
D E T E R M I N I N G  R E S E R V O I R  P R E S S U R E  I N  C L O S E D  

R E S E R V O I R  A N D  E L A S T I C  E X P U L S I O N  O F  F L U I D  

W H E N  R E S E R V O I R  IS  O P E N E D  

Y u .  A .  A f i n o g e n o v  a n d  V .  I .  P e n ' k o v s k i i  

T h e  s t u d i e s  of  T k h o s t o v  [1] have  shown tha t  the  r e s e r v o i r  p r e s s u r e s  of  f lu id  in c l o s e d  r e s e r v o i r s  
d i f f e r  f r o m  the  h y d r o s t a t i c  v a l u e .  Th i s  has  l ed  to  t he  d e t e r m i n a t i o n  o f  t he  p r e s s u r e  in  such  r e s e r v o i r s  and 
the  so lu t i on  of  the  p r o b l e m  of  e l a s t i c  expu l s ion  of  the  f lu id  when the  r e s e r v o i r  is  opened .  

1. A s s u m e  a c l o s e d  r e s e r v o i r  is  s u b j e c t e d  to t he  conf in ing  p r e s s u r e  q. The  equa t ion  of e q u i l i b r i u m  
(without a ccoun t  fo r  i n e r t i a l  f o r c e s )  is  w r i t t e n  in t he  f o r m  

+ P = g I [(~ --  ~) (P~ --  P~) + ~P~] dz, + q (1.1) 
0 

a = (1 - -  m ) ~  ~ - -  ( t  - -  m ) p  ( 1 . 2 )  

H e r e  ~ = f i c t i t i ous  p r e s s u r e  in ske l e ton ;  ~ v  = t r u e  s t r e s s  [2] in t he  rock ;  p = p r e s s u r e  in f luid;  g = 
g r a v i t a t i o n a l  a c c e l e r a t i o n ;  m = p o r o s i t y ;  P2 and Pl = d e n s i t i e s  of  r o c k  p a r t i c l e s  and r e s e r v o i r  f luid;  x 1 = 
dep th  of  r e s e r v o i r  e l e m e n t  m e a s u r e d  f r o m  r e s e r v o i r  roof .  

We  a s s u m e  tha t  P2 = c o n s t  ( p a r t i c l e s  do not  c o m p r e s s )  and unde r  the  ac t i on  of  the  e x t e r n a l  load ing  
t h e r e  is  on ly  r e p a c k i n g  of the  p a r t i c l e s  ( compac t ion ) ,  obey ing  H ooke ' s  law 

~E~ = ~ (1.3) 

w h e r e  e 2 is  the  r e l a t i v e  v o l u m e t r i c  c o m p r e s s i o n  of  the  s k e l e t o n ,  E 2 is  t he  bu lk  modu lus  of  e l a s t i c i t y  of the  
s k e l e t o n .  T h e  e l a s t i c  c o m p r e s s i o n  of t he  f lu id  i s  

8,EI = p (1.4) 

Specifically, if a rock specimen which does not contain fluid is loaded, then p = 0 and from (1.2) we 

obtain (~ = (l-m)(7 v, i.e., in this case the fictitious stress is the average normal stress distributed over 

the entire section of the specimen. 

On the other hand, if a specimen saturated with fluid is entirely in a fluid with the pressure p, then 

the skeleton will not be loaded, (7 = 0, and from (1.2) we obtain (~v = p, i.e., the rock particles will be sub- 

jected to all-round hydraulic compression of intensity p. 

In the case of a horizontally positioned reservoir, when its thickness can be neglected, (i.i) takes 

the form ~ + p = q. 

Let us find the load distribution in a horizontal reservoir in the static condition (~ = const, p = const). 

To this end we use the equation of compatibility of the skeleton and pore fluid deformations. 

A closed reservoir can be modeled by a eylinder with absolutely rigid walls, filled with a porous 

medium and a fluid. An impermeable piston presses down on the two-phase medium from above with the 

i n t e n s i t y  q. 

In the  un loaded  cond i t i on  the  r e s e r v o i r  e l e m e n t  wi th  p o r o s i t y  m 0 o c c u p i e s  in t he  c y l i n d e r  t he  v o l u m e  
v 0. The  p a r t i c l e s  occupy  the  v o l u m e  ( l - m 0 )  v 0. A f t e r  load ing ,  the  e l e m e n t  v o l u m e  b e c o m e s  equal  to 
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Vl = (i -- e~) v0 

By a s s u m p t i o n  the  r o c k  p a r t i c l e s  do not d e f o r m ,  t h e r e f o r e  t he  p o r e  v o l u m e  occup ied  by the  fluid 

wi l l  be  

v 3 = ( l - ~ ) v 0 - ( i - m 0 )  v o = ( m o - ~ 2 )  vo 

T h e  p o r o s i t y  of  the e l e m e n t  when  loaded  wi l l  be  
me - -  82 

r n ~  "1. - - 8 2  (1.5) 

Then  

o r  n e g l e c t i n g  the quant i ty  ~ls2, we r e w r i t e  

Thus ,  using (1.3) and (1.4) we have  

mo - -  m ( l - -m0)  e2 
m0 -- mo (i -- ~) 

e x = ~ ( i - r a 0 ) / m o  

p l - ~o  _ %  ( 1 . 6 )  
E z  - -  rao E2 

Hence ,  us ing  ~ = q - p  we obta in  

p = q [1 + moE:EC ~ (l -- rn0)-l] -~" (1.7) 

We sha l l  c a l c u l a t e  the  s t r e s s e s  in the  w a t e r  and the  r o c k  s k e l e t o n  at the  r o o f  l eve l  for  the  fo l lowing 

p a r a m e t e r s :  E 1 = 0.2 �9 105 at,  E 2 = 0.5 �9 105 at ,  q = 500 at ,  r o c k  s p e c i f i c  we igh t  P2 = 2.3 g / c m  3, r e s e r v o i r  
r o o f  d i s t a n c e  f r o m  the e a r t h ' s  s u r f a c e  H = 2174 m,  m 0 = 0.2. F o r  t h e s e  p a r a m e t e r s  we have  

p = 307 at, (~= i93 at 

T h e  f luid p r e s s u r e  in t he  po re s  in the  conf ined  r e s e r v o i r  at  a depth  of  2174 m for  the s e l e c t e d  E 1 and 

E 2 d i f f e r s  f r o m  the  h y d r o s t a t i c  p r e s s u r e  by 1.4 t i m e s .  The  l a r g e r  the  modu lusE2 ,  the  l ower  the  p r e s s u r e  
ins ide  the  p o r e s  w i l l  be  fo r  a c o n s t a n t  q. 

At the  p r e s e n t  t i m e  in the  gas  and o i l  f i e lds  the  m a g n i t u d e  of  the  r e s e r v o i r  p r e s s u r e  is u sua l ly  c o n -  

s i d e r e d  equa l  to the  m a g n i t u d e  of  the  h y d r o s t a t i c  p r e s s u r e  of  the  l iquid  co lumn  at the depth in ques t ion ,  a l -  

though this  condi t ion  is  not  a lways  s a t i s f i e d  in the  p r e s e n c e  of  a c l o s e d  r e s e r v o i r  c o m p r e s s e d  by t e c ton i c  
forces. 

As noted in [i], the fluid pressure within reservoirs varies from 0.7 to 2 times the hydrostatic pres- 
sure. The variations of the reservoir pressure within closed reservoirs depend on the ratio E 2/E I. 

Anomalously high pressures within the reservoirs may appear as a result of the action of tectonic forces, 
which are difficult to take into account at the earth's surface. 

Let us find the load distribution in a closed reservoir having some thickness. With account for (1.4) 
we obtain the relation PI(P) in the form 

o~ = oo (t + p / El) (i.8) 

C o n s i d e r i n g  q = eons t ,  we w r i t e  (1.1) in the  f o r m  

d~ dp 
dxx + "~1 = gp~ [i -- m (xl)] -- g91 [t -- 2m (xx)] 

o r  t ak ing  (1.3), (1.5), (1.6), (1.8) into accoun t  and in t roduc ing  the d i m e n s i o n l e s s  p r e s s u r e  and c o o r d i n a t e ,  

w h e r e  

a - - p 1  dpt = dx 

xl 

px = p / El ,  x = mopoa (Ea [ a -]- E I ) - I  f g (xl) dxx 
o 

a = ( l - - m o )  l , n o ,  a =  a ( p = / O o - - t ) + i  

lg = a -- t + (arao) -t. 
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Cons equen t ly  

We i n t e g r a t e  the  d i f f e r e n t i a l  equa t ion  w r i t t e n  above :  

x = p , / [ ~ - b  [ ~ - 2 ( a _ a [ 3 )  l n l a _  ~ p l l - b c  

F r o m  the  cond i t ion  

x = o, p l  = po ~ aq (a ~- E2 / EI)-IEz -1 

we f ind 

c =  - - p 0 / ~ - -  ~ - ' ( a - - a ~ ) l n [ a - -  ~P0[ 

X = (Pl - -  P0) ~--1 ~_ ~--2 ((~ __ a~) in [(a - -  ~Pl) / (a - -  ~po)] ( 1 . 9 )  

T h e  r e l a t i o n  pl(x) is  e a s i l y  c o n s t r u c t e d  g r a p h i c a l l y .  

L e t  us c o m p a r e  t he  m a g n i t u d e  of  t he  r e s e r v o i r  p r e s s u r e  c a l c u l a t e d  us ing  (1.9) wi th  the  magn i tude  of  
the  h y d r o s t a t i c  p r e s s u r e ,  s a t i s f y i n g  the  fo l lowing d i f f e r e n t i a l  equa t ion :  

' d p / d x z =  gpz 

C o n s i d e r i n g  (1.8), we r e p r e s e n t  t h i s  equa t ion  in the  f o r m  

dp / dz~ = g (x~) p0 (l + p / El) 

Solving the  equa t ion  in d i m e n s i o n l e s s  q u a n t i t i e s ,  we  f ind 

Xl 

z = I n  (i -}- pl) + r p l - - - p / E 1 ,  z ~ p o E l - l l g ( x l )  dxl 
o 

Since  Pl = 0 fo r  x = O, the  c o n s t a n t  of  i n t e g r a t i o n  e = O. F i n a l l y  

Pz = e~ - -  i ( i . i 0 )  

T h e  c o m p a r i s o n  of  t he  p r e s s u r e s  a t  t he  s a m e  dep th  f r o m  the  e a r t h ' s  s u r f a c e  is  m a d e  on the  b a s i s  of  
(1.9) and (i.i0). 

Figure i shows reservoir pressure as a function of depth for a closed reservoir and a reservoir with 

hydrostatic pressure: i = pressure distribution in closed reservoir, 2 = distribution in open reservoir. 

2. Upon the appearance of a crack in the impermeable wall of the closed reservoir the equilibrium 

state of the two-phase system is disturbed until the fluid flowing out of the reservoir lowers the pressure 

therein to the hydrostatic value. 

We take the fluid equation of motion in the form 

(,0, 1 v = - - K  gp1 Oxl t ,  K~---gplk/B (2.1) 

Using  the  S l i c h t e r - K o z e n y  equa t ion ,  t he  p e r m e a b i l i t y  k is  e x p r e s s e d  in t e r m s  of  the  p o r o s i t y  m 

k : Am 3 / (i -- m) ~ 

H e r e  A is  a c o n s t a n t  w h i c h  depends  on the  g r a i n  s i z e .  

S ince  the  g r a i n s ,  by  a s s u m p t i o n ,  do not  d e f o r m ,  A is an a b s o l u t e  c o n s t a n t .  T h e r e f o r e  

k ~ k0 [i -- (3 -- m0) ~m0-1g~ 1] (2.2) 

Wi th  i n c r e a s e  of the  p r e s s u r e  the  f lu id  v i s c o s i t y  ( p a r t i c u l a r l y  f lu ids  of  c o m p l e x  m o l e c u l a r  s t r u c t u r e )  
i n c r e a s e s  m a r k e d l y :  

= ~0 (i + a~p) (2.3) 

Then  

~--1 ~ ~t0--1 (~ - -  alp) (2.4) 
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C o n s e q u e n t l y  

K ~-. Ko (l + p / Ez) (t --  %(~) (i --  axP), Ko = pogko / ~o a~ = (3 --  rno) / (moEe) 

using (1.1) and  s e t t i n g  a 3 = i / E 1 ,  w e  r e w r i t e  

~gt Xt X t 

0 0 0 

If in t h i s  e q u a t i o n  w e  l i m i t  o u r s e l v e s  to  s m a l l  q u a n t i t i e s  o f  f i r s t  o r d e r ,  t h e n  w e  m u s t  s e t  

T h e n ,  s e t t i n g  

w e  o b t a i n  

Xt Xt ~t  
t ~  

poaa 
+/ 
D 0 0 

e e =  a s +  % - -  a~, ~ =  a~gpo [ ( t - -  m0) p ~ / p o + 2 m o - - i ]  

K ,-~ Ko (t -- a~q + SaP -- eiz~) 

T h u s  

T h e  e q u a t i o n  of  c o n t i n u i t y  of  t h e  f l u id  f l o w i n g  ou t  of  t h e  r o c k  h a s  t h e  f o r m  

o a 

M a k i n g  t h e  s u b s t i t u t i o n s  

and  d e n o t i n g  

rnpl = (too - -  8~) (t - -  e~) -t po (i + ~sp) ~ pomo (i + ~sp --  azE~-x) 
Xi 

= porno [t +:~sp - -  aE~ -1 (q - - p  + g i [(t - -  m) (P2 --  P6 + rap1] dxx)] 
0 

/ i Op ~) 

T = K o t  [gm0P0  ( a s  + a / E g ) ]  - 1  

w e  w r i t e  t h e  c o n t i n u i t y  e q u a t i o n  in t h e  f o r m  

Op 0 ~ s3p _8azl)  [.~.~l _gpo  (t..kaap)l 
8"v - -  axl~ l ('1- - -  ~q + 

A f t e r  d i f f e r e n t i a t i n g  in t h e  r i g h t  s i d e  w e  o b t a i n  

a~p _ ap 
8p. = (t --(x~q+88p--84zl) ~ (gpo [83 + ~s (1 - -  a~q)] + e4} ~ + 8s(Oplazl) ~ + gpoB4 aT 

C o n v e r t i n g  in t h i s  e q u a t i o n  to  d i m e n s i o n l e s s  q u a n t i t i e s ,  w e  h a v e  

' Op~ O~pl Opl : [ Opl \~ 

Pl = P / q, T1 = "$ / L ~, a a ~ t --  a~q, ee = qes, e0 = e a L  

x ~ x 1 / L, ao = asq, (gp0)l = gpo L / q (2.5) 

a~ ~ (gPo)l (e5 + aoa4) + eB, a0 = (gp0)lee 

H e r e  L is  t h e  l e n g t h  o f  t h e  r o c k  f r o m  w h i c h  t h e  f l u id  is  e x p e l l e d .  U s i n g  t h e  a p p r o x i m a t e  m e t h o d  in  
t h e o r y  o f  o n e - d i m e n s i o n a l  u n s t e a d y  f l u id  f i l t r a t i o n  in t h e  e l a s t i c  r e g i m e ,  p r e s e n t e d  in [3], w e  s e e k  t h e  s o l u -  
t i o n  of  (2.5) in t h e  f o r m  

Xl . Xl ~ 
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T h e  b o u n d a r y  c o n d i t i o n s  a r e :  

o f  e x p u l s i o n  

t h e  p r e s s u r e  o u t s i d e  t h e  d i s t u r b a n c e  z o n e  

T h e  i n i t i a l  c o n d i t i o n  is  

f lu id  p r e s s u r e  a t  t h e  w i t h d r a w a l  b o u n d a r y  a t  t h e  m o m e n t  of  i n i t i a t i o n  

zl = 0, p = po, (2.7) 

~ = z, p = p~  ( 2 . 8 )  

: 0, l = 0 (2.9) 

Still another condition must be satisfied until the boundary of the disturbance zone reaches the im- 
permeable wall of the confirmed reservoir: 

O p / 0 x x = 0 ,  for x x = t  (2.10) 

B e a r i n g  in m i n d  (2 .6 ) - (2 .10 ) ,  w e  o b t a i n  

C0 = P0, Cl = 2 (p~ " po), c~ = --  (p~ --  po) 

T h e n  (2.6) i s  w r i t t e n  a s  

o ~ o Xl~ 
p = p0 + 2 (p --po) ~ - -  (P - -  p0) t+ (+) (2.11) 

W e  r e d u c e  (2.11) to  d i m e n s i o n l e s s  q u a n t i t i e s  

X x 2 
pn=pox ~ 2c ~ - -  r 

Pa ~- p/q, pox ----- Po/q, r = (po - -  po)/q, z -~ :~]L, Ix -~ lit.  

I n t e g r a t i n g  (2.5) w i t h  r e s p e c t  to  x in t h e  l i m i t s  f r o m  0 t o l l  and  u s i n g  (2.6) ,  w e  o b t a i n  t h e  d i f f e r e n t i a l  

e q u a t i o n  

d~x = (ali~ + % + 0-Xt, dtx 
a = --  3a6 / c, b = --  3 (e~ --  a~), i = 6 (a, + e~p0,) (2.12) 

I n t e g r a t i n g  w i t h  a c c o u n t  f o r  b 2 - 4  a i >  0 a n d  a l s o  u s i n g  (2.9),  w e  o b t a i n  

i a , I l.l_ra + b b '"I 
" - i - l ' + !  I -b 2 a ] / ~  2 a l x / x x W i  , (2.13) 

~x = b - V ' Y :  - ~ ,  x ,  = b + b~gV:-~-- 4~t 

T h e n  t h e  r e l a t i o n  l I (v l) c a n  b e  o b t a i n e d  g r a p h i c a l l y .  

In t h e  s e c o n d  s t a g e  o f  f l u id  e x p u l s i o n  f r o m  t h e  r o c k ,  a f t e r  t h e  b o u n d a r y  o f  t h e  d i s t u r b a n c e  z o n e  c o n -  

t a c t s  t h e  i m p e r m e a b l e  r e s e r v o i r  w a l l  a t  t h e  t i m e  vl0 , w e  s e e k  t h e  p r e s s u r e  f u n c t i o n  in t h e  f o r m  

pl~ = Px (~i) § P2 (~l) z + Ps (T1) z ~, px~ = p / q, z = x, / L 

H e r e  P l ,  P2, P3, PI2, and  x a r e  d i m e n s i o n l e s s  v a r i a b l e s ;  t h e n  

O px~ I 
px,]~-_ o = po,, ~ [~-1 ----- o (2.14) 

From (2.14) we have 

P1 (TI) = P01' P~ (41) = --  2 I)3 (~I), P12 ~ P01 --  2 /)3~ ~- ~DS~ (2.15)  

Integrating (2.5) with respect to x from 0 to L I = i and using (2.15), we obtain 

dPs / dT, = a, Pa }-  ao (2.16) 
a l =  i.5 (es--  as --  2a4 -- 2e~pxo) ( a l < 0 ) ,  - a o =  - - t . 5 a e  (a0<0)  

S o l v i n g  (2.16),  w e  o b t a i n  

P8 = (Glal) -1 exp (alT1) -- a0 [ a s 

w h e r e  G 1 is  t h e  c o n s t a n t  o f  i n t e g r a t i o n ,  found  f r o m  t h e  c o n d i t i o n  o f  c o n t i n u o u s  t r a n s i t i o n  of  t h e  p r e s s u r e  

Pi i  in to  Pl2 a t  t h e  t i m e  Tlo f o r  x = 1 .  
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F r o m  t h e  c o n d i t i o n  Pl l  (T10) = P12 (T10) a t  t h e  p o i n t  x = 1 w i t h  a c c o u n t  f o r / l ( r l 0 )  = 1 w e  h a v e  

P3 (XlO) = - -  c ,  GI-I ~ (ao- -  aft) exp(--a l  rio); 

t h e r e f o r e  

Pa (T1) = (ao / al - -  c) exp [a 1 (zx Tlo)] --  ao / a 1 

T h u s ,  t h e  p r e s s u r e  f u n c t i o n  in  t h e  s e c o n d  s t a g e  

p12 = pol --  2 [(ao / al - -  c) exp [al (~1 -- Tlo)l --  ao / all x -1- [(ao / a 1 --e) exp[a 1 (~1 -- ~10) --  ao / all x 2 (2.17) 

W e  a s s t ,  m e  t h a t  e l a s t i c  f l u i d  e x p u l s i o n  f r o m  t h e  r o c k  f o l l o w s  t h e  D a r c y  l aw  

Q k (z) @ 
=. - -~ -~ -  F (~) (-~x~ )~:,= ~ (2.18) 

H e r e  Q = d i s c h a r g e ;  F = r e s e r v o i r  s e c t i o n  a r e a ;  ~ = e f f e c t i v e  r o c k  p r e s s u r e .  

W e  w r i t e  (2.18)  in  d i m e n s i o n l e s s  q u a n t i t i e s  

Q1 = kl~'-lF1 ( ~-~Pz~ )~=-o (2.19) 

Q1 = ~oLQ / (koFoq), k 1 = k (~) / ko, P.1 : P" (1)) / p,o, F 1 = F (a) / Fo, 

T h e  q u a n t i t i e s  k0, ~0, F0 a r e  m e a s u r e d  u n d e r  a t m o s p h e r i c  c o n d i t i o n s .  

U s i n g  (1.3) a n d  (1 .5) ,  w e  e x p r e s s  F 1 t h r o u g h  ~, 

F1 = i --  (~ / E~ (2.20) 

T h e  f l u i d  v o l u m e  v i l  l e a v i n g  t h e  r e s e r v o i r  t h r o u g h  t h e  s e c t i o n  x = 0 d u r i n g  t h e  f i r s t  e x p u l s i o n  s t a g e  

w i t h  a c c o u n t  f o r  (2 .2) ,  (2 .3 ) ,  ( 2 . 2 0 ) , a n d  Pl l  i s  e x p r e s s e d  b y  t h e  i n t e g r a l  

Qzd~l ----- 2c (1 --  ~z~) (t - -  z~) (1 ,-l- au) -1 ~ lV i (~0 d~l 2) 11 

0 0 

~ l  = (3  - -  /no) / me,  f f i  = (l / E 2 ,  a l i  = ct lp 0 

L e t  u s  f i n d  t h e  s e c o n d  e x p u l s i o n  s t a g e  t e r m i n a t i o n  t i m e  T~ f r o m  t h e  c o n d i t i o n  P l2 -P01  -'~ a o / a l  f o r  
x = 1; t h e n  T]~ - -  ~ .  

T h e  f l u i d  v o l u m e  vi2 l e a v i n g  t h e  r e s e r v o i r  d u r i n g  t h e  s e c o n d  s t a g e  w i t h  a c c o u n t  f o r  (2 .2 ) ,  (2 .3) ,  
(2 .20) ,  (2 .17)  i s  

vlz : ] Qidxi -- (I -- (I -- zl) (i ~- all) -i PS (Ti) dzi 
TIO ~1o 

T h e  t o t a l  f l u i d  v o l u m e  v e x p e l l e d  f r o m  t h e  r e s e r v o i r  in  t h e  e l a s t i c  r e g i m e  i s  

v = v n ~- vl~ 

S p e c i f i c a l l y ,  l e t  u s  c a l c u l a t e  t h e  a m o u n t  o f  w a t e r  e x p e l l e d  f r o m  a r o c k  s p e c i m e n  o f  l e n g t h  L = 5 e r a ,  

d i a m e t e r  3 c m  ( d e p t h  o f  s p e c i m e n  w i t h d r a w a l  H = 217<t m)  f o r  t h e  f o l l o w i n g  v a l u e s  o f  t h e  p a r a m e t e r s  

p 0 =  220 a~ % =  5.10 -s at-i, % ~  2.8.10-~ a!-i 
al = 10.t0 -5 at -i, p~ : 2.3JCm,~p0 = t g/cm 

E~ - 1 = 2 . t 0  -5 at -1 , m e =  0,2, g :  . 9 .8m/see  2, q = 5 0 0 a t  
~s = 0.0983, e~ = 0A53.t0 -5, (h = 0.8767, a~ = 0.273240 -~, a~ = 0A53d0 -lo, 

I" a~ = 0.025, (gpo) = t0 -~ 
po~ = 0.44, ko = 100 mDarcies, ~o = 0.3 cp 

T h e  f l u i d  p r e s s u r e  p" d e v e l o p e d  in  t h e  s p e c i m e n  a s  a r e s u l t  o f  a p p l y i n g  t h e  i n s t a n t a n e o u s  l o a d  q i s  
c a l c u l a t e d  u s i n g  (1.7) 

p" = 3o7 at 

T h e  t i m e  r e q u i r e d  to  c r e a t e  t h e  l o a d  q i s  n e g l i g i b l y  s m a l l  in  c o m p a r i s o n  w i t h  t h e  d u r a t i o n  o f  t h e  
p r o c e s s  o f  w a t e r  e x p u l s i o n  f r o m  t h e  s p e c i m e n .  
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In (2.12) we evaluate the denominator  

a = - -  2 . 6 3 8 - t 0  -x~ b = 0 . 3 6 0 6 . t 0  ' 5 ,  i = 5 . 5 2 ,  [ all  ~ -F bll[  . ~  i 

Therefore  we have f rom (2.12) 

idv 1 = lldll,  o r  l l =  ~ 2 - ~ 1  

Here the initial condition has been taken into account. 

The p r e s s u r e  function of the fluid in the specimen in the f i r s t  stage has the form 

Pn = 0.44 -~ 0.t05 xv~ ''1' -- 0.016 x~-cl - I  
"ho=0 .09 ,  81= t4, ~=3 t3  at, ~1~ 62.6-10-4, ax1=22"t0 -a, v11~0.0t4 

Converting to dimensional  quantities,  we find 

v 1 = 3 . 1 0 - 4  crnS 

We find the volume viz 

ao ~- -- t.5.0A53.t0 -1~ N o, al -- - 2.76, c = 0.t74, vza ~- 0.1t2 

Converting to dimensional var iables  we find 

v2 ~ 0 . 0 6 6  c m  s v ~ ~ 4", v2 ~ .  0 . 0 6 6 3  c m  s 

An experimental  setup [4] was used to tes t  a rock specimen (taken in the Sobolin field f rom well 172-R 
f rom a depth of 2172-2176 m with specific weight 2.3 g / c m  s, open porosi ty  0.2, aleurolite) with the p rope r -  
t ies  indicated above under conditions s imi la r  to those used in the calculation. ThevolumeQfwater  expelled 
f rom the specimen was equal to 0.08 cm s, i.e., somewhat g r ea t e r  than the calculated value, which is ex- 
plained by inelastic deformations in the speciment  in the course  of the experiment.  
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