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IDENTIFICATION OF GEOTHERMAL RESERVES 

AND ESTIMATION OF THEIR VALUE 

J. H. Howard 

This paper d i scusses  a procedure f o r  es t imat ing  t h e  va lue  
of a hot water geothermal proper ty  from a resource owner's po in t  
of view. Two methods make up the procedure: a "conservat ive" 
method of e s t ima t ion  and a n  "op t imis t i c "  one. Value of a proper ty  
by both methods i s  est imated t o  equal  t h e  present  va lue  of f u t u r e  
income less t h e  c o s t  of resource  ex t r ac t ion .  The two methods 
sha re  a common set  of assumptions (e.g., t h a t  the p r i c e  of hot 
water a t  the  start of cash  flow from a p r o j e c t  w i l l  be the  same). 
However, t h e  methods d i f f e r  i n  important ways. The o p t i m i s t i c  
method, f o r  example, a l lows  f o r  f u t u r e  increase  i n  p r i c e  t h a t  i n  
t u r n  o f f s e t s  d i scoun t ing  of f u t u r e  income. Together t he  methods 
d e f i n e  a range of va lues  that might reasonably be assigned t o  a 
property.  

INTRODUCTION 

This paper desc r ibes  and i l l u s t r a t e s  a procedure f o r  
e s t ima t ing  t h e  wellhead va lue  of a hot water geothermal resource.  
The procedure a l s o  provides  a b a s i s  f o r  es t imat ing  what p a r t  of a 
geothermal resource  is  a reserve .  
t o  p rope r ty  f o r  which no s p e c i f i c  development p lans  have been 
formulated o r  announced. It may be termed "property appra isa l . "  
The procedure should no t  be confused with the  procedure one would 
fo l low i n  dec id ing  upon the  f i n a n c i a l  merit of a s p e c i f i c ,  
complete development plan f o r  a resource.  
u s u a l l y  c a l l e d  a " p r o j e c t  evaluat ion."  

The procedure may be appl ied  

Such a procedure is 

ASSUMPTIONS ABOUT PRICE. COST. AND GEOLOGY 

To c a r r y  o u t  t h i s  a n a l y s i s ,  we begin wi th  a series of 
assumptions regarding:  
for  sale of geothermal f l u i d  (Howard, 1980 a , c ) ,  2) c o s t  t o  
e s t a b l i s h  the  c a p a b i l i t y  t o  produce t h e  resource (Howard, 1980 b , c ) ,  
and 3)  t h e  p l a n  and schedule  t o  br ing  t h e  resource  i n t o  s e r v i c e  
(Howard, 1980 d) .  
t h a t  hea t  contained i n  t h e  f l u i d  only i s  recovered,  and t h a t  
f l u i d  is completely recovered. 
i n t o  t h e  resource  w i l l  y i e l d  a n  u l t i m a t e  recovery of approximately 
1O1O lbm (Howard, 1980 b). We assume t h a t  enough w e l l s  are 
a v a i l a b l e  t o  s e r v i c e  demand a t  a l l  t i m e s  dur ing  production. 

1) p r i c e  t h a t  one would expect  t o  r ece ive  

We assume complete knowledge of t he  resource ,  

We assume t h a t  any w e l l  d r i l l e d  
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Considera t ion  of p o s s i b l e  p lans  f o r  br inging  a resource on 
stream i s  p a r t i c u l a r l y  complex. This problem i s  reviewed i n  
some d e t a i l  i n  Howard (1980 d )  and i s  d iscussed  b r i e f l y  below. 
It has been necessary  t o  make assumptions regard ing:  a )  t he  use  
t o  which t h e  hot water p rope r ty  w i l l  be put (low temperature 
d i r e c t  use ,  i n d u s t r i a l  hea t ing  a t  medium tempera tures ,  or t o  
produce e l e c t r i c t y ) ,  b )  t o  a s s i g n  annual and l i f e t i m e  loads  
acco rd ing ly  and c )  t o  de f ine  a time f o r  s t a r t  of ca sh  flow. 

ARGUMENT FOR THE PRESENCE OF A RESERVE 

According t o  t h e  d e f i n i t i o n  of a r e s e r v e ,  a r e se rve  exists 
i f  t he  geothermal energy can be e x t r a c t e d  and used a t  c o s t s  
compet i t ive  w i t h  o t h e r  energy sources  a t  the  p re sen t  t i m e  (Muffler 
and Guf fan t i ,  1979). The p r i c e  of hydrothermal geothermal f l u i d ,  
p, a t  t he  wellhead i s  proposed t o  depend on i t s  energy con ten t  as 
shown i n  F igure  1 and i s  a func t ion  of r e l a t i v e  s p e c i f i c  en tha lpy  
(see Howard, 1980 a , c ) .  On the  o the r  hand, t h e  c o s t ,  c ,  of b r ing ing  
hydrothermal f l u i d  t o  t h e  wellhead i s  proposed t o  depend on i ts  
depth  of occur rence  and u l t i m a t e  r ecove r i e s  per w e l l  (Howard, 
1980 b ,c ) .  F igure  2 shows the  c o s t  func t ion .  Both func t ions  are 
g iven  on a m i l l s  per pound mass b a s i s .  To a f i r s t  approximation 
that volume of fluid for which 

can be cons idered  a reserve .  

Table 1 l is ts  information regard ing  a s p e c i f i c  resource.  
This in format ion  can be used t o  make p r i c e  and c o s t  estimates i n  
o rde r  t o  determine the  p a r t ,  i f  any, of t h e  resource  that is  a 
r e se rve .  The volume under cons ide ra t ion  i n  t h i s  example is 
a c t u a l l y  on ly  a p a r t  of a s t i l l  l a r g e r  resource.  The example is  
bounded by t h e  310°F i so thermal  s u r f a c e ,  t h e  7500 f o o t  depth  
p l ane ,  and t h e  v e r t i c a l  s i d e s  of t h e  property.  

Study of Table 1 shows t h a t ,  accord ing  t o  d e f i n i t i o n ,  
volumes between 2500 and 6500 f e e t  are reserves .  No r e se rve  
exis ts  below 6500 feet  because c o s t  exceeds p r i c e .  

ASSUMPTIONS R E G A R D I N G  DEVELOPMENT 

The v a l u e  of a reserve depends no t  only on i t s  s i z e ,  
average p r i c e ,  and c o s t  per  u n i t  mass, bu t  a l s o  on t h e  p lan  and 
schedule f o r  i t s  development. Income t o  be rece ived  a t  some 
f u t u r e  t i m e  is g e n e r a l l y  discotinted i n  o rde r  t o  compare cumula- 
t i v e  income over t h e  l i f e  of a p r o j e c t  w i t h  c o s t s  borne a t  the  
s tar t  of t h e  p r o j e c t .  In  o rde r  t o  d iscount  f u t u r e  income, 
however, we need t o  make some assumptions regard ing  t h e  way i n  
which a resource  is  t o  be developed. Assumptions regard ing  p l a n  
and schedule  f o r  development are d i scussed  i n  Howard (1980 d )  
and are summarized i n  Table 2. If t h e  r e p r e s e n t a t i v e  tempera- 
t u r e  is g r e a t e r  than  350°F, f o r  i n s t a n c e ,  we assume t h a t  t he  
r e source  w i l l  be used for e l e c t r i c a l  power genera t ion .  The 
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annual  load i s  assumed t o  be i n  t h e  range of 20 t o  100 x l o 9  lbm 
depending on temperature ( c f .  Austin,  1975) and t h e  30 year  
l i f e t i m e  load  i s  assumed t o  be i n  the range of 650 t o  3000 x 
l o 9  lbm. 

We a l s o  assume, f o r  example, that an a p p l i c a t i o n  i n  t h e  
less than 250°F temperature range w i l l  s tart  i t s  cash  flow one 
yea r  a f t e r  purchase and w i l l  produce a cons tan t  cash  f low equa l  
t o  t h e  product of annual load and p r i c e  per  pound mass (dependent 
on tempera ture)  f o r  30 years.  For an a p p l i c a t i o n  i n  the  
250-35OOF range ,  we assume t h a t  a cons tan t  cash flow w i l l  s tar t  
t h r e e  y e a r s  a f t e r  purchase and w i l l  continue f o r  30 years.  For 
e l e c t r i c  power product ion  w e  assume t h e  s t a r t  of c a s h  flow t o  
begin s ix  yea r s  a f t e r  purchase. We assume t h a t  a l l  c o s t s  t o  
e s t a b l i s h  a 30 year  c a p a b i l i t y  t o  produce are borne a t  t h e  start  
of development of t he  p r o j e c t .  

CONSERVATIVE ESTIMATES OF VALUE 

A reasonable  estimate of t he  monetary f a i r  market va lue  of 
a p rope r ty  can be determined by c a l c u l a t i n g  t h e  p re sen t  worth 
of t he  i n i t i a l  p r o j e c t  one might l o g i c a l l y  expec t  t h e  proper ty  
t o  suppor t .  Such a de te rmina t ion  can be made i f  one accep t s  t h e  
assumptions t h a t :  1 )  t h e  s i z e  and r e p r e s e n t a t i v e  temperature 
and depth t o  t h e  resource  are known, 2 )  estimates f o r  t h e  
average  p r i c e  and c o s t  of the  f l u i d  i n  the  resource  are v a l i d ,  
and 3 )  t h e  p l a n  and schedule f o r  development of t h e  f i r s t  
p r o j e c t  on t h e  p rope r ty  are  those sketched i n  the  prev ious  
s e c t i o n  and summarized i n  Table 2. I f  one accep t s  t hese  
assumptions,  i t  i s  a s t r a igh t fo rward  procedure t o  c a l c u l a t e  a 
p r e s e n t  worth as a func t ion  of d i scoun t  rate. 
t h e s e  q u a n t i t i e s  as a measure of t he  va lue  of t he  property.  

One may then  use 

We c a l c u l a t e  t h e  p re sen t  worth of t h e  a n t i c i p a t e d  i n i t i a l  
p r o j e c t  on the p rope r ty  as  follows. 

The annual m a s s  use of the  resource ,  QA, expressed in 
pounds-mass, v a r i e s  w i t h  the  type of p r o j e c t  and more funda- 
men ta l ly ,  w i th  t h e  r e p r e s e n t a t i v e  temperature of t h e  resource  
(see Table 2). 
sale of a pound-mass of t he  resource ,  p,  i s  a f u n c t i o n  of 
r e l a t i v e  s p e c i f i c  en tha lpy  g iven  i n  m i l l s  per  pound mass (see 
Figure  1). Annual cash income, IA, i s  the product:  

The p r i c e  t h a t  one might expect t o  r e a l i z e  from 

We assume a 30 year l ifetime f o r  a p r o j e c t  and a cons tan t  
annual  income. Thus t h e  va lue  of a l l  income from t h e  30 year 
l i f e  of t h e  p r o j e c t  is, a t  the s ta r t  of c a s h  flow, g iven  by: 

I' = IAD' ;  

where D' is t he  d i scoun t  f a c t o r  g iven  by 
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The q u a n t i t y  i i s  the  annual d i scount  rate. 

Inasmuch as income from t h e  30 year l i f e  of t h e  p r o j e c t  
w i l l  s t a r t  a t  v a r i o u s  f u t u r e  times depending on the  type of 
p r o j e c t ,  a n t i c i p a t e d  30 year income a t  the  start  of cash  flow 
must i t s e l f  be discounted t o  ze ro  t i m e .  This d i scoun t  f a c t o r  
i s  g iven  by 

where, as b e f o r e ,  i i s  i n t e r e s t  ra te  and m i s  years  un t i l  s tart  
of cash  flow. 

The p r e s e n t  va lue  of f u t u r e  incomes, I t ' ,  i s  equal t o  a l l  
income d iscounted  t o  t h e  s t a r t  of c a s h  flow, I t ,  and then  
disounted a g a i n  t o  ze ro  t i m e .  

A lgebra i ca l ly :  

- 1 1 
(7) 

Presen t  worth,  PVP, is t h e  d i f f e r e n c e  between p resen t  
va lue ,  I", and p resen t  c o s t ,  C. We estimate p resen t  c o s t  by 
determining the l i f e t i m e  mass requirements of t h e  p r o j e c t  and 
mul t ip ly ing  by a c o s t  per  u n i t  mass, C. The l i f e t i m e  requi re -  
ments are l i s t e d  i n  Table 2 and Figure  2 shows c o s t s  on a 
pound-mass b a s i s  as a f u n c t i o n  of r e p r e s e n t a t i v e  dep th  t o  t h e  
r e s e r v o i r  (see Howard, 1980b). Thus: 

(8) PVP = I" - c. 

OPTIMISTIC ESTIMATES OF VALUE 

Although an estimate of p re sen t  worth, d i scounted  appro- 
p r i a t e l y  as  explained above, p rov ides  a basis f o r  e s t ima t ing  
va lue  of a proper ty ,  s t i l l  o t h e r  cons ide ra t ions  should be 
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addressed i n  order  t o  f u l l y  a p p r e c i a t e  i t s  va lue :  
of p r i c e s  (and c o s t s )  over t he  l i f e t i m e  of t h e  p r o j e c t ;  2 )  t h e  
assignment of va lue  t o  t h a t  p a r t  of t h e  proper ty  i n  excess of 
t h e  requirements of the  i n i t i a l  p r o j e c t ;  3)  f a c t o r i n g  i n  t h e  
l i k e l i h o o d  t h a t  development w i l l  a c t u a l l y  occur i n  view of 
geographic and demographic cons idera t ions .  

1) e s c a l a t i o n  

DISCUSSION 

We propose t o  t rea t  t h e  ques t ion  of e s c a l a t i o n  of c o s t s  and 
p r i c e s  i n  a s i m p l e  way. 
t reat  all c o s t s  as incur red  a t  the  start  of t he  p r o j e c t .  I n  
b r i e f ,  our reasoning is t h a t  de fe r r ed  e s c a l a t e d  c o s t s  (d iscounted  
a t  about 12%) and p r e s e n t  c o s t s  are more o r  less equiva len t  
(Howard, 1980d). 

I n  making a n  a p p r a i s a l  w e  propose t o  

Esca la t ion  of p r i c e s  f o r  energy had been dramatic i n  the  

Inc reases  i n  p r i c e  on the  order  of 12% o r  more pe r  
1970's and r e c e n t l y  has  been on the order  of 20-252 (Howard, 
1980a,c).  
year  are i n  t h e  range of rates of r e t u r n  on investment t h a t  
a p p e a r  t o  be accep tab le  t o  resource  developers.  Comparison of 
e s c a l a t i o n  of p r i c e s  and rates of r e t u r n  sugges ts  that inc reases  
i n  p r i c e s  and t h e  process of d i scoun t ing  f u t u r e  incomes may 
cance l  each o the r .  The consequence of t h i s  c a n c e l l a t i o n  i s  t h a t  
t h e  p re sen t  va lue  of a p r o j e c t  i s  equal t o  annual income times 
d u r a t i o n  of t h e  p r o j e c t .  * 

The ques t ion  of mass of t he  resource  much g r e a t e r  than 30 
year  l o a d ,  o r  i n  o the r  words, assignment of va lue  t o  t h a t  p a r t  
of t he  p rope r ty  i n  excess of t h a t  requi red  f o r  t he  i n i t i a l  pro- 
j e c t ,  can be handled i n  s e v e r a l  ways. F i r s t  is t o  de f ine  the  
p rope r ty  a r e a l l y  ( o r  vo lumet r i ca l ly )  so  t h a t  it is  i n s i g n i f i c a n t l y  
b igger  than t h a t  requi red  f o r  t he  i n i t i a l  p r o j e c t .  The second i s  
t o  expect no p r e s e n t  va lue  of t h e  excess bu t  t o  ask a r o y a l t y  on 
product ion  from i t ,  should product ion  of t h e  excess ever  occur. 

The p o s s i b i l i t y  t h a t  development w i l l  eve r  occur on a proper ty  
i s  impossible t o  g e n e r a l i z e  about because it is  dependent upon 
t h e  s p e c i f i c  p rope r ty  and on ind iv idua l  judgment. This s u b j e c t i v e  
u n c e r t a i n t y  and t h e  u n c e r t a i n t y  a s s o c i a t e d  w i t h  e s c a l a t i o n  of 

A more r igo rous  a n a l y s i s  could  have been c a r r i e d  ou t  wherein 
f u t u r e  p r i c e s  (and income) are increased  accord ing  t o  an equat ion  
involv ing  a n  e s c a l a t i o n  f a c t o r .  Among t h e  s o l u t i o n s  d e r i v a b l e  
from such an approach is the  s o l u t i o n  wherein e s c a l a t i o n  j u s t  
o f f s e t s  d i scoun t ing  (i.e.,  t h e  so-called o p t i m i s t i c  case, l i k e -  
l i hood  of 1, of t h i s  paper). Other s o l u t i o n s  would a l s o  be 
a v a i l a b l e ,  i n  p r i n c i p l e ,  however, whereby one could estimate t h e  
va lue  of t h e  p rope r ty  as a func t ion  of e s c a l a t i o n  as w e l l  as 
o t h e r  parameters d i scussed  i n  the  paper. The importance of such 
e s c a l a t i o n  w a s  emphasized t o  m e  by my co l l eague ,  A.N. Graf ,  
however, i t s  i n v e s t i g a t i o n  is  beyond t h e  scope of t h i s  paper. 

* 
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p r i c e s  o f f s e t t i n g  d iscount ing  of f u t u r e  income may be combined i n  
a s i n g l e  f a c t o r ,  f (0  < f < l), t h a t  w e  have c a l l e d  a " l ike l ihood"  
f a c t o r .  We recognize i t  as a s u b j e c t i v e  f a c t o r  and f e e l  t h a t  t he  
b e s t  way t o  handle is i s  t o  d i s p l a y  i t  c l e a r l y .  

Treatment of t he  cons ide ra t ions  introduced i n  t h i s  s e c t i o n  
of t he  paper may be summarized as follows: 

1) t h e  va lue  of an a n t i c i p a t e d  i n i t i a l  p r o j e c t  on an  
undeveloped geothermal p rope r ty  i s  equal t o  annual income from 
t h e  p r o j e c t  times a 30 year expected p r o j e c t  l i f e t i m e :  

(9) V = IAx30; 

2 )  t h e  va lue  of t h e  p r o j e c t  should be discounted by t h e  
f a c t o r  f 

t o  r e f l e c t  t he  l i k e l i h o o d  t h a t  development w i l l  occur and t h a t  
d i scoun t ing  of f u t u r e  income is  unnecessary: 

V' = Vf = f I x30; A (11) 

3 )  t h e  c o s t  of t he  p r o j e c t ,  C ,  i s  c a l c u l a t e d  as i n  the  
conse rva t ive  case; 

4 )  t h e  va lue  of t h e  p rope r ty  i s  i t s  p resen t  va lue  
p r o f i t ,  V " :  

COMPARISON AND GENERAL COMMENT 

It can  be shown that t h e  es t imated  va lue  of t h e  proper ty  
i s  the  same according t o  e i t h e r  method f o r  c e r t a i n  condi t ions .  
For i = 0 and f = 1, V" = PVP. 

Furthermore, t h e  two estimates are equal ,  V" = PVP, when 

D'D" 
f = -  

30 
( 1 3 )  

The q u a n t i t y  D 'D"  depends on the d i scoun t ing  ra te ,  i. For 
d i scoun t  rates i n  t h e  range of 10-202, namely t h e  range most 
commonly mentioned as reasonable  for d i scoun t ing ,  D'D"  has 
va lue  of about 5. Thus, roughly,  V">PVP i f  f>1/6. Based on 
t h i s  argument, f e e l i n g  t h a t  most of the t i m e  f w i l l  be a b i t  
g r e a t e r  t han  1 /6  and w i l l  t h e r e f o r e  l ead  t o  h ighe r  va lues ,  we 
have termed t h e  method invo lv ing  t h e  l i k e l i h o o d  f a c t o r ,  f ,  a s  t h e  
o p t i m i s t i c  method. 
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It should be f a i r l y  c l e a r  from t h e  previous  d i s c u s s i o n  
t h a t  on ly  a range of va lues  can  be reasonably def ined  by t h e  
procedure. S u b j e c t i v i t y  cannot be avoided, and perhaps i t  is 
unreasonable t o  expect that it  could be avoided. The procedure 
does ,  however, d e f i n e  a f i n i t e  range of va lues  and h e l p s  t o  
e l u c i d a t e  t h e  consequences of c e r t a i n  s u b j e c t i v e l y  set p r e j u d i c e s ,  
p a r t i c u l a r l y  accep tab le  d iscount  rates and "hunches" regard ing  
energy p r i c e s  i n  the  fu tu re .  We a n t i c i p a t e  t h a t  sellers w i l l  
f avo r  t h e  o p t i m i s t i c  method; buyers,  t h e  conserva t ive  method--for 
obvious reasons .  We a l s o  propose that t h e  range of va lues  w i l l  
be p r a c t i c a l l y  l i m i t e d  by t h e  conserva t ive  methods using d iscount  
rates c l o s e  t o  t h e  prime rate ( a  low e s t i m a t e )  and by t h e  o p t i m i s t i c  
method us ing  a l i k e l i h o o d  f a c t o r  of about 0.5. It would be 
s u r p r i s i n g  t o  u s  i f  any proper ty  were appra ised  f o r  more than i t s  
o p t i m i s t i c  va lue  wi th  a l i k e l i h o o d  f a c t o r  of 1.0. 

EXAMPLE CALCULATION 

In  t h i s  s e c t i o n ,  we i l l u s t r a t e  the  procedures explained 
p rev ious ly  by a p p l i c a t i o n  t o  a s p e c i f i c  example. Information 
about the  i l l u s t r a t i v e  example is l i s t e d  i n  Table 3 .  

We wish t o  c a l c u l a t e  and d i sp lay  informat ion  about the  
p rope r ty  using both conserva t ive  and o p t i m i s t i c  methods. 

F igure  3 shows p resen t  va lue  p r o f i t  f o r  the proper ty  as a 
f u n c t i o n  of d i scoun t  r a t e  and of l i k e l i h o o d  f a c t o r .  In spec t ion  
of t he  f i g u r e  shows the  following. For i n t e r e s t  rates g r e a t e r  
than  8%, va lue  of t he  proper ty  i s  negat ive .  For an i n t e r e s t  rate 
of 1 2 %  va lue  i s  -$125 K. I n  c o n t r a s t ,  va lue  of t he  proper ty  i s  
es t imated  t o  be almost $200 K f o r  a l i k e l i h o o d  f a c t o r  of 0.5. 

Study of a r e p o r t  on t h i s  r o p e r t y  sugges t s  t h a t  ultimate 
r e c o v e r i e s  of more than  10 x 10 E; lbm pe r  w e l l  may be  a t t a i n a b l e  
and t h u s  t h a t  our g e n e r a l  c o s t  e s t ima t ing  should be modified i n  
view of s p e c i f i c  information. I n i t i a l  f low rates  per w e l l  
(pumped) are on the  o rde r  of 400,000 lbm/hr. The c a l c u l a t i o n s  
shown i n  F igure  3 are based on a r e p r e s e n t a t i v e  w e l l  having a n  
u l t i m a t e  recovery of 10  x lo9 l b m ,  a n  hour ly  mass flow of 
240,000 lbm, and a l i fe t ime of a t  l ea s t  5 years .  Thus w e  have 
r e c a l c u l a t e d  t h e  example us ing  only  60% of c o s t s  (i.e., 
240,000/400,000) .  ( I f  even g r e a t e r  u l t i m a t e  r ecove r i e s  could be 
shown c o s t s  would d e c l i n e  s t i l l  more and p rope r ty  va lue  i n c r e a s e  
even more.) Reca lcu la t ion  l e a d s  t o  t h e  conclusions shown i n  
F igu re  4. For i n t e r e s t  rates g r e a t e r  than  about 1 4 % ,  va lue  of 
t h e  p rope r ty  i s  negat ive .  For an i n t e r e s t  ra te  of 12%, va lue  i s  
$40,000. I n  c o n t r a s t ,  va lue  of t h e  proper ty  i s  approximately 
$372,000 f o r  a l i k e l i h o o d  f a c t o r  of 0.5. 

C lea r ly  a f a i r l y  wide range of va lues  r e s u l t s  from the two 
methods and two a p p r a i s a l s .  Some s u b j e c t i v i t y  and a r b i t r a r i n e s s  
are necessary  i f  the  range is  to be c u t  down. As a sel ler  we 
would a rgue  f o r  a va lue  of a t  least  $372 IC. As a buyer we would 
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propose a nominal p r i c e  of 0 ( c u r r e n t  p r i c e  ra te  being more than 
14%). 
be negot ia ted ,  would be $186 K ,  namely h a l f  t he  d i f fe rence .  

Thus a reasonable  compromise va lue ,  which obviously must 
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Figure 1. Proposed equation for 
estimating price of geothermal hot 
water based on its energy content. 
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Figure 3. Conservative and optimistic 
estimates of value for the illustrative 
example, standard case. 
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Figure 2 .  Proposed equation for 
estimating cost of geothermal hot water 
based primarily on its representative 
depth of occurrence. 
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TABLE 1. DATA ON PROPERTY A* 

DEPTH W S  OF AVERAGE AVERAGE AVERAGE ESTINATED **REPRESEN- ESTIMATED DIFFERENCE COMMENT 
INTERVAL FLUID TEMPERA- EKMALPY RELATIVE PRICE PER TAT IVE COST PER (Xl l l s / lbm)  

X10" MAS s ENTHALPY ( rUl l s / lbm)  (Fee t )  ( M l l s / l b m )  
(Fee t )  (lbm) TURE *P PER POUND SPECIFIC POUND MASS DEPTH POUND MASS 

(Btu/lbm) (Btu/lbm)** 

2500-3500 7.81 320 264 231 0.171 3000 0.051 0.120 Reserve 

3500-4500 7.56 326 2 70 243 a. 174 4000 0.070 0.104 Reserve 

4500-5500 11.7 329 273 246 0.176 5000 0.097 0.079 Reserve 

5500-6500 17 .1  334 278 251 0.180 6000 0.134 0.046 Reserve 

6500-7500 16.4 338 282 255 0.182 7000 0.185 - 0.003 Not a Reeem 

*Reservoi r  o r i g i n a l l y  de f ined  by 310.F su r face .  7500 f o o t  depth  p lane ,  and lateral boundar ies  o f  t h e  proper ty .  
**Rela t ive  t o  2 7  Btullbm r e f e r e n c e  p o i n t .  

TABLE 2. ASSWTIONS FOR DEVELOPMENT OF A HUT WATER GEOTHERMAL RESOURCE 

DELAY TO 
RANGE OF (30 YEARS) UELL REQUIRPWTS WELL REQUIRFXEZITS START OF 

CLASS TEHFERATURE USE ANNUAL LOAD LIFFFIHE LOAD INSTMANEOUS LIFETIME (30-YEAR) 

X lo9 l b m  X 109 lbm NO. NO. CASH FLOW-YEARS 

LOW 250.P r e s i d e n t i a l  0.5 1 5  1 2 
h e a t i n g  

h e a t i n g  

e l e c t r i c i t y  20-100 600-3000 10-50 60-300 

HEDIU?4 250-350.F commercial 5 .0  150 3 15 

HIGH 350.P produce 

1 

3 

6 

TABLE 3. INFORMATION ABOUT THE ILLUSTRATIVE EXAMPLE 

COMMENT I T  M 

T, representa t ive  temperature 180°F 
% 

2, representa t ive  depth 1300 f t .  

11 lbm It, t o t a l  mass of f l u i d  in 2.79 x 10 
t h e  r e se rvo i r  

I*, an t i c ipa t ed  annual income 
from i n i t i a l  p ro jec t  

$42,470 

Ij0 30 year  income from i n i t i a l  $1,274,100 
p ro jec t ,  no "discounting" 

CN, an t i c ipa t ed  t o t a l  cos t  t o  $442,564 
serv ice  i n i t i a l  projEct 

4, reported flow r a t e s  800 gpm 
( G O 0 , O O O  lbm/hr) 

9 mills 0.5 x 10 lbrn x 0.0849 Ibm 

9 mills lbm x 0.029504 ~bm 15 I 10 




