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SY]\TOPSIS

Thls study ls dlvldeC into three parts, part one

is composed of the Mekong Dr:alnage Basin and its Cevelopment

par.tlcular"ly nel-ated to the area embracing ThailanC (Cnapter

I anC II). The seconC par"t ls an i¡tendisciplinary study

of the water" resources (Chapter" III, IV, V, il and VfI) of

the Nor:theast, and the last part (Cfrapter \IIII and IX) is
the diverslon of water" from tbe Mekong BÍven to the Northeast

malnly for. lrnigation.
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II\TTRODUCTION

lnlater Resources Ceveloprnent for the Lot¡er Mekong

Basin is one of the r¿ell known pro jects in the worlC. This

is Cue to the high flotrs carrieC by tbe Mekong River, to the

political situation in the region, to the moCest stanCarC of
1 ì" _,a. h ^, a1:. Èlra n^ ^n'l-L I V Må UI tJtJV }Jú uPtÇ rll u Llu us ù !!r , srrJ ULJÇ ull rYue J vr

internabional cooperatíon anC assistance involveC.

frrigation is an important part of this development.

It not only riesul-ts in Cirect benefits to the farmers, but

also pl-ays an important role in the stabÍlization of the econorfly

of ihe region. The better factor is particul-a::1y important in

thi s nar"t of the worlC.

ThailanC is one of foui" cou.ntries i^¡hich have parts

of their territories situateC in the Lower Mekong Basin in

which agr.iculture is the backbone of the economy. In Thailand,

irr.igation is an impor.tant component of the agricultural- sector

of the national economic Cevelo"pment plan. Development problems

az.e particulary acute Ín Northeast ThailanC. In this region,

irregular. topog¡aþhY¡ poor soil anC a shortage of luater are

factors which have hinCez'eC irrigation Cevelopment. This has

resulted ín a lower standard of living in this region than in

other parts of the country. Development of water resources in

Northeast Thail-and represents one of several proceCures requir"eC
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to raise the stanCar"d of living to the same l-evel as

other par.ts of the country.

Waten diversion from the Mekong River to irrigate
an area i¡ Nortbeast Thailand will become attractive 1n the

futur.e, fir.stly because the increasú,ng': wonld populatfon

r^r111 cause an lncrease in food pnices, anC seconCly because

of inexpensive hydr:o power from the Lower Mekong Development.

Time ls an lmpor"tant factor" in the development of inter-
national rlvers l1ke the Mekong. The projection of water

r.equii:ements ln the Nor"theast sbould be stuCieC 1n conjunct-

ion r+ith over"all- plannlng for the Lower Mekong Basin.

In general, r'¡atern requinements for domestic and

industrial- uses ar"e small in comparision witb irrlgation
requirements. In this study the relatlon between the econoty

of the natlon and agnicultur"al Cevelopment in the Northeast

i^¡ill- be revlewed. lüater avail-abllity (timiteO ny capacÍty

of stonage sltes) and optimum water" requii:ements for agnicul-

tur.e (based on assumed lmproved lanC use and highen cr"opping

lntensltles) in the Northeast will be estlmateC and compared.

A more detaileC analysis of the engineering aspects will be

maCe of tbe ir:rigation project planneC fon Udon-Nongkal area.

Finally, specific water diversion schemes for the Nontheast

will be r"ecommendeC.
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CHAPTER T

TTIE MEKONG DNAINAGE BASTI\T

The Mekong 1s an inter"national riven in Asia and

is one of the wor.ldf s gi:eat nivens. f ts heaCwater is in
the Hi¡aalayas of rlbet anc its mouth is on the south china

Sea" It flows thr"ough, or. forms tbe bor.der. between, six
count::ies, namely, China, Burma, Thailand, Laos, Cambodia

anc viet Nam. The total dr"ainage area of the basin amounts

to T95,OOO squar"e kil-ometres and the total length is 4,15O

kilometres. In its upper" basin tbe Mekong rises at an

elevation of about 51000 metnes 1n the snow-covened mountain

of the Tibet Plateau, whene the Yangtse and salween also take

off . Tben it becomes a wild anC r"ushing rlver that flows
thnough ceep gorges anc cascaces down steep lncrines. when

tt; neaches the Tropic of cancer., 1t becomes the chief border

between Burma anC Laos and 1s pai:t of the fnontlei: between

Laos and rhalland. rt then flows thnougb centrar cambodia

anC ftnally emptles Í¡to the Soutb China Sea ln Viet Nam.

The ruost lmpontant part of the Mekong River basin ls the pant

below tL¡e Bur.ma-Laos-Tballand frontier. " Generally nefer.i:ed

to as the Lower" Mekong, 1t covers an area of 6091000 squar"e

kilometres of about T7% of the total area of the basin.
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ïIater resources planning has been concentrated on

the Lower Mekong. The basic elemen-us of planning a.r.e:

1.
Cata belol.¡ must

Basic Data. Befor"e planning begins the

be collecteC "

(u) Stream flow. A basic neti¿ork of 44

stream gauging stations has been established in the four.

riparian countrles " The totaL runoff at Vientiane, the

upper most site, over a period of t9 years varied fr"om

84,5oo million cubic metres (68.! million acrefeet) in Lg5T

to 1p0,000 million cubic metres (ry1.2 million acrefeet)

in L91B l'¡ith an average of 14Br 2O0 mill-ion cub.i-,c metr"es

(feO million acrefeet) . At Kr"atie, the extreme downst¡-eam

site, the total r.unoff over a per.ioC of 27 years varieC

fr.om 159,000 million cubic metres (ZgO.8 mill-ion acr.efeet)

in L973 to 567,000 mil-lion cubic meti:es (\59.1 mitlion
acrefee'b) in L939 with an average of 4TO,000 million cubic

metres (¡AO mil-lion acrefeet). The additional runoff between

Vientiane and Kr.atie on tbe average is J2Ir000 million cubic

metres (Z6O nrillion acrefeet) which corresponCs to the

aCditional drainage area of 347,000 square kilometres. An

isohyetal map of annual precipitation aL 34i stations ovell

the basin has been proCuceC every yealr from L964 "
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(¡) Geographical. The Mekong River flor¿s

thr.ough a valley of hills with steep banks fr.om the borCer

between Laos anC China. The open plain of 450 kilometr.es

long from Vientiane to Savanakhet consists of sanCy gravel

beC. Many steep gorges r,rere founC downstream of Savanakhet

to the mouth of the Mune River. At Klron Fal-ls about,776

kilometres above the mouth of the river navigation is
impossil¡le " The part beloi'¡ Kratie is al-luvial, the banks are

built up by seCiment deposit from flooCs.

The lower basin may be CiviCeC into four. parts,
rrlmalr¡ -i-ho l¡il I ÐmâÐ l-?ra rr'l oioqrr tkl,r lVfol¡nnæ Þ'l or'n anC, vLJv sr v\J, ulrv }J¿uvvsu, ulrv ¡¡v¡Lvtló r lsrrJ,

the Mekong Delta (fie " 2) " The hill area Íncludes approx-

irriately all areas with an altituCe higher than 200 metr"es

above mean sea level (fig " 3A). ft comprises the entii:e

i"egion in ttre northeast part of Laos. The plateau (fig " 1B),

l¡ith an elevation of 100 to 200 metres above mean sea level,
consists of the Northeast par.t of Thail-anC (see more Cetails

in Chapter fII). The Mekong Plain (fie " }C) compr,ises a

flat area in CamboCia, having an el-evation beiow 100 metr.es

and locateC betrueen the Cambodian-Laotian borCer. Tbe most

extensively cul-tivated area is founC near Battarnbang (fig.+) .

The Mekong Delta begins Cownstream from Kampong Cham (fig"f
anC f ig. 7D) . Every year from Septernber to l\ovember., f looC
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waters flow over the river lcanks, spreading in a vast

sheet inunCating 1 to 4 mil-lion hectares of lanC in

CamboCia anC Viet Nam. This area l-s unCer" paCCy cultivation.

(") Economic. Some 20 million of peo;ole of

four nations: Laos, Thailand, CamboCia anC Viet Nam are

locateC in the Lower llitekong Basin. Tlre economy of the

nacì" ^n Àarra-nÂ S mainlV On AE-ì nrrl *trncr'l nrgji¡çtS inrhiChf vólv¡r qv}/vrrs u lrs .JJrlJ vrr s5:

Cepends on tlre annua] cycle of monsoon rains. The major

cities of Southeast Asia are: The ThailanC capital Bangkok,

at about 40 kil-ornetres fr.oni the mou.th of the Chao Phraya

Rir¡er'^ wr"tb ¿ rrr-rnrr].qtion of abOut 1.6 million is outsideMvv¡ 9 WIULJ s l/vyels

the basin" The Vietnamese capital Sa:'-gon-Chc¡lon, ofl the

eastern eCge of the l[ekong Delta, with a population of a

million. The CamboC.ian capital Plrnom Penh with the population

of 500,000 anC 1001000 in the Laotian capital Vientiane" The

population in the basin is largely rural-. The main occupation

of the people is rice growing in the rainy season whicb lasts

about seven months. Most of them leave their lands Curing

the Cry season Cue to lack of water anC few grow uplanC crops

where r,¡ater" is available Curing this perioC. The income of

tbe region CepenCs on agricultural surplus for export rice,
rubber, teak anC a few other fiel-C anC f or-est proCucts.

These constitute -r,he principal commoCities of the economic
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of the foun countr:ies, which are exchangec arnong then anc

expoi:ted to the world outsice. Dur"ing the past ro years,
gneat nuubei: of refugees have moved from tbe North to the
Delta in viet Nam; and tbere also has been a steady inmlgra-
tion fnom the Konat Plateau into the central of rhail_and

and the city of Bangkok.

(a) Jur"isdlctionar-. Accoi:ding to the political
histor.y of the r.egion cur.lng this peniod, the conti_nuation

of work seems cooperatlve. Twice sfuce the formal planning
of the Mekong began, cambodla anc rhailanc have broken off
diplomatic r"erations, Laos and viet Nam bave þach been

dlvlded by civil T¡rar. This ls handly the setting for lnter-
national- collaboration in resources management. poritics
have exclucec the uppei: basin, whlch lies withln Red ci:ina,
from the planni¡g to cate, chlna, not being a memben of the
united Nations, does not panticipate in the activities of the

'l
EOAFE"' This has removed fnom consider"ation 186rooo square

kilometres of the totar draf.::age area, At the present tine
ther"e are no pnecedents unCer state pnactice on intennational
i:iver 1arr, which may be compared to the activitles, pr"ocedures

and acbievements of the Mekong coondination conmittee.

1. Economic commission for Asia and the Far East.
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The work Cone in the legal fielC is certalnly impor.tant

and the difficulties involveC are noi to be overlookeC "

However, âs the recent agr.eement signeC bet'c.¡een Laos anC

ThailanC for the supply of power, encourages the comnittee
+ì^-+ -"+ *;-L+ r^^ r^-^."-ì,.+ *r final åp,reement amonE alf co-tJLJé tr I U fff fötJ tJ LJ(' UL'ULfötJ U l.rLl r rrrsÁ qór vvrr---- - *-.--^-(f *--

riparians "

2. n*g_g!_gglg Base Projection. The population

statistics of the four countries in the year L96t totaleC
r, aìabout 4ö million anC about 20 mill-ion are locateC 1n the

Lorr¡er Mekong Basin. The rate of gr.owth will be about J
percent per year. At this rate tbe population of the four

countr.ies will exceeC !0 million 1n the next 2J years. To

secure the fooC requiremenis for this number of people anC

a surplus for the foreign exchange necessary to generate a

modest 5O nercent increase in income fr.om the other econonice Jv t'eL

activities, it r^ril-l requir.e an increase in proCuction of

mil-led rice from a total of B million tons to 17 mill-ion tons.

Curreni export of rice from Thail-and, CamboCia anC Viet Nam

run at about 2 mil-lion tons, in the intei.est of foreign

exchange it i,¡ill be Cesirable to increase this f igure. In

ihe recent years r.ice proCuction in the three countries has
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been incr"easing at about 2 percent per year; at this rate

populatlon grotth i¡ill soon overtake proCuction anC each up

the surplus. It is apparent that the rate of incr"ease 1n

rice proCuction must be accelerateC to a 3 "5 or 4 per cent

per year. The increase 1n seconCar.y crops Cur.ing the Cry

season anC l-ivestock products in response to changes in

fooC habits anC nutritional neeCs must also be incl-uCeC in

the plan. Tor,¡ar.d the support of economic grorrLh, exter.nal

CemanCs for the for"est 'or.oCucts of the basin anC for rubber

m¡r¡ hc r=.l¡nentçi tO *"o". Jf the lìO ner.eerrt imnr.nrr,+me¡f inv¿r}/vvvvs uv b!vvv. )v t'vL ¿r¡¡y¡vvvrl¡v.

income per capita is io be achieveC, inCustrial output rrill
lrave to grow at a r.ate of 6 Lo T percent per year.. A sub-

stantial portion of tiris activity is likely to be in the

processing of agr.icultural and forest ;or,oCucts. Without

assuming the builCing of large industry sei:ving regional or

r¡orlC markets it appears that electríc Cemand might increase

five to seven folC.

1. @e..
/\(a) Domestic anC industrial uses" At the

present time most of the rural areas on the Lower Mekong

Basin are situatêd aiong the river banks or otTrer. naiural

sources of rtrater. fn some areas, wa'ter is scarce Curing the

CL¡v neriod f ol I or^¡rerl hv the CeCr¡eaSe in Water f Or hOusehOlC use.g4 
é,

The amOUnt Of rr¡ater reqUireC fOr inCUStríal USe is Vel,'r¡ .rmq'l-l



Al.bhough the popu,lation of 20 million in the basin will be

Coul¡ie in the next 2! year.s, associateC r,¡ith the industrial-
growth r.ate of 6 to T percent per year, anC l¡ater is assumeC

to be plentiful al-l year rounC by the Ceveloprnent of the

Lover Mekong Basin, the amount of water" for ConrestÍc anC

inCustrial- uses associated wlth waste Cisposal requlrements

appears to be smal-l when it is compareC with the available

water. on the basin.

(¡) Irrigation ::equi-rernents, At present

most of the crops that a:re groi/rn in 't he Mekong Area, CepenC

on rainfall on1y. Rice is the rnajor crop anC is gr.ornm in the

rainy season . Seconi crops are gt oi,tx only where r,uater is
availabl-e" The total- paCdy lanCs on the Lower Mekong Basin

are estimated at about 7rlB0,0O0 hectar.es. (75O,000 hectaues

in Laos , 2,BOO,OOO hecta-r'es in ThailanC, L,6iA,0OO hec.l,ares

in CamboCia ani 2,0001000 hectares in Viet Nam) . The r,¡ater

r.equir"ements f'or. r"ice gL:owing is estimateC at L.JOO mm" in
the rainy season anC 11200 mm. in the Cry season (shorter
perioC of growing). The effective rainfall is e-ssumeC to be

700 mm. and l0 im" Cui:ing the fir"st anC seconC perioCs of

gr.or,ring respectively in ThailanC, 8OO nm, anC 50 mm. in Laos.

Cr.opping intensities is assumeC to l¡e 1.! anC a l_oss of 50

percent of Civert i¿ater is assumeC " The annual optirnum i,,¡a'Ler
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requiretllents in 'llhail-anC anC Laos i^rill T,e T6,iZO mill-ion

cu.bic metres i^¡hich is a-irout 5L "5/" of the ar"'erage annual

r"unoff recor.CeC at Vientiane " This Coes not incluCe the

runoff on the ti.ibutar"ies in ThailanC anC Laos which floiv

to the Mekong J:elor¿ Vientiane. The percentage of irr.igation
i'¡ater r"equ-ired to ru.noff i^¡ill be Cecr"easeC in the Cor^msir.eam

rl i -na n* 'i nnq!MU¿Vll ô

(n) I\Tavigation r"equirements. I^Ihen rapids
ãrc qrrl¡¡¡amæs,{ lrr¡ *}ro nnra'ì-aggtiOn Of a SefieS Of CamSs¿ v u qur¡¡v¿ ¿ivs vJ ulrv vvlJ rJ ul

associated i,¡ith channel irnpr.ovements, navi¿:a'bion i¿oulC be

r-\.,aa-ï-ì.rla +]-anm the SOUth China Sea tO LUanE Pr"abans fof a¿¿v:Ir ulrv vvuulr vlrltru vue uv lgurJti ¡!suurró !v

distance of abou-r, 2,150 kilometres. BesiCes the paCCy proCucts

tire transport of inCu.strial pr"oCucts anC. r"aw materials tìrould

be increaseC. " In the next 2f year.s the paCCy t::ansport ex;oecteC

i,¡oul-ci ire J00r000 tons fL:om Phnom Penh anC /001000 tons to
Saigon. InCustr.ies might be CevelopeC if cheap pot"rer t¡ere

available, namely, pig-i-ron in the vicinity of Chieng Karn,

SoCa pulp anC amnioniuru sulphate at Khemar"at anc al-urninium at

Khone and Sambor'. f f Lhe lvlekong woulC become navigable thr.ough-

out, i;he expo::t of large quantities of tÍmbe:: fr.orn Laos j-s

possible. Laos l':as an accessible for.est area of 4 riiill-ion

hectares anC 11 million hectar.es of vir."gin forest " Main land

China is also a potential timber marke'c. UnCe.r the aver.age
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conditions in tbe Mekong BasÍn, the cost of river transport

is decldedly the lowest. For the saine Cistance, nail tnans-

port is 2.2 times, and road transport 5.7 times more costly

than r:iver tr"anspor"t, if an aCequate l0 - metre channel

where available. The possible value of export, by way of

the Mekong might be well- over $Z¡O million a year. The

minimum l^Iater requir.ement would be about 2r5OO cms. and the

minimum depth estlmated at 2"OO metres.

(") Power regulrements. According to the high

streamfl-ow of the Mekong River, the power potential both

mafnstr.eam and lar.ge tributaries would be in the order of

20 million kilowatts. The completeC plannì:rg of the maln

river woul-d be composed of twelve project sites. The mlnimum

Cischarge fon po$Ier generation would be at the site near

Vientiane. This might be due to the ample amount of lrrigation

water requirements. Tbe maximum Ciscirarge for po\',Ier generation

shoulC be at a Cov¡nstreåm site. The annual poT^rer output of

tributar.ies in the four countries would be in the order" of

4T.O7O million k\^rh., anc BlrZ70 mill-ion l{l^rh. i,¡ould be on tbe

main river. The prospects of increase of electr"ic consumption

in Cambodia and Viet Nan ln the year L987 lùould be 1,100

million kwtr. and 4,440 million In^rh" on the average respect-

ively. In Laos anC Thailand 1n the year L9B5 it would be

in the or.Cer of L73 million kI^rb . and 10r 408 million krnrh . on

the average respectlvely.
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(0) FlooC contr.ol- requirements" The areas

effected by flooC. are on the lor,¡e:r reaches of the main

Mekong. These areas are fertile anC populateC. The methoC

to prevent flooCing of these lai:ge Celta arleas in Viet Nam

is to create big storage reser"voirs in ihe upper. reaches

of 'bhe nrain Mekong associateC with sto:nage i"eservoirs on

the lar.Ee tr.ibutaries. It is estimateC tlrat f looriinc in-** tf -

the Celta would Cisa-ppear if the water level at Phnorn Penh

is lreirt hclor.r B.OO metres MSL. A tOtal s|or"aEe of 130vv¿vrv vu r'Ð!. ¿¡ uv us! u uvlsóv vr L2/'

billion culoic metres inror-r.lC give compleie pr.otection against

flooding.

( 
") Recreation requir.ements . Reservoir

behinC the Cam would be an artificial l-ake r,¡hich woulC be

suitabl-e f or re creaiion. Beautiful areas arou¡d the r.eservoirs

must be reserveC. Pa Mong Dam i¿ould create a reservoir witb

surface area of -i00 square icilometres that coulC become a

r,ecreation resource. ThÍs is a by-product of the reservoir

',-hat might be given some intangible cr.eCit " When t'ne Lol,¡er

Mekong Development woulC be completed a series of reservoirs

along the river l,¡ould be come the most attractive pl-ace f on

recreation of the people of the four countries.

4 . Developmelt*of.-Plan. Planning of the Lowei.

Mekong Basin is unCer\^iay. Preliminary su.rvÊy teams ïie:re
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l-ì-/.cr.âr¡iz.êd in the vear 1q5l-. The T¡Iork r,ras ÍnterrupteC by thev! eiurl râvq ¿rJ

ï.rar in Indo-Clrina during L953-L956. In the year L956, the

four r"iparian Gover"nments requesieC EC,\TIE to unCertake a

comprehensive reconnaissance investigation of the basin.

(u) Priority of r'rater use. No pr"iority of

rvater use is set up in the Lor'rer Mekong Basin. This is

Cue to the ample supply of u-nused water'. If one l¡oul-C be

set up, ComestÌc i¿ater supply may have the highest priority
of al I tvnes of water utilization as has been se'b up in
qrìrnê other' ¡pci.r" nn< nf i'he r.rnr."ì '1 nossilrlrr f n'l I nr^¡erl llr inCUStfialÐ\rIUç \JULJSI J UóMlù VI ULJç Wv!¿u, ì/vuulv¿J

.qn4 ¡o"r.i r.rll trlr"sl -ncnrìr".+mêrr-^ Ä^n-nÄin¡ consiC-*Õ- - --¿sr ¿vYq!:v.,,v,JUÞy UEI-,rÚIlu':.l'r5 OIì eCOnOfnl-C

erations.

(¡) Alternative plans. The investigation of

one plan is not enough, ât the present time the Pa Mong

proposeC No. I and No. 2 have been investigated. New plans

must l¡e repeateC until all viei,¡ poÍnts have been considereC,

therefor.e it might be fo]l-o1reC by another proposeC project

before the construction hegins. The alternate plans can be

compared on the basis of their benefits anC costs. The other

rrr.n-ìoets h,c¡¡e been calîried on the same process as the Pa Mong.
}/¿vJvvuu lJsvv

d emand

CemanC

(") Economic analysÍs" The stuCy of the

project services should cover power markets, the

r;.cìlier the he¡çfits fr.Om fIOOC COntrOl And ir¡igatiOn,
_i¡9vv¡, vLrv

for
for



anC the CemanC for t¡ansportation. Poi+e¡ f¡om any one of

the major mainstream cams will exceed the domestic cemand

for power, therefore a CetaileC analysis is requi¡eC of the

po\.¡er market. According to the first investigation in 1956,

if the projects are developed independentl-y, the unlt cost

of ffu,m energy CelivereC at l-oaC centre \'ioulC var)¡ from O "i6

United States cents to 0.41 cent per lcuh. This f igure

might change because of the l-ater proposed proiects. No

allocation of cost for navigation anC ir"rigation have been

founC "

(A) Selection of plan. AccorCing to the

population prediction the first pr'iority of l^Iatçr require-

ments from the }{ekong is f or ir"rigation. Therefore the

multiproposeC proiects with irrigation 'oenefits woulC become

the first priority in investigations.

5. The l4gkong CornmStlee. The committee f or

co-or.Cination of investigation of Loir¡er" Mekong Basin is

composeC of representatives fr"om Laos, Thailand, Cam"podia

anc viet isam. Its purpose \¡Ias to promote, coordinate,

super.vise anC control the planning anC investigation of water

resources Cevel-opment pr:o jects in the Lol'¡er ivlekong Basin '

The cornmittee maintains l-iaison with various Uni-ted Nations

agencies, and with private groups t¿ho have offered assistance'
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The Mekong Rlver

Rinar"i¡n countries of the iuhole river. basin:

China, Burma, Laos, ThailanC, CanboCia, anC

Vlet Nam.

Total length 4,150 kilometres

Total Crainage area 795rOO0 sq. kï.
Mean annual rainfall L rlBO rTrm.

Mean annual r"unoff T2B n.Ìn.

Runoff coefficient 52 "8 pe::cent

Discharge: measureC. at Kr.atie with 6BZTOOO sq. lim. of

Crainage area.

^1 
/=.",

vn- / qâ.'LLr / uvv.

t3 /="" .

Maximum Cischarge

Minimum Cischar.ge

Average Cischarge

Specific fl-ooC Cischarge

Average unit discharge

^ --a -/ / / .U"IIO m /sec./sq. firn.
-

O .O27 m) /sec "/sq. krrl.

75,TOO

r,25O

15,000

For maxlmum silt content measu::eC at Vientiane with the

Crainage area of J05r000 sq" Wn., the average silt content

anC annual silt r.unoff measureC at MukCahan with the Crainage

area of 19Lr 000 sq. 1.ffi.

Maximum conteni O "7I percent by weight

Average content 0 "06 percent by i+eight

Aver.age annual silt runoff L|O,0001000 tons

Avei:age annual sil-t runoff

per. unit area 4lf tons/sq . l.cx.
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T}IE MEKO}TG DEVELOPMENT

Development Possibil.-Lty in The_Upper Bas_in

Generally speaking the entir"e stretch of the
r"iver" shoul-c be inclu.ded in the planning, except for tr,¡o

rìeasons " There is no cevelopment posslbility for large
scale irrigation projects on the upper basin as it is
rough terrain with sparse populatíon. seconcly there aï.e

sites for large scale hycr"oelectr.ic power installations
by way of storage " This r,¡oulc. r.ecuce frooc cischarges in
the cownst¡'eam curing ttre high frow. The cevelopment of
the upper basin woulc not involve the civersion of i^rater,

therefor"e this would not acversely affect the cevelopment

schemes in the lowe:: basin. 0n the contrar"y they woulC

be helpfur to vrater management cownstream. An other
reason is that the Mekong flow is essentialry governec

by the Lower Mekone Basin itself.

The Developmelt_of The Lor^¡_er. Basin

The compr.ehensive Cevelopment of the wa_ter.

resources in the lover basin incl-uces the rnain str.eam anc

tr"ibu.taries. Multipurpose r'¡orks ar.e composeC of hydr.oelectric
po\^rel:, irr.igation, flooC control, C:rainage, naviga.Lion
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improvements, tratei: management atrC r.,rater supply t+hich are

relateC to the economy anC the social growth of the people

of the area. At the presenL time l-ess tt¡an J petcen| of the

basin is irrigateC, while a vast por'tion of the lanC has

left. Ample supply of tiater froi¡ t'he Mekong River coulC

bring great benefits by means of irrigation to the basin.

TremenCous hydroelect¡ic po\^Ier potential of the river anC

its tributaries is suitable for large inCustrial Cevel-opment.

Planning of the Lower' l,{ekong Basin is composeC of overal-l

basin planning, rnain stream project planning anC tributaries
nmn i anl- cyr vJvv uu ó

Thg_PgsgiÞlg Ðevglcgmgnt Ploieg!. About 12 sites on the main-

stream anC 22 sites on the tributaries may be CevelopeC over

a reasonable perioC. Thís Coes not incluCe the Cevelopment

project on the tributaries in the Northeast by the Royal

Irr.igation Department of Thai]anl , Pak Beng on the extrerne

upstr.eam enC, Pa Mong, and Strung Treng about 120 kilometres

upstream of Kratie woulC create the large storage Cams, while

at the other. sites the Cams will not involve appreciable

storage -Out coulC generate a 1ot of electric power anC help

in getting over the rapiCs for navigation purposes.



I . Ðgyelopmgn! oI ti.iÞu=lariqs.. Development

largc tributaries will be mentioneC, r'rhile more Cetaíls

tr.ibutary Cevelopment in the Northeast Thailand will- be

^*- 1,.^ ^ -" ,- ^,1('llt}JLJ4 Ð r Èr çr,l .

Laos

nf

n€

1" Narn NglLrn Plo.ject . Nan: I\gum Rive:r flows into

the Mekong at about Ç0 kilometres Cor.¡nstream of Vientiane

i,¡ith 420 kilometres 1ong. The construction of a Cam on this
r.iver r.¡oul-C create a reservoir i.¡ith 'i,he capacity of 8r500

mill-ion cubic metres, power generation f::om rel-ease water

will be LzO,000 kilov¡atts " Irrigation on Vientiane plain

will be possible on the ar"ea of 121000 hectares.

ThailanC

At the present time the gover.nment of ThailanC is
paying attention to the water resources Cevelopment in the

Northeast. Several projects have ireen completeC, some are

unCer construction anC many are unCer planning.

Eight water resource Cevelopment projects whioh

are CescribeC below ar:e shoi¡n 1n f iE. 6.

1. Lam Pong Pr"sjqgt " The Cevelopment on the Pong

River is composeC of storage Cams for byCroelectric po\^ier'

anC diversion i'¡or"ks Cownstream for irrigation. The maximum
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flow on the PonE River. jn l.p!! r+as L,225 ^i/="". Benefi ts
o=êrìêT?Ð -of the project are from 24,9A0 lcilor.¡atts of power

tion anC 5i,O0O hecta¡."es of irrigateC lanC .

2. l,sgjgg_3gg_j_gg!. The Lam Pao is a branch of
the chi RÍver=" The o.am on Lam Èao creates a reservoir" r¿ith

capacity of 9,000 mill-ion cubic metres. t¡Iater from the

reservoir is releasec for ir.rigation c.oi^nrstream of 16,000

hectares in the i¡et season anc 12r000 hectares curing the

cr')t season " Power generation r.'¡ill- be possible in the fuiure.

1 " Lgm Pra Pler.ng Prgjgct. The Lam Pr.a Plerng

is one of the branches of the Mune Fiver. rdater fr"om Lam

Pra Pl-erng Reservoir" with 112 million cu.bic metres in
capacity can be releasec to irrigate an ar.ea of 101640 hectares

1n the wet season and 4r8oo hectares cur.ing the cry season.

4. Lam lgkong Prgiect" The Lam Takong is another'

branch of the lvfume River" The cam on the Lam Takong cr¡eates

a reservoir rn¡ith capacity of 22O million cubic metres.

Releasec water coul-c irr.igate an area of 11r600 hectares in
the wet season anc 241000 heciares curing the cry season.

5. Lam Nam Oon*Projec!. Lam Nam Oon River is one

of the nrajor tributaries of the Nam songkram River in the
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upper right of the plateau. Nam songl<rani River fl-oinrs into
the Mekong at about 45 t<itometres bel_o.l,¡ the Lam Nam Oon

confl-uent. The total pr.oject area Lroulc be )6,000 hectares

irhile 2T1,000 hectares having possibility for gravity
irr.igation. The capaciiy of regulating storage woulC be

475 miltion cubic rrretres.

6. Nam Pung Project. Nam pu¡g is a branch of
Nam Kam River r,¡hich fl-oinrs into the Mekong in the east.
The actjve storage of the reservoir on this r.iver is 150

million cubic metres. Part of the total por,rer generatlon

of 7,000 kilowatts from this reservoir coul_C be useC in
pumping water froru the Mekong to irrigate an area of B,O0O

hectares anc the other 161000 hectares coulc be ir:r.igated by

gravity.

T . Lam Dsm_l\oi. Lam Dom Noi ls a branch of the

Mume River" Por.rer generation from water stor"age i^¡oul-d be

22rooo kiloruatts anc irrigation woulc be possible on the ar.ea

of 25r000 hectar"es.

ö. Hui Bang Sai. Hui Bang Sai is a branch of the

Mekong River on the east of the plateau. Power generation

fr:om Hui Bang sai reservoir r.¡oulc be 5,000 lcilor¡atts and

i,¡ater releaseC from the reser"voir coulC ir"'r"-ìrv,qt.'. :n ârea of
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B,O0O hectares.

Many pr.ojects are unCer planning in the itlortheast,

namely, Lam Mume, Huey Kayoong, Lam Dom Yai, are on the

branches of the Mume River. The bi.anches of the Chi River

are Upper Chi, Nam Young. Huey Hee is on a br.anch of the

Nam Songkr"am River anC Huey Tuey, a tributary of the Mekong

R iver.

CamboCia.

1. Prek Thnot pqgjggt. Prek Thnot is a multipurpose
Ä ar¡a-l ^rrrnôn+ ^'uvvuru¡,rlrÇJ.ru --f an" 

"ot"t 
,tek Thnot, a tributary of the

Mekong River, to pr.oviCe for irr.igation, potrer generation anC

flooC control. The pr.oject is consisteC of the main Cam

across the Prek Thnot together with a ser"ies of small_ Cams

narnan4-i^^, - *,.*1^^-^ ^+r 1^--Lvu,rrvuu'.r6 c" number of lowhills and cr.eates a reservoir with
a capacity of 980 mil-lion cubic metres and generatilg poÍrer

capacity of 18,000 kilor¿atts.

Prek Thnot ir.rigation Project is to Civert i,¡ater

of the Prek Thnot River to ir.rigate an area of J0r000 hectar.es

u¡hich is abourt J0 kilometres from Phnom Penh.

2" Battambalg Projec!. Batiambang tributary project

^n *l-ra cltzrrnæ $¡¡p-ker 1ìirre-n in t¡estern CamboCia cån ir.r'igatevrr vrJU uu¿urJÉ' uvrJ€3¡lvÀ ¿l!vv! tll 11 úÈUçIrl vql-],lLJ\J!¿-LC, V@-LJ J--- -O*.--
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an area of 68TOOO hectares anC potüer generation of 51000

kilowatts.

Viet Nam.

lhs Uppgr Se Ëan Tlilrutary Pro.ìgc!. The Se San is

one of tlre major '¿ri-outai:ies of the lvlekong River. Its

total lengbh Ls 760 kilomet::es with tbe C¡ainage area of

IB,OOO square kilornetres. The Upper Se San is a mul-ti-

pu.l.pose pr.oject wittr po\fet, generation, irrigation anC flooC

control. The po\^Ieï. potential r¿oul-C be in the orCer of 640,000

kilor,¡atts anC this scheme coulC irr.igate an al:ea of 211400

hectares, while 6r4OO hecta::es cou.ld be commanCeC by gr"avity,

the other 15,000 hectares by pumping.

II. Development of the Mainstream.

1" Tþg First_Rr"jgIity of Investigations'

The three mainst::eam projects with the top p::iority in planning

are the Sam'oor', the Tonl-e Sap anC the Pa Mong.

üamb-or. _Prgject. The mainstream dam at sambor" in the

eastern Oart of Cambodia about 6OO tcitometr"es north of the

river mouth l,rith the total catcbment a:cea of 65O1 000 square

kilomet::es is given the bighest priority arûO-xg all the main-

srJ-.r.enm nroiec.ts. The r,¡ater rel-eases from the reservoi-r ofJ Ui \/sr¡i

1"1 bill-ion cul¡ic merres in capacity coulC generale the polre::



of 625rOOO kilowat-t s. By bo-r,h pumpi-ng anC gz'avity niethoCs

agr.icultural- Cevelopmeni along the l{ekong be}or,¡ Santbo.r:

l.^routd be 67rCOO hectares. The construction cost of the

install-eC. capacity of i20,000 kiloi¡atts in the first sl;age

is estirnateC at U. S . $lOO mÍl]-ion and the cost of the

a-l ,.,^lr"'inirrrr åt the sen:l-ìno enC uoulC be about 4 mill per'u¿vv ur rv¿ uJ

k\,trh .

!g_4e Sgp Ð9Ëleg9._tsrgi9-9_!. The p::oposec Tonl-e

Sap Bar.¡age r,,til-l r'egulate ihe maximum wate.r level of the

Gr.eat Lake anC increase the Ceptb of rire lake Curing the

rlri¡ neninrl ^ Rani"aEe sa-uês would be openeC in the earlyur.]

oar.i, of the fl-ooC season anC t^lou.lC be closeC to ;orevent

srnall anC rneCium flooCs entelîillg into the lake.

To L:educe flooC magnitu,Ce in the I\4ekong Del-ta,

Gi:eat Lalce u¡oulC act as flooC. Cetention sto::age, that is,

the maximum fl-ood is al¡sorbeC into the Grea'L Lake l'¡ith the

sio::age tegulation capacity of 84 mÍliion cubic metres" l^Iater

rel-caseC from baL:rage vill also improve navigati-on Col¡nstream"

Benefits fr.om the project 'would be: increase fisb proCuc-r,ion,

::eCuction of fl-ooC damage, impL:ove navigation in CamboCia

¡nrl llie-r.'NTånr- ir.:.isatlon on t'ne west -oank area of the Tonle

spn an:l thÊ area arounc the lake curing the crxr sesson' The
veì/ srrs

1nc-rease in Cischarge of al¡out lrOO0 cms. at Pnnom Penh
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.ïou.}C -push back the sa-lt r¡aier towards the sea'

þ_þ-gg Ptojec!. Pa Mong Dam r^¡ill 'oe locateC at

about JO kilometres upstrea.m from vientiane, Laos, anc

a,bou.t lr600 kilometr.es above 'Lhe mou.th of the Mekong River'.

Pr.oject area l-ies on both banks of the Mekong trhere tire

river forms the bounCary betinreen Northeast Thailand anÖ

liorthv¡est Laos. I¡later i¡il-l be available at Pamong to

gen,3rate ap-oroximatel¡r 1roco,o00 kilor,¡atts of pol'¡er. Energy

r",enriii.ements in the se::vice area inCicate that ihe d.emanC
¿ vve4l

for por,rer. lrill have incr.easeO to the point whe¡e Pa Mong

pro ject iril-l be requirei by L9T5-L979.

The maximum full suppl;r level of the reselrvoir

i^rill be at elevation ZJO meLres above mean sea level. The

ar,.-l-,ir¡e stor.as-^ ..Ð,y\DcÌtr¡ hetr¿een el-evations 210 and 2j0 r,'¡i}l-GU t, .| o t-. *--^vuysv r vd

be 10,170 x l_0" cubic metres or about 7 per.cent of the

avellage annual flol'r. Tlrerefore large spill-s r¿ill occur each

year averaging 80,000 x l-Oo cubic metres per year" To

irr:igate am area in Vientiane Plain, gravity irrigation is

possible with \,Iater sur,face el-evation of 200 M"S.L. at up-

stream of the Cam. A large incl'ease in yield could be

realizeC by an increase in active sio¡age capacity of the

projcct, This i¿ill be lirnitec by the topography of the
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ô+^Énre^ ôLrl +V^ 'r ^*-r-1^ ^-" fhe Cam.S tJOl'd-gU d-llU U tJÚ Iç-Lló ir!-r ui- L

ItTary Uglg. l\Tam lt{ong Damsite \^Ioulc be locatec

about 5) Rtlonetres south of Pa Mong Damsite on a small

tributary r^¡hicb flows into the Mekong betveen Vienfiane

anc Nongkai " The two reservoi::s ar.e separatec l¡y a low

sadCle with an elevation of aboui 2r0 m"L"S. ff a

connecting channel be'bween the two reservoirs coulC be

excavateC, the flooC flow l^roul-C spill over Pa Mong Reservoir,

^nohl inæ r".i- +rr f i'l I êTre-rr\r \/eall " The Nail MOffg Dam l,¡oul-d|7lld-U-LrIJó J- r/ UU M! v v vr J J vur 
L

n'nnrride n tsr.oe Rmornï of aCCitional storage of T rT6L+ x --l-0luJvvluv u lsrÕv

cubic ûre-tres at an elevation of 2iO M"S.L.

Nam Mons rel-ease coulC tt:en be maCe to provide

i -arri cq.l_ i nn nn-o.rat. ,cìnrì irirn-i cin¡l r,r,qt'er" stlonlv to rfì''or'I onÄ
r¿ ¿ rÕs J *OmeStrIU, ciflU lirtrrtrur¡;or vJs u\Jr puyl/¿J uv r LJd¿-Lú!Jr.r 9

r,¡bile Tr¡ateï. release cou.lC be maCe from Pa Mong Feservoir
-p nm rr¡r.rorn ¡¡2-'i æo{-i nn q'nÄ tn qllnnl rr j ¡¡ì n'ol-Í nn 'ìnmogf,içI UI' p\JUJçJ-'J IIaVIóétJl-\JIl ) Q"LJ') uu ùui/}JrJ ¿f,r ÀÓsu!vtr

anC municipal r,üater to Laos.
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CI]APTER III

Ì{ORTHEAST TTIAfLAI\D

Northeast TlrailanC oi. Korat Pla'beau is situateC
.a) ^-r ô

betr^¡een L4"3O I anC 18" 00' tatituce north anC 101" anC

LO5" tot longtituCe east. The l-engtb frorn noz.th to sor:th

is appr.oximately 425 kilometres, anC fr.om east to west
. !,F^is about 450 kil-ometr"es with tT:e total area of ITA,266

square kilometres.

0n the basis of monsoons tlre climate may be

CiviCeC into: The southr,r¡est monsoon season, i^rhich begins

'ïn Mav ani ends in Scntemtret' c,qrrqino' .qnny?êci¡lrl c r-¡infa-llllJ vvl/ , vguulllÕ gyyl

J-Ìrmnrrælrnrrr- r-È'e nl ai n: f.hì s monSOO¡ enCS in QCtObef " ThenULII vq6LJvu U UIJV yls¿rJ, ULJ!ù

the nor.theast monsoon begins in November., it brings Cry anC

cool air from the north; the r.etreating northeast monsoon

extends fr"om Mar"ch to rr:iC-May.

The tropical cyclone that has a lar.ge influence

on the su.pply of wa'Ler to the Nor"theast Thail-anC, occurs

about the same perioC with monsoons in the west Pacific 
"

t-, .(This cyclone is classifieC as, Depression, Tropical- Stor-m

or. Typhoon CepenCing on winC speeC of the cyclonic cir.cula-
tion ) The hearrv rain of thc nrrnlnnc reAches the l\:OrtheastuLvLr.l f Lrv LrvsvJ ¿ulIr vr vtJv uJvlvllv ¿v

in June. fn July the cyclonic path has moveC nortbr¡arCs far



hevnni the i.¡¡tefSheCs Of Th¡il¡nd thcr"e i s, 2 ì-.emnnr.:vvJUrru uLrÇ rvqLC-['SIiCUS Ol JL,**-*..-, uLrvrv -,-..,.---*ïTf

perioC of Crought lasting from ttlree \,¡eeks io a month.

Then fhe cyclone follor¡s the sun South\,rat'ds. In August

the Northeast region again gets some of its rain, anC in
September the heaviest rain of each year for. the cyclonic
path passes thr.ough the plain on a ruiCe front. In October.

its centre moves further South.

fn the llortheast the averaqe annual rainfall is
ñr^^r,+ 1 r\rz(\ - ,.. f rn -r- I
o.l.J\J1.,ú J-rc-¡u 'tt1" (50 inches) " The maximum total rain is
registereC at Nakorn Pbanorn (fat" IToJO' N, long. l04o 2OtE.)

with 2,2L0 mm. (BZ inches), while the minimum is at
Chaiyaphum (fat. 1!o 45r N., tong. lOlo 59' E") with
r al' ^ f t'4 \rru+u mm" l+I ]-ncnes/.

The maximurn temperatur."e is 4OoC ( f Ogof: . ) in May
nô

anC the minimum temperature is !.1"C (4f" p.) in January.

In suûmer or" Cry season, Caily temper.ature varies between

â,O +^ r nOn ,.r,-i -r ^ +ì^^ *,--.ï ^+-" ---u r/u ru v rvr.ril-e the variation is U- to 15"C in the colC

season. However. col-d air from Siberia anC MainlanC China

occasionalty bring temperatu.res Cown to OoC. The mean

monthly r.el-ative humiCity between January to March var.ies

frorn 55 Lo 60 per.cent, anC is increased to BO anC B! percent

in August anC September." The variation in relative humiCity

of the olain in the same month is not siB'nific¡nt-u ¿bll Àr J vsrJ U .



Fr"om Nor¡ember to Apnil, the

the or.Cer of 10 to 20 cm. per month or

perioC of six months. Reservoir.s with

the above r.ate become L5 cm. per month

7rÃ

cÕ¡l_ âñô .¿o{_¡ i a an
'J ç iJ IJcrËÇ I'd- Lr (' r ù lrl

. /'^is bO cm. in the
l-rr'n"}r Äanl-1¡ ^€ r"¡.qIo-nLlrSLl JçytrtJ Lrl_ wquur,

nt Ã nrm 'an Äorrvr ) [ü]. IJç¿ u4J .

.Tåntrgr.rr
ll oi.lrr¡ r.q z.r¡

March
Apr"il
May
June
July
A rrønst--*(f *" "
Q, or-rt amharu vy uv¡¡¡vv¡

0ctober.
November
December-

mm.

t^

to Ê\it ""
40 "2^/' /'
YO.O

r\a\2 
^¿¿) "Ç

215 "ö]OO F4

248 "0
^ff /'zoo.o
ÊRÃvv . J
17 )l

L7
t.-/

¡ lt r¡,2 ¡L't é. 1 .>

06

¿( ")
ELL O

27 .g
29 "ð
-1^ ll

¿2.Y
2ö "427A
D7À
26.8
25"L
f\a\ =aé. ",)

Potential
Evapo-

tr".q n qnì zrq -Uì/À¿g

tion
mm.

\^l I

Moisture
Deficit

mm"

ou.)zzRlf.v
LLL.2-za 6,

I v.v

"

4q .z
ö7 "q62 -L

ADÔ )J

The ltTor.theast ThailanC " the

bounCeC by the Mekong River, the I,trest

mountain ranges. The "olain el-evation

metres above mean sea level. The area

TABJ-,E T

l4ean Monthly Rainfall, Temperature, Potential Evaop-Tr4ans-

piration, anC Soil Moisture Deficit at Udon, LatituCe AT026,.

Rainfall rlamrrorcq'l-r r naeuurv

/' ('\
OÕ
(\f7
JI

lEt
I ¿to
táõ
105

oÕ
l62
16,7-- |

177
-t I

171
171

L624

north anC the east are

and the South are the

varies from 100 to 200

i c o-l i æl-r{--lrz '"*Â'i-l ñ+-i*^'l_Þ Ðrrórl u¿J L,tIlJuld.trIItg



plain sloping gently towarCs south-east, .ç.¡here the }{ume River

dr.ains into the Mekong River.. It is composeC chiefly of

sa.ndstones, and the soil- mostly CeriveC from sanCstone, is
not very fertile. Patches of all-uvial along the tributaries
anC the main stem of the Mune River have been openeC for r"ice

cul-tivation " Since this area is sheilCeC on the wes-r, anC the

south by mountain ranges, it receives less rain tban neigh-

bour"ing areas even Curing the perioC of the southr,¡est monsoon.

During the remainCe:r of the year there is a shortage of water.

Popul-etion_anC E conoëic Açtivitiqs .

The popula-r,ion of the Nor.theast in 1Ç60 was

8,992,000 or about one third of ThailanCts population, with
the dens,iirr of qV Tìeï s.nråfe kilOmetf.e. The StanCafC Of)./ yv! uvqs¿

living is the loi^rest in the country and also, unfortunately,

wher.e development pr.esents the greatest CÍfficulties. About
('\('\ -.¿ - "öY,.1% liveC in agricultur.al hou.selrolC.s anC the total agricult-
ur.al- householC r,ras 7T .4%'.

Rural eCucation in ThailanC has been markeCly

i mn-nnrzerl .llrrri¡n. 'l-l-ra no ol- .ln¡o.1 n Tf n"¿.t'ar¡ *?ro -1 ì lartq,r¡r¡y¿ vvvs uur rrl$ trfJO pASE CeUäUU. .ILUIVUVti- , :----*3y

rate f or aCult-farmer¡ is still very low. (ttre percentage

of I i ter.ecrr nf tl¡a nnrrnt.rarr Ín I 06ô r^r.ec 7' '-r\,Lþ) . lï ts f,n]-s
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illiteracy that prevents them f¡'om seeking employment t'¡ith

l¡etter prospects. f 'L is also 'Lhis illiteracy that keeps

-them to continuing, traCitional methois of farming. The

introduction of any desirable changes in farming systerns

anC practices t¡oulC require the up-graCing of the managerial

abil-ities of these farms.

Rice occupies the largest area of the cultivateC

l-anC, proCuces the highest total value among all agricultural

cr.ops, anC. proviCes the best employment opportunity for the

m,qiorjtrr of J-,he npnnlc Rrlt =arnineis i¡nnrno -nor" lrniJ-. OffJ..lC¿J\rI'f LrJ L/-L ULJÇ }Jgv}/¿g. Ðv. u vsrrrlrr€)'J rlrvv¡rlv yvr urr!u

lanC is low. The people have to use land for groi^iing rice

l¡ecause of the favorable cl-imate and topography. Theref ore

rice, as a single crop, is the backroone of the econonry. Fr"om

the available statistics, r'ice, not only was importani in the

n¡st; snd i s j¡nnnr,t.:nt ¡t nr"es,lnt lrnf, el sn in th,a fnl:eSeeatOle|Jqd u gllü !Ù !¡¡lrvva uu¿JU s u yf v uvlr u, ue u sluv t LLJ

futur.e, there is no other crop whiclr can take its place.

The growing season is rather sbort about six 't o

eight months, tbe farmers harvest their crop, but few gro\'r

othr:-n er,Õns or raise livestock. Some have left their' l-anCv vrJvr vr v}/u

rlunr"ns tbe C'rrr sêeson to r^rork in tbe tovns anC cities. Butgu! !!JÕ uLrv *-.,y

when tbe crop season is on many of them return to their own

farms.

Tbe total- cultivateC lanC in the No:niheast in L962



was 25,IBO,0OO rai, about 9T9,OOO rai ''¡as inrigated l-anC

and 24rl29r000 rai rüas non-irrigateC lanC or a r.atlo of
, ^/' ^ n .-'-1"9 to 9b.1 respectively anC became the ratÍo of ð.1I to

45 "59 of the whole country r"espectively. The variation of

r.ice acreage i,ras L5,864,000 rai in 1951 anl 17,858,000 in
t a6c

Value of Rice for. Sales and Home Consurn-otion
f^ . \L95) (lJanr/ "

Sale Home Consumption Total

Vatue %

298 L9 .T

Size of Fai:ms

^¿valu.e 7b

L,zrj- BO "7

by Zones 1951

JVaIUe "/o

L,5O9 100Nor.theast

Zone

Northeast

Under
6 r.ai

3 "25

n- | Þì

rai
IO "29

1Ã.Zn
rai

20.80

1A-60 Over" All- sizes
rai 60 rai rai

19.79 T6 .TL 2T "38

Per"cent of Double Cropplng by Zone L953

Northeasi 0.05 0"08 0.14 0"tB 0.58 O.1Z

An economic farm survey on 6 r4t9 farms r,¡as unCer-

taken in 1951 thr"oughout the kingdom. The results showeC

that more than half of the total gross incor¡e per farm came

from rice. The small far.ms earneC more income from croþs

other than padCy. PaCCy income was pr.oportÍonal1y higher
in i-ha lqnmamulJv ¿s¿Sv¿ sLZe groups.
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Average Gross

fgr"m 'hr¡ s,i z.e en.l zcìnêsr urlu uJ u!4v srJq

TTrr.l ar
fi

l.)- I Lì

income and income
t^ \L9)2 tljanrs/ "

Farrn Size (rai)
L5-io io-6o

fr"om nndilrr nêr¿ ¿ v¡¡¡ ygssJ PV-

/'^ r 
^ 

r rou anc }Irl
OVCT S1ZCS

Northeast
T nte I crr?ôs s

income

fncome from
padcy

1 zrzz r -zrQLt)l) Ltl)v

l, 141- t, 4t6

tr DñA
_) t lvJ

6zRvt v

2,2)2

- t I J-/

7 79'
-/ t I "1

2,569

2,O91

I Ãno

F'ami I v Li r¡ins ExpenCitur.e in ThailanC

Year.

t\Jh,l

Coverage Per Capita
Yearly ïrnn.q

ExpenCiture ¿'vvu
(u"s .$ )

-,Far.m 65 7L

îllrono nf! tJvJ v vr

fl I nthi ncr

tì

, t.¿\spenl on lYo )

Housing 0ther.
etc "

17't

The average size of farm is 2f rai, which is 5

times lar"ger than the average size r.ice farm in Japan. 0n1y

LJ percent of all farmland is tenan-t -operateC " Most of these

tenants are actr-ra}l¡r part-owners. It can be concluCeC that

the present shor"tage of lanC is causeC by the inefficient
utilization of the availabl-e land resource "

The pr.imar-y objective of economic Cevelopment in

ThailanC is to r.aise the st,anCarC of living of people hrith



Irn

the hope tlrat such effort iüill leaC every citizen to a fuller,
more creative, anC bappier life. To this enC, there shoul-d

be an increase..in the total per capita output of gooCs and

ser"vices. In other words, wl-th government assistance,

employment oppor"tunities shoulC be made available to al-l-

cltizens i¡ both agr"iculture and industr.y. Economic activit-
ies will be acceler.ated when peopl-e are able to enjoy maxÍmum

employment. Measur"es to pnomote the increase of agr.icultural
production and consider.eC as the first pr.ionity of the Cevelop-

ment plan " i¡Iith the existing surplus man po\,irer in the rural
aÏ"eas plus tbree percent annual incr"ease in population,

industries in the initial stage of economLc Cevelopnent have

no room to accommodate al-l- of them. The best altennative ls
to work on the farm.

Agricultur.al proCuction in 1!66 was satisfactory,
but it Cid not grow substantially enough when compared with

other sectors of the economy, especially when agriculture is
the most iruportant sector of the economy.

Thail-and Second Plan f or Lj6f -L)TI r¿as being geareC

to the necesslty of br"oaCbased economic growtb. The plan

l¡ould concentr:ate on rur:al developments to boost the agrÍcult-
ur.al sector. to the level equal to other sectors. In irriga-
tlon, the plan includeC the constr"uction of eleven irr"lgatlon
projects in the Northeast" fn L965 the per. capita income
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raiseC to Baht 2,5OO which was about 25/" higher tban the

average income of l-958, atthougkr since tbat tlme the

population had groi^In at the rate of 7 .4 p." year4. tr{hile

the agrlcul-tural sector remaineC the heel of the national

economy, the Northeast region was Ceflnitely the problem

area geographically. The Government continueC to spenC

more and nore on the developruent of ti,:e area ïtrith both

economic anC str"ateglc goal-s in mind.
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CTIAPTEF IV

AVAIT-,ABTT,]TY OF }TATER

The average annual rainfal-l of 1 ,2f 0 mm. in the

l\or.iheast, is in the same magnituCe with the 1\Iottth anC the

Central of Thailand.. The total annual runoff flotring into

the Mekong is about 40,000 mil]ion cubic metres, which is

nearly the sarne amount to the floru of the Cha.o Phraya River,

the rrra jor r.iver of ThailanC. If about !0 percent of the

above annual runoff could be storeC anC CistributeC over

ì;he culiivateC lanC it woulü br:Íng great benefits to tbe

Nor.theast" But many factors are involveC, first of all,
*nnnnrqrrlrìn¡l n¡Ä -^^r^-{Æ?l COnCitiOnS A1'e limited tO thetr(-)lJU¡¿ r'dULJ!t/d-I dllU. öttL/IUþlrL/c

constr.uction of reservoir¡s. At the present time the amount

of i¿ater available for cultivateC l-and is small- anC Camage

from flooC is veiy f'"equent. This might CepenC on:

1. This region is composed mostly of eitber

shallow fine sanCy loam, quartzitic and siliceous liines'cones

or" l-aterites, they are high lanC or hil-l area witl: high

seepage rate¡ T¡rhile the l-or,r lanC is all-uvial Ceposit

es:pecially aiong the Chi anC the Mune and the Plekong flooC

plain. Th:ese cause tlre r,,¡atei: to inunCate on the fl-ooC

plain anC become floods t+hen intensity of rainfall is high.

2" The extension of farm to the higher lanc

associated with shifting cultivation (which involves clearing
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an area of forest and oiber vegetation, farming it for two

o.r." three year"s anC then moving on to repeat the same process

in another. l-ocation) reduce the natural- storage of r,rater,

increase flooC strength itr tbe wet season and diminish the

r"iver flor+ in the dry season.

I. Itlgtgr.al ËouÏce.s S¡f l¡Ialer. Small unit of

cul'bivateC IanC of one rai r+ith high Cikes (t5 fo Z5 cm.)

surrounCing it, is Nhe typical farm land for rice growing

in the l{ortheast. This is tbe suitable methoC in the flat
area, r,rater can be conserveC for ihe Crry perioC of 10 to

1! Cays. BesiCes, the::e are several large lakes in tbis
i.egion and are of-r,en surroundeC by farm lanC, namely Nong

Prachak at Udon and ltiong Ïlarn at Sakolnakorn.

The Mune and the Chi Rivers are tbe major rivers

in the Nor.theast vith the annual runoff ranging from 25'OOO

Lo JO1000 inillion cubic metres" The naxlmum discharge, of

tbe Mune anC the Chi R-ivers, is 4,189 anC 1,900 cmir.

r.espectively. These tt¡o r.ívers are composeC of many branch

sii:eams. it{ost of them flor^¡ to join the Mune anC the Chi

Rivers from the Nor''i;h, llest anC South. Bui there are stil-l
seve::al rivers flouing io 'che l.[e]cong River anC their Cis-

cha-np'es Ar"e nOi Sjgni_fiCant -îl-.\h '{-ì^^-. ^-aê cnmn¡r.,cd r.iìNþ the- --'-- Õ- * *C.---- ¡ VJLJ(,.LI trLJÛJ (:Ll'\:i U\Jl'I.l\JG]-(Ju¿ '."'l-
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Cischarges of tbe Mune anC the Chi Rivers '

2' River Diversion' To tap a river for water may

be simple and i¡expensive' if the river ti 
:::t:::i::"

,"rä; ;;.. From rhe cross-secrion of rhe Northeast

alongnorth.soutb,themajorriversr"una].ongthelor,rarea
of their flood pJ-ain' Therefore' to ir::lgate an area on

the flood ptain by gravity urethod ' diversion work wlttr long

maincana}srunningthroughtheunculatingplaÍr,rbefore
arriving at the irrigated lanC are neeCeC ' In the central

p}ain,beforetherlvershavebeenregulatec,waterflowed
over the banks of tbe rivers Curing tbe flood season' silts

settleC out on tÏre river banks' fine particles moveC further

andcepositeclnthepadcyfieldwhenvelocityofwaterwas
Cecreased ' Therefore river banks \^iere built up higher than

thepacdyfield.Inthiscaseriverciversionlsinexpen-
sive. Thls is one of several- advantages of irrigation r¡iork

ix the central over the Northeast ' There is no r'rater in

theriverduringthedrySeason.Itmaybeconclucecthat
the river diversion alone' that has been constructed in

the central plain is an uneconomic method for the Northeast

anditisnotthefirstpriorityininvestigationatthepresent
time.
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3" Fiver" Pwoping. rf river divension by gr"avity
becomes too costly and too compllcated, cÍrect r.lven pump_

ing nay praove cheapei: despite higher r"unning cost anc amort_
izatlon. This might be justifiec in the Nor"theast when tbe
population is Íncr.eased, fooc pnice has lncneased and

electnic por¡rer. becomes cheaper". At the present tlme thene
are no pernanent, pumptng plants. There is only in emergency
cases, namely, Ín dry year:s or. dur.Íng dry periocs ln July.
The area to be ir.r:igated by purnplng is smalr when lt rs
compared with the total cul_tivatec area of the reEion.

4. Beservoin stor"agg. From topognaphlcal and
geological point of view, thene is no sultabl-e storage site
on the M ume and the Chi Fiver.s. T,Iben r,¡e eonsider, further
upstream to their tr.ibutarles, it was founc that many sites
are suitable for storage resei:voli:s. Their capacitles aï"e

not as hlgh as 1n the north, they vary f'om zoo-L,oOo mirrion
cubic ruetnes. About 16 to 20 of them Ìüere found. The
total roeservoir" capacity mlgbt be in the onder of f ,foo
nlIllon cubic metnes.

Accor"ding to a¡ undur-ating topogr.aphy of the Noi:th_
east, many sites suitable for. smarl i:eservolr are planning to
be bulIt and over a bundred have been completed. Many of them
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serve fon Comestlc use only, røhile tbe others serve for
both Comestic anC irrigation. Their capacities vary from

few hunCred thousand cubic metr"es to mill-ion cubic metres.

In the futur.e the total reservoir capaclty both medium-

slzed anC small-sized reservoirs would be 1n the onder of

10r000 million cubic metres.

In some par"ts of thls r.egion, reservoirs with

Coi¿nstnea¡a diversion dams might become the most economic

methoC. This also r.eCuces the main canal cost (accor.Cing

to the soil conditlons, lfneC canal is necessalT in the

nor"theast) from r:eservoiz' to irrigated lanC. If there is
enough water, ir.i:igation in the Cry season is possible.

5 . @[g¡_Def iq:-t . From Chapter I, lrrlgatlon
requinements 1n the wet season fon an area of about 1715001000

rai woulC be about Lï,6OO,OOOrOO0 m,. If the civerslon l-osses

are JO per.cent, the diver.síon requirements would become

2T,2OO,OOO,O00 mJ. If 1t is further assumed that about !0
percent of cultlvated land 1n the Nontheast is proveC to be

sultable fo:: lrr.igatlon fr"om economic viewpoint " The:¡ef ore

ir"r"igation requirements of crops in the wet season along is
:]1600,OOOr000 mJ. whlch would r.equir.e a stor.age capacity

of 10,000,000, OOO å "
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To finc the optimum irrigaiion requirer'ents,
u.planc clrops rnust be introcucec " rf cropping intensity of
1"5 is assumec, therefor.e about !o ;oeL:cent of irrigatec land
in the r,¡et season r¡oulc be also ir.rigatec cur.ing the cr-y

season. TLre upper limit of ir.rigation requirements is to
groÌ¡ -rice with water. r.equir.ements of 112oo inm. (shorter perioc
of gror^ilng) anc 50 mm. of effective rainfal_l. Therefore the
civersion requir.ements is 4,tT5rooorooo x 1,600 :c 1"150 x 2

which is equal to L6,o0o,oo0,o0o mJ. It might be concluCeC

Ceficient in the futuLie.that i^¡ater in the lTor.tTreast woulC be

6. l¡Iater" From The Other Sources . From to,oogi:aph-

ical point of view, the ',¡ester.n anc the sout,hern parts ojl

the region az'e the rnountain ranges. To bring r,¡ater f¡'om the west
(Pasak Rlver) or from the south is u.neconomic. Tl.:e nor.thern
and the eastern r.egions are boundec by ihe Mekong River with
an ample amount of water" The area of the region is slightly
sloping gently towards southeast, therefore to bring the
i,¡ater froir ihe east, pumping plants for lifting r¿ater before
civersion is necessery. on the contrary to bring water. fr.om

the north, gravity methoc is possibte. And accorcing to an

uncul-ating plain, pumping plant might be consicer.ec to be

economical- in some areas. From Chapter I ilre water on the
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Mekong River" at vientiane is arnple, pr"ovicec reservoirs
r¿oulC be built in that area.

AccordÍ'g to the low frow on the Mekong River
during tbe cry perioc of about 4 months, the conflict of
water uses betr^¡een ircigation anc the other pur"poses might
occur " To store the water in the ::egion f or irrigation
c.uring the cry season nright solve thls conflict. But
topography might limit 'Lhe use of ¡,¡aten from the Mekonq

River duz.ing the wet season.



CHAPTER V

SELECT]ON AND CLASSIFICAT]ON OF IRR]GABIE LAXD

The selection of lanC for. irr.igation encompasses

social, economic anC physical factors. The plans a.rìe

usually selecteC to achieve gr.eater economic efficiency,
'but social objectives play an impor:tant role in the North-

east" fnterCisciplinar.y r,rork, namely, soil science,

agrononry, engineering, hyCrology, geomor.phology, sociology,

economic anC law must be involveC " The plrysical factors
of climate, soil, topography anC Crainage are all parts to
Ceter.mine tïre su.ii;abilÍty of lanC fo:r irr.igation use.

:t. Classification of Soil-s in the Northeast.

Soils of Northeast ar.e classified into 20 series. The

pr.oper,ties of soils includeC in this classification are

topographical situaiion, horizon, texture, salt problems,

Crainage character.istics, growing crop anC yielC 
"
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DFat Bur"i, Phinrai, Si Thon, anC Roi Et series- are

in use for. rice cultivation r¡ith excellent yiel_ds, pr.ovided

the crop is not Camagec by flooCing. SeconC crops may be

gro!,ln on these soil-s Curing the Cry seasorr if ir"rigation
is feasible "

If floods coulC be eliminateC. " Ta Tum serles rn¡oul-C

become agr.icultur.a] lanC i¿ith excellent yielCs, i,¡hile Oon

series are exclusively useC for paCCy growing with high

r¡i el rl s - Phen Se::ieS afe USerl f nr" n¡drl1¡ ^øn'"i-- rr-l' ChonplJ ¿v4qu . ¡ lretl ÐvI IvÈ qJ U uùsLf, l- UI- }JeL¡!¿J È;I-\JW rflË; c a d.f! v Lrvrrö

series are excell-ent suited for agricu.lture on a permanent

basis provideC ez,osion control anC suitable rotation coul-C

remain proCuctive for long time. Lop Buri ser.ies are

Cifficul-t to work both r.¡hen Cry anC iiet " The agricultur"al
potential of these soils is consider.abl-e, both for rice and

uplanC cr.ops.

Ga-r"den anC. uplanC crops, i,rith a short groiuing season,"

coulC be grorvn in Chieng Mai series. Yasothon series ar.e

usually cul-tivateC and ane usecl for gr.owing of fr.uii trees.

2. The names of the soil series are the grouping of the map

units. These groups are not an element of the classification
but rather an organization of the map unit in such a i,ray that
the geographic Cistribution of the soils anC the lanC use in
the surveyeC areas can be mo:.e easily reaC on the soil map"

This kinC of map forbhe No::theast is not availabl_e at the
present time "



Phon Phi Say series ar.e believeC to have a nioCerate
pot i errl J-.lrr"nl nnton'l-i -ql

Udon se-ries are believeC to have a moCerate

agr"icurltur"al potential, provicec reclamation anc drainage

inipr"ovement must be available. Korat ser.ies; Most of
Kor.at soils are unCer secondar"y fol'est anC. savanna.

Diverse uplanC cl.ops âre gror/TJ in a shifting cultivation
patter"n . Udon series arc rice gr.or,iing soils. They are

not suitable :îoL: long ter'rn cultivation.
Kalasin series is uneconomic for. agr.iculture

'oecause of costly drainage cifficulty. Nam pong series,
a-ccor"ding to the present economic vier^rpoint, these soils
can be consicered as al-most u.seless. Eor.abu series are nor

for agriculture and ther.e are no potential agr.icultural
values for Sakon Seríes.

2 " Basic Pginciple. To change the water regime

of agricultu:¡a] lanc from rainfall alone to rainfall anc

irrÍgation water. The change in physÍcal r.egime is expected

to be small " ErosÍon is an impor.tant facior in an extension
of i:nrigation to tiie ner^¡ lanc in the Northeast. The other
factor might be due to the ciffenence in soil concitions
betrr¡een the use oî the farmerst tools and the mechanized tools.
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fn the Northeast, value of crops, slope of lanC,

anC surfaco irr.egularities are the principal var"iables

considered in Ceter.mining costs of land Cevelopment. Mach-

ì"ìronir Íq nn* rrot.qr¡.qi-j¡hla fOf USe in laf.ge SCale^ TheJ ¿u rrvu Jvu uvsllqulv !vtr upv !J.J lgröv uvslvc J

use of anin:al power" in a small- scale is possibl_e.

Irrigation on agricultural lanC of abouN fifteen
soil- se::ies in the Northeast is baseC on economic factors "

fn a given climate, econornic paramete¡:s a.re a function of

soil- character.is'i,ics, C.rainage char.acter"istics anC topo-

graphy cheracter.istics. Topogr"aphy plays an important role
in these parameter"s. The effect of slope on the suiiabil-ity
of lanC for ir.rigation is primary influ.enced by the crops to
be s.roÌín" lhe CuratiOn anC intensitv of tajnfall - ei"n:lihilitr¡¿eltrJsr!, v¿ vu¿u!!!uJ

nî {-}ra eni'j ?s,rm 'ìnrr¡rma -Otential anC t,he methOd Of jr.r.ioation
, ¿ slfrl ¿!Jvvlllv }/vVVtl Vlq¿ qIJU ULJV lliv UIJVU Ul rr J- rÉsU¿vll

f o be useC. The relationship betroreen agt"icultural lanC val-u-e

anC slope is gover.nei ìcy the r.elative impor.tant of surf,ace

Crainage, erosion anC r,¡ater. intake. Slope of 0 .1% to Joþ running

in r,rell-CefineC dir"ection is considered to be suitable for
i:.r.igation.

7 Tìro i nâ æô KalaSin// . y! tJ¿¿¡eÕv . series, excess water @au.sel

Cepressions for long petioCs1¡rr r,¡,¡tor. s,ten;ì incr in tnnno.vr.qn-fri nu uerrq {rlÕ ¿¡l uvyvrc¿ uylJ¿v
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might be crainec by surface anc subsur.face methods, i,¡hile

Ta Tunr series shalloi¿ water table might be cr.awn dor^nr by

subsurface dr.ainage. 0on series drainage must be pr"otectec,

because it may weli cause irr.iversible crying anc harcening

of ground water ta'ole later"ite " ucon se:nies if eooc water
quality coul-c be impouncec, the salt coulc l¡e r.eachec doi.nr.

Gener.ally speaking, in the Northeast mosi of
excess sur"face water. shoul-d be nemoveC by sur"face cr"ainage.

f n i n:¡igati on ni"o ieet nl ¡nni ns - srtrlnl ¡r e¡nsl s mi o'ht r.rrrì .qt nncr

the high contours, while crainage canal run along tbe loi,¡er.

contour to intercepi the excess water. fn the northeast
small- creeks usually run along the lower a-rea and these

creeks woulc become the main crain, and dr.ainage cost 'ç,rould

be reduced.

4 " The frrigation Suitability Classification.
rn this system, lanc class is definec as a land havine simil_ar
physical and economic attributes which affect the suitability
of land for ir.rigation; it is an expr.ession of relative level
of payment capacity" The economic and physical factors ar.e

correlated through the relationship of soil, topographic and

crainage factors to procu.ctive capaciiy, cost of pr.ocuction,

and lanc cevelo.oment costs f or a given project setting. By



this methoC lanC is cl-assif ied into 6 cl-asses " Cl-ass I
has the hÍshest level of irriEation su-itabi]itv- and

, \,:Js

class 6 is lanC. not suitable for ir"r"igation Cevelopment.
riìl-rÍo qrrafom r"s rjesiBnerj bv the BUf"eaU Of ReClamatiOn.uJ uuvrrr svu¿Õlivu

5" lhe LanC Capgbility Classificgtion. The

lanC capability classification is useC in the Northeast.

This system is CesigneC to empbasize the hazar.Cs anC

limitations in the Ciffer.ent kinC of soil. It ÞroviCes
'i-,hfee rl,q iOr- e¡tco'n'r.iesr nf sn.il o'r6tr¡incr nqm¡-l rz ÈlrnvLJI vu rrrsJ vr uq uvóvr rv u vtr ÈvII ór'Uu}Jrl.lËJ l.lc.lll('_LJ , LrtJtf

capability class, subclass, anC unit, Tn TbailanC, rice
is the major crop anC can be gi"ol¡n on nearly level, poorly

CraineC, fine textu.r"eC soils" Therefor.e lanC ca.pabilÍiy

classification is separateC into tl+o parts, namely, class-
if ication for upland cr.ops and classif Ícation for r.ice.

1. LanC capability classes for uplanC crops are

classifieC into I groups. Their proper"tÍes vaty from soils
very \^rell suiteC for uplanC crops to soil- anC l-anC types

having l-imitations that preclude their. use for commercial

plant pnoCuction, anC r.estrict their use to recreation,

i'¡ilC life fooC anC cover, and \.¡ater supply. The major

proirerties of each classes are slopes, depth, texture,

structure, salinity, alkalinity, aciCity, cr.ops CamageC by
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flooC or stor.ms, C::ainage, røater. holCing capacity, crop

yeilCs lirniteC by lack of i^¡ater in perioC of l_ittle rain,
anC fertility 

"

2" LanC capability cl_asses for paCCy (rice) are

classif ied into I gr.oups " The pr.opez.ties of each classes

vaï.y from soil very i,¡ell_ suiteC for paCCy lanC to soils
generally not suitec for. pacdy lanc. Thei:: l-initations are

Cepth, textu.re, permeability, slope, Crainage, fei:tility,
salinity, alkalinity, acicity anc c.a.magec by stol,r¡For" f]_ooi.

Limitation for lanC capability subclasses are

erosion, soil, limita.tion in the root zone, lack of moisture

for plar:t groivth, favor.able topogr.aphy, flooCing, impeCed

rl;na jnåcpê s¡-l initv or ali<al jnj'l-,'v- ¡nd sojl .eei.1 itrr9 usr¡rr!u¿y vr s¡{!u!!IJ!UJ J SIJU JU!¿ uv!grUJ .

Soil classífication in the Northeast " is unCer.

survey" Fi'om soil map of Roiet Pr.ovince, Korat series is
one of the ma jor soils in this pr"ov:i-nce. rt is f ine sancy

loam" This unit appears to incluce most of the uplanc areas

which are not in use for r.ice lanc anc r.¡hich are not stoney

or. t:illy. Kor.at soils are poor soils, r^rith 1or.¡ naturai
fertility anc ruate¡' holding. Accor.cing to the increase in
population, the imp-r"ovement of tLris soil for' long teim use

in agriculture would beccme the gr.eat benefit to the economy

nf fho nnrr-n'i--a'vvurrurJ .
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AGR I_ CULT'IIRAI DE\Æ]-,O PMEII T

1" M-Aj-gf_Cgop. Rice is the major. crop r,¡hich can

be grown uncer cifferent patterns of climate environmenr,

most types of soil, and various level- of -r,opography, provicec
suff icient amou.nt of moistur.e is availa.bl_e. rt is the crop
irhich can be best acaptec to physical concitions of rhail-anc.
The most im,oortant niethoC is that of gr.oi.,ring r."1"-ce of r¿et-lanc,
the ::ainfed fÍerds" Because of the ciffei"ence in lanci leveis,
this :net,hoc is implementec in tiuo ways, by broaccasting anc

by transplanting. Tbe br.oaccasiing pL:a-ctice is par"ticu.larly
suitable for' 'blre lol¡lanCs r¡hil-e tr.ansplanting practices ar.e

popular on the mecium lanc " The raising of seeclings in ihe
nurserr/ usually take fr.om four to six i,¡eeks cur"ing May anc June,

transplanting can be startec as soon as *uhe monsoon arr"ives.
rt ca,n take at l-east Í.ive months to gr"our one rice clrop.

fn tbe Northeast at udon, nurselT begi-ns in May

and pacdy perioc is fr.om Ju.ne to Janua_ry. rf irr.igation e_nc.

C.rainage facilities alre ar¡ailable, the selection of r"ice

varieties .,¡hich requir.e a shor"ter groiring season of noì; mo¡e

than 120 c.ays i¡rou.lc be of gr"ea-L, benefÍt ,co il:e fa.r.rner"s. such
¡¡a¡'ieties Ð.T'e available i:oth in anc ou.t Thailanc. Rice leacs
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i-n inirortance in er/elry aspect of the nat:Lonal economlr overl

othei' crops. Eu.t the earning capa.city per" u.nit of lanc is
at the ,oresent the least important.

A large pori;ion of ,che soils ar"c: verìy pool. in
pJ-a,nt nutrtents-" i;his is cue io the high air. temperatur.e

anc heavlr intermittent rains. pr.esent far"ming pr"actices
pay little attention to the maintenance of su.itable levels
of either crganic ilat'i.ei: or" pl-ant nutr.ients. TLre a,ver_"agc

yield in 1p61 r,ras zjl kg"/rai. u.ndei. the present fa_cm

system, the irnpr.oving soil fer"tility sîrou.ld i:ecel-ve pLrioi.

atten-uion" Resulis cf field experimeni:-s anc. cemonstration
cone by Rice Dupartmen'L :ï-ncicate tìre incr"ease j.n r"ice ).ielc
of 93/, from the use of cnemical fertilizeL: in the l$o:r'bheast.

2 " The Otþei"_Pr"inciple crcp.Þ. sugar cane. cotion,
fruits, kanaf , corn, mungbean, toba-cco, gr.ouncrrut anc vege-

tables coulc be g::ovin -in the i\rortheast. sr_rgarcane is gror,m

once å, year i,¡hil-e the others ce.n be gioi^in boi;h in the .n¡e,¡ anc

cry seasons. TÌ:e figures fo:: l!61-L962, the values p€r r.ai
of L2 major" a,gL:icriltural crops $/erìe compa::ec. Tobacco is the
best nroney eai.ning cr.op anc corìn is the lov¡est one " but it



still is hi.eher than that of i'ice r¡alu.e. One rai of IanC

cou.lC earìn 2,544 baht from ta'r¡acco i¡lrile only i14 anl 22O

BahL/raí coulC be ear.nei. from corn anC r.ice r.espectively.

1" The I'Iultiple c.fggpf=!g_Þyg!gg. The rnuJ-tiple

cropping system means that the sane piece of lanC r^¡hich

is noli grorring only one r.ice crop r,¡il-l be useC to gr"oi"r t',,ro

crops or more in the same year" Tbis system is the symbol

of intensive cu.l'bivation i^¡her"e lanC. is the limiiinE factor'.
The pre-requisiies for int,¡oCucing the multiple cropping
qrrctcm cr¡ l-l-,e i"ep'¡l at j On ¡f r.rol-on !:,¡ìì-\ì"ìl Ir _ f.he s,a1 eetig¡r võu¿s urvrr vf. vJu uvr rqjJylJ , uirv prJlvv u

of shor.t gr.owing season varieties, the use of labor saving

Cevices, and -uhe aCoption of inter.-c-r."crping pr.actices.

Double Cropping of Rice" Tï:e biggest problem in
aCopting Cou.bl-e cro;oping of rice is the maintenance anC

the improvement of soil- fertility " Tlris r.equires molle f erti-
Lizer inputs, bettei. rotation system, anC growing green

manuring crops" i¡,fitlrout fer.tÍllzation, the yielC of each

::ice crop r'¡il-} be r.educeC and the increase in total proCuction

vill not justify ilre expenses incur.r.eC f or both crops "

Double Cropping of Rice anC Other. Crops. The

benefits from t,his system are: -
/- \
( 1) ].,,Ihen the supply of r¡ater is not

suíf icient to ir.riga-r,e two cilops of r.ice.



(Z) The gr.or+th of the seconC crop other
'bhan rice may prove to be more pr"of i-uable "

3) It .,¡ould be beii;er. ro-r,ation for the

maintenance anC ímpi.ovement of soil fertility.
/ r, \(,4) The lanC is mor"e suited to crops

other than rice as the second crop.
/ -\( 5) ft encourages the Civer.sification

af ¡:=,cri"i r,rll J-.lrr..ql nr.n.irrnii nnvI sõr rvu¿vs¿sI y!vguvV.|J t

In an experimen-r, conCucteC at Samchook Exper-

ímental Far.m of the Central- Plain in Tlrail-anC " it has

been .founC that, with ir.rigation, ther.e are -uen rrrays of

rotation beti,¡een rice anC other crops in one year "

Dou.ble Cropping of Other Cr.ops than Rice. In
the high lanC where moisture is insufficient even to grow

one crop of r.ice, it coulC introCuce two or more other

crops such as corn and corn, corn anC peanu.t, cassava anC

mungbean, anC the other combinations. Many of these crops

ar.e soil- Cepleting anC neeC more fer.iil-izer. input [o
maintain anC impr"ove the soil fe:rtilíty.

4. Crgppilg Intensities. The relation beir^¡een

f'.i"nni¡jnC¡ inf.Cnqii-.f¡ :n.l ¡-¿¡1r-ni-ñ^> nÕl-l-nrn .l¡rr^nåñ ^h +h^vf vrvjJrrl¡i ¿f I LJçrl.r u ¿ uJ qrrs vr v]JlJ!IJë! ya. Lr U9!'Ll !,t(Jp\tll.l ù lJl-l LrLJú
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gro\^ring seasons " The CÍfficulties in f itting the crop

are the overlap time, climate factoz.s, age or- crop,

r.elation betrr¡een the first anC second. crìop. and the

suitabil-ity of soil. The preparation of lanC for neru

crop r.equir"es time and in soÍte cases pr.e-ir.rigation is
neeCed. For eriample, lanC pr.eparation anC nursery are

neecec bef ore transplanting of r.ice. shor.tage of animal

poÌüer or' labor rnay make it impossibre fo¡ sornÈ far.me.rs

to complete the harvesting anc marketing of one crop in
time to pr.epa::e the I and for a succeeCinp: one.

The patterns can be expecteC to change over a perioC

of time in response to new oppor"tuni-r,ies to increases

in intensity, change technology, anC markets for farm

commoCities, r^¡here cropping depencs on rainfall: or resicu.al

soil- moisture from flooCing, the concepts of cropping

intensity anc cropping pattern can not be appliec cir.ectly.
The cropping intensi-uy is CefineC as the percentage

of tïre cultivable commancec areas which are cropoed in eacir

of the two seasons of the year accec together r¡ith that of
a perenial crop being countec twice. Thus 200 percent is
the maximum attainable intensity. The assunnpiion in this
stuCy is that tbe cr.opping intensit¡i in any sizeable area
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i¡ill not exceed 1!0 percent. Optimal planting Cates,

pl"oper seeC 'beC pz'epar.ation anC harvest:Lng time also

limits the attainable intensities" rntensi-uies exceecinE

1!0 percent coul-C be r.eached by the introCuction of nelr

arops or ne\,,r varieties with a shorter g.r:olring season anC

vith the modern farm machiner.ies.

5. Crolping Pattern. Climate Ceteimines to a

large extent tbe pr.ofi'babilit¡r of growing a crop. Total
nrnr.rnr'næ in{-anSi tV ShO¡l d lf e aS hi gh aS -nna-iJr-l ^ q^+ rnl r¡.Jrvyyllió ¿!tuvriu!uJ rLrvulu L_ __ .\J\Jùù!U.Ltt IIIJU L_-_d

for economic reasons but al-so for the efficient control of
salinity. The intensities of cr.ops are limiteC by the

CemanC anC economic re'burns, mainly to meet l-ocal Cemands

anC export possibilities.

Basic

TABT,E ]I
Cropping Pattern, Northeast ThailanC

tr'Jet Season Dry Season

Bo ré jL /,
1 -ñ a -ñt ")7o. L ")7o2% 2%rr ,-r1é- /o.11 %

L9%

Rice
Fr¡ult
Srro,.q rFtnÕu sõs¿ vsr¡v
C otton
T'lmr 11 rann AvrJ vrv}/ ¿!

llæÌ7 l:Ð^ñ RyLJ vrvj/ !

Total e6 "5%
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The design cr.opping patte::ns of the Northeast

Ti:ailanC in this stuCy is a long-range pt anning which rnay

take at least a decace befor"e the operation of an irciga-
tion project. lnlhen the optimum use of r,¡ater in the basin

is reacheC, anC no more water supplying to agr.icultural
land, then at that time water. from the Mekong Fiver would

be attractive " At ihe present time several experimental

farms were established in this part of the country r,¡hich

are useful to the stuc.y of cropping patterns in more deta"ils

for. particular. location of this region in the future.

6 " YielCs fmprovemen! FagÞoIs. projecteC yielCs
baseC on pr.e sent yielCs, r.ecent yielC tr"enCs, clirnate,
soil, cropping pattern, stancarc of far.ming anc government

policies. The cata fo:: construction of the yiel-c pro jection
curves is no-r, available in this study. The most important
yield improvement factors are, aCCitional water supplies,

removal of water logging, application of fer-r,il-izers, disease

anc pest control, improve seec bec pr.epar.ation anc cultivation
prec'r,ices, anC improve varities.

T . Broieclions of The DsganC. Projection of
total Comestic CernanC of r.ice in Thailand is baseC on

population increase, income gr.owth, 1evel of per. caput

consumption anc otbe:n uses. The annual r"ate of population
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Remark:s - of rable rrf - continue of Design cropping patterns.

Design cropping patterns of the Nor.theast ar"e

baseC on the pr.oposeC cropping pattern of Lam l,l-am Oon

Project anc sarra chook Experimentar Farm by 0 & M Dtvision,
R nr¡r I Trtrni e,'n'l- i nrr Tlen¡ i"tmcnf Of ThailanC I I q ) .¿r ! 4Õs vlvll yvIJ¿L UII¡vtl V V¿ ! lJqllqllL,l \ L2 I .

- Ðf"ff CftOn A ennSi s|,s nf j1r*o l-nrrof "n-l qn.l mr" aa- vL J v¿ vIJ ¿1 vvllÐ¿ù ui) \J_L JttLr(', $-lJlJet , LtpIa.IJJ. I. IUú,

maize and Er=oundnut.

- Tlnrr ll-ann 'î1 COnSiSiS Of tObpr',rln. rnllno"he-- ,,oj-^-
"Lr:l v!vLr u vvrrurÐur u! uuuGUUL/, IIIL,{!IËL/Çúll , wd-t/vJ..

melon, sorghum, vegetable "

- ShaCeC areas are inCicatec to be irrigateC perioC.

- Crtnnnino. Tn'l-anoi'f-rrv¡ vyjrltrõ r!r UçII¡>I UJ

Cropl:ing Ar.ea

C orurnanCeC Area

: I Ã r.,r 1tr,M,
".)LJV/U
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increase is J pericent, The coefficient elasticity of the

cemand, for rice is 0.2 before 1pf0 anc 0.1 betr,,reen lgTl and

1980. The population i^ril-l reach 14 .5 million in lgzo and

45 "Lv million in 1980. Foreign iemanc f or paccy tn rgTo on

the average will be !r million tons mo:re than tha-u of L7DT-19

average " special attention shoulc be given to the increase

of CemanC b¡r the importers of the Far East Region r¡bere the

fr.eight rates ai"e less "

B. Bggjg_qtions*of ihe Suppty. The aver.age

euan-r,ity oÍ' r'i-ce procuction in Tirailanc betrn¡een 1960-1962

iras 5"! million tons anc the aveï'age quantity of rice exports

within the same year \,,ras I "j5 mill-j_on tons " f f the rice
piocuction v¡oulc remain at the same level, Thailancrs
exports woulc be recucec gr.acually ever".y year anc i^¡oulc

become self-sufficient in r.ice in L7TD. The expectec r.ate

of pioCuction increase per year at least shoulC be 3.5
percent in orcer to maintain the export level between L.1
anc 1.1 niillion tons of rice each year. During the'oasi ten
yearìs, the actual annual increase of rice procuction, on the
average is only l"f percent and 2"4 percent curing the rast
f ive year:s " rn the pro jection of the i,¡orlc demanc for rice
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iir l9To, the c.ifference in supply betr^¡een the l-ow anc

high pro jections is L9 .4 tons of paCoy. There r,¡ill_ be

1.1 million tons short for" lov¡ ievel pz.ojection anc T "z
million tons surplus for the high l-evel projection.

fncrease of pr.oCuction Cepelds largely on

acreage anc yielc. 0n the basis of lanc classification
in the Northea.st, accitionar ranc coul_d be brought under

cultivation. 0n the other hanc the presen-' yielcs per" rai
of rhai r.ice are at low level. The yielcs might be coulcl_e

or higher" if the yielCs improvement factors !/eie intr.oCuced.

Therefor"e the cevelopment of cultivatec ]anc in the l\orth-
east r¿oulc play an impor.tant r.ol_e in annual rise at the :rate

of i.! percent for. rice in the future.



CHAPTER VIf

I^IATER REQUIREIIENTS

1. " 'rdith the population
o'i.or^¡f.h vrel-.a nf -qhnrri 7 - â?rÕrvvr'wlr rÇ-r,ç v! svvuv ,/ var cent pe_r. year, comestic anc incust_
rial water uses in the Northeast ar.e expectec to increase in
a certain rate in the futu.re " The small-sized reservoirs
arre consicer"ec to be suitable in supory of r,rater., but pollut-
ion control-, anC watersheC management foi' soil e::osion control
must be investigatec. Accor"ding to ihe natu¡.e of the rivers
in the no::theast, navigation is not suitable. They ar"e

intermittent str"eams anc tlrere is no water. curÍng the czxr

season " One might concluCe that the otber. rr¡ater CemanCs aïìe

not significant r+hen they are compar.eC r,¡ith inrigation CemanC,

but it is necessary io esiimate this fubure demand anc what

part might be supplied by gr.ound water.

2. Avcúeble _åq!1 }lotsture . The ciffer"ence in moisture
content of the soil between fietc capacity and pe_r.maneni

tiilting percentage is the availabl-e moistur"e for plant
grol,ltb , ot the amount of moisture that can be taken up by

plant. soil moistu::e content near the wilting per.cenf,age

reac.ily available to the plant anc the portion of avail_able
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nioisture that is most easily exiracteC by plant, is apprìox-

imaiely f! percent of tbe avail-able moisture. The rate of

rnrater taken up by the plant in the Cifferent stages of groivth

is also Cifferent. Lack of ruater Curing the time ihe fr.uit
is foirming, r"esults in great r.eCuction in yie1C. Therefor.e

irhen r+ater is limiteC, ir.rigation period sboulC be öuring

the iime of heaCing. ACequate Cr:ainage r,rhich may be su.::face,

subsurface or. 'ooth is usually necessary to Crain the surplus

r'¡ater and to benefit the i::rigateC crop, o-,,herw1se a gradual

rise of the gr.ounC water" table anC eventual r+ater logging

will resul-t. The bottom of the Cr.ain should be such that the

ground r,rater level r¡il} be below the r.oot zone of the crop.

1" ivlethoC of _Irqi_gatio¡. Generally speaking rice is gr"or^nr

by r;"" tt""a ,r"a""= over the banks of tlre river. If
i¿ater coulC be contr.olleC, the ir.::igation methoCs namel¡r,

q^ninl¡-ì am n^-ñrrrñÐr-i nn ?rnr.rar <r-ri -n .e-nr] furrow coulC beu-y! rrr¿!!v! , vv!r sósvtvIJ, uvl gv¡ p uI !}/ utlv

introduced. Tbe aCvantages of each methoC CepenCs on soils
and topography. The spi:inkler methoC is suitabl-e to raplCly
permeable anC shal-lorr soils, r,rhere the slope is too steep

or topography is too ir.regular. I,,Ihile the corrugation methoC

finCs its best application in ar.eas r,¡ith Ceep soils of slow,

mo.lcr".qtÉì ¡n4 ffir-r.l êrarf-alrr -n.qni d nprma,qlri I i f-rr Tl- rr.qn lro .qni'r'l ì o.irf¡vuvf *uv) srrq ¡f¡vvv¿uUv!J rsy¿s rvv¿¡¡¡vsp!¿!UJ. IU vsIJ VV s}/V¿lUJ
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to topography that slopes appT'oximately 0.4 to B per.cent.

The bor.Cer strip anC furr.ow methoCs are especially
suital¡Ie for ceep soils of slor,r, mocerate, anc mocerately

r"ani d ncr.lne¡lri I i frr f:lnat. nrø n-l qnta4 r-¡'i *l¡ Annn øn¡ì-nAl qy-lu .Ljsl'lllsd.u* lvlsrr uvü rv -' illl Ceep-f OOIOS Cf OpS

in an area with uniforn, but relatively flat s:l_opes ranging

from 0 to i per"cent. This methoc strould be devel-opec where

it can be carried out on a large scale " The la.rger the

area irrigateJ, the cheaper the unit cost becomes"

The snall- plot with fur.r.or.¡ running in the siCe

ditch dinection might be suitable in some ar.eas of the north-
east" The size of pJ_ot is important, if it is too 1ong,

luater also takes a long time to reach the l-or.¿er end result-
ing in uneven Cepth of penetr.ation. The Cir.ection of the

f unroi,¡s ar"e not limitec by the topogra.phy of the farm. They

can run parallel to the longitucinal ciiches or. the sice

citches. A stucy of the slope, furrot,r str.eam and soil erosion

shoi¡s that fur::or,rs in the side ditch cirection are more

4a<ìra.q1nla l¡;\
\)/ r

4, EC!g{ Sgguir.ements. i¡Iater. is
agriculture " Different kinds of

moisture }evel " Fice needs about

r"en¡r-T r"o.l l'lr¡ çrnrrlro:lnq Srrcr" _ _.ÕJrcane

r"ice " trtlater. r.equir"ements are not

an essentÍal rnater"ial for
crops require differ"ent

Couble the amount of water

consurnes more v¡ater than

constant'uhroughout the
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stage of plant l_ife, anC is also gl.eatly infl_uenceC by

soils, topography anc climatic factors such as temperaturer

raCiation ano humiCit¡'. Therefore it is harCly feasible to
Eir¡e precise figur"es for the arnount of r,¡ater. neeCeC to gr.oi^r

a crop of rice from planting to hai'vesting because ttrese

amounts aT'e c.eter"rninec by many factors. For instance, the
amount of iuater. ah"eaCy in the soil, the r,¡ater. stor.age

capacity of lhe soil-, texture anL fertility of both ilre top
a.nc subsoils, the length of the time a crop occupies the l_anc

and the meihoc of ir"r"ì-gation anc husbancar'¡r, all influ.ence

tbe amour:t of i,¡ater thai rnay be neecec to give best r.esults.

a. Results in Asian Countr.ies. In Japan, the

amount of iu'ate.r requ.i:rect is rrrainly cepencent upon the growing

season of the crop" The average requir.ements are as follorn¡s:

eai.ly crop is 11000 rnm., ir¡hite 11200 mn. for medium cr.cp anC

lr4Oo mm. fo:: late crop. The averìagc results oÍ' water" r.equire-

meni j-n Asian cou.nt::ies are 800 mm. to l-r2oo mm" l+ith extr.emes

of !20 mm. anc 2,549 mm.r those oi' iaily consu.mption a.re 6 rrvn"

to l-0 mrn. i'¡ith ex'br:emes of 5.6 ir¡n. anc zc"4 rnm" The i,¡ic.e

range of itre figur.es incicates ihe variation of local_ concit-
ions r,rith influencc t,ire consu.mpticn r.ate. (¡) "
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b. Besults j:: !ha1]and. The design of ir.rlgatlon
pr"ojects ls based upon an assumption that rice consumes

about one centimeti:e of waten daily. The nesults at Sa¡n

Chook Exper"lmental Fanm in the Centr.al Plain are: 981 mm.

of waten consumed by the main crop and f47 mn. for the

second crop. It takes 168 days for: ful1 growth of maÍn crop

and 10f days fon second crop. (¡).
The totaL amount of water" consumed by the maln crop

fr"om June 25 to December 11"

59A.4 mn. or 60"2 pencent by ptant transpli:ation,
293.T mw" or 29"p per:cent by sunface evapo::ation,

97 "Hmm. or 9 "9 percent by deep percolation.

Second crop fr"om Febr.uary 2O to June 8.

148.1 mn. or 46.9 pencent by plant transpiratlon,

746.7 w. or" 46.6 percent by surface evaponatlon,

48.e mm. or 6 .! per.cent by deep per.cotation,

The avei:age dally consumptlon for main crop rlce
1s 6.4 mm. per;,day as conpaned ¡¡1th B.Z wn. for the seconC

crop" The higher: dally eonsumptlon for. the latter. is mainly

due to the hlgher sur:face evaporation in the paddy field
durlng tbe hot C4y months. (March, Apnll, May.) It mlght
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conclude that water i:equirements fon a norrual cnop of

transplanted r:ice, lncluCing water for seed nurser1r, for

soaklng and preparatlon of land and for inrlgation of the

paddy flelC is about 11240 nm. of water. for. a complete

cycle of rice. They are Clvlded lnto 7 stages: 40 mn.

for seed nursetT, 200 rnn. for. soaking and pneparation of

land and 11000 rom. for" f i:lgatlon of paddy field.

TASI-,8 V:

APPROXIMATE PEAK DAILY I¡TAIER USE AND WATER REQUIREMEIqI|S FON

MAJOR FASM CROPS rN TIIATT,AI\D (¡).

Cr.op

Fleld Crops

Rice
Malze
l,ilheat
Sorgbum
Gnoundnut
Soy-bean
Sesame
Cotton
Jute
Kenaf
Castor-bean
Sugancane

Iegetables
Lettuce
Cabbage
Car"r.ots
0nion

Fruits

Appnox. 'üdater Use
rln./aay

7-10
2-T
?-o
4-5
2-5
2-4
\-s
b-q
6-8
2-4
6-B
6-g

I¡faten Requir.ement
mm.

1r 0r0-l-,500
35O- 400
tTo- 500
lAO- 400
400- 500
100- 750450- 525
500- goo
600- 700
3Oo- 450
6oo- 740

t-,600-1,870

245- 77o245- 7To200- 245
245- 7To

4-5
\-5
7-5
4-5

Oranges 2-+ T4O- gTo
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c. Cgnsunptlve Usg. Tr,ro nethods of consumptive

use, namely, Blaney-Crfddle Method anC by uslng crop factoi:
ar"e computec for cnops of nlce, maize anc cotton. Blaney-

criddle Metbod ls based on the mean monthly temperature and

per"cent of caytime in bours" Consumptive-use coefficients of
1.00, A.f J anl O.7ø i,r111 be used for rlce, maize and cotton

respectively. The second method mean monthly evapotrans-
pir"atlon at udon and crop factoi: of west Paklstan ar,ë used.

Dlscussfon of ti:e computeC consumptive use by

Blaney-Crlddle method and by uslng crop facton.

1. Acconding to tbe gr"owlng crop at different
stages ::equlres the differ:ent levels of water. use, thene-

fore crop facton is a reasonable tei:m.

2. The vanlation of locaL condltions influences
cr.op factor.

7" 'f¡then crop factor" is lntr"oCuced, the maxlmum

dally consumptlve use is gneater. than by Blaney-Cr"iddle

Method which follows by lai:gen irulgation stnuctures.

4 " The total computed consr-mptive use of each

crop by the Blaney-Criddle Method 1s gneater than by usÍng

cr.op factor.,
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5. One impor"tant factor of Bl-aney-Crlddle

Ivlethod is the consr:mptive-use coefficients. The values

used in the l'Iestenn United States appear to be low when

they are used in ThailanC "

Method of CogputeC 9onsumplive Use.

1. Blaney-Criddle Metbod

u :kf
u : monthly consumptive use

k : monthly coefflclent

f : ! x p : monthly consumptive-use factor
100

p : percentage of day-time hours of the year,

occuring durÌng the PerioC.

t : meau temperatune in degrees Fahrenheit

2. By usi-ng CroP Facton.

Consumptlve Use : Lake Evapo::ation x Crop Factor'
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TABI,E VT

Blaney-Criddle MethoC

Computed Noi:mal Unit Consumptlve Use of ïfater by Rice,

MaLze and Cotton, Northeast Thaila¡C

Rlce
Mean Monthly Daytime consumptive coefficient consumptive

Use UseMonth Temperature I{our.s
qF

(t)
4^

('p) (r)

l_.00
1"00
r "00

January
Febr.uary
March
Aprll
May
June
July
August
Septenber
0ctober
November.
December"

January
Februai:y
March
Apnil
May
June
July
August
Septenber
0ctober
NoVenber"
December

Factor.

(r)

c. Ãx

6.óó
6.92
7"to(.t2
7 .48
7 .60
T.7L
6 .79
6.60
5.go
5.b0

Malze
u

inches mm.

lnches mm.
(")

? 22 iiå6.gz 
izg

7.80
7.70
ö .42
B "48

¡,3r

'ç'.ba
9.29
ö "22
7 .66
T .TT

+aa
8z.z
B6
Ra
Bí
Rz
óá "z
82
Bo "e
7T
72

!a7,
177
L6:8

€T2A

Cotton
u

inches nm.

T .60
T.lt
Z'.?63

f

hhh).YJ
,.64
6.92
T .30
77V
+'.há
T .60
7.1t
8 E?,

5.90trÃn

k

1.00
1.00
1.00
t_.00

0.70
0.70
0.70
0.70
0.70
0.70
o .70

L1T

1?Ã,
13o
LzT
118
105

ë-87g

q ,lrr
\.Ð+

'5.þ"2
5 "L2
4 "rq
4 .6á
4.L2

5.75 l46
5.79 r45
5.4ö rtg5.10 LtA).gS LP6

o"T5
o .75
o "75
0"75
o.T5

¿ 6,Qâ,
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TABLE 1rII

Evapotnan splration -Crop Factor" Method

Computed Nornal Unlt Consumptive Use of Water by Rice,

Maize and Cotton, Nor"theast Thalland.

Evaoptrans- Rice MaLze
pirátlon Crop Factor Consi:.upt1ve Crop Facton Co¡sumptlve

Month nm. Use Iml. Use Hfr n

4B
1lrtr
iàé

ç1et

zR
z].,L
259
Lr-5

=627

C otton
Crop Factor. ConsumPtlve Use

Januarry
February
March
Apr"iL
May
June
July
August
Septenber
0ctober
Novemben
December"

Month

May
June
July
August
Septernber
0ctoben
November

0.7
1 .50
0.85

o"55
L "701ÃÃ¿. ¿J
0.b5

Evapotr"ansplnation
mm.

T'B
105

68
l:62
a6T
LTT
171
-t -

11
-lt

'l AT¿vl

209
TL

*"5L2

68
97

r51

\\a
t05

oÕ
L6z
16T
TTT
171
171

0.10
0"50
1.15
L.?S
0.40

0.1
o'2s
0 "b51.15
L.35
t.Ls
0.b5

nm.

14
7T
42

187
227
204
111

#822
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TASLE ItrII

cRoP FACTORS (Ar ¡

Montbs 4 7 t Sugar.- Fr.uit Vege- Malze Cotton
month month month -cane tables
rlce rice i:ice

Jan . 0.70 0"70 0.65 o"g0

Feb. 1.50 0 "60 0.70 0.go

Mar. o"B5 0.60 o "Bo o.9o

Apr. 0"85 0.90 o.go

May 1.10 0.90 0.90 O "10

June 1"20 O .75 0 "90 0.10 O .75

July O .55 0,.ì70 L .2A 0 .20 0 .90 0 .50 O .65

Aug" I.7O 1"50 t.25 0.80 0.90 1.15 r.15
sepr " r.55 0.85 L.25 0.85 0"go L"25 L.75

oct. 0.65 r.7O 0.80 O.gO o.4o 1.15

Nov. I .zo o .75 0.90 0 .65

Dec " 1.10 O "TO 0.90

Remanks: Main rlce, gnowlng pei:lod : 4 months

Doubl-e rice, gror,rlng period : J months

Cr.op factor of J-month rice adopted from 4-month rice
by use fig. 12.11 p.284 r"efer"ence 12.

Cnop factor based on data of West Pakistan.
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In this study consumptive use computed by Blaney-

Criddle MethoC w111 be used i-n the design of iri:lgation

structures, the consumptive-use coefficients (t ) will be

adjusted to the local data.

d. Effectlve Rainfall. Effective ralxfall is

that part of the nainfal-I falIlng Cur:1ng tbe gnor+tng perlod

of a crop which is available to meet lts consumptlve t'¡ater

requirement. It does not include deep percolation beloi,¡ the

root zone or surface rtlaoff . In Tbailand in the wet season,

fr"om April to Octoben, f! percent of the monthly rai-nfal-l

figures fr.om Apr:i] to September. is consldered as usable by

plants. In October nainfall is l-ess than that of September'

1n amount, but heavier. ln lntensity, lts effective percentage

is tbenefore l-ess, and 6! percent of monthly total is
conslder:eC as effective. During the Cry season fnom Novemben

to March, B0 pencent of the monthly total of Novemben is

conslder"ed as effective, and 90 per:cent of monthly total
fi:om December to March is considened effective.

e. Fleld-Cistributlon Efflciencies. Fleld-

distr.lbutlon efflciencies is based on the data of the Unlted

States, prloposed by Blaney anC CniCdLe in I)62. The 50 anC

60 per.cent dlstribution losses dunÍng July to Decemben anC

from Jar:uary to June respectively r^rill be used in thls stuCy.
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TABI,E IX

Typlcal Flel_d-cistr:ibution Efficiency in the u. s "

(efaney anC Cnldd1e, L962)

Sour.ces of loiater. Open Por"ous lviedium Loam lfealry Clay
Losses So11

Per:cent of ÏIater. Supplied

Conveyance losses
witbln farm

Surface r.unoff

Deep percolatlon

Total losses

l6

5

15

55

Ftel-d fu"rigatlon- -eriicienõy 45

10

10
'tÃ

75

o,

5

25

10

40

60

5. Retui:Ir Flow. The amount of return flow depends on many

factors, namely, soil conCitlons, diversiOn and convoyance,

irr"lgatlon efficiency, depth of water applleC, à8a of irriga-

tlon project and water. tabte. Accolodlng to soil conditions

of the Nontheast main canal is considered to be llned ' Thls

wil-I r"eCuce the seepage nate. In some areas rate of pæ colation

and seepage ls as high as O "5 crs. per day. This rate wlll vaIT

fnom hlgb value 1n the high lanC to lower value in the flat

area. Therefore neturn flow might be significant and becomes

available for Clversion to another land.
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6. Uater Qgality, T¡Iater quality changes accondi¡g to
season, wlth highei: salt concentratlon during lowest flow
per.iod. 0n the other. hanC water quality i¡ dlffer.ent stneam

is also different. This depends mafrrly on the pr.openties

of soil in the basin. ïn the Nor.theast, waten flow thr"ough

Udon so1l serles is expected to have higher. salt concentra-

tlon than the other.s. The seasonal changes of waten quality
is also an inportant factoi: in the design and operation of

ir.i:lgation system and farming rotation. The quallty of

water in the wet season is considei:ed to be sultable for
fu"rigation. In the dny season return flow from areas might

not be suitable fon ir.rigatlon,



CHAPTER VIII

UDON-NONGIIAI IRR]GATION PROJECT

The punpose of ti:e plannlng of the fu"rigation

pr.oject j¡ the Udon-Nongkai pnovinces 1n the Uppper"

Noi:theast Ís to utilize the water of the Nam Mong and tbe

Mekong Rlvers for an irnigatlon on the area of about

g5O,00O nai (1F5,000 acres). Thls area ls bounded by the

r"lCge Cividing Khon Kaen anC Udon ln the south, Nam Songkram

in the east the Mekong ln the North. Part of tbls area is
usually sub jected to fLooClng from the lvlekong Rlver.

The aims of the project are:

1. To lncr.ease the yielC of the paddy-nice " Bice

cultivation on this area is at pi:esent depenCent on pnecipita-

tlon dur.ing the gnowing season. Duri¡g the dr-y year. damage

1s lncurred. Thereíone dependable supplles of inrigatlon r¡ater

¡¿ould ensure gooC yields both in tk¡e dry year and duning tbe

dry season.

2" To promote the cultivation of various kinds of

vegetables oi: othen cash cr2ops which r.equire lnrigatlon

during the d::y season. The dlverslflcatLon of agrlcultui:al

cr.ops by cultivation of vegetables and other. cash crops are

belng conducted in this part.
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Descr.iptig! of the lroiect.

The ir:rigation project will utÍlize the stoirage

capacity of the neservolr to be formed behind the earthflll
Cam on the Nam Mong Rlver: with the active storage capacfty

of about 61 000 mil-l1on cubic metres of water". The el-evation

of an active stonage varies from 210 to 21O M" S. L. (see

fig" 11 and fig. L2). hiater r'¡ill be released from the reservofu"

to the main canal by canal heaC regulator". The maln canal will
r.un along the contoui: parallel to the riCge and the surplus

r^¡ater on the main canal- will be drai¡ed to the Nam SongiÇram

( see fÍg. ry) " Along the urain canal of about 120 kil-ometres

long one slphon, two bigi:way cnossings anC one r.aih'oad cross-

ing will be designed (see fig. 14). Many drainage siphons will
be requir"ed when the main canal crosses smal-l- creeks. The

majoi: supply of water to the cultivation land is fnom the left
bank of the main canal (see fig. l-7) by lateral- anC farm turnout.

Check negulators on the maln canal bave been provldeC at points

to maintaj¡ the water at the required level-s. Water flow j¡to

later"al and farm turnout is also contr"olled by regulators.

Ir.rigation pr"oject nequlnes that full pnovision be

made for field drainage, foi: the conveyance of storm runoff

and excess ir.i:igation rniater:; these provisions have been
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lncluded jx the plan for. the Udon-Nöngkai Project. Natural

creeks rnlght be used for. the main draln, but ln some areas

1n whlch the topognapby is not sultable, artÍflclal Crain-

age must be designeC.

I¡'Iater Source.

The aver"age annual flov of tbe Mekong Rtven at

Vlentlane fnom tbe year a925 to 1967 ls 148,200 mil11on

cublc metres. After flfty years the active storage capacity

ln the Pa Mong Resenvoir" betrnreen elevations 210 and 21O M"S.L.

(see fig. 15) will be reduced from 10,L70 mil-lion cubic metres

to Br9B0 million cubic roetr:es by sedirnent deposit or the

neduction fr.om 7 pei:cent to 6 per:cent of the annual lnfl-ow.

Thls ls shot¡.n that after the completlon of the Pa Mong

Resenvoin there will be enough l^rater to fill the Nam Mong

Reser.voin with the storage capacity of T rT60 million cubic

metres (see flg. 11) every year.

Distrlbutlon Works.

From the planning the Nam Mong Reservoin will
become the headworks of tbe Udon-Nongkal Inr:igatlon Pi:ojeet

(see fig. 1l and fig. L2). The pnoject plan was based on

the contour map to scaLe I; 25A,000 having a 2J metre contour'

lntenval, The mai¡ canal 1s taken off fr.om the neservoir at ar:
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elevation of I95 M.S.L. (see flg. 14) which ts about 1!

meti:es beloir ti:e naxlmum elevatlon of the dead storage

(see fig. J:Z). It is conslder"eC to be llned with the bottom

slope of 1: 10,000 (see flg. 14, flg. If and fig. 18). In
this plannlng the area on tbe left bank of the Nam Mong River:

w111 be lrr.lgated by the left maln canaL takÍ:ig off imnedlately

fr"om the main canal behind the neser.voir. (see fig. Lì. This

canal will carry the water over the Nam Mong Rlver by flume

(see flg" 18). Along the main canal foun check regulations

ar"e designed (see flg. 1p and Tabl-e XI). Ebe second part

of the main canal, or. fr.on 7T+7OO kffi, to 120+0001ff. (see flg. L7),

crosses the eontours, drop str.uctunes roight be needeC to avoid

canal ln fi1l. This w111 i:equii:e mor"e detaÍls 1n topographic

survey. The pr"oposed genenal plan of fu"rigatlon on farm by

furrow has been shoinrn in fig. 2L. The appnoxlmate dlmenslons

of lrrigatlon stnuctur:es on the maln canal and laterals have

been shoiorn in Table Xf . (see also fig. 14).

The design of the Crainage system must þe þ¿ssflr,oni

ï. The amount of Crainage water from agi:lcultur"al

land.

II. The amount of excess rainfall not i:etained in

the paddies.
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In Prek Thnot Irr.lgation Pr.oject i¡ Cambodia; one

of the l::nigatlon projecb on the Lower Mekong Basi¡, the

Ceslgn of drainage system has been based on a canal capacity

of 0.5 cms. per 11000 hectai:es required foi: agnicultunal

draÍnage.

@.

The estimatlon of water i:equlrements on the monthly

basis ls based on the Cesign cropping pattern. The maximum

i^rater" nequirement ls l¡ March and the minimum fs in Septenber

( see Table X ) . The average maximum is CurÍng the drry per"loC 
"

Field distributÍon efflclency is assumed to be !0 pei:cent from

July to Decernber and 40 percent fi:om January to June. The

losses along the canal ai:e assumed to be l-5 percent. The

annual water" r.equlnement is estlmated at 2r5OO million cublc

metres,

Ii:glgable êrea "

The pnoject area is studied on the topographical nap

to the sale 1: 250,000. The area commanded by the irr"igation

canal-s total-s about g5O,00O nai (7F5 rO0O acr"es) . This ir"rig-
able area would be about 5 tlnes lar:ger" than the average size

of irr.lgatlon pro ject I'rhlch has ever. been taken 1n the Northeast "

Cost Estfunate.

The pleces of land whÍch are suitable for cultivation
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are dlsconnecteC, large pieces of unuseC land are found on

the topographical map and because of the soil type, tbe

project cost of tbe same size in this part will be hlgi:en than

in the nor"th and the central parts of the country. The

construction cost of fu"r.igatfon system is estimated at

651000,000 U" S. dollars. This figui:e Coes not include the

storage ilam.

BeleÍils Effect of_the Pr.oiect.

After the completion of the project the rlce yleld

is expected to lncrease from 200 kilograns per r.a1 to about

400 kllograms pen ral, and according to the Cesign cr:opping

patter.n the yleld of tbe other" upland crops ar.e also expecteC

to i:rcrease i:: a cer.tain amount. At the same ti¡e the cost

of seeds, fertiltzens, waten, labour, taxes, lnterest on

loans etc. ar"e also expected to lncrease.

An extensive study has been made in order to estlmate

the probable benefÍts and costs per hectare of cultivated land

of the Prek Thnot Ini:lgation Pr"oject 1n Ca¡obodia which is on

the saTue Lower Mekong Basin as the Udon-Nongkal Pi:oject; a

rice yleld of 2"21 tons and goundnuts yield of 2.00 tons per

hectar"e have been assumed. A net proflt of $99 per hectar.e can

r:easonable be expected ($ff .6 per rai). This net benefit can
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be compareC with $37 p"o acre (four months perioC of growing

only) of tbe lrrigation project on the Pembina River", stuCied

by the fnter.national- Joint Commisslon between CanaCa ar:d the

UniteC $tates.
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TABllS KJ: DETAILS 0F DISTRIBTJII0N 1ü0RI(S

MATN CANAL

Canal Check Regulators

Distance q
iiln. cms .

b
m

d
m.

/t

m.
h¿

cms.
lo

m.
No. of
Gate

0-0+200

14+200

2g+7ao

52+7OA

T7+TOO

g0+200

140

r27 .3

1ôZ Ã

Br.8

Ø.r
ç,o )t

5"60

5"20

5"00

4 .50

4.00

4.00

8r "B

6z"r

24.6

J: 6ç,

4.eo

1.20

a

R

T

T
É.

6

5

].ATEAALS

Left Bank Rlght Bank

No " A Lateral lIead Regulatons
cms. b C b C No. of

m. m, m. m. Gates

Later.als Head Regulators
bcbd
m. m. m. m.

No" of
Gates

L2 "T 2.40 2.40 2.5O 2.55
)L 27 "B2r, 2r.7
3L rB.L
ffi LL.1\t zT .B

7 .to 7 .LO 4 .00 1 "2O
1¿OO 1.OO 4 .00 7.2O
2.Bo 2.Bo 3.oo 7 .oo
2 "4O 2 .4O 2 "5O 2.75
7.20 3.2o 4.oo 1.15

I
1
1
1
1

åÊ SEE NOTE ON PAGE 9T .
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Note to Table XI - Details of Distributlon l¡forks

Q ls the discbarge in cubic metre per" seconC.

d is the Cepth of water in metre.
. t.b tis the base wldth for canal in metne.

t
( f r the width fo:: r:egulator in metne.
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CHAPTER ]X

CONCLUS]ON A}TD RECOMMENDAT]ONS

It 1s concl-udeC that tbe avallable water in the

ïtror"theast Basin r¿ill- become insufficient for the development

of agricultural lanC of the region by means of irrlgation

in the future. However:, ther:e is an adequate supply of water

on the Mekong River"" The Udon-Nongkai Irnigatlon Project

ls one of several pr:ojects which are being planned on the

Lower Mekong Basin" The major pant of available water

will- be from the Mekong malnstream and the minor pant wil-l

be f¡om the Nam Mong tributary. To irrigate thls area by

gravity methoC is possible. It ls expected that this large

irrigation scheme would become the first priorlty of invest-

lgation among the other.s in tbe Northeast when the water

fr"om the Pa Mong Reseirvoin is avall-abl-e. Tbis night be due

to the low cost of diver"sion. The lncrease 1n cnopplng

intensity by totation of cr.ops with tbe use of yield lmprove-

ment factors w111 make this scbeme more attr"active. The

agricultural experlments and demonstration farms play an

important role in the developnent of the cropping pattern.

The pl-annÍ.ng anC the constructlon of this project

might be advanced so that the operation could be started as

soon as the Pa Mong anC the Nam Mong Beservoir:s ane completeC.

The more advanced the mor.e benefits are expected to accrue to

this region.
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Tbe planning of tbis inr:igatlon project might be

Civided lnto two stages: the finst stage would depend on

the available bydnologlcal data of the Nam Mong tributary

alone and shoulC be Cevel-oped more quickly. The second

stage will- be the full scale developnent after the completion

of the Pa Mong Reservoir" Thls mlght be a proper arrangement

for. the budget of Thailand.

Because of the ample amount of available water" at

Pa Mong anC Nam Mong Reservoir.s the extension of the fol-l-ow-

ing irr:igation schemes would be possible 1n the futu3e:

1. The irr:lgable area of UCon-Nongkai Project

may be extended to the east to Nam Oon lrrigation Project

with an aCdÍtional area of about 200,000 rai (79rOOO acnes).

The r¿ater requlrement is estimateC at 6OO mittlon cubic metres

(see fig. 22-L) "

2. l,faten from the Nam Mong Reser:voir might be

Civerted into Lam Pao" Thts aCditional water of abourt 1r400

million cublc metnes roight extenC the 1r:r'igated area dolrn-

stream of Lam Pao Reservolr of about TOO.O0O r:ai (ff8r000 aci:es)

(see fig. 22-2).
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t " The minimum elevation of the active storage

of Nam Mong Reservofu. is at 210 M"S"L", diver:slon of water

f::om Nam Mong Reservoin to the Nan Pong River (at upstreatl

of Nam Pong 1g:lgation HeaCworks) by gravity methoC 1s

possible. This addltional water will increase the irrigated

area on the Nam Pong Irrigatlon Project curlng the dry

season (see fig. 22-7) "

4. If a dam would be built on the Chi Rlver

Cownstr.eam of the Nam Pong outlet, water along t'ne Nam Pong

River coul-d be lifted up over a bead of about 25.OO metres

by purnping and then a vast area on tbe l4une anc the chi

Rivers of about 1,500,000 rai (59O,000 acnes) coulC be

irr:igateC by gravity metbod ( see fig - 22-4) . This 1¡il1

require a maln canal of one hundr"ed kllometr:es befo::e ar"rivfng

at the raa jor fu'rigable area.

5. Tbe al-ter'natlve of plan 4 . will be to divert

the water along the Lam Pao. Thls addÍtional- water must flow

thr.ough tbe spillway of the Lam Pao Reservoir. " The dam

shoulC be built on the Chl Biver dor'rnstrea"m of the Lam Pao

outlet anC water. must be lifted up by pumping for a heaC of

about 50.00 metres and then irrigation on the trlangular area

of the Chi anC the Mune Bivers by gravity method will be

possible. (see fig. 22-5). Tbis plan will require a sborter

lengtb of main canal than 4.
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The amount of diversion water required to

ir.rigate on a tniangul-ar area is estimateC at 7 t500 million

cublc metres.

The total- Civersion requlrenents of Udon-Nongkal

and the obher pr"oposed pi:ojects comparing with the annual

runoff of the Mekong Rlver at Vlentiane has been shoi'm in

Flg" 21 .

These schemes ane a par"t of the meCium ter.:n

water: r'equlnenents in Nor"theast ThallanC r^rbich shoulC be

studied in more Cetail- in cooperation with the water

resources plannlng on the Lower: Mekong Basln.
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APPENDIX

1 Hectare : 2.5 Acres

1 Acne : 2.54 Rai

t Mile : L.6 Kilometres

l- Metre : 7.28 Feet

1 Acne-foot : 47156O Cübic -Feet

: L'215 Cubic Metres

I Million ml : Bl-0 Acre-ft.

M"S.L. : Mean Sea Level

210 M.S,L. : 2]-:O metres above mean sea
level-,


