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A s i g n i f i c a n t  p a r t  of  a recent  workshop sponsored by t h e  E l e c t r i c  
Power Research I n s t i t u t e  (EPRI 1978) was devoted t o  t h e  quest ion of t h e  
r i s k s  of geothermal development and t h e  need f o r  a geothermal r e s e r v o i r  
insurance program. In  t h i s  workshop, severa l  viewpoints regarding t h e  
adequacy of  t h e  a v a i l a b l e  measures f o r  reducing f i n a n c i a l  r i s k s  t o  t h e  
developers and u s e r s  of geothermal energywerediscussed.  
of agreement among t h e  au thors  was t h e  ex is tence  of r i s k  i n  geothermal 
development, and t h a t  some method f o r  reducing the  f i n a n c i a l  r i s k s  t o  
t h e  developers and u s e r s  of geothermal energy was necessary f o r  acce l -  
e r a t ed  development of t h i s  resource.  

The main poin t  

Several  schemes were suggested t o  reduce the  f i n a n c i a l  r i s k s  t o  t h e  
u s e r s  of geothermal energy and t h e  f i n a n c i a l  i n s t i t u t i o n s  respons ib le  f o r  
extending loans f o r  geothermal i n d u s t r i a l  p ro j ec t s .  

The suggested schemes included t h e  following (Aidl in  1978; Fa l ick  
1978) : 

0 con t rac tua l  arrangements between t h e  resource company and t h e  
u s e r  t h a t  would p lace  t h e  r i s k  of  r e s e r v o i r  l o s s  on t h e  supp l i e r ,  
o r  apport ions t h e  r i s k  between t h e  supp l i e r  and u s e r  

0 enactment of s t a t e  l e g i s l a t i o n  t h a t  would r equ i r e  regula tory  
agencies  such as t h e  Publ ic  U t i l i t i e s  Commission (PUC) t o  
t reat ,  f o r  tar i f f  base purposes, t h e  first power p l an t  as an 
RED f a c i l i t y  e l i g i b l e  f o r  acce lera ted  deprec ia t ion  

0 cons t ruc t ion  of "turn-key" power p l a n t s  b u i l t  by companies 
w i l l i n g  t o  assume f i n a n c i a l  r i s k  i n  exchange f o r  a guaranteed 
ra te  of r e t u r n  generated through t h e  sale of  e l e c t r i c i t y  t o  
u t i l i t i e s  

0 use  of  t h e  e x i s t i n g  Geothermal Loan Guarantee Program t h a t  
allows a p a r t i c i p a t i n g  u t i l i t y  t o  repay t h e  debt through 
government a s s i s t a n c e  

0 encouragement of p r i v a t e  indus t ry  t o  provide coverage f o r  t h e  
r i s k s  of geothermal development. 

Each of these  suggested methods has i t s  advantages and disadvantages 
and each covers  r i s k s  t o  c e r t a i n  u s e r s  with t h e  poss ib l e  exclusion of 
o the r s ,  r e s u l t i n g  i n  d i f f e r e n t  groups having widely divergent  views on 
t h e  re la t ive a t t r a c t i v e n e s s  and f e a s i b i l i t y  of  one scheme versus another .  
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In addition, each scheme is accompanied by either direct or  indirect 
costs to the potential end user whose views would be represented either 
by public interest groups or  regulatory agencies mandated with protecting 
the public interest, and each is accompanied by a multitude of direct 
and indirect implications which are not totally known at this time. 

In view of the inadequacies of the above schemes and uncertainties 
regarding their effectiveness in providing the necessary incentives for 
an accelerated pace of development, recent legislation (U.S. Congressional 
Record, 1979) directs the Department of Energy to consider initiating a 
government-sponsored insurance program that would supplement the policies 
that may be offered by the private insurance industry. 

In this paper we present some thoughts on a study that would help 

The objectives of this study would be 
in laying the groundwork for drafting regulations for the geothermal 
reservoir insurance program. 

1) to assess the likelihood and the financial consequences of 
premature depletion of reservoirs 

2)  to evaluate the advantages and shortcomings of alternative 
schemes for reducing the financial risks of geothermal 
development 

3 )  to assess the need for government-sponsored reservoir insurance 
programs, and 

4) to delineate the areas and conditions under which a reservoir 
insurance program would be most useful in promoting national 
goals . 

In view of the importance of the government-funded reservoir insur- 
ance program and the complex nature of the problem, four issues must be 
considered in defining the scope and objectives of this study. First, 
the goals and expectations of the government must be specifically defined 
and a procedure be developed to allow for measuring the achievement of 
these goals. Second, the reservoir-related risk should be assessed and 
a framework should be developed for resolution of differences among the 
views expressed by segments of the industry on the likelihood of prema- 
ture reservoir depletion and the financial consequences of such events. 
Third, given the diversity of opinion among interest groups, it is import- 
ant that the viewpoints of various segments of industry and the public be 
sought and incorporated into the study. 
recommending a policy that would be "optimal" from an overall point of view 
yet would involve so many compromises that no group would consider it bene- 
ficial. 

Fourth, the study should avoid 

With these points in mind, we propose the following four steps. 

DEFINING THE GOALS OF THE GEOTHERMAL DEVELOPMENT PROGRAM 

An important first step is defining the specific short-term and long- 
term goals of the geothermal development program. 
(measures) should be defined to serve as proxies for those goals, and 
proper scales should be constructed to measure the level of achievement 
of the objectives of the program. 

A series of attributes 
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The development of object ives  and the  measure of t h e i r  achievement 
can be accomplished by: 

0 es tab l i sh ing  general object ives  

0 breaking the  general object ives  i n t o  subobjectives 

0 establ ishing measures t o  def ine t h e  leve l  of achievement of t h e  
subobj ec t ives  . 

The most d i r e c t  means f o r  generating object ives  a r e  a carefu l  study of 
pol icy documents and dialogues with decis ion makers who of ten  act on 
t h e i r  perceptions of soc ie ty ' s  needs and the affected p a r t i e s .  

Measures can of ten be s t ructured i n  a meaningful way by use of  a 
hierarchy. 
j e c t i v e  i n t o  lower leve l  measures of more d e t a i l .  
measures are i n  t u r n  subdivided i n t o  more de ta i led  measures u n t i l  a leve l  
of d e t a i l  i s  reached such t h a t  the  lowest leve l  of the hierarchy cons is t s  
of spec i f ic ,  well-defined measures t h a t  can be reasonably quant i f ied.  

A hierarchy provides a means f o r  subdividing a general ob- 
These lower leve l  

Use of a hierarchy ensures t h a t  the  f i n a l  set of measures w i l l  be 
I t  a l s o  assists i n  quantifying t h e  e f f e c t s  comprehensive and complete. 

of  uncertainty i n  lower-level measures on the overa l l  program goals.  

ASSESSING THE RISK OF PREMATURE RESERVOIR DEPLETION 

The object ives  of t h i s  s t e p  a r e  (1) t o  assess  t h e  l ikelihood of pre- 
mature deplet ion of several  reservoi rs  f o r  which adequate information i s  
ava i lab le  (under d i f f e r e n t  production scenarios) ,  and ( 2 )  t o  estimate the  
f inanc ia l  consequences of such f a i l u r e s .  

The c h a r a c t e r i s t i c s  of r e s e r v o i r s  and brine,  and t h e i r  s p a t i a l  and 

Since a power p lan t  o r  other f a c i l i t i e s  using geothermal en- 
temporal var ia t ions ,  have a s i g n i f i c a n t  e f f e c t  on the  r e l i a b i l i t y  of t h e  
resource. 
ergy may become inoperable i f  the pressure and temperature of the  heat 
source and the  flow r a t e  drop below c e r t a i n  leve ls ,  t h e  l ikelihood and 
magnitude of decl ine of these parameters over time and the  v a r i a t i o n  of 
t h e  physical parameters over space should be estimated. 

Important physical parameters, including s t o r a b i l i t y ,  t ransmissivi ty ,  
and the  locat ion of the  producing f rac ture ,  can be estimated by well 
logging and well t e s t s .  

In estimating the  appropriate flow r a t e  (when t h e  f l u i d  i s  re in jec-  
ted) ,  it i s  important t o  estimate the  "breakthrough" time r a t h e r  than the  
ra te  of dec l ine  of temperature a f t e r  breakthrough when the  user  f a c i l i t y  
i s  a power p lan t .  

To estimate var ia t ions  of the  f l u i d  c h a r a c t e r i s t i c s  over time, one 
o r  more of t h e  ava i lab le  dynamic reservoi r  models can be used t o  predict  
reservoi r  behavior as a function of i t s  physical parameters and flow r a t e .  
Once the  model(s) t h a t  best  descr ibes  the  reservoi r  has been selected,  
t h e  probabi l i ty  d i s t r i b u t i o n  over breakthrough time can be estimated. 
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The p r o b a b i l i t y  d i s t r i b u t i o n  over t h e  input  parameters can be assessed (see 
Tversky and Kahneman, 1974, f o r  a t r e a t i s e  on severa l  p robab i l i t y  a s ses s -  
ment procedures),  and f o r  each production scenario,  a combination of  input  
parameters w i l l  g ive  a poin t  on t h e  d i s t r i b u t i o n  of t h e  output parameter. 

Di f fe ren t  f a i l u r e  times have d i f f e r e n t  economic consequences which 
can be computed by standard cos t  accounting methods and can include penal-  
t i es  f o r  l o s s  of  goodwill, etc. 
f a i l u r e  p r o b a b i l i t y  model completes t h e  r i s k  ana lys i s .  

Combining t h e  economic model with t h e  

This  a n a l y s i s  w i l l  se rve  t h r e e  purposes: (1) it provides examples 
of t h e  l e v e l s  of  r i s k  involved i n  geothermal development; (2) it g ives  a 
procedure f o r  r e s e r v o i r  r i s k  assessment t h a t  can be used as a framework 
f o r  r i s k  assignment by t h e  insurance indus t ry  and f i n a n c i a l  community; 
and ( 3 )  i t  can help r e so lve  d i f f e r e n t  viewpoints among segments of  i ndus t ry  
on i s s u e s  r e l a t e d  t o  r e s e r v o i r  r i s k ,  t h e  r e l a t i o n s h i p  between r e s e r v o i r  
f a i l u r e  and production pol icy .  

EVALUATING ALTERNATIVE SCHEMES 

This s t e p  involves  a d e t a i l e d  ana lys i s  of var ious opt ions  ava i l ab le  
t o  developers and u s e r s  of  geothermal energy. 
i s  t o  eva lua te  not  only e x i s t i n g  opt ions,  but a l s o  t h e  f e a s i b i l i t y  of 
a l t e r n a t i v e  measures t o  reduce t h e  r i s k s  of geothermal energy. 

The ob jec t ive  of t h i s  t a s k  

In  add i t ion  t o  evaluat ing programs of fered  by the  insurance indus t ry ,  
t h i s  s t e p  involves  an ana lys i s  of t h e  l imi t a t ions ,  scope, and p o t e n t i a l  
of t h e  Geothermal Loan Guarantee Program. 
t h e  experience of t h e  banking indus t ry  with t h a t  program. 
includes an a n a l y s i s  of t h e  d i f f e rences  between geothermal energy and 
o the r  segments of t h e  ex t r ac t ion  indus t ry  from t h e  viewpoint of t h e  banking 
indus t ry  to .account  f o r  t h e  re luc tance  of bankers t o  extend loans t o  t h e  
developers  of geothermal energy. 
t ance  is  t h e  unce r t a in ty  assoc ia ted  with est imat ions of proven r e se rves  
of geothermal r e s e r v o i r s  (Manderbach, 1978). However, it i s  important 
that this issue be systematically addressed. 

The ana lys i s  w i l l  incorpora te  
This s t e p  a l s o  

One poss ib l e  explanation f o r  t h i s  r e luc -  

I t  has been suggested t h a t  con t r ac t s  between the  developers and u s e r s  
of  geothermal energy be designed i n  such a way t h a t  f i n a n c i a l  r i s k s  on 
t h e  p a r t  of t h e  u s e r s  are reduced (Aidlin,  1978). Since t h i s  scheme s t i l l  
proposes t h a t  a po r t ion  of t h e  r i s k s  be accepted by the  u t i l i t i e s ,  t h e  
d e s i r a b i l i t y  of such a scheme from t h e  viewpoint of t he  u t i l i t y  i ndus t ry  
should be inves t iga ted .  The confidence of t h e  u t i l i t y  indus t ry  i n  t h e  
guarantees  extended by smaller  resource companies should be a l s o  evaluated.  

A series of interviews with regula tory  agencies can help a s c e r t a i n  
t h e  f e a s i b i l i t y  of suggested schemes such as allowing u t i l i t y  companies 
t o  recover p l a n t  c o s t s  through t h e  r a t e  s t r u c t u r e  by acce lera ted  depre- 
c i a t i o n  of power p l an t s .  

ACHIEVING CONSENSUS AND RECOMMENDING GUIDELINES 

The ob jec t ive  of t h i s  s t e p  i s  t o  l a y  t h e  groundwork f o r  d r a f t i n g  
r egu la t ions  by determining the; ex ten t  and mode of government involvement 
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t h a t  would best  achieve nat ional  energy goals. 
program would hinge on i t s  a b i l i t y  t o  r e f l e c t  not only nat ional  energy 
policy,  but a l s o  the  i n t e r e s t s  of the  indus t r ies  t h a t  would be d i r e c t l y  
affected by t h e  reservoi r  insurance program. Moreover, associated i ssues  
such as t h e  necessi ty  of addi t ional  government personnel and the safe- 
guards required f o r  implementation of the  program should be carefu l ly  
assessed, and t h e  advantages and disadvantages of the  program regarding 
incent ives  f o r  p r i v a t e  industry should be evaluated. 

The success of such a 

A wide gap separates  the  viewpoints of in te res ted  p a r t i e s  a t  t h i s  time. 
A n  object ive of t h i s  task  i s  t o  fac i l i t a te  the  exchange of information among 
in te res ted  i n d u s t r i e s  t o  achieve a common understanding regarding t h e  extent  
of government involvement t h a t  would best  achieve nat ional  goals without 
creat ing a huge bureaucracy o r  complex and unenforceable regulat ions.  
achieve these object ives  we suggest the  following procedure: 

To 

1. Dissemination of a document summarizing the  f i n d i n g s  o f  the f i r s t  
th ree  s teps .  Comments by r e c i p i e n t s  of the  document be incor- 
porated i n  a revised version, and t h e  differences of viewpoint 
be outlined. 

2.  A smaller group, including experts i n  government, banking and 
insurance indus t r ies ,  public i n t e r e s t  groups, and developers 
and users  of geothermal energy, be selected f o r  rece ip t  of the  
revised document. 
on t h e  i ssues  discussed i n  the  document, as well as on the 
ex is t ing  gap between the  needed risk-reducing measures and t h e  
ava i lab le  programs be aggregated. 

The viewpoints and judgments of t h i s  group 

The aggregation procedure can r e l y  on one or  several  of the  
following techniques: (1) a d i a l e c t i c  forum f o r  discussion of  
issues ,  (2)  a procedure t h a t  would r e l y  mainly on questionnaires 
such as the Delphi technique (3) the  MAPS Design Technology 
(Multivariate Analysis, Par t ic ipa t ion ,  and Structure) t h a t  c lus-  
t e r s  ideas and i ssues  i n  a form s u i t a b l e  f o r  a s t r a t e g i c  planning 
design, and (4) m u l t i a t t r i b u t e  decis ion analysis  techniques 
(Keeney and Raiffa, 1976), by which t h e  preferences and values 
of t h e  d i f f e r i n g  groups w i l l  be assessed. 

The object ive of t h i s  subtask i s  not t o  achieve a consensus, but 
t o  c l a r i f y  i ssues  and viewpoints and t o  bring the viewpoints of 
t h e  d i f f e r e n t  sec tors  c loser  t o  each other .  
be made, however (through smaller groups i f  necessary), t o  
achieve a consensus among t h e  representat ives  of the  same industry.  

An attempt should 

3 .  In t h i s  s tep,  a smaller group would be invi ted t o  a panel d i s -  
cussion t o  resolve the  differences i n  viewpoints, i f  any, and 
t o  a r r i v e  a t  a consensus on t h e  gaps between the  needed programs 
and ex is t ing  a l t e r n a t i v e s ,  and the  most f r u i t f u l  means of govern- 
ment involvement f o r  bridging t h i s  gap. 

The end r e s u l t  of t h i s  task  w i l l  be a s e r i e s  of recommendations t o  
t h e  DOE t h a t  would serve as t h e  framework f o r  t h e  geothermal reservoi r  
insurance program. 
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