
CENTRALLY SYMMETRICAL FILTRATION OF LIQUID 

IN CRACKED POROUS MEDIA WTTH A HEMISPHERICAL 

SUPPLY CONTOUR 

S.  No B a g i r - z a d e ,  G.  P .  G u s e i n o v ,  
a n d  A .  G. K e r i m o v  

UDC 622 o276o031.- 532 : 5 

The motion of a homogeneous liquid in a well with a hemispher ica l  face is studied for the case 
of t ransient ,  spher ica l ly  radial  f i l t rat ion in c racked  porous media compris ing  mutually super-  
posed hemispher ica l  regions  with different c rack  permeabi l i t ies ,  having a supply contour in 
the outer  hemispher ica l  region.  Using a Laplace integral  t ransformat ion  with respec t  to the 
t ime var iable ,  the sys t ems  of differential  equations descr ibing the fi l trat ion of liquid in these 
media  are  solved for  zero  initial and corresponding boundary conditions~ Exact solutions are  
obtained for the reduct ion in s t ra ta l  p r e s s u r e  with time and distance, and also for the changes 
taking place in the output of a well operat ing under conditions of specified face p re s su re .  On 
the bas is  of cor responding  numerica l  calculat ions,  the influence of the p a r a m e t e r s  of the cracked 
porous s t ra ta  and the radius of the sur face  containing the supply contour on the indices of the 
product ion p roce s s  is establ ished.  

1 .  F o r m u l a t i o n  o f  t h e  P r o b l e m  

An analysis  of existing l i te ra ture  relat ing to wel l -dr i l l ing and the operat ion of oil wells in sites char -  
ac te r i zed  by c racked  porous co l lec tors  shows that these si tes contain caverns ,  zones of broken rocks ,  
and tectonic dis locat ions which prevent  the g rea t e r  par t  of their  width f rom being exploited. The width 
of the s t ra ta ,  in fact, va r i e s  f rom tens to hundreds of me te r s  [1, 2], so that in a number of cases  we may 
r ega rd  the ra t io  of the opened region to the total width as a small  quantity, and the flow of liquid to the 
well as cent ra l ly  symmet r i ca l .  It is accordingly reasonable  to assume that the face of the well has a hem- 
ispher ica l  shape of radius R w (Fig. 1). 

Analogous hydrodynamic problems for a granular  s t ra tum were solved ea r l i e r  in an approximate 
fo rm [3], or  in an exact  form for  a homogeneous s t ra tum [4]; a number of exact  solutions were obtained 
in a complex fo rm in [5-7]~ 

In o rder  to solve the cor responding  hydrodynamic problems for a c racked  porous s t ra tum, let us 
assume (Fig. 1) that there  is a hemispher ica l  region R w -<R -<R 0 with a permeabi l i ty  k 1 around a well 
with a hemispher ica l  face.  Outside this zone R 0 -<R -<R 1 and the permeabi l i ty  of the sys tem of c racks  has 
the value k 2. In cont ras t  to the previous discussion [8], we assume that a constant p r e s su re  P0 is main-  
tained on the sur face  of the hemisphere  R = R 1 during the whole production p rocess .  It is requi red  to de- 
t e rmine  the fall in p r e s s u r e  at an a rb i t r a ry  point in the var iab le -permeabi l i ty  sys tem of c racks  in the 
c racked  porous medium at any instant of operat ion.  This form of presentat ion enables us to establish 
the pa r t  played by the skin effect  in the pa r t  of the well close to the face in changing the indices cha rac -  
ter iz ing working p r o c e s s e s  in the well (the removal  of sand, the silling p rocess ,  and other features tending 
to damage the well) on the basis  of numer ica l  calculat ions.  
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In accordance with the theory of f i l t rat ion of a homogeneous liquid in c racked  porous media [9, 10], 
as applied to a centra l ly  symmet r i ca l  flow [8], we must  now integrate  the following sys tems  of differential 

equations:  

O~ ~ ~ ~ a~ ki a~ --kf-b~--~; (1.1) 

0~ 

subject to the initial conditions 

$P ,& o) = ,{a)(~., o) = 0, ~ = -i, 2 

and the boundary conditions 

@2 ~) (~1, T) = 0; (1.3) 

= , ~  ( ,o ,  "c); , ~  ~ol ~-~ (~o, "0 = ~o ~ *~-  t~-0, % (1.4) 

Here we have used the notation 

x~t A = ;~ ( i  - -  o ) - ~ ;  

0~ ~2]~(t) .k(2) l (2)o(2) 
2 , , =  * w  i .  i ; ( o = ~ - m i  p~ ; 

i _( I )o( I )  1 - - ( , ~  ~- , , ,~ p~ ; B=m~l)#~ l )  ' (23,,(2) = ~- mi  Pi ; 

/l, i = l  
k i =  t k  ~ , (2)'7,(2) =:i,:~ ,~l , i -=2,  j = t , 2 ,  

where a is a pa r ame te r  of the c racked porous medium charac te r iz ing  the exchange of liquid between the 
sys tems  of low-permeabi l i ty  blocks and high-permeabi l i ty  c racks ;  P0 and p(~, r) are  the initial and cur ren t  
p r e s s u r e s  respec t ive ly ;  k is the permeabi l i ty  coefficient;  g is the dynamic viscos i ty  of the fi l tering liquid; 
m is the poros i ty ;  /3 is the compress ib i l i ty  of the medium; R is the radial  coordinate;  t is the t ime.  The 
upper indices 1 and 2 in the functions of p r e s s u r e  and the pa rame te r s  of the s t ra tum, respect ively ,  relate  
to the sys tems  of blocks (matr ices)  and c racks  in the medium, and the lower indices re la te  to the hemis -  
pher ical  regions of the s t ra tum.  

Conditions (1.4) signify the constancy of the fall in p r e s s u r e  and the flow velocity in the sys tem of 
c racks  on the hemisphere  tt = R0, which consti tutes the boundary between regions with different degrees  
of permeabi l i ty .  Analogous conditions are  not specified for the sys tems  of blocks in the medium, since it 
is the c racks  in the medium which serve  as channels, taking the liquid to the well, while the low-permea-  
bility blocks of rock simply feed these with liquid as the p r e s s u r e  drops.  

Conditions (1.2)-(1.4) must  be supplemented by specifying the p r e s s u r e  or output (flow) at the hemi-  
spher icaI  sur face  of the weI1. We shall now give the solution to the problem for var ious  working conditions 
of the wells .  

2o P r e s s u r e  F i e l d  o f  a C r a c k e d ,  P o r o u s  

S t r a t u m  f o r  a S p e c i f i e d  W e l l  F l o w  E q u a l  to  q (~) 

The condition specifying the flow of a well with a hemispher ica l  face for a spher ica l ly  radial  f i l t ra-  
t ionmay (according to the Darcy fi l tration law) be wri t ten in the form 

= J ~ = i  
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Fig. 1 

~2~) ([, "Q = 2uk~2)Bw(~tqo) - '  [P0 --  P~])(~, z)l, i, ] = t, 2. (2.2) 

If  we apply a Laplace  t r ans fo rma t ion  in the t ime  va r i ab l e  to the s y s t e m  
(1.1) (using a t r an s fo rma t ion  p a r a m e t e r  s) and e l iminate  the function 
$O)(~, r) f r o m  the t r a n s f o r m e d  s y s t e m s ,  we obtain (subsequently omit t ing 
the index 2) : 

~ [= T~(~,s) -- g((~, s) ---- 0, i = 1 , 2 ;  (2.3) 

S(s) =s( | + A)(S + A) -l. 

After  applying the Lap lace  t r a n s f o r m a t i o n  to the boundary conditions (1.3) and (1~ these  r e t a in  their  f o r m  
with r e s p e c t  to the functions q'i(~, s), while condition (2.1) becomes  

[ ~  ~ l ( [ ,  s)]~= = --q(s).  

The solution of the s y s t e m  of equations (2.3) for  the boundary conditions indicated takes  the f o r m  [11] 

tgi (~, s) -- q~) u~ [~, s (3)1 
- -  --V[~0,~l,S(s)]' i-~t,2; 

U~ (~, x) = (~ + Vk0) sh (X 1 -- ~) Vx  + (t --  I / E )  sh (X. + ~) X 

x Vx + ~ -~o [r (x~ + ~) V ; -  ch (Xi -- ~) V~I; 

- a0~ sh (i..  + J) VT~ + V ( ! ~  t - l / ~ +  ~o / 

, "a0~ [(1 + V ~ )  V x  - ~ -  k:] ch (xl -- t )VT; 

XI,2 ~ t  - -  go Yx-7 k [o- 

(2.4) 

(2.5) 

In o rde r  to t r a n s f o r m  f r o m  the images  (2.4) to the i r  or ig ina ls  we mus t  specify the change in the well 
flow by means  of an analyt ical  expres s ion .  Let  the well  flow diminish in accordance  with the law 

q(~) =q0 exp ( - -w)  - -  qo(s+v) -~, (2.6) 

where  qo is the constant  well  flow before  the inflow s t a r t s  diminishing; v _> 0 is a d imens ionless  p a r a m e t e r  
defining the r a t e  of diminution. 

We see  f r o m  Eqs.  (2.5) and (2.6) that  the functions ~i(~, s), (i = 1, 2) are  meromorph ic ,  having s imple  
poles with r e s p e c t  to t he  a rgument  S(s); they may  the re fore  b e  expanded into an infinite s e r i e s  with r e -  
spec t  to the r o o t s - p ~  of the equation 

,[IL 

V [t0, t l, S(s)]=0. (2.7) 

If we then t r a n s f o r m  to the or ig inal  by the second expansion t h e o r e m  [12] we obtain 

~ (~, T) A - -  v exp (-- vz) - 

~ ~ u~(~,p,~) 
=, ~w~ (~o, ~, Pro) X 

[A--si '~exp(--sl .~T) : } - - ~ e x p ( - - s 2 . ( O ] ,  i = t , 2 ;  X 
_V - -  5"im 

(2.8) 
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~ + ~-r~-. [ ( ~ -  V ~ ) ~ '  + 

+ s i .  (x.. + ~) x + [~-~_ - ~ - V E  - ~ + V E  - 

l _ ~ - x , -  1 + ~ ' s i n ( X ~  l ) z ;  

8(t ,2)m 2O " 

(2.9) 

The  r e s u l t a n t  equa t ion  (2.8) i s  an e x a c t  s o l u t i o n  of  the  p r o b l e m  f o r m u l a t e d ,  and d e s c r i b e s  the change  
in p r e s s u r e  t ak ing  p l a c e  a t  a r b i t r a r y  po in t s  of  the  i n h o m o g e n e o u s l y  p e r m e a b l e  s y s t e m  of  c r a c k s  in the 
c r a c k e d  p o r o u s  m e d i u m  a t  any i n s t a n t  of  t i m e  du r ing  we l l  o p e r a t i o n  when the we l l  f low v a r i e s  in a c c o r d a n c e  
wi th  the l aw (2.6).  In  p a r t i c u l a r ,  i f  we pu t  u = 0, the equa t ion  g iv ing  the f a l l  in p r e s s u r e  m a y ,  on the b a s i s  
of Eq.  (2.8),  be  w r i t t e n  in the fo l lowing  f o r m  f o r  the  c a s e  q = q0 = c o n s t :  

[ ~  (~, ~)1~=o = ~ .~ 2 l - -  cos~., X 
m=l p.~W~ (~o, ~ ,  Pro) ASm (2.10) 

A -  s,> m . ] 
X exp ( - -  st ,~) + (0sl~ ~ exp ( - -  s2,~T) , i = t ,  2. 

In v i ew of  the  l i n e a r i t y  of  the  L a p l a c e  t r a n s f o r m a t i o n  the  d i f f e r e n c e  b e t w e e n  the r i g h t - h a n d  s i d e s  of  
(2.10) and (2.8) w i l l  c o r r e s p o n d  to the  law g o v e r n i n g  the change  in w e l l  f low,  e x p r e s s e d  in the  f o r m  

q(~) =qo[i  - -  exp ( - -~:) I .  

In o r d e r  to f ind an e x p r e s s i o n  fo r  the  f ace  p r e s s u r e  we m u s t  put  i = 1, ~ = 1 in E q s .  (2.8) and (2.10).  
The  f o r m  of  t h e s e  e q u a t i o n s  then r e m a i n s  e x a c t l y  the  s a m e ,  on ly  the  funct ion  U 1 (4, Pm) t r a n s f o r m s  into  

Ul(1,  Pm) .  

I t  m a y  be  shown tha t  when ~c-- 1, ~ ~ ~o Eqo (2.10) t r a n s f o r m s  into the w e l l - k n o w n  so lu t i on  of the  
c o r r e s p o n d i n g  p r o b l e m  for  a g r a n u l a r  m e d i u m  [4] 

(2 . !1)  

w h e r e  Pm a r e  the r o o t s  of the equa t ion  

3 .  D e t e r m i n a t i o n  o f  t h e  F l o w  f r o m  a W e l l  

W o r k i n g  i n  a C r a c k e d  P o r o u s  S t r a t u m  f o r  a 

S p e c i f i e d  F a c e  P r e s s u r e  P c  = c o n s t  

In c o n t r a s t  to cond i t ion  (2.1) fo r  the n o r m a l i z e d  fa l l  in p r e s s u r e ,  

~i(~, ~ ) = [ P o - - P i ( ~ ,  "c)](Po--pr -1, i ~ i , 2  

we m u s t  now s p e c i f y  a cond i t ion  in the  f o r m  

~1(t, ~)=1. (3.1) 

The  s e t  of cond i t i ons  (1.3), (1.4),  and (3.1) e n a b l e s  us  to f ind a s o l u t i o n  to the p r o b l e m  in the  L a p l a c e  
t r a n s f o r m  as  f o l l o w s :  
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T A B L E  1 

~,=0,005 ~.=I 

m 0)=0,1 

t 
2 
3 

5 
6 
7 
8 

104 pra 

from(2. 7) 
ko=l 

2 863 
5 76t 
8708 

I 1703 
1 4734 
i 779t 

from(3.3} 
k~=I 

t06Stm tO's2m 

5 234 870 
5 472 3 368 
5 5t9 7 633 
5 536 13745 
5 543 21758 
5 547 31703 

t0aSim 

768 
2602 
4631 
6894 
7522 
8386 

~ = 0  1 

lO~s2m 

t l  853 
t4167 
18 232 
24 177 
32 066 
4i 923 

i04Stm 

8O3 
3 045 
6t94 
9 456 

t2 i92 
14211 

m=O,5 

lOas2m 

4083 
4359 
4897 
5793 
7122 
8909 

3 14t 
6283 
9 425 

t2 566 
15708 
t8 850 
2t 991 
25 t33 

5250 t 037 
5485 3 998 
5520 8932 
5545 15841 
5546 24 724 
5547 35 580 
5548 48 4tl 
5549 62 146 

913 
2971 
5064 
6688 
7832 
8223 
9177 
9704 

i2 006 
t4 761 
19 487 
26 234 
35 002 
45 779 
58 554 
72 t23 

962 
3 592 
6 999 

t 0 309 
t2 9t2 
t4 758 
t6 028 
t6 909 

4 t0t 
4 433 
5 077 
6 t27 
7 643 
9 630 

12 069 
t4 942 

~0; v) I 
" t I [ , ,  t 

".s o,6 

/ 1 1  I r 

o t"  ' _ _  . . . . .  , . . . . . .  2 . . . . . . . . . .  

I0  -2  10 - I  i{7 ~ 10 ~ 10 z T 

1,5 

I,O 

~  

o 
tO -t 1o ~ tO' tO z 

F i g .  2 F i g .  3 

I 

I 
lOS go 

t �9 i (~ ,s)=~U~i~,S(s) l /U,[~,S(s)] ,  i = 1,2.  (3.2) 

E x p a n d i n g  the  r i g h t - h a n d  s i d e  of  (3.2) i n to  an  i n f i n i t e  s e r i e s  w i t h  r e s p e c t  to  t h e  r o o t s  - p 2  of  t h e  e q u a t i o n  

Ua l~, S(s)]=O, (3.3) 

we  o b t a i n  t he  f i n a l  s o l u t i o n  to  t he  p r o b l e m  in t h e  f o r m  

• exp ( - -  sims) + sD~ (A - -  s~,m) exp ( - -  sz,n~)], i ---- l ,  2; 

k~ ~ ) W~(~o ~,,z) =--57-~ ~70x + X ~ +  1 cos(X2+ t ) x - -  

t p,. (I + V ~ )  (x~ - I)] r (x~ - I) �9 + I 

+ k.--12~oX ~ [(X~-T-' 1 ) s i n ( X ~ +  l ) x - - ( X l - - l ) s i n ( X l - - l ) x ] .  

I f w e p u t k  0 = I in  E q .  (3 .4) ,  f o r  a h o m o g e n e o u s  c r a c k e d  p o r o u s  s t r a t u m  w e  o b t a i n  t h e  e q u a t i o n  

(3.4) 
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q 1 q K t ; ~ ) ?  i 1 ~ I 

o'S  i i _ i  1 |  
10 -z 10 -~ ~0 o tO ~ "~" 

F i g .  4 

~p (3;~) 7 -  

0,2 

a t  

7-~-? s 
L A :  A .... i 
I 0  ~ i 0  ~ tO~.r 

F i g .  5 

i - 

�9 ~ l  i ~  
2~ 

I 
t ~ - -  ' ] 

tO -~ I0 -~ I0~ tO 'z" 
F i g .  6 

o ~  
2o) 

( -  1)~ [tim (A - -  s2m) exp ( - -  s~,~t) - -  + : - x F  
' r n ~ ] [  

--s2., (A - -  sl , .)ex p (-- s l .5)  l sin ~1 -- ~. :~ 

in  d e r i v i n g  which  we have  u s e d  Eq .  (1.441.3) t a k e n  f r o m  [ t3 ] .  

U s i n g  a r e l a t i o n  t aken  f r o m  o p e r a t i o n a l  c a l c u l u s ,  

~ a  0 exp ( - -  s::) d~ = a__~o 
0 s 

and a s s u m i n g  tha t  a 0 i s  the t e r m  i n d e p e n d e n t  of T (the f r e e  t e r m )  in the  t i m e  e x p a n s i o n  of  the  func t ion  
) i ( : ,  T), Eq.  (3.4) m a y  be  g iven  a f o r m  c o n v e n i e n t  fo r  c a l c u l a t i o n :  

~VT0 o ~ X ~pi(Lt)= ~ h _ l r  E -  :.:-~ ~ ~.,p~W,(~o, h, p,.) (3.5) 
X [s:,~ (A - -  s2.~) exp ( - -  s:~,~) - -  s~,~ (A - -  sl~ ) exp ( - -  s:m'0], 

i = i,2. 

U s i n g  the  e x p r e s s i o n  f o r  ~l(~,  T) f r o m  (3.5) we m a y  d e t e r m i n e  the  we l l  f low in a c c o r d a n c e  with  the  
l i n e a r  D a r c y  f i l t r a t i o n  law in the f o r m  

,aq (t) = .:: o • 
Q (t) ---- 2~k(~)~w(po - pc) .h - V ~  A (3.6) 

~ v.~ (,, p,.) 
X 6 "' ~ [sa. , (A--  s2m ) exp ( ] S ~ ~ : )  - - S ~  ( ~ - -  S 1~) exp ( - -  simt)]; 

. . . .  p~ IV._ (~o, ~:, Pro) 

us (t, p,.) = ,  Ep,,, -- : + t)p., : 

A s  the p a r t i c u l a r  c a s e  in which  w = K 0 = I we m a y  than  d e r i v e  the  c o r r e s p o n d i n g  s o l u t i o n  fo r  a g r a n u l a r  
m e d i u m  [4], 

9 er Q 
(3.7) 

w h e r e  Pm a r e  the  r o o t s  of  Eq.  (3 3 )  fo r  k 0 = 1, i . e . ,  

pm=mn(~.:- I)-:. 
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4 .  N u m e r i c a l  C a l c u l a t i o n s  

[n o r d e r  to c a r r y  out  n u m e r i c a l  c a l c u l a t i o n s  (on the  b a s i s  of the  equa t i ons  d e r i v e d  in the  p r e c e d i n g  
s e c t i o n s )  f o r  t he  i n d i c e s  r e p r e s e n t i n g  the  w o r k i n g  of c r a c k e d  p o r o u s  s t r a t a ,  we m u s t  know the v a l u e s  o f  
S lm and Szm in r e l a t i o n  to the  r o o t s  -PmZ of E q s .  (2.7) and (3.3). W e  a c c o r d i n g l y  c a l c u l a t e d  the  f i r s t  s ix  
r o o t s  of  Eq.  (2.7) and  the  f i r s t  e i g h t  r o o t s  of  Eq .  (3.3) f o r  a h y p o t h e t i c a l  l a y e r  ( s t r a t u m )  with  ~ = 11 and 

k 0 = 1, (Tab le  1), and on the  b a s i s  of  t h e s e  c a l c u l a t e d  the  v a l u e s  of S~m and % m  f r o m  Eq.  (2.9) fo r  v a r i o u s  
v a l u e s  of  the  p a r a m e t e r s  w and ~ of  the  c r a c k e d  p o r o u s  s t r a t u m .  

F o r  c o n v e n i e n c e  in c a l c u l a t i n g  wi th  Eq.  (2.10) i t  i s  d e s i r a b l e  to r e p l a c e  the  t i m e - i n d e p e n d e n t  s u m  
in t h i s  equa t ion  b y  the  r e s i d u e  of  the  func t ion  (2.4) a t  s = 0, as  j u s t i f i e d  in the  f o r e g o i n g  d i s c u s s i o n .  E q u a -  
t ion  (2.10) then  b e c o m e s  

~Pi (~, z) = ~ + (ko --  t)~0 -- ~k0 j,_ (4.1) 

+ ~-~ ~= ~,~p~Z,V~ (~0, h ,  P~) 
[Slm ( A - -  s~m) exp ( - -  s~mT) - -  

- -  s2,~ ( A - -  si~) exp (si~nT)] , i = l ,  2. 

The  r e s u l t s  of  ou r  c a l c u l a t i o n s  b a s e d  on Eq .  (4.1) wi th  k 0 = 1 fo r  the f ace  p r e s s u r e  (~ = 1) a r e  shown 
as  a s e t  of c u r v e s  in F i g .  2.  The  b r o k e n  c u r v e s  1 ' - 5 '  c o r r e s p o n d  to c r a c k e d  p o r o u s  s t r a t a  wi th  supp ly  
con tou r  r a d i i  of  ~i = 100 ,  10, 5, 3, 2 and p a r a m e t e r s  w = 0.1;  ~ = 0.005.  The  con t inuous  c u r v e s  c o r r e s p o n d  
to g r a n u l a r  s t r a t a  (w = 1, X - -  ~o) wi th  the s a m e  v a l u e s  of  the  supp ly  c on tou r  r a d i u s  ~1; t hey  a r e  p l o t t e d  on 
the b a s i s  of  Eq.  (2.11) [4]. An a n a l y s i s  of  the c u r v e s  in F i g .  2 shows  tha t  s t a b i l i z a t i o n  of  the fa l l  in the 
f ace  p r e s s u r e  of the we l l  in a h o m o g e n e o u s l y  p e r m e a b l e  s y s t e m  of c r a c k s  in a c r a c k e d  p o r o u s  s t r a t u m  
(k 0 = 1) occurs much earlier than in the granular stratum for equal distances of the hemispherical supply 
contour from the hemispherical surface of the well. The normalized stabilization ~i(~, T) defined by Eq. 
(2.2) depends on the radius of the supply contour surface~ Analogous conclusions will also hold for cracked 
p o r o u s  s t r a t a  wi th  i n h o m o g e n e o u s l y  p e r m e a b l e  c r a c k  s y s t e m  (k 0 ~ 1). I t  fo l lows  f r o m  Eq .  (4.1),  h o w e v e r ,  
tha t  in  the  c a s e  when k 0 ~ 1 s t a b i l i z a t i o n  wi l l  depend  on the r a t i o  of the  p e r m e a b i l i t i e s  of the  m u t u a l l y  s u p e r -  
p o s e d  h e m i s p h e r i c a l  r e g i o n s  k0, a s  i n d i c a t e d  b y  the n o m o g r a m  c u r v e s  of F i g .  3.  The  cont inuous  l i n e s  in 
th i s  f i g u r e  c o r r e s p o n d  to the  va lue  ~0 = 2 and the b r o k e n  l i n e s  to ~Q = 5. C u r v e s  1 and 3 a r e  p lo t t e d  fo r  ~1 = 

1 0 ,  4, and  c u r v e  2 fo r  ~l = 10. 

[n o r d e r  to d i s c o v e r  the  r o l e  of the p a r a m e t e r s  w and ~ in the  s t a b i l i z a t i o n  of the p r e s s u r e  at  the 
f ace  of a we l l  in a c r a c k e d  p o r o u s  s t r a t u m  with  ~1 = 11, we p l o t t e d  the c u r v e s  in F i g .  4 fo r  the fo l lowing  
d a t a :  X = 0.005;2) w= 0.1, ~ = 1; 3) w =  0.5, X = 1; 4) ~o= 1 ,  ~ = r162 I t  fo l lows  f r o m  an a n a l y s i s  of t h e s e  
c u r v e s  tha t ,  a s  the  p a r a m e t e r  of the  c r a c k  c a p a c i t y  w a p p r o a c h e s  un i ty ,  and as  the va lue  of A i n c r e a s e s ,  
c u r v e s  1 -3 ,  r e p r e s e n t i n g  the  change  in the  f a c e  p r e s s u r e  of a we l l  in a c r a c k e d  p o r o u s  s t r a t u m ,  a p p r o a c h  
the  c o r r e s p o n d i n g  c u r v e s  of  a g r a n u l a r  s t r a t u m .  Th i s  i s  due to the  fac t  t ha t  fo r  w = 1, X - -  oothe ac tua l  
s y s t e m s  of equa t ions  (1.1) t r a n s f o r m  into the o r d i n a r y  s y s t e m  of  p i e z o c o n d u c t i v i t y  e q u a t i o n s .  

T h e  c u r v e s  of  F i g .  5 e x p r e s s  the t i m e  d e p e n d e n c e  of the  p r e s s u r e  d r o p  on the s u r f a c e  of the  h e m i -  
s p h e r e  ~ = 3 in h o m o g e n e o u s  (k 0 = 1) c r a c k e d  p o r o u s  (1.2) and g r a n u l a r  (3) s t r a t a  w o r k e d  wi th  a c o n s t a n t  
f ace  p r e s s u r e  and wi th  a supp ly  con tou r  on the h e m i s p h e r e  ~i = 11. The  c a l c u l a t i o n s  w e r e  b a s e d  on Eq.  
(3.5), u s i n g  the fo l lowing  i n i t i a l  da t a :  1) w= 0.1,  A = 1; 2) w = 0.5, h = 1. C u r v e  3 was  p l o t t e d  f r o m  the 
d a t a  of  an e a r l i e r  p a p e r  [4], u s ing  an equa t ion  d e r i v e d  f r o m  Eq.  (3.5), wi th  ~ = 1, k 0 = 1, 

~p (~, ~) = (~  - -  ~) ~ - - i (~  __ 1)-~  + ~ m s in  ,n~ exp [- -  m2~ 2 (~1 - -  t) - 2~  ]- 

I t  fo l lows  f r o m  the c u r v e s  of F i g .  5 tha t  the in f luence  of the  p a r a m e t e r s  ~ and ~ on the p r e s s u r e  s t a b i l i z a -  
t ion  p r o c e s s  i s  ana logous  to the  c a s e  in  which  a c o n s t a n t  we l l  f low is  s p e c i f i e d  ( F i g .  4). F u r t h e r m o r e ,  the 
c u r v e s  r e p r e s e n t i n g  the  f a l l  in f ace  p r e s s u r e  in the  c r a c k e d  p o r o u s  s t r a t u m  exh ib i t  a poin t  of i n f l ec t i on  in 
bo th  f i g u r e s ;  the  p o s i t i o n  of  the i n f l e c t i on  v a r i e s  wi th  the  v a l u e s  of the p a r a m e t e r s  oJ and ~. Th i s  b e h a v i o r  
of the c u r v e s  r e p r e s e n t i n g  the  f a l l  in p r e s s u r e  wi th  t i m e  a l so  a p p e a r s  in o t h e r  f o r m s  of l iqu id  f low [14-20] .  
Th i s  i n d i c a t e s  tha t  the e x i s t e n c e  of an i n f l e c t i on  p o i n t  on the  t i m e - d e p e n d e n c e  c u r v e  of  the  d r o p  in f ace  
p r e s s u r e  fo r  w e l l s  in c r a c k e d  p o r o u s  s t r a t a  is  i ndependen t  of  the  g e o m e t r y  of  t he  f i l t r a t i o n  flow. 
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Figure  6 i l lustrates  the change in well flow as a function of time, calculated by means of Eq. (3.6) 
for k 0 = 1, and Eq. (3.7) for  s t ra ta  having a supply contour surface ~1 = 11. The culwes are plotted for the 
following initial data: 1) aJ = 0.1, k = 1; 2) co = 0.5, k = 1; 3) w = 1, k ~ ~ .  Analysis  of the curves  shows that 
the well flow in cracked porous s t ra ta  depends mainly on the elast ic capaci ty  of the c r ack  sys tem in the 
p resence  of a hemispher ica l  supply contour.  
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