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Note that the tabulated valur,s cover tho following conditions bcluw 
the hole: a shallow impermeable layer, an infi nite homoge neous 
stratum, and n shallow. highly permenblc (gravel) layer. TI>e value 
y should corr.,spond to tha t when dvldt is "'" 15Urccl. 

,_,.,veral '"""r tcchnilJ IICS s imilal' to the auger hole tes t have be~n 
developed in which water level changes o.re m~asured afle1· an es· 
sentiaJly ins tantaneous removal or addition of a volume of water. 
With a small-diameter p ipe dJ'iven in to the ground, K can be found 
hy the pie1.ometer. or hohr, mc:tJ1~rl •l' F'o1· , :ts in co1 . .• ued aqui
h-•~. the slug method can be employed.12•41 Here a know n volume of 
water is suddenly injected or removed from a well .tfte r which the 
decline or recovery of the water level is measured in the cn~uing 
minutes. Where a pump is not uvai lable to conduct a pumoing te • 
"" n well, t~ · <h1g me ' .J .erve· , ,,n altt .. wiive ap!Jtc>uch. 

Pumping ·rests of Wells. The most reliable method for esti
mating aquifer hyd raulic conductivity is by pumping tests of wells. 
Based on observations of water levels near pumping well• an intc
gr ''nd K vuJu .• vera siz..ole aquifer section can he obtained. Then, 
too, b!!CBIISe the aquifer is not disturbed . the reliabilit}• of such de
terminations is superior to laboratory methods. Pump test methods 
and computations are described in Chapter 4. 

Anisotrupic Aquife rs 

The d iscussion of hydraulic conductivity heretofore assumed thfll 
the geologic materia l was homogeneous and isotropic. implying that 
the value or K was the snmc in all d irPcliorts. In fact, brJ\\ ·e r. this 
is r "ly the ~ .u. parlicuJdrly for undisturbed unconsolidalt!d <II
Iuvial ma!r:ria ls. Instead . onisotropy is the rule where directional 
properlles of hydraulic conduGlivi ty exist. In alluvium this results 
from two conditio ns. One is that individ iJal pa rtic les arc seldom 
spherical so that when deposited underwater !hoy tend to I'cst wi th 
!heir fla t s itles down. The second is that alluvium typically consists 
of layers of d ifferent malcri nls, each possessing a unique value of K. 
Jl' the luyers Me horizontal, any single layer with a l'elati vely low 
hydraulic co nductivity causes vertical now to be reta rded. bul hori
zontal now can occur eas ily through any stratum of relatively high 
hydraulic conductivity. 'rhus. the typi cal field s ituation in alluvial 
rlepnsits i~ to lind a hydrau lic r.onducliv•ty K, in !be horizontu l dl· 
r·ect1on that wi ll be greater than a vuluP K, inn verticol d irect io n. 

. Consider an aq uife1' consi sting o f two horizontal layers, each in
rhviCiually Isotropic, with d iffer·cnt thicknesses and hydraulic con-
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duclivities, as shown in Fig. 3.7. for horizontal flow parallel to the 
layers, the flow q 1 in the uppel' layer per unit wid th is 

(3.25) 

where i is the h l•draulic grad ie nt and K, and z, are as indica ted in 
Fig. 3.7. Because i mus.t be the same in each layer fol' horizontal flow, 
if follows that the tota l horizontal flow q , is 

Q.r = tr, -r q2 = i(K 1z1 + K2z2) 

For a homogeneous system this woul d be ex pressed as 

q, = K, i(z, + Zz) 

{3.26} 

(3.27} 

where K, is tlJe horizontal hydraulic conductivil1• for the entire sys
tem. Equating these and solving for K, yields 

(3.28} 

which can be generalized for n layers as 

K = KJ~I + K2Z2 + • • • + ~n . ~-~ 
Z 1 + ~2 + .. . + z., 

Th is dct111 Cs tho etj lUValent hullzontal l,ydraulic CoilJuctivit:; tu> a 
slralified materiul. 
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Now, for vertica l now through the two layers in Pig. 3.7, the ll nw 
Q, pel' unit bol'iz·onta l arcu in the upper layer i~ 

dh, 
q = I (3.3fJ) 

z zl 

where rlh, is the head loss within the first layer. Solving for the head 
loss 

<Ill, - K 'I• 
' 

(3.:1!) 

f'rom continuity q, must be the same for the other layer so that the 
total head loss 

dh 1 1- dh: = l K~ .._ ~: J q, (3.:121 

In a homogeneous system 

K --
[
rllt 1 .,_ di!,J 

: Zt + 7.: 
(3.33) 

whet·e K, is the vertical h ydraulic cond u<:t ivity foe· the e lllire systom. 
Rearro ngilJg. 

[

'I + z.,] 
dhl -1'- clh:! = ~ q) 

and equating with Eq. 3.32., 

z ... z .... 
~ =- ' ~ 

~; Z1 

K 1 K, 

which can be gener,olized for n layers as 

(:l.34) 

(3.35) 

(3.36) 

This defines the equivalent vertical hydraulic conductivity for a 
strahfied material. 

As mentioned e arlier, the ho riwn ta l hyd ra ulic condur.livity in 
nlluvoum is normally greater than that in the vertical direction. This 
observ~tion also fol lows fro m the above clt:rivati(lns; thus, if 

K, > K (3 37) 

-
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then for the two-layer case [rom Eqs. 3.28 ;md 3.35, 

which reduces to''2 

Ktzl + K:-:z2 > z.l + ::_t 
z1 + z2 zl t 2 --1-

K1 J... tr 
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(3.38} 

(3.39) 

Because the lefl side is always posi tive , it must be greate r than zero. 
thereby confirming tha t 

K r--
-> 1 K, -

Ratios of K,IK< u~ually fall in the range of 2 to 10 for all uvium.•$ 
but value~ u p to 100 o r more occur where clay layers are present. 
For consolid ated geologic materia ls . tm i ~ot rop i c cond itions arc gov
'"·ncd by the orienllLtwn of str•l·•· l'raclure,, solu tion upcn ings. 01 

oth~1' s tructural cond itions. w hich do no t necessarily possess a hori
zontal al ignment. 

In applying Darcy'~ luw to two-dimensional flow in a nisot ropic. 
med ia, the ;,ppropr·ia lr. value o f K must be selected for the d irection 
of flow. For directions oth er than horizontal (K, ) and vertical [KJ, 
the K va lue can be obtained frorn 

1 _ cos'JJ sin'/3 
K --;.-+-;z-

fl f'o , .c 
(3.41) 

where Kp is the hyd ra uliG co nductivity in the di rectio n makil1g an 
angle {l with the horizo ntal. 

Gro undwater Flow Rates 

Prom IJarey's lHW it tollows tha t the rt~IC o l grou ndwater move
ment is governed by the hydrau lic conductivity of an aqu ifer and 
the hydraulic graclient. To obtain an idea of th e orde r of magnitude 
of natural velocities. assume a prod ucti ve a lluvial aquifer with K 
= 75 m/ dn" 11 nd a h yrl•·8 ulic grarliPnt i - 10 •'f!/1000 111 ~ (l.Ol. T hr•n 
from Eq. ~-5 

v = Ki - 75(0.0'1) = CJ.7S mictay (3.42) 

This is approxima tely eq u iva lent tu 0.5 lllm / m in , whic h demon· 
stralcs lh'· !uggish no..:lu re of 1~ n' ra l grour:·'watcr JnH ·r·ment. 


