
C O R R E L A T I O N  OF F I R S T  A N D  S E C O N D  F I L T R A T I O N  

P H A S E S  IN P O R O U S - F R A C T U R E D  R E S E R V O I R  

R .  I .  M e d v e d s k i i  

We examine the dynamics of bot tom-hole  p r e s s u r e  r ecove ry  in an instantaneously stopped well of a 
po rous - f r ac tu red  r e s e r v o i r  under the following conditions: 1) the r e s e r v o i r  is infinite; 2) the r e s e r v o i r  
is bounded by a c i rcu la r  feed contour which is coaxial with the well. 

The entire p r e s s u r e  r ecove ry  period in a bounded r e s e r v o i r  breaks  down into two phases:  f i rs t  and 
second. By f i rs t  phase we mean the t ime segment t >-0 in the course  of which the p r e s s u r e  r ecove ry  takes 
place near ly  (within 1-2%) as if the r e s e r v o i r  were infinite. The remaining t ime is t e rmed  the second phase. 

It is shown that for  low f rac tu re  elast ic capacity the f i rs t  phase may not exist in the porous - f rac tu red  
r e se rvo i r ,  in contrast  with the porous r e s e r v o i r .  

It is known that in the infinite porous [1] and porous - f rac tu red  [2] r e s e r v o i r s  the bot tom-hole  p r e s -  
sure  r ecove ry  curve for sufficiently large t ime is approximated asymptot ical ly  by some l inear  function of 
the logari thm of the t ime.  It does not follow from the definition given above that this logari thmic approxima-  
tion holds within the l imits of the f i rs t  phase.  Therefore ,  the need ar i ses  to introduce the concept of the 
logari thmici ty  of the f i r s t  phase. The logari thmic nature of the f i rs t  phase forms the basis  for the famil iar  
tangential definition of the r e s e r v o i r  geophysical  pa ramete r s  f rom the bot tom-hole  p r e s s u r e  r ecove ry  
curve [1, 2]. 

Shchelkachevhas shown [1] that in a porous r e s e r v o i r  for  r c >-100 r w, the f i r s t  phase is always loga- 
r i thmic and the p r e s s u r e  r ecove ry  curve for  t imes f rom the interval  (100 r2w/%, 0.1 r2/%)admit  logari thmic 
approximation.  Here r c and r w are  the feed contour and well radii,  and ~t is the piezoconductivity of the 
r e se rvo i r .  

The absence of logari thmic behavior  follows automatical ly f rom the fact that under cer ta in  combina-  
tions of f i l trat ion pa rame te r s  the f i r s t  phase may have zero duration in the porous - f rac tu red  r e se rvo i r .  
This implies that in this case tangential analysis  of the p re s su re  r ecove ry  curves is not applicable; so the 
necess i ty  a r i ses  to develop a technique for  determining the geological and physical  pa rame te r s  f rom the 
relat ions governing the second fi l t rat ion phase. Such a technique, which is a development of the ideas of 
Pollard [3], is presented below. 

Ignorance of the fact that logari thmic behavior  of the f i rs t  phase may not exist in the po rous - f r ac -  
tured r e s e r v o i r  has been the basis  for  d isagreement  between the authors of [4] and [5]. 

1. Let the function U(r, t) denote the p r e s s u r e  deviation in the f rac tu res  of the disturbed r e s e r v o i r  
above the s teady-s ta te  value. In the po rous - f r ac tu red  r e se rvo i r s ,  in which the permeabi l i ty  of the porous 
blocks is negligibly small,  the function U sat isf ies the equation [2] 

(1.1) 
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H e r e  r i s  the  r a d i a l  d i s t a n c e ,  t is  t i m e ,  ~ is  t he  r e l a t i v e  e l a s t i c  c a p a c i t y ,  r is  the  l ag  t i m e ,  k is  the  
f r a c t u r e  p e r m e a b i l i t y ,  tx is  the  l iquid  v i s cos i t y , / 71  and /7 2 a r e  the  e l a s t i c  c a p a c i t i e s  of the  f r a c t u r e s  and 
p o r o u s  b l o c k s ,  a is  t he  m a s s  t r a n s f e r  coe f f i c i en t  of t he  f r a c t u r e s  and b l o c k s ,  and h is  the  r e s e r v o i r  t h i c k -  
hess .  

In studying the dynamics of bottom-hole pressure recovery after "instantaneous" shutdown of a well 
operating with the flowrate q0 in the steady state regime, we can without large error  assume that the well 
has zero radius and is a sink (source). Then (1.1) can be solved with the boundary and initial conditions 

_ 2~kh (r OU) = I ,  U=O for r=%,  U =  aS" = 0  for t=O (1.2) 
- 7 - -  7 7  ~o 7 

Solving t h e  p r o b l e m  (1.1), (1.2), o m i t t i n g  the  d e t a i l s ,  we f ind 

l i q 0  . -  r r o t 
U(r' t)=2"-~-tPtt%'~c'~);  ~-- V - ~ '  ~c=  ] / - ~ ,  ~'= v (1.3) 

T he  f u n c t i o n  4o~ i s  d e f i n e d  by  the  L a p l a c e  t r a n s f o r m a t i o n  

H e r e  s is  the  L a p l a c e  t r a n s f o r m  p a r a m e t e r .  
the  funct ion  U is  de f ined  by  the  e q u a l i t y  

r  

L ~  (~, ~c, M = ~ (~, ~c, ~) d~ 
o 

(1.4) 

In the  f i r s t  f i l t r a t i o n  p h a s e ,  when we can  a s s u m e  r c = %  

U (r, t) = t~qo 2-~k~-%(L M, L%(8, ~)= ~---K0(~ls (1.5) 

The  e x p r e s s i o n  fo r  ~ (~, ~) is  ob ta ined  f r o m  (1.4) f o r  ~c = * ,  a s  fo l lows  f r o m  the  p r o p e r t i e s  of the  
M a c d o n a l d  func t ion  K 0 and the  m o d i f i e d  B e s s e l  func t ion  I 0. 

I t  is  n a t u r a l  to  c a l l  t he  func t ions  +~ (~, $~, X) and : % (~, X), r e s p e c t i v e l y ,  the  func t ions  of a l i n e a r  con -  
t i n u o u s l y  ac t ing  s o u r c e  in f i n i t e  and in f in i te  p o r o u s - f r a c t u r e d  r e s e r v o i r s .  

Now we can  show tha t  in the  p o r o u s - f r a c t u r e d  r e s e r v o i r  the  f i r s t  p h a s e  m a y  have  z e r o  d u r a t i o n  f o r  
s o m e  c o m b i n a t i o n  of the  p a r a m e t e r s  ~, f ,  ~ ,  and rc~ 

In fac t ,  we c o m p a r e  ~o(~, ~ ,  X) and ~0(~,~) fo r  ~=0 ,  when ~ =  ~ + s ) .  

The  r i g h t - h a n d  l i m i t s  of the  func t ions  i n d i c a t e d  above  as  k -"  0 + can  be  found us ing  o p e r a t i o n a l  c a l -  
cu lus ,  f o r  e x a m p l e ,  

~o(~, ~c' E)=limsF(s),  s ~  co 

w h e r e  F ( s )  i s  the  r i g h t  s i de  of (1.4). 

Then  f r o m  (1.4) and (1.5) 

lo(4) (1.6) 
~o(L ~c' 0) ---- Ko (~) - -  K0 (~c) Z0(~c ) 

~0(~, 0) = K0 (~) (1o7) 

If V is s u f f i c i e n t l y  l a r g e  and,  t h e r e f o r e ,  ec is  s m a l l ,  (1.6) d i f f e r s  f r o m  (1.7) by  c o n s i d e r a b l y  m o r e  
than  1-2%, so tha t  the  d u r a t i o n  of the  f i r s t  p h a s e  in such  a r e s e r v o i r  equa l s  z e r o  and the  s econd  p h a s e  o c -  
c u r s  i m m e d i a t e l y .  

F o r  ~ =1 the  func t ions  % (~, ~ ,  ~) and T1 (4, x), as  fo l lows  f r o m  t h e i r  L a p l a c i a n  t r a n s f o r m a t i o n s  (1.4) 
and (1.5), c o r r e s p o n d  to the  p u r e l y  p o r o u s  m e d i u m  in which  the  b l o c k s  ac t  a s  g r a i n s  and the  f r a c t u r e s  ac t  
a s  p o r e s .  H o w e v e r ,  S h c h e l k a c h e v  [1] has  shown tha t  in a p o r o u s  r e s e r v o i r  the  f i r s t  p h a s e  d u r a t i o n  is  d e -  
f ined  by  the  r e l a t i o n  t-< 001 rc2/U and is  d e t e r m i n e d  on ly  by  the  r e m o t e n e s s  of the  r e s e r v o i r  b o u n d a r y  and 
the  m a g n i t u d e  of t he  p i e z o c o n d u c t i v i t y  coe f f i c i e n t .  

C o n s e q u e n t l y ,  o t h e r  cond i t i ons  b e i n g  the  s a m e ,  t he  f i r s t  p h a s e  d u r a t i o n  i s  m i n i m a l  f o r  e =0 and m a x -  
i m a l  f o r  ~ =1 .  I t  wi l l  be  shown tha t  f o r  ~ =0 and a l a r g e  v a l u e  of the  l ag  t i m e  r ,  the  f i r s t  p h a s e  d u r a t i o n  
m a y  be  z e r o .  
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In o r d e r  to  r e p r e s e n t  the  b o t t o m - h o l e  p r e s s u r e  r e c o v e r y  p a t t e r n  
u n d e r  cond i t i ons  of p r e m a t u r e  in f luence  o f  t he  f eed  con tou r ,  we m u s t  have  
a v a i l a b l e  t he  c o m p u t a t i o n a l  a l g o r i t h m s  f o r  t he  func t ions  % (L ~c x) and 

~ (~, ~) 

2. An e x p l i c i t  e x p r e s s i o n  f o r  % !~, ~c x)  can  be  found f r o m  the  R i e -  
m a n n - M e l l i n  i n v e r s i o n  f o r m u l a  wi th  u s e  of t he  r e s i d u e  t h e o r e m ,  ff we 
m a k e  u s e  of the  fac t  t ha t  the  L a p l a c e  t r a n s f o r m  F ( s )  of t h i s  func t ion  i s  
m e r o m o r p h i e  in the  l e f t  h a l f - p l a n e  of t he  c o m p l e x  v a r i a b l e  s wi th  p o l e s  
at  the  po in t s  s =0 ,  s = - a  n and s = - b  n ( n = l ,  2, 3 . . . .  ). 

The  q u a n t i t i e s  - a  n and - b n  wi l l  be t he  r o o t s  of the  q u a d r a t i c  e q u a -  
t i on  

w h o s e  so lu t i on  y i e l d s  

Thus  we have  

28a,r = 1 + tMO-- dn, 2ebn==l+~nO+dn, dn=[(l+~lnO)2--&ll,~O]'/" , 0 = ~c~l (2.1) 

co 

[l--8an, r 8bn--t  e-bn)~l jo( p ~ f ~  
(P~ (4, ~-c' ~ ' ) = -  In p -  ~ Cn L dn + dn , ,3 

Cn = 2 / TIJI~ (V~"~), P=~, /~c (2.2) 

H e r e  J0 and J~ a r e  B e s s e l  f unc t i ons  of z e r o  and f i r s t  o r d e r  of the  f i r s t  k ind ,  and ~ a r e  r o o t s  of 
the  equa t ion  J0(g-~n) = 0. 

F o r  ~ =0 (2.2) c o i n c i d e s  wi th  the  A v a k y a n  so lu t i on  [6l; f o r  ~ =1 it c o i n c i d e s  wi th  t he  M u s c a t  so lu t i on  
of the  b o u n d a r y  v a l u e  p r o b l e m  (1.2) f o r  the  p i e z o c o n d u c t i v i t y  equa t ion  [1]. 

The  s a m e  R i e m a n n - M e l l i n g  i n v e r s i o n  f o r m u l a  can  be  u s e d  to ob t a in  an e x p l i c i t  e x p r e s s i o n  f o r  the  
func t ion  ~ (4, ~). Th i s  e x p r e s s i o n  w i l l  be  qu i t e  c o m p l e x  and not  s u i t a b l e  f o r  c o m p u t a t i o n a l  p u r p o s e s .  

The  fo l lowing  a p p r o x i m a t e  f o r m u l a  y i e l d s  a d e q u a t e  a c c u r a c y  f o r  t he  s tudy  of p r e s s u r e  r e c o v e r y  w e l l s :  

~e (~ ,~ )~_ (~ ,~ , ) - - -~ -  In - -Ei ( - -~ , ) - t -Ei  --  (2.3) 

H e r e  E i ( - ~ )  is  t he  e x p o n e n t i a l  i n t e g r a l  func t ion .  

Th i s  w i l l  be  the  l o w e r  a p p r o x i m a t i o n  and can  b e  o b t a i n e d  a s  f o l l o w s .  W e  use  the  e q u a l i t y  

i f ~ \  I . 4~ +.T( 'F(~ , , )  ~) [l--h(~. ~ ~)]d~ 
0 

e (~, F) = ~t -1 [1 --  exp (-- ~*/4t~) l 

H e r e  h(X) i s  the  H e a v i s i d e  func t ion ,  and 7 =1.7810 . . .  i s  the  E u l e r  cons t an t .  
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In Lap lace  t r a n s f o r m s  the las t  equal i ty  takes  the  f o r m  

Ko(~ V~) = In ~ - - ~  + F (~, ~)[ t - -  e-~ldit (2.4) 
0 

Sett ing h e r e  ~ in p lace  of ~'s-, we obtain 

i 2 I ~o 
i K0 ( ~ ) - ~ - y - l n ~ + - ~ - j  F(~, v) il--exp--~l~ld9 (2.5) 
8 

0 

Change in this  equal i ty  to the o r ig ina l s  y ie lds  with account  f o r  (1.5) and the sense  of the quant i ty  ~ : 

o o  

0 

The funct ion Q (~, p) is defined by the ope ra t iona l  t r a n s f o r m  

LQ (~., it) == s -1 exp (--~it), 

f r o m  the expans ion  of which into a s e r i e s  in [s(1 + s )nexp  Csp]  - l ,  and then conve r t i ng  to the o r ig ina l s ,  we 
obtain  

i > Q (~, t~) > e-~h (~ - -  ~)  

The  f i r s t  of these  inequal i t ies  t o g e t h e r  with (2,5) y ie lds  

~, (~, ~) > ~_ (~, ~) 

i~ (2.3) actually will be the lower approximation. The second inequality makes possible the upper evalua- 
tion of the error of (2.3). The result is 

1 t 
- f -  F(~,  i t ) [ t - - Q ( ~ , ~ t ) l d ~ < - - ~ -  F ( ~ , p , ) ( t - - e - v . ) d i t  + - - ~ -  F(~,p , )d tx  

0 0 ;t 1~ 

We have 

c o  

RI= 7 -  F(~,~t)(t--e p . ) d i t = K o ( ~ ) - - l n , ; %  
0 

which is obta ined  f r o m  (2~ by rep lac ing  s by l .  F u r t h e r  
oo  

I {~ e~ 2 

Thus ,  the e r r o r  of the approx ima t ion  (2.3) is no greater than 

(R1 + R~) / qt (~, ~) 

This  impl ies  tha t  the e r r o r  of (2~ 

a) is no m o r e  than 0.7% fo r  ~-<0.1 and ~2/4X-< 0 . 0 1 f o r  0 < e < l ;  

b) i s  no m o r e  than 0.35% f o r  ~-< 0.1 fo r  ~ =0;  

c) is no m o r e  than 0.5% f o r  ~2/4X-< 0.01 fo r  r =1.  

Thus ,  the approx ima t ion  (203) is qui te  accep tab le  f o r  s tudying uns teady  p r o c e s s e s  in the immed ia t e  
v ic in i ty  of a s o u r c e  and even m o r e  accep tab le  f o r  ana lys i s  of b o t t o m - h o l e  p r e s s u r e  r e c o v e r y .  

In a c c o r d a n c e  with these  r e su l t s  (Eqs. (1.5) and (2.3) fo r  r = r w )  , the p r e s s u r e  i n c r e a s e  &Pw(t) at the 
bo t tom of the ins tan taneous ly  s topped well  of a p o r o u s - f r a c t u r e d  r e s e r v o i r  in the f i r s t  f i l t r a t ion  phase  is ex -  
p r e s s e d  by the  f o r m u l a  

~tqo 4 ' t ~ {m = x u (% t)  
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Formula (2.6) differs from the corresponding formula for the porous reservoir 

~q0 , 4 
aPw(t) = ~ ~n -{- ,~t (2.7) 

in  the l a s t  two t e r m s ,  which a r e  neg l i g ib ly  s m a l l  fo r  l a r g e  va lues  of the  t i m e  t.  T h e r e f o r e ,  in  the s e m i -  
l o g a r i t h m i c  a n a m o r p h i s m ,  the  cu rve  (2.6) wi l l  have  (2.7) as i ts  r e c t i l i n e a r  a sympto te ,  as shown in F ig .  1, 
where  the  o r d i n a t e  axis  is  the quan t i ty  

4nkh Ap 
q0 

and the c u r v e s  1, 2 . . . . .  6 a r e  def ined by the fol lowing va lues  of m t  and a:  

Eurves 1 2 3 4 5 6 
my = lO ~ t0 ~ tO ~ iO '~ iO 5 10 5 

~ 0 0.0t 0.{ 0 O.Oi O.1 

If the  f i r s t  phase  is  l o g a r i t h m i c ,  the s lope  of the l o g a r i t h m i c  a sympto t e  is  used  to d e t e r m i n e  in the 
u sua l  way the r e s e r v o i r  h y d r a u l i c  conduc t iv i ty  k h / # .  O t he r w i se  the in f luence  of the feed con tour  d i s t o r t s  
m a r k e d l y  the  p r e s s u r e  r e c o v e r y  p r o c e s s ,  as is  s een  in F ig .  2. 

The uppe r  cu rve  in th is  f igu re  c o r r e s p o n d s  to an in f in i t e  r e s e r v o i r ;  the lower  c o r r e s p o n d s  to a r e s e r -  
v o i r  bounded by  a c i r c u l a r  feed con tour .  The fol lowing va lues  of the p a r a m e e r s  we re  used  in p lo t t ing  the 
c u r v e s  ~- =20 h, e =0, r w = 0 . 8  485 cm,  r c = 8 4 . 8 5  m,  i .e . ,  ~w=0.001,  ~ c = l .  

The  somewhat  a r t i f i c i a l  va lues  g iven  to the wel l  and feed con tou r  do not a l t e r  the phys ica l  e s s e n c e  
of the  phenomena ;  however ,  they  do p e r m i t  c o n s i d e r a b l e  s i m p l i f i c a t i o n  of the c a l c u l a t i o n s .  The va lues  of 
the  o ther  p a r a m e t e r s  a r e  t aken  equal  to the a v e r a g e  va lues  fo r  the Kyurovdag  f ield in the A z e r b a i d z h a n  
SSR. 

We see from Fig. 2 that the bottom-hole pressure recovery curve under the influence of the feed con- 

tour may not have a logarithmic asymptote, and therefore the tangent method is not applicable in this situa- 
tion. 

3. In the present section we describe a method for determining the geological and physical parame- 

ters of a reservoir based on formulas (1.3) and (2.2), which describe the second filtration phase under the 
assumption that the reservoir boundary is a circular feed contour. The need to use this method arises when 
the first pressure recovery phase is not logarithmic. In this case, the influence of the oil reservoir bounda- 

ries will be very significant and cannot be ignored. Following Charnyi [7], who first proposed a calculation 

of this type for a porous reservoir, we assume that the real reservoir admits approximation by a circle of 
radius r c with constant contour pressure Pc. 

Then the pressure recovery in the later filtration phase period will be described by the formula 

hp (t) = Ae -~t -}- Be -~t (Ap (t) ~ p (t) -- P/;) (3.1) 

H e r e  Ap(t) is  the dev ia t ion  of the i n s t a n t a n e o u s  b o t t o m - h o l e  p r e s s u r e  p(t) f r o m  the r e s e r v o i r  p r e s -  
s u r e  Pc, equal  to the p r e s s u r e  on the  feed con tou r  r = r  c 

t ~q0 C i ~ e ~  e ~  - -  1 al bl 2 

~hJ1" (Y~) 

F o r m u l a  (3.1) is ob ta ined  f r o m  (1.3) and (2.3) by n e g l e c t i n g  a l l  t e r m s  of the f in i t e  sum o the r  than  the 
f i r s t  two. F o r  su f f i c i en t ly  l a rge  va lues  of the  t i m e  these  two t e r m s  a r e  c o n s i d e r a b l y  l a r g e r  than the r e -  
m a i n i n g  t e r m s .  

If, beg inn ing  at some  t i m e ,  the ac tua l  c u r v e  is  d e s c r i b e d  su f f i c i en t ly  wel l  by the b i n o m i a l  (3.1), the 
coef f i c ien t s  A, B, a ,  and/3 c a n b e  d e t e r m i n e d  by g r a p h i c a l  c o n s t r u c t i o n s  [3] or  a n a l y t i c a l l y  us ing  the Lanczos  
t echn ique  [8]. 

The de f in i t ions  of t h e s e  q u a n t i t i e s  lead to the  equa l i t i e s  

B e~ -- i t + ~h0 e~]10 
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Solving t he se  equa t ions  fo r  the unknowns ,  we have 

~110---~ (a -k ~)6 - -  {, e~h0 = u~6 ~, ~s~-~ 6, 6 = (A -4- B) / (Aa -F B~) 

The va lues  of 0,  ~, and z a r e  ea s i l y  found f r o m  (3.3) in the indica ted  sequence .  

Since d t = (p - a ) e ~ - ,  it fol lows f r o m  (3.2) that  

(3.3) 

k h  I - -  ~%:~ qo 
F - - 0 " 2 ~ - - a )  8~ A 

F r o m  the known va lues  of 0 and T we f ind 

(3.4) 

This  t echn ique  is  i l l u s t r a t e d  us ing  as an example  Wel l  24 of the S t r e l ' n e n s k i i  f ie ld  in the Kuibyshev  
Region,  t aken  f r o m  [9]. P r i o r  to shutdown th i s  wel l  ope ra t ed  with a cons t an t  f lowra te  q0 =430 m3/day = 1977 
cm3/sec.  Th i s  was a f r e e - f l o w i n g  well  so that  the shutdown could be c o n s i d e r e d  i n s t a n t a n e o u s .  The e f fec-  
t ive  r e s e r v o i r  t h i c k n e s s  was 5 m.  The  r e s e r v o i r  is p o r o u s - f r a c t u r e d .  

The i n s t an t aneous  b o t t o m - h o l e  p r e s s u r e  dev ia t ion  f r o m  the r e s e r v o i r  p r e s s u r e  is shown in F ig .  3 as 
a funct ion  of t i m e  and its d e c i m a l  l o g a r i t h m .  We see  f r o m  this  f igure  that  the p r e s s u r e  v a r i a t i o n  cu rve  in 
the  s e m i l o g a r i t h m i c  v e r s i o n  is the in i t i a l  por t ion  of the c u r v e s  shown in F ig .  1, p r i o r  to t h e i r  approach  to 
the  a sympto te ,  The a b s e n c e  of the l o g a r i t h m i c  a sympto t e  in th is  case  is m o s t  p robab ly  expla ined  by the i n -  

f luence  of the feed con tour .  

The Lanczos  t echn ique  was used  to find the  fol lowing va lues  of the coef f ic ien t s :  A=  12.3 arm,  B =23 
a tm,  ~ = 9.2 �9 10 -G sec - t ,  fi = 5.09 �9 10 -4 see  - t .  The  c o r r e c t n e s s  of these  va lues  is c on f i r me d  by c o m p a r i s o n  

of the ac tua l  va lues  of Ap t (arm) with the va lues  of AP2 (atm) ca lcu la ted  using (3.1) for  the ind ica ted  va lues  

of the coef f ic ien ts  

t ~- 0 t2.5 25 50 75 tOO 
Ap1~ 67 37 27.2 t6.S i4.2 12.6 
Ap2 ~-~ 35.7 27.92 22.88 16.95 t4.i4 i2.7i 

t ~ ~25 t50 i75 200 225 250 
Apl~ t[.9 tl.2 t1.t 1~.0 10.7 t0.6 
Ap~ = it .97 i1.57 tl .27 11 .07  10 .77  10.6I 

The a g r e e m e n t  be tween  the ac tua l  and ca l cu la t ed  va lues  for  t->50 rain is qui te  s a t i s f a c t o r y .  T h e r e -  
fore ,  in th is  ca se  the second f i l t r a t i o n  phase  beg ins  at a p p r o x i m a t e l y  th i s  t ime .  

F r o m  (3.3) we f ind 0 =0.344,  e =0.085,  ~ = 6 . 6 " 1 0  -4 sec .  

F r o m  (3.4) and (3.5)we have 

k h  / ~ - ~  29.6 Darcy" cm/cp, r~'-' -~ 2 �9 105~ sac. 

In conc lus ion ,  we note  that  a f o r m u l a  of the f o r m  (3.1) was f i r s t  p roposed  for  a n a l y s i s  of wel l  p r e s -  
s u r e  r e c o v e r y  c u r v e s  in a p o r o u s - f r a c t u r e d  c o l l e c t o r  by Po l l a rd  [3] who, however ,  was not  a b l e  to jus t i fy  
his  r e c o m m e n d a t i o n  r i g o r o u s l y ,  with the  r e s u l t  that  he did not  c l a r i fy  the phys i ca l  m e a n i n g  of the  coef f i -  

c i en t s  A, B, ~ ,  and ft. 
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