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' ABSTRACT,

HYBRID COMPUTER SIMULATION OF GROUNDWATER REGIMES'
by

B1-Hue1 \gang& and J. Paul Ril ey3

A\computer model is described which simulates the response of
. the groundwater table to various rates of input and abstraction, The
modecl consists of two linked submodels each of which simulates the sur-
face and the groundwater system, respectively., The surface submodel
" consists of mathematical expressions for the various processes of
evapotranspiration, surface runoff, infiltration, and percolation which
are functions of the soil characteristics, crop-pattern, and topography.
Basic input data are precipitation, temperature, and irrigation and
drainage rates. The groundwater submodel simulates the fluctuation of
the groundwater table as a function of effective percolation and aquifer
characteristics and is described by a two-dimensional second ordcr
partial differential equaticn of parabolic type with Dirichlel typc bound-
ary conditions. The partial differential equation describing the ground-
water system is solved by the numerical aliernating direction method,
The application of the general model to a particular area is described.
A grid is superimposed upon the study area and at each grid point the
effective percolation rate to (or withdrawal from) the groundwater table
. is simulated, Calibration is accomplished by using a period of reliable
data to identify the model paramelers. Groundwater responses under
various agricultural managcment allernatives of cropping and irrigation
are predicted.

. 1'I‘he work described herein was financed by the U, S. Agency for
" International Development under Constract No. AID/csd 2167. The pap--
er was prepared for presentation at the Fall Annual Meeting of the '
American Geophysical Union in San Francisco, December 1971.

2Research As s1stant Professor, College of Engineermg, Utah Water
"’,"Research Laboratory, Utah State University, logan, Utah. N

, 3Pro:fessor, College of Engineering, Utah Water Research Labora-t
_ftory, ‘Utah State University, Logan, Utah. ° :
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. Introduction

‘ Over-'ir-rig'atibn of low-lying flat lands oftcn results~in e::ce‘ssive )
"bulld-up of groundwater tables wh1ch are unde51rable 1n many cases. ‘

1

Thc purposc of. tlns .study has bc.en to mvest1gate the’ response of the

1,,“ . &

' ;,roundwater table to the rates of water supply and drainage for an area

- near the coast of northwestern Colomb1a South America, and thereby |
’Ato prov1deky1nforrnat1on for the ‘optimal design of irrigation and‘drainage '
sy;lsterhs for the a.réa. ‘
| The study area :mcludes appro:nmately 300 km and has as tts
- boundanes the Magdalena River on the east, the Canal del Dique on. the

' south the GuaJaro Reservo1r on the west, ‘and a lully region in the north ‘

i

.as shown in F1gure 1. In general the land surface slopes shghtly from

-the boundanes toward the center of the area, and there is no! surface

A

£ dramage from the area, Vegetatwe cover is largely native at the pres-
. ent tlme, but w111 be replaced by agr:cultural crops as a result of ex- -

rtenswe agr1cultura1 development be1ng planned

The groundwater storage beneath this area 1s recharged by lateral

I

i f*groundwater in flows from the river, canal reservo1r, and mountams

“to the north and by deep percolatmn from the'land Surface during the

¥

‘wet season when precipitation exceeds evapotranspuatlon. Extractions

l'rom the groundwatcr storage occur mamly as transpiration by the natlvc

i

. ~phreatophyt1c vegetatmn.\ Th1s transpn-atmn by, phreatophytes together
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with evaporation from the soil surface maintains the groundwater surface
“ at an average depth of approxlmately 10 meters. Substitution of these
E natlve phreatophytes by shallow rooted agr1cu1tural crops w111 undoubtedly

., reduce. extractmn from the groundwater storage and therefore, cause the

’groundwater table to r1se gradually. Furthermore, cu1t1vatlon of agr1-

~

cultural crops requlres arr1gat1on, and the excessive 1rr1gatlon waters
w]:vehrcolatmg downward w111 a] 80 acceleraterthe risc of the groundwater
table. The response of the groundwater table to the reductmn of natwe
Vphreatophytes and applleatmn of 1rr1gat1on and drainage systems, there-
fore, needs to be stud1ed in the planning of agricultural activities pfor“ the

area..

Theoretical Consideration

+

Attempts to descnbe the flow of water in natural soils often result

m a<three dunen s1ona1 part1a1 d1ﬁ'erent1al equat:lon of the parabohc type

L

"WhICh is extremely d1fﬁcu1t to solve. The present study, therefore, _m .

' attemptmg to s:lmphfy the problem, subd1v1ded the system under consid-

4

eratmn mto two subsystems-,-the surface and subsurface subsystem and

the groundwater subsystem--as d1scussed in the followmg paragraphs.

N Tho surface and subsurface subsystem This subsystem cons1ders'-

- . ' [

‘ the: water supply, dramage, evapotranspiration, inﬁltration, soil moi's-n

; ture storage, and percolatlon processes lmked by the equahon of contm-. ‘

. ulty. A schemat:.c d1agram of the subsystem is shown as Fzgure 2 JDef-”

.- ~"initzons of the component processes in the subsystem are as follows. ; ROV

oal g



1 (ETq+PMP)

: ‘* see Appendix { for notation

A .

Figure 2, . Schematic Diagram of the Surface and Subsurfoce ‘Subsystem.



"Water Supply. ‘Total watcr supphcd to the g,round surface 1s

defmed by the sum of precnpxtat:on and 1rr1gatton wh1ch is a functlon

e

~of soil and crop’pattern. .

’ Dramage' ‘ When the rate of water supply exreeds the rate of

mf1ltratxon, the excess water begms to move along the ground surface.

"

With respect to a part1cular pomt in the area, the rate of drainage at
any time'rnay be positive or negative depending on the topography. A
topographicparameter which indicates the drainage or collection of

- water as introduced to characterize the movement of the excess water.

-

' Evapo.transpiration: There are numerous methods available for

l»‘estxmatmg evapotransp1rat1on. As the result of a careful survey of

i

these methods m the 11ght of ava1lab1e data, the followmg method was-

5

~:‘cons1dered appropnate for the present study.

m‘zj:rp,'%'rgnvp Coee e Coe IR 1}
;in ’whic:h
" ETP = ;rate.of« potential e;rapotranspirationﬁ
‘A EVP= rate of class] A pan evaporatmn

'K ‘ =g -an experlmentally deterrmned coeff1c1ent wh).ch is dependent

; t
. o b

,]«

) upon crop spec1es and growmg stage C

The actual evaporatwn is usually less than the potentxal evapotran- ,

Yoo - v‘ “}

Splratlon when so11 mozsture 1s 11m1ted. Many approaches have been o

' .
. N 2 ¢ ‘s

proposed by dszerent mvestlpators to relate the rate of actual and



potcntml evapotranspiration to the so11 mo;sture as shown m Fxgure 3

Lty
i
B i

I \ '

(Hagen, Haise, and Edminster (1967), page 558)

" The relatxons}np descnbed by the lme F was accepted for the :

WL
W i
‘,,‘; ; (e.. P

prcsent study In mathematn.al forrn, thlB relat1onsh1p can be wntten ‘

L ET;= ET.,'M_> M

:"‘1 : ‘P‘ . F_ es

Sl UM - M ,

. BT, = o1 (ET ), < M: <M

' es 3 ;

}ET 0 MS<M : . . . . v‘o -»o -.n‘(Z)

_Infiltration, 'Soil “Moisture, and Percolation: Infiltration is the.

passage of water through the ground*surface into the soil and<percotation
u”i:s the doanard movement‘of ir;ﬁltrated water‘through the soil. g There

t . 4 to- ‘ .

are numerous expressmns to predrct 1nf11trat1on and percolatxon. The

' oot : ) .
- b ‘

Darcian—based equatmn wh1ch describes ,vert1ca1 flow of water ina

B N .

r‘|

partly saturated porous medlum constltutes a sound model for a1mu1at1ng

b

the processes, but for the area under study, ,sufficiehtldataf\ivere not -avail-

-
7 c
1

able to properly defme the hydrauhc conductw:.ty V8. soxl mozsture and

T, - "y (s

the moisture d1ffus1v1ty vs. soil mo1sture relat1onsh1ps mvolved 1n= the

L y
N v » - 3

P N i

equat:on. A less sophisticated but pract1ca1 method used by R11ey,

S

Chadwxck and Bagley (1966) was, therefore, accepted for the present

i

study, This method is as follows;



A Velhmeyer and Hendrickson (1955)

1.0 © B, fl;orn‘thwalte}ond Mather. (1955)

~ C.. "Havens (I956i |
| D;- Plerce (1958)

z‘ b E. Penman (1949) and others
\n b M, Actual Soll Molsture |
a | } | Mcs Soll Molsture Halding Capacity

' : Mgs Minimum Soll Molsture for
‘ 1 Evaporation at Potential Rate
: ,Oﬂci | w«;‘“ wa Mg Myp Permanent Wilting Point

Mg Mo4 Oven Dry Soll Molsture

"Flgure 3. Proposed relatione of ET(,/E)'!‘p Ve My

B~

S {JL’: ' o
. Flgure 4, An Element. Volume of the Aquitier.. .
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. Fr is the monthly mﬁltratmn, R.'tr' is a thr,eehold valufe,iﬁ)ii;h

‘s A 2o r. Lo

' ¥ i

[
¢
&

‘a.ll avaxlable wa.ter m excess of thrs quanhty bemg assumed to cornpnse

- .4
(‘ /,. . 2
R

N v
Wt r

surface runoff for the month and Wg is the quant1ty of water ava11able

‘;‘
[
b

at the so11 surface durmg the month

)
; K »
S -
i « ' Ve i P

SN Based on thls method 1t is assumed that the infiltrated water

@ 1
. ‘
K s ~

sat1s£xes the soil mo1sture def1c1t before any percolatmn occurs, 'When

' f e -

the so:.l mo1sture reaches f1e1d capac1ty, adchtmnal 1nf11trated water -

percolates to groundwater storage. -,

e
¢

The groundwater system, Cons1der1ng a three d1mens1ona1

1

T

element of a homogeneous isotropic unconﬁned aquifer as shown in thure 4

¢
! ¢

and makmg the Dupu1t assumptxons , Darcy's law for the groundwater

'
-

ﬂow in the x and. y dxrectwns is, ngen by

R ) . )
' M, e L\ . .

. ’ s s
r R o .

s
oh e T e S SIS
P B . R . .
u k i DL o, e:c @ LI} o . .f_’. e - ., (4)

\
) .
~ - .
é <y a2 i D . -
- k._ ‘ Y . DI . . f > ' -~ ' ' 5
. =. - N N < : , - : P
v .- . NCREER LR I et e! e e e, . e "
. y Y MR R USSR J ? . A .
. - A= - b ‘ . N

. in which' .



A,V ’= the seepage velocxty in the x and y dxrectxon, respectwely
ko= hydrauhc conductnuty of the so11
hﬁ ‘= depth from the 1mperv10us layer to the groundwater surface

v I“

’;By combmmg I‘.quatlons (4) and (5) w1th the equatmn of contmmty,

" the. followmg equatmn results

‘22 2.2 S "

" o%® 7 0% 21 e on® . L
— + - \'+ ‘_‘ = el s YRl ‘e’ . . . o . (6) .
Vol eyt Tk T 3t | e

© in'which
I = rete of. net vertical recharge per unit area

;."[‘: transrmss1b1hty of the aquxfer
‘e = effectwe poroszty (or spec1f1c yield) of the aqu:.fer

?

Expandmg Equatmn (6) and’ negle\.tmg the terms (-a—-)
(ah)z, the following equation is obtained. The Just1f1cat10n for
neglecting ('é;) and (5;) was exammed by companng the numeri-

cal values of different terms in the expanded equation based on the

available groundwater table maps for the area.’

2
O"h 0"h I € i : .
2 + ) 2 + T —‘ Tn dt . o' L] [ -, . . (7)'
ox - Ay ) ; .o C

g 3 ThlB isa hnear part1a1 d1££erent1a1 equatmn of parabohc type.
'I‘o solve the equa.tmn, the numerical alternatmg dn'echon method
discussed by Peaceman and Rochford (1955) wa.s cons1dered appropnate.v:‘

i

‘The method as for other dlfference methods, appro:nmates the partial
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d its boundary cond1t1onr.~* by»

[N
", “
s

dxfferent1al equatlon of tho problem an

'r.

,
5,. w e
O

The dxfforenceuequatibn for ‘the'\flrst half-t1me

xeqmvalent dxfferences except that funte dxffcrence operators aro apphed

.

twwe for each tlme step.
sfcp is 1mphc1t only m one dJrectxon and that for the second half—tlme

! ~‘ W (\ b « ry ' \5 , + ‘e Lo
step 1s 1mp11c1t only in’ the other d1rect10n. In d1fference form,
Equation 1(7)‘ can be 'written as

& m o : . : e
h,. . =-h ¢ . ' . SR PR

i, . I,J’“.‘;_T_ 6'2}1‘ 0 Y ST S 'S L )
- e’ [ % i_-j + OY 7.}}1’3- + T 4]5' . '(83)

s R ) o * . r . . «
2 F e Zh n+1 + :I] .. (8b)

"o 's denote second central’ difference operators.

1n whxch the
out in, full and rearranged w1th Ax =", Ay, these equatmns become~

L

> v : Y b
per [ . ,-’, f ' '
_'I‘?\h n+l & “’(1*-!- T?\') h
- So— ; . . N " . . ¢ -
26 i,e1 ) T e iy o Torze -
1‘,‘ ! “ux LR et . :”);{": ! i ’, ' § [
vt ¥ . . s oo T l ' I o, N
v s A 4 s Ty A'hy
‘ ' PRI ‘v v R R v . '): . >
A A SRR TSRO ) § ;% TA .- * AL '
== b (LS ST RS S=h .. o= I
€ d=1,j, ' wo.e T, 2e i+l,j o, 2€ i,j
[ LR i ‘—r M
L oy ’
., . . . .
: .

P At]2 o ,
nc 5. Written.
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'idn'v\vliich A= A't/(Ax)»z
Incorporatmg boundary condxtions w1th 1rregu1ar bounda.nes as

shown m Figure S(a) through S(d), Equatmn (9a) becomes

T P

“.." )hIB,_] o e(1+p)'h;B+1,j .7 ep(l+p) by
TA n" A n o TA n-

+ eq(1+q) Q T,(} eq)hIB,J * Ttg) "B, jl,

P

- IIB )‘Ij for i = IB and boundaries (a) and (b) resi)ectively‘

R T R N e
* 2¢ hl-l, R T I TR VPR 73 NP

TN n L TAL oo Ag < i<
,i\+(1ﬁ' € ?hi,'” * z<—:h1.J+1 ,+‘ 2¢€ IiJ' ,for e 1'<\IvD

s

i

TR TRk
'A\e(1+';),h‘m-1,j + (Lt )hID,J S ex(tm PR
TA . n < i TA . n" TN, n

T st Mgy €(1+s) "D, j41

[

gg IID for i = ID and boundaries (c).and (d) respectively

\S"‘.‘

‘ (’
» 4 s
B N A R :"‘ . ﬂv'
)t R . * 4
. . . e . e . L] ‘e \ (108.)
o B s '
4 y h
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Sii:ni{air}l&, 'Equgtibn (9b) because

Cen L nl N “n#l A ‘n+l’
M T Mima - TE s(1+s) 75 .

A ST T N
Ferm Pr TS B T h1,0B

£ e PR |
< .,TIi;iB‘ R fo; j= JB ianc‘l’.boundary (c)

> -

+

|

-

TA mkl o TA ntl. T n+l
Bred P om o - Torg Moa C caieg e

DU - N T © V. ™ -
e f"P,.. oD B st ey M, B

ze %, I8 ; "for j.= JB a.nd‘b,oundafy (a)
VR “ L*\’/g

‘{’f‘ A ‘ XTA” »‘T n+1‘ TA n+1 »
o A+ Yhy 5 - 26 Ui, j+1

- TA R % TN CE oAb
=Ze Py ot U BN R TR *2e

i,j

. .. for JB<j<JD
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S V.% ho ~n+1)+ (1+T?\)h} n-i-lu", TA - n+1

e(1+s) i D‘--‘1 ,JD Z' es(1+s)
3 ’7":'_[“?\‘ ‘* l X - % TN T
€r(1+r) h +( )%li}“JD €(1+r) . i;-;l‘,,JDu.
’;:i‘_f::l« I
F2EH D for jiE JD and boundary (d)
v TN n+l ‘ ‘ . n+l CTA e n-l;lj
el 4, 0p-1 (” )h D~ eqitg Mo .
.t ‘f _l . ‘x . | ;s N ‘ | | X
PN % L TA L ok pN -0k
Yo Pe P U@ By st T Biel, ap
2t " for j < D and boundary (b)
+ 2¢ 5,00 or J-- j au oun ar)f )
C 7 (10b)

Computer Imﬁlementation K

~y '

: \' T
' " b

To examme the spat1a1 va.r1at1on as well as, the txme var1at1on of

~- 5.'
N [

the va.rmus processes in the system, the» ‘study area was P

PRNSEES P .
o vt v

1

epresented by

ta
ln “""

a square gr1d system thh a gnd spa.cmg .of 625 meters. as. shown m

F1gure 6. 'I‘he ma.themat1ra1 models for both the surface and subsurfa.ce

. L o o .
- . o : - . a

3 subsystem and the groundwater subsystem were then programmed on an: ‘

Ve i N
§ * § o

,EAI 590 hybnd computer for rapxd operatmn.

!
4.
s

e

L ;~' For e;ach of the grid points, the effective percolation to or ;bétfac-

txon from the groundwater during each time increment is smmlated by the

\:'e
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surface and subsurface submodel as a function of the other processes in:

the subsystem. This simulated quantity (either positive 6§'nég‘§ti;}‘e)" af: .

cach grid point is then fed to the groundwater submodel to si'mulate'r'tlfe“:

groundwater table flucluations. The Dirichlet tYp(:é‘bbgnda,\‘rSr condition °

)
[ . 3 . h . o)

for theﬂgroundwat‘er submodel was properly. glcfincd’oﬁ’ t‘h’c,‘basis of the.
aVailé};le'data‘ fg;" Magdalena River, Canal del Dique, *g‘n‘q‘dixajarb‘Res-

f the 'areax.}

I

(.rvon' i:Hatl fvc;rrh',{:hé boﬁndaiiéq o
“ , 'f["hg mput daA't\a.‘fo\r the 'sui'fa.‘c\é an& s’\;bsurvfa).ce;submo‘del include
ot oy s . . )‘\lJ

'préc':ipi('faf;ipn, 'temperat\;‘re,, class-A ’pa'.‘n'evaporatiq;l; soil type and the

(éo‘z'rgs‘pc;i;divn[‘; cr;))é pattern.in éérmé c;f crop consumptil\.re use’ coefficient

and i;;rigation req;i'rer’r;gnts;h groundwater .drainage rate, soil moisture

héldi;xg ca.p’a.cA:ity, ‘,ini‘ti\al soil .moistur'e' and sWamp storage, phreatophyte
arlid(:c'r‘bp.»de‘nsities, and a #§pogfgphig p:atfa:metef discussed in a previous
§‘eActio,i1. The outéufl inacvzluhd,élsitoik:é.l'ev:;v.potra‘n‘spir‘attiio'n,: grouxidwa.ter
ext;actiéh‘b;;plx\réatB’l:hytég,:, qéil‘moi'sture, _swamp storage, {and’

effective percolation. =

16°

+ The'input da:\‘tqa for the j"gnohndwétér submodel i’nélaudg, in addition. =

1

to‘j;he' effective peg%olai%iqri’ or éb;.;t_i'a;:tioﬁs gen‘e‘rgté:d by t}h‘eia surface and

' S\;Béurface submodel,ﬁ'{c’h‘e ;z;iﬁﬁl wﬁtér table, -water t;\bie ajlonév the
boundaries at differe;at times, and the transmis sibil:’;;:y ‘and sb:eg:i:fa".c"*
‘yield of the aquifer. 'i‘he duﬁut of the submodel inciﬁdes }th; ﬁgiéhf'pf

’ gi-‘c;lun‘c‘lw‘ater surﬁa:.ce abdyg the impervious datum ‘for’:\eacl‘m‘ grid pomt va.t

- various times,:
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Both the surface and subsurface submodel and the groundwater .

submodel are cahbrated over a. permd of t1me in wh1ch rehable observed

"'data arec avaﬂable to 1dent1fy the model paramcters, part1cu1ar1y the

'y . N
o PN .

transm1ss:b111ty and spec:hc y.leld of the groundwa.ter aqulfer. CoT T

)'

' Managem eni Study

. o ! ' i . P . B ,
‘Basced on the soil, land classification, and climatological data,
certain land use patterns were assumed. These patterns and the corre-
sponding consumptive use cocfficients and irrigation requirements for -

each major.-class of soil in the area'are shown by Table 1, The dehsity

of the native phreatophytes presently varies from 50 percent in the south-

¢

" eastern part of the area to 20 percent in the northwestern part of the area, °

i

L
¢

. To invesligate the response of the groundwater table to the reduc-

'tiori of native phreatophytes and the application of irrigation water, the

o

modelywas first operated by assuming that the native phreatophytes: are

')Qreduced by 50 percent, that )crop oatterns are as those in Table 1, and

",that'no ‘artificial subsurface drainage exists. Figure 7 shows the simu-

lated groundwater table for the area under these conditions at the end of

. a permd of 51x months. . This flgure suggests that under the cond1t10ns

zone.

‘ assumed the groundwater table would bu11d up qulckly to the crop. root

L}

}

To estlmate the rate of dramage requzred to prevent the ground-( ,

wat«.r table from excesszve bu11d-up, eeveral dramage rates were as-

"‘.

Sumed and the model was operated for. each assumed rate, The' assump-

;\X

tion of an average dramage rate of 12 cm per month for the entu-e area



Table 1. Crop-pattern, Crop-coefficients,& Irrigation for Different Soils.

CROP-PATTERN, WEIGHTED CROP-COEFFICIENT,
Gi%‘gp ITEM | CROP AND IRRIGATION RATE
JIFIMIAIMI]JIJ |A]S |O|IN]|D
| CROP CITRUS !' i G G
PATTERN |PEANUTS o
MAIZE prm
CROP
COEFF. ] 65175155 | 601.45 160 |.75 |60 |.60 |.60{.60 |.50
IRR.RATE 12 {112 1901 45|60 {60 |60 |60 [45 | 60|60]| 60
PATTERN |SORGHUM s e T
CROP
COEFF, | 701501 .201.201.30{60|.20|.60 |40 |.65{.20]|.90
IRR.RATE 12190 | O] 0(45({60}| 60| 60|60 |60|90] lI2
3 | CROP
CROP
COEFF. ! 80180 |.80| 801.80(.80|.80(/.80(.80 {.80}.80].80
IRR.RATE S0i90| 90| 75| 60| 60| 60 60|60 |60} 75| 90
4 | CROP
COEFF. [BARE - » :
! SOIL. | .15].15 ..|5 15{.201.201.20{.20 .20 |.I5 | .I15| .I5
IRR.RATE Of 0f 0 Of Of Of Of Of ©Of Of O0f ©

' ‘ ‘ L.
J1n mm/month., irrigation efficiency =0.6

81
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resulted in the groundwater table maps shown in, l"lgures 8 through 12,
Thc groundwatcr surface profile along sectzon A A :m Flgure 1 1s showny

by I‘x[,ure 13. Undcr the assumed groundwater dramage rate, the Water,

t ,A * N 3 :

ablc apparently would tend to stabzhze at a level wh1ch would be suxtable

Lo K
et ' B ~~
R y <

‘fo T _sat1 sfa“cto ry Lcrop growth.

Summary and Discussion

. "\,YThe response of the groundwater table of a low-lying flat land to

the chmate, crop pattern, 1rr1gat10n, and dramage was mvest1gated by .

’

a technlque mvolvmg the computer 81mu1at10n of the hydrologic and hy-

drauhc orocesses., By means of the rnodel responses of the system to

Y -

various. land use and water resource rnanagement alternatwes were in-

i

vest1gated Results suggested that. the model wh1ch is generally apph-
cable, is capable of estabhshment of a sound development plan i'or the

study area. However, there was only three years of cl1matolog1cal rec-

l

ords ava1lab1e at the tu'ne of the study, and on the bas1s of these short-

period records, cl1matolog1cal data were assumed for longer penods

t

. to study the long range behavmr of the system. For a more rehable

pred1ct1on of the system behavmr, collectmn of the c11matolog1cal data
should be contmued and analyzed for a longer per1od. At the t1me of the

B

study, only one year of groundwater data were available 4n the form of7
groundwater table maps W1th a three-month time increment, 'I‘hese data
were used to calibrate the model and to identify the model parameters,
such as the transmissibility and specific yield of the groundwater aquifer.

As additional groundwater data become available, further calibration of

the model should be made to improve the reliability of the prediztions,
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'

0 B

In the iﬁitial management study ‘reported here. a uniform rate of

v

«
. ' 1

amage was assumed for the entu'e area and’ pcr:od of study. T

t

pumped dr

N - ' [

Th1 5 as surnpt:on 1s 11kely not, the mo st opt1ma1 pattern and schedule of *

’ l

dramage and the stuches ere now bemg made whmh include varmua com-.

' .
4o ', '

bmatzons of grav1ty and pumped dramage systems. = ERIPE

e L

L In genera.l the computer model applied well to the partlcular prob-

i
e PR B R ’,

[
L ]

lem under 1nvest1gation. Because the model is based on fuhdamentel

¢ "
L
N

concepts, 1t 18 not’ restr:.cted by geographlc 11m1tat10ns , and would apply

\ '

) equally well to many problems of su'xnlar nature. However, ce:t;ain mod-
‘ ificatiohs would be needed for areas where homogeneous and isotropic

’

‘groundwater aquifer ‘conditions.cannot be assumed.
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Appondix 1

Notation for Figure 2~

1 -

"= dee p pefqola’tioxi

.

Vot +

Ve

evapotransp1rat10n £rom unsa.turated so11

*a i ! 4
- I

evapotransp1rat1on from groundwater g

pan evaporatmn

‘9 [

mf11tra.t10n

5

eff ectiv’e percolation
; e

interception’ storage

Y N

= interception storage capacity

3
-

’

mterceptmn /

4
':

crop consumptwe use coeff1c1ent

e

phreatophyte consumptwe use coeff1c1ent

e .

soﬂ mo1sture holdmg capa.c1ty

:

: soil'moistu’i'q ',s‘torage' v

initial soil moisture’
\ i .‘ ‘ A . N ‘
p\m}pipg draip_ag'e ah

prec1p1ta.t10n

surf;.ce wa;:er collection
surface ‘drainage
infiltration capacity
topographic parameter

total water supply to ground surface

initial water supply to ground surface

'
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