
- ,  

MASTER 
:-; 

1 

[ 

Geothermal Investment and 
Policy Analysis With 
Evaluation of California and 
Utah Resource Areas 
October 1979 

Prepared for: 
U.S. Department of Energy 
Assistant Secretary for Resource Application 
Division of Geothermal Resource Management 
Under Contract NO. ET-78-S-a2-4713A001 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report w n  pnp.nd 8s an account of work rpanrond by th. 
United States Gowrnmant Neither the United States nor the United 
States Deportment of Energy, nor my  of their mployees, makes my 
warranty, orprom or implid, or ~ p r m s r  w y  r%hility nr 
responsibility for the accuracy, completer#rt, or uretulnoss of my  
information, apparatus, product. or p r ~  disclosed, or rrpresunn 
h t  its urn would not infringe privately owned rights. Reference 
h r n  to any spcmific t ~ t i b l  pradum. paass, or servkt! by 
mch name, mark. manufacturer, or othem'~c, does not necessarily 
constitute or imply its endorsement, r e c o m w i o n ,  or favoring by 
the United  state^ Government or any wncy  thereof. The views and 
opinions of u t hon  oxpressad herein do not necessarily rtsta or 
mflm those of the Uni td  States Government or any agency thereof. 

- 

Available from: 

National Technical Information Service (NTIS) 
U.S. Deparment of Commerce 
5285. Port Royal Road 
Springfield, Virginia 22161 

Price : Printed copy: % 8 . 0  0 
Microfiche.: $3.00 



MASTEW 
Distribution Category UC-66 i 

Geothermal Investment and 
Policy Analysis With 
Evaluation of California and 
Utah Resource Areas 
October 1979 

Prepared by: 
Thomas A.V. Cassel 
Robert H. Edelstein 
Peter D. Blair 
Chris B. Amundsen 

Technecon Analytic Research. Inc.. Philadelphia 
and University of Pennsylvania 

Under Contract No. ET-78-S-02-4713A001 

Prepared for: 
U.S. Department of Energy 
Assistant Secretary for Resource Application 
Division of Geothermal Resource Management 
Washington. D.C. 20545 

~ - 
i - 

DISCLAIMER 
This b W k  war Prepared aon-nf  
Neilhr the United Slsle. &?+wnrrrnt mr any wncv thereof. mr any o l  their employ=. miesany 
mrranty. expreu or implied. or 8%- any lwl l i i i l i l v  or rwnsib i l i ty  for the -rely. 

mmpler-. or vyllvlnen of  any informalion. eppralur. ~ r o d u ~ z .  or proms dircldred. or 
reprgenir that ill uw would ml inlr inp privately owed  righrr Reference herein to any -ilic 
mmmc ia l  pmdun. proccu. or nrvice by trade mme. Imdsmrk. manufacturer. or Olherwiyl. dOet 
MI "-lily mnxilute or imply ill emormmenl, remmmendation. or favoring by the united 
Slate5 Government or onv wry thereof. The view and opinions o l  authors expreved hcrcin do mt 
nKe%wilv slateor rellecl Ihoylol the United Slelsr Gmrnmnt or anv sponry thereof. 



A s  p a r t  of i t s  m i s s i o n - o r i e n t e d  program f o r  a c c e l e r a t i n g  t h e  com- 
m e r c i a l i z a t i o n  of geo thermal  energy ,  t h e  U . S . Department of Energy i s  
sponsor ing  r e s e a r c h  a t  Technecon A n a l y t i c  Research,  I n c . ,  P h i l a d e l p h i a ,  
and t h e  U n i v e r s i t y  of Pennsy lvan ia  which concerns  t h e  a n a l y s i s  and 
modeling of inves tment  d e c i s i o n s  i n  t h e  development of hydrothermal  
w e l l  f i e l d s .  T h i s  inves tment  b e h a v i o r  r e f l e c t s  a d e g r e e  of s e n s i t i v i t y  
t o  p u b l i c  p o l i c y  a l t e r n a t i v e s  concern ing  t a x a t i o n  and r e g u l a t i o n  of t h e  
r e s o u r c e  and i t s  energy convers ion  f a c i l i t ? e s .  The purpose  of t h e  cur-  
r e n t  r e s e a r c h  i s  t o  p r o v i d e  a r e a l i s t i c  and s t a t i s t i c a l l y  sound means 
f o r  e s t i m a t i n g  t h e  impac t s  of such p o l i c y  a l t e r n a t i v e s  on l i k e l y  indus-  
t r y  inves tment  d e c i s i o n s .  

I n  approaching t h e  expressed  o b j e c t i v e s ,  Technecon r e s e a r c h e r s  
(under  s u b c o n t r a c t  t o  t h e  U n i v e r s i t y )  have developed a geothermal  in -  
ves tment  d e c i s i o n  model which, when coupled t o  a s i t e - s p e c i f i c  s tochas -  
t i c  c a s h  f low model, e s t i m a t e s  t h e  c o n d i t i o n a l  p r o b a b i l i t y  of a pos i -  
t i v e  d e c i s i o n  t o  i n v e s t  i n  t h e  development o f  geo thermal  r e s o u r c e  a r e a s .  
T h i s  r e p o r t  d e s c r i b e s  t h e  geothermal  c a s h  f low model, t h e  inves tment  
d e c i s i o n  model and t h e i r  a p p l i c a t i o n s  f o r  a s s e s s i n g  t h e  l i k e l y  develop- 
ment p o t e n t i a l  of n i n e  geo thermal  r e s o u r c e  a r e a s  i n  C a l i f o r n i a  and Utah.  
The s e n s i t i v i t y  of t h i s  inves tment  behav ior  t o  s e v e r a l  p o l i c y  i n c e n t i v e s  
is  a l s o  ana lyzed  and d i s c u s s e d .  



PREFACE 

T h i s  r e p o r t  i s  a n  account  of r e s e a r c h  i n t o  t h e  inves tment  p r a c t i c e s  

of geothermal  r e s o u r c e  f i r m s .  Throughout t h e s e  i n v & s t i g a t i o n s ,  a  gener-  

ous  d e g r e e  of c o o p e r a t i o n  and p a r t i c i p a t i o n  by t h e  r e s o u r c e  i n d u s t r y  h a s  

been r e c e i v e d .  Many h o u r s  of management i n t e r v i e w s  and a  h i g h  r e s p o n s e  

r a t e  t o  s e q u e n t i a l  m a i l i n g s  of mul t i -page s u r v e y s  were c o n t r i b u t e d  dur- 

i n g  t h e  c o u r s e  of t h i s  work. 

The d e c i s i o n  model which evolved from a n a l y s i s  of t h e  i n d u s t r y ' s  

r e s p o n s e s  t a k e s  t h e  form of a weighted f u n c t i o n  of m u l t i p l e  inves tment  

c r i t e r i a .  Some of t h e s e  c r i t e r i a  were  e x p l i c i t l y  d i s c u s s e d  i n  manage- 

ment i n t e r v i e w s  w h i l e  o t h e r s  were i m p l i c i t  b u t ,  none t h e  less, found t o  

be impor tan t  concerns  i n  subsequent  s t u d i e s  o f  i n d u s t r y  inves tments .  

The d e c i s i o n  model r e p r e s e n t s  a new approach t o  inves tment  a n a l y -  

sis,  though i t s  components and t h e i r  c o l l e c t i v e  i n f l u e n c e  upon company 

d e c i s i o n s  should be  f a m i l i a r  and a p p a r e n t  t o  i n d i v i d u a l s  w i t h i n  t h e  

i n d u s t r y .  Of pr imary importance i s  t h e  model ' s  c a p a c i t y  t o  r e a l i s t i c a l -  

l y  reproduce  o r  e s t i m a t e  i n d u s t r y  inves tment  d e c i s i o n s  a t  a s t a t i s t i c a l -  

l y  sound l e v e l  of conf idence .  D e c i s i o n  makers w i t h i n  t h e  i n d u s t r y  a r e  

i n v i t e d  t o  a s s e s s  t h e s e  a n a l y t i c  t e c h n i q u e s ,  p a r t i c u l a r l y  f o r  t h e i r  use-  

f u l n e s s  i n  e v a l u a t i n g  new and u n c e r t a i n  inves tment  o p p o r t u n i t i e s  where 

r i s k  and p r o j e c t  s i z e  a r e  l i k e l y  t o  b e  a s  impor tan t  a concern as i n v e s t -  

ment r e t u r n .  P r a c t i c e d  methods f o r  . e s t imat ing  inves tment  r e t u r n ,  it- 

s e l f ,  a r e  a s s e s s e d  i n  t h i s  work and recommendations a r e  o f f e r e d  f o r  

a p p r o p r i a t e  m o d i f i c a t i o n s  t o  t h e s e  methods, p a r t i c u l a r l y  f o r  e v a l u a t i n g  

geothermal  o p p o r t u n i t i e s .  

The r e p o r t  i s  organ ized  a s  f o l l o w s :  

e c h a p t e r  One summarizes t h e  p r o j e c t ,  i t s  methods, r e s u l t s  and 

on-going i n v e s t i g a t i o n s .  

o Chapter  Two d i s c u s s e s  t h e  development of a  s t o c h a s t i c  c a s h  f l o w  

model which a c c o u n t s  f o r  p r o b a b i l i s t i c  r e s o u r c e  d a t a  i n  i t s  eva l -  

u a t i o n  of t h e  f i n a n c i a l  a t t r i b u t e s  and r i s k s - o f  a  geothermal  

v e n t u r e .  Methods . fo r  c o m p e t i t i v e l y  p r i c i n g  a  geothermal  r e s o u r c e  - 
a r e  d i s c u s s e d  i n  c o n s i d e r a b l e  d e t a i l .  
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8 Chapter Three d i s c u s s e s  t h e  concerns of d e c i s i o n  makers w i th in  

t h e  r e sou rce  i n d u s t r y  and t h e  methodology f o r  i nco rpo ra t i ng  t h e s e  

concerns i n t o  a  model which e s t ima te s  t h e  p r o b a b i l i t y  of favora-  

b l e  investment dec i s ions .  Decis ions by major co rpo ra t i ons  and 

by independent ly  operated f i r m s  a r e  modeled sepa ra t e ly .  

a Chapter Four p r e s e n t s  an eva lua t ion  of l i k e l y  investment behavior  

a t  n i n e  geothermal r e sou rce  a r e a s  i n  C a l i f o r n i a  and Utah. Sensi- 

t i v i t y  t o  r e sou rce  p r i c i n g  i s  inves t i ga t ed  f o r  . i ts  , e f f ec t  upon 

investment d e c i s i o n s  by both major co rpo ra t i ons  and independent 

o p e r a t o r s .  

8 Chapter F ive  i s  a n  eva lua t ion  of s e v e r a l  i n c e n t i v e s  f o r  geother-  

m a l  development and t h e i r  l i k e l y  e f f e c t  upon investment behavior  

a t  a g iven  r e sou rce  s i t e .  Loan guaran tees ,  p r i c e  suppor t s  and 

t ax  i ncene ives  a r e  among t h e  po l i cy  a l t e r n a t i v e s  which a r e  

eva lua ted .  

This  work was sponsored over  t h e  p a s t  two yea r s  by D r .  Fred Abel 

. a n d  D r .  I n j a  Pa ik  of t h e  U.S. .Department of Energy, Washington, D.C.  

Throughout t h e  p r o j e c t ,  they ,  M r .  Randy Stephens and D r .  Lou Werner 

provided va luab le ,  su.pport and c o n s t r u c t i v e  comments. . S i g n i f i c a n t  he lp  

i n  d a t a  ga the r ing  and a n a l y s i s  t a s k s  was provided by r e s e a r c h  a s s i s t a n t s  

ass igned  t o  t h e  p r o j e c t  by t h e  Un ive r s i t y  of Pennsylvania; namely 

Michael E r v o l i n i ,  David Tarbe l  and B.  Venkateshwara. M r s .  Norma Crouse 

of Technecon is c r e d i t e d  f o r  her  p a t i e n t  .formating and typ ing  of t h e  

e n t i r e '  r e p o r t .  

Persona l  i n t e rv i ews  and information were provided by no fewer than 

e i g h t y  i n d i v i d u a l s  du r ing  t h e  course  of t h i s  work. These i ndus t ry  par- 

t i c i p a n t s  -- who a r e  t oo  numerous t o  i n d i v i d u a l l y  acknowledge h e r e  -- 
represen ted  twenty r e sou rce  f i rms ,  t h i r t e e n  e l e c t r i c  u t i l i t i e s ,  and 

s e v e r a l  banks, investment f i rms  and government agenc ies .  Their  c o n t r i -  

b u t i o n s  of bo th  t i m e  and e f f o r t  a r e  l a r g e l y  r e s p o n s i b l e  f o r  t h e  r e s u l t s  

provided i n  t h i s  r e p o r t .  
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Chapter  One 

EXECUTIVE SUMMARY 

1.1 BACKGROUND AND PURPOSE 

I n  t h e  mid-195O1s, t h e  p i o n e e r i n g  e f f o r t s  of B . C .  McCabe and h i s  

p a r t n e r s  i n  Magma Power Company produced t h e  f i r s t  commercial steam w e l l  

a t  t h e  Geysers  i n  n o r t h e r n  C a l i f o r n i a .  Today -- f o l l o w i n g  j o i n t  deve l -  

opment by Magma, Thermal Power Company, P a c i f i c  Gas and E l e c t r i c  Company 

and Union O i l  Company of  C a l i f o r n i a  -- n a t u r a l  steam from t h e  Geysers  

s u p p o r t s  t h e  wor ld ' s  l a r g e s t  geo thermal  e l e c t r i c  power complex. Geo- 

the rmal  e l e c t r i c  power c u r r e n t l y  s u p p l i e s  a s i g n i f i c a n t  f r a c t i o n  of t h e  

g e n e r a t i o n  l o a d  i n  n o r t h e r n  C a l i f o r n i a  a t  c o s t s  which a r e  c o m p e t i t i v e  

w i t h  any f o s s i l - f u e l e d  o r  n u c l e a r  a l t e r n a t i v e .  

The t e c h n o l o g i c a l  and economic s u c c e s s  a t  t h e  Geysers ,  coupled w i t h  

t o d a y ' s  domes t ic  concern f o r  energy  a l t e r n a t i v e s ,  have c o n t r i b u t e d  t o  a 

r a p i d l y  expanding and a c t i v e  n a t i o n a l  i n t e r e s t  i n  geo thermal  energy.  A  

geothermal  r e s o u r c e  b a s e  c a p a b l e  of s u p p o r t i n g  s e v e r a l  thousands  of 

megawatts of g e n e r a t i o n  c a p a c i t y  h a s  been i d e n t i f i e d  i n  t h e  Uni ted 

S t a t e s  and i t s  development i s  p r o g r e s s i n g ,  a l b e i t  c a u t i o u s l y ,  a t  many 

a r e a s .  The r a t e  and e x t e n t  ' t o  which t h i s  r e s o u r c e  i s  developed w i l l  

depend upon t h e  r a t e  and e x t e n t  t o  which i n d u s t r y  w i l l  i n v e s t  c a p i t a l  

i n t o  w e l l  f i e l d  e x p l o r a t i o n  and development p r o j e c t s .  The u n d e r s t a n d i n g  

and e s t i m a t i o n  of t h i s  inves tment  b e h a v i o r ,  and of i n c e n t i v e s  which w i l l  

prompt p o s i t i v e  i n d u s t r y  response ,  a r e  t h e  t o p i c s  of t h i s  r e p o r t .  

1 .2  GEOTHERMAL INVESTMENT ANALYSIS 

1.2.1 Investment  D e c i s i o n s  

A s  wi tnessed  a t  t h e  Geysers ,  t h e  l a r g e  s c a l e  commerc ia l i za t ion  of 

hydrothermal1 e l e c t r i c  power w i l l  depend upon j o i n t  p o s i t i v e  d e c i s i o n s  

by r e s o u r c e  producing f i r m s  t o  deve lop  w e l l  f i e l d s  and by e l e c t r i c  u t i l -  

i t i e s  t o  c o n s t r u c t  o n - s i t e  power p l a n t s  and t r a n s m i s s i o n  f a c i l i t i e s .  

T h i s  r e p o r t  f o c u s e s  on t h e  inves tment  d e c i s i o n  o f  t h e  r e s o u r c e  produ- 

c e r s ,  c o n d i t i o n a l  upon s p e c i f i e d  assumptions  r e g a r d i n g  t h e  e l e c t r i c  
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u t i l i t i e s '  d e c i s i o n 2 .  

Geothermal r e sou rce  producers comprise a  spectrum of f i rms  from 

m u l t i n a t i o n a l  d i v e r s i f i e d  co rpo ra t i ons  wi th  t o t a l  a s s e t s  i n  mu l t i -  

b i l l i o n s  o f . d o l l a r s  t o  independent ly  ope ra t i ng  f i r m s  whose a c t i v i t i e s  

a r e  l a r g e l y  f inanced  through l i m i t e d  p a r t n e r s h i p  agreements.  Twenty 

of t h e s e . f i r m s ,  i nc lud ing  .both s i z e  extremes, a c t i v e l y  p a r t i c i p a t e d  i n  

t h i s  p r o j e c t  a s  d i scussed  below. 

Management i n t e rv i ews  and vo lun ta ry  c h e c k l i s t  responses  from t h e  

ewenty p a r t i c i p a t i n g  t i r m s  i l l u s t r a t e  t h a t ,  r e g a r d l e s s  of a s s e t  s t r e n g t h ,  

each f irm i s  concerned wi th  f o u r  investment ubj  e c t i v e s .  These o b j  ec- 

t i v e s  a r e  to:  

maximize t h e  e f f i c i e n c y  of invc3tcd c a p i t a l  (assessed i n  terms 
of r a t e  of r e t u r n  on investment)  

minimize t h e  du ra t i on  of investment r i s k  (assessed  i n  terms of 
i n v e ~ t m e n t  payback time) 

under take  p r o j e c t s  which a r e  compatible w i th  t h e  f i r m ' s  s c a l e  of 
ope ra t i on  (assessed  i n  terms of n e t  p r e sen t  v a l u e  of p r o f i t s )  

avoid f i n a n c i a l  r u i n  (assessed  i n  terms of t h e  c a p i t a l  l o s s  a t  
r i s k ) .  

The degree t o  which an investment o p p o r t u n i t y  meets t h ~ .  spvpral  n h j ~ r -  

t i v e s  of a  f i r m  may be measured i n  terms of t h e  fou r  q u a n t i f i a b l e  f  inan- 

c i a 1  a t . t r i b u t e s  l i s t e d  p a r e n t h e t i c a l l y  above. 

A s t a t i s t i c a l  a n a l y s i s  of i n d u s t r y  responses  and investment beha- 

v i o r  i n d i c a t e s  t h a t  a  f i r m ' s  r e l a t i v e  p re fe r ence  f o r ,  o r  ave r s ion  t o ,  

- -- 

' ~ e o t h e r m a l  r e sou rces ,  a s  t h e  name impl ies ,  o r i g i n a t e  from h e a t  i n  t h e  
e a r t h ' s  magma core .  When a  geologic  anomaly b r i n g s  t h i s  heat t o  within 
a  few m i l e s  of t h e  e a r t h ' s  s u r f a c e ,  i t  may b e  tapped by p re sen t  w e l l  
d r i l l i n g  technology. Th i s  r e p o r t  d e a l s  w i th  one type  of geothermal 
r e sou rce ,  namely hydrothermal energy, which occurs  when such an  anomaly 
and a n a t u r a l  a q u i f e r  coexist-- .--the result being a subterraneail reser- 
v o i r  of steam and./or ho t  water .  Other t ypes  of geothermal r e sou rces ,  
w h i c h a r e n o t  a s  nea r  t e r m  a s  t h e  hydrothermal r e sou rce ,  inc lude .geo-  
pressured  r e s e r v o i r s  i n  which t h e  water  i n  deep, h igh  p re s su re  hydro- 
thermal r e s e r v o i r s  i s  s a t u r a t e d  wi th  methane gas ,  and hot  d r y  rock  re- 
sources  which, a s  t h e  name imp l i e s ,  have no a q u i f e r .  See Muffler  (1979). 

20n-going work a s  t h i s  r e p o r t  i s  being publ i shed ,  i s  d i r e c t e d  a t  t h e  
e l e c t r i c  u t i l i t i e s '  d e c i s i o n  t o  i n c l u d e  geothermal power i n  t h e i r  
gene ra t  ion  mix. 
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t h e  fou r  f i n a n c i a l  a t t r i b u t e s  of a  proposed ven tu re  w i l l  v a ry  depending 

upon t h e  s i z e  of t h e  f i rm,  t h e  a v a i l a b i l i t y  and c o s t  of  c a p i t a l ,  and 

t h e  q u a l i t y  of i t s  a l t e r n a t i v e  investment oppor tun i t i e s .  For t h e  pur- 

poses  of t h i s ' a n a l y s i s ,  i t  was found t h a t  t h e  d e c i s i o n  behavior  of t h e  

r e sou rce  producing i n d u s t r y  could be e f f e c t i v e l y  modeled by d iv id ing  t h e  

s e v e r a l  f i r m s  i n t o  two c a t a g o r i e s :  major co rpo ra t i ons ,  p r imar i l y  i n  t h e  

o i l  and g a s  i ndus t ry ,  wi th  a s s e t s  u s u a l l y  exceeding one b i l l i o n  d o l l a r s  

and independent ly  ope ra t i ng  f i r m s  w i t h  a s s e t s  of u s u a l l y  less than  $100 

m i l l i o n .  

By i n t e g r a t i n g  and apply ing  two d e c i s i o n  a n a l y s i s  techniques3-- 
. . . .  . 

namely, " m u l t i a t t r i b u t e  u t i l i t y "  methods f o r  m u l t i o b j e c t i v e  d e c i s i o n  

a n a l y s i s ,  and " l o g i t "  methods f o r  p r o b a b i l i s t i c  choice  e s t ima t ion  -- a  

computer model was cons t ruc ted  which e s t ima te s  t h e  p r o b a b i l i t y  of a  

f avo rab l e  investment dec i s ion ,  by e i t h e r  a  major co rpo ra t e  r e sou rce  

producer o r  an independent ope ra to r ,  i n  a  given geothermal venture .  

This  computerized d e c i s i o n  model, l abe l ed  TCN2080, i s  based upon indus- 

t ry -suppl ied  d a t a  and appears  bo th  s t a t i s t i c a l l y  sound and r e a l i s t i c  i n  

i t s  e s t ima t ion  c a p a b i l i t i e s .  

1.2.2 Cash Flow Analysis  

To e s t i m a t e  investment behavior  a t  s p e c i f i e d  hydrothermal r e sou rce  

a r e a s ,  t h e  above mentioned d e c i s i o n  model r e q u i r e s  p r o b a b i l i s t i c  e s t i -  

mates of t h e  investment oppor tun i ty ' s  f ou r  f i n a n c i a l  a t t r i b u t e s :  r a t e  

of r e t u r n ,  payback t ime,  n e t  p r e sen t  va lue  of p r o f i t s  and t h e  amount of 

c a p i t a l  exposed t o  r i s k .  A hydrothermal f i n a n c i a l  a n a l y s i s  model, l a -  

beled TCN2000, 'was developed t o  provide t he  requi red  e s t ima te s .  This  

model u se s  s i t e - s p e c i f i c  parameters  t o  s imula te  w e l l  f i e l d  development 

and a l l  cash f lows a s soc i a t ed  w i t h  w e l l  f i e l d  exp lo ra t i on ,  conf i rmat ion ,  

development and product ion.  To accommodate u n c e r t a i n t i e s  i n  a v a i l a b l e  

r e sou rce  d a t a ,  n ine  s i t e v a r i a b l e s  (wellhead temperature ,  w e l l  f low r a t e ,  

d r y  we l l  f r a c t i o n ,  w e l l  l i f e ,  r e sou rce  depth ,  w e l l  c o s t ,  p l a n t  c a p a c i t y  

f a c t o r ,  p l a n t  c o s t ,  and p ip ing  c o s t )  a r e  e i t h e r  suppl ied  t o  t h e  model, 

3 ~ h e  d e c i s i o n  a n a l y s i s  i s  summarized i n  Chapter Three; f o r  t hose  d e s i r -  
ing  a  more r i g o r o u s . t h e o r e t i c a 1  j u s t i f i c a t i o n ,  s e e  Cassel  (1979). 
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o r  es t imated  by t h e  model, i n  t h e  form of s i t e - s p e c i f i c  p r o b a b i l i t y  

d i s t r i b u t i o n s .  

I n  t o t a l ,  t h e  f i n a n c i a l  a n a l y s i s  model r e q u i r e s  75 input  v a r i a b l e s  

t o  d e f i n e  t h e  geologic ,  economic and f i n a n c i a l  parameters  of a  wel l  

f i e l d  investment oppor tun i ty .  The model begins  execut ion by s imula t ing  

requirements  f o r  a c t i v e  producing we l l s ,  spa re  w e l l s ,  i n j e c t i o n  we l l s ,  

r e d r i l l e d  w e l l s  and dry  w e l l s  over t h e  l i f e  of a  p r o j e c t .  During execu- 

t i o n ,  i t  e s t i m a t e s  24 cash  f low iteins inc luding  book and t a x  c a p i t a l ,  

book and tax  expenses,  long l i f e  and s h o r t  l i f e  depr .eciat ion,  revenues,  

d e p l e t i o n ,  ad valorem t a x e s ,  r o y a l t i e s ,  and income t axes .  T h e  cash f l o w  

a n a l y s i s  i s  performed p r o b a b i l i s t i c a l l y  and is completed by t h e  estima- 

Lrull UT; 
I n t e r n a l  r a t e  of r e t u r n  f o r  measuring t h e  e f f i c i e n c y  of i nves t -  
ments by independent ly  ope ra t i ng  r e sou rce  f i rms ;  

F inanc i a l  management r a t e  of r e t u r n  f o r  measuring t h e  e f f i c i e n c y  
of investments  by major r e sou rce  corpora t ions ;  

Weighted average  discounted payback time f o r  e s t ima t ing  r i s k  dur- 
a t i o n  f o r  a  s e r i e s  of investments;  

N e t  p r e sen t  v a l u e  of p r o f i t s ;  and 

e The amount of investment c a p i t a l  exposed t o  r i s k .  

The p r o b a b i l i t y  of i n c u r r i n g  an investment l o s s  is r equ i r ed  f o r  dec i s ion  

a n a l y s i s  a long wi th  t h e  es t imated  amount of investment a t  r i s k .  By r e -  

l y i n g  upon s i t e - s p e c i f i c  mappings of l e v e l s  of confidence over a  re -  

source  a r e a ,  a s  supp l i ed  by consu l t i ng  geothermal g e o l o g i s t s ,  t h e  pro- 

b a b i l i t y  of l o s s  i s  es t imated  a t  p rog re s s ive  l e v e l s  of f i e l d  development. 

1 .2 .3  Competit ive Resource P r i c i n g  

A concensus of i n t e rv i ews  w i t h  management r ep r ' e sen t a t i ve s  of t h i r -  

t een  wes te rn  e l e c t r i c  u t i l i t i e s  i n d i c a t e s  t h a t ,  f o r  f avo rab l e  considera-  

r ion ,  geothermal e l e c t r i c  energy must be compet i t ive  i n  c o s t  t o  t h e  

l e a s t  expensive a l t e r n a t i v e  t y p e  of new baseload gene ra t i on  a t  t h e  

p o i n t  of d e l i v e r y  t o  a  major t ransmiss ion  c o r r i d o r .  A margina l ly  com- 

p e t i t i v e  geothermal r e sou rce  p r i c e  can thus  be  est imated by t ak ing  t h e  

d e l i v e r e d  e l e c t r i c  energy . c o s t  of t h e  competing a l t e r n a t i v e  and sub t r ac t -  

ing from i t  t h e  c o s t s  a s soc i a t ed  w i t h  a  geothermal power p l a n t  and t r a n s -  

miss ion  f a c i l i t i e s .  The a lgor i thm f o r  e s t ima t ing  a  compet i t ive  geother- 

mal resource  p r i c e  i s  developed and app l i ed  i n  t h i s  r e p o r t  a s  t h e  b a s i s  



f o r  e s t ima t ing  w e l l  f i e l d  revenues.  

Depending upon geographic  l o c a t i o n  and resource  q u a l i t y ,  t h e  margin- 

a l l y  compet i t ive  r e sou rce  p r i c e  can vary  s i g n i f i c a n t l y .  I n  many Utah 

r eg ions ,  f o r  example, r e l a t i v e l y  inexpensive c o a l  r e s e r v e s  r e s u l t  i n  a  

compet i t ive  geothermal r e sou rce  ' p r i ce  of 10-12 millslkWh. I n  many 

C a l i f o r n i a  r eg ions ,  on t h e  o the r  hand, a l t e r n a t i v e  baseload gene ra t i on  

i s  r e l a t i v e l y  expensive which boos t s  t h e  compet i t ive  geothermal r e sou rce  

p r i c e  t o  14-20 mills/kWh. S i t e  by s i t e  e s t ima te s  of t h e  marg ina l ly  - 
compet i t ive  s e l l i n g  p r i c e  a r e  provided i n  t h i s  r e p o r t .  

1.3 CALIFORNIA AND UTAH RESOURCE EVALUATIONS 

From an  ex t ens ive  review of a v a i l a b l e  l i t e r a t u r e  and informat ion  

provided by consu l t i ng  geothermal g e o l o g i s t s 4 ,  d a t a  was compiled f o r  

n i n e  Known Geothermal Resource Areas i n  C a l i f o r n i a  and Utah. These 

a r e a s  -- Brawley, Coso Hot Spr ings ,  East. Mesa, Geysers,  Heber, Mono-Long 

Val ley,  Sa l ton  Sea, Cove Fort-Sulphurdale and Roosevelt  Hot Springs -- 
were s e l ec t ed  f o r  eva lua t ion  based upon t h e i r  assumed p o t e n t i a l  f o r  

e l e c t r i c  power gene ra t i on  and upon t h e  a v a i l a b i l i t y  of meaning-ful d a t a .  

Table 1-1 summarizes t h e  est imated l i k e l i h o o d  of investment  by 

major r e sou rce  co rpo ra t i ons  a t  t h e  n i n e  si tes and Table 1-2 summarizes 

t h i s  l i k e l i h o o d  of investment by independent ope ra t i ng  r e sou rce  f i rms .  

It must be  noted t h a t :  ( a )  t h e s e  investment e s t ima te s  a r e  based upon 

marginal ly  compet i t ive  p r i c i n g  of t h e  geothermal r e sou rce ,  and (b)  t h e s e  

e s t ima te s  r e f l e c t  t h e  q u a l i t y  of in format ion  and l e v e l s  of confidence a s  

understood today a t  each s i t e .  The investment.  model w i l l  b e  p e r i o d i c a l l y  

updated t o  accommodate new re sou rce  information a s  i t  becomes a v a i l a b l e .  

1 .3 .1  Imperial  Val ley Resource Areas 

. Resources i n  t h e  Imper ia l  Val ley of southern  C a l i f o r n i a  a r e  char.ac- 

t e r i z e d  by r e l a t i v e l y  inexpensive sedimentary w e l l  d r i l l i n g  c o s t s  and 

r e l a t i v e l y  high compet i t ive  r e sou rce  p r i c e s .  These f a c t o r s  c o n t r i b u t e  

4 ~ u g e n e  C iancane l l i ,  P re s iden t  of Cascadia Explora t ion  Company, Escondido, 
Cal i for r l ia  aid D r .  B i l l  Smlth of Republic Geothermal, I nc . ,  Santa  Fe 
Spr ings ,  C a l i f o r n i a  provided geologic  d a t a  f o r  t h e  n i n e  s i t e s  evaluated 
i n  t h i s  r e p o r t .  
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TABLE 1-1. HYDROTHERMAL WELL F I E L D  DEVELOPMENT (.me) BY 

MAJOR RESOURCE PRODUCING CORPORATIONS 

TAELE 1-2. HYDROTHERMAL WELL F I E L D  DEVELOPMENT ( m e )  BY 
INDEPENDENTLY OPERATING RESOURCE COMPANIES 

t 

BRAWLEY 

COSO HOT SPRINGS 

COVE FORT-SULPHURDALE 

EAST MESA 

GEYSERS (VAP . DOM . 1 

GEYSERS ( L I Q .  DOM.) 

HEBER 

MONO-LONG VALLEY 

ROOSEVELTHOTSPRINGS 

SALTON SEA 

TOTAL MEGAWATTS (e) 

LIKELIHOOD OF TNVE STMENT I N  F I E L D  DEVELOPMENT 

>95% >?.0% >75% >50%'  >25% > lo% >5% 

300 400 500 600 700 900 1000 

0 0 0 0 0 200 300 

O 0 O 0 0 0 0 

200 200 300 400 400 400 600 

1.870 1870 1870 1980 2090 2090 2750 

0 0 0 200 600 1200 3400 

200 300 400 500 600 8 0 0 .  900 

0 0 0 0 0 0 400 

600 600 700 800 900 1000 1100 

4500 5000 6000 7000 8000 9500 9500 
------- 
7670 8370 9770 11480 13290 16090 19950 

5 ~ e p r e s e n t u  d e v e l o p m e n t  beyond Uni t  15. 
I 

BRAWLEY 

COSO HOT S P R I N G S  

COVE FORT-SULPHURDALE 

EAST MESA 

GEYSERS (vAP. DOM. ) 

GEYSERS ( L I Q  . DOM . ) 
HEBER 

MONO-LONG VALLEY 

ROOSEVELT HOT S P R I N G S  

SALTON SEA 

TOTAL MEGAWATTS(e) 

b 

LLKXLIHOOD OF IMrB STMENT I N  F I E L D  DEVELOPMENT 

>95% >90% >75% >50% >25% > l o %  >5% 

300 300 400 500 500, 700 700 

0 0 0 0 0 0 0 

O O O 0 . 0  O O 

100 100 200 300 300 400 400 

0 1870 1870 1870- 1870 1870 1870 

0 0 '  0 0 0 0 0 

100 200 300 300 500 600 600 

0 0 0 0 0 O 0 

0 600 600 600 700 700 800 

4000 4500 5000 6000 6500 7500 7500 
- - - - - - -  
4500 7570 8370 9570 10370 11770 11870 

e 

+ 
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t o  a t t r a c t i v e  e s t i m a t e d  investment  r e t u r n s  a t  Brawley, Eas t  Mesa, Heber 

and S a l t o n  ~ e a % n d  r e s u l t  i n  a  s u b s t a n t i a l  r e s o u r c e  b a s e  w i t h  a  h i g h  

l i k e l i h o o d  of development. Low l e v e l s  of c o n f i d e n c e  a t  p e r i p h e r a l  sec -  

t i o n s  of each r e s o u r c e  a r e a  d e t r a c t  from inves tment  a t t r a c t i v e n e s s  a t  . 

expanded l e v e l s  of development.  Development e s t i m a t e s  f o r  Brawley, 

E a s t  Mesa and Heber a r e  c o n s i s t e n t  w i t h  r e c e n t  USGS e s t i m a t e s  a t  t h e s e  

s i t e s  ( s e e  M u f f l e r ,  1979) .   he p o t e n t i a l  of t h e  S a l t o n  Sea a r e a  i s  

s u b s t a n t i a l l y  g r e a t e r  t h a n  USGS e s t i m a t e s  and r e p r e s e n t s  a n  expanded 

assessment  of t h i s  a r e a  which i s  c o n s i s t e n t  w i t h  a  r e c e n t  paper  by ,. 
Meidav, e t  a l .  (1979). 

1 . 3 . 2  E a s t e r n  S i e r r a  Resource Areas 

The Coso Hot S p r i n g s  and Mono-Long V a l l e y  r e s o u r c e s  i n  t h e  E a s t e r n  

S i e r r a  r e g i o n  of C a l i f o r n i a  a r e  c h a r a c t e r i z e d  by modera te ly  h i g h  compe- 

t i t i v e  r e s o u r c e  p r i c e s  b u t  by expens ive  c o s t s  f o r  d r i l l i n g  w e l l s  i n  

igneous  geology. E x p l o r a t i o n  a t  t h e s e  a r e a s  remains  i n  i t s  e a r l y  

s t a g e s  and,  a s  a r e s u l t ,  l e v e l s  of c o n f i d e n c e  a r e  r e l a t i v e l y  low. These 

f a c t o r s  d e t r a c t  from t h e  a t t r a c t i v e n e s s  of inves tments  a t  t h e s e  a r e a s  a t  

p r e s e n t .  The estimat.ed investment  r e t u r n s  a t  Mono i n d i c a t e  t h a t ,  w i t h  

an  improvement i n  c o n f i d e n c e  b rought  abou t  by con t inued  e x p l o r a t i o n ,  

t h i s  r e s o u r c e  may p r o v i d e  s u b s t a n t i a l  p o t e n t i a l  f o r  development i n  t h e  

f u t u r e .  The Coso a r e a ,  however, o f f e r s  marg ina l  r e t u r n s  and does  n o t  

appear  t o  b e  a n  a t t r a c t i v e  inves tment  r e g a r d l e s s  o f  p o s s i b l e  f u t u r e  

improvements i n  conf idence .  

1 . 3 . 3  The Geysers  

The Geysers  i n  n o r t h e r n  C a l i f o r n i a  i s  modeled a s  two r e s e r v o i r s :  

a vapor-dominated r e s e r v o i r  sou thwes t  of t h e  Collayami F a u l t  and a  

l iquid-dominated r e s e r v o i r  n o r t h e a s t  of t h i s  f a u l t .  S u b s t a n t i a l  c o n t i n -  

ued development of t h e  vapor-dominated r e s e r v o i r  i s  e s t i m a t e d  w i t h  h i g h  

l i k e l i h o o d .  Development of t h e  l iquid-dominated r e s e r v o i r  i s  hampered 

by low l e v e l s  of c o n f i d e n c e  a t  p r e s e n t ,  and by expens ive  w e l l  c o s t s .  

Est imated inves tment  r e t u r n s  a r e  m a r g i n a l  and w i l l  l i k e l y  d e t r a c t  from 

%he r e c e n t l y  exp lored  Westmoreland area i n  t h e  I m p e r i a l  Va l ley  i s  ex- 
c luded from e v a l u a t i o n  because  o f ' a  l a c k  of meaningful  d a t a  a t  p r e s e n t ,  
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t h e  a t t r a c t i v e n e s s  of t h e  l iquid-dominated r e s o u r c e  d e s p i t e  p o s s i b l e  

f u t u r e  e x p l o r a t i o n  and r e s u l t i n g  enhanced conf idence .  

1 .3 .4  Utah Resource Areas  

Cove For t -Su lphurda le  and Roosevel t  Hot S p r i n g s  i n  s o u t h e r n  Utah 

are c h a r a c t e r i z e d  by r e l a t i v e l y  expens ive  w e l l  c o s t s  f o r  d r i l l i n g  

th rough  igneous  r o c k  and by r e l a t i v e l y  low c o m p e t i t i v e  r e s o u r c e  p r i c e s .  

These f a c t o r s  d e t r a c t  from t h e  l i k e l i h o o d  of  investments .  a t  Cove For t -  

Su lphurda le  as t h e  q u a l i t i e s  of t h i s  r e s o u r c e  a r e  unders tood  today .  At 

Rooseve l t  Hot S p r i n g s ,  on t h e  o t h e r  hand, t h e s e  f a c t o r s  a r e  o f f s e t  by 

h i g h  r e s o u r c e  t e m p e r a t u r e s  and high w e l l  f l o w  r a t e s .  The p r e s e n t  l i k e -  

l i h o o d  of inves tment  a t  Roosevel t  i s  h i g h  f o r  s u b s t a n t i a l  l e v e l s  of 

development and i s  c o n s i s t e n t  w i t h  t h e  p o t e n t i a l  of t h i s  r e s o u r c e  as 

e s t i m a t e d  by t h e  USGS ( s e e  M u f f l e r ,  1 9 7 9 ) .  

1.4 ANALYSIS OF INCENTIVES 

The a n a l y t i c  c a p a b i l i t i e s  of t h e  geothermal  inves tment  model a r e  

demonstra ted by a s s e s s i n g  t h e  l i k e l y  impact of s e v e r a l  i n c e n t i v e s  upon 

inves tment  behav ior  a t  p r o g r e s s i v e  l e v e l s  of development of t h e  Brawley 

r e s o u r c e .  R e s u l t s  of t h e s e  a n a l y s e s  a r e  summarized below. 

1 .4 .1  J o i n t  Venture  Arrangements 
. . 

J o i n t  v e n t u r i n g  may p r o v i d e  a  v e h i c l e  folr some r e l a t i v e 1 . y  s m a l l  

independent  o p e r a t o r s  w i t h  l i m i t e d  s u p p l i e s  of c a p i t a l  t o  s h a r e  t h e  

r i s k  and rewards  of geo thermal  v e n t u r e s .  The impact upon inves tment  

behavior '  a t  Brawley a p p e a r s  s i g n i f i c a n t  p a s t  t h e  300 megawatt l e v e l  of 

development where development h a s  extended ou t  i n t o  t h e  more r i s k y  a r e a s  

of t h e  r e s o u r c e .  A t  t h e s e  development l e v e l s ,  r i s k  s h a r i n g  by two 

independent  f i r m s  p r o v i d e s  an a p p r e c i a b l e  inves tment  i n c e n t i v e .  The 

marg ina l  i n c e n t i v e ,  however, of a t h i r d  f i r m  j o i n i n g  t h e  v e n t u r s  a p p e a r s  

t o  b e  of minimal v a l u e .  

1 .4 .2  Resource P r i c i n g  V a r i a t i o n s  

At Brawley a n  a t t e m p t  t o  a t t r a c t  e l e c t r i c  u t i l i t y  p a r t i c i p a t i o n  by 

reduc ing  t h e  r e s o u r c e  p r i c e  below t h e  m a r g i n a l l y  c o m p e t i t i v e  l e v e l  w i l l  

a d v e r s e l y  a f f e c t  l i k e l y  investment  behavior  by e i t h e r  major c o r p o r a t e  



r e s o u r c e  p roducers  o r ,  e s p e c i a l l y ,  independent  p roducers .  I n c r e a s i n g  

t h e  r e s o u r c e  p r i c e  above t h e  m a r g i n a l l y  c o m p e t i t i v e  l e v e l  a p p e a r s  t o  

p r o v i d e  minimal added inves tment  i n c e n t i v e  t o  e i t h e r  l a r g e  o r  s m a l l  re- 

s o u r c e  p roducers ,  w i t h  t h e  e x c e p t i o n  of a n  independent  o p e r a t o r  look ing  

a t  o n l y  t h e  i n i t i a l  50 megawatt l e v e l  of f i e l d  development.  I n  t h i s  

e x c e p t i o n ,  t h e  added s e l l i n g  p r i c e  i s  of s i g n i f i c a n t  v a l u e  i n  t h e  r e -  

covery of f r o n t  end r e s o u r c e  "f i n d i n g  c o s t s " .  

1 .4 .3  N a t i o n a l  Energy Act of 1978 

The N a t i o n a l  Energy Act of 1978 provided geothermal  r e s o u r c e  deve l -  

o p e r s  w i t h  a package of t a x  i n c e n t i v e s  which inc luded :  

The o p t i o n  t o  t r e a t  t h e  i n t a n g i b l e ,  50% t o  75% p o r t i o n  o f  a  
w e l l ' s  c o s t  a s  a t a x  d e d u c t i b l e  expense;  

e A 10% inves tment  t a x  c r e d i t  f o r  " a l t e r n a t i v e  energy p roper ty"  -- 
exc lud ing  power p l a n t s  owned by r e g u l a t e d  u t i l i t i e s  -- i n  a d d i -  
t i o n  t o  t h e  t a x  c r e d i t s  o t h e r w i s e  a l lowed f o r  i n v e s t e d  c a p i t a l ;  

A p e r c e n t a g e  d e p l e t i o n  a l lowance  a g a i n s t  g r o s s  income accord ing  
t o  t h e  f o l l o w i n g  schedu le :  

th rough  1980: 22% 
1981 : 20% ' 
1982 : 18% 
1983 : 16% 

1984 & a f t e r :  15%. 

These i n c e n t i v e s ,  which a r e  now l e g a l l y  p e r m i s s i b l e ,  a r e  i n c l u d e d  i n  t h e  

e v a l u a t i o n s  p r e s e n t e d  e a r l i e r .  To a s s e s s  t h e i r  impact ,  t h e  investment  

model was modif ied t o  e l i m i n a t e  t h e  i n c e n t i v e s .  R e s u l t s  i n d i c a t e  t h a t  

bo th  major  c o r p o r a t e  r e s o u r c e  p r o d u c e r s  and independen t ly  o p e r a t i n g  

p roducers  show v e r y  s i g n i f i c a n t  p o s i t i v e  r e a c t i o n s  t o  t h e s e  i n c e n t i v e s .  

Of c o n s i d e r a b l e  v a l u e  i s  t h e  e f f e c t  upon t h e  s m a l l e r  independen ts  who, 

p r i o r  t o  t h e  NEA, appear  n o t i c e a b l y  l e s s  w i l l i n g  t o  p a r t i c i p a t e  i n  

development a t  Brawley than  do t h e  l a r g e r  c o r p o r a t e  p roducers .  

1 .4 .4  Geothermal Loan Guarantee  

The F e d e r a l  geothermal  l o a n  g u a r a n t e e  program w i l l  p r o v i d e  govern- 

ment backing t o  commercial l o a n s  f o r  up t o  75% of t h e  c o s t  of a geo ther -  

mal p r o j e c t .  From i n d u s t r y  i n t e r v i e w s ,  i t  a p p e a r s  t h a t  t h i s  program 

w i l l  b e  of c o n s i d e r a b l e  v a l u e  t o  w e l l  f i e l d  development p r o j e c t s  be ing  

under taken by independen t ly  o p e r a t i n g  r e s o u r c e  p roducers .  Although t h e  

government adds  1% t o  t h e  d e b t  i n t e r e s t  r a t e  f o r  a d m i n i s t e r i n g  t h e  l o a n ,  



t h e  program p r o v i d e s  a c c e s s  t o  r e l a t i v e l y  inexpens ive  d e b t  c a p i t a l  

which,  o t h e r w i s e ,  i s  d i f f i c u l t  f o r  equ i ty - f inanced  independent  o p e r a t o r s  

t o  o b t a i n .  

Major r e s o u r c e  producing c o r p o r a t i o n s  and e l e c t r i c  u t i l i t i e s ,  on 

t h e  o t h e r  hand, have  e x i s t i n g  a c c e s s  t o  d e b t  c a p i t a l  and appear  d i s i n -  

c l i n e d  t o  u s e  t h e  F e d e r a l  l o a n  g u a r a n t e e . .  D e f a u l t  p r o v i s i o n s  w i t h i n  

t h e  g u a r a n t e e  coupled w i t h  its f i l i n g  and a d m i n i s t r a t i o n  requ i rements  

t end  t o  a l s o  d e t r a c t  form f a v o r a b l e  c o n s i d e r a t i o n  by t h e s e  l a r g e r  f i r m s .  

R e s u l t s  of t h?  m n d ~ l i n g  s i m u l a t i o n  i n d i c a t e  t h a t  t h e  l o a n  g u a r a n t e e  

prop,ram p r o v i d e s  a  v e r y  s i g n i f i c a n t  inves tment  i n c e n t i v e  t o  t h e  indepen- 

d e n t l y  o p e r a t i n g  r e s o u r c e  producer  a t  t h e  Brawley a r e a .  The advanLage 

of t h i s , p r o g r a m  t o  t h c  major co rpo ra t e  p r n d i i r ~ r s ,  on t h e  o t h e r  hand, 

a p p e a r s  minimal a t  b e s t .  

1 .4 .5  Ela inta ining 22% Depl&t ion  

A s  d i s c u s s e d  above,  t h e  d e p l e t i o n  a l lowance  c u r r e n t l y  o f f e r e d  by 

t h e  NEA w i l l  d e c l i n e  o v e r  t h e  n e x t  few y e a r s  from t h e ' p r e s e n t  22% t o  15% 

i n  1984. By modifying t h e  cash  f low model i n  TCN2000, t h e  e f f e c t  of 

m a i n t a i n i n g  t h i s  allo'wance a t  22% was e v a l u a t e d .  R e s u l t s  i n d i c a L e  a 

r e l a t i v e  i n s e n s i t i v i t y  of l i k e l y  inves tment  b e h a v i o r  a t  Brawley t o  t h i s  

m o d i f i c a t i o n  i n  t h e  d e p l e t i o n  a l lowance  schedule . .  

I .  4. b A d d i t i o n a l  ~iivesrrnent Tax C r e d i L s  

T o t a l l y  r e f u n d a b l e  inves tment  tax c r e d i t s  of 20%, 30%, 40% and 50% 

f o r  b o t h  w e l l  f i e l d  c a p i t a l  and geothermal  power p l a n t  c a p i t a l  were  

e v a l u a t e d  by modifying t h e  Brawley c a s h  f l o w  a n a l y s i s .  R e s u l t s  i n d i c a t e  

t h a t  t o t a l l y  r e f u n d a b l e  inves tment  t a x  c r e d i t s  would p r o v i d e  a  s i g n i f i -  

c a n t  i n c e n t i v e  t o  l i k e l y  inves tment  behav ior  a t  Brawley, p a r t i c u l a r l y  

f o r  t h e  independen t ly  o p e r a t i n g  r e s o u r c e  p roducers .  Examination of t h e  

f o u r  l e v e l s  of c r e d i t s  i n d i c a t e s  t h a t  t h e  g r e a t e s t  m a r g i n a l  i n c e n t i v e  

i s  provided by i n c r e a s i n g  t h e  c r e d i t  from 30% t o  40%. 

1 . 4 . 7  $ 3 / b b l  Equiva len t  Energy P r o d u c t i o n  Tax C r e d i t  

A $3/bb l  o f  o i l  e q u i v a l e n t  energy p r o d u c t i o n  t a x  c r e d i t  t r a n s l a t e s  

t o  a  4 .3  mills/kWh c r e d i t  by assuming a  h e a t i n g  v a l u e  o f  153,600 B t u / g a l  
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f o r  heavy o i l  and a  h e a t  r a t e  of 9,300 Btu/kWh f o r  a n  o i l - f i r e d  steam 

power p l a n t .  The e f f e c t  of t h i s  t a x  c r e d i t ,  i f  t o t a l l y  r e f u n d a b l e  and 

a v a i l a b l e  t o  e l e c t r i c  u t i l i t y  companies,  w i l l  b e  t o  i n c r e a s e  t h e  margin- 

a l l y  c o m p e t i t i v e  p r i c e  of a  geo thermal  r e s o u r c e  by 4 . 3  mi l l s /k \ Jh .  The 

impact upon independen t ly  o p e r a t i n g  r e s o u r c e  p roducers  a t  Brawley i s  

s i g n i f i c a n t ,  p a r t , i c u l a r l y  f o r  inves tment  l i m i t e d  t o  w e l l  f i e l d  develop- 

ment f o r  an  i n i t i a l  50 megawatts of e l e c t r i c  power p r o d u c t i o n .  

1 .4 .8  Combined Produc t ion  and Investment  Tax C r e d i t s  

The $3 /bb l  o f  o i l  e q u i v a l e n t  energy p roduc t ion  t a x  c r e d i t  combined 

w i t h  t h e  50% inves tment  t a x  c r e d i t  a r e  e v a l u a t e d  f o r  t h e i r  t o t a l  e f f e c t  

upon l i k e l y  investment  b e h a v i o r  a t  Brawley. As b e f o r e ,  t h e  p r o d u c t i o n  

t a x  c r e d i t  t r a n s l a t e s  t o  a 4 .3  mills/kWh i n c r e a s e  i n  t h e  m a r g i n a l l y  com- 

p e t i t i v e  hydrothermal  r e s o u r c e  p r i c e  which, i n  t u r n ,  p r o v i d e s  i n c r e a s e d  

p roduc t ion  revenues  t o  t h e  r e s o u r c e  p roducer .  The 505 inves tment  t a x  

c r e d i t  i s  assumed t o  be  a p p l i c a b l e  t o  geothermal  i n v e s t m e n t s  by b o t h  t h e  

e l e c t r i c  u t i l i t i e s  and t h e  r e s o u r c e  p roducers .  I ts e f f e c t  i s  twofold:  

(1) i t  i n c r e a s e d  t h e  c o m p e t i t i v e  geothermal  r e s o u r c e  p r i c e  by e f f e c t i v e -  

l y  reduc ing  t h e  u t i l i t i e s '  c a p i t a l  c o s t  f o r  c o n v e r t i n g  hydrothermal  

f l u i d  t o  e l e c t r i c i t y ,  and ( 2 )  i t  r e d u c e s  t h e  e f f e c t i v e  c a p i t a l  i n v e s t -  

ment r e q u i r e d  of t h e  r e s o u r c e  p r o d u c e r s  f o r  w e l l  f i e l d  development.  

Both t h e  p r o d u c t i o n  t a x  c r e d i t  and t h e  inves tment  t a x  c r e d i t  are assumed 

t o  be  t o t a l l y .  r e f u n d a b l e .  

The t a x  c r e d i t s  a f f o r d  a  38% i n c r e a s e  i n  t h e  c o m p e t i t i v e  geothermal  

r e s o u r c e  p r i c e  a t  Brawley. The impact of t h e  combined c r e d i t s  upon 

inves tment  d e c i s i o n s  a t  Brawley i s  l i k e l y  t o  b e  s i g n i f i c a n t  f o r  b o t h  

major c o r p o r a t e  p roducers  and independen t ly  o p e r a t i n g  p roducers .  

1 . 5  CONCLUSION 

T h i s  r e p o r t  d i s c u s s e s  a  new approach  t o  r e s o u r c e  and p o l i c y  ana ly -  

sis from t h e  p e r s p e c t i v e  o f  t h e  inves tment  d e c i s i o n  maker. The v a l u e  of 

t h i s  t e c h n i q u e  f o r  a s s e s s i n g  t h e  economic p o t e n t i a l  o f  r e s o u r c e s  and' 

t e c h n o l o g i e s ,  and f o r  a s s e s s i n g  t h e  l i k e l y  e f f e c t i v e n e s s  of p o l i c y  i n -  

c e n t i v e s ,  i s  demonstra ted h e r e i n .  The l i k e l y  impacts  of R&D program ob- 

j e c t i v e s  t o  reduce  w e l l  c o s t s ,  f o r  example, o r  improve p l a n t  e f f i c i e n c i e s  
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o r  improve r e s o u r c e  c o n f i d e n c e  can a l s o  be e f f e c t i v e l y  e v a l u a t e d  by 

t a k i n g  advan tage  of t h i s  a n a l y t i c  t echn ique .  

On-going work i s  f o c u s i n g  on a d e c i s i o n  model f o r  e l e c t r i c  u t i l i t i e s  

which w i l l  b e  i n t e g r a t e d  w i t h  t h e  r e s o u r c e  p r o d u c e r s '  model b e i n g  d i s -  

cussed  h e r e .  The combined models w i l l  e s t i m a t e  t h e  j o i n t  p r o b a b i l i t y  

of f a v o r a b l e  d e c i s i o n s  t o  deve lop  w e l l  f i e l d s  and c o n s t r u c t  power f a c i l -  

i t i e s  a t  g i v e n  r e s o u r c e  a r e a s .  P e r i o d i c a l l y  t h e  d e c i s i o n  models w i l l  b e  

updated t o  r e f l e c t  changing p r e f e r e n c e s  of t h e  d e c i s i o n  makers and 

changing f i n a n c i a l  and economic t r e n d s .  

On-going work i s  a l s o  expandjng t h e  p r e s e n t  C a l i f o r n i a  and Utah 

r e s o u r c e  hase t o  a n a t i o n a l  scope.  T h i s  w i l l  f a c i l i t a t e  a n a l y s e s  of 

t h e  n a t i o n a l  impact of p o l i c y  a l t e r n a t i v e s  and p r o v i d e  t h e  means f o r  

comprehensive r e s o u r c e  assessments .  



Chapter  Two 

HYDROTHERMAL FINANCIAL MODEL (TCN2000) 

A s t o c h a s t i c  d i s c o u n t e d  c a s h  f low model, TCN2000, i s  used t o  a n a l y z e  

hydrothermal  w e l l  f i e l d  investment  o p p o r t u n i t i e s .  T h i s  model adcounts  
0 f o r  a t i m e - s e r i e s  of c a p i t a l  inves tments ,  expenses ,  t a x e s ,  r o y a l t i e s  and 

revenues  i n c u r r e d  i n  t h e  e x p l o r a t i o n ,  c o n f i r m a t i o n ,  development and 

p roduc t ion  of hydrothermal  r e s o u r c e s  f o r  e l e c t r i c  power g e n e r a t i o n .  

With t h e  c a s h  f l o w  model, p r o b a b i l i s t i c ' o u t c o m e s  of a p o s i t i v e  in-  

ves tment  d e c i s i o n  may b e  ana lyzed  f o r  each investment  o p p o r t u n i t y .  For 

t h e  hydrothermal  w e l l  f i e l d  p r o j e c t s  be ing  s t u d i e d  a t  p r e s e n t ,  t h e  model 

p rov ides  p r o b a b i l i s t i c  e s t i m a t e s  o f :  ( a )  t h e  r a t e  of r e t u r n  on i n v e s t e d  

c a p i t a l ,  (b)  t h e  inves tment  payback t i m e ,  and ( c )  t h e  n e t  p r e s e n t  v a l u e  

of prof i t s .  The model a l s o  p rov ides  p r o b a b i l i s t i c  e s t i m a t e s  of (d )  t h e  

amount of investment  a t  r i s k  and,  based upon s i t e - s p e c i f i c  mappings of 

l e v e l s  of c o n f i d e n c e  prepared by c o n s u l t i n g  geothermal  g e o l o g i s t s ,  t h e  

model e s t i m a t e s  t h e  l i k e l i h o o d  t h a t  such  l o s s  w i l l  b e  i n c u r r e d .  

2.1 STOCHASTIC VARIABLES 

U n c e r t a i n t i e s  i n  each hydrothermal  inves tment  o p p o r t u n i t y  are accom- 

modated th rough  p r o b a b i l i t y  d i s t r i b u t i o n s  a t t a c h e d  t o  n i n e  key e lements  

of t h e  c a s h  f low model. Power p l a n t  c a p a c i t y  f a c t o r ,  r e s e r v o i r  d e p t h ,  

w e l l  c o s t , d r y  w e l l f r e q u e n c y ,  r e s o u r c e  t empera tu re ,  w e l l  f l o w  r a t e ,  w e l l  

l i f e ,  s u r f a c e  p i p i n g  c o s t ,  and power p l a n t  c o s t  a r e  u n c e r t a i n  t o  s i g n i f i -  

c a n t  d e g r e e s  and a r e ,  t h e r e f o r e ,  provided t o  t h e  model i n  t h e  form of 

s i t e - s p e c i f i c  d e n s i t y  f u n c t i o n s .  Using i t e r a t i v e  Monte C a r l o  s i m u l a t i o n  

t e c h n i q u e s ,  random v a r i a t e s  a r e  drawn from t h e s e  d e n s i t y  f u n c t i o n s  and 

a r e  p rocessed  by t h e  model. The Monte Car lo  i t e r a t i o n s  produce p r o b a b i l -  

i s t i c  e s t i m a t e s  of t h e  f o u r  investment  a t t r i b u t e s  ( a  t h r u  d ,  above) 

which, t o g e t h e r  w i t h  t h e  above mentioned l i k e l i h o o d  of l o s s  e s t i m a t e ,  

a r e  n e c e s s a r y  i n g r e d i e n t s  f o r  inves tment  d e c i s i o n  a n a l y s i s  a s  d i s c u s s e d  

i n  Chapter  3 .  

A s  new and more s u b s t a n t i a l  e m p i r i c a l  d a t a  become a v a i l a b l e  from 
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hydrothermal  developmental  p r o j e c t s ,  t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  

s t o c h a s t i c  e lements  of t h e  c u r r e n t  model w i l l  b e  reduced.  These new 

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

w i t h  each v a r i a b l e  and w i l l  r e f i n e  t h e  model ' s  accuracy .  U n t i l  such 

t i m e  a s  s u b s t a n t i a l  new d a t a  are prov ided ,  s i g n i f i c a n t  u n c e r t a i n t y  and 

inves tment  r i s k  w i l l  b e  c h a r a c t e r i s t i c  of hydrothermal  v e n t u r e s .  

2.2 PRE-PRODUCTION CASH n o w  
Table  2-1 p r e s e n t s  t h e  e s t i m a t e d  c o s t s  of e x p l o r a t i o n ,  c o n f i r m a t i o n  

and development a s s o c i a t e d  w i t h  one  commercially v i a b l  e hydro thema 1 

d i s c o v e r y .  These e s t i m a t e s  r e p r e s e n t  a compromise between somewhat d i s -  

p a r a t e  f i g u r e s  found i n  r e c e n t  l i t e r a t u r e 7  and in format  i o n  o b t a i n e d  

through p e r s o n a l  communication w i t h  i n d u s t r y  e x p e r t s .  

Treatment  of t h e  s e v e r a l  c o s t  i t e m s ,  as t o  whether  each is  expensed 

a s  i n c u r r e d  o r  c a p i t a l i z e d  and s u b s e q u e n t l y  amor t i zed  over  a  s p e c i f i e d  

d e p r e c i a b l e  l i f e ,  f o l l o w s  t h e  s u g g e s t i o n s  of G r e i d e r  (1974) and P o r t e r  

(1965).  Expensed items i n c l u d e d  r e k i o n a l  o r  r e c o n n a i s s a n c e  e x p e n d i t u r e s ,  

e x p l o r a t i o n  and c o n f i r m a t i o n  e x p e n d i t u r e s  on u n r e t a i n e d  l a n d ,  unsuccess-  

f u l  w e l l  c o s t s ,  and e x p e n d i t u r e s  r e q u i r e d  t o  m a i n t a i n  commercial opera-  

t i o n s  i n c l u d i n g  r e n t a l s ,  r o y a l t i e s ,  t a x e s ,  and o p e r a t i n g  and maintenance 

c o s t s .  C a p i t a l i z e d  items i n c l u d e  explorat ion,expenditures l e a d i n g  d i ?  

r e c t l y  t o -  a c q u i s i t i o n  o r  r e t e n t i o n  of l a n d ,  l e a s e  bonuses ,  and c a p i t a l  

c o s t s  f o r  a l l  s u r f a c e  f a c i l i t i e s .  For t a x  purposes ,  t h e  i n t a n g i b l e  por- 

t i .on  e of  s u c c e s s f u l  w e l l  c o s t s  i s  expensed and t h e  t a r i g i b l e  p o r t i o n  i s  

c a p i t a l i z e d .  For book purposes ,  t h e  t o t a l  c o s t  of a s u c c e s s f u l  w e l l  i s  

c a p i t a l i z e d .  

P re -produc t ion  c o s t  e lements  n o t  l i s t e d  i n  Tab le  2-1 b u t  which are 

i n c l u d e d  i n  TCN2000 are d i s c u s s e d  below. 

7 
See EPRI (1976) ,  Ward (1977) and U n i v e r s i t y  o f  Utah (1978) .  

8 
50% (Ref.  S a c a r t o ,  1977) t o  75% (Ref.  EPRI, 1 9 7 8 ) ' o f  a  w e l l ' s  c o s t  
may b e  c o n s i d e r e d  i n t a n g i b l e  and expensed a s  such f o r  t a x  purposes .  



TABLE 2-1 

PRE-PRODUCTION COST ESTIMATE 
FOR ONE PRODUCIBLE HYDROTHERMAL DISCOVERY 

'one Area ; 7500 a c r e s .  

r 

YEAR 

1 

2 6 3  

7 

8 6 9  

' ~ x p e n s e s  v i l l  a l s o  i n c l u d e  annua l  l and  r e n t a l ,  ad v a l -  
orem t axes ,  and ( f o r  t a x  purposes)  t h e  i n t a n g i b l e  por- 
t i o n  of c a p i t a l i z e d  v e l l  c o s t s .  The cash  f l o v  w i l l  
a l s o  be c r e d i t e d  v i t h  income t a x  r e funds  a f fo rded  by 
investment t a x  c r e d i t s  on i n s c a l l e d  v e l l f i e l d  c a p i t a l  
and by deduct ing c a p i t a l  d e p r e c i a t i o n  and expenses  
from unre l a t ed  t a x a b l e  income. Refer  t o  t e x t .  

' ~ a s e d  upon s i t e - s p e c i f i c  l e a s e  bonus (a ca sh  f l o v  
model input  parameter)  on u l t i m a t e l y  p roduc t ive  
acreage.  

PROCEDURES 

RECONNAISSANCE - Literature search 6 analysis - Photography, imagery 6 photogeology 
PRE-LEASE SURFACE EXPLORATION - Permits 6 Notice of Intent - Geology, geochemistry 6 thermal gradients 

LAND ACQUISITION 
- Application 6 environmental studies (if req'd) 
- Competitive bonus bid (if req'd) 
POST-LEASE SURFACE EXPLORATION - Geophysical 6 electrical - Market assessment b financing 

SHALLOW SUB-SURFACE EXPLORATION 
- Drill 6 log thermal gradient wells - Permits, drill 6 test shallow wells 
- Conceptual models 

DETAILED EXPLORATION - Geology, geophysics 6 geochemistry 
DEEP EXPLORATORY WELLS - Permits, mobilize rig 6 drill deep well - Test 6 evaluate 
CONFIRMATION - Permits, 2 step-out wellse 6 injection wells 
- Sustained flow test 

MODELING 6 ENVIRONMENTAL STUDIES 
,- Fault pattern definition 
- Environmental assessments - Consumer evaluations 6 negotiations 

WELL FIELD ENGINEERING - Permits b development plan 
- Engineer surface facilities 

CONSTRUCT SURFACE FACILITIES 
- Permits 6 procurement 
- Construct roads 6 buildings 
WELL FIELD DEVELOPMENT - Mobilize drilling rig - Drill 6 case producer 6 injector wells 
- Construct surface piping 

* ~ ~ u i v a l e n t  t o  an  a v e r a g e  l e a s e  bonus of S l l f a c r e  on 
17 unreta ined a c r e s  @ 7500 a c r e s f a r e a .  

' ~ s t i m a t e d  auccess  r a t i o s  f o r  deep  e x p l o r a t i o n  v e l l s  
va ry  from 1: 15 (Ref. U n i v e r s i t y  of Utah, 1978, p.58) 
t o  5:15 (Ref. Ward, 1977). The 1:s  e s t i m a t e  used 

AREAS' 

62 

3 5 

18 

18 

13 

5 

5' 

1 

1 

1 

1 

1 

h e r e  r e p r e s e n t s  a  compromise betveen t h e s e  e s t i m a t e s  
and is c o n s i s t e n t  v i t h  t h e  211 success  r a t e  f o r  exp lo ra -  
t o r y  w e l l s  o u t s i d e  vell-known a r e a s  per  Un ive r s i ty  of 
Utah (1978) p.51. 

6 ~ i t e - s p e c i f i c  deep v e l l  c o s t  is  a  f u n c t i o n  o f  r e s e r v o i r  
dep th  and geology. Refer  t o  t e x t .  

7 ~ s s u m e s  3 f a i l u r e s  @ $350,000 and 1 f a i l u r e  v i t h  c a s i n g  
run @ $750,000. 

'industry responses  t o  t h e  q u e s t i o n  of t h e  number of deep 
v e l l s  r equ i r ed  f o r  con f i rma t ion  v a r i e d  from two t o  more 
than f i v e  v i t h  t h r e e  ( i . e .  one  s u c c e s s f u l  e x p l o r a t o r y  
v e l l  p l u s  tw s tep -ou t  v e l l s )  being t h e  mean r e sponse .  

91ncludes  a c t i v e  and s p a r e  producer  v e l l s  and i n j e c t o r  
v e l l s  p l u s  a d d i t i o n a l  r e d r i l l  c o s t s .  Refer  t o  t e x t .  

' O ~ n c l u d e s  d r y  v e l l s  encountered i n  f i e l d  dwelopmenc.  
Re fe r  t o  t e x t .  

CAPITALIZED COST 

$0 

50,000 

Site-specific' 

15,000 

40,000 

75,000 

Site-specif ic6 

site-specific6 

800,000 

125,000 

225,000 

Site-specific6f9 

EXPENSED COST= 

$40,000 

1,700,000 

1,400,000~ 

250,000 

480,000 

300,000 

1,800,000~ 

0 

0 

0 

0 

Site-specificlo 
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2 .2 .1  R e n t a l s  

Fol lowing a c q u i s i t i o n ,  a n n u a l  r e n t a l  i s  pa id  on l e a s e d  l a n d . u n t i 1  

commercial p r o d u c t i o n  commences o r  u n t i l  t h e  l and  i s  r e l i n q u i s h e d  

( P o r t e r ,  1965) .  Annual r e n t a l s  on p u b l i c  l a n d s  a r e  t y p i c a l l y  $1 p e r  

a c r e ,  excep t  on F e d e r a l  KGRA l a n d  where t h e  r e n t  i s  $2 per  a c r e .  Ren ta l  

rates on p u b l i c  l a n d s  may e s c a l a t e  by $1 p e r  a c r e  p e r  year  i f  d i l i g e n t  

development h a s  n o t  p r o g r e s s e d  a f t e r  f i v e  y e a r s  from a c q u i s i t i o n  

(U.S.R.L.M., 1978) .  R e n t a l  payments on p r i v a t e  l a n d s  may b e  c o n s i d e r a -  

b l y  h i g h e r  u n t i l  commercial p r o d u c t i o n .  

2 .2 .2  Ad Valorem Taxes 

Local  ad valorem t a x  l i a b i l i t i e s  v a r y  from county t o  coun ty  i n  b o t h  

r a t e  and computa t iona l  methodology. Lindsey and Supton (1976) ,  P o r t e r  

(1965) ,  S a c a r t o  (1977) and Wagner (1977) d i s c u s s  ad valorem t a x  l e v i e s  

i n  c o n s i d e r a b l e  d e t a i l .  For  Utah r e s o u r c e s  i n  t h e  Roosevelt /Cove F o r t -  

S u l p h u r d a l e  r e g i o n ,  f o r  example, a n n u a l  ad valorem t a x e s  a r e  l e v i e d  a t  

a  rate of 5 p e r c e n t  of 25 p e r c e n t  of t h e  book v a l u e  of i n s t a l l e d  w e l l -  

f i e l d  c a p i t a l  p r i o r  t o  commercial p r o d u c t i o n  and a t  5  p e r c e n t  of g r o s s  

revenues  less expenses ,  r e s o u r c e  d e p l e t i o n  and c a p i t a l  d e p r e c i a t i o n  dur- 

i n g  commercial p r o d u c t i o n .  For C a l i f o r n i a  r e s o u r c e s  i n  t h e  Geysers  a r e a ,  

ad  valorem t a x e s  p r i o r  t o  r e s e r v o i r  c o n f i r m a t i o n  a r e  l e v i e d  a t  a  r a t e  of 

4 p e r c e n t  o f  25 p e r c e n t  of t h e  lease c o s t .  Once t h e  r e s e r v o i r  i s  con- 

f i r m e d ,  t h e  t a x e s  a r e  l e v i e d  on t h e  e s t i m a t e d  b e f o r e - t a x  n e t  p r e s e n t  

v a l u e  of t h e  r e s o u r c e .  

2 .2 .3  Deep Well Requirements 

The r e q u i r e d  number of a c t i v e  p r o d ~ l c i n g  w . e l l s  i.s de.pendent. upon t h e  

s i t e - s p e c i f i c  t e m p e r a t u r e  of t h e  r e s o u r c e ,  t h e  f l o w  r a t e  pe r  w e l l  and 

t h e  c a p a c i t y  and performance of t h e  power p l a n t  b e i n g  suppor ted  by t h e  

w e l l  f i e l d .  Resource t e m p e r a t u r e  and w e l l  f low r a t e  a r e  t r e a t e d  s toch-  

a s t i c a l l y  i n  t h e  inves tment  model a s  d i s c u s s e d  e a r l i e r  i n  t h i s  c h a p t e r .  

Power p l a n t  performance may b e  expressed  i n  terms of n e t  s p e c i f i c  

energy (wat t  h o u r s  g e n e r a t e d  p e r  pound of hydrothermal  f l u i d )  a s  a  func-  

t i o n  of t h e  r e s o u r c e  t empera tu re .  F i g u r e  2-1 i l l u s t r a t e s  t h e  r e l a t i o n -  

s h i p  between n e t  s p e c i f i c  energy and r e s o u r c e  t empera tu re  f o r  l i q u i d - .  
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F i g u r e  2-1. ENERGY CONVERSION EFFICIENCY 
OF LIQUID-DOMINATED HYDROTHERMAL POWER PLANTS 

dominated hydrothermal  r e s e r v o i r s  a s  pub l i shed  by EPRI (1976)' . 
For investment  modeling purposes ,  t h e  a c t i v e  producing w e l l  r e q u i r e -  

ment is e s t i m a t e d  by t h e  r e l a t i o n :  

where kW r e p r e s e n t s  t h e  g e n e r a t i o n  c a p a c i t y  being suppor ted  ( k i l o w a t t s ) ,  

us is t h e  n e t  s p e c i f i c  .energy a t  r e s o u r c e  t e m p e r a t u r e  T, and LJF i s  t h e  

f l o w  r a t e  p e r  a c t i v e  producer  w e l l  (1000 l b s l h r ) .  

Resource t empera tu re  and w e l l  f l o w  r a t e s  may d e c l i n e  wi th  t i m e  

t h e r e b y  i n c r e a s i n g  w e l l  r equ i rements  d u r i n g  p roduc t ion  y e a r s .  Although 

t h i s  r e s o u r c e  drawdown phenomenon h a s  been exper ienced  a t  t h e  Broadlands  

f i e l d  i n  New Zealand ( r e f .  Hi tchcock and B i x l e y ,  1976) and h a s  been 

t h e o r e t i c a l l y  e s t i m a t e d  f o r  t h e  Heber f i e l d  i n  C a l i f o r n i a  ( r e f .  B e c h t e l ,  

1977) ,  i t  has  n o t  been exper ienced  t o  any s i g n i f i c a n t  d e g r e e  a t  t h e  

9 EPRI f i g u r e s  on n e t  s p e c i f i c  energy a r e  i n  r e a s o n a b l e  agreement w i t h  
s i m i l a r  f i g u r e s  pub l i shed  by B e c h t e l  (1946) and (1977).  
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Geysers  t o  d a t e .  Drawdown e f f e c t s  may b e  c o n t r o l l e d  by r e s e r v o i r  manage- 

ment t e c h n i q u e s  ii.nd enhanced recovery  methods.  B l a i r  and C a s s e l  (1978) 

and B l a i r ,  e t  a l .  (1979) d i s c u s s  t h e  economic consequences of hydro ther -  

mal r e s o u r c e  d e c l i n e  i n  c o n s i d e r a b l e  d e t a i l ;  however, because  of i t s  

l a r g e l y  s p e c u l a t i v e  n a t u r e  a t  p r e s e n t ,  t h i s  phenomenon is  n o t  i n c l u d e d  

i n  t h e  p r e s e n t  a p p l i c a t i o n  o f  TCN2000. 

I n  a d d i t i o n  t o  t h e  a c t i v e  producer  w e l l s  d r i l l e d  d u r i n g  f i e l d  d e v e l -  

opment, i n j e c t o r  w e l l s  and s p a r e  p roducer  w e l l s  a r e  a l s o  r e q u i r e d ,  t h e  

fo rmer  t o  r e i n j e c t  s p e n t  geothermal  f l u i d  i n t o  t h e  a q u i f e r  upon d i s c h a r g e  

from t h e  power p l a n t  and t h e ,  l a t t e r  t o  p r o v i d e  a  r e a s o n a b l e  s t andby  m a r -  

g i n  o f  r e s e r v e  p r o d u c t i o n  c a p a c i t y .  The r a t i o  o f  a c t i v e  p roducer  t o  in -  

jector  well^ (FIR) i o  g c n c r a l l y  2 :  1 a ~ c u ~ J I 1 1 g  LU I I I~USCPY daea w h i i e  t h e  

s p a r e  w e l l  f r a c t i o n  (SWF), i . e .  f r a c t i o n  of t o t a l  producing w e l l s  which 

r e p r e s e n t s  s p a r e  c a p a c i t y ,  v a r i e s  from 0.25 t o  0.10.  T o t a l  deep w e l l  

r e q u i r e m e n t s  f o r  f i e l d  development a r e  t h e r e f o r e :  

1 
DRL = [l + + -1 x NACT 

2.2.4 Deep . - Well .- C o s t s  

For inves tment  modeling purposes ,  deep w e l l  c o s t s  were  found t o  

i n c r e a s e  i n  p r o p o r t i o n  t o  t h e  s q u a r e  nf  well  dpp t ,h  hihen f i t  by l e a c t  

s q u a r e s  r e g r e s s i o n  t o  a v a i l a b l e  well  r.nst da ta '  ? The r e s u l t i n g  c o s t  

c u r v e s  (shown i n  F i g u r e  2-2) a r e :  

Sedimentary Geology: WC = .245 + .0044d 
2  2  

R = .833 
(. - 000s) 

Igneous  Geology: WC = .378 + .0211d 
2 2 

R = .72 
( .0035) 

w i t h  d  expressed  i n  thousands  of f e e t  and WC i n  m i l l i o n s  of d o l l a r s  f o r  

w c r l l ,  w e l l  hcnd, and c a s i n g 1 ' .  L'il TCNZUUO but11 d and WC are t r e a t e d  a s  

s i t e - s p e c i f i c  s t o c h a s t i c  v a r i a b l e s .  

' 'well c o s t  d a t a  p l o t t e d  i n  F i g u r e  2-2 were  provided by s e v e r a l  r e s o u r c e  
p r o d u c e r s  and d r i l l i n g  f i r m s ,  by Lawrence Berke ley  L a b o r a t o r i e s  (1979) 
.and by EPRI (1976) .  

"Standard e r r o r  e s t i m a t e s  from t h e  r e g r e s s i o n  a n a l y s i s  are given i n  
p a r e n t h e s e s .  ~2 r e p r e s e n t s  t h e  c o e f f i c i e n t  of d e t e r m i n a t i o n .  
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Figure  2-2. HYDROTHERMAL DEEP WELL COSTS 

A f r a c t i o n  (IRD) o f . d e e p  producer . .wel ls ,  t y p i c a l l y  about 30 percent  

based upon industry-supplied d a t a ,  may be expected t o  r e q u i r e  r e d r i l l i n g  

i n i t i a l l y  during f i e l d  development . to  improve f l u i d  flow. The c o s t  of 

r e d r i l l i n g  a we l l  i s  est imated t o  be ' abou t  35' percent  (:RDC) of WC. The 

average c o s t  dur ing  development of a c t i v e  and s p a r e  producer w e l l s  is  

therefore :  ' (1 + .IRD x RDC').) x WC. 

During f i e l d  development, a f r a c t i o n  (DWF). of t h e  t o t a l  number of 

we l l s  d r i l l e d  a s  producers a r e . expec ted  t o  b e  unsuccessfu l  d r y  we l l s .  

T h i s . d r y  w e l l  f r a c t i o n  i s  t r e a t e d  a s  a s i t e - s p e c i f i c  s t o c h a s t i c  v a r i a b l e  

i n  TCN2000. The expected number &f d ry  we l l s  i s  the re fo re :  

DRY = [s] x [l + 5 1  x NACT 

Unsuccessful w e l l s  are n o t  f u l l y  cased,  and a r e  est imated a t  90 percent  

(DWC), of t h e  c o s t  (WC) of a succes s fu l  deep wel l .  

2.2.5 Surface Piping Costs  

Published c o s t  e s t ima te s  f o r  s u r f a c e  p ip ing  between t h e  w e l l  h.eads 
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and power p l a n t  a r e  widely d ispersed  i n  t h e  l i t e r a t u r e 1 2 .  F igure  2-3 

envelops t h e s e  c o s t s  per kilo 'watt  of genera t ion  capac i ty  a s  a func t ion  

of t h e  temperature of a liquid-dominated resource .  To accommodate t h e  

wide d i s p e r s i o n ,  f o r  investment modeling purposes t h i s  c a p i t a l  c o s t  i s  

es t imated  a s  a: s i t e - s p e c i f i c  s t o c h a s t i c  v a r i a b l e  dependent upon r e source  

temperature.  

TCN2000 treats s u r f a c e  p ip ing  c o s t s  a s  a w e l l  f i e l d  c a p i t a l  i nves t -  

ment f o r  C a l i f o r n i a  r e sou rce  a r e a s .  However, i n  t h e  S t a t e  of Utah, 

pub l i c  po l icy  p e r t a i n i n g  t o  t h e  t ransmiss ion  of sub-surface water  w i l l  

l i k e l y  impose u t i l i t y  connnission r e g u l a t i o n s  upon t h e  owner of t h e  sur-  

f a c e  p ip ing  system. .Hence, p r i v a t e  r e sou rce  producers ,  who seek  t o  

avoid r e g u l a t i o n ,  i n d i c a t e  a p re fe rence  f o r  t h e  r egu la t ed  e l e c t r i c  u t i l i -  

t y  t o  own t h e  s u r f a c e  piping system a t  Utah resource areas. TCN2000 

t r e a t s  s u r f a c e  p ip ing  c o s t s  a s  a n  a d d i t i o n a l  power p l a n t  investment 

( r e f e r  t o  s e c t i o n  2 . 3 . 1 )  a t  Utah a r e a s ,  r a t h e r  than  as  a w e l l  field 

investment .  

-,-CEu,RFAcE PJPING C,APImL COST 
0 - ---,_.- U 

-1 

-------I-~~--~ 
n- (lorrcr bound) -06- u ----------- U 

Figure  2-3. CAPITAL COST OF LIQUID-DOMINATED 
HYDROTHERMAL WELL FIELD SURFACE PIPING 

1 2 ~ e f .  Bechtel  (1977), Greider  '(1977) and information rece ived  i n  
personal  c o m u n i c a t i o n  wi th  indus t ry  con t r ibu to r s .  
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2.2.6 Income Tax C r e d i t s  

Pre-production expenses, ad valorem t axes ,  i n t e r e s t  on t h e  borrowed 

po r t ion  of inves ted  c a p i t a l ,  and c a p i t a l  dep rec i a t ion  a r e  assumed t o  be 

deduc t ib l e  from unre l a t ed  income f o r  t a x  purposes.  Reductions i n  income 

t a x  l i a b i l i t y  a t t r i b u t a b l e  t o  t h e s e  deduct ions p l u s  investment t a x  cre-  

d i t s  on i n s t a l l e d  w e l l  f i e l d  c a p i t a l  combine t o  provide a p o s i t i v e  c r e d i t  

t o  t h e  resource  producer 's  pre-production cash  flow. 

2.3 CASH FLOW DURING COMMERCIAL PRODUCTION 

2.3.1 Resource P r i c i n g  'arid ' ~ e ~ e n u e s '  

There i s  cons iderable  l i t e r a t u r e  and cont roversy  concerning equi ta -  

b l e  p r i c i n g  mechanisms f o r  hydrothermal f l u i d ,  e .g .  EPRI (1978), F inn  

(19751, Greider  (:1977), and Lindsey and Supton '(1976). L e g i s l a t i v e  con- 

cern  over  so-cal led "windfal l  p r o f i t s "  t o  r e sou rce  producers  is  exempli- 

f i e d  by t h e  C a l i f o r n i a  Senate  Concurrent Resolut ion No. 37, passed on 

September 1, 1976, which i n i t i a t e d  a s tudy  of r egu la to ry  pol icy  a l t e r n a -  

t i v e s  f o r  hydrothermal steam. Af ter  much a n a l y s i s ,  th.e C a l i f o r n i a  S t a t e  

Energy Resources Conservation and Development Commission concluded t h a t  

p r i c e  r egu la t ion  was n e i t h e r  warranted nor d e s i r a b l e  from t h e  perspec- 

t i v e  of promoting r e sou rce  development. 

I n  t h e  absence of e x t e r n a l  p r i c e  r e g u l a t i o n ,  i t  i s  up to ,  t h e  re- 

source  producer (i.e. t h e  s e l l e r )  and t h e  e l e c t r i c  power producer (:i.e. 

t h e  buyer) t o  n e g o t i a t e  a mutual ly accep tab le  resource  p r i c e .  From t h e  

pe r spec t ive  of t h e  e l e c t r i c  power producer,  t h e  cost-competi t iveness  of 

hydrothermal e l e c t r i c  energy may b e  determined a t  t h e  po in t  where t h i s  

energy reaches  a main t ransmission l i n e  c o r r i d o r .  A t  t h i s  po in t ,  t h e  

t o t a l  energy c o s t  - inc luding  f u e l  c o s t ,  power product ion c o s t s ,  and 

apport ioned t ransmiss ion  c o s t  - competes. with. th0s.e c o s t s  of a l t e r n a t i v e  

forms of baseload genera t ion ,  e ,g . ,  c o a l ,  nuc l ea r ,  and o i l - f i r e d  genera- 

t i o n .  Responses of n i n e  western e l e c t r l c  u t i l i t i e s  t o  ques t ions  of con- 

cern  f o r  e l e c t r i c  energy c o s t  i n d i c a t e  t h a t  f o r  f avo rab le  cons ide ra t ion ,  

hydrothermal e l e c t r i c  energy must b e  roughly compet i t ive  i n  c o s t  t o  t h a t  

l 3  This d i s c u s s i o n ' i s  a l s o  presented by Cassel, e t  a l .  '(3979a). 
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of t h e  l e a s t  expensive a l t e r n a t i v e  form' of baseload generat ion.  Thus 

considered, t h e  l e a s t  expensive baseload a l t e r n a t i v e  d i c t a t e s  t h e  cos t  , 

of hydrothermal power a t  t h e  margin of accep tab i l i ty .  

Al t e rna t ive  types of generat ion technology may be ranked i n  terms 

of t h e  e l e c t r i c  u t i l i ty ' s" 'u t i1 i ty"  f o r  each, where u t i l i t y  i s  a  numeri- 

c a l  measure of preference.  Figure 2-4 i l i u s t r a t e s  t h e  mean u t i l i t y  of 
14 hydrothermal power, a s  a  funct ion  of busbar cos t  , a s  regressed from 

in terview responses from nine  western u t i l i t i e s .  A s l i g h t  b i a s  i n  

120% of Compet i 
Cost  o f  El ectr l  

Figure 2-4. ELECTRIC UTILITIES' "UTILfm" FOR GEOTHERMAL 
POWER - v s  - DELIVERED COST OF ELECTRIC ENERGY 

t i ve 
c i t y  

Busbar cos t  of e l e c t r i c i t y  is  but one of severa l  i tems which comprise 
an e l e c t r i c  u t i l i t y ' s  " t o t a l  u t i l i t y "  f o r  an a l t e r n a t i v e  type of 
generat ion.  Other items may inc lude  an t i c ipa ted  permit t ing delays ,  
c a p i t a l  cos t ,  outlook f o r  f u e l  p r i c e s ,  p l an t  r e l i a b i l i t y ,  e t c .  
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favor  of hydrothermal gene ra t ion  is  i l l u s t r a t e d  a t  t h e  po in t  i n  F igure  

2-4 where t h e  hydrothermal busbar c o s t  i s  equ iva l en t  t o  t h e  least expen- 

s i v e  a l t e r n a t i v e .  A r a p i d l y  inc reas ing  ave r s ion  t o  hydrothermal genera- 

t i o n  is apparent  when i t s  busbar cos t  exceeds t h a t  of t h e  l e a s t  c o s t l y  

a l t e r n a t i v e  by more than about 2+%. I f  t h e  busbar c o s t  of t h e  l e a s t  

c o s t l y  a l t e r n a t i v e  i s  exceeded by about 18%, a maximum d i s u t i l i t y  is 

perceived and t h e  hydrothermal op t ion  would, most l i k e l y ,  b e  precluded 

from cons idera t ion .  

Competit ive Resource P r i c ing .  The'above i l l u s t r a t i o n  suppor t s  the. as- 

sumption t h a t  an  acceptab le  p r i c i n g  mechantsm f o r  I~ydrothermal  "fuel"  

from. t h e  e l e c t r i c  u t i l i t i e s '  pe r spec t ive  i s  one which s a t i s f i e s  t h e  

Level Annual Cost of Level Annual Cost of 
Hydrothermal E l e c t r i c  Energy A l t e r n a t i v e  E l e c t r i c  Energy 

- 
where: P and P rep resen t  t h e  l e v e l i z e d  p r i c e  per  kilowatt-hour of 

h, b i , b  
hydrothermal and a l t e r n a t i v e  f u e l ,  r e s p e c t i v e l y  i n  some common base  year  

(yb) d o l l a r s ;  Q r e p r e s e n t s  t h e  q u a n t i t y  of e l e c t r i c  energy produced an- 
- 

nua l ly  expressed i n  kilowatt-hours; and C h,b and Ci,b r ep resen t  l e v e l  

annual product ion c o s t s ,  exc lus ive  of f u e l  c o s t s ,  f o r  hydrothermal and 

a l t e r n a t i v e  p l a n t s ,  r e s p e c t i v e l y ,  i n  base  year  d o l l a r s . .  This  equat ion  

can be  r ewr i t t en :  

which expresses  t h e  marginal ly  compet i t ive  l e v e l i z e d  p r i c e  f o r  t h e  

hydrothermal resource.  

Included i n  t h e  annual non-fuel product ion c o s t  a r e  c o s t s  a s soc i -  

a t e d  with: (1) recovering t h e  power p l a n t  and apport ioned t ransmiss ion  

c a p i t a l  investment a t  t h e  e l e c t r i c  u t i l i t i e s '  r egu la t ed  r a t e  of r e t u r n ,  

(b) meeting l i a b i l i t i e s  f o r  s t a t e  and f e d e r a l  co rpo ra t e  incoine and 

' l o c a l  ad valorem taxes ,  and ( c )  covering maintenance and. ope ra t ing  ex- 

penses,  a d m i n i s t r a t i v e  and gene ra l  expenses, and insurance  premiums. 

These c o s t  items may be expressed as a func t ion  of t h e  o r i g i n a l  c a p i t a l  

investment as discussed below. 



Fixed Power Product ion Costs .  Level annual f i x e d  c o s t s  f o r  c a p i t a l  

recovery and co rpora t e  income t a x e s  may be est imated by t h e  r e l a t i o n  

suggested by Doane (1976): 

- 1 - (T .X DPF) 
CF = CRF 

X [  1 - T  - a] X C l b  K,N 

where t h e  c a p i t a l  recovery f a c t o r ,  CRF i s  : 
K, N 

CRF = 
K 

K 9 N  1 - ( 1 + ~ ) - ~  

t h e  weighted average a f t e r - t a x  c o s t  of c a p i t a l ,  K ,  of t h e  u t i l l r y  is: 

t h e  e f f e c t i v e  co rpo ra t e  income tax r a t e ,  r ,  is: 

t h e  acce l e ra t ed  t a x  dep rec i a t ion  f a c t o r  (based on sum of yea r s  d i g i t s  

method), DPF, is: 
-1 

2 (n - CRFK 
DPF = Y 

n ( n  + 11K 

t h e  p re sen t  va lue  of inves ted  c a p i t a l ,  CIb, i n  base  year  d o l l a r  va lue ,  

and o the r  terms a r e  def ined  a s  fol lows:  

CT. : c a p i t a l  inves ted  a t  year  y  i n  base year (yh) d o l l a r  
0 0 ' va lue ,  i n c l u s i v e  of s h o r t  terul i n t e r e s t  charges incurred 

dur ing  cons t ruc t ion  

f c :  common s tock  f r a c t i o n  of u t i l i t y ' s  c a p i t a l  s t r u c t u r e  

fd: long term deb t  f r a c t i o n  of u t i l i t y ' s  c a p i t a l  s t r u c t u r e  

f  p re fe r r ed  s tock  f r a c t i o n  of u t i l i t y ' s  ' c a p i t a l  s t r u c t u r e  
P: 

g  : gene ra l  i n f l a t i o n  r a t e  

gc: p l a n t  c o s t  e s c a l a t i o n  r a t e  

K : annual c o s t  of u t i l i t y ' s  common s tock  
C 

Kd: 
annual  c o s t  of u t i l i t y ' s  long term debt  

K : annual  c o s t  of u t i l i t y ' s  p re fe r r ed  s tock  
P 



N : book l i f e  of f a c i l i t y  

n : t a x  l i f e  of f a c i l i t y  

yb: 
base year of a n a l y s i s  and p r i c i n g  

yo: 
i n i t i a l  year  of commercial ope ra t ion  

a : investment t a x  c r e d i t  f r a c t i o n  

T ~ :  
s t a t e  co rpo ra t e  income t a x  rate 

-rf: f e d e r a l  co rpo ra t e  income t a x  r a t e  . 

Recurring Power Product ion Costs .  Level annual r e c u r r e n t  c o s t s  f o r  ad 

valorem t axes ,  ope ra t ion  and maintenance, a d m i n i s t r a t i v e  and gene ra l  

expense, and insurance  may b e  est imated by t h e  r e l a t i o n :  

where t h e  r e c u r r e n t  c o s t  f r a c t i o n ,  B,  is: 

with: BOM being t h e  annual ope ra t ing  and maintenance expense i n  year 

y  expressed a s  a  f r a c t i o n  of t h e  c a p i t a l  c o s t ,  C I b ;  BAG being t h e  annu- 
0 

a 1  a d m i n i s t r a t i v e  and gene ra l  expense f r a c t i o n  of C I  B being t h e  an- 
b; 1 

nual  insurance  premium f r a c t i o n  of C I  and BAv being t h e  annual  ad v a l -  
b  ; 

orum t a x  f r a c t i o n  of C I  Terms t o  t h e  r i g h t  of C I  above r e p r e s e n t  
b  ' b 

t h e  express ion  f o r  determining t h e  present  va lue  of a  stream of uniform 

payments o f  { B x  C I  1 i n i t i a l  va lue  e s c a l a t i n g  a t  r a t e ,  gR. A reasona- b 
b l e  e s t ima te  f o r  f3 i s  approximately 2% (+$%) based on an a n a l y s i s  of 

OM - 

FPC d a t a  (1971) of ope ra t ing  and maintenance expenses f o r  29 steam power 

p l a n t s  of t h e  approximate s i z e  ( i . e .  u n i t  capac i ty  of 50-100 MWe) and 

capac i ty  f a c t o r  ( i . e .  >50%) assumed f o r  hydrothermal p l a n t s .  BAG i s  
est imated by FPC (1971) t o  be  25% of BOM o r  0.5%. BI i s  a nominal 0.1% 

based on u t i l i t y  information.  BAV depends on l o c a l  t a x  r a t e s  and as -  . :  

sessments and is  gene ra l ly  between 1% and 2% f o r  t h e  remote l o c a t i o n s  

of u sua l  hydrothermal resource  s i t e s .  

Resource P r i c ing  Formula. For a  given type  of p l a n t ,  t h e  t o t a l  l e v e l  

annual  non-fuel product ion c o s t ,  i n  base  year  (yb) d o l l a r s ,  i s  comprised 

of f i x e d  (zF) and r ecu r r ing  (C ) components. Thus, t h e  l e v e l i r e d  r e -  
R 

source p r i c i n g  formula can b e  expressed:  



By . def in ing  : 

y Z [' - "F.:) - a] + B [: 1 -r l + K  + gRr] (2.16) 

t h e  l e v e l i z e d  p r i c i n g  formula can  b e  r ewr i t t en :  

where C I  and C I  a r e  c a p i t a l  investments  i n  a l t e r n a t i v e  and hydro- 
i , o  11,o 

thermal  p l a n t s ,  r e s p e c t i v e l y ;  a t  base  (y ) c o s t  l e v e l s  f o r  p l a n t s  b 
culuiug uu-l l~l t !  111 y e a r  y . 

0 

Assuming t h a t  f u e l  p r i c e s ,  inc luding  t h e  hydrothermal fEuid p r i c e ,  

w 1 l l . e s c a l a t e  a t  an  annual  r a t e  g t h e  l e v e l  annual  p r i c e  f o r  a . f u e l  
F ' 

a t  base  year. y can  b e  w r i t t e n :  b 

where P. i s  t h e  f u e l  p r i c e  (not  l e v e l i z e d )  a t  t h e  base year  of t h e  , b 
a n a l y s i s  (yh) .  By s u b s t i t u t i o n ,  a non-levelized r e sou rce  p r i c i n g  form- 

u l a  can now be wr i t t en :  

The q u a n t i t y  of e l e c t r i c  energy produced annual ly ,  expressed i n  

ki lowatt-hours ,  is : 

Q = CAP x 8760 x KW (2.20) 

-where t h e  capac i ty  f a c t o r ,  CAP, i s  t h e  f r a c t i o n  of a year  that t h e  p l a n t  

a c t u a l l y  produces power ( a  s t o c h a s t i c  v a r i a b l e  i n  TCN2000). 8760 . a r e  

t h e  hours  i n  a yea r ,  and KW' i s  t h e  r a t e d  p l a n t  capac i ty  in . :k i lowat t s .  

By def in ing:  



E Z CAP x 8.760 x [:::I - [l - (%,"I 
t h e  r e s o u r c e  p r i c i n g  formula  can be  w r i t t e n :  

which p r o v i d e s  t h e  m a r g i n a l l y  c o m p e t i t i v e  r e s o u r c e  p r i c e  i n  m i l l s  pe r  

k i lowat t -hour  a t  b a s e  y e a r  ( y  ) p r i c e  l e v e l s  and d o l l a r  v a l u e .  Note 
b  

t h a t  C I ?  and C I *  d e n o t e  p l a n t  c a p i t a l  c o s t s  pe r  r a t e d  k i l o w a t t  of 
1 9 0  h ,  0 

c a p a c i t y .  

To e s t i m a t e  t h e  h y d r o t h e m a l  f l u i d  p r i c e  when m u l t i p l e  p l a n t s  a r e  

concerned,  each commencing commercial o p e r a t i o n  i n  s e p a r a t e  y e a r s ,  t h e  

p r i c i n g  formula  becomes: 

; [;;;c] yo,j-yb (CI? - C I *  
1 3 0 .  h , o .  

J 

1 [::F] y'-yb 

j .  

~ y d r o t h e r m a l  Power P l a n t  C a p i t a l  Cos t s .  F i g u r e  2-5 envelops  t h e  d i s p e r -  

s i o n  of pub l i shed  c a p i t a l  c o s t  e s t i m a t e s  f o r  l iquid-dominated hydro ther -  

mal power p l a n t s  as a f u n c t i o n  o f  t h e  well-head t empera tu re  of t h e  

r e s o u r c e 1 5 .  These e s t i m a t e s  occur  w i t h  l a r g e  v a r i a n c e  p r i m a r i l y  because  

of t h e  c o n c e p t u a l  n a t u r e  of c o s t  d a t a  and t h e  l a c k  of e m p i r i c a l  d a t a  

f o r  l iquid-dominated f a c i l i t i e s .  To accommodate t h i s  wide d i s p e r s i o n ,  

hydrothermal  power p l a n t  c o s t s ,  i .e .  C I *  i n  e q u a t i o n s  2.22 and 2.23 
h , o  

above,  a r e  e s t i m a t e d  as s t o c h a s t i c  v a r i a b l e s  as a  f u n c t i o n  of r e s o u r c e  

t empera tu re  w i t h i n  t h e  bounds i l l u s t r a t e d  i n  F i g u r e  2-5. 

A s  d i s c u s s e d  e a r l i e r  i n  t h i s  c h a p t e r ,  c o s t s  o f  w e l l  f i e l d  s u r f a c e  

F i g u r e  2-5 i s  comprised of e s t i m a t e s  b y '  B e c h t e l  Corp. (1977) ,  G r e i d e r  
(1977) ,  EPRI (1976) and i n d u s t r y  c o n t r i b u t o r s ,  a l l  e s c a l a t e d  t o  mid- 
1978 d o l l a r  v a l u e .  



F i g u r e  2-5. CAPITAL COST OF LIQUID-DOMINATED 
HYDROTHERMAL POWER PLANTS 

p i p i n g  between w e l l  heads  and t h e  power p l a n t  a r e  l i k e l y  t o  b e  inc luded  

as a  power p l a n t  c a p i t a l  c o s t ,  r a t h e r  t h a n  a  w e l l  f i e l d  c a p i t a l  c o s t ,  

i n  Utah a p p l i c a t i o n s .  T h i s  i s  because  of Utah s t a t e  p o l i c i e s  which 

c l a s s i f y  t h e  owner of such p i p j n g  f . q c i l i t i c s  as  a regulated u t i l i t y  -- 
a r o l e  l i k e l y  t o  be  a c c e p t a b l e  t o  t h e  r e g u l a t e d  e l e c t r i c  power producer 

b u t  u n a c c e p t a b l e  t o  t h e  p r i v a t e  r e s o u r c e  p roducer .  

A l t e r n a t i v e  Power Genera t ion  Cos t s .  The c a p i t a l  cost  and fue l  r.nst f o r  - -- -. 
t h e  competing a l t e r n a t i v e  power g e n e r a t i o n  p l a n t  ( i r e ,  C I *  and P  

i , o  i , b  
i n  t h e  r e s o u r c e  p r i c i n g  e q u a t i o n s  2.22 and 2.23 above) v a r i e s  from one 

l o c a l i t y  t o  t h e  n e x t .  For t h e  C a l i f o r n i a  and Utah a r e a s  of p r e s e n t  con- 

c e r n ,  c o a l - f i r e d  g e n e r a t i o n  a p p e a r s  t o  b e  t h e  l e a s t  c o s t l y  a l t e r n a t i v e  

t o  hydrothermal  g e n e r a t i o n  a t  t h i s  t ime;  t h e r e f o r e ,  t h e  busbar  c o s t  of 

c o a l - f i r e d  g e n e r a t i o n  w i l l  de te rmine  t h e  m a r g i n a l l y  c o m p e t i t i v e  busbar  

p r i ~ e  UI l l y d r o r h e m a l  power i n  t h e s e  a, reas. 

~ e c e n t  c o a l  p l a n t  c o s t  e s t i m a t e s  i n d i c a t e  t h a t ,  a t  mid-1978 p r i c e  

l e v e l s ,  p l a n t s  w i t h  f l u e  g a s  d e s u l f u r i z a t i o n  (FGD) equipment c o s t  $1065- 

1 1 4 5 / 1 ~ e  w h i l e  p l a n t s  w i t h o u t  FGD equipment c o s t  $905-970/kWe depending 



on t h e  remoteness  of p l a n t  l o c a t i o r L 1 6 .  Coal f u e l  p r i c e s  a t  1978 p r i c e  

l e v e l s  i n  t h e  Utah r e g i o n  a r e  8 . 0  mills/kWh based on  system average  

c o s t s  s u p p l i e d  by Utah Power and Ligh't Company (1978).  I n  t h e  C a l i f o r n i a  

r e g i o n  c o a l  p r i c e s  a r e  s i g n i f i c a n t l y  h i g h e r  ( i . e .  i n  t h e  12.0  t o  13.5  

mills/kWh range)  because  o f  t h e  absence  of l o n g  term purchase  c o n t r a c t s  

and t r a n s p o r t a t i o n  expense  ' 7. 

Transmiss ion L i n e  C a p i t a l  Cos t s .  E s t i m a t i n g  c a p i t a l  c o s t s  f o r  e l e c t r i c  

t r a n s m i s s i o n  i s  a complex t a s k  e n t a i l i n g  numerous i n t e r r e l a t e d  f a c t o r s  

i n c l u d i n g  t o t a l  power b e i n g  t r a n s p o r t e d ,  sys tem v o l t a g e ,  d e s i g n  of tow- 

e r s  and f o u n d a t i o n s ,  s i z e  :of conduc tors ,  span  between towers ,  and c o s t s  

of o b t a i n i n g  c o r r i d o r  Righ t  of Ways and l and  f o r  s u b s t a t i o n s .  For t h e  

p r e s e n t  inves tment  model a p p l i c a t i o n s  t o  C a l i f o r n i a  and Utah r e s o u r c e s ,  

t h e  f o l l o w i n g  s i t e - s p e c i f i c  assumptions  p e r t a i n i n g  t o  t r a n s m i s s i o n  c o s t s  

are made ' *. 
A t  each r e s o u r c e  s i te ,  t r a n s m i s s i o n  requ i rements  needed t o  d e l i v e r  

hydrothermal  power t o  l o a d  c e n t e r s  was determined.  For power develop-  

ment l e v e l s  below a c e r t a i n  t h r e s h o l d ,  a  138 kV l i n e  is  t o  b e  c o n s t r u c t e d  

from t h e  hydrothermal  p l a n t  t o  t h e  n e a r e s t  l o c a l  s u b s t a t i o n .  A s  hydro- 

thermal  c a p a c i t y  exceeds  t h i s  t h r e s h o l d ,  l o c a l  s u b s t a t i o n  and t ransmis -  

s i o n  f a c i l i t i e s  become i n a d e q u a t e  and new double  c i r c u i t  230 kV l i n e s  

must b e  c o n s t r u c t e d  t o  t r a n s m i t  power t o  l a r g e r  r e g i o n a l  s u b s t a t i o n s .  

A d d i t i o n a l  doub le  c i r c u i t  230 kV t r a n s m i s s i o n  c a p a c i t y  i s  provided f o r  

developmental  inc rements  of f 0 0  FlWe. L i s t e d  i n  Tab le  2-2 a r e  sjte- 

s p e c 5 f i c  t h r e s h o l d  ' l e v e l s  and tr .ansmission l i n e  c o s t s  ,. . lnclud-ing r i g h t  

of way ac 'qu' isi t2on.  

Revenue Cash Flow. The m a r g i n a l l y  c o m p e t i t i v e  b a s e  y e a r  hydrothermal  

1 6 c o a l - f i r e d  p l a n t  c a p i t a l  c o s t  d a t a  a s  pub l i shed  by B e c h t e l  Power Corp. 
(1977) i n c l u d i n g  Owners Cost  and Allowance f o r  Funds During Construc- 
t i o n  f o r  2 x 500 MWe p l a n t s  e s c a l a t e d  a t  8.0% p e r  y e a r  from mid-1976. 

1 7 c a l i f o r n i a  c o a l  p r i c e s  .determined from e s t i m a t e s  provided by t h e  
C a l i f o r n i a  Energy Commission and P a c i f i c  Gas and E l e c t r i c  Company. 

' * ~ r a n s m i s s i o n  l i n e  c o s t  i n  t h i s  s t u d y  o b t a i n e d  from Utah Power and. 
L i g h t  Co., P h i l a d e l p h i a  E l e c t r i c  Co., P a c i f i c  Gas and E l e c t r i c  Co., 
Southern C a l i f o r n i a  Edison Company, San Diego Gas and E l e c t r i c  Company, 
and WESTEC S e r v i c e s ,  I n c .  



TABLE 2-2 

HYDROTHERMAL POWER TRANSMISSION COSTS 

Transmiss ion L ine  Cost  ($1000/mile) 

Above Threshold  
Threshold  Below f o r  600 MWe 

Resource  S i t e  Level  Threshold  inc rements  

I m p e r i a l  V a l l e y ,  CA ! 100 MMe 7 0  240 

Mono & Coso Hot S p r i n g s  50 FlWe 7 0 
K C U ,  CA 

Rooseve l t  Hot S p r i n g s  & 200 MWe 7 8 
Cove F o r t  S u l p h u r d a l e  
KGRA, UT 

f l u i d  p r i c e  may b e  t h e  u s e  of e q u a t i o n s  (2.22) o r  (2.23) w i t h  t h e  hydro- 

t h e r m a l ' a n d  a l t e r n a t i v e  p l a n t  f a c i l i t i e s  c o s t  d a t a  and a l t e r n a t i v e  f u e l  

p r i c e  d a t a  d i s c u s s e d  above. The m a r g i n a l l y  c o m p e t i t i v e  g r o s s  revenue  

c a s h  f low i n  y e a r s  of commercial o p e r a t i o n  may t h e n  be  e s t i m a t e d  a s :  

CR - x CAP x 8.76 x my x  ( 1  + gF) Y-Yb y  - 'h,b (2.24) 

where t h c  g r o e s  revenues ,  GR a r e  expressed  i n  d o l l a r s  of t h e  c u r r e n t  
Y 

y e a r  y ,  Kld represents t11e L ~ J L ~ I I .  i ~ l s r a l l e d  k i l o w a t t  c a p a c i t y  i n  year  y 
Y 

and o t h e r  t e rms  are as d e f i n e d  earlier. 

2.3.2 C a p i t a l  Replacements 

E s t i m a t e s  of t h e  expected u s e f u l  and economic l i f e  of hydrothermal  

wells a r e  somewhat s h o r t e r  t h a n  t h e  expected 30  y e a r  1 i f . e  of t h e  power 

g e n e r a t i o n  f a c i l i t i e s  t h e y  w i l l  s u p p o r t .  Depending on t h e  f l u i d  compo- 

s i t i o n  b e i n g  produced, p lugg ing  and c o r r o s i o n  mechanisms l i m i t  w e l l  

l i f e - t i m e s  t o  maximum expected v a l u e s  of 10-15 y e a r s .  I n  t h e  c u r r e n t  

inves tment  model, c a p i t a l  r ep lacements  f o r  a c t i v e  and s p a r e  producer  

w k l l s  and i n j e c t o r  w e l l s  a r e  s i m u l a t e d  a t  s i t e - s p e c i f i c  l i f e t i m e  i n t e r -  

v a l s .  T h i s  w e l l  l i f e  i n t e r v a l  is a s t o c h a s e i c  v a r i a b l e  s e l e c t e d  a t  

random from a  s i t e - s p e c i f i c  p r o b a b i l i t y  d i s t r i b u t i o n  i n  TCN2000. A 

g i v e n  f r a c t i o n  (RRD) of t h e  replacement  w e l l s  a r e  modeled a s  r e d r i l l e d  
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e x i s t i n g  w e l l s  and t h e  b a l a n c e  (1-RRD) a r e  modeled as new w e l l s .  Typi- 

c a l l y ,  i n d u s t r y  d a t a  i n d i c a t e s  t h a t  t h e  r e d r i l l  f r a c t i o n ,  RRD, i s  about  

113. 

2.3.3 Well F i e l d  Opera t ion  and Maintenance Expense 

I n d u s t r y  e s t i m a t e s  of a n n u a l  expenses  f o r  o p e r a t i n g  and m a i n t a i n i n g  

w e l l s  v a r y  from $20,000 t o  $100,000 p e r  w e l l  depending on t h e  f l u i d  com- 

p o s i t i o n  be ing  produced. I n  TCN2000 t h i s  a n n u a l  expense  i s  e s t i m a t e d  

a c c o r d i n g  t o  t h e  r e l a t i o n :  

OME = 20 + (BCI x  20) (2.25) 

where OME i s  t h e  o p e r a t i n g  and maintenance expense  p e r  w e l l  i n  thousands  

of 1978 d o l l a r s ,  and B C I  r e p r e s e n t s  a B r i n e  Contamination Index which 

ranges  from 0  f o r  l o w - s a l i n i t y  r e s o u r c e s  t o  4 f o r  h i g h - s a l i n i t y  

r e s o u r c e s .  A d d i t i o n a l  a n n u a l  f i e l d  o f f i c e  expense  f o r  non-manual l a b o r  

and s u p p l i e s  i s  e s t i m a t e d  a t  $70,000 per  w e l l  f i e l d ,  (Ref.  B e c h t e l ,  

1977) .  A t en -percen t  overhead expense  i s  added t o  t h e  w e l l  and f i e l d  

o f f i c e  expenses .  

2.3,.4 R o y a l t i e s  

Roya l ty  payments t o  t h e  l and  l e s s o r  a r e  t y p i c a l l y  one- ten th  t o  

one-eighth  of g r o s s  revenues  f r e e  and c l e a r  from a l l  p r o d u c t i o n  expense.  

2.3.5 Ad Valorem Taxes 

Local  ad valorem t a x e s  p a i d  d u r i n g  r e s o u r c e  p r o d u c t i o n  v a r y  from 

s t a t e  t o  s t a t e  and county t o  county.  I n  TCN2000 t h e s e  t a x e s  a r e  e s t i -  

mated d i f f e r e n t l y  f o r  C a l i f o r n i a  and Utah r e s o u r c e s  and d i s c u s s e d  e a r l i -  

e r  i n  s e c t i o n .  2 .2 .2 .  

2.3.6 Income Taxes 

State and Federal c o r p o r a t e  income. tax  l i a b i l i t i e s  a r e  based on 

t a x a b l e  income n e t  of expenses ,  l o c a l  t a x e s ,  r o y a l t i e s ,  a c c e l e r a t e d  

c a p i t a l  d e p r e c i a t i o n ,  i n t e r e s t  payments on borrowed c a p i t a l ,  and percen- 

t a g e  d e p l e t i o n .  The d e p l e t i o n  d e d u c t i o n  was he ld  a s  l e g a l l y  p e r m i s s i b l e  

by t h e  Reich c a s e ,  ( s e e  P e t e r s o n  and Seo, 1975) f o r  t h e  vapor-dominated . 

hydrothermal  r e s o u r c e  a t  t h e  Geysers .  D e p l e t i o n  a l lowances  f o r  

l i q u i d  dominated r e s o u r c e s  became l e g a l l y  p e r m i s s i b l e  w i t h  t h e  
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p a s s a g e  of t h e  N a t i o n a l  Energy Act i n  1978. According t o  t h e  NEA, a  

22% d e p l e t i o n  a l lowance  may b e  c la imed through 1980, 20% may be  c la imed 

i n  1981, 18% i n  1982, 16% i n  1983, and 15% may be  c la imed t h e r e a f t e r .  

Other  i n c e n t i v e s  o f f e r e d  by t h e  NEA i n c l u d e :  (a) t h e  o p t i o n  t o  

c l a i m  t h e  i n t a n g i b l e  f r a c t i o n  (50-75%) of a  w e l l ' s  c o s t  a s  a  d e d u c t i b l e  

expense ,  and (b)  an  a d d i t i o n a l  inves tment  t a x  c r e d i t  of 10% above t h e  

c u r r e n t l y  p e r m i s s i b l e  10% f o r  " a l t e r n a t i v e "  o r  " s p e c i a l l y - d e f i n e d  energy 

p r o p e r t y " .  Geothermal w e l l  f i e l d  c a p i t a l  q u a l i f i e s  as such p r o p e r t y .  

The  a d d t t i o n a l  tax c r e d i t  i c  n o t  a p p l i c a b l e  by p u b l i e  t l t i l  i t i . ~ s ,  how- 

e v e r ,  which i n  many c a s e s  w i l l  exc lude  geothermal  power p l a n t  c a p i t a l  

from t h i s  t a x  i n c e n t i v e .  

2 .4  INVESTMENT RISK 

2 i 4 . 1  C a p i t a l  a L  Risk  

I n d u s t r y  i n t e r v i e w s  i n d i c a t e  t h a t  hydrothermal  power p l a n t  t echnol -  

ogy i s  r e l a t i v e l y  w e l l  developed and i s ,  f o r  p r a c t i c a l  purposes ,  f r e e  

of inves tment  r i s k .  R i s k s  a s s o c i a t e d  w i t h  r e s e r v o i r  con£ i r m a t i o n  and 

performance a r e  of pr imary concern and pose  s i g n i f i c a n t  b a r r i e r s  t o  

r a p i d ,  l a r g e  s c a l e  commerc ia l i za t ion .  

A s  d i s c u s s e d  i n  s e c t i o n  2 .2 .3 ,  hydrotherma2 r e s o u r c e s  may s u f f e r  

d e g r a d a t i o n  i n  t h e  form of t cmpera tu re  and w e l l  f low d e c l i n e  a s  f l u i d  

i s  e x t r a c t e d  over  t ime.  However, t h i s  phenomenon h a s  n o t  been e x p e r i -  

enced a t  t h e  Geysers  t o  d a t e  and i s  l i k e l y  t o  b e  c o n t r o l l a b l e  by p ruden t  

r e s e r v o i r  management. For t h e s e  r e a s o n s ,  and because  of t h e  l a c k  of 

d a t a  ( e m p i r i c a l  o r  o t h e r w i s e )  upon which t o  e s t i m a t e  t h e  l i k e l i h o o d  

a n d / o r  e x t e n t  of such  time-wise d e g r a d a t i o n ,  t h e  pos t -conf i rmat ion  i n -  

ves tment  r i s k  a s s o c i a t e d  w i t h  premature  and unexpected r e s o u r c e  f a i l u r e  

IE excludcd from present consiJeraCiou. 

For modeling purposes ,  inves tment  r i s k  i s  conf ined  t o  c a p i t a l  ou t -  

l a y s  through and i n c l u d i n g  c o n f i . m a t i o n  of a p r o d u c i b l e  hydrothermal  

r e s o u r c e .  Limited f i e l d  e x p e r i e n c e  t o  d a t e  i n d i c a t e s  t h a t  once success -  

f u l  s t e p - o u t  w e l l s  have d e f i n e d  a  r e s o u r c e  and s u s t a i n e d  f low t e s t s  

have v e r i f i e d  i t s  p r o d u c i b i l i t y ,  t h e r e  remains  l i t t l e  r i s k  t o  c a p i t a l  

inves tments  f o r  w e l l  f i e l d  development f o r  commercial p r o d u c t i o n .  The 



r i s k  i n c o r p o r a t e d  i n t o  t h e  p r e s e n t  investment  model i s  t h a t  o f  l o s i n g  

w e l l  f i e l d  c o n f i r m a t i o n  c a p i t a l  i n c l u d i n g  e x p e n d i t u r e s  r e q u i r e d  f o r  

t h r e e  deep s tep-ou t  w e l l s .  Some of t h i s  l o s s  i s  assumed t o  b e  recouped 

v i a  income t a x  d e d u c t i o n s  from u n r e l a t e d  income. The unrecouped b a l a n c e  

of t h e  l o s s  i s  modeled a s  t h e  investment  a t  r i s k  f o r  a p a r t i c u l a r  w e l l  

f i e l d  v e n t u r e .  

2 .4 .2  ~ i k e l i h o o d  of Loss 

The p r o b a b i l i t y  of l o s i n g  w e l l  f i e l d  confirmation~investments is  

es t imated  from s i t e - s p e c i f i c  mappings of c o n f i d e n c e  provided by c o n s u l t -  

i n g  geothermal  g e o l o g i s t s  lg. F i g u r e  2-6 p r o v i d e s  an  example of such  a 

mapping f o r  a s p e c i f i c  r e s o u r c e  area. These mappings r e p r e s e n t  t h e  

l e v e l s  of c o n f i d e n c e  a t t a c h e d  t o  c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n  a t  each 

r e s o u r c e  s i t e .  

F i g u r e  2-6. EXAP4PLE OF RESOURCE AREA 
MAPPING OF CONFIDENCE LEVELS 

l g ~ o n f i d e n c e  maps were  provided by Eugene C i a n c a n e l l i  of Cascadia  Explor-  
a t i o n  Corp., Escondido, CA f o r  California 'KGRA1s o u t s i d e  of t h e  Imperi-  
a l  V a l l e y ,  and by D r .  B i l l  Smith of Republ ic  Geothermal,  I n c .  f o r  
KGRA1s w i t h i n  t h e  I m p e r i a l  V a l l e y  and i n  t h e  S t a t e  of Utah.  



2-22 

The p r o b a b i l i t y  o f  l o s s ,  PL, a t  a  p a r t i c u l a r  l e v e l  of w e l l  f i e l d  

development,  i. e. kW i n  k i l o w a t t s ,  i s  e s t i m a t e d  a s  f o l l o w s :  

( a )  A l e v e l  of c o n f i d e n c e  i s  e s t G a t e d '  f o r '  &ch ' w e l l  space  i n  t h e  

r e s o u r c e  a r e a  by a p p l y i n g  s u b r o u t i n e  TCN2010. T h i s  s u b r o u t i n e  u s e s  a n  

i t e r a t i v e  i t e r p o l a t i o n  methodz0,  based upon t h e  g e o l o g i s t s '  c o n f i d e n c e  

c o n t o u r s  a s  i l l u s t r a t e d  i n  F i g u r e  2-6, t o  a s s i g n .  a l e v e l  of conf idence  
. I 

t o  each w e l l  s p a c e  w i t h i n  t h e  a r e a .  Well s p a c i n g ,  d e f i n e d  a s  a n  i n p u t  

parameter  (WSPACE) , i s  t y p i c a l l y  40 a c r e s  p e r  w e l l .  Thus, t y p i c a l l y ,  

TCN2010 would e s t i m a t e  a  l e v e l  of c o n f i d e n c e  f o r  each 40 a c r e  s q u a r e  i n  

a g r i d  c o v e r i n g  t h e  r e s o u r c e  a r e a .  

( b )  The nunber of w e l l  spaces  r e q u i r e d  t o  a c h i e v e  a development 

l e v e l ,  kW, is  e s t i m a t e d  by t h e  r e l a t i o n :  

N W =  1 I + -  "' 1 x  + "1 x  NACT . 
1-DWF 1-SWF 

where NACT r e p r e s e n t s  t h e  r e q u i r e d  number of a c t i v e  producing w e l l s  and 

i s  a f u n c t i o n  o f  kW as g i v e n  i n  ( 2 . 1 ) ,  and DWF and SWF a r e  d r y  w e l l  

f r a c t i o n s  and s p a r e  w e l l  f r a c t i o n s ,  r e k p e c t i v e l y ,  a s  d e f i n e d  i n  s e c t i o n s  

2 .2 .3  and 2 .2 .4* l .  

( c )  A d r i l l i n g  sequence (WSEQ) of w e l l  s p a c e s  i s  o r d e r  by TCN2010 

such  t h a t  development p r o g r e s s e s  from t h e  w e l l  s p a c e s  of h i g h e s t  conf i -  

dence  outward t o  t h e  s p a c e s  of lower conf idence .  The p r o b a b i l i t y  of 

l o s s  a t  development l e v e l  1cW i s  e s t i m a t e d  n s . o n e  minus t h e  c o n f i d e n c e  

l e v e l  of t h e  NW-th s e q u e n t i a l  w e l l  space .  

2 .5  FlNANCIAL ATTKIBU'I'ES 

The a t t r i b u t e s  of an  inves tment  o p p o r t u n i t y  which a r e  r e q u i r e d  t o  

perform t h e  d e c i s i o n  a n a l y s i s  d i s c u s s e d  i n  Chapter  3 a r e :  ( a )  t h e  r a t e  

o f  r e t u r n  on i n v e s t e d  c a p i t a l ,  ( b )  t h e  inves tment  payback t ime,  ( c )  t h e  

n e t  p r e s e a r  v a l u e  6f p r o f i t s  and (d )  t h e  amount o f  c a p i t a l  a t  r i s k  and 

* O ~ h e  method used by TCN2010 i s  t h e  Gauss-Seidel  method f o r  approximat- 
i n g  a Lap lac ian  o p e r a t o r :  a 2 p  + a 2 p  

, * 
7 = 0. ax' a y  

2 ' ~ o t e  t h a t  i n j e c t i o n  w e l l s  a r e  assumed t o  b e  l o c a t e d  o u t s i d e  t h e  pro- 
d u c t i o n  a r e a  and ,  t h e r e f o r e ,  do n o t  a f f e c t  t h e  w e l l  s p a c e  requirement  
i n  e q u a t i o n  (2 .26) .  
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t h e  p r o b a b i l i t y  of i ncu r r ing  t h i s  l o s s .  Computational methodologies 

and assumptions p e r t a i n i n g  t o  t h e  f i r s t  t h r e e  a t t r i b u t e s  ' (a ,b ,c) ,  a s  

incorpora ted  i n t o  t h e  f i n a n c i a l  a n a l y s i s  model TCN2000, a r e  summarized 

below. The f o u r t h  a t t r i b u t e  (d)  i s  d iscussed  i n  s e c t i o n  2.4. 

2.5.1 Rate of Return on Inves ted  C a p i t a l  

Ra te  of r e t u r n  i s  a n  investment a t t r i b u t e  which i s  of primary con- 

cern  t o  energy r e sou rce  f i r m s  a s  a measure of t h e  e f f i c i e n c y  of i nves t -  
I 

ment c a p i t a l .  T h e o r e t i c a l l y ,  investment o p p o r t u n i t i e s  t o  a 'given f i rm  

should be ranked according t o  t h e  r a t e  of r e t u r n  p ro j ec t ed  f o r  each and 

investments  should be  made t o  t h e  po in t  where t h e  marginal  r a t e  of r e -  

t u r n  on t h e  l a s t  d o l l a r  inves ted  i s  equa l  t o  t h e  marginal  c o s t  of t h a t  

l a s t  d o l l a r * .  Th i s  theory  is  i l l u s t r a t e d  i n  F igure  2-7 where t h e  mar- 

g i n a l  e f f i c i e n c y  o f ' i nves tmen t  (meI) r e p r e s e n t s  t h e  ranking of opportu- 

n i t i e s  according t o  t h e  r a t e  of r e t u r n  p ro j ec t ed  f o r  each, and where 

t h e  -, marginal  c o s t  of funds (mcf) r e p r e s e n t s  t h e  i nc reas ing  marginal  

c o s t  of c a p i t a l  t o  t h e  f i rm.  The meI/mcf i n t e r s e c t  r e p r e s e n t s  t h e  

t h e o r e t i c a l l y  optimum l e v e l  of investment .  

A i I 
Retained 1 Debt I Equity 
Earnings 1 Financing I Financing 

+ I 
I 

Deprec'n 1 I 

I I I NVESTMENT LEVEL, I 

Figure  2-7. MARGINAL EFFICIENCY OF INVESTMENT 
AND THEORETICALLY OPTIMAL INVESTMENT LEVEL (I:*) . 
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R e a l i s t i c  a p p l i c a t i o n  of . t h i s  inves tment  t h e o r y  r e q u i r e s  cons idera -  

t i o n  of p r o f i t  g o a l s  se t  by t h e  i n v e s t i n g  f i r m s  which, i n  e f f e c t ,  in-  

c r e a s e  t h e  d e s i r e d  minimum r e t u r n .  I n  t h e  major d i v e r s i f i e d  f i r m s ,  in-  

ves tment  o p p o r t u n i t i e s  a r e  r o u t i n e l y  measured a g a i n s t  a  c o r p o r a t e  mini-  

mum a c c e p t a b l e  r a t e  of r e t u r n .  T h i s  t h r e s h o l d  r e f l e c t s  t h e  r a t e  of re- 

t u r n  r e a l i z e d  by t h e  f i r m ' s  d i v e r s i f i e d  o p e r a t i o n s  and i t s  c u r r e n t  in -  

ves tment  a l t e r n a :  i v e s  . 
For t h e  r e l a t i v e l y  s m a l l ,  n o n - d i v e r s i f i e d  independent  o p e r a t o r s ,  

t h e  minimum acceptable r a t e  of r e t u r n  r e f l e c t s  t h e i r  m a r g i n a l  c o s t  of 

c a p i t a l  p l u s  a p r o f i t  margin.  With l i m i t e d  a c c e s s  t o  c a p i t a l  marke t s ,  

t h e  r e l a t i v e l y  expens ive  e q u i t y  f i n a n c i n g  of t h e  independen ts  g e n e r a l l y  

r e s u l t s  i n  a  h i g h e r  t h r e s h o l d  r e t u r n  t h a n  t h a t  of t h e  major  f i r m s .  

I n t e r n a l  R a t e  of Re turn .  The method by which r a t e  of r e t u r n  i s  esti,- 

nrated. i s  an  i m p o r t a n t  c o n s i d e r a t i o n  i n  investment  a n a l y s e s .  The i n t e r n a l  

r a t e  of r e t u r n ,  IRR, concept  ( a l s o  r e f e r r e d  t o  a s  t h e  m a r g i n a l  e f f i c i e n -  

cy of c a p i t a l )  was pub l i shed  by Keynes (1936) a s  a  method f o r  rank ing  

inves tment  o p p o r t u n i t i e s .  IRR i s  t h a t  r a t e  of d i s c o u n t  which e q u a t e s  

t h e  p r e s e n t  worth  o f  a n  o p p o r t u n i t y ' s  r evenue  s t ream t o  t h e  p r e s e n t  

wqrth  of i t s  expense  and inves tment  s t ream,  i . e . ,  t h a t  d i s c o u n t  r a t e  

( i )  a t  which t h e , n e t  p r e s e n t  v a l u e  (NPV) of an o p p o r t u n i t y  r e d u c e s  t o  

z e r o .  . . 
n NRt - It 

NPV = 1 
t = O  ( 1  + i )  

t 

where,  NR and I a r e  revenues  n e t  o f  expenses  and i n v e s t m e n t s ,  r e spec-  
t t 

t i v e l y ,  d u r i n g  p e r i o d  t and n  r e p r e s e n t s  t h e  expected economic l i f e  of 

t h e  o p p o r t u n i t y .  

I t  i s  impor tan t  t o  n o t e  t h a t ,  as demonstra ted by Alchian (1955) . 

and H i r s h l e i f e r  (1Y58), Keynes' I K K  method w i l l  c o r r e c t l y  and r e a l i s r i c -  

a l l y  r a n k  inves tment  o p p o r t u n i t i e s  when: (1) n e t  r e c e i p t s  may b e  imme- 

d i a t e l y  and i n d e f i n i t e l y  r e i n v e s t e d  a t  t h e  I R R ,  and (b) when NPV(i) 

c u r v e s  do n o t  i n t e r s e c t  a s  i l l u s t r a t e d  i n  F i g u r e  2-8. 

The I R R  r e i n v e s t m e n t  c r i t e r i a  may b e  s a t i s f i e d  by independent  oper-  

a t o r s  whose b u s i n e s s  c o n c e n t r a t i o n s  a r e  i n  s i m i l a r  hydrothermal  
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F i g u r e  2-8. NET PRESENT VALUE - v s  - DISCOUNT RATE 
FOR HYPOTHETICAL INVESTMENT OPPORTUNITY 

o p p o r t u n i t i e s .  However, hydrothermal  o p p o r t u n i t i e s  r e p r e s e n t  a  r e l a -  

t i v e l y  smal l  f r a c t i o n  of t h e  o p e r a t i o n s  of major  r e s o u r c e  c o r p o r a t i o n s  

and t h e i r  impact on c o r p o r a t e  r e i n v e s t m e n t  r a t e s  are u n l i k e l y  t o  b e  

s i g n i f i c a n t .  For t h i s  r e a s o n ,  when a s s e s s i n g  hydrothermal  oppor tun i -  

t i e s  of t h e  major  c o r p o r a t e  p roducers ,  t h e  I R R  method i s  d i s c a r d e d  i n  

f a v o r  of t h e  f i n a n c i a l  management r a t e  of r e t u r n ,  FMRR, method. With 

t h e  FMRR method, d i s c u s s e d  below, t h e  re inves tment  r a t e  may b e  e x t e r -  

n a l l y  s p e c i f i e d .  

F i n a n c i a l  Management R a t e  of Re turn .  F i n a n c i a l  management r a t e  o f  re- 

t u r n  (FMRR) i s  a  method f o r  r a n k i n g  investment  o p p o r t u n i t i e s  r e c e n t l y  

d i s c u s s e d  by Messner and F ind ley  (1975) .  The FMRR method d i s c o u n t s  a l l  

. p reproduc t ion  n e g a t i v e  cash  f l o w s  t o  a n  e q u i v a l e n t  s i n g l e  i n i t i a l  in -  

ves tment  and e s t i m a t e s  t h e  i n t e r e s t  r a t e  r e q u i r e d  t o  e q u a t e  t h i s  i n v e s t -  

ment t o  a s i n g l e  end-of - l i f e  r e t u r n .  The end-of - l i f e  r e t u r n  is  t h e  sum 

of a l l  n e t  p roduc t ion  revenues  compounded forward a t  a  r e a l i s t i c  r e i n -  

ves tment  r a t e .  



FMRR avoids  t h e  problems of u n r e a l i s t i c  re inves tment  r a t e s  of t h e  

IRR and i s  proposed and used h e r e i n  a s  t h e  proper  r a t e  of r e t u r n  f o r  

ranking  hydrothermal investment o p p o r t u n i t i e s  of major resouce  corpora- 

t i o n s .  The IRR method i s  used f o r  ranking hydrothermal o p p o r t u n i t i e s  of 

independent ly  ope ra t i ng  resouce  producers  a s  d i scussed  prev ious ly .  

2 .5 .2  Investment Payback Time 

Unlike petroleum v e n t u r e s  where a s i n g l e  w e l l  i s  capable  of produc- 

i ng  revenue when complete, i t  t akes  a f i e l d  of completed w e l l s  and an 

on - s i t e  power p l a n t  t o  c r e a t e  revenues i n  a geothermal e l e c t r i c  power 

ven tu re .  This  per iod  from prospec t  d i scovery  t o  revenue can extend sev- 

e r a l  y e a r s  and is  h igh ly  dependent on u n c e r t a i n  i n s t i t u t i o n a l ,  l o g i s t i -  

c a l  and t e c h n i c a l  b a r r i e r s  l i k e l y  t o  b e  encountered a long  t h e  way. 

Inhe ren t  i n  s u c h a n u n c e r t a i n a n d  long developmental t ime frame a r e  i nves t -  

ment r i s k s  a s s o c i a t e d  w i th  long range  c a p i t a l  commitments, u n c e r t a i n  

c o s t s  and u n c e r t a i n  revenues.  

Payback. t ime e s t i m a t e s  a r e  a second primary concern of resouce  

f i r m s  and i n d i c a t e  t h e  l e n g t h  of t i m e  an investment w i l l  be s u b j e c t  t o  

t h e  above mentioned r i s k s  b e f o r e  i t  i s  recovered by p r o j e c t  r e c e i p t s .  

A s  a r u l e ,  longer  payback requirements  involve  h igher  c o s t s  of c a p i t a l  

because of t h e  a s s o c i a t e d  r i s k  premiums. Independently ope ra t i ng  r e -  

source  f i r m s  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  long payback t i m e s  because 

of t h e  l i m i t e d  a v a i l a b i l i t y  of p r i v a t e  ven tu re  c a p i t a l  f o r  long t e r m  

f i nanc ing .  The l a r g e r  r e sou rce  co rpo ra t i ons  appear l e s s  concerned wi th  

payback time a s  exemplif ied by r e c e n t  a c t i v i t i e s  by many of t h e s e  f i r m s  

i n  o u t e r  c o n t i n e n t a l  she l f  o i l  product ion where payback e s t ima te s  t yp i -  

c a l l y  run  8-10 y e a r s .  

A s  i nd i ca t ed  i n  Table  2-1 a t  t h e  beginning of t h i s  chap te r ,  a 

s e r i e s  of c a p i t a l  investments  extending over  s e v e r a l  yea r s  a r e  r equ i r ed  

t o  confirm and develop a hydrothermal w e l l  f i e l d .  I nd iv idua l  discounted 

investments  a r e  assumed t o  be  paid back, i n  o rde r  of occur rence ,  from 

dZscounted n e t  revenues.  A weighted average  d i scounted  payback time is  

employed i n  t h i s  a n a l y s i s  t o  e s t ima te  a s i n g l e  measure of payback time 

f o r . t h e  investment s t ream. 
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2.5.3 N e t  P r e s e n t  Value of Prof i t s  

The e s t i m a t e d  n e t  p r e s e n t  v a l u e  (NPV) of an  inves tment  o p p o r t u n i t y  

is  a  t h i r d  primary concern of r e s o u r c e  f i r m s .  It p r o v i d e s  an  i n d i c a t o r  

of t h e  magni tude of p r o f i t  expec ted  of a v e n t u r e  and a l l o w s  a  f i r m  t o  

de te rmine  i f  t h e  proposed v e n t u r e  is  compat ib le  w i t h  i t s  s c a l e  of 

o p e r a t i o n s .  NPV i s  t h e  p r o j e c t e d  s t ream of n e t  r evenues  and c a p i t a l  

e x p e n d i t u r e s  of an  o p p o r t u n i t y  reduced t o  a s i n g l e  v a l u e  a t  a n  appro- 

p r i a t e  d i s c o u n t  r a t e  ( r e c a l l  e q u a t i o n  2 .27) .  As d i s c u s s e d  a t  some 

l e n g t h  by Weston and Brigham (1978) and Phung (1977) ,  a p roper  d i s c o u n t  

r a t e  f o r  NPV a n a l y s e s  i s  t h e  f i r m ' s  weighted a v e r a g e  a f t e r - t a x  c o s t  o f  

c a p i t a l z 2  . 

2 2 ~ s t i m a t i o n  of r e a l i s t i c  v a l u e s  f o r  a  f i r m ' s  c o s t  of c a p i t a l  i s  n o t  a  
t r i v i a l  t a s k  - s e e  Weston and Brigham (1978),  Chapter 19.  



Chapter  Three  

RESOURCE PRODUCERS' DECISION MODEL (TCN2080) 

A m u l t i o b j e c t i v e  d e c i s i o n  model, TCN2080, i s  used t o  e s t i m a t e  t h e  

p r o b a b i l i t y  w i t h  which a  r e s o u r c e  producing f i r m . w i l 1  e l e c t  t o  i n v e s t  

c a p i t a l  i n t o  a hydrothermal  o p p o r t u n i t y .  Each o p p o r t u n i t y  i s  d e f i n e d  

i n  t e r m s  of t h e  f o u r  a t t r i b u t e s  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e r ,  

namely: ( a )  r a t e  of r e t u r n  on  i n v e s t e d  c a p i t a l ,  ( b )  d i s c o u n t e d  i n v e s t -  

ment payback t ime ,  ( c )  n e t  p r e s e n t  v a l u e  of p r o f i t s ,  and (d)  t h e  amount 

of c a p i t a l  a t  r i s k  and t h e  p r o b a b i l i t y  of i n c u r r i n g  t h i s  l o s s .  

The d e c i s i o n  model p r o v i d e s  a  new and s t a t i s t i c a l - l y  sound i n t e -  

g r a t i o n  of r e c e n t  advances  i n  b o t h  m u l t i o b j e c t i v e  d e c i s i o n  a n a l y s i s  and 

a p p l i e d  t h e o r i e s  of p r o b a b i l i s t i c  c h o i c e  a s  developed and d i s c u s s e d  by 

C a s s e l  (1979) and C a s s e l ,  e t  a l .  (1979b) .  The model i s  based upon i n t e r -  

view r e s p o n s e s  from management r e p r e s e n t a t i v e s  'of twenty r e s o u r c e  f i r m s  

s o l i c i t e d  throughout  1978 and e a r l y  1979. I ts p r ' e d i c t i v e  c a p a b i l i t i e s  

are s u b s t a n t i a t e d  by i n d u s t r y .  investment  behav ior  a s  r e a l i z e d  t o  d a t e .  

3..1 BACKGROUND AND ASSUMPTIONS 

3.1.1 Hydrothermal 1nves  tment Oppor tun i ty  

Hydrothermal r e s o u r c e s  r e p r e s e n t  a  p o t e n t i a l l y  s i g n i f i c a n t  s o u r c e  

of energy i n  t h e  Uni ted S t a t e s  from which e l e c t r i c  power may be  genera-  

t e d  w i t h  minimal environmental  i n t r u s i o n  and a t  commercially c o m p e t i t i v e  

c o s t s .  Var ious  e s t i m a t e s  of t h e  untapped energy r e c o v e r a b l e  from hydro- 

the rmal  r e s e r v e s  i n  t h e  Uni ted S t a t e s  v a r y  by a t  l e a s t  a n  o r d e r  o f  mag- 

n i t u d e .  however, r e c e n t  r e p o r t s  by Trehan (1978) ,  M u f f l e r  (1979),  and 

t h e  Uni ted S t a t e s  Department of Energy (1978) o f f e r  c r e d i b l e  e s t i m a t e s ,  

s u b s t a n t i a t e d  by a v a i l a b l e d a t a , w h i c h  i n d i c a t e  t h a t  25,000 t o  40,000 

megawatts of power g e n e r a t i o n  c a p a c i t y  could  u l t i m a t e l y  b e  suppor ted  by 

i d e n t i f i e d  vapor-dominated and l iquid-dominated r e s o u r c e s  i n  six wes te rn  
23 states . These f i g u r e s  a r e  e q u i v a l e n t  t o  f u l l y  h a l f  of t h e  conven t iona l  

23 
The 6 wes te rn  s t a t e s  a r e  CA, I D ,  NV,  NM, OR and UT. WY h a s  a , v a s t  
hydrothermal  c a p a c i t y ,  e s t i m a t e d  t o  b e  14,000 megawatts,  b u t  i t s  l o -  
c a t i o n  under  Yel lowstone Park  r e n d e r s  i t  i n a c c e s s i b l e  f o r  development.  
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gene ra t ion  capac i ty  i n s t a l l e d '  i n  t h e s e  s i x  s t a t e s  (Ref. Edison E l e c t r i c  

I n s t i t u t e ,  1976). 

According t o  P a c i f i c  Gas and E l e c t r i c  Company (1978), t h e  produc- 

t i o n  c o s t  f o r  hydrothermal e l e c t r i c  energy at. t h e  Geysers geothermal 

f i e l d  i n  no r the rn  C a l i f o r n i a  is '  17 mills/kWh 24 which is  considerably 

l e s s  expensive than  t h a t  f o r  baseload gene ra t ion  a l t e r n a t i v e s  of com- 
2 5 

bined cyc le  p l a n t s e a t  45 mills/kWh, c o a l  p l a n t s  a t  27 mills/kWh , and 

nuc lea r  p l a n t s  a t  21 mills/kWh. Such product ion economies a r e  due i n  

l a r g e  p a r t  t o  t h e  3 5 0 ' ~  (177'~) vapor-dominated c h a r a c t e r i s t i c s  of t h e  

Geysers resource  (Ref. P a c i f i c  Gas and E l e c t r i c  Co. 1974). Production 

economies of t h e  more common liquid-dominated type  of resource  a r e  

h ighly  dependent on s i t e - s p e c i f i c  resource  q u a l i t i e s  inc luding  temper- 

a t u r e ,  depth,  w e l l  f low r a t e  and composition. Although somewhat more 

expensive than  t h a t  r e a l i z e d  a t  t h e  . - Geysers, . t h e  .. production .. . c o s t  of 

e l e c t r i c  power from liquid-dominated resources  i s  a l s o  predic ted  t o  be 

c o s t  competi t ive wi th  baseload genera t ion  a l t e r n a t i v e s  a t  a  s i g n i f i c a n t  

number of r e s e r v o i r  s i t e s  (Ref. Trehan, 1978). 

3.1.2 Investment Modeling Assumptions 

The l a r g e  number of r epo r t ed ly  economic hydrothermal resource  

s i t e s  o f f e r s  t he  p o t e n t i a l  f o r  l a r g e  s c a l e  commercial development. The 

r a t e  and ex ten t  a t  which t h i s  p o t e n t i a l  is  r e a l i z e d  w i l l  depend on t h e  

r a t e  and e x t e n t  a t  which f i rms  choose t o  i n v e s t  c a p i t a l  i n t o  hydrother- 

mal explora t ion ,  development and u t i l i z a t i o n  p ro j  e c t  s . Such investment 

behavior i s  cond i t i ona l  upon s a t i s f y i n g  t h e  dec i s ion  o b j e c t i v e s  of both 

r e sou rce  producing f i rms  and e l e c t r i c  u t i l i t i e s .  

The Geysers success ,  and t h e  i d e n t i f i c a t i o n  of a t t r a c t i v e  resources  

o u t s i d e  t h e  Geysers, has  generated cons iderable  a c t i v e  i n t e r e s t  on t h e  

p a r t  of i n v e s t o r s ,  e l e c t r i c  u t i l i t i e s  and resource  producers - t h e  

l a t t e r  ranging i n  ope ra t iona l  scope from r e l a t i v e l y  small  independent 

2 4 35 year  l e v e l i z e d  c o s t s  on a  1977 cons tan t  d o l l a r  b a s i s  a t  an  assumed 
capaci ty.  f a c t o r  of 80%. 

2523 mills/kWh f o r  c o a l  p l a n t s  without  f l u e  gas  d e s u l f u r i z a t i o n  
equipment . 



ope ra to r s  t o  major petroleum and mining co rpo ra t i ons .  A t  t h e  p re sen t  

t ime however, geothermal exp lo ra t i on ,  development and u t i l i z a t i o n  ex- 

per ience  i s  n o t  widespread i n  t h e  i ndus t ry .  This  l a c k  of exper ience  i n  

dea l ing  with hydrothermal resources  d e t r a c t s  from t h e  immediate and 

r ap id  commercial izat ion of hydrothermal e l e c t r i c  power f a c i l i t i e s .  I n  

p a r t i c u l a r ,  s u b s t a n t i a l  investment r i s k s  a r e  perceived because of un- 

c e r t a i n t i e s  p e r t a i n i n g  t o  hydrothermal r e sou rce  i d e n t i f i c a t i o n  and de- 

velopment, r e s e r v o i r  performance, r e sou rce  p r i c i n g ,  and i n s t i t u t i o n a l  

b a r r i e r s .  Though t h e s e  u n c e r t a i n t i e s  a r e  l i k e l y  t o  m e l i o r a t e  wi th  

t ime - a s  indeed they have a t  t h e  Geysers - geothermal investment 

behavior  w i l l  r e f l e c t  a  degree of cau t ious  optimism i n  t h e  development 

of new re sou rce  sites. 

To a  l i m i t e d  e x t e n t ,  t h e  i n i t i a l  development and demonstrat ion of 

hydrothermal e l e c t r i c  power f a c i l i t i e s  a t  new resource  s i t e s  w i l l  l i k e l y  

proceed p r i o r  t o  f u l l y  s a t i s f y i n g  t h e  r i s k  ave r se  investment c r i t e r i a  

of t h e  e l e c t r i c  u t i l i t y  i n d u s t r i e s .  Temporary i n c e n t i v e  schemes such 

a s  t h e  Federa l  Geothermal Loan Guarantee and c o s t  sha r ing  programs en- 

hance t h e  a v a i l a b i l i t y  of funds f o r  e a r l y  development, a s  may leaseback  

f inanc ing  schemes f o r  power p l a n t  cons t ruc t ion .  A l i m i t e d  l e v e l  of 

development may a l s o  occur wi th  t h e  cons t ruc t ion  of gene ra t i on  f a c i l -  

i t i e s  by p r i v a t e  consumers of bu lk  e l e c t r i c  power i nc lud ing  t h e  r e sou rce  

producers  themselves.  However, u n l e s s  t h e  power is  used on s i t e  - an  

u n l i k e l y  p o s t u l a t i o n  cons ider ing  t h e  remote and d e s e r t - l i k e  l o c a t i o n  of 

most v i a b l e  geothermal r e s e r v o i r s  - t h i s  means of p r i v a t e  development 

may be  cons t ra ined  by t h e  l i m i t e d  excess  capac i ty  of ut i l i ty-owned 

t ransmiss ion  l i n e s .  

It i s  assumed i n  t h i s  s tudy t h a t  t h e  eventua l  l a r g e  s c a l e  develop- 

ment of hydrothermal r e sou rces  f o r  e l e c t r i c  power gene ra t i on  is  condi- 

t i o n a l  upon s a t i s f y i n g  t h e  investment dec ison  c r i t e r i a  of both r e sou rce  

producers  and e l e c t r i c  u t i l i t i e s .  The e l e c t r i c  u t i l i t i e s ,  i t  i s  assumed, 

w i l l  i n v e s t  i n  hydrothermal power p l a n t s  and thereby provide a  market 

f o r  t h e  hydrothermal r e sou rce  producer i f  t h e  r e sou rce  i s  pr iced  such 

t h a t  t h e  t o t a l  product ion c o s t  of hydrothermal e l e c t r i c  energy--deli- 

vered t o  t h e  n e a r e s t  major t ransmiss ion  co r r ido r - - i s  compet i t ive  wi th  
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t h a t  of t h e  l e a s t  expens ive  a l t e r n a t i v e  t y p e  o f  b a s e l o a d  g e n e r a t i o n .  

Under lying t h i s  assumption a r e  u n d e r s t a n d i n g s  t h a t ,  f o r  l a r g e  s c a l e  

hydro thermal  development t o  proceed,  e l e c t r i c  u t i l i t i e s '  concerns  must 

b e  s a t i s f i e d  r e g a r d i n g :  r e g i o n a l  l o a d  growth and t h e  need f o r  new gen- 

e r a t i n g  c a p a c i t y ,  sys tem r e l i a b i l i t y ,  hydrothermal  r e s e r v o i r  and power 

t echnology  demons t ra t ion ,  and t h e  m e l i o r a t i o n  o f  l o g i s t i c a l  and i n s t i t u -  

' t i o n a l  c o n s t r a i n t s .  

To model t h e  j o i n t  p r o b a b i l i s t i c  inves tment  behav ior  of r e s o u r c e  

p roducers  and e l e c t r i c  u t i l i t i e s  i n  t h e  development o f  hydrothermal  

r e s o u r c e s ,  two i n t e r a c t i n g  d e c i s i o n  models would b e  r e q u i r e d ,  i . e . ,  

one f o r  each e n t i t y .  Th i s  t a s k  i s  beyond t h e . s c o p e  of t h e  p r e s e n t  

s t u d y ,  which is  d i r e c t e d  a t  t h e  r e s o u r c e  producer  a l o n e .  For t h e  pre-  

s e n t  a p p l i c a t i o n ,  t h e  above assumptions  a r e  made r e g a r d i n g  e l e c t r i c  

u t i l i t i e s  behavior-- the  key t o  which is  t h e  m a r g i n a l l y  c o m p e t i t i v e  

p r i c i n g  of t h e  r e s o u r c e  ( r e c a l l  s e c t i o n  2.3.1 f o r  t h e  r e s o u r c e  p r i c i n g  

approach used i n  t h i s  a n a l y s i s ) .  

3 .2  HYDROTHERMAL RESOURCE PRODUCERS 

The commercial p o t e n t i a l  of hydrothermal  e l e c t r i c  power i s  r e a l i z e d  

i n  t h e  Uni ted S t a t e s  today l a r g e l y  due t o  t h e  p i o n e e r i n g  e f f o r t s  of 

D .C .  McCabe and h i s  p a r t n e r s  i n  Magma Power Company. I n  t h e  mid-19501s, 

Magma d r i l l e d  t h c  f i r s t  commcrcial steam w e l l  a t  t h e  Geyser's. Subse- 

quen t  j o i n t  development by .Magma, Thermal Power Company, and P a c i f i c  

G a s  and E l e c t r i c  Company produced t h e  wes te rn  hemisphere ' s  f i r s t  com- 

m e r c i a l  geo thermal  e l e c t r i c  power i n  1960. I n  1967, Union O i l  Company 

of C a l i f o r n i a  j o i n e d  t h e  d e v e l o p e r s  and,  w i t h  i t s  ample s u p p l y ' o f  cap i -  

t a l ,  s i g n i f i c a n t l y  advanced t h e  Geysers  r a t e  o f  growth as i l l u s t r a t e d  

i n  F i g u r e  3-1. With more t h a n  500,000 k i l o w a t t s  of g e n e r a t i o n  c a p a c i t y  

i n s t a l l e d  today ,  t h e  Geysers  i s  t h e  w o r l d ' s  l a r g e s t  s o u r c e  of geothermal  

e l e c t r i c  power. 

Today t h e  commercial f e a s i b i l i t y  o f  hydrothermal  e l e c t r i c  power 

a t t r a c t s  a c t i v e  inves tment  and development i n t e r e s t s  of a l a r g e  number 

and wide v a r i e t y  of r e s o u r c e  producing f i r m s .  Major pet roleum and 

mining c o r p o r a t i o n s  and s m a l l  independent  o p e r a t o r s  a l i k e  a r e  a c t i v e l y  
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involved i n  exploring and developing hydrothermal r e s e r v o i r s .  For t h e  

purposes of t h i s  s tudy,  t he  resource  producers a r e  c l a s s i f i e d  a s  

fo l lows:  

8 Type I. Major d i v e r s i f i e d  co rpo ra t ions  wi th  a s s e t s  t y p i c a l l y  
i n  excess  of one b i l l i o n  d o l l a r s  and s u b s t a n t i a l  income from 
non-geothermal opera t ion6 .  Annual c a p i t a l  investments and ex- 
p l o r a t i o n  expenditures  a r e  t y p i c a l l y  i n  t h e  order  of hundreds 
of m i l l i o n s  of d o l l a r s .  20-30% c a p i t a l  s t r u c t u r e  i s  long term 
debt  cos t ing  about  8-9% new today (SF Rating: BBB-MA). 
Weighted averaged a f t e r - t a x  c o s t  of new c a p i t a l  i s  10-12%. 

e Type 11. Smaller d i v e r s i f i e d  o r  non-d ivers i f ied  resource  cor- 
po ra t ions  w i t h  a s s e t s  s u b s t a n t i a l l y  l e s s  than one b i l l i o n  dol-  
l a r s  and annual  investment and exp lo ra t ion  budgets  i n  t h e  order  
of m i l l i o n s  of d o l l a r s ,  Cap i t a l  s t r u c t u r e  i s  s i m i l a r  t o  Type I 
f i rm  o r  long term debt  f r a c t i o n  may be lower and cos t  of new 
c a p i t o l  o l i g h t l y  h igher ,  

e Type 111. Non-diversified independent ope ra to r s  with in s ign i f  i- 
cant  income p r i o r  t o  geothermal product ion.  Annual investment 
and exp lo ra t ion  budgets a r e  t y p i c a l l y  i n  t h e  o rde r  of hundred of 
thousands of d o l l a r s .  Financing is  e n t i r e l y  through s a l e  of 
equ i ty ,  f r equen t ly  i n  t h e  form of l imi t ed  pa~ ' t ne r sh ip  i n t e r e s t s .  
Minimum c o s t  of new c a p i t a l  t o  t h e  f i rm i s  12-15% t o  a t t r a c t  
i nves to r s .  Government loan  guarantees  may provide acces s  t o  
debt  f i nanc ing  f o r  t h e s e  f i rms .  

Throughout t h i s  r e p o r t ,  d i s cuss ions  a r e  l imi t ed  t o  t h e  Type I f i r m  

and t o  t h e  Type 111 f i r m  a s  descr ibed  above. 

The dec i s ion  model which w i l l  be  d iscussed  i n  t h i s  chapter  is 

based upon information and d a t a  c o l l e c t e d  through management in te rv iews  

and from voluntary  check - l i s t  responses cont r ibu ted  by twenty resource  

f i rms .  The c o n t r i b u t i n g  f i rms ,  each having an  a c t i v e  o r  p o t e n t i a l  

i n t e r e s t  i n  geothermal energy, may b e  ca tagor ized  a s  fol lows:  e leven 

a r e  Type I co rpora t ions ,  four  a r e  Type I1 corpora t ions ,  and f i v e  a r e  

Type 111 independents.  

3.3 DECISION OBJECTIVES AND PREFERENCES 

3.3.1 Investment Objec t ives  

In te rv iews  wi th  management r e p r e s e n t a t i v e s  of t h e  twenty f i rms  par- 

t i c i p a t i n g  i n  t h i s  a n a l y s i s  i n d i c a t e  t h a t  f o u r  o b j e c t i v e s  a r e  of primary 

concern t o  investment decision-makers of t h e  energy resource  indus t ry .  



These investment o b j e c t i v e s  a r e  t o :  

maximize t h e  e f f i c i e n c y  of inves ted  c a p i t a l  ( a s  assessed  i n  
terms of t h e  a n t i c i p a t e d  n e t  a f t e r - t a x  r a t e  of r e t u r n )  

minimize t h e  l e n g t h  of t ime dur ing  which inves ted  c a p i t a l  i s  a t  
r i s k  ( a s  assessed  i n  terms of t h e  a n t i c i p a t e d  investment payback 
time) 

e undertake p r o j e c t s  which a r e  compatible  wi th  t h e  f i r m ' s  s c a l e  of 
ope ra t i ons  ( a s  assessed  i n  terms of t h e  a n t i c i p a t e d  n e t  p r e sen t  
v a l u e  of t h e  p r o f i t  stream) 

e avoid f i n a n c i a l  r u i n  ( a s  assessed  i n  terms of t h e  amount of 
inves ted  c a p i t a l  a t  r i s k ) .  

Q u a l i t a t i v e l y  t h e  fou r  investment o b j e c t i v e s  a r e  s i m i l a r  f o r  a l l  

types  ( I ,  11, 111) of r e sou rce  f i r m s  a s  def ined  above. Q u a n t i t a t i v e l y ,  

however, s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  i n  t h e  u t i l i t y ,  i . e .  numerical 

va lue  of p r e f e r ence  o r  ave r s ion ,  which each type  of f i r m  a t t a c h e s  t o  

given l e v e l s  of t h e  a t t r i b u t e s :  r a t e  of r e t u r n ,  payback time, p resen t  

v a l u e  of prof i t s ,  and c a p i t a l  l o s s .  These d i f f e r e n c e s ,  a s  perceived by 

t h e  major Type I f i r m . a n d  smal le r  Type I11 f i r m  a r e  demonstrated i n  t h e  

fol lowing paragraphs.  

3.3.2 U t i l i t y  of Rate of Return 

U t i l i t y  f u n c t i o n s ,  which e s t i m a t e  t h e  f i rms '  p r e f e r ences  f o r  v a r i -  

ous l e v e l s  of r a t e  of r e t u r n ,  a r e  based upon r e g r e s s i o n s  of vo luntary  

c h e c k l i s t  responses  a s  rece ived  from t h e  p a r t i c i p a t i n g  f i r m s  . ..With o t h e r  

investment a t t r i b u t e s  he ld  f i x e d ,  respondents  were asked t o  r a t e  t h e i r  
, 

preferences  f o r  s i x  l e v e l s  of r e t u r n  on a  twelve po in t  s c a l e .  This  d a t a  

sample was then normalized between a  minimum u t i l i t y  of zero  a t  "no 

investment i ncen t ive"  and a  maximum u t i l i t y  of one a t  "highest  p o s i t i v e  

incent ive! ' .  The normalized d a t a  was next  p a r t i t i o n e d  i n t o  Type I,  

major co rpo ra t i on  responses  and Type I I I , . i n d e p e n d e n t  ope ra to r  

responses .  

Af t e r  t e s t i n g  t h e  i n d u s t r y  responses  f o r  s t a t i s t i c a l  heteroskedas-  

t i c i t y ,  i .e .  non-equal i ty  of va r i ances  a c r o s s  sample obse rva t ions ,  t h e  

d a t a  was regressed .  e i t h e r  by s imple l e a s t  squares  techniques ,  weighted 

l e a s t  squares  techniques ,  o r  non-l inear  m u l t i p l e  r e g r e s s i o n  methods. 

The r e s u l t s o f  t h i s  s t a t i s t i c a l  a n a l y s i s ,  a s  i l l u s t r a t e d  i n  F igure  3-2, 

a r e  u t i l i t y  func t ions  s f  r a t e  of r e t u r n ,  UR(r) ,  which r e p r e s e n t  bo th  
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t h e  maximum l i k e l i h o o d  e s t i m a t e s  (MLE) and b e s t  l i n e a r  unb iased  

e s t i m a t e s  (BLUE) o f  t h e  i n d u s t r y  r e s p o n s e s 2 6 .  It may be  no ted  t h a t ,  

i n  F i g u r e  3-2, a  t h r e s h o l d  minimum a c c e p t a b l e  r a t e  of r e t u r n  e x i s t s  

which i s  c o n s i s t e n t  w i t h  t h e  d i s c u s s i o n  of t h r e s h o l d  r e t u r n  i n  s e c t i o n  

2.5.1. Fur thermore,  t h e  c u r v e s  i n  F i g u r e  3-2 a r e  monotonic i n c r e a s i n g  

w i t h  r which i s  c o n s i s t e n t  w i t h  t h e  i n d u s t r y  r e s p o n s e s  of i n c r e a s i n g  

p r e f e r e n c e  f o r  i n c r e a s i n g  r e t u r n .  F i g u r e  3-2 a l s o  e x h i b i t s  d e c r e a s i n g  
' 

m a r g i n a l  u t i l i t y  i n  t h e  d i r e c t i o n  of i n c r e a s i n g  p r e f e r e n c e  which would 

i n d i c a t e  t h a t  p r e f e r e n c e  a s y m p t o t i c a l l y  approaches  an upper  bound a t  

h i g h  p o s i t i v e  l e v e l s  of r e t u r n ,  i . e .  a t  s u f f i c i e n t l y  h i g h  r e t u r n s  

n e g l i g i b l e  a d d i t i o n a l  inves tment  i n c e n t i v e  i s  provided by i n c r e a s i n g  

t h e  r e t u r n .  

3.3.3 U t i l i t y  of Payback Time 

Payback u t i l i t y  f u n c t i o n s  were analyzed wi.th methods s i m i l a r  t o  

t h o c c  uccd f o r  t h c  r a t c  of r e t u r n  u t i l i t y  f u n c t i o n 3  d i ~ c u 3 3 c d  abovc. 

F i g u r e  3-3 i l l u s t r a t e s  t h e  u t i l i t y  f u n c t i o n s  f o r  payback t i m e ,  Up(p),  

2 6 t - s t a t i s t i c s  f o r  t h e  r e g r e s s i o n  paramete rs  of t h e  c o r p o r a t e  p roducers  
c u r v e  a r e  a t  t h e  90% and 99% l e v e l  of conf idence ;  f o r  t h e  independent  
producer  c u r v e  t h e y  a r e  a t  t h e  80% and 99% l e v e l .  C o e f f i c i e n t s  of 
d e t e r m i n a t i o n  (R2)  a r e  0.48 and 0.73 f o r  t h e  two c u r v e s ,  r e s p e c t i v e l y .  
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F i g u r e  3 - 3 .  RESOURCE PRODUCERS' UTILITY 
FOR INVESTMENT PAYBACK PERIOD 

which were produced from t h i s  assessment  27 . 

It may b e  no ted  t h a t  t h e  c u r v e s  i n  F i g u r e  3-3 a r e  everywhere 

monotonic d e c r e a s i n g  w i t h  i n c r e a s i n g  payback t ime  which i s  c o n s i s -  

t e n t  w i t h  d e c r e a s i n g  i n d u s t r y  p r e f e r e n c e s  f o r  long  paybacks .  F i g u r e  

3-3 a l s o  e x h i b i t s  d e c r e a s i n g  marg ina l  u t i l i t y  as payback t i m e s  g e t  v e r y  

s h o r t  which would i n d i c a t e  t h a t ,  a t  s u f f i c i e n t l y  s h o r t  payback t i m e s ,  

t h e r e  i s  n e g l i g i b l e  a d d i t i o n a l  investment  i n c e n t i v e  provided by f u r t h e r  

r e d u c t i o n  i n  payback t ime.  

It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  payback t i m e s  i n  l i n e  w i t h  

t h o s e  of 8-10 y e a r s  a s  e s t i m a t e d  f o r  o u t e r  c o n t i n e n t a l  s h e l f  o i l  ven- 

t u r e s  a r e  j u s t  above n e u t r a l  p r e f e r e n c e ,  i . e .  U = 0 .5 ,  f o r  t h e  major 

Type I producers .  T h i s  same payback per iod  i s  'below n e u t r a l  p r e f e r e n c e  

f o r  t h e  s m a l l e r  Type 111 f i r m s ,  one of which i n d i c a t e d  i n  a  p e r s o n a l  

i n t e r v i e w  t h a t  a v a i l a b l e  v e n t u r e  c a p i t a l  r e q u i r e s ,  a t  most ,  a  7 y e a r  

payback. 

3 . 3 . 4  U t i l i t y  of Monetary Gain 

Sampling and r e g r e s s i o n  of i n d u s t r y  p r e f e r e n c e s  f o r  t h e  n e t  p r e s e n t  

2 7 t - s t a t i s t i c s  f o r  t h e  c o r p o r a t e  producer  c u r v e  and f o r  t h e  independent  
producer  c u r v e  a r e  a t  t h e  99% l e v e l  of conf idence ;   coefficient,^ of 
d e t e r m i n a t i o n  ( R ~ )  f o r  t h e  two c u r v e s  a r e  0.86 and 0.90,  r e s p e c t i v e l y .  
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v a l u e  of a  monetary g a i n  followed s i m i l a r  methods t o  t hose  used f o r  

a s s e s s i n g  preferences  f o r  r a t e  of r e t u r n  and payback time a s  d i scussed  

prev ious ly .  F igu re  3-4 i l l u s t r a t e s  t h e  u t i l i t y  f u n c t i o n s  f o r  n e t  pre- 

s e n t  v a l u e  of p r o f i t s ,  UV(v), which were produced from t h i s  ana lys i s2 ' .  

From Figure  3,-4 i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  u t i l i t y  curve 

f o r  t h e  smal l ,  Type 111 f i rm  i s  reasonably c o n s i s t e n t  wi th  t h a t  found 

by Grayson (1960) f o r  a  smal l  ope ra to r .  Grayson's curve  a p p e a r s . t o  
\.. 

asympto t i ca l l y  approach a  maximum p re fe rence  a t  monetary g a i n s  i n  ex- 

cess of $1 m i l l i o n .  The v a l u e  today of $1 m i l l i o n  i n  1958 ( t h e  t i n e  of 

Grayson's work) i s  $2-3 m i l l i o n  which i s  c o n s i s t e n t  .wGh t h e  lower l i m i t  

of va lues  i n  F igure  3-4 which approach maximum preference .  

It i~ a l c o  i n t e r c c t i n g  t o  n o t e  t h a t  t h e  u t i l i t y  curve  f o r  t h c  ma- 

j o r ,  Type I producer demonstrates  n e u t r a l  p re fe rence ,  i . e . ,  U=0.5, a t  

monetary 'ga ins  of $5-10 m i l l i o n  and near  maximum p re fe rence  a t  about 

$50 m i l l i o n .  According t o  Greider  (1978),  a  5-10 m i l l i o n  b a r r e l  on- 

sho re  o i l  f i e l d  i s  a n  average  d i scovery  and has  a  n e t  p r e sen t  va lue  of 

$6-11 m i l l i o n .  A 40 m i l l i o n  b a r r e l  d i scovery  i s  h igh ly  a t t r a c t i v e ,  but  
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Figure 3-4. RESOURCE PRODUCERS' UTILITY FOR FINANCIAL GA1.S 

28 t - s t a t i s t i c s  f o r  t h e  co rpo ra t e  producer curve a r e  a t  t h e  80% t o  
99% l e v e l  of confidence;  t hose  f o r  t h e  independent producer curve a r e  

2  a l l  a t  t h e  99% l e v e l .  C o e f f i c i e n t s  of de te rmina t ion  (R ) f o r  t h e  two 
curves  a r e  0.70 and 0.85, r e s p e c t i v e l y .  



rare, and h a s  a n  e s t i m a t e d  N.P.V. of $43  m i l l i o n .  These e s t i m a t e s  f o r  

"average" and " a z t r a c t i v e "  N.P.V. 's a r e  c o n s i s t e n t  w i t h  t h e  " n e u t r a l "  

and "high" p r e f e r e n c e  v a l u e s  shown i n  F i g u r e  3-4. 

3 .3 .5  U t i l i t y  of Monetary Loss 

The u t i l i t y - - o r  more a p p r o p r i a t e l y  t h e  d i s u t i l i t y  o r  avers ion- -  

a s s o c i a t e d  w i t h  v a r i o u s  l e v e l s  of monetary l o s s  i s  e s t i m a t e d  by t h e  

f o l l o w i n g  method: 

I n d u s t r y  d e c i s i o n  makers a r e  p r e s e n t e d  w i t h  s i x t e e n  h y p o t h e t i c a l  

l o t t e r i e s  i n  which two outcomes a r e  p o s s i b l e :  t h e r e  i s  p o s s i b i l i t y ,  

P  t h a t  a  monetary l o s s ,  Li, w i l l  b e  i n c u r r e d  and p r o b a b i l i t y ,  (1-P. ) ,  
j ' J 

t h a t  a  monetary g a i n  w i l l  be  r e c e i v e d .  The g a i n  i s  d e f i n e d  a s  t h e  

"maximum r e a l i s t i c  gain." p o s s i b l e  from a v e n t u r e .  P r e f e r e n c e s  f o r  t h e  

s i x t e e n  combinat ions  of f o u r  v a l u e s  of P .  and f o u r  v a l u e s  of L. a r e  
J 1 

provided by t h e  d e c i s i o n  maker on a  12-point  s c a l e .  

The p r e f e r e n c e  s c a l e  i s  normal ized between z e r o  a t  t h e  least p r e f -  

e r a b l e  combina t ion(s )  of P .  and Li, and one a t  t h e  most p r e f e r a b l e  combina- 
J 

t i o n ( s ) .  I n d u s t r y  r e s p o n s e s  a r e  i n t e r p r e t e d  a s  be ing  t h e  expected 

u t i l i t y  of each l o t t e r y  which is:  

The u t i l i t y  of t h e  "maximum r e a l i s t i c  ga in" ,  U(G), i s  d e f i n e d  a t  t h e  

maximum v a l u e  of one.  It f o l l o w s  t h a t :  

A f t e r  t e s t i n g  t h e  i n d u s t r y  d a t a  f o r  h e t e r o s k e d a s t i c i t y ,  a s  d i s -  

cussed  e a r l i e r ,  s i m p l e  o r  weighted l e a s t  s q u a r e s  t e c h n i q u e s  were em- 

ployed t o  r e g r e s s  t h e  d a t a  and produce t h e  u t i l i t y  f u n c t i o n s  f o r  mone- 

t a r y  l o s s ,  U ( v ) ,  as i l l u s t r a t e d  i n  F i g u r e  3-529.  It i s  i n t e r e s t i n g  t o  
L  

n o t e  t h a t ,  a c c o r d i n g  t o  F i g u r e  3-5, a major Type I c o r p o r a t i o n  shows 

2 9 t - s t a t i s t i c s  f o r  t h e  c o r p o r a t e  producer  c u r v e  and f o r  t h e  independent  
producer  c u r v e  a r e  a t  . the  99% l e v e l  of conf idence .  C o e f f i c i e n t s  of 
d e t e r m i n a t i o n  (R*) a r e  0.31 and 0.62 f o r  t h e  two c u r v e s ,  r e s p e c t i v e l y .  



Figure  3-5. RESOURCE PRODUCEKS' DISUTILITY OF FINANCIAL LOSS 

f a i r l y  s t rong  ave r s ion  t o  risks i n  t h e  1luxlclr.ecls of n ~ i l l i s n s  of  dollar^ 

wh i l e  t h e  sma l l e r  Type 111 f i rms  show t h e  same ave r s ion  t o  l o s s e s  i n  

t h e  m i l l i o n s  of d o l l a r s .  Recent r e p o r t s  of exp lo ra to ry  o i l  d r i l l i n g  

a c t i v i t i e s  by major Type I f i r m s  on t h e  ou t e r  c o n t i n e n t a l  she l f  i nd i -  

c a t e  investment  l o s s e s  of $60-150 m i l l i o n  p r i o r  t o  abandonment. These 

r e p o r t s  a r e  c o n s i s t e n t  w i t h  F igure  3-5. The r i s k  ave r s ion  l e v e l s  of 

t h e  sma l l e r  Type 111 f i r m s  r ep re sen t  a  major f r a c t i o n  of  t h e i r  t o t a l  

a s s e t s  which i s  no t  unexpected f o r  independent,  "wi ldca t t ing"  ope ra ro r s .  

3 . 4  MODELING DECISION BEIIAVIOR 

3.4.1 Mul t i ob j ec t i ve  Decis ion Analysis  

When a s se s s ing  an oppor tun i ty  having u n c e r t a i n ,  p r o b a b i l i s t i c  

outcomes, a  r e s o u r c e  producing f i rm  i s  concerned wi th  t h r e e  a t t r i b u t e s  

i f  a n  outcome r e p r e s e n t s  a  monetary ga in :  

e r a t e  of r e t u r n  on investment ( r ) ,  

e investment payback time ( p ) ,  and 

e n e t  p r e sen t  va lue  of p rofLrs  ( v ) .  

I f  an outcome r e p r e s e n t s  a  monetary l o s s ,  t h e  f i r m  i s  concerned wi th  one 

a t t r i b u t e :  

n e t  p r e s e n t  v a l u e  of investment a t  r i s k  (y). 

Condi t iona l  p r e f e r ences  f o r  t h e s e  f o u r  a t t r i b u t e s  a r e  expressed i n  terms 

of t h e  u n i v a r i a t e  u t i l i t y  functions--U U , U and U r e spec t ive ly  -- 
R'  P V .  L 

developed e a r l i e r  i n  t h i s  chapter .  



M u l t i o b j e c t i v e  p r e f e r e n c e s  f o r  t h e  p o s i t i v e  outcomes, i . e .  outcomes 

r e p r e s e n t i n g  a  monetary g a i n ,  are expressed  i n  t e rms  of a  m u l t i a t t r i b u t e  

u t i l i t y  f u n c t i o n  which i s  a  n e s t e d  f u n c t i o n  of t h e  t h r e e  c o n d i t i o n a l  

u n i v a r i a t e  u t i l i t y  f u n c t i o n s :  

Avers ions  t o  a  monetary l o s s  a r e  expressed  i n  terms of t h e  u n i v a r i a t e  

u t i l i t y  f u n c t i o n :  

To e s t i m a t e  t h e  f u n c t i o n a l  form of  t h e  m u l t i a t t r i b u t e  u t i l i t y  

f u n c t i o n ,  f ,  i n  e q u a t i o n  ( 3 . 3 ) ,  i n d u s t r y  d e c i s i o n  r e s p o n s e s  were ob- 

se rved  a t  8 0  combinat ions  of t h e  t h r e e  a t t r i b u t e s .  A f t e r  s t a t i s t i c a l l y  

t e s t i n g  f o r . p r o p e r t i e s  of u t i l i t y  independence ( s e e  C a s s e l ,  1979) ,  a  

s tep-wise  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  w a s  employed t o  converge on t h e  

most e f f i c i e n t  m u l t i l i n e a r  form of f .  S e p a r a t e  r e g r e s s i o n  a n a l y s e s  

were performed f o r  t h e  major c o r p o r a t e  Type I f i r m s  and f o r  t h e  inde-.  

penden t ly  o p e r a t i n g  Type I11 f i r m s .  

For t h e  Type I f i r m s ,  t h e  r e s u l t i n g  f u n c t i o n a l  f6rm of m u l t i -  

a t t r i b u t e  u t i l i t y  is3' : 

klluR(?)+ k12UV(G)+ ki3uR(Z)Upcc) f o r  v>O 

u ={ (3.5) 

U ( G )  f o r  ?LO 
L 

and f o r . t h e  Type I11 f i r m s  t h e  r e s u l t i n g  f u n c t i o n a l  form is:  
e 

k31~V(G)+ k 3 2 ~ R ( F ) ~ V ( G ) +  k 3 3 ~ R ( ? ) ~ p ( c ) ~ V ( ? )  f o r  ?>O 

u ={ (3 .6)  

uL(?) f o r  i < O  - 

An e x p l a n a t i o n  o f ' i n v e s t m e n t  behav ior  by p o t e n t i a l  geothermal  

30 t - s t a t i s t i c s  f o r  a l l  "kt' c o e f f i c i e n t s  i n  both  e q u a t i o n  (3 .5 )  and 
(3 .6)  a r e  a t  t h e  99% l e v e l  o f  c o n f i d e n c e  a s  a r e  t h e  F - s t a t i s t i c s  
which t e s t  t h e  j o i n t  c o n f i d e n c e  of t h e  t h r e e  a d d i t i v e  terms.  Coef- 

2  f i c i e n t s  of d e t e r m i n a t i o n  (R ) f o r  t h e  two e q u a t i o n s  a r e  0.86 and 
0.83,  r e s p e c t i v e l y .  
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r e sou rce  producers  i s  provided by i n s p e c t i o n  of t h e  m u l t i a t t r i b u t e  

u t i l i t y  func t ions  given i n  equa t ions  (3.5) .and ( 3 . 6 )  . Decisions by ma- 

j o r  r e sou rce  co rpo ra t i ons  appear heav i ly  weighted by t h e  uncondi t iona l  

r a t e  of r e t u r n  o f f e r e d  by an investment oppor tun i ty .  This  i s  consis-  

t e n t  wi th  bo th  investment  theory  and t h e  i n d u s t r y  i n t e rv i ews  d iscussed  

e a r l i e r  i n  t h i s  chap te r .  Ant ic ipa ted  payback t i m e  e n t e r s  i n t o  t h e  

d e c i s i o n  process  on ly  c o n d i t i o n a l  upon a  s a t i s f a c t o r y  r a t e  of r e t u r n ;  

however, t h e  combined i n f l u e n c e  of r a t e  of r e t u r n  and payback time i s  

s t r o n g .  The in f luence  of uncond i t i ona l  n e t  p r e sen t  v a l u e  of p r o f i t s  

o f f e r e d  by an oppor tun i ty  i s  app rec i ab l e  bu t  c a r r i e s  on ly  a f r a c t i o n  of 

t h e  weight of  t h e  r a t e  of r e t u r n  c r i t e r i o n .  Decis ions by t h e  indepen- 

dent  o p e r a t o r s  appe-ar ve ry  h e a v i l y  in f luenced  by t h e  c o n d i t i o n a l  n e t  

p r e sen t  v a l u e  of p r o f i t s  o f f e r e d  by an Inves . t~uent  oppor tun i ty .  The 

r a t e  of r e t u r n  c r i t e r i o n  i s  c o n d i t i o n a l  upon s a t i s f a c t o r y  N.P.V. of 

p r o f i t s  and t h e  payback time c r i t e r i o n  i s  cond i t i ona l  upon bo th  s a t i s -  

f a c t o r y  r a t e  of r e t u r n  and s a t i s f a c t o r y  N.P.V. of p r o f i t s .  The j o i n t  

i n f l u e n c e  of r a t e  of r e t u r n  and N.P.V. of p r o f i t s  i s  s t r o n g  a s  i s  t h e  

j o i n t  i n f luence  of r a t e  of r e t u r n ,  N.P.V. of p r o f i t s  and payback time. 

The uncondi t iona l  i n f l u e n c e  uf N . P . V .  of p r o f i t s  is  a p p r e c i a b l e  bu t  

n o t  s t rong  i f  t h e  o t h e r  two c r i t e r i a  a r e  no t  s a f f s f a c r u r y .  

3.4.2 - P r o b a b i l i s t i c  . . ,.. .. .. - .  Model of Binary Choice ... 

When choosing among a l t e r n a t i v e s  wi th  u n c e r t a i n  outc-omes (i . e. 

o p p o r t u n i t i e s  cha rac t e r i zed  by p r o b a b i l i s t i c  ga in s  and l o s s e s )  r a t i o n a l  

d e c i s i o n  makers behave as maximizers of "expected u t i l i t y " ;  t h a t  i s ,  

they  w i l l  s e l e c t  o p p o r t u n i t i e s  o f f e r i n g  t h e  h ighes t  expected u t i l i t y ,  

EU : 

EU = 1 Ui ni (3  3 )  

whcrc U 1s L11e u t i l i t y  of outcome i and I7 i s  i t s  p r o b a b i l i t y  of 
i i 

occurrence.  Expected b t i l i t y ,  EU, i s  t h e  explanatory v a r i a b l e  f o r  

r a t i o n a l  d e c i s i o n  behavior under c o n d i t i o n s  of u n c e r t a i n t y .  

Theore t ic  l i t e r a t u r e  on p r o b a b i l i s t i c  models of b ina ry  choice  ( s e e  

Casse l ,  1979) p r e s e n t s  s e v e r a l  models f o r  making e s t ima te s  of i n d i v i d u a l  

d e c i s i o n  behavior--i .  e . ,  t h e  p r o b a b i l i t y  t h a t  one w i l l  choose r a t h e r  



t h a n  r e j e c t  o p p o r t u n i t y  A--as a  f u n c t i o n  of o n e ' s  u t i l i t y  f o r  A .  One 

p a r t i c u l a r  model, t h e  " l o g i t "  model, is  s e l e c t e d  f o r  a p p l i c a t i o n  h e r e  

on t h e  b a s i s  of c o n c e p t u a l  p r o p r i e t y  and a n a l y t i c a l  s i m p l i c i t y  compared 

t o  a l t e r n a t i v e  l i n e a r  and " p r o b i t "  models.  

The l o g i t  model employed i n  t h i s  a n a l y s i s  is of t h e  form: 

which r e p r e s e n t s  t h e  p r o b a b i l i t y  of s e l e c t i n g  o p p o r t u n i t y  A c o n d i t i o n a l  

upon t h e  expected u t i l i t y  of A, EU .. F i g u r e  3-6 i l l u s t r a t e s  t h e  g e n e r a l  
A  

form of t h e  l o g i t  model. The a and paramete rs  of ( 3 . 8 )  were e s t i m a t e d  

s e p a r a t e l y  f o r  t h e  major  c o r p o r a t e  Type I f i r m s  and t h e  independen t ly  

o p e r a t i n g  Type I11 f i r m s  by a p p l y i n g  l e a s t  s q u a r e s  r e g r e s s i o n  t e c h n i q u e s  

t o  t h e  i n d u s t r y  inves tment  b e h a v i o r  d a t a  d i s c u s s e d  i n  s e c t i o n  3 . 4 . 1  

above3' . 

F i g u r e  3-6. THE LOGIT MODEL OF PROBABILISTIC CHOICE 

3 1 
t - s t a t i s t i c s  t o  t h e  a and 6 paramete rs  a r e  a t  t h e  99% l e v e l  of c o n f i -  
dence f o r  both  t h e  major c o r p o r a t e  (Type I )  model and t h e  independent  
o p e r a t o r  (Type 111) model. 



Chapter Four 

INVESTMENT EVALUATIONS AT CALIFORNIA AND UTAH 
KNOWN GEOTHERMAL RESOURCE AREAS 

The c a s h  f l o w  and investment  d e c i s i o n  model are used t o  e v a l u a t e  

r e s o u r c e  commerc ia l i za t ion  p o t e n t i a l  f o r  n i n e  Known Geothermal Resource 

Areas (KGRA's) i n  C a l i f o r n i a  and Utah.  These hydrothermal  r e s o u r c e  

a r e a s  were  s e l e c t e d  on t h e  b a s i s  of t h e i r  p r e s e n t  p o t e n t i a l  t o  suppor t  

e l e c t r i c  power development,  based on i n t e r v i e w s  w i t h  government and i n -  

d u s t r y  r e p r e s e n t a t i v e s .  Loca t ions  of t h e  KGRA's ana lyzed  i n  t h i s  r e p o r t  

a r e  shown i n  F i g u r e  4-1. I n  a d d i t i o n . t o  t h e  n i n e  l iquid-dominated re- 

s o u r c e  a r e a s ,  f u t u r e  development p o t e n t i a l  is  ana lyzed  a t  t h e  Geysers  

steam-dominated w e l l  f i e l d  i n  n o r t h e r n  C a l i f o r n i a .  

4 .1  INVESTMENT MODELING ASSUMPTIONS 

The investment  d e c i s i o n  being modeled i n  t h i s  r e p o r t  i s  t h e  decT- 

s i o n  t o  conf i rm and develop a geothermal  r e s o u r c e  a r e a  t o  t h e  e x t e n t  

n e c e s s a r y  t o  s u p p o r t  g i v e n  l e v e l s  of e l e c t r i c  power. T h i s  d e c i s i o n  i s  

based upon c u r r e n t l y  a v a i l a b l e  g e o l o g i c  d a t a  and f i n a n c i a l  pa ramete rs ,  

a s  d e f i n e d  and o u t l i n e d  i n  t h e  fo l lowing  s i t e - s p e c i f i c  f i g u r e s  and 

t a b l e s .  For purposes  of t h e  c u r r e n t  model a p p l i c a t i o n ,  i n p u t  v a r i a b l e s  

s u b j e c t  t o  s u b s t a n t i a l  u n c e r t a i n t y  a r e  e s t i m a t e d  by s e l e c t i n g  t h e  ex- 

pec ted  v a l u e s  of each paramete r ,  based on t h e  s i t e - s p e c i f  i c  p r o b a b i l i t y  

d i s t r i b u t i o n s  d i s c u s s e d  i n  s e c t i o n  2.1.  

A l l  investment  s i m u l a t i o n  r e s u l t s  p r e s e n t e d  below i n c l u d e  t h e  in -  

ves tment  i n c e n t i v e s  provided by t h e  1978 N a t i o n a l  Energy Act .  The r e -  

s o u r c e  p r i c e  used t o  e v a l u a t e  t h e  inves tment  d e c i s i o n  i s  based on t h e  

m a r g i n a l l y  c o m p e t i t i v e  r e s o u r c e  p r i c e ,  a s  d e s c r i b e d  i n  s e c t i o n  2.3.1.  

To de te rmine  t h e  s e n s i t i v i t y  of t h e  inves tment  d e c i s i o n  t o  t h e  r e s o u r c e  

p r i c e ,  investment  p r o b a b i l i t i e s  a r e  e s t i m a t e d  f o r  a  s e l l i n g  p r i c e  equiv- 

a l e n t  t o  80 ,  100 and 120 p e r c e n t  of t h e  m a r g i n a l l y  c o m p e t i t i v e  r e s o u r c e  

p r i c e .  

I n  t h e  fo l lowing  s e c t i o n s ,  s i t e  s p e c i f i c  i n p u t  pa ramete rs  and model 

r e s u l t s  a r e  p r e s e n t e d .  For each KGRA, a  summary i s  provided of g e o t h e r -  

mal development t o  d a t e .  The s i t e  s p e c i f i c  r e s o u r c e  pa ramete rs  a r e  t h e n  

4-1 
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presented toge the r  w2th a f i g u r e  i l l u s t r a t i n g  t h e  confidence l e v e l s  i n  

a v a i l a b l e  d a t a  ( d k c u s s e d  3n s e c t i o n  2..4.2) .. F i n a l l y ,  t h e  i.nvestment 

s imula t ion  r e s u l t s  a r e  analyzed f o r  bo th  major "Type I" re sou rce  

corporat . ions and independent "Type 111" resou rce  producers.  

4 .2  CALIFORNIA RESOURCE AREAS 

The seven C a l i f o r n i a  KGRA's  analyzed i n  t h i s  r e p o r t  a r e  l oca t ed  

i n  t h r e e  gene ra l  geographic a r e a s :  Imper i a l  Val ley  Region, Eas te rn  

S i e r r a  Region, and t h e  Geysers Region. Table  4-1 p re sen t s  t h e  econo- 

mic,. f i n a n c i a l ,  and t a x  parameters  a p p l i c a b l e  t o  investment d e c i s i o n s  

i n  a l l  t h r e e  of t h e s e  C a l i f o r n i a  r eg ions .  



TABLE 4-1. ECONOMIC AND FINANCIAL 
PARAMETERS' FOR CALIFORNIA SIMULATIONS 

1. $Et3YQ"3C-Pe'el3gIIRZ 
1. f LOI . lG-TERM OI.tF. DEF I -P ' rOR ( T / F ' )  . , , . , , . , . , + 0.05 
1.2 COST ~ s c a t - a . r . r o ~ r  6 : u . r ~  ( S / P )  ............. o . 0'5 
1.3 El.'EF:G'r' P R I C E  ESCOL.Y'TIOt.1 D O T E  ( I / P ) ,  , . , , f).IJ75 
1 . 4  u u s ~  'T'EOE OF n i . !n~ ' r . r ;~ :s  ( %IF.) ............ 19'78 
1.5 '1'EnF: O F  PRICI I . !G ( . ? /F ' ) ,  ................. 1078 

2. ~ p w ~ ~ - ~ q q g y c ~ g - ~ ~ ~ a ~ c ~ e ~ - ~ ~ ~ e ~ ~ ~ g ~ ~  ~ . i g ~ ~ ~ y g ~ r e ~  
2.1 0VEF:OGE OFTER-TO:< C O S T  CIF C O P : t T P L  ( t 3 / F ' ) ,  , , , , . C S ?  

2.1 E . ~ E * ' P  r ~ . * ~ ' r ! e ~ l ~  !1 / ' lS ' )  .,,,,+ + . r 1 r b r h 4 1 r , , , 4 1 , r r  8 600 
2.3 C O S T  O F  n E w T  ( I / ~ ) . , , , . . . . . . . . . . + . . + . + . M  .055 ............. 2 . 4  F'F:EFE":RE" EBUXT'I' FROCTXO1.4 ( X / F ' ) ,  . l o o  
2.5 C 0 S . r  01" Pl?GTCE:I?lZTI E O U I T I '  ( f / P ) ,  , . . , . , , , . , . , b c8k 
~ , , j  c o ~ ~ n 1 . 1  KQUIT~' F ' n n c ' r  xa1.1 ( X / P )  ................ . 4 1.) 0 ................. 2 + 7  C C s T  O F  CCIMMO*I ECi1.1:tT'r' ( I , / F ' )  , :!45 
2.8 EFPECTIVE II~ICOIME 'TCI:.: P : ~ ' T E  - (Q/P!  . .'. , ; , , . , , , * , .SO? 

2.9 ~ T A * Y K  TIJCOME 'TAX ROTF: ( X / F ' ) ,  , , , , , , , , , , , , ,,,, ... U90 ................ 7, 1 0 FEDEROL. XI.ICOME 'TO:.: ROTE ( % /c )  ,460  
7.11 'Ll,lVESTMEl.'T TO:.: C F : E D I T  ( X / P )  ................. . l o 0  
2.17 POWER F'I..Ot.IT TO:.: I - X F E  ( X / F ' ) . ,  ................ :?2+000 
2.13 POWEF: F'I..PI.IT E?:F 'ECTE~ LIFE ( x / P ) ,  ............ 30.000 
2 . 1 4  POWER PI-nt. lT c w o c : T . r . ~ '  FOC:~OC::  

-*:tl,I:tMUM V O L U E  ( X / P ) .  ...... ; ................ 
- V Q L U E  U T  MOC'E ( T / F ' ) , , . . . + . . . + + . . . . . + . . .  .. 
-MG:.::LMIJM VQLkJE ( Z I P )  ........................ 
-MEON v a l - . u E  ( ~ / p ) . , , , , . . . , , . . , . , , , . . . . . , . , .  . 

2 ,  :L5 F'LCIl4'r F:ECUF:REI.IT C O S T  FF'OCTIII1.1 ('[/I=') , . ., , . , . . 
3 .  

3.1.1 T ' l 'PE O F  ( : K , ' F ' ) ,  ....................+.. ............. 3.1, - 2  F X R M S  TI.1 JOXt,lT VEt.ITUE:E ( T I P ) ,  

' 3 .  1 . ' 3  PF:ESEI.IT VOLL.JE D1SC:OLIPlT L:OT:Z ! I ' j F ' )  , , , , , + , , , 
3 .  1.4 FMClR S l N l ( I 1 I G  FCII.ID l'PtT1,XF:EST F'D'TE ( . I / F ' ) .  , . . , 
3. j, .5 F'MI3F: F:E:Cl.IVES'rMEI.tT EOF:l.IXI.IGS F:O'rE ( I / P )  , , , , . 
2 ,  1 .6 b e n ~  F F : u c ~ : r o t . j  ( .c /F . ) .  ...................... 
5.1,/ 12CJ51 CJF i ' E B T  ( x / F ' ) . . . + , . + . J . .  ............. 
J.1.8 E F F E C T X V E  Xl.ICOME 'TO>: FCITE ( 1 3 / P ) ,  . . , , . , , , , . .............. 3 . 1  , O  STal'E XI.ICC)ME TO:,: RCI'TE < : t / C . ) ,  

3.1.10 FEC~IXC:PL I~ICOME TPI;I I '?PI '~E ( I /P). ............ 
T Y P E  O F  F I R M  (I/P),.,.............,,..,..... 
F I R M S  I N  JOXt . lT  VEPITURE ( T / F ) ,  ............. 
P"E:ESEl.IT VOLI. lE DXSCOIJ1.IT R O T E  ( I / F ' ) .  ........ 
FME:R S I I . I K T I ~ I G  FIJ1.lD XI.IT6F:EST F:OTE ( T / P ) .  . , , , 
FMRF: F;:EXl.IVES'TME:I~lT EOF:l.IXI.IT,S RD'l'E ( [ / Iz ' )  , . , , , 
1'~p.r FF:OCTXQ~.I ( . t / ~ ) ,  ...................... 
c o : s ~ -  or' r8ee-r i r / ' r i .  ....... ...!. ........... 
E F F E C T X V E  ThlCOME TO:: IRUTE (13/F').  .......... .............. S T a T E  Z r t C o M E  TO:< R O T E  ( I : /F ' ) .  

FECIEF:OL. XI+COME TO:.: R O T E  ( I / F ' ) .  ............ 
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4 .2 .1  Brawley, I m p e r i a l  Va l ley ,  CA 

A t  t h e  Brawley KGRA, l o c a t e d  i n  I m p e r i a l  County, C a l i f o r n i a ,  sub- 

s t a n t i a l  d r i l l i n g  and development h a s  t aken  p l a c e ,  l a r g e l y  by Union O i l  

Company. Cur ren t  p l a n s  c a l l  f o r  a  10 MW demons t ra t ion  p l a n t  t o  b e  on 

l i n e  by t h e  mid-1980's b u i l t  i n  c o n j u n c t i o n  w i t h  Southern C a l i f o r n i a  

Edison (SCE). Tab le  4-2 summarizes r e s o u r c e  c h a r a c t e r i s t i c s  a t  Brawley 

and F i g u r e  4-2 p r e s e n t s  a  mapping of c u r r e n t  c o n f i d e n c e  l e v e l s  o v e r  t h e  

r e s o u r c e  a r e a .  

F i g u r e  4-2. LEVELS OF CONFIDENCE 
AT BRAWLEY KGRA (MID-1979) 

The r e s o u r c e  a t  Brawley i s  c h a r a c t e r i z e d  by r e l a t i v e l y  h i g h  temper- 

a t u r e s  a s  w e l l  as h i g h  s a l i n i t y .  I n  t h e  model TCN2000, t h e  f l u i d  compo- 

s i t i o n  c h a r a c t e r i s t i c s  a r e  d e s c r i b e d  by a  " b r i n e  con tamina t ion  index" 

(based on a l i n e a r  s c a l e  f r o n , z e r o  f o r  i n s i g n i f i c a n t  a d v e r s e  composi t ion 
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t o  f o u r  f o r  ex t remely  s a l i n e ,  e r o s i v e  and /or  c o r r o s i v e  compos i t ion) .  

With an  e s t i m a t e d  t o t a l  d i s s o l v e d  s o l i d  c o n t e n t  of 100,000 ppm, t h e  

Brawley KGRA i s  a s s i g n e d  a b r i n e  con tamina t ion  index  of 3 .  I t  i s  a s -  

sumed t h a t  f o r  development o f  up t o  100 MWe, 138 KV f e e d e r  l i n e s  w i l l  

be b u i l t  from t h e  KGRA t o  t h e  SCE Niland S u b s t a t i o n  21 m i l e s  away. 

Larger  developments w i l l  r e q u i r e  a double  c i r c u i t  230 KV l i n e ,  connect-  

i n g  t h e  KGRA t o  t h e  San ta  Rosa S u b s t a t i o n  approx imate ly  90 m i l e s  away. 

The i n i t i a l  50 MW p l a n t  i s  assumed t o  come on l i n e  i n  1983 f o r  modeling 

purposes .  

R e s u l t s  of t h e  Brawley inves tment  e v a l u a t i o n  a r e  provided i n  ~ a b ' i e  

4-3 and a r e  i l l u s t r a t e d  i n  F i g u r e  4-3. With m a r g i n a l l y  c o m p e t i t i v e  

p r i c i n g  of t h e  r e s o u r c e  ( i . e .  p r i c e  m u l t i p l i e r  of 1 i n  Tab le  4-3),  t h e  

f i n a n c i a l  a t t r i b u t e s 3 2  of Brawley w e l l  f i e l d  inves tments  appear  a t t r a c -  

t i v e ,  t o  bo th  major  c o r p o r a t e  r e s o u r c e  p roducers  and independent  opera -  

t o r s .  Front-end f i n d i n g  c o s t s  d e t r a c t  from t h e  a t t r a c t i v e n e s s  of t h e  

i n i t i a l  50 MWe l e v e l  of development on ly .  

As w e l l  f i e l d  development p r o g r e s s e s  beyond t h e  500 and 600 MWe 

l e v e l s  -- f o r  independent  and major  c o r p o r a t e  p roducers ,  r e s p e c t i v e l y  -- 
r i s k s  of inves tment  l o s s  c a u s e  t h e  l i k e l i h o o d  of inves tment  t o  f a l l  

below 50%. These p r e s e n t  p e r c e p t i o n s  of r i s k  may change as  con t inued  

e x p l o r a t i o n  b e t t e r  d e f i n e s  t h e  c o n f i d e n c e  mapping p r e s e n t e d  i n  F i g u r e  

4-2. R e s u l t s  g iven  h e r e  r e f l e c t  t h e  Brawley r e s o u r c e  p o t e n t i a l  a s  i t  

i s  unders tood  today.  The 1979 USGS assessment  of Brawley ( s e e  M u f f l e r ,  

1979) e s t i m a t e s  i t s  e l e c t r i c  power p o t e n t i a l  a t  640 MWe which is c o n s i s -  

t e n t  w i t h  t h e  inves tment  e v a l u a t i o n  p r e s e n t e d  h e r e .  

V a r i a t i o n s  i n  t h e  r e s o u r c e  p r i c i n g  a t  Brawley have a n o t i c e a b l e  i m -  
. .. 

p a c t  on e s t i m a t e d  inves tment  b e h a v i o r ,  p a r t i c u l a r l y  of t h e  independen t ly  

o p e r a t i n g  r e s o u r c e  p roducer .  The impacts  of p r i c i n g  v a r i a t i o n s  a r e  

g r a p h i c a l l y  i l l u s t r a t e d  i n  F i g u r e  4-3. 

3 2 ~ i n a n c i a l  a t t r i b u t e s  i n c l u d e  r e t u r n  on inves tment ,  payback t i m e  and 
n e t  p r e s e n t  v a l u e  a s  provided i n  Table  4-3. 



TABLE 4 - 3 .  BRAWLEY INVESTMENT EVALUATION 
P a r t  A: Major "Type I "  C o r p o r a t e  'P roducers  

!:I E V EL O F'M E 1.1 1' I 1.1 'TEE: 1.1 PI L. 

LEVEL. WGTE O F  

( * W E )  PET1JF:I.I 

, IET F.E:ESEI.IT L.OSS O F  CI.!VES'TMEt<'l 

V P I.. 0 E 1: 1.1 V E 5 T M €1.1 T L O S S  

, ! $ 1 0 0 0 j  FE:OUnUrL I ' r ' r '  ( $ : 0 0 0 )  
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TABLE 4 - 3 .  P a r t  B: Independen t ly  Opera t ing  "Type 111" Producers  

D~L'ELL>PMR N'r T I.)TFIF:I.IDI ... F 'I: I.ICII.II: .I: n I  ... W E S G H ~ E : ~ ;  PIIF+ ~S.EC.~IBI.I.T 1...055 CIF :IV.,VES.~.MBII.,.T ~= . . :neur . r~ .c . r r  

L. E V L  I.. F:DTE OF' MOI~~Ufi@:HEI.IT F.D'r'K<DCK VDI..UE: I. 1.1 V E: S 'I'M E 1.1 T L.OS5 O F  

a e ' r ~ . ~ s r . ~  F:~TI- I  OF WE'TUF:II ( ' T ' E Q F : ~ ; )  ( $ 1 ~ 0 0 )  ~ c : o s . r ~ : r ~ - r ' r ' ~ '  ! ~ ~ Q Q c \ !  . I : I . IV~<~ r h ~ r r ' r  



MAJOR RESOURCE PRODUCING. CORPORAT~OUS : BRAhlI.EY KGRA 

r 1 2 P I  0.' mrgirnlly c m p t i l i u e  price 

cml-:ired generation o t  cite h s h  

. .  . i 50 i 100 j ,200 , 300. j 400 i 5" i 60"' i 7" i "0 ,, 9" i lot0 , , 
LEVEL OF RESOUtCE DEVELOPMENT (MfG.+ATrj) 

IADEPEIiDENTU OPERATING RESOUXE PRODUCERS :' BRAWLEY KGPA 

SO , 10" iOC8 i '" i ' dm / soo / m / 100 / no0 j 900 / 1000 j 

Figu re  4 - 3 .  ESTIMATES OF INVESTMENT BEHAVIOR 
AT BRAICLEY GEGTHERPIAL RESOURCE AREA 
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4.2.2 East  Mesa, Imper ia l  Val ley ,  CA 

Located i n  Imper ia l  County, C a l i f o r n i a ,  t h e  Eas t  Mesa KGRA i s  being 

. a c t i v e l y  explored and developed by both t h e  Magma Power Company and, 

Republic Geothermal Company. Magma has  app l i ed  f o r  a  permit  t o  c o n s t r u c t  

an 11 MWe p i l o t  p l a n t  f o r  r e sea rch  and development. Republic Geothermal 

i s  a l s o  cons ider ing  development of a  50 MWe p l a n t  a t  Eas t  Mesa. San 

Diego Gas and E l e c t r i c ,  i n  conjunc t ion  w i t h  i t s  resource  company, New 

Albion Resources, i s  a l s o  a c t i v e l y  i n v e s t i g a t i n g  t h e  commercial p o t e n t i a l  

of t h e  KGRA. Table 4-4 summarizes East  Mesa r e sou rce  c h a r a c t e r i s t i c s  and 

F igure  4-4 i l l u s t r a t e s  l e v e l s  of confidence over  t h e  KGRA a s  it i s  pre- 

s e n t l y  understood. 

F igure  4-4. LEVELS OF CONFIDENCE 
AT EAST MESA KGRA (MID-1979) 
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The E a s t  Mesa r e s o u r c e  i s  of moderate  t empera tu re  and s a l i n i t y .  

With a n  estimated t o t a l  d i s s o l v e d  s o l i d  c o n t e n t  of 2500 ppm, a  b r i n e  

con tamina t ion  index of 1 . i s  a s s i g n e d  t o  t h e  r e s o u r c e .  Transmiss ion r e -  

qu i rements  f o r  t h e  f i r s t  100 MWe of power development can be  met by i n -  

s t a l l a t i o n  of 138 KV t r a n s m i s s i o n  l i n e s  ex tend ing  from t h e  KGRA t o  t h e  

s u b s t a t i o n  a t  E l  Centro ,  50 m i l e s  away. A d d i t i o n a l  c a p a c i t y  w i l l  re- 

q u i r e  i n s t a l l a t i o n  of a  double  c i r c u i t  230 KV l i n e  from E a s t  Mesa t o  

t h e  S a n t a  Rosa s u b s t a t i o n ,  approx imate ly  110 m i l e s  away. For modeling 

purposes ,  i t  i s  assumed t h a t  t h e  f i r s t  50 MWe p l a n t  w i l l  be b rought  on 

l i n e  i n  1985. 

R e s u l t s  of t h e  E a s t  Mesa inves tment  e v a l u a t i o n  a r e  provided i n  

Table  4-5 and F i g u r e  4-5. As a t  Brawley, w i t h  m a r g i n a l l y  c o m p e t i t i v e  

p r i c i n g  of t h e  geothermal  r e s o u r c e ,  t h e  f i n a n c i a l  a t t r i b u t e s  o f  E a s t  

Mesa w e l l  f i e l d  inves tments  appear  a t t r a c t i v e  t o  b o t h  major  c o r p o r a t e  

r e s o u r c e  p roducers  and independent  o p e r a t o r s .  These a t t r i b u t e s  a r e  

s l i g h t l y  l e s s .  a t t r a c t i v e  t h a n  a t  Brzwley primak-ily because  of t h e  c o o l e r .  

r e s o u r c e  t empera tu re  a t  E a s t  Mesa. Cooler  w e l l  head t e m p e r a t u r e s  have 

an  a d v e r s e  e f f e c t  on power p l a n t  e f f i c i e n c y  -- s e e  i t em 13 i n  Tab le  4-4 

-- which d i c t a t e s :  ( a )  a  requ i rement  f o r  more producer  w e l l s  t o , s u p p o r t  

a  g i v e n  l e v e l  of e l e c t r i c  power, and (b)  a  lower c o m p e t i t i v e  r e s o u r c e  

p r i c e  because  of h igher  power p l a n t  c o s t s .  The a d v e r s e  e f f e c t s  of coo l -  

e r  r e s o u r c e  t empera tu res  a t  E a s t  Mesa, however, a r e  f a v o r a b l y  o f f s e t  t o  

some d e g r e e  by h i g h e r  e s t i m a t e d  w e l l  f l o w  r a t e s ,  l e s s  expens ive  w e l l s ,  

and l o n g e r  e s t i m a t e d  w e l l  l i v e s  -- i t e m s  14,  4  and 1 7 ,  r e s p e c t i v e l y ,  

i n  Tab le  4-4. 

F r o n t  end r e s o u r c e  f i n d i n g  c o s t s  d e t r a c t  from t h e  a t t r a c t i v e n e s s  of 

t h e  i n i t i a l  50 MWe l e v e l  of development a t  E a s t  Mesa, p a r t i c u l a r l y  f o r  

t h e  independen t ly  o p e r a t i n g  r e s o u r c e  p roducer .  A s  w e l l  f i e l d  develop-  

ment p r o g r e s s e s  beyond t h e  300 and 400 MWe l e v e l s  -- f o r  independent  and 

major corporcltc p roducers ,  r e s p e c t i v e l y  -- . r i s k s  of investment  l o s s  

c a u s e  t h e  l i k e l i h o o d  of inves tment  t o  f a l l  below 50%. These r i s k  per-  

c e p t i o n s  r e f l e c t  t h e  mappings of r e s o u r c e  conf idence  ( F i g u r e  4-4) as 

Eas t  Mesa i s  unders tood  today and may change a s  e x p l o r a t i o n  c o n t i n u e s  

t o  b e t t e r  d e f i n e  t h e  r e s o u r c e .  The 1979 USGS assessment  of E a s t  Mesa 
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TABLE 4-5. P a r t  B :  Independently Operating "Type 111" Producers 

DEVEL.0PMEHT 1NTEF:I . I~L.  

L E V E L  R O T E  OF 

CMWE)  6:ETIJRI~I 

l.tET F'RESEl.IT L O S S  O F  

VPL.UE 11.IVESTMEl~l'T 

! $ 1 0 0 0 )  P R O H P a I L I T ' r  



MF.JOR RESOUiCE PRODUCING CORPORPsTIOMS 

LEVEL OF RESOURCE DFVELOWENT (MEGAYATTS) 

Figure  4 - 5 .  ESTIMATES OF INVESTPENT BEHAVIOR 
AT E h S Y E S k  CEOT!-?EWAL RESOURCE AREA 
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( s e e  M u f f l e r ,  1979) e s t i m a t e s  i t s  e l e c t r i c  power p o t e n t i a l  a t  360 MWe 

which is  c o n s i s t e n t  w i t h  t h i s  inves tment  a n a l y s i s .  V a r i a t i o n s  i n  t h e  

r e s o u r c e  p r i c i n g  a t  E a s t  Mesa have a  v e r y  pronounced impact on e s t i m a t e d  

inves tment  behav ior  by b o t h  major  c o r p o r a t e  p roducers  and independent  

o p e r a t o r s .  These e f f e c t s  a r e  i l l u s t r a t e d  i n  F i g u r e  4-5. 
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4 . 2 . 3  Heber, Imper ia l  Val ley,  CA 

A t  t h e  Heber, KGRA, l oca t ed  i n  Imper ia l  County, C a l i f o r n i a ,  a  

s u b s t a n t i a l  amount of e f f o r t  has  been d i r e c t e d  t o  resource  assessment 

and eva lua t ion  of p o t e n t i a l  equipment a p p l i c a t i o n s .  A. number of u t i l i -  

t i e s  and resource  producers  have been a c t i v e l y  involved inc luding  San 

Diego Gas and E l e c t r i c ,  Los Angeles Department of Water and Power, 

Southern C a l i f o r n i a  Edison, Chevron Resources Company, Magma Power 

Company, and Republic Geothermal Corporation. Both Southern C a l i f o r n i a  

Edison and San Diego Gas and E l e c t r i c  p lan  t o  cons t ruc t  demonstration 

p l a n t s  i n  t h e  1980's.  Table 4-6 summarizes Heber r e sou rce  c h a r a c t e r i s -  

tics and Figure  4-6 maps l e v e l s  of confidence a s  c u r r e n t l y  perceived 

over  t h i s  a r e a .  

Figure 4-6. LEVELS OF CONFIDENCE 
AT HEBER KGRA (MID-1979) 



TABLE 4-6. RESOURCE AND DEVELOPMENT 
PARAMETERS AT HEBER KGRA 

~ P ! < O U R C E  E e s n M E T E F ' S  

+ S T a T E  ...........................,,............ 
, 'r ' rF 'C OF C;EOL.OG'r~ ( :C /V  ! ........................ 
3. PESEf i :VOIF:  D E F T H , F T :  ' 

-M:tl.I:tMIJM V R L - U E  ( S , l F ' )  . . . 3300 
.-vnl..u~ a'l' MOKIFI ( s , /P ' ) ,  . . , 4909 
-MOXl :MUM V a L L l E  (I,/*), . . , 5600 
-MEUP1 V n L ' J E  ! n , / F ' ! , + , + . . . . . . . . . . * . . . * . . m  

4 ,  ME314 WEI..L. CO!iT,$:L()OO ( O / f ) ) .  .................. . ............. 5 ,  l :~ l? '~ '  W E L L  C O S T  F1::aCT'tOI.I ( I , / F ) ,  ,, ............ 5, RRT!F:XLL W'FIL.I.. ~ 0 s . r  FF:~CTTOI.I (I/F). 

7. D R ' ~  WELL IFI~:~CTIOI.I: 

-t4:CI.!:I:MlJM UBI.I IR ( : C / P )  . , . , 0.09 
- V . 3 L U E  0.r & O D E  ( 'C,/C) , , , , 0, 1 
.-uo::ru~.!~ V~I..UE ! ' t j ~ ' ) .  . , . 0.11 
-~f i :* t . t  WGI.-IJIT ( r ~ , / v ) ,  ........................... .................... . 5F'aE:E WE:!..L F C : G C l ' I L ~ I . l  ( I / lZ ' j  ............... 9. F ' ~ ~ ~ ~ c E I ? / T I . ~ J E c ~ ~ Q c :  E'a'r :Cn ( T,/F'). ............... 10, X1.I : tTII I . .  I?EDE:XLI_  F E O C ' T X O l 4  ( : t / F )  .......... 11. b?Er~'?.acE:MEl.J'r L:EDF:XL.!- F E ' B C ' r I O l . 1  ( I / F ' ) ,  

! ? WELLHECICm F:ESOIJRCE 'TEMF'EROTIJEE,  F : ..-. 
-M:ChlTMIJM VOI..UP (:l:,/P) ,,,. 320 
-VOl..lJI? /AT kC)DIB (:T./F') , , , 3.10 
.-lr(G>:IMIJW U B L I J E  ! X / F ' )  . . , , 350 
-ME~I.I VQLLJE ! o / P ) . . .  ......................... 

: ~ 3 ,  f."'r SPE':'[FTC: EI~IEI::(:;'T',wHI~:,/I-B ((:I./P). ............ 
? q ,  WELL Fl..OW li:a+E, ? . ~ ( ) C L B / H E : :  ... -MTl. I I :HUM ' V n L l J E  ( ' ( / ' F ' ) .  409 
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The Heber r e sou rce  i s  of moderate temperature  and s a l i n i t y .  Because 

of t h e  moderate d i s so lved  s o l i d  con ten t  of t h e  b r i n e ,  a  b r i n e  contamina- 

t i o n  index of 2 was assigned t o  t h e  r e sou rce .  Power w i l l  l i k e l y  be 

de l ive red  t o  t h e  E l  Centro s u b s t a t i o n  over  138 KV l i n e s  f o r  development 

of up t o  100 MWe of power. For l a r g e r  c a p a c i t i e s ,  a  230 KV l i n e  w i l l  

be b u i l t  t o  c a r r y  t h e  power from t h e  KGRA t o  t h e  Santa Rosa s u b s t a t i o n .  

Investment s imula t ion  is  based on an assumed s t a r t  up d a t e  of 1983 f o r  

t h e  f i r s t  50 MWe p l a n t .  

Resu l t s  of t h e  Heber investment eva lua t ion  a r e  provided i n  Table 

4-7 and F igure  4-7. With marg ina l ly  compet i t ive  p r i c i n g  of t h e  geother-  

mal r e sou rce ,  t h e  f i n a n c i a l  a t t r i b u t e s  of Heber w e l l  f i e l d  investments  

appear a t t r a c t i v e  t o  both major c o r p o r a t e  r e sou rce  producers  and inde- 

pendent ope ra to r s .  Investment c h a r a c t e r i s t i c s  a t  Heber a r e  ve ry  s i m i l a r  

t o  t hose  a t  t h e  Eas t  Mesa a r e a  wi th  s l i g h t  d i f f e r e n c e s  i n  r e t u r n  a t t r i -  

bu t ab l e  t o  s h o r t e r  es t imated  we l l  l i f e  a t  Heber. This  reduced l i f e  i s ,  

however, somewhat o f f - s e t  by lower es t imated  we l l  c o s t s  a t  Heber. 

Front  end r e sou rce  f i nd ing  c o s t s  d e t r a c t  from t h e  a t t r a c t i v e n e s s  of 

t h e  i n i t i a l  50 $We l e v e l  of development a t  Heber, e s p e c i a l l y  f o r  t h e  

independent ly  ope ra t i ng  f i rm.  A s  w e l l  f i e l d  development progresses  be- 

yond t h e  500 MWe l e v e l ,  r i s k s  of investment l o s s  cause  t h e  l i k e l i h o o d  

of investment t o  f a l l  app rec i ab ly  below 50%. These r i s k  percept ior ls  

r e f l e c t  t h e  mappirigs of r e sou rce  confidence (F igure  4 - 6 )  a s  Heber i s  

understood today. Continued exp lo ra t i on  may r e d e f i n e  t h e  confidence 

l e v e l s  i n  t h e  f u t u r e .  The 1979 USGS assessment of Heber ( s e e  Muffler ,  

1979) e s t ima te s  i t s  e l e c t r i c  power p o t e n t i a l  aC 650 MWe, which is  

s l i g h t l y  more o p t i m i s t i c  than t h e  development p o t e n t i a l  es t imated 

through t h i s  investment a n a l y s i s  a t  marg ina l ly  compet i t ive  r e sou rce  

p r i c e s .  

V a r i a t i o n s  i n  t h e  resource  p r i c e  a t  Heber have a  ve ry  s i g n i f i c a n t  

impact on es t imated  investment behavior  a t  a l l  l e v e l s  of development. 

These e f f e c t s  a r e  g r a p h i c a l l y  i l l u s t r a t e d  i n  F igure  4-7. 



TABLE 4-7 . HEBER INVESTMENT EV.ALUATION 
P a r t  A: M a j o r  " T y p e  I" C o r p o r a t e  P r o d u c e r s  

F T 1.1 Q 1.IC :I P L. WEXC$:iH'TED I.1E'r F'F'ESEI.I'T 1 . 0 5 5  IJF .SI. IVEST*iEI4T F.F:OHOBl:I ... 7 T . r  

MQ1~ICIGEMEl.IT F 'Qi 'HPCK VQLLIE 'I 1.1 V E S T  M E  1.1 'I' 1 - 0 5 5  i') F 

c : a r e  OF ~ E T C J ~ I . I  ( ' T ' E Q R S )  ( $ 1 0 0 0 )  F:e:oenar l . .xT ' r '  ( $ 1 0 0 0 )  :s?tvEs'ruE:t.tT 



4-22 

TABLE 4-7. P a r t  B :  Independen t ly  Opera t ing  "Type 111" Producers  
.. . 

a Q!! 
.a5 
3 02 
.C2 
.00 . to2 
9c 

. '30 
6 oc 
a00 
190 
> 00 
* 00 
* O!! 

6 0 7 .  65 
535 . 99 
505 . 97 
511 - 7 5  
,524 .7?  
623 . . -  -7 :> 
53s . 3 4  
1544 b 10 
550 + 0 4  
664 . c'3 
id? +On 
574 .33 
6C55 .00 
590 .00 
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4.2.4 Sa l ton  Sea, Imper i a l  Val ley ,  CA 

The f i n a l  Imper ia l  Val ley r e sou rce  a r ea  evaluated he re  i s  t h e  

S a l t o n  Sea KGRA. Development t o  d a t e  has  cons i s t ed  of explora tory  

d r i l l i n g  and t h e  c o n s t r u c t i o n  of an experimental  10 M W e  equ iva l en t  t e s t  

loop  f a c i l i t y  opera ted  by San Diego Gas and E l e c t r i c .  Also eva lua t ing  

t h e  commerc i a l ' po t en t i a l  of t h e  r e sou rce  a r e  .Southern C a l i f o r n i a  Edison, 

Magma Power Company, Republic Geothermal Company, P h i l l i p s  Petroleum, 

and Union O i l .  Table 4-8 summarizes Sa l ton  Sea r e sou rce  c h a r a c t e r i s t i c s  

and F igure  4-8 maps l e v e l s  of conf idence  a s  c u r r e n t l y  perceived over 

c h i s  ares. 

AS shown i n  F igure  4-8, a  s u b s t a n t i a l  p o r t i o n  of t h e  f i e l d  has  a 

l e v e l  of confidence i n  excess  of 75 percent .  This  r e f l e c t s  ex t ens ive  

e x p l o r a t i o n  and conf i rmat ion  e f f o r t s  made by t h e  r e sou rce  producers  

c i t e d  above. The r e sou rce  parameters  c i t e d  i n  Table  4-8 show t h e  r e -  

sou rce  t o  be of high temperature;  however, t h e  extremely h igh  s a l i n i t y  

of t h e  b r i n e  i s  slowing f i e l d  development. The t o t a l  d i sso lved  s o l i d s  

con ten t  of t he  b r i n e  ranges  from 250,000 t o  300,000 ppm, equ iva l en t  t o  

a  maximum b r i n e  contaminat ion index of 4  i n  t h e  model TCN2000. Power 

t ransmiss ion  w i l l  be handled v i a  138 KV f e e d e r  l i n e s  t o  t h e  Niland 

s u b s t a t i o n  f o r  t h e  f i r s t  100 MW of capac i ty .  A double  c i r c u i t  230 KV 

l i n e  w i l l  be  r equ i r ed  f o r  a d d i t i o n a l  capac i ty ,  running from t h e  KGRA 

t o  t h e  Santa Rosa s u b s t a t i o n ,  a  t o t a l  d i s tanc ,e  of 77 mi l e s .  

Resu l t s  of t h e  S a l t o n  Sea investment e v a l u a t i o n  a r e  provided i n  

Table 4-9 and F igure  4-9. A s  a t  t h e  o t h e r  t h r e e  r e sou rce  a r e a s  i n  t h e  

Imper ia l  Val.ley, t h e  f i n a n c i a l  a t t r i b u t e s  of w e l l  f i e l d  i l lvestr~r~ents a t  

t h e  Sa l ton  Sea appear a t t r a c t i v e  t o  bo th  l a r g e  and smal l  r e sou rce  pro- 

duce r s  given marg ina l ly  compet i t ive  p r i c i n g  of t h e  r e sou rce .  Despi te  a  

s h o r t  es t imated  we l l  l i f e  caused by h i g h l y  s a l i n e  b r i n e ,  t h e  r e l a t i v e l y  

high r e sou rce  temperature  a t  t h e  Sa l ton  Sea enhances t h e  r e sou rce  va lue  

and investment r e t u r n s .  

A s  wi th  t h e  o t h e r  r e sou rce  a r e a s ,  f r o n t  end exp lo ra t i on  c o s t s  f o r  

t h e  Sa l ton  Sea d e t r a c t  somewhat from t h e  a t t r a c t i v e n e s s  of a  s i n g l e ,  

i n i t i a l  50 M W e  l e v e l  of development. However, subsequent development 

l e v e l s  recoup t h e s e  c o s t s  and investment l i ke l i hood  i s  h igh  f o r  l e v e l s  



s
i

a
 

I- 
x 

h
m

@
c

~
c

.
o

r
r

)
r

;
r

~
m

~
~

~
~

m
m

~
.

o
.

.
o

~
i

:
?

.
~

\
o

)
m

.
o

c
 

I- .\ 
C

~
-

~
.

:
~

~
.

O
P

'
~

;
~

~
,

~
I

>
L

;
?

T
~

?
~

C
T

P
C

C
T

C
T

~
P

P
P

~
 

Z
 

J
 

Q
 

2, ,,, 
"2 ", b, 

L.3 
i, 

"> 
b, 

l,, 
I,, 

!,
; 

u, 
y
j i, ", "-: ;<-) 

9
 

;j, 
l,, 

5, 
L-j !,-, 

a u -- 
i
 

Z
 

6
 
r
 
u
 



F i g u r e  4-8. LEVELS OF CONFIDENCE 
AT SALTON SEA KGRA (MID-1979) 



TABLE 4 - 9 .  SALTON SEA INVESTMENT EVALUATION 
P a r t  A: ' M a j o r  " 'Type  'I" ' C o r p o r a t e  P r o d u c e r s  

OEVELOPMEt.IT TNTEREIPL F'CNPEICIOL WEIGHTED NET PPESEt.IT LOSS O F  11,) 

LEVEL ROTE O F  MO1.IOGEMEI.IT POIHOCK VOLUE 1t.IVESTMENT 
< M U € )  RETURN F:UTE C ) F  EIETURI4 ('I'EURS) ( $ 1 0 0 0 )  PROBPRILITT"' 

PRICE M,ULTTPLTER:O.B 

1 5 0  .17 
2 1 0 0  ,25 
3 200 .26 
4 300  .26 
5 400 .28  
6 600  .19 
7 800  .2?  
e 1000 .30 
9 1500  . 3 1  

1 0  2000  - 3 1  
11 2500  .32  
12 3000  ,32 
13 3500  . 3 1  
14 4000 .33  
15 4500 .33 
16 5000 .33 
1 7  5500  + 3 3  
1 8  6000  .34 
1 9  5500  + 3 4  
20  7000 .35 
1 1 7500 ,35  
77 - - 8000 .35 
2 3 8500 .35 
14 9000 .36 
:! 5 9500 .36 

PRXCE MULTIPLXEE:1 

PRICE MIJLTXPLIER: 1.2) 

IVESTMENT 
LOSS 



TABLE 4-9. Part B: Independently 'operating ."Type 111" 

1:oF:VEI-I)F'MEI.I'r :KI~lTEF:l.lOIL. Fr l<~I<C:KOI l -  w u r l " H ' r E o  I.(E'r 1"F:ESEIJ'T LIOSS O P  

L E V E L  f R T E  O F .  MUI.IUGEMEI.~T' F'Cl'r'I%UCl( Val-1JE X 1~IVESTMEI.IT 

( M W E )  RETCIEl.4 R U T E  O F  R E T U R I I  ( r'EUs:$) ( $ 3 1 0 0 0 )  F 'F:oe"e ' tL1:T"  

Producers 
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Figure 4-9. ESTIMATES OF INVESTMENT BEHAVIOR 
AT SALTON SEA GEOTHERMAL RESOURCE AREA 



of development of s e v e r a l  thousand megawatts.  As w e l l  f i e l d  development 

p r o g r e s s e s  beyond t h e  6000 t o . 7 0 0 0  MWe l e v e l s ,  t h e  l i k e l i h o o d  of i n v e s t -  

ment f a l l s  below 50% because  o f  i n c r e a s i n g  r i s k s  of l o s s .  These r i s k  

p e r c e p t i o n s  are based on t h e  mappings of conf idence  a v a i l a b l e  a t  p r e s e n t  

( F i g u r e  4-8) and may b e  r e d e f i n e d  a s  e x p l o r a t i o n  c o n t i n u e s  a t  t h e  S a l t o n  . 

Sea. 

The 1979 USGS assessment  of t h e  S a l t o n  Sea (see M u f f l e r ,  1979) 

estimates i t s  e l e c t r i c  power p o t e n t i a l  a t  3400 MWe. However, Meidav, 

e t  a l .  (1979) s ta te  t h a t  t h e  S a l t o n  Sea p o t e n c i a 1  may be  Inally t h e s  t h i s  

e s t i m a t e .  The inves tment  e v a l u a t i o n  p r e s e n t e d  h e r e  i n d i c a t e s  t h a t  a t-  

t r a c t i v e  inves tment  o p p o r t u n i t i e s  a r e  p rov ided  a t  n e a r l y  d o u b l e  t h e  

USGS e s t i m a t e  o f  r e s o u r c e  p o t e n t i a l  a t  t h e  $ 4 - t o n  Sea a t  c o m p e t i f i v e  

r e s o u r c e  p r i c e s .  

V a r i a t i o n s  i n  t h e  c o m p e t i t i v e  r e s o u r c e  p r i c e  a t  t h e  Saltvrt  Sea 

have  a s i g n i f i c a n t  impact  on inves tments  i n  a s i n g l e  50 MWe development,  

as i l l u s t r a t e d  i n  F i g u r e  4-9, p a r t i c u l a r l y  f o r  t h e  independen t ly  oper 'at-  

i n g  r e s o u r c e  producer .  E f f e c t s  of 80%'and  120% p r i c e  a d j u s t m e n t s  beyond 

t h e  i n i t i a l  50 INe l e v e l  of development are somewhat less prunounced. 
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4 .2 .5  Coso Hot S p r i n g s ,  E a s t e r n  S i e r r a  Region,  CA 

Located i n  Inyo County, C a l i f o r n i a ,  Coso Hot S p r i n g s  K G M  i s  p r i -  

m a r i l y  l o c a t e d  on l a n d s  owned by t h e  Uni ted S t a t e s  Navy. A s  a  r e s u l t ,  

t h e  development of t h e  r e s o u r c e  h a s  been l a r g e l y  c o n t r o l l e d  by t h e  Navy, 

r a t h e r  t h a n  p r i v a t e  d e v e l o p e r s .  A number .of  g r a d i e n t  t empera tu re  and 

deep w e l l s  have been d r i l l e d  i n  t h e  a r e a .  An a n a l y s i s  of t h e  economic/ 

environmental  consequences  of f i e l d  development has '  a l s o  been under taken  

by t h e  Navy. 

As summarized i n  Tab le  4-10, t h e  Coso r e s o u r c e  i s  c h a r a c t e r i z e d  by 

moderate  t empera tu re  and low s a l i n i t y  ( b r i n e  con tamina t ion  index o f  0  

f o r  modeling purposes ) .  U n t i l  w e l l  f l o w  t e s t s  have been conducted i n  

t h e  ' f i e l d ,  e s t i m a t e d  w e l l  f low r a t e s  are s u b j e c t  t o  s u b s t a n t i a l  uncer-  

t a i n t y .  Transmiss ion  requ i rements  a r e  expected t o  be met by i n t e r c o n -  

n e c t i n g  w i t h  t h e  Inyokern s u b s t a t i o n ,  38 m i l e s  from t h e  KGRA. For 

development l e v e l s  i n  e x c e s s  of 50 MW, a 230 KV l i n e  w i l l  be r e q u i r e d  i n  

p l a c e  of t h e  138 KV l i n e .  Also 50 m i l e s  of t r a n s m i s s i o n  l i n e  r e s t r i n g -  

i n g  w i l l  b e  r e q u i r e d  on t h e  e x i s t i n g  l i n e  between t h e  Inyokern and 

Kramer s u b s t a t i o n s .  L e v e l s  of c o n f i d e n c e  mappings a r e  . i l l u s t r a t e d  i n  

F i g u r e  4-10, a s  compiled by g e o l o g i s t s  from c u r r e n t l y  a v a i l a b l e  informa- 

t i o n .  

R e s u l t s  of t h e  Coso Hot S p r i n g s  inves tment  e v a l u a t i o n  a r e  provided 

i n  Tab le  4-11 and F i g u r e  4-11. Unl ike  t h e  sed imenta ry  geology of  t h e  

I m p e r i a l  V a l l e y ,  t h e  Eas te rn  s i e r r a  Region i s  c h a r a c t e r i z e d  by hard  

igneous  geology which, as i l l u s t r a t e d  i n  F i g u r e  2-2 of Chapter 2 ,  sub- 

s t a n t i a l l y  i n c r e a s e s  w e l l  d r i l l i n g  c o s t s .  The combined e f f e c t s  of h i g h  
. . 

w e l l  c o s t s ,  moderate  r e s o u r c e  t e m p e r a t u r e  and moderate  w e l l  f l o w  r a t e  

a d v e r s e l y  a f f e c t  t h e  f i n a n c i a l  a t t r i b u t e s  of w e l l  f i e l d  inves tments  a t  

Coso. Independen t ly  o p e r a t i n g  r e s o u r c e  p roducers ,  with' t h e i r  r e l a t i v e l y  

h igh  inves tment  r e t u r n s  r e q u i r e d  by s u p p o r t i v e  v e n t u r e  c a p i t a l i s t s ,  do 

n o t  appear  l i k e l y  t o  p a r t i c i p a t e  i n  t h e  development a t  Coso. Major cor-  

p o r a t e  p roducers  demons t ra te  a  low l i k e l i h o o d  of inves tment  a t  competi- 

t i v e  r e s o u r c e  p r i c e e .  A 20% i n c r e a s e  above c o m p e t i t i v e  p r i c e  l e v e l s  

w i l l  s i g n i f i c a n t l y ,  a f f e c t  l i k e l y  inves tment  behav ior  by t h e  major.  f  i n n s  
\. 

only.  



F i g u r e  4-1 0. L4FVKT,S OF CONFIDENCE 
AT COSO HOT SPRINGS (MID-1979) 

A t  c o m p e t i t i v e  r e s o u r c e  p r i c e s ,  m a j  o r  r e s o u r c e  producing corpora -  

t i o n s  appear  l i k e l y  t o  i n v e s t  i n  t h e  development a t  Coso w i t h  less t h a n  

a 20% p r o b a b i l i t y .  Beyond a 500 MWe l e v e l  of development,  t h e r e  a p p e a r s  

t o  be  no l i k e l i h o o d  of inves tment  a s  t h i s  r e s o u r c e  i s  unders tood  today.  

The USGS c u r r e n t l y  e s t i m a t e s  t h e  e l e c t r i c  power p o t e n t i a l  a t  Costo  t o  be 

650 MWe ( s e e  M u f f l e r ,  1979) -- a h i g h l y  o p t i m i s t i c  e s t i m a t e  from t h e  

p e r s p e c t i v e  o f .  t h i s  inves tment  e v a l u a t i o n .  
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TABLE 4-11. COSO INVESTMENT EVALUATION 4-34 

P a r t  A: Major "Type I" Corpora te  Producers  
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P a r t  B: Independent ly  Operat ing "Type 111" Producers  
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MAJOR RESOURCE PRODUCING CORPORATIONS 

Figure 4-11. ESTIMATES O F  INVESTMENT BEHAVIOR 
AT COSO HOT S P R I N G S  GEOTHERMAL RESOURCE AREA 
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4 .2 .6  Mono-Long V a l l e y ,  E a s t e r n  S i e r r a  Region, CA 

Geothermal e x p l o r a t i o n  i s  a t  a  v e r y  e a r l y  s t a g e  i n  Plono-Long Val ley .  

E x p l o r a t o r y  w e l l s  have been d r i l l e d  by Magma Power Company and Republ ic  

Geothermal Company. The u t i l i t i e s  who have shown i n t e r e s t  i n  f u t u r e  de- 

velopment i n c l u d e  Southern  C a l i f o r n i a  Edison and t h e  C i t y  of Burbank. 

D i r e c t  h e a t  a p p l i c a t i o n s  a r e  a l s o  being w a l u a t e d .  Located i n  an env i -  

ronmenta l ly  s e n s i t i v e  a r e a  i n  Mono County, env i ronmenta l  concerns  may 

d e l a y  f u t u r e  development.  

Table 4- 1 2  s u m ~ r i c e s  r e s o u r c e  c h a r a c t e r i s t i c s  a t  lrlono a s  unders tood 

today.  L ike  t h e  r e s o u r c e  a t  Coso, t h e  f l u i d  i s  found a t  moderate te111per- 

a t u r e s  w i t h  a  low t o t a l  d i s s o l v e d  s o l i d  c o n t e n t  ( b r i n e  con tamina t ion  

index o f  0  f o r  modeling p u r p o s e s ) .  F u t u r e  development may be  impeded by 

s u b s t a n t i a l  t r a n s m i s s i o n  r e q u i r e m e n t s .  For t h e  f i r s t  50 ?me of i n s t a l l e d  

c a p a c i t y ,  i t  i s  assumed 138 KV f e e d e r  l i n e s  w i l l  be adequa te  t o  d e l i v e r  

t h e  power t o  t h e  Casa Diablo  S u b s t a t i o n  5 m i l e s  away. A s  a d d i t i o n a l  

u n i t s  a r e  added,  a  230 KV l i n e  w i l l  b e  needed t o  e x p o r t  t h e  power t o  t h e  

Inyokern s u b s t a t i o n  approx imate ly  200 m i l e s  from t h e  KGRA. The l e v e l  o f  

c o n f i d e n c e  c o n t o u r s  shown i n  F i g u r e  4-12 r e f l e c t  t h e  l i m i t e d  d r i l l i n g  

program under taken  t h u s  f a r  . 

Figu r e  4-1 2 .  LEVELS O F  CONFIDENCE 
AT MONO-LONG VALLEY (MID-1979) 



TABLE 4-12. RESOURCE AND DEVELOPMENT 
PARAMETERS AT MONO-LONG VALLEY 

~~~l?gEgr+-f:~R~~E~~~~ 

1. s ' r Q T E . . . * . , . , . , , . . . , . . . . * . , . , . . . , , . . . . , * .  C b  

2 ,  ' r  1 E L  ( I F ' )  . . + . . , , , , . . , , . . . . , . . . . , TG1"EOIJS 

3,  a :EF.EEVOI :R O E P T H , F T :  

- ~ : t ~ . t r h u n  v a L u E  ( ' C / P . ! ,  , , , 3390 
-VCII-UE CIT M O D E  ( T / F ' )  . , , , q300 
-M~: . :XMUM ~ ~ L I J E  ( T / P ) .  . , , 5300 
-MEQl.1 V a l - U E  ( O / P ) , , . , . , , , . , . , . . . , . + + . . . . . . . . .  4300 

4 .  MEQ~.I WELL C O S T , B ~ @ O O  (n/~),..,,......,.....,. 768 
186:'~' WE1.-L. C O S T  F'RQi?T:Lr>l.! ( : C / l z ' )  ....,....,....,.. 0,CJ 

6. R E L i R T L . L  WE1 ... L COSIT FRPC'TXO1.1 ( : K / F ' ) ,  , . . . . . . , , . . , 0.35 
7.  n6:'r- WELL FF:RCT:KOI.(: 

-M: t tJ IMIJM ' J Q L I J E  ( T / C ) .  . , 0 .09 
- V O L U E  63'1' M O D E  ( I , /P , l  . . . , 0. 1 
-MU':.CWI.IM VCIL.LlE ( I / P )  . . . , 0. 1: 
-MFal . l  VQL.UE ( O / P ) , . , , . . , . . . , . , * . . + . , . . w  0 + 1  

8,  sPaP:F: WKL.:.. FEQI:TT.OI.I ( : T / P ) .  . . . . . . . . . . . . . ..., . . . . . 0.2 
9. F'EODUCEC:/Xi.J;ECTOI;: R 4 . r X C I  ( I / F ' ) .  . . + + . . . . .. . . . . . 2 
10, 'Cl4XT1Ql- R 6 D E : I L L  F'F:QCTTOi.l !I,/F'!, . , . . . . . . . . . . . 6 0.3 
? 1 . R E P I - P C E M E l . l T  L:I'II,E:XL.L. F R Q C I I O 1 . I  ( X / P )  . , . . , . , . , , . 0.  33 
12, wBL.LHEPI)  F:ESOLIF:CE 'TEMF'ERQ'TURE ? F :  

-M:Cl.l'I:MIJM VCII..IJE !:[/I:') , . , . 350 
-VOL.IJL a'r ~~oI:o+: ( T / P )  . , , , 400  
-Mia::>: hb.iM VQI.-I.iK ( l : /F ' )  . * , . A*:<!> 
-MEf-j*.I V Q  I... I JE ! O / F ' ) .  , . . . . . . . + .  . a + .  . + ,  . .  . . , . + 6 6 .  395 

1:;. 1.lE.r SF 'ECXF'CC E).tRF:G'I', W H R / L B  ( O / P )  . . . . . . , , . . . . , 7.0 
1 4 .  WELL FI..OW G : ~ T E ,  ~ O ~ O L H / H R :  

-M't t . I IMIJM V P L L I E  ( I / F ' )  , , . , 300 
. -va~. t . ia  o r  MOUE ( x / r ! ,  , , , 450  
-MP:.::ttAI.IM V Q L O E  ( T / P )  . , , , 650 
- M E !  I / . , . , . . . , . . , . . . . . . . . , . , . . , 463 

15.  WE!-I- SPOC: t I . tG,nCF:ES/WEl -L  ( I / F ' )  . . . . , . , . . . . , . , , . 49 
16 .  s u ~ . : r l . J x i ' r '  TI.lrrE:.: ~ ~ : L O W + 4 : H ' c B k I ]  ( T / F ' ) .  , , .. ,.. . . !) 

17. WE1.L. L 1:FE;iI::S: 

-MIJ . ITMVM V Q L U E  ! I / P ) .  , , , 10 
- V Q L I J E  I>T M13DE ( I / F ' ) .  , + "  15 
.-MQ:-!TMIIM '4QL.IJE. < :C,/F') , , , , 20 
. - u t r n l . l  VQI..IJL !u /P ) ,  , , , , , . . , , , , . , .. . , . . , ., . . ,. . : L ~ . o  

18. P o o r  L I F E  OP' WEI-l..!ip'l'G:S ( I / F ' j ,  .'. . . . , , . . . . . , . . . 19 
?.O,  WOO* J..IFE O F  S1JP:FPCE CLIFTTCIL.,'I'!?S ( T / F ' ) ,  , , , , , . 30 
3 0 .  'TO:.: I - I F E  O F  WE1.-LSy'7'F:S ( X / P ! ,  . . . . .. . .  . . . + + .  . . + 15 
21, P D  VCIL.OE.EM Tn:.:,Oi.I Q C T U C I L  V P L ' J E  ( X / P ) .  . , . . . , . , 0.01 
1 2 .  P:or'nLl"r' FE:~C'~T.OI.J (TIP). , , . . . . . . . . . . . , . . , , . . . . 0.125 
23, L .EQSE Y O N U S ,  $ / P C R E  ( I / F ' ) ,  . . . , , . . , . . . . ; , . ,... . 100 
2 4 ,  ~..af.!o R E I . t ' r e L  ! 6 / n c l i : ~  ( I:/P ! , . . . . , , . . . . . . . . . . . . , . 2 
2 5 .  wowr- rn  ' r ~ : u , . t ~ ; r . ' r s s ~ o ~ . ~  C:CJST, g :~000  ( X / F ' )  : 

-'TO 53000 K W E , . . , . . ; . . . . , , , . . . . . . , . . . . . . . . . ,  300 
- O c o o X l ' : t l 3 i ~ J Q L  Tt.1CREMFII.JTB O F  600000 KWE,  . . + + .  . . + 35500 

26 + CIL.TEPI.!Q'~:~VE GEI.JERQTIOI.J: 

-I:Q~>XT~I- ( :o~T,$/I(uJE ( : T / F ' ) .  . , . , , . , . . . . . , . . . . . , 1040 
- F U E L  C O S T I M T L L 5 / K W H  ( : c / F ' ! , * , . . , . . . , , , , . , . . . .  13.1 

DEVELOF'MEl . IT  

ILEVEI -  

(MWE:) 

F'LPI.J'T C O S T  

( I f . , C L ,  T R Q N S !  

( $ / " W E !  
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R e s u l t s  of t h e  Mono-Long V a l l e y  inves tment  e v a l u a t i o n  a r e  provided 

i n  Tab le  4-13 and F i g u r e  4-13. L i k e  Coso Hot S p r i n g s ,  t h e  inves tment  

p o t e n t i a l  a t  Mono-Long V a l l e y  a p p e a r s  v e r y  l i m i t e d  a t  p r e s e n t  because  

of t h e  combined a d v e r s e  e f f e c t s  of expens ive  w e l l  c o s t s  i n  igneous  

geology,  moderate  r e s e r v o i r  q u a l i t i e s ,  and r e l a t i v e l y  low l e v e l s  of 

c o n f i d e n c e  a s  t h e  a r e a  i s  unders tood  today.  Continued e x p l o r a t i o n  a t  

Mono-Long V a l l e y  may r e d e f i n e  t h e  c o n f i d e n c e  mappings i l l u s t r a t e d  i n  

F i g u r e  4-12. U n t i l  such a b e t t e r  unders tand ing  of t h e  r e s o u r c e  a r e a  

i s  ach ieved ,  a t  c o m p e t i t i v e  r e s o u r c e  p r i c e s  t h e r e  a p p e a r s  t o  b e  no 

l i k e l i h o o d  of approach ing  t h e  e l e c t r i c  power p o t e n t i a l  of 2100 MWe 

e s t i m a t e d  f o r  t h i s  a r e a  by t h e  USGS ( s e e  M u f f l e r ,  1979).  



TABLE 4-13. MONO-LONG VALLEY.INVESTMENT EVALUATION 
df&t@ .PtdduCers 

. 1:~EVEl-OPMEI.tT X1.I'rLF1I.I~1. 

\ . .EVEL F:a'TE O F  

(MWE)  RETUF11.I 

N E T  F'fi:ESEI.IT 

V P I.. U E 

( 81'000 ) 

L O S S  O F  

'I 1.1 V E  S 'TM E 1.1 T 

F ' R O B a B I L I T ' r  

5 '2 .I6 
100 .16 
200 .20 
300 ,2? 
400 +22 
500 ,22 
600 .22 
700 .22 
ROO . "2 
900 .23 



TABLE 4-13. P a r t  'B :  Independen t ly  'Opera t ing  '"Type '111" ' Producers  

NET F'RESE!.IT 

VOILUL 

(51000) 



M A J O R  R E S O U R C E  P R O D U C I N G  CORPORATIONS 

I /  ~ ~ r g i , ~ ~ l t ! ,  o,n~yoti<. ive pricittg w i t h  
cntl-firerl Rrncmtio8# n t  l lm hnbol.  

LEVEL OF RESOURCC OZVELOPMLNT (METAUATIS) 

Figure 4-13. ESTIMATES OF INVESTMENT BEHAVIOR 
AT MONO-LONG VALLEY GEOTHERMAL RESOURCE ARFA 



4.2 .7  The Geysers ,  CA 

The vapor-dominated hydrothermal  r e s o u r c e  a t  t h e  Geysers  h a s  been 

s u p p o r t i n g  commercial e l e c t r i c  power g e n e r a t i n g  p l a n t s  s i n c e  1960. By 

mid-1980, i t  i s  e s t i m a t e d  t h a t  908 MWe of g e n e r a t i o n  c a p a c i t y  w i l l  b e  

i n s t a l l e d  a t  t h i s  r e s o u r c e .  Environmental  c o n s t r a i n t s  p e r t a i n i n g  t o  

H S abatement  and r e g u l a t o r y  c o n s t r a i n t s  p e r t a i n i n g  t o  new t r a n s m i s s i o n  2 
f a c i l i t i e s  a r e  viewed as p o s s i b l e  impediments t o  f u t u r e  development.  

For inves tment  modeling purposes ,  t h e  KGRA r e s o u r c e  is  assumed t o  

c o n s i s t  of bo th  l i q u i d  and vapor-dominated r e s e r v o i r s .  Based on consu l -  

t a t i o n  w i t h  i n d u s t r y  g e o l o g i s t s ,  t h e  vapor-dominated r e s o u r c e  i s  assumed 

t o  l i e  southwest  of t h e  Collayami F a u l t ,  i l l u s t r a t e d  i n  F i g u r e  4-14. 

Approximately  20 s q u a r e  k i l o m e t e r s  (shown as slladrd a i e a s  i n  F i g u r e  4-14) 

were  excluded from p o t e n t i a l  f u t u r e  development because  t h e s e  a r e a s  are 

c u r r e n t l y  committed t o  s u p p o r t  e x i s t i n g  PG and E g e n e r a t i n g  u n i t s  1115. 

Es t imated  f u t u r e  vapor-dominated inves tment  p o t e n t i a l  t h u s  r e p r e s e n t s  

a d d i t i o n s  t o  t h e  908 MWe expected t o  be  o n - l i n e  by 1980. The vapor-  

dominated r e s o u r c e  pa ramete rs  a r e  p r e s e n t e d  i n  Tab le  4-14A. Because of 

t h e  e x t e n s i v e  o p e r a t i n g  e x p e r i e n c e  a t  t h e  Geysers ,  p l a n t  c o s t s ,  w e l l  

c o s t s  and n e t  s p e c i f i c  energy  were  i n p u t  t o  t h e  model d i r e c t l y ,  based 

on r e c e n t  PG and E e s t i m a t e s .  

That p o r t i o n  of t h e  K G M  l y i n g  no r theas t  nf r.he Collayaml F a u l t  is  

assumed t o  b e  l iqu id -domina ted ,  having t h e  r e s o u r c e  c h a r a c t e r i s t i c s  

shown i n  Tab le  4-14B. A low b r i n e  con tamina t ion  of 1 i s  a s s i g n e d  t o  t h e  

r e s o u r c e .  The low l e v e l s  of c o n f i d e n c e  mappings shown i n  F i g u r e  4-14 

r e f l e c t  t h e  l i m i t e d  e x p l o r a t i o n  which h a s  t aken  p l a c e  i n  t h e  n o r t h e a s t  

p o r t i o n  of t h e  f i e l d .  It i s  assumed i n  t h e  s i m u l a t i o n s  t h a t  t h e  f i r s t  

hdyro thermal  p l a n t  comes on l ins  i n  1988. 

. I l lvestment p o t e n t i a l  f o r  con t inued  expansion a t  t h e  vapor-dominated 

f i e l d  i s  s u b s t a n t i a l ,  as shown i n  F i g u r e  4-1.5A. Both Type I and 'I'ype I11 

r e s o u r c e  p r o d u c e r s  v iew a d d i t i o n a l  l e v e l s  of development up  t o  1760 MWe 

h i g h l y  f a v o r a b l y .  The r i s k  of l o s s  f o r  h i g h e r  development l e v e l s  rises 

s i g n i f i c a n t l y  as t h e  o u t e r  boundar ies  of t h e  f i e l d  a r e  reached and sharp-  

l y  c u r t a i l  inves tment  i n c e n t i v e s  f o r  a l l  t y p e s  of f i r m s .  By reduc ing  t h e  

r e s o u r c e  s e l l i n g  p r i c e  t o  80 p e r c e n t  o f  t h e  c o m p e t i t i v e  l e v e l ,  independent  



F i g u r e  4-14. LEVELS OF CONFIDENCE 
AT THE GEYSERS (MID-1979) 
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TABLE 4-14B. RESOURCE AND DEVELOPMENT PARAMETERS 
AT THE. GEYSERS LIQUID-DOMINATED FIELD 

g g q g u ? c g _ ~ a e q y g ~ g r s  
1. s T a . r E * . . " .  ................................... 
2 (  'T'I'F'F. O F  GEOL.OG.1. ( T / F ' ) .  ....................... 
3 . 6:aseevo:rl;: DIPPTH , FT : ... .-M:Ul.IIMI.IM V4L.UE (I:,/F'), 4500 

-VfiLI.JE (AT MOl ,E ( I / F ' )  , . . , 7590 
-MCI;.<TMIJM VQI..IJE ( I , /F')  .... 10000 ........................ -MEOM V n L L l E  ! o / * ) . . . .  ................... 4. rEat.1 WELL ~ ~ ~ + , ~ 1 o o o  (o /F . )  

:.. OF:'r' WEI..L C:l>ST FF:PC' r .hOl~ t  ( X / F ' )  ................. ............. 5 .  F:E:DE:IL.I- WEL..L. COST Feac'rI:oI.I (I/F.) 

7. DRY' W E L L  F f i : ~ C T l O I ~ 1 :  

-MLI. IXMVM VCII..LlE (T , /F ' )  ,.,, 0.09 
-VPL.UE 11.T MODFI ( X / F . )  , . , , 0.1 
-MU:.:I:MIJM V4I..I.IE ( I / P )  , , , , 0, 11 
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9. PRODUCEF: , /TL IJECTOE R a T X O  ! T / F ' ) ,  , , , . . , , , . , , , , + .  .............. 1:). I t . l : r T X a L  R6DI::XLL. FF:OC'r l :Ol. t  ( ' I : / ? ) ,  

11, REF'L.PCEMEt.t ' r  L:EDF:XI-I.. F R U C T T O 1 . l  ( : l : /F ') .  . , , + + .  , , . . 
12, WELI..!iEaD RESOUF:CE 'TEMF'EI;:CITLlF:E, F : 

-M'Cl.ITMIJM VPI..IIE: ( T / W ) ,  , , 360 
- V a L U E  D T  MOI>E ( I / != ' ) ,  , , , 400  
-MU:CXMIJH Va l -L IE ( I / F ' ) .  , . , 430 
-Me:Qt.t V ~ l . - ~ J E  (O/~).+,4.,+..,+,.,...+......+.t. ............ 1 2 .  1.IET S F ' E C T F T C  El.tEF:G'r',WHR/LH ( O / F ' ) .  

1 4 ,  W E L L  F L O W  R 4 T E r  ? ,0001-E i /HR:  

- M T I ~ I X M U M  V4L.IJE ( I , / F ' ) .  , , . 4 0 0  

-VnI..IJE 4 T  MrJCla ( : I /F ' )  , , , , 500 
-M4:.:I:MUM VCILIJE ! . I /F.)  , , , , 690 
--MEQl' l  " Q L U E  ( O / P ) .  ........................... ............... 2;. W E L L  S P n C T I ~ I G , G C F : E S / W L L L  ( . L / F ' ) .  

: (A .  sbr~ . .s~ . r .~ :~ ' r '  :rt.rne:.: [ :O:L-~ IW+~:H?:GH]  ( r / ! > ) ,  , ., . ,, ., , 
1 7 .  WEL-I- L S F E 7 ' i R S :  

-M:C1.ISMI.IM VCILIJE ( X / F ' )  , , , , 10 
-VUI..IJE O T  MOI:#E ( :C/F ' )  + , + , 15 
-MO:CI:MIJM V a l - I J B  ( T / P ) ,  , , , 20 
-MEUl. l  V 4 L U 6  ( O / P ) . + 4 . . + ~ . ~ . . . . + . . . . . . . .  ...... 

19, B17OK L.:CFE O F  WEL.LS,'rE:S ( l ' , /F ') ,  , , , , , , , , , , , . . + ,  . ...... 19,  BOOK L I F E  O F  S lJRF411E C R P ' I ' r e L , ' r ' R S  ( I / F ' ) .  

'10. T a x  L I F E  O F  W E L L S , I R S  ( X / P )  * .  + .  + + .  + * + + + + , . a  ........ . 2 1  fir, v g L o r : e : M  Ta:.::ot.t u c r t . J a l -  vaL. .ua  ( : r / r ) .  ...................... 2'1. F:O'r'Ol..T'f FF:4CT:tClI . l  ( : C / F ' ) ,  
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MAJOR RESOURCE PRODYCI NG CORPORATIONS 

LEVEL ,IF ?:SOIIRCE OEVELBnE1(T M I C A Y h T T S )  

INDEPENDENTLY OPERATING RESOURCE PRODUCERS - 

F i g u r e  4-1%. E S T I M A T E S  O F  FUTURE INVESTMENT 
BEHAVIOR AT GEYSERS L'APOR-DOMINATED RESOURCE 



o p e r a t o r s  a r e  shown t o  have sha rp ly  reduced investment p r o b a b i l i t i e s .  

This  e f f e c t  is  no t  observered f o r  t h e  major f i rms .  

The liquid-dominated f i e l d  appears  t o  have only  l i m i t e d  development 

p o t e n t i a l  a t  t h e  p re sen t  t ime a s  i l l u s t r a t e d  i n  F igure  4-15B. Major 

resource  producers  show only  a  50 percent  p r o b a b i l i t y  of i n v e s t i n g  5 n . a  

100 MWe development. S t e a d i l y  dec l in ing  p r o b a b i l i t i e s  a r e  observed a t  

h igher  development l e v e l s .  Independent o p e r a t o r s  p r e s e n t l y  show no 

p r o b a b i l i t y  of investment a t  any development l e v e l .  Investment oppor- 

t u n i t i e s  i n  t h e  liquid-dominated reg ion  may become more a t t r a c t ' i v e  i f  

f u t u r e  exp lo ra t i on  has  t h e  e f f e c t  of reducing t h e  r i s k  of investment  

l o s s .  

The USGS es t ima te  of 1610 MWe of e l e c t r i c  power p o t e n t i a l  a t  t h e  

Geysers ( s ee  Muff le r ,  1979) appears  t o  s i g n i f i c a n t l y  underes t imate  t h e  

p o t e n t i a l  of t h e  combined liquid-dominated and vapor-dominated r e s e r -  

v o i r s .  According t o  P a c i f i c  Gas and E l e c t r i c  Company, t h e  Geysers f i e l d  

i s  scheduled t o  support  1656 W e  of power by mid-1985 when Unit  22 

begins  commercial, s e r v i c e .  Over 2000 We of power a r e  expected by 1990. 

A t  compet i t ive  r e sou rce  p r i c e s ,  according t o  t h i s  investment eva lua t ion ,  

.development a t  t h e  Geysers is l i k e l y  t o  reach  2500 MWe be fo re  investment 

p r o b a b i l i t i e s  f a l l  below 50%. 



4-48 
TABLE 4-15A. GEYSERS VAPOR-DOMINATED INVESTMENT EVALUATION 

Part A: Major "Type I" Corporate Producers 

LIEVF:LOPMEl.iT 1 i . I T E R l ~ i ~ L  F T i + P I . l C I I L  W E I G H T E n  WET PFiESEI.iT L O S S  O F  :Cl.IVESTMEI.('T F 'F:OBOBIL. IT"  
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MAJOR RESOURCE PRODUCING CORPORATI3NS 

LEVEL IT RESOVRCC OEVELOPMEHT (HESWATIS) 

F i g u r e  4-153'. ESTIMATES OF FUTURE INVESTMENT 
BZHAVIOR AT GEYSERS LIQUID-DOIIINATED RESOURCE 
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4 .3  UTAH RESOURCE AREAS 

The two Utah r e s o u r c e  a r e a s  e v a l u a t e d  i n  t h i s  r e p o r t  a r e  l o c a t e d  

i n  t h e  c e n t r a l  p o r t i o n  of t h e  s t a t e ,  a s  i l l u s t r a t e d  i n  F i g u r e  4-1. The 

economic, f i n a n c i a l  and t a x  paramete rs  a p p l i c a b l e  t o  b o t h  Utah r e s o u r c e s  

a r e  shown i n  Tab le  4-16. 

4.3.1 Cove For t -Su lphurda le ,  UT 

Located i n  M i l l a r d  and Beaver C o u n t i e s  i n  Utah,  Cove For t -Su lphurda le  

i s  i n  t h e  e a r l y  s t a g e s  of e x p l o r a t i o n .  The s i t e  was u n i t i z e d  i n  1977, 

w i t h  Union O i l  Company named a s  t h e  o p e r a t o r .  Other  c.ompanies i n v e s t i g a t -  

i n g  t h e  a r e a  i n c l u d e  P h i l l i p s  Petroleum Company, O'Brien Resources  Corpor- 

a t i o n ,  Chevron O i l  Company, and Amax E x p l o r a t i o n .  Tab le  4-17 summarizes 

t h e  r e s o u r c e  c h a r a c t e r i s t i c s  a t  Cove For t -Su lphurda le .  Because r e l a t i v e l y  

l i t t l e  documentat ion of t h e  r e s o u r c e  i s  a v a i l a b l e ,  some of t h e  resource .  

pa ramete rs  a r e  s u b j e c t  t o  a s u b s t a n t i a l  d e g r e e  of u n c e r t a i n t y .  F i g u r e  

4-16 p r e s e n t s  t h e  l e v e l  of c o n f i d e n c e  mappings f o r  t h e  KGRA. A low b r i n e  

con tamina t ion  index  of 1 i s  a s s i g n e d  t o  t h e  r e s o u r c e  f o r  modeling purposes .  

Transmiss ion  r e q u i r e m e n t s  w i l l  b e  m e t  by  c o n s t r u c t i n g  a  l i n e  from t h e  KGRA 

t o  t h e  Cove F o r t  S u b s t a t i o n  4  m i l e s  away, and t h e  S i g u r d  S u b s t a t i o n  45 

m i l e s  away. 

R e s u l t s  of t h e  Cove For t -Su lphurda le  inves tment  e v a l u a t i o n  a r e  pro- 

v i d e d  i n  Tab le  4-18. A s  i n d i c a t e d  i n  t h i s  t a b l e ,  a t  c o m p e t i t i v e  r e s o u r c e  

p r i c e s  and as c u r r e n t l y  unders tood  w i t h  t h e  l i m i t e d  e x p l o r a t i o n  t o  d a t e ,  

t h e r e  a p p e a r s  t o  b e  no l i k e l i h o o d  of inves tment  f o r  r e s o u r c e  development.  

A combinat ion of f a c t o r s  which appear  i n  Tab le  4-17 c o n t r i b u t e  t o  t h e  

a d v e r s e  f i n a n c i a l  a t t r i b u t e s  of w e l l  f i e l d  i n v e s t m e n t s  a t  Cove F o r t -  

Su lphurda le :  ( a )  t h e  geology is  igneous  which c a u s e s  h i g h  w e l l  c o s t s ;  

(b )  t h e  r e s o u r c e  t e m p e r a t u r e  i s  r e l a t i v e l y  c o o l  which d e c r e a s e s  . i t s  

c o m p e t i t i v e  p r i c e  and i n c r e a s e s  w e l l  , r e q u i r e m e n t s ;  ( c )  w e l l  f l o w  r a t e s  

a r e  moderate ;  and ( d )  t h e  competing c o s t  o f  a l t e r n a t i v e  c o a l - f i r e d  

g e n e r a t i o n  is  r e l a t i v e l y  i n e x p e n s i v e  i n  Utah whick r e d u c e s  t h e  competi-  

t i v e  geothermal  f l u i d  p r i c e .  

It shou ld  a l s o  b e  no ted  t h a t ,  a s  d i s c u s s e d  i n  s e c t i o n  2 .2 .5 ,  s u r f a c e  

p i p i n g  c o s t s  a r e  modeled a s  power p l a n t ,  r a t h e r  t h a n  w e l l  f i e l d ,  c o s t s  

f o r  Utah a p p l i c a t i o n s .  While t h i s  removes a  s u b s t a n t i a l  inves tment  



TABLE 4.16 . ECONOMIC AND FINANCIAL 
PARAMETERS FOR UTAH SIMULATIONS 

1 . EcqygnL~-~raqeng~gEs  
1.1 L O H G - T E R M  GHP D E F L P T O R  ( I / * )  ........... 0.05 
1 . 2 c o s ' r  ESCPLP.TIOI.I ( TIP) ............. 0.06 
1 + 3  EbIERG'V F 'F: ICE E S C P L P T I O N  R U T E  ( ' I / F ' ) .  .... 0. 075 
1.4 w a s €  'T'EPR 'OF a ~ r a ~ ' 1 ' s r s  (I/F) ............ 1978 
1.5 r ~ a f i :  OF PRICING ( T / F ' ) .  ................. 1978 

2. POWER _P&qgycEg F X l . l P l . l C L e L - c s E e M _ E I E E : ~  H l D R O T H E R @ ~ &  ..... 2.1 OVERPGE PFTER-TP:C COST OF CPPITPL ( o / P )  +089 
2.2 I ' E P T  FF.Q(:TIOI.( ( X / P )  ......................... +ZOO 
2.3 C U S ' r  O F  DEH ' r  ! I /P ) . . . . . . . . . . .  ..........a.m.. .OR'; ............. 2.‘) FREFEPI.P.ED E O U T T  1' F R P C T I U I ~ I  ( . [ / P )  .loo .......... 2.5 COST O F  P R 6 F E R F : E D  E O C I I T Y  ( X / P ) . . . .  . O R 5  ................ . 2 6 COMMOI.1 E O U I T ' T '  F R P C T X O I ~ I  ( I / P )  ..4 00 
2.7 C O S T  O F  COMWOPl EC IU IT ' r '  ( I / F ' )  ............. I,rr + 149 ............. 2.9 E F F E C T I V E  I H C O M E  T P H  F:nTE ( O / P )  +482 .............. 2.9 s ' t a . t E  II.ICOME TO. .. F:PTE (TIP). .. ,040 
2 . l o  F E ~ E R P L  I~ICOME T P .  . RPTE ! X . / P ) .  . . . . . . . . . . . .  ., .460 
7 11 THV i5STMFNT TO:< C R E D X T  ( T / P )  ................. 
& . . 100 ................ 7.12 POWER P L ~ A N T  TPX LIFE (I/P).. 22 + 000 
2.13 POWER P L P N T  E X P E C T E D  L I F E  ( T / P ) . . . . . . .  ...... 30.000 
2 . 14 F'OWEF: P I  ..a #.IT C a P P C I T ' r '  FPCTOF: :  

-M:cNXMUM V P L I J E  ( T / P )  ..................... m 

-VALUE a-r M n r l s  ( r / ~ . )  ....................... 
-MQ:~XMUM VULUE (I./P) ........................ 
-MEat.c VQLUE ( o / P )  ...................... .. .850 ........ 2.15 PLU l . l T  E:ECURF.El.IT C O S T  FF :PCT IO I<  ( I / F ' ) .  . 041 

3 + .  ~ E S O U F . C E  ~ ~ : q q g ~ g - = r f i ~ f i ~ ~ e & - ~ n _ ~ n _ ~ _ ~ ~ ~ . ~ z  
3.1.1 T Y P E  O F  F I R M  ( I / P !  . . . . . . . . . . . . . . . . . . . . a * . .  1 
3.1.2 F I R M S '  11.1 J O I P I T  VE1.4TURE ( I / F ' )  .............. 1 
j . ]  . 3 F'F. 'LSCIlT V B L L I E  D T S C O U I I T  F:CITE ( I / F ' )  . . . . . . . . .  @ . j. 15 .... 3.1.4 FME:R SSNKX1.IG FIJI.!D 1PITEF:EST R O T E  ( I / P )  ? ( ) ?  $ 4  ..... 3.1 + 5  FMF'R RE I l . 1VESTMEHT EPF.I.lT1.IC.S K Q T E  ( X / P )  9.14 
3.1.6 n E R T  FF.PCTXOI.1 ( 1: / F. ) ............. ,.. ... ,,. . 0 . 2 5  
3.1.7 COST OF nen.r ( r / p )  ........................ o.oe; 
3.1.8 E F F E C T I V E  X1.ICOME 'TPX R P T E  (O /F ' )  . .......... 0.4816 
3.1 .< j ,  S ' ~ P T E  I l . lCOME TO. .. *CITE ( T / F ' )  ............... 0.04 ............ 3.1..LO FEDEF:PL  TI.ICOME TO>: R O T E  ( 1 . / P ) .  9.46 

'TYPE C P R M  ( f / e j  ..................... 3 
F I R M S  11.4 .I O I N T  VEI . ITURE ( I / P )  .............. 1 
PF.ESEl. lT VCILUE DISCOLI) . IT  .CITE ( . [ / P )  ......... 0.135 
FMP:RSI I . tKT I . IC .  FIJ1.lD TI . lTERES'r  R O T E  ( T / P )  ..... OJ] . 
FMRE: REXPlVESTMEl . I ' r  E IPE: I~ l I I~ IOS E:P ' lE ! S. /F') .+. . .  0 . 14 
.I............. ( X / F ' )  ....................... 0 
C 0 S . r  QF ~ E Z T  (I/P) ...................+.... 0 
E F F E C T I V E  I N C O M E  T... E P T E  ( O / F ' )  ........... O.1)RZ.b 

T I~ ICOML R P T E  ! ' t / F )  0.04 ST... TO.. ............... 
TI~ICCIME 5:PTE ( T / P )  0.06 .......I. TO... ............. 

4 . I e ~ - ~ ~ c E f i I & Y ~ ~  

4.1 I N V E S T M E P l T  TP): C R E n l T  ( I / P )  ........... 0.2 
4.2 I l ~ I T U I ~ l O I R L E  WELL . C O S T  FF.PC'r1..OI.I ( T / P )  ... 0.75 
4.  3 EE4OKPITOGL X:~EI'~L.C'rXQ).I CLL.1 .. OMP>ICC ( T ,.'T') : 

-THF:U 1980 . r e .  0 622 
-1981 ........ .' 0.2 
-1Y82 ......... 0.18 
-1983 ......... 0.16 
- n F T E R  1983. . .  0.15 



TABLE 4-1 7. RESOURCE ANTI DEVELOPMENT PARAMETERS 
AT COVE FORT-SULPHURDALE KGRA 

~?gspg~yg-,cu~a~%~g~q 

1. s T 4 + E * . . . . . . . . . . . . . . . . . . . . . * . . . . . . . , . . * . . . . * .  
2.  'r 'r 'PE O F  GEOL'JG"' ( T / P ) . . . . . . . , . . , + , . + . . . . . . . . .  
3. R E S E R V O I R  DEF'TH,FT:  

-MIl~l:CMUM V O L U B  ( T / P ) .  ... 1900 
-VCILUE 4 T  M O n E  ( T / F ) . . , .  6600 
-MG:<LMUM V 4 L l J E  ( : C / F ' ) .  , , , 7300 
-ME414 V e L U E  (O,'P!. ........................... 

1, MEfi1.1 WELL  C 0 5 T ~ 4 1 0 0 0  (O/P).++.*....+......,.. ................ 5, l3F:'l' WELL  C O S T  F F : U C T I O I ~ l  ( X / P ) .  

5 ,  BEDF:TLL. W E L L  COST FF'OC!TIOI.I ( I / P )  ..,,.., ,, , ,. . 
7, or:.,. WELL i=r:nc'rxot.(: 

-MXElTMlJM V a l - U E  ( T / P ) .  , . . 0.09 
-va~-va u'r MCII:IE ( x / P ) ,  . . , 0.1, ,. 
-MU:.:XMl.IM VPL.IJE ( X / I " )  , , . 0. 11, 

-MEal.c V a L u E  (o/P).,...,.,,,...........,...... 
8, SPORE W E L L  FF4CTXOb1  ( I / P ) . . . + . . , , . . . . . . . . . . , . , ,  

9 ,  PRODUCEE/XHJECTOR E 4 T T O  ( X / P ) , . , , . . . . + . , . . + , .  

10,  T E I I T I O L  F:EDR.tLL F R a C T T O N  (X, /P)  ,,,, ,, ,, ,,,,, , , 
11. F:EF'l-LICEMEPIT F:RIiRXL.L FRfil:TTO1.1 ( I / P )  . , . . , , , , . , , 
12. WELL.HEiAI:o RESC)IJF:CE 'TEMl'tTF:4TLIREI F : 

-MII.lXMIJM V a l - U E  ( I / P ) .  , , . 'JY0 
- V ~ L I J E  a ' r  MCIDE ( I/F), ... ,330 
-MA>:IMUM v 4 t - u ~  ( I/P). . , , 350 
-MEal. l  vQL.IJE ( o / P ) . . , + . . + . . . * e , . + * + . . e + . . e . . ~ ,  

13, N E T  S P E C I F X C  El.IER(>f' ,  WHC:/Lr ( O / P )  , , , . , , , , , , , . , 
1 4 ,  WELL FLOW F:PTE, 1 0 0 0 L B / H E :  ... -M*I.ITMUM V ~ L . U E  ( x / P ) ,  100 

-VCLLIE 4 T  MODE ! T / P ) . . . .  500 
-MLI:<IMIJM VPI..UE ( X / P )  , . , . 1000 
- ~ ~ a r . ,  v a L u u  (o/p). , . . . . . . . . . . . , . . . , . . . . . . . . . .  

15. WELL  SP4CXt~IG10CRES/WELI . .  < I / F Z ' )  ................ 
16. sOLr r1 l :T ' r '  II.II:,E:.: [~ : I . .OW+~:HI :~ I .~ ]  ( : c / F ) .  , , ,,, ,,, . 
17. WELL LIFE,'T'F:S: 

-Mrt.t.r.nvH vei.ua ( : x / P ) ,  . . , 10 
- v a ~ - u ~  a T  rnau  ( T / P ! . , , .  15 
-MO:CXMUM V U L U E  ( X / F . )  , . , , 29 
-MEnt.l VfaLUE ( ~ / F ' ) . . . . , . . . . . . . + . . . . . . . , . e . . . . .  ................ IS, ROOK L.SFE O F  WELL.S;'I'L:S ( I / P ) .  

19, ROOK L I F E  O F  SUf?FCICE CUF'TT4Ll ' r 'RS ( T / F ' )  ,,,, , , , ................. 20, T a x  LIFE OF WEL..LS~.~.F:S ( T / P ) .  

21 ,  ncn VPLOF:RM 'ra:.:Iot.t a c T u n L  VLILUE (I/P) ,, ., , , . , . 
22. ROY41LT'r' FE:LICTXOI.l ( I / F ' ) +  ...................... 
73. L E n S E  BOEIUSv5 /QCEE !I/P).......+++...++*+..,w 
2 4 .  R e w T ~ l - , $ / a c R ~  (= /P ! . . . . . . . . . . . . . . . , . . , , .  

25. POWER TRCIb lSMX5SIO l~ l  C O S T , $ 1 0 0 0  ( I / P ) :  

- T o  7I?(!C0O K W E . . . I . + * * * . * . * . + , ~ . . . . . . . . , . . * . * . + . ~  ....... - 4 ~ ~ S T S O l . t C I L  THC!fi:EMENTS O F  600000 MWFI*, 

75, 4LTEF: l . IPTXVE GEPlEF'U'l'1:OI~I: 

- C n F . I T n L  COST,$ /KWE (I/~).~,...+...~...~..,,. 

-FUEL COST,MILLS/KWH ! X i P ) . . . . . . . . , . . , , , , . , . . .  

DEVELOPMEI. IT '1'ECIR II~ICEEMEI.1TPL. 1.. 4 1.1 13 

L E V E ~  13(.1-LII.IE P ~ U 1 4 T  5 1  8 E  C O I ~ t F I D E I ~ I C E  E:ERVL'F:EIv 

I M W E )  ( M W E )  (C ICRES)  



F i g u r e  4-16. LEVELS OF CONFIDENCE 
AT COVE FORT-SULPHURDALE KGRA (MID-1979) 



TABLE 4-18. COVE FORT-SULPHURDALE INVESTMENT EVALUATION 
P a r t  A: Major '"Type 'I" 'Corpora te  'P roducers  

DEVELOPMEl.I 'T I l ~ l T E R l ~ l Q L  

1.EVEL F:QTE O F  

(MWE)  RETUEIl.1 

F'II.IUI.ICXQL W E I G H T E D  

MOPIHGEMEHT PH'I 'BQCK 

R a T E  O F  R E T U R H  ('T'EQRS) 

Loss O F  I l . IVE5TMEf.IT P F : O h a R I L T T ' r '  

I I ~ I V E S T M E I ~ I T  L O S S  O F  

F e o e a a r L 1 r . r .  ( $ 1 0 0 0 )  II.IVEST~EI.~'~ 

F'R:ICE M U L T I F ' L I E F : :  1.2 

P a r t  B: independently Opera t ing  "Type 111" Producers  

E'EVELOPMEI.IT II.ITEF:I.IUL FII~I~I~ICI~L W E I G H T E I l  l.IET F'RESEl.IT L O S S  O F  I I . lVE5TMEI. IT F'E:OHCIB'CL.TT'T' 

L E V E L  F:QTE O F  MQl.lQGEMEPlT F'Q'r'HQCK VQLLIE I I~IVES' I 'MEI~IT L O S S  0 F 

(MWE)  RET1JRf.I R Q T E  O F  6:ETUE:I.I ( ' I 'EQRS) ( ! 610QO)  F'F:l>F3QHILI 'r ' r '  ( $ 1 0 0 0 )  IPIVES'TMENT 
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requirement  from t h e  w e l l  f i e l d  deve loper ,  it e f f e c t i v e l y  i n c r e a s e s  t h e  

e l e c t r i c  u t i l i t y ' s  p l a n t  c o s t  and lowers t h e  compet i t ive  r e sou rce  p r i c e  

which t h e  u t i l i t y  can a f f o r d  t o  pay. Note, f o r  example, t h a t  t h e  compe- 

t i t i v e  r e sou rce  p r i c e  a t  Cove Fort-Sulphurdale  (10-11 mil ls lkwh) is  

s i g n i f i c a n t l y  lower than  t h a t  a t  any of t h e  C a l i f o r n i a  resource  a r e a s  

(14-20 mills1kWh). 

It appears  from Table  4-18 t h a t ,  because of l i m i t e d  revenues a t  

compet i t ive  r e sou rce  p r i c e s ,  investment r e t u r n s  a r e  l i k e l y  t o  b e  p o o r .  

and investments  a r e  l i k e l y  t o  be  u n a t t r a c t i v e  r e g a r d l e s s  of t h e  proba- 

b i l i t i e s  of l o s s  a t  Cove Fort-Sulphurdale.  Thus, a t  p r e sen t  economic 

c o n d i t i o n s  and i n f l a t i o n  r a t e s  assumed i n  Table  4-16, i t  i s  doubt fu l  

t h a t  t h e  Cove Fort-Sulphurdale  a r e a  def ined  i n  Table  4-17 w i l l  p rov ide  

an a t t r a c t i v e  investment oppor tun i ty  r e g a r d l e s s  of redef ined  p robab i l i -  

t i es  of success  r e a l i z e d  by continued explora t ion ;  On t h i s  b a s i s ,  i t  

appears  t h a t  t h e  USGS e s t i m a t e  of  330 MWe of e l g c t r i c  power p o t e n t i a l  

a t  Cove Fort-Sulphurdale  ( s e e  Muff le r ,  1979) is  u n a t t a i n a b l e  a t  compe- 

t i t i v e  r e sou rce  p r i c e s .  
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4 .3 .2  Rooseve l t  Hot S p r i n g s ,  'UT 

Located i n  Beaver County, Utah,  Rooseve l t  Hot S p r i n g s  h a s  been ac-  

t i v e l y  exp lored ,  confirmed and e v a l u a t e d .  Both P h i l l i p s  Petroleum Com- 

pany and Thermal Power Company have conducted w e l l  f l o w  tests, and a r e  

a t t e m p t i n g  t o  a t t r a c t  u t i l i t y  i n t e r e s t .  At p r e s e n t ,  a  50 MWe power 

p l a n t  i s  planned by P h i l l i p s  and Rogers I n t e r n a t i o n a l ,  w i t h  power t o  be  

purchased by Utah Power and L i g h t .  

Tab le  4-19 summarizes r e s o u r c e  c h a r a c t e r i s t i c s  a t  Rooseve l t  and 

F i g u r e  4-17 m a p s  l e v e l s  of c o n f i d e n c e  over  t h e  r e s o u r c e  a r e a  a s  i t  i s  

unders tood today.  T h e ' h i g h  r e s o u r c e  t e m p e r a t u r e ,  h l g h  w e l l  f l o w  r a t e s  

and low s a l i n i t y  ( b r i n e  con tamina t ion  index  of 1 f o r  modeling purposes )  

of t h i s  r e s o u r c e  make i t  w e l l  s u i t e d  f o r  development. Power from 

Rooseve l t  w i l l  l i k e l y  be  t r a n s m i t t e d  t o  t h e  s u b s t a t i o n  a t  Sigurd v i a  

Cove F o r t ,  a  t o t a l  d i s t a n c e  of 62 m i l e s .  

R e s u l t s  of t h e  Rooseve l t  Hot S p r i n g s  inves tment  e v a l u a t i o n  a r e  pro- 

v ided  i n  Table  4-20 and F i g u r e  4-18. With m a r g i n a l l y . c o m p e t i t i v e  p r i c -  

i n g  of t h e  r e s o u r c e ,  t h e  f i n a n c i a l  a t t r i b u t e s  of Rooseve l t  w e l l  f i e l d  

inves tments  appear  a t t r a c t i v e  t o  b o t h  major c o r p o r a t e  p roducers  and 

independen t ly  o p e r a t i n g  p roducers .  F r o n t  end e x p l o r a t i o n  c o s t s  d e t r a c t  

from t h e  a t t r a c t i v e n e s s  of t h e  i n i t i a l  50 megawatt l e v e l  of development 

on ly .  

A s  w e l l  f . i e ld  development beyond 600 and 800 megawatt 

l e v e l s  -- f o r  independent  and major c o r p o r a t e  p r o d u c e r s ,  r e s p e c t i v e l y  -- 

r i s k s  of inves tment  l o s s  c a u s e  t h e  l i k e l i h o o d  of inves tment  t o  f a l l  

below 50%. These p e r c e p t i o n s  of r i s k  may change a s  con t inued  explora- '  

t i o n  b e t t e r  d e f i n e s  t h e  c o n f i d e n c e  mapping p r e s e n t e d  i n  F i g u r e  4-17. 

R e s u l t s  g iven  her.e r e f l e c t  inves tment  p o t e n t i a l  a t  Rooseve l t  a s  t h i s  r e -  

' s o u r c e  i s  u n d e r s t o o d t o d a y a n d  as d e f i n e d  i n  Tab le  4-19. The 1979 USGS 

assessment  of Rooseve l t  ( s e e  M u f f l e r ,  1979) e s t i m a t e s  i t s  e l e c t r i c  power 

p o t e n t i a l  a t  970 m e  which a p p e a r s  t o  b e  s l i g h t l y  o p t i m i s t i c  i n  v iew of 

t h e  inves tment  e v a l u a t i o n  p r e s e n t e d  h e r e  a t  c o m p e t i t i v e  r e s o u r c e  p r i c e s .  

V a r i a t i o n s  i n  r e s o u r c e  p r i c i n g  a t  R o o s e v e l t ,  above o r  below t h e  

m a r g i n a l l y  c o m p e t i t i v e  p r i c e ,  have a n  a p p r e c i a b l e  impact upon e s t i m a t e d  

inves tment  b e h a v i o r .  Independen t ly  o p e r a t i n g  r e s o u r c e  f i r m s  a r e  p a r t i c u -  

l a r l y  a f f e c t e d  by p r i c i n g  v a r i a t i o n s  a s  i l l u s t r a t e d  i n  F i g u r e  4-18. 
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Figure 4-17. LEVELS OF CONFIDENCE 
AT ROOSEVELT HOT SPRINGS KGRA (MID-1979) 



TABLE 4-20. ROOSEVELT HOT SPRINGS INVESTMENT EVALUATION 
Part A f  Major '"Type 1'' Corporate'Producers 

DEVEL.OF'MEI.IT I l . l T E R I ~ t Q L  

L E V E L  R O T E  O F  

( M W E )  RETUR1.I 

PIET PRESEl.(T 

VQLIJE 

( 6 1 0 0 0 )  

LOSS OF LI.IVESTMEI.IT PROwaxcxI.. IT'r'  

I I . IVESTMEI. (T L O S S  O F  

F R O e O B I L X T ' r '  ( $ 1 0 0 0 )  IP lVESTHEl4T  

F:KI.ILI.~C r n L  

MQ1~IPC.EMEl~IT 

R O T E  O F  R E T U R N  
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TABLE 4-2 0. P a r t  B: Independen t ly  Operat ing.  "Type 111" Producers  

DEVECOF.MEI.IT II.ITEF:HOL. 

L E V E L  R O T E  OF 

(MWE)  RETUF:I.I 

F T 1~IPI.lC 1 P L  

' M PI 1.1 PIG E M E I:I 'r 
R O T E  O F  RETU6:I.I 

L O S S  OF 

X~.~VESTME). IT 

F ' R 0 Y O Y I L : I T ' r  

B.E:i)BYliTl-:IT'i  

C) F' 
I 1.1 V E S T  M E: I.( T 



MAJOR RESOL' ICE PRClDUCING CORPOR~TIO\IS 

a ~ ~ i # ~ l l ! ,  ~ m y - c i ~ . i t * . .  pr-icing z.riLh ' 

, - , H I I - ~ ~ , . , ~  gr lnemr ion  o t  the h:rnh.~r 
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Chapter F i v e  

POLICY AND SENSITIVITY ANALYSES: 
BRAWLEY EXAMPLE 

To demons t ra te  t h e  a n a l y t i c  c a p a b i l i t i e s  of t h e  geothermal  i n v e s t -  

ment model TCN2000, a  s e r i e s  o f  s e n s i t i v i t y  t e s t s  were performed t o  

examine t h e  l i k e l y  e f f e c t s  o f :  

J o i n t  v e n t u r e  a r rangements  by independen t ly  o p e r a t i n g  r e s o u r c e  
f  i rms;  

V a r i a t i o n s  i n  r e s o u r c e  p r i c i n g  b o t h  above and below t h a t  
r e q u i r e d  f o r  m a r g i n a l l y  c o m p e t i t i v e  e l e c t r i c  energy c o s t s ;  

, e Tax i n c e n t i v e s  provided by t h e  N a t i o n a l  Energy Act (NEA) of 
1978; 

F e d e r a l  geothermal  l o a n  g u a r a n t e e s  on w e l l  f i e l d  i n v e s t m e n t s ;  

Main ta in ing  t h e  geothermal  d e p l e t i o n  a l lowance  a t  22% r a t h e r  
t h a n ' i n s t i t u t i n g  t h e  c u r r e n t  NEA d e p l e t i o n  a l lowance  which 
d e c l i n e s  t o  15% by 1984; .  

P rov id ing  new f u l l y - r e f u n d a b l e  inves tment  t a x  c r e d i t s  of 20%, 
30%, 40% o r  50% f o r  b o t h  w e l l  f i e l d  and geothermal  power p l a n t  
c a p i t a l ;  

P roduc t ion  t a x  c r e d i t s  of $3 /bb l  of o i l  e q u i v a l e n t  energy f o r  
e l e c t r i c  u t i l i t i e s  w i t h  geothermal  g e n e r a t i n g  c a p a c i t y ;  

A combined 50% inves tment  t a x  c r e d i t  and $3 /bb l  of o i l  equiva- 
l e n t  energy p r o d u c t i o n  t a x  c r e d i t .  

5 . 1  THE BRAWLEY BASE CASE 

The Brawley geo thermal  r e s o u r c e  a r e a  i n  t h e  I m p e r i a l  Va l ley  of 

s o u t h e r n  C a l i f o r n i a  was s e l e c t e d  a s  a  r e p r e s e n t a t i v e  a r e a  f o r  e v a l u a t i n g  

t h e s e  a l t e r n a t i v e s  3 .  A s  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e r  and a s  

i l l u s t r a t e d  i n  F i g u r e  5-1, t h e  Brawley a r e a  o f f e r s  h i g h  inves tment  po- 

t e n t i a l  through t h e  300 megawatt l e v e l  o f  development f o r  b o t h  major  

c o r p o r a t e  r e s o u r c e  p r o d u c e r s  and independen t ly  o p e r a t i n g  r e s o u r c e  

p roducers .  Beyond t h e  300 megawatt l e v e l ,  as t h e  a r e a  i s  unders tood 

today ,  investment  r i s k s  i n c r e a s e  and t h e  l i k e l i h o o d  of - inves tment  

p r o g r e s s i v e l y  d e c l i n e s  . A t  t h e  USGS e s t i m a t e d  r e s o u r c e  

3 3 ~ o r k  i n  p r o g r e s s  a s  t h i s  r e p o r t  was be ing  p u b l i s h e d  i s  e v a l u a t i n g  t h e  
e f f e c t s  of t h e s e  a l t e r n a t i v e s  upon t h e  n a t i o n a l  Known Geothermal 
Resource Area base .  
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c a p a c i t y  of 650 megawatts ( s e e  M u f f l e r ,  1979) ,  t h e  l i k e l i h o o d  of i n v e s t -  

ment by major  c o r p o r a t e  p r o d u c e r s  and independen t ly  o p e r a t i n g  p roducers  

i s  e s t i m a t e d  a t  50% and 20%, r e s p e c t i v e l y .  A s  d i s c u s s e d  i n  e a r l i e r  

c h a p t e r s ,  t h e  inves tment  p o t e n t i a l  o f f e r e d  by j u s t  one ,  i n i t i a l  50 mega- 

w a t t  w e l l  f i e l d  w i t h o u t  con t inued  development beyond t h i s  l e v e l  i s  con- 

s t r a i n e d  by t h e  combined e£  f  e c t s  of f r o n t ,  end r e s o u r c e  "f Priding c o s t s t t  

and l i m i t e d  p r o j e c t  revenues .  

I n  t h e  s e n s i t i v i t y  a n a l y s e s  which f o l l o w ,  each a l t e r n a t i v e  i s  

g r a p h i c a l l y  measured a g a i n s t  t h e  Brawley "base c a s e "  a s  i l l u s t r a t e d  i n  

F i g u r e  5-1. The b a s e  c a s e  e v a l u a t i o n  i n c l u d e s :  ( a )  m a r g i n a l l y  competi- 

t i v e  p r i c i n g  of t h e  geothermal  r e s o u r c e  such t h a t  t h e  e l e c t r i c i t y  pro- 

duced from i t  is  e q u i v a l e n t  i n  busbar  c o s t  t o  t h a t  of c o a l - f i r e d  genera-  

t i o n ;  and ( b )  i t  i n c l u d e s  t h e  d e p l e t i o n  a l lowances ,  inves tment  t a x  

c r e d i t s  and o p t i o n  t o  expense i n t a n g i b l e  w e l l  c o s t s  a s  s t i p u l a t e d  i n  

t h e  NEA-1978. 

5 .2  JOINT VENTURE ARRANGEMENTS 

J o i n t  v e n t u r i n g  may p r o v i d e  a  v e h i b l e  f o r  some r e l a t i v e l y  smal l  

independent  o p e r a t o r s  w i t h  l i m i t e d  s u p p l i e s  of c a p i t a l  t o  s h a r e  t h e  



r i s k  and rewards of geothermal ven tu re s .  To s imu la t e  j o i n t  ven tu r ing  

arrangements among e i t h e r  ,two o r  t h r e e  independent o p e r a t o r s ,  t h e  cash 

flow model TCN2000 was modified such thL t  bo th  t h e  amount of investment 

requi red  of any one f i rm  and t h e i r  subsequent revenues w e r e  d iv ided  by 

a  f a c t o r  of two o r  t h r e e ,  r e s p e c t i v e l y .  

F igure  5-2 and Table 5-1 provide  t h e  r e s u l t s  of t h e  j o i n t  ven tu re  

a n a l y s i s .  The impact upon investment behavior  a t  Brawley appears  s i g n i -  

f i c a n t  p a s t  t h e  300 megawatt l e v e l  of development where development has  

extended o u t  i n t o  t h e  more r i s k y  a r e a s  of t h e  resource .  A t  t h e s e  

INDEPENDENTLY OPERATING RESOURCE PRODUCERS : BRAWLEY KGPA 

L E V E L  OF RESOURCE DEVELOPMENT ( MEGAWATTS ) 
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Figure 5-2. EFFECTS OF JOINT VENTURE 
ARRANGEMENTS AT BRAWLEY 
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development l e v e l s ,  r i s k  sha r ing .  by two independent f i r m s  provides  an 

app rec i ab l e  investment i ncen t ive .  The marginal  i ncen t ive ,  however, of 

a  t h i r d  f i rm  jo in ing  t h e  ven tu re  appears  t o  be  of minimal va lue .  

5.3 RESOURCE PRICING VARIATIONS 

A s  d i scussed  i n  Chapter 2 ,  t h e  method of r e sou rce  p r i c i n g  used i n  

t h i s  r e p o r t  i s  based upon achiev ing  an  e l e c t r i c  energy c o s t ,  a t  a  main 

t ransmiss ion  c o r r i d o r ,  which i s  compet i t ive  wi th  t h e  least expensive 

a l t e r n a t i v e  type  of baseload gene ra t i on  r e g i o n a l l y  a v a i l a b l e .  The 

method begins  w i th  t h e  t o t a l  de l i ve red  e l e c t r i c  energy c o s t  of t h e  a l -  

t e r n a t i v e  gene ra t i on  ( i n  mills/kWh) and e s t i m a t e s  a  compet i t ive  geother-  

mal r e sou rce  p r i c e  ( i n  mills/kWh) by s u b t r a c t i n g  t h e  f i x e d  c o s t s  a t t r i -  

bu t ab l e  t o  a  geothermal power p l a n t  and t ransmiss ion  f a c i l i t i e s .  

In te rv iews  wi th  e l e c t r i c  u t i l i t y  execut ives  i n d i c a t e  t h a t ,  f o r  

f avo rab l e  cons ide ra t i on ,  t h e  de l ive red  c o s t  of geothermal e l e c t r i c  

energy must be  roughly equiva len t  t o  t h a t  of t h e  l e a s t  expensive a l t e r -  

n a t i v e  a v a i l a b l e  t o  t h e  u t i l i t y .  A s  i l l u s t r a t e d  i n  F igure  2-4 i n  Chap- 

ter 2, p re fe rences  f o r  geothermal gene ra t i on  i n c r e a s e  a s  i t s  c o s t  de- 

c r e a s e s  r e l a t i v e  t o  t h a t  of a l t e r n a t i v e  gene ra t i on .  A t  a  de l i ve red  c o s t  

of roughly 80% of t h e  a l t e r n a t i v e ,  a  maximum preference  i s  revealed and 

l i t t l e  added i n c e n t i v e  i s  gained on behalf  of t h e  u t i l i t y  f i r m  by f u r -  

t h e r  reducing t h e  geothermal c o s t .  On t h e  o t h e r  hand, t h e  u t i l i t y ' s  

p r e f e r ence  f o r  geothermal gene ra t i on  dec reases  a s  i t s  c o s t  i n c r e a s e s  

r e l a t i v e  t o  t h e  c o s t  of a l t e r n a t i v e  gene ra t i on .  A s  a l s o  i l l u s t r a t e d  

i n  F igure  2-4, u t i l i t y  f i rms  i n d i c a t e  a  s t rong  ave r s ion  t o  geothermal 

power a s  i t s  de l ive red  c o s t  approaches 120% of t h a t  of a l t e r n a t i v e  power. 

From t h e  e l e c t r i c  u t i l i t y ' s  pe r spec t ive ,  meaningful l i m i t s  t o  an analy-  

sis of geothermal e l e c t r i c  energy c o s t s  a r e ,  t h e r e f o r e ,  e s t a b l i s h e d  a t  

80% and 120% of t h e  de l ive red  c o s t  of a l t e r n a t i v e  genera t ion .  

34 With t h e  geothermal power p l a n t  c o s t s  f i xed  ( r e c a l l  f o o t n o t e  ) ,  

t h e  r e sou rce  p r i c e  w i l l  v a ry  a s  t h e  de l ive red  e l e c t r i c  energy c o s t  i s  

%ixed power p l a n t  c o s t s  ( i n  mills/kWh) account f o r  amortized c a p i t a l ,  
ope ra t i ng  and maintenance expense, t a x e s ,  a d m i n i s t r a t i v e  and gene ra l  
expense, insurance ,  and t h e  u t i l i t y ' s  regula ted  r e t u r n  on investment.  



v a r i e d .  The impacts  of t h i s  p r i c i n g  v a r i a t i o n  upon t h e  f i n a n c i a l  a t t r i -  

b u t e s  of hydrothermal .wel1 f i e l d  investments  a r e  provided i n  Chapter 4 

f o r  each of t h e  n i n e  r e sou rce  a r e a s  eva lua ted  i n  t h i s  r e p o r t .  For t h e  

Brawley a r e a ,  t h e  impacts on l i k e l y  investment behavior a r e  i l l u s t r a t e d  

i n  F igure  5-3. 

From Figure  5-3 i t  appears  t h a t ,  a t  Brawley, an a t tempt  t o  a t t r a c t  

e l e c t r i c  u t i l i t y  p a r t i c i p a t i o n  by reducing t h e  r e sou rce  p r i c e  below t h e  

marg ina l ly  compet i t ive  l e v e l  w i l l  adve r se ly  a f f e c t  l i k e l y  investment 

behavior  by e i t h e r  major co rpo ra t e  r e sou rce  producers  o r ,  e s p e c i a l l y ,  

independent producers .  I nc reas ing  t h e  r e sou rce  p r i c e  above t h e  margin- 

a l l y  compet i t ive  l e v e l  appears  t o  provide minimal added investment 

i n c e n t i v e  t o  e i t h e r  l a r g e  o r  small  r e sou rce  producers ,  w i th  t h e  excep- 

t i o n  of an independent ope ra to r  looking a t  only t h e  i n i t i a l  50 megawatt 

l e v e l  of f i e l d  development. I n  t h i s  except ion,  t h e  added s e l l i n g  p r i c e  

i s  of s i g n i f i c a n t  v a l u e  i n  t h e  recovery  of f r o n t  end r e sou rce  " f ind ing  

cos t s" .  

M J O R  RESOURCE PRODUCllG CORPORATIONS : RRAHLEY KGRA 
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Figure 5-3. EFFECTS OF VARIATIONS I N  RESOURCE PRICE AT BRAWLEY 
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5.4 NATIONAL ENERGY ACT INCENTIVES OF 1978 

The N a t i o n a l  Energy Act of 1978 provided geothermal  r e s o u r c e  deve l -  

o p e r s  w i t h  a  package o f  t a x  i n c e n t i v e s  which inc luded :  

a The o p t i o n  t o  treat t h e  i n t a n g i b l e ,  50% t o  75% p o r t i o n  of a  
w e l l ' s  c o s t  a s  a  t a x  d e d u c t i b l e  expense;  

e A 10% inves tment  t a x  c r e d i t  f o r  " a l t e r n a t i v e  energy property1'-- 
exc lud ing  power p l a n t s  owned by r e g u l a t e d  u t i l i t i e s - - i n  a d d i t i o n  
t o  t h e  t a x  c r e d i t s  o t h e r w i s e  a l lowed f o r  inv.es ted c a p i t a l ;  

a A p e r c e n t a g e  d e p l e t i o n  a l lowance  a g a i n s t  g r o s s  income a c c o r d i n g  
t o  t h e  f o l l o w i n g  schedu le :  

th rough  1980: 22% 
1981 : 20% 
1982 . : 18% 
1983 : 16% 

1984 & a f t e r :  15%. 

These i n c e n t i v e s ,  which a r e  now l e g a l l y  p e r m i s s i b l e ,  a r e  i n c l u d e d  i n  t h e  

e v a l u a t i o n s  p r e s e n t e d  i n  Chapter  4  and i n  t h e  Brawley b a s e  c a s e  evalua-  

t i o n  of t h i s  s e c t i o n .  

Table  5-2 and F i g u r e  5-4 i l l u s t r a t e  t h e  v e r y  f a v o r a b l e  impact which 

t h e  NEA p r o v i s i o n s  w i l l  have upon l i k e l y  inves tment  b e h a v i o r  a t  Brawley . 

HRJOR RCSOURCE PRODUCIL CORPORA~!OIS : BR~KEY KGRR l lmLPLl lDLNl lY  W E M T I H G  RESOURCC PROnllCERS : RRflHEV K G M  

F i g u r e  5-4. INVESTMENT BEHAVIOR AT 
BRAWLEY WITHOUT NEA-1978 INCENTIVES 
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Both major c o r p o r a t e  r e s o u r c e  p roducers  and independen t ly  o p e r a t i n g  

p roducers  show v e r y  s i g n i f i c a n t  p o s i t i v e  r e a c t i o n s  t o  t h e s e  i n c e n t i v e s .  

Of c o n s i d e r a b l e  v a l u e  i s  t h e  e f f e c t  upon t h e  s m a l l e r  independen ts  who, 

p r i o r  t o  t h e  NEA, appear  n o t i c e a b l y  l e s s  w i l l i n g  t o  p a r t i c i p a t e  i n  

development a t  Brawley t h a n  do t h e  l a r g e r  c o r p o r a t e  p roducers .  

5 .5  GEOTHERMAL LOAN GUARANTEE 

The F e d e r a l  geo thermal  l o a n  g u a r a n t e e  program w i l l  p r o v i d e  govern- 

ment backing t o  commercial l o a n s  f o r  up t o  75% of t h e  c o s t  of a g e o t h e r -  

m a l  p r o j e c t .  From i n d u s t r y  i n t e r v i e w s ,  B t a p p e a r s  t h a t  t h i s  program w i l l  

be  of c o n s i d e r a b l e  v a l u e  t o  w e l l  f i e l d  development p r o j e c t s  be ing  under- 

t aken  by independen t ly  o p e r a t i n g  r e s o u r c e  p roducers .  Although t h e  

government adds  1% t o  t h e  d e b t  i n t e r e s t  r a t e  f o r  a d m i n i s t e r i n g  t h e  l o a n ,  

t h e  program p r o v i d e s  a c c e s s  t o  r e l a t i v e l y  i n e x p e n s i v e  'debt  c a p i t a l  

which, o t h e r w i s e ,  i s  d i f f i c u l t  f o r  equ i ty - f inanced  independent  o p e r a t o r s  

t o  o b t a i n .  

Major r e s o u r c e  prod!lcing c o r p o r a t i o n s  and e l e c t r i c  u t . i l i t i e s ,  on 

t h e  o t h e r  hand, have e x i s t i n g  a c c e s s  t o  d e b t  c a p i t a l  and appear  d i s i n -  

c l i n e d  t o  u s e  t h e  F e d e r a l  l o a n  g u a r a n t e e .  D e f a u l t  p r o v i s i o n s  w i t h i n  

t h e  g u a r a n t e e  coupled w i t h  i t s  f i l i n g  and a d m i n i s t r a t i o n  r e q u i r e m e n t s  

tend . t o  a l s o  d e t r a c t  from f a v o r a b l e  c o n s i d e r a t i o n  by t h e s e  l a r g e r  f i r m s .  

When s i m u l a t i n g  t h e  l o a n  g u a r a n t e e  f o r  t h i s  e v a l u a t i o n ,  two a d j u s t -  

ments a r e  made t o  t h e  b a s e  c a s e  model. F i r s t ,  t h e  f r a c t i o n  of d e b t  

c a p i t a l  i s  i n c r e a s e d  t o  75% f o r  b o t h  major  and independent  p r o d u c e r s ,  

and t h e  c o s t  of d e b t  c a p i t a l  i s  i n c r e a s e d  by one p e r c e n t a g e  p o i n t .  Th i s  

a l s o  r e d u c e s  t h e  average  d i s c o u n t  r a t e  used by b o t h  t y p e s  of f i r m s .  

Second, t h e  amount of investment  a t  r i s k  by t h e  f i r m s  i s  reduced 75%. 

R e s u l t s  of t h e  modi f i ed  s i m u l a t i o n  are provided i n  Tab le  5-3 and i n  

F i g u r e  5-5 below. 

A s  i l l u s t r a t e d  i n  F i g u r e  5-5, t h e  l o a n  g u a r a n t e e  program p r o v i d e s  

a  v e r y  s i g n i f i c a n t  investment  i n c e n t i v e  t o  t h e  independen t ly  o p e r a t i n g  ' 

' . . r e source  producer  a t  t h e  Brawley a r e a .  The advan tage  of t h i s  program 

t o  t h e  major c o r p o r a t e  p r o d u c e r s ,  on t h e  o t h e r  hand, a p p e a r s  minimal a t  

b e s t .  



TABLE 5-3. EFFECTS OF GEOTHERMAL, LOAN 
GUARANTEE PROGRAM AT BRAWLEY 
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Figure 5-5. EFFECTS OF GEOTHERMAL LOAN 
GUARANTEE PROGRAM AT BRAWLEY 

5 .6  MAINTAINING 22% DEPLETION ALLOWANCE 

A s  d i scussed  above i n  s e c t i o n  5.4, t h e  d e p l e t i o n  allowance c u r r e n t -  

l y  o f f e r ed  by t h e  NEA w i l l  d e c l i n e  over  t h e  next  few years  from t h e  pre-  

s e n t  22% t o  15% i n  1984. By modifying t h e  cash f low model i n  TCN2000, 

t h e  e f f e c t  of main ta in ing  t h i s  allowance a t  22% was eva lua ted .  Table  

'5-4 and F igure  5-6 i l l u s t r a t e  t h e  r e l a t i v e  ' i n s e n s i t i v i t y  bf l i k e l y  in -  

vestment behavior  a t  Brawley t o  t h i s  mod i f i ca t i on  i n  t h e  d e p l e t i o n  

allowance schedule .  

5.7 ADDITIONAL INVESTMENT TAX CREDITS 

The a d d i t i o n a l  10% investment t ax  c r e d i t  allowed by t h e  NEA f o r  
I 1  a l t e r n a t i v e  energy property!' i s  c u r r e n t l y  no t  a p p l i c a b l e  t o  e l e c t r i c  

u t i l i t y  proper ty .  I f  i t  were a p p l i c a b l e  t o  u t i l i t i , e s ,  e x i s t i n g  tax  

c r e d i t  l t m i t a t i o n s  and a  f requent  s u r p l u s  of c r e d i t s  from l a r g e - s c a l e  

cons t ruc t ion  programs may prevent  u t i l i t i e s  from u t i l i z i n g  t h i s  

i ncen t ive .  

A s  an a l t e r n a t i v e ,  a  t o t a l l y  re fundable  geothermal investment t a x  

c r e d i t  could be  provided a s  a  bonaf ide  i n c e n t i v e  t o  both e l e c t r i c  



TABLE 5-4. EFFECTS OF A NON-DECREASING 
22% DEPLETION ALLOWANCE AT BRAKLEY 
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Figure:5-6. EFFECTS. 0F.A N3N-DECREASING 
22% DEPLETION ALLOWANCE AT BRAWLEY 

u t i l i t i e s . a n d  r e source  producers.  I ts  e f f e c t  would be  twofold: ( a )  t h e  

c r e d i t  would reduce t h e  e f f e c t i v e  c o s t  of a  geothermal power p l a n t  and, 
35 thereby,  i n c r e a s e  t h e  margina l ly  compet i t ive  p r i c e  of t h e  geothermal 

resource;  a n d ' ( b )  t h e  c r e d i t  would e f f e c t i v e l y  reduce t h e  c a p i t a l  in-  

vestment requi red  f o r  w e l l  f i e l d  development. 

T o t a l l y  re fundable  investment t a x  c r e d i t s  of 20%, 30%, 40% and 50% 

f o r  both  w e l l  f i e l d  c a p i t a l  and geothermal power p l a n t  c a p i t a l  were 

evaluated by modifying t h e  Brawley cash f low a n a l y s i s  i n  model TCN2000. 

Resu l t s  a r e  provided i n  Tables 5-5, 5-6, 5-7 and 5-8, r e s p e c t i v e l y ,  and 

a r e  i l l u s t r a t e d  i n  F igure  5-7. For investment t ax  c r e d i t s  of 20% and 

30%, t h e  r e s u l t s  i nc lude  t h e  r e sou rce  producers '  e l e c t i o n  t o  expense t h e  

i n t a n g i b l e  po r t ion  of we l l  cos t s .  Expensing of i n t a n g i b l e  c o s t s  f o r  t a x  

purposes i s  f i n a n c i a l l y  p r e f e r a b l e  t o  cap , i t a l i z ing  t h e s e  c o s t s  according 

t o  a n a l y t i c  r e s u l t s  w i t h  20% and 30% t a x  c r e d i t s  36. With 40% and 50% 

3 5 ~ e f  e r  t o  s e c t i o n  2.3.1 and s e c t i o n  5.3 f o r  d i scuss ions  of margina l ly  
competi t ive r e sou rce  p r i c i n g .  

3 6 ~ o t e  t h a t  expensed c o s t s  a r e  n o t  e l i g i b l e  f o r  investment t a x  c r e d i t s  
a p p l i c a b l e  t o  c a p i t a l  c o s t s .  



TABLE. 5-5. EFFECTS OF 20% INVESTMENT 
TAX .CREDIT AT BRAWLEY 
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TABLE 5-6. EFFECTS OF 30% INVESTMENT 
TAX CREDIT AT BRAWLEY 
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TABLE 5-7. EFFECTS OF 40% INVESTMENT 
TAX CREDIT AT BRAWLEY 
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TABLE 5-8. EFFECTS OF 50% INVES'IT4ENT 
TAX CREDIT AT BRAWLEY 
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F i g u r e  5-7. EFFECTS OF ADDITIONAL INVESTMENT 
TAX CREDITS AT BRAWLEY 

inves tment  t a x  c r e d i t s ,  however, t h e  i l l u s t r a t e d  r e s u l t s  i n c l u d e  t h e  

f i n a n c i a l l y  p r e f e r a b l e  o p t i o n  t o  c a p i t a l i z e  a l l  w e l l  c o s t s .  

F i g u r e  5-7 i n d i c a t e s  t h a t  t o t a l l y  r e f u n d a b l e  inves tment  t a x  c r e d i t s  

would p r o v i d e  a  s i g n i f i c a n t  i n c e n t i v e  t o  l i k e l y  inves tment  b e h a v i o r  a t  

Brawley, p a r t i c u l a r l y  f o r  t h e  independen t ly  o p e r a t i n g  r e s o u r c e  p roducers .  

Examination of t h e  f o u r  l e v e l s  of c r e d i t s  i n d i c a t e s  t h a t  t h e  g r e a t e s t  

m a r g i n a l  i n c e n t i v e  i s  prov ided  by i n c r e a s i n g  t h e  c r e d i t  from 30% t o  40%. 

5.8 $ 3 / b b l  EQUIVALENT ENERGY PRODUCTION TAX CREDIT 

A $3/bb l  of o i l  e q u i v a l e n t  energy  p r o d u c t i o n  t a x  c r e d i t  t r a n s l a t e s  

t o  a 4.'3 mills/kWh c r e d i t  by assuming a  h e a t i n g  v a l u e  of 153,600 B t u / g a l  

f o r  heavy o i l  and a  h e a t  r a t e  of 9,300 Btu/kWh f o r  a n  o i l - f i r e d  steam 

power p l a n t " .  Thc cffcct  of chfo  rnlr credit, i f  t o t a l l y  re1u11dable a d  

a v a i l a b l e  t o  e l e c t r i c  u t i l i t y  companies, w i l l  b e  t o  i n c r e a s e  t h e  margin- 

a l l y  c o m p e t i t i v e  p r i c e  of a  geo thermal  r e s o u r c e  by 4 .3  mills/kWh. 

R e s u l t i n g  i n c r e a s e d  revenues  t o  t h e  r e s o u r c e  p r o d u c e r s  w i l l  p r o v i d e  

a d d i t i o n a l  i n c e n t i v e  f o r  w e l l  f i e l d  development.  

3 7 ~ e e  EPRI, 1977, p.4-3. 
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Table 5-9 and F igure  5-8 i l l u s t r a t e  t h e  es t imated  e f f e c t  of t h e  

$3/bbl  equ iva l en t  energy product-ion t a x  c r e d i t  upon l i k e l y  investment 

behavior a t  Brawley. The impact upon t h e  independent ly  ope ra t i ng  r e -  

source  producers  i s  s i g n i f i c a n t ,  p a r t i c u l a r l y  f o r  investments  l i m i t e d  

t o  w e l l  f i e l d  development f o r  an i n i t i a l  50 megawatts of e l e c t r i c  power 

product ion.  

M J O R  RESOURCE P R O W C l l b  CORPORAIIOUS : RRAWLEY KGRA IIIDEPCllDFNlLY OKRAllHG RESOURCE PRODUCERS : BRnHLEY KCPA 

Figure  5-8. EFFECTS OF A $3/bbl  EQUIVALENT 
ENERGY PRODUCTION TAX CREDIT AT BRAWLEY 

5.9 COMBINED PRODUCTION AND INVESTMENT TAX CREDITS 

The $3/bbl  of o i l  equ iva l en t  energy product ion t a x  c r e d i t  d i scussed  

i n  s e c t i o n  5.8, combined wi th  t h e  50% investment t ax  c r e d i t  d i scussed  i n  

s e c t i o n  5 .7  a r e  eva lua ted  f o r  t h e i r  t o t a l  e f f e c t  upon l i k e l y  investment 

behavior  a t  Brawley. A s  be fo re ,  t h e  product ion t a x  c r e d i t  t r a n s l a t e s  t o  

a 4 . 3  mills/kWh i n c r e a s e  i n  t h e  marg ina l ly  compe t i t i ve  hydrothermal re -  

source  p r i c e  which, i n  t u r n ,  provides  increased  product ion revenues t o  

t h e  r e sou rce  producer.  The 50% investment t a x  c r e d i t  i s  assumed t o  be  

a p p l i c a b l e  t o  geothermal investments  by bo th  t h e  e l e c t r i c  u t i l i t i e s  and 

t h e  r e sou rce  producers .  I ts e f f e c t  i s  twofold: (1)  i t  increased  t h e  

compet i t ive  geothermal r e sou rce  p r i c e  by e f f e c t i v e l y  reducing t h e  u t i l i -  

t ies '  c a p i t a l  c o s t  f o r  conver t ing  hydrothermal f l u i d  t o  e l e c t r i c i t y ,  and 
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(2 )  i t  r e d u c e s  t h e  e f f e c t i v e  c a p i t a l  inves tment  r e q u i r e d  o f  t h e  r e s o u r c e  

p roducers  f o r  w e l l  f i e l d  development. Both t h e  p r o d u c t i o n  t a x  c r e d i t  

and t h e  inves tment  t a x  c r e d i t  a r e  assumed t o  b e  t o t a l l y  r e f u n d a b l e .  

T a b l e  5-10 and F i g u r e  5-9 i l l u s t r a t e  t h e  e s t i m a t e d  e f f e c t  of t h e  

combined t a x  c r e d i t s  upon l i k e l y  investment  b e h a v i o r  a t  Brawley. A s  

i n d i c a t e d  i n  Table  5-10, t h e  t a x  c r e d i t s  a f f o r d  a 38% i n c r e a s e  i n  t h e  

c o m p e t i t i v e  hydrothermal  r e s o u r c e  p r i c e  comfiared t o  t h e  Brawley b a s e  

c a s e e v a l u a t i o n p r e s e n t e d  i n  Tab le  4-2 . F i g u r e  5-9 shows t h e  v e r y  s i g -  

n i f i c a n t  impact which t h e  combined i n c e n t i v e s  are l i k e l y  t o  have on in-  

ves tment  d e c i s i o n s  by b o t h  major  c o r p o r a t e  p r o d u c e r s  and i n d e p e n d e n t l y  

o p e r a t i n g  p roducers .  

M J O R  RESOIJRCE P R O W C I L  CORWRilTlOWS : BRAWLEY KGRA IHDEPElmENlLY WERI IT IHG RESOl lLE PRODUCERS : BRAWLEY KGPJl 

F i g u r e  5-9. EFFECTS OF COMBINED PRODUCTION TAX 
CREDIT AND INVESTMENT TAX CREDIT AT BRAWLEY 



D trl V E I... O P M L I.! T 

1- E V E I... 

( M W E )  

TABLE 5-10. EFFECTS OF COMBINED PRODUCTION 
TAX CREDIT AND INVESTMENT TAX CREDIT AT BRAWLEY 

F'LPIf.lT C O S T  

( .Xl.lCL. TF:PI.IS) 

( $ / * W E )  

616 
589 
685 
5.14 
624 
511. 
603 
532 
5 2 4  

' t i?  
511 

D~\,EI.UF'MEI.IT 'CI~I'TEI~~.<UI- F:I:I~IPI~I(~TPL. WETGH'TC1:I l.lf:'T F:'F:E:EILII.IT L O S S  OF ::14'JES'rMB?l'r F'F:O5QS,ll..'E'r'l' 

I... E \) 82: I . F24'l.E OF MCI1~IIACiEMIBl~lT FPI'r'BCICK VI>L.IJE 7 1.1 V E 9 7'MC 1.1 'T 1.. 3 g 6 O F  
(h>t~8!=) E'FTI.IR1.I G:CITF: O F  F:E'rLIfi:I.1 ('r'E:Qfi:S) ( )  F'i:Cl~~h.l:I..I'r'~' ( $ l f i P o )  1 l~ lVES I ' hE l . IT  

90 
7 1 0CI 
3 :200 
.? 300 
d 4 0 0  

c r " .  ... '. I?) 
600 

i? 7 0 0  
P 800  
2.0 900 
?. :!. :;ooc 

1:~E:VEL.OF'HEl.IT Xl.tTEG:I.IUI.. FII.(QI.IC.YCIL. L E I G H T E D  N E T  PS?E!.GEl.f'T L O S S  O F  .I').IVESTMEl."T PF'ClBI?IRTL..XT'r' 

I-E:VEI. R ~ T E  OF MUI.IQC;EMEI.IT PP I'BPCI( vat-UE TI.IVESTMEI.IT L . O S ~  OF 

( M W A )  RETI.IF:l.l R O T E  O F  ELTU41. I  ( '1 'EQES) ( f , lO i ) ( ) )  PF?omUmu..:r.T'~' ( $ 1 0 0 0 )  :EEIVESTMEI~IT 



APPENDIX 

Listing of Computer Models 



The i n t e r a c t i v e  APL computer model used on t h i s  p r o j e c t  i s  l i s t e d  

below a s  developed f o r  t h e  U.  S. Department of Energy by Technecon 

Analy t ic  Research, Inc .  under subcont rac t  t o  t h e  Univers i ty  of 

Pennsylvania.  The func t ion  of each r o u t i n e  w i t h i n  t h e  model i s  des- 

c r ibed  by a comment s ta tement  appearing a t  t h e  beginning of each 

l i s t i n g .  

Table A-1 i d e n t i f i e s  each of t h e  inpu t  v a r i a b l e s  requi red  f o r  

execut ing t h e  model. During execut ion t h e  model r e q u e s t s  an  alpha- 

numeric l a b e l  which becomes t h e  name 06 t h e  mat r ix  of ou tput  da t a .  

When the  execut ion i s  complete, t h i s  d a t a  may b e  r e t r i e v e d  and p r i n t e d  

i n  t h e  format i l l u s t r a t e d . i n  Chapter 4 by execut ing REPORT 1' {ZabeZ) 

and RRPORT 2' {%she%). 

TABLE A - 1  

INPUT SPECIFICATION VARIABLES FOR 
MODEL TCNZOOO 

Dimension* 

N1r2c 

7r2c 

N2r9c 

Label 

ADV 

BC I 

BETAA 

BETAH 

BKLFl 

BKU.2 

CALT 

CAPA 

CORNERS 

DPL 

DWC 

FCA 

FCH 

FDA 

FDH 

FIRM 

FPA 

FPH 

G 

GC 

GF 

Descr ip t ion  

Ad Valorem Tax ( f r a c t i o n  of a c t u a l  va lue)  

Brine Contamination Index (0:low s a l i n i t y  t o  4:high s a l i n i t y )  

Recurrent Cost  F r a c t i o n  f o r  A l t e r n a t i v e  Power P l a n t  

Recurrent Cost F r a c t i o n  f o r  ~ ~ d r o t h e ~ a l  Power P l a n t  

Book L i f e  f o r  Well F i e l d  Sur face  C a p i t a l  ( Y r s )  

Book L i f e  f o r  Wells ( Y r s )  

C a p i t a l  Cost  of A l t e r n a t i v e  Generat ion i n c l .  Transmission ($/KWe) 

.Capaci ty Fac tor  f o r  A l t e r n a t i v e  Power P l a n t  

Corner Coordinates  of Resource Area Boundary 
~01.1: X-COOYAlnat* tr6m A r b r t r a r y  Or ig in  (Miles)  
c o l .  2 :  Y-Coordinate from A r b i t r a r y  Or ig in  (Miles)  

Deplet ion Allowance Schedule 
co l .1 :  Year 
co1.2: Allowance 

Dry wel l  Cost F r a c t i o n  of Successful  Well Cost  

Common Equity F r a c t i o n  of  Alternative..Power P l a n t  C a p i t a l  

Common Equity F r a c t i o n  of Hydrothermal Power P l a n t  C a p i t a l  

Long Term Debt F r a c t i o n  of A l t e r n a t i v e  Power P l a n t  C a p i t a l  

Long Term Debt F r a c t i o n  of Hydrothermal Power P l a n t  C a p i t a l  

Resource Producers '  F i n a n c i a l  Data 
co l .1 :  Presen t  Value Discount Rate 
c o l . 2 :  FMRR Pre-Income Discount Rate 
001.31 PnlRR Reinvcstmcnt Earnings Rate 
co1.4: Long Term Debt F r a c t i o n  
c o l .  5: Cost of Debt 
co1.6: Type of Firm (1:Major Corporat ioni  3:Independent Operator)  
co1.7: Number of Firms i n  J o i n t  Venture 
co1.8: S t a t e  Income Tax Rate 
~ 0 1 . 9 :  Federal  Income Tax Rate 

P r e f e r r e d  Equity F r a c t i o n  of A l t e r n a t i v e  Power P l a n t  C a p i t a l  

P r e f e r r e d  Equity F r a c t i o n  of  Hydrothermal P l a n t  C a p i t a l  

General I n f l a t i o n  Rate 

Cost Esca la t ion  Rate 

Energy P r i c e  E s c a l a t i o n  Rate 



TABLE A-1  cont inued. .  

Label 

IF 

I RD 

ITC A 

ITCH 

ITC2 

KCA 

KCH 

KDA 

KDH 

KFA 

KP H 

LSB 

PALT 

PAPA 

POMAT 

PFAC 

P IR 

PLFA 

PLFH 

RDC 

RLF 

RRD 

ST 

ShT 

TFA 

TFH 

TLF A 

TLFH 

TSA 

TSH 

TYPE 

TXC - 

WDMAT 

WD RY 

WSPACE 

WTLF 

)IB 
YP 

> 

I Descr ipt ion 

I n t a n g i b l e  Well Cost F rac t ion  f o r  Tax Deduction 

I n i t i a l  R e d r i l l  F rac t ion  

Investment Tax C r e d i t  f o r  A l t e r n a t i v e  Power P l a n t  

Investment Tax C r e d i t  f o r  Hydrothermal Power P l a n t  

Investment Tax C r e d i t  f o r  Well F i e l d  C a p i t a l  

Common Equity Cost  f o r  A l t e r n a t i v e  Power P l a n t  

Common Equi ty  Cost f o r  Hydrothermal Power P l a n t  

Long Term Debt Cost f o r  A l t e r n a t i v e  Power P l a n t  

Long Term Debt Cost f o r  Hydrothermal Power P l a n t  

P re fe r r ed  Equi ty  Cost f o r  A l t e r n a t i v e  Power P l a n t  

P re fe r r ed  Equi ty  Cost f o r  Hydrothermal Power P l a n t  

Lease Bonus ($ / ac re )  

Fuel Cost of A l t e r n a t i v e  Generat ion (mills/kWh) 

Reservoir  Parameters (col . l :Minhum,  col.2:Mode, col.3:Maximum) 
row 1: Resource Wellhead Temperature (F) 
row 2: Well Flow Rate (1000 Lb/Hr) 
row 3: Dry Well F rac t ion  
row 4: Well L i f e  C Y r s )  
row 5: Reservoir  Depth ( F t )  
row 6 :  Capaci ty  Fac to r  f o r  Hydrothermal Power P l a n t  

Resource Power Development Schedule 
col .1 :  I n i t i a l  Year of Commercial Operat ion 
co1.2: Incremental Net Power Output (kwe)' 

Marginally Competit ive Resource P r i c e  M u l t i p l i e r s  

Producer / In jector  Well Ra t io  

Economic L i f e  of A l t e r n a t i v e  Power P l a n t  ( Y r s )  

Economic L i f e  of Hydrothermal Power P l a n t  (Yrs) 

R e d r i l l  Well Cost ~ r i c t i o n  of New Well Cost  

Royalty F r a c t i o n  (of Gross Revenues). 

F rac t ion  of Replacement Wells t h a t  a r e  R e d r i l l s  

S t a t e  Code Number (301:Cal i fornia .  2120:Utah) 

Spare  Well F rac t ion  of  To ta l  Wells 

Federal  Income Tax Rate f o r  A l t e r n a t i v e  Power P l a n t  Owner 

Fede ra l  Income Tax RAte f o r  Hydrothermal Power P l a n t  Owner 

Tax L i f e  of A l t e r n a t i v e  Power P l a n t  ( Y r s )  

Tax L i f e  of Hydrothermal Power P l a n t  ( Y r s )  

S t a t e  Income Tax Rate f o r  A l t e r n a t i v e  Power P l a n t  Owner 

S t a t e  Income Tax Rate f o r  Hydrothermal Power P l a n t  Owner 

Geologic C l a s s i f i c a t i o n  (l :Sedimentary,  2:Igneous). 

Hydrothrrmal Power Transmission Cost Data 
co l .1 :  Transmission Cost Below Threshold ($1000) 
co1.2: Threshold Power Rating (kWel 
co1.3: Incremental Transmission Cost Above Threshold ($1000) 
col .4 :  Incremental  Power Rat ings  Above Threshold (kWe) 

Coordinates  of Levels  of  Confidence wi th in  Resource Area 
col .1 :  X-Coordinate from Origin  of  CORNERS (Miles)  
co1.2: Y-Coordinate from Or ig in  of CORNERS (Miles)  

, co1.3: Level of Confidence 

Coordinates  of Known Dry Wells w i th in  Resource Area 
col .1 :  X-Coordinate from Or ig in  of CORNERS (Miles)  
co1.2: Y-Coordinate from Or ig in  of CORNERS (Miles)  

Well Spacing (Acres/Well) 

Well Tax L i f e  (Yrs) 

Base Year of  Analys is ,  1978 f o r  U t i l i t y  Funct ions  i n  Model a s  of 

P r i c ing  Year, 1978 f o r  Cost Data i n  Model a s  of 10/79 

A-3 

Dimension* 

6r3c  

N3r2c 

N4C 

4c 

*All dimensions a r e  s c a l a r  except  a s  noted otherwise;  
n o t a t i o n  "NrMc" denotes  N row x H column a r r a y ;  "Mc" deno tes  M element vec to r .  
N deno tes  number of r igh t - ang le  c o r n e r s  i n  resouce a r e a  boundary. 
N: denotes  number of  d i f f e r e n t  t ypes  of f i rms  and j o i n t  ven tu re  arrangements being analyzed.  
N j  denotes  number of incrementa,l  l e v e l s  of power developnent being analyzed. 
N denotes  number o f . p r i c i n g  l e v e l s  being analyzed.  
N~ denotes  number of  coord ina te s  a t  which l e v e l  of conf idence i s  provided wi th in  r e source  a r e a .  
N: deno tes  number of known d r y  w e l l s  w i th in  r e source  a r e a .  
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