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ABSTRACT 

Grs A computer simulation model (GIRORA-Nonelectric) is developed to 

study the economics of district space heating using geothermal energy. 

GIRORA-Nonelectric is a discounted cashflow investment model which evaluates 

the financial return on investment for space heating. This model consists 

of two major submodels: the exploration for and development of a geother- 

mal anomaly by a geothermal producer, and the purchase of geothermal fluid 

by a district heating unit. The primary output of the model is a calculated 

rate of return on investment earned by the geothermal producer. The results of 

the sensitivity analysis of the model subject to changes in physical and 

economic parameters are given in this report. 

Using the results of the economic analysis and technological screening 

criteria, all the low temperature geothermal sites in Southwestern United 

States are examined for economic viability fo r  space heating application. 

The methodology adopted and the results are given in this report. 
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Introduction 

Much of the analysis of geothermal energy potential in the United States 

in recent years has shifted from the study of electricity generation to non- 

electric applications. 

applications, in contrast to electricity generation which is an indirect 

application. 

concern for direct applications. 

These latter uses are often referred to as direct 

There are a number of factors which have generated widespread 

First, recent documentation of geothermal resources in the United States 

has revealed a large disparity in the endowment of low temperature versus high 

temperature resource sites. In the Southwest (Arizona, Colorado, Nevada, New 

Mexico, and Utah), 504 low temperature resource sites (T < 150") have now been 

identified [5, Appendix C]. The sheer abundance of low temperature geothermal 

resources seems, therefore, to warrant further investigation. 

- 

Early estimates of the energy potential offered by low temperature 

The most widely cited of these estimates was 

Xeistad calculated that if all geothermal resources up to 

anomalies were promising. 

Reistad's [ 1 2 ] .  

2 0 0 " ,  150", and 130°C cculd be used for space hezting, 4 0 ,  30, and 20 percent, 

respectively, of total United States energy needs could be met. 

these projections are irqressive, some stringent assumptions were employed in 

the calcuiations. 

Frojections could not be harnessed because of tne imperfect mapping of resource 

supply and ciezand sites. 

Although 

In ?articular, nany low temperature sites included in these 

A second reason for the recent upsurge of interest in direct geothermal 

applications is that such a large proportion of the nation's energy deznands 

(I) A full discussion of potential direct applications may be found in [91.  
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are for relatively low temperature space heating needs. 

that 10,857 x 1OI2 BTU or 18 percent of the 1968 United States fuel consumption 

was for space heating alone [12] .  If geothermal energy proves practical and 

economical on a broad regional scale, this demand nay easily be met. 

eilergy needs, such as for water heating and cooling, air conditioning, and 

refrigeration might also be met from low temperature geothermal resources. 

Again, Reistad estimated 

Further 

The space heating potential of geothermal energy was also examined by Kunze 

and Richardson, who combined Reistad's geothermal supply estimates with some energy 

demnd projections combined at the Stanford Research Institute [lo]. 

jective of this exercise was to determine the proportion of estimated 1985 space 

heating needs that could be met with geothermal energy. 

pertinent economic considerations, they estimated that roughly 35 percent of the 

projected space h e a t i n g  needs  could be geothermally s u p p l i e d .  Again, however, 

The ob- 

Ignoring some adnittediy 

the locational problem of matching supply and demand sites was ignored. 

A final explanation for heightened interest in l o w  temperature geothermal 

r~sources is that present and future low temperature energy needs are not ef- 

ficiently served by existing technology using traditiocal fossil fuels. 

exmple, Hardy and Chiang employed an "efficiency of fuel utilization co-efficient" 

of 0.65 to acknowledge the inefficzency of using fuel oil 

in South Dakota [ 4 ] .  

gas to be on ly  75 percent [SI. 

efficiency of geothermal energy. 

For 

for space heating 

Others have estimated the heating efficiency of natural 

These compare unfavorably with the 100 percent 

For these reasons, at least, the district space heating supply potential 

of low temperature hydrothermal geothermal resources in 

Stztes will be exzzined in this report. 

considerations which have been ignored in previous efforts will be explicitly 

recognized and fully incorporated. 

the Southwestern Tnited 

Those pertinent locational and econornic 

In order to achieve this objective, the 
A 

reyort is organized as follows: 



1. A complete assessment of the regional resource endowment will be 

compiled. The resource base will be divided into two groups, in- 

cluding those which are usable and those which are not usable given 

current recovery and production technolcgies. 

An economic simulation model, GIRORA, will be employed t o  evaluate 

the financial feasibility of existing resources. 

The significance of numerous energy policy variables and geophysical 

resource characteristics will be assessed through a number 

modeling exercises. 

2. 

3 .  

of GIRORA 

4 .  A financial analysis of the technologically usable resource sites 

will be conducted to identify those resources which offer a minimum 

acceptable level of profitability. 

The cumulative results of these findings w i l l  provide, fcr the first time 

perhaps, a realistic estimate of the regional district space heating supply 

potential of low temperature geothermal resources in the Southwest. 

A Technological Screening of the Regional Low 
Tez?erature Resource Endowment 

A compiete baseline inventory of known low temperacure anomalies E S  

well as their estimated energy supply potential is presected in Appendix A .  

This infornation is summarized more succinctly in Table 1. This table con- 

tains 2 distr55ution by state of the low tenperature resources and their 

corresponding energy supply potentials. 

The spatial distribution of resources is clearly n o t  balanced. For 

example, 328 of the 504 (65 percent) known anonalies are located in Nevada. 

Each of these resource sites is designated with a dot (.) in Figure 1, vhich 

conveys a visual impression of the regional endomnent. If the energy supply 

potential of these resources is calculated in XBtuh, a full 78 percent of the 

3 



TABLE 1 

Distribution of Low Temperature Geothermal 
Resources by State 

I 
State 

Arizona 

Colorado 

Nevada 

New Mexico 

Utah 

Total 

~ 

Number of 
Resource Sites 

40 

45 

328 

46 

45 

504 

- 

Estimated Supply 
P o t e n t i a l  i n  MBtuh 

1892 

1460 

30423 

2969 

2 2 0 i  

38945 

4 
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t o t a l  i s  l o c a t e d  i n  Nevada. Thus, the s t a t e  w i t h  t h e  smallest popu la t ion  h a s  

been t h e  m s t  abundant ly  b l e s s e d  w i t h  low tempera ture  geothermal  r e s o u r c e s .  

The l a r g e  number of r e s o u r c e  s i tes  and t h e  e s t ima ted  energy p o t e n t i a l  des ig-  

na t ed  i n  Table  1 p r e s e n t  a mis l ead ing  impress ion  of t h e  t r u e  p o t e n t i a l  f o r  space  

h e a t i n g  w i t h  g e o t h e m a l  energy i n  t h e  Southwest.  Given t h e  n a t u r e  of the r e s o u r c e  

and t h e  s ta te  of p roduc t ion  technology,  many of t h e s e  r e s o u r c e s  o f f e r  l i t t l e  i f  any 

c u r r e n t  space  h e a t i n g  p o t e n t i a l .  The f i r s t  t a s k  wnich must be  under taken ,  t he re -  

f o r e ,  i s  t o  e l i m i n a t e  from f u r t h e r  c o n s i d e r a t i o n  any r e source  which, f o r  one r eason  

o r  o t h e r ,  i s  n o t  a f e a s i b l e  supply s i te  f o r  d i s t r i c t  space  h e a t i n g  a p p l i c a t i o n s .  

Accordingly,  t h e  i n i t i a l  i nven to ry  of low tempera ture  r e s o u r c e  si tes i s  

The o b j e c t i v e  of t h i s  exercise i s  t o  ( 2 )  s u b j e c t e d  t o  a t e c h n o l o g i c a l  s c reen ing .  

d i v i d e  the popu la t ion  o f  s i t e s  i n t o  two samples.  The f i r s t  sample c o n s i s t s  of 

s i tes which a re  c u r r e n t l y  u s a b l e  g iven  the existing s ta te  of p roduc t ion  technology 

i n  t h e  i n d u s t r y .  Those si tes which f a l l  i n  t h e  second subgroup are r e s o u r c e s  

which, f o r  one r eason  o r  a n o t h e r ,  are n o t  cons ide red  u s a b l e  g iven  t h e  p r e s e n t  s ta te  

of "know how." A s  produc t ion  t echn iques  advance, of  cour se ,  t h e s e  l a t t e r  r e s o u r c e s  

may i n  time become of subs tan tLve  importance.  

The c r i t e r i a  which W e r e  employed t o  p a r t i t i o n  tne t o t a l  r e s o u r c e  base  wer2 

t h r e e f c l d .  The f i r s t  i s  t h e  tempera ture  of t h e  r e s o u r c e .  A m i n - h u m  r e s c u r c e  

t e n p e r a t u r e  i s  r e q u i r e d  f o r  e f f e c t i v e  space  h e a t i n g  j u s t  as a miniinGm tempera ture  

i s  r e q u i r e d  f o r  e l e c t r i c i t y  

i n g  expe r i ences  i n  Klsmath 

g e n e r a t i o n  from h o t t e r  r e s o u r c e s .  Earlier space hea t -  

F a l l s ,  Oregon; Boise ,  Idaho;  and o t h e r  p l a c e s  vere 

consu l t ed  i n  d e s i g n a t i n g  a minimum tempera ture .  

The second c r i t e r i o n  i s  t h e  d i s t e n c e  between t h e  g e o t h e m a l  r e s o u r c e  and t h e  

n e a r e s t  u s e r  market.  T h i s  c o n s i d e r a t i o n  is in tended  t o  exc lude  f r o a  f m t h e r  s t u d y  

all r e s o u r c e s  which are n o t  s u f f i c i e n t l y  prcx imate  t o  a market t o  be  real is t ical lJ  

employed. 

('I Th i s  methodology w a s  f i r s t  employed by Farah and Wiiliares.  See 181. 
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The final criterion employed for partitioning low temperature resources 

is the size of the potential market. 

measured in terms of population, is deflned. A s  there is or is not a Earket of 

sufficient size within the designated distance, a resource is or is not consi- 

dered usable. 

A minimum feasible market size, which is 

The values for the technological screening criteria are presented in 

Table 2. 

The Cechnological screening described above was designed to group geothermal 

sites on the basis of objective benchmarks. 

perature, distance, and demand) accurately differentiate between the currently 

feasible and infeasible, then some rough measure of the technological supply 

potential of low temperature resources in the Southwest is known. This 

estimate is certainly more realistic than earlier estimates, e.g., by Reistad, 

in tnat the locational configuration of supply and demand sites 

recognized. 

Insofar as these criteria (tem- 

are explicitly 

The results of the preliminary technological screening are informative. 

The origianl case of candidate sites has been reciuced f r o m  504 to just 8 2 .  These 

latter resources are those designated with an asterisk (*> in C o l m  3 (Comments) 

of AFpendix A. The number of sites remaicing and t h e  co r re spond ing  estimate of 

ec2rgy supply potential by state are presented in Table 3 below and are mapped 

in Figure 2. 

Both Table 3 and Figure 2 convey a noteworthy impression: of the original 

594 sites, oniy 16 percent are feasijle for district spa2e heating given current 

prcduction expertise. 

geothermal supply potmtial considerably depresses earlier estimates. A set 

of histograms presented in Figure 3 effectively Tortrays the reduction in the 

aggregate supply potential atrributable to the technological screening. 

Thus, a rough but realistic evaluation of the regiorial 

7 



TABLE 2 

Distance 

Market Population 

Resource Temperature CT) 

Preliminary Values f o r  Technological 
Screening Criteria 

- < 50 Niles 

- > 1000 persons 

65" < T < 150" C - -  

8 



TABLE 3 

Distribution by State of Low Temperature Zeothermal 
Resources Which P a s s  Initial Technological Screening 

State 

Arizona 

Colorado 

Nevada 

New Mexico 

Ctah 

Total 

Number of 
Resource Sites 

1 2  

24 

14 

1 9  

13  

a2 

Estimated Supply 
Potential in MBtuh 

1045 

588 

662  

1724 

1580 

5599 

9 
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Geothermal I n t e r n a l  R a t e  of Return  Algorithm: 
A F i n a n c i a l  Screening  Mechanism 

Each of t h e  remaining si tes w i l l  be  cons ide red  t o  e v a l u a t e  i t s  f i n a n c i a l  @ 
p o t e n t i a l  f o r  space  h e a t i n g .  A number of economic c c n s i d e r a t i o n s  which have 

n o t  y e t  been in t roduced  w i l l  c o n t r i b u t e  t o  t h i s  judgement. The v e h i c l e  t o  be 

employed f o r  conduct ing t h e  economic sc reen ing  w i l l  b e  desc r ibed  below. 

In o r d e r  t o  e v a l u a t e  t h e  economic p o t e n t i a l  of  geothermal  energy i n v e s t -  

ment, a d iscounted  cash  f l o w  investment  model h a s  been developed. 

This model i s  t h e  Geothermal I n t e r n a l  Rate of Return Algorithm CGIRORA). 

GIRORA is  a s imple  bu t  powerful  s i m u l a t i o n  model which estimates the f i n a n c i a l  

r e t u r n  on inves tment  i n  low t empera tu re  hydrothermal  geothermal  r e s o u r c e s  f o r  

d i s t r i c t  space  h e a t i n g .  The two s e c t o r  model s i m u l a t e s :  (l) t h e  e x p l o r a t i o n  

for and development of a geothermal anomaly by a geothermal  producer ,  and (2) 

t h e  purchase  of g e o t h e r n a l  f l u i d  by a d i s t r i c t  h e a t i n g  u n i t .  The pr imary out -  

p u t  of t h e  model i s  a c a l c u l a t e d  i n t e r n a l  rate of r e t u r n  on inves tment  earned  

by t h e  geothermal  producer .  

T h i s  estimate of p r o f i t a b i l i t y  i s  a n a l y t i c a l l y  u s e f u l  f o r  a number of rea- 

soas. First, of course ,  t h e  e s t i m a t e d  r e t u r n  on inves tment  p rov ides  a g e n e r a l  

measure of market p r o f i t a b i l i t y .  A s  t e c h n o l o g i c a l l y  f e a s i b l e  geothermal  r e s o u r c e s  

are m c r e  o r  less p r o f i t a b l e ,  t hey  are more o r  less l i k e l y  t o  b e  developed f o r  

space  heat ing. '?)  can b e  c a l c u l a t e d  f o r  Second, i f  an  i n t e r n a l  ra te  of r e t i i r n  

each geothermal  s i t e ,  t h e n  a n  o r d i n a l  r ank ing  of r e s o u r c e  areas may b e  cornpiled 

on t h e  b a s i s  of e s t ima ted  p r o f i t a b i l i t y .  Assuming, c e t e r i s  p a r i b u s ,  t h z t  t h e  

z o s t  p r o f i t a b l e  

o r d e r i n g  of geothermal  anomal ies  t o  be  broughr: "on l l n e . "  

s i t es  w i l l  b e  developed f i r s t ,  t h i s  r ank ing  w i l l  p rovide  a unique 

Such icfo- t ion is  

a l r e a d y  i n  demand t o  f a d l i t a E e  p l ann ing  and developmEqt e f f o r t s .  

Under c e r t a i n  c i rcumstances ,  the i n t e r n a l  ra te  of r e t u r n  on investment  nay be 
d s f i c i e n t  as a measure of r e l a t i v e  p r o f i t a b i l i t y .  These c i rcumstances  do n 
hoxever ,  exist h e r e .  For  more on t h i s  t o p i c ,  See [? I .  

(3) 
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The calculation of a site-specific internal rate of return is invaluable 

for yet another reason. By altering the values of selected variables and para- 

meters within the model, the sensitivity of the race of return to a number of 

pertinent factors may be determined. In particular, those factors which 

heavily influence the return on investment and which are also susceptible to 

oolicy manipulation are of acute concern. 

A detailed discussion of the GIRORA model is presented in Appendix B. 

The analytical aethodology employed in the calculation of the rate of return on 

investment, R, and the modeling assumptions which are employed in its calcu- 

lations are clearly explained. In the following section, therefore only the 

results of the GIRORA modeling are presented. 

Modeling Results 

Simulation experiments with GIRORA were designed to evaluate the economic 

potential of the technologically feasible resource base. Three exercises which 

yielded a nunber of interesting and highly informative results were undertaken. 

First, a baseline scenario was proposed, and the resulting internal rate of 

return was estiinated. This night be considered the case of a hypothetical 

geothermal developer working on a hypothetical g e o t h e m a l  resource site. 

methociological perspective, the baseline scenario provides a starting point f o r  

the subsequent anaiyses. The second exercise consisted of conducclng sensitivity 

analysis. Changes in selected features of the baseline model were proposed, and 

:he resulting impacts upon the internal rate of return were measured. FiEally, 

several mzrket scenarios were proposed and che rates of return were forecasted. 

An "Optimistic" 

values cf key deteminants of R. The purpose of this exercise was to define, 

insofar as possible, practical limits to the bouEds of potential geothermal 

resource develcpment . 

F~~~ a 

and a "Pessimistic" scenario were specified based upon selected 

13 



The Base l ine  Case 

The b a s e l i n e  case d e p i c t s  a geothermal  r e source  be ing  harnessed  t o  p rov ide  

space  hea t ing .  Table  4 summarizes t h e  values s p e c i f i e d  f o r  a l l  manual i n p u t s  

and major cho ice  and pa rame t r i c  model v a r i a b l e s .  

A geothermal  r e s o u r c e  w i t h  a t e n p e r a t m e  of 100°C is assumed t o  be 

t h e  cand ida te  r e source .  It i s  l o c a t e d  f i v e  miles from a popu la t ion  c e n t e r  of  

5,000 pe r sons  f o r  whom space  h e a t i n g  i s  t o  be provided.  The load  f a c t o r  of 

t h e  u n i t  i s  assumed t o  be 0.6 and t h e  pr ice  of n a t u r a l  gas  wi th  which geothermal  

energy must compete i s  $3.00/10 BTU. A s  f o r  t h e  geothermal producer ,  a n  i n -  6 

vestment tax c r e d i t  rate of 0.12 i s  assumed; a r o y a l t y  ra te  of 0.15 i s  

assumed; t h e  d e p l e t i o n  al lowance i s  ze ro ;  and t h e  c o s t  o f  deb t  c a p i t a l  is  8.5 

pe rcen t .  F i n a l l y ,  a deb t  e q u i t y  r a t i o  of  0.7 /0 .3  is  assumed. 

The e s t ima ted  ra te  of  r e t u r n  f o r  t h i s  b a s e l i n e  case i s  11.0%. Under t h e  

c o n d i t i o n s  s p e c i f i e d ,  t h e r e f o r e ,  t h e  p r o s p e c t s  f o r  space  h e a t i n g  appear  t o  be  

encouraging.  Accordingly,  t h e  r e s u l t s  o f  t h e  s e n s i t i v i t y  a n a l y s i s  become in -  

c r e a s i n g l y  impor tan t ,  s i n c e  they  w i l l  reveal wnich f a c t o r s  might prove n o s t  

i n f l u e n t i a l  i n  a l t e r i n g  t h e  i n t e r n a l  rate of r e f x r n  on i n v e s t n e n t ,  

The S e n s i t i v i t y  Analsrsis 

The v a l u e s  of t h e  p h y s i c a l ,  geophys ica l  and p o l i c y  f a c t o r s  s p e c i f i e d  i n  

Table  4 are v a r i a b l e  i n  t h i s  model. Each of t h e s e  f a c t o r s  exsrts i a p a c t s  upon 

t h e  rate of  r e t u r n  which are, f o r  t h e  most p a r t ,  c l e a r l y  de f ined  b u t  quan t i -  

t a t i v e l y  u n s p e c i f i e d .  For t h e  sake  of convenience,  t h e s e  f a c t o r s  have been 

grouped i n t o  several classes. The f i r s t  c l a s s  i n c l u d e s  t h e  geophys ica l  f a c t o r s ,  

and t h e  second class i n c l u d e s  p o l i c y  -7ariaSles and parameters. The r o l e  o f  t h e  

geophys ica l  f a c r o r s  i n  i n f i u e n c i n g  R w i l l  be  examined f i r s t .  

Consider t h e  r z m i f i c a t i o n s  of v a r i a t i o n s  i n  r e source  tempera ture  upon the 

es t ima ted  rate of r e t u r n .  I n  t h i s  a n a l y s i s ,  Che tempera ture  spar, cons idered  



TABLE 4 

The Zaseline Case Values 

Parameter or Variable 

Temperature 

Distance 

Population 

Load Factor 

Price of Natural Gas ($/lo 6 ETU) 

Icvestment Tax Credit Race 

Royalty Rate 

Depletion Allowance 

Producer Bond ?'ate 

Equity Capital 
~~ 

Internal Rate of Return (R) 

Base Case Value 

100°C 

5 miles 

5,000 

0.6 

$3.00 

0.12 

0.15 

C.0 

0.08 

0.3 

11.0% 



ranges from 80" to 150°C. 

illustrated in Figure 4 .  

The differing values of R at each temperature are 

The changes in resource temperature clearly exert only minimal impacts upon 

R, If all other parameters and variables considered are maintained at their 

base case values, the rate of  return is 11 percer,t at 8 O " C ,  and it rises to 

just over 12.5 percent at a temperature of 1 5 0 O C .  Sucn a finding, that lower 

temperature resources generate nearly as high a return as the hotter resources 

is encouraging given the abundance of relatively lower temperature anomalies 

in the Southwest. 

Consider next the importance of the distance to the market as a determinant 

of the internal rate of return. Given the potentially large size of the trans- 

mission expense, changes in distance can be expected to exert substantial impacts 

upon R. Figure 5 depicts the effects of differences in distance between 0 and 

25 miles when all other base case values are held constant. In order to maximize 

the information provided, the estimated rate of return is plotted against the 

resource temperature. In this manner, the interactive inpacts of changes in 

distance and temperature become evident. 

The distance over which geothermal fluid nust be trsnsported strongly 

influences R values for a given resource site. 

5,  15, and 25 miles, the rate of return f a l l s  f r o m  12.75 t o  10.0 to -0.25 percent 

at 120°C. In the case of a user who is located on site (distance = 0), an 

estimated 21.5 percent return would be earned. 

therefore, the distance between the resource and the user is of major importance 

in detemining the financial return on investment in geothermal energy development. 

For example, at distances of 

For space heating purposes, 

The third geophysical parameter in which we are interested is .che population 

of the district heating unit. 

earned and investment msts sustained. To clarify the net inpacts upon R, 

population sizes of 1000, 2000, 3000, 4000,  5003, 10,000, 15,000, and 25,000 

Variations in pcpulation will alter 30th revenues 
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have been proposed. 

between 80" and 150°C. 

Figure 6 summarizes the results for various temperatures 

The results are highly informative. Changes in the rate of return are 

directly related to changes in population at all tmperatures. 

at 120"C, the return 

cent as the population increases from 1000 to 25,000. These findings iridicate that 

sizeable financial incentives exist for investment in space heating for relatively 

larger versus smaller communities. 

For example, 

on investment rises from 0.75 percent to a healthy 18.5 per- 

The analysis above of the roles of the physical and geophysical resource 

characteristics in determining the return on investment in geothemal energy 

provided clear results: for anomalies with temperatures between 80" and 150"C, 

those which are closer to the largest populations offer the greatest financial 

incentive. Among the other factors in the model which are of concern are a 

class of parameters and variables which are, in some sense, policy tools. Some 

of these have been traditionally employed for stimulating natural 'resource develop- 

ment. Six policy tools are considered here. These include the royalty rate, 

the bond rate of the producer, the price of home heating fuels with which geo- 

thermal energy must compete, the depleting allowance, the investment tax credit 

rate, and the systen load factor. The role of each of t h e s e  in determining i3 is 

considered below. 

The influence of the rcyalty rate in deterning R is ascertained by altering 

its value f r o n  Q.1Q to 0.20. Figure 7 presents the results of these calcula- 

t i o n s .  Changes in royalty rates appear to exerr quite modest impacts upon R. 

A. reduction of royalty ratss from 0.29 to 0.10 raises the rate of return from 

12 Fercen: to 13.75 percent. In and of  icself, therefore, changes in the 

roya1t;r rate do not appear to be of major importance in influencicg the r a t e  

of return. 
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Consider  next  t h e  r e s u l t s  of a l t e r a t i o n s  i n  t h e  bond r a t e  of  t h e  producer  

i n  r e v i s i n g  t h e  i n t e r n a l  rate of r e t u r n .  Government l o a n  gua ran tee  programs 

are f r e q u e n t l y  cons idered  as a means f o r  i n s u r i n g  a supply of v e n t u r e  c a p i t a l  

a t  a ininimum c o s t .  I n  t h i s  manner, r e d u c t i o n s  i n  i n t t r e s t  cha rges  from such 

programs reduce  t h e  c o s t  of f i n a n c i a l  c a p i t a l ,  t he reby  r a i s i n g  t h e  i n t e r n a l  

ra te  of r e t x r n .  

F igu re  8 reveals t h a t  r e l a t i v e l y  l a r g e  changes i n  t h e  bond r a t e  g e n e r a t e  

r e l a t i v e l y  s m a l l  a b s o l u t e  v a r i a t i o n s  i n  t h e  rate of r e t u r n .  For example, a t  

120°C, reducing  t h e  b o d  r a t e  from 8.5 pe rcen t  t o  6.5 p e r c e n t  rz ises  t h e  r e t u r n  

from 12.75 t o  13.75 pe rcen t .  Furthermore,  t h e  l e v e r a g e  which f i n a n c i a l  c a p i t a l  

ra tes  exert upon R i s  l i m i t e d  a t  a l l  t e n p e r a t u r e s  between 80" and 150' C .  

C l e a r l y ,  r e d u c t i o n s  i n  t h e  bond r a t e  do enhance t h e  a t t r a c t i v e n e s s  cf  geothermal  

inves tment ,  i n  t h e  expected manner, but these e f f e c t s  a re  o f  r e l a t i v e l y  m i n o r  

importance.  

A t h i r d  p o l i c y  v a r l a b l e  i s  t h e  p r i c e  of n a t u r a l  gas.  This i s  t h e  space  

h e a t i n g  f u e l  w i t h  which g e o t h e r n a l  energy must compete throughout  much cf zhe 

Southwest.  As n a t u r a l  g2s  p r ices  r ise ,  t h e  potenr r ia i  revenue r ecove rab le  from 

g e o t h e m l  energy w i l l  r i se  as w e l l .  

from $3.00 t o  $S.OO/lO BTU have been proposzd. 

BccorZingly,  d c l l a r  i n c r e n e 2 t s  ir, g a s  p r i c e s  

6 

- b i g u r e  9 r e v e a l s  t h a t  i n c r e a s e s  i n  t h e  p r i c e  cf competzng f u e l  be;r btlauil:? 

upon t h e  ra te  of r e t u r n  t o  geothermal  inves tnenc .  A t  13C°C, a-ix i n c r e a s e  i n  

n a t u r a l  gas  p r i c e s  from $3.00 t o  S6.00 raises the  r a t e  of r e t u r n  from 13 p e r c e n t  

t o  24.5  percen t .  O n  average ,  eech  one d o l l a r  r i se  i n  p r i c e  g e n a r a t e s  an  i n c r e a s e  

i n  R of fou r  percentage  p o i n t s .  DeregdaEion  of energy p r i c e s  i n  t h e  'u. S .  

would c l e a r l y  provlde  s t r o n g  impetus  t o  geo t ' nema l  energy development,  

The d e p l e t i m  al lowance i s  y e t  ano the r  po ten t ia l .  p o l i c y  op:ion wnlch may 

l n f i u e n c e  t h e  r e t u r n  t o  geo thenra l  energy development. The d e p l e t i o n  al lowance 

w a s  assumed zero  i n  t h e  base  case, and its v a l u e  w a s  r a i s e d  t o  0.11 and 0 . 2 2  i n  

t h e  s e n s i t i - J i t y  a n a l y s i s .  The r e s u l t s ,  i l l n s t r a t e d  i n  F igu re  1 0 ,  a r e  s b i l a r  t o  

22 
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t h o s e  f o r  t h e  r o y a l t y  and bond ra tes .  

R are as expected,  t h e  magnitude of t h e  a b s o l u t e  change i s  l i m i t e d .  I n c r e a s i n g  

t h e  d e p l e t i o n  rate from 0 t o  0.22 raises t h e  r a t e  of r e t u r n  roughly 2.5 percentag  

poinrrs a t  a l l  tempera tures .  By i t s e l f ,  t h e r e f o r e ,  t h e  d e p l e t i o n  al lowance 

o f f e r s  r e l a t i v e l y  l i m i t e d  p o l i c y  p o t e n t i a l  as  a means of i ap rov ing  t h e  pro- 

f i t a b i l i t y  of geothermal  energy investment .  

Although t h e  d i r e c t i o n  of t h e  changes i n  

A f i n a l  t r a d i t i o n a l  p o l i c y  v a r i a b l e  which i s  cons idered  i s  t h e  investment  

tax c r e d i t  rate. A range  of inves tment  t a x  rates has  been s p e c i f i e d  between 

0.04 and 0.20. F igu re  11 v e r i f i e s  t h a t  t h i s  i s  a l s o  a r e l a t i v e l y  i n s i g n i f i c a n t  

f a c t o r  i n  a f f e c t i n g  t h e  a b s o l u t e  v a l u e  of R. Ra i s ing  t h e  tax c r e d i t  ra te  from 

0.04 t o  0.20 only  i n c r e a s e s  R by 1 .5  pe rcen tage  p o i n t s ,  from 12.25 t o  13.75 

pe rcen t .  A s  i n  t h e  c a s e  of t h e  r o y a l t y  ra te ,  bond ra te  and d e p l e t i o n  a l lowances ,  

t h e  tax c r e d i t  a l o n e  is a l s o  of  l i t t l e  consequence i n  de te rmining  the p r o f i t a b i l i t y  

of low tempera ture  r e sources .  

A parameter  i n  t h e  model which might be l o o s e l y  cons idered  a p o l i c y  o p t i o n  

i s  the l o a d  f a c t o r .  The load  f a c t o r  i s  a measure of t h e  e f f i c i e n c y  of  u t i l i z a t i o n  

of t h e  e n t i r e  p h y s i c a l  p l a n t .  

t h e  g r e a t e r  o r  lesser t h e  l o a d  f a c t o r ,  

earned;  and t h e  g r e a t e r  o r  lesser t h e  revenues  earned  f o r  a g iven  Investmen': 

o u t l a y ,  t h e  more o r  less p r o f i t a b l e -  t h e  inves tment  w i l l  b s .  

f a c t o r  has n o t  been a traditional p o l i c y  t o o l ,  increases i n  systen: l o a d  f a c t o r s  are  

s u b j e c t  t o  p o l i c y  m a n i p l a t i o n .  

For  a space  h e a t i n g  s y s t e n  of a g iven  c a p a c i t y ,  

t h e  g r e a t e r  o r  lesser w i l l  be  t h e  revenues 

Although t h e  load  

F igu re  1 2  i l l u s t r a t e s  t h e  i n p a c t s  of v a r i a t i o n s  i n  t h e  u s e r  l oad  f a c t o r .  

a t  12OoC, t h e  rate of r e t u r n  f o r  l o a d  f a c t o r s  of 0.5,  0 .6 ,  0.7,  acd 0.8 a re  

10 .5  p e r c e n t ,  13.75 p e r c e n t ,  15 p e r c e n t ,  and 1.7.25 percezlt ,  r e s p e c t i v e l y .  

Thus, r a i s i n g  t h e  load  f a c t o r  by 40 p e r c e n t  r a t e s  R by roughly 70 percen?,  a 

h i g h l y  f a v o r a b l e  t r ade -o f f .  I n s o f a r  as t h e  load  f a c t o r  p o t e n t i a l  may v a r y  from 
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community to community, these findings suggest that the fullest appreciation 

should be granted the load factor. 

@ The Scenario Forecasts 

In the sensitivity analysis above, the impacts of altering a single variable 

or parameter value were calculated. 

if a number of properties of 

taneously. This exercise would provide valuable information on two counts. 

First, it would elucidate the interactive impacts upon R of several variables 

or parameters; and second, if the complete set of policy factors are altered 

simultaneously, the results would infer the full potential of public policy in 

influencing the profitability of investment in geothermal energy, 

A mere ineaningful analysis could be provided 

the base case scenario couid be varied sinul- 

Accordingly, a Pessimistic and an Optimistic forecasting scenario were 

prepared. 

values, with all other values assuming their base case magnitudes. The Pessimis- 

tic scenario posited an energy market in which policy conditions are relatively 

hostile to geothermal energy development, In return the Optimistic scenario 

pictured an enviroment which is relatively receptive to geothermal development. 

The differences in the return on investment between each case provide a measure 

of the potential of public ?olicy for influencing geothermai energy development. 

The scenario values s p e c i f i e d  f o r  the six p o l i c y  variables are presented in 

Each scenario consisted of a designated set of policy variable 

Table 5.  The estiinated Tnternal rates of return between the scenarios differ 

dramatically at all temperatures as seen in Figure 13. In the Pessimistic 

setting, wLth circunscances generally hostile to development, R is 9.5 percent 

at 120". At :he same temperature in the Optimistic scenario, R is a healthy 

50 percent. Quite evidently, the combined efforts of all of the pciicy variables 

considered in Table 5 are sufficienr to generate a lzrge range of possible 

return on investment. 

of policies is capable of inducing space heating applications of georherrral energy 

as a much broader bzsis  than  would otherwise occur. 

This finding suggests that a carefully orchestrated mix 
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TABLE 5 

1 
Pessimistic Parameter or Variable 

0.5 Load Factor 

6 $3.00 Price ( $ / l o  BTU) 

Royalty Rate 

T a x  Credit 

Bond Raze 

0.2 

0 .0  

0.085 

Depletion Allowance 0.0 

Optimistic and Pessimistic Scenarios 

Optimistic 

0.9 

$3 .00  

0.1 

0.2 

0.055 

0 .22  

L 
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A Financial Screening of the Regional 
Low Temperature Resource Endowment 

The modeling analysis alone calculates the expected profitability of a 

hypothetical low temperature geothermal resource which has been harnessed for 

districc space heaticg. The findings (i) -,resent a ba l lpa rk  estimate of expected 

profitability under specified conditions; (Ti) identify the relevance or irrel- 

evance of numerous factors as determinants of profitability; and Ciii) evaluates 

the effectiveness of public policy in altering profitabiiity. 

findings are relevant, however, only for a hypothetical resource. 

All of  these 

The final task for estimating the space heating supply potential of l o w  

temperature geothermal resources in the Southwest consists of estimating the 

financial promise of each anomaly. 

second screening on =he basis of economic rather thaA technical criteria, and 

those resources which passed the initial technological scree-qing are of  greatest 

concern. 

In effect, this exercise constitutes a 

Ceteris Paribus, geothemal  resources will or will not be develope6 

as they earn or fail to earn a minimum return on Investment, and GIF.ORA 

effectively differentiaces the former from the latter. 

For each of the technologically feasible sizes In Table 3 ,  a ucique internal 

rate of return is estimated. The return is calcuiated on the basis of the 

resource temperature, the distance to market, and the market population. In 

turn, the estiinated returns will be compared with a m i n b u m  acceptable rate of 

return, designated as 12 percent. 

profit, publicly regulated enterprises, and it is considered as the nininum 

acceptable 

This is the return frequently allowed non- 

figure for a privately financed business. 

The geothernai resources which are eqected to earn as Lnternal rate of 

return greater than 12 percent are designatea wi;h double zsterhk (**) in 

Column 3 (Comments) of Appendix A .  Figure 14 identifies each site according 

t o  its 1ocati.cn within the region. The number is relatively smll: of the 
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eighty-eight candidate sites, only 30 ( 3 4  percent) will earn at least 12 

percent. Alternatively, in view of MBtuh, of the original 5602 only 2071 

(37 percent) successfully pass the economic screening. Thus, roughly one third 

of the geothermal resource base which survived the technological screening will 

generate a minimum acceptable return in investment. 

The objective of this research has been the estimation of the supply 

potential of low temperature geothermal resources for district space heating 

in the Southwest. 

conditions, several geothermal supply scenarios may be prepared. The first 

of these depicts the gross energy potential (MBzuh) of the low temperature re- 

sources located in the Southwest. T h e  second scenario presents  the expected 

energy potential of the technologically usable resources, as defined earlier. 

The final scenario measures the energy potential of geotheml resources subject 

to the technological acd econonic screenings. Each of these scenarios provides 

an increasingly more realistic appraisal of the true potential of low temperature 

geothernal energy ia the Southwest. 

On the basis of several key technological and economic 

A l l  the scenarios are lllustrated in Figure i5 and the findings are 

suininarized in Table 6. 

the l o w  temperature resource endowment is the Southwest o f f e r  district space 

heating poteztial. 

These illustrations confirm thet roughly fiae percent of 
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TABLE 6 

Distribution by State of Low Temperature Geothermal 
Resources which pass Technological and Economical Screening 
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APPENDIX A 

Baseline Inventory of Known Low Temperature Hydrothermal 
Geothermal Anamolies in the Southwest 

State 

Arizona 

Resource Site 

Gillard HS 

Eagle Creek HS 
Coolidge HS 
Coffers HS 
Cat Tank 
Javelina Peak 

Safford Area 

Indian HS 

Castle HS 
Coolidge Area 

Radium Springs 

Hookers HS 

Buckhorn Area 

Agua Caliente 

Artesian Td 

?It Grahan 

Lucats Spa 

Palomas Mts 

Barngan Mtn 

Theba 

Bowie Area 

Mobil Area 

lrtesia Area 

Tea Niece Warm 

Temperature 
C 0  

140 
130 

1 2 0  

120 

115 

110 

110 

105 

i o 5  
6 1  

50 

53 

49 

46 

44 

4 4  

4 2  

4 2  

39 

38 

36 

3 5- 

33 

Igs 3 2  

Comments 

** 
* 
;k 

* 
* 

** 

* 

* Sites that are technologically feasible 
** Sites that are bo th  technologicaily and economically feasible 
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State 

Nevada 

Resource Site 

Elk0 HS 

The Hot Springs 

Sodaville Springs 

Hot Springs Ranch 

Wild Horse HS 
Lower Ranch 

Monte Neva HS 

Carlin 

Walti HS 
Ruby Lake 

Walley's HS 

Hind' s HS 

Diana's Punch Bowl 
Soldier Neadows HS 

Bog HS 
Washoe Valley 

Goose Creek 

SSE Patsville 
Alkali ES 

Ash Springs 

Benefit Springs 
Big Locke Springs 

Big Springs 

Hardy Creek 

RR Valley-Eagle 

N. Winnemucca Lake 
Carson Lake 

Brooks Spring 

Temperature 
P Q  

115 
110 
105 

100 
100 
100 
89 

120 

120 
65 

110 

105 

59 

115 

115 

53 

43 

41 
60 

36 

2 1  

37 

28 

23 

38 

86 

d l  

37 

* S i t e s  that are technoiogically feasibie 

Comments 

** 

x 

:; * 
* 

** Sites that are both technologically and economically feasihle 

39 



APPENDIX A (Continued) 

Resource Site 

Eloy  

Florence 

Coolidge 

Casa Grande 

Mammo t h 

Papago Fams 

Wikieup 

San Simone 

YUma 
White Water 

L i t  c l e  ton  

Wilcox 

Casa Grande (North) 

Casa Grande (South) 

Hyder Valley 

Hoover D a m  

Juniper 

Craig Warin Water Wc 

Rout HS 

Steam Boat Springs 

Brands Ranch Artes: 

Hot Sulphur Spring! 

Haystack But~e WWLJ 

El Dorado 
Idaho Springs 

Doisero Warm Serin: 

C emp e r a t ur f 
" 0  

27 

28 

42 

24 

32 

31 

22 

1 3 4  

138 

6 4  

147 

87 

113 

110 
49 

40 

38 

90 

145 

120 

42 

95 

28 

26 

1 2 0  

32 

Comments 

** 

** 
* 
** 
k* 

** 

* Sites that are technologically feasible 

*f; Sltes that are bo th  technologically and economically feasible 



APPENDIX A (Continued) 

State 

Colorado 

~- 

Resource Site 

Glenwood Hot Spri 

South Canyon 
Hot Springs 

Fenny Avalanche HI 
Colonel Chinn Hot 
Well 

Conundrum HS 

Cement Creek k-S 

Ranger WS 

Rhodes WS 
Hartsell HS 
Brown Canyon Thrm: 

Poncha HS 

Wellsville Swissv: 

Canon City ES 

Fremont Natatoriux 

Florence hrtssian 

Don K. Ranch Art. 
Clark Artesian W 

Xiceral ES 
Valley View HS 

Shaws WS 
Sand Dunes Swimmir  

Splashland Z J  

Dexter McIncyre 

Dutch Crowly Stink 

Eoff Artesian W 

Pagosa Springs 

Rainbow HS 

Temperature 
C" 

;s 130 

105 

15 0 

80 

38 

26 

27 

25 

105 

A 100 

145 

e 40 

50 

43 

E 42  

1 1 0  

40 

105 

50 

13G 
1 6 0  

160 

35 

ng 7 0  

5 9  

140 

45 

~~ 

Comments 

* 
* 
** 

** 

.'. 

* 

* 

** 

i 
* Sites that are technclogically feasible 

** Sites that are both technologically and eccnomically feasibie 



APPENDIX A (Continued) 

S t a t e  

Colorado 

Nevada 

Resource S i t e  

Wagon Wheel Gap HS 

Antelope B i r d s i e  

Cebol la  HS 

O r v i s  HS 

Ouray HS 

Lemon HS 

Dunton Geysr 

Rico 

P i n k e r t o n  

Tr ipp  & Trimble WS 

F u l l  N Wider WS 

Darrough's B S  

Dyke HS 

Howard HS 

Cherry Creek HS 

Buf fa lo  Va l l ey  HS 

Hot Pot  Blossom 

F l y  Ranch 

Minera l  HS 

Trego 

S?enser HS 

Xot Spr ings  P o i n t  

Gonconda 

Klobe HS 

Warm Spr ings  

Hyder HS 

South ES 

P a r a d i s e  

remperamre  
C" 

140 

44 

135 

105 

80 

140 

50 

140 

100 

110 

18 

140 

140 

130 

13 0 

130 

130 

130 

130 

130 

125 

125 

125 

13 0 

125 

120 

115 

Comments 

R 

* 
* 
* 
** 

** 
** 
* 

** 

* 
A 

f; 

JC 

* 

* S i t e s  t h a t  are t e c h n o l o g i c a l l y  f e a s i b l e  
** S i t e s  t h a t  are bo th  t e c h n o l o g i c a l l y  and econornically feas ib le -  
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APPENDIX A (Continued) 

State 

Nevada 

Resource Site 

Bruffey's HS 

Whipple Peak 

Cain Springs 

Caliente HS 

Carson-Pinyon Hills 

Alkali Flat 

RR Valley-Panc 
Collar and E l b o w  Spr 

Crystal Pool 
Crystal Springs 

Delmues Spring 

Point of Rocks Spr 

Emigrant Springs 

Fairbanks Spring 

Fish Springs 

Flag Spr ings  

Flynn Ranch Springs 

Gambles Hole 

Geyser Ranch Springs 

Geyser Ranch Springs 

Mount Grafton 

Eay C o r r a l  S p r i n g  

Sarcobatus Flat-Beat 

Yiko Spring 

Horseshoe Ranch Spr 
Forest Moon Ranch 

Ziot Creek Springs 

Hot Hole Elko 'XOt 

Temperature 
C0 

66 

24 

23 

57 

49 

27 

7 1  

3 3  

32 

32 

2 1  

34 

2 1  

27 

23 

23 

25 

4 3  

2 1  

2 1  

2 1  

37  

43 
32 

58 

3 3  

68 

33  

Comments 

. 

, 

* 
** 

Sites that are technologically feasible 

Sites that are both technologically and economically feasible 
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APPENDIX A (Continued) 

Resource Site 

Hot Spring 

Hot Creek Canyon 

Hot Sprin s 
Bartine HE 
Vivian Siding 

Battle Mountain 

Carlotti Ranch Spr 

Duff Creek 

Hot Springs 

Mulligan Creek 

Tennessee Mountain 

Hot Springs 

H o t  S p r i n g s  

Huffaker Springs 

Indian Springs 

Izzenhood Ranch Spr 

Jack Rabbit Spr 

John Salvis HS 

Kate Spring 

Eiy-Lackawanna HS 
Lawton HS 

Longstreet Spring 

Mac Fairlane’s 

Manse Springs 

McCoy SprTngs 

McGill Spring 

Moon River Spring 

Buck Pass 

M o o m n  Spring 

Temperature 
- 0  

48 

82 

82  
41 
37 

55 

39 

86 

53 

30 

40 

54 

49 

34 
25 

28 

27 

65 

22 

35 

33 

27 

7 7  

23 

4 9  

29 

33 

24 

38 

A 



APPENDIX A (Continued) 

S t a t e  

Nevada 

Resource S i t e  

Mountain Sprg Mine 

Mud Spr ings  

Mud Spr ings  

Noapa 

Panaca Spr ing  

P e a r l  Hot Sprgs  

P o i n t  of Rock Sprg 

P r e s t o n  S p r i n g s  

R i z z i  Ranch HS 

M t .  S t i r l i n g  

S h i p l e y  HS 

S i r i  Ranch Spr  

Spr ings  

Spr ing  

Spr ing  

Spr ing  

Gine Cup Ranch 

Spr ing  Hot 

Spr ing  

Spr ing  

Storm Spr ing  

Sulphur Spring 

For tyn ine  Lake 

Upper Wzrm Spr ing  

Wall Spr ing  

Warm Spr ings  

Warm Spr ings  

Gr id l ey  Lake 

T emp era t u r  

43 

2 1  

7 5  

32 

32 

37 

28 

22 

4 1  

28 

4 1  

30 

29 

38 

33 

27 

59 

45 

26 

39 

29 

23 

C" 

22 

33 

28 

32 

1 8  

42 I 

Comments 

45 



APPENDIX A (Continued) 

S t a t e  

Nevada I 
t 

Resource S i t e  

i i 

I 

Wedell HS 

West Spr ing  

W i l l i a m s  HS 

Wilson HS 

V i r g i n  V. Campground 

Middle Lake 

V i r g i n  Va l l ey  

McGee Mountain 

L i t t l e  Sage Hen Sprg 

Jo rdan  Meadow M t s  

F ivemi le  Spr ing  

B i l k  Creek Resew. 

Ninemile Summit S p r g  

Quinn River Cross ing  

Beer Creek Peak 

DeLong Sprg 

Quinn River 

S u r p r i s e  Va l l ey  

Parman 

Connelly Peak 

Corder0 Mercury Mine 

GGosey Lake F l a t  

Deep Crk-Sulphur Ck 

South Fork 

Burns Creek 

Sand Dunes 

Kldas 

Dry Creek X t n  

62 

4 2  

53 

84 

32 

28 

55 

28 

57 

26 

24  

2 1  

2 6  

27 

33 

39 

63 

59 

Comments 

90 

70 

47 

* 

NPK 

NPK 

NPK 

NPK 

SPK 

NPK 

S?K 

i 
NPK: Temperature of t h e  s i t e  no t  p r e c i s e l y  kcown. 

* 
** 

S i t e s  t h a t  are t e c h n o l o g i c a l l y  f e a s i b l e  

S i t e s  t h a t  are  both  t e c h m l o g i c a l l y  and economical ly  f e a s i b l e  
A 
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APPENDIX A (Continued) 

State 

Nevada 

Resource Site 

Hot Lake 

Willow Creek Reserv 

Evans Creek 

Lone Butte 

Jarbidge Xoctntains 

Jackpot 

San Jacinto Ranch Sp 

Rock Spring Crk 

Wilkins 

Thousand Springs 

Gonce Creek 

North Fork 

Mary’s River Rch 

Winter Creek 

Clover Valley 

Cobre 

Fly Ranch, N.E. 

Squaw Valley 

C ho 1 ona 
Sulphur 

Sawmill 

Little Sawmill Canyoi 

Gerlach N.E. 

Southern Eugene Mtns 

Dun Glen Creek 

North Fox Range 

Selenite Peak 

Buffalo Creek 

Temperature 
PO 

2 1  

27 

38 

64 

29 

96 

50 

7 7  

28 

NPK: Teaperature of the site not precisely kncwn. 

Comments 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

XPK 

NPK 

NPR 

NPK 

NFK 

NPK 

NPK 

NPK 

NPK 

NPK 

47 



APPENDIX A (Continued) 

State Resource S i t e  

Yevada Rye Pa tch  

Smoke Creek 

S .  Smoke Crk. Desert 

Sand P a s s  

Gold Mtn 

Colado 

Nugent Sprgs 

Humboldt River 

Winnemucca 

Kent S prg s 

Timher Canyon 

Sheep Crk Range 

P i n e  Creek 

Dry Lake 

Needle Peak 

N.Y.Cn)m Kaolin Dep 

C h i l l i s  

Carico Lake 

Diamorid Val ley  

W i n n e r x c a  M C n  

Co ld  Creek 

IJinche t t Lake 

Wood Hills 

Dolly Varden 

Anaho I s l a n d  

Dcgskin Mtn 

Warm Sprs  Valley 

North Val ley  

; emp e ra t u r  E 
C 0  

23 

24 

68 

29 

29 

24 

39  

22 

30 

34 

30 

49 

43 

Comments 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

SPK 

NPR 

iUFK 

NPK 

HPK: Temperature of t h e  site n o t  p r e c i s e l y  kno-m. 

A 
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APPENDIX A (Continued) 

State 

Nevada 

~ ~~~ 

Resource Site 

Huxley 

Carson SNK Alk Flt W 

Lone Rock 

Comstock Mine Hmblt 

Desert Peak 

Eagle Salt Works 

Hot Springs Mtns 

Carson SNK, AF East 

Spanish Springs 

Lockwood 

IXL 
Deep Canyon 

Moana Sprg-Lawton 

Biddleman Sprg 

Table Mountain 

Pirouette Mountain 

Rainbow Xtn 

S. Stillwater Range 
Fairfview Valley 

Crystal Bay 

Comstock Mining Dist# 
Dayton 

Churchill Valley 

Hobo-Saratoga Sps 

Carson Hill 

Eight Mile Flat 

Four Mile Flat 

North Sand Sps. Range 

Temp era t ur e 
C0 

24 

48 

24 

60 

35 

I 
50 

81 

I Comments 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK I 
I 

I 

NPK i 1 

NPK ! 
* t 

! 
i 

NPK i 

i SPK 
NPK: Temperature of th2 site not precisely known. 

* Sites that are technologically feasible 

** Sites that are both technologically and economically feasible 



APPENDIX A (Continued) 

State  

gevada 

Resource S i t e  

B e l l  F l a t  

E a  g 1 ev i 11 e 

I r o n  Tank Spr ing  

Wild Horse 

Sena to r  

M t .  Grant 

Edwards Crk Va l l ey  

Iowa Canyon Ramches 

San ta  Fe Creek 

Shippley  Hot Spr ings  

Nor thern  Clan Alpine  

Tu le  Dam Spr ing  

S .  Clan Alpine  MC 

B i r c h i m  Creek 

C l i p p e r  Gap Canyon 

Kings ton  

Wildca t  Canyon 

M C L ~ O ~ ' S  Ranch Sprg 

Diamond Mtns 

Cuck Creek 

Becky Peak 

She l lbo rne  P a s s  

Kcrch Spr ing  Valley 

P 1 easant Va l l ey  

Tancake Summit 

S t e p t o e  

Snake T.ano,e 

B u l l  Creek 

Pemperature 
C 0  

29 

24 

39 

23 

4 1  

23 

24  

28 

25 

32 

21! 

Comments 

NPK 
NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NTK 

NPK: Tespera ture  of the s i t e  n o t  p r e c i s e l y  known. 

A 



APPENDIX A (Continued) 

State 

Nevada 

Resource Site 

Euckskin Range 

Mount Wilson 

Double Spring 

West Gabbs Valley 

Double Spring Flat 

Wellington 

Wilson HS 

Dead Horse Wells-Wed 

Aldrich Station 

Hawt ho m e  

Soda Spring Vailey 

Whiskey Flat 

Rhodes Salt ?larsh 

Huntoon Valley 

Dome jrville 

Kelly's Wells 

Mosquito Crk Razcn 

Little Fish Lake V .  

tic t Creek Valley 

Rayson Hills 

Wilson Spring 

Pinon Peak 

Lunar Crater 
Tonopah ?lining Distr 

Saulsbxry Wash 

W L l l o w  Creek 

Du c kxa t e r 
W i l l i a m s  IIS 

Tempera t ur E 
C 0  

28 

2 1  

68 

2 1  

67 

67 

43 

26 

43 

68 

35 

$8 

61 

2 5  

30 

2 9  

Comments 

NPK 

k 

NPK 

SPY, 

NP I: 

KPK 

SPK 

NPS 

N T S  

5PK 

NPK 
XPK 

NPR: Temperature of the slte n o t  precisely known. 
* Sites that are technclogically feasible 

+* Sites thzt are beth rechnologically and economically feasible 



APPENDIX A (Continued) 

State 

4evada 

Resource S i t e  

Doyles Well 

S c h e l l  Creek Range 

Granite Peak 

Coyote Hole Sprg 

Camp Val ley  Creek 

Basalt 

Emigrant Peak 

Gap Spr ing  

M t .  Diablo 

F i s h  Lake F a l l e y  

Va lca lda  Sprg 

Southern Clayton V. 

Reveille M i l l  

Dry Va l l ey  

Sand Spr ing  Va l l ey  

Sand Spr ing  Va l l ey  t 

Sand Sp.  Va l l ey  S .  

S t eves  Pass 

Jackass F l a t s  

Lathrop Wells 

Desert Rock 

Ro c k v a l l e y  

Scranton  Well 

Ske le ton  

Frenchman F l a t  

Syo t t ed  Range 

Muddy Mountains 

S i m i l e  Spr ing  

'emp er a t u  r e 
C" 

27 

29 

25 

30 

28  

29 

36 

28 

33 

27 

29 

31 

38 

27 

31 

25 

Comments 

NPK 

NPR 

NPK 

NPK 

NPK 

KPK 

NPK 

NPK 

NPK 

NPK 

NPK 

NPS 

NPK: T e m T - c r a C c r e  of t h e  s i t e  n o t  ? r e c i s e l y  known. 
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APPENDIX A (Continued) 

State 

Nevada 

New Mexico 

Resource Site 
~ ~~ 

Sunrise Mtn 

Boulder Junct. E. 
Black Canyon 

Jean Lake 

Willow Sprg 

Davis D a m  

Spence Sp (Jemez) 

Radium Spgs 

O j o  Caliente 

Gila HS-Below Bridge 

Gila HS-Middle Fork 

Montezuma HS 

Gila HS-Doc Campbell 

Mamby ’ s HS 
Turkey Creek 

Las Alturas 

Berino-Xesquite 

Mimbres ES 

Ponce de Leon 

I Comments 
Temperature 

E. San Augustine Plain 
Upper San Francisco BS 

Faywood HS 

T or C 
Gila HS-Upper MdleFrk 

TJ. Mesa Black Mtn 

Closson 

Playas Valley 

Cliff Area 

Derry TV’S 

I 
f 

Tohatchi Area 1 

29 

41 
63 

27 

31 

27 

42 

130 
130 

66 

65 

130 
66 
125 

74 

120 

12 0 

58 

105 

35 

37 

54 

1GO 

36 

95 
61 

28 

31 

100 

39 

.* 
* 
* 
* 
** 

* 
* 
* 

* 

* 

J; Sites that are technologicaliy feasible 

** Sites that are both technologically and ecocoinically feasible 

5 3  



State 

New Mexico 

APPENDIX A (Continued) 

Resource Site 

Crown Point 

Guadalupe Sprg 

Hot Well 

San Ysidro 

C r ocker 

Freiborn Canyon 

Las Palomas 

Rincon East 

Aleman 

McKinley West 

Garton Well 

Gallinas Creek 
Carne 

San Diego Mtn 

Fort Wingate 

San Augustine Plain 

Isleta 

Albuquerque 

Laguna 

Joseph HS 

Red Hills HS 
Crystal HS 

Abraham HS 
Wasatch HS 

plonroe (Cooper) HS 

Ogden YS 

Stinking Sprg 

Xeadow HS 

Hooper HS 

emperature 

37 

120 
100 
100 

30 

30 

30  

50 
110 

60 

34 

50 

30  

125 

61  

35 

33 

27 

50 

140 
135 

135 

125 

120 

120 
110 
110 
105 

105 

C0 

-- 

Comments 

* 
:k * 
* 

* 

** 

* 
* 
* 
* 

** 
** 
.I 

k* 

* 
** 

Sites that are technologicaily feasible 

Sites that are technologically and econolnically feasible 
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APPENDIX A (Continued) 

State 

Utah 

Resource Site 

Utah HS 

Becks HS 
Crystal HS 

Wilson HS 

Xdway HS 
Saratoga HS 
Uddy HS 

Crater HS 

Laverkin HS 

Veyo HS 
Unnamed HS 

Castilla HS 
Hatton ilS 

Radium (Dotson) HS 
Lincoln Point WS 
Split Mountain WS 

Fish Springs 

Gandy 

Plorgan CS 

Blue WS 
K a m  Spring 

\Jam Sprg-Utah Lake 

Johnson FS 

Como HS 

Gransville 

Russeis XS 
Richr'ield WS 

Diamcnd Fork WS 

Temperatur 
C" 

95 

90 

90 

6 1  

45 

44  

43 

43 

42 

42 

42 

40  

38 

33  

32 

30 

28 

27 

27 

27 

27 

25 

25 

25 

2 4  

22 

7 ?  -- 
20 

Comments 

** 

I k * 
1 ** 

* 
** 

Sites that are technclcgically feasible 

Sites that are bo th  technologicaliy and economically feasible 
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APPENDIX A (Continued) 

S t a t e  

Utah 

Resource S i t e  

Goshen WS 

Sterling Sprg 

Big WS 

Utah 7 
Utah 8 

Utah 9 

Temperature 
C0 

20 

1 9  

18 
30 

30 

30 

Comments 

5 6  



.LPPELX!IX E 

A 2ISTSICT SPACE XEATiNG :IODEL - GISORA: NONELECTRIC 

To f i n d  t h e  commercial  f e a s i b i i i t y  of a ,oeot?iermal r- =source  f o r  

d i s t r i c t  h e a t i n g ,  an i n t e r n a l  rate of  r e t u r n  model is developed ,  which 

i s  l a b e l e d  2s GIRORA-BONELZCTRIC. 

G I X O U  SON-ELECTRIC is a s imple  b u t  powerfu l  s i m l a t i o n  model which 

e v a l x t e s  Che economic F o t e a t i a l  of l o w  t e s p e r a t u r e  h y d r o t h e r n a l  geothermal  

r e s o u r c e s  f o r  d i s t r i c t  s p a c e  h e a t i n g .  

measuring t h e  e s t i m a t e d  economic impacts  of v a r i a t i o n s  i n  a number of p o l i c y  

v a r i a S i e s  azd s i t e  s p e c i f i c  g e o p h y s i c a l  v a r i a b l e s .  I n  composi te ,  t h e s e  

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

e v a l u a t i n g  t b e  p o t e i t i a l  of l o w  t e n p e r a t u r e  g e o t j e r n a l  energy .  

The model a l s o  p rov ides  a means f o r  

SiIIOFANON-ELECTRIC w i l l  be cons ide red  i n  d e t a i l  below. The prinary 

o u t p u t  of t h e  model i s  an  e s t i m a t e d  measure cf p r o f i t a b i l i t y  f o r  a g e o t h e m a l  

p rodcce r  de-;eloping a given g e o t h e m l  r e s o u r c e  s i t e .  

an  o r d i n a l  r ank ing  of l o w  texqerature s i tes  i r ?  Region can  b e  c o ~ g i l e d  

v i t h  r e q e c t  t o  e q e c t e d  T r o f i t a b i l i t y .  Such a r ank icg  7 r c v i d e s  a besc 

guess  listing, ce ter i s  p a r i b u s ,  of which s i t e s  s i g k t  b e  expec ted  ts came 

11 on lize" and ic w h a t  order chey will be developed. 

On c h i s  besis, 

!vM.ie a number of a n a l y t i c a l  n c d e l s  s imi l a r  t o  t h e  Podel descrl 'ced 

h e r e i n  arE j e i n g  developed,  each  of t h e  c u r r e n t  g e n e r a t i o n  is Ceyerdent  

upon t h e  o r i g i n a l  G E O C I T l  model deveioped by B l o c a s t e r .  e t . a l . ,  a t  BaCelle 

P a c i f i c  Norzhwest L a b o r a i o r i e s  . U n f o r t u n a t e l y  f c r  E o s t  znalysts i n t e r e s t e d  

in broad  regional s t u d y ,  GEOCITP nay  be t c o  e l e g a n t .  "GEOCITV is an  c f f s h o o t  

1 

of t h e  GEOCOST program. . ., I f  8 h i g n l y  t e c h n i c a l  and ex t r eme ly  d e t a i l e d  

%loomster ,  C .  Z . ,  Fassbender ,  L. L. and Ilc9onald,  C. L. G s o t h e m a l  Enzrgy 
P o t e n t i a l  f o r  Dis t r ic t  and Process  Heztinq A ? 3 l i c a t i o n s  i11 t h e  U.S. An 
t c o n o n i c  h a l v s i s .  Battelle ? a c f f i c  Northwest Lzbor2 torFes ,  Rici i iand,  
Xasnington,  August 1 9 7 7 .  8 -  
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s i m u l a t i o n  ;node1 Ttihich d e s c r i b e s  t 5 e  a e v e l o p m n t  of h igh  Zeznperature 

r e s o u r c e s  f o r  g e n e r a t i n g  e l z c t r i c i t y  . As a r ssu l t ,  GEOCITY n i g h t  be 

inore a p p r o p r i a t e l y  d e s c r i b e d  as. a n  e n g i n e e r i n g  d e s c r i p t i o n  of a d i s t r i c t  

h e a t i n g  s o d e l  t han  as a f i n a n c i a l  f e a s i b i l i t y  model. 

9 - 

For a S roade r  r e s e a r c h  t h r u s t  w i t h  which l i t t l e  p r o p r i e t a r y  d a t a  o r  

d e t a i l e d  d i s t r i c t  n e a t i n g  p l a n s  are z v a i l a b l e ,  many p r o p e r t i e s  of G E O C I E  

are redundant .  Given t h e  o b j e c t i v e s  of t h e  p r e s e n t  acaiysis ,  t h e r e f o r e ,  

a s i m p l e r  more f u n c t i o n a l  n o d e l  is n e c e s s a r y .  Accord ingly ,  Gec the rna l  

I n t e r n a l  Ra te  of Re tu rn  Algori thm ( G I R O U )  h a s  been  developed.  

From an a n a l y t i c a l  p e r s p e c t i v e ,  GIRCRA NGN-ELECTRIC i s  a d i scoun ted  

c a s h  f low model which s i inu la t e s  r e q u i r e d  inves tmen t s ,  r evenues ,  and 

o p e r a t i n g  outlays f o r  each y e a r  of tne inves tment  l i f e  of a geothermal  

anonaly. 'Tine m o d e l  iterates for t h e  intsraal rate of return which e q u a t e s  

t h e  sums of inves tment  c o s t s  i n c u r r e d  with n e t  r evenues ,  d i scoun ted  t o  

t h e  p r e s e n t .  In s imple  terns, t h e  model c a l c u i a t e s  R ( i n t e r n a i  ra te  of 

r e t u r a )  f rom 

(B. 1) 

T T: Each year of the p e r i o d ,  t=l,...L 

Simula t ing  t h e  l i f e  of a . ~  investaent through T y e s r s  results ir. 2 T - t 5  

o r d e r  pol :mcnial  which is sc i* ied  i t e r z t i v e l y  by Yewton's method of 

zpproximat ion  f c r  a unique  r ea l  r o o t ,  R. This r o o t  i s  a msascre of t h e  

expec ted  p r o f i t a b i l i t y  cf zn i n v e s t a e n t .  Csteris T a r i b u s ,  t h e  g r e a r e r  t h e  

p r e s e n t  value or' a l l  net reve3ues  o r  t h e  lowest c o s t  of a l l  i n v e s n e n t s  

th roughout  t h e  p r o d u c t i v e  l i f e  cf a r e s o u i c e ,  t h e  higii9r is Ti, and v i c e  v e r s a .  
2 

Bloomster ,  C.  H . ,  Huber, H. D .  and Walter, R.  A .  User Xanuel f o r  CEOCOST: 
A Cornpurer Yodel f a r  Geothermal Cost  .Analvsis; V o l s .  1 U 2, Bzt te l le  
P a c i f i c  3orr;nwest L a b o r a t o r i e s ,  R icn iand ,  J z s h i n g t o n ,  1975-1976. 
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t=l 

INV : 

?XV : 

TCt : 

TX : t 

R: 

t: 

The h e a r t  of t h e  s l i m l a c i o n  s o a e l  is  an sxpanded v e r s i o n  of e q u a t i o n  (3.1). 

T T - TXt)  (1-i-R) -t (3.2) 
L TCt 

S I X V ( l + R ) - t  = 1 (REV- - 
t=l  

Equi ty  Inves tment  by p r o j e c t  d e v e l o p e r s  

T o t a l  revenues  i n  y e a r  t .  

V a r i a b l e  c o s t s  i n  y e a r  t. 

Taxes i n  y e a r  t. 

Discount  ra te  of i n t e r n a l  rate of r e t u r n .  

Each y e a r  of p r o j e c t ,  t=l,.  . .T. 

The remainder  of t h e  model i d e n t i f i e s  e x p l i c i t l y  each e lement  of 

e q u a t i o n  ( B . 2 ) .  

t o  t h e  r ighc ,  

Beginning on t h e  l e f t  s i d e  of t h e  e q u a t i o n  and working 

7 7 . 7  Lhd = (ER) ( T r n )  

EX: Equ i ty  p o r t i o n  of c a p i t a l .  

TNV : To tal Inves tment  . 

( 3 . 3 )  

Equat ion  ( B . 3 )  i n d i c a t e s  t h a t  t h e  r e r a r n  t o  r i s k  c a p i t a l  i s  of pr imary  

conce rn ,  s i n c e  t k e  r e t u r n  on d e b t  c a p i t a l  w i l l  be  s p e c i f i e d  by a bond ra te .  

T o t a l  i n v e s m e n t  c o s t s  i n c l u d e  d r i l l i n g  inves tmen t ,  i e e s i n g  c o s t s ,  

- 

plant i nves tmexr ,  and i n t e r e s t  p z i d  during construction. 

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

r e s e v o i r  e q l o r a c i o n  and deveiopmenc and plant c s n s t r u c t i o n ,  I n v e s m e n t  

c o s t  is  t h e  sum of a l l  of  t h e  f o u r  components above. 

t h e  actual o p e r i t i o n  of t h e  s p a c e  h e a t i n g  s y s t e a ,  t o t a l  i nves tmen t  is  t h e  

suzl of  d r i l l i n g ,  l e a s i n g ,  and icterest  expenses .  

Du~ing t h e  e a r l y  

T h e r e a f t e r ,  d u r i n g  

Thus, 

TNVt = D W  i LlJv - IDC, + PLV t = Fyx? + i)V? i CON (B.42) 
t t '  t' 

l"t = DNV, i LNT'+ + IDCt ,  t Z Ex? + DVP + COX 
L 

(B.Lib) 
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DNVt = D r i l l i n g  inves tment  c o s t s  i n  yea r  t ,  $ 

LNV, = Leasing inves tment  c o s t  i n  y e a r  t ,  $ 

PLV = P l a n t  inves tment  c o s t  f o r  t r ansmiss ion  and d i s t r i b u t i o n  
system, $ 

I D C t  = I n t e r e s t  du r ing  c o n s t r u c t i o n  i n  y e a r  t ,  $ 

EXP = Explo ra t ion  pe r iod  i n  y e a r s ,  i n p u t  v a r i a b l e  

DW = Development pe r iod  i n  y e a r s ,  i n p u t  v a r i a b l e  

CON = P l a n t  c o n s t r u c t i o n  pe r iod  i n  y e a r s ,  i n p u t  v a r i a b l e  

Each of t h e  f o u r  components of t h e  c a p i t a l  investment  i s  e s t ima ted  

i n d i v i d u a l l y .  The f i r s t  is t h e  d r i l l i n g  investment .  D r i l l i n g  inves tment  

i s  a f u n c t i o n  of t h e  number of geothermal  p roduc t ion  and i n j e c t i o n  w e l l s  

r e q u i r e d ,  t h e  average  depth  of p roduc t ion  and i n j e c t i o n  w e l l s ,  and t h e  

c o s t  p e r  u n i t  depth  of proudct ion  and’ i n j e c t i o n  w e l l s .  

Y IW 
NPWt 

DWi = (pss) (ADDP) (CPFP) + tLt) ISS ( A E D I )  (CPFI) (B .5 )  

NPWt = New p roduc t ion  w e l l s  t o  b e  d r i l l e d  i n  y e a r  t 

PSS = Produc t ion  w e l l  s u c c e s s  r a t i o ;  i n p u t  v a r i a b l e ,  

ADDP = Average dep th  of product ion  w e l l  i n  f e e t ;  i n p u t  
v a r i a b l e ,  

CPFF = D r i l l i n g  c o s t  p e r  f o o t  of p roduc t ion  w e l l ,  $, 
i n p u t  v a r  i a b  l e ,  

N I W  = New i n j e c t i o n  w e l l s  t o  b e  d r i l l e d  i n  y e a r  t , 
t 

ISS  = I n j e c t i o n  w e l l  success  r a t i o ;  i n p u t  v a r i a b l e ,  

ADD1 = Average dep th  of i n j e c t i o n  w e l l  i n  f e e t ;  i n p u t  
v a r i a b l e  , 

CPFI = D r i l l i n g  c o s t  p e r  f o o t  of i n j e c t i o n  w e l l ,  $, 
i n p u t  v a r i a b l e .  

The number of product ion  w e l l s  r e q u i r e d  is dependent upor! t h e  arr.ount of 

h o t  water r equ i r ed  t o  meet t n e  space  h e a t i n g  system cienand and t h e  f l o w  ra te  

of each product ion  w e l l .  
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RPW = HWLBH/FR (B 6) 

RPW = Required number cf production wells to be drilled, 

HWLBH = Hot water required to meet system demand, lbs/hr, 

FR = Flow rate of the production well, lbs/hr; input variable. 

In return, the amount of hot water that is required to meet the demand of 

the space heating system is jointly dependent upon the estimated peak 

heat demand (PHD) of the user and the usable heat (TD) from the available water. 

In the case of 

of the amount necessary to supply peak heat demand, with the remaining 2 5  per- 

cent supplied by conventionally fueled backup units. 

the former, the hot water required is assumed to be 75 percent 

3 Thus 

HWLBH = 0.75 [PHD/TD] (B.7) 

When estimating peak heat demand, the user mix or the percent of the 

population residing in single family dwelling units versus multiple family 

dwelling units i s  specified. In addition, the non-residential demand is 

assumed to be 50 percent of residential demand. 

PHD = 1 . 5  [2.016 (R) + 0.914 (l-n)] [POP/3] [DEGD] 

DEGD = Heating degree days (OF) of :he community 

POP = Population of the community; input 

R = User mix (0.0 < SZ < 1.0) 

T3 = Usable temperature f r o m  the available hot water 

A s  the hot water is transported from the resource site t o  che demand 

site, there will b2 a decline in temperature of not water p r o p o r t i o n z l  to 

the distance. In addition, the usable ternperature also depends on the 

downhole teqerature of the hot water at the source. 
4 

3, c. F. Wehlage, The Basics of Applied Geothermal Engineering, Geothemal 
Inforoation Ser-Tices, California, 1976. 

4E G d 2 Idaho Inc., The Potential for Utilizing Geothermal Energy in 
Reconstructed Sugar City, Idano, TREE-116, January i977. 
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TD = -75.41 f 0.7142 (TEN? - DIST) (8.9) 

TEXP = Downhole t empera tu re  of h o t  w a t e r  a t  s o u r c e ,  OF; 
i n p u t  v a r i a b l e ,  

DIST = D i s t a n c e  from r e s o u r c e  t o  t h e  p o p u l a t i o n  c e n t e r ,  
miles;  i n p u t  v a r i a b l e .  

X e i t h e r  t h e  temperacure nar t h e  f low ra te  is  a s s m e d  t o  d e c l i n e  

through t i m e .  Accord ingly ,  once t h e  p r o d u c t i o n  and i n j e c t i o n  w e l l s  are 

d r i l l e d  a t  t h e  beg inn ing  of t h e  p r o j e c t ,  t hey  are assmo-d 

s u p p o r t  t h e  e s t i m a t e d  demand throughout  t h e  p r o j e c t  l i f e .  

adequa te  t o  

? P W t  = a'(J t=l 

wwt = 0 t>l 

N I W t  = XPW, /PIX 

P I R  = Necessary producc ion  w e l l  t o  i n j e c t i o n  w e l l  r a c i o ;  
i n p u t  v a r i a b l e .  

The second coxponent  of i n v e s t a e n t  e x p e i d i t u r e s  i s  t h e  l e a s i n g  

(B.lOa) 

(B. l o b )  

(B. 11) 

invest inent .  Leas ing  inves tmen t  i s  a j o i i l t  f u n c t i o n  0: t h e  a c r e a g e  

r e q u i r e d  f o r  p r o d u c t i o n  and i n j e c t i o n  w e l l s  and t h e  l e a s i n g  c o s t  p e r  a c r e .  

LWt = (DPAC) (ACPW) (X?Wt) + (DPAC) (ACIW) (NETt) (3.12) 

DPAC = Leas ing  c o s t ,  $ p e r  acre; i n p u t  v a r i a b l e ,  

ACPW = Required a c r e a g e  p e r  p r o d u c t i o n  w e l l ;  i n p u t  
v a r i a b l e ,  

XI17 = Iiequired a c r e a g e  p e r  i n j e c z i c n  w e l l ;  Laput 
v a r i a b l e .  

The t h i r d  corcponent of i n v e s t z e n t  c c s t  n e c e s s a r y  f o r  t h e  development 

of a l o w  t s n p e r a t u r s  geothermal  r e s o u r c e  is  t h e  p l a n t  i n v e s t s e n t  c o s t .  

F l a n t  i r , ves tnen t  c o n s i s t s  of ?do components. Tine f i r s t  i s  t r a n s n i s s i o n  

inves tmenf ,  t h e  c o s t s  i n c u r r e ?  i n  t r a n s p o r t i n g  geothermal  h o t  w a t e r  

from t h e  supply  s i t e  t o  t h e  p o i n t  of demand. Tne secozd compcnent i s  

d i s t r i b u t i o n  i n v e s t z e n t ,  which c o n s i s t s  of c3sts l c c u r r e Z  i n  d i s t r i b u t i n g  

g e o t h e r n a l  water t c  i n d i v i d u a l  demand u n i t s .  
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PLV = TRNV + D I N V  

TRNV = Transmission c o s t s ,  $ 

D I N V  = D i s t r i b u t i o n  c o s t s )  $ 

(B-13) 

Each of t h e s e  two investment  expenses  i s  i n d i v i d u a l l y  expla ined  below. 

The t r a n s m i s s i o n  c o s t  is a d u a l  f u n c t i o n  of t h e  t r ansmiss ion  l i n e  

p i p e d i a m e t e r  (which is i t s e l f  d i r e c t l y  r e l a t e d  t o  t h e  amount of h o t  water 

t o  b e  t r a n s p o r t e d )  and t h e  d i s t a n c e  from t h e  geothermal  r e s o u r c e  t o  

t h e  p o p u l a t i o n  c e n t e r .  Th i s  c o s t  i n c l u d e s  t h e  expense of s chedu le  10 

i n t e r n a t i o n a l  p i p e ,  f i t t i n g s  and v a l v e s ,  2.5" i n s u l a t i o n ,  t i n  s h i e l d ,  

l a b o r  and t r ench ing ,  modified expansion loop and misce l l aneous  c o s t s  

More s p e c i f i c a l l y ,  a s s o c i a t e d  w i t h  t r ansmiss ion  p i p e  i n s t a l l a t i o n  576 

T W  = 7.2474 + 2.699 (TPD) x 5280 x DIST (B. 14)  

TPD = Transmission l i n e  p i p e  d i ame te r ,  i nches  (B.  15) 

TPD = 6.6 + 4.04 x HWLBH x 

The t r a n s m i s s i o n  l i n e  p i p e  d i ame te r  is  i n  each case adjustged t o  t h e  

nex t  h i g h e s t  i n t e g e r .  

6 
The d i s t r i b u t i o n  investmenr i s  a f u n c t i o n  of t h e  peak  h e a t  denand. 

D I N V  = 0.75  ~115,000 x ?HD/3.413) ( B .  16) 

The f i n a l  component of inves tment  c o s t  is  t h e  i n t e r e s t  expense 

i n c u r r e d  du r ing  c o n s t r u c t i o n .  

J 
C. L. McDonald and C .  H. Bioomster,  The Geoci tv  Model: D e s c r i p t i o n  
and App l i ca t ion ,  Bat te l le  P a c i f i c  Northwest L a b o r a t o r i e s ,  Rich land ,  
Washington, June  1977. 

S .  S .  E inarsson ,  Geothermal Space Heat ing and Cool ing ,  Second U. N .  
Symposium on t h e  Development and Use of Geothermal Resources ,  
San Franc i sco ,  C a l i f o r n i a ,  1975. 

6 
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t = E:IP + D\T + CON, 

I D C t  = 0 ,  t > EXP + DVP + CON 

(B.17b)  

( B .  1 7 4  

where 

The sum of t h e  p r e s e n t  v a l u e s  of a l l  of t h e s e  f o u r  investmznt c o s t s ,  

i n c l k d i n g  d r i l l i n g ,  l e a s i n g ,  p l a n t  investment and in te res t  d u r i n g  con- 

s t r u c t i o n  is  equated  t o  t h e  sum of t h e  n e t  revenues  earned .  

is d e f i n e d  as g r o s s  revenue  (REV) less v a r i a b l e  expenses  (TC) and taxes 

(TX) . 

N e t  r evenue  

Taking  each of these i tens  i n  o r d e r ,  

t REV, = (AHD) (8760) P (1 -I- i) (I - r , )  
L 

(B.18) 

AHD = Average Seat demand of t h e  p o p u l a t i o n  c e n t e r ,  
i n  m i l l i o n  B tu /h r  

P = P r i c e  of alrernate f u e l  ( n a t u r a l  g a s ) ,  
$ per  m i l l i o n  Btu e q n i v a l e n t ;  i n p u t  v a r i a b l e ,  

i = ra te  of growth of a l ternate  f u e l  p r i c e ;  i n p u t  v a r i a b l e ,  

A = Royal ty  ra te ;  i n p u t  v a r i a b l e  

AIiD = (FIiD) (LF) (3.19) 

PED = Peak h e a t  Cemnd of :he p o u u i a r i c n  c e n t s r  in 
million 3 zu/ h r  

LF = Load f a c t o r ;  i n p u t  v a r i a b l e  

Gross  revenue  is  d i r e c t l y  r e l a t e d  t o  t h e  a v e r a g e  h e a t  denand p laced  

upon t h e  system. 

v a r i a b l e ,  bo th  as a d i u r n a l  and on an a z n u a i  b a s i s .  

t h e  s p a c e  h e a t i n g  s y s t e n  i s  assumed t o  hsve  i n s t a l l e d  c a p a c i t y  s u f f i c i e n t  

t o  f u l f i l l  7 5  p e r c e n t  of e s t i E t e d  peak h e a t  demand; t h e  rzmaining deEand 

is  assumed t o  b e  s u p p l i e d  by an a p p r o p r i a t e  backup system. Over a p e r i o d  

i n  t S e o q - ,  t h e  cemand f o r  s p a c e  h e a t l n g  is exzremely 

A s  mentioned above,  
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of a y e a r ,  tne s p a c e  h e a t i n g  system will f u n c t i o n  a t  a c e r t a i n  p e r c e n t  of 

i t s  peak c a p a c i t y ,  and t h i s  e lement  is  d e f i n e d  as t h e  l o a d  f a c t o r .  

Iiaving thus  c a l c u l a t e d  g r o s s  r evenues ,  n e t  revenues  a re  g r o s s  revenues  

P r o p e r t y  taxes are assumed p r o p o r t i o n a l  t o  less o p e r a t i n g  c o s t s  and taxes. 

t h e  p l a n t  inves tment .  I n  t h e  case of  t o t a l  c o s t ,  

t TC 

TCt 

OCE, 

OCP 

PTXt 

PTXt 

PT,Silt 

OCPt 

OCZ 

C 

C 

PC 

PC 

DEr??.Dt 

DEFIiDt 

D 

c 

= [OCEt + (BR) (DK) + DEPF.Dt] x [ Z  (TXV - I D C . ) ] ,  
j -1 j J 

t = EXP + DVP (8 .20a j  

t 
= [OCPt + (BR) (DK) -L DEPRDt] x [I ( T W  - I D C . ) ]  

j-1 j J 

+ PTXt, t = Exp + CVP + 1, EX? + DV? + 2 ,  ..., T (B.20b) 
= P e r c e n t  of  d r i l l i n g  c o s t s  which c o n s t i t u t e s  

o p e r a t i n g  e q e n s e s  

= P e r c e n t  of d r i l l i n g  acd p l a n t  c o s t s  which 
c o n s t i t u t e s  o p e r a t i n g  expenses  

= P r o p e r t y  taxes d u r i n g  y e a r  T 

= T r o p e r t y  tax ra te  

= C ( 1  + C)' 

= PC (1 + PC) * t  

(3.21) 

= B a s e  year p e r c a t a g e ;  input v a r i a b l e ,  

= R a t e  of i n c r e a s e  of C cver t h e ;  inpuz  v a r i a b l e  

= Base year 2 e r c e n t a g e ;  i n p u t  v a r l a b l e  

= Rate of i n c r e a s e  of PC over tine; inpuc  v a r i a b l e  

= D e p r e c i a t i o n  f e r  d r i l l i n g  inves tz len t  i n  y e a r  t 

(B.22) 

(B. 23) 

= p e r i o d  of d e p r e c i a t i o n  for drilling and 
l e a s i n g  ( I n p u t )  

( B .  2 4 )  
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Finally, income taxes a re  computed 

= {TSRT) {[REVt (1 - Z ) ]  - [TCt - (E3 ' DK + r)EPIDt) ( B . 2  TXt 

t 

j=1 
( c T N V ~  - IDC,)] 

z = D e p l e t i o n  a l lowance  ( I n p u t )  

Y 

DNVDt = A d o l l a r  anocn t  f o r  d e p r e c i a t i o n  of d r i l l i n g  

DLPW = D e T r e c i a t i o 3  for p l a n t  i nves tmen t  i n  y e a r  t 

CRRT 

= P er c ent a g  e t ang  i b  l e  i n v e s  t n e n  t ( Input 

iavestment i n  year t 

= Inves tment  t a x  c r e d i t  ra te  ( I n p u t )  

0, t. - < PPP 

= ( ? ? + P P Y + l - t ) /  1 Y t >PPY 

DEPRl?, = 
L 

N 

j=1 

(B. 26)  

x = D e p r e c i a t i o n  p e r i o d  f o r  p l a n t ;  inpuz  v a r i a b l e  

A l l  of t h e  a p p r q r i a t e  r e m s  i n  e q u a t i o n  ( B . 2 )  are  zcw h o r n ,  excep t  

Any v a r i a b l e s  which have  n o t  been i d e n t i r ' i e d  are manual i ~ ~ u r s  t o  f c r  R. 

t h e  s i m u l a t i o n  model. Equat ion  (B .2 )  i s  a polyr,omial of crder T ,  and i t  

i s  so lved  i r e r a t i v e l y  f o r  a value of R. 
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