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1, 1Introduction: :

This Technical Note 6 has been developed as a means of
%SSiSLlPG the design and installatidn of.a wate*.cu71verv system
ftor the Lam M¥am Oon .Integratsd Rural Devalopment project. The

"water delivery systen" means, in this ceontext,

Phrase

'A method for allocating water to tertiary akeas along a

main canal ‘into seconda*v canal* an
the dam site into the naln canal a
that the water reaches thé, diversion poin
voluae suf;1c1en*

d diverting water from

at the correct times so
ints in time and

to enablg Lgxﬁgr‘s to start the irrigation

cycle’
' A "water delivery system' as define@ above has three principal
! Pc.l‘tS. ' ) ‘
: "" - . N 1 ‘ ! L] I‘I
a. 2Analysis of climatic datanu

b.

i.

ii.

iv.

’ ';! .
rmine pOt¢“L1al eVdDOLran pi¥ration, using bﬁe

cte
‘ennan Method on daity . nas~s for a pexiod of at
E’. 2v wears 0: ‘rc\r\n'rd.

I =

e "“J w}

U‘
fl‘

Develop a predxctlve p:ocsau for. esﬁﬁmating
avaootrans“ﬁrathn for: threp to five deys in
advance of time (this daj pius threé to five days)-.
Rainfall analys is on a daily basis
between rainfalls. '

Develop OreGlClee procacu*es for rainfall similar
to {ii) above foxr evapotrandpiraticn.

Crop Factors and Irriqation Water Reguirements:

i.

ii.

. 1
Use existing crop coefficients (Ko, based on
calculating growth clurves of a number of crops
and using a polynomial equation) initially.
However, these shouldi be Forrectea later - as
re:ernnced to -local -conditions; and Operations
Research programs, (ror places llke P]LOt Area 2
at Lam Nam Oon) should start.to collect such local
data verv early in the expansion of new irrigated

"‘L‘lt.l\futlono R ,

! [
ll'

Calculate-sLaae bv~ age crop wﬂter rbqulrements .as
the growing season p?ocrpsaes. The .various efficiency
factors, CODvey;“CE, @lVeTSlOn, flCld -applicaticns
efficiency can he appl 3ed‘uo.area_spec1hlc conditions.



1 ' .
By . une foregoing meané,'the periodic irrigation
Water' Requixemequs are Obtalnad and it is
possible to ca1CLLaLe aﬁe timing and voluhe of
water diversions Lrom a dam or othexr, structures
"downstraam' from a. Qam.. ’

oy
i_l-
=

c. The Conveyance System;

"i. The rate - or sbeed‘ -thaL water moves down the
mawﬁ caﬂa1s, the seconda:y canals, ‘and into the
tertiary areas has'tobe calculated in-relation to
tima. The differsance betwasn the calculatead
conveyance rates and the actual conveyance ratas
is known as the "lag time!. " This "lag time" also
takes into account tne ‘wmaintenance conditions of
the canals including: edlnen;s accumulated, broken
structiGres, leakages, Lmrmar—bu1lL constructions
like foot-bridges, etc:. RBecurate calculaticn of
the "lag time" is important.. In the first instance,
it can be estimatéd from design drawings; but it is
essential to.start a prOgram of measurements early
so that actuzl "lag kime™, and rates of conveyance

are known.

ii. REGLlathH of tne‘varlous control structures is
crucial because. the. Lam Mam Oon system 'is a "head : |
over the outlet" operatlon througn means of Constant

ead Orifices [CHOMS$).-" This is di rent fro
‘even Elow' svstems and asg such demanas verj
;Horough training ana CHSCLp ine of -Zonemen, water |
jasters, and Head, Gate‘OPerators. Instant and ‘
steady means of communicatilon between 'such personnel
and those settlndirwrrates of - flow must be a fzature
of ' the Lam Mam Oon system.

Technical Nohe'6 relates, in Dar ‘icular, to parus(a)and(b)as
sketched above. This Note provides uﬂ—dgten and essehtial 'first-

cut'! data drawn from raln;all,anqusls specific to the aresa.

‘Similarxly, it does the same for Crop Coefficients, Irrigation

‘Efficiencies, and'Field Crop Water'Requirements;

.
.

I't wust be understoocd, Lhouah that all OL these data are

‘drawn £rom what is past, what is des;gned and what general

facts related to the area signal.  'None *are substitutes for a
continuing effort, which every 'irrigation system .should have,
o collect current data showing 'real' conditions and applying
that data to the management of the 'water delivery system'
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‘ de ve1obmenu and applicatica o
CONPUte?—b asad te livery sysiem' management cechnigus
provides a great opbort nlty for generally improving irxw ragal i
efficiencies. In the pasit, manual systams of WEHQQDNEWL .have
been the only means of handl ing, all tne conDleK raccors.
Genérally, the manual operation requlras such great application
of staff attention and maﬂacemenb-atteﬁtlon that little is done
to collect and use up-dated- daca.. Hence, manually operatad
sysLems are often managed" with:* ccnerallsod data that maw be .
five to ten years out of date!. A mikro- computer-based system, -
1f prooﬁrlw programmad and operated can radically redica

micro-

n

In this connection, the
|
er

m $
rTm Fh

Cn

manaqeﬂenL time reguire ehts;f.Iu Lurq, this can -allow more.
‘time to be devoted .to makipg carta*ﬁ Lhab chra data usgd *to
- manage the system ﬂs current as well as sc entifically predictive.
2. Approacn--used in Technical YOL»J#G
In this paper, as shown in tbe':cco Daﬂylng Tao+es, the Irrig-

ation Water Requirements have bean Ealculated for various cL0psgr0wl
on the soils of theé Lam. Nam Oon prolect These calculations are
based on the Denman method fox'estimating potential eventual
evanot*anSOLEatlen. In this conneﬁt1on, the mean monthl 1y V&‘ues
used are based on 25.years of 011matlc qata recorded at the Sakon
Naxhon meteorological station.’

It should be-noted, parenthetically -here, that these calcul-

‘ations of maximum wakter rcqulrcments for a range 'of crops have been

applied by LBIT and RID when designing the watér delivery and

‘drainage systems in Pilot Area, 2 at,Lam Nam Oon. This is

commonly known .as the "Lam Nam Oon mé&ei.

During the period from 'QGB Q 1974 Engineexing bonsaltanus,

_inc. (ECI) an American firm ba séd in' Denver, Colorado completed
-a numper of stu ies. in the Lam’ Nam ‘Ocon area. These includeéd:
.feasibility, land ciaSSLLlcatlon, des;cn, and dralnage- In the

‘course of these* StLales E.C-ﬁz'develonedandtred QaLa for climatic

analysis. The’ data used by them- COVe;ed the period from 1940 to
19867 as gathered. from the various: recorawpg Statnons on or in’

- * . -
[ l I [ . . t ~
, '

In ple aring-chis LecnnlcaT the, the predlctlve ddta drawn
fron the E.C Tz‘analVSlS has been tev1ewed It 'is noted that tne

. E.C.I. specialists used the- Tnornthalue ﬂehuod for eSulﬂatljc

pOtentlal evqpo;ransoqutwon at’ Lam dam, Qon. This' Method lS not

.as:a précise at that developed, by Penmaw. - Therefore, in

. Technical Note %6, the Penman. Hetnod is applied.’ Other- than this
..<ona change, it nas bsen found Jthat the E.C.T. aﬁalysls of the
- elimatic, indices’ are LeTevant ko- tme present sxtuatlon.
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- Hewlect-Packard 85 micro~compatar; Fltﬁ
has been used to complete this exarcise.
: R

. 3. Brief Resview - E.C.I.

" The cobservation stations are

Howesver, as des
bheen added whan makin
Nots., Fox example, C

used in ord to calc 25" recuvreg Tor

ic
Lam Nam Oon.

zo cleariy show cthe'differences cbtaine
ivi ikl ent metheds to estimate potential evapo ns-
rati threes methods ars compared in Technical Note i
the uensaw—l =I'se Method used by thae Mekong Commictae,
Thornthwaite Method used by E.C.L.. and the Fenman Meth
three are presented, using a Sakcn, Nakhon data base.
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Climati& Data Anzlysis and Crop Water

-

Tt =
mSTinaces

. The climatic indices for -the Lam Ném Con .project area were
initially analyised bj E.C.I. to.'Getermine the hydrological

data neaded to design the dam,’ the reservoir capacity in relation
"to the irrigable area and the aDDLrLEQEHu structures. These:

data were obtained frox 21 rainfal 1 measuring stations within

the project precincis: PLJE of tﬂese are racording stations
while 18 are non-recerding. ' The records cover, a period from

1240 upto 1567. Some records go back to' even earlier times:

a + 1
2d by the Metscorglogical

Depariment or the R.I1.D.

: : . i/ .
sis of .the .climatic data; rainiall,

The E.C.I. analy
wind, humidity, temperatures, and day lengths, have all been
found pertinért to the project LNO' area.

The ¢rzop water reguiremen c'For field croPs and rice
were estimated by E.C.I. fiom che'LNO prOJecu, areal/. &s
remarked sarlier, the Thornthwaite Method was used to estimate
the potential evapotransciration based on data Lrom the %a“on
dMakhon stacion. Lrop coeffwclenta based on lOCul data and other
general values were used to estimate the crop water reguirsments.

Mean monthly rainfall (at a2 .50% chance of occurance) was
used to estimate. average field waLer requirements (irrigation
water requirments, I.W.R.) bassgd.on records from- 1951 to 1970
(fox Sakon takhon) .

1. LNO Irriaat 100 _ Project :eaSTblllbv Reoort, Volume II -(a)
E.C Ju

eport Vol. IX.
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“

'-shown in the Table.on page 263/
-various crop

The field application eaf101enc1es for
end range fro
s 'varving f£rom season: ‘to season.

A in Table A3~ 3/
A

A

3/

These data were shown in Figures A 14" and a 15, for
each month of ths year. '

Effective rainfall fer kice was ambitiopsly oased on

. a value of up to 200 mm per month, Flgure A 133/ for rainfall
‘at normal intensity: Ther fterjt;e,effectiveness of rainfall
diminishes very rapidly For rainfall of greater amounts
Effective rainfall for field crgps.was based on the assumotﬁon
that water stored.in the soil abovg 75 mm, rainfall would be
ineffective, the method for calculating rainfall erLlc1ﬂpc; was
shown .

Percolation xates for various soils in the project arsa
were QSt;?ateé to range, from| i mm.pér day upko 4 mm:, {s3e
page 24}

Soil Av. Partizl field applicaten

Group Percsdlation efficiency

mra/day ) Wet -Season Drv Season
MRiI 1 1 . « 80 90
M Ri 2 1.5 80 90
M Ri 3 3 " 85 90
M Ri 4 3 ' 90 " 90
M Ri S 3 85 85
M Ri 6 4 S0 90
: .

Field application efficiencies for rice were shown to
vary with the percoclation xates, 'a' low efficiengy for low
perclilation and a high efficiency for high perculation rates.

field crops were
m 50% to 70% for
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. "iald = - 5 Ef o
Trrigation soil Field application efficiency, Ef, %
nanagement group Tield and Sugar cane Vegetables

{uoland-type cZrops) specialtiy Ccrops and fruits and melons
Wet’ Dry et Dry Wat Dry
seéascn  season Season S2a&s0n S8asOdn Season
MU 1 60 63 &5 70 53 50
MUi 2 55 60 60 63 60 65
MUL 3 50 55 55 60 50 55
MUL 4 55 70 70 15 55 60
MUL 5 65 70 : 70 75 55 60
MUL 6 50 55 35 60 45 50
Field water applicaticn rates were calculated using the
equation.
) N.W.R. = (est._av, period Etp. X Kt. X Km X X. X Kc}-
(est. period, Re) .
N.W.R. = net water reguiyement

Tp = estimated

trJ

est.av. peripd.

average perlodwc evapotranspiration
{by Tho thw31tﬂ)
Kt § Hm = temperature and humidity factors
{see page 7)
Ke = creop ¢growth factor
Kc = crop growth stage factor
est. periocd. Re = estimated period effective rainfall.
The valle of N.¥W.R. divided by the Field application efficiency
gives tne field water regul rements (F.W.R).
"Maximum” field water was based on a 20% prebability for
high monthly pobentlal evapotranspiration and 203 probability

low monthly rainfall. {See —1gu es A 1ld g A 13r7)

The Appendix explainsg ln some detail the meth0u01ogv used
in estimating waterx aellverv Iauaq and irrigation times. Some
aspects of estimating’ field wakter ‘requirements for land prepar-—
ation of rice was given in sedtidn V, together with an eguation
for estimating the time needed fdr. land preparation.
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&.. Analys

Caecent Climatic Data

As chserved in the earlisr’ sgctions, the E.C.I. - gathered
data only continues up to 1970. ﬁoneuhe1ess, within this
limitation, it 'is relevant to cerrent usages at Lam Nam Oonj;

- and it has beoﬁ helpful as a re:ehenCD when further extending
Ehe data and analysis in Lan.Tscpnlcal Note #76.

1 o

The pertirent climatic data has been brought up to date in
-this Note - to 1980. This e\erCLSQ shows that during the te
years period significant extremsly hlgh rainfall has OCﬂurred ag
the Lam Nam Oon area. As a rasu1~, this Has raised the rainfall -
indices by a small margin. This mdy be seen by comparing the
data in Figures A-L4 and A-15, "2annex A of the E.C.I. Reporrt,
with the data provided in the Note - Tabple 2.

ih

a. Rainfall:

i. Review.of Rainfall Records:

I When preparing the analysis fox “‘flls Note, the
computer printouts for-daily‘ralnrall were obtained
I : from four sources. The period covered was from 1932
. up to 1980. The Tour sources, included: the Hydro-
logical Secticn, RID; the main Meteorology Station
l' at Sakon Nakhon, and the subsidiary stations at

Phanna Nikhom and Waritchaphum.

These computer printouts contained many entry errors;
and they had to be corxrected, slowly, by checking

the original recoxrds: at each station with the cocmputer
printouts. This was aCCOMﬁ1*shed over a period of
about three monuhs.

The meteorological data needed to compute potential
°“ap0travspﬂratlon using the Penman Method were
o obtained from the Mgterological Depa tment forxr daily
- _ values for the parlod-196l up to 1977. The data base,
: on this, was ﬁarlveu from the daily obsexrvations of
the Saxon Nakhon' Metoerolouwcal Statlon.
a1l Lhe data was carofullv Cross-— checkod to eliminate
all transfer errcrs and mis-éntrys. Mis-located
points were uo;xacted wherever possible Some hlgn
ralﬁLall va1ues, whlcn lnlulally ampearﬂd to be
incorrect, wer cross-~ checked with.adjacént stations
and génerally accmptec, Lne“, as valid.

ii. aAnnual Rainfall: .

The annual rainfall for the three stations of Sakon
Wakhon, Phanna Nikhom, and Waritchaphum for the years
from 1954 to 1980 (corrected and adjusted) are shown

o

in Table L. .
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iii.

The data is shown for varlousnﬁuﬂulat;va fr

©
(0f non-exceedance) &nd return periods. The
re plotted on Pigure 1.

The data follows- asnOmma1 distribution. It demonstrates

that the annual rainfall for the three locilities is

gssentially similar in charzcter with a slight incresase
il

i
in annual rainfall at. ‘arlbcnapnum.

Monthly Raintall: ,

The Mean monthly rainfdlls for the period. 1952-1980
ar plo:te& in Figqure 2"

According te the IRRI Potential cropping intensity
classification system, K 4 the Lam Nam' Oon project falls
intp Ciass ITII. This means that it has’a mo Athly

rainfall in excess of 230 mm. for 5-to 6.9 months.
That 1n& catasg under C1ass 'LIT that two crops of

early-maturing rice could bhe grown with the first
crop direct-sgeded on unpuddled soil.

At- Lam Nam Oon there are certain soils and water
storage factors which idhiﬁiL widespread application

of the Class III meaning for Ehat area. Nonetheless,
such a2 ClaSSlflCatHM1ﬁeanS that better use could be
rade of the rainfall ‘even under irrigated conditions
principally by plahtihg shorter-maturing rice variecties

than the present lSQ day types.

. ]

Bi-Monthly Rainfall:

)

The bi-monthly or half-monthly rainfall data for the
stations is presented on Tables 2 and 4. These are
plotited on Figure 3.
The bi-monthly rainfall follows a normal distribution
and the cumulative. freguencies and return periods are
GJ.VEII ;n the Tables.

The effective rainfall values used in .this WHote to.
calculate irrigation water requirewents at Lam Nam
Oon are based on the bi-monthly rainfall rather than
the monthly. This Is because of the vary simple
point .that the. nbrmal watdr layer deoth in paddies

at Lem Nam Oon is aboyt 100 mm and. the approximate
aally water rocuwremcnus is .5 to 5 mm. - Several
faoctors contribute’ tp fhis situation including the
types .of soils, dlaxuage, and the presence of Perched
arnd High Water Tables.,
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With reference to field crops, except in areas where
excessive Perched or High Water Tables exist, a 7 to 10
day interval may be assumed to exist:

Both of thesa relite closely to a half-monthly rainfall
return period.

b. Evapotranspiration-(Et) Irdices

,r‘

1 evapotransoiration can
paches such' as-:-the Blaney-
rmulas" which only regquire

nods of est .
divided into empiri
ricdle and Thornthwaite
mean menthly temperatures. By contrast, mQre precise
approachas- such as tha Penman Method use many meteorolo-
gical parameiters includings solar radiation, temperature,

-

wind velocity, and vapor pressure.

I L . The Penman Method is known to- produce the most accurate
. , . . results for short periods.cf a week based on dailly
I .o - observations. With continuously recorded data this
. nethed can produce accurate 6-hourly rasults, if nesded.
- The Blansy-Cxriddle and the Thornthwaite Methods produce
results accurate for 101gwgprm gstimatas of potentiadl
I evapofranspiration of a mont h ‘ax more; estimates for
shorter periods than this Will be in errorxr.

Another method of computation is that represented by .the
Jansen-Haise equation. This takes into account temperature
and solar radiation. . It produces sound monthly estimates;
and it has been used by the MekOqg ComMLEtee to estimate
potential Bt for Sakon Waxhons

i. Available Data

Daily records ware obtained from the Meterological
Devartment, Bangkok faruﬂeyears 1261-1977 at Sakon
NMakhon. These _nCLudem daily temperatures, wind
spead, daily sunshine duration, and relative humidity.
Similar data was obtained for Udon Thani.

S/ Lower ﬁekong Eydrological Reporc, -197¢, Mekong Committee,
Bangkok .
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d;aLe well known and can be
n dgro-climacology.b8/

The Penman eguat
found in any ‘re

The potential =t values ware basad-on the mean monthly
data for 17 yscars of relcord. The vadlues-are given
in Table 7. '

In -Table 7, also, the Penman valuss are compared-to
those calculatea with the Jansen-Haise Method-and
tiie Thornthwaite AEqud As way be seen, the latter
two résult in values which are. sllthly higher than
those used derived from aDp?lcat101 of the Penman

Method. "u'::ae Penman walues were used to determine
the design irrigation water reguirements for Pilot

Aresa 2. ' :

-
It should be noted that an albedo value of 0.25 is
used in the Penmen’ calculations. This is represen-
tatlve of ref lQCthltV from a growing gresn Cr

Dependable Rainfall | : . .

This 1s defined as the ‘amount of ralnfall that will meet
part of the irrigation wat@r requirements. It is based
on the mean daily ralnxaTl fox periods of - half a month,
this can be eXDIESaEG as...

"RE = 17i5'® (w,)T. :
here

" RT = daiiyﬂfainfall, s/ day’.

Rin,)T = ralnLall for the n.periocd for return
pe riod of. T yea )

In this case, n is for a per J of half- a month and a
return period of T = 2 yeat S ‘'has been used to estimate
the effective ralnrall .

Effective Rainfall

I .
Two methods can be used to estimate effective rainfall.
the one mwethod widely used has been discussed in the
E.C.I. Report, Table A3, and is commonly known as the
Technical Relezse 21" (T.R. 21) wmethod.

6/  Dra
investigations, Chapter 1%, détermining evapotranspiration
(I.W. Xijne}) 1970, Publ. 16 Enstitute for Land Reclamation

. and

inage Principles and,uoplications, Volume IXLI, Suxveys and

—_—t

Improvement . .-

'~ 10 -



C. cCcrop waler use, B
d. irrigation method, -if applicable,

e. land form-

The effective rainfall has b alculated for the
‘ Gakon mMaknon and other rainfall stations in the vacinity
- ) ! oy i o - .- A
. by thea Mekong CormitteeXl..for couble croppad. vaady rTice,

&. the normal water layer is taken as 90 mm (STO).

lication of 45 mm is applied when the
below_ésdmn (STMIN) ,

oo c. The water level in the. paddy is not allowed to raise

l ' - above 135 mm. (STM ®x) . '
. fective rainfall for a particular day is
l ) : ing the __QlTowa_ng procedure, where,

And, the e
conpubed u

P
S

}J-

R = Rainfa ll‘oq day n, in wm

Stn-l = ‘Storage in paddv at the end of the
previous, day, in mm (or storage in the
paddy’ at’'the beginning of day n,).

torageg - in paddy at’ the end of day-n,

' stn = S
T ,
. " . . ! ., ; . A .
Am . = cLou vater req'lrement for the montn
in which! day. n- occurs, mm/dav,

K = (KC? 'k.-ﬁTP + ORPY/M. .

where, . o
KCP = Crop coefficient

-ET? = potential -Ef. mn.

ORP = Losséé;lpérgolation etc. mm.

7/ Land Classification Re;oftﬂ.:Vol. If, Appendix A. Dec. 1973,E.C. 7T

8/ Lowver Mslkong Hy vdrological Report. CP.CIT
"— i
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of days-per month, n.
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Bf ective rainfall is dalculated using- the following
procecxure. -

he value of tiHe paddy storage at the end o
ay n was tentatively calculate
153 . : :

)

(=
<

Stn = 'Sip-a + R. = Am,

ef. Stn wds greater than STMAX (= 135 mm}, the
effective rain LaTT (EFR} was taken to be,

ER = ‘STMX + AM - Stn - 1.
and Stn taken to be gqudl to STMAX. If the value of
stn is less than or egual to STMAX then the effective
rainZall for that day - is sgual to the rainfall R. IX
Stn is equal to the trial value of Stn oxr less than
STMIW (= 45 mn) fhen $ta is &et equal to STO (=90
mm) and irrjgation 138 to be applied. '

The above procechre can only be done .on a computex. The
mgan values for ‘double’ cropped rice are given: n

Table 5: |

A similax. procadure has been developed for field
crops, and these data a*e given in Table 5, %oo.

The T.R.21L. metﬁoanaazﬂen usecxr_oesvmatg the .eff ecL-v

ralnfall for the'sakon, Nakhon data and these data are
compared to thi SlmUlaulO“ data. The ratios of th
mean monthly rainfall’(T= 2 years) to the effective
rainfall for eacH month compare fairzly closely,.for
each method and for the figld crops end for paddy.

have. been used to. esc1maue ELIeCLlV€

-

The ratiocs
rainfall for the.half~month periods in determining
the design irrigation /watsr reguirements, in Pilot
Area 2. These .values are given in 'Table 6.

. 5. B5Soil Factors,

Estimates of crop water reguirasments necessitates taking
into account the soil factors. In the case of field crops the
soil stress factor is in the éarly part of crop growth. The
stress factor, S

—

Ks = log L '+ 100 (L-Dp/Dt)
log (10L) . .,




=

]
IS5
i~
m

Ks = 5011 siress fagtor

Dp =  s0il water depletion expressed.as a iraction

Dt = total availeizle mdisture content

The crop coefficient K -is.mdliivlied by Ks, the stress
ractor, the optimum depleticrd of 's0il water is an assumed
constant fra ctlonﬂ Do, Qf the! tutal available wate The rcot
zone expands with.time from planting until a makimum depth is
‘reached near maximum ¢over. The expanding root " depth is
assumed to increase linearly upto eifective cover

The value assumed for the soils and croos that may be grown

;on the project is- based on tie, following data:

e
~

a. Mean Availapls Moisture Content

Up to3 bars. ‘ _ .oox .
1.21 mm/fcm (Sx = 01096}

.. - 1 - i
ii. Upto 15 bars '

1.6l mm/cm {Sc ='0.046)

Baged on 61 observation

r depths up to 150 cm.
{5x is the standard iy i

£5
E‘,f‘C -:OR)
- % A
b. Bulk Density L .
- 1

1.622 gmjem?

Mean B.D. =
(5x = 0.153) -
* v

-Using the 15 bar vaiud nd assumlng 60% cepletion,

Ks = Log L i 1001 - .966/1.61)

Log 101

th
-
N

9/ TLand Classi ation Report. E.C.I. Appendix D. Table 2b.

- 13-
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I ’ The soil.

stress faccor coes not apply to rice.
A second factor is used to ad;usz the crop ceoeificient
during the early narc of crop growih Fefore effactive cover is
. reached. Following an application,of water the evaporation
{Es) from cthe soil surface will account for most of the water
lost fxom the bare soil surface, béfore the plant shades the
soil, this loss is adjusted by mears of the following empirical
egquation,
. Es = En(0.9 - (Xs,. Kc).
Es = soill surface evaoo* tion, mn/day
Ep = potential EBt:
[ ! I
‘ Ks = soil stress fdctor
Ke = Crop coefficienh
: 6. Irrigation Eificlency
Although a wide range of éx, Clean factors have been used
elsewnere, tha.design values used Lo estimate the design irrigation

w2 ._a'r- rer‘rh'n roma

Tertia
85%;

a.

ry Unit conveyance and distribution
Rice 90%. .

application efficiencies

efficiency:

kL

Rice:
Field crops: 60% -
Sugar cane: . 80%
Maize: " 15%
The irxigati on water reqguirement is cbtained by dividing
the crop water requirement by Lotal efficiency.
C.W.R. = {?ﬁt X Kbj # 51 - RE.
where, : -
C.W.R. = crop water reclirements
Et = potential Bt )
Ke = crop coefficient
P .= percolation lossas
RE = effective ralﬂLal1 -
- 14 -
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computar program

The crops selected are simply’ those grown on the Lam Nam
Oon project at present and the Dlantlng datezg appear tc be
those that the farmers use, based oh observations.
of crops in Figure 11 obvipusly.constitute a crop ssguence but
n0c a fermal cropping planl1/ The purpose of such a crop
array is to provide an aDDLOleatlon of the hlgnesL irrigation

water requirement for any crop oX domobination of crops grown
at the same time This would be. the design irrigation water
.rgqulremenb-_ (I-WﬁR.) ’ - '

'8. Fleld Cron Irrigation Water Reguirements

The calculation of daily I.W.R. for each half- —monthly
period is given in.Table 9(a) to Table 16. These estimtes
a lation methodology 'is shown in the tapies using.
ameters from in the preCoeclnﬂ séction ‘

U}

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

.
10/ Wright J.L. Crop coefficients for Estimating daily crop
evapotranspiration. A.S.A.E. 1932

11/ Jensen. M.E. Suﬁnaul_“g IrrAg tion uring climate-crop -
soil data. Amev. Civil Engini. J. Irrigation and Draianage
D.V. 96 (I.R.I.) 25-38, 1970.

and,

I.W.R = C.W.R/ec. X ef.

ec = conveyanca efiiciency

ef = field application eifficiency
7. Crop Coefficients Y .

Crop coefficients are used wigh potential Et to estimate

crop water reguirements and they, are generally. an empirical
ratio of crop Et to some refersnce Ef derived from experwmental
data. The time distribution of crOD cogfficients for a pa:ticula*
¢rop constitut <5 the crop curves (see Figures 4 to 10}. These
crop curves are derived from.varicu °ourceslo/. The polvnomlal
cosfficiencs in Tables 8 b and 8¢ f vara derived by means ¢f a

These arrays’.

!
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W

ion VYlaterx ReqLirgments,fGr Rice

The calculation methodolegy. foxr dry season rice of a
130 days duration,; is given in Table 9. The maximum I.W.R.
occurs at the end of the land prePara ion period when three

.guarters of area has been Lraqsomanpe& The reguired volume

R

6f water W1ll be 0.25 l.w.s. Den fal. s -

» - -

A similar calculatlon foxr cry season rice’ in T&Dle 17,

‘indicates that up to 0.48. 1vs/ral ‘would be reguired when two -

thirds of the area had been qTanSDlant°d " However,. this .

‘delivery rate {(I.W.R.} could b be: redhced by dividing the lcnd L
‘preparation peLlod_ljto'qda ters inste ad of; thlras. _ .
. ‘ - . IR P '
a.. -Leng% u.Of Land Prepara tlon Pariod - '
The methodalacys 12/ 8 % leulat e’ the water rhouired for
Tne methodology of Uq o at;;g.tue water regulredr LOr
’ land preparaction is described lnigppeﬁdix i. The basis
of these calculations aSSLRe nat 15nd preparation -
extends over a perloﬁ of 45 da;s. There 1is no way of- -
establishing the validity'¢f the .lengih of. this periocd
under 1rrﬁﬁﬁ:aﬂ coﬁd}.wohs.a tQLS stage and a- 1rst
approximation of 45 days has been ‘used ~ the pariod.may'

well .be as long as 60 dajs.or as short as 30 days:

.7‘ : Howaver, a. shoztei peripd ‘'will- neéed a greater volume
Y . . - . .t - ‘.',ll .

cf 'water. . - R

LS - Ny 3 4 E . ' -
. b.  Incremental ?erlods - . . o -
. * e ST [ N . .

PN
3

: ‘Tha lnC?emenLaL perwoas,_sub ~ai
for .land .preparation, are arbitarily chosen. They can
ueaithr s;quar*é*s,ﬁf'fths,or.sixths. Hewever, design
values.are taken at third or fourth intervals. Less
water Wlll be-reguired for' smaller -incremental periods.
For these' calcilations -thirds were used for dry season
rice and guartexs for wet -season r;ce.

visions of the total time

¢. Watex for Land Preparation

The depth of water.reguixed for land preoération has
- been taken at 250.mm; saturat1on watex; at 140 mm;
... establishing a_water“laver; 100 mm, deep and 10.wm
" loss to percolation’for’ the perlod.

..
]

~d. Nursery water reguiremgnts’ - : DR s

Nominally, one unit area'éL nursery’ is requlred for L3
to 20 units of‘paddy *The total water requlred £0x.
_the mursery is from 400 to 600 mm over a 30. 40« day
- period. This amount onlw;ter is not lncluaed in the
I.W.R. estimatés. Though the nursery, water requirements
re included in overallwater delivery eStwnatms they are

cluded from fne désign’ @stimates:. '

m Al

{C L

12/ v D. Gook and G. 21
i’“cro¢91nq of lowland
=3 = ~y

j~d

" rec am::;sn
> -

lstra -Fr Pigation- rnmulrEWEDES for; double- -
rice in .Malava. Publ. 14 i int. 'iﬁstu:,’
Sven Wageningen, Netherlands. * "%

— .
A oa '



ign purpases ars. assum
1s in Pilot Arsa

In conclusion, the design I.W.R. for dry and wet season
rice do not vary from escimates.for areas with a similar climate
and a design value of 0.25 lps/rai could be safely used for
estimating capacity of channels and structures.

. i



annual Rainfall £or Thies Stations

fcﬁmulative Return Period Sakon Nakhon Phanna Nikhow Waritchqéhum
. Probability. in years 1954 - 1980. 1954 - 1980  195¢ - 1380
01 1 799.8 ,' - 851.4 1193.8
©.50 2 1485.7 1469.9 1553.5
.67 3 1687.9 1647.9° 1685.1
.80 5 1732.9 1693.0 1799 . 4
.90 10 18625 1809.9 1925.1
.96 25 2000.9 1934.7 2059.3
.98 50 2089.2 2014 .4 21450



-

NG AAOPS 90 DITTZELN GIARIT PARER - CUGENE DIETZGLEN §O.
PIHONIADIL Y X 30 QIVISIGRS ' - (2T T SN CYRY R T

l "
Figure 1

, 1.01 : S R 5 10 25 50
99.09 Mg 20a 99 bl 25 2 B . 70 [£1) 1] 4l an ] n 5, 2 1 0.5 02 01 D5 0.0f
— 1 FHTE T TT L e ‘ LR TR ' 5[.' K 'l:'i.:F ll ( = t_ =
— l ] A HE L | R AU AL R ]?c*rljg!g_'_:;L_p;j calyd-) Tj- | S
b S ] === "1 N () i 4 . - _ U D . _ — ] I
= I == T TR o e et e 11 } = - oIz
. | e e e L =il il | e
- il i IRRRRIN AN AR i I 4 o e Az i el
= wNRERE =1zl L F ERabiy i il o mEE SEF:I,{'.*_:_
i nliniEE 1t I R P e e
- - g I " LT . A el | o] PN _
2000 =L - o WEE F D el = 1 lf\ -1H=
RN NS e El T R H T el T R
S - 1 - || L ARE RN CR LD AR P B AR A e
z o [ el oy el sk o A A O Y e frqufrzzz N Y T o [ oy
U e I N e e SRl TR A2 == AR IR
1800 " o T A e A AR e e o o Y R A
= I o o : R A B DA e 2 e s A st T -
= il —(=iz|- L K W 2 30 0k i o i b e
i el 1 ) o G A T R R Ll I 0 2t B O il i W i i
=T T = I A o e LT T
= AT T L SEE N ./Ij;,]ff_f B e . -
1600 | =i bbbl LA EL A [ e 4L iR acGinEL e : s =B
R e N R e R R T R R }%mﬂff:":: = )

i - : ~ il -
o Bt o o T ¢ i o o e Rt D S R o2 S i o oy i
= VTR T == b IR H U FRTEER D HASE A "
1400 [ TSR I ot e
' S LT R VR R Bt L P L TR A o B e e e il o o e
b b = L) e o e e '-__:_h.yﬁﬂ“f/‘;/.q"' AUEREAR b AL ALt O I A IR
I i o i 1 o A R RN oA}~ i : o e P el
. — - - e} amm | o= |- | =1 ./|‘/./1..- U DU Uy B, - — O P
(200 i i - - ,r{st”(f - E R R _
R BEE gt TR _ )
s e il it el P L
- == 7 1 1 T === e By i
o SRR - AL T AR O e - A
soo L LU= -+ WL : o 1 B s A R LN :
=t LA - A T L B e et e R R e B R
st BN e g o 1 i [T A R R = R E U = ==
600 =1 I =R e Ry Ey A B o o84 ot e

" 9 I o a,an

i L™
.
M NE B R B N BN B NE I

"

. Y 3 N W T .
N N R BN N = e 3
)



Sakon Maklion
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50
o7
.80
]
.96
]

.97
2,92
3,41
4.40
6.06
6.94

3.57
9.6l
l.2)
15.10
19.34
2Z2.04

6,00 7.20
14,35 19,45
16,45 22,56
28,87 30.60
27,67 39,16

3,37 44.67 .

-~ March

13.33
24,42
27.23
34,581
19.29
47.26

22.19
37.55
11,70
51,92
62.84
sé_a;

23775
84,53
59.80
7344
89.02
97,32

43,40
$52.90
67.85
60,66
24,34
lo3.08

Table No, 2

Sakon Nakhon 1854 - 1980.{27 years)
Half Monthly (15 day) Rainfall

MON'THS
. May June July Aug.
s 2 0 i 2 -1 r 1z -
- 44,70 5q:9 2,9 251 22,7 32,1 -
93.90 138,75- 134,1 109,5 117,65 1,7 152,1 171.2
135.72 187.98 179,7 155.3 186.8 128,2 214.8 264.?
146,26 200.47 188.7 166.9 179.4 137.4 230.8 287.8
173.72 232.8 217,3 197.0 211,8 161,3 272,0 348.9
203.01 267.3 247.9 229.2 246.4 185.7 316.1 414.2
221.70 289.4 267.4 249,77 268.6 202,9 344,2 455,8

Sept.
1.2
3.0 0 8.7
166.2) £6.3
27,4 131.6
2%1.7 140,06
296. ¢

3442
374.7

Qct,

1

7.5
3971
73,9
axr.7

153.8 105.6
188.6 130.0
204.5 145.6
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Table No. 3

phanna Nikhom 1954 ~ 1980

- . . Half-monthly (15 dav} Rainfall
. 0 -
PR R MONTHS

LTI R

> A w -

1 [>T 7]

[ 131

A

g 3 2 > Jan. . Feb. _'march April . May June July Aug,

8 ne E:& I ~2 o 2- A .l“ '%{" L 1-QT . 1. 2 1.7 %‘_ L - 2
01 1 - - - - - - . ee. 1.7 34.5 43,3 29,2 12,1' 46,3 26.1 45.9
.50 2 0.6 4.7 4.3 8.9 16.1 24,6 27,3 38.68 93=E 136,2 137.8 115,131 117.7 116.8 156.2 162:2
.67 3 2.2 13.1 10.9 18.6 37.9 44.9 44,2 59.9 140.9 189.5 187.2 160.1 153,9 140,9 200.9 199.5
B0 5 2,58 15,2 12,5 21.] 43.4 ?0.1 48.5 65.2 153,.0 203.0 199.8 171.5 186,9 163.0 241.6 235.2
.90 10 31.62 20.6 16.9 27,6 57.7 83,5 59.6 79.2 L1844 238,0 232.3 201,1 223.2 187.2 206.3 274.5
.96 25 4,72 26.5 21.5 34.12 72.9 71.8 ql.4 93,9 217.6 275.4 267,0 232.7 261.9 213.1 334.1 31¢.5

..98 50 5.43 10,2 24.4 38.8 82.6 B86.9 78.9 103.4 239,4 299,2 289.2 252 8 286,7 229.6 164.6 353,3

1

58.4

119,92 95,

189,313 123,11

225.0 147.9

264.,3 175.
306.,3 204.

333.1 223.

16,

2, 1 ¥
A - -
g8 148.3 16,4

54.8 26.4

69.9 35.4
3 86,4 45.3
5 104.1 55.9
3 115.4

.
g5

Dec.

'I:J



Tabhle No. 4

Waritchaphum 1955 - 1980 (Incomplete Array)
Half-monthly (15. day) Rairifall

3]
B : : MOMTHS
P (V1) I . - .
al H]
G o5e . o .
a. oz Jan. . Teb. March J_’\gril May June © July Aug. Sept. Qck. Now., Dec’
nwoomoe 1 2 1 2" 1 2 . 2 1 2 1 2 L 2 1 2 17 2 1 2 1 2 L
TR - B - i } K _ -
R - - 7.0 6.5 ~ 275 80.0 g.4 16,1 195 16,6 1715 54.8 15.9° - - . . T

5 4.2 4.3 5.7 13.1 19.4 32,6 40,3 55.6 77.6 141.2 156,6 117.5 108.5 113.0 152.5 135.5 179.4 76.9 37.3 27.9 - - -

1
]
1]

3 012.2 5,9 1l.8 23,1 30.7 45.9 51,7 72.5 104.7 1B4.2 185.0 155,1 151.3 145.1 199.3 186.4 222,2 97.9 60.8 46.6
5 19.4 12.% L1l7.3 32.2 41.0 58,0 62.1 §7.9 129.3 220.6 , 210.2 18%.2% 190.3 174.4 241.7 243.2 261.2 116.9 B2.k 63.6 - - -

10 27.4 17.5 233 42.2 52.73 71.3 73.5 104.8 156.4 260.6 297.2 226.7 233.1 206.5 288.5 314.5 303.9 137.9 105.6 82.3 - - -

]
1
H

25 35,0 22.4 29,7 52.9 64.4 85.6 85,7 122.8 185.3 303.3 566.1 266.8 278,8 240.8 33B.4 404.6 349.7 160.3 130.6 102:3

4.4 25.5 33.8 59.7 72.1 94.6 ©3:5 134.3 203.8 330.6 284.5 292.4 ' 308,1 242.8 370.2 47L.5 378.9 174.6 146.6 115.0 - - -

Ln
B =

r



Téb}e No. 5

’ ﬁffectiﬁé Rainfali

I Comparlson of various Meﬁhods'of]Sstimatigg

EEfectlve Rainfall for the Sakon Nakhon Data_‘

Metﬁod Month .
) " Jan. Feb. Mar. Apl. May. Jupe,July:AUg.MSept. Qct .- Nov. .Deq.
T,.R. 21 Method . ) NP o X . .

- Mean-Monthly Rainfall’n: - ..$ .14 .36 77 233 243 209323 263 6L 6. 3
Effective, Rainfall 3f-1...h-.33__ 19 - 237 48 132 ali=;1bef‘109 '"101 5
_Ratio E\R./R M S6 7 .69, 1657 .62 .56 .45 /5% L34 130620 180 1.0
‘simulation’ Method B - " )
DiversiFied Cropping-

Mean Monthly Rainfall’ 7 21 42 74 225 273 1l9 290 284 70

Effective Rainfall - - .- 7 14 33 61 115, 93 105 141 119 50 .3

Ratioc E.R./R 1.0 67 .90 .82 .50 .34 .53 .49 .42 .70 8 1.0

Double Paady Croppinﬁ -

Mean Monthly Rainfall 7 91 42 74 226 273 189 290 284 70 6

Effective Rainfall 7. 21 41, 74 -124 140 163 190 " 156 38 3

Ratio E.R./R ' ;0 1.0 .98 1.0 .55 .51 .82 .66 .55 .83 0 1.0
¢ ‘.— - :'.!r‘ *?*T i
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‘amalers, J

'
i
[
1

-

L i . .
mfarl 1,00 I.0° J1.00 1.00
ficiency B - .
sbor -~ "+ .- 20 - -

fear  -0.97 3.57- &4.09 7.20

Lurh N

riod .
yeax 4.96 15:1 28.9 30.6

Loen’

ried

eld Crops:
1ifalls 1.00 1.00
ficiéncy « :
ctor

.67 .67 .90

.87 .1 4.8 1iL.%

yeax
iurn
rriod

. Year 4.69 5.1, 1%.4 ° 20.5 -3L.1
*Lurn

'riod .

- Rainfall-data taken from Table No. 2. .

- - g . ’ » -
’ “ ’!‘.‘ﬁ? I
. - * .
[y from ey [t i

.90

19.9

46.7

33,8

73.4

61.5

60,2

.82

Effective Rainfall for® °

2 and 10 Year

43.4

80.7

35.5 45.9 63,4 45.6 37.2 52.3 4B.6 74.5 B83.¢ 69.8B 40.4 27.4 15.4 5.

6.1 86.9 116.4 73:9.66.9 .322.3. 85.5 133.3 170.9 124.5 8.8 73,9 47.1

.B2

Retuxn.Period for 15 day Rainfall

{equal to or greater ‘than) for

.00 100" 2.3?,- -<55- - L5170 L5,

51,7 .76.

Sakon Nakhon |

MONTIL
MM
Jusis .

- May - -

-aB2

—_ A P

©5.5 128.0 110.0 100,5 173.7 132.3 176.5 230.3 163.0  90.1

.50 .50 .34 .34 .53

- . oo

.53

.49

.49

.42

.65

3 60:4 55.6_ 96.4 752 100.4 112.5 9.4 5279

42

32.5 16.3

B7.6 55.9

.70

.70

B

22.

-

:00.~

.

T3

2.2

1.0

6

1.00.°

1505 208




* Table No., 7

A Comparlson of Potentlal Evapotransplratlon. Determlnatlons at, Sakon Nakhon
‘_and Udon Thani us ing Penman, Jensen - Ha&se,and Thornthwalte Methods

‘ Locallty _ ‘ ' " Months - mm/day -
Method : o Jan. Feb. Mar. Apl. May June July Aug. Sept. O¢t. Nov. Dec.

T

R 's':ak'cin'_"Nékﬁhoh'

-Penman - 3,38 4,18 4.85 5.35 4,81 4.47 4.43 3.97 3,79 4.24 3.76 3.25
* * - . -

'._Jcnsen ~Haise’ | 4.16 4.89.5.81 6.53 6.09.5.37 5.48 5.06 '5.07 5.32 4.

. Ln‘

% % - ’ ) - . _

L hornthvaite™  2.k6 3.50 5.48.6.30 5.55°5,13 5 09 Y 61 4 40 4.35 3.30 2.35

- - . .- - . - EollEE - " - - T L B - - :-.-.,_. __._ - .

e ;i._lzf;uaéﬁfihad{-

A e T v PRI

TR

Penman’ ~ 2.97 3.65 4.58 4. 97. 4.56 4.30 4. 24 7. 84 3.76:3.87 3.33 2,78

Jensen-Haise'. 4.16 5.04 6.03 6.80 6.53 5.90 5.81 5 57 5. 10 5.32 4.67 4.03

* Hydrological Report. Makong Committee.

** Land Classification Report (E. C.I. ) Vol II.
Appendix A. pp. 8. Table 2 A.
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http:3-.7_6:3.87
http:5.55-5.13
http:5.48.5.06
http:6.09.5.37

Table .No. 8Y(a).

Crop:Data .k

+

L

o

Sugar Cane X '

Growing Period: . 365 '+ days

Xy

i

]

Planting-day: . Decl/Jan.

J

Effective Cover: :-ibﬂfdays

i

8 e

Effective rooting depth ' 100 cm

el

. .
1 o,

 :Sta9é ) . - Days ..- ..+ % Time o " Ko

i

1 10 RSN L L .46

20 .m0 .83
30 ... 30 j .59
40 . - . 0 67
50 - 't s - L 74

t

j
o

2 Y S .80°
' c70 Tl 70 ' .90
2 : 80 PRI i) ' . .94

9¢ "7 90 ' .965
100 . 100 1.00
120 - . Lot oo 1.04
151 ., 1do ' 1.00
181 -. 100 o 1.00
212 s . E
243+ 75 “ .75
273 1+t L 50 o 50
304, .50 o ", 50
334 L 20 P .20
365 L L . 20 - .20

1
W w W

= o

mo® »o;

b b
]
=]
a1
g
1..1
i
[{e]
0
i
H
i
Je]
:—q
¢
o
3]
it
<
M.
u
b
- b
ﬁ -
Q.

i ' PR .
- - . N . Yo P
. N ‘
. . . - v


http:Table.No

Table No. 6

Effective Rainfall .for 2 'and- 10 Year
Return Period for- 15 day Rainfall L

- - Sl {equal to or greater -than)' for .- . ...
,Sakon Nakhon o
HONTH

M4 - . . . . e e -

0 . .. -

it'mel:ers" er"_‘ . _' Pab. . ., . March | April May .7 Jufie T . Ju.l‘y‘ ot thg. - T - Sept:. Qct. e Nov. Dac.

T T T T s T T DT T e e T e e T e T e T T T L e e e e L e
wifall 5130) 30’ 007 1,007 - .98 .98 1.00 .00 -55. IS5 % (51t 5T 82l vey- e T66-..55° 7 135 .83 .83 1100 1,00-°1,00 1.0
Cicjedcy- ~. 7 L -7 . i - . T, - s ) . ' T
oy (.. I Toe- - - . - -— . . il e . . e .. . .-

013 0.97 3.57 .6.09- 7.20 13.0 71.8 .33.8 43.4 51.7 .76.3 . 60.4 55.6 96.4 75.2-100.4-112,9 91.4 52.9 32.5 1B.3 5.6 - f" 1z
Lurn ) ) : . - ' .
riod .. . L. . . i
year 4.96 15.1 28,9 30.6 33.8 $0.9 73,4 80.7 95.5 128,0 110,88 00,5 173.7 132.3 176.5 230.3 163.0 90.1 87.6 55.9 22,2 - - 16/
Lirn . cT :

riod ) . .
nld ‘Crops o T . . S : . . -
infall *1.00 L.00 .67 °".67° .90 .90 .82 .82 .50 .50 .34 .34 .53, ,53 .49 .49 .42 .42 .70 .70 1.0 1.0 1.00 1.t
ficiency- ' - -0 . . .

elhor .

yoar .97 3.57 4.1 4.8 11.9 19,9 61L.% 35.6 46.9 69.4 45.6 37,2 62.3 48.6 74.5 83.9 6%.8 40.4 27.4 15.4 5.6 - - L.
surn

riod . . ..
vear 4.69 15,1 1.4 20.5 311 48,7 60.2 66.1 86.9 116.4 73.9 6.9 112.3 085.5 133.3 170,9 124.5 68.8 73.9 47.1  .22.2 - T 16.4
JLurn 4 N

riod

" Rainlall data takKen' from Table No., 2. - ) “

. . 3 . ot wa .
oo ' " . . . - [P PP . . r . . . . B
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Sugar Cane  (continued) , L : o rigave f
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Groundnuts : o v

Growing period

.o
a

Planting date -

Effective cover: K '

Effective rooting depih’
. RN o

Crop Coefficients Ke- N

1. Beﬁore;effécéive éovérf;J%. S
- - 17333 Qilﬁj 3::
20562 L.l

- L3832 -
L212

[ SO o S w s B ¥
;

)

oP

10 201 v .5
20 233 . e
30 .300 .15
40 394 20

60 . .ear - .. 30
70 ' .756 .. '.% - 35
80 . . 876~ - Y
90 L 983, . 1
100 © 1.068° . w50

r

)
L
T
.

"\;‘.r

‘ {100% = .SO‘..d-ays) L , . iy

TN . r _ - - - - - - - - - -
' 2. . . -
2 . ¢ . - N
. . . " - - . L = . a
[ . . « .
. - a . . . v .. . . R - f ,

a3 -

100 - 110 cays
Nov./Dec. - Dec./Jan.
50 days

130 - .40 cm

Ke. - " -'Days .

50 807 . 25

Days - ) Kc.
‘50 1:043
55 1.023
0 .986
5 1942
0 .882
5 809
80 .723
85 _624
30 .S1T
95  .386

+ 100 S 247
‘i1p - . -.098



.Crop Coefficient for Groundnut ; . ) ) Figure 3
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Table Mo, 8c , .

1]

Crop' Data

Maize (Green Crop)

Growing Period: L 75 —:90 days

P lanl bty dalas: . Nowv, Daet, Hper | T,

)

Effective cover: . 45 day after planting

u
-

[ Srp—

Effective Rooting Depth: 60-80 cm.

onred
]

Crop coeffiecient Kc.

L.

1. Before effective cover 2. After effective cover.

. -t .
. .
§

-~ 1.583 (%) ' Tt = 275E-8 . {(days)

l—{ A = A
d B = 2.756 . ', B-= - 4688E-7
Ty c = - .4276 < ¢ = .01195
L2 . ; C : -
D D = .213 S p= .91
% ‘ Ke.: .« days :;'”g lﬂﬂ. da?s' : Kc.
10 196 0 o w5 . - lies8
) ! 20 .225 .5 L 50 | 1963
- 30 .290 - 10 AL "1.990
5 - 40 382 .. 15 . . .. 60 . .998

50 490 0 . v es T ..989
60 607 25 oo 10 L .96T
70 .721 30 . - - 78 . .926

86 .824 35 ., 8o .877
90 .507 40 .85 .819
.1.00 .958 45 C 90 . 754

[
.
- - . . . P
Y



- Crop Coefficient for Maize --. )
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Crop Coefficient ;o

1

L . _
Table, Nd.. 84

Crop.Data
Crop.Data

-
’ 1

" Bean (grain) Mung beans .’ I: Y

crowing. period: . . v

Planting date:

3
rh

[

-days . .Kg-.‘*4

10 .27 |
20 .46 .

30 71,
40 .90
50 1.00
60 .99
76" .87 -
80 89 L
9¢" 48

©i00” ©L295¢,
" ¥ o
v
] ,"
‘, i
1
4

fective cover: ... i

sffective Rooting depgh: .

80[§O days |
Mid 5anuary
40 days

40 - '60 om:



Figure 7

Crop Coefficient for Beans
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aka:
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Vegatables:. _ .

Growing Period:
Planting dates:

Effective cover:

4
Effective rooting deptﬁ: " 30 to €0 cums.
. . ! 4
Crop coefficients: N
% - days, Xc
10 10 " .30
20 Ca2o .54
30 L 300 .76

- 40
50
© 60

90-days:(Use 90)

'Léayé

' . - -
. B P ' . i £
. . . N
‘o .. . en .. . . . - - - .

70 70N ...93
80 go' -, L
90 .90 .58
199 ' 100" -, .28
! Lo
= 37}3 '



-Ciop Coefficient for Vegetables o ‘ ' ' ‘ Figure 8 -
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- gapiée No.) 8f

.Crop Daka' .-

N 4
Melons .
Growlng period: : Yo
Planting dates: R
Effective cover:
Effactive Rooting depth:
: = M . ' r'.
) Crop Coefficient . .
‘v &t \ ! 1y
v . ¥
.
LI ' -

.

,
1 " *
. ’ - v x ’ )
. - . .

% e
10 Lo S L

20

s
ot

40s
50:
60
70.
80"
90

100

200 - o e
S30. I
40! C ;QBSHI:

so- 100

60. R L R,

79 3¢

80 sy

90 B4
100 L .8d

'
I
1
o
+
1
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'
o
'
'
’ '
'
) .
. 1
i R T
1 L]
'
' 1
u
«
)
.
P
N 1
v 3

1007120 days
Dec./Jan.

50 days'
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Figure Y

‘Crop Coefficients for Mﬁlbns .
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Teble No. -8g

Crop.Daéé

Rice

Growiﬁg Period:
Planting dates: .

Effective cover: '

v
i
! .

" Growing
Pericd-days

. 15
30
15
50
75
90
105

128

£f
Effective rooting. dépth:

120/130/150

variable

paddy, 70-9
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Trrigation Water Reguirements for Proposed Cropping Pattern . ’ ’ ., Figure 12.
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‘Crop Calender and Seasonal Grop.Waker Reguirements.
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- Crop:

Period

- Honths ~

baY§ i

- Rooting Depth " _

L t/Crbp'-Cczeff.‘. .

Stress Eac kor.”

- Potential ‘Evap:

Bp(. 0~ (K&.Xs) .
Ke., op.
Ke. Bp = ES5

Irr. ELficiency

- - Ep Wday

r - 1
- -

b - 10
d. -em 9
‘R - - 46
ks - ..1133

Es mm/day_ ..95

Ct mm/day  1.50
CWR wm/day 2.45

ef - -

Effeg:t:waﬁiainf_an RE -mm/day -

1.9.R,

IWR

THR mi/day 3.5

*
INR 1.p.s.
/rai

065

.+3.257 " 3.35

b e me————

Table No. 9(a)

Irrigation Watex Reguirement

Calculatic;n Me'tho&olggy_‘ .

2 -3 4 -
December )
20 30 40
s 20 .- .30 -
.83 .59, - .67
- 1,32 1.32  1.32-
3,25 . 3.38-
.65 .39 .05
1.72 1,92 2.28
2.37 2.31  2.26
- - .97
© 3,39 3.3 3,23
063 .061 .060

Sugar Cane ‘(365 days) Cropping Pexiod: December to December. .

Y

- Periods
5. 6..,..7 .. 8. ' ® 10 11
January February Harch
50 60- 70, g ~.-90.- lgo  1lO
L 400 50, '_ 0 -_ 70 . B0 90 100
7f Sogs. oot - wes w97 . 1l08r 1.047
3,38 3¢ 418 . 1,18 4,18, T4,85  4.85.
2,50 2,70 3,76 3,93 4.06 4,85 5.04
250 2.70 3.7 3,93 4.06 ~ 4,85  5.04
- 700 = - - - -
- 3.57 4.1 4.8 - 1.9 19.¢9
3.57  3.86 5.37 5,61 5.80  6.93 6.1
oes o7 .098  .loa  .107  .128  .1I¢

12, 13 - la
T april

120 130 140

100 100 100
- ;04 104  .k04
4.85, $.35  5.35
5,04 5.56 5.56
5,04 5.56 5,56

- GL.5 -
5.87 3.84 4,71
.1o9 071 , 087

I N o r “ ’ ¥ . = *
: T P .
T T T I By A I BN Aan '

- b
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- - . . L Table No, 9{b)

* Irrigation Water Requirement’

L TR T caleulation Methgdelogy . "= "~ - -~ . S ..

Crop: Sugar Qane (365 -days) - Cropping Period: Becembar to Déchiber . . - -

e e e e s - -Pexriods - . e - -

- period o et 2t a4 s S 6. - 7., "8, 9_‘. R KRR E U C R Y
e T s'Mon.ths C ‘. ""mr-'. . . _ Yy . ) J-m-;e' . - auly T o .!\uguglt: o
' S A L Sy - TTA70T  dgor STIa0T 2607 7200 - T30 o 7307 1240 . T 250 L1260 Y
) o Rooting Depth’ T .glem .-_']:od_ _-.:_.*_-_ Sl N ol . _ - T - ST oo e e T - . 100 s
i - grop Coeff. -.  _Xe- _.-:,J,:'@Q.i._i{Oo_’_ T1.00 1,00 7, 1300 1.00 .75 350 T s s s L s CToso T

. Stress Factor. Ks - - -, - - s f - ’ -’ R - _ - - .
cotential Evap.  Ep mm/day 5.3  as8l  4.60 481 447 447 4.47 . 4.43 0 4.4 4.43  3.97. 3.97 3.97
Ep(,g-'-(xc.'::s) E-s'nnu/d'ay - — - - - - . - - - S T - -

Ke. Ep. . B mm,}day e e - - - - =, - . - - - .- - -
ve. Ep - &5 ° CWR mmfday 5,35 4.81 - 4.8L 4.8 4.47  4.47 3.35. 3.32 3.3z 3.32 2,98 " 2,98 2.98
Try. Bfficiency & éf - - " .70 0.70 0.70 ©.70 0.0 - 0.70 0.70 0B, 0.70°.7 0.70 ] ’o'.vq", 0.70 0.70
Effectivo Rainfdll RE sm/day 35.6 T48.9 e, 894 458 - Y7.2 62.3 - -em.-e ‘ 74; . - B33.9 i

.9 R, TWR mu/day 5.76 3.74 2.99  2.24 3.3 3,63 2.03 0.58. 1.04 1.42 - .

IV IMR l.p.S. . 088 069 .05? L0412 062 067 .038 LOLL, L0119 026 e - -
.- . /ral . ) ’ . .
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gable No. 9(¢)

. .'_ Zrkrigation Waté::_ rReguiremeht
) ’ ’ calculat jon- Methodology
Croi:: sugar Cane {365 days}) cropping period: December to Detember
T - -Feriogds
. -
r;é:;io;l T e .1 2 3, a5 Je6e., L7 8" 9 10
RS I-lgni:h;::-_ o _ Seplawber October . ‘ .‘ _Navenber
R - 200 290 oo 31077 .-320670 33050 .0 =350~ - - 360 -
’ Rosting pg'istf: d oM - e T T SRS - - . -
- - cibgesfE. . - Ke 80, .50 - .50 .20 _ 20 .20 -0 .20, 0 -
Stress lackox Ks - - = - - ‘— T - - - -
Potential Fvap. Ep nm/day3.79 3.7 379 4,24 4.2 “a24 376 3.76 3.76 325
Ep(.‘)-{!-:c.Ks.) Es mn/day -~ - - - - - - - - -
Kc: Lp. Et mm/day - - - - - - - . - -
. - Ke.Ep - 88 CWR mm/day).s® 1.8 1,09 0.8 0o.85 0.85 0.75 0.75 0.7 -
Tyy. £fiiciency "ef - £9.8 20.4 27.4  15.4 = 5.6 - -
Bffectivo Rainfall RE mm/day - - - - - - 7 - - -
T4, TUR mm/day = - - - - 214 1.07 1.07 1.07 -
IWR R 1.p.s. - - - = - ,004  .020 .020 020 -
/rali .

' 4 . ' . - Pars .
me mw sy My EN BN BN Wm wm . m
N W . !

- o et
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Crop:
pexiod
. ‘fionths - -
Days -
- Tooting Dépth

crop Coef{.
slress Factor
potential Evap.
Ep(.B—(Kc.Ks}
Ye. Ep.

) ¥sd .' 1.":]_3 - ES i

Irx. Efficiency

1.9.R.

IWR

.

' " ' LI

pffective Rainfall - RE

groundnuts (Dxy Season}

ERE ]

- . .
1 H -

- et st i 1A A AT e et e

Table Fo.10

Xzrigation water Reguixement

Calculation Hethodology

P 1’ 2 I 'S5 6
Iyl: N : T < pacember-s [ - . Japuary- . _._
b o207 20 1 w0 $o 60"
Ca .ew. 10 15 20 30 a0 40
e 23 L3 50 B8 ior 99 -
Ks 1,32 3.3%- 1,32 - - -
Ep mm/day 3,25 3.2F 3,25 3,38 3.38 3.38
Es mw/dey 1,94  1.25 .35 - - -
Et mn/day 75 1.27 %.9; - ~ -
CuR /ey 2,69 2i53 2,30 2,87 362 3.35,
el - 0.51 0.5) - 0,51 0.51 0.5L 0.5
n/day )
- - - .97 - 3.57
THR mw/day
5.27 4.94 4.51 5.24 7.09  6.57
R 1.pS- .. . _
/ral  .098  .092 Jo8d .07 132 .12
e e S en

Cropping Period: December to: April

periols )
7 8 "9 .0 t1otc. AL 12
J _ Febxuary _ . . . _"HMargh
76”7 T o . -TR0 . ROTTT MY Col
io de a0 .t a0 L AQ: :
88 - 7 -mTasle LREL 0 n200 .o -
4.18 4.18 4.18 4.85 4,85 -
.68  3.01  2.13 1.2 . .49 -
051  0.51 ©.51 0.51 .51 0.5
4.1 - 4.8 ~3l.9 - 19.9
2,22 5.90  4.18  2.37 .96 -
134 .2.09 077 044 018 -

b vy e i mm———

X3

¢
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o — i e ma n oz e e - - - - - - [ .

! Taple Bo: 11 -

" Irrigition Water Remuirement

Caléulation Methodology R )
Crop; Maize, Green (1) -+ Cropping Period December to January-
Rainfall Return 'period:' 2 years (p & .50} ' - .
Period e

“BARAMGTERS i
.. pariod. B 1 p) 3 4 s 6 - 7 & 9 10 11 12 13 14

R MoRghS - T- . M o . m_w_ary - .- li'eulz_aguaf_y . - ,Ma_.rc_h . )
Pays - - ~Tp = 10 .2 30 .4p L3 - g0 (70 80 0 a0 =T Eg TonET s

Rogting Depth a em 20 a0 . 58  .y5. @b~ 80 80 .80 80 - - = e
xop Coeff. ke - 28 0 49 -T2 91 - ~96 L0 T .97 - .08 75 - - - e - e e

Stxéss Facdtor ks = 1.32  1.32  1.32  l.32 - - - - - . - - T
: . K "o

potential Evap. Ep mn/day 3.38° 3.38 3,38 4.18  4.18  4.18  4.85  4.85  4.85 5.35 - - - -

Ep(:9-{KctKs) Fs mm/day 1.75 .86 - = - - - - - - - - T _

Kc. Ep. gt mwn/day .98 1.66 2,43 3.80 4.0% 4,18 , 4.70 4,28 3.64 - - - - ) T
»' ' Kec, Ep -"BS cwr mn/day 2.73  2.52  2.43  3.80 ..4.01  4.18. 4.70  4.28.  3.64 - - - - -
Irr. CEficiency ef - 65 .65 .65 .65 .65 165 .65 ° .63 .65 .65 - - - g
Effective Rainfall RE wm/day .97 3,57 - - 4.1 - '4.'B . _ 11.9 18.9 - - - N -

T.W.R, LIWR mm/day 4.20 3.88 3.74 5.85 6,17 6.43 7.23 65.58 4.27 - s - - -

. .
IWR I¥R Ll.p.s. .078 072 069 £,108 114 L1119 +.133 122 .079 - - - - -
/tai ' A . oo

1 r . *
. “ L T amares v b eiemr PR - - ‘-
r- . === - - i s ey r . . N



Table No. 12

Ixrinalion Water Regu irement

Calculaktion Héthodology

Crop: Maize, Green (2) Cropping Period: January to April
Rainlall Return Pexiod:; 2 years (P = .5). ’

PARMIETERS o . ' : Feriods -
-
paxiod v - "l 2 3 4 5 6 7 8 ° -1 n 12 13 14
© dontls Mo.-.~ . . .- Deeember .. Januaxy . Februaxy- - . ‘
pays . p - 10 20 . 30 a0 50 60 . 0 80 90 100 - I -
fpoting Deplh a . cm 20 40 55 75 80 80 86 - 10 a0 80 - - : z
" crop Coeff. Ke - .29 .49 .72 0 l9 .96 1.'09 - .97 .88 5 - - - - -
Stress Faclor Ks - 1,32 1.32 1.32 - . - - - - - - T - -
Polential Evap. Lo mm/day 3.25 b - 3.25 3.‘38 - 3,38 4.18 - 4.18 4.85 - - - -

. E[;(.U-(PLC.KS) s mw/day 1.68 .0z - - - - - - =" - - - - -
Ke. Lp. Et mm/day .94  1.59 1.3 3.08  3.24 3.3 4.08  3.68  3.14 - - - - -
¥c. ép = 08 CWR mnfday 2,62 2.41 2.34 3.8 3.24 3,38 .4.06 3.68 3.14 - - - - -

‘ Trr. Lilxciency ef - - .65 .- - .6'5- - - 65 = - L. - - -
Lffective saanfall RE mm/day - - 16.4 .97 - 3.57 4.1 4.8 - 11.9 - - - -
T.W R TR ma/day 4.03 0 3.7) 2,51 4,74 5.06 5.20 6.25 5.66 4,83 - - - - "
L
; TR R ilgls 075 069" ©.046 .000° ,034- .03 .16 .103 099 - - - - -

© et amneee e e

' ) . )
AN N EE N N BN B U G R B S O EE EE N R e e



Tabhle No, 13

' Trrigaldon Yatex Roguircment

Calculation Hethodslogy

Crop: Beans, ﬁung Cropping Pexiod: Januaxy to Maxch
- PARMMETERS . . B . ' -Pericds ’ Tl

- Pexiod P Sl 2 3 . 5 6 v/ R 9 10 11 12 13 14
- henehs T - T - Januvary o -7 Februaxy - ¢ March - . ‘ - )
- Days D) "0 20 30: do - 50 80 70 B0 90+ - . .- .
- aogting Depth. - & om .. 1o 20 " 30 10 60 60 60 60 60 - - - - -
- Crop Cotff. Ko .27 46 71 .90 1.00 .98 - .e7 .69 48 - 2 - - -
- Stress Factor ®s 1.32 . 1.32 1.32 - - - - - - - - - - -
ma/day  Potential Gvap. tp wm/day3.30 0 3.38 3.33  4.18 4.18  4.18, 4.85 4.85 4.85 - - - - -
mn/day  Epl.0-(Kc.Ks) Es mm/dayl.84 .99 - - - - - - - - - - - -
mm/day  Ke. Ep. Et mm/day .91 1.55 - - - - - ~ - - - - - -
ma/day Ko, Ep ~ £5° CUR  mm/day 2,75 2.54 2,39 3.76  4.18  4.14 . . 4.22 3.35 2.3 - - = - -
- Irr. 2fficiency ef - 0.5 0.51 0.51 0.5 0,51 0.51 ©  0.51 0.5 0.5] - ' - - - -
:.;mlx‘/da:,' Ellfective Rainfall RI mn/day 97 157 4.1 4.8 - 11.9 19.9 _ _ _ _ _
mn/day  L.W.R, IWR nm/day 5,39  4.98 1,69 7.37 8.19 8.12 8.27 5,51  3.22 - - - - -
L2

l.p.s, JHUR IWR l.p.s.*.oag .092 .087 .37 152 150+ 153 . 102 .0G0 - - - - -
A3 rai /ral

-



mm/r", ay
nm/day
war/day
wnslay

wn/day
1L
wm S day
L2

L.p.s.
Si3 rayr

Crop:

pParod

Honlkbs

Dﬂys.

rooling Nepth
Crop Coc r.

SLress Tactor

Tatantial Xvap.

Ep{.9-{Fc.Ks}

Ko, p-

irr. ECflcicn

Lffectivo nmaaniall RO

cy '

Vagetables

-
p - L)
™
Do 10
d cm 1d
Ke .30
¥s 1.32

Ep mm/day 3,38
Es mm/day 1.70
ot smm/day 1,01
'CNR

mm/day 2,71
el - =h S
wr/day .97

IWR sen/day 5.31

JWR

Periods”

2. . 3 4 5 G 7 -8 9 10 11
Januarxy _Fabru5zy- ’ H;réh' ) ) '
20 307 40 50 . 60 70 B0 90 - -
20 7 30 a0 “60 60 60 60 . 60 - -
.50 .76 .09 .96 .96 .93 .79 .58 - -
1.32 -y - - - - - - - -
3.8 3.39  4.18 4.1 4.18 4.45 4.85 4,58 ~ -
.63 - - - - - - - - -
1.83 - - - - - - - - -
2.43 2.7 3.72 4.01 4.01 4.66  3.83 7.61 - -
.51 .51 51 .51 .5, 51 51, .51 - -

- 3.57 4.1 - 4.8 - 1l.9  19.0 :
4.76 5.04  7.29 7.86 7.06 5,14 645  4.1g - -
088 .083° 135 146 ’.146 .169 120 L0798 - -

Table ho. A4

i it

‘1

Iri)gation Water Peguirement

Caleculation Meothodology

Cropping Period:

[ p—

January Lo March

12

13

14

- - m - ' '

e W01

i



Crop: ons

X
-
o

FARMMISITIRS

Irrigation Water Requdrament

Table MHo.

Calculation Methodolagy

Cropping Period:

perfod = - P NN TR 20
pontha H - . December
Days . D 1o 20
nacliing Depth 4 cm 110 ‘20
Crop Confl. Ke .30 A4
Slrasy Tactor Ks .32 l.ﬂi
otantial Fvap. Ip sm/Aay 3,25 3.25
mpl.9-(Ke.Ks) Es mm/day 1.64 1.04
Ko, Ep. Bt mm}&ay o 1.43
Ko, bp - B5 CHR min/day2.62  2.47
Iy, DELVmiency " ef -  0.5L 0.51
E{feclyivo Raiwnfall & mm/day - -
T W.R IWR rm/day 5. 14 4.04 '
4
FARH IWR 1.p.s, .095 0.89
/ral

30

L0811

o

L1069

December Lo Maxch

,.5'
Jaluary

"

50
60
1.00

3.38

3.38
‘0.51

6.63,

123

" 60

60

1.01-

3.38

3.41
0.5
3,57

124

70 .
- 60

.94

4.18

3.93
0. 51

7.7

143

Pariods
8 9
Febxuary
80 90,
~ 60 .60
B9 . B4
4,18 4,18
.72 3.81
0.5 0,51
4.8
7.29 6,588
L1358 .128

19 .1l
" MafeH
100 110
60 GO
.80 .75
4.B5 4.95
3.86 3.64
0.5} 0.51
11.¢9

7.61 6,08
L1141 L1143

.12

19.9

13

[T S

[~
W



Crop: Rice, Dry season, 130 days

ol

Month
3. Dpays L
3. Potential Evap.
4. Crop factor
5. Losses

Effective Rainfall

7. C.W.R. - Rf

10, Irr. Efficiency
ll. Irr. Water Reg.
12, ZIxrr. Wsler Reg.

Paramelers

.E§_
Ke

RE

M3

Ii
AL/A
ef
I.W.R.
I.W.R.

-

[
run,/d

lps/ra

Tahle Wo. 16

Irrigation Water Requiremant

Ccaleuldation Methodolodgy ~

Decembear
125 30
32.25 3725
1.0 1.0
3.0 3.0
§.25 6.25
6.76  8.70

.25 .5
0.77  0.77
£.78 11.30

.163  .209

Cropping Period:

Janvary
45, 15
3.38 3,38
1.0 1.06
3.0 3.0
.97  3.57
6.38 6,58
10:94 -
.75 1
0.77 0..77
14.2%  8.85
263,158

December

-Pebrhary
30 45
4,18 " 4.18
1.17 1.31
3.0 3.0
G.09 7.2
7.89 8.48
1 1.

. 0.77  0.77
10.25 11.01
.189 . 204

to May

Period

Mqrcﬂ, T, : Ap;ii

60 75 90~
485 4.85 535
1,40 1.36  1.25
3,0 3.0 3.0

13.0 21.8  33.8
8.92 8.14  7.43

1 1 1

6.77  0.77 0.77
11.58  9.12  7.40
,215 169 .137

Hay

120 |
4..81
1.06
3.0

51,7
4.65

0.77
2.59
.048

rAtam, gL b et dn e v ——

135
4.8l
.93

i.o

76.3

N ' - . ' - o . . . -
N T B . Illlr L rllll N . '



Table No. i?

Irrigation Water Regquirement

Caleculation Metﬁédoloqﬁ

Crop: Rice:; Local Glutinous (150.days) Crepping Period: hpril-‘_to:November'
Parameters reriod
. 4. ‘};oni-:i-n .- s - ., T U Aprill’l o May-T . -_'J_une__ - '-‘--'ra‘l.".:r‘-‘l}-"‘ .-, Rugust . S.elg{:_ember ) Gefobet . - Nowenbef .-

2. Days . . . -~ 1y’ 307 - 45 ‘I'15 D830, 45. 60 - 757 90 -105 120 135 150 .- -, .=

¥. Potential Bvap. ! Ep mm/d = 5,350 4.81. 4.8} 4,47 14147 4,43 4143 3097 3.97 v3.79° 3.78 ° 424 4.24 BRI R

1. crop fackor ke - = 100 1.0 1.ow.,l.08 133 137 176 1.40:1.30 .1.20. 1195 Llog .95 - .

5. 1+ Perculation LDSSES: P :ﬁVd‘ - 3.0: 3.0. 3.0 ,1.0« 140° 1.0 1.0+ 1.0 . 1.0%. 1.0 1.0 1.0 Lo° L.o 1.0

6. Effective Rainfall RE min/d - 43.4 51.7 76.3 +60.4 .55.6 06.4. 75:2,100.4 112.9° 91.4 52.9. 32,5 18.3 5.6 -

7. C.¥W.R. - RE Mi - §.66-.4.36 2.72-,1167 2:30 .199 2.0l - - - 2.00 3.45 - - -

8. Ii - - 6.45 14,13.19.83 ‘- - - - - e = - - - - - .

9. AL/A Y- 1 R B R E - - = - - - - - g -
10. pEficlency el 1 - 0.77,.0.77 0.77 0.77 ‘0.77 .0.77 0.77 - - - - - - - -
L., Irk. Water Reg. I.w. R, mm/d - 8,38 19.35 25,8 2116:'2:99" .26 2.6 ~ - - 2.60 4.49 3.81 - -
12. Iry. Water Reg. I.W.R. lps/ra = .155+..339 :478 :040 ,:055-,.005 ..05 = - - 1048 .083 .071 - -

. . ' i . - PR
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Calculation of Irrigation Water Reguirements for Initiating the

Rice Crop :

11 = F:Ai«l L ALZALI-] i
X Mi |+ . : <
A . A —pz At/s
| N l-e
‘where

Mi' = C.W.R. — Rf for irtterval Ii, in mm/day |
Ai = Proportional area to be initiated in period at.
At = incremental period of total time T, to complete

eztablishuwent of rice (SOnx ag, land preparation
13

and t;ansol=nt1ng)
S = depth of water reqpireé_for pre—soaking, iland

reparaticn and establishing initial water layer
P : ! : g Y

in mn:~ . . .
Al = propoxtion of total area A, to be prepared in At.
A = Total area to be prepaked usually taken as unity
(A = 1.0).

{all dimensicn tacen 1n am par dayy} .

2. CalCLlaton for Dry Seaco . Rige crop, 130 day period.

.

'..J

. Pre-saturation water reduirement.

{( 1 - m./L00)



=1

\Y = saturaiion yolum83.mm
ct = depth to be saturated, mm
P = porosity, percent
m = dry seil moisture content, percent.
Porosity -= 38.75%
Molisture content of dry soil’ = 30%
" Depth to be saturated =. 300 mm

500 ¥ 38:75 {1 .- 30/100)
100

135.6 mm Say': 14 mm

ii

v

fl

2. Providing for water layer after presaturation say 100 mm.

pre - satiiraticon Lo 140  mm
land preparation : “ﬁ , 100 ToE
losses L 10 mm

s = " 250

4. Time for land preparation
T = 45 days, for 4d'periods, At = 45/4 = 11.25 days,

.

5. The value of Mi for each 13 -day interval is

:‘:
i-.h
i

EEp. Ke) 4P| - RE/LS
" .—q_i‘.'"

I
1

' [
Ep = Potential evaporiranspiration f£or the period,

mw/day .
Xc = vperiodic crop Cgefficient

e
i

losses, percolation and seepage:


http:each'.15

{(These values have been rabulated in Table 16 and 17)

Ml = bec., 15 davys. o = 6.25 mm/day
MZ = pec., 30 days,. ' M = 6.25 H
M '. ' . .
3 = Jan. ., é5 days 1 M = 6.38
M, = . 3an., 60 deys M = 658 "
6. wrial Calculations using é'iqié:valé for mi (Foxr i = 1,2,3;4)
4 i = :I-J . AT = -25 Pxndr A = l,‘
N = 2, ?‘.2 = .S{} P‘xi“’.ﬂ- = 0
i = . Ay T .75;
L = 4, ., = 1.00
At/s = 11.25/250 = 0.045
. . . . -X —3
b Mi « = =Mi.At/S" e l-e
1 6.25 ~ 2813 . .7549 . 2452
2 6.25 ~.2813. , .7549 ,2452
3 5.38 ~-.2871 L7504 2496
4 6.58 . ~.296L L7437, .2563

3

Using basic.eguation (1)

Il ¥
A 2 R
I, =[_6 . V95 ¥ 6.25/.2452| = 6.37
l__ 1. - .o . .
T, =|:25 X6 25} + | (L5 - .25) X 8.25/ sa52] = 7.93
1 }‘=__ 1 ,J
&

i
Lt
i
'
—tun
(o]
[#3}
¢ w
. .o . .
R S ..
g +
1 :
-~
o
1
wn
5
o
[8]
02
~
(A8
(<9
(U]
{3
1
i
(sl
9]
(we]

—
. it
1.1
f—-‘l -
(9]
ke
o
(W8]

) - - 1 - - - _
- - b
. - - . - .
. . .



Therefora for,

i LS L

Al = 06.25 .| Il' =, .6.37 : ‘mm/ day
A, = 0.50 I, = 793 m/day
Ay = 0.75. I, = 458 " mm/day |
A, = 1.00 I, - i1.35 mm/day - -

. . * .
Note that the field preparition period I -is devided into
n  egual parts, T = n At.

However, these I values have 'been adjusted for the three
15 days periods to £it the calculation procedure in Tables 15

and 17, for 130 day rice. .

T = 6.76 mr/day: )

30 = 8.70 mm/ day

1 = 10.94 wn/day

This trial calculation for 130 day dry season is acceptable.

Trial Calculation for 150 day wet season. rice.

Use previous methodology for. (f).

A, o= 1, 2, 3.
At = 15 days for ' T = 45 davs
m = 3 = i ‘ :

i = L1, Al = 0,33
io=.2, A, = 0.66

o= 3, hy = 100 .

and A, -1 = 0, a-= 1.00

8t/S = "15/250 =, mm/day

Data from Table ........ L

Moo= April, 13 days M = 5.4%

M = May , 30 days M- = 4.36

i < May , 43 days.: M = :2.72



. - - -

i M3 x = - Mi at/S e *
1 5.46 - .327% .7201
2 4.36 - - L2616 .7638
3 2.72 - .1632 .8494
Using the previous equatioﬁ.
1, . | O ] + L.33 % 5_.4%5/,2793] o=
I, = C33 X 4.35?_] + [ .67 X% 4'.;6'/.-23021 =
= '.T ' 3 il a Y 2
13 = Eo7 X_Z.?%l + [}.09 X 2_725:1?U0 =
Therefore, Ifor,
Al = 0.3 - Il = 6:45 mm/day
= i = 4" 12
A, 0..6/ 12 l-}.l3
_ e F n
Ay = 1.00 I, = .19.88

l-e
L2793
.2302
L1506

6.45
14.13

19.88.

-
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