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A study is made of the motion of a liquid toward a well with a hemispher ica l  end-face with un- 
s teady-s ta te  s p h e r i c a l - r a d i a l  f i l tration in a f r a c t u r e d - p o r o u s  s t ra tum consist ing of hemispher i -  
cal regions with different values of the permeabil i ty of the sys tem of c racks ,  superposed 
one on another. A Laplace t rans form is used to find exact solutions to the problem of the 
lowering of the s t ra tum p res su re  as a function of time and distance as well as of the output 
of a well working with a constant end-face p res su re .  The art icle  d iscusses  part ial  cases  co r -  
responding to the exploitation of closed and bounded open f r a c t u r e d - p o r o u s  s t ra ta  by a central  
well with a hemispher ical  end-face.  On the basis  of numerical  calculations,  the effect of the 
pa rame te r s  of f r a c t u r e d - p o r o u s  s t ra ta  on the change in the indices of the p rocess  of their  ex-  
ploitation is established. It is established that, with the exploitation of f r a c t u r e d - p o r o u s  
strata,  the process  of the lowering of the end-face p res su re  of the well and its output become 
stabilized with sufficiently large values of the t ime. 

I. Formulat ion of Problem. The process  of drilling wells in petroleum deposits with f r a c t u r e d - p o -  
rous types of r e s e r v o i r s  may break down by absorption of the solution right up to the loss of circulat ion 
[1]. This makes it impossible to open up a large part  of the effective thickness.  The rat io of the worked 
part  of the s t ra tum to its total thickness may, in many cases ,  be assumed to be small ,  and the flow of liquid 
toward the well may be assumed to be s p h e r i c a l - r a d i a l .  It must  be postulated that the end-face of the 
well has a hemispher ical  form. 

To solve the hydrodynamic problems it is postulated that around a well of radius R .  there is a h e m i -  
spherical  region R.  -< r <- R 0 with one permeabil i ty of the sys tem of cracks  and beyond its l imits R 0 _< r <_ 
~, the permeabil i ty  has another value. A schematic  representa t ion of the s t ra tum system is given in Fig. 1. 

It is required to determine the process  of the lowering of the p re s su re  at an a rb i t r a ry  point of the 
hemispher ical  f r a c t u r e d - p o r o u s  media superposed one on the other  and the output of a well with a hemi-  
spherical  end-face during the process  of exploitation. 

I 

Fig. ! 

In accordance with the general  theory of the fil tration of a 
homogeneous liquid in a f r a c t u r e d - p o r o u s  medium [2-4], the basic 
differential equation with application to a s p h e r i c a l - r a d i a l  flow 
can be written in the form 

a~'~ ~) 2 a" {  2) 1 - o ,  a " {  t> ,,, ~,,,(2)~ = 0 

'a"l" (u~ z,(,) 0 (i 1,2) (1 -- o~-~-?- -- k -- = = 

(i).~ v), ~ r / R . ,  ~. - -~ . , , - i  /,oi u~ '~ (~, T) := P0 - P~ ~;, -- ~R ~za) / v(2) 
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-(~>~(~ ~ ) t  (1.2) 
rn(l)~(t)i : i  ~_ 'ai-J2)~(2)~i ' s ,(rrt(1)~(I)i =~. "I" /n?)~12)) 

1, i=-I 

/ :0= } ,~ ,  i = 2  
I 

where  ~ is a coef f ic ien t ,  taking accoun t  of  the exchange  of  l iquid be tween  the s y s t e m s  of  b locks  and c r a c k s  
of  the med ium;  P0 and P{~, ~) a r e  the ini t ia l  and ins tan taneous  p r e s s u r e s ;  k is the coef f ic ien t  of  p e r m e a b i l i t y  
of  the po rous  m e d i u m ,  # is the dyna m i c  coef f ic ien t  o f  v i s c o s i t y  of  the liquid being f i l t e red ;  m and fl a r e  the 
p o r o s i t y  and the e las t i c  capac i ty  of  the s t r a t u m ;  t is  the t ime .  

The s u p e r s c r i p t s  1 and 2 of  the funct ions  of  the p r e s s u r e  and the p a r a m e t e r s  of  the s t r a t u m  r e f e r ,  
r e s p e c t i v e l y ,  to the s y s t e m s  of  b locks  and c r a c k s  of  the med ium,  and the s u b s c r i p t s  to the h e m i s p h e r i c a l  
r eg ions  of  the s t r a t u m  adopted in Fig .  1. 

The p r o b l e m  r e d u c e s  to i n t eg ra t ion  o f  s y s t e m  (1.1) with the fol lowing init ial  and boundary  condi t ions :  

,~,)(~, 0) ..: u f,:) (~, 0) := 0 (i = 1,2) (1.3) 

0 "i"-' (i;.,. ~)-- ,q'> (~o, T), ~ ,,,,~ I~o..~) = ::0 ~ ,q, (~o, T) 
(1.4) 

u<'~ ( ~,  ~) = ~,?)(:~, ~) = 0, ~0 = R0 / R,  (1.5) 

Condi t ions  (1.3)-(1.5) m u s t  be supp lemented  by the a s s i g n m e n t  of  the value of  the p r e s s u r e  o r  the 
f low r a t e  at tim h e m i s p h e r i c a l  s u r f a c e  o f  the well .  In what  fol lows,  solut ions  a re  given for  d i f fe ren t  v ~ r k  ~ 
ing condi t ions  of  the well .  

2. D e t e r m i n a t i o n  of  the P r e s s u r e  Fie ld  of  a F r a c t u r e d - P o r o u s  S t ra tum with a Cons tan t  Output  of  the 
Well,  Equal  to q0" The condi t ion  of  the c o n s t a n c y  of  the output  of  a well with a h e m i s p h e r i c a l  end - f ace ,  with 
s p h e r i c a l - r a d i a l  f i l t ra t ion ,  is v : r i t ten in the f o r m  

i ~'r''~z~~ ~)]  _ 3  ~q, 
~--' z~"~ ~' (2.1) 

Applying a Lap lace  t r a n s f o r m  [5] with r e s p e c t  to the t ime  to s y s t e m s  (1.1) and then e l imina t ing  the 
funct ions  uiO)(~ , r) f r o m  the t r a n s f o r m e d  s y s t e m s ,  taking account  of  ini t ial  condi t ions  (1.3), we obtain  

,~[~,.d:~!.,~:~ .s')] "':~=)'~ 0 (i i 2 )  
..-- ~ , , ,  ~c, = --= (2.2) d~, ~ ' ~ '  

S = .~' [:,)(I ~,~) .~ i )~J [(t - -  I*):: -!-- kl ~ ( 2 . 3 )  

The g e n e r a l  so lut ion of  Eqs .  (2.2) has  the f o r m  [6, 7] 

(.~, .~') =: k:) exp (~ S/k: )  1. -~-(,xp ( - -  ~ SI -!-- ~- . . . . .  
(2.4) 

w h e r e  Ai and B i a r e  in tegra t ion  cons t an t s ,  sub jec t  to de t e rmina t i on .  

In a c c o r d a n c e  with condi t ion  (1.5), fo r  suff ic ient ly  l a r g e  values  of  ~, the lower ing  of  the p r e s s u r e  of  
the ex t e rna l  zone o f  the s t r a t u m  m u s t  r e v e r t  to z e r o ;  it m u s t  t h e r e f o r e  be a s s u m e d  that  B 2 = 0. Finding 
the r e m a i n i n g  cons tan t s  f r o m  condi t ions  (1.4) and (2.1), sub jec t  to a Lap lace  t r a n s f o r m ,  and subs t i tu t ing  
t h e i r  e x p r e s s i o n s  into (2.4) the so lu t ion  of  the p r o b l e m  can be r e p r e s e n t e d  in the f o r m  

r - -  
- -  ~o r s ch br<~(~o - -  .~) u(, ~ C>(':" .")== ~oV~-:-;,,,-~.~,~> (.v) ~ sh l / S ( ~ , > -  ~) ! ~.<,~,(.s.~ (2.5)  

u? ~ (~,, '~) ~o VE- 
" ~ - - ~ e x p [ 1 / S k o ( E o - -  .~)l (2.6) 

,b (x) . . . .  (~oZ + to V'k--~ + ko i )  sh Vx(7o i )  ,-' l~ox V - ~  "- (~o i- ko - t )  VZi ct~ ~"-:c(~(>: - t )  (2.7)  

Since the a r g u m e n t s  of  the functions en te r ing  into the Lap lace  t r a n s f o r m s  (2.5) and (2.6) conta in  a 
f r a c t i o n a l - l i n e a r  funct ion S d e t e r m i n e d  by e x p r e s s i o n  (2.3), the t r ans i t i on  f r o m  the t r a n s f o r m  to the in-  
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v e r s e  t r a n s f o r m  is m o s t  expedient ly  ef fec ted  in a c c o r d a n c e  with the l~fros t h e o r e m  [5, 8], ana logous ly  to 
[9]. In t roduc ing  the notat ion 

Fi (~, s) = s U {  ~) (~, s) Is=,, g (x, s) = s -t exp (-- x8 )  (2.8) 

going o v e r  to i n v e r s e  t r a n s f o r m s ,  and omi t t ing  the deta i led ca lcu la t ions  o f  the t r ans i t i on  around the B r o m -  
wich  con tour  [10], we can obtain  

ca ~. , to  cr 

0 -t~. ~ /,~(~.o,,,)+fl~*.(~,,..) /i(~, u) u'- n~. I / ~  e(0)exp l - -b (~- -c~  t,~(~0,-- :0 +.o.,2(~,,. , ,)du(2.9) 
o 0 0 

]t (~, u) = sin u (x - -1)  + u cos u (x -- 1), b = k ( l - - a ) )  -1 (2.10) 

12 (;, u) = Q1 (~0, u) sin u ~" --~ --  fx (~o, u) cos u 5. ?-_'2 (2.11) 
V ,% V ko 

(.2, (~n, u)  ko -- t - -  5,,,0" (2.12) 
. . . .  s,,, U ( ~ o - t )  + V ~ o c o s u  (~o - i) 

~o V ko ,~ 
x 

e ( x ) = ~ e x p ( - - k z ) l o ( 2 V ' b ~ . z ( T - - t o O ) d z  ( i = : 1 , 2 )  (2.13) 
o 

where  I0(z) is a B e s s e l  function o f  an i m a g i n a r y  a rgumen t ,  of  the f i r s t  kind and the f i r s t  o r d e r .  

The exac t  so lut ions  of  (2.9) obtained d e s c r i b e  the p r o c e s s  o f  the r e d i s t r i b u t i o n  of  the d i m e n s i o n l e s s  
l o w e r i n g o f  the p r e s s u r e  in p a r t s  of  the i ahomogeneous  (with r e s p e c t  to pe rmeab i l i ty )  s y s t e m  of  c r a c k s  of  
a f r a c t u r e d - p o r o u s  s t r a t u m  of h e m i s p h e r i c a l  f o r m ,  at an a r b i t r a r y  d i s t ance  f r o m  the su r f ace  of  the well  
at any given m o m e n t  of  t ime .  

Subst i tut ing ~ = 1 into (2.9), we can find the d i m e n s i o n l e s s  lower ing  of  the p r e s s u r e  at  the su r f ac e  of  
the well  in the f o r m  

oc 

,~, 9 "! 1 -  exp (--,,~v / co) -- uaV (v. u) du 
u~*( t 'T )~ (7  .~ ~V0 1,~( ~. ..... ) _9,~(~0,,,) .~ (2.14) 

~.. oa 

V(T, u) = ke -~" I exp [--(u'-' -- b~)) 01 e(0)dt) (2.15) 
o 

F o r m u l a  (2.14) can be s impl i f ied  fo r  a whole f r a c t u r e d - p o r o u s  s t r a t u m  which is homogeneous  with 
r e s p e c t  to the s y s t e m  of  c r a c k s  (k 0 = 1). The denomina to r  of  the e x p r e s s i o n  under  the in t eg ra l  s ign a s -  
s u m e s  the f o r m  

] ,~ ( t0 ,  u) 4- 0 .2  (to, u) - t t u 2 

Taking account  of  r e l a t i onsh ip  3.446 (I) f r o m  [11], we have 

(2.16) 

or 

Hdtl 
u,*( l ,  ")]S o~,'= ! - e * ~ e r f c ( f ~ - L ~ -  i V(% u) l + u z  (2.17) 

o 

A s s u m i n g  that  o~ = 1, it can be shown that  the in teg ra l  t e r m  r e v e r t s  to z e r o  and that  f o r m u l a  (2.17) 
goes  o v e r  into the solut ion for  a g r a n u l a r  med ium [12] 

u,*  (1, ~)1~=, = t - e T erfr ( V T )  

depending on the t ime ,  p a r t  o f  which is tabala ted  in [13]. 

It can be shown that ,  with k 0 = ~ = 1, the Lap lace  t r a n s f o r m  (2.5) a s s u m e s  the f o r m  

(2.18) 

U, /Q = s (t + S'/,) -x (2.19) 

Expanding the r i gh t -hand  pa r t  of  (2.19) in a s e r i e s  and leav ing  the f i r s t  tv~ t e r m s  in it, fo r  s m a l l  
values  o f  the p a r a m e t e r  s (for l a r g e  values  of  z), we obtain  
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. t 

U,r " ' { f 
b / ( o )  ( s - r -b) - ' '  ~ 1 - -  (----~/"'exp { - - ~ /  1 " exp " ' r  -- ""\ 

o 
o>, , , , -< , , . - .  

x 1. , - q 7 - ' ,  i ~ - ; '  + s, :.,--~-7,, ' b'~+'" ) 

With  w = 1 (1.20) ,  w e h a v e  

(2.20) 

( U : / Q ) ~ _ :  ~ .  s - :  ~- s - " , - -  t - -  ( ~ ) - ' ,  ~ u l*  (1, r) (2.21) 

T h e  a s y m p t o t i c  f o r m u l a  (2.21) d e s c r i b e s  t he  p r o c e s s  o f  t he  l o w e r i n g  o f  t he  e n d - f a c e  p r e s s u r e  in a 

g r a n u l a r  m e d i u m  wi th  s u f f i c i e n t l y  l a r g e  v a l u e s  of  the  t i m e .  

T h e  g e n e r a l  s o l u t i o n s  (2.5) and (2.6) o f  t h e  g i v e n  p r o b l e m  m a k e  i t  p o s s i b l e  to c o n s i d e r  t he  p a r t i a l  

c a s e s  k 0 = 0, ~ ,  w h i c h  a r e  o f  i n d e p e n d e n t  i n t e r e s t .  

L e t  k 0 = 1:2(2) = 0. T h i s  corresponds to t h e  c a s e  w h e n  a c l o s e d  fractured-porous s t r a t u m  o f  h e m i -  

s p h e r i c a l  f o r m  is  e x p l o i t e d  by a w e d  wi th  a h e m i s p h e r i c a l  e n d - f a c e  wi th  a c o n s t a n t  w i t h d r a w a l  o f  l i q u i d .  

T h e  g e n e r a l  s o l u t i o n s  (2.5) and (2.6) a r e  t r a n s f o r m e d  to the  f o r m  

lira Ui (~, ,~) := 
k ~ o  

Q :., V .~(.h l/-~-(:~ -- 5) -- sh l/g(~,0.-- ~) i = 1 (2.22) 

0, i = : 2  

t h e  i n v c r s e  t r a n s f o r m  o f  w h i c h  c a n  be  r e p r e s e n t e d  in  t h e  f o r m  

(5. -- 1)'-' -'- 3 5, r / to dn"5?- - 1 )"- 
ut*( l  r) .... Li, tU,.-1) '-)-.~,,(z5;--5,~-2) ~.---I ~ 2 ( ~ o - - 1 )  ~ d -~ . §  ' " ,,t,~:~,,-' + (~o 2 - i  5 ,  -:. 1) (~,,-- 1)~ X 

�9 to 
: --,~,.'-'r l~ 

:< 1 --  exp i .(o~-- ~-'.]J --7'..,i' r ~o, 0)exp I - - b ( v  --  (,)9)1 d0 (2.23) 
0 

/~ (~, ~.o, x) = [(~o - -  t)  +- -'.- 3~ol (~_o - -  1)-' 1'/:~ (~c+ - -  1)' -!- ~,, (2~o +- - -  

2 d n ~ q  ~: ~ - - '" [ 
go.i-'))] -' -: ~ ~ c o s  ~"-~" L a,,'-'r t (2.24) .... ~ - ' d , , ~ - -  s i n d , , ~ _ _ l  [ d , , " - . - o c o s d . . . ( ~  ~ ' l ) s i n d , , l ~ c x p  ff..,--+)~.l 

H e r e  d n a r e  t h e  r o o t s  o f  t h e  t r a n s c e n d e n t a l  e q u a t i o n  

d."tg d - -  t --- d2~., ( ~  - -  t) -2 (2.25) 

L e t  k 0 = k2 (2) = :% T h i s  c o r r e s p o n d s  to t h e  c a s e  when ,  a t  t he  e x t e r n a l  h e m i s p h e r i c a l  s u r f a c e  of  a 

f r a c t u r e d - p o r o u s  s t r a t u m  o f  r a d i u s  ~0 = R 0 / R c ,  t h e r e  i s  m a i n t a i n e d  a c o n s t a n t  p r e s s u r e  P0 o v e r  t h e c o u r s e  
o f  t he  p r o c e s s  o f  e x p l o i t a t i o n .  T h e  g e n e r a l  s o l u t i o n s  (2.5) and (2.6) a r e  r e p r e s e n t e d  in t he  f o r m  

l 2 sh I/,~(-~, -- ~) 
l imU~2)(~,s)-= (s s h  ] /  ( ~ o - - 1 ) -  i- | / S c h | ' " S - ( ~ , - - I )  

~;~ .... 0, i = 

, i = l  

(2.26) 

T h e  i n v e r s e  t r a n s f o r m  o f  (2.26) can  b e  o b t a i n e d  in  the  f o r m  

u~*(1, ~ ) - - 2 ~  3#~-t-~,,(5o--1) l - e x p L - ~ j f - k  e (0) /a (l ,  ~o, 0 )exp[ - -b ( ' r - - ( , )O) ld )  
,, =t o (2.27) 

oo 

2 ~, ~,+- [ -3 , , ' - 'r  ] (2.28) h ( l ,  ~o, x) -- L,-- I ~,?-+-~o(~.,,-.bexPi ~ . , - 1 ~ ,  

w h e r e  fin a r e  t h e  r o o t s  o f  the  e q u a t i o n  

[3 -1 tg [~ -4- ( ~  - -  t) -I = 0 

T h e  f o r m u l a  c o r r e s p o n d i n g  to a g r a n u l a r  m e d i u m  (o+. = 1) h a s  t h e  f o r m  [12, 14] 

(2.29) 
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oo 

u , * ( l ,  ~ ) =  t - - ~ 0 - ~ + 2  = ~.-~+50ff.~--l)  L ~ ]  (2 .30)  

3. D e t e r m i n a t i o n  o f  the  Output  of  a Wel l  Exp lo i t i ng  a F r a c t u r e d - P o r o u s  S t r a t u m ,  wi th  a Cons t an t  
E n d - F a c e  P r e s s u r e .  I t  i s  pos tu l a t ed  tha t  a f r a c t u r e d - p o r o u s  s t r a t u m ,  i n h o m o g e n e o u s  wi th  r e s p e c t  to the  
p e r m e a b i l i t y  of  the  s y s t e m  of  c r a c k s ,  i s  exp lo i t ed  by  a c e n t r a l  we l l ,  a t  whose  h e m i s p h e r i c a l  s u r f a c e  a 
c o n s t a n t  p r e s s u r e ,  equa l  to p . ,  i s  m a i n t a i n e d .  

R e p l a c i n g  cond i t ions  (2.1) by  

px(*) (1, x) ---- p .  = const (3.1) 

the  so lu t i on  of  the  p r o b l e m  in a L a p l a c e  t r a n s f o r m  is  ob t a ined  in the  f o r m  

u~)(~,s) = V-~) ,  ~ ( ~ 0 - ~ ) +  ((~0- ~ ) / r  VY)~ V ~ -  ~) 
~sa (~o, s) (3.2) 

u(~)(L s) = )r~ 
exp iV s / ko (~.0 - -  ~)]  (3.3) 

U~ ~) (~, s) ~ u~ ~) (~, x) =~ [Po - -  p~)(~, "~)l (Po - -  p.)-x (3.4) 

[k0--1 ~_ V~--~) sh g ~  (to t) (3.5) A (~0, s) = V~ ~h V~ (~0 - ~) + ~--i:-- 

By analog5' wi th  the  i n t r o d u c e d  nota t ion  (2.8), u s ing  the  I~fros t h e o r e m ,  the  i n v e r s e  t r a n s f o r m s  of (3.2) 
and (3.3) can  be found in the  f o r m  [5, 8] 

. "2 ~ I , . ,~' ,  % ~ , d - ~ ' , d u  
u~: (L ~ ) :  ,r, :(L ~())- ,~ 5:~, ~ ~, ~0, ,~,} ,-7. 

t) 

= o) =,~ 

(3.6) 

In f o r m u l a s  (3.6) i s  adop ted  the  no ta t ion  

f5 (~, ~o, u ~ == ,,~ sin ,, (-: - ~) exp ( - . ' : I  
�9 I,.,,'-si~L2 u (~ ..... 1) + 0-~ (~, .) (3.7) 

= u :  Ik.u "-' sin" u (~,, - l ) -7 0-22 (~, 'l)] exp (uG) (3.8) 

Qo(~ ,u )=( l ,o - -  I)E -l sin u ( ~ o -  t) : u('os u(~ o - - l )  (3.9) 

,',.) (~.>--.- -~) -i- ~. E - ) ,  (~'.. (~,  .~o) - ~"4-~ q~, (~,  ~o) - - / . , , ( . : .  ' _ i ~ _  l " /.~' ( ~ , , -  i ) - .  I ( 3 . 1 0 )  

The  f o r m u l a s  ob t a ined ,  be ing  e x a c t  so lu t ions  of  the p r o b l e m ,  d e s c r i b e  the  p r o c e s s  of  the  l o w e r i n g  of  
the  d i m e n s i o n l e s s  p r e s s u r e  with t i m e  at  a r b i t r a r y  po in t s  of  the  i n t e r n a l  and e x t e r n a l  r e g i o n s  of  a f r a c t u r e d -  
p o r o u s  s t r a t u m ,  exp lo i t ed  by a we l l  with a h e m i s p h e r i c a l  e n d - f a c e  at  c o n s t a n t  p r e s s u r e .  

Using  the e x p r e s s i o n s  for  ul(2) f r o m  (3.6), in a c c o r d a n c e  with a l i n e a r  D a r c y  f i l t r a t i o n  l aw,  the o u t -  
put  of  the  wel l  can  be de f ined  in the f o r m  

co 

Q('r 2.-t.k~2'Jltc(po_pc ) k 0 ( ~ 0 - - t ) - ~ - I  " - - d  X 

o 

�9 .~ ~ (3.11) 

, :  o~p ( - , , ~  :,,,) d~ + 2~, I ~ Co) e,,p [--b (~--  ,o0)I ~0 1 u., e~p (-.:o) ~,, 
~":" kou~sia~u(~o-- l) + ~ofl(~,, u) "-~ kou~sirl~u(~()-- l) + O.~'-(~, u) 

o o 

In the  c a s e  of a s t r a t u m  which i s  h o m o g e n e o u s  with r e s p e c t  to the  p e r m e a b i l i t y  of  the  s y s t e m  of  
c r a c k s ,  f o r m u l a  (3.11) can  be t r a n s f o r m e d  to the f o r m  

x to 

Q ( r ) = : l  ' ,o y ,  , x I e (O)expl - -b(x- -o)O)]  d() 
�9 , -~r / 2 } / . ~ -  0 " ,  ( 3 . 1 2 )  

o 

In ob ta in ing  f o r m u l a  (3.12) f r o m  (3.11), u se  was  m a d e  of  the  r e l a t i o n s h i p s  3.321 (2) and 3.461 (2) 
f r o m  [11]. 
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So lu t ions  (3.6) m a k e  i t  p o s s i b l e  to c o n s i d e r  p a r t i a l  c a s e s  fo r  s m a l l  and l a r g e  va lue s  of  the r a t i o  of  
the  p e r m e a b i l i t i e s  o f  the  s y s t e m  of  c r a c k s  o f  the  s t r a t u m .  

4. N u m e r i c a l  C a l c u l a t i o n s .  To c o m p a r e  the  v a l u e s  of  the  e n d - f a c e  p r e s s u r e  a s  a func t ion  of  t i m e ,  
u s i n g  e x a c t  (2.18) and a s y m p t o t i c  (2.21) f o r m u l a s  fo r  a g r a n u l a r  m e d i u m ,  c a l c u l a t i o n s  w e r e  m a d e ,  f r o m  the  
r e s u l t s  of  which  i t  f o l l ows  tha t  t hey  a r e  in  a g r e e m e n t  wi th  a r a t h e r  high d e g r e e  of  a c c u r a c y ,  s t a r t i n g  f r o m  
~- = 10. T h i s  i s  s e e n  f r o m  a c o m p a r a t i v e  r e c o r d :  T = 10, 50, 100, 1000, 10,000; Ut*(1 , T) = 0.82927,  0.91943,  
0.94139,  0~ 0.99267; UI*(1 , 7 ) ~  0.83159,  0.92021,  0.94358,  0.98216,  0.99436. 

The  r e s u l t s  o f  c a l c u l a t i o n s  m a d e  u s i n g  f o r m u l a  (2.14) fo r  a r a t i o  o f  the  p e r m e a b i l i t i e s  k 0 = 0.2 and 5, 
7 1 = 5 . 1 0  -~, andco = l ,  0.1,  and 0.01 w i th~0  = 1 0  a r e  shown by the  c u r v e s  o f  F i g .  2. C u r v e s  1 , 2 ,  a n d 3  
c o r r e s p o n d  to va lue s  of  the  p a r a m e t e r  co = 0.01, 0.1, and 1 wi th  k 0 = 0.2, and c u r v e s  1 ' ,  2 ' ,  and 3 '  to t h e s e  
s a m e  v a l u e s  o f  the  p a r a m e t e r s  co and ~, but  wi th  k 0 = 5. 

F r o m  a c o m p a r i s o n  o f  the  c u r v e s  o f  t h i s  f i g u r e  i t  fo l lows  tha t ,  wi th  an i n c r e a s e  in the r a t i o  of  the  
p e r m e a b i l i t i e s  of  the  z o n e s  of  a f r a c t u r e d - p o r o u s  s t r a t u m  k0, t h e r e  i s  a d e c r e a s e  in  the va lue s  of  the  func -  
t i on  ut*(1,  T) c o r r e s p o n d i n g  to e x a c t l y  the  s a m e  va lue  of  the  t i m e .  

The  c u r v e s  of  F i g .  3 w e r e  p l o t t e d  f r o m  c a l c u l a t i o n s  u s ing  f o r m u l a s  (2.17) and (2.18) wi th  k 0 = 1 and 
X = 0.005. C u r v e s  1, 2, and 3 c o r r e s p o n d  to va lue s  of  the  p a r a m e t e r  of  the  c r a c k i n g  c a p a c i t y w  equa l ,  r e -  
s p e c t i v e l y ,  to 0o01, 0.1,  and 1. I t  c an  be s e e n  tha t ,  wi th  a d e c r e a s e  in  the va lue  of  the  p a r a m e t e r  w, the  
func t ion  u1"(1 , 7) i n c r e a s e s  and then  b e c o m e s  a d j a c e n t  to the  c u r v e  fo r  a g r a n u l a r  m e d i u m .  

The  c u r v e s  of  F i g s .  2 and 3 a p p r o a c h  t h e i r  a s y m p t o t e s ,  s i n c e  the  p r o c e s s  of  the  l o w e r i n g  of  the  e n d -  
f ace  p r e s s u r e  i s  s t a b i l i z e d  wi th  a s u f f i c i e n t l y  l a r g e  va lue  of  the  t i m e  ~. Th i s  i s  c h a r a c t e r i s t i c  a l so  fo r  a 
g r a n u l a r  m e d i u m  [12, 14]. 

The  va lue  of  the  func t ion  of  the  l o w e r i n g  of  the  p r e s s u r e  d e p e n d s  on the  va lue  of  kl(2). The  f o r m  of  
t h i s  d e p e n d e n c e  i s  shown in F ig .  4 f o r  the  c a s e  of  the  fu l ly  e s t a b l i s h e d  s t a t e  ~- ~ co. C u r v e s  1 and 3 w e r e  
p lo t t ed  fo r  the  c a s e  ~0 = 10, and c u r v e  2 f o r  ~0 = 500. The  s o l i d  l i n e s  c o r r e s p o n d  to the  va lue  k 0 = 0.2, and 
the  ,dot ted  l i ne  to k 0 = 5. 

We g ive  b e l o w  the  r e s u l t s  of  c a l c u l a t i o n s  u s i n g  f o r m u l a  (3.12), d e t e r m i n i n g  the va lue  of  the  d i m e n -  
s i o n l e s s  ou tpu t  of  a w e l l  wi th  a h e m i s p h e r i c a l  end - f ace ,  wi th  t i m e ,  for  d i f f e r e n t  v a l u e s  o f  the  p a r a m e t e r s  
w and X: 

z 0.001 0 .005 0.0t O.l l lO 

Q{~ = O.l 
~ = 5 . t06j  2.80 2.08 i .80 1.30 i . i6  i .i0 

Q = 0.005) 3.18 2.48 2.25 1.76 i .36 t .15 

[ k =  0.005] 6.64 3.61 3.31 2.i5 i.45 1.i6 

,88  8 9 8  2 7 8  , 5 6  

It  fo l lows  f r o m  t h e s e  d a t a  tha t ,  in  g r a n u l a r  and f r a c t u r e d - p o r o u s  s t r a t a ,  the  change  in  the  output  of  
a we l l  wi th  a h e m i s p h e r i c a l  end - f ace  i s  s t a b i l i z e d  a f t e r  the  l a p s e  of  a de f in i t e  i n t e r v a l  of  t i m e  in the  p r o c -  
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ess  of  exploitat ion.  Depending on the values of the p a r a m e t e r s  w and k, the outputs of wells d i f fer  consid-  
e rab ly  with a fixed value of T. With an inc rease  in the p a r a m e t e r  k as well  as with the approach of the 
value of w to unity, the value of the output of a well in a f r a c t u r e d - p o r o u s  s t r a tum approaches  the value 
for  a g ranu la r  medium.  

Analogous conclusions can be drawn for  f r a c t u r e d - p o r o u s  s t r a t a  with an inhomogeneous pe rmeab i l i t y  
of the sy s t em of c racks  k 0 ~ 1. 

The p roces s  of the s tabi l izat ion of the lowering of the end-face  p r e s s u r e  of a well with a h e m i s p h e r i -  
cal  end-face  and its output with the uns teady-s t a t e  s p h e r i c a l - r a d i a l  f i l t ra t ion of a homogeneous liquid in 
f r a c t u r e d - p o r o u s  media  is not cha r ac t e r i s t i c  for  o ther  f o r m s  of flows ( p l a n e - p a r a l l e l  and p l a n e - r a d i a l ) ,  
as is borne  out by the r e s u l t s  of invest igat ions [9, 15-17]. 

The values of the functions enter ing into the calculat ing fo rmulas  were  taken f rom [18-20]. 
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