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rce. it frquenttly happeni that the producing wellN do not peie•trate comple"tly the 

formdtion from which they are pumping- This is rather due to many technical n rton 

% min thee anre the WV thickneU o( the rracturd bed or the wide fraIcture openings. ti both 

_drlinl operation may be either expensive or imprxcia for large devlths for iessive 

amud circulation and other diltultim For this, producing welts drilled in fractured water 

Sformation. am usually Wipaally pentrxtirlf the equfrer.  

IN PuPrse of the present paper is to determine the permeabtlity of both the fracture% An 

g ~pamnt formnation. These par imeiteri as well is the storage code.ciet can be determined 

anilysts of the pumping test data. recordc-s from a partially penetrating observw.ation 

-#% I A wer the pumped well itself does not reach the bottom of the rr-'turd formation. It is 

t.4 sopp t hat the raictures are either horizootal or vtcd anrid thAt the storags coetlcient 

VA is . 5 C¢umt2ft in the whole regton.  

procedure of tnalyiis is baed on the double slope method. S•aad e al. (1965). and on the 

solution of the nonrteady flow toward a partially penctrattng welt. Hantush. 1961.  

aI i j uft for ainisotropy. Muskat. 1937.  

ieavr drawdown (0) in an observation well, where the scrcens in both the pumped aid 

= &tnon wells extend for the whole lengih of each well. and that both are panially 

SradngI a water bearing formation, Fi"ur 2, has been round by Hantuslt (1961) as follows: 

=•,•= xKob[W(u)+(4b'1ix'dd') (1=K(~ l)sna•'b(i xrb t 

g 1 4tcK(btW(" 

I -A u~ 

PI&. 2 - Diramatik rep. taittoo of a wel tapping fractur• d rock.  

. Aý Vadcsl fracture. B: Hootiatal fracrMuu 

*-- lon (I), can be modifed, to account r aniso•ro penraeability redulting from the 

f f fr.-acturea, by multiplying the term (rib) by (K*,K,)trn. Muskt. (1937). Thus Equp

" (CMwiU roduce to: 

te a4 K, bLW(It)+(4b 2 f/.dd') 'E 1j/ K,((xxrjb)(KjK.) ) (sin #,xd/b) 

(%in aX dlb) (2) 
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Equationl (2) ShoWS that the rate of Chst'"M of theavrgdtwofbevsv 
or radial to'ww.d A well fully peoetrtiflan aquianfK.ehr.ob SO 

For the dtitt'minattion or the hydraulic CO^"fCiet xniyil ISd K, h ube~oUI 

Said er at. ý1965). can be use&. The procedure o h ahmtC nlssaot, 

follows: 

o differatntiatins (.0 in Equation (2) with respect to lo1a.

di/d(Iri f) .-IO 3Aie 4 xK, b

it) difTcranltiatiflt (mn) in Equation (3) with respect to In t

%it) the double slope function f(im) _ m'Im. cin be found

11]

( t

Equations (5). (3), and the relationship (a - rS4~ 7 2 n h aao upn ca * 

enable deferrfitlifl K,. and S. as will be showni later. The value or (Ks). can al~so be found ii.  

ternms in the summafltionfl onni appearing in Equaktioi1 (2). can be evaluate&~ for thii, Equ~aii-s..ea 

can be put in the following forms:

A (In)K (txrb( lK)'

(sin nxd/b)(siif n itd'b)

Where
A "fo;4it]b -ddj4b1)

.%Equation (6). can be further reduced to the rorm of Fourriff Weies by multiplying both ýJf 

by (sin (x)dx). where (x - ntd'/b), and integratingi between the limnits 0 and 1c

A4 %in (x)d1x - fe n2K,,((n x rlb)(KdK.)10)(sin nx)(sifl x) 1

ill

0,

e It--;n two kdentitk=s

j&in (n).Sin (mx) dx - 2(-m) (M+ )

r.
(gin ~ ~ si (2nxdx-)x'2 

4n,
and

it can be shown CRSily th"am ~ the term in the sununation forms in Equation M7 will tcf'd towO 

excelx wbell a - 1. Thbtaolv Equation (7) will reduce fnally to* -,

A sin(x)dx - (*/2)K*E(lt~b)KgIK,)"1 sin (xdlb) m 2

-. -11w t &Draw the.  
am"~).  
Choose seveil N.  
aiffay be mnre accurikt.  
at orin other words when 'rPot on the same wemi-ist
Selec few poi nu on te( I 
point. per cycle.  

*Knowfing (mil and (m) at each 
&~j t ecwh point. and find the coin 

*Using Eqluation (3) widt kno%* 

*SWeS from Y to vi i, rwy be re 
Hfowever the comsputed Y3luc 

SdrAa.ittl s esult of bProp 
'k)OO LIoean point on teU
1) Covnipthe1 value of (a) at th 

ftow tables of the wel hunctic 
UfteI EquIato 0t 1). d12vtlU 
yalus of (K.4K.,X can be four 

14 Knowing (K,). deteumi the' 

A 

& auifeuthicknessiWL 
E depth o( pcexqstraiom of th' 
11depth0( penemtia iof the 

EWthe zeo-orde motdied 8 
or .Doujpht 0958).  

lc* horizontal permeiiblllY rat 
co. ,uiatQper., bwity(as r 
* dlope ofthe tanow t a 

do gof othe taflng at any 
~ * coastant well dischitro (L 

V disamix between the puml 
ma 5 dSW awdowsa an c 

* t~irnesine pumping VIeC 
I' mitkilonr S/4 Kbt.  

r"MIO'(ral' dx- wed func

I

I
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I
K,[(xrlb(K./K,) 'l]. (4 A/') cosc (cd/b)) . (1!)

% as in ih, , 1,4 

Slorpe r.,•. A 
is Oull., I 

it 

be rlouiJ•i -M ¶ 

,it,Equji- M4,

U.

APPENDIX - NOTATION

I aquifer thk-kne (L).  
I ddepth of penetration of the pumped well (L).  
' depth of penetration or the observation well L).  
14(4 the zero-order modified &essl runction oa the second kind, tahulated, Watson (1944) 

or rlweight (1958).  
Cs horizonrtl permeability radially from the well (LIT).  
C. ve•t•tal permeability (LJT').  
a slope O1 the tIanent at any point on the drawdown-tfln-o curve (s-lot 0) (LIcycle).  

slope of the tanmint at any point on the drawdonw-slope-tnime curve (rn-log ) (L/cycle).  
Q constart well dishar• e (L!I7).  
* distadice between the pumped and the observation wells (L).  
* Avera"e drawdo", in an observation well partially penetrating the aquifer (L).  

Storage coeflfiient or asorativity.  
h tine %law pumping started (T), 

M t~aioin r$S/4K•, b.  
d- - well functlon of (w). tabulated by Wenzel (1942),
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For determining the hydraulic properties of both the fr2ctured and parent formation. i e..  
66,irri'Al and hotironral pernability and the storage coeficient from the data of the pumping 
0 the follo'ling pro,.'tlure can be applied: 

SDraw the drawdo*n-timie curve on emilog. pAper, with the time on the log scale (S-10o t 

curve).  
pCOts several points on the curve And measure the slope (m). per cycle at each point. It 

,n my be mom accurate if the chosen points compwise the latest portion of the Originll curve, 

- or in other words when the time is large.  
Mot on the sme smc mi-log paper the measured slopes (m) versus log t.  

gf 5e15 few points on the (m- log i) cu-ve and measure the slope (m*) of the tangent at each 

point. per cycle.  
4 Knowing (m) and (mi') at each sirme, find the double slope function [M.), using Equation (5) 

at each point, And And the corre.ponding value of (u).  

. Using Equation (3) with known values of (W). (Q). (b) and (m). determine the value of K,.  

4 Using the relationship (K - r,S/4 Kbr). compute the value of S.  

do Sps from v to vii. may be repeated fot other values of (m), at different value, of time.  

However the computed values of (K,) and (S). should be the &Ame at eAch point. Any 

deviation is a result of improper measurementsi of (i") or (m').  

k) Choose a" point on the (s--log 0 curve and record its coordinaltes.  
a) Compute the value of(i) at that particular point and lAnd its corTeSponding value of W(u).  

from tables of the well function. Wtnzel, (19M7).  
to ULsng Equation (II). the value of K*((rIb)(KJK,) I'l, can be calculated. From which the 

voje or (KSK, can be found, using the tabks of the modit
t ed ,essel function K.(x).  

A) Knomwing (K,). determine the value of (K,).
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