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ot these are the large thickness of the [ractured bed of the wide fracture openings. In both
dniling operation may be either expensive ot impractical for large depths {or excessive
yos of mud circulation and other difficulties. For this, producing wells dniled ia fractured water
wrics formation, are usually partially peoetrating the equifer.
The purpose of the present paper is to determine the permeability of both the fractures ana
o8 parent formation. These parimeters as well as the sorage cocfficient can be determined
analysis of the pumping test data, recordes from a partially penctrating observation
oA where the pumped well itscif does not resch the bottom of the fractured formation. It is
that the fractures are cither horizootal or vertical and that the stocags coeffcient
Py cunstant in the whole region.
procedure of analysis s based on the double slope method, Saad et al. (196%), and on the
solution of the nonsteady flow toward a partially penetrating well, Hantush, 1961,

geount for anisotropy, Muskat, 1937,

gv
" sverage drawdown (1) in an observation well, where the screens in both the pumped und
stioa weils extend for the whole length of each well, and that both are partislly

‘-uing a water bearing formation, Figure 2, has been found by Haotush, (1961) as follows:
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5 Plg 2 — Diagrammatic representation of a well tapping fractured rock.
A: Yertical (racture. B: Hoetzoatal (racturs.
-

h‘&km (1), can be modified, to sccount foe anisotropic peemeability resulting from the
o of {-acturcy, by multiplying the term (r/d) by (Kd K2, Muskat, (1937). Thus Equa-
w3 (1), will roduce to:

te QMg K, bW (u)+(4b%x'dd)

182 K, {(nxr/b)(KJK,)"’} (s1n axd/b)
(sio nxd'/¥) ()
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Equation (1) shows that the rate of changes of the average drawdown behaves a0

of rachal toward & well fully peoetrating an aquifer.
Foe the determination of the hydnulic cocffiients Kr and K ,, the duobie slope

Saad er af. (1949), can be used. The procedure of the mathematucal analysis s outhy .

follows:
1) diferantiating () in Equation (2) with respect to loga !

2.30Q
4x K, b

ds/d(in ) = e ' mm o,

i1} differantiating {m) in Equation (3) with respect to ln ¢
. (.30 Q - .
dmjd(lnt) = ———ut¢ Tam
jd(la ) Kb u 1
wit) the double slope function f(¥) = m'/m, can be found
f(u) = m'/m = 230u (e

8¢) and the data of pumping tesd, o1
value of (X)), can also be found v «
be evaluated. For this, Equatiemt’

Equations (5), (3, and the relationship (w = 71 5/4 K,
enable determining K and S, as will be shown later. The
terms in the summation form appearing in Equation (2). can
can de put in the {ollowing forms:

A= 5 (Un) K ((axrib)(K KT

A

(b

{sinn zd[b)(sin n xd’'[b)

- S W 14474 b}
‘ A [Q,‘-tnK,b (U)](x dd'[4b%)

Equation (6), can be further reduced to the focm of Fourrier serics by multiplying both i
), where (x = rd’/b), and integrating between the limits 0 and x

“\

by (sin{x)dx
[- :4 sin (x)dx = j' i (1/n" Kq {(nxr/b)(K./K,)”’}(sin ax)(sin )dx U
.o e
Using the following two identitics:
sin (nx) . %0 (mx)dx = sin{n—m)x _ sin (n+m)x "
. 2(n—m) 2n4+m)

sin (2nx) ,

J‘ {sin (nx))idx = (x/2) - -

itanummmam‘minmwrmruminwumm will tend

except when 8 = L. Thecefors Equation (T) will reduce finally to:

r A sin (x)dx = (x/2) K¢{(xr/b) KJK,) 3] sin (xd/b) = 24
°
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MYUCATION

For determuning the hydraulic properties of both the fractured and parent formation, ie.,
as vertical and horizontal permeability and the storage coeffient from the data of the pumping
oo, the following procedure can be applied:

g Draw the drawdown-time curve on semilog. paper, with the time on the log scale (5—log ¢
curve).
§ (hoose xevena! points on the curve and measure the slope (m), pee cycle at each point. It
may be more accurate if the chosen points comprise the iatest portion of the original curve,
~ or in othet words when the time 11 large.
& Mot on the 1ame wmi-log paper the measured tlopes {m) vertus log ¢.
#b Scloct few points on the (m - log /) curve and measure the slope (m’) of the tangent at each
potat, per cycle.
W Koowing (m) and {(m") at each time, find the double slope function f(u), using Equation (%)
- at esch point, and And the correrponding value of (u).
@ Using Equation (3) with known values of (u), (@), (5) and (m), determine the value of X..
o) Using the relationship (w = 7, 5/4 K. 81), compute the valug of S,
) Steps from v to vii, may be repeated for other values of (m'), &t different values of time.
.. However the computed values of (X,) and (5), thould be the same at each point. Any
' deviation is & result of improper measurements of (m) or (m').
&) Choose any paint on the (s-log 1) curve and record its coordinates.
1) Compute the value of () at that particular point and find it corresponding value of W(u),

from tables of the well function, Wenzel, (1917
f) Using Equation (11), the value of Ke((r/6)(Ku K,) "1}, can be calculated, From which the

value of (K./K.), can be found, using the tables of the modified Besel function Kelx).
o) KXnowing (X,). determine the value of (K,).

APPENDIX — NOTATION

squifer thickness (L).

depth of penctration of the pumped well (L).

depth of penctration of the observation well (L).

the rero-order modified Bessel function of the second kind, tabulated, Watson (1944)
or Dweight (1938).

Norizontal permeability radially from the well (L/ 1.

vertical perrneability (L37).

slope of the tangent at any point on the drawdown-time curve (s~log 1) (L/oycle).
shope of the tangent at any point on the drawdonw-tlope-time curve (m —~ log 1) (L/cycle).
constant well discharge (L//T).

distanos between the pumped and the observation wells (L)

average drawdown in sn observation well partially penctreting the aquifer (L).
storage coefficient or torativity.

thme since pumping started (7).

refation 24 5/4 K, be.

W= /00 (¢-2/,) dx = well functioa of (w), tabulated by Wenzel (1942),
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