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The essent ial  influence of the process  of mass  t ranspor t  of the condensate on the f i l t ra -  
tion res i s t ance  is shown. It is explained that mass  t ranspor t  of res idual  water occurs  in 
the i so thermal  f i l t rat ion of g a s - l i q u i d  sys tems.  

Gas - l i qu id  and gas- -condensa te  sys t ems  charac te r ized  by the process  of r e t rog rade  condensation a re  
understood to be two-phase sys tems.  The f i l t rat ion of g a s - l i q u i d  and gas--condensate  sys tems has been 
examined in a whole se r ies  of papers (see [1-5], say). A thermodynamic model, which may serve  as the 
basis  for gas -hydrodynamic  computations of the f i l t rat ion of two-phase sys tems ,  based on r e sea rches  in the 
Azerbaidzhan Institute of Pe t ro leum and Chemistry ,  is discussed below. On the basis of experimental  r e -  
sults and specific gas-hydrodynamic  computations, the necess i ty  is shown for  including a number of m a s s -  
t r anspor t  p rocesses  not taken into account before, into the analysis:  1) condensation; 2) mass  t ranspor t  
of the res idual  water ;  3) sorpt ion processes .  The ult imate goal is mainly to show the need to take account 
of the p rocesses  noted by the computations car r ied  out. Let us t ry  to formulate  the general  t he rmogas -  
hydrodynamic principles underlying the f i l t rat ion of two-phase sys tems as an example of sys tems used in 
oil industry mechanics,  in part icular ,  petroleum gas sys tems.  

As the p re s su re  of a two-phase gas is reduced at a finite rate,  the equilibrium between the l i qu id -gas  
phases is spoiled. Experimental  (cylinder) and theoret ical  investigations in this a rea  have shown that an 
essent ial  nonuniformity should be expected in the zone near the face, and in the borehole shaft [6]. It is 
therefore  neces sa ry  to delimit the zone in which the equilibrium and nonequilibrium condensation or de-  
gasif ication occurs .  

The thert~odynamic dissolution or condensation process  can be approximated by two processes :  dif- 
ferent ial  and contact, where the process  will be a lmost  contact in the zone near the face, and a lmost  dif- 
ferent ial  in the more  remote  zone (see [7], for example). The boundary of existence of the p rocesses  is 
naturally defined with some degree of approximation. Taking into account the lack of knowledge of the 
degree of accuracy  of the approximation,  it must  be assumed that its accu racy  will increase  as the integral 
indices of the contact p rocess  approach the differential.  This lat ter  is possible in the case of slight in- 
fluence of the gas composit ion on the integral  indices of the dissolution or condensation process.  Thus, 
for  example, experimental  investigations show that the difference between contact and differential con- 
densation (or dissolution) is 13-15~c relat ive to the quantity of precipitated liquid in the f i rs t  case,  and to 
the quantity of gas evolved in the second case [8, 9]. 

The grea tes t  admissible  e r r o r  in going f rom a multicomponent model to a pseudobinary sys tem is 
natural ly again within these limits. 

Moreover ,  the experimental  investigations conducted have shown that the resul ts  of cylinder in- 
vest igat ions a re  not always applicable to rea l  s t ra ta  conditions. It has been established that a porous 
medium exer ts  essent ia l  influence on the thermodynamic  charac te r i s t i c s  of ga s - l i qu id  systems.  The pos-  
sibility of an experimental  determinat ion of the saturat ion p res su re  of a petroleum gas and the p ressure  
of the beginning of condensation o f a g a s - - c o n d e n s a t e  s y s t e m i n  the presence of a porous medium has been 
examined. 
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Fig. 1. Dependence of petroleum saturat ion Sl on the dimensionless  radius ~ (p~ 
= 0.2): 1) taking account  of mass  t ranspor t  of res idual  water;  2) not taking account 
of mass  t ranspor t  of res idual  water.  

Fig. 2. Change in re la t ive  mois ture  contents as a function of p ressu re  for different 
t: 1) 25; 2) 50; 3) 75; 4) 100~ P, ata. 

According to the Wyckof f -Bo t se t t  curves,  even a comparat ively  low gas content exer ts  an essential  
influence on the magnitude of the phase permeabil i ty  for a liquid. Therefore ,  on the basis of the p res su re  
dependence of the phase permeabil i ty,  the saturat ion p ressu re  of the beginning of condensation can be es t i -  
mated by means of the inflection points [10, 11]. 

Data a re  presented in the l i tera ture ,  on the influence of inert  gases on the thermodynamic  cha rac -  
t e r i s t i cs  of g a s - l i q u i d  sys tems ,  where an increase  in the quantity of inert  gas resul ts  in an increase  in 
saturat ion p res su re  [12]. Experimental  investigations have shown that helium and nitrogen increase  the 
saturat ion p res su re  of a g a s - l i q u i d  sys tem,  where the presence  of inert  gases contributes to a fas te r  build- 
up of thermodynamic  equilibrium. 

Qualitatively, the influence of a porous medium on the thermodynamic  charac te r i s t i c s  of ga s - l i qu id  
sys tems  can be simulated by replacing the porous medium by a gas which will not interact  with the gas 
- l iqu id  sys tem,  by helium, say.* It hence becomes possible to study visually the changes in the PVT prop-  
er t ies  of g a s - l i q u i d  sys tems.  Let us note that sorpt ion effects,  as well as the difference in the size of 
the gas inclusions and the porous medium a re  not taken into account here.  

The above, as well as computations car r ied  out, showed that a thermodynamic  equilibrium process  
occurs  in all pract ical  cases  of g a s - l i q u i d  and g a s - c o n d e n s a t e  .system fil trations in a s t ra tum, with the 
exception of severa l  cent imeters  near the face zone. On the basis of the above, as well as taking account 
of the roughness in determining the reduced radius,  it is proposed to consider  the f i l t rat ion of g a s - l i q u i d  
sys tems  as a thermodynamical ly  equilibrium process .  

Keeping the above in mind, and also taking account of the lack of data on phase permeabil i t ies  for 
multicomponent sys tems ,  let us a s sume that it is rat ional at the present  t ime to use a thermodynamic  
model of a pseudobinary sys tem for the analysis  of petroleum gas and g a s - c o n d e n s a t e  sys t ems .  

Taking the pseudobinary model as basis,  we obtain a sys tem of differential equations descr ibing 
the process  of mass  t ranspor t  of the condensate, mois ture ,  sorpt ion p rocesses ,  and degasification of the 
res idual  petroleum. Let us note that the process  of mass  t ranspor t  of mois ture  can be different in nature. 
Thus for  example, the mois ture  content of a gas inc reases  as the p res su re  dec reases  for  an i so thermal  
p rocess  and the absence of a porous medium, while it dec reases  i n g a s - c o n d e n s a t e  sys t ems  on the other 
hand [5]. Moreover ,  a t empera tu re  reduction, the presence  of an inert  gas and porous medium, a l ter  the 
m a s s - t r a n s p o r t  picture qualitatively [13]. 

Henceforth, for s implif icat ion we neglect: a) the change in gas composition; b) the change in mass  of 
gas because of mass  t ranspor t  of condensate, mois ture ,  and sorption. Let us s ta r t  f rom the following 
ma thema t i ca l  formulat ion of the problem: 

* This does not refer to gas-condensate systems. 
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aS1 ac (4) - - ~ g r a d C =  0C1 + 71 + ~ ,  

- k f2 = - -  k[1 .grad P; v 2 ---- - -  .gradP, (5) 
~q (P) ~t2 (P) 

~(p) = blp~ + b2 P + b3 ' (6) 

S 1 + S.~ + S 3 = 1, (7) 

A OC 1 'r = ~ -  + Co; & -  = f~ (C - -  FG). (8) 

Let us ana lyze  the influence of each of the noted f ac to r s  separa te ly .  The following have been shown 
on the bas i s  of numerous  ga s -dynamic  invest igat ions of the f i l t ra t ion of g a s - l i q u i d  s y s t e m s  taking account  
of the above-ment ioned  m a s s - t r a n s p o r t  p r o c e s s e s  accord ing  to (1)-(8). 

1. The p r oce s s  of m a s s  t r a n s p o r t  of condensate  influences the f i l t ra t ion  r e s i s t a n c e  substant ia l ly  
(see, for  example ,  [5]). 

2. Mass  t r a n s p o r t  of the res idua l  wa te r  occurs  in the i so the rma l  f i l t ra t ion  of g a s - l i q u i d  sys t ems .  
The change in sa tura t ion  by the  liquid as a function of the d imens ion less  radius  is presented  in Fig. 1 
taking account  of the m a s s  t r a n s p o r t  of res idua l  liquid (1) and without it (2). The curves  mentioned have 
been const ructed for  the case  when the liquid and gas occupy the volume of pore  space  being f reed  a f t e r  
r e m o v a l  of the wate r ,  in conformi ty  with the change in phase  permeabi l i ty .  The above pe rmi t s  the a s -  
sumption,  for  example ,  t M t  the inconsis tency between the r e su l t s  of a number  of theore t ica l  and e x p e r i -  
menta l  deductions and p rac t i ca l  data cha rac t e r i z ing  the development  of pe t ro leum gas s t r a t a ,  can be ex-  
plained namely  by not taking account  of the m a s s  t r a n s p o r t  of res idua l  wa te r  in the f i l t ra t ion of gassed  
pet ro leum.  

In o rder  to de te rmine  the poss ibi l i ty  of wa te r  passing through the pe t ro leum into the gas phases ,  
t e s t s  were  conducted to ve r i f y  the p resence  of m a s s  t r a n s p o r t  of wa te r  into the phase through a pe t ro leum 
column for  an i so the rma l  p rocess .  

Evapora t ion  of the res idua l  water  was a lso  invest igated in the i so the rma l  f i l t ra t ion of a gas in a 
p l ane - rad ia l  s t r a tum.  According to the r e su l t s  of gas -hydrodynamic  invest igat ions ,  the f i l t ra t ion r e s i s t ance  
for  the gas diminished threefold because  of evapora t ion  of the res idua l  water .  To ve r i fy  the confidence 
of the r e su l t s  obtained for  the ana lys i s ,  specia l  exper imen t s  were  formulated.  It has consequently been 
es tabl ished that wa te r  sa tura t ion  d iminishes  in an i so the rma l  p roces s  in the d i rec t ion  of the output end 
of the sample ,  which is in comple te  a g r e e m e n t  wi th  theore t ica l  computat ions.  Let  us note that the p roces s  
of m a s s  t r a n s p o r t  of r e s idua l  wa te r  should be c a r r i e d  out taking account  of the p resence  of a porous medium 
and t e m p e r a t u r e  changes.  

By an example ,  let  us show the influence of a t e m p e r a t u r e  change on the p roces s  of m a s s  t r a n s p o r t  
of mois tu re .  Thus, for  example ,  for  a definite gas composi t ion  W depends on the p r e s s u r e  and t e m p e r a t u r e  
[13]: 

dW OW OW dt (9) 
dP aP d--F- 

If the p r e s s u r e  d iminishes  in the zone near  the face  during ut i l izat ion of the borehole ,  then ev ap o ra -  
t ion of the bound wate r  will occur  for  dW/dp  < 0 and condensat ion of the wa te r  vapor  for  dW/dp  > 0. F r o m  
the viewpoint of phase  t rans i t ions ,  a na tura l  g a s - w a t e r  s y s t e m  is in the no rma l  evapora t ion  range  for  the 
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Fig. 3. Change in sample permeabi l i ty  as a function of p re s su re  (ata) 
and volume (cm 3) of the gas passed through it: 1) K = K(P); 2) K = KfV). 
K, rod. 

Fig. 4. P r e s s u r e  (ata) change in the gas volume (m3): 1) taking account 
of sorpt ion p rocesses ;  2) without taking account  of sorption processes .  

major i ty  of gas strata.  Hence, the f i r s t  member  in the right side of (9) cha rac te r i zes  the increase  in 
mois ture  content because of the diminution in p ressure ,  and the second cha rac t e r i ze s  the change in mois ture  
content because of t empera tu re  reduction due to the J o u l e - T h o m p s o n  effect. Taking account of the above, 
it can be noted that drainage of the zone near  the face occurs  for* 

~-2A1 ~ ( 1p OA - k ' ~  . (10) 

The resul ts  of computations for methane a re  presented in Fig. 2. 

It is seen f rom the f igure that for definite relat ionships between the initial s t ra ta  t empera tures ,  the 
s t ra ta  and face p res su res ,  and the quantities p in the development of gas deposits by depletion in the zone 
near the face, the following can occur:  a) evaporation of  the bound water;  b) evaporation of the bound water  
in the f i r s t  development period and condensation of the water  vapor in the second period with subsequent 
evaporat ion of the water;  c) condensation of the water vapor f rom the gas in the f i r s t  s tages with subse-  
quent evaporat ion of the water;  4) condensation of the water  vapor. 

3. Experimental  investigations conducted in recent  years  have shown that at comparat ively  high p r e s -  
sures ,  par t icular ly  for a gas of complex composit ion (a gas -- condensate sys Gem), sorpt ion p rocesses  (curve 
2, Fig. 3) can exert  a perceptible influence on the f i l t rat ion process .  Presented in this f igure is the i so-  
the rm K = K(P) (curve 1) which indirect ly cha rac te r i zes  the sorpt ion processes .  The section ab on the K 
= K(P) curve shows the increase  in sample permeabil i ty  because of gas desorpt ion upon reduction of the 
p re s su re  f rom P0 to Pl. The section bc corresponds  to a diminution in permeabil i ty  because of precipi ta-  
tion of the condensate in the s t ra tum as the p res su re  is reduced f rom P1 to P2. The section cd shows the 
increase  in permeabi l i ty  because of desorpt ion and normal  evaporation. 

Let us note that a quantitative est imate  of such a phenomenon is quite important.  Tests  conducted on 
the indirect  determinat ion of the quantity of sorbed mater ia l  at  high p re s su res  and tempera tures  showed 
this by the change in specific gravi ty of the gas emerging f rom a vesse l  with a porous medium. 

Curves of the p res su re  drop for gas --condensate sysLems (1) and for a dry  gas (2) are  presented in 
Fig. 4. As is seen f rom Fig. 4, taking account of just sorpt ion p rocesses  resu l t s  in a 15-20% increase  in 
the initial gas r e s e r v e s  in the s tratum. Let us note that the presence of clay or clayey mater ia ls ,  which 
possess  a high sorpt ivi ty  as compared with sand, inc reases  the quantity of sorbed mater ia l .  A di rec t  de-  
terminat ion of the quantity of sorbed gas by means of the change in weight and the mater ia l  balance equa- 
tion lowers the percentage presented somewhat,  leaving it perceptible in practice.  

Let us note that a number of exact s e l f - s imi l a r  and approximate solutions has been obtained by means 
of (1)-(9). 

* The phase t ransi t ions were  not taken into account in the determination,  i.e., the latent heat of vapor fo r -  
mation of the water  probably has ve ry  little influence on the shaping of the tempera ture  mode. 
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A whole s e r i e s  of effects  taking place during development  of pe t ro leum and gas - c o n d e n s a t e  depos i t s ,  
as  well  as  in s ink ingboreho les ,  can be explained by hea t -  and m a s s - t r a n s p o r t  p r o c e s s e s .  

In pa r t i cu la r ,  dra inage  of the res idua l  wate r ,  sorpt ion  p r o c e s s e s  a r e  one of the causes  for  an in-  
c r e a s e  in the coeff icient  of product ivi ty of gas , c o n d e n s a t e  deposi ts  during development  by depletion. 

Cer ta in  compl ica t ions  in cement ing boreholes  can be explained by the mo i s tu r e  productivi ty in cement  
rock.  
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NOTATION 

a r e  the constant  coeff ic ients ;  
a r e  the p r e s s u r e s  of the exper iment ,  of the beginning of condensation, of m a x i m u m  con-  
densation,  and on the borehole  outline, r e spec t ive ly ;  
a r e  the f i l t ra t ion  ve loc i ty  of the condensate  and the gas,  respec t ive ly ;  
a r e  the coeff icient  of vo lume shr inkage  and solubil i ty of the gas  in the liquid; 
is the quantity of s table  condensate  in the gas phase; 
a r e  the sa tu ra t ion  of the s t r a t u m  with condensate,  gas,  water ,  r espec t ive ly ;  
is the t ime;  
a r e  the poros i ty ,  pe rmeab i l i ty ,  and power of the s t r a tum,  respec t ive ly ;  
a r e  the liquid and gas v i scos i ty ,  r e spec t ive ly ;  
a r e  the gas  phase densi ty  under s t r a t u m  and a tmosphe r i c  conditions; 
a r e  the phase  pe rmeab i l i t y  of the liquid and gas,  r e spec t ive ly ;  
is the t e m p e r a t u r e ;  
is the ra t io  of m o i s t u r e  content on the face  to the mo i s tu r e  content under  s t r a t u m  con-  
ditions; 
is the gas volume;  
is  the m o i s t u r e  content of the gas p h a s e ;  
is the speci f ic  g rav i ty  of the liquid condensate;  
a r e  the quantity of sorbed  m a t e r i a l  in the gas phase and in the sorbent .  
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