in order to
summarize the current status of the Sirikit and Bhumibol reservoir operation as
shown in Tables 2.11 and 2.12.

(b) Limited Reservoir Inflow and Outftow

From the Tables 2.11 and 2. 12, inflow and outflow of both dams in wet and dry

seasons can be summarized as under;

Reservoir Inflow and Outflow (Unit: MCM)

Bhumibol Reservoir Sirikit Reservoir
Wet Dry Total Wet Dry Total
Inflow ' _ '
Average Year 4,560 1 = 690 | 5,250 | 4,420 700 | 5,120
Dry Year . 3,200 500 | 3,700 | 2,720 | 520 | 3,240
Outflow A . - .
Average Year 1,926 | 3,020 | 4,940 | 2,130 | 2,720 | 4,850
Dry Year 1,080 | 2,180 § 3,260 | 1,390 [ 1,640 | 3,030

Note:Thiee years records 1991 to 1993 were averaged to produce dry )';\ar values.

From the above table, the followings can be pointed out;

- Inflow into the Bhumibol rescrvoir is alnios: sam'e as that of thc Sirikit
reservoir, despltc that the catchment ~area is, about twnce as much
compared to the Smklt This i is due to less ramfall and morc mtensnc
water use in the catchment,

- Inflow into rescrvoir in wet season, which is to be used to sestore storage,

- 2.54
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is 4,560 MCM and 4, 420 MCM i in the average year tespectively for the
'Bhumtboi and Sirikit reservoir. Out of these mﬂows 1,920 MCM and
2,130 MCM of water are released from the Bhumibel and Sirikit -
reservmrs for the purposcs of supplemental irrigation, hydro-power
gcncratton and river maintenance. Accordingly average inflows utilized
to restore storage are 2,640 MCM for the Bhummbol reservoir (4,560-
t,92032,640) and 2,290 MCM .for the Sirikit reservoir (4,420-
2,130=2','290), which is quite insufficient to recover the active capacitics

of 9,660 MCM and 6,660 MCM for the Bhumibol and Sirikit reservoirs.

.- Particularly in dry year amounts of wet scason inflow to be used for
'storage restoration are as small as 2, 120 MCM {3,200-1,080) and 1,330
MCM (2, 72(} 1,390) rcspcctwcly for thc Bhumtbo! and Sirikit reservoirs,

causing decrease of outflow in successwe dry scason.

- The dry season croppmg in the Iower Chao Phraya delta depends mostly
o on outflow from the Bhumibol and Slﬂkll reservoirs. However, average
~ dry season outﬂows from the both reservoirs are 3,020 MCM and 2,7 20
.MCM only, which are too sma]l as compared with the aclive stomgc

eapacnttes of 9,660 MCM and 6,660 MCM.
{c) 'lmprobcr Rcservo_ir Opcration .

The both Btmmibol ahd Sirikit reservoirs are not always operated following the

rule curves, as shown in Figures 2.2 and 2.3. The actual opcrations were made within

the range below the lower rule curve for more than 10 years durmg the past 20 years

in the casc of Smk:t reservoir. This is mevntahly due to lack of inflow into the

. reservoir, houevcr a pamcular nile of opcrat;on should be estabhshed in future

]mkmg together with the effect of the proposed transbasm water diversion plan.

(d) Lerge Empty Storage Space in Reservoirs

The reserv ois is 1o be operated in principle in 1 such a way (o restore storage

dunng wet season toward thc full storage level at the end of wet season (October to
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November). The operanonal record in the past reveals that there are stilt great
rooms for addmonal storage in thc both reservorrs due mamly to the lack of inflows
into reservoirs. In case of the Bhumibol reservoir, cxcept flood years whlch ‘would
occur once in 10 to 20 years, therc is about 4,300 MCM of space for addiuonal
storage at the end of November when the storage should properly be full. There is
about 2,700 MCM of room at the ¢nd of October in case of the Smkrt rescrvo:r

Empty Storage Space in Reservoirs (Unit: MCM)

Bhumibol Reservoir Sirikit Reservoir

Average Year | Dry Year | Average Year -Derear

Empty Space | 4,300 7,090 2,700 5,000

The above evidence would pcrmrt of no doubt that the transbasm dwersron of

~water \muld be the most effective when combmed with these storagc functions.
{c) Lower Encrgy Output

* The average annual outbut .ef energy produced during the past 20 years from
1974 to 1994 was 8§20 GWB, much ler\’er than the planned outpur of 1,200 GWh, due
to insufficient errlounl of outflow and -low effective head ._for power generation.
Particularly in dry ye'ars such as 1988 and 1992, the energy prodlrced was only 350 to
360 GWh. This situation “oulcl be rmprovcd when waters from transbasm diversion
are introduced into the reser\mrs More operational rccords of the Bhumibol and

Sirikit r_escrvorrs are compiled in the Supporting Repoit.
| ()  Improvement of Reservoir Operation for Sirikit Dam

Although the operation rule has becn established by EGAT thc Sirikit dam has
not always been operated \\eﬂ because of frequent deficit of inflow. Notmthstandmg
the reservoir was fi Hed with water by the abnormal flood in 1995 The reservoir |
should be operatecl with its storage at a proper level within the upper aud lower rule “
curves already sct up. Itis ho\\ever necessary to prowde a specific rule to controi the
reservoir cutﬂow more especrally durmg dry season, in accordance with the available

storagc in the reservoir at thc end of wet season. The following rule was tentatweiy
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sct up to control the reservoir outflow during dry scason;

Tcntatwc Oulﬂow Contro! of Smklt Reservoir During Dry Season

Achvc feSCIVOir Storage Ratc o f Release Volume of Qutflow
at the End of Wet Scason during the Next Dry Season
More than 6,000 MCM 105% 6,300 MCM
5,000 to 6,000 MCM 85% 5,100 MCM
4,000 to 5,000 MCM - T0% 4,200 MCM
3,000 to 4,000 MCM 60% 3,600 MCM
Less than 3,000 MCM 50% 3,600 MCM

{2) Naresuan Barrage

- The Chao Piiraya irrigation project is the largest water user in the Chao Phraya b.asin
while the Phitsanulok project is the largést water user in tributary basins, located along the
Nan river downstream of the Sirikit dam. In the proposed water diversion project the Sirikit
reservbir performs an important part in receiving and storing the water diverted in wet
scason and releasing it during dry season for downstream utilization mainly in Uttaradit and

Pitsanulok area in the Nan basin and the Chao Phraya delta area.
(a) Opefation Data

: Operation 'data'_ of the Nare_suein barrage including inflow, 'stor.age and outflow
: _aré co.ﬂectcd' from ‘RJD and processed for cvaluation ]ﬁurpose as giveﬁ in the
: _Supportmg Report and Database Map Major dala collected ar¢ as follows;
- __Monthly record of inflow at the barragc for 13 years from 1982 to 1994
j"_- ' _Month_ly record of diversion from the barrage for 13 years from 1982 to 1994
SR Mohthly record of downstrgam release'ét the barrage for 13 years from 1982
tol994 . -
- - _ Paddy plantéd area in the Ph-itsaﬁulok project érea

The abovc raw data of reservoir opcratlon are lhen processed in order to

summarize the currem status of the Naresuan banage operation as shown in Table

2]3
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(b) Water Shortage Status and Necessity of ljry Scason Water

The Pitsanulok irrigation atea of 108,000 ha has been receiving water from the

Nan river at the Narcsuan barrage. From the opefalion record collected, water

balance at the Narcsuan barrage since 1982 is summarized as follows;

At present, about 100,000 ha out of 108,000 ha are irrigat;:d in wet season,
However in dry season mainly due to lack of inflow, irrigable area is limited to
'20,00{} to .40,00'0 ha as shown in Figure 2.4, Bulk water of 1,700 MCM in wet secason
and 2, 100 MCM in dry scason is released downstream mainly for use in Chgo Phraya

delta. Aécording to the past operation rccord of the Naresuan barrage, dry scason

irrigation of about 50,000 ha could be achieved with 500 MCM of water diversion,

and some 210 MCM of water diversion in addition to the present amount of 290
MCM seems neccssary to be sccured in dry season to slabitize ungaled agriculture in

thiS area.

Fe.asibilit}r st_udy for the Uttaradit irrigation project prcpar_cd by RID in 1970

inteﬁded to irrigate about 140,000 ha 'by us¢ of thc Nan river water supplemented

- w:ih the Sirikit release. In spite lhat the area is nost sultahle for upland cultivation,

ho“e\ er, devclopment has bccn suspendcd c\:cept the Nam Rid pro;ccl with 1mgablc

'A arca of 6, 80(} ha, because that 1rngat|on deve!opment would reduce avaliable flow in
' thc Nan nver and in turn nould exerta bad mﬂuencc for “atcr use in the downstream

, Chao Phraya dclla Prcsently about 60 000 ha of DEDP‘S pnmpmg 1rﬂgat10n projects

are diverting more than 400 MCM of the Nan \\atcr mvolvmg sndeﬂow from the

' catchmcnt between the Sirikit dam and Narcsuan barrage in dry season, and additional
- 300 MCM \\vuld be nccessary in future to stabnhzc 1mgatcd agnculmrc in this area.

| More detail is given in the Snpportmg chorl
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Chao Phraya Diversion Dam (Chainat Barrage)
(a) __Operatibh Data

Operallon data of the Chainat barrage including inflow, storage and outflow are

- collccted from RID and processed for evaluation purpose as given in the Supporting
| Report and Database Map. Major data collected are as follo“s

- Monthly record of inflow at the barrage for 21 years from 1974 to 1994

-~ Monthly record of diversion from the barrage for 21 years from 1974 to 1994

- Mom'hly record of downstream release at the barrage for 21 years from 1974

to 1994

- Paddy planted arca in Chao Phraya delta arca

The above raw data of reservoir operation ar¢ then proccsScd in order to
summarize the current status of the Chainat barrage operation as shown in Table

2.14.
(b) Water Shortage Status and Necessity of Dry Season Water

As shéwn in Figure 2.1, in total 25 irrigation projects {Greater Chao Phraya
projéct) with projected arca of 1,370,000 ha and irrigable area of 1,190,000 ha have

- been rcccwmg water from the Chao Phraya river at the Chao Phraya diversion dam.

i : From the opcratlon rccord col!ccted about 957 000 ha and 391,000 ha arc cropped
'_ 'under wet and dry season irrigation as an average during the reccnt 20 years. Water

' balancc at the Chamat dlvcrswn dam since 1974 is summanzed below;

" Water Balance at Chainat Diversion Dam (Unit: MCM)

As is seen in Flgure 2 5, 1mgated area in dry season in delta has a cTose

correlation with the amount of water diverted from the Chao Phraya diversion dam.
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At present on the average fron; .1974 up to 1995, about 391,000 ha is under %
irrigation ln dry scason with 4,200 MCM of water diverted frora the dam. In 1981,
dry scason irrigation amo_u'ntcd to '532,000 ha with the diversion water of 5,600
| MCM, slio{\iiﬁg the crbﬁping intensity of 56% against the wet season a.vcrage of
957,000 hé, and therefore some 1,500 MCM of water diversion in addition to the
- present améum of '4,200 MCM secﬁls necessary to be sccuréd in dry season to

stabilize irrigated agriculture in this area.
2.10 Present Status of Hydro-Power Genefati_an

The present status of hydro- -pow er generation at the Sirikit dam is dcscnbcd in detan! in the

Supporting Report as summarized below; : - o - %

The total installed capacity of the Sirikit power plant is 500 MW consisting of 4 units of
125 MW each The annual h) dro-power energy to be produced b) this capacity ongmally planned
was | 200 GWh with the averagc annual inflow of 6 ,000 MCM and the effective pov.er head of
85 m. The annual energy actually produced during the period from 1974 to 1994 was however

820 GWh as shown in Table 2.15, due to scarce rescrvoir inflow and low water head.

The basic characteristics of the Sirikit hydro-powcr'géncmtion is outlined in accordance

with the said table as follows;

- When relai.ively rich inﬂow is availéble as is seen in 1975 1976 and 1981 the annual

product:on of pov.cr reaches a high value of exceeding 1|, 3{)0 GWh while low
productlon of less than 500 GWh was only achicved in a dry year such as 1988 1991
and 1992. Accordlngly the annual energy productmn presents a wide ﬂucluatron
depending on the available inflow i into the reservoir.

- The average monthl) productton of cnergy vanes betw ecn 45 to 60 GWh during June
to January cxcept August \\.hen large monlhly mflov. is avallable hut outflow i is
rcstncted in order to rcstorc thc storage and 80 to 100 GWh m dry scason from
Fcbruary to Ma} when outflow from lhc reservonr is promotcd in rcsponse to the

' demand in doxmstremn beneficialarea. ~ -~ __ L L
- In particular in the critical dl’)’ period occurred sdccessi.vely in 1992, 71993 and !994,

energy production decreascd remarkably to the monthly value of Icss than 10 GWh.
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% It is rather difficult to use the produced power energy because of its farge monthly and
annual fluctuation as mcnuoned above The proposed Kok-Ing-Nan water diversion project would
conlnhutc the Sirikit pox\er generatton to a great extent, since it would bring large amount of
additional inflow togciher with increased power head in the reservoir, About 1,200 GWh of

energy production as an annual average could be achieved with the water introduced by the

proposed projeet.
2,11 Socio-Economic Conditions
(1} Population
i : (a): Presént and Projected Population

The population in the past from 1989 to 1994 in the Chao Phraya basin and
the project area was studicd based on the population data 6n the provincial level in
the Population Statistics of Mini.'stry of Intesior. The populatioh in sub-basins such as
the Nan, Yom, Pin, dél!a etc. in the Chao Phraya basin and the Kok aﬁd Ing in the
project area was eshmatcd in proportion to the relating provincial area invoived in

~ each sub- basin. The pro_;ectcd population in 1996, 2006 and 2016 was cstlmatcd
bascd on the average annual rate of poputation growth observed from 1989 to 1994,

The study results are shown in the Supporting Report as well as summarized below;

;_ ,3, ,,,,,,,
i . Basin 1989 1996 | 2006 2016 Annual Growth Rate (Vo)
1. Chao Phraya ) '
~ Nan : 2,160 { 2370 2720 3,110 1.37
.~ Yom - : 1,870 { 2,000 [ 2200 2410 - 094
Wang | 830 680 760 | 850 ' 1.13
Ping 2,170 | 2,540 | 3,180 | 3,980 | 2.27
Pasak _ 1,570 1,720 [ 1,950 | 2,210 1.28
Sakae Krung . 400 | 450 510 | 690 . 138
Dekta - 12380 | 12,640 | 13020 | 13420 030
Total == 21,180 | 22400 | 24,340 | 26,670 0.79
2. Project Ara - | N e e R TR
Kok&Ing =~ | LI%0 1480 | - 2,010 2,730 | Co3.42
3. Whole Country 55,890 | 60,520 | 67,650 | 75620 1.12

_ : , ' 269 .
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The characteristics of population in the Chao Phraya basin and the project

arca is described as follows;

3

. ®

The population in the whote Chao Phraya basin will increase with a low annual
growth rate of 0.79% and will reach 26.7 million in 2016 from 21.2 million in
1989. -

The annual growth rate of the Nan and Ping basins is relatively high as 1.37%
and _2.27% respectively. The Nan basin consist_i ng of provinces of Phitsanulok,
Phicﬁit and Phetchabun holds large and stabilized farm fand which is high
potential for :irrigatcdl agriculture with the water from the Sirikit reservoir,
accqrdingly the baéir; population wnll increase tbw:ird 2! cenlu:j' In thc'Ping
basin, Chiang Mai, Ihe famous agncultural and tounsm province, and
Khampacng Phet, agncultural province, also prcsent high growing rates of 2.59
and 2.91%, as a result the population in the Ping basin will increase remarkably

to 3.98 million in 2016 from 2.17 million in 1989,

~ The delta arca shows the lowest annual growth rate of population at only 0.3%,

because the pdpulation in the Bangkok Metropolis occupying about 50% of
population tends to decrease with the negative growing rate of 0.37%, while
surrounding provinces such as Pathum Thani, Nonthaburi, Samut Prakan and

Samut Sakhon will increase at a high growth rate of 2.0 to 3.0% because of

. cipansion of urban and industrial development in these provinces.
- The population in the Kok and Ing basin of the project area will increase

' rapidly to 3.1 million in 2016 from 1.48 million in 1996 with a high growing

rate of 4.0%, because Chiang Rai province, which is the economic center of the
basin, has been devetoped rapidly as the tourism center in the Northern region

and also as the trade center with Myanmar and Chine.

~Population ‘growth rates in other basins are 1.1% to 1. 3% showing steady

- growth.

Agricultural Popt.llati.qn

" It is rather difficult to grasp the agricultural population on a provincial level

because of no available data. Agriculturai pdpu}aiion on a pravincial and sub-basin

~ level is assunied based on the number of farm houschold in provinces as shown in the
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Supporting Report. From the said table, the agricultural population in basins is %

summarized as below;

__Agricultural Population in Basins (Unit: 1,000 persons)

Agriculturat ' . Total - | Agricultural
Basin Poputlation Annual Growth Population | Population
: Rate (%) . 0
1088 1993 ° | In 1993 | Rate (%)
1. Chao Phraya o . _
Nan ' 945 1,075 | - 262 2,288 47
Yom 899 1,029 2.7 - 1,950 53
Wang 308 346 238 | | 660 53
Ping 202 1,087 3.81 2,407 45
Pasak 537 607 2.49 1,660 37
Sakae Krung 162 189 3.06 431 - 44
Delta | 1,645 1,755 2.58 12,471 14
Total 5,398 6,083 2.43 21,867 28
2. Project Area
Kok & Ing 596 | 704 © 339 1,380 51
3. Whole Country | 19,509 | 22,589 2.97 - 58,336 38.7

- Agricultural population in the Chao Phraya I_)asiu is estimated at about 6
million in 1993 or 28% of the total population. Although the rates of
agricultural population in sub-basins except the delta area are as high as 40 1o
50%, that for the delta arca is as low as 14% involving Bang.kok Mctropolitan
area and satellite cities having the Iélrge urban population of 10.7 million in
1993,

(2) GDP
(a) Present GDP
GDP in the past from £989 to 1994 in the Chao Phraya basin and the project

area was studicd as given in the Supporting Report. The present GDP ih 1994 is

summarized as under;



i,
% ¥

Present GDP in 1994

- Population GDP Per Capita GDP
Basin (1,000)
_ (106Baht) | (106USS) | (Baht) (US$)
1. Chao Phraya
Nam 2,306 43,121 1,725 | 18,670 750
Yom - 1,963 35,446 | 1,418 | 18,060 720
Wang | 665 17,399 696 | 26,160 1,050
Ping 2,428 72,353 2,894 29,300 1,190
Sakae Krung 434 9518 381 21,930 380
Pasak 1,672 55,681 2227 | 33300 1,330
Delia 12,565 1,515,453 60,618 | 120,610 | - 4,820
Total 22,033 1,748,971 69,959 79,380 3,180
2. Project Area . .
Kok & Ing - L,39%% 25,308 1,016 18,260 730
3. Whole Country 59,095 | 2,686,000 | 107,440 45,450 1,820

)

GDP in the Chao Phraya basin reaches about 1,750 billion Baht (US$ 70
billion) in 1994 occupying the large portion of 65% of the national GDP of
2,686 billion Baht (US$ 107 billion). GDP per capita in the basin is accordingly
as high as 79,000 Baht or US$ 3,200.

GDP in the delta arca shows the highest value of 1,515 billion Baht (US$ 60.6
billion) occupying the large postion of GDP in the whole Chao Phraya basin.
GDP pcf capita in the Nan basin, the beneficial arca of the project, is as low as
18,670 Baht (US$ 750) as compared with other sub-basins in the Chao Phraya
bas.in.

GDP pef capita in the project afca covering the Kok and lrig sub-basins is also
as low as 18,260 Baht (US$ 730).

GDP per 'c.apita in Bangkok Metropolis and surrounding provinces of Pathum
Thani, Samut Prakan and Samul Sakhon presénts the highest value of more

nha'n 180,000 Baht (US$ 7,000).
Projected GDP

The projected GDP for the year 20(}6 and 2016 estimated based on the average

anmsal growth rate of GDP ftom 1989 to 1994 is shown in the Supporting Report.

Increasing GDP for the years 2006 and 20 16 is estimated as follows;
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B _Pﬂrgquticrliqglﬁn Years 2006 and 2016

2016

2006
Popul GDP GDP/Capita Fopul. GDP GDP/Capita
(105) 10°R 109§ 1038 Uss (10%) 10°B 1078 1038 Uss
1. Chao Phraya
Nan Basin 27 73 29 27 1,070 il 113 4.5 37 1,450
Delta Area 136 3,746 | 149.8 288 11,520 | 134 6,582 | 2633 492 | 19,650
Other Basins 86 421 16.8 49 1,950 10.1 714 28.6 71 2,830
Totat 243 | 4240 | 1695 | 174 | 698 | 266 | 7409 | 2964 | 278 | 11140
2.Project Arca 20 51 2.0 25 },000 27 83 33 1 1,220
Y. Whole Country | 67.7 6,337 2535 94 3,740 75.6 10,824 | 4330 143 5,730

Average annual growth rate of GDP is assumed at 4.5% for the Nan and Yom

basins composed mostly with rural area, while 6.9% for the Ping, Pasak and

delta area which arc mainly consisted of urban and industrial districts.

GDP per capita in the delta area is assumed to be very high at 492,000 Baht or
US$ 19,650 in the year 2016, while that in the Nan, Kok and Ing sub-basins is
placed at a low value of 30,000 to 37,0600 Baht or US$ 1,200 to 1,500. In

order to eradicate the large income disparity between the basins consisting

mostly of rural arca and the delta area which is holding many urban districts,

the particular agricultural development to generate rural income such as the

agro-industry, should be introduced and promoted in the Kok, Ing and Nan sub-

basins.
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