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ABSTRACT 

The U.S. Department o f  Energy, D iv i s ion  of 
Geothermal Energy, i s  sponsoring the  User-Coupled 
Confirmation D r i  11 i ng  Program (UCCDP) t o  absorb a 
po r t i on  o f  the high front-end r i s k  and cos t  o f  geo- 
thermal development by providing cost-sharing o f  
hydrothermal rese rvo i r  conf i rmat ion f o r  d i r e c t  
heat appl icat ions.  The development scenario t o  
achieve the hydrothermal d i r e c t  heat goal o f  1.0 
Quad (33,400 MWt-yr) by the  year 2000 i s  reviewed 
and a summary o f  the program i s  presented. The 
UCCDP w i l l  share the cost f o r  explorat ion,  d r i l l i n g ,  
f low tes t ing ,  rese rvo i r  en ineer ing,  and i n j e c t i o n  
we l l  d r i l l i n g  ( i f  required! f o r  p ro jec ts  selected 
through a competit ive process. The federal  per- 
centage of cost-share w i l l  be determined by a 
negot iated formula based upon u s a b i l i t y  of the 
thermal f l u i d s  in te rsec ted  by the  production wel l .  
This program i s  expected t o  a c t  as a major ca ta l ys t  
t o  promote the develuprnent o f  hydrothermal d i r e c t  
heat u t i l i z a t i o n  i n  the  United States. 

INTRODUCTION 

Most geothermal geoscient ists agree t h a t  there 
are many more 1 ow- and moderate-temperature (30°C 
t o  150°C) hydrothermal resources than there are 
h i  gh-temperature (>15OoC) hydrothermal resources, 
The U.S. Geological Survey C i r cu la r  7901 documents 
the  d i s t r i b u t i o n  o f  hydrothermal resources, as 
p resent ly  known, as a funct ion of temperature down 
t o  90°C. The conclusion i s  there i s  an exponential 
increase i n  the number o f  known resource occurrences 
as temperature decreases. This imp l ies  t h a t  the 
geographic d i s t r i b u t i o n  of resources i s  wider and 
t h a t  the p o s s i b i l i t y  o f  co- locat ion w i t h  a user i s  
increased as temperature decreases. The above 
exponential re la t i onsh ip  seems t o  be a property o f  
many na tura l  resources f o r  i t  has a lso  been docu- 
mented f o r  a number o f  o ther  cases. 

Considering the  re la t i onsh ip  s ta ted  above, i t  
i s  possible t h a t  d i r e c t  heat u t i l i z a t i o n  o f  low- 
and moderate-temperature hydrothermal resources 
w i  11 u l t ima te l y  cont r ibu te  more heat-on-1 i ne  than 
w i l l  e l e c t r i c a l  generation from high-temperature 
resources simply because lower temperature re -  
sources are more p l e n t i f u l  and widespread. 

However, development o f  t h i s  low- and moderate- 

I n  addi t ion,  there  

temperature resource i s  present ly hampered by 1 ack 
o f  resource knowledge and by the  high r i s k s  and 
costs of rese rvo i r  confirmation. 
i s  present ly no experienced p r i va te  sector i n f r a -  
s t ruc tu re  f o r  d i r e c t  heat development o f  the  magni- 
tude ind ica ted  as possible by the predicted l a rge  
s i z e  and widespread occurrence o f  the  resource. 
A f t e r  considerat ion o f  the above fac to rs ,  the User- 
Coup1 ed Confirmation D r i  11 i ng  Program (UCCDP) was 
i n i t i a t e d  by the U.S. Department o f  Energy, D iv i -  
sion o f  Geothermal Energy. 

economic use o f  the  low- t o  moderate-temperature 
hydrothermal resource by the p r i va te  sector by: 

reducing the r i s k  and cost o f  rese rvo i r  
confirmation, and 

The ob jec t ive  of the  program i s  t o  f o s t e r  the  

a) 

b)  developing an experieiiced in f t - i i s t ruc  Lure 
i n  the p r i va te  sector which w i l l  reduce 
rese rvo i r  conf i rmat ion r i s k s  i n  the  fu tu re .  

The s t ra tegy  developed t o  achieve t h i s  objec- 
t i v e  requires t h a t  DOE fund the  p r i va te  sector on a 
var iab le  cost-share basis t o  car ry  ou t  conf i rmat ion 
o f  hydrothermal reservoirs.  The s ize  o f  the  DOE 
program must be consistent w i t h  developing a s e l f -  
sustaining p r i v a t e  sector i n f ras t ruc tu re  and 
achieving DOE'S d i r e c t  heat u t i l i z a t i o n  goals. The 
scenario developed below addresses the  scope o f  t he  
UCCDP. 

PROGRAM SCENARIO 

I n  order t o  make a desirable impact on the  
Nationl's energy supply by the year 2000, d i r e c t  heat 
u t i 1  i z a t i o n  o f  hydrothermal resources i s  projected 
t o  be 1.0 Quad (33,400 MWt-yr). It i s  assumed t h a t  
n ine ty  percent o f  t h i s  amount w i l l  be developed by 
p r i v a t e  indus t ry  between 1986 and the year 2000. 
This w i l l  requ i re  p r i va te  development o f  an average 
o f  .07 Quads (2225 MWt-yr) per year. The average 
yea r l y  d i s t r i b u t i o n  o f  u t i l i z a t i o n  system sizes* 
brought on- l ine i s  projected as fo l lows: 

*see footnote a t  end o f  paper. 
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0 

U t i l i z a t i o n  System Size Number Contr ibution** 

Federal Support f o r  I n f ras t ruc tu re  & Development I I 

100 MWt 3 300 MWt 
50 10 500 
25 30 750 
10 50 500 

5 35 
le8 

175 
MWt 

This means t h a t  p r i v a t e  users would be required t o  
b r i ng  128 rese rvo i r  conf i rmat ion pro jec ts  t o  a 
successful conclusion each year between 1986 and 
the  year 2000. Assuming an average 25 percent 
success r a t e  f o r  rese rvo i r  conf i rmat ion pro jec ts  , 
about 500 pro jec ts  would have t o  be i n i t i a t e d  per 
year. 

The in f ras t ruc tu re  needed f o r  indus t ry  t o  per- 
form t h i s  task w i l l  be large, bu t  there  i s  no need 
f o r  federal  support f o r  i t s  e n t i r e  development. 
Instead, i t  i s  projected t h a t  t he  t o t a l  i n f ras t ruc -  
t u r e  w i l l  develop along the l i n e s  shown i n  Figure 1 
i f  the impetus o f  the  UCCDP i s  placed a t  the be- 
ginning o f  t he  period. 
possible schedule f o r  rese rvo i r  Confirmation pro- 
j e c t s  t o  the year 2000. Obviously, t he  required 
i n f ras t ruc tu re  i s  approximately proport ional  t o  
the number o f  p ro jec ts  per year. Figure .1 shows 
t h a t  the  UCCDP w i l l  peak i n  1983-84, when about 
160 DOE-funded rese rvo i r  conf i rmat ion pro jec ts  w i l l  
be i n i t i a t e d .  Assuming Figure 1 t o  be a v iab le  
scenario f o r  the DOE program, the  fo l low ing  p ro jec t  
schedule i s  indicated:2 

This f i g u r e  shows one 

Thus, the  UCCDP w i l l  i n i t i a t e  a t o t a l  o f  771 pro- 
j e c t s  over 8 years and w i l l  support the development 
o f  about 25 percent o f  the t o t a l  i n f ras t ruc tu re  
needed t o  reach the year 2000 d i r e c t  heat u t i l i z a -  
t i o n  goals. The remaining 75 percent o f  i n f r a -  
s t ruc tu re  development w i l l  be completed by the  
p r i v a t e  sector. I n f ras t ruc tu re  development beyond 
1988 w i l l  , o f  course, depend upon the ove ra l l  
economics o f  d i r e c t  heat u t i l i z a t i o n  a t  t h a t  time. 
The economics cannot now be f u l l y  evaluated bu t  
should be favorably improved as a r e s u l t  of t h i s  
program. I n  add i t ion ,  an extensive data base w i l l  
be ava i l ab le  i n  1988 t o  a l low the p r i va te  sec tor  
t o  evaluate the  economics o f  d i r e c t  heat systems. 

Using a number o f  assumptions, i t  has been 
determined t h a t  the  UCCDP should consist  o f  approxi- 
mately 771 rese rvo i r  conf i rmat ion pro jec ts  t o  be 
conducted from FY81 t o  FY87. To determine program 
costs, a p r o j e c t  success r a t e  and p ro jec t  mix over 
the l i f e  o f  the  program was estimated. Figure 2 
shows a decreasing success r a t e  f o r  UCCDP p ro jec ts  
from 60 percent i n  ea r l y  ph;ses o f  the program t o  
25 percent i n  l a t e r  phases. 
decreases w i t h  t ime because pro jec ts  funded e a r l y  
w i l l  most l i k e l y  be those where good resource data 
e x i s t  , where there  are favorable surface geothermal 
manifestat ions , o r  where there are other factors 
which increase odds o f  success. Later p ro jec ts  may 
be more "w i ldca t "  i n  nature, and the  success r a t e  
could be even lower than 25 percent. However, i t  
i s  expected t h a t  the  development o f  exp lo ra t ion  
technology and experience as the program progresses 

The success r a t e  

Year FY80 FY81 FY82 FY83 FY84 FY85 FY86 FY87 

Number o f  UCCDP 
Projects I n i t i a t e d  1 20 140 160 160 140 90 60 
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Figure 1. Postulated In f ras t ruc tu re  Development 

**see footnote a t  end o f  paper. 
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w i l l  increase the  success ra te .  An average success 
r a t e  o f  40-45% i s  projected over the  l i f e  o f  t he  
e n t i r e  program. 

I .  . . I 1 
81 82 83 84 85 86 87 

FISCAL YEAR 

Figure 2. Postulated Success Rate 

The mix of p ro jec ts  w i t h i n  the program was 
a lso  projected. 
d i ve rs i t y .  Some pro jec ts  w i l l  r equ i re  deep d r i l l i n g  
i n  complex geologic environments where exp lo ra t ion  
problems are d i f f i c u l t ,  whereas others . w i l l  cons is t  
of shallow holes i n  simple environments. Four con- 
f i rma t ion  p r o j e c t  s izes were estimated as being 
t yp i ca l .  The development costs o f  these r o j e c t s  
var ied by a f a c t o r  o f  5-6 dependent upon tEe com- 
p l e x i t y  o f  the  projects.  

I n  pract ice,  there  w i l l  be g rea t  

Based upon the  program object ives,  the  deveiop- 
ment scenario necessary t o  achieve these object ives,  
the l i k e l y  success rate,  and the  p r o j e c t  mix, i t  i s  
estimated t h a t  the  DOE support necessary t o  develop 
t h i s  program w i l l  be about $250 m i l l i o n  (1980 
do l l a rs )  spread over the  years FY81 t o  FY87. Thus, 
the UCCDP i s  a major new e f fo r t  by DOE t o  absorb 
a po r t i on  o f  the  high front-end r i s k  and cost o f  
rese rvo i r  conf i rmat ion , and s t imu la te  the develop- 
ment o f  hydrothermal d i r e c t  heat u t i l i z a t i o n  i n  the  
United States. 

PROGRAM SUMMARY 

The new program was i n i t i a t e d  by a DOE S o l i c i -  
t a t i o n  f o r  Cooperative Agreement Proposal (SCAP) , 
issued i n  June 1980. Approximately 90 days were 
ava i lab le  the rea f te r  f o r  preparat ion and submissior 
o f  proposals. The submitted proposals detai led,  
1 )  the  geologic evidence t h a t  a resource ex i s t s  a t  
the s i t e  o f  i n te res t ,  2) the  d i r e c t  heat use t o  be 
made o f  geothermal f l u i d s  i f  discovered and confirmed, 
3)  an adequate explorat ion,  d r i l l i n g ,  f low t e s t i n g  
and data analysis program, and 4) an acceptable cost- 
share p lan  based on degree o f  success o f  the  pro jec t .  
Proposals a re  being reviewed and awards w i l l  be 
made i n  accordance w i  t h  appl i cab1 e federal  regula- 
t ions.  Successful proposers w i l l  negot iate a co- 
operat ive agreement w i t h  DOE. The pa r t i c i pan ts  
funds can be used t o  perform the  pro jec t ,  o r  a l t e r -  
na t i ve l y  a loan can be obtained from a commercial 
f i nanc ia l  i n s t i t u t i o n ,  using the  DOE agreement as 

evidence t h a t  p ro jec t  r i s k  has been subs tan t i a l l y  
reduced. The p ro jec t  w i l l  then proceed under 
pa r t i c i pan t  management. A f t e r  f low tes t ing ,  the  
degree o f  success w i l l  be determined through 
anqlysis o f  f l ow  t e s t i n g  r e s u l t s  and by app l ica t ion  
o f  other requirements t h a t  are condi t ions o f  the  
cooperative agreement. The DOE cost-share i s  then 
determined, and DOE pays t h i s  amount t o  the p a r t i -  
c ipant,  completing the agreement. 

ANTICIPATED PROGRAM RESULTS 

It i s  an t ic ipa ted  t h a t  t h i s  program w i l l  r e s u l t  
i n  an increased u t i l i z a t i o n  o f  d i r e c t  heat hydro- 
thermal energy t h a t  w i l l  decrease our dependence 
on foreign petroleum and.aid i n  m i t i g a t i n g  the  
energy c r i s i s .  The extent t o  which t h i s  w i l l  be 
possible w i l l  depend c r i t i c a l l y  on the  amount o f  
funding t h a t  Congress authorizes f o r  t h i s  program. 
It i s  estimated t h a t  f o r  a seven-year federa l  ex- 
penditure o f  $250 m i l l i o n  i n  1980 do l l a rs ,  t h a t  
d i r e c t  heat uses as a r e s u l t  o f  t h l s  program would 
r e s u l t  i n  an annual petroleum savings o f  about 28 
m i l l i o n  bar re ls  per year by the  year 1987. For an 
o i l  p r i c e  o f  $26 bbl ,  t h i s  represents an annual 
savings i n  payments f o r  f o re ign  petroleum o f  over 
$700 m i l  1 i on  per year. 

FOOTNOTES 

*This d i s t r i b u t i o n  assumes a decreasing number o f  
l a rge r  systems because of the  f a l l - o f f  i n  number 
o f  occurrences as temperature and s i z e  increase. 
The number of uses under 10 MWt drops o f f  because 
economics o f  very small u t i l i z a t i o n  systems w i l l  
probably no t  be favorable. 

15 **1 Quad = 10 Btu = 33,400 thermal megawatt-year 
(MWt-yr). 
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