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The Ce!l.i:e:c for Rural Deve·lopment / f,.;hiC;h is a Diy:'sion 

of the Be::aer Grouo of companies,. assists clie:1ts in. planning 
-' ." ,. . . . 

and impler..enting prog::-ams ?nd 'p+,ojects z..imed to eX?2.nc. econo;nic 

o~!?orteni(.ies ~or 2.::td' i~Frov~ th~ \Ole'll-~eing ~f rt!raL populations 

in ma::ty parts of the Yior:-ld' .. 

Currently', in the 
, 

Cente::::- supports nine majo!:' rural. 

c.evelopmen'i: proj ects ·,.;hicn, ar:e by the lfic:cld Ba.nk, the 

U.S. Agency for- Inte!::1a.tional', []~veloom,entl t~e .Eo.sian Development 
, -

Ba:1K I and. o-cher international' qgencies 

Hiddle East, a~d La-cin i\me:!;:'.{~a>. 
, ' , 

, , , 

1.",1 "5'';- . Z'>F-1ca c. ' .... c. 1 •• _.L,. - l. the 

.<\5 2. part of 

community of t·hose 

its 'se~vices' :to' cl~ents 'an:d t.he professional , " . 
, ' , 

engaged in 'rural ,d~ve:L.o~roen:t viork, ,.the :een ter . ", 

rel.eases t~c.hni·cal notes on ·various aspects 'of ·individua.l 
I ." 

projects _ 'The 'notes a:r:e n~rr~'ered ~Y l!eference ·to < the- .individuai 

projeC"Ls. . ' 

For -c.hose interested, ,additional~ copi~s may be obt~i:ned. 

:r:corn !=-he Center for Rur,al Development/ c/o Louis Ber.ger Inter

national, Inc. 100 Halsted.~t .. 'Ea~t Orange, New Jersey 07019, 

U~S.A. ~ 
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i, Introduction: 

This Technical Note # 6 has been developed as a rneans of 
assisting t~e' design and installati6n of.a wate~,deliverv system 
for t~e Lam 0iar.\ Oon .Integrated Ru:-al: Development t?roject~ The 
.phrase "water delivery systera ll

, mean's" in this context, 

I A method ~or a~locating pw'ater '~o tertiary areas along a 
main canal into secondary -canals and divert ina \Vater from 
the dam site into t:te main ca:1al a"t, the corre~t tifiles so 
that the \·'~ter ;r:-eac~es the. dive~rsion points in time and 
volUl"fle suf~icient to enabl\e f'?-r;~:=r I s to start the irrigation 
cycle' , 

A "\va ter deli very sy stem! as de,~i.ne,~ 'aboVe has' tn::-ee principal' 
parts ~ 

, 
a. Analysis of climatic Gl.~t:a:::: 

b. 

, ' , 

i. Determi'ne potential 'evaootEansoirat1on, using the. . , , , "'r J..; 

Pe!lman. :Method o!1. e1.a.i:ly' .basl,s' for a 'period of- at 
leas'!: ,~O ye:ars of' r:ec:;p:c~ ,_ 

ii. Develop a predictiv~'p~ocedQre for-estimating 
evapotranspirat'iQ'n for' :,three to five de.ys i'n 
aC:vance of time' (this: ,aay plus t~ree to five. days),. 

iii. Rairlfall analysis yn ~,.dai,ly basis and c:r.y 
beti,.Jeen rainfal'ls,. . 

periods 

iv. Develop 9redictiv,e' proe;ed;"res for rainfall 
to (ii) above for evapotranspiration-.. 

similar 

Crop Factors and Irrigatio11, Water Requirements: 

i . 
, 1 

Use existina crop coe£,ricients' (Ke, based on 
calculating - growtl;l cur'ves of a number of 'crops 
and using a polynomial .equiltion) initially. 
HOfdever I these should: be corrected lat~r - as 
referenced to ,1oca~,cQndi~ions; and Operations 
Research program's, 'CfOL;' places like 'Pilot Area 2 
at Lam Nam Oon) shoulCl ,start, to collec'.: such local 
data very early ',in ,th~ expansion of new' ir.rigat.e·d 
:::::ultivation. 

, , 

. ' 

ii. Calculate' stage-~by.-:~~~ge, <;rop \oiat~'r :requirem~nts ,as 
the groYling, se'as,on' :r:n=q~re.s se,s _ Tpe' .various- ef ficiency. 
factOEs, ,conveya,nce', '~liv:ersion f fiel~ ,applications 
efficiency can he ',app;J::.i ed: to, area-:-,specific c~')ndi tions. 

,', 

" , 

~ l -, 

, 
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iii. By ,the- ,ro::::-egoing meq.ns't.'.the, pe;:-iodi.c Ir:cigation 
Nater·Requi:teme:1~s~.a:re· Qbtainedi and it 'is 
possible to calc.':llat,e. t,he. t',imi,ng and voiuine of 
water 'diversi'ons from' a'i dain or other. structures 

I ."1 M l.c·.' ...... '.. ' uQwns'Cream .l.rOiJ'.a, Qprq.' , 

The Conveyance System;' 

i, 

ii. 

, 
The ra~e -' or speed '-.: ~ry~t ,wat'er rn~ves do;"n the 
ma:i;n canals, the secondary c'anals, and into the 
tertiary areas has 'tope calculated in 'relation to 
time. The difference ',qetHeen the, calcu.lated 
conveyance rates a~d the actual conveyance rates 
is known as the "la.g tim~~' . .. This IIlag time ll also 
takes ipto account ,the 'maintenance conditions of 
the canals including ~ ~'ediments accunmlated, broken 
structures, leakages, farmer-built constructions 
like foot-briclges ( etc ~ '.~~.ccurate calculation of 
the 1I1ag time ll is .imporf:ant~ . In the first instance, 
it can be estimated fr<!:nu design drat,otings i but it is 
essential to -start:. a, pr,6gram of rneasure!nents e~rly 
so that: actual II lag tiI;!le ll

. ( and rat~s. of conve~'ar:ce 
are kn'O\.,n. ',', 

Reauia;tion of the 'v~~:i1;jUS control structures i's 
cr;:;cial because, the',Lam Nam Oon system 'is a ;'head' " 
over th:e outlet" opera~';i.on, through, means of Constant 
Head Orifices .cCHO,I's): .,", This is differ,ent from 
, even: flow' syst~ins, ;anq ~, as stich, de:mands very , 
tho,rough training an1 :~'i.s¢ipline 0;;' ;;:on,emen', Water 
~lasters, and' He?td', G~te,,,01?erat9rs. Instant and " 
steady :neans of COR'. .. -=nqn±'cO;t,:.on bet~'.:ee~ 'such persol?nel 
and th~se .setti!lg,the 'r'~:tes' df· flo\..., ,l11u.st' be a feature 
of 'the', Lam Ham Oon, 5 y,s,t em , 
.' , ' .. ' ., ' 

Technical No1;:,e ~6 relates'" in, p,ar,ticular, to', parts (a) ano,(b) as 
sketched above. Tnis Note ,p:r:ov i de's, up-dated an,d essential "first
cut' data drawn from rainfall" an,,;ly,sis' speci,fic to the area . 

. :?i.:i:rnilarly: it does the sarr!,e for ,'Cr?p Coefficients r Irrigation 
Efficiencies, and'Field Crop water'Reauirements~ . " . 

I't must be understood, though; that all of these data are 
'draHn from what i$ past, what is aes~gnedJ and 'Colhat general 
facts related 'to the area signal.' '~!one 'are substitutes for a 
continuing effort,' which every -:Li;'igation system ,should have, 
to collect current'data shmvi:J')g o'rE;!al' conditions and a!?l?lying 
that data to the managemen~. qf the, '~water delivery system 1_ 

" 

" 

, 
" 
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. In thlS connec,tioD I the; devel~~me:lt and appl'icatic.n of micro-
computer-based I \oJater delivt?ry sys;t~m I management;: cec!1niques 
provides a great o~90rtunity fer ge!fle'rally improving irrigation 
e·~ficiencies. In the past/ mahuaJ." syst&"1lS of manag~I:1enit .have 
peen the only means or handlintr 8,.11,: tne cOfilolex fact.ors ~ • ..J., '., .. / • 
G.enera).ly, the manu.al operation ,:t;e<Hlires such great' application 
6£ staff attention and manaaemeht ~~t~ntio6 that'little is dane 
to pollect a!"ld use uo-dated·'"' ¢a,ta:~'. I :Henc8 t manual.tv operarted . 
:Systems are often, ma~aged" r.vith··.~eri..e~c,'lised ,data 1::.hat ma:t"'; be 
,fiv~ to ten years out of ca'te:', .f\. m3.,~ro-computer."':bc.:sed· s~iste~f 
:if properly progr;ammed anc1 operatecl',' can radica-llv reduce " , 
;rt?lnage;ent time Feq~ir~meflts.:.'. r'n",):;u:r(n,l 'this ca~ 'at,low' IEtl?re, 
t'ime to' be c1evO'ted,:to ma}cing 'c~rt.a'in.:',.th~t che dqi;:a u'sed ,to 
;manage ,the syste!!l is c~rrent 'as 0el1, as scientifically 9-~edicti ve.' , 

,2. ' AP~':oach' ,u~~d, 'in Technica:~'~~:t~::~~: ' ' ' , , ' 

.' ,", 

'In this paper, as shown'in t:.'-l$ 'Iacc'c~oanying ',Tabl~s:f the '.Irrig
ation Water R~qui'rement·~ have ~e'eri 6'alcul~ted lor various' crops-grcn.;n 
.on :the sO,ils of' th~' 'La~" Nam Oon prPJ'ec,t. These' ca,lculations a.re 
bas'e'd on the 'Penman'method ·£-or .. :.est-imating potentj.al .eventual . 
ev~pot~ans~i~ation~ I~ t~is c.bn~ep~i6nl the mean monthly va~ues 
used are based on ?-5: years of clillla,tic data, recorded at the: Sako,n 
'Nakhon meteorological s ta tion.', 

It should be'noted" parentliecically'here, that these calcul-
. a,:tions of maximum water requirements for a range' of crops ha~le been 
applied by LBII and RID when design'fng the water delivery and 

:d'rainage systems in Pilot Area, 2 at,"Lam Nam Oon. This is 
9'ommonly knOi.4n .. as the It Lam Naill' Oo~ l~' 'model. 

, 'I • 

,During t.h.e period from I96~ tq 19]4 EngiI).e~ri~g Consultants,' 
Inc" (ECI) , an American firm based' in' De'nver, Col.orado completed : a number of studies ': in the Lam' Nam 'Oo~ area. These included = ' 

,1;'easibili ty, land 81assification ;': d,es:ign, and drainage. In the 
: course of these" studies E. C. L' ,.ieve'lo'oed and used, data for cliina tic 
<;l.nalysis. The 'data used by 'them'.cqire;"ed ,the pe,ri~d' from 1940, to 
1967 as gathered, from the vari,o,lls: 'rec,ording stations on or if). 
c::"ose 'pro~(irn';-v t.o t'!.-,e "'...-...... -;a: ...... ~ a...i-€;;'l."· . - - ._ ... _-- .. !:-'-: ..... J ............. 4 ~.~.rl' " 

- ',' I' • ' • 

In preparing' "Chis rechni,cal' hQte, the pred'ict:i. ve da ta dra~-in 
~rom the, E, C, I.:' imalysi's has bee,n: r;evievl,ed. :It ':is' noted that the 
E.C ~ I ~ . specialists' used t.he· 'I:f1orilthtyait'e, t-1et~od, ;Eor 'estimating .--' 
potential evapotr~l1spiration a,'t:,L~n{.Nam;.oon. This' blethod is not 

,a,s' a precise at that devel"!ped, by: l.l'~nm"m. ,Therefor,?, in , 
: Technical Note ~,6 f, ',t:-,e Penman, ~lethod' 'is' appl.ied,', Other, than this 

",'one change, it has been found':tha,t':the B.C'.I. arialysi's of the, 
,climatic, indic.es· are ~elevant:'I~o'''-t;he present sit:uation. 

" 

" 

': , . 
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I·:(OW'e'Jer.-, as ce:sc.rJ.,bed ~elo\·jt '.ac.c.ic.ioE~tl fea~u=es l.)..ave 
been added whe:1. me.kina t:;'e a:\al~sis' pr~sented in this T::=<:::hnical 
Note. PO.r example, climatic c.ata from 1952 U9 until l}S.l is 
used in oreier to ca~culate a n6\·;. se::t or Lnc.ices' requirec. for 
estiQating irrigation I,Iater reqt'lir'~r:te:1ts at Lam· Nam Oon~ 

In order co clearly show c~e'diEferences obtained from 
app-lying c1iffere!1t methods to' E:5t'imate pU-cential evapotrans
piration three methods C.re comoared i:1 Technical Note ~6 ~ ';.'hese are 
-che Jensen-Baise Nethoo. us'ed by the 1"1ekong Cornni ctee I the 
Thornthwaite ~lethod used by EI.C.I .. : and the Penman t-1ethod~ All 
three are presented'! us i:1g 'a rSakcI1. Nakhon data base. 

In S:ec:-.ni.cal, Note ~i6 the Effective Rain::all is estim?~ted 
b - t' 1 .... •• j''''::l " a"'I'~ol,:;:",Y-ice ' y means OJ: a compu er Slffiu.!.at...)..on lmecno ...... o_ogy .l..or a 0-....:. ..... --. __ 
,crop (Wet and Dry Season) and for'fiel~ crops using 25 years 
of recorc.s frDm the Sakon t)ak~0n meteo;:-ological station ~ !l. 

, He1tlle'C.t- Packard 85 mic:ro-COnlpu-t;i:;t i ~,,! i:.l1 appropr iat'2. prograras I 
has been used to cOlUole.te t:his e~ercise_ ' 

.L I" , 

3. Brief Review 
Estima:"'es 

The climatic inC1l,ces for 'c'he Larh Nsnt Oon ,project are~ were 
ini tially anaiyised by E. C. 1. to, 'dete:::mine the hydrological' '. 
data needed tq desisn tb.e dam / ' the, reservoir c'apacity i,n relation 

: to the irr:i.gable ,area and" the e:f:>'pur-ceo~nt structures. 'l'hese: 
d - .... - .-- !-..:... ..... ,.:; .::."..""' 2-' ....... , ..; +=, 1" ..:.~-. "y-in r 'Si-ii-io"n<::: 17;+-hin' c.l..O \h::re ov ... all1e ..... J..,l...V~ :- ..... a .. n .... a ............. h~e.::;.S ............ ~.g ........... ~_ ...... (".--.~_~. 

the project p.recincts; Five' of these 'are recording station.s 
while 16 are nO!1.-reccrding. ' The :t;'ecords' cover. a period· ~rom 
1940 upto 1967. Some records 'go back t;o: even earlier times~ 
The observation stations are c?e,:::-C'~'ted by -che t'1eteor91ogical 
Depa:!:trr.ent or the R.I.D. 

The E. C. 1. analysis of, the ,climatic datc!-~/ ,:-ainfall, 
tdind, humidity r temperatur.es', and day lengths, have all been 
found' pe:ctine:.t to the 9rojec.t LNO' area. 

The C:::-C::> 'dat€r requi:::-G!tI.en1:.s .for field crops and rice 
were estlma -ced by E. C . I. from -che', LNG proj ect. f areaY. 2'-.s 
~emarked earlier I the Tho:cn-chwai te t-lethod was used to estiraa..te 
the potent~al evaootransDiration based on data, from the Sakon 
Nakhon staL.ion.. .crop coefficients based on loco..l data and other 
general values "Jere used to estinlat'.::! the crop \-;ater requiraments. 

~1ean monthl.v rainfall '(2.t a .50% chance of occurance) r...ras 
used to estimate· ~verage fie,l4- 'w2!-'ter requirements (irrigation 
\.;ater requirme~ts" l.W.R.) ~ase;cl.·on· records from· 1951 to 197.0 
,Cfar Sakon Nakhon) . . ' 

L LNO Ir.riCiat]..on Project i;easi'pl.lity Report.' Volume II '(aJ 
E.C.I. June 1910. 

2. LNO Irrigation ?=ojec~ ~and,'~ta5sificatiori R~port Vol,. II, 
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These c1a ta Vle:!:e shoT.-;n 
each· month of the year. 

in 
x 

A 14 
y 

and A 15 , for 

Efrec-.:J.v,:; l:.:.tin£a.ll fc~ = . .ice ~"t.as a:nbitioL!slv based on 
a value of up to 200' mm per month; Figure A 132 for rainfall 
a t normal intl:=nsi t'y: Thereaft~r) the. 'effecti veness of rainfall 

'diminishes very rapidly f<;H: rairifa.ll of great2~ a~ount:s. 
Ef:fective rainfall .for field cr,c?l~s":~'las based on the assumption 
that vJater storeB. in t:he soil a:kJove 75 rr.m l rainfall would be 
.'ineffecti ve I the m~thod for ca)..cu\q~in~. r~infa'll efficiency. was 
shown. 

Percolation rc.tes for vari'O!lB, 'so~ls in th~ project area: 
were est im2t:.ed to :G~ngef from',i 'rtl-.m.·pe::=:- da.y upto ,4 EL.m:, (se.e 
page '24)~;: 

Soil Av. Pa.rti~l fie;Ld applicaton. 
Group Pe~colation e,t:ficiency 

mm/day \-let . Season Dry Season 

~1 Ri 1 1 80 90 
N :Ri 2 1.5 $0 90 
M Ri 3 3 85 90 
M Ri 4 3 90 

, 
90 

H Ri 5 3 85 85 
'H Ri 6 4 90 90 

Field application effic~ien'cies ~or rice ~dere sho\..,:n to 
vary ..... with the percolation r.at~s.t . a' 101:,'; e£ficien8Y for lot;-! 
:perctilation and a high efficiency· for high perculation rates. 

The field application ciifici~ncies for fieltl crops were 
• .... l • 

. shovm in the Table· on page 26.:;! and range from 50% to 70% for 
'various crops'va:::-ying from seq.son :to se,as'on. 

,,' 

'~/ Appencex A in Table A3V 
y Appen(ilx A 

5/ Appendix A 
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Field applicatio:1 eff"icienc.y; Ef I % Irriga.tlon sOll 
management group 

(upland-type 2rops) 
=ield and 

specialty crops 
Sugar cane 
and fruits 

Vegetabtes 
and melons 

~·let· Dry ~·.je:t . Dry t~et Dry 
season season season season season season ----

NUi 1 60 65 ~5 70 55 60 
HUi 2 55 ?O 60 65 60 65 
HUi 3 50 55 55 60 50 55 
HUi 4 65 70 70 75 55 60 
l'iUi 5 65 70 70 75 53 60 
HUi 6 50 55 5'5 60 45 50 

Field water 
equation. 

appli.ca-::.icn rate·s· \'le:r-e calculated using the 

N.W.R. = (est.2.~l. pe'riod Etp. X Kt. X Kn X K. X Kc)-

(est, period', Re). 

net water r,equil;ement 

est.av. peripd. ETp = esti~ated 

average periodic eva?o,transpirafion 
(by -ThornthT.\Iai t,e)' .. 

Kt & Km 

Ke = 

Kc = 

est. period. Re 

tempera·tur~ .. and hU.TUidi t¥ factors 
(see p.age }) 

crop gro~th fa~tor 

crop growth stage factor 

= estimated oeriod effective raillfall. . , 

The value of N. \-1. R. di yide9. 'by thg= f.ield application efficiency 
gives the field Hater requirements (F.W.R). 

"Maximum" field \;Jater \·;as ba:;;ed 'on a 20% probability for 
high monthly potential evapo;transpiration and 206~ probability 
10\'1 monthly rainfall. (See ?igu:r;es A 14 & A 153') 

The Appendix explains in some detail the methodology used 
in estimating i.vater deliverv rateq a!~d irrigation times. Some 
aspects of estimating- fieid-'wa~et'requirements for l~nd prepar
ation of rice was given in ~~6tten V, together with an equation 
for estimating the time needed. ·for. land :prepara"t;ion: 

§../ Appendix 'A 
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As observed in the earlier 'sections, -cne E.C.I. - gathered 
~ata only continues up to 1970. N~~ethele5sl within this 
limitation, it. 'is relevant to ct.u:re~t usages at Lam Nam Ooni 
a.nd it has been helpful as a ref.e.r~n<;:e when furtr.er extending 
~he data and analysis in this ,Technical 'Note #6. - , .' 

The pertir..ent climatic d.:ita· ~a,s. b~en brought up to date in 
-this Note - to 1980. This exercis~ shoHs that during the ten 
years pe.ciod significant extrem~:ry ':h-tgh rainfal:L ha? occurred at: 
the Lam Narn Oon area. As a r'esulb .. this 1i.as raised the rair\fall 
indices by a small margi:1. _ 'Ilii·s inay' be seen by compa-ring the 
data in Figures }l.-14 and A-iS I . P_:l!1£?X A of the -it.C .. r. Report: I 

\·;ith tr.e c.ata provided i!:- the Note' - Table 2 .. 

a. 

i. Review.of Rainfall Rec~rds: 

ii. 

When prepari~g the analysis for this Note, t~e 
computer printouts fo,r' daily' rainfall vlere obtained 
from four sources '" The perioQ covered was from 1952 
up to 1980. The four sources. included. the Hydro
logical Section, RID; the main Heteorology St"tion 
at Sakon Nakhon, a!ld tlle subsidiary'stations at 
Phann'a Nikhom and Haritchaohum. . -
These computer printou;hs con,t'ained many entry errors; 
and they had to be C01;~ected ( slot,-lly, by Checking 
the oriainal records' at each station with the computer 

J , 

printouts" This ,,,as a<;::col"nplished over a period of 
about three montbs'" 

The meteorologica,l aaUi needed to compute potential 
eT ... apo~·ranspiratiol). I.1s:Lng the Penman ~lethod were 
obtained from the 0~te:rolog;ic'al Dep,artment for daily 
values' for tnEC per,iod '·l961 ,up to i9,77. The data base, 
on this, VIas derived from the daily observa.tions of 
the Sakon Nakhon' ~l~t:.e,drol:(;)gical Station. 

All the data 'vas' care.fullv cross-checked to eliminate 
all transfer errcrs. and mls-imtrys, His-located' 
pOints \'iere corre'cted' l,.lherever pes·sible. Some high 
rainf~ll values,' which. initially appea.red to be ' 
incorrect, vle're cross...:.che8ke4 with. adj acent 5 ta tions 
and generally ac'cepted; thECn, as valid. ' 

Annual Rainfall:. 

The annual rainfail' for the three stations of Sakon 
Nakhon, Phanna Nikhom;. and Haritchaphum for the years 
from 1954 to 1980 ko;trected and adjusted) are shown 
in Table 1. , 

- 7·-
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The data is shown for variousJ.cumulative 
(of non-exceedancel and'return periods. 
are plotted on Figu,re 1. 

freque! .... cies 
These-data 

The data follo,\·ls·aJ no,rmal distributian~ It demonstrates 
that the anr..ual ra,infal'~ fo:::::- the three locali.ties is 
essentially si:nilar in C:--larz.cter with a slight increase 
in annual rainf'all at· Wa:c:itchapn1.Htl. 

! -

iii. ~:onthly Rainfall: 

The ~!ean !ponthly ,;ai,,:j:a,lls for the pe:t'ivd, 1952-1980 
are-plotted in Fig,ur'e' 2". 

According to t:he J;RRI potential croppirlg intensity 
classification syste~,4: the Lam Narn:Oon project. £a'~ls 
into Ciass 1II4 This ~eans that it has'a monthly 
rainfall in excess of L'OO mrn. 'for 5· to' 6 ~.9 months. 
That indicates under Class. '!II that' ,two crops of 
early-maturing rice could b~ grown f.:,it:h the' f1. rs .l..:, 
crop d'i~ect~s,eeded on 1!:npt.!cdle,d soil. 

l\-c., Lam Nam Oon -chere al;e certain soils and t,,;ater 
storag~ factors which ~flhiDit:wide5pread application 
of'the Class III meaning fbi that area. Nonethe~ess. 
such a .Class~fic~tion·Jn~aris tnCft better use could be 
made of the rainia'll 'even under irrigated conditions 
principally by 'pl'B:h~ihg shorte:c-maturirlg rice ·va.:ci~·ties 
than the present ~5Q-d~y type~. 

iv. Bi~~1onthly Rainfal:!.:, 

The bi-monthlv or half~monthly rainfall data for the 
stations is p~esented 'on Tables 3 and 4. These are 
plotted on Figure, 3. 

The bi-mor.thly rainfall fo-llol-/S a normal distribution 
a:1d t.he cumulative, frequencies and return periods are 
gi ven ,in the Tables.' . 

, 
, , 

The effective rainfall values llsed Ln .this Note t·o· 
calcul'at:.e irrigation w,ater requireil1'ents at Lam Nam 
Oon ar-e based on t,.l'je hi-monthly rainfall rather than 
the monthly. This is because of the vary simple 
point ,that the· no;:ma·l 'water J;ayer depth in paddi~s 
a't LarR Nam Oon is a'b.Gnt 100 mm and .the aporoximate 
daily ,water requiremehts is ,5 to 5,~~. 'S~ver~l 
factors contribu:t;e'tp: j::his 'situation i'ncluding the 
types .0£ soils, dra'inage, and the 'pr-esence of Perched 
and High I'later: Tables,., 
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In any easel ~-;: can be ·assumed \vith confidence cf.1at 
the 100 mm. 'dater .layer·\.iill provic.e 14 to 16 days' 
reserve water sup~ly in the absence either of rainfall 
or irrigation \·later. ;[r~iaation cycle times should 
be based upon this int~r~a~ too. The foregoing 
refers to rice'c~ops~ , 
~qith reference to' £i'e.ld croos I exceot in areas vihere 
excessive Perched or High 1',:3.ter Tables exist, a 7 to 10 
clay interval may by' assq.med to exist, 

Both of these relate closely to a half-monthly rainfall 
return period. 

b. Evapotranspiration ··(E·t) I r;}:l' ices 

Hethoc1s of estimating.'po!=-ential evapotranspiration can 
be divided into empir,ical approaches sl1C~' as' the Blariey
Cric.dle and Thornthi,.,a'i te "formula:s II which only require 
mean monthly temperatu'res.; By' contrastJ mQre precise 
apf'ro2.che.s· such as t~e Pen,man ~1ethod uS,a many meteox:olo~ 
gical para~8ters including-: solar radiation, temperature, 
Hind velocitv, and vaoor pressure. 

" .' 
. . 

The Pen];1an Method is knOyiri to· produce the nlost accurate 
results for short Der,ioas ,of CL \..,reek bas'ed' on daily 
observations _ ~'li th cont'inuou,sl'y recorQ.ed' da'ta this 
.r.1ethcd can produce accurat.e 6-hourly results I if needed. 
The Blaney-Criddle and the Thornthwait.e·Method.s produce 
results aC,curate for long~::;'erm' estima:t'es of potential 
evapot:.ranspira:tion of a month 'or more; .estimates for 
shorter p'eriods t~an ·this ,will be in error. 

Another method of computa~ion is that represented by.the 
Jansen-Raise equation. Tqis takes in~o account temperature 
and solar radiation. , It produces sound monthly esti'mates; 
and it has been used by' ,the Mekong Cornmi1::tee to estimate 
potential Et for Sakon Nctkbon~/. 

i. Available Data 

D.aily records \-,ere obt.ained from the Heterological 
De9artment, Bangkok for the.years 1961-l977 at Sakon 
Nakhon. These includ?'d daily temperatures, '.-lind 
speed# dailv sunshine p.uration and relative humidity. 
Similar cat; .,.;as obta,ined for Udon Thani. 

LOVler tlGkol'lg 'liydrological Report:, '1976, t1el'c0ng COlluni ttee, 
BaiigKCi\: 
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ii. Calculation of Potenti~l §t 

The Penman eauations 'used· are 'dell kno\.;n and can be 
fo:und in any -:re£e,rence on- agrQ-climaL:.ology. ~I . 

, 

The potential Et va10e~ Mere 
da:ta for 17 ysars .of ,re:cord: 
in Table 7. 

based 'on tile mean [\\oi'lthly 
The va~ues' are giv'en 

In Table 7, also, ene 'Penman values 'are comoared,to 
those calculated· ~:ith the 'Jansen-Raise Heth~d 'a~d 
t " m\-., • , • • of.1-t-.. d' b ' h 1 t~ ne ..!..:.~or~ 'Cn\·;a~ 'Ce h,e \...uO. As may e seen Ice a l..er 
two result in values ',.,hich are, sliqhtly higher than 
those used derived from application'o~ the Penr.1an 
r-:lethod. These Penman .values were used to determine 
the c.esign irrigation. 'water, ':l::equirements for Pilot 
Area 2. 

, 
It should be noted tha't an albedo value of 0.25 is 
used in the Penmen' cal,culations. T,his is represen
tatiye. of refl~ctiv:i,ty ;from a gro\·;ing green crop ~ 

, 

Dependable Rainfall , 

This is defined as the 'a;notmt of rainfall, that 
part of the irrigation wat~r requjrements. It 
on the mean daily rail'lfa1:l,' fo'); 'periods of:' half 
this can -be expressed as 4 ., • - " 

Rf = 
.'f..;here 

= <;l.aily::,cainfall, mm/day'. 

will meet 
j,s based 
a month; 

R (n,) T = rainfall' for the n, period for ret'urn 
pe,r'iod of, T year. 

I~ this case, 
return period 
the effective 

, 
n is fer a period of half- a· month and a 
of T = 2 years 'has bee~ used to estimate 
rainfall. ' 

d. Effective 'Rainfall 

T'<'Io methcids can be, u~ed, t~ estimate effective rainfall. 
the one lliethod widely us,e\;l. has been discussed in the 
E. c. I. Rep'ort I Table Y\3, and is conunonly kno\-ln as the 
Technical Release 21" (T,R. 21) method. 

: ' 

Drainage Principles and ~App';LLcations, Volume III, Surv·ey~ and 
investigatiohS r Chapter:~9, ~~~er~ining eVapotranspiratipn 
(I.W. Kijne) 1970, Publ. 16 !0st~tute for Land Reclamation 
and !tnproveme,nt 

10 '-
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a. 

b. 

c. 

d. 

e. 

f. 

a. 

,: 
, 

The seco~d ?ethod is b~sed on, a compu~er simulation 
procedure includ~ng: 

intensity and discrib~tion:~f rainfall, 

sto:t"c:.<;e at J..... J..... l..ne L.l.me 

crop \<Iat.er use, 

the , , 

irriga tion meth0d, ·if ap,t:>l:icable, 

dr3inage cha~acteristics 
, . 

The effective rai~fa~l has.been.9~lculated·for the 
"av .......... r"i • ·n............ .....,-........ ~l-. ........... .:\ ... .f= 11 ..;...:-..;: ....... ~.. . ............ C\ .. -:;'I .... ..: ..... ..: ..... y 
'-' .......... < •• ~aKl"""1< a~L""'" '-''-11~'<'' .L..a..L.,1L_a,.t. s .... aL.-J..'-'.I.'s l.1 <-n,,--- vC'-"-'-'~..LL.._ 

by the Mek~ng Corcnli ttee~/ .. fo'r ,ci~t.!ble 'c:::bpp~d· ~addy rice L . 

the normal Vic.ter laye,r is ,take::1 a,s 90 nun (STO). 

b. an ir!:"igat;i0n applicatior' . .'of 45 rnI'u is applied' when the 
paddy'level falls be1ow. 45 rom (ST~lIN). 

, ,. 

c. 1J.1he y.;c~b:r -level in the. pad~y is not allo"l.ved to rc:.ise 
above 135. mm. (STrll'.X). • 

A~d, the effective 
compu~ed using the 

rainfall for a particular day 
fQllow{ng procedure, where, 

, ' 

is 

R 

Stn-;=l 

St!1 . 

Am 

\·;here I 

KCP 

ORP 

= Rainfall Ion day ~I in l1.Lll1 

== -Storaae in Dadd~ at the end of t'he 
prel(iou,s, ,~ay, in rom (or storage in the 
padc;l.y' ,;-t:the beginning of day ~,). 

= Stor,ag~ ·,in p~ddy at'the end of daY'E:1 
rn.iu. . . , , , , 

:=: c:cop T.,:ra.t~~ require~ent for the month 
in which:· day, n· occu,rs t, ffi.rn/day ( 

, ' , 

= (KC? X,, 'ETP '+ OOP)'/'" .. ~ ~~ . 
" 

" 

= crop coenfic.ient . " . 
= 

• 'r.., >' , '-
pOL:.en 1.-1. a-l . E,I.-. .rom. 

= L0=iS'e;;; pers:olation etc. mm. 

, 
?J Land C1assifica::ion Re?ort.,' ,Vol. II, Appendix A. Dec. 1973,E.C.: 

LOHer Neko::.g Hydrological Report. OP.CIT 
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Effective t'c.infali is calcula1:ed ·using· t~e folJ.ot . .;ing 
procedure:- . 

The value 
day n was 

of, tiie paddy storage' at 
tenta.tively calculated: . , 

St.n = . S.tn-a + R. - Am, 

the end of 

ef. Stn was greater than ST~~X (= 135 &~], the 
effectiv~ rain'fall (E!{) was taken to be, 

.' 
ER =' 9TNX + AH - Stn - 1. 

and Stn taken to be ,eqp,a'.l to STMAX. If the value of 
Stn is less than Gr ecual to ST~:lAX the!! the effective 
ra'in:aJ..1. for that 'd2;Y :·~s equal to t..~e ,rai.nfall rt_ If 
Stn is equal .to tne t:'.:r:ial value of Stn or less than 
ST~lIW (= 45 =.l .t·hen Stn is set equal to STO (~90 

". • ., I .,' " • • rum) ana. lrrJ.gaL~on nas -'co be ao,.olled. 
• I _ J. .... , . 

T'he above procedu~e can only be done ,on a comf>uter. The 
m,,!an .valu~s 'for 'double: crop"ped rice. are given' n 
Table 5:. . . 

A .simiiar: procedure. has. been 'developed for field 
c~ops, and these e:ata' aIi~' q~'ven in Table 5, too.: , , . , 

The T .R. 21. method has,b::ren'useu to estimate .the .effective 
rainfall for the' Sakor!, Nakhon data ,and these data. are 
'co~par'e'" to .f-h'e s':: ...... ','l ... '.:.,·l· o'n rla't~ IT'he ~a""l' o~ o~ the' ... ....... ~1.1 .... ~., ...... 0.."- ........ _~ • .I-~~ .J.. .... ;:, ..... ).J,. 

mean ,monthly rainfal:l/leT=- 2 y'eaI;'s)' to th.e effectiv~ 
rainfa'll for each: mbn th compare fairly closely" for 
each method and ;for. '\:h:e fi!31d crops and for paddy. 

The ratios have. been used' to, estirqa te effective 
rainfall for the· h2.lf~'rnonth periods in determining 
the desigrl irrigat:i'on ,'water requirements I in pilot 
Area 2. These .values ,are' gi ven in 'Table 6. 

5. Soil Factors 

Estimates of crop' water re<;y.ir:ements necessitates taking 
into account the soil factors. In the case of field crops the 
soil stress factor is in the ear~¥ pa'rt of crap growth. The 
st!:'ess factor, 

Ks = log + 

, 

100 (l:-DP!~~:J' 
log (101).. ' .. 
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vinere I 

Ks s6j.l stress fa~tar 

Dp S9i1 via-::e.r de}?leti:on e:..;:pressed, as, a fraction 
, ' 

Dt total a\lailacle mdisture content , ' , 

The crop coefficient K -is .. mdltiolied bv 'Ks, the stress 
factor I the: optimurn depletion,' of 'sq'il- ;-!a.te!:" 'i~ an assumed 
constar.t fraction , .. ' Do r Qf the: tutal ,available' water. The root 
-zone 'expands Itli th. time frqm plan t:.if!'g 'U:l. til a rrta.ximum p.epth is 
'reached near inaximum cove::::-. The' expana.ing root', depth is 
assumed to i~cre2se li~ea~ly upto effective co~e~. 

The value assumed for t~e s0~ls. ·a:nd cro9S chat may be grot:ln 
:on the project is- based on tHe, f,ol~ovling data: 

a. 

b. 

e. 

t-1ean Available i"loisture * Content 

i. UE' to 3 bars. , 

1. 21 mm/em (Sx '":' 0:036) 

ii. Up to 15 bars 
. 

1. 61 mra/cm (Sc -. 0.046) 

Based on 61 observation' fbr deoths up to 150 em. 
(Sx is the standard di,via.tj:on)'" 

, * 
Bulk Densi~y 

Mean B.D. = 1.622 

(Sx = P .153) 

* Porosity 

Me2n P = 38.75% 
(So< = 6.005) 

. 
" 

, " '2 
gm!Cffi, 

. ',' 

.,' . 

", 
'Using the 15 bar value and <;"ssuming 6 0% ~ep1etion, 

Ks = Log 1. + 100':(1 - .966/1.61) 

I ~o~ 101. 

I 
I 
I 

= 1. 311 

~/ Land Classification Report: E.C.I. Appendix D. Tabl~ 3b. 
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A val =--:e 0:: I .. ·323 !las bee?l l!se.c. ..1...1 the calcula ::ions !Jase.d 
on previous estimates of the s~re~~ factor. 

The soiL stress fac\:.or ~oes not apply to rice~ 
. , 

A second factor is used to adjusE the cro~ coefficient 
during the early pare. of c:::-op gror.·;th before erfec::'ive cover is 
reached. Follo;.·dng an asplication of water the evaporation 
(Es) from -c.he soil' surfac~ - will acc~unt for most of the ... .,a ter 
lost from the bare soil surfa~el before the pla;t shades the 
soil I this loss is 'adjusted by meatis of the follo~ ... ;ing empirical 
equation. 

'6. 

Es = 

Es -

Ep = 

Ks = 

Kc =. 

(~,s,.,· Kc) 

soil Sl}:rrace"evaI2oratioh I nmt/day 

~o-Ont' 1.' => l' ~t' : 1:-' 1............. c:.,.I...l.J • 

, , 
soil stress'fcictor' 

Crop coe££iclenb 
...... '. '. 

Irrigation Efficiency 

11.1 though a wide range of eff,i(;:iency factors have been used 
else\·,here I the. design value's used ho e9tima te the design irrigation 
water requirements, are: 

a. Tertiary Unit conveya,nce an';;' distribution efficiency: 

b. 

85%; Rice 90%. ' 

Field a?plication eff.5 .. ci~ncies 

Rice: 
Field crops: 
Sugar cane: 
~·~aize: 

60% ' 
80%' 
15%: 

The irrigation \Vater reauirement is obtained by dividing 
the crop water requirement by "'total' efficiency.-

" ' 

= ~Et X Kc) ',+ pl' 
, " 

C.Vl.R. =: crop Via ter requi're:nen ts 

.Et potential Et' .. 

Kc crop coeffic;:'ie~t 

p . - percolation losses 

Rf = effectiv~ rainf~ll 

- 14 -
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" 

aJlOT 

I.H.R. ~ C:W,R/ec. X ef. 

ec 

e[ field applicat±on ~fficiency 

7. Crop Coefficients 

Crop coefficients are used ~.j{i:h Dotential Et to. estimate 
crop "la~er requirements a!:d they. ~re. 'geD:erally. an e1npirical 
ratio of Crop Et to some reference :Et derived, from experimental 
data. The ~~~2 distribution 9£ crop coefficie~ts for a partic~lar 
<::rop Gonstitu~eS the c::O? curves (s,ee Figures 4 to 10). Th~se.· 
,crop curves ar'e derived from. various sources 10/. The polynomial 
coefficien-cs in Ta'bles 8 b a?:'.c '8e.·: \"1e::::-e deri vee by I:',eans of a 
computer program. 

The crops selected are si~ply' those'grown on the Lam Nam 
Oon i?roject. at present and the planting dates appear to be .. 
those that the' farr(l.ers use, based oh observations. These arrays". 
'?f crops in Figure 11 obviously .. co:nsti tute a crop sequence but 
not a formal cropping planll;'. The purpose of st.:ch a crop 
array is to provid~ an approx1.mation of the highest irrisation 
vlater r~quirement '~or any crop or !combination of crops grO\·In 
p.t the same time. This would. be"tl'),e design ird.ga'tion Hater 

• • .. r~ ~~ ~ ) 
.re.qu:Lreme!lt:~_ li~W .. K. 

's _ Field Cro9 Irrigation Wat.e:r: ,Ret;It1:irements 

,those 
rcriga ticn w~"ter requir7m~:'~t;S;· have "been calc~lc.ted for 
field cro?s given i:o. Tabl~s '8 (C\) to 8 (h)," ' 

, " , ' , 

Tlje calculation of dail¥. ,I .. v·i.R. for each half-monthly 
period'is given in, Table 9 ca) to' Table ,16" These estimtes 
DPe ~lO~~o~ ~n ~inuro 12. ~~ ~~ ~~ __ ~k ~~~._~ 

The calculation 11'lethodology -is s}1own.in the taqles using. 
all the parameters from in the preceeclng secti·ons ... 

10/ 
'-' 

111 

The daily I.W.R. values are' plotted' in Figure 12. 

Wright J. L. Crop coefficien't~ for Estimating daily crop 
evapotranspiration. A.S.A.E. 1932 

J M '0' S ..... · CI ~.~ 11 n ~ I .: -.:... i . 1" - .... . -ensen. . .. ~ . ~n~Qu. __ ,.g :t:r ..,go.~_on un.ng c ~:na 1:e c~op 
soil data. Amev. Civil. Engiti.. J. Irrigation cud Drainage 
D.V. 96 (LR.I.) 25-38,' 1970. 

... +.5 '...:, , 
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9. Irrigation ~:ater Requii'?-ments) for ~ice 

The calcula!:ion methodology. for dry season rice of a 
l30 days duration; is given i~ Tahle 9. The ma.ximum I.~l.R. 
oGcurs at the en,d of the land: ,pre'paration period f • ."hen thr:ee 

'. quarters of area has been .t"ra"n's 0 1 af,l ted . Thi?~ reouired 'vci-lume 
of water \-lill be 0,26 1. D: s, 'De~' J:1a:L. ,,', :' " .. 

. - .. ..~ , ' 

A similar ,calculation, fs>r C!-ry, seas,on rice' in Table 17; 
',ind'icates that up to 0,48, Ips/raiL 'would b~ requir,ed Khen t<,;o' 
,thirds, of the area' had ,been t;rallsp;la(lted,,' fim'iever" thiS 
'deliv,ery rate ,(I,W.R.:) could b,e: red,:,ce>i' by dividing the land 
. prepara:tioI1 period, i~to qU:a:c~e~s' i:,x-:-s-tead of; thirds' .. 

. '. " . . '. 

a.- .. Leng~~. of L?nd Prep~~at'id~··p.eL:io9.· . 

! 

- . . 1 ' \ .... :,. - .' . .' . .' . - "', . 
"':-'0 ...... +-:.-. ........ ...::,....1 r~ .. -2/ ' ... roo' 1"""1 it·· .... 't..... ..;.. ..... ',.-." ... .,... M: .c",,.--,-,, __ ~ .. e ............ ,,-,,- .......... 0':lx- or ..... a .'--4-V,a l.; .... q . !~e YJa.L..e_ ..... eq .... ..L.-..L.-~ ........... ...., ... 
'land p;repa'rat.l.on is des.~r~beq,: i:;<p..ppe~dix ·r. T~e:bas:is' 
of these calculations as:Slliiie' that land ,{:)re0ara tion 
e:<tend's OCler a period of: 4~' aa'[.s., :rhere ,is no way' of, 
estab~'i sh-ing the' vali,di ty :'0£ th:e' ,lengtl]. 9f, \this per'iod 
Uflt,:ler. irrigated' cQ,!'l.ditiqns: a:t: ·this stage and a' ·first , 
apPTDximat:iQn of 45 days i).~s been'UseC!. ,- the period,may 
,»ell .be a's long as 60 days,' or as short as 30 d'ays, 
HO\.lever; . a: sh,or:.ter p'e-riod 'y,;ill' needl a greater volwne 

~ ... : of 'w~ter." : ' ..... , ' .. ", '," ',:." I;~., ' , " 

, ' 

" : 

-'" 

b. 

" 

'.:' ,-
. r:'!1e 5..n·cr:em·en-tal periods i SuD-ol.visions of the total time 
for_la~d:preparatio~F ~r~ ,arbitarily chosen. They can 
,,'e ~'hl' rrl'-:". qu'ar'-e~s . .;:..; -F.;...'~s ~~ s' xt"'s "O"'o"';,er ,4':::S 1.' gn .J.J IV L. ......~f ....... '':'' 't, .................. r. _VoL.' ....... ~~. __ n ..... v I............ , , 

valu'es· are taken at' tnird" or fourth intervals. Less 
water ,;ill be' reauired fo'r' smaller .:.incremental periods_ 
For these' calcula:tions .th:L'rds \-lere used for dry season 
ris:::e ,and, qu,:,-rte'rs f~r: wei:;, 'seas,Oll, rice, 

c. ~'~atek :::or'Land~Preparation; 
, , -

The 'qepth'of water,~eqpi~ed for la~d preparation has 
be'en,t'akeI;1' at ,250,mm; 'sat;uration water: at'140 rom 1 
est.abli's,h'ing a ,water :,l'aye!:; 100 =, deep and 10, mI'n 

loss to p~rcolation"~or' :-he peri?d. 
, 

.:d. ~ursery \.fater requir.e~.en't's· --
, , 

Nominally., one uni t ,ar~,a.':Q'f, nursery :is: requir~d fqr 15 
to 20 uni'ts of' paddy ,-,' ',Ttle toila]: wa,ter required .. ,J;i:i/, 

.-.: 

,the !1urse'ry is frow'4CO. to GOO hUn Dver,a' 30.to··~0 . .r.C:ay·.,:, 
period. Tlus amQu,nt o,f, 'water 'is not included in the 
1. W, R, estima ice.s. Tholig,h, th~ nursery, Via ter requirements 
are i!)9l~dec"\ in overall: water: deliyery estimates they' are 
e:-::cludea. . from the .design: estimates': ' . 

- " 

12/,:'I:. D". Gook and G'- Z1.jlstra -lrti'gation' reqtlir,Gmen-c·s :.f0t.: c.oLlbJ€- .' 
, :~~''''.Gr~P9-ing of lo·.;lctn~l riCe' in .t-~alaya. Pub1. 14. ·int. fins.t .. ! :'1 

.. rec'J .... ·"' ... -~ ... n-n..,·lrn .............. ··e-et~a· :'1.,.1..' 1" d' . ,. -. ~c:..~'C.:"' .... -..Jl. C.d .............. l;-' .......... \; '," n, f .~; genJ.ngen, L"eL.ner an s. . .. . 
> • -,' -' 1 C 

- •• ' - o.L!:J -
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e. Perc:Jlc~:ticn Ra. tes 

percolatio.n rate.$ for-,desicrn purpQse.s are. assumed to 
be 1.0 nun p,er day Ior 'th¢ ~oils in Piloc P-.rea 2 i 
p:::-ecolation' rates for variqus soil groups are given in 
a preceding section. 

In conclusiqn , 1.:he C:es~9n. I ~~7 .R. for dry and viet season 
rice do not vary from es-.:.im.ates, for' areas with a similar. climate 
an.d a design value Df 0.25 l!:ls/rai 'could be safely used for 
estimating ca~acity of channels and structures. 

, 
" 

" 
" 

, , 
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1 
·1 
1 
1 
1 
I' 
1 
I 
I 
1 
1 
1 

; c~mula ti ve 
. probabili ty· 

;01 

.. 50 

.67 

.. 80 

.90 

.9.6 

~98 

Tab~e 1:0. I ,1 

Annual Rainfall fqr Thtee Staf.ions 

Return Period 
in years 

1 

2 

3 

5 

10 

25 

50 

S2.kon ,Nakh'Qn. 
1954 - .19S{,). 

799.8 

14 85'.:) 

.1732.9 

!.362.5 

2000.9 

2039.2 

- IS -

. . ' 

, .. 
Phanna N.j.khom 
1954 - 198,0 

851. 4 

146,9.9 

1647.9' 

1693.0 

1809.9 

1934.7 

2014.4 

~'lari tch2.ohum 
1954 - 1980 

1193.8 

1559.5 

168"5.1 

17·99. " 

1925.1 

'2059.3 

2145.0 

.,' 
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'l'able: No. 2 

Sa,J~on Nakhoh 1954 - 1930.{27 years) 

Half Mon thl), {IS day) RninfaH , 

" 0 
" .. ,J MON'fIlS , 

" , 
"' < 0, " , 

" , lift '" 
~ .~! III 

Jan, Fch.- .Na2::c!1. -':."p:!~ ". :;r >,. Nay .June JulY l\~g. s~pt .. Oct.. New. Dec: .' " , 'f " ~r.~ 1 2 ~ 2 1 2 . 1 2 X' " 2 1 2- 1 .2 1 _ 2 1 - 2 - l._ 2 1- 2· 
" 
01 1 14.-70 50 .. 9 21,9 23',.\ .22.7 32.1 36.0 - 7£1.'"/ 2/'.5 -
50 , .97 3.51 6.09 7.20 13.33 22..19 33-,7$ 43.40 9),90 )38.,75'),34.1 109,5 :1-17 \,5 91.7 152.). 171.?- 1.66,2J .S6:J 39:1 22,,0 ~I~ 1:2 

(,7 :, 2,92 Sl.61 14.35 19.4-5 24.42 37.55 54.53 62.90135.72 107.9B 171.7 155.3 leG.S 120.2 214, • 264 _ /. 2'3.:1, I) 131.6 73,9 53 •• 14.3 ~ 5.5 

.80 5 J',41 11.21 16.45 22.56 27.23 I} 1. 70 59.BO 67.05 J.46.20 200. 'i7 108.7 166.9 ,L 79.,j 131.4 230.8 207.0 2';) .7 11}0.G 02'.7 57.6 16.5 10.11 

.00 10 1..69 15.10 20.07 30.60 3<1.51 51.9?- 13.44 00.66 173.72 232.0 217,3 ~97.0 211.8 161.3 272.0 348.9 296. !j 153.8 105.6 67. J 22.2 16.~ 

.96 25 6.06 19.34 27 .67 39.16 ·19.29 62.84 DO.02 91}.3ti 203.01 261.3 20.9 229.2 246.11 186.7 316.l 4l<1~2 3114.2 1B8.6 130.0 77.6 20.3 21,.1 

, ~18 50 6.94 22.04 3.1.37 4iJ.6i' . 41.2. 69.01 9,1.32 103.0B 22:1. 70 289.<1 261.4 249.7 268.6 20~,9 344 . .2 .155.0 371}.7 204.5 145.6 SIJ.2 32.2 29.S 

, , 

- - - - - - - - - - - - - - - - - -
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I 

.01 1 

.50 2 0.61 4.7 4.3 8.9 

.67 3 2.2 13.1 10.9 18.6 

.80 5 ~.58 15.2 12.5 21.) 

.90 10 3.62 20.6 16.9 27,'6. 

.96 25 4.72 26.5 21. 5 3t..tl 

.98 50 5.43 30.2 24.4 38.8 

- - - -

·- .... --_._-_.- _._ .. _ .. - . -_ .... ..------------- _. --'-- ------_ .. - .. - -_. - - -- .... . - . 

16.1 

37.9 

43.4 

5.,.7 

72.9 

82.6 

h'larch 
2. 

24.6 

44.9 

50.1 

53.5 

77.8 

86.9 

I\p;d t _ 
.J; .. 2 : . 

~7,3 38.(: 

114.2 59.9 

48.5 65.3 

59.~ 79.1 

'11.4 93. ~J 

78.9 103. tl 

Phonna Nikhom'1954 - 1980 

Jlalf-.m.o~~1.L(15 dayJ HainizLll 

M3Y 
. '1 . ,·2" 

1.7 34.5· 

93.t 135.2 .. 
140.9 189.5 

153.0 203.0 

.184'.4 ·238.0 

217.9 275.4 

239.4 299.2 

MONTHS .• 
June 

1 _ ~ 

13" .29.2. 

137.8 1.15.1 

187.3 160.1 

199.8 171.5 

232.3 2'01.1 

267.0 232.7 

289.2 252.8 

Julj' 
1 .. 2 

12 ... 1' 16_, ~ 

117.7 Jl6.8 

153.9 ]40.9 

186.9 ) 63. 0 

223.2 107.2 

261. 9 ?13.1 

~86.7 229.6 

-
26.1 45 .~ 

] 56. 2 162;2' 

200.9 199.5 

?H.6 235.2 

286.3 27'1.5 

33 /1.1 31 C" 5 

364.6 3~3.3 

Sept. 
1 2. 

·58.4 16.4 

M9.9 95.8 

)89.3.12'3.1 

225.0 147.9 

26<1.3 175.3 

306.3 204.5 

333.1 223.1 

- _ .. iiiii .---. -·-__ -_----iiiiiiii-·-... ·--__ -...... '· --~. 

Oct. 

~ 

lB.:' 

5<1.0 

69.9 

B6:4 

\04.1 

11.5.4 

-

I~ov . 
·1 2 1 2· 

16.4 16.4 

26.t: 22.2 

35.4 35.5 

t1.5.3 50.1 

55.9 65.7 

75.6 

- - -



Table No. 4 

h'aritchaphum 1955 - 198O. ( Inco~pJ.e.t~ lIl:ray) 

Half-monthly (15. day) nairifall 

'0 
0 '. ., HONl'HS .' " • "' . . '0 • ~ .. " " " ,,' ., 
... " reb. t·lar.ell April June July 

\I :l >. Jan. 
Hay -j\}l9· sept. Oct.. Nov., Dec', 

o· " " " r! 1. 7. 1 < . 1 2 l' , 1 2 1 2 1 2 1 .2 1 2 1 2 1 7. 1 2 

o. LJ~' .,.-l . . .. .. 

! 
19:5 

.1 7.Q 6.5 27.8 80.0 jl.4 16·.~ 16 .. 6 17:5 54'.8 15.9 
... 

2 4.7. 4.3 5 ~ 7 13.1. 19.4. 32.6 40.3 55.6 77.6 14 '1. 2 158.6 117.5 100.5 1U.O 152.5 135.5 179 . 4 '16:9 . 3i.3 -27 :9 "" - . 

3 12.2 fl.9 11. 0 13.1 30.7 ~5. 9 51.7 72.5 10~.7 184.2 185.0 155.1 101. 3 11\5.1 199.3 186.4 222.2 9".9 60.0 46.6 

5 19.4 12.9 .l'I • 3 32.2 41.0 58.0 62.1 87.9 129.3 220.6 210.2 109. ? 190.3 17(\.4 2111. 7 24,.2 261. 2 1)6.9 02. l: 63.6 

10 27.4 17.5 U.3 42.2 52."3 71. 3 73.5 104.0 156.4 260.6 237.2 22G,..' 233.1 20G.5 280.5 314.5 303.9 1.37.9 105.6 82.3 

2~1 35.9 22.1} 29.7 52.9 64.4 85.6 85. 7 122.8 185.3 303.3 266.1 266:0 270.0 240.0 33B.4 404.6 349.7 160.3 130.6 102'.3 

50 41. II 25.5 31.8 59.7 72.1 9·1. 6 93 .. 5 134.3 203.8 330.6 204,5 292./1 . 30B.1 262.8 370.2 471. 5 378.9 )74.6 146.6 115.0 

- - - .. - - - - - - - - - - - - - - -
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Method 

Table No.5 

. E'£fect'i v~ Rainfall 

Ii comparison: bf' various Methods 'of Estimating 

EffGctive Rain'fall for the $akon Nakhon Data 

. ' .. 

Month. 

J.cl!L Fe).;'. ·Mar. Ap1. !'1ay. Ju.ne,July·;Mg .. ,-Sept. Oct.-Nov ... Dec. 
. .... . 

.·,.M.e<jll1·.l1on.thlY ~ali1.:(a,il,·:,:.:, .. ·· .. :·S·· .. "14' .·36' 77. 

·Ef·f~c:ti~~:. E~i11'i~il'· .:--.':~' .--.. -- .:·-i':. - ~1:9: -- 2"3 --. 48 
_!.'?-·tio ~_·.,R:.·/~ '~_:' .. · .. ·-: . .-:.-.. ··-.-·:.56·· .. 69·. :~·:)_.· .. :62· 

- .' - . 

-Sim'UJ,a tior'!' t~e thod 

Diversified cropping: 

Mean !1onthly Rainfall' 
.. 

7 21 42 74 

E.ffe·ctive Rai'nt'ail . 7 14 38 61 

Ratio E.R./R 1.0 .67 .90 .82 

Double Paddy Cropping 

t1ean l'lonthly Rainfall 7 21 42 74 

Effective Rainfall 7 2l 41 74 

Ratio E.R./R 1-,0 1:0 .98 1.0 

. ', ... 

. '-,' 
( .-·r'-~;' . , . . -~ - - - -'- -'- - - -

233 243. '209.' ·323· _ 26.3 "61:.' '6. 

i~'2:- -111 :. :1~'-s"<'ici'9-:-: ;i~i:-· 3k.--:'-·s . 
.-s~ .·,Cs·· -:,:si': ~)4 -'. :.~-~<:;·6~:· ,B'o-

, - - . -

225 273 119 . 290 284 70 G 

115. 93 ID::; .. 14"1 11.9 50 5 .. ..' 
.-50 .34 '.53 . .19 .42' .70 LG 

226 273 199 290 284 70 6 

.12,4 1'l0 163 '190 156 58 6 

.55 .51 .82 .66 .. 5.5 ' .83 1.0 

. ... 

.' .. , .' 

... ' ....... -' .. ' 
'. ~ : .' - . . -
, , "'. 

" . - - - -

3 '1 

- 'lI)-
, •. 0:1 -

.1·.9, . 

3 

.3 

1.0 

3 

3 

1.0 

- -



. : . 

'dln~te~~ . .' Jan.' _ . Feb. 
. . . i '2'. '. -J.' 2' 

-"~ . . " '. 

~ 

rrarch 
·1 2 

'. 

Table No: 6 

Effective -Rainfafr for' . 2 and 10' Year 

Return. PSrlod for' i'-5' ciay 'Rain'fall 

(equal to .or .greater 'thali) 'for 

lIpril. 
1 2 

Saken' Nakhel) . . .. 

M9NTIL .. 

. .. "MH 

June. ., .Ju.ty . 
2 . '. '1- . . -2 .' r' - '2 ~ . - -, . 

---.'--:'~:'-.,. .- -. 

; 

'. 

.~U9· 
1 2 

Oct. 
l' 2 

Noy. 
1 2 

DeC • 
1 2 

- . . :". ' .= :..~:-.'. ~:-.,: 

.55 .55 . .-~2. .66.'.66 .. 98 .. 1.00'-\.00. - ~.:cio-- }:u.c 
f ic~ency 
;oor·-', :.-- .-

.'car - 0; ~7 3.57' 6..09 
!.urh 
I'iod : 

yea~ ~.96 15:1 28.9 
I.urn 
dod 

~ld 'Crpps: 

,.foil· 1.00 1.00 .67 
f.l.~iency . 

'ctor 

7.20 

30.6 

.1;7 

.- -. 
13.0 21. 8 33,8 43:4 51.} .76.3 

33.8 50.9 73.4 80.7 95.5 120,0 

.90 .90 .82 .8:/ .50 .50 

year 
. turn 

,97 3.57 4.1 4.8 11.9 19.9 61.5 35.6 46.9 69.4 

-dod 

.. .. 
60:~ 55.6 96:4 75:2 1"00.4 1i2.9 9~.4 52:9 32:5 1rr.3 

110.0 100.5 173.7 132.3 176.5 230.3 163.0 90.1 87.6 55.9 22.2 '-

.34 .53 .49 .42 .42 .70 .70 

45.6 37.:/ 62.3 40.6 74.5 03.9 69.B 40.4 :/7.4 15.4 5.6 

. Year ".6'9 t5-.1. 19.4' 20.5 .3r.1 46.7 60.2 66.1 ~6.9 116.4 73;9.66." .llZ.3. 85.5 lJ3.~ 170.9 124.5 68.8 73.9 47.1 22.2 

'Lurn 
·riod 

. Ruinfal·l-data taken frorn Table No.2 •. . i . 

~. --- !!"""IT' 
. ' "' - - ':"'1 llmr" .. :;:!.~.}~. - - - - -

·lG .• 

. .. 

rm'j" .. -
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, 

. Table No.7 

,A Comparison· 'of Pbtentia·J,· Evapotranspiration. Determination's at. Sa.-kon Nakhon 

.. and UdC;Jl1 'th"ani using Penman, Jensen -' Hals'e; "and" 'I'h·ornth.wai teo Meth~d·s. 

'Locality' . . ". . 
Method. . . 

. , 

,Penman 
.. '. '\. .. *. 

'. Jensen.,.l;li:tis:e .. 
. .. . . . -, . .. ** 
'. :Thornthljait.e . 

Months rum/day 
, 

Jan. l:'eb. Mar. Apl. May June July Aug. Sept: Oct. Nov. Dec. 
. . ." . 

... . - . 
4.G9.9 .. 81 6.53 6.09.5.37 5.48 5'.'06 5.07 5.3'2 4.~70 4.06 

• • • • • .' • • j 

3.50 5.48·6.30 5.55·5.~3 5 .. 09 '4.61' 4.40.4.393.30 2.35 
," .- - . - - . :. :,,: '-:: : '.-. - .' -

, '. 

: .. :: . ' .. 2'.::: Udi))1":!J:haT)i 
'. ' .' 

. ,', :" .' .: . 
.' . 

.. .: ~. 
'.' .':' ~ -: ,' .. 

- -

Penman 
, 

Jens.en-Haise 4.16 5.04 6.03 6.80 6.52 5.90 5.81 .5 .. 5'7 5.10 5.32 '4.67 4.03 

* Hydrological Heport. Mekong Committee, 

** Land Classification Report 
Appendix A. pI' .. 8. Table 

.". -. " ...... ' 

, ' - -- - -

I 

(E.C.1.) vol. 
2 1\.' 

II. 

. '. , 
I • • _, • , 

.. ',' 

- . ~: ...... ::.;., : .. :.,-

, 
. : ·.~,::\~t~; ~:, '.. : . . . . - - - --

... 

- - - - -

. ., 
',' ~"': "-

, . I 

-

http:3-.7_6:3.87
http:5.55-5.13
http:5.48.5.06
http:6.09.5.37
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Sugar 

" st.age 

1 

.2 

2 

2 

3 

3 

3 

4 

4 

5 

5 

H, 

H 

, " 

Table ,No. 8:(a), 
" 

Crop ,Data 

Cane 

Growing Period; 

plan ting . day: 

Effective Gover: 

Effective rooting 

Days 

a 
10 

20 

30 

40 

·50 

60 

70 

80 

90 

100 

120 

151 

181 

212 

243 

273 

304 : 
33.4 

36'S 

': 
, 365 

, 
+ days 

pec;!Jan. 
" ' 

1:00': 'days 
, , 

depth, 
? :. 

, ' , 

, ' 

.... 

: 

" 

': 

" 'J,OO 
, , 
" 
:: ' 

" ... , , 
" . 
'" , 

. 
" ; 

, 
,', 

' , 

' , 

.. 
, 
" 

, , , 

" 
, 
: 

, ", 

, '" ' .. 

cIl) 

0' 
'5 .Time 

: la' 

" 20 

)0 
40· 

50, 

60. 

70 

8.0 ' 

90 

100 

100' 

lOa 
100 

75 

75' 

$0' 

.so 
,20: 

20' 

H =' Drying. 'off: '- pre-'harve:st:i:,ng,.' , 

.. , 
• . t,'. 

:·-.20"_' . , v , 

, ' 

. Kc 

.' 

.46 

,53 

~59 

,67 

'.74 

.80 

,90 

ad ....... ~ 

.965 

1. 00 

l. 04 

1. 0.0 

l. 00 

.75 

,75 

',50 

.50 

.20. 

.20' 

.-

http:Table.No


, , 

£\tnet::~rs' .;J~Tr •. ,Feb.' . . Nn rch 
1 t ). 7., ',1 2 

- . • A, • 

.' -' ," 

. ' ' 
," .. 

;'lffa1.t ':.1;.0:' -1-.. 0- i:.oo-: 1,:.QO· - .~8 .9B 
Clciellcy
:I:or ; . . - --

Table No.6 

Effective Rainfall ,for 

Return Period for" J,.5 'd~Y '~~inf~~l 

~ual to or greater ·than): [or 

.Sakon N~ 

BONTU 
Hl1 .. 

1\pril t-Iny JUI\e 
2' 

.1U];Y. "1\11g. . 

, 1 '. '2',. . .1:':" '1 2 1 2 1 

':,'.-",,":-.>:',',: - . 

1.00 ·l.00 .55 " 

." -:- " . , " ," .. 

. Sept . Oct. 
1 '2 1, 2 

'.55 .B3 .B3 

-onr 
=.urn 
:'iod 

0.97 3.51 :6.0'9' 7.~0 B.O 21.0 ·33.B 4~,4 51c7 .76.3 60,4 ~5.6 96;4 75.2,100.1'11',9 91.4 52.9 32.5 lB.3 

Nov. Dec .. 
1 • 2 1 2 

" " .", ~ ... 
1'.00 1.00-' LaO l..0 

',' . '. 

5.6 

yo,,,: 4.96 15.1 28.9 30.6 
::nrn 

33.0 50.9 73.4 BO.7 95.5 12B.0 110.B 100.5 173.7 132.3 176.5 230.3 163.0 90.1 07.6 55.9 22.2 16. , 

)')00 

'~ld ~crol2E.. 

.tHEa!1 ' l.00 Loq .61 '.67 ' .90 .90 .02 .82 .50 .50 .31 .34 .53. .53 .49 .49 .42 ,42 .70 .70 1.0 1.0 1.00 L( 
f:iojellcy· 
1:l;or 

ypar .97 3.51 4.1 '4.0 11.9 19.9 61. 5 35.6 46.9 69.4 45.6 31.2 62.3 40:6 74.5 83.9 69.8 40.4 27.4 '15,4 S,B 1.:;; 

tt.n:n 
dod 

'{ear 4.69 15'.1 19.4 20.5 31:1 46.7 60:2 66.1 B6.9 116.4 73.9 66.9 112.3 05.5 133.3 170.9 1211.5 60.0 73.9 47.1 .22.2 " 16. ' 
, turn 
·r.lad 

.. 

1t:ii"nfall dilta taken' from'Table Ncr. 2. 

'" . 
, , .. . .. " . .. 

" ,. , ..... -
... 

. ..... .. 
, , 'oot.·~" • " ... ." ~ "/ - - - - - - - - - - - - - - - - - IIIIIi -

http:1.o-*1.00
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Crop Coefficient for Sugar.Cahe 

:.j'~ , 

• >-~"'-,'~;'.;" .- •••••• --.': ••••. , ••• --, 

~,~~:., I'~ ·~,~~~,:·:~:~·,'-;.~:~r\:;·· ",.~.:.'~:< " - - - - - - .... - : '.~. '.~ .. -, - -

.' .. 

. . 

.••• 1 •• 
'. :0.,: 

·N_ 
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II 

. .. ": .. ,,: 
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Sugar, can~' (conti'~ued) 
, ITIT1l7rmrTIIl1lTIIJ 

Kc. 

1. 

, . 8 

• , • -." " " o" 

; . 
" " 

. , , . . ".,':" , ---------
---,'" -, .. - -, -: . .. . . ........ - . 

~'ilJ ,-l~~C I; .:.:: 
• 

· '," 

111111,111111111111111111111' , , 

_ .' 10 

- 0·' · _ rn..: 
, " 

" • I_,~ 

. ;. 

. . ....... "'" ,_. - ." '" .,;, .. , .. . .... - .. 
.' " _.', ... , . 

,~;;!~~i!I~if,~ ) ~:: ~;.. , ". ~. /( ". '" .. "J .:. . • ".' . ...' ... '.' '-' '.' .. - - .. 
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I, 
I 
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I 
I' , , 

I,', , 
'.' . 

I. 

I 
I 
I 

• 

,- . , 

, , 
~: . . , 

,'" ' 

" 
, " 

Tab.l~ ,8b 

" , 
G:rob "Data 

Grotmdnuts 

Growing period 

Planting date' 

Effective cover~, 

, 
, ' , 

'. ,. 
, , 

Effecti:tJe root ins' 'depth' 
, . :,' " 

" . .. ' 

Crop Coefficietlts Kc', 
, ::. 

1. Befor,,? 
, = ~ ~ 

B = 
C ,-

0 = 

% 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

{100% -

:etfecciv¢ C0~~/' ,: ':::., .' L. 
• , I. 

l'.353 

2 :562 

,3532 

. ?12 

Kc. 

.201 

.233 

.300 

.394 

.507 

.603 

.756 

.876 

,983, 

L068: 

SO', .days) 

. ",' :,;. 
.' , 
:" ,'. 

· , · , , ' .. 
" , 

" ' 
.', 

· ' 'Days 

5 

10' 

1,5 

20 

25' 

30 , 
35 

.. , : 40 
' , 45 · , : 

" 50 .. , 
, ' , 

, , · , 
· ." , 

.. .. 
", 

· . . , . 
," . , 

", 

· ; , 

, . ' .. , "'-:.:31 
· . 

, . '., 

100 - 110 days 

Nov,/Dec, - Dec./Jan. 

50 days 

,30 - ,40, cm 

After .eff'ect.ive' cover 
, . , 
A ,==, ',,165' E - 8 

B =:~ :264. E 7 

'C = - j12 E ~ ~ 

D = ],:05 . 

Days 

'50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

110 

~c. 

1.043 

L023 

.986 

:942 

.882 

.809 

.723 

· ,624 

· S:p' 
· '3 8 6 

.247 

' .. 095: 



Coefficient for 

Kt: 
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, .. . .. , . -. _ . 

... -



1 ~, 
I,'·, 
I~ 
I' 
I,; 
IJ 
IJ 
I" 

I · 
I 
I 
I 
I 
I 
I 
I 
I 

Haize (Green C:rop) 

Growing Perio'd: 
l·.Lc.1llL1J~l:.I dC1Lu.~J: 

" 

. ' 

c:rop",D'<i.ta 
~ 

" 

" , 

, 
.', 

8e· 

75 - 90 days 
Nll,,:',/Pt:l l :, , lint'" 1 n~:,'~, 

Effective cover: 45 day after planting 

Effective Rooting'Deptri, 60,-80 em. 

Crop coeftiecient Kc. 

1. Before effective cove):" 2 " After effective cover. 

A = 1. 583 (%) A = ,275E-8 (days) 

B = 2.756 B,= -:- 4688E-7 

C = .4276 C = .01195 
0. 

D = .213 'D = .915 
, . , 

% Kc: days dayG' Kc. 
, , 

, . 
10 .196 0 '45 . : 9 58 

" , 

20 .22-5 5 .' :;0 ' :963 
. ", 

30 .290 10 55 : . 990 

40 .382 15 60 .,998 

50 .490 20 ' ' ' ,65 ' ' . 9 89 

60 . 607 25 70 .967 

70 . 721 30 ' ' 75 .926 

80 .824 35 '80 .877 

90 .907 40 85 .819 

,100 .958 45 915 .754 

(100% = 45 days) 
': 

'. ' 
j, r; ',3~"~-:: 

" 



Crop Co~:f,f~c.ient. for Maize ... 
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I :· .: .. ~\ 

I ~:.~, . 
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I , 

Table, rid" 8d 

Bean (grain) Hung beans 

Growing, pe:dod: 
, , 

c):op.nata 
I 

. . 
I. I, 

, . 
" . 
.' " 

, : 
" 

" j' 

"," , 

Effective' cover': ~"" ,'" ., ..' , 
Effective: Rooting.a:ep~h-:·': . . , } 

.' , 
, " 

35 -; 
, ' , . 

, .' 

80(90 ,days 

l1id January, 

40 days 

40 ';- '60 CIil; 



Crop Coefficient for Beans Fig\lre 7 

Kc 

0" 0 

10 

ow 
.• ,- M_ 

° 0" 
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"~ . 
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Vegetables " 

Grm'ling Period: 

Pianting:' dates: 
, ' 

Effective cover: 

Effective rooting 

Crop coefficients: 

% 

10 

20 

30 

40 

. 50 

, 60 

70 

80 

90 

100 

, ' " 

.' , , ' I. ,'I' , 
I ., ~ , 

Tab1:e No .. : ':8e: 
, ! 'j .' 

, ... . I., ... 

: ciro!.? 'Da.:ta: " 
. ,,7- : 

" .. ., '.' , ., 

. :.. ' ,,' .... ' 
.f· . 

, , , 

." , 
,()O to 90 ,days.' (Use 90) 

, , 
d" '5'" 'd~y-. • -'I ...,.. -- ~ 

depth: 
, " , , 

30 to 60 CillS .. 

• 1 • .,. 

': 

I' , • 

days I 

10 ',' 
'. 0, 

: ',3.0" :, 

~ '40' :: 
, " 

",,' , , 
", . 
" 

,. ~~' '" 

, , 9. 0' , " :' , 
, .. 
, ioo"", " 

", 
, , 

, " 

" 

, , 

" 
, 

'" t-, ',- '31.--
" ' 

d. , , 

.,". 

.l<c 

.30 

.54 

.76 

.. 89 

" .96 
, , 

, '.96 ' 

,,,.9,3 

, .,7"9' 
" ;58, 

, ',.28 



'Crop Coefficient for 
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• I .,'. • 

,Cra!? Q'a,1;.:a' 

~lelons 

Gr<;>wing period: 

Planting dates: 

Effective cover: 

Crop Coefficient 

% 

1'0 

20' 

30 . 

40' 

50 

60 

70 

80' 

90 

100 

10: 

20 

30 

40,: 

50 ' 

60, 

70 

80 

90 

100 

" , 
, . 

" , 

" 
I ,,' 

',Kc . . '\', 
'. :., 

, ' 

:,~'O '::, 

':tf4:' : ,'f: ' 
, '. , 

,: 66" " 
;8'8,5', ' 
, ' ' 

1. 08' ':, 
, ' 

1:-01' 

" 

:.89' 

.. 84, 

'.80 

, ' 

, • , I. I' 

: ' 

" 

" ",,' 
• I •• 

100/128 days 

Dec./Jan. 

50 days 
6,0 to 8 a em. 



'Crop Coefficients· for Melons 

Kc 

1.. 

• I' I 

.2, , 

j' 

'. I" ~ " . '. . ~ 

I 
'I' 

I I' II , 
I 1 I. IIIII!IIIII! 

.' ,,' 'qHL I 
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.0 
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I 
I 
I 
I Rice 

I 
-I, 
. 

1< 
~ . : 

I 
I. 
I 
I 
I 
I' 
I 
11· 
Ie-

.! . " , 

I: 
I 
I 

, , , 

", . 
· " 

Table ,No', '8g 

Crop Data: 

GJ:'ovling Period: 120/130/150 days. 

Planting dates: variable 

Effecitive coveF: " 

Effee~ive rooting depth: 'paddy, 70-'-90 em 

GroW'ing 
.P~ri,od-d2.Ys 

o 
. 15 

30 

45 

" .' , . 
, . 

',' I' 

" , " . 

.. . ' . 
,,' . ',' 

, ' 

" . , .' , 

.. . . 
, 

.'. 

crop 
~act.o~·J .Kc 

b' 
1-.,0'2' 

1;20 

1 .. 32 

'60 lAO 

75 1.35 

90 1.24 

105 1.12 

120 0.95 

, , 
" . ' 

" , 

, , , 

· , 
, : . ". 

. -': 4';1>
.. .-

" , · : 



I 

:~ .. ' 
, ' ~ 

I
, , 

! ," . . . ",. 
, ' 

• 
:. " := 

, ':.:. 
~ " ! 
, " 

I ': 
1 . ~". . t 

: : . ' 

I ,: " " . " 
" ' 

, : . 

.': • " ; , 

• 
I: 

, ' 

I, . : ; ., 
• ., ' 

.. : 
, ' 

, , 

, ' 

, " 

I, 

Percent 
. Time' % 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

" 

I, " : 
. . " . 
. ' ! . 

, " 
, ' , 

:i:able, No:, '8h , 
'" ." , " . 

• • • ' • I " • • '", 

, Factors, fot, Conv.~rt,ihg :120 day:, 

Crop' Coef:,fecienb.s. 'to'i'other cjrovlin'g' petiods' 

of .' 

. ,'. . 
" • I , . ,"', 

',' .".,. 
, . ",. ': 

L~O' da~' " ' 
dav Kc ": " . ... . ". 

12' 

24 

36 

<18 

60 

72 

84 

96 

lOB 

120 

" 

1:!:>? " 

1.12 
, , 

'1..2 'i , , 

: ,L36 , 

1..40 : .. 
1.'38 

,1.'29 

1 ;19.5, ': 
, , 

L09' , , ' 

,.95' I 
, , . 

, " , 

, ' 
" , 

: 

, I' '. 

:' 

, . .' ,'~. 
, , 

',".', ;,' . 
"" . 

, '. I.,' • 

, ' ' 
.',' .~ 

• I • ' ." : 

" I , ' 

, 
'" . .' . 

, , , ., '. . 
I "; •• 

, : , " 

. '.' . 

, , 

, , 

", 

.' -', A2 ,:. 
'. ! • 

, -' 

" , 

" '130' cay', 150 
'day IS", day 

13' 1.05 15 

26' 1.12 30 

39 1.27 45 

52 1.36 60 
L 

55 ' 1. 40 75 

78 1.3,8 90 

91 1.29 105 

104 1.195 ' 120 

117; l.09 135 

'130: .95 150 

, day 
Kc 

1..05 

1'.:12 

1'.27 

1.36 

1.40 
,,1. 38 

1. 29 

1.195 

1. 09' 

.9'5 



Coeffidient for Rice 
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I 
I 
I. 

:. 

TrrJ.gation \'1<ll;er nequj remcnts for pro'posed Cropping pattlHn 

J:.\'J .. Rr ,"1. C.W.R,,'-' nf. •. eff/a 
" " N. • •••••• 

C. ~J:rt • . =>' crop 'ioJn tel" requirement:~ ',: (E t. kt:)' . 
. ne:eff ,;,.' effcct';"ve 'ral.nta.1.f'. ... . . 
.:e· .... 11' I lor iolc'" ----------- - - -

Figure 12·, 

1st- APp):'o~:iInOll:ion 
SDkon Nakhon Base 

- - -
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Table No. 9 (a) 

Irrigati.on Water' R,eC[ui,:rement 

calculati~n He'\:h~dol~gy' . 

crop: Sugar Cane,'(365. clays) Cro[1ping Period: Dece~er to,.DecemOcl:. 
Periods 

.. 7. jl 9 4. 5 6. 
Perfod p. 1 2 . 3 

December January February 
Honl::hs 11 

9'0' . 
,10 20 30 40 50 GO' 70. 80 

Day? a 
_30. .; 40 SO ' .§~ . ,0 80 

._ : - ]V?oti!lg ~l?~':l'i_ 
. d. - gm a 10 20 " .' 

~'" ":'8'6 .. 
: .' .' . ': ".:90 ':94 

. ,. ,97 . . 14 . 
I cr~t!'~CQ~ff ,- __ '.r..o;: - ".4"6 .53 ,59. .67 .. .' 

. '-1;32 1:32· " . '. ~ " 7 
StreSs E'acto'r. Ks 1.,32 1',32 

-3.38 ' j .1e- _·4;1~, .. ~,lS ~~18: 
Pot"ential 'E!'lap; 

. mrn/d"y, .3,25: . 3.25 3.25 3 .3P . - E? 

Ep{ _ 9- (XC.Ks). .65 ,39 .05 ~ 
,. 

Es nun/day ..95 
2.70 3.76 3,"'93 4.06 

2.2~ 2.50 
Ke. n mm/O,lY 1.50 1.72 1.92 

CP· 2'.70 3.76 3: 93 4.0() 
CWR 11m/day 2.45 2,37 2.31 2 ."6 2.50 

Ke. Ep - Es 
.70 

Irr. EffJ ciency ef 
J .. 57 . 4.1 4.B 

EffecC~va'~i~;~ll Rf-mln/day . 97 
, 

5.61 5.,?O 
II'IR nlm/day 3.5 3.39 3.30 3,23 3.57 3.86. 5.37 

1. ~~ .J::" 

.104 .107 • .061 .060 .066 .on .099 
IVIR nm lop.s. .065 .063 

/rai 

. ..... 

, 
r"'- •• -,' - - - - - - - - - - - - -

10 '11 

.March 

100 < 110 

90 .1.00 

·.L'06: ·1.04 

~ 

"4,85 4.05 . 

4.85 5.04 

4.85 5.04 

11.9 19.9 

6.93 6.14 

.128 .114 

- -

'.' 

.'. 

12 13 14· 

Al?ril 

120 130 140 

100 100 100 

1-.:04 _1:'04. .:h.o~.~ ' . 
-
4.85. 5'.35 5,35, .1", 

.- -. .m. -, 
5,04 5.56 5.56 

5.04 5.56 5.56 

61.5 

5.87 3.64 4·.7l 

.109 .671 . 097 

- - - -



• < 

. ' 

-

Crop: 

Period 

Months 

. Day!~ ", 

'nootJ.nq' De-ptl"!.' 
- -crop.- Coeff.-, 

. stress F~c.t.<?r. 

Potent] al Evap. 

r;p(,g':'(Kc.KS) 

}(c. E.p:: 

p' l' '2 '3 

'-'1'1' . . ,liy 
~' {io ,: -., :J:~o' ,:: .' oi 10-

: d~' em 0' •• ° 0 , ioo. ..' ._ 
.Kc,' '. 1;00 . i:oo ' 

.' •••• ' •• 0' __ • • _ 

LaO 

KS' 

Ep mmjday 5.35 4 ;0). 4.01' 

'. Et mm/day 

l{C .. BI? - E:;' 

r-r~-. r:;eficienc:~i 

CI\lR mln/d,!y 5.35 4.81 

0:70 

. 4.(j.~· 

4.81 

0.70 0.70 

Effective Rainfall ltf llun/d~y 35.G .. 

1: .',~ .R. nIR mill/day 5. ~6 3.711 2.99 

, 
nlR IIV'R l.p.s~ ,099 .069 .056 

/rai 

.': 

.. -

-,' ,:.~-----. --,-- .. --.... ~,- ..... ~ ..... -. 

Table No, 9 (b) 

,Irr.:isation \'latcr Reauirement . 

Calculation. f'1~~thddoro9y' 

-Periods 

6, 7 , .. " 

.. ,~., -, .... -, 

. ! .. 

9 . ·10 ' u, '1.2, 

_ -!~ly _ . 

'.lb ... ;"~2ci: '<'?36·.·~, :.2~Q,<". 2,50:.'·~ ':21;9 
. - - . 

1;00 ... 75~ 
, 

.75'- ' 
- '-. -

'c:ZS' .75. '. '.75 

).3 

. l\Ug\lS t 

'no " 
!. -

100 

,1.00 
' .. , -. . - .' .. -

'-' 

"' 
4.61 4.4'7 ' . 4.47 4.47 4.43 4',4:; 4.43 3'.97', 3,97 3.97 

~ 

4.47 3.35. 3.32 ).32 3.32 • 2 ~98 2.98 2.90 
4.81 4.47, 

0.70 '0.70 ' 0 .io '. Q,70' 0 .• 70' -0.-:;0' '0.70 0.70 
0.70 0,.7.0 . 

69.t. 45'.6 :l7.2 62.3 ';)8,ll 74.5. !lJ .9 

2.24 3.35 3.63 2.03 0.'58. 1.04 1.42 ~ 

,042 .062 .067 . 030 .011 . .019 .026 

. . ' ~ . '. .. - ',' . 

-

.• 
' .. :' -' 

........ 

. 

-



" 

-

Crop; sugar C~ne (365 days) Cropping Period: 

pe;-iod 

li~1:hS~ - . 

. p 1 

Day.!"· , 

Ro6ti-;19 1!~Dth 
CrC5;f "Co6.ff~. 

Sl;ra.sr,: Pactor 

potentiill l:~vap. . .. 
cp(.9-iKC.KS) 

Reo Cp. 

Il 

D 

? - eM 
Kc 

Ks 

";WD 

150. 

Ep rum/day 3. "19' 

Es nun/day 

Et lnln/day 

Kc .. Et' :- i!:f,i Clom rnm/~aYl·89 

Irr.' 'Li: flciency . ef 69.8 

,Effe.ct'ivo. Hainf ... ll p.f rom/clay 

I,'I1.?· nIR nunl cl Q Y 

* 
INR lHIt lop.5. 

/rai 

- - - - -

2 ;j ; 

sepl:Olliber 

2PO' JOO' 

'-
_ ...50 .sq 

3.79 3.79 

1.89 1.09 

40.4 

- -

Table No. 9(0) 

-Irrigation Hate}.", Requl;Xemeht". 

C~lculation·~dol09r 

December to December 

. 5 . 6. "J 7 

October .November 

-. '. 

.20 ' •. 20 .20 • 20 .20 . 

4.24 4.24 4 :24 3.76 3.76 

~ 

. -
0.B5 0.85 0.B5 0.75 0.75 

27.4 15:.4 .- S.6 

.7 

.214 1.07 1.07 

.004 .020 .020 

.' 

- , , - - - - -

_ ..... -.-_ .. --'- '-:' ... 

. 9 10 li 12 , 1.3 

December 

. -' 
. - .~: .' - I.' . 

.20 
'-

J.71; 3.25 3.,25 3.25 

0.75 

" 

1.07 

.020 

- - - - - -



-

. -... __ ... _ .. _. ---- ~-,.- _ ..... ---- .. 

Table Ne.10 

Irrigation ~}.:l.ter Requirement 

\.alculation H~tho!lologx. 

Cl:OP: Groundnuts (Dl:Y season) 
cropping pe:dod: December to· ):')pril 

periods 

p . ·1 2 
period 
.. ' .-

- '~I~; :' ·.oqc;mbe.~· 

Day!} 

~qti~~ Depth 

Crop coef! .. 

stresS l~ilctor 

potential Bvap. 

Ep(',9-(Kc,l{S) 

Ke. Ep. 

D 10 
, 

d . em- 10 

·}(C .23 

Ks 1',32 

r;p mm/dily 3.25 

F.s mnl/da}, 1.94 

Et nun/day .75 

Kc. Ep ... Es om iron/day- ? ~9' 

!rr. E([iciency er 
Effective 'Roinfa~l Rf n~/dDY 

r .'LR. 

, , " - - -

nlR [tl.'n/day 

IWR lop.s. 
/ral 

-, -

0.51 

5,27 , 

-

20· 

'15 
.. . 

,39 

]..3:i . 

3..2:)" 

1.25 

1.27 

' i:5i 

0.51· 

'1.9-1 

.092 

-

~ ~ 

.' 

30 40 

20 jp 
. 

',60 .88 

1:32 

3.25 3.38 

.35 

1.95 

7. .3~ 2,97 

0.51 0.51 

.97 

4.51 5.24 

.097 

- -

'5 6 7 8 9 . 10 . '. 

Ja.nu~l::Y· 
Fc~r-;.ua:t'-y . -

~QO: --'}>O 
. , 

50· GO' 70 ~O 

40 40 40 ~o- 40 
. ,!lO 

i,07 .99 .88 . 72 .- ... ·51 ' .. 25 

~ 

3.38 3.38 4.19 4.1e 4.18 4.a5 

3'.67.' 3.35. 3".68 3.01 2.13 ~.21 

0.51 0.51 0.51 0.51 0.51 0.51 

3.57 4.1 4.8 -11.9 

7.09 6.57 7.22 5.90 1.10 2.37 

.132 .122 .131 .).09 .077 .04.4 

- - - - - -

" 
j. 

'11 ~2- 1'. 
__ M{1..t:9h l'\pr.il 

'lrO' 

4.0: -, 

-.J.D . 

1.85 

.~9 -. 

0.51 0.51 

19.9 

.96 

~O] 8 

- -

'0 

-

, N 

'" 
I . 

-



. . ._ .... - --. -~- -- . -:;--

"Table No: 11_ . 

. !rri~ati~n. v!a~te~ Requirement 

Caltulat-ioil Met·~lo.?Ology 

Crop; Paize, Gre.en (1) Cropping .period December~·.t;o January 

RaInfa"ll Return period: 2 "l'.ctars (P '" .50) 
P~riod • 

·:[ll\MNr;'rl~ns 
II 9 10 11 12 "13 H 

3 4 5 6 7 
.. Period:' p. ; l ? 

!'tllJ,UD,J;¥' . _ '~e)~~uary . March 
. /- • !I,!i\!:h.~ - ,: " fl. 

. :j~ - - , - -. - - . , 
.20 ~30 .;~ • ~o :70 .80 .90 .10 '- -

.Day?'" D ~ 10 

'55 .'5 aD -- ao 00 . ?o 06 -ROqtillg- beI?~h d <'}ll' 20 40 r 
Crop -toef:l. 'Kc .29 .49 .72 • 91 -.96 -1-.1)0 •. ~7" .OB· .-75 .- . M- . 

"' 
Sttoss FacLor 1<5 1.32 J..32 ):.32 1..32 '-

potential E;vap. Ep nun/day 3.30' J.38 3.3B .4 .1B 4.10 4.1.8 4. .65 4.B5 4.85 5.35 

Ep(~9-(Kc~Ks) Es mmJday 1.75 .86 ~ 

81::. min/day .9B 1.66 2.43 3.BO 4.01 4.10 4.70 4.2B 3.64 
Ke. Ep. 

~;p. :- ~Es. CNR mm/day 2.73 2·.52 2.43 3.·BO . . 4.01 4.1B . 4.70 4.'28. 3.64 
Kc. 

r:.ffici.ency ef .65 .65 .65 .65 .65 :65' .65 .65 .65 .65 
~rr. 

E:CfectivEl Rainfall Rf mm/day .97 3 .. 57 4.1 '4. B 11.9 J.9.9 

or. 'd.R. . IWR ITUII/ day 4.20 3. BB 3.74 5.B5 6.17 6.43 7.23 6.5B 4.27 

• .069 •• 10B .114 .119 .. 133 .122 .079 
INR It'1R 1.p'.5. .078 .072 

/rai 

J' .• ..,..., r - - - - - - - - - - - - - - - - - - -



-

Crop: Milizc, Gre.en (2) Cropping Por.iod: 
RaillJ:~ll Return Period: 2 ye~rs (P = 

period '1 

l::Oll til,,; 

[)l,Y!; II 10 

1.Qot.tl1g D<:!PLh d em 20 

Crop Coer!. }~C- .29 

Stres:; Fllclor Ks 1.32 

PoLcnttill I~vap. i:!? mIn/day 3.25 

Ep(.')-{r~C.Ks) r:s mlll/duY 1.GB 

Kc. r: p. t': I: tt'Jn/?ay ,91\ 

Xc. ;::;;> - ~!i C~}R mm7o~1r 2.62 

Itr. r:fl~ciency or 
r:ffecl·l.vG 1~ .. 1lnlull RE rom/day 

1 ... ·1 r: 

• 
IHR 1. P . 5. .075 

/1:ai 

- - - - -

2 J 

. ' DQ!eemb-e:r 

20 . 30 

40 

.72 

1.32 1.32 

.02 

1. 59 

2.41 

.65 

3. 'Jl 

• Oo?· 

-

3.2S 

2.34 

2.34 

15.4 

2.51 

. 046 

-

--_._---'--_._--_. 

Table tlo. 1.2 __ 

Ir~~~on 'vate!....l~e9ui.rcl~nt 

Calculation t1etl10dology 

January to ~~ril 
.5) . " 

40 

75 

:91 

3.38 

3.08 

'3,00 

.97 

4.74 

.088 . 

5 6 

.. 
_J?-~u~r~ 

• 50 6Q . 

80 SO 

.96 1. 00 -

~ 

3.30 

3.24 3.30 

3.24 . 3.38 

.65· 

3.57 

S.06 5.20 

, 094 . ,096 

7 

70 

80 
.97 

4.18 

4.06 

.4.06 

4.1 

().25 

. 116 

Per:iads' 

o 

BO 

.80 

3.68 

l. 68 

6" . , 
4.8 

5.66 

.105 . 

9 

00 

.7 S-

4.10 

3.14 

3.14 

4.83 

.089 

----_. --'--''''-.-- - -'.". 

10 11 12 

4.05 

11.9 

- - - - ... - - - -

13 J'l 

-' 

- -



0 

mill/day 

mm/day 

mill/clay 

llun/dllY 

mm/G-'I.)' 
.1 l. 

mm/dny 
12 

l.p.5, 
/l3 ra.i. 

-

" 

'~'r w_. ______ ---:-... ---- ---_ .. _ .. _---_. 

'l'i\ble No. 13 ------
I:rriga.t'j on ~')ater RcqllirclI\cnt 

Calculation Bcthod~ 

Crop: Beans, Nung C.\:'"oppin9 reriod: JanU3l;Y to Harch' 

- Pl\Hl\ME'rERS 
. P,~riod') 

r'c):,l.od p . 1 • 3 4 5 6 '-) 8 9 10 

t1o-ntirs • -;1" " Jilr\uary F-ebrua.ry Mardi 

OilY!.! D ~O ?O 30: ~O 5'0. 60 70 BO 90-' 

iloql:l.og De.n..th, d JO 20 30 ~O 60 60 60 60 60 em .-
Croj/ Cae f (. Kc .27 .46 .71 .90 1.00 .99 .07 .69 .<1[) 

Stre'>s l,',lctor Kc; 1. 32 1. 32 1. 32 

i.'otentj ,)1 Evap. Ep mm/day 3.30 3.30 3.38 ~ .10 ~.18 ~.18 4.05 4_85 4.85 

IIp(.9-(Ke.Ks) Es mm/day 1. 84 .99 

Ke. \':11' Ilt rr~l\/du'.l .91 1.55 

Ke, Ep - 2s COR rr.m/Jt1 y 2" .75 c.54 .,39 3. i6 4.10 4.14 ~ 4.22 3.35 2.3) 

Irr. E:rfjc~cncy e[ O.5l 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0,5) 

Efl'ectt',lO R.:1 in f i:ll 1 Itt JrJll/<.l.J.Y .97 J.37 4.1 4.8 11.9 19.9 

• 
l,',:. R. IHR JI'm/aay 5,39 4.98 ·1.69 7.37 8.19 8.12 8.27 5.51 3.2.1 

, 
. 152 .150 . , .153 .102 .0CiO ]liR INn 1.p.s. .099 .092 .087 .137 

Irai 

- - - - - - - - - - - - -

11 12 13 l~ 

,n 
,n 

-

- - - -



_.-------------
.-

. Irh ~_tion ~·I('l.te.~ pe9....~ir:enlenL 
C.)l culatl on ,,~c thodolo.l,J)' 

CTDP: 
Cropping Pnriod: January to Harch 

.7 _ 1 2 3 -, 5 6 
Pez:) oc p - - --. 
I'!oaths· '[.1 January rebruar.y 

30 ~O 50 60 70 
I) 10 20 Dr1)'" 

60 GO 30 -,0 '60 
P.ooU n'J Depth d em 10 20 

.76 .09 .96 .96 .93 
Cae C[. Kc .3() .5r1 crop 

rilc.:ttlr ,5 1.32 1. 32 - ,. 
,SLri!!':'; 

3_30 4.10 1l.10 -1.18 4.95 
mm/r1ay l'o::t:!nL~<\l EV8,P . Ep :nm/dr.y 3. 3B 3.39 

m,'";'l/tiay gp(.9-0:c.}~s) F.s Inln/dC\1" 1. 70 .63 

l,~m/d.:\y Kc. et l:Jn(<lay 1.01 J .133 p. 
4.66 

2. '57 3.72 4.01 4.01 
m,n/~~i.lY K::;, Ep - F:s CI·m mm/dilY 2.71 1'.113 

.5]. .51 
r::Cfid c:)cy or .51 .51 .51 .51 .51 

ll"r. 

m'l\jaa y Ct:t'ectlvo !1.!).ln[i;\ll R[ m ... r:./dil.Y .97 3.57 4.1 4. B 

tL 
7.06 9.14 

IHR 1I1m/da:!, 5.31 '1.76 5.01 7.29 7.06 
h\;;I/l1c.lY 1,'.1. H. 

12 • :135 .140 .146 _169 
Ji'1R 1.p. il. 0.90 :000 .093 

l.p. s. nm 
/13 1.' ell. 

/'l:ai 

,' ... ' - - - - - - - - .. - - -

-_.- .-------. 

P!!rlods' 

: .8 9 10 11 12 13 l~ 

March 

80 90 

.6.0 60 ,. 

.79 ,50 .--I.C' ", , 
4.95 ,1.5£1 

3.1n 7 :81 

.5L .51 

U.9 19.9 

6 45 '1.1 B, 

.120 .0'/0 

.. - - - - - -



Cl:OP: 

l?er.{ocl ? '1: . 

Nonth., H 

Doj."; D 10 

1"-0°1;; n9 D('pth a em to 

crop Coc ff. Kc .30 

Stres'; i'i"lctOr. Ks J. 32 

l'ot'ml i ~l i'"l;;), lOp mm/(lay 3.25 

j~p(.9-(Kc.Ksl Es mm/day 1.64 

J<c. 1::11 . l!:t m.:niciay. '.9'0 

Kc. 'bi? - r:'; CNR mm/d,'y2.62 

r rX''- r:~r) ,;:l e:1Cj' ef '0.51 

E(fecll'!O j\,l'-nfall Rf nUll/dill' -
1 '.-l.R. HIR n':,'n/dayS.ltJ 

, 
I.l,'R It~R l.p.s. .095 

/rai 

- - - - -

------_. __ .--
'r~ble No. ~5 

Irrl.gation ~'}ater nequj r~mc!'t 

Calculation H~ thocJolo.2\o· 

Cropping Period: December to March 

2. 

Oecemln!r 

20 
20 

,114 

1.-32 

3.25 

1. O~ 

1.43 . 

2./17 

0.5\ 

.1 ,134 

0.89 

3' 

30 

30 

.66 

1.32 

3.25 

.09 

2.I5 

2.24 

0:5J 

4.39 

.08l 

40 

40 

.09 

3.38 

3.01 

O. S1 

.97 

5.90 

• 109 

·5 6 .) 

JC:l.li~ary 

50 60 70 

60 60 ·60 

1.00 1.01' .94 

3.38 3.38 4.W 

3,36 3.n 3.93 

O.5~ 0, Sl 0.51 

3.57 4.1 

6.63 6.69 ').7.1 

,123 . .124 .143 

.... 

peri.od.s 

8 9 

f'cbl:uary 

80 g'O. 

- 60 .60 

.89 .84 

4 .. 18 

3.72 3.51 

0.51 0.5). 

4.0 

7.29 6.80 

.135 .120 

B 11 

MaiCin 

100 HO 

.60 __ GO 

.8'0 .75 

4.85 4,05 

3.BB 3.64 

0,51 0.51 

11. 9 19.9 

7.61 6.0B 

.Hl .113 

- - - - - _.- - - -

12 lJ 14 

,-
,n 

" 

- - -



---- .-~--.----'--

Crop: Rice, Dry season, 130 days 

1.. Hontr. 

~: Day.s 

J. Potential Evap. 

,1. crop factor 

5. Losses 

6. Effective Rainfall 

7. C.N.H. - Hf 

8. 

'J • 

10. rrr. Efficiency 

11. rrr. Nater Reg. 
12. Irr. (\Teter naC]. 

- - - -

Parameters 

-

Ep nim/d 
lIe 

p 

Rf 

Hi 

Ii 

Ai/A 
e[ 1, 

I.N. H. rtun/d 

I.IV.R. Ips/ra 

r - -

'j'ablE! No. 16 

Irr iga tion \'la tar RequLrement 

Calculation Hethoc101o.;iz. . 

Cropping Period! 

DeCember .;rahuary , February 

15 30 "5. 15 30 45 

3.25 3: 25 3.38 3'.30 4.10 4'.18 

1.'0 1.0 1.0 1. 06 1.17 1. 31 

3,0 3.0 3.0 3.0 3.0 3.0 

.97 3.57 6.09 7.2 

6.25 6.25 6.38 6.58 7.89 8.48 

6.7.6. 8.70' 10:94 

.25 .5 .75 1 1 1 

0.77 0.7? 0.77 0.;77 0.77 0,77 

8.78 11.30 14.21 0.55 10.25 11.01 

.163 .209 .263 .153 .189 .204 

- - - - - -

--...... -:.-----.-.~--

Pedod 

MC!rch I\Hil 1:lay 
60 75 9'0 - 105 120 1"35 

4,"85 4.85 -5-,35 5·,35 4 .. 81 4. OJ 

1,40 1. 36 1 .. 25 1.12 1. 06 • 9 ~ 

3.0 J.O 3.0 3.0 3.0 3.0 

.13.0 21. 0 33.8 43.4 5] .7 76.3 

8.92 8.14 7.43 6.09 <1.65 2.3 1 

-. 
1 1 1 1 1 1 

0 .• 7? 0,77 0.77 0.77 0.77 0.7 

n.S8 9.12 7.40 5.02 2.59 

.215 .169 .137 .093 .048 

- - - - - -



--"------'-,---

Crop: Rice, Local Giutinous (IS0.days) 

)?a~:amct~r;5 

-i: , i-10J1th 

i: Oay-.s 

3'. _ Po ~en ti.C\)" )!:y:ap. Ep mrn/d 

1- Crop [actor 1<c 
, . ,. 1?erculatlon Losses P min/d 

• 
6. t'[[ecti.ve Rainfall I," mm/d 

7. C. 1'1.1<. RE Ni 

8. Ii 

9'. Ai/A 

J.D. c£ LLciency ee 1, 

n. In:: . 1\\1 t.el." Req. I. 1'1: R. Il'Im/d 

12. Irl'. h'« tar Reg. I.I'I. R. lps/ra 

- - - - - -

Table No, 17 

Irrigation Nater, ~equ'it'em_ent 

Calcula ti"on Me thodo 1ogl'. 

Cropping Period: April·q:o; November' 

p'erio~l 

-Apr:il.:_· : : 'M.ay - '. , - , _ .i-une - ... : ~."J-• . 'July: AU9USt::. Sel~ t:.eJnber 

J.~' 30' , -<f? 15 _ ,;30 ., 45,' ;60 75 ' ' 90 ·105 ,120 - , 
5,35. li.Sl. 4.8+,' '4.47 '4.:4,7 4,43 4;B' 3.9'1: 3.9'1 "3.79' 3.79 

" , 
1.0, , 1.0 La'" 41.05 1',12 1.27- ,i.-3G 1.40',1.3B .1.29. 1.195 

3.6 3. O· 3.0 ,1.0·,' 1'.0 . 1.0 1. O~ 1.0 - 1.0'. ,1.0 1.0 

- 43.4 51. 7 76.3 \ 60. tl .55: 6 %,4,' 75:2.100.4 H2.9' 91.4 52.9' 

5. !lG' . <1. 36 2,72:,1:67 2~30 .199 2,_ 01 2.00 

6.45 14.13,19.88 

.33' .67 -1.0, ' ~ 1-. --
0.77, ,0.77 0.77 0.77 ' 0.77 ,O,7? 0.77. -
0.38 1B.35 25.8~ 2:16" 2:99' ',: .26 2,63, 2,60 

.155', .339 :478 : 040 . ~OSS· " 005 ... ,05 /040 

,: 

, .. 

Oft"obei: 

.' 135 150 

4: 24 4,24 

J .. 09 .95' 

1.0 1. 0' 

32.5 18.3 

3.45 

~.49 3.01 

.003 .071 

- - - - - - - - -

---- -------.;..-

_ ':toyer~lber 

' ~ 

j.76 3, . .76 

-
1.0 1.0 

5.6 

" 

- -
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l'.ppendix l' 

Calculation. of Irriga-cion y:ate:u 'Re-auirements for Initiating thl$ ,- . 
R:lCe Crop 

, . 

:1. Basic Equation (1) 

Ii 

·where 

Mi 

Ai 

s 

Ai 

A 

A 

, ·GAi':'Ai-.l , ., 
+ ,'. ·L. "A 

x 
-i"i~ 

l-e -: . 
Uc./s 

x Hi ---

= C.~...J.Rw - Rr for interval Ii, in mill/day . , 

= 

= 

= 

Proportional area ·tp be 'initiated in period lit. 

incremental perioQ. of total time T, to. complete 

establishment of rice (.'soaking 1 land preparation 

and transplanting) 
, 

depth of water req!-lired. for pre-soaking, land 

preparation and. e~ta~li~hing initial \.;ater layer, 

in TIiffi. 

= proporc.ion of total ~rea A, to be prepared in lit. 

= Total area to be prepa:red ,:,sually taken as unity 

(A = , n' 
..L. U J • 

(All dimension ta,keh' ip mm per day)". 
I ,,, 

2. Calcula1:on for Dry Season. Ric;e. crop " 13·0 day period. 
,. 

1. Pre-saturation water 
. ',-

req~ir.eme.nt . 

v = d X P (1 ro./lOO) 

100 

-'a -

, 
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Porosity 

v 
c1 

satura~ion :701lune . .,. nun 
, 

c~epth to .be s'atutated, 

p - porosity, percent 

!nffi 

m ~ dry soil moisture content, 

-~ 38 .. 75% 

Moisture content of dry soil' = 30% 

, Depth to be saturated 

V = 500 x 
::::: 500 wm 

38 :75 (1,- '30/100) 

100 

= 135.6 rnrn Say' 140 !!L'U 

percent. 

2. Providing, for Hater 'layer ,after presaturation say lQO mm. 

3. Therefore, S, Hill be 

pre - saturation, 

land prep~ration 

losses 

, , 

s = 

4. Ti~e for land preparatio~ 

T = 45 days, fo~ 

140 rom 
1,00 !lIlu 

'10 H1..fl\ 

250 . rrun 

45/4 = 

5. The value of Lv1i for ~ach' ,15 ,day interval is 

Hi = Ri/LS 

vlhere I 

, 
Ep = Potential evaportranspiration for the 

mm/day 

Kc '" periodic crop Cq'effic,ien t_ 

l? = losses, 1 ,U,' pe r~ o._a ..... 1.011. and seepag~' 

-'S -

11.25 days, 

!?eriod r 

http:each'.15


I 
I. RillS 

. , 
== effective rain=ali·!or rice (see Ta:;le 6) 

for 15 cay periods t.,aken f:r-om Table 2. 

I " 
(The se values have been t.abula ted in Table 16 and" 1 7 ) 

I 
I 

H_ '" Dec. , 15 clays. n '" 6.25 K,m/day 

J. 

t"l2 '" Dec. 30 day,s,{ . .N = 6.25 " , 

M3 '" Jan. 45 days' : r~t '" 6.38 " , 

I M l! - Jan. 60 days " N '" 6·: 5'8 " , 

6 . ~:cial ca:...cu:...;::,tions usinS 4' inter".rals for Ai (POl: 1 ~ '1,2',3(4) 
, ' 

I 
I 
I ... 
I 
I 

i 1 Al = ?-
~ __ ..=l > '" 1, . 

.- , .-~ .r~ .. U'-l. ., ~ 

i 21 A2 = 5" Ai-l· '" 0 
• v 

i = 3, A2 = .75' 
• 

i = 4 , . P-. 4 = 1. 00 

H!s = .1l.2 S /250 = 0:045 

i Mi -t-~i. A tiS 
-x 1-e -x 

x = e 

1 6.25 - :28,13' .7549 .. 2452 

2 6.25 -.2813, .7549 .2.452 

3 6.38 -.2·G71 .7504 .2'49.6 

4 6.58 -.296'1, .7437. .2563 

I " Using basid.equation (II 

I Al-l' '" 0, Al,O 
; .25 -, 

I 
p. . l' 

I 
I 12 = r·~5 X 6. 25l:~'r:.· 5 

- .25) x. 6 ?5/ ?d~;l '" 7.93 

1 
.- '-'~J 

I 
I 
I 

13 '" E~o X 

I, = P;5 X 
<, 

+' 6.38J: t':75:- .. 5) X' 6.33/. 24 96J == 9.58 

6.58.1: f,(l.?, - .7S)X ·6.S8/.256il ~H.35 
...J .. L 1 J 

c -
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7. 

'llherefore £C)r I 

Al ~ 0.25 I . 6.37 . mln/day 1 

A2 = 0.50 12 = 7;93 rcun/day 

A3 = 0.75. 12 = 9.58 . mm/day. 

A4 .- 1. 00 1 4, '" i1.35 nun/day. 

.. 
Note that the field prepara~ion period I ·is devided into 

n equal parts, T = n ~t. 

HOI'lever, these I values . !;lave 'been adj listed 'for the three 

15 days 

and 17, 

115 = 

130 = 

145 = 

periods to fit the ·c·alculation procedure in Tables 16 
I 

for 130 day d.ce. 

6.7.6 rom/day; 
" 

8.70 HlJ.-n/day 

lO~94 "'--n/day 

This trial calculation ~oi 130 day dry season is acceptable. 

Trial Calculation for 
, . 
150'd~y wet seaso~. rice. . . _. 

Use previous methodology for': (6) .' 

A. 
l.. 

i = 1, 2·, ~. 

tt = 15 days for '): .. = 4.5 days 
,~ , 

,n = 3 = i 

i = 1 Al = 0,33 

i = 2 A2 = 0.66 

1: = 3 A3 = 1'.00 

and A, - 1 = 0 , = ,1.00 
1. "-

litiS = '15/250 = , rum/day 

Data from Table . . . . . .. 

" = April, 15 days 1"'1 = 5.46 "1 
M2 = 1-lay 30 c~ays ~1' = 4.36 

C-1
3 = t--1a:y ;:;5 days. 'i."1 = 2.72 

- ,c. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

i ~1i x = - ~li 6t/S 
-x 

e 

1 5. '\6 - .3276 .7201 

2 4.36 - .2'6,16 .7698 
, 

3 2.72 - .1632 .8494 

using the pLevious equation. 

11 [ 0 l + l33 
v 5.:;6/,,2'793 J ~ 

= ~ 

12 = [33 X 4.3.§] + [ • Q'7 X 4'.36/:23021 '" ~ 

!3 -, [67 X ,2. 72J + [1.00 X 2~ 72/:1506J -

Tr:.e:::efo::ce '. ';;"yo .................. , 

Al = 0.33 II = 6 .. 45 m.rn/day 

A2 = 0,67 12 = 14:13 " 

A3 = 1. 00 I ' ,1,9,. B8 " 
3 

~ 

" 

- e -

l-e 
-x 

.2793 

.2302 

.1506 

:6.45 

14.13 

19.88, 
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