
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



RESERVOIR VERIFICATION WOR OP PANEL REPORT 

Subir K. Sanyal, C 

INTRODUCTION 

Before geothermal energy can be commercially developed f o r  e l e c t r i c  power, the 
u t i l i t y  companies need to have the assurance t h a t  the geothermal resource a t  a 
pa r t i cu la r  s i t e  can be produced a t  an adequate r a t e  and w i t h  an acceptable q u a l i t y  
over the l i f e  o f  the power plant, t h a t  i s ,  over 25 t o  30 years. Thus, the 
u t i l i t i e s  need two basic assurances: 

0 That the reservo i r  has s u f f i c i e n t  reserves and f low capacity t o  produce 
f o r  30 years a t  an adequate r a t e  

That-the reservo i r  charac ter is t i cs  are such t h a t  the produced f l u i d  w i l l  
have acceptable qua l i t y  as regards enthalpy, chemical composition, and 
so fo r th ,  over the 30 year period 

0 

The abovementioned assurances w i l l  have t o  be provided p r imar i l y  by the reservo i r  
engineer, who special izes i n  est imating the nature o f  a subsurface reservo i r  and 
the reserves i t  contains, as we l l  as i n  forecasting i t s  performance. Reservoir 
engineering i s  a well-developed d i s c i p l i n e  i n  the petroleum industry. However, i n  
the geothermal indust ry  the app l ica t ion  o f  reservo i r  engineering i s  a r e l a t i v e l y  
new development and i s  fraught w i t h  problems a r i s ing  from the lack o f  a 
substantial data base and the inherent idiosyncrasies o f  a geothermal reservoir.  

The lack o f  a substantial data base i s  a serious handicap. Worldwide, on ly  three 
geothermal reservo i rs  have been produced f o r  s u f f i c i e n t l y  long periods t o  provide 
case h i s t o r i e s  o f  major signif icance. These reservo i rs -are  Larderel l o  geothermal 
f i e l d  i n  I t a l y  (producing since the ea r l y  19OOs), Wairakei geothermal f i e l d  i n  New 
Zealand (producing since the l a t e  1950~1, and The Geysers geothermal f i e l d  i n  the 
United States (producing since the ea r l y  1960s). O f  these only  Wairakei i s  a 
hydrothermal (ho t  water) system; .the other two are dry steam reservoirs. Because 
o f  the inherent operational and economic advantages o f  dry steam wel ls  and the two 
we1 l-known case h i s t o r i e s  (Larderel l o  and The Geysers), dry  steam reservo i rs  are 
the most a t t r a c t i v e  sources o f  geothermal power. The P a c i f i c  Gas and E l e c t r i c  
Company has been producing commercial geothermal power a t  The Geysers f o r  over a 
decade and has thus developed, among the u t i l i t i e s ,  a sense o f  confidence i n  the 
v i a b i l i t y  o f  dry steam geothermal resource. The u t i l i t y  indust ry  does n o t  appear 
t o  have such confidence i n  the v i a b i l i t y  o f  hydro rmal resource. Hence, t h i s  
workshop. 

The other d i f f i c u l t y  i n  applying reservo i r  engineering to geothermal reservo i rs  i s  
the inherent complexity o f  geothermal systems. 
resource sought a f t e r  ( o i l  o r  gas) has a de f in i te ,  assessable mass. I n  a geother- 
mal system the resource i s  heat energy, the resource c a r r i e r  being water and 
steam. Estimating the t o t a l  amount o f  heat contained i n  the rocks and f l u i d s  i n  a 

I n  the petroleum industry, the 
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- 
LJ reservoi r  i s  r e l a t i v e l y  simple. 

recoverable depends p r imar i l y  on the amount o f  avai lab le water and how extensive 
the contact  i s  between rock and water. The amount o f  avai lab le water depends on 
the water stored i n  the reservoir ,  a r t i f i c i a l  recharge ( i n j e c t i o n  o f  power p l a n t  
waste water), and natural recharge o f  water. It i s  r e l a t i v e l y  easy t o  estimate 
the water-in-place and the extent o f  a r t i f i c i a l  recharge, though no t  o f  natural  
recharge. U n t i l  a reservo i r  has produced f o r  a number o f  years, the extent o f  
recharge, o r  the absence o f  it, cannot be precisely estimated. As more case'his- 
t o r i e s  o f  geothermal reservo i rs  accumulate, inferences on the nature o f  natural  
recharge i n  geothermal systems can be drawn. However, a reservo i r  engineer can 
estimate the lower l i m i t  o f  ava i lab le water by assuming no recharge. I f  any 
recharge takes place, the n e t  energy recovery w i l l  be higher. Another uncertain 
factor i s  the degree o f  i nterconnecti on between pore-spaces i n the reservoir .  
This aspect o f  a geothermal system sometimes cannot be prec ise ly  estimated from 
the state-of- the-art  o f  wel l  test ing,  wel l  logging, and surface geophysical o r  
geochemical methods. 

The uncertainty o f  our knowledge o f  the nature o f  a geothermal system and the lack 
o f  case h i s t o r i e s  makes i t  d i f f i c u l t  t o  estimate the reserve and f low capacity o f  
the reservoir ,  o r  t o  forecast the performance o f  the reservo i r  w i t h  a high degree 
o f  confidence. 

However, how much o f  t h a t  heat i s  p r a c t i c a l l y  

PURPOSE 

A u t i l i t y  company w i l l  l i k e  t o  know w i t h  reasonable accuracy the answers t o  the 
fo l lowing v i t a l  questions: 

0 

0 

Do we have s u f f i c i e n t  reserve f o r  a c e r t a i n  power p lan t  capacity? 

Can the reservo i r  produce a t  an adequate r a t e  t o  supply ' f u e l '  t o  
the power p lan t  f o r  25 t o  30 years? 

0 How w i l l  the enthalpy o f  the produced f l u i d  vary over the l i f e  o f  
the power p lant? 

0 How w i l l  the chemical composition o f  the f l u i d  vary over the l i f e  
o f  the power p lant? 

0 How w i l l  the operational problems (amount o f  noncondensible gases, 
s a l i n i t y ,  and c o r r o s i v i t y  o f  the f l u i d ,  etc.) vary over the l i f e  
o f  the power p lant? 

As discussed before, the answers t o  these questions are uncertain. 

The purpose of t h i s  workshop was t o  b r i ng  together experts i n  geothermal resource 
assessment and representatives o f  geothermal resources producers, as wel l  as the 
users ( u t i l i t y  companies), w i t h  the aim o f  discussing the present uncertaint ies i n  
geothermal resource assessment, i t s  impact on the growth o f  the geothermal power 
industry, and the fu ture trend. The par t ic ipants  consisted o f  representatives o f  
the u t i l i t y  companies, EPRI,  academia, government, and the service industry. An 
open and informal exchange o f  ideas took place between the panel o f  speakers and 
the other workshop part ic ipants.  

4-2 



DISCUSSION 

This summary i s  fol lowed by the t ransc r ip t s  o f  the t a l k s  presented by various 
speakers a t  the workshop. Transcr ipts have n o t  been received from some o f  the 
speakers. The f o l  1 owing out1 Ine  summari tes the discussion a t  the workshop. 

Expl orat ion 

H. T. Meidav pointed out both the assets and the shortcomings o f  the various geo- 
physical and geochemical explorat ion techniques as they pe r ta in  t o  reservo i r  ve r i -  
f i ca t i on .  He concluded t h a t  the r i s k  i n  geothermal resource assessment can be 
reduced by jud ic ious and synergist ic combination o f  geophysical and geochemical 
survey techniques, tempered by loca l  experience i n  an area. He pointed out t h a t  
some f a i l u r e s  i n  geothermal f i e l d  development i n  the past were the r e s u l t  o f  undue 
re l iance on any one survey o r  i n te rp re ta t i on  technique t o  the exclusion o f  others. 

Laboratory Study o f  Rock Propert ies 

A. G. Duba pointed out  t h  
f l u i d  propert ies a t  elevated temperatures and pressures i s  l imi ted.  Yet such 
knowledge i s  indispensible i n  deciphering wel l  l o g  and t e s t  informat ion and in te r -  
p re t i ng  geophysical surveys , and i n  general reservo i r  assessment. He pointed out 
the need f o r  some basic l a  ra to ry  research i n t o  rock - f l  u i d  propert ies. 

current  s ta te  o f  knowledge o f  geothermal rock- 

Well Logging 

S. K. Sanyal underscored the urgent need f o r  developing wel l  logging too l s  t h a t  
can safe ly  withstand the hot, corrosive environment o f  a geothermal well; the 
e x i s t i n g  t o o l s  are inadequate. He also discussed the inadequacy o f  the ex i s t i ng  
i n t e r p r e t a t i o n  techniques f o r  geothermal wel l  logs. It was pointed out  t h a t  i n  
s p i t e  o f  these impediments, a reasonable assessment o f  geothermal reservo i r  1 
and rock proper t ies can be made from the ex i s t i ng  wel l  logging techniques by 
va t i ve  and synerqist ic analysis o f  data. 

u i  d 
nno- 

bI. E. Brigham discussed he various uncer ta in t ies i n  w e l l  t e s t i n g  and reservo i r  
performance predict ion.  For example, he pointed out  t h a t  whi le f a i r l y  r e l i a b l e  
wel l  t e s t  i n t e r p r e t a t i o  i s  possible i n  single-phase reservo i rs  (dry steam and h o t  
water wi thout y steam saturat ion),  there i s  no simple analy t ica l  technique f o r  
wel l  t e s t  anal i s  when both steam and water coex is t  i n  the reservoir .  He pointed 
out  t h a t  there are some basic uncer ta in t ies i n  reservo i r  performance predict ion,  
because o f  the reasons mentioned i n  the In t roduct ion sect ion o f  t h i s  report.  
However, he d i d  p o i n t  out  the advances made i n  geothermal reservo i r  engineering 
during the past few years and the con 
thermal reservo i r  assessment. 

s i n  Reservoir Assessmen 

0. J .  Vetter discussed how in t roduct ion o f  t r i t i u m  t racer  i n  the i n jec ted  water 
and monitoring o f  the t r i t i u m  leve l  i n  producing and observation wel ls  can be 
powerful t oo l s  i n  geothermal reservo i r  assessment. He concluded t h a t  the use o f  
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t r i t i u m  t racer  i n  geothermal f i e l d  operations can n o t  only reveal some basic 
reservo i r  character is t ics  ( f l o w  patterns i n  reservoir ;  locat ion,  or ientat ion,  and 
extent o f  f ractures,  etc.) bu t  a lso provide an ea r l y  warning o f  breakthrough o f  
cold, i n jec ted  water i n  producing wel ls  and a l low t ime f o r  prevention o f  coldwater 
breakthrough. 

Use o f  Computer Simulation i n  Reservoir Assessments 

T. D. Riney discussed the use o f  numerical simulat ion o f  a geothermal reservo i r  as 
a too l  i n  various aspects o f  reservo i r  v e r i f i c a t i o n  and development. He showed 
how various forms o f  reservo i r  and wel l  bore simulators can answer some o f  the 
basic questions posed by u t i 1  i ty companies. Thus , computer simulat ion_ can help 
reduce the uncertainty i n  geothermal reservo i r  assessment. 

Resource Companies' Views 

D. R. But ler  and G. W. Crosby discussed the various aspects o f  the r i s k s  and 
uncer ta in t ies involved i n  the assessment and development o f  geothermal reservoirs 
as perceived from the p o i n t  o f  view o f  the resource companies. Bu t le r  c l a s s i f i e d  
the r i s k s  t o  the geothermal resource producers i n t o  s i x  groups: prospect r i s k ,  
d r i l l i n g  r i s k ,  evaluat ion r i s k ,  sales r i s k ,  development r i s k ,  and reservo i r  r i sk .  
He described these r i s k s  and pointed out  how the resource companies and u t i l i t i e s  
can work together w i t h  a reasonable amount o f  federal help t o  reduce t h e i r  r i s k s  
and develop a geothermal industry. Crosby pointed out  t h a t  the resource operator 
makes every e f f o r t  t o  reduce r i s k s  because he has t o  make a l a rge  investment i n  
f i e l d  development, j u s t  as the u t i l i t y  has t o  be concerned about the r i s k s  because 
o f  the large cap i ta l  costs involved i n  power plants. He emphasized t h a t  both the 
u t i l i t y  and resource company should work i n  close cooperation t o  reduce these 
r i s k s  and t h a t  the time i s  r i p e  f o r  decis ive cooperation t o  b u i l d  a geothermal 
power industry. 

U t i l i t y  Companies' Views 

G. Lombard and A. Martinez voiced the dilemma o f  the u t i l i t i e s  t h a t  whi le on the 
one hand they would l i k e  t o  promote a geothermal power industry, y e t  on the other 
hand i t  i s  d i f f i c u l t  t o  make la rge  f i nanc ia l  investments i n  power p lants  based on 
a resource t h a t  i s  y e t  t o  be proved e n t i r e l y  re l i ab le .  They were concerned about 
the economic v i a b i l i t y  o f  the geothermal resource, as wel l  as the assurance o f  
adequate supply over the l i f e  o f  the power plant.  I n  the near fu tu re  they foresee 
the basic r o l e  o f  geothermal energy as a supplement to, and no t  a replacement of ,  
the baseload capacity. However, as the geothermal indust ry  matures, i t  i s  l i k e l y  
t h a t  geothermal energy may assume a s i g n i f i c a n t  po r t i on  o f  baseload supply. 

Youngquist expressed the opinion t h a t  f o r  the small u t i l i t i e s  a small geothermal 
power p l a n t  (10 MWe) may be pract ica l .  Even wellhead generators can be used as 
supplements t o  the baseload capacity. 

ERDA's Reservoir Engineering Management Program 

J .  H. Howard described the program now being planned t h a t  i s  t o  be implemented by 
Lawrence Berkeley Laboratory f o r  ERDA f o r  support o f  research i n  geothermal 
reservo i r  engineering . 

. 
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CONCLUSIONS 

The basic conclusions o f  t h i s  workshop can be summarized as fol lows: 

There are basic uncer ta in t ies i n  geothermal reservoir  assessment: 

-- lack o f  data about the reservo i r  -- lack o f  a data base about geothermal reservo i r  assessment -- lack o f  knowledge about the "geothermal system" o f  a 
reservo i r  

These uncer ta in t ies can be substant ia l ly  reduced by proper 
engineering and basic research. 

Resource and u t i l i t y  companies can work together w i t h  some federal 
help t o  reduce the r i s k s  and uncertaint ies. 

While the u t i l i t i e s  are in terested i n  a geothermal power industry, 
they are y e t  t o  be convinced about the economics and the assurance 
o f  f u tu re  supply o f  the resource. 

For the near future, geothermal energy w i l l  be a supplement to, 
n o t  a rep1 acement for ,  base1 oad energy. 

m a l  1 u t i  1 i t i e s  may u t i  1 i ze small geothermal power plants, even 
though these may be uneconomical f o r  l a rge  u t i l i t i e s .  
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