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Abstract 

The purpose of Project  3/15 is t o  study water i n  
of f l u i d  composition i n  the Bagnore f i e l d .  A s  th is  f i e  

amounts of noncondensable gases it is an idea l  candidat 

re la t ionship of these  gases w i t h  t h e  flow performance of 

An addi t ional  asset is that a p o s t e r i o r i  models ,can be d 

f i e l d  is depleted. The u l t imate  goal, of course, 

applicable t o  o ther  reservoi rs  a t  an ear ly  s tage  

Introduction 

mal w e l l s .  

Short-term as w e l l  as long-term models are t o  be c 

Pressure t r ans i en t  analyses can be u t i l i z e d  t o  estima 
ables  such as permeability, porosity,  and extent  of 

Thermal e f f e c t s  are usual ly  ignored i n  such analyses 

operation is assumed, but t h i s  can a f f e c t  t h e  r e l i a b  

Other f ac to r s  complicating geothermal rock formation 

faces, f r ac tu re s  i n  otherwise impermeable matrices, 

For t h e  Bagnore f i e l d ,  l a r g e  quan t i t i e s  of nonconden 

p l i c a t e  analyses. 

From preliminary work it appears t h a t  pressure analy 

by use of t h e  "real' gas pseudopressure," m(p) , defined 

1. 

c 

PO 

i n  which p is t h e  pressure of in t e re s t ,  po a base pr  

viscosi ty ,  and Z t he  gas deviat ion fac tor .  A ca lcu l  

gas pseudopressure o r  po ten t i a l  f o r  t h e  Bagnore f i e 1  

Additionally, a more general  form of t h i s  function 

7. 

L, 
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generated f o r  various noncondensable gas compositions. 

must consider a l s o  t h a t  classic techniques of pressure ' t ransient  analy- 

sis presume' single-phase f l u i d  reservoirs .  

However, one W 

An approximat 

configuration 

Even t h i s  configuration with its assumption of vapor- and liquid-dominated 

t is believed t o  be 
cent ly  published "parallelepiped model .'I 

t yp ica l  g eot hermal-r eservo ir 

zones, may y ie ld  only gross-approximation r e s u l t s .  

j u s t  completed at Stanford University ind ica tes  that s ign i f icant -  amounts 

of f l u i d  can be adsorbed'on t h e  surfaces pf geothermal rocks. 

Laboratory ' research 

Boiling 

off of t h i s  adsorbed 

amount otherwise be 

can account 

c A solut ion of appl icable  p a r t i a l  dif  f e r en t i a l r  equations using t h e  sdsorbed 

water mathematically as a source function is planned f o r  ear ly  a t ten t ion .  
* L a  

.2. A more sophis t  ted approach t o  the  Bagnore reservbi r  

extension t o  other  geothermal reservoirs ,  t o  use.M.' O'Sullivan's two- 
phase model, recent ly  discussed i n  t h e  

Journal. 

The O'SullAvan model has already been modified i n  t h e  present 

t o  include t h e  e f f e c t  of carbo 

tended e a s i l y  t o  include other  gases, methan 

cons is t s  of a numerica 

long-term behavior of t h e  Bagnore f i e l d .  
dynamic and t h e m  

it can a l s o  accoun 

the  recent Stanford f ind in  

An e f f o r t  toward t h i s  

oxide. t h i s  modification can be ex- 
o r  example. The mode 

t o r  which is  designed t o  in t e rp re t  t h e  

This simulator includes bot 
f f e c t s ;  with the  introduct ion 

3. While pressure t r ans i en t  analysis  may provide values f o r  reservoi r  param- 

e a b i l i t y ,  porosity 

estimates of t h e  1 

voirs.  Whe orbed o r  whether 

major source f o r  s t e a m  productio 

A guide method u t i l i z i n g  <a "black box" Rayleigh d i s t i l l a t i o n  a l s o  has been 

developed i n  t h e  ,present work. 

fo r  t h e  d i s t i l l a t i o n  calculat ion can be both functions of pressure and 

The d i s t r i b u t i o n  coef f ic ien ts  necessary 
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temperature. 

provided that no water i n f l u x  o r  genera t ion  of C02 is  evident.  

A n  a l l  encompassing v e r i f i c a t i o B  of t h e  above methods can be  represented 

by t h e  r e s u l t s  of a geochemical study c u r r e n t l y  under development. A 

conceptual model a b l e  t o  expla in  i n i t i a l  d i s t r i b u t i o n  of C02, CHI; and 

possibly H3B03 and NH3, u t i l i z i n g  equi l ibr ium ca lcu la t ions ,  w i l l  be in- 

The method can g ive  an approximation of t h e  l i q u i d  r e se rves  

4. 

v e s t  igated.  

Temperature of t h e  dep le t ing  r e s e r v o i r  can be  ca l cu la t ed  using appropri-  

ate H and H2S geothermometers c u r r e n t l y  under development. 2 

The geochemical study could confirm t h e  decreas ing  he ight  of t h e  vapor- 

dominated zone, t h e '  lowering of temperature by water-table in f lux ,  and 

poss ib ly  could reveal coning phenomena as w e l l  as determine whether appre- 

c i a b l e  amounts of  carbon d ioxide  are e n t e r i n g  t h e  b r ine  e i t h e r  by lateral  

in f lux  o r  by genera t ion  i n  place.  

evaluation of t h e  o t h e r  models mentioned earlier i n  t h i s  r epor t .  

Answers t o  t h e s e  ques t ions  w i l l  a i d  

Future work 

The cont inua t ion  of Task 3/15 w i l l  be accomplished p a r t l y  i n  I t a l y  and 

p a r t l y  a t  Stanford. 

I n  I t a l y  t h e  model developed under Task 3/15 w i l l  be f u r t h e r  improved 

and applied t o  t h e  Bagnore f i e l d .  

Gas behavior w i l l  be inves t iga t ed  applying t h e  a l r eady  modified model 

of O'Sullivan. 

A t  Stanford t h e  major e f f o r t  w i l l  be devoted t o  developing simple tech- 

niques f o r  analyzing p res su re  t r a n s i e n t s ,  'taking i n t o  account t h e  real gas  

p o t e n t i a l  f o r  t h e  Bagnore f i e l d ,  while long-term gas behavior w i l l  be  s tud ied  

by means of t h e  Rayleigh d i s t i l l a t i o n  c a l c u l a t i o n .  
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