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T R A N S I E N T  MOTION OF A LIQUID IN A F ISSURED POROUS S T R A T U M  

S U B J E C T  T O  P E R I O D I C  P R E S S U R E  V A R I A T I O N  AT T H E  B O U N D A R Y  

Yu. P. Z h e l t o v  a n d  V. S. K u t l y a r o v  

Z h u r n a l  P r i k l a d n o i  M e k h a n i k i  i T e k h n i c h e s k o i  F i z i k i ,  No. 6, pp. 6 9 - 7 6 ,  1965 

To determine the physical parameters in a fissured porous stratum, it 
is necessary to produce periodic pressure variations. This requirement 
is met by adjusting the rate of flow of liquid into a ,)tit t)f the well. A 
discussion is given concerning one-dimensional periodic Inotion of a 
honmgeneous liquid with reference to parameter determination. 

1. MOTION IN A R E C T I L I N E A R  S T R A T U M  WITH 
HARMONIC V A R I A T I O N  AT T H E  B O U N D A R Y  

A r o c k  of t h i s  t y p e  m a y  [11 b e  r e p r e s e n t e d  a s  a 
c o n t i n u o u s  m e d i u m  c o n s i s t i n g  of a s e t  of j o i n t s  and  a 
s e t  of b l o c k s ,  b e t w e e n  w h i c h  t h e r e  is  e x c h a n g e  of 
l iqu id .  T h e  e q u a t i o n s  of c o n s e r v a t i o n  f o r  t he  l iqu id  in 
the  two s e t s  a r e  

O(m~p) ~_ die  (PV1) - - q  = 0, 
Ot (1. l) 

0 (m~p) ~_ div (pV~) + q = 0 
Ot 

H e r e  m~ and  m~ a r e  t he  p o r o s i t i e s ,  V~ and  V2 a r e  

t he  f low s p e e d s ,  p i s  the  d e n s i t y  of  the  l iqu id ,  t i s  
t i m e ,  and  q i s  t h e  m a s s  of l iqu id  e m e r g i n g  in to  t he  
j o i n t s  f r o m  t h e  b l o c k s  in un i t  t i m e  p e r  un i t  v o l u m e  of 
r o c k .  T h e  f o l l o w i n g  e x p r e s s i o n  h a s  b e e n  g i v e n  [1] f o r  
q: 

9a 
q = - ~ -  (P2 - -  P l ) .  (1 .2)  

i l e r e  a c h a r a c t e r i z e s  the  r a t e  ot e x c h a n g e  [1], p is  

v i scc ) s i ty ,  Pl i s  t he  p r e s s u r e  of t he  l iqu id  in t he  j o i n t s ,  

and  p, i s  t he  p r e s s u r e  in  t h e  b l o c k s .  
T h i s  e x p r e s s i o n  m a y  be  put  in a d i f f e r e n t  f o r m ,  

w i t h o u t  e x p l i c i t  u s e  of t he  p r e s s u r e  in the  p o r o u s  
b h ) c k s .  Le t  t h e  p r e s s u r e  in t h e  j o i n t s  be  p; t h e n  t h e  

r e l a t i o n  of q to p is  

t 

pa I * q= (po-p- . qdO  (1 .3 )  
0 

in w h i c h  f12 r e p r e s e n t s  the  e l a s t i c i t y  of t h e  b l o c k  s y s t e m  

and  p,~ is t h e  i n i t i a l  p r e s s u r e  in t he  j o i n t s .  
T h e  i n t e g r a l  t e r m  in (1 .3 )  h a s  t he  m e a n i n g  of t h e  

p r e s s u r e  in t he  b l o c k s  c o n s e q u e n t  on t h e  in f lux  of 

l iqu id .  T h e  d i f f e r e n t i a l  f o r m  of (1 .3)  i s  

Oq ct ( , 0 , )  
~ y q - - - ~ -  - ~ [ q - [ - p ~ / -  = 0 .  (1 .4)  

S o l u t i o n  of (1.4) s u b j e c t  to  q l t  = 0 = 0 g i v e s  

t 

As in I l l ,  we u s e  e x p r e s s i o n s  f o r  V~ and  V2 in t he  

f o r m  of D ' A r c y ' s  law and  n e g l e c t  the  f low t h r o u g h  t he  

b l o c k s  l i . e . ,  n e g l e c t  t he  s e c o n d  t e r m  in t he  s e c o n d  

e q u a t i o n  of  (1 .1) ] ,  w h i c h  g i v e s  us  f r o m  (1 .1)  and  (1 .2 )  
an  e q u a t i o n  d e s c r i b i n g  t h e  m o t i o n  of a h o m o g e n e o u s  
and  s l i g h t l y  c o m p r e s s i b l e  l iqu id :  

Op ~ 02p c3 
0--i- -1- '~m 0-}7 - -  qt -~- (V~P) - -  •  = 0,  (1. 6) 

~r + mo~3 )" ( 1 . 7 )  

H e r e  kl i s  t he  p e r m e a b i l i t y  of the  j o i n t  s y s t e m ;  

ill, f~cl, and  f~c2 a r e  t h e  c o m p r e s s i b i l i t y  c o e f f i c i e n t s  
of l iqu id ,  j o i n t s ,  and  b l o c k s ;  m01 and  m0e a r e  t he  
i n i t i a l  p o r o s i t i e s  of j o i n t s  and  b l o c k s ;  and  v ~ i s  the  

L a p l a c e  o p e r a t o r .  

$,  

Fig.  1 

C o n s i d e r  now the  p e r i o d i c  m o t i o n  in a s t r a t u m  
O < x ~  ~o 

T h e  i n i t i a l  p r e s s u r e  i s  p = P0. T h e  p r e s s u r e  a t  t h e  

b o u n d a r y  x = 0 v a r i e s  h a r m o n i c a l l y  f o r  t > 0, t h e  

a m p l i t u d e  b e i n g  P00 and  t h e  c i r c u l a r  f r e q u e n c y  w0: 

p (0, t) - -  P0 = Poo sin coot. (1 .8 )  

T h e  m o t i o n  i s  d e s c r i b e d  by  (1 .6 ) .  T h e  m o t i o n  of  an  
e l a s t i c  f lu id  in  a n  e l a s t i c  o r d i n a r y  p o r o u s  r o c k  s u b j e c t  

to  (1, 8) h a s  a l r e a d y  b e e n  d i s c u s s e d  [2]. 
We  c o n v e r t  to  t h e  d i m e n s i o n l e s s  v a r i a b l e s  

V ~ ;  ' To ' 

p .  p(~. t)-popoo ( I'o - - ~ o - )  

(1 .9 )  

E q u a t i o n  (1 .6)  in  t e r m s  of t h e s e  b e c o m e s  a s  f o l l o w s  

fo r  o n e - d i m e n s i o n a l  m o t i o n  in a p l a n e :  

OP O~P , 03p 02p 
O~ + a ~-~ -- 0 ~-~ O~ -- ~ ~ O, (i. i0) 
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To 5 B~ 

~ h  rl kl kl 
T ~  = T '  n = T - '  z = ~ N ) "  

(1.10) 
( e o n t ' d )  

H e r e  T 0 i s  t h e  c h a r a c t e r i s t i c  d e l a y  t i m e  of t r a n s i e n t  

e f f e c t s  in  a j o i n t e d  p o r o u s  m e d i u m  [1]. 
I t  is  s t a t e d  [1] t h a t  ~ r a n g e s  f r o m  a few cm2 up to 

1010 c m  ~, w h i l e  f o r  ~t ~ 10 ~ c m 2 / s e c  t h e  d e l a y  ~0 r a n g e s  
f r o m  a f r a c t i o n  of  a s e c o n d  up  to s e v e r a l  d a y s .  

T h e  i n i t i a l  and  b o u n d a r y  c o n d i t i o n s  a r e  pu t  a s  f o l -  
l ows :  

p (r o) = ~ = p (oo ,  ~) = 0, 

P (0, ~) = s in  2r~z , 
(1 .11)  

We a p p l y  t h e  L a p l a c e  t r a n s f o r m a t i o n  to (1 .10)  and  
(1 .11)  to  ge t  f o r  U(~, s) t h a t  

d,r_r _ s ( t + = S )  U = 0  ' 
d~ I 1 + bl 

(U (~, s) --- ~ P (~, ~') e-": d*) .  ( i .  12) 
o 

T h e  b o u n d a r y  c o n d i t i o n s  of  (1 .11)  b e c o m e  

2~ U (o~, s) = O. ( 1 . 1 3 )  U (0, s) = ,I + ~a~ ' 

T h e  s o l u t i o n  to  (1 .12)  s u b j e c t  to  (1 .13)  i s  

2 ~  
U (~, s) = ~ exp [ - -  CZ (s)] 

/s(i+as)\'/,~ 
Z(s) = \ ~ - i - g W )  ) -  (1 .14)  

I n v e r s i o n  of (1 .14)  g i v e s  

"fo+iv 

P ( ~ , z ) = l i m  t--, - ~ t 
,_.~ t .1. S ' + 4 n  ~ x  

u 

• oxp [ - -  ~ Z(s) + sz] ds. (1 .15)  

T h e  i n t e g r a n d  of  (1.15)  in the  s = 3' + iv p l a n e  h a s  
two p o l e s  s - ~ 2~ri and  t h r e e  b r a n c h  p o i n t s  s 1 = 0 ,  

sz = - b  - l ,  s3 = - a  -~. T h e  i n t e g r a l  of ( 1 . / 5 )  i s  c a l c u -  
l a t ed  v i a  t h e  c o n t o u r  of F ig .  1. C a u c h y ' s  t h e o r e m  
g i v e s  

1 ' b co 

o l a  

(1 .16)  

H e r e  

e x p ( -  a~') . F,. (z (1 --  az),t'' ] 
f (L ~, z) = -T~+ ~ ,  sm Lr \ T - - T T -  s ~' 

At = ~/((it" + d~ ~) da-' 
(1 .17 )  

dl = t + 4rt~ab, 42 = 2n (b - -  a), (1.17) 

2a dt ( c o n t ' d )  
d,~ -- 1 + 4a~b2 , ~ = arc tg ~ 

F r o m  (1 .5 )  and  (1 .16)  we h a v e  f o r  q(x,  t) t h a t  

pklpta M i f : q = ~ , , ,  ~) (1.18) 

in w h i c h  

M (L *) t �9 ~ r op (L o) 0 ,^ 
= - - T e x p  ( - -  T ) 5  T e x p T - a ~  : 

0 

l 

ffi ~ ~ ( ~ ,  ~), 

HI(~,  ~) = - -  2~(~ + 4n~bl)-'/" sin (2wr + arc ctg 2 : t b - -  

A~g s in  Vt %b) exp ( - -  A ~  cos V~2), 

H~ ([ ,  ~) = 2a (t + 4n~b~) -v' s in  (2rig - -  Ax[ sin V2 *)  • 

X exp (--Atg cos th~ p -  , / b), (1 .19)  

o o  

f ( _ ) (  + ) - >  l / a  

c o  

Ha (~, 't') = 21  (~ - -  t) (exp (-- (~'c/_b) i) ~- +exP4~tb~ i [ -  1~ --  t) "c (b~)-tl} 
1 

• sin {g ] / ( 5 "  1)[c  + 5 ( t  - - c ) ]  (bs)- '} da .  

F o r m u l a s  ( 1 . 1 6 ) - ( 1 . 1 9 )  s o l v e  t he  p r o b l e m ;  (1 .16)  
s h o w s  t h a t  t h e  p r e s s u r e  p r o p a g a t e s  in to  t h e  s t r a t u m  
w i t h  a p h a s e  s h i f t  and  a n  a m p l i t u d e  t h a t  d e c r e a s e s  
i n w a r d s .  T h e  i n t e g r a l s  in  (1 .16)  v a n i s h  f o r  t -+ 
( n e a r l y  s t e a d y  s t a t e )  and  c h a r a c t e r i z e  the  e f f e c t s  of t he  

i n i t i a l  c o n d i t i o n s .  

Consider now approximate formulas for the cases 7"o<< T ~and to>> 

>> T o . 
The case TO << T 0 corresponds to low frequencies, wo "~ 2a / %. Wc 

find for the integral terms in (1.16) and (1.18) [3] asymptotic formulas 
for r >> 1 and ~ ~ V'~. we retain the first terms in the expansions, 
and (with b << 1) get a solution to (1.16) and (1.19) as 

P (L ~) = si~ (2n~ -- ~ K ~ x p  (-- ~ 1 / ~  + O.ZS~ -~ ~-9~, (1.~0) 

M (~, T) = -- 2n cos (2nx -- ~ } f ~  exp (-- ~ V ~  - 0,375n -% ~x-',,. 

Similarly, the solution for high frequencies (% >~- Io, (~ >~ 2n / %, 
b>~-l)and */b>~- 1 becomes 

s ~ (~, ~) = sin (2n~ -- ~A l) exp (-- ~Aa) -7 0 . 2 5 a - ' ~  -%, (1.21) 

M(~, z) = - - b  - l s i n ( 2 n l : -  ~A~)exp(-- ~A~)-- 0,37'm %~'C %. 

Here 
A2 = (2b) -% Ic -- I + (! -F 4n2b%~)'/q V,, 

A a = (2b) ~'/' [I -- ~ + (1 + 4nZb2c=)'/q % 

The solution of (1.20), in accordance with the general cenclusion 
of [1], coincides with the known solution for an ordinary porous 
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medium with a pressure conducdvi ty~,  because for ru-': T0the delay 
has a negligible effect on the redistribution of the pressure. 

Comparison of (1.20) and (1.21) shows that high-freqaency oscilla- 
tions die out with distance more rapidly than low-frequency ones;but 
(1.21) shows that this decay in a jointed rock is less rapid than that in an 
ordinary porous rock characterized by parameter • The reason is that 
virtually only the tiquid in the joints is in motion if r0>> T0, and the 
pressure transmission in the joint system is greater than that in the rock 
as a whole. 

2. O N E - D I M E N S I O N A L  A X I A L L Y - S Y M M E T R I C  

P E R I O D I C  F L O W  F R O M  A B O R E H O L E  

C o n s i d e r  n o w  t h e  m o t i o n  o f  a h o m o g e n e o u s  l i q u i d  

in  a h o r i z o n t a l l y  u n b o u n d e d  j o i n t e d  p o r o u s  s t r a t u m  o f  

thickness h penetrated by a vertical borehole of radius 

r 0 �9 

The initial pressure distribution p~(r), with r the 

distance from the axis of theborehole, corresponds 

to a steady-state flow rate Q,,. 

For t > 0 the flow rate at theborehole varies 

h a r m o n i c a l l y :  

Q (ro, t) = Qo -~ Qx sin (oo t .  ( 2 . 1 )  

T h e  b l o c k  p e r m e a b i l i t y  i s  n e g l i g i b l e ,  s o  t h e  b o u n d -  

a r t  c o n d i t i o n  f o r  (2 .1 )  i s  

- -  2a k~h ( r ~Ofi l = Q o ~- Q . s i n  toot 
~h \ o r  I r r ; " 

o 

We c o n v e r t  to  t h e  d i m e n s i o n l e s s  v a r i a b l e s  

r t (r, t) - -  _ .~ _ p _ p po (r)  
V x ~  ' To ' po~ 

a n d  w r i t e  ( 1 . 6 )  f o r  t h i s  c a s e  to g e t  P ( g , t )  a s  

OP O~P ( I O*P , OaP 

i s  

U (~, s) - 2r~ K0 [;Z (s)] 
s z + 4 a  = ~oZ(s) K1 [~oZ(s)] 

(2 .6)  

I n v e r s i o n  g i v e s  

vo+*'~ Ko [~Z (s) les':ds 
P ( ~ , ' r )  = l im 7 -  s ~ + 4 ~  ~oZ(s)K~l~oZ(s)] 

-(o-s 

The contour of Fig. 1 is again used for (2.7); 

Cauchy's theorem gives 

t JKo (~,Vr) e x p  [i ~/~r~ ( &  - -  t)1 
P (r *) = ' 7 -  t ~ - -  

l i b  

Ko(:w~)exp[--iV2n(4"r + l)]} -'l-- f ( D ( ~ , ' t , a )  da 4- 

o 

( 2 . 7 )  

co 

+ f ~ ( ~ , , , a )  d z .  
1 / a  

( 2 . 8 )  

H e r e  

exp  ( - -  z'Q 
(I) (~ ,  ~ ,  ~)  - -  (z ,  + 4~ , )  ~og (z) 

Jo I~g (~)] N~ [;og (~)1 - -  1% [;g (z)l Yl [;og (z)l. 
• J1 = [;og (z)l + N :  [;og (z)] 

, , , , _ -  w ,  =  2exp 

/ z  (t  ~ az)  ]'i, 

g (z) = t t - T L - W :  

H e r e  J0, J r ,  No, a n d  N~ a r e  B e s s e l  f u n c t i o n s .  T h e  

i n t e g r a l  t e r m s  in  (2 .8 )  m a y  b e  d i s c a r d e d  f o r  r l a r g e ,  

s o  t h e  s t e a d y - s t a t e  p r e s s u r e  d i s t r i b u t i o n  i s  

:' 1 0 P  OIP"~ = 0 
- ' , T  a~ + 0r : , 

p(~ ,  o) oe(r  p ( o r  = O, 
o, 

oP 

f 

T h e  L a p l a c e  t r a n s f o r m a t i o n  i s  a g a i n  a p p l i e d  to 

(2 .2 )  a n d  ( 2 .3 ) .  T h e  t r a n s f o r m  

U (~, s) = f p (~' *) e - s - ;  gig 
0 

s a t i s f i e s  

( 2 . 2 )  

(2 .3 )  

d".U 1 dU s( l  +a~) = 0  ( 2 . 4 )  
d.;~ "-[- ~ d~ - -  "-l--!-b.~ 

w i t h  t h e  b o u n d a r y  c o n d i t i o n s  

u ( ~ , s )  0, ( ~ a u  2~ = , -Z~-; )~<~ = - ~ (2 .5)  

T h e  s o l u t i o n  of  ( 2 . 4 )  s u b j e c t  to  ( 2 . 5 ) ,  s i n c e  K~(z) = 

- K l ( z )  (in w h i c h  K~ a n d  K.  a r e  M a c D o n a l d  f u n c t i o n s } ,  

p ( r , t )  _ , _ , - -  Q=I~ f K o ( x , ) e x p [ i ( m o t - - V ~ a ) l  
= Pot r) -I- ~ ~ . . . .  4 ~ n  t XxoK~ (X~o) 

Ko(X2)exp [ - - i  (coot + l / ~ ) ]  ] 

XzoK~ (X~o) f 

X~ = rwj (• Xjo = roW i (• ~ 1' = t, 2. (2. 9) 

Now z K , ( z )  ~ 1 f o r  z ~ 0, s o  p ( r , t )  f o r  Xm a n d  X ~  

s m a l l  b e c o m e s  

p (r, Q = Po (r) + ~ -  F~o (X~) exp 

- - K o ( X , ) e x p [ - - i ( o ~ o t  q- -Z-)!"  ( 2 . 10 )  

F o r  X m a n d  Xa0 w e  h a v e  

I X ~ o [ < r o l / 2 r t ( l  + 5 ) ( x T o )  x ( i = t , 2 ) .  ( 2 . 11 )  

Here 5 may vary within wide limits. The case 5 = 0 was considered 
in [1], which corresponds to negligible porosity and joint eompressibi Z 
lity. I t is  found [4] that 8cl may be as large asl0agc2 , We assume 
0 -</3cl -< 102/3c= and use the orders of ~ and/de2 09 ~/3ca ~10 "4-10-5 
cm2/sec-t), to get 0 -~ 6 -< 100. Putting r 0 ~ 10 cm, • ~ 104 cma/sec, 
and 6 ~ 100, we get from (2.11) that (2.10) applies with an error of 
not more than 5% for To -> 180 sec. 
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3. PARAMETER DETERMINATION FROM P R E S S U R E  
CURVES 

The parameters can be deduced from periodic 
perturbations, and the resulting pressure variations 
can be recorded at the wall of the source borehole 
(r = ro) and in a t e s t  b o r e h o l e  (r = R). 

I 2 

L 
g.~5 

Fig.  2 

f~ 

We u s e  (2 .10) ,  wh ich  c o n t a i n s  t he  c o m b i n a t i o n  
k lh /p ,  the  p a r a m e t e r  %l/r~ (or >t{RZ),T0, andS .  T h e s e  

p a r a m e t e r s  a r e  d e d u c e d ,  w h i l e  p ,  m02 , k2, flc2, and 
fl a r e  found f r o m  l a b o r a t o r y  m e a s u r e m e n t s ;  t h e s e  
wi th  h and R g i v e  us kl ,  ~ ,  ill, ~1, a, ro. T h e s e  a l low 
us [1] to d e d u c e  the  m e a n  b l o c k  s i z e  l .  C o n s i d e r  
f i r s t  the  p a r a m e t e r  d e t e r m i n a t i o n  f r o m  the  p r e s s u r e  
a t  t he  w a l l  of  t he  s o u r c e  b o r e h o l e .  

We put r = r0 in (2.10)  and u s e  t h e  above  e s t i m a t e s  
to show tha t  f o r  t he  v a l u e s  a p p e a r i n g  in t he  a r g u m e n t  
of  K 0 we  can  put 

Ko (z) ~ - -  (In 1/|Z "~ 0.577...) (3.1)  

f o r  z s m a l l ;  f r o m  (2.10)  and (3.1)  we  get  t h e  p r e s s u r e  
as  

p (ro,t) - -  Po (ro) ---- A sin ((%t - -  (p), (3.2)  

Q~ F~ i . / .  i.26ulTo ~ll'/, 
A = 4 - - ~ h L  + [ m ~ ) j  , 

~b {l- 1.26~<1To \ - '  
t g ~ =  - ~ - "  , o - - ~ ,  ) �9 

(3.3) 

T h e n  f o r  T O = 0 we  get  t h e  e x p r e s s i o n s  f o r  A and 
tan  (p g i v e n  in [2] f o r  an  o r d i n a r y  p o r o u s  m e d i u m .  

2 

, i /7 o 

2 + 

Fig.  3 

F i g u r e  2 shows  A* = ( 4 r k l h / Q l p ) A  as  a func t ion  of 
f 0  = r02/• in wh ich  c u r v e s  1 - 6  C o r r e s p o n d  to 
v a r i o u s  v a l u e s  of  b and 6 [1)  b -- 0 .1 ,  5 = 0 . 0 1 ;  2) 

b = 0 . 1 ,  5 = 1 ;  3) b = 1 ,  5 = 0 . 0 1 ;  4) b = 1 ,  5 = 1 ;  
5) b =  10, 5 = 0 .01 ;  6) b = 1 0 ,  5 = 1]. 

T h e  b r o k e n  l ine  c o r r e s p o n d s  to b = 0 ( o r d i n a r y  
p o r o u s  m e d i u m  wi th  p a r a m e t e r s  k~ and ~1). F o r  
g i v e n  f0 and 5 t h e r e  is  a nonmono ton i c  v a r i a t i o n  of  A 
wi th  b;  f o r  b s m a l l ,  A d e c r e a s e s  to v a l u e s  l e s s  than 
A0, but  t hen  A b e g i n s  to i n c r e a s e  wi th  b and b e c o m e s  

l a r g e r  than  A 0. The d i f f e r e n c e  A - A 0 fo r  b l a r g e  is 

i n v e r s e l y  r e l a t e d  to 5 .  
T h e  o b s e r v e d  c u r v e  may  be  c o m p a r e d  wi th  (2.1) 

to ge t  A and (p. 
A point  of  i n t e r e s t  i s  to d e t e r m i n e  w h e t h e r  jo in t s  

a r e  p r e s e n t  in an  unknown s t r a t u m  wi thout  d e t e r m i n i n g  

the  p a r a m e t e r s .  F r o m  (3.3) we r e a d i l y  ge t  fo r  an  

o r d i n a r y  p o r o u s  m e d i u m  

S -  Alsinch i 
A2 sin ~s 

fo r  a p a i r  of f r e q u e n c i e s  ~01 and w02, f o r  which  the  
c o r r e s p o n d i n g  a m p l i t u d e s  and phase  sh i f t s  a r e  A1, (Pl, 
A2, and gP2. S i m i l a r l y ,  i f  the  s t r a t u m  is  j o in t ed  

A1 sin q~l i -I- (2~bl) ~ c r . I -~ (2rib2} ~ c ]-1 
S = ~ = arc tg 2 ~ b x  ( l  - -  c) [arc tg - ~ b ~  : -cy 

( bl= ~ ,  b2:  ~ ,  Tox=~(~oa ' T o a = ~ ) .  

We put n = T02/T01 and c o n s i d e r  the  func t ion  

S (n) = arc tg I $ (2nb~)~ c F . n 2 ~ (2rib1) ~ cl-1 
2~bl (l --  c) marc Lg ~ ~ j  . 

S(n) =- i f o r  an  o r d i n a r y  p o r o u s  m e d i u m .  

2" 

2 4 

Fig .  4 

F i g u r e  3 shows  S(n) f o r  v a r i o u s  b 1 with 5 = 0; c u r v e s  
1, 2, and 3 c o r r e s p o n d  to b 1 of 0.1, 1, and 10. C u r v e s  
1 - 4  of  F ig .  4 show S(n) fo r  v a r i o u s  b 1 with 6 ~ 0 

[1) b l = 0 . 1 ,  6 = 0 . 0 1 ;  2) b 1 = 0 . 1 , 5 = 1 ;  3) b l = 1 0 ,  
6 = 0 . 0 1 ;  4) b~= 10, 6 = 1]. 

T h e  c u r v e s  show tha t  S m a y  d i f f e r  s u b s t a n t i a l l y  
f r o m  1 f o r  a jo in ted  m e d i u m  of s m a l l  5 ,  so  the  S(n) 
r e s u l t s  f o r  a b o r e h o l e  can  i nd i ca t e  w h e t h e r  the r o c k  
is  jo in ted .  

As r e g a r d s  p a r a m e t e r  d e t e r m i n a t i o n ,  m e a s u r e m e n t  
of A and (P f o r  w01 and r g i v e s ,  f r o m  (3.3) a s y s t e m  
of f o u r  t r a n s c e n d e n t a l  equa t ions  f o r  k l h / p ,  ~ / r ~ ,  T0,5, 
which  m a y  be  s o l v e d  by s o m e  a p p r o x i m a t e  me thod .  

T h e  d e t e r m i n a t i o n  of  ~l/r02, To, 5 is m u c h  s i m p l i -  
f ied if  k jh /p  i s  known;  th i s  m a y b e  found by the  m e t h o d  
of  s t e a d y - s t a t e  f low o r  f r o m  the  a s y m p t o t e  of the  
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p r e s s u r e - r e c o v e r y  curve .  If klh/p is known, the A 
and (P for  w0~ and r g ive  us f r o m  (1.17) and (3.3) a 
s y s t e m  of two l i nea r  equations:  

o)ol~u - -  0%, tg~,v -/- I = 0, 

(oo22u - -  o)o~ tg~p:v -b 1 = 0,  
(3.4) 

in the unknowns u = T02C, V = Y 0 ( l  - - C ) ,  with 

4~tklh 
~bI-  ~ Alsingh, 

4nk~h 
r = ~ A~ sin q~2. 

Solution of (3.4) g ives  us %5,nl/r02. 

Cons ider  now p a r a m e t e r  de te rmina t ion  f r o m  the 
p r e s s u r e  in a s epa ra t e  boreho le ;  we h e r e  put r = R in 
(2.10). R is usual ly  fa i r ly  la rge ,  and 

- - n - - n  u,~ > > t  ( i = l , z )  

The asympto t ic  exp re s s ion  for  K0(z) for  z l a rge  is 

Ko(z) ~ Vu/2z :  -z. (3.5) 

Then (3.5) and (2.10) give us that 

B = Q~ (" ~ - - -~  )'/' ( RA~ 

0 - -  R A ~  s in  - ~  -t- r 
V ~ o  Y 

Then fo r  ~01 and w02 we get a s y s t e m  of-equations 
for  k~h/p,  ~I/R 2, T0,6. To conclude we note that this 
method demands a fa i r ly  s ens i t i ve  s y s t e m  for  r e c o r d -  
ing the p r e s s u r e  var ia t ion .  
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