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Fig. 6. Effect nf anisotropy on regional groundrvater Bow. 
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ing the apstrcam portion 
t~sr[.ia.l aquifer (Figilre 4). 
In the outcrop area of a downstream sSop 
qi~ifer (Figlrc 5 6 ) .  

oed, few. ge11er:diau- 
r, two observations 

,e. worthy of ~1ol.e: ' (1) it appca.rY t11n.t whcre 
< . horizonfa11 permetibility is . dgnificmt.1~ 
cntcr tllnn thc vertical, the qualltities of 

of Ground.water 

hawn that- hnrnmocky wateim- 
1s are coi~ducive to the estab- 
sub-basins' witl~in tls major 

e circu~nstances, t.he concept 
Id is negatcil, aad each eom- 
Le considered separately. It 
.to e imine the factors .that 
and lateral e x  Lent of jhese 

ous (Figure 1C) the 
es place near the surface is 
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small sub-baijns, but IL certain.amount. of flow 
by-passes these ilear surface systems- to enter 
ihe ~ x i a j o ~  Bow sjsi.r,m. At Iittst. one flow path' 
iravertjqs' the entire basiu. -Tl th  [1963] has. 
xhown that t.he.influence of thh h~unrnocks.in- 
creitsw ns: (1) the nmpIit.ude of the h~unmocka 
increases, old ('2) t.11e 'depth : lateral, esbli.: ' 
ratio dccrc&ies. The groundwater basin may 
even be hrokc~l lip into s selies of small aub- 
basins with no flow trsvcrsing the 'entire basin. 

The cffcot of j~~troducing a bigh-pr1ue&bilit)7 
aquifer into The s3.st.m is to create a high1va.y 
fur .groundwnter flow such t11n.t the percenlago 
flow tlbavcwing the entire bnsin increases.'The 
percentage of toh l  flow that inters k11c hsin- 
-wjcle flow system depeilcls on thme parimctcrs: . 

.' I .  The permen.11ilit.y rat.io bilrvcen the a:qui- 
fer and other formations; 

2. 'l'he 'deplli, : Intend exlent' ratio of %I18 
. . 

bnain ; . 

3. The pe~tcntngc of the i0t.d depth Lakcn up . .: . . . .  ::,:;:: 
by the lligh-pennealili~y Inycr. .,. . :. :.. 

. . .  .... ~. < .... 
There ir vciy .litt.lle gge.ner:+lk%tion. possible .... :.::!: .x 3 I 

rcgarrling the effect .'of il.regi11a.r geologic cull-, . :.:..:;::: ...... .t 
figuralio~m. It,. i~ ~ a f e  to say, Ilo~vcvor, -+hat the: , . ::::.: +.. .. j 
introduct-ion. of discoi~thilities (partid layers, '. : - .':;; :j 

hlst?s, and slopi~lg beds) , will resiilt -in: !he: .:..)'?;; i 
formation of small sub-hasills t l ~ n t  did not exist. . . . . . . . . .  .'.. .:: ,;....:+ $2; . 

. . . . . . . . .  . . . . . . .  in the homogcnecius c&e. ...... >::. :..:.. .i 
........ <. - .> <.; q . . I . . . . . . .  .: ..... . , .. 

Eflectke Depth t o  a Basal ~ m ~ c r ~ ~ . e a b l ~ . ~ o ~ n -  : !: ,.;:;:j: ' 
.. ._... ... : . :i ......... t l a~y  . . .  . . . . .: ..:..... , . . . . . . .  . . . .  ' .:.: '. ...... 

One of tile I~asic nmumptitjm of this etudy ;,':.-fi:$:i 
[Pfscze .7fithcrsp~~11, 1-966 ] requires ths , ' ,':r,i 
preJcncc of a horihnta.1 imnpermcnblc boundiuy .: ' (::.';:%, ! 

at some depth: Anrithel* awumptian -wts ', - .. ':j.:;. 
:..: : :: ?,:<; 

. 

t.hat t.l?ere is no such thing as a completdy i,  : 
imperineal>lc forrn;ition. The rcsollltion of.this . i:';.':$ji . 

seelning psridos lics in t.he f;i.ct t11a.t thcr'e nre ' ': :.:;~:;$ : 

....... 
eer ksin geologic- ' co~ifigurbt.ions - t.11a.t have the. .'. :.:: . ?  

. . . .  
xune effc~t on trha pnteulird gattcrn as &u hi- . .  . ,.. x :.'?:;:i:.. ........ ......... . . . . . . .  permeabIe hoimda.ry. . . . . .  . . ._. .,.. ti . . . . . .  . . 

Bigurc 3A shows a two-hyer cave wit",& .:;;.::;.Tj 
simple' water-tablc cmlfipiratiou. The equim- . :.:::;:::! . . .  

... tential lines. cross the K = '10 layer verticdy . :,j, !',. ,,:; ..... 
. . . . . .  

s11tl meet .t.hc nssiuned basd impermeable , .< :;!?. 
boundary perpendicularly, as they must. In  . ' .  . . 'i''i;{,~;. 

. Fignrc 2F, mothel; low yerineability .Lycr- has : ............ . ..:::':::. 
beeu addcd beneath the aquiler. The effect on. i '. . - '  :::- . . .  :: 
the Aou~ pattern L negligible. The equipot,mti?l..: .. ...>.:'>q 
linw still cmsi the aquiIer .vertically md meet . .-:::;: 

. . . . .  
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its lower boundary perpe~ldicularly. They are 
not refracted (except at  thc extremities of the 
flow net) and are vertical ovcr most of tho 
R = 1 layer down to the base of the model. 
Thus, the lower boundary of the K = 10 layer 
has the same effect as nn impermcnhle honnchry. 

It is concluded tlxit when one is designing 
mod018 of groundwater bnsins, thcrc is some 
depth in regions of reasonably hotizontnl sedi- 
mentation below which the eyl~ipotenti:tI lines 
mill rcmin vert,ic.al. On the basis of our hypo- 
thetical two-dimenfiionad models, this depth ap- 
pears to be the lower bomidary uf the deuped 
aquifer whose permeability significantly cx- 
ceeds that of underlying be&. To be on the 
safe side, grclimitlary studies Aould prohabIy 
begin with a greater basin depth than would 
seem necessary. If onc finds vorticnl equipo- 
tentisls as ~liggcstcd by the sbove, the ba..in 
de1)t.h ucn be limited accordingly. 

T l ~ e  twenty-one pnt~atiial ncts presented in 
this pqper llnve been cl~oeen from a n i c h  
larger number that appear in the original study 
[lzrsaze, 19661. Snch irlc~lizcd iiypotlietica1 
nlocIds provide an excellent insight into the 
native ol' groundwater flov, but it must be 
recognized that it worlld take a much larger 
numbcr of models to cover ewn a fraction or 
all of the powiblcs combinatjo~~s of wntcr-tsble 
coi~f i~ra t ions  and snbsul.face pennenbility vari- 
ations. I n  the ultirnnte prnct,icnl i~scz n l  our 
method, a mthematicd nimIcl mnst be de- 
signed for each individ11:~l groundw-:iter bnsin 

I undcr investigation. 
I 

CONCLUSIONS 

1. The factors that &act steady-state re- 
gional gronndwnter flow patterns within a 
.nonhomogeneous, :~nisotropic bnsin are: (a) 
'depth : lateral extent' ratia; (b) w:tter-table 
configuration; and (c) the stratigrsphy a i ~ d  
resi~ltirlg subst~rfi~ce variations in pe rme~ld i t ,~ .  

2. I t  is possible to stody the influence of 
thefie factors by utEzing digitzal romput~r  solu- 
tions to approprhtelg desigled . matliemstical 
modcls. 

3. Tllc preacnce o l  a major valley will tend 
to concclitrate discharge in the valley. Where 
thc rcgionnl wntcr-table dope is uniform, the 
entire upland area is a recharge nrca. In hum- 
mocky terrain, niimerous sub-basins will bc 
srlpoq>osed on the rcgiw~al system. 

4. The presence of e buried aquifer of sig- 
nificant permeability wvilI have a piofouud eflect 
on rcgiong groundwhter flow. It acts ns a high- 
uray that txmsmits water to the principal dis- 
chrtrgc ares and affccts the magnitude and posi- 
tion of the recharge areas. It can also a 
significa~it. effect on the extent and P,DW capac- 
ity nf sub-sptcms within the. regiond b d n .  
Buried aquifers need not outcrop to produce 
artesian flow conditions. 

5. Cfirhin nonhomogeneous baeizle may have 
potential fields that a72 indisting.uishable fiwm 
those of the homogeneous case. 

6, Stratigraphic pinchouts a t  depth can cre- 
ate rccharge or discllt~rgc areas where they 
r-ioulcl nol be nnticipatcd on the basis of tho 
water-table configuration. 

7. Thcrc is somc depth ill regions of reason- 
ah$ horixontd ~erlimcntntio~i below which equi- 
polellthl line3 re~naill vertical. This cw~dilion 
:illom the effective depth to  thc lseaal hnl)erm& 
able hom1n31y to be sdect.ed when designing n 
nin~1ieml.icnl inodel. 
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