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1.0 INTRODUCTION 

Geothermal energy i s  t h e  n a t u r a l  hea t  of t h e  e a r t h  which can be used 

f o r  t h e  product ion  of e l e c t r i c i t y ,  r e s i d e n t i a l  and commercial space hea t -  

i n g  and coo l ing ,  i n d u s t r i a l  p rocess  h e a t ,  and a g r i c u l t u r a l  p rocess  app l i ca -  

t i o n s .  I n  1980, geothermal energy sources  produced 5,073 m i l l i o n  k i lowa t t -  

hours  of e l e c t r i c i t y  and supp l i ed  0.003 quads* of energy f o r  d i r e c t  h e a t  

use,** sav ing  t h e  equ iva len t  of 25 thousand b a r r e l s  of c rude  o i l  p e r  day. 

The t h r e e  p r i n c i p a l  t ypes  of geothermal r e sources  -- in o r d e r  of 

technology r e a d i n e s s  -- are hydrothermal ,  geopressured ( i n c l u d i n g  d i s -  

so lved  n a t u r a l  gas ) ,  and ho t  dry  rock. 

Hydrothermal r e sources  inc lude  ho t  water and steam t rapped  i n  f r a c -  

t u r e d  or  porous rock  r e l a t i v e l y  n e a r  t h e  s u r f a c e .  E l e c t r i c i t y  i s  c u r r e n t l y  

genera ted  a t  The Geysers steam f i e l d  i n  C a l i f o r n i a ,  and t h e  economic pro- 

duc t ion  of power from ho t  water r e s e r v o i r s  i s  expected i n  t h e  nea r  f u t u r e  

i n  s e v e r a l  w e s t e r n  states.*** Hydrothermal r e sources  are a l s o  c u r r e n t l y  

be ing  used i n  14 western states f o r  d i r e c t  h e a t  a p p l i c a t i o n s ,  and f e a s -  

i b i l i t y  s t u d i e s  are underway i n  several e a s t e r n  states as w e l l .  

Geopressured r e sources  are ho t  water a q u i f e r s  c o n t a i n i n g  d i s so lved  

methane t rapped  under h igh  p r e s s u r e  i n  deep sedimentary format ions .  Com- 

mercial product ion  of energy (p r imar i ly  methane) from t h e s e  l a r g e  r e sources  

15 *One quad of energy e q u a l s  one q u a d r i l l i o n  (10 ) Btu ' s  of energy. 
**Does n o t  i nc lude  enhanced o i l  recovery a p p l i c a t i o n s  o r  e t h a n o l  

***For example, two small p l a n t s  -- each having a c a p a c i t y  of 10 mega- 
p l a n t s .  

w a t t s  (We)  -- r e c e n t l y  began ope ra t ion  ( i n  June 1980) i n  C a l i f o r n i a ' s  
Imper i a l  Val ley us ing  l i q u i d  dominated r e sources .  
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may begin in the late 1980's along the United States Gulf of Mexico coast. 

The economic feasibility of this resource will depend upon the amount of 

methane that a given well can produce; a factor that is highly uncertain 

at the present time. 

Hot dry rock resources are geologic formations at accessible depths 

that have abnormally high heat content but contain little or no water. 

Energy from this resource is extracted by circulating a heat transfer 

fluid, such as water, through deep wells that are connected by manmade 

fractures in the rocks. Hot dry rock is currently seen as a longer term 

possibility; commercial production is not expected to occur until the 

early 1990's. 

Therefore, of the three types of geothermal resources, hydrothermal 

is most ready for further commercialization since much of this resource 

can now be used economically with current technology. Moreover, with 

new technology almost ready to be used commercially, additional hydro- 

thermal resources will become economically recoverable. The technolo- 

gical development of hydrothermal resources will also contribute to the 

industrialization of geopressured and hot dry rock resources, since much 

of the hydrothermal technology can also be utilized with other geother- 

mal resources. 

Through the Federal Geothermal Energy Program, various agencies* 

support the development of geothermal resources as a clean, safe, 

*These include the Departments of Energy, the Interior, Agriculture, 
Treasury, Commerce, Defense, Housing and Urban Developuient, and the 
Environmental Protection Agency. 
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economical alternative source of energy to coal, o i l ,  natural gas and 

nuclear energy. The overall objective of the program is to enable private 

industry to undertake commercial development of geothermal resources by 

providing an appropriate level of federal assistance and, at the same time, 

removing disincentives to exploration and development. 

'In this report, the impact of the Department of Energy's "Current 

Federal Program'' on the commercialization of hydrothermal resources be- 

tween 1980 and 2000 is analyzed. 

are not included in this analysis since their commercialization will 

largely occur after 2000. 

sites is dependent upon both the cost-competitiveness of those sites (in 

relation to alternative energy sources) and market demand (relative to the 

existing capacity of area utilities and other energy supplying facilities). 

some hydrothermal sites will be developed regardless of whether any federal 

program exists to promote hydrothermal resource development. Therefore, 

the impact of DOE's "Current Federal Program" on hydrothermal resource dc- 

velopment is analyzed in relationship to the hydrothermal resource develop- 

ment likely to occur in the absence of continued DOE involvement (that i s ,  

assuming a "No Federal Program"). 

resource development under the "Current Federal Program" versus the "No 

Federal Program" serves as the basis for evaluating the benefits and costs 

of DOE's "Current Federal Program." 

Geopressured and hot dry rock resources 

Because the development of hydrothermal resource 

The expected change in hydrothermal 

The analysis begins with a brief description of the hydrothermal 

resources in the United States and the types of DOE activities used to 

stimulate the development of these resources for bcth electric power and 

direct heat use applications (Chapter 2.0). The "No Federal Program" and 
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the "Current Federal Program" are then described in terms of funding levels 

and the resultant market penetration estimates through 2000 (Chapter 3 . 0 ) .  

These market penetration estimates are also compared to other geothermal 

utilization forecasts. The direct benefits of the "Current Federal Pro- 

gram" are next presented for electric power and direct heat use applica- 

tions (Chapter 4 . 0 ) .  

the additional hydrothermal resource development resulting from the "Current 

Federal Program" is also provided (Chapter 5 . 0 ) .  Included are environnental 

effects, national security/balance-of-payments improvements, socioeconomic 

impacts and materials requirements. A summary of the analysis integrating 

the direct benefits, external impacts and DOE program costs concludes the 

report (Chapter 6.0). 

An analysis of the external impacts associatzd with 

1.4 



2.0 OVERVIEW OF HYDROTHEDIAL RESOURCES 
AND THE DOE H Y D R O T H E W  PROGRAM 

2.1 Hydrothermal Resources i n  t h e  United States* 

The United States  Geologica l  Survey (USGS) i s  r e s p o n s i b l e  f o r  a s s e s s -  

i n g  t h e  e x t e n t  of hydrothermal r e sources  w i t h i n  t h e  United States.  

most r e c e n t  USGS assessment w a s  completed -- w i t h  DOE suppor t  -- i n  J u l y  

The 

1978 and publ i shed  i n  1979.** 

The e l e c t r i c a l  gene ra t ing  c a p a c t i y  a s s o c i a t e d  wi th  52 i d e n t i f i e d  h igh  

temperature  (>150°C) systems i s  es t ima ted  t o  be  23,000 2 3400 megawatts 

f o r  30 yea r s .  Th i s  r e p r e s e n t s  about  25 t i m e s  t h e  c u r r e n t  (1980) i n s t a l l e d  

e l e c t r i c  u t i l i t y  gene ra t ing  c a p a c i t y  us ing  hydrothermal  r e sources .  

h a l f  of t h e s e  52 i d e n t i f i e d  h igh  temperature  r e source  sites are l o c a t e d  

About 

i n  C a l i f o r n i a  and almost a l l  t h e  o t h e r s  are l o c a t e d  i n  s i x  o t h e r  wes tern  

states: H a w a i i ;  Idaho; Nevada; New Mexico; Oregon; and Utah. I n  p a r t i c u -  

lar ,  s i x  of t h e  known locations*** appear  a b l e  t o  suppor t  more than  1,000 

megawatts each f o r  30 y e a r s  and t o g e t h e r  r e p r e s e n t  13,000 megawatts f o r  

30 y e a r s  (or  57 pe rcen t  of t h e  t o t a l  e s t ima ted  e l e c t r i c  energy p o t e n t i a l ) .  

Inc lud ing  t h e  undiscovered h igh  tempera ture  r e sources ,  i t  is  es t ima ted  t h a t  

hydrothermal r e sources  could c o n t r i b u t e  95,000-150,000 megawatts of gener- 

a t i n g  c a p a c i t y  for 30 yea r s .  

*This d i s c u s s i o n  exc ludes  an e s t ima ted  1,290 quads of hydrothermal 
energy i n  t h e  Na t iona l  Parks  (mainly i n  Yellowstone) where energy develop- 
ment is p r o h i b i t e d .  

United S t a t e s  - 1978, Geologica l  Survey C i r c u l a r  790, 1979. 

Sa l ton  Sea, C a l i f o r n i a ;  S u r p r i s e  Val ley,  C a l i f o r n i a ;  Westmoreland; C a l i -  
f o r n i a ;  and Valles Caldera ,  New Mexico. 

**Muffler, L . J . P .  ( e d i t o r ) ,  Assessment of Geothermal Resources of t h e  

***These inc lude :  The Geysers, C a l i f o r n i a ;  Long Val ley,  C a l i f o r n i a ;  
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For direct heat use applications, the beneficial heat producible 

from identified intermediate temperature (90" - 150°C) systems is estimated 

to be approximately 42 2 13 quads (or over 3000 times the amount of bene- 

ficial heat utilized in ali direct heat applications in 1980). These 

identified resources are located at over 200 sites in 12 western states. 

Total beneficial heat (identified and undiscovered) from intermediate 

temperature systems is estimated to be approximately 230 - 350 quads. 

In addition to intermediate and high temperature hydrothermal re- 

sources, the discovery and development of low temperature ( < 90°C) 

geothermal waters from depths of less than one kilometer is favorable in 

areas of the U . S .  covering 37 states. The deve1.opment of an accurate 

estimate of the thermal energy associated with these resources is now 

being undertaken .* 

2 . 2  The DOE Hydrothermal Program 

Hydrothermal resources within the U.S. are vast relative to the ex- 

tent that they are currently utilized. The commercialization of hydro- 

thermal (and other geothermal) energy has been hindered by several major 

barriers; for example:** 

0 The initial risk associated with the expensive drilling 
needed to confirm geothermal reservoirs of all types 
deters many potential users from starting projects; 

0 The vast majority of higher temperature hydrothermal 
reservoirs suitable for electric power production 
are only marginally economic with present technology; 

*Muffler, L.J.P. (editor), Assessment of Geothermal Resources of t h e  
United States - 1978, op. cit., p. 2 .  

Report, Final Draft, July 1981, pp. 25-26. 
**Interagency Geothermal Coordinating Council (IGCC), Fifth Annual 
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The o v e r a l l  ra te  of l e a s i n g  of f e d e r a l  l ands  appears  
t o  be too  slow t o  s u s t a i n  r a p i d  development of hydro- 
thermal  r e sources  i n  t h e  1990 - 2000 t i m e  pe r iod ;  

The p resen t  s ta te  l a w s  need f u r t h e r  deve1opn:ent t o  
promote a clear l e g a l  c l ima te  f o r  i n d u s t r i a l  geo- 
thermal  ac t iv i t i e s ;  

There is a l a c k  of an  i n d u s t r i a l  i n f r a s t r u c t u r e  t o  
suppor t  d i r e c t  h e a t  a p p l i c a t i o n s ;  

There exis ts  a gene ra l  l a c k  of knowledge about geo- 
thermal  energy on t h e  p a r t  of p o t e n t i a l  u s e r s  and 
developers ;  and 

The technology and economics have n o t  been proven 
f o r  geopressured and hot  d ry  rock  r e sources .  

To assist  i n  r e s o l v i n g  t h e s e  problems, t h e  Fede ra l  Geothermal Energy 

Program -- au thor i zed  by several f e d e r a l  s t a t u t e s , "  involv ing  many f e d e r a l  

agencies,** w i t h  DOE des igna ted  as t h e  l e a d  agency -- suppor t s  t h e  indus- 

t r i a l  development of geothermal r e sources  based on t h e  o v e r a l l  premise 

that  U.S. i n d u s t r y  w i l l  r a p i d l y  develop a l l  types  of geothermal r e sources  

i f  t h e  government provides  i n i t i a l  a s s i s t a n c e  t o  r e s o l v e  t e c h n i c a l  problems, 

economic u n c e r t a i n t i e s  and i n s t i t u t i o n a l  barriers t h a t  are unique t o  geo- 

thermal  energy systems and t h e  U.S. geothermal indus t ry .  T h e  p r i n c i p a l  

components of the f e d e r a l  government's s t r a t e g y  t o  promote t h e  use of hydro- 

thermal  (and o t h e r  geothermal) r e sources  have inc luded  t h e  following:*** 

*These inc lude  : The Geothermal Research, Development and Demonstra- 
t i o n  A c t  of 1974 (P.L. 93-410); The Energy Reorganiza t ion  A c t  of 1974 
(P.L. 93-438); The Federa l  Non-Nuclear Energy Research, Development and 
Demonstration A c t  of 1974 (P.L. 93-577); The Department of Energy Organi- 
z a t i o n  A c t  (P.L. 95-91); The Department of Energy A c t  of 1978-Ti t le  V 
(P.L. 95-238); and The Energy Secur i ty  A c t - T i t l e  V I ,  The Geothermal 
Energy A c t  of 1979 (P.L. 96-294). 

**See Chapter 1.0. 
***IGCC, F i f t h  Annual Report ,  op. c i t . ,  pp. 26-27. 
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0 Acce le ra t e  t he  i d e n t i f i c a t i o n  and quant  i f  i c n t  ion 
of t h e  va r ious  types  of geothermal r e sources  
(approximately 80 percent  of t h e  es t imated  l J .S .  
geothermal resource  is s t i l l  undiscovered);  

e Continue an aggres s ive  r e s e a r c h  and development 
e f f o r t  t o  improve technology which i s  l i k e l y  
t o  reduce geothermal energy c o s t s ,  expand t h e  
economically competit j .ve r e source  bzse  and l ead  
t o  more r ap id  commercial izat ion;  

e Propose ways t o  which f e d e r a l  l e a s i n g  and permit-  
t i n g  processes  can be s i m p l i f i e d  t o  speed t h e  
implementation of new development p r o j e c t s  ; 

0 Support states i n  s i t e - s p e c i f i c  p lanning  and 
ou t r each  a c t i v i t i e s ;  and 

e E s t a b l i s h  a p p r o p r i a t e  emi ronmen ta l  r e g u l a t i o n s ,  
cont fnue  monitor ing of environmental  e f f e c t s  
a t  each resource  area, and develop c o n t r o l  tech- 
nology and procedures  f o r  m i t i g a t i n g  p o t e n t i a l  
problems. 

S p e c i f i c a l l y  r e l a t e d  t o  hydrothermal resources ,  t h e  f e d e r a l  government's 

s t r a t e g y  has  a l s o  included t h e  fo l lowing  components:* 

e Encourage widespread acceptance of t h e  hydro- 
thermal  energy r e source  by developing a program 
t o  inc rease  technology t r a n s f e r ;  

e Improve estimates of the nature and size of 
i d e n t i f i e d  hydrothermal r e sources  thrcugh 
improvement of geothermometers and geo- 
p h y s i c a l  techniques.  Refine estimates of 
undiscovered r e sources  through c h a r a c t e r i z a -  
t i o n  s t u d i e s ;  

0 Provide  t e c h n i c a l  a s s i s t a n c e  t o  suppor t  use  
of convent iona l  technologies  f o r  e l e c t r i c  
or  d i r e c t  h e a t  a p p l i c a t i o n s ;  and 

0 Support r e sea rch  t o  develop adequate  environ-  
mental c o n t r o l s .  

*IGCC, F i f t h  Annual Report ,  op .  c i t . , p p .  27-28. 
_I 
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Implementation of t h e s e  s t r a t e g i e s  wi th in  DOE pr imar i ly  rests wi th  

t h e  Div is ion  of Geothermal and Hydropower Technologies (DGHT) w i th in  t h e  

Of f i ce  of t h e  A s s i s t a n t  Sec re t a ry  f o r  ColiservatioR and Renewable Energy 

(CRE).* While t h e  b a s i c  program s t r u c t u r e  of DOE/CRE's a c t i v i t i e s  has  not  

changed over t h e  l a s t  several yea r s ,  t h e  focus  of t h e  c u r r e n t  program -- 

as now conceived -- has  s h i f t e d  from emphasizing both comnerc i a l i za t ion  

and r e sea rch  and development (R and D) a c t i v i t i e s ,  t o  emphasizing R and 

D a c t i v i t i e s  t h a t  have h igh  r i s k  bu t  p o t e n t i a l l y  h igh  payoff .  S p e c i f i c a l l y ,  

R and D a c t i v i t i e s  are be ing  concent ra ted  on improving hydrothermal r e source  

technology i n  o rde r  t o  reduce t h e  c o s t s  of hydrothermal commercial izat ion 

( i n  t h e  near  term) and s t i m u l a t e  the development of hot  d ry  rock  and geo- 

pressured  r e sources  ( i n  t h e  longer  term).  

f l e c t s  a po l i cy  dec i s ion  of cont inuing  t o  work wi th  i n d u s t r y  t o  i d e n t i f y  

t e c h n i c a l  problems t h a t  s i g n i f i c a n t l y  a f f e c t  t h e  t e c h n i c a l  and economic 

f e a s i b i l i t y  of hydrothermal a p p l i c a t i o n s ,  t o  a s s e s s  t h e  need f o r  f e d e r a l  

involvement i n  seeking  s o l u t i o n s ,  t o  perform the high  r i s k / h i g h  payoff 

r e sea rch  and development needed, and t o  r e l y  m o r e  heav i ly  on t h e  p r i v a t e  

s e c t o r  f o r  t h e  s h o r t e r  t e r m  i n d u s t r i a l i z a t i o n  act ivi t ies ,  such as t h e  con- 

s t r u c t i o n  and ope ra t ion  of p i l o t  demonstrat ion p l a n t s .  

This  s h i f t  i n  program focus  r e -  

The s p e c i f i c  program elements t h a t  have supported DOE/CRE's hydro- 

thermal development act ivi t ies  over t h e  last  s e v e r a l  y e a r s  inc lude :  

*The major except ion  is some basic r e sea rch  conducted by DOE'S O f f i c e  
of Energy Research. 
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hydrothermal i n d u s t r i a l i z a t i o n ;  t h e  Geothermal Resource Development Fund; 

hydrothermal technology development; p lanning  and a n a l y s i s  and technology 

t r a n s f e r ;  and program d i r ec t ion .*  

Hydrothermal i n d u s t r i a l i z a t i o n  a c t i v i t i e s  are designed to encourage 

p r i v a t e  i n d u s t r y  t o  use hydrothermal r e sources  f o r  e l e c t r i c  power pro- 

duc t ion  and d i r e c t  h e a t  use a p p l i c a t i o n s  a t  t h e  ear l ies t  p o s s i b l e  d a t e .  

The a c t i v i t i e s  have included t h e  fo l lowing:  ** 
0 Resource d e f i n i t i o n  i n  coopera t ion  w i t h  t h e  U.S. 

Geological  Survey, s ta te  agencies ,  and i n d u s t r y ;  

Non-electr ic  t e c h n i c a l  and economic f e a s i b i l i t y  
s t u d i e s  ( 4 2  i n  a l l )  and demonstrat ion p r o j e c t s  
(24 i n  a l l )  t o  determine t h e  eng inee r ing  and 
economic a s p e c t s  of u s ing  hydrothermal r e sources  
f o r  d i r e c t  h e a t .  The p a r t i c i p a n t s  have been 
s e l e c t e d  through compet i t ive  s o l i c i t a t i o n ;  and 

e Geothermal f a c i l i t i e s  designed,  cons t ruc t ed ,  
and opera ted  t o  p e r f e c t  new geo the rna l  equip- 
ment and p rocess  techniques ,  p a r t i c u l a r l y  f o r  
e lectr ic  power product ion.  These f a c i l i t i e s  
i nc lude  two 50 MWe dqmonstration power p l a n t s  -- 
one f l a s k  steam and one b ina ry  -- t o  produce 
electric power from high  temperature  hydro- 
thermal  r e s e r v o i r s ,  and a f i v e  MWe b ina ry  
p i l o t  power p l a n t  u s ing  a moderate tempera- 
t u r e  hydrothermal r e s e r v o i r .  

DOE/CRE suppor t  f o r  r e source  d e f i n i t i o n  ended a f t e r  FY 1981 w i t h  r e spons i -  

b i l i t y  s h i f t e d  t o  t h e  p r i v a t e  s e c t o r  (as w e l l  as remaining w i t h  t h e  USGS 

through i t s  Geothermal Research Program). Likewise,  suppor t  f o r  new non- 

electric f e a s i b i l i t y  s t u d i e s  and demonstrat ion p r o j e c t s  w a s  a l s o  te rmina ted  

*Hot dry  rock  technology development and geopressured r e sources  are 
t h e  remaining two program elements  of DOE/CRE's geothermal program. 

"Geothermal Energy: 
1981. 

**DOE, A s s i s t a n t  Sec re t a ry  f o r  Conservat ion and Renewable Energy, 
Program Summary Document - FY 1982," D r a f t ,  A p r i l  
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a f t e r  FY 1981. Add i t iona l  DOE/CRE suppor t  f o r  geothermal power p l a n t  

demonstrat ions is scheduled t o  end a f t e r  FY 1982. 

The Geothermal Resource Development Fund w a s  e s t a b l i s h e d  i n  1974 

t o  suppor t  t h e  Geothermal Loan Guaranty Program (GLGP), which w a s  designed 

t o  assist the  p r i v a t e  s e c t o r  i n  f a c i l i t a t i n g  t h e  commercial development 

and use  of geothermal energy by minimizing t h e  f i n a n c i a l  r isks  a s s o c i a t e d  

w i t h  new technology and r e s e r v o i r  u n c e r t a i n t i e s .  By provid ing  loan  guaran- 

tees f o r  t h e  c o n s t r u c t i o n  and ope ra t ion  of geothermal f a c i l i t i e s ,  R and D 

p r o j e c t s ,  and f i e l d  e x p l o r a t i o n ,  t h e  GLGP helped borrowers secu re  necessary  

loans  by reducing  a l e n d e r ' s  f i n a n c i a l  r i s k .  The GLGP p r e s e n t l y  has guar- 

an teed  p a r t s  of s ix  loans  ( inc lud ing  one r e f inanc ing )  t o t a l l i n g  $136 m i l l i o n  

f o r  p r o j e c t s  t o t a l l i n g  $203 m i l l i o n  i r r  c o s t .  

l i k e l y  be  i s sued  however, s i n c e  t h e  GLGP i s  scheduled t o  be  phased Gut 

wi th  r e s p o n s i b i l i t y  s h i f t e d  t o  t h e  p r i v a t e  s e c t o r  i n  accordance w i t h  t h e  

f e d e r a l  government's p o l i c y  t o  r e l y  more heav i ly  on t h e  marketplace f o r  t h e  

s h o r t  t e r m  i n d u s t r i a l i z a t i o n  a c t i v i t i e s .  Adminis t ra t ion  of t h e  outs tand-  

ing loans w i l l  cont inue  u n t i l  t h e  five projects  are s u c c e s s f u l l y  completed.  

N o  a d d i t i o n a l  gua ran tees  w i l l  

DOE/CRE's hydrothermal technology development a c t i v i t i e s  are R and D 

o r i e n t e d  and designed t o  develop new t echno log ie s  t o  s o l v e  t h e  c u r r e n t l y  

e x i s t i n g  problems of ope ra t ing  i n  a hydrothermal environment. 

focused on: 

s igned  f o r  hydrothermal cond i t ions ;  reducing  technology c o s t s ;  and encour- 

ag ing  t h e  es tab l i shment  of industry-wide s t a n d a r d s  f o r  hydrothermal ma- 

terials and equipment. 

E f f o r t s  are 

developing techniques ,  materials and equipment s p e c i f i c a l l y  de- 

These ac t iv i t i e s  are a l s o  designed t o  e v e n t u a l l y  
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b e n e f i t  technology development f o r  ho t  dry  rock  and geopressured r e sources ,  

s t i l l  i n  t h e  pre l iminary  s t a g e s  of development. Over t h e  las t  s e v e r a l  

y e a r s ,  s e v e r a l  t a s k s  have been pursued t o  f u l f i l l  t h e s e  requi rements ,  irl- 

c l ud ing  : * 

e D r i l l i n g  and completion -- technology -- designed t o  
develop convent icna l  r o t a r y  d r i l l i n g  equipment 
such as d r i l l  b i t s  and downhole motors,  and com- 
p l e t i o n  equipment f o r  use i n  geothermal environ-  
ments, as  a means f o r  reducing t h e  c o s t s  of geo- 
thermal  f i e l d  development. 

0 Energy conversion technology -- designed t o  reduce 
geothermal e l ec t r i c  gene ra t ing  c o s t s  by i n c r e a s i n g  
w e l l  p r o d u c t i v i t y  (pumping), i n c r e a s i n g  p l a n t  e f f i -  
c iency  a t  moderate temperatures ,  and improving over- 
a l l  system r e l i a b i l i t y .  Emphasis i s  p laced  on tech-  
nology f o r  moderate temperature  geothermal r e s e r v o i r s ,  
which c o n s t i t u t e  a much l a r g e r  r e source  base  than  
do h igh  temperature  resources .  
h e a t  exchangers,  and b ina ry  conversion systems f o r  
e l e c t r i c i t y  product ion  are be ing  deveioped under t h i s  
task. 

Downhole pumps, 

e Reservoi r  s t i m u l a t i o n  -- designed t o  inc rease  w e l l  
f low rates ,  through s t i m u l a t i o n  of t h e  geothermal 
r e s e r v o i r ,  i n  o rde r  t o  improve t h e  economics of 
geothermal systems. To develop new r e s e r v o i r  st imu- 
l a t i o n  technology, f i e l d  experiments  are conducted 
f irs t  a t  l o w e r  temperature  r e s e r v o i r s  a s  a p p r o p r i a t e  
technology i s  developed. 
ment inc lude  chemical t rea tment  and hydrau l i c  and 
exp los ive  f r a c t u r i n g .  

Techniques under develop- 

0 Geochemical eng inee r ing  and materials -- designed t o  
improve t h e  containment and handl ing  of geothermal 
f l u i d s  (i.e.,  f l u i d  handl ing  technology develop- 
ment). 
f o r  i n j e c t i o n  w e l l s  are be ing  developed t o  c o n t r o l  
wastes and t o  opt imize  t h e  use of geothermal waste 
by-products. 

F lu id  d i s p o s a l  and maintenance procedures  

DGHT's program seeks  t o  advance 

*DOE, Assistant Sec re t a ry  f o r  Conservat ion and Renewable Energy, 
"Geothermal Energy: Program Summary Document - FY 1982," o p .  c i t . ,  
Sec t ion  6 . 4 .  
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economic cons t ruc t ion  materials and t o  develop 
e las tomers ,  metals, and non-metal l ic  materials 
f o r  use i n  geothermal environments.  Ma te r i a l s  
under development inc lude  polymer conc re t e  f o r  
p ipes  and p res su re  v e s s e l s ,  and co r ros ion  re- 
s i s t a n t  steels f o r  w e l l  c a s ing ,  d r i l l  p ipes ,  
and energy conversion equipment. 
f i v e  y e a r s ,  t h e  geochemical eng inee r ing  and m a t e r i a l s  
e f f o r t  w i l l  complete l abora to ry  development of n e w  
co r ros ion  and temperature  r e s i s t a n t  materials and 
w i l l  apply t h i s  knowledge t o  c o n s t r u c t i o n  and f i e l d  
t e s t i n g  of equipment f o r  new components and systems. 

Over t h e  next  

0 Geoscience (o r  r e s e r v o i r  eva lua t ion )  technology -- de- 
s igned  t c  improve t h e  technology and assessment O J  

r e s e r v o i r s .  Such technology development i s  e s s e n t i a l  
t o  main ta in  t h e  c u r r e n t  rate of d iscovery  and develop- 
ment. Four components of t h i s  t a s k  inc lude :  explora-  
t i o n  technology; r e s e r v o i r  eng inee r ing ;  logging i n s t r u -  
mentat ion;  and log i n t e r p r e t a t i o n .  

0 Environmental c o n t r o l  technology -- designed t o  i m -  
prove t h e  s ta te -of - the-ar t  of geothermal environ- 
mental  c o n t r o l  technology t o  comply w i t h  f e d e r a l  , 
state ,  and l o c a l  environmental  r e g u l a t i o n s .  DOE 
and t h e  U. S. Environmental P r o t e c t i o n  Agency (EPA) 
are pursuing a r e s e a r c h  program t o  c o n t r o l  hydrogen 
s u l f i d e  and o t h e r  a i r  emiss ions ,  i n j e c t i o n  of geo- 
thermal  f l u i d s  a s  they  may a f f e c t  underground sources  
of d r ink ing  water, s o l i d  waste r e s u l t i n g  from geo- 
thermal  ope ra t ions ,  induced subsidence,  and induced 
s e i s m i c i t y  . 

The planning  and a n a l y s i s  act ivi t ies  undertaken by DOE/CRE have helped 

suppor t  and coord ina te  t h e  o t h e r  hydrothermal program ac t iv i t i e s  descr ibed  

above (as w e l l  as t h e  ho t  d r y  rock  and geopressured program a c t i v i t i e s ) .  

More s p e c i f i c a l l y ,  t h e s e  act ivi t ies  have been designed t o  o b t a i n  informa- 

t i o n  necessary  t o  formulate  geothermal development p l ans ,  main ta in  a na- 

t i o n a l  geothermal p rogres s  moni tor ing  system, assess the market penetra-  

t i o n  p o t e n t i a l  f o r  hydrothermal r e sources ,  and i d e n t i f y  d i r e c t  h e a t  markets  
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suitable for early market penetration. Other activities encompass inter- 

agency coordination through the Interagency Geothermal Coordinating Counci.1 

(IGCC), policy development, and streamlining the federal regulatory process. 

Also included are studies that identify critical high/risk payoff R and !J 

needs, assess the probability that the private sector will conduct the re- 

quired R and D, and quantify the costs and benefits for federal support of 

the needed R and D. 

The transfer of technological information and innovation provides a 

means to disseminate the results from research and development efforts to 

the geothermal community. 

DOE/CKE by the publication of articles in scientific journals, the presen- 

tation of papers at scientific meetings, the publication of technical re- 

ports, the dissemination of scientific information developed by the pri- 

vate sector, and the sponsoring of technical symposia to insure the rapid 

dissemination of technical information. Such outside activities increase 

the level of public and private understanding for using geothermal energy 

as an alternative to imported or depletable domestic energy sources, and 

inform potential users of geothermal energy about the costs, benefits, 

reliability and environmental effects of alternative geothermal systems. 

Technology transfer has been facilitated b~ 

Outreach activities t o  disseminate information about geothermal energy 

technologies have also included DOE/CRE support of technical assistance 

centers and state commercialization teams. Six technical assistance centers 

are now operating to provide free consultation on a limited scale to poten- 

tial industry, community and utility end-users in areas such as: definition, 
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c h a r a c t e r i z a t i o n ,  and assessment of geothermal r e s e r v o i r s ;  t e c h n i c a l  o r  

economic f e a s i b i l i t y  of a proposed p r o j e c t ;  and review of a proposed 

system design.* DOE has a l s o  supported s ta te  commercial izat ion teams i n  

16 states t o  provide -- a t  no c o s t  -- a v a r i e t y  of a c t i v i t i e s  f o r  p o t e n t i a l  

developers  and u s e r s  of  hydrothermal r e sources .  Typ ica l ly ,  each commer- 

c i a l i z a t i o n  t e a m  would f i r s t  p repare  a r e p o r t  ( o r  s e r i e s  of r e p o r t s )  de- 

t a i l i n g  the  l o c a t i o n  and p o t e n t i a l  of t h e  geothermal r e sources ,  t h e  types  

of energy demand they might meet, and t h e  l a w s ,  r e g u l a t i o n s ,  and procedures  

f o r  developing geothermal resources .  These teams would a l s o :  respond t o  

i n q u i r i e s  about geothermal development; provide l imi t ed  geologic  and 

engineer ing  a s s i s t a n c e  necessary  t o  perform pre l iminary  p r o j e c t  ana lyses  

for would-be geothermal developers  and u s e r s ;  refer u s e r s  t o  sources  Of  

f i n a n c i a l  a s s i s t a n c e ;  and, i n  gene ra l ,  provide o t h e r  in format ion ,  consu l t  Lng, 

and r e f e r r a l  services t o  assist geothermal deve lopers  w i th  any l e g a l  o r  

i n s t i t u t i o n a l  problem t h a t  conf ron t s  them. The commercial izat ion teams 

have a l s o  served as a communication l i n k  between DOE program o f f i c i a l s  

( in  Washington and the  f i e l d  o f f i c e s )  and t h e  community of deve lopers ,  

u s e r s ,  f i n a n c i e r s ,  t e c h n i c a l  s p e c i a l i s t s ,  and regula tors .**  

Program d i r e c t i o n  i s  t h e  las t  major component of DOE/CRE's hydro- 

thermal  development a c t i v i t i e s  (and a l s o  suppor ts  DOE/CRE's ho t  dry rock 

*Consis tent  w i th  DOE'S s h i f t  i n  emphasis t o  h igh  r i s k / h i g h  payoff 
R and D endeavors,  a l l  s i x  t e c h n i c a l  a s s i s t a n c e  c e n t e r s  are scheduled t o  
c l o s e  by t h e  end of 1981, l eav ing  such a c t i v i t i e s  t o  t h e  p r i v a t e  s e c t o r .  

t o  end a t  t h e  end of 1981, f o r  similar reasons  as s t a t e d  above. 
**Federal support  f o r  these s ta te  commercial izat ion teams is scheduled 
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and geopressured program ac t iv i t i e s ) .  As i n d i c a t e d  ear l ie r ,  DOE has  been 

des igna ted  by Congress as t h e  lead  agency f o r  f e d e r a l  geothermal energy 

programs and, as such,  n o t  on ly  coord ina te s  and monitors  t h e  s e v e r a l  

hundred a c t i v e  DOE/CRE's  c o n t r a c t s  involv ing  p r o j e c t s  throughout t h e  U.S. 

and abroad,  b u t  a l s o  coord ina te s  -- through t h e  I G C C  -- t h e  a c t i v i t i e s  

of t h e  o t h e r  f e d e r a l  agenc ie s  t h a t  c o n t r i b u t e  t o  t h e  Fede ra l  Geothermal 

Energy Program. DOE c o n c e n t r a t e s  a l l  p o l i c y ,  p lanning ,  o v e r a i l  budget 

d e f i n i t i o n  and program defense  a c t i v i t i e s  a t  its Washington, D.C. head- 

q u a r t e r s .  DOE f i e l d  o rgan iza t ions  (i.e.,  o p e r a t i o n s  o f f i c e s ,  n a t i o n a l  

l a b o r a t o r i e s ,  and r e g i o n a l  r e p r e s e n t a t i v e s )  are r e s p o n s i b l e  f o r  p r o j e c t  

d e f i n i t i o n ,  day-to-day management i n  t h e  f i e l d ,  and coord ina t ion  w i t h  

s ta te  and l o c a l  a u t h o r i t i e s .  

2.12 



3.1 

3.0 DESCRIPTION OF SCENARIOS 

The purpose of t h i s  r e p o r t  is t o  e v a l u a t e  t h e  p o t e n t i a l  impact t h a t  

D O E ' s  "most l i ke ly ' '  ( i . e . ,  c u r r e n t )  hydrothermal program i n i t i a t i v e s  over 

t h e  1981-1990 t i m e  frame may have on t h e  rate of hydro therna l  power p l a n t  

commercial izat ion and non-e l ec t r i c  d i r e c t  hea t  u t i l i z a t i o n .  This  r e q u i r e s  

t h e  development of a rea l i s t ic  view of hydrothermal energy market pros-  

p e c t s  and technology p o t e n t i a l s  l i k e l y  t o  r e s u l t  from both  DOE'S "Current 

Federal  Program" and a program where DOE suppor t  of hydrothermal energy 

development is  terminated ( i . e . ,  D O E ' s  "No Fede ra l  Program"). 

change i n  hydrothermal r e source  development under t h e  "Current Fede ra l  

Program," as compared t o  t h e  "No Fede ra l  Program," then provides  t h e  b a s i s  

f o r  examining t h e  impacts of D O E ' s  "Current Fede ra l  Program." 

The expected 

Two market p e n e t r a t i o n  e s t ima t ion  models (one f o r  e l e c t r i c  power 

a p p l i c a t i o n s  and one f o r  d i r e c t  h e a t  use  a p p l i c a t i o n s )  w e r e  employed f o r  

e s t i m a t i n g  t h e  hydrothermal energy market p r o s p e c t s  under a l t e r n a t i v e  DOE 

hydrothermal i n i t i a t i v e s . *  Those p o l i c y  and program dependent v a r i a b l e s  

( i n  each of t h e  market p e n e t r a t i o n  e s t i m a t i o n  models) s i g n i f i c a n t l y  inpsc t ed  

*For a d e s c r i p t i o n  of t h e s e  mcdels, see: Engineer ing and Economics 
Research, Inc. ,  e t  a l . ,  Market Shares  Es t imat ion  Task Force Report :  Pro- 
j e c t i o n s  f o r  Hydrothermal Electric Systems Market Shares ,  prepared f o r  
D iv i s ion  of Geothermal Energy, U.S. Department of Energy, November 1980; 
and Engineering and Economics Research, Inc . ,  e t  a l . ,  Market Shares  E s t i m a -  
t i o n  Task Force Report:  P r o j e c t i o n s  f o r  Hydrothermal Direct-Heat Systems 
Market Shares ,  prepared f o r  Div is ion  of Geothermal Energy, U.S. Department 
of Energy, December 1980. 



by government programs were a p p r o p r i a t e l y  q u a n t i f i e d  -- and incorpora ted  

i n t o  each model -- t o  r e f l e c t  t h e  impact of DOE's "NO Federa l  Program'' 

and "Current Fede ra l  Program. "* 

The market pene t r a t ion  estimates, as w e l l  a s  DOE'S "NO Federal. Pro- 

gram" and "Current Federa l  Program" ( inc lud ing  funding l e v e l s )  , are de- 

s c r i b e d  i n  t h i s  chap te r .  

3.1 "NO Federa l  Program" Case 

DOE's  "NO Fede ra l  Program" r e p r e s e n t s  a b a s e l i n e  case which assumes 

t h a t  f u t u r e  hydrothermal development w i l l  be  l e f t  e n t i r e l y  t o  t h e  non- 

f e d e r a l  s e c t o r  a f t e r  a one y e a r  phaseout .  Therefore ,  new budget a u t h o r i t i e s  

are provided f o r  FY 1982 and are zero  f o r  FY 1983-FY 1990 (see Exh ib i t  

3.1).  In  cons t an t  1982 d o l l a r s ,  funding f o r  FY 1981 and FY 1982 i s  es t ima ted  

t o  be  about  $145 m i l l i o n  f o r  hydrothermal energy development. The d iscounted  

o r  p re sen t  va lue  of t h e s e  c o s t s  ( i n  1982) is  approximately $157 m i l l i o n  

( i n  1982 do l l a r s ) .**  

The market p e n e t r a t i o n  levels expected t o  r e s u l t  i f  DOE involvement i n  

hydrothermal development is  te rmina ted  a f t e r  FY 1982 are shown i n  Exh ib i t  3.2.  

For e lectr ic  power a p p l i c a t i o n s ,  gene ra t ing  c a p a c i t y  i s  p r o j e c t e d  -- 

wi th  a h igh  (90 pe rcen t )  degree  of conf idence  -- t o  be  about e i g h t  t i m e s  

*S ign i f i can t  p o l i c y  and program dependent v a r i a b l e s  inc lude  parameters  
a f f e c t i n g  the :  p e r  u n i t  c o s t  of e lectr ic  power o r  d i r e c t  h e a t  use ;  ra te -cf -  
r e t u r n ;  p r o j e c t  s i z e ;  c a p i t a l - a t - r i s k ;  and d iscovery  of new hydrothermal 
resources .  For f u r t h e r  d e t a i l s ,  c o n t a c t :  D r .  Thomas A.V. Cassel, Technecon 
Ana ly t i c  Research, Inc . ,  Ph i l ade lph ia ,  Pennsylvania;  and M r .  John Redman, 
The Fu tu res  Group, Washington, D.C. 

**Assumes a real  d iscount  ra te  of 10 percent  i n  accordance wi th  DOE's 
planning,  programming and budget ing g u i d e l i n e s  f o r  FY 1983-FY 1987. 
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Exhibit 3.1: DOE/CRE Funding Levels for the "No Federal Program" Case 
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. ' A l l  f u n d s  f 3r "T1annIr.g 2nd A n a l y s i s  and Technology Transfer" and "Program Directioii" a r e  i n c l u d e d  h e r e .  

U31, A s s i s t a . i t  S e c r e t a r y  f o r  C o n s e r v a t i o n  2nd Rcaewsblc Energy ,  D i v i s i o n  of G e o t h e r n a l  a2d  Eydro?ower 
Technologies, S q t e n b e r  1981. 

- -  - !?c~:: ?:ot :..ail:Llc. 
S o u r c e :  



Exhib i t  3.2: Market Pene t r a t ion  Estimates f o r  Electr ic  Power 
and Di rec t  Heat Appl ica t ions  from Hydrothermal 
Energy Under t h e  "No Federa l  Program" Case 

' 

Year 

1980 

1985 

1990 

1995 

2000 

(ne t  megawatt c a p a c i t y )  
Like 1 ihood 

> 5% >50% >90% 

922 922 922 

1,699 1,699 1,599 

3,889 3,889 3,399 

6,509 6,309 6,109 

8,319 7,809 7,369 

- 

0.003 0.003 0.003 

0.043 0.019 0.008 

0.105 0.058 0.031 

0.186 0.110 0.061 

0.244 0.140 0.073 

- .  
*A 50 megawatt geothermal power p l a n t  w i t h  a c a p a c i t y  

f a c t o r  of 85% consumes an  amount of energy equ iva len t  t o  
0.008 quads pe r  yea r  (and produces an amount of e l e c t r i c i t y  
equa l  t o  0.0013 quads p e r  yea r ) .  

**Includes c o l l o c a t e d  i n d u s t r y  d i r e c t  h e a t  use ,  r e l o c a t e d  
indus t ry  d i r e c t  hea t  use ,  and d i s t r i c t  h e a t  (does no t  i nc lude  
e thano l  p l a n t s  o r  enhanced o i l  recovery  a p p l i c a t i o n s ) .  
Source: 1980: DOE, A s s i s t a n t  Sec re t a ry  f o r  Conservat ion and 

Renewable Energy, Geothermal Progress  Monitor R e p o r t  -___- 

Number 5, June 1981, DOE/CE-@009/5, pp. 3, 23. 1955- 
2000: Technecon Ana ly t i c  Research, I n c . ,  "Resul t s  
from Market P e n e t r a t i o n  Es t imat ion  Models," prepared 
for Divis ion  of Geothermal and Eydropower Technologies ,  
DOE, J u l y  1981. 
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i t s  c u r r e n t  (1980) l e v e l  by 2000, and has  a good chance (50 percent  

l i k e l i h o o d )  of reaching  a level  8.5 t i m e s  i t s  1980 gene ra t ing  c a p a c i t y ,  

o r  7,800 megawatts. 

t h a t  t h e  gene ra t ing  capac i ty  might reach  8,303 megawatts by 2000 o r  n ine  

t i m e s  i t s  c u r r e n t  l e v e l .  An inc rease  i n  the  hydrothermal gene ra t ing  

c a p a c i t y  of approximately 6,900 megawatts between 1980 and 2000 ( a s  in-  

d i c a t e d  by t h e  50 percent  l i k e l i h o o d  market p e n e t r a t i o n  e s t i m a t e s )  would 

be  capable  of provid ing  about  t h r e e  pe rcen t  of t h e  approximate 1,670 

b i l l i o n  ki lowatt-hour  i n c r e a s e  i n  e l e c t r i c i t y  generat5on nat ionwtde over  

t h i s  20 yea r  pe r iod ,  as  p r o j e c t e d  by both  t h e  Third National. Energy 

P o l i c y  P lan  (midrange e s t ima te )*  and t h e  1980 Annual Report t o  Congress 

(mid o i l  p r i c e  case).** 

schedule  f o r  proposed hydrothermal power plants,*** most of t h e  i n c r e a s e  

i n  gene ra t ing  capac i ty  

t ake  p l a c e  i n  C a l i f o r n i a  (and l a r g e l y  i n  The Geysers a r e a ) .  

Although u n l i k e l y ,  t h e r e  is  a f i v e  pe rcen t  chance 

However, based upon t h e  i n d u s t r y ' s  c o n s t r u c t i o n  

-- a t  least through 1990 -- can be expected t o  

Smaller  

amounts (under 50 megawatts i n  each s ta te  through 1990) can b e  expected 

i n  H a w a i i ,  Idaho, N e w  Mexico, Nevada, and Utah. Therefore ,  because the  

increased  e l e c t r i c i t y  gene ra t ion  provided by hydrothermal power p l a n t s  

w i l l  a c t u a l l y  c o n t r i b u t e  t o  s a t i s f y i n g  inc reased  genera t ion  requirements  i n  

only a small p a r t  of t h e  U .S . , - i t s  c o n t r i b u t i o n  w i l l  be  more s i g n i f i c a n t  

than  ind ica t ed  above. 

*DOE, O f f i c e  of Po l i cy ,  Planning and Analys is ,  Energy P r o j e c t i o n s  
t o  t h e  Year 2000, A Supplement t o  t h e  Nat iona l  Energy Po l i cy  P lan ,  
J u l y  1981, DOE/PE-0029, Chapter 10. 

**DOE, Energy Information Adminis t ra t ion ,  1980 Annual Report tcl Congress,  
Volume Three: ForecasLs, March 1981, DOE/EIA-0173(80)/3, p .  159. 

Geothermal Progress  Monitor Report Umber 5 , June 1981, DOE/CE-0009/5, 
***DOE, A s s i s t a n t  Sec re t a ry  f o r  Conservat ion and Renewable Energy, 

pp. 3-7. 
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Direct h e a t  use a p p l i c a t i o n s  under t h e  "NO Fede ra l  Prograq" a r e  

expected t o  i n c r e a s e  from 0.003 quads i n  1980 t o  between 0.073 quads (with 

a 95 percent  l i k e l i h o o d )  and 0.244 quads (with a f i v e  pe rcen t  l i k e l i h o o d )  

by 2000 ( see  Exhib i t  3 .2) .  Such i n c r e a s e s  -- ranging  from 24 t o  SO times 

c u r r e n t  l e v e l s  -- w i l l  l i k e l y  r e s u l t  i n  a more geographica l ly  d i spe r sed  

use  of t h e s e  r e sources ;  f o r  example, from t h e  p re sen t  14 wes tern  states 

t o  a t  least  22 states,  inc lud ing  s e v e r a l  e a s t e r n  states.* Such i n c r e a s e s  

w i l l  n o t ,  however, c o n t r i b u t e  more than  one t o  t h r e e  pe rcen t  of t h e  expected 

i n c r e a s e  i n  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  energy consumption 

nat ionwide between 1980 and 2000, which i s  p r o j e c t e d  t o  i n c r e a s e  from a l -  

most 42 quads i n  1980 t o  between 50 quads (under t h e  midrange estimate 

of t h e  Na t iona l  Energy P o l i c y  Plan)** and 54 quads (under t h e  mid o i l  p r i c e  

case i n  t h e  1980 Annual Report  t o  Congress)*** by 2000. However, because 

t h e  i n c r e a s e  i n  hydrothermal d i r e c t  h e a t  u s e s  w i l l  a c t u a l l y  c o n t r i b u t e  to 

s a t i s f y i n g  t h e  increased  energy consumption requi rements  i n  less than  h a l f  

of t h e  U.S., i t s  c o n t r i b u t i o n  w i l l  be  more important  than i n d i c a t e d  above. 

3.2 "Current Federa l  Program'' Case 

DOE'S "Current Fede ra l  Program" r e p r e s e n t s  a group of i n i t i a t i v e s  

r e f l e c t i n g  t h e  f e d e r a l  government's c u r r e n t  p o l i c y  of p rov id ing  t h e  r e q u i r e d  

*DOE, A s s i s t a n t  Sec re t a ry  for Conservat ion and Renewable Energy, 

**DOE, O f f i c e  of Po l i cy ,  Planning and Analys is ,  Energy P r o j e c t i o n s  
Geothermal Progress  Monitor Report  Number 5, op. c i t . ,  p. 23. 

t o  t h e  Year 2000, op. c i t . ,  p. 1-7. 

Volume Three: Fo recas t s ,  op. c i t . ,  p. 142.  
***DOE, Energy Information Adminis t ra t ion ,  1980 Annual Report  t o  Congress,  
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longer  term h igh  r i s k / h i g h  payoff r e sea rch  and development t o  expand 

hydrothermal energy development, whi le  s h i f t i n g  t h e  r e s p o n s i b i l i t y  f o r  

s h o r t e r  tern i n d u s t r i a l i z a t i o n  ac t iv i t i e s  t o  t h e  p r i v a t e  s e c t o r .  Overall,  

i t  a l s o  r e p r e s e n t s  a smaller commitment, c o n s i s t e n t  wi th  t h e  c u r r e n t  

f e d e r a l  p o l i c y  of reducing f e d e r a l  expendi tures  and e v e n t u a l l y  ba l anc ing  

t h e  f e d e r a l  budget.  

Hydrothermal technology development would be  the  key component of t h e  

DOE hydrothermal program (see Exh ib i t  3 . 3 )  and would provide  t h e  necessary  

R and D ac t iv i t i e s  too  expensive and r i s k y  f o r  t h e  p r i v a t e  s e c t o r  t o  under- 

t a k e  a lone ;  r e p r e s e n t a t i v e  p r o j e c t s  have a l r e a d y  been descr ibed  i n  Sec t ion  

2.2. Funding f o r  hydrothermal i n d u s t r i a l i z a t i o n  a c t i v i t i e s  would a l s o  con- 

t i n u e ,  b u t  on ly  through N 1982 and only  f o r  those  f a c i l i t i e s  -- no tab ly  

t h e  Heber, C a l i f o r n i a ,  Ra f t  River, Idaho and Baca Ranch, New Mexico pro- 

jects -- t h a t  demonstrate  and p e r f e c t  new hydrothermal equipment and pro- 

cess techniques ,  p a r t i c u l a r l y  f o r  e lectr ic  power a p p l i c a t i o n s .  Support 

f o r  r e source  d e f i n i t i o n  would be s h i f t e d  t o  t h e  p r i v a t e  s e c t o r  (and a l s o  

would remain w i t h  t h e  USGS). The l oan  guaranty program, supported by the 

Geothermal Resource Development Fund, would a l s o  be phased o u t ,  w i t h  funds  

only  provided t o  monitor t h e  e x i s t i n g  loans  u n t i l  t h e  p r o j e c t s  are com- 

p l e t e d .  Other hydrothermal program suppor t  act ivi t ies  -- planning  and 

a n a l y s i s ,  technology t r a n s f e r ,  and t e c h n i c a l  a s s i s t a n c e  ( f o r  example, 

s tate commercial izat ion teams and t e c h n i c a l  a s s i s t a n c e  c e n t e r s )  -- would 

a l s o  be phased o u t  beginning i n  FY 1982. S u f f i c i e n t  funds would, however, 

b e  provided t o  i n s u r e  a n  adequate  level of program d i r e c t i o n .  
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Exhibit 3.3: DOE/CRE Funding Levels f o r  the "Current Federal Program" Case 

2 . f, 31. 

9 . i 7 6  
35.36: 

1 .@LO 

181 
0 

IS' 

2e.375 
5,630 
6 , 7 6 1  
i .6:6 
4,196 
4 , 9 1 5  
2.197 

9.423 

!S,000 

3/. ,692 

1,802 

L8,265 
42.573 
15,G30 
34.63:  

G 
13.05C 

0 

3C3 
I: 

200 

:c ,4 ';9 
2.530 
7.50C 
1,900 

7CC 
2.300 

300 

0 

10,000 

20.326 

1,603 

55,575 
25.733 
13 , 'Y'O 
;0.?35 

J 

0 
c! 
I) 

?Or) 
0 

200 

: 5  ,ooa - 
- 
- - - 
0 

0 

5.000 

9CO 

?l,OOO 
16,009 

0 
5.000 



Overa l l ,  DOE/CRE funding f o r  hydrothermal energy development under 

t h e  "Current Fede ra l  Program" would be about $25 m i l l i o n  i n  N 1982 and 

$16 m i l l i o n  each year  from FY 1983 through FY 1990 ( i n  cons t an t  1982 

d o l l a r s ) .  T o t a l  funding over  t h e  10 y e a r s  FY 1981-FY 1990 would be 

approximately $273 m i l l i o n  ( i n  cons t an t  1982 d o l l a r s ) ,  w i t h  almost 45 

percen t  of t h e  t o t a l  funding budgeted i n  t h e  f i r s t  yea r ,  FY 1981. The 

discounted o r  p re sen t  va lue  of t h i s  f u t u r e  stream of program c o s t s  

( i n  1982) i s  es t imated  t o  be $242 m i l l i o n  ( i n  1982 d o l l a r s ) . "  

The market p e n e t r a t i o n  l e v e l s  expected t o  r e s u l t  i f  c u r r e n t  DOE p o l i -  

cies are pursued are shown i n  Exh ib i t  3.4. Electric gene ra t ing  c a p a c i t y  

by 2000 i s  p r o j e c t e d  t o  range from about  7,700 megawatts (wi th  90 pe rcen t  

l i k e l i h o o d )  t o  about  9,800 megawatts (with f i v e  percent  l i k e l i h o o d ) ;  o r  

8.3 t o  10.7 t i m e s  t h e  c u r r e n t  (1980) c a p a c i t y .  Such i n c r e a s e s  could supply 

between t h r e e  and four  pe rcen t  of t h e  expected i n c r e a s e  i n  e l e c t r i c i t y  gen- 

e r a t i o n  nat ionwide (see Sec t ion  3.1).  S imi l a r  t o  t h e  r e s u l t s  expected 

under t h e  "No Fede ra l  Program" case, a l l  of t h e  increased  development w i l l  

no doubt occur  i n  C a l i f o r n i a  and o t h e r  wes tern  states. But,  i t  can a l s o  be 

expected t h a t  t h e  d i s t r i b u t i o n  of gene ra t ing  c a p a c i t y  among states w i l l  

be g r e a t e r  under t h e  "Current Federal  Program" case than  under t h e  "NO 

Federa l  Program" case. Direct h e a t  u s e  a p p l i c a t i o n s  from 1980 t o  20CO are 

- p r o j e c t e d  t o  increase by a f a c t o r  ranging  somewhere between 28 and 87. Such 

*Assumes a real d i scoun t  ra te  of 10 pe rcen t  i n  accordance w i t h  DOE'S 
planning,  programming and budget ing  g u i d e l i n e s  f o r  FY 1983-FY 1987. 
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Exhib i t  3 . 4 :  Market Pene t r a t ion  Estimates f o r  Electr ic  Power 
and Direct Heat Appl ica t ions  from llydrothermal 
Energy Under t h e  "Currer.t Federa l  Program" Case 

Year 

1960 

1985 

1990 

3 995 

2000 - 

E l e c t r i c  Fower 
Appliczt i o n s *  

( n e t  megauatt capacityj 
Likeiinood 

> 5 %  >5CiI >90% 
922 5 2 2  92 2 

1,754 1,754 1,754 

4 , 0 2 4  4,024 3,554 

6 , 9 2 4  6 ,414 6 , 2 4 4  

9 ,634  9 ,254  7 , 6 8 4  

Direct Fieat 
Appliczc ions** 

tcuzds p e r  yezr) 
Like i i h o o d  

> 5 %  >502 > 95;; - 
6.003 o .oc3  0.003 

0.054 0.028 0.015 

0.040 0.120 0.070 

0.206 0 . 1 2 7  0 . 0 7 4  

0 . 2 6 0  0.153 0 . 0 8 3  

*A 50 megawatt geothermal power p l a n t  w i t h  a capac i ty  
f a c t o r  of 85% consumes an amount of energy equ iva len t  t o  
0.008 quads p e r  yea r (and  produces an  amount of e l e c t r i c i t y  
equa l  t o  0.0013 quads p e r  y e a r ) .  

i ndus t ry  h e a t  use,  and d i s t r i c t  h e a t i n g  (does n o t  i nc lude  
e t h a n o l  o r  enhanced o i l  recovery a p p l i c a t i o n s ) .  
Source: 1980: DOE, A s s i s t a n t  Sec re t a ry  f o r  Conservat ion and 

**Includes c o l l o c a t e d  indus t ry  d i r e c t  h e a t  use,  r e l o c a t e d  

Renewable Enerey, Geothermal P rogres s  Monitor Report  
Number 5, June 1981, DOE/CE-0009/5, pp.  3, 23. 1985- 
2000: Technecon Ana ly t i c  Research, I n c . ,  "Resul ts  
f r o m  Market P e n e t r a t i o n  E s t i m t i o n  Model," prepared 
fo r  Div is ion  of Geothermal and Hydropower Technologies ,  
DOE, July 1981. 
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an inc rease  would provide from one t o  t h r e e  percent  of t h e  expected in-  

crease i n  nat ionwide r e s i d e n t i a l ,  commercial and i n d u s t r i a l  energy con- 

sumption between 1980 and 2000 (see Sec t ion  3 . 1 ) .  

3 . 3  Comparison of Hydrothermal U t i l i z a t i o n  Forecas t s  

Fu r the r  i n s i g h t s  about DOE's "No Fede ra l  Program" and "Current Federal  

Program" are provided he re  by comparing o t h e r  hydrothermal f o r e c a s t s  w i t h  

t h e  market p e n e t r a t i o n  estimates expected t o  r e s u l t  from implementation 

of t h e s e  two programs. While e x p l i c i t  comparison of such f o r e c a s t s  can be 

d i f f i c u l t  s i n c e  d i f f e r i n g  assumptions are o f t e n  used,  t h e  use of a v a r i e t y  

of p r o j e c t i o n s  can provide i n s i g h t s  i n t o  t h e  p o t e n t i a l  e x t e n t  of e lec t r ic  

power and d i r e c t  hea t  use  a p p l i c a t i o n s  us ing  hydrothermal energy. 

Seve ra l  r e c e n t  estimates of hydrothermal e l ec t r i c  power gene ra t ion  

i n  t h e  U.S. are shown i n  Exh ib i t  3 . 5  f o r  t h e  " l i k ~ l y "  o r  midrange scena r ios .  

For t h e  nea r  term (through 1 9 8 5 ) ,  t h e r e  is  a gene ra l  consensus t h a t  some- 

where between 1,600 and 2,100 We could be  i n s t a l l e d ;  t h i s  i s  no t  sur -  

p r i s i n g  s i n c e  commitments have a l r eady  been made f o r  most f a c i l i t i e s  l i k e l y  

t o  be  ope ra t ing  by 1985. 

power gene ra t ion  beyond 1990 is more d i f f i c u l t  due t o  t h e  l a c k  of knowledge 

about economic cond i t ions  and u n c e r t a i n t y  about  t h e  d iscovery  of c u r r e n t l y  

P r o j e c t i n g  t h e  development of hydrothermal e l ec t r i c  

unknown hydrothermal r e sources .  Thus, i t  can  be  

amount of v a r i a t i o n  w i l l  be  found i n  p r o j e c t i o n s  

For example, t h e  c a p a c i t y  f o r e c a s t s  by 2000 

Program" and "Current Fede ra l  Program" are 30 t o  
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expected t h a t  a g r e a t e r  

f o r  2000. 

under DOE's "No Fede ra l  

55 percent  above t h e  
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mid-range estimate found i n  t h e  Third Na t iona l  Energy Po l i cy  P lan  (NEPP), 

bu t  w e l l  below t h e  p r o j e c t i o n  found i n  t h e  1980 Annual Report  t o  Congress. 

The NEPP f o r e c a s t s  are based on a r e c e n t  Nat iona l  Academy of Sc iences  

(NAS)* assessment of t h e  p o t e n t i a l  f o r  geothermal energy and r e f l e c t  a 

combinat ion  of bo th  t h e  l lbusiness-as-usuall t  ca se  and t h e  ' 'moderately 

a c c e l e r a t e d  development" case. The 1980 Annual Report t o  Congress fo re -  

casts  r e f l e c t  middle world o i l  p r i c e s  ($60 p e r  b a r r e l  by 2000 i n  1979 

d o l l a r s )  and midrange assumptions about  economic growth, energy conser-  

v a t i o n ,  and a l t e r n a t i v e  energy suppl ies .** 

The market p e n e t r a t i o n  estimates generated under D O E ' s  "NO Fede ra l  

Program" and "Current Fede ra l  Program" are most s i m i l a r  t o  t h e  f o r e c a s t s  

compiled by t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI), based upon a 

survey of u t i l i t y  i ndus t ry  estimates. 

is  about  f i v e  percent  lower than  DOE'S "NO Fede ra l  Program" f o r e c a s t  f o r  

EPRI's "probable" estimate f o r  2000 

2000, whi le  EPRI's "possible"  estimate f o r  2000 i s  about 15 pe rcen t  h ighe r  

than  D O E ' s  "Current Fede ra l  Program" f o r e c a s t  f o r  2000. 

A l l  of t h e s e  p r o j e c t i o n s ,  however, are below the IGCC's product ion  

p o t e n t i a l  estimate of 25,000 MWe by 2000. The product ion  p o t e n t i a l  es t imates  

generated by t h e  IGCC are used t o  provide  a b a s i s  f o r  framing t h e  Federa l  

Geothermal Energy Program; t h e  IGCC believes t h a t  they  are w e l l  w i t h i n  t h e  

*National  Academy of Sc iences ,  "Geothermal Resources and Technology 
i n  t h e  United S t a t e s , "  1979. 

Volume Three: Fo recas t s ,  op. c i t . ,  pp. 7-8. 
**DOE, Energy Information Adminis t ra t ion ,  1980 Annual Report  ts Congress,  
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p r i v a t e  s e c t o r ' s  c a p a b i l i t y  cons ide r ing  t h e  amount of c a p i t a l ,  materials,  

l abor  and hydrothcrmal r e sources  required.* Reaching t h e  IGCC product ion  

p o t e n t i a l  estimates would r e q u i r e  aggres s ive  e x p l o r a t i o n ,  i d e n t i f i c a t i o n  

of new hydrothermal r e sources ,  technology t o  produce e l ec t r i c  power from 

resources  wi th  temperatures  as low as 15C°C, and a f i n a n c i a l  comnitment 

t h a t  i n s u r e s  t h a t  c u r r e n t l y  known hydrothermal si tes are  f u l l y  developed 

t o  t h e i r  esti.mated product ion c a p a c i t i e s  through t h e  success ive  i n s t a l l a -  

t i o n  of power p l a n t s  a t  each hydrotheraml site.** I n  o t h e r  words, t h e  

comparative economics of hydrothermal e lec t r ic  power v e r s u s  a l t e r n a t i v e  

power sources ,  and t h e  degree of r i s k  accepted by t h e  geothermal i n d u s t r y ,  

w i l l  t oge the r  determine i f  t h e s e  product ion  p o t e n t i a l s  are achieved.  

Resu l t s  produced by t h e  market p e n e t r a t i o n  e s t ima t ion  model have 

shown t h a t  under c e r t a i n  cond i t ions ,  t h e  I G C C ' S  p roduct ion  p o t e n t i a l  

estimates may be poss ib l e .  

capac i ty ,  almost 25,000 MWe are' expected t o  be  on-l ine by 2000 ( see  Ex- 

h i b i t  3.5). Such a s t r a t e g y  inc ludes  act ive DOE support  t o  remove tech-  

n o l o g i c a l  and l e g a l  barr iers  t o  r e source  development. E c o n o m i c  incent ives  

would a l s o  be s t r o n g l y  s t r e s s e d  t o  i n s u r e  t h a t  f i n a n c i a l  c o n s i d e r a t i o n s  

do n o t  d e t e r  new p r i v a t e  investment.  Technica l  a s s i s t a n c e  and i n d u s t r y  

support  would be s t r o n g l y  pursued as w e l l .  

r o l e  a t  a l l  s t a g e s  of r e source  development would be  undertaken ( i n  sha rp  

contrast t o  DOE'S "No Federa l  Program" case).*** 

I f  DOE pursued a s t r a t e g y  of e s t a b l i s h i n g  

I n  sum, an  aggres s ive  f e d e r a l  

*Interagency Geothermal Coordina t ing  Counci l  ( I G C C ) ,  F i f t h  Annual 
Report ,  op. c i t . ,  p.  x i i .  

**Ibid., p. 7. 
* * * m t r a t e g y  Analys is  of Hydrothermal Development," prepared by The 

Fu tu res  Group f o r  t h e  Div is ion  of Geothermal and Hydropower Technologies ,  
DOE, December 10, 1980. 
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A comparison of several hydrothermal direct heat use forecasts (see 

Exhibit 3 . 6 )  is hindered somewhat since the market penetration estimation 

model projections for DOE's "NO Federal Program" and "Current Federal Pro- 

gram" exclude direct heat use applications by ethanol plants and enhanced 

oil recovery operations. If such applications are assumed to be approx- 

imately equal to or greater than other direct heat use applications by 

2000,* estimates projected by 2000 under DOE's "NO Federal Program" and 

"Current Federal Program" would exceed the 2000 NEPP estimate and be similar 

to the 2000 1980 Annual Report to Congress projection. Achievement of the 

IGCC production potential estimates would require a greatly accelerated 

pace of development, continued exploration and assessment of the lower- 

temperature resources, reservoir confirmation, substantial user education 

and technical assistance, and removal of institutional and legal barriers 

to development.** DOE's "establish capacity" case, providing extensive 

federal support to the geothermal industry, would apppear able to meet the 

IGCC production potential estimates. 

In conclusion, DOE's "Current Federal Program" can be expected to 

sufficiently stimulate the use of hydrothermal resources -- for both electric 
power and direct heat use applications -- so that the role of hydrothermal 

*This appears plausible since enhanced oil recovery operations used 
0.01 quads of hydrothermal energy in 1980, and ethanol plants now operating, 
or currently under consideration (under development, proposed or under 
study) and expected to be operational by 1984, are expected to use 0.016 
quads of hydrothermal energy per year. This combined total of 0.026 quads 
by 1984 equals or exceeds direct heat use applications projected under the 
"No Federal Program" and "Current Federal Program'' by 1985. 
ant Secretary for Conservation and Renewable Energy, Geothermal Progress 
Monitor Report Number 5 ,  op. cit., p. 8. 

**Interagency Geothermal Coodinating Council, Fifth Annual Report, op. cit., - 

See DOE, Assist- 

pp. 8-9. 
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Exhibit 3.6: Comparison of Hydrothermal Direct Heat Forecasts 

Forecast Scenario 

1 30E's "so I:L*c:cra1 ?rogran" Case 
50Z 1,ikelih:md 

1 DOE'S "CurresL Federal i'rograrn" Case 
50:: Likel ihood 

i 
:JOE'S "Estsbi ish i;;;pnricy" Case 

5G% :. ike 11 haad 
7 

'%ird k t i o n a l  5nt;rgy Policy' 
Midrange Estimate 

3 
19% ;\nn..iai Report to Congress 

Nid a i l  P r l c c  Case 

Quads Per Year 

1960 1985 1990 1995 2000 
--- 

0.003 0.019 G.058 0.110 O.lh0 

O.CO3 G.325 0.570 0.127 0.153 

O.GO2 9.052 U.LO4 c .  3113 0.407 

0.07 0.20 

1981 { 0.01 0.1 0.2 3.G 1.0 
I 

. . _ _  
!+j Ictrragmcy C,ecchar?al Coordinat ing Couccil ( I X C ) ,  F i f t h  .b?FLi:31 R e p s ,  F i n a l  Oreft, 

.Tuiy i3Ei .  p .  8 .  
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energy sources  i n  meeting t h e  Third Nat iona l  Energy Po l i cy  P l a n ’ s  p r o j e c t e d  

n a t i o n a l  energy needs is  achieved.  The “Current Federa l  Program” w i l l  n o t ,  

however, be i n t e n s i v e  enough t o  achieve  t h e  IGCC’s product ion  p o t e n t i a l  

estimates. A much l a r g e r  f e d e r a l  e f f o r t  would be  r equ i r ed  i n  conjunct ion  

wi th  f avorab le  economic c o n d i t i o n s  and a s u s t a n t i a l  commitment on t h e  p a r t  

of t h e  p r i v a t e  s e c t o r .  
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4.0 ANALYSIS OF DIRECT BENEFITS 

The market p e n e t r a t i o n  estimates presented  i n  Chapter 3.0 sugges t  

t h a t  f e d e r a l  expend i tu re s  a s s o c i a t e d  wi th  DOE'S "Current Fede ra l  Program" 

w i l l  r e s u l t  i n  d i r e c t  b e n e f i t s  t h a t  can be expressed as  t h e  expected hydro- 

thermal  power p l a n t  gene ra t ing  capac i ty  (End e l e c t r i - c i t y  p r o d u c t i m )  and 

d i r e c t  h e a t  u se  a p p l i c a t i o n s  i n  excess  of (or  i n  a d d i t i o n  t o )  what i s  ex- 

petted t o  be r e a l i z e d  wi thout  any cont inued f e d e r a l  involvement. These 

d i r e c t  b e n e f i t s  are d iscussed  i n  d e t a i l .  i n  t h i s  c h a p t e r ;  f i r s t ,  f o r  t h e  

a d d i t i o n a l  e lec t r ic  power a p p l i c a t i o n s ,  followed by t h e  a d d i t i o n a l  d i r e c t  

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

- - 

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

t r i b u t i o n s  ( see  E x h i b i t s  3.2 and 3 . 4 )  are rep resen ted  h e r e  as s i n g l e  

II expected value" estimates f o r  t h e  most l i k e l y  gene ra t ing  c a p a c i t y  (and 

e l e c t r i c i t y  product ion)  and d i r e c t  hea t  energy u s e  r e s u l t i n g  from t h e  

"NO Federa l  Program'' and t h e  "Current Fede ra l  Program. 

t h e  "expected value" estimates f o r  gene ra t ing  c a p a c i t y  and d i r e c t  h e a t  

energy use, i t  was assumed -- f o r  1985, 1990, 1995, and 2000 -- t h a t  a 

s u i t a b l e  lower bound estimate was t h e  comparable f i g u r e  presented  f o r  

I n  c a l c u l a t i n g  

f i v e  y e a r s  earlier.  Furthermore,  i t  w a s  conse rva t ive ly  assumed t h a t  

wi thout  market p e n e t r a t i o n  s tudy  estimates of f u l l y  assured  upper l i m i t s ,  

f i v e  o r  t e n  pe rcen t  l i k e l i h o o d  f i g u r e s  r ep resen ted  s e n s i b l e  upper bounds. 

A number of a d d i t i o n a l  assumptions are also used i n  t h e  a n a l y s i s  

t h a t  fol lows.  Because they  have a d i r e c t  bea r ing  on i n t e r p r e t a t i o n  of t h e  

a n a l y s i s ,  they  are summarized below: 
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The FY 1981-FY 1990 program o u t l a y s  w e r e  assumed 
t o  have an e f fec t  on new gene ra t ing  c a p a c i t y  and 
d i r e c t  hea t  use through 2000 t o  account f o r  t he  
t i m e  between an i n i t i a l  dec i s ion  t o  b u i l d  a hy- 
drothermal  f a c i l i t y  and f u l l - s c a l e  ope ra t ion .  
I t  w a s  a l s o  assumed t h a t  t h e  FY 1981-FS 1990 
program ou t l ays  would have r e l a t i v e l y  l i t t l e  
i n f l u e n c e  on hydrothermal development beyond 
2000. 

- 

I n  c a l c u l a t i n g  e l e c t r i c i t y  product ion from 
gene ra t ing  c a p a c i t y ,  an average 8 5  pe rcen t  
c a p a c i t y  f a c t o r  w a s  used under DOE'S "NO Federa l  
Program" and through 1985 under DOE'S "Current 
Fede ra l  Progran." For a l l  gene ra t ing  c a p a c i t y  
on- l ine  a f t e r  1985 under DOE'S "Current Federa l  
Program," an average  8 7  pe rcen t  c a p a c i t y  f a c t o r  
w a s  used r e f l e c t i n g  technology ga ins  obta ined  
from the  program f o r  bo th  e x i s t i n g  and newly 
i n s t a l l e d  gene ra t ing  capac i ty .  

A l l  i n c r e a s e s  i n  gene ra t ing  c a p a c i t y  and d i r e c t  
hea t  u s e  w e r e  assumed t o  be l i n e a r  w i t h i n  f i v e -  
y e a r  i n t e r v a l s  between 1980 and 2000. 

The f a c i l i t y  l i f e  of power p l a n t s  w a s  assumed t o  
be 30 y e a r s ,  implying t h a t  p l a n t s  s t a r t e d  up i n  
2000 would produce e f f e c t s  through 2029. 

The f a c i l i t y  l i f e  f o r  d i r e c t  hea t  systems w a s  
assumed t o  be 20 y e a r s  i n  t h e  "NO Federa l  Pro- 
gram" case. I t  w a s  assumed t o  be 25 yea r s  f o r  
t h e  "Current Federa l  Program'' as a r e f l e c t i o n  
of program-generated technology ga ins .  A s  a 
r e s u l t ,  some d i r ec t  hea t  energy ga ins  would 
s t r e t c h  ou t  through 2024. 

A l l  of t h e s e  assumptions con ta in  no unusual e lements  and are con- 

s i s t e n t  w i t h  assumptions u t i l i z e d  i n  deve loping  t h e  market p e n e t r a t i o n  

estimates presented  i n  t h e  prev ious  chap te r .  They, n e v e r t h e l e s s ,  p rovide  

f o r  t h e  a p p r o p r i a t e  i n t e r p r e t a t i o n  of t h e  a n a l y s i s  which fo l lows .  
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4.1 E l e c t r i c  Power App l i ca t ions  

DOE'S "Current Fede ra l  Program" i s  expected t o  i n c r e a s e  hydro thernul  

e l e c t r i c  power a p p l i c a t i o n s ,  above and beyond what can be expected with- 

ou t  cont inued f e d e r a l  involvement,  i n  two ways: by s t i m u l a t i n g  t h e  con- 

s t r u c t i o n  of power p l a n t s  t h a t ,  o therwise ,  are not  expected t o  be brought 

on- l ine  by 2000; and by improving t h e  average o p e r a t i n g  performance ( o r  

c a p a c i t y  f a c t o r )  of a l l  o t h e r  power p l a n t s .  

f o r  e lectr ic  power a p p l i c a t i o n s  are shown i n  Exh ib i t  4.1 and inc lude  pro- 

j e c t i o n s  of gene ra t ing  c a p a c i t y  (megawatts) and product ion  of e l e c t r i c i t y  

(thousand megawatt-hours p e r  y e a r ) .  

The "expected va lue"  estimates 

P r i o r  t o  1996, t h e  a d d i t i o n a l  hydrothermal gene ra t ing  c a p a c i t y  a t t r i b u -  

t a b l e  t o  D O E ' s  ' 'Current Fede ra l  Program" is  expected t o  be s m a l l  (less than  

200 megawatts). However, from 1996 t o  2000, i t  is p ro jec t ed  t h a t  an addi-  

t i o n a l  925 megawatts w i l l  come on-l ine.  By 2000, then,  DOE's "Current 

Fede ra l  Program" i s  expected t o  i n c r e a s e  hydrothermal  gene ra t ing  c a p a c i t y  

by about 1,120 megawatts o r  to approximately 115 pe rcen t  of t h e  c a p a c i t y  

expected under DOE'S "NO Federa l  Program." 

"Current Fede ra l  Program" i s  expected t o  r e s u l t  i n  t h e  c o n s t r u c t i o n  of 

about  22 a d d i t i o n a l  50 megawatt hydrothermal power p l a n t s  from 1981 t o  

2000. The p ro jec t ed  s t a r t - u p  d a t e s  can  be assumed t o  be as fol lows:  one 

power p l a n t  i n  1983, 1985 and 1991; f o u r  power p l a n t s  i n  1996 and 2997; 

t h r e e  power p l a n t s  i n  1998; and f o u r  power p l a n t s  i n  1999 and 2000. 

S t a t e d  another  way, DOE's 

The a d d i t i o n a l  gene ra t ing  c a p a c i t y  coupled w i t h  t h e  improved o p e r a t i n g  

performance of a l l  o t h e r  power p l a n t s  -- bo th  a r e s u l t  of DOE'S "Current 
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Exhibit 4.1: Expected Value Estimates f o r  Electric Power 
Applications From Hydrothermal Energy 
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**Assul.-!s arb average a59: ca?;city fac tor  for a l l  genera t ing  c a p a c i t y  on-l ice  from 1981-1985 and an average 87% c a p a c i t y  f a c t o r  for a11 

gcner3:ir.g i a p w . i t y  on-line af ter  1585. 
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Federa l  Program" -- a r e  p ro jec t ed  t o  produce an added 10 m i l l i o n  megawatt- 

hours of e l e c t r i c i t y  by 2000 (see  Exhib i t  4 .1) .  Over the  30 year  l i f e -  

t i m e  of each of the  22 a d d i t i o n a l  hydro therna l  power p l a n t s ,  an added 

255 m i l l i o n  megawatt-hours of e l e c t r i c i t y  a r e  expected t o  be produced 

( see  Exhib i t  4.2).  The l a r g e s t  amounts of t h i s  add i t iona l  e l e c t r i c i t y  

a r e  p ro jec t ed  t o  be generated between 2000 and 2010 when a l l  2 2  addi-  

t i o n a l  power p l a n t s  a r e  i n  opera t ion .  A s  each of t he  22 power p l a n t s  a r e  

r e t i r e d  between 2011 and 2030, the  a d d i t i o n a l  gene ra t ing  c a p a c i t y  and 

e l e c t r i c i t y  product ion w i l l  d e c l i n e ,  and w i l l  u l t i m a t e l y  become zero when 

the  l a s t  o f  t h e  22 power p l a n t s  is  r e t i r e d .  

Almost 41 m i l l i o n  more megawact-hours of e l e c t r i c i t y  are a l s o  expected 

t o  be produced as a r e s u l t  of improved o p e r a t i n g  performance i n  a l l  o t h e r  

power p l a n t s  over  t h e i r  30 year  l i f e t i m e s  ( see  Exhib i t  4 .2) .  The l a r g e s t  

amounts of t h i s  a d d i t i o n a l  e l e c t r i c i t y  are p ro jec t ed  t o  be generated be- 

tween 2000 (when a l l  power p l a n t s  w i l l  f i r s t  be I n  ope ra t ion )  and 2015 

( r e f l e c t i n g  t h e  assumption that power p l a n t s  a r e  no t  expected t o  o p e r a t e  

a t  improved performance l e v e l s  u n t i l  1986). These 41 m i l l i o n  megawatt- 

hours  of e l e c t r i c i t y  are equ iva len t  t o  a lmost  fou r  50 megawatt hydro- 

thermal  power p l a n t s  o p e r a t i n g  over  a 30 y e a r  l i f e t i m e .  

I n  t o t a l ,  then ,  DOE'S "Current Federa l  Program" is  expected t o  pro- 

duce an a d d i t i o n a l  296 m i l l i o n  megawatt-hours of e l e c t r i c i t y  over a 50 

y e a r  per iod  spanning the  l i f e t i m e  of a l l  f a c i l i t i e s  impacted by t h e  pro- 

gram. This is t h e  equiva len t  of twenty-six 50 megawatt power p l a n t s  w i th  a 

u s e f u l  l i f e  of 30 yea r s .  

is no t  u sua l ly  d i r e c t l y  d i c t a t e d  by t h e  energy source  provid ing  t h a t  

Because a consumer's demand f o r  e l e c t r i c i t y  

4 . 5  



Exhib i t  4 . 2 :  Addi t iona l  Hydrothermal Electr ic  Power App l i ca t ions  
A t t r i b u t a b l e  t o  DOE'S "Current Fede ra l  Program", by 
Year, Over L i fe t ime  of F a c i l i t i e s  
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e l e c t r i c i t y ,  i t  can be expected t h a t  t h e  a d d i t i o n a l  hydrothermal e lec-  

t r i c i t y ,  p r o j e c t e d  t o  be produced a s  a r e s u l t  of DOE'S "Current Federa! 

Program," w i l l  d ispl-ace e l e c t r i c i t y  o the rwise  generated by a compe t i t i ve  

a l t e r n a t i v e  energy source (most l i k e l y  western c o a l  i f  i n  the  Mountain 

Region o r  nuc lea r  power i f  i n  the  P a c i f i c  Region).  

I t  i s  reasonable ,  t h e r e f o r e ,  t o  compare the  power product ion  c o s t s  

of t h e s e  a l t e r n a t i v e  energy sources .  The l e v e l i z e d  busbar cos t  of power 

( i n  m i l l s  per  ki lowatt-hour)* r e p r e s e n t s  a cons tan t  charge  over  t he  l i f e  

of a power p l a n t  which w i l l  r e s u l t  i n  a p resen t  va lue  of revenues pre- 

c i s e l y  equal  t o  t h e  p re sen t  va lue  of c o s t s  ( i nc lud ing  i n i t i a l  c a p i t a l  c o s t s  

and y e a r l y  o p e r a t i n g  and maintenance c o s t s ) .  

w i l l  no t  r ep resen t  t h e  a c t u a l  y e a r  by y e a r  ki lowatt-hour  cha rges ,  they pro- 

While l e v e l i z e d  busbar  c o s t s  

v i d e  a way t o  determine t h e  r e l a t i v e  a t t r a c t i v e n e s s  of a l t e r n a t i v e  sources  

of e l e c t r i c i t y .  Exh ib i t  4 . 3  provides  l e v e l i z e d  cons t an t  d o l l a r  busbar  

c o s t  in format ion  ( m i l l s  per  k i l o w a t t - h m r  i n  c o m t a n t  1982 d o l l a r s )  f o r  hy- 

drothermal ,  wes te rn  c o a l  and n u c l e a r  p l a n t s  s t a r t i n g  up i n  1982, 1985 and 

1990. These d a t a  i n d i c a t e  t h a t  hydrothermal energy is compet i t ive  in 

c o s t  w i t h  western c o a l  and n u c l e a r  power f o r  h igh  temperature  r e sources  (as 

at Baca), bu t  i s  cons iderably  more expensive a t  moderate temperature  

r e sources  ( a s  a t  Heber). The Pub l i c  Serv ice  Company of New Mexico e s t i m a t e s  

t h a t  a 30 y e a r  hydrothermal p l a n t  w i l l  produce power a t  e s s e n t i a l l y  t h e  same 

cost as a 40 y e a r  c o a l  p l a n t  and assumes the  second p l a n t  a t  t h e  Valles 

Caldera  (Baca) s i t e  w i l l  have lower o p e r a t i n g  and maintenance and f u e l  

*One m i l l  equa l s  $0.001. 
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Exhibit 4.3: Representative Levelizecl Busbar Cost of Power For 
Hydrothermal, Western Coal and Nuclear Power Plants 

Plant Type and Name 

Hydro t herma 1 

Public Service Company of New Mexico 
(PNM) Baca Flash Demonstration Plant* 

PNM Baca Subsequent Unit** 

San Diego Gas and Electric Company 
(SDG6E) Heber Binary Demonstration Plant*** 

Western Coal 

PNM Estimate 
(San Juan Unit 4 )  

SDG&E Estimate 
(Blyt he) 

I' 

Nuclear Regulatory Commission (NRC) 
Estimate 

Nuclear 

SDG&E Estimate 
(Sundesert) 

NRC Estimate 

Start -Up 
Date 

1982 

1982 

1985 

1982 

1985 

1990 

1985 

1990 

Levelized Busb-r 
Cost of Power 

(mills per kilowatt-hour 
i n  constant 1982 doilars) 

36 

36 

61  

36 

29 

30 

24 

37 

*SO percent DOE funded plant. 

***Ignores 50 percent DOE funding. 
**Assumes no DOE funds. 

Source: DOE, Division of Geothermal and Hydropower Technologies, "Working 
Hydrothermal Cost of Power," April 1981. Paper: 
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c o s t s  which e s s e n t i a l l y  compensate f o r  t h e  50 percent  DOE subs idy  of t h e  

demonstrat ion u n i t .  * San Diego Gas and E l e c t r i c  Company (SDG&E) e s t i m a t e s  

t h a t  t h e i r  moderate temperature  genera t ion  c o s t s  w i l l  be t w i c e  as  h igh  

f o r  geothermal as c o a l ,  and 2.5 t i m e s  as h igh  f o r  geothermai as  n u c l e a r ,  

f o r  p l a n t s  s t a r t i n g u p  i n  1985. The reasons  f o r  t h e  h igh  c o s t s  on the 

proposed SDG&E binary  p l a n t  are s t r a i g h t f o r w a r d :  kf:  

A t  365"F, t h e  b ina ry  p l a n t  r e q u i r e s  approximately 2.5 
t i m e s  t he  b r i n e  flow ra te  as t h e  550°F f l a s h  p l a n t .  
The h igher  b r i n e  flow d i c t a t e s  l a r g e r  p i p i n g ,  va lves  
and r e i n j e c t i o n  pumps. The lower temperature  n e c e s s a r i l y  
means a 20 percent  lower thermal e f f i c i e n c y ,  which 
r e q u i r e s  approximately 20 percent  l a r g e r  condensers ,  
coo l ing  towers ,  water  c i r c u l a t i n g  pumps and 20 pe rcen t  
more make-up water .  I n  a d d i t i o n ,  t h e  I.ower vapor p r e s s u r e  
of t h e  365" b r i n e  czuses  w e l l s  t o  b e  low i n  produc- 
t i v i t y  un le s s  they a r e  pumped. The b ina ry  p l an t  w i l l  
u s e  approximately 5 MWe of p a r a s i t i c  power f o r  down- 
h o l e  pumps which i s  n o t  r equ i r ed  f o r  t h e  550°F re- 
source ,  p l u s  an a d d i t i o n a l  2 MWe of p a r a s i t i c  power 
f o r  i n j e c t i o n  pumps. C a p i t a l  c o s t s  f o r  d o m h o l e  pumps 
add 2.5 m i l l i o n  d o l l a r s  i n  i n i t i a l  c o s t  and w i l l  r e q u i r e  
f requent  maintenance and replacement.  

Although moderate temperature  r e source  u t i l i z a t i o n  w i t h  c u r r e n t  technology 

is  n o t  compet i t ive  wi th  c o a l  and n u c l e a r  power, market p e n e t r a t i o n  might 

s t i l l  proceed under c e r t a i n  c i rcumstances because t h i s  r e source  i s  rela- 

t i v e l y  benign environmental ly  (see Sec t ion  5.1), and c o a l  and n u c l e a r  may 

be discouraged by s t a t e  p o l i c y  (as is c u r r e n t l y  beirig done i n  C a l i f o r n i a ) .  

' The dominant c o s t  i n  hydrothermal energy (50-75 pe rcen t  of t h e  k i l o -  

watt-hour charges)  is  f u e l ,  and h igh  hydrothermal f u e l  c o s t s  can be a t -  

t r i b u t e d  p r imar i ly  t o  h igh  d r i l l i n g  c o s t s ,  low r e s e r v o i r  temperature  

*DOE, Div i s ion  of Geothermal and Hydropower Technologies ,  "Working 
Paper: Hydrothermal Cost of Power," A p r i l  1981, p. 4. 
**u., p. 4. 
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( r e q u i r i n g  more we l l s )  o r  low w e l l  p r o d u c t i v i t y .  

improving economics through t echno log ica l  p rog res s  is e x c e l l e n t ,  es- 

p e c i a l l y  fo r  t h e  moderate temperature  resources .  D r i l l i n g  tecl1nolc)m 

development, r e s e r v o i r  s t i m u l a t i o n  f o r  t h e  purpose of i n c r e a s i n g  w e l l  

f low, improved downhole pumps, and more e f f i c i e n t  conversion systems, 

t o g e t h e r ,  have a r e a l i s t i c  p o t e n t i a l  f o r  c u t t i n g  moderate temperature  

c o s t s  i n  h a l f ,  which is  why t h e  development of hydrothermal technology 

is such an important  p a r t  of D O E ' s  "Current Fede ra l  Program."* 

The prospec t  f o r  

4.2 Direc t  Heat Appl ica t ions  

As w a s  found f o r  e lec t r ic  power a p p l i c a t i o n s ,  t h e  impact of DOE'S 

Current  Fede ra l  Program" on t h e  u s e  of hydrothermal r e sources  f o r  d i r e c t  I 1  

hea t  energy u s e  i s  a l s o  expected t o  take  two forms. F i r s t ,  i t  i s  pro- 

j e c t e d  t h a t  t h e r e  w i l l  be  d i r e c t  hea t  use  a p p l i c a t i o n s  that, o the rwise ,  

w i l l  no t  be r e a l i z e d  i f  DOE'S "No Federa l  Program" i s  undertaken. 

Second, i t  i s  expected t h a t  t h e  u s e f u l  l i f e  of t hose  f a c i l i t i e s  t h a t  

w i l l  become o p e r a t i o n a l  even i n  t h e  absence of DOE'S "Current Fede ra l  Pro- 

gram", w i l l  be extended from 20 t o  25 y e a r s  (due t o  technology ga ins  re- 

s u l t i n g  from DOE's  "Current Federa l  Program") , thereby a l s o  producing 

added d i r e c t  hea t  a p p l i c a t i o n s .  

The a d d i t i o n a l  hydrothermal d i r e c t  h e a t  a p p l i c a t i o n s  a t t r i b u t a b l e  t o  

DOE'S "Current Federa l  Program" between 1980 and 2000 a r e  shown i n  

Exhib i t  4.4. This a d d i t i o n a l  u s e  is s o l e l y  r e l a t e d  t o  f a c i l i t i e s  t h a t  

would not  have become o p e r a t i o n a l  under DOE'S "No Federa l  Program." 

*DOE, Div is ion  of Geot-hermal and Hydropower Technologies , "Working 
Paper: Hydrothermal Cost of Power," A p r i l  1981, p .  5. 
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E x h i b i t  4.4: Expected Value Estimates f o r  Direct Heat Appl ica t ions*  
From Hydrothermal Energy 

Direct Heat Energy Use (quads p e r  yea r )  

Add i t iona l  Hydrothermal 
Direct Heat App l i ca t ions  

No Federa l  Current  Fede ra l  A t t r i b u t a b l e  t o  DOE ' s 
Program Case Program Case Current  Fede ra l  Program 

Yearly Yearly Yearly 
Addit ion -- Year Total Addit  i on  T o t a l  Addit  ion  T o t a l  

c. 
c 
c 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

0.003 , 

0.007 
0.011 
0.014 
0.018 
0.022 
0.030 
0.038 
0.046 
0.054 
0.062 
0.073 
0.084 
0.094 
0.105 
0.116 
0.125 
0.133 
0.142 
0.150 
0.159 

NA 
0.004 
0.004 
0.003 
0.004 
0.004 
0.008 
0.008 
0.008 
0.008 
0.008 
0.011 
0.011 
0.010 
0.011 
0.011 
0.009 
0.008 
0.009 
0.008 
0.009 

0.003 
0.009 
0.014 
0.020 
0.025 
0.031 
0.040 
0.048 
0.057 
0.065; 
0.074 
0.086 
0.097 
0.109 
0.120 
0.132 
0.140 
0.149 
0.157 
0.166 
0.174 

NA 
0.006 
0.005 
0.006 
0.005 
0.006 
0.009 
0.008 
0.009 
0.008 
0.009 
0.012 
0.011 
0.012 
0.011 
0.012 
0.008 
0.009 
0.008 
0.009 
0.008 

0.000 
0.002 
0.003 
0.006 
0.007 
0.009 
0.010 
0.010 
0.011 
0.011 
0.012 
0.013 
0.013 
0.015 
0.015 
0.016 
0.015 
0.016 
0.015 
0.016 
0.015 

NA 
0.002 
0.001 
0.003 
0.001 
0.002 
0.001 
0.000 
0.001 
0.000 
0.001 
0,001 
0.000 
0.002 
0.000 
0,001 

- 0.001 
0.001 

- 0.001 
0.001 

- 0.001 

kInc ludes  co l 'nca ted  indus t ry  d i r e c t  h e a t  use ,  r e l o c a t e d  i n d u s t r y  h e a t  u se ,  and d i s t r i c t  h e a t i n g  
(does n o t  i nc lude  e thano l  o r  enhanced o i l  recovery a p p l i c a t i o n s ) .  
NA = Not Applicable .  
Source: E x h i b i t s  3.2 and 3.4. 



By 1985, an a d d i t i o n a l  0.009 quads are expected t o  b e  consumed. This  

r e p r e s e n t s  an amount 40 percent  h ighe r  than the  l e v e l  expected under 

DOE's "No Federa l  Program.'' Between 1993 and 2000, t h e  a d d i t i o n a l  

hydrothermal d i r e c t  hea t  a p p l i c a t i o n s  a t t r i b u t a b l e  t o  D O E ' s  "Current 

Federa l  Program" are  p ro jec t ed  t o  remain f a i r l y  cons t an t  a t  0.015-0.01 6 

quads pe r  year ;  t h e r e f o r e ,  by 2000, d i r e c t  hea t  a p p l i c a t i o n s  are  expected 

t o  be  about 10 percent  g r e a t e r  under DOE'S "Current Federa l  Program" 

compared t o  a c e s s a t i o n  of DOE involvement a f t e r  FY 1982. 

The ma jo r i ty  (80-85 pe rcen t )  of t h e  0.015-0.016 quads of a d d i t i o n a l  

d i r e c t  hea t  u s e  by 2000 is  expected t o  b e  consumed i n  the  r e s i d e n t i a l  and 

commercial s e c t o r s  f o r  d i s t r i c t  h e a t i n g  requi rements  (see Exh ib i t  4 .5) .  

I n d u s t r i a l  u s e  of hydrothermal r e s c u r c e s  -- i n  a b s o l u t e  amounts -- i s  

p r o j e c t e d  t o  b e  about t he  same under bo th  DOE'S "No Federal  Program" and 

"Current Fede ra l  Program." Assuming t h a t  each r e s i d e n t i a l  o r  commercial 

p r o j e c t  w i l l  p rovide ,  on average,  25 b i l l i o n  B tu ' s  pe r  y e a r ,  and each in-  

d u s t r i a l  p r o j e c t  about 150 b i l l i o n  B tu ' s  per  yea r ,*  i t  can be expected 

t h a t  about 480-560 a d d i t i o n a l  r e s i d e n t i a l  and commercial p r o j e c t s ,  and 

about 10-20 a d d i t i o n a l  i n d u s t r i a l  p r o j e c t s ,  w i l l  become o p e r a t i o n a l  from 

1981 to  2000 s o l e l y  as a r e s u l t  of DOE's "Current Federa l  Program." 

Over t h e  25 y e a r  l i f e t i m e  of  each of t h e s e  f a c i l i t i e s ,  a t o t a l  of 0.375 

quads of a d d i t i o n a l  hydrothermal energy are expected t o  be consuined, 

*Res iden t i a l  and commercial d i r e c t  h e a t  u se  p r o j e c t s  now under 
development, undergoing f e a s i b i l i t y  s t u d i e s  o r  proposed, will provide ,  
on average,  about  25 b i l l i o n  B tu ' s  p e r  y e a r ;  f e r  i n d u s t r i a l  p r o j e c t s ,  
the average consumption is expected t o  be about  150 b i l l i o n  Btu ' s  
p e r  year .  
Energy, Geothermal Progress  Monitor Report Number 5, o p . c i t . ,  pp. 19-22. 

See DOE, A s s i s t a n t  Sec re t a ry  f o r  Conservat ion and Renewable 

- 
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Exhibit 4.5: Expected Value Estimates for Direct Heat Applications* 
. From Hydrothermal Energy, by Type of Application 

-____-- Direst Heat Energy  U.se (quads  p e r  y e a r )  
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I k n t  A p ? l i c a t i o x s  A:tr!.Sstcble t o  
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Distr ic t  District cis t r ic t 
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-!. * 0.002 0.003 0. coo 0.000 0.030 

0.031 o . o c 9  3.029 0.039 
i 9 E O  ** c.002 0.003 
! 965 (i.O:J 0.005 0 . 5 2 2  ' 0  .a25 O.OG5 

i r45 0.049 0.0:7 0.116 0.113 0.019 0 . 1 3 2  c.o:L, 0 .  00: 0.016 
1990 0.052 0.0iG 0.062 G. 062 0.012 0.074 0.0lC 0.032 0.012 

2300 0.135 0.02; 0.159 0.147 0.027 0.174 0.012 O.CO3 0.015 

-- c 
w *:n:::des c o l l o c a t e d  i c d u s t r y  d i r e c t  h e a t  use. ; - a l o c a ~ e d  i n d u s t r y  d i r e c t  heat u s e ,  and d i s t r i c t  h a t  (daes r.ct 

::;.:luc'.r ethanol ?lants  o r  enhrnced  o i i  r e c s v e r y  a p p l i c a t i o n s ) .  

S o u r c e :  19.53: DGC, A a a i s t s n t  S c c r c t a r y  f o r  C o n s e r v a t i o n  and Ranewable Energy ,  Geot:i?rinal i ' r o g r e o s . n i t o r  3 c ? x t  
**Less t h a n  0.0095 quads. 

SC?:>C-L. 5, June 1981, DOE/CZ-G009/5, pp. 12,19-22. 1985-2000: Technecon A n a l y t i c  R e s e x c ? ,  i n c . ,  " ; - tesu i t s  
iroa :.:.irkec P e n e t r a t i o n  E s t i x a t i o n  Model," p r e p a r e 6  f o r  D i v i s i o n  of Gaotherxa:! zr.a Hj?dr;?o:Jfr T e c h n o l o g i e s ,  
X E ,  J u l y  19.51. 



wi th  t h e  l a r g e s t  amounts consumed between 2000 and 2005 be fo re  any of 

t h e s e  a d d i t i o n a l  p r o j e c t s  are r e t i r e d  ( see  Exhib i t  4 . 6 ) .  

Addi t iona l  d i r e c t  hea t  a p p l i c a t i o n s  are a l so  expected t o  be r e a l i z e d  

from D O E ' s  "Current Federa l  Program" by extending the  u s e f u l  l i f e  of t hose  

f a c i l i t i e s  t h a t  a r e  expected t o  come on- l ine  anyway between 1980 and 2000 

( i . e . ,  under DOE'S "No Federa l  Program"). I n  f a c t ,  i t  i s  p r o j e c t e d  t h a t  

an added 0.780 quads of hydrothermal energy can be consumed over  t h e  l i f e -  

t i m e  of those  f a c i l i t i e s ,  i f  each f a c i l i t y ' s  u s e f u l  l i f e  i s  extended by 

f i v e  y e a r s  due t o  t echno log ica l  ga ins  obta ined  through t h e  r e sea rch  and 

development e f f o r t s  of DOE'S "Current Federa l  Program" ( see  Exh ib i t  4 . 6 ) .  

A l l  of t h i s  a d d i t i o n a l  energy would be  consumed a f t e r  2000 when the  bene- 

f i t s  of ex tending  t h e  u s e f u l  t i f e  of t hose  f a c i l i t i e s  f i r s t  begin  t o  ap- 

pear .  Consumption i s  a c t u a l l y  expected t o  i n c r e a s e  through 2015 s i n c e  

fewer hydrothermal f a c i l i t i e s  would be r e t i r e d  each year  through 2015 than 

otherwise expected. Most of t hose  f a c i l i t i e s  are, aga in ,  p r o j e c t e d  t o  s e r v e  

r e s i d e n t i a l  and commercial energy needs s i n c e  t h e  bulk (about 85 pe rcen t )  

of t h e  d i r e c t  h e a t  a p p l i c a t i o n s  are f o r  d i s t r i c t  h e a t i n g  purposes  ( see  

Exhib i t  4.5).  

To summarize, then ,  DOE's "Current Fede ra l  Program" is  expected t o  

r e s u l t  i n  t h e  consumption of an  a d d i t i o n a l  1.155 quads of hydrothermal 

energy over  a 45 yea r  per iod  spanning t h e  l i f e t i m e  of a l l  f a c i l i t i e s  im-  

pacted by t h e  program. Much of t h i s  a d d i t i o n a l  consumption (about 85 per-  

cen t )  is pro jec t ed  t o  be f o r  d i s t r i c t  h e a t i n g  purposes  i n  t h e  r e s i d e n t i a l  

and commercial s e c t o r s .  Such u s e s  can be  assumed t o  d i s p l a c e  t h e  use of 
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Exhib i t  4 . 6 :  
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convent iona l  f u e l s  ( e l e c t r i c i t y ,  o i l  and n a t u r a l  gas)  t h a t ,  o therwise ,  

would have provided these  energy requirements .  

Without s p e c i f y i n g  the  l o c a t i o n s  of where t h e s e  r e sources  would be 

developed, the d i r e c t  h e a t  product ion c o s t  s av ings  a s s o c i a t e d  w i t h  u t i -  

l i z i n g  t h e s e  a d d i t i o n a l  hydrothermal r e sources  a r e  d i f f i c u l t  t o  c a l c u l a t e ,  

s i n c e  h e a t i n g  c o s t s  are  s o  s i t c - zpec i f i c .  Never the less ,  t h e r e  a re  c l e a r  

i n d i c a t i o n s  t h a t  hydrothermal d i s t r i c t  h e a t i n g  is  compet i t ive  i n  c o s t  

i n  many p a r t s  of t he  U.S. I n  e a r l y  1980, f o r  example, t he  median l e v e l i z e d  

h e a t i n g  c o s t s *  i n  the  r e s i d e n t i a l  s e c t o r  u s ing  convent iona l  f u e l s  w a s  e s t i -  

mated t o  be  about $15 m i l l i o n  Btu ' s  of h e a t ' d e l i v e r e d  (in 1979 d o l l a r s ) ,  

based on c o s t s  i n  a l a r g e  r e p r e s e n t a t i v e  sample of U.S. c i t i e s . * *  The 

economics of hydrothermal d i s t r i c t  h e a t i n g  is  very  dependent on t h e  den- 

s i t y  of hea t  demand per  u n i t  area (which, i n  t u r n ,  i s  r e l a t e d  t o  both  

popula t ion  d e n s i t y  and c l i m a t i c  c o n d i t i o n s ) ,  and t h e  product ion  and t r a n s -  

mission c o s t s  (which are r e l a t e d  t o  t h e  tempera ture ,  depth ,  and product ion  

ra te  of t h e  r e source  and t h e  t ransmiss ion  distanc.e).*** Given t h e s e  con- 

s i d e r a t i o n s ,  and a median levelized cost of convent iona l  h e a t i n g  of $15 

p e r  m i l l i o n  Btu ' s ,  r e s i d e n t i a l  d i s t r i c t  h e a t i n g  from i d e n t i f i e d  h igh  tempera- 

t u r e  hydrothermal r e sources  w a s  found to b e  lowest  i n  c o s t  i n  n e a r l y  every  

urban c e n t e r  throughout t h e  West. Moreover, r e s i d e n t i a l  d i s t r i c t  h e a t i n g  

*The l e v e l i z e d  h e a t i n g  c o s t  r e p r e s e n t s  a uniform stream of annual  pay- 
ments over t h e  l i f e  of t h e  system which w i l l  r e s u l t  i n  a p r e s e n t  va lue  of 
payments equa l  t o  t h e  p re sen t  va lue  of l i f e - c y c l e  c o s t s .  

Heat ing Costs-A Comparison of Geothermal, S o l a r  and Conventional Resources,  - 
prepared by t h e  P a c i f i c  Northwest Laboratory f o r  t h e  U.S. Department of 
Energy, PNL-3200-UC-66iY August 1980, p. 45. 

**Bloomster, C.H., Ga r re t t -P r i ce ,  B.A. and Fassbender,  L.L.,  R e s i d e n t i a l  

***Ibid., p. 57. - 
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us ing  normal g r a d i e n t  r e sources  t h a t  under ly  t h e  rest of t h e  U.S. ( inc lud-  

i n g  areas i n  t h e  West where h igh  and in t e rmed ia t e  tempera ture  r e sources  

are n o t  found) ,  w a s  found t o  be lowest i n  c o s t  i n  n e a r l y  every  urban 

c e n t e r  i n  t h e  no r the rn  h a l f  of t h e  U . S . *  The hydrothermal h e a t i n g  c o s t  

f o r  commercial a p p l i c a t i o n s  w a s  also es t imated  t o  be about t h e  same o r  

lower than  r e s i d e n t i a l  h e a t i n g  c o s t s ;  t hus  commercial a p p l i c a t i o n s ,  t oo ,  

appear  t o  be very  cost-competi t ive.  While t h e s e  r e s u l t s  i n d i c a t e  t h a t  

hydrothermal r e sources  are cos t -compet i t ive ,  d e t a i l e d  f e a s i b i l i t y  s t u d i e s  

a t  i n d i v i d u a l  s i tes would be r equ i r ed  t o  e x a c t l y  determine t h e  commercial- 

i z a t i o n  p o t e n t i a l ,  based upon t h e  s p e c i f i c  c o n d i t i o n s  a t  each l o c a t i o n .  

*Bloomster, C . H . ,  Gar re t t -P r i ce ,  B.A. and Fassbender,  L.L.,  Residen- 
t i a l  Heating Costs-A Comparison of Geothermal, So la r  and Convent ional  
Resources,  op. c i t . ,  pp. 89-90. 

4.17 



5.0 ANALYSIS OF EXTERNAL IMPACTS 

DOE's "Current Federa l  Program" i s  expected t o  r e s u l t  i n  a d d i t i o n a l  

hydrothermal resource  development ( a s  descr ibed  i n  t h e  prev ious  c h a p t e r ) .  

Associated wi th  t h e s e  d i r e c t  b e n e f i t s  are a series of e x t e r n a l  impacts 

imposed by t h e  development of t he  a d d i t i o n a l  hydrothermal resource  s i t e s .  

Balanced a g a i n s t  t h e s e  impacts ,  however, are a s i m i l a r  set of fore-  

gone impacts a s soc ia t ed  wi th  t h e  e f f e c t s  t h a t  would have r e s u l t e d  had 

a l t e r n a t i v e  energy sources  ( f o r  example, c o a l  o r  nuc lea r )  been u t i l i z e d  

i n  p l ace  of t h e s e  a d d i t i o n a l  hydrothermal resource  s i t e s .  The change 

i n  t h e s e  e x t e r n a l  impacts,  then,  provides  a measure of t h e  e f f e c t s  

a s s o c i a t e d  wi th  DOE's "Current Fede ra l  Program." Severa l  broad c a t e g o r i e s  

of e x t e r n a l  i m p a c t s  can be i d e n t i f i e d .  These inc lude :  

0 Environmental e f f e c t s ;  

0 Nat iona l  security/balance-of-payments improvements ; 

e Socioeconomic i m p a c t s ;  and 

e Mate r i a l s  requirements .  

This chap te r  addresses  each of t h e s e  areas. 

5.1 Environmental E f f e c t s  

The development of hydrothermal r e source  sites -- e i t h e r  f o r  t h e  pro- 

duc t ion  of e l e c t r i c i t y  o r  f o r  d i r e c t  h e a t  energy use  -- can involve  adverse  

environmental  e f f e c t s  a s s o c i a t e d  wi th  t h e  product ion ,  process ing ,  d i s t r i -  

bu t ion ,  u se ,  and d i s p o s a l  of t h e  resources .  These e f f e c t s  conceivably might 
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i nc lude  land subsidence,  induced seismic a c t i v i t y ,  degrada t ion  of a i r  and 

water q u a l i t y ,  genera t ion  of s o l i d  wastes, n o i s e ,  damage t o  t h e  l o c a l  eco- 

sphere ,  and v a r i o u s  h e a l t h  and s a f e t y  impacts.  For example, t h e  po tenc ia1  

environmental  impacts  of geothermal power product ion snd t h e  l i k e l y  i n c i -  

dence of those  impacts is  i l l u s t r a t e d  i n  Exhib i t  5.1. 

Any adverse  environmental  e f f e c t s  a s s o c i a t e d  wi th  the  development of  

a d d i t i o n a l  hydrothermal r e source  sites ( a s  a r e s u l t  of DOE's Y u r r e n t  F e d e r a l  

Program") w i l l  be  o f f s e t ,  however, by t h e  avoidance of s i m i l a r  undes i r ab le  

impacts t h a t  would have r e s u l t e d  from t h e  use  of t h e  a l t e r n a t i v e  energy 

sources  d i sp l aced  by hydrothermal energy. For  example, t h e  displacement  

of c o a l  and n u c l e a r  energy could reduce t h e  harmful  impacts of t h e i r  ex- 

t r a c t i o n  and conversion on environmental  q u a l i t y ,  m i t i g a t e  t h e  h e a l t h  and 

s a f e t y  hazards  l i nked  t o  t h e  r a d i o a c t i v e  by-products of n u c l e a r  energy,  

and diminish t h e  adverse  h e a l t h  e f f e c t s  a s s o c i a t e d  wi th  a i r  p o l l u t i o n  . 

a r i s i n g  from t h e  use  of coa l .  

An overview of the key environmental  i s s u e s  surrounding hydrothermal  

development i s  f i r s t  provided;  where the impacts of e l e c t r i c  power and 

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

noted.  The environmental  impact of DOE's "Current Fede ra l  Program" is ,  

then ,  s p e c i f i c a l l y  addressed.  
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Exhibit 5.1: Potential Environmental Impacts of 
Geothermal Power Production 

m-dc r c t c 

high 

---_ ~ - . -  1 -------!- 
Chemical  01: t h e r m a l  po l  l u t i o r i  I x iodc rz t e  
of surfoce and .grouadwatcirs 

Well t l ~ w o u t : :  

' a l l ;  g rea tes t  p r o h a - 4  hip,h 
b r l i t y  wicl, hct-wa ter  

h o t - w a t e r  : vapor-  n!.:,.de ra t r3 I . .  ____-__ --- 
d OILI i n  ;I L c d ---I-. _- 

moie ra i e I n c r c a s c d  cros.i.ca and sc.lj.n:cn- h i g h  a l l  
t a t i o n  r e s x l t i n g  froin sitc 
d i s tu rbancc -  

Consumption of water For high 
c o o l i n g  purposes f luicl  ; hot d r y  rock 

---.-- 

hot -water ?, hi r ;  c - --- 

I--- ------- I I------ 

Consurnptjon cf law1 for w e l l s ,  
power p l a n t s ,  t r a n s u i i s s i o n  lints 

~ - - - -- 
Short-rerm c l i m . ' l t i c  changes hot-water ; vnpor- 
r e s u l t i n g  froiq rclcase ol Iiented 
stcan and c a i b o n  dioxide 

doniina t cd  

aiolerate 
io low 

5.3 

http://n!.:,.de


5.1.1 Overview 

5.1.1.1 A i r  Qua l i ty  

A i r  p o l l u t i o n  generated by t h e  use  of hydrothermal resources  can occur  

over  a l l  phases of development: e x p l o r a t i o n  and w e l l  d r i l l i n g ;  w e l l  t e s t -  

i ng ;  and s i t e  ope ra t ions .  While t h e r e  are known h e a l t h  hazards  a s s o c i a t e d  

w i t h  a number of t y p i c a l  hydrothermal a i r  emiss ions ,  no s i g n i f i c a n t  h e a l t h  

problems have been documented a t  e x i s t i n g  hydrothermal f a c i l i t i e s .  

The most a c t i v e  source of a i r  p o l l u t i o n  is power p l a n t s .  The p o t e n t i a l  

f o r  impai r ing  a i r  q u a l i t y  from d i r e c t  hea t  a p p l i c a t i o n s  i s  much smal le r  

than  i n  t h e  case of e l e c t r i c i t y  gene ra t ion  because no cont inuous  r e l e a s e  

of geothermal gases  occurs .  Never the less ,  t h e  p o t e n t i a l  f o r  temporary a i r  

p o l l u t i o n  i s  p resen t  dur ing  t h e  w e l l  d r i l l i n g  and c o n s t r u c t i o n  phases  of 

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

A i r  p o l l u t i o n  from e l ec t r i c  power a p p l i c a t i o n s  is  most l i k e l y  t o  occur  

when geothermal steam is emi t t ed  du r ing  e x p l o r a t i o n ,  w e l l  d r i l l i n g  and w e 1 1  

t e s t i n g ,  and when noncondensable gases  ( f o r  example, hydrogen s u l f i d e  and 

carbon d ioxide)  are emi t t ed  du r ing  power p l a n t  o p e r a t i o n s .  A i r  p o l l u t i o n  

r e s u l t i n g  from power p l a n t  c o n s t r u c t i o n ,  where heavy equipment gene ra t e s  

f u g i t i v e  d u s t ,  i s  temporary and u s u a l l y  i n s i g n i f i c a n t . *  Exh ib i t  5 .2  i n d i c a t e s  

t h e  r e l a t i v e  importance of these emiss ions  as p o l l u t i o n  sources  based on 

c u r r e n t ,  b u t  l i m i t e d ,  evidence.  No s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between 

*Woodward-Clyde Consu l t an t s ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
Development, prepared f o r  Western Energy and Land U s e  Team, O f f i c e  of 
B io log ica l  Se rv ices ,  F i s h  and W i l d l i f e  Se rv ice ,  U.S. Department of I n t e r i o r ,  
June  1978, p.  82; and Resource P lanning  Assoc ia t e s ,  Western Energy Resources 
and t h e  Environment: Geothermal Energy, prepared f o r  t h e  Environmental 
P r o t e c t i o n  Agency, O f f i c e  of Research and Development, O f f i c e  of Energy, 
Minera ls  and Indus t ry ,  1977, p. 71. 
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Exhibit 5.2: Sources of Geothermal Steam and Koncondensable Gas 
Emissions During Geothermal Power Plant Development 

Development Phase 

Steam discharge during well 
drilling and clean-out 

Production testing of wells 

Well blow-outs 

Venting or "bleeding" of test 
wells prior to power generation 

Steam line vents during power 
plant operation 

Accidental steam line breaks 

Venting of wells during plant, 
shutdown 

Power plant operation 

Relative Importance 
as Pollution Source 

Moderate 

Moderate 

Low 

Low 

Moderate 

Low 

Low-Moderate 

High 

Source: Resource Planning Associates, Western Energy Resources and 
the Environment: Geothermal Energy, prepared f o r  the 
Environmental Protection Agency, Office of Research and 
Development, Office of Energy, Minerals and Industry, 1577, 
p .  71. 
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a i r  p o l l u t i o n  p o t e n t i a l s  of vapor dominated systems arid f l a s h  ho t  w a t e r  

systems; bo th  may vent  p o t e n t i a l l y  hazardous emiss ions  from the  product ion  

w e l l  and t h e  power p l a n t  coo l ing  tower. 

are n o t  a r e l a t i v e l y  important source  of a i r  p o l l u t i o n ,  they  can produce 

s i g n i f i c a n t  amounts of p o l l u t i o n ;  f o r  example, an uncon t ro l l ed  blowout 

a t  The Geysers r e s u l t e d  i n  a t o t a l  release of four  thousand t o n s  of hydro- 

gen s u l f i d e ,  f i v e  thousand tons  of ammonia, and s i x  thousand tons  of 

methane.* 

While a c c i d e n t a l  w e l l  blcwouts 

A complete and a c c u r a t e  assessment of t h e  s e v e r i t y  of a i r  p o l l u t i o n  

from hydrothermal r e sources  rests on a number of c o n s i d e r a t i o n s ,  i nc lud ing :  

0 Concent ra t ion  of gases  i n  t h e  geothermal f l u i d ;  

0 Regional  meteorology;** 
, 

0 Types of conversion technology employed; and 

0 F l u i d  requirements  of t h e  p l a n t .  

The concen t r a t ion  and type  of gases  i n  t h e  geothermal f l u i d ,  f o r  example, 

varies among si tes (see Exh ib i t  5.3) and may even vary  among cont iguous  

underground r e s e r v o i r s  and over  t h e  l i f e t i m e  of an  i n d i v i d u a l  we l l . ***  

Thus, t h e r e  w i l l  be  v a r i a t i o n  i n  t h e  type  and q u a n t i t y  of p o l l u t a n t s  

*Resource Planning Assoc ia tes ,  Western Energy Resources and t h e  
Environment: Geothermal Energy, op. c i t .  , p .  72. 

**Layton, David ( e d i t o r ) ,  An Assessment of Geothermal Development 
i n  t h e  Imper ia l  Valley of C a l i f o r n i a ,  Volume 1 -- Environment, Heal th  
and Socioeconomics, prepared by the Lawrence Livermore Na t iona l  Labora- 
t o r y  f o r  t h e  U.S.  Department of Energy, Technology Assessments D iv i s ion ,  
1980, DOE/EV-0092, p. 5-1. 

***Resource Planning Assoc ia tes ,  Western Energy Resources and the  
Environment: Geothermal Energy, op. c i t . ,  p. 6 8 .  
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Exhibit 5.3: Concentration of Selected Noncondensable Gases in Geothermal Fluids 
From Wells at Selected Sites 

Range and Average Values (millisrams per kilogram of fluid-ppmw) 

Ceyscrsl (sceui)  S a l t o n  Sea2 ( b r i n e )  East  Hcsa' ( b r l n e )  Brawley3 ( b r i n e )  Hsber4 (b r ine )  Baca' (b r ine )  
Range Average Range Average Avorage Avc r a p, e6 Average6 Average6 

Hydrogen S u l f l d a  (H2S) 5-1600 222 I .  6-6 .O 3.2 0.12-1.6 0.54 55.1  0.18 60.7 

Carbon Dioxlde (C02) 290-30600 3260 1100-3800 17\00 270-2300 1100 23500 34.6 8410.0 

&thana  (Cll,,) 13-13447 194 3.0-10 6.0 4 .O-56 33 319 1.7 0.6 

h o i i i a  ( N H ~ )  9.4;1060 194 20-4 I 35 1.3-8.1 4.5 51 - 

'Average va luc  mcasuremenrs f rom 61 producing wells, 1972-1974. 

2>ieasureioents irom 2 or 3 wcllo.  

3 A v c r a g ~  from 2 wa l l s :  
r, AvrrGge of 2 wells. 
'Baca Ranch, Sandoval County, New Mexico. 

6tkaningCul rang2 d a t a  not a v a i l e b l e .  

Vcysey 2 and TOW I. Data s u b j e c t  t o  SilmphIg e r r o r s .  Values are probably c l o s e r  t o  those found in S a l t o n  Sea b r i n e .  

Y 
4 

Source: Plorris,  IJilliam arid Hill, John ( e d i t o r s ) ,  An Assessment of Ccothcrmal Development in thc Imperial  Valley of C a l i f o r n i a ,  Volume 2 -- 
Enviroixontal  Control  Tcclrnology, prapared by the Lawrencc L i v e r m r e  N a t i o r d  Laboratory f o r  t he  U.S.  Department of Energy, 
Environiiic'irtal and Safety Engineering Divis ion,  1980, DOE/EV-0092, p .  7 .  



r e l e a s e d  i n t o  t h e  atmosphere a t  w e l l  s i tes.  Once t h e  p o l l u t a n t s  reach  

t h e  atmosphere, r e g i o n a l  meteoro logica l  f a c t o r s  must be cons idered ,  

inc luding:  * 
0 Wind v e l o c i t y ;  

e P e r s i s t e n c e  of wind d i r e c t i o n ;  

0 Atmospheric tu rbulance ;  

Mixing h e i g h t ;  and 

0 P r o p e r t i e s  of t h e  ambient atmosphere (e .  g. , 
temperature ,  humidity,  p resence  of o t h e r  
p o l l u t a n t s ,  s u n l i g h t ) ,  

Even though t h e  broad v a r i a t i o n  of geothermal f l u i d  composition and 

meteoro logica l  cond i t ions  among geothermal zones l i m i t s  t h e  gene ra l i za -  

b i l i t y  of a i r  p o l l u t i o n  f i n d i n g s ,  t h e  p o l l u t a n t s  l i k e l y  t o  be  p re sen t  a t  

a t y p i c a l  hydrothermal s i t e  are w e l l  h o r n  and inc lude :  p a r t i c u l a t e  

matter; carbon d iox ide ;  ammonia; methane; hydrogen s u l f i d e ;  n i t r o g e n ;  and, 

i n  trace amounts, radon, mercury vapor and argon. Each poses  i t s  own 

s p e c i a l  concern and p o t e n t i a l  hazards .  

Hydrogen s u l f i d e  i s  t h e  most p o t e n t i a l l y  hazardous noncondensable 

gas  emi t ted  from geothermal sites. In h igh  concen t r a t ions  i t  can cause  

r e s p i r a t o r y  problems o r  even dea th ;  however, i n  t h e  contex t  of most geo- 

thermal  development, hydrogen s u l f i d e  c o n s t i t u t e s  an a e s t h e t i c  i r r i t a n t  

*Woodward-Clyde Consul tan ts ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
Development, op. c i t . , p .  84. 
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r e s u l t i n g  from i t s  " r o t t e n  egg" odor which can b e  d e t e c t e d  by some p e o p l e  

a t  l e v e l s  t e n  t i m e s  more d i l u t e d  than t h e  l e v e l  s e t  by C a l i f o r n i a ' s  an- 

b i e n t  a i r  q u a l i t y  s tandard  (0.030 ppm).A 

Normal meteoro logica l  a c t i v i t y  usua l ly  d i l u t e s  hydrogen s u l f i d e  emiss ions  

s u f f i c i e n t l y  t o  prevent  harmful accumulat ion;  however, development s i t e  

personnel  and people  i n  low l y i n g  areas near  geothermal developments may 

be phys ica l ly  a f f e c t e d  by hydrogen s u l f i d e .  The p r o b a b i l i t y  of p h y s i c a l l y  

harmful  i n c i d e n t s  i s  inc reased  by the  f a c t  t h a t  hydrogen s u l f i d e  i n  high 

concen t r a t ions  is  less e a s i l y  de t ec t ed  by t h e  sense  of smell . f : ;k  

Hydrogen s u l f i d e  is  a l s o  chemical ly  r e a c t i v e ;  i n  the  atmosphere i t  

conve r t s  t o  o t h e r  compounds of s u l f i d e  ( f o r  example, s u l f u r  d iox ide )  

which resemble emissions r e l e a s e d  i n  t h e  burn ing  of f o s s i l  f u e l s .  Th i s  i s  

important  s i n c e  s u l f u r  d iox ide  is  a c r i t e r i a  a i r  p o l l u t a n t  and s u b j e c t  t o  

n a t i o n a l  ambient a i r  q u a l i t y  s t anda rds  s t i p u l a t e d  by t h e  Clean A i r  A c t  .;k;k* 

Most geothermal r e s e r v o i r  steam c o n t a i n s  ammonia, b u t  t h e  q u a n t i t i e s  

appear  t oo  small t o  r ep resen t  h e a l t h  hazards .  Atmospheric d i l u t i o n  reduces  

t h e  e f f e c t  of ammonia even more and ensu res  t h a t  i t  is p resen t  i n  accepta-  

b le  levels. However, ammonia i n  t h e  presence  of hydrogen sulfide can com- 

b i n e  t o  form ammonia s u l f a t e ,  a p o t e n t i a l l y  hazardous gas .  No h e a l t h  

*Scot t ,  M.J., e t  al., An Exploratory Benefit-Cost Analys is  of 
Environmental Cont ro ls  on Hydrothermal Energy, prepared by the  P a c i f i c  
Northwest Laboratory f o r  t he  U.S. Department of Energy, February 1981, 
PNL-3527-UC-66e, p . 31. 

t h e  Environment: Geothermal Energy, op. c i t . ,  p. 68 .  
**Resource P lanning  Assoc ia t e s ,  Western Energy Resources and 

***Ibid., p. 68. 
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problems r e l a t e d  t o  t h e  geothermal release of ammonia have been noted t o  

d a t e .  

t h e  release of ammonia are  inconsequent ia l .  * 
Rela t ive  t o  the  hazard posed by hydrogen s u l f i d e ,  the  e f f e c t s  of 

Radon i s  ti r a d i o a c t i v e  gas ,  t r a c e  amounts of which have been de tec t ed  

i n  geothermal r e l e a s e s .  The h e a l t h  hazard posed by radon r e s u l t s  f r o m  i t s  

breakdown i n t o  "daughter products"  which a t t a c h  themselves t o  a tmospheric  

p a r t i c l e s .  These p a r t i c l e s  can lodge on and i n  the  human body where they  

can cause cancer .  To d a t e ,  no s p e c i f i c  h e a l t h  hazards  from radon have 

been recorded as a r e s u l t  of hydrothermal r e source  development.** 

Like  radon, mercury has  been de tec t ed  i n  geothermal f l u i d s  i n  t r a c e  

amounts; however, mercury i s  s u f f i c i e n t l y  hazardous t o  human h e a l t h  t h a t  

i t s  i n t r o d u c t i o n  i n t o  t h e  environment i s  always a reason f o r  concern.  

Mercury, which h a s  a tendency t o  vapor ize ,  i s  p resen t  i n  geothermal vapor 

releases. It p r e c i p i t a t e s  and f a l l s  i n  normal r a i n s  t o  t h e  e a r t h  where, 

i n  s u f f i c i e n t  concen t r a t ions ,  i t  can be hazardous t o  l i v i n g  organisms. 

I n  s p i t e  of i t s  danger ,  mercury i s  no t  expected t o  p re sen t  a s e r i o u s  

environmental  impediment t o  t h e  development of geothermal energy because 

i t s  presence  i n  releases is  ins igni f icant .***  

Carbon d iox ide  has  been d e t e c t e d  a t  t o x i c  l e v e l s  i n  und i lu t ed  geothermal 

releases; however, because carbon d iox ide  is a s i g n i f i c a n t  component of t h e  

atmosphere, releases from geothermal f a c i l i t i e s  d i l u t e  r a p i d l y  and pose only  

minor problems.**** Never the less ,  there is  a g e n e r a l  concern t h a t  i nc reased  

*Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  Environ- 
ment: Geothermal Energy, op. c i t . ,  p.  69. 

**Ibid., p. 71. 
***Ibid., - p. 71. 

****Ibid., p. 69. 

- 
- 
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levels of atmospheric carbon d ioxide  t r a p  a d d i t i o n a l  i n f r a r e d  r a d i a t i o n ,  

which, i n  t u r n ,  r e s u l t s  i n  the  warming of t he  e a r t h ' s  atmosphere. The 

p a s t  and f t ; tu re  development of hydrothermal r e sources ,  however, has  not  

produced such concerns.* 

mote growth of s p e c i f i c  c rops  ad jacent  t o  geothermal emission points.3c;k 

To summarize, of a l l  t h e  a i r  p o l l u t a n t s  a s s o c i a t e d  wi th  geothermal 

I n  f a c t ,  t h e  presence of carbon d iox ide  may pro- 

developments, hydrogen s u l f i d e  is  expected t o  r ep resen t  t h e  only s e r i o u s  

h e a l t h  hazard.  

t o  cause concern. 

o b j e c t i o n  arises not  from h e a l t h  concerns,  b u t  r a t h e r  from a e s t h e t i c -  

odor cons ide ra t ions ,  e s p e c i a l l y  i n  s i t u a t i o n s  where s e v e r a l  w e l l s  i n  

c l o s e  proximity are r e l e a s i n g  hydrogen sulf ide.*** Because hydrogen s u l -  

f i d e  i s  a l s o  r e l eased  from numerous manufacturing and d r i l l i n g  procedures  

o t h e r  than geothermal development, t h e  i s s u e s  r e l a t e d  t o  abatement of t h e  

gas have rece ived  cons ide rab le  s tudy .  

The o t h e r  gases  have been de tec t ed  i n  amounts t oo  s m a l l  

Even i n  t h e  case  of hydrogen s u l f i d e ,  t h e  p r i n c i p a l  

, 

However, abatement procedures  

*Recent ana lyses  suggest  t h a t  e s s e n t i a l l y  a l l  of the  i n c r e a s e  i n  
atmospheric carbon d i o x i d e  over the l a s t  20 years has  r e s u l t e d  from t h e  
burning of f o s s i l  f u e l s  (See Council  on Environmental Qua l i ty ,  Globol 
Energy Futures  and t h e  Carbon Dioxide Problem, 1981). I n  p a r t i c u l a r ,  
carbon d ioxide  r e l e a s e s  from a coa l - f i r ed  power p l a n t  are from f i v e  t o  ' 

50 t i m e s  as g r e a t  as those  from a hydrothermal f l a s h  s t e a m  p l a n t ,  p e r  
t r i l l i o n  B tu ' s  of energy produced ( see  Exhib i t  5.8). 

i n  t h e  Imper ia l  Val ley,  Volume 1, op. c i t . ,  p. 5-15. 

Energy wi th  Coal, O i l ,  and Na tu ra l  Gas f o r  Se lec t ed  Uses, Environmental 
Research Center ,  Washington S t a t e  Un ive r s i ty ,  1979, p. 5.  

**Layton, David ( e d i t o r ) ,  An Assessment of Geothermal Development 

***Hinman, George W. and Robertson, Jeremy, Comparison of Geothermal 



developed f o r  o t h e r  p o l l u t i n g  sources  are no t  s u i t a b l e  f o r  r e s t r i c t i n g  

hydrogen s u l f i d e  emissions from geothermal r e l e a s e s  due t o  high c o s t ,  slot 

k i n e t i c s ,  or t h e  form of t h e  chemical res idue .*  

Considerable  r e sea rch  has  been app l i ed  t o  hydrogen s u l f i d e  abatement 

a t  The Geysers, r e s u l t i n g  i n  procedures  which can be a p p l i e d  a t  o t h e r  

geothermal si tes,  e i t h e r  vapor dominated systems o r  f l a s h  ho t  water  systems.**t 

Exhib i t  5.4 is a schematic r e p r e s e n t a t i o n  of a f l a s h  hot  water power p l a n t ,  

demonstrat ing t h e  emission p o i n t s  f o r  a i r  p o l l u t a n t s .  

cess, developed f o r  removal of hydrogen s u l f i d e  from s y n t h e t i c  f u e l  gases ,  

i s  c u r r e n t l y  be ing  u t i l i z e d  a t  The Geysers t o  remove up t o  99 pe rcen t  of 

t h e  hydrogen s u l f i d e  e n t e r i n g  t h e  abatement u n i t .  

i s i n g  procedures  a r e  a l s o  under development ( see  Exhib i t  5 .5) .  

s ludge  t h a t  is  produced from t h e s e  abatement processes  w i l l  r e q u i r e  t h e  

same type of d i s p o s a l  techniques as now used by o t h e r  i n d u s t r i e s  pro- 

The S t r e t f o r d  pro- 

A number of o t h e r  prom- 
, 

The waste 

ducing s i m i l a r  types  of s ludge.  

The development of l i q u i d  dominated r e sources  i n  t h e  Imper i a l  Val ley ,  

C a l i f o r n i a  provides  t h e  oppor tuni ty  to observe, f i r s t -hand ,  t h e  effect of 

geothermal development on a r e g i o n ' s  a i r  q u a l i t y .  S tud ie s  have shown t h a t  

*Morris, W i l l i a m  and H i l l ,  John ( e d i t o r s ) ,  An Assessment of Geothermai 
Development i n  t h e  Imperial  Valley of C a l i f o r n i a ,  Volume 2 -- Environmental 
Cont ro l  Technology, prepared by t h e  Lawrence Livermore Nat iona l  Laboratory 
f o r  t h e  U . S .  Department of Energy, Environmental and Sa fe ty  Engineer ing 
Div is ion ,  1980, DOE/EV-0092, p. 14. 

r e s u l t i n g  from DOE'S "Current Fede ra l  Program'' w i l l  come from f l a s h  ho t  
water o r  b ina ry  systems (See Sec t ion  5.1.2.1).  
lease i n s i g n i f i c a n t  amounts of a i r  p o l l u t a n t s ,  c o n t r o l  of hydrogen s u l -  
f i d e  emissions i s  most important  f o r  f l a s h  hot  water systems. 

**Most, i f  no t  a l l ,  of t h e  a d d i t i o n a l  hydrothermal gene ra t ing  capac i ty  

Since b ina ry  systems re- 
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Exhib i t  5.4: Schematic Representa t ion  of A i r  P o l l u t i o n  
Emission Po in t s  f o r  a F la sh  Hot Water Hydro- 
termal Power P l a n t  

wells Resource fluid Steam production 
L 

45.36O8kg/MWh (flash system) ____-----------A 

- 

n $ ?  
,-",Steam stacking 

:emergency 
1 ,bypas 
L 7 -1 (muffled) 

I 
I 
I 
I 
I 

H 2 0  vapor 
7.394 k d  
MWh 

H 2 0  drift 
13 kg/MWh 

1 711 knl  

. - - - a  

Tower 

A 

Steam 
9.980 kdMWh 

Injection 

Source : 

Brine 
34.246 kg/MWh 

noncondensable 

Morris ,  W 

wells Injection 
system 

m an 

1 , Cooling . 

condenser 77 k9fMim 

, John (eL, tors ) ,  An Assessment of Geotherma 
Development i n  the  Imper ia l  Val ley of C a l i f o r n i a ,  Volume 2 -- 
Environmental Cont ro l  Technology, prepared by the  Lawrence Liver-  
more Nat iona l  Laboratory f o r  t h e  U.S. Department of Energy, 
Environmental and Sa fe ty  Engineering Div i s ion ,  1980, DOE/EV- 
0092, p. 16. 

Brine reinjection 
36,75Okg!MWh - - 
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Exhib i t  5.5: Comparison of Various Hydrogen S u l f i d  

' PROCESS STREAM 
H S c o n t r o l  system 2 

Contro l  
Systems € o r  Various Process  Streams Related t o  
Geothermal E l e c t r i c  Power Development i n  the  Imperial  

Po t e n t  i a l  
H S removal 
(per cen t )  2 
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Dow Oxygenation 
SRI E l e c t r o l y t i c  Oxidat ion 

90 t o  100 
95 

NONCONDENSABLE GAS STREAMS 
S t r e  t f  ord 
Brine Scrubbing 
E I C  Copper S u l f a t e  
UOP C a t a l y t i c  Oxidat ion 
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E I C  Copper S u l f a t e  
steam ~ o n v e r  t o r  s3 

99+2 
80 t o  90 
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Unknown 
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I 90+ 

Geothermal 
s t a t u s 1  
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'U - Used c u r r e n t l y  f o r  geothermal H S abatement. 
L - Laboratory or  very small-scale 8 i e l d  eva lua t ion .  
P - P i l o t  p l a n t  s t u d i e s  be ing  conducted. 

2Better than 99% a p p l i e s  t o  S t r e t f o r d  u n i t  only.  Overa l l  abatement 
e f f i c i e n c y  depends on p a r t i t i o n i n g .  

3Technology t o  apply t h i s  p rocess  to  a f u l l  s c a l e  u n i t  has  been 
demonstrated by Resources, Conservat ion Company (KCC).  Steam 
conver to r s  s e p a r a t e  noncondensable gases  from the  steam. 
They r e q u i r e  H S abatement equipment f o r  t h e  noncondensable 
gas  stream. 2 

Source: Morr is ,  W i l l i a m  and H i l l ,  John ( e d i t o r s ) ,  An Assessment of 
Geothermal Development i n  t h e  Imper ia l  Valley of C a l i f o r n i a ,  
Volume 2 -- Environmental Cont ro l  Technology, prepared by 
the Lawrence Livermore Na t iona l  Laboratory f o r  t he  U.S. 
Department of Energy, Environmental and Sa fe ty  Engineer ing 
Div is ion ,  1980, DOE/EVt0092, p.  28. 
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t h e  only  gases  pos ing  h e a l t h  hazards  are hydrogen s u l f i d e  and i t s  r e l a t e d  

compound s u l f u r  d iox ide ,  bo th  of which are c o n t r o l l a b l e  by abatement of 

hydrogen s u l f i d e  emissions.* However, a s tudy  of t h e  b e n e f i t s  and c o s t s  

of c o n t r o l l i n g  hydrogen s u l f i d e  emiss ions  a t  two s e l e c t e d  s i tes  i n  t h e  

Imper i a l  Valley (Heber and Niland) concluded t h a t  t h e  minimum c o s t  of 

p reven t ing  t h e  nuisance  exceeded by s e v e r a l  t i m e s  t h e  maximum es t ima ted  

v a l u e  of p reven t ion  ( a s  measured by t h e  w i l l i n g n e s s  of i n d i v i d u a l s  t o  

pay t o  avoid t h e  odor) f o r  f u l l  development of t h e  Va l l ey ' s  resources.** 

The presence  of trace amounts of mercury, radon, and ammonia were a l s o  

determined t o  be  i n s i g n i f i c a n t  h e a l t h  hazards  and the release of con- 

s i d e r a b l e  amounts of carbon d iox ide  w a s  p o s t u l a t e d  t o  a i d  a d j a c e n t  crops.*** 

A comparison of t h e  a i r  emiss ions  r e s u l t i n g  from t h e  mining, c l e a n i n g  

and burning of c o a l  w i t h  t h e  release of noncondensable gases  frcm us ing  

hydrothermal r e sources ,  reveals a number of similari t ies between t h e  types  

of emiss ions ;  f o r  example:**** 

Hydrothermal Coal 

P a r t i c u l a t e s  P a r t i c u l a t e s  

Hydrogen S u l f i d e  S u l f u r  Oxide s 

Ammonia Nitrogen Oxides 

Carbon Dioxide Carbon Dioxide 

*Morris, W i l l i a m  and H i l l ,  John ( e d i t o r s ) ,  An Assessment of Geothermal 

**Scott, M . J . ,  e t  a l . ,  An Explora tory  Benefit-Cost Ana lys i s  of Environ- 
Development i n  the Imper i a l  Valley of C a l i f o r n i a ,  Volume 2 ,  op. c i t . ,  p .  1 2 .  

mental  Con t ro l s  on Hydrothermal Energy, op. c i t . ,  p. 6 .  

t h e  Imper i a l  Val ley ,  Volume 1, op. c i t . ,  p. 5-15. 
***Layton, David ( e d i t o r ) ,  An Assessment of Geothermal Development i n  

****Hinman, George W. and Robertson, Jeremy, Comparison of Geothermal 
Energy wi th  Coal, O i l ,  and N a t u r a l  G a s  f o r  Se lec t ed  Uses, op .  c i t . ,  p. 4 .  
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A s  i nd ica t ed  e a r l i e r ,  the  hydrogen s u l f i d e  r e l eased  from gecthermal  d e w -  

lopment is  chemical ly  r e a c t i v e .  

s u l f u r  d iox ide ,  thereby inc reas ing  the  s i m i l a r i t y  between emissions from 

c o a l  combustion and geothermal a c t i v i t y .  The p r i n c i p a l  d i f f e r e n c e s  be t -  

ween these  emissions are t h e  process  by which they are emi t t ed  and t h e  

q u a n t i t i e s  emi t t ed .  For example, emissions from coa l - f i r ed  power p l a n t s  

occur  as a consequence of t h e  ox ida t ion  of c o a l  e lements  dur ing  combustion. 

Noncondensable geothermal gases  are no t  combusted, b u t  r a t h e r  are reduced 

compounds of t h e  geothermal f l u i d .  

Once i n  the  atmosphere i t  conve r t s  t o  

Unlike t h e  c o a l  f u e l  cyc le ,  t h e  n u c l e a r  f u e l  c y c l e  a l s o  produces a 

group of a i r  p o l l u t a n t s  d i f f e r e n t  than  those  from t h e  hydrothermal f u e l  

cyc le .  For example, whi le  t h e  uranium mining and f u e l  conversion p rocesses  

release s i m i l a r  types  of a i r  p o l l u t a n t s  as hydrothermal  and c o a l  f a c i l i -  

ties, they  a l s o  release some r a d i o a c t i v e  gases  n o t  t y p i c a l  of e i t h e r  type  

of f a c i l i t y .  

r a d i o a c t i v e  gases  (such as krypton,  xenon, r a d i o i o d i n e ,  carbon-14 and tr i-  

tium) t h a t  are of concern s i n c e  some are believed to pose potentially 

long-term p u b l i c  h e a l t h  r i sks .*  

I n  p a r t i c u l a r ,  nuc lea r  power p l a n t s  release a series of 

5.1.1.2 Water Qua l i ty  and U s e  

The most l i k e l y  areas for  hydrothermal development are loca ted  pre- 

dominently i n  semi-arid r eg ions  of t h e  West. 

hydrothermal sites are r u r a l  and i s o l a t e d ,  o t h e r s  are s i t u a t e d  i n  developed 

Although many p o t e n t i a l  

*DOE, A s s i s t a n t  Sec re t a ry  f o r  Environmental  P r o t e c t i o n ,  Sa fe ty  and 
Emergency Preparedness ,  Energy Technology and t h e  Environment: Environ- 
menta l  Information Handbook, 1981, DOE/EP-0026, p .  231. 
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areas such as the Imperial Valley, California where numerous activities 

(for example, agricultural production) compete for-the limited amount of 

available water resources. The introduction of hydrothermal projects will 

affect not only the quantity of available water, but a l s o  the quality of 

surface and underground waters. The exact impact that hydrothermal devclop- 

ment will have depends upon a number of factors, including: 

0 The configuration of subsurface and surface 
topography ; 

0 The chemical content of geothermal liquids; 

0 The type of hydrothermal facility constructed; 
and 

0 The type of pollution abatement systems used. 

The above considerations suggest that the impact of a hydrothermal 

project on local water systems will vary widely. A s  in the case of at- 

mospheric emissions resulting from hydrothermal development, water related 

impacts tend to be site-specific due to the wide expected variations among 

geothermal sites with respect to surface and subsurface topography and 

geochemical liquid. For example, while some geothermal l i q u i d s  are suf- 

ficiently pure to be used for agricultural irrigation, most contain dis- 

solved solids and heavy metals.* 

Nevertheless, all electric power applications utilizing hydrothermal 

resources produce a similar variety of water related impacts. The most 

*DOE, Assistant Secretaries for Energy Technology and Environment, 
Environmental Development Plan for Geothermal Energy Systems, 1979, DOE/ 
EDP-0036, p .  27. 
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p o t e n t i a l l y  severe impacts can be d iv ided  i n t o  t h r e e  c a t e g o r i e s :  

r e l a t e d  t o  t h e  use  of hydrothermal l i q u i d s  f o r  power product ion;  t hose  

r e l a t e d  t o  t h e  use of water f o r  h e a t  r e j e c t i o n  systems;  and those  r e l a t e d  

t o  t h e  d i s p o s a l  of spent  hydrothermal l i q u i d s  and coo l ing  water blow- 

down once they have been used t o  d r i v e  gene ra to r s  o r  cool  hydrothermal 

l i q u i d s . *  Power p l a n t  c o n s t r u c t i o n  a c t i v i t i e s  may a l s o  r e s u l t  i n  water- 

shed hydrology s h i f t s .  ** 

those  

The removal of hydrothermal l i q u i d s  from the  e a r t h  t o  f u e l  genera t -  

i n g  p l a n t s  can r e s u l t  i n  a number of p o t e n t i a l  impacts on subsu r face  water 

bod ies ,  including:*** 

0 Changes i n  ground w a t e r  levels as l i q u i d s  are 
withdrawn ; 

0 Contamination of r e l a t i v e l y  pure  a q u i f e r s  through 
an  in te rchange  between underground a q u i f e r s ;  

0 Changes i n  ground w a t e r  recharge  rates i n  c losed  
systems; and 

0 Contamination of ground w a t e r  from a c c i d e n t a l  l e a k s  
of d r i l l i n g  mud and a d d i t i v e s .  

Because a l l  of t h e  a d d i t i o n a l  hydrothermal power plants  coming on- l ine  

as a r e s u l t  of DOE'S "Current Fede ra l  Program" w i l l  l i k e l y  use  l i q u i d  

dominated r e sources  (see Sec t ion  5.1.2.1),  t h e s e  concerns are of p a r t i c u l a r  

i n t e r e s t  . 

*Direct h e a t  a p p l i c a t i o n s  would produce similar concerns about  w a t e r  

**Woodward-Clyde Consul tan ts ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
q u a l i t y ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  l i q u i d  waste d i s p o s a l .  

Development, op. c i t . ,  p. 47. 
***Ibid., - p.  63. 

. 
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Hydrothermal power p l a n t s ,  p a r t i c u l a r l y  f l a s h  ho t  water s y s t e m s ,  

a l s o  r e q u i r e  r e l a t i v e l y  l a r g e  amounts of exogenous sources  of water t o  

coo l  geothermal l i q u i d s  once they have passed through t h e  t u r b i n e s  (see 

Exhibi-t 5 .4 ) .  A cons ide rab le  amount of make-up water i s  a l s o  r equ i r ed  

t o  replace l o s s e s  due t o  evapora t ion ,  d r i f t  and blowdown from the cooliiii; 

tower. The u s e  of t h e s e  l a r g e  amounts of coo l ing  water may d e p l e t e  su r -  

f a c e  water bodies ,*  and a f f e c t  a q u a t i c  h a b i t a t s  as w e l l  as o t h e r  l o c a l  

u s e r s .  For example, a g r i c u l t u r a l  p roducers  may be impacted i f  t h e  quan- 

t i t i e s  of water a v a i l a b l e  f o r  i r r i g a t i o n  are reduced f o r c i n g  t h e  removal 

of l and  from a g r i c u l t u r a l  product ion.  Such c o n f l i c t s  have been noted 

bo th  i n  t h e  Imper i a l  Val ley ,  C a l i f o r n i a  and i n  t h e  Valles Caldera ,  New 

Mexico. ** 
,* 

The most s e r i o u s  water q u a l i t y  concern relates t o  the  proper  d i s -  

p o s a l  of spen t  hydrothermal f l u i d s  and cool ing  water blowdown sc t h a t  

n e i t h e r  near-by l ands  o r  water bodies  are p o l l u t e d .  For example, a 

series of hydrothermal  power p l a n t s  t o t a l l i n g  1,000 We of c a p a c i t y  

must d i spose  of 50 b i l l i o n  g a l l o n s  of waste water pe r  year  con ta in ing  

50 m i l l i o n  tons  of solids.*** I n p a r t i c u l a r ,  most spen t  hydrothermal 

f l u i d s  con ta in  l a r g e  amounts of d i s so lved  s o l i d s  such as sodium, c a l -  

. c iumand potassium c h l o r i d e .  Cooling water blowdown may be  b rack i sh  .- 

*Woodward-Clyde Consul tan ts ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
Development, op. c i t . ,  p. 63. 

Statement - Geothermal Demonstration Program, 50 MW Power P l a n t ,  Baca Lo- 
c a t i o n ,  Sandoval and Rio Arr iba  Counties ,  New Mexico, 1980, DOE/EIS-0049, 
pp. 2-27, 4-29. 

**DOE, A s s i s t a n t  Sec re t a ry  f o r  Environment, F i n a l  Environmental Impac t  

***Resource Planning Assoc ia tes ,  Western Energy Resources and t h e  En- 
vironment:  Geothermal Energy, op. c i t . ,  p. 59. 
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and may con ta in  a d d i t i v e s  and geothermal compounds. Thus, t h e  d i scha rge  

of t h e s e  two l i q u i d  e f f l u e n t s  i n t o  l o c a l  s u r f a c e  waters could e a s i l y  con- 

tamina te  them and impact upon t h e  a q u a t i c  ecosystems. Ground w a t e r ,  too ,  

could be contaminated by p e r c o l a t i o n  of e f f l u e n t s  e i t h e r  s t o r e d  i n  sumps 

o r  d i r e c t l y  discharged."  Thus, cons ide rab le  e f f o r t s  must be undertaken 

t o  i n s u r e  t h a t  l o c a l  water r e sources  are n o t  contaminated. 

A number of p o t e n t i a l  s o l u t i o n s  t o  t h e  d i s p o s a l  of l i q u i d  wastes 

have been suggested.  These include:** 

0 Direct release of spen t  water; 

0 Evaporat ion of spen t  water; 

0 Surface  spreading  of spen t  water t o  sha l low 
a q u i f e r s  ; ,- 

0 Desa l ina t ion  and r euse ;  and 

0 Rein jec t ion .  

I n  most i n s t a n c e s ,  t h e  brackis.h q u a l i t y  of t h e  spen t  f l u i d s  p reven t s  

s o l u t i o n s  such as d i r e c t  release o r  s u r f a c e  spreading .  For example, d i s -  

charge  of geothermal l i q u i d s  from t h e  Imper i a l  Val ley,  C a l i f o r n i a  i n t o  

t h e  Sa l ton  Sea w i l l  i n c r e a s e  t h e  rate of s a l i n i z a t i o n  of t h e  Sea and 

t h r e a t e n  s p o r t s  f i s h e r y .  Even though t h e  S a l t o n  Sea is i n c r e a s i n g  i n  

s a l i n i t y  due t o  o t h e r  f a c t o r s ,  t h e  a c c e l e r a t i o n  a s s o c i a t e d  w i t h  t h e  

d i scha rge  of geothermal b r i n e  would be  s i g n i f i c a n t .  Moreover, t h e  d i r e c t  

*Woodward-Clyde Consul tan ts ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
Development, op. c i t . ,  p. 53, 69. 

Environment: Geothermal Energy, op. c i t . ,  p. 59. 
**Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  

5.20 



release of spent  water can a l s o  r e s u l t  i n  t h e  inundat ion  of va luab le  

a g r i c u l t u r a l  l and ;  f o r  example i n  t h e  I m p e r i a l  Val ley,  t h e  d i scha rge  of 

geothermal l i q u i d s  i n t o  t h e  Sa l ton  Sea would accelerate t h e  ra te  of inun- 

d a t i o n  of coas ta l .  l ands  which has  a l r eady  begun t o  occur  because t h e  l e v e l  

of t h e  Sa l ton  Sea is  r i s i n g .  Fo r tuna te ly ,  however, i n  t h i s  s i t u a t i o n ,  t h e  

withdrawal of w a t e r  f o r  coo l ing  purposes would d e c e l e r a t e  t h e  rise of t h e  

water level thereby  p rese rv ing  c o a s t a l  lands.* 

Therefore ,  t h e  most o f t e n  mentioned s o l u t i o n  to waste water invo lves  

r e i n j e c t i o n  of t h e  water back i n t o  t h e  underground r e s e r v o i r  from which 

i t  w a s  drawn. However, a number of p o s s i b l e  compl ica t ions  t o  r e i n j e c t i o n  

e x i s t ,  including:** 

0 The h igh  amount o f  compounds i n  geothermal b r i n e  
causes  c logging i n  r e i n j e c t i o n  l i n e s  due t o  pre-  
c i p i t a t i o n  of s o l i d s ;  i f  coo l ing  water blowdown 
is a l s o  r e i n j e c t e d  wi th  t h e  spen t  hydrothermal 
f l u i d s ,  t h i s  problem may worsen. 

0 Once geothermal l i q u i d s  are drawn from under- 
ground formations,  t h e s e  spaces  may c o l l a p s e ,  
t h u s  p reven t ing  r e i n j e c t  ion.  

0 The c o s t  of r e i n j e c t i o n  can  be h igh;  indeed,  
a r e c e n t  s tudy a t  two Imper i a l  Val ley  sites 
found t h a t  t h e  environmental  b e n e f i t s  of r e in -  
j e c t i n g  t h e  spen t  f l u i d s  d i d  - n o t  exceed t h e  
c o s t s  when 100 pe rcen t  of t h e  f l u i d  w a s  
re i n  j ec t ed . *** 

*Scot t ,  M.J., et  a l . ,  An Explora tory  Benefit-Cost Analys is ,  of 
Environmental Cont ro ls  on Hydrothermal Energy, op. c i t . ,  pp. 32,  35. 

**Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  
Environment: Geothermal Energy; op. c i t . ,  p. 59. 

***Scott, M.J., e t  a l . ,  An Explora tory  Benefit-Cost Analys is  of 
Environmental Cont ro ls  on Hydrothermal Enerpy, op. c i t . ,  p .  6.  
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The long term e f f e c t s  of r e i n j e c t i o n  on sur rounding  land  and water bod ies  

are a l s o  unknown; thus  c a r e f u l  monitor ing of underground w a t e r  w i l l  have 

t o  accompany r e i n j e c t i o n  ac t iv i t i e s .  

For very s a l i n e  waters, such as those  i n  t h e  Imper ia l  Val ley ,  C a l i -  

f o r n i a ,  r e i n j e c t i o n  without  any w a s t e  water t rea tment  is no t  p o s s i b l e  

due t o  s c a l i n g  ( i .e . ,  c logging  of r e i n j e c t i o n  p i p e l i n e s ) .  Therefore ,  

t h e  spent  l i q u i d s  w i l l  have t o  be  t r e a t e d  p r i o r  t o  r e i n j e c t i o n . *  

Th i s  w i l l  produce a s ludge  which w i l l  have t o  be disposed of i n  approved 

s o l i d  waste l a n d f i l l s .  This ,  however, does no t  r ep resen t  a l a r g e  prob- 

l e m  because d i s p o s a l  of similar r e s i d u a l s  has  been c a r r i e d  out i n  o t h e r  

i n d u s t r i e s .  

While i t  is  c e r t a i n  t h a t  hydrothermal r e source  development w i l l  

r e q u i r e  l a r g e  q u a n t i t i e s  of w a t e r  and produce l a r g e  q u a n t i t i e s  of l i q u i d  

wastes, such concerns are no d i f f e r e n t  when c o a l  and nuc lea r  energy 

are used. I n  f a c t ,  t he  50 MWe f l a s h  steam hydrothermal power p l a n t  

be ing  cons t ruc t ed  i n  the  Valles Caldera ,  New Mexico -- w i t h  DOE 

suppor t  -- will use cooled geothermal fluid for cool ing .  

t i o n  of t he  geothermal f l u i d  w i l l  f r e e  t h e  p l a n t  from t h e  requirement  

Th i s  r e c i r c u l a -  

for l a r g e  q u a n t i t i e s  of w a t e r  as is common w i t h  c losed-cyc le  steam 

systems i n  f o s s i l - f u e l e d  and nuc lea r  power plants .** Moreover, t he  

water use  requirements  a s s o c i a t e d  w i t h  coa l  and uranium mining 

*DOE, A s s i s t a n t  S e c r e t a r i e s  f o r  Energy Technology and Environment, 
Environmental Development P lan  f o r  Geothermal Energy Systems, op. c i t . ,  
p .  27. 

**DOE, A s s i s t a n t  Sec re t a ry  f o r  Environment, F i n a l  Environmental Impact 
Statement - Geothermal Demonstration Program, 50 EN Power P l a n t ,  01). c i t . ,  
p.  2-23. 
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ac t iv i t i e s  w i l l  n o t  be present  wi th  hydrothermal power p l a n t s .  Like- 

w i s e ,  t he  s u b s t a n t i a l  changes i n  watershed hydrology a s s o c i a t e d  w i t h  

c o a l  and uranium mining are  f a r  more severe than those  a s s o c i a t e d  wi th  

geothermal s i t e  development.. 

Furthermore , al though t h e  t reatment  of most spent  geothei-na1 

l i q u i d s  w i l l  produce moderate amounts of s o l i d  wastes which w i l l  have 

t o  be disposed of us ing  environmental ly  sound methods, the  s o l i d  wastes 

produced by t h e  nuc lea r  and c o a l  f u e l  cyc le s  are f a r  g r e a t e r  f o r  t h e  

equ iva len t  product ion  of e l e c t r i c i t y . ”  Thus, even though n u c l e a r  

and f o s s i l  power p l a n t s  may, by themselves,  produce less s o l i d  wastes 

than  geothermal p l a n t s ,  geothermal p l a n t s ,  on the  whole, produce less 

when the r equ i r ed  mining a c t i v i t i e s  are taken i n t o  account .  

5.1.1.3 S o i l s  and Geology 

Act iv i t ies  a s s o c i a t e d  w i t h  hydrothermal f a c i l i t y  development may af-  

f e c t  l o c a l  s o i l s  and geo log ica l  cond i t ions .  The s i g n i f i c a n c e  of t h e s e  

impacts w i l l  depend l a r g e l y  on t h e  v a l u e  of a f f e c t e d  p r o p e r t i e s .  

hydrothermal development si tes are unique,  gene ra l i zed  impacts  on s o i l s  

and geology are d i f f i c u l t  t o  de r ive .  Neve r the l e s s ,  as i n  the c a s e s  of 

a i r  and water impacts ,  t y p i c a l  p o t e n t i a l  environmental  problems are  ap- 

Because 

pa ren t  and inc lude  e ros ion ,  subs idence  and induced s e i s m i c i t y .  

As i n  a l l  major c o n s t r u c t i o n  p r o j e c t s ,  the development of geothermal 

p l a n t s  and w e l l  s i tes invo lve  t h e  d i s tu rbance  of l and ,  an a c t i o n  which 

*Resource Planning Assoc ia tes ,  Western Energy Resources and t h e  
Environment: Geothermal Energy, op. c i t . ,  p. 55. 
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can l ead  t o  e r o s i o n  depending on s i te  c h a r a c t e r i s t i c s .  Erosion can occur  

du r ing  s e v e r a l  phases  of geothermal f i e l d  development when s o i l  i s  exposed 

t o  r a i n  and wind. Vehicle use ,  r o u t e  p r e p a r a t i o n ,  c l e a r i n g  of vege ta t io i i ,  

g rad ing  and c u t t i n g ,  and o t h e r  s i t e  p repa ra t ion  a c t i v i t i e s  expose s o i l  

t o  r a i n  and wind. Without proper  p reven t ive  t r ea tmen t ,  s e r i o u s  e r o s i o n  

can  r e s u l t .  The environmental  e f f e c t s  of e r o s i o n  incl.ude:fc 

0 Des t ruc t ion  of v e g e t a t i o n ;  

e Reduction of q u a l i t y  and q u a n t i t y  of breeding  
cover  f o r  animals  and b i r d s ;  

0 Reduction of a v a i l a b i l i t y  and q u a l i t y  of food 
and water f o r  w i l d l i f e ;  

0 Clogging of streams w i t h  s i l t ;  

0 A l t e r a t i o n  of stream channels ;  and 

0 Changes i n  b a s i n  hydrology. 

A cha in  of cause  and e f f e c t  r e s u l t i n g  from t h e s e  changes would a f f e c t  

a q u a t i c  l i f e .  Temperatures of water bod ies  could  change, and l o s s  of 

food and h a b i t a t  could occur.yr The above r e s u l t s  of land  d i s tu rbances  

unde r l ine  the  importance of c a r e f u l  e r o s i o n  c o n t r o l  a c t i v i t i e s  i nc lud ing  

r evege ta t ion ,  proper  dra inage  p r e p a r a t i o n ,  and u s e  of mulch and ma t t ing  

t o  p r o t e c t  exposed so i l s .***  

To d a t e ,  geothermal r e source  development has  not  produced any s i g n i -  

f i c a n t  problems r e l a t e d  t o  s o i l  e ros ion .  The Geysers vapor dominated 

*Woodward-Clyde Consul tan ts ,  Impact P r e d i c t i o n  Manual f o r  Geothermal 
Development, op. c i t . ,  pp. 3 0 ,  4 2 .  

**Ibid., - p.  4 3 .  
***Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  

Environment: Geothermal Energy, op. c i t . ,  p. 50. 
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f i e l d ,  f o r  example, l oca t ed  on xountainous t e r r a i n  i n  an area of high 

r a i n f a l l ,  is q u i t e  s u s c e p t i b l e  t o  s o i l  e ros ion  on the  s t e e p  s l o p e s .  In  

s p i t e  of t h i s  p ropens i ty  f o r  e ros ion ,  s t r i c t  enforcement of  C a l i f o r n i a  

e ros ion  prevent ion  procedures has r e s u l t e d  i n  success fu l  c o n t r o l  of t h e  

problem, demonstrat ing t h e  a v a i l a b i l i t y  of methods f o r  impeding e ros ion .  A .  

The fac t  t h a t  most p o t e n t i a l  hydrothermal development si tes a r e  l o c a t e d  i n  

f l a t t e r ,  more a r i d ,  zones than The Geysers,  i n d i c a t e s  t h a t  environmental  

problems a s s o c i a t e d  w i t h  e ros ion  w i l l  b e  c o n t r o l l a b l e .  

A more important  geo log ica l  concern a s s o c i a t e d  wi th  hydrothermal 

r e source  development is subsidence.  Subsidence occurs  when withdrawal 

of subsu r face  l i q u i d s  from below underground s t r u c t u r e s  s u f f i c i e n t l y  weaken 

them and cause c o l l a p s e  of subsu r face  rock and s o i l  format ions .  This  

underground s h i f t  can r e s u l t  i n  v e r t i c a l  movement of s u r f a c e  areas. The 

geothermal f i e l d  a t  Wairakei,  New Zealand, f o r  example, has exper ienced  a 

ver t ica l  drop of twelve f e e t  s i n c e  1956 over  a 25 square  m i l e  area. Much 

of th i s  subsidence has  occured o u t s i d e  t h e  product ion  f i e l d ,  i n d i c a t i n g  

the complex n a t u r e  of subsidence.** 

Hot water r e sources ,  which w i l l  p rov ide  most of t h e  a d d i t i o n a l  hvdro- 

thermal  energy i n  t h e  U.S. over  the next two decades,  d i s p l a y  a g r e a t e r  

*Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  
Environment: Geothermal Energy, op. c i t . ,  p. 50. 

**Ibid. ,  p. 50. - 
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l i k e l i h o o d , o f  causing Subsidence than do vapor systems.* 

subs idence  is of major concern i n  the  Imper ia l  Val ley ,  C a l i f o r n i a .  

Valley is  f l a t  and has  a h ighly  developed a g r i c u l t u r a l  i r r i g a t i o n  sys t em 

which depends on g r a v i t y  t o  func t ion .  Subsidence o f  p o r t i o n s  of t h e  

Valley could s e r i o u s l y  d i s r u p t  t h i s  s y s t e m  and caase  s u b s t a n t i a l  economic 

losses .** While no problems have been noted t o  d a t e ,  c a r e f u l  moni tor ing  

of t h e  Val ley’s  subsidence w i l l  have t o  be c a r r i e d  out  throughout the  

future.*** 

In p a r t i c u l a r ,  

The  

C o n t r o l l i n g  subsidence can be accomplished by the  r e i n j e c t i o n  of 

spen t  geothermal l i q u i d s  ( a s  descr ibed  i n  Sec t ion  5.1.1.2).  Although 

t h e r e  are a number of u n c e r t a i n t i e s  a s s o c i a t e d  wi th  r e i n j e c t i o n ,  i t  

n e v e r t h e l e s s ,  g r e a t l y  reduces (but  does no t  exclude)  t h e  p o s s i b i l i t y  of 

harmful subsidence.  

The e f f e c t i v e n e s s  of u s ing  r e i n j e c t i o n  techniques  can be improved 

i n  a number of ways. For example, i f  lower product ion  and r e i n j e c t i o n  

rates, which reduce p res su re  l o s s e s  and ga ins ,  are used,  t h e  l i k e l i h o o d  

of subsidence is  lowered; such measures, however, might r e q u i r e  t h e  d r i l l -  

i n g  of more w e l l s  t o  main ta in  t h e  d e s i r e d  power  product ion.  Product ion  

and r e i n j e c t i o n  w e l l s  can a l s o  be  d r i l l e d  c l o s e r  t oge the r  t o  reduce 

p res su re  l o s s e s  and ga ins ,  b u t  t h e s e  measures could d e p l e t e  t h e  hydrothermal 

r e source  f a s t e r  and be  more c o s t l y .  Induced subs idence  might a l s o  be  m i t i -  

ga ted  by l o c a t i n g  product ion  and r e i n j e c t i o n  w e l l s  i n  deeper  rock  foundat ions .  

*Resource Planning Assoc ia tes ,  Western Energy Resources and t h e  Environ- 
ment: Geothermal Energy, op. c i t . ,  p .  50. 

**Ibid., p. 51. 
***Morris, W i l l i a m  and H i l l ,  John ( e d i t o r s ) ,  An Assessment of Geothermal 

Development i n  t h e  Imperial  Valley of C a l i f o r n i a ,  Volume 2 ,  op .  cit., p. 96. 
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Deeper sediments tend to be  better consolidated and cemented which reduces 

the likelihood of subsidence." 

Closely related to the extraction and injection of geothermal liquids 

is the problem of induced seismicity. While it is well known that geother- 

mal resources and seismicity occur naturally in the same locations becausi. 

both are produced by unstable conditions in the earth's crust,:t* high pres- 

sure reinjection of fluids into known seismic formations can induce seismic 

disturbances. Evidence, however, suggests that geothermal reinjection pres- 

sures will be low enough to avoid seismic disturbances.*** Nevertheless, 

there is also some theoretical indication (although no direct proof exists) 

that geothermal fluids lubricate major faults, thus triggering earthquakes 

in specific locations. Therefore, a.lthough it does not appear that seis- 

micity will be a major impediment to developmrct, geothermal development 

will require constant monitoring of seismic activity over the period of 

each individual project. 

5.1.1.4 Land Use 

The development of hydrothermal energy resources requires the dis- 

turbance of a considerable amount of land area. Moreover, the exact land 

areas to be developed are restricted by tne need to locate hydrothermal 

facilities at well sites. The combined effect of heavy land requirements 

*DOE, Assistant Secretary for Resource Applications, Environmental 
Assessment, Geothermal Energy, Heber Geothermal Binarv-Cycle Demonstra- 
tion Project, October 1980, DOE/EA-0119, p. 109. 

**Resource Planning Associates, Western Energy Resources and the 
Environment: Geothermal Energy, o p .  cit., p .  52. 

***DOE, Assistant Secretary for Environmental Protection, Safety, and 
Emergency Preparedness, Energy Technologies and the Environment: Environ- 
mental Information Handbook, op. cit., p .  376. 
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and restricted location possibilities for hydrotiiermal facilities, suh- 

stantially increases the probability of conflict where competing land 

uses exist.* 

Hydrothermal power plants require more land than direct heat a p p l i -  

cations. A 110 MWe plant requires, on average, one square m i l e  of ].and 

area** to accommodate hydrothermal infrastructures including:;\;?;\ 

0 Drilling pads; 

0 Sumps; 

0 By-product processing facilities; 

0 Access roads; 

0 Pipe lines; 

0 Generating plants; 

0 Cooling towers; and 
, 

0 Transmission lines. 

Exhibit 5.6 provides additional detaii concerning the surface areas 

affected during exploration and development of a typical hydrothermal 

development site. 

The nature of hydrothermal resources results in a dispersed infra- 

structural development rather than a concentrated or contiguous one. It 

has been estimated that within the boundaries of a typical hydrothermal 

development, only 20 percent of the surface land is actually disturbed 

*Ellickson, Phyllis, Brewer, Saundra, and Knight, Kathleen, -- The 
Resolution of Environmental Issues in Geothermal Development, A Working 
Note, prepared for the Energy Research and Development Administration by 
the RAND Corporation, 1977, p .  27. 

**Ibid., p .  27. 
***Resource Planning Associates, Western Energy Resources and the 

Environment: Geothermal Energy, op. cit., p .  52. 
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Exhib i t  5.6: Land U s e  Requirements f o r  a Typica l  Hydrothermal Power P l a n t  

Development Phase 

Explora t ion  and T e s t i n g  Phase 

Road c o n s t r u c t  ion  

D r i l l  pads 

Mud sump 

F u l l  F i e l d  Development 

Road c o n s t r u c t i o n  

P i p e l i n e s  

Power genera ion  f a c i l i  ies 

- tu rb ine  gene ra to r s  and condensers  
-coo l i n g  towers - t rans  f o mer 

Transmission l i n e s  , 

Surface  Area R e w i r e d  

3 t o  4 m i l e s ,  graded and compacted. 

1 a c r e  each,  c l e a r e d  and compacted. 

Each one r e q u i r e s  an a r e a  100' x 125' x 10 '  
deep t o  temporar i ly  s t o r e  up t o  1,000,000 
ga l lons  of e f f l u e n t  and c u t t i n g s .  

Acreage v a r i e s .  
b u i l t  t o  d r i l l i n g  pads ,  mud sumps, 
b u i l d i n g s  f o r  housing equipment and 
s t o r a g e .  E s t i m a t e :  30 a c r e s  of  land  
c l e a r e d  f o r  every 15 w e l l s .  

Access roads  may be 

Each p i p e l i n e  i s  10" t o  30" i n  d iameter ,  
r a i s e d  on suppor ts  r i s i n g  no more than 
1 2  f e e t .  The a r e a  c l e a r e d  f c r  the 
p i p e l i n e  is  from 10' t o  300' wide,  
depending on whether access  roads  are  
cons t ruc t ed . 
Roughly 5 a c r e s  are r equ i r ed ;  most of t h e  
l and  must be  paved o r  o therwise  made 
impervious.  

Each is  150' x 65'  x 60 '  high. 
Each i s  360' x 65' x 60'  high.  
Each is 100' x 100' x 55' high. 

L i n e s  c o n s i s t  of towers o r  p o l e s  a t  a 
h e i g h t  of  80 t o  120 f e e t ,  w i t h  conc re t e  
bases 40 f e e t  a p a r t .  

Source: Resource Planning Assoc ia t e s ,  Western Energy Resources and the  
Environment: Geothermal Energy prepared  f o r  t h e  Environmental 
P r o t e c t i o n  Agency, O f f i c e  of Research and Development, O f f i c e  of 
Energy, Minerals  and I n d u s t r y ,  1 9 7 7 ,  p. 45. 
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p h y s i c a l l y  by such a c t i v i t i e s  as paving, grad ing  and c l ea rance  of vegeta-  

t i on .*  Never the l e s s ,  t h e  extended hydrothermal power p l a n t  may i n d i r e c t l y  

a f f e c t  t h e  remaining undis turbed land area,  impeding a l t e r n a t e  uses  of 

t h e  e n t i r e  ac reage  ( f o r  example, r e c r e a t i o n  a r e a s ,  w i l d l i f e  p re se rves ,  

o r  s c e n i c  a r e a s ) .  This  l o s s  of t h e  land f o r  a l t e r n a t e  uses  would l a s t ,  

on average ,  f o r  30 yea r s .  This  t rade-off  between a l t e r n a t e  land uses  

can r e s u l t  i n  s e r i o u s  c o n f l i c t s ,  as has  been demonstrated i n  Lake County, 

C a l i f o r n i a  where a l t e r n a t e  competing uses  ( r e c r e a t i o n  and s c e n i c  areas) 

f o r  p o t e n t i a l  hydrothermal  zones are s u f f i c i e n t l y  valued by l o c a l  resi- 

d e n t s  t o  produce p o l i t i c a l  opposi t ion.** 

I n  t h e  Imper i a l  Val ley,  C a l i f o r n i a ,  hydrothermal  development may con- 

f l i c t  w i t h  a g r i c u l t u r a l  a c t i v i t i e s ;  however, estimates i n d i c a t e  t h a t  less 

than  0 .2  p e r c e n t  of t h e  Va l l ey ' s  475,000 c u l t i v a t e d  areas would be re- 

moved from a g r i c u l t u r a l  p roduct ion  by t h e  i n t r o d u c t i o n  of hydrothermal  

power p l a n t s  t o t a l l i n g  2,700 MWe of capac i ty .  Again, t h e  u n a v a i l a b i l i t y  

of t h i s  l and  f o r  c u l t i v a t i o n  would las t  approximately 30 years.';+:* 

While t h e  development of d i r e c t  h e a t  f a c i l i t i e s  would p h y s i c a l l y  

d i s t u r b  m u c h  less surface land  than would power p l a n t  development, t h e  

d i s r u p t i o n  would no t  be  i n s i g n i f i c a n t .  Land would be  r equ i r ed  f o r  several 

f u n c t i o n s ,  i nc lud ing :  

*Resource Planning Assoc ia t e s ,  Western Energy Resources and t h e  

**Ell ickson,  P h y l l i s ,  B r e w e r ,  Saundra,  and Knight ,  Kathleen,  - The 
Environment: Geothermal Energy, op. c i t . ,  p .  4 5 .  

Resolu t ion  of Environmental I s s u e s  i n  Geothermal Development, A Working 
Note, op. c i t . ,  p.  27. 

the  I m p e r i a l  Val ley of C a l i f o r n i a ,  Volume 1, op. c i t . ,  p. 9-16. 
"**Layton, David ( e d i t o r ) ,  An Assessment of Geothermal Development i n  
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0 Drilling pads; 

a By-product processing facilities; 

e Access roads; and 

0 Pipelines (more than in the case of power plants). 

The disruption would be greatest during field development when construction 

and drilling machinery are present. 

In comparison with the surface mining of coal or uranium at one loca- 

tion, and the generation of electricity by coal-fired or nuclear power 

plants at another location, land disturbances and land use conflicts 

caused by hydrothermal site development are generally far less severe. 

The hydrothermal fuel cycle is also confined to one location. Moreover, 

restoration of the land to previous functions is simpler, less expensive, 

and more likely to be successful with hydrothermal resource development.* 

While land use conflicts associated with hydrothermal energy deve- 

lopment cannot be "abated" as other environmental impacts may be, the 

social cost of land use conflicts may be minimized by careful comprehen- 

sive planning. Prospects for such planning are good since hydrothermal 

resource development will probably be built in small incremental units. 

Such planning would allow optimal utilization of the land for competing 

uses. ** 

"Resource Planning Associates Western Energy Resources and the 
Environment: Geothermal Energy, op. cit., p. 4 4 .  

**Ellickson, Phyllis, Brewer, Saundra and Knight, Kathleen, The 
Resolution of Environmental Issues in Geothermal Development, A Working 
Note, op. cit., p. 4 8 .  
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5 .1 .1 .5  Noise 

Noise levels a s s o c i a t e d  w i t h  t h e  development of geothermal energy 

r e sources  are  h i g h  enough t o  be  considered environmental  d i s tu rbances .  

It h a s  been suggested,  however, t h a t  n o i s e  l e v e l s  a lone  are no t  i r r i t a t i n g  

enough t o  cause  p u b l i c  oppos i t i on ;  b u t  i n  conjunct ion  w i t h  o t h e r  i rr i-  

t a n t s ,  such as t h e  odor from hydrogen s u l f i d e ,  n o i s e  levels  may be c r i t -  

i c i z e d  by l o c a l  r e s i d e n t s ,  p a r t i c u l a r l y  i f  f a c i l i t i e s  are  loca ted  c l o s e  

t o  populated areas, as  i n  Lake County, C a l i f o r n i a . *  

High n o i s e  levels  may no t  on ly  i r r i t a t e  humans, b u t  may a l s o  d i s t u r b  

w i l d l i f e  h a b i t a t s .  The American Pe reg r in  Falcon,  f o r  example, i s  so rare 

t h a t  on ly  10 n e s t i n g  p a i r s  were counted i n  t h e  e a r l y  1970 ' s .  Noise 

l e v e l s  emanating from geothermal p l a n t s  could d i s t u r b  t h e  Falcon,  and 

o t h e r  w i l d l i f e ,  p o t e n t i a l l y  a f f e c t i n g  reproduct ion.k* 

For e l ec t r i c  power a p p l i c a t i o n s ,  n o i s e  i s  produced -- a t  vary ing  

l e v e l s  -- dur ing  a l l  s t a g e s  of s i t e  development: e x p l o r a t i o n ;  d r i l l i n g ;  

c o n s t r u c t i o n ;  and power p l a n t  ope ra t ion .  Even though t h e  n o i s e  may be 

cont inuous  and loud,  i t  w i l l  n o t  c o n s t i t u t e  a s e r i o u s  environmental  d i s -  

tu rbance  a t  most hydrothermal power p l a n t  sites because t h e  n o i s e  e m i s -  

s i o n s  are l o c a l  and u s u a l l y  occur  i n  r u r a l  se t t ings .***  

are g r e a t e r  dur ing  d r i l l i n g  and t e s t i n g  than  dur ing  o t h e r  s t a g e s  of deve- 

Noise emiss ions  

lopment, e s p e c i a l l y  f o r  vapor dominated systems.  Hot w a t e r  systems produce 

*El l ickson ,  P h y l l i s ,  B r e w e r ,  Saundra,  and Knight,  Kathleen,  The 
Res.olution of Environmental I s s u e s  i n  Geothermal Development, A W x i n g  
Note, op. c i t . ,  pp. 25, 31. 

**Ibid. ,  p. 30. 
***Resource Planning Associates, Western Energy Resources and The 

Environment: Geothermal Energy, op. c i t . ,  p. 62. 
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less noise but enough to affect local residents and wildlife. Testing 

of wells is particularly loud; however, following testing, hot water 

wells are capped, thus eliminating this source of noise. Plant construc- 

tion, which may coincide w.th well drilling, is also a temporary source 

of noise resulting from road and plant construction machinery." 

During power plant operations, noise is generated by cooling tower 

fans, venting of wells, and accidental blowouts. Liquid dominated power 

plants produce less noise than vapor dominated power plants. Because the 

additional hydrothermal power plants attributable to DOE'S "Current Fed- 

eral Program" will likely use hot water resources (see Section 5.1.2.1), 

the effective noise levels should be less than those at The Geysers (a 

vapor dominated system) where all complaints, to date, have taken place. 

Direct heat applications from hydrothermal development will also 

produce noise, but only during .the well drilling and pipeline construc- 

tion stages of development. Actual operation of direct heat facilities 

will generate no significant noise except during accidents or repair 

periods.** 

N o i s e  abatement technology can reduce noise levels considerably at 

both hydrothermal power plants and direct heat facilities. Mufflers can 

be installed on vents, reducing noise levels of steam releases. 

lated areas, drilling and construction activities can be restricted to 

day-time (working) hours, thus eliminating noise irritation during quiet 

In popu- 

evening and morning hours. 

*Resource Planning Associates, Western Energy Resources and the 

**Ellickson, Phyllis, Brewer, Saundra, and Knight, Kathleen, - The 
Environment: Geothermal Energy, op. cit., p .  62. 

Resolution of Environmental Issues in Geothermal Development, A Working 
Note, op. cit., p. 30. 
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5.1.1.6 Concluding Remarks 

There is no doubt that environmental concerns exist with the deve- 

lopment of hydrothermal resources. Air pollution, water use, liquid 

waste disposal, and subsidence are all issues that must be dealt with 

in a responsible manner. To promote such actions, D O E ' s  "Current Federal 

Progr2m" is committed to funding research and development activities on 

environmental strategies. While it is difficult to generalize since 

environmental impacts are so dependent upon local conditions, it is 

believed that most of these impacts can be adequately addressed to pro- 

duce a beneficial resolution at all hydrothermal resource sites. 

Moreover, compared to alternative energy sources (i.e., coal and 

nuclear) hydrothermal resource development is relatively benign environ- 

mentally. Indeed, it may well offset more environmentally adverse effects 

which could otherwise accompany fossil fuel o r  nuclear powered facilities 

in the absence of hydrothermal power plants and direct heat use facilities. 

5.1.2 Impact of DOE's "Current 
Federal Program" 

The variety of environmental impacts that can be expected from the 

. additional hydrothermal electric power and direct heat use applications 

associated with DOE's "Current Federal Program", were described qualita- 

tively in the previous section, and were also compared to the types of 

impacts resulting from the use of competing alternative energy sources. 

In this section, where possible, a more quantitative assessment and com- 

parison is made. 

type and magnitude of environmental pollutants released during the oper- 

ation of hydrothermal power plants with those released during the opera- 

tion of coal-fired and nuclear power plants. A similar assessment is 

Specifically, attention is focused on comparing the 

- .. . 
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provided for hydrothermal direct heat use facilities and the use of 

alternative coal, oil and natural gas resources for space and process 

heating purposes. 

While such comparisons are useful, their limitations are also impor- 

tant to recognize. For example, developing (and comparing) estimates of 

pollutant releases resulting from DOE'S "Current Federal Program'' required 

certain generalizations about the types of facilities that will be con- 

structed and the quality of the hydrothermal resources (or alternative 

energy sources) used." While it is recognized that the same type of 

power plant or direct heat use facility will not be built everywhere, 

and that the quality of the hydrothermal resource (or alternative energy. 

source) varies from site to site, such simplifying assumptions were, 

nevertheless, made by using pollutant coefficients for "typical" power 

plants or direct heat use facilities in order to compare pollutant 

releases for competing technologies. Because these pollutant releases 

are representative of "typical" operating conditions, such comparisons 

are not unreasonable. 

Equally important, the release of pollutants into the environment 

do not, per se, constitute damage. Rather, it is the interaction of 

these releases with the prevailing environmental conditions of a given 

location (for example, the ambient air and water quality) that dictates 

the impact that a certain level of pollution will have. 

quantities of pollutants released at two different locations will not 

Therefore, equal 

~~ 

*These assumptions are described later in this section. 
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necessarily have the same environxental impact. Generally, however, the 

larger the pollutant releases are at a particular location, the greater 

the detrimental impact on the environment will be at that location com- 

pared to other locations. Thus, such comparisons can provide meaningful 

insights even when pollutant releases from different energy sources -- 

for example, a hydrothermal power plant versus a coal-fired power plant 

-- will not likely occur in similar localities. 

The pollutant releases associated with the additional electric power 

applications are first described, followed by those associated with the 

additional direct heat use applications. 

5.1.2.1 Electric Power Applications 

While some of the increased use of hydrothermal resources for electric 

power applications between 1980 and 2000 will utilize currently unused 

vapor dominated resources located in The Geysers area, the additional hydro- 

thermal electric power, resulting from DOE's "Current Federal Program", can 

be assumed to mostly come from liquid dominated resources. That it, it is 

reasonable to assume that the remaining available vapor dominated resources 

will be exploited under DOE'S "NO Federal P r o g r a m " ,  and t h a t  DOE's " C u r r e n t  

Federal Program" will stimulate the additional use of liquid dominated 

resources. Therefore, it can be assumed that the electricity produced 

from the additional 22 hydrothermal power plants will solely utilize liquid 

dominated resources, while the electricity produced as a result of improved 

operating performance at all other power plants will, to a small extent, 

utilize vapor dominated resources, but, largely, also utilize liquid domi- 

nated resources. 
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For purposes of the environmental assessment, it is assumed that 

all of the additional production of hydrothermal based electricity (i.e., 

the 296 million megawatt-hours between 1980 and 2030) will come from 

power plants built in 50 W e  increments utilizing hydrothermal flash 

steam designs." This system requires 12 production wells to provide an 

adequate flow of geothermal fluid and six reinjection wells to minimize 

land subsidence and to control the disposal of spent brine and cooling 

tower blowdown. Hydrogen sulfide emissions are controlled by using 

either the Stretford or EIC process.** Given these assumptions, the 

environmental impacts associated with DOE'S "Current Federal Program" 

are summarized in Exhibit 5.7 ,  both for a typical 50 MWe power plant 

producing 381 thousand megawatt-hours of electricity each year, and for 

the additional 296 million megwatt-hours of electricity produced between 

1980 and 2030. 

The key resources consumed by hydrothermal power plants include 

geothermal fluid, cooling tower make-up water and land. While carbon 

dioxide is expected to represent the largest amount of air pollution, 

releases of hydrogen sulfide will be more significant due to the concerns 

associated with its odor and the transformation of hydrogen sulfide into 

sulfur dioxide.*** Because all liquid wastes are reinjected into sub- 

surface aquifers, no water pollutants are projected to be released to 

*Because vapor dominated systems tend to utilize less resources and 
produce more environmental residuals per unit of electricity produced, the 
environmental impact presented here can be viewed as an upper bound 'esti- 
mate. See DOE, Assistant Secretary for Environmental Protection, Safety 
and Emergency Preparedness, Technology Characterizations: Environmental 
Information Handbook, 1981, DOE/EP-0028, pp. 178-183. 

. **For additional detail, see Ibid., pp. 180-1S2. 
***One ton of hydrogen sulfide, when oxidated, produces 1.88 tons of 

sulfur dioxide. 
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Exhib i t  5 .7:  Summary of Environmental  Impacts f o r  Add i t iona l  
Hydrothermal E lec t r ic  Power App l i ca t ions  A t t r i -  
b u t a b l e  t o  DOE'S "Current Federa l  Program'' 

- 

Resources Used and Environmental 
Res idua ls  Released 

Resources Used 

Geothermal F l u i d  - 23OoC ( tons)  

Cooiing Tower Make-up Water 
( a c r e - f e e t )  

Land ( a c r e s )  

Environmental Res idua ls  Released 
( t o n s ,  u n l e s s  o therwise  s p e c i f i e d )  

A i r  P o l l u t a n t s  

Hydrogen S u l f i d e  

Armnonia 

?¶ethane 

Carbon Dioxide 

Arsenic  

Boron 

Plercury 

Benzene 

Radon ( c u r i e s )  

Water P o l l u t a n t s  

Solid Wastes 

D r i l l i n g  llud (cubic  f e e t )  

S o l i d s  

T h e r m a l  Discharge (Etu 's)  
To A i r  

Noise F o l l u t i o n  (dB(A)  a t  50 f e e t )  

Well D r i l l i n g  

Cons t ruc t ion  Machinery 

P l a n t  Operat ion -_____ 
*Aqscaing a c a p a c i t y  f a c t o r  0.87, a 50 

Q u a n t i t y  Per Year For 
A 50 )%'e Power Plant* 

6 28.9 x 10 
3 4.9 x 10 

110.4 - 127.8 

5.1 - 51.2 

192.4 - 19,760 

525.2 - 5,252 

7,865 - 78,650 

0.5 - 5.3 

13.3 - 132.6 

0 - 2.6 

126.5 - 1,391 

12.2 - 18.7 

Koae Released*** 

3 2 .1  lo3 - 4.6 10 
3 11.4 x lo3 - 116.1 x 10 

12 20.0 x 10 

75 - 85 
70 - 95 

70 - 100 
- - -- ----___-- 

Quanti ty  For A l l  Addi- 
t i o n a l  Hydrothermai E l e c t r i c  

Power Applicat ions Over 
Lifet ime of F a c i l i t i e s * *  - 

10 

6 
2.2 x 10 

3.8 x 10 

4 8.6 x lo4 - 9.3 x 10 

3 4.0 x l o 3  - 39.8 x 10 

1.5 x lo5 - 153.6 x 10 
5 4 . 1  x lo5 - 40.8 x 10 
6 6.1 x lo6 - 61.1 x 10 
2 4.1 x lo2  - 40.8 x 10 
4 

5 

1.0 lo4 - 10.3 10 
3 0 - 2.0 x lc! 

4 9.8 x lo4 - 108.1 x 10 
3 9.5 lo3 - 14.5 10 

None Released*** 

1.6 x IO6 - 3.5 s 10 6 

8.9 x 10 6 - 38.7 x 10 6 

15.6 x 

75 - 85 

70 - 95 

70 - 100 

3 Ve Flaiit produces 351.1 x l a  xgawatt-hour:; o i  e l e c t r i c i t y  
p e r  year o r  1,3 x t 0 l 2  Biu ' s  of cncrg; per year. 

.I. .'. -,.Assuit:cs a l l  addi t ion; i l  p<.wcr v i11  be p n w n t c d  11:' €ln.;h s team :;y::t,:i.l::. 
"**XI.l l i q u i d  wastes  a r e  r e i n j e c t e d  i n t o  a subsur face  a r ,u i fe r ;  t h e r c f r ~ r e ,  these p o i l u t a n t s  a le  not 

r e l e l s c d  to s u r f a c e  ~ 3 t e r  (cxccpt  by 3 C C i d ? I : L 3 1 .  0cc::irrerlcc). 

Source: Cxhib i t  4.2 acd pol lu t i ln t  cocfricic,l?t': f r m  D3E. A-xicLant Secre ta ry  fo r  E n x i - r o a r - n t ~ l  P r o t e c t i o n ,  
S a f e t y  and Encrgcncy Preparedness ,  _Tcchnolor:y Chnrac tcr iza t ions :  Environmental Inforna t ion  ihnd-- 
book, 1981, DOE/EP-0028, pp.  180-182. 
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surface waters (unless accidental releases occur). Solid wastes, how- 

ever, will be produced since the spent brines will need to be treated 

prior to reinjection. 

To provide a better perspective of the environmental impacts asso- 

ciated with DOE'S "Current Federal Program'', Exhibit 5.8 compares the 

resources used and the environmental residuals released (per trillion 

Btu's of energy produced) for hydrothermal flash steam systems and its 

two competing alternative energy sources -- coal and nuclear. The coal 

fuel cycle utilized here consists of a western coal-fired power plant 

with 500 MWe generating capacity, supported by an adjacent coal benefi- 

ciation/preparation plant, a western coal unit train operation and a 

western coal surface mining operation extracting low sulfur ( 0 . 6 3  per- 

cent) coal. Pollution control devices are assumed to be in use to mini- 

mize air, water and solid waste pollution in compliance with current 

regulations.* 

ground uranium mining operation, a uranium mill, a uranium hexafluoride 

conversion plant, a gaseous diffusion enrichment plant, and a fuel fabri- 

cation plant providing 3 .0  percent enriched uranium-235 fuel to a pres- 

surized water reactor (PWR) power plant with 1,000 MWe capacity. Compli- 

ance with current environmental regulations is also assumed.** 

The nuclear fuel cycle utilized here consists of an under- 

*For additional detail, see DOE, Assistant Secretary for Environ- 
mental Protection, Safety and Emergency Preparedness, Technology Character- 
izations: Environmental Information Handbook, op. cit., pp. 60-79. 

**This nuclear fuel cycle configuration is assumed for the following 
reasons: 60 percent of all uranium comes from underground mining opera- 
tions; the gaseous diffusion enrichment process is a well known and more 
proven technology than the gas centrifuge enrichment process; more pres- 
surized water reactors (PWR) are now in operation or planned for the 
future than boiling water reactors (BWR); and PWR power plants consume 
38 percent less water(per kilowatt-hour of electricity produced) than BWR 
plants, an important factor in the arid western states. For additional 
detail, see Ibid., pp. 2-21. 
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Exhibit 5.8: Comparison of Environmental Impacts for Hydrothermal, 
Western Coal and Nuclear Power Generation Systems 

Rrsourccs I'srd end Env i ronwnta l  
H t ~ ~ l d ~ ~ n l s  R~.It.:~scd ~- 
Hesources Used 

5 F c d  !.l:ltvrlnIs (tons) 

U.llcr Csui.;iimcd (acru-fcut)  

Land ( ac re s )  6 .  

t rvironmcntnl  Residuals  Released 
( tons.  unless o t h e r d s e  s p e c i f i e d )  

Air P o l l u t a n t s  

Pa r t i cu la t em 

S u l f u r  Compounds 

Nitrogen Compounds8 

Hydrocarbons 

Carbon Xonoxide 

Carbon Dioxide . 
Arsen ic  

Boron 
Mercury 

Beazena 
Zinc 

F luo r ide  

Aldehyde. 

Other Non-Radioactive 

Radon ( cu r i e s )  

Uranium (cu r i e s )  

h'oble Cases-Krypton 
and Xenon ( cu r i e s )  

Carbon-14 ( cu r i e s )  

T r l c i w  (cu r i e s )  

Other b d i o a c t i v e  ( c u r i e s )  

7 

9 

Vatcr Po1 lu tan t s lo  

T o t a l  Dissolved S o l i d s  

To ta l  Suspendcd Sol ido 

Aneconla and Other h ' i trogen 
Compcunde 

S u l f a t e  
F luo r ide  

. Otller Mon-Radioactive 
Tr i t i um (cu r i e s )  

Other Radioact ive ( cu r i e s )  

s o l i d  ~ a o t e s l l  

D r i l l i n g  Hud (cubic  f e e t )  

So l ido  

Flash Stcom 
svs t 1.m2 

\ 

22.6 x 10' 

3.0 x 103 

84.9 x 38.3 

3.94 - 39.6 

148 - 15.200 

406 - 4,090 

6.050 - 60,500 

NA 

0.6 - 4.0 
10.2 - 102 

0 - 2.0 

97.3 - 1,070 
KA 

NA 
ta 
NA 

9.38 - 14.4 

NA 
NA 

NA 
NA 
NA 

None 

None 

None 

None 
None 

None 

tu 
NA 

1.6: x 103 - 3.50 x io3 

8.8  x lo3 - 37.3 x IO3 

NA 

r 'Trllllon C i u ' a  Of In y Producedl 

Vrstcrn C o n 1  
Furl  cyc le3  

1.8 lo5 

4.3 x I d  
35.1 

949.6 

617.7 

873.7 

43.6 
110.3 

3.1 lo5 
5 . 4  10-3 

NA 
ta 
K4 
0.012 
NA 
2.7 

0.002 

NA 
0.025 tons 

NA 

NA 

M 
1.2 x lo-& 

192.9 

9.7 

0.8 

170.2 

.SA 

ta 
N.\ 
NA 

KA 
68.4  x IO3 

K\ 

Kuclcar Fuel 
C v r l e '  

1.27 

2.2 lo3 

99.2 . 

57.2 

194.4 

53.3 

0.6 
1.5 

19 .O 

NA 
NA 
NA 
ta 
NA 
0.021 

0.003 

0.353 

311 

2 .4  

85.7 

0.3 

38.1 

2.1 IO-) 

1.6 

190.5 
1.4  

8.4 
14.4 
0.56 

NA 
9.003 tons p l u s  
1.2 x lo5 cubic  feel 

282.9 

2.34 x 1012 

n.103 io1' 
- 

NA - Not Applicable. - - Data Not Avrflnhle.  
Source: DOE. Auxictant Sccrctary for Environwntal  Pro:-ctfon. Snfcty and Ezcrymcy Prcparcdners.  Trrhnolop\. Charnc- 

t c r l ~ n t h i n ~ :  Envlroncrntol I n f o r - x t J m  Han- 19J1. WEIEP-0028. Chnpters on g c o t h e m l ,  co:~l  end nuclrTar 
crcl,l,ulnglcs. 

Note: Footnotes are contained on back of this page. 
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Footnotes to Exhibit 5.8 

6 'This is equivalent  t o  293 x 10 
21ncludes h y d r o t h e m 1  production and r e in j ec t ion  v e l l s ,  and f l a s h  steam pover p l an t .  

3 h c l u d e s  r e s t e r n  coal  su r f ace  c i n t . g ,  ves t e rn  coa l  u n i t  t r a i n .  c o a l  b e n e f i c i a t i o n  p l a n t ,  and ves t e rn  c o a l - f i r e d  ' 

'Includes underground u r a n i m  mining, uranium mi l l i ng .  u t a n i u i  hexa f luo r ide  (LT6) conversion. gaseous d i f f u s i o n  

'For hydrothermal f l a s h  s t e a n  system - geethema1 f l u i d  a t  230.C; f o r  v e s t e r n  c o a l  f u e l  cyc le  - lov s u l f u r  (0.632) 

6For ves t e rn  coa l ,  does not  include land displaced by u n i t  t r a i n  ope ra t ion ;  f o r  nuclear .  does not  i nc lude  l and  

'Hydrogen s u l f i d e  (HIS) f o r  hydrorhercal f l a s h  s t e a a  s y s t e a  and s u l f u r  d iox ide  (SO21 f o r  c o a l  and nuc lea r  f u e l  

B h n i a  (hH3) fo r  hydrothermal f l a s h  steam syctem and oxides  of n i t rogen  f o r  c o a l  and nuc lea r  f u e l  cyc le s .  
9F&thane (CHq) f o r  hydro the r ra l  f l a s h  steam systen.  

kilov3rt-hours of e l e c t r i c i t y .  

pover p l an t .  

enrichment p l a n t ,  f u e l  f a b r l c a t i a n  p l an t ,  and p res su r i zed  v a t e r  reactor (PLX) pover p l an t .  

coal ;  f o r  nuclear  f u e l  cyc le  - uranium d:oxide (U02) v l t h  3.3: u r a n i m  -235. 

required for gaseous d i f f u s i o n  ea r i ch rxn t  p l a n t .  

cyc1ss. 

l0Fcr nuc lc r r ,  does not include barer po l lu t an t s  from underground uranium mining. 

"For ves t c rn  coa l ,  docs not lnclude s o l i d  wastes from surfx.: mining; f o r  nuc lea r ,  does not  includc s o l i d  v a s t e s  
from pascous d i f fus ion  cnrichmcnt plant .  



While t h e  water and land  use  requirements ( p e r  t r i l l i o n  Btu’s of 

energy produced) are less w i t h  t h e  c o a l  o r  n u c l e a r  f u e l  c y c l e s  than  

w i t h  t h e  hydrothermal f l a s h  steam system, such r e s u l t s  are somewhat 

mis leading  s i n c e  each energy system t y p i c a l l y  r e q u i r e s  a d i f f e r e n t  mini- 

mum s i z e d  power p l a n t  ( a s  desc r ibed  above) i n  o r d e r  t o  be  cons t ruc t ed  

and ope ra t ed  economically.  Indeed, s i n c e  c o a l - f i r e d  and n u c l e a r  power 

p l a n t s  must, g e n e r a l l y ,  be much l a r g e r  t han  hydrothermal power p l a n t s ,  

t h e  water and land  use  requirements a t  a g iven  power p l a n t  l o c a t i o n  w i l l  

a c t u a l l y  be  t h e  same o r  l a r g e r  w i t h  c o a l - f i r e d  o r  n u c l e a r  power p l a n t s .  

For example, a 50 MWe hydrothermal power p l a n t  and a 500 MWe c o a l - f i r e d  

power p l a n t  (wi th  an  ad jacen t  c o a l  b e n e f i c a t i o n  p l a n t )  w i l l  bo th  r e q u i r e  

about 5,000 a c r e - f e e t  of water p e r  y e a r ;  a 1,000 MWe nuc lea r  power p l a n t  

w i l l  r e q u i r e  about  15,500 a c r e - f e e t  of water p e r  yea r .  The land  use  
-. ... . 

requi rements  would b e  as fo l lows:  about 110-128 acres f o r  a 50 MWe hydro- 

thermal  power p l a n t ;  about 335 acres f o r  a 500 MWe c o a l - f i r e d  power p l a n t  

(and a d j a c e n t  c o a l  b e n e f i c i a t i o n  p l a n t ) ;  and about  1,850 a c r e s  f o r  a 1,000 

We n u c l e a r  power p l a n t .  

A comparison of t h e  environmental  r e s i d u a l s  released for hydrothermal 

wes tern  c o a l  and n u c l e a r  power g e n e r a t i o n  systems i s  somewhat more d i f f i -  

c u l t  s i n c e  t h e  types  of p o l l u t a n t s  r e l e a s e d  are d i f f e r e n t  i n  many r e s p e c t s .  

Some impor tan t  obse rva t ions  i n c l u d e  the fo l lowing:  

0 A l l  t h r e e  power g e n e r a t i o n  systems release s i m i l a r  
a i r  p o l l u t a n t s  ( f o r  example, s u l f u r  compounds, 
n i t r o g e n  compounds, hydrocarbons,  and carbon d iox ide )  
b u t  i n  va ry ing  q u a n t i t i e s .  For t h e  n u c l e a r  f u e l  
c y c l e ,  most of t h e s e  p o l l u t a n t s  come from t h e  d i f -  
f u s i o n  enrichment p l a n t .  For t h e  c o a l  f u e l  c y c l e ,  
most come from power p l a n t  o p e r a t i o n s ;  i n  p a r t i c u l a r  
t h e  release of t hose  p o l l u t a n t s  b e l i e v e d  t o  be  pre- 
c u r s o r s  t o  a c i d  r a i n  ( i . e . ,  s u l f u r  and n i t r o g e n  
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0 

0 

0 

compounds end p a r t i c u l a t e s )  and a warming of t h e  e a r t h ' s  
atmosphere ( i . e . ,  carbon d iox ide ) ,  are much g r e a t e r  f o r  
c o a l - f i r e d  power p l a n t s  than  f o r  hydrothermal  power 
p l a n t s .  

The nuc lea r  f u e l  c y c l e  releases a series of r a d i o a c t i v e  
a i r  p o l l u t a n t s  no t  produced by e i t h e r  t h e  hydrothermal 
o r  wes te rn  c o a l  f u e l  cyc le s .  Radon i s  p r i m a r i l y  emi t ted  
du r ing  uranium mining and mi l l ing"  wh i l e  t h e  nob le  gases  
(krypton and xenon),  carbon-14 and t r i t i u m  are emi t t ed  
d u r i n g  power p l a n t  ope ra t ions .  

- 

While no w a t e r  p o l l u t a n t s  are expected w i t h  hydrothermal 
f l a s h  steam systems s i n c e  a l l  l i q u i d  wastes are r e i n -  
j e c t e d ,  western coa l - f i r ed  power p l a n t s  and bene f i c i a -  
t i o n  p l a n t s ,  and uranium m i l l i n g  o p e r a t i o n s ,  are expected 
t o  produce a series of non-rad ioac t ive  water p o l l u t a n t s .  
Rad ioac t ive  w a t e r  p o l l u t a n t s  are a l s o  expected from nu- 
clear power p l a n t s .  . 

A l l  t h r e e  power gene ra t ion  systems produce s i z a b l e  quani- 
t i es  of s o l i d  wastes as a by-product of p o l l u t i o n  c o n t r o l  
a c t i v i t i e s ,  b u t  n u c l e a r  power p l a n t s  a l s o  produce rad io-  
ac t2ve  s o l i d  wastes. 

Thermal d i scha rges  and n o i s e  p o l l u t i o n  are produced by 
a l l  t h r e e  power gene ra t ion  systems i n  va ry ing  q u a n t i t i e s .  

Once a g a i n ,  however, t h e s e  r e s u l t s  must a l s o  cons ide r  t h a t  a hydro- 

thermal  power p l a n t  can  b e  economically c o n s t r u c t e d  and ope ra t ed  on a 

much smaller' scale than  e i t h e r  a c o a l - f i r e d  o r  n u c l e a r  power p l a n t .  I f  

. t h e  environmental  r e s i d u a l s  r e l e a s e d  are a d j u s t e d  t o  r e f l e c t  t h e s e  d i f -  

f e r e n t  p l a n t  s i z e s ,  hydrothermal  f l a s h  steam systems would produce much 

less p o l l u t i o n  a t  any s i n g l e  locat ion.** Moreover, hydrothermal  f l a s h  

steam systems are self conta ined  i n  one l o c a t i o n ,  whereas t h e  c o a l  and 

*Hydrothermal f l a s h  steam systems a l s o  e m i t  radon b u t  a t  levels 
less than  f i v e  pe rcen t  of t h e  levels found f o r  t h e  n u c l e a r  f u e l  cyc le .  

**The environmental  r e s i d u a l s  r e l e a s e d  by a 50 MWe hydrothermal 
f l a s h  steam power p l a n t  system would be  1.3 t i m e s  t h e  l e v e l s  shown i n  
Exhib i t  5.8; f o r  a 500 MWe coa l - f i r ed  power p l a n t  system, they would be 
about  12  t i m e s  t h e  l e v e l s  shown; and f o r  a 1,000 MWe nuc lea r  power 
p l a n t  system, they would be about  2 1  t i m e s  t h e  levels  shown. 
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nuc lea r  f u e l  c y c l e s  r e q u i r e  s e v e r a l  l o c a t i o n s  t o  accommodate t h e  mining, 

f u e l  conversion,  f u e l  t r a n s p o r t  and power gene ra t ion  f a c i l i t i e s .  

Therefore ,  t h e  a d d i t i o n a l  hydrothermal e l e c t r i c  power a p p l i c a t i o n s  

( r e s u l t i n g  from D O E ' s  "Current Fede ra l  Program") w i l l  consume geothermal 

f l u i d s ,  water and l a n d ,  and release a series of environmental  r e s i d u a l s  

a t  about 22 l o c a t i o n s . *  However, t h e s e  occurrances  -- a t  any One loca-  

t i o n  -- w i l l  be  r e l a t i v e l y  s m a l l  compared t o  t h e  much l a r g e r  amounts of 

r e sources  consumed and r e s i d u a l s  r e l e a s e d  a t  t h e  c o a l - f i r e d  o r  nuc lea r  

power p l a n t s  (2-3 i f  c o a l  and 1-2 i f  n u c l e a r ) ,  and companying suppor t  

€ a c i l i t i e s ,  necessa ry  t o  supply t h e  same amount of e l e c t r i c i t y .  Fur ther -  

more, w i t h  t h e  n u c l e a r  f u e l  cyc le ,  i n  p a r t i c u l a r ,  a series of rad io-  

active a i r ,  w a t e r  and s o l i d  w a s t e  r e s i d u a l s  would be  produced which pose 

long-term environmental  and p u b l i c  h e a l t h  concerns n o t  found w i t h  hydro- 

thermal  f l a s h  steam systems. 

5.1.2.2 Direct Heat App l i ca t ions  

The a d d i t i o n a l  d i r e c t  h e a t  use  a p p l i c a t i o n s  r e s u l t i n g  from D O E ' s  

"Current F e d e r a l  Program'' w i l l  p rovide  bo th  d i s t r i c t  h e a t  ( i . e . ,  res iden-  

t i a l  and commercial space h e a t )  and i n d u s t r i a l  p rocess  h e a t .  O f  t h e  

. t o t a l  a d d i t i o n a l  1.155 quads of hydrothermal  energy supp l i ed  between 1980 

and 2025, approximately 0.975 quads are expected t o  be  consumed by resi- 

d e n t i a l  and commercial customers  f o r  space h e a t i n g ,  and approximately 0.180 

quads are expected t o  be  consumed by i n d u s t r i a l  u s e r s  f o r  p rocess  heat ing.** 

*The a d d i t i o n a l  r e sources  used and r e s i d u a l s  r e l e a s e d  a s s o c i a t e d  w i t h  
t h e  improved o p e r a t i n g  performance a t  a l l  o t h e r  power p l a n t s  is  expected 
t o  be very  minimal a t  any one l o c a t i o n  (less than  2 .5  pe rcen t  over  what 
would occur wi thout  improved o p e r a t i n g  performance) .  

**These estimates are based on d a t a  conta ined  i n  E x h i b i t s  4.5 and 4 . 6 .  
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For purposes of the environmental assessment, residuals data are 

used for a hydrothermal space heating system designed to heat garden 

apartments, and for a hydrothermal industrial process heating system 

used in an existing potato processing plant. Both systems are ass-umed 

to be closed with the spent geothermal fluid reinjected into subsurface 

aquifers. Therefore, air emissions are primarily associated with dril- 

ling, testing and cleaning operations, while waterborne residuals are 

released when spills occur.* 

To compare environmental residuals from these hydrothermal direct 

heat use systems with those from competing alternative energy sources, 

three competing systems -- using western coal, oil and natural gas -- 

are utilized. With the western coal system, space heat is provided using 

electricity generated by a coal-fired utility; process heat is generated 

by transporting the coal to the industrial user and burning it directly 

in an industrial boiler. For the oil and gas systems, the energy source 

is transported to the residential/commercial (or industrial) customer 

where it is.burned directly in an oil or gas furnace (or industrial boiler) 

to produce space heat (or industrial process heat).** 

The levels of environmental residuals associated with these hydro- 

thermal, western coal, oil and natural gas systems are shown in Exhibit 

5 .9  for five selected pollutants: particulates; sulfur compounds; nitrogen 

*Hinman, George W. and Robertson, Jeremy, Comparison of Geothermal 
- Energy with Coal, Oil and Natural Gas for Selected Uses, op. cit., pp. 
3-5 and Appendix A. 

**Ibid., p. 15, Addendum. 
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Exhibit 5.9: Comparison of Environmental Impacts for Space and Process Heating 
Using Hydrothermal, Western Coal, O i l  and Natural Gas Energy Resources 
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compounds; carbon d iox ide ;  and s a l t s .  For a l l  r e s i d u a l s ,  f o r  bo th  space 

and process  h e a t  a p p l i c a t i o n s ,  hydrothermal systems are  expected t o  pro- 

duce less r e s i d u a l s  (pe r  quad of hea t  d e l i v e r e d  t o  end-users) than  e i t h e r  

western c o a l  o r  o i l  systems. Compared t o  n a t u r a l  gas  systems,  hydrothermal 

systems are a l s o  expected t o  produce less  r e s i d u a l s ,  except  f o r  s u l f u r  com- 

pounds r e l e a s e d  by p rocess  h e a t  a p p l i c a t i o n s  and s a l t s  r e l e a s e d  by bo th  

space  and p rocess  h e a t  a p p l i c a t i o n s .  

A t y p i c a l l y  s i z e d  hydrothermal f a c i l i t y  supply ing  25  b i l l i o n  B tu ' s  of 

space h e a t  t o  r e s i d e n t i a l  and commercial customers p e r  y e a r ,  would produce 

t h e  fo l lowing  q u a n t i t i e s  of r e s i d u a l s  p e r  yea r :  

0 P a r t i c u l a t e s  - 0.0275 tons ;  

0 Hydrogen s u l f i d e  - 0.9 tons ;  

0 Ammonia - 0.6 t o n s ; .  

a Carbon d iox ide  - 17.25 tons ;  and 

0 S a l t s  - 2.75 tons .  

S i m i l a r l y ,  a t y p i c a l l y  s i z e d  hydrothermal i n d u s t r i a l  p rocess  h e a t  f a c i l i t y  

supplying 150 b i l l i o n  B t u ' s  of energy per  year,  would produce t h e  following 

' q u a n t i t i e s  of r e s i d u a l s  p e r  yea r :  

0 P a r t i c u l a t e s  - 0.042 t ons ;  

0 Hydrogen s u l f i d e  - 1.365 tons; 

0 Ammonia - 0.915 t o n s ;  

a Carbon d iox ide  - 27.0 tons; and 

S a l t s  - 11.25 tons .  
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For a l l  of t h e  a d d i t i o n a l  hydrothermal d i r e c t  h e a t  a p p l i c a t i o n s  a t t r i b u -  

t a b l e  t o  DOE's "Current Fede ra l  Program," p o l l u t a n t  releases are expected 

t o  range from 50 tons  of p a r t i c u l a t e s  f o r  p rocess  h e a t  a p p l i c a t i o n s ,  t o  

670,000 t o n s  o f  carbon d iox ide  f o r  space hea t  a p p l i c a t i o n s ,  over  t h e  45 

y e a r s  cover ing  t h e  l i f e t i m e  of a l l  f a c i l i t i e s  impacted by t h e  program 

( s e e  Exh ib i t  5 .9) .  

More impor tan t ,  however, is  t h e  r educ t ion  i n  p o l l u t a n t  releases ex- 

pec ted  t o  b e  r e a l i z e d  by t h e  use  of hydrothermal r e sources ,  r a t h e r  than  

wes tern  c o a l ,  o i l  o r  n a t u r a l  gas  resources .  The l a r g e s t  r e d u c t i o n s  are 

expected t o  occur  f o r  carbon d iox ide ;  f o r  example, an a d d i t i o n a l  6 . 7  

b i l l i o n  tons  would be  r e l e a s e d  from space h e a t  a p p l i c a t i o n s  i f  wes te rn  

c o a l  r e sources  are  used t o  supply  t h e  a d d i t i o n a l  0.975 quads of hydro- 

thermal  energy expected as a r e s u l t  of DOE's "Current Fede ra l  Program" 

( s e e  Exh ib i t  5 .9 ) .  C l e a r l y ,  t hen ,  a l though t h e  a d d i t i o n a l  hydrothermal  

d i r e c t  h e a t  use a p p l i c a t i o n s  are expected t o  release environmental  resi- 

d u a l s ,  environmental  b e n e f i t s  w i l l  a c t u a l l y  be r e a l i z e d  s i n c e  many more 

tons  of r e s i d u a l s  would be r e l e a s e d  i f  t h e  competing a l t e r n a t i v e  energy 

s o u r c e s  are used instead. 

5.2 Nat iona l  Securi ty/Balance-of-  
Payments Improvements 

The a d d i t i o n a l  hydrothermal  e lectr ic  power and d i r e c t  h e a t  f a c i l i t i e s  

p r o j e c t e d  t o  become o p e r a t i o n a l  i f  DOE's "Current Fede ra l  Program" i s  pur- 

sued,  w i l l  d i r e c t l y  b e n e f i t  t h e  consumers of t h i s  energy.  However, t h e  

s u b s t i t u t i o n  of t h i s  a d d i t i o n a l  hydrothermal  energy f o r  a l t e r n a t i v e  energy 

sources  w i l l  a l s o  provide  i n d i r e c t  b e n e f i t s  t o  s o c i e t y  as a whole by in-  

c r e a s i n g  t h e  s e c u r i t y  of t h e  U.S. and i t s  energy s u p p l i e s  w i th  t h e  c r e a t i o n  

- .. , 
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of t h i s  energy op t ion .  While i t  i s  l i k e l y  t h a t  t h e  a d d i t i o n a l  e l e c t r i c  

power genera ted  by hydrothermal r e sources  w i l l  d i r e c t l y  s u b s t i t u t e  f o r  

c o a l  o r  n u c l e a r  power p l a n t s ,  such a s u b s t i t u t i o n  can a l s o  b e  viewed as 

i n d i r e c t l y  r e p l a c i n g  o i l  o r  n a t u r a l  gas  f i r e d  power p l a n t s  i f  such a 

replacement would have been accomplished by t h e  c o n s t r u c t i o n  of a c o a l  

o r  n u c l e a r  f a c i l i t y .  For d i r e c t  h e a t  a p p l i c a t i o n s ,  t h e  a d d i t i o n a l  use  

of hydrothermal r e sources  w i l l  d i r e c t l y  (and i n d i r e c t l y ,  through t h e  use 

of e l e c t r i c i t y )  s u b s t i t u t e  f o r  o i l  and n a t u r a l  gas .  

The s u b s t i t u t i o n  of hydrothermal r e sources  f o r  o i l  i s  p a r t i c u l a r l y  

impor tan t  s i n c e  o t h e r  end-use energy s e c t o r s ,  such as  t r a n s p o r t a t i o n ,  

c u r r e n t l y  have no p r a c t i c a l  a l t e r n a t i v e s  t o  o i l .  

consumption of o i l  i n  t h e  U.S. reduces t h e  n a t i o n ' s  dependence on imported 

o i l .  T h i s ,  i n  t u r n ,  l e s s e n s  t h e  p o t e n t i a l  f o r  d i s r u p t i o n s  i n  t h e  U.S. 

economy by a c t i o n s  of o t h e r  governments, and dec reases  t h e  n a t i o n a l  t r a d e  

d e f i c i t  thereby improving t h e  balance-of-payments s i t u a t i o n .  

Moreover , r educ ing  t h e  

. .  

The remainder of t h i s  s e c t i o n  exp lo res  t h e s e  i s s u e s  i n  more depth. 

5 .2 .1  Crude O i l  Barrel 
Equiva len t  E f f e c t s  

The a d d i t i o n a l  product ion  of e l e c t r i c i t y  (296 m i l l i o n  megawatt-hours) 

and d i r e c t  h e a t  energy use  (1.155 quads) from hydrothermal r e sources  over  

t h e  l i f e t i m e  of t h e  f a c i l i t i e s  impacted by DOE'S "Current Fede ra l  Program" 

can  be expected t o  s a v e  t h e  e q u i v a l e n t  of ove r  700 m i l l i o n  b a r r e l s  of c rude  

o i l  between 1980 and 2030 ( s e e  Exh ib i t  5.10). Approximately 10 pe rcen t  

(500 m i l l i o n  b a r r e l s )  of t h e  c rude  o i l  saved can b e  a t t r i b u t e d  t o  t h e  

a d d i t i o n a l  e l ec t r i c  power a p p l i c a t i o n s ,  w i t h  t h e  remainder a t t r i b u t a b l e  t o  

t h e  a d d i t i o n a l  d i r e c t  h e a t  u ses .  
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Exhib i t  5.10: Add i t iona l  Hydrothermal E lec t r ic  Power and Direct Heat 
App l i ca t ions  A t t r i b u t a b l e  t o  DOE'S "Current Fede ra l  
Program", by Year, Over L i f e t ime  of F a c i l i t i e s :  Crude 
O i l  Barrel  Equiva len t  
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11.78 
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16.79 
16.75 
lb.76 
16.78 
16.78 
16.78 
16.78 
16.78 
16.78 
16.78 
16.78 
16.49 
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15.56 
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14.58 
14.40 
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0.00 
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22.49 
21.80 
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*Assucws 1.7 b n r r c l s  of rrude o i l  per !OOO ki lowat t -hours  of 
of clcc t r i r  i t y  ~roc1uct.d.  

**Assumes 172 nil:iorl barrels  of crude o i l  per quad of energy 
consilmed. 
NA = N d t  A p p l i c a b l e .  
Source: Exhjbits 4.2 and 4.6. 
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Maximum y e a r l y  sav ings  a re  p r o j e c t e d  t o  occur  a f t e r  2000 when a l l  

impacted f a c i l i t i e s  w i l l  b e  o p e r a t i n g .  A s  t h e s e  f a c i l i t i e s  begin  t o  reach  

t h e i r  u s e f u l  l i v e s  and are  r e t i r e d ,  y e a r l y  c rude  o i l  b a r r e l  equ iva len t  

s a v i n g s  w i l l  d e c l i n e .  By 2030, when a l l  impacted f a c i l i t i e s  are f i n a l l y  

r e t i r e d ,  t h e  sav ings  w i l l  be zero .  

On a d a i l y  b a s i s ,  t h e  average  c rude  o i l  b a r r e l  equ iva len t  s av ings  

are p r o j e c t e d  t o  range from about  5,000 b a r r e l s  p e r  day between 1981 and 

1985 t o  ove r  68,000 b a r r e l s  p e r  day between 2011 and 2015 ( s e e  Exh ib i t  

5.11). 

consumption of 17 m i l l i o n  b a r r e l s  of o i l  p e r  day i n  1980,* they  s t i l l  repre-  

s e n t  from about 210,000 t o  2.9 m i l l i o n  g a l l o n s  of g a s o l i n e  p e r  day,** 

which e q u a l s  t h e  d a i l y  g a s o l i n e  consumption of between 175,000 and 2.4 

m i l l i o n  individuals.*** 

While t h e s e  amounts may b e  s m a l l  compared t o  t h e  n a t i o n ' s  average  

- .  

I f  DOE's  "Current Fede ra l  Program" i s  n o t  pursued, and i f  t h e  most 

compe t i t i ve  a l t e r n a t i v e  energy source  ( i . e . ,  c o a l  o r  n u c l e a r )  i s  u t i l i z e d  

t o  supply  t h e  added e l e c t r i c i t y  t h a t  would have been supp l i ed  by t h e  addi- 

t i o n a l  hydrothermal power p l a n t s ,  t hen  t h e  same crude o i l  b a r r e l  equiva- 

l en t  s a v i n g s  could r e s u l t .  However, i f  less o i l - f i r e d  power p l a n t s  are 

r e t i r e d  because D O E ' s  "Current Fede ra l  Program" i s  n o t  pursued ( f o r  exam- 

p l e ,  n o t  enough new c o a l  f i r e d  o r  n u c l e a r  power p l a n t s  can b e  cons t ruc t ed  

t o  b o t h  supply  t h e  a d d i t i o n a l  e l e c t r i c i t y  t h a t  would have been supp l i ed  by 

hydrothermal r e sources ,  as w e l l  re t i re  e x i s t i n g  o i l - f i r e d  p l a n t s ) ,  t hen  

*DOE, Energy Informat ion  Admin i s t r a t ion ,  1980 Annual Report t o  Congress, 
Volume Two: Data, op. c i t . ,  p. 49. 

g a s o l i n e .  
***Assumes a d a i l y  p e r  c a p i t a  consumption of g a s o l i n e  i n  1980 of 1.2 

g a l l o n s .  See, DOE, Energy Informat ion  Adminis t ra t ion ,  1980 Annual Report 
t o  Congress, Volume Two: Data, op. c i t . ,  p .  233. 

**Assumes one b a r r e l  of c rude  o i l  approximately equa l s  42 g a l l o n s  of 
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Exhibit 5 . 1 1 :  Additional Hydrothermal Electric Power and Direct Heat 
Applications Attributable to DOE'S "Current Federal 
Program", By Five-Year Intervals, Over Lifetime of 
Facilities: Crude Oil Barrel Equivalent 

Barrels of Crude Oil 
Per Day 

F ive-Y e ar 
Int erva 1 

198 1-1985 

1986-1 990 

199 1-1 995 

1996-2000 

2001-2005 

2006-2010 

201 1-2015 

2016-2020 

202 1-2025 

20 261-20 30 

Fif ty-Year 
Average 

(1981-2030)  

Electric 

2,470 

6 , 980 

10 , 270 

32  , 320 

45 , 980 

45 , 980 

43,490 

38 , 990 

35,690 

13,650 

27,580 

Direct 
Heat 

2,550 

5 , 090 

6 , 780 

7 , 260 

12,440 

19,420 

24 , 780 

22,620 

7 ,910 

NA 
12 , 090* 

*This figure represents a 45 year average. 

NA = Not Applicable. 

Source: Exhibit 5.10.  
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Total 

5,020 

12,070 

17,050 

39 , 580 

58,420 

65,400 

68,270 

61,610 

43,600 

13,650 

38 , 460 



crude o i l  b a r r e l  equ iva len t  s av ings  w i l l  be  less.  Regard less ,  t h e  oper- 

a t i o n  of c o a l  f i r e d  and nuc lea r  power p l a n t s ,  i n s t e a d  of hydrothermal 

power p l a n t s ,  w i l l  d e p l e t e  domestic energy s u p p l i e s  of c o a l  and uranium, 

bu t  i n  r e l a t i v e l y  s m a l l  amounts compared t o  c u r r e n t  l e v e l s  of consumption 

f o r  e l e c t r i c i t y  gene ra t ion .  For example, assuming t h a t  h a l f  t h e  a d d i t i o n a l  

e l e c t r i c i t y  produced by hydrothermal r e s o u r c e s  w i l l ,  i n s t e a d ,  be genera ted  

by each  of t h e  two a l t e r n a t i v e  sou rces ,  about 75 m i l l i o n  tons  of c o a l  and 

ove r  800 tons  of uranium d iox ide  would b e  consumed between 1980 and 2030;* 

i n  comparison, e l e c t r i c  u t i l i t i e s  consumed almost 570 m i l l i o n  tons  of c o a l  

and a lmost  1,400 tons  of uranium d i o x i d e  i n  1980 alone.** 

1 

For d i r e c t  h e a t  use  a p p l i c a t i o n s ,  t h e  c rude  o i l  b a r r e l  e q u i v a l e n t  

s av ings  u s i n g  the most compe t i t i ve  a l t e r n a t i v e  energy sources  ( i . e . ,  

e l e c t r i c i t y ,  o i l  o r  n a t u r a l  gas)*** w i l l  l i k e l y  b e  less than  t h e  sav ings  

genera ted  by t h e  a d d i t i o n a l  hydrothermal d i r e c t  hea t  use  a p p l i c a t i o n s  
_ .  ... 

r e s u l t i n g  from DOE'S "Current F e d e r a l  Program." To be  equa l  i n  c rude  

o i l  b a r r e l  e q u i v a l e n t  s av ings ,  a l l  t h e  a d d i t i o n a l  hydrothermal d i r e c t  

h e a t  u se  would, i n s t e a d ,  have t o  b e  provided u s i n g  n a t u r a l  gas and/or  

e l e c t r i c i t y  gene ra t ed  by c o a l ,  n a t u r a l  gas  o r  n u c l e a r  power p l a n t s ;  

i n  o t h e r  words, t h e  use  of o i l  -- d i r e c t l y  o r  i n  o i l - f i r e d  power 

p l a n t s  -- would have t o  b e  p r o h i b i t e d .  The d e p l e t i o n  of domestic 

-6 *Assumes 0.5 tons  of c o a l  and 5 . 5 ~ 1 0  t o n s  of uranium d iox ide  are 
See DOE,  needed t o  produce one thousand k i lowat t -hours  of e l e c t r i c i t y .  

A s s i s t a n t  S e c r e t a r y  f o r  Environmental P r o t e c t i o n ,  Sa fe ty  and Emergency 
Preparedness ,  Technologv C h a r a c t e r i z a t i o n s :  Environmental Informat ion  
Handbook, op. c i t . ,  pp. 14-17, 74-75. 

**DOE, Energy Informat ion  Admin i s t r a t ion ,  1980 Annual Report t o  Con-~ 
g r e s s ,  Volume Two: Data, op. c i t . ,  pp. 129, 177. 

hydrothermal d i r e c t  h e a t  consumed by t h e  i n d u s t r i a l  s e c t o r ,  t h i s  would be  
sma l l  s i n c e  only  15 pe rcen t  of t h e  a d d i t i o n a l  d i r e c t  h e a t  use i s  expected 
t o  be  consumed by t h e  i n d u s t r i a l  s e c t o r  ( see  Sec t ion  4 .2) .  

"**While some d i r e c t  use  of c o a l  may a l s o  b e  p o s s i b l e  f o r  t h e  a d d i t i o n a l  
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energy s u p p l i e s  ( t o  equal  t h e  energy provided by t h e  a d d i t i o n a l  hydro- 

thermal  d i r e c t  h e a t  from 1980 t o  2 0 2 5 ) ,  would amount t o  : 170 m i l l i o n  

tons  of c o a l  ( i f  on ly  coa l - f i r ed  power p l a n t s  were u t i l i z e d ) ;  1,850 

tons  of uranium ( i f  on ly  nuc lea r  power p l a n t s  w e r e  u t i l i z e d ) ;  and be- 

tween 1 . 2  and 3.4 t r i l l i o n  cubic  f e e t  of n a t u r a l  gas  ( i f  only n a t u r a l  

gas w a s  u t i l i z e d  e i t h e r  d i r e c t l y  o r  i n  gas - f i r ed  power p l a n t s ) . *  

5.2.2 Impact on Balance-of-Payments 

. I n  1980, t h e  U.S. imported 5 .2  m i l l i o n  b a r r e l s  of crude o i l  pe r  day 

and 1.6 m i l l i o n  b a r r e l s  of r e f i n e d  petroleum products  p e r  day,** a t  a 

combined c o s t  of almost $74  bi l l ion.*** Furthermore,  t h e  va lue  of a l l  

goods imported i n t o  t h e  U.S. exceeded t h e  va lue  of a l l  goods exported 

out  of t h e  U.S. by $20 b i l l i o n  i n  1980.**** I f  t h e  700 m i l l i o n  b a r r e l s  

of crude o i l  equ iva len t  saved between 1980 and 2030 ( a s  a r e s u l t  of D O E ' S  

"Current F e d e r a l  Program") are t o t a l l y ,  o r  even p a r t i a l l y ,  used t o  reduce 

t h e  n a t i o n ' s  dependence on imported oil., a tremendous b e n e f i t  w i l l  accrue  

t o  t h e  U.S. i n  terms of reducing  t h e  out f low of U.S. d o l l a r s  t o  f o r e i g n  

c o u n t r i e s  f o r  petroleum products  thereby  improving t h e  balance-of-payments. 

Using t h e  Energy Information Admin i s t r a t ion ' s  middle world o i l  p r i c e  

assumptions,***** t h e  va lue  of t h e  700 m i l l i o n  b a r r e l s  of crude o i l  

*For convers ion  f a c t o r s  used, see DOE, Energy Information Administra- 
t i o n ,  1980 Annual Report  t o  Congress, Volume Two: Data, op. c i t . ,  p.  233. 

**Ibid. ,  p 4 9 .  
***Department of Commerce, Bureau of Economic Analys is ,  Survey of 

Curren t  Business ,  Volume 61, Number 6 ,  June 1981, p. S-20. 
*>k**Ibid -* 3 pp. S-18, S-19. 

*****DOE, Energy Informat ion  Adminis t ra t ion ,  1980 Annual Report t o  Con- 
g r e s s ,  Volume Three: Fo recas t s ,  op. c i t . ,  pp. i x ,  6 ,  126, and 137. 
Adjusted from 1979 d o l l a r s  t o  1982 d o l l a r s  assuming 9 pe rcen t  gene ra l  
i n f l a t i o n  i n  1980, 10 pe rcen t  gene ra l  i n f l a t i o n  i n  1981, and 6 pe rcen t  
g e n e r a l  i n f l a t i o n  i n  1982. 
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equ iva len t  i s  e s t ima ted  t o  t o t a l  almost $64 b i l l i o n  ( i n  cons t an t  1982 

d o l l a r s )  over t h e  50 year  pe r iod  ( see  Exhib i t  5 .12) .  The discounted o r  

p r e s e n t  va lue  of t h i s  f u t u r e  stream of b e n e f i t s  ( i n  1982) i s  es t imated  

t o  be approximately $6 b i l l i o n  ( i n  1982 d o l l a r s ) . * *  I n  o t h e r  w o r d s ,  

i f  a l l  t h e s e  b a r r e l s  of crude o i l  equ iva len t  do, indeed,  reduce o i l  i m -  

p o r t s ,  i t  i s  es t ima ted  t h a t  t h e  n a t i o n ' s  o i l  import  b i l l  can be reduced 

by $50 m i l l i o n  next  year  (1982), r i s i n g  t o  $2.5 b i l l i o n  i n  2015 ( i t s  

h ighes t  l e v e l ) .  

o i l  e q u i v a l e n t  are used t o  reduce o i l  impor ts ,  t h e  p r e s e n t  va lue  of 

t h i s  balance-os-payments b e n e f i t  ($90 m i l l i o n  1982 d o l l a r s  i n  1982) w i l l  

approximately equa l  t h e  p re sen t  va lue  of DOE's a d d i t i o n a l  budgetary c o s t s  

f o r  t h e  "Current Fede ra l  Program'' dur ing  FY 1981 t o  Fy 1990 (above and 

beyond those  f o r  t h e  "No Fede ra l  Program"). 

Even i f  on ly  1.5 percent  of t h e s e  b a r r e l s  of crude 

- .  

5.2.3 P lanning  F l e x i b i l i t y  

DOE's "Current Fede ra l  Program'' i s  expected t o  speed t h e  commercial 

development of hydrothermal resources .  By c r e a t i n g  t h i s  energy op t ion  t o  

convent iona l  f u e l s ,  i nc reased  f l e x i b i l i t y  i s  a f fo rded  t o  energy s u p p l i e r s ,  

p a r t i c u l a r l y  t h e  e l ec t r i c  u t i l i t y  i n d u s t r y .  

Economically f e a s i b l e  hydrothermal power p l a n t s  are s m a ' l l e r  and 

r e q u i r e  less t i m e  f o r  f i e l d  development and c o n s t r u c t i o n  than  nuc lea r  o r  

coa l - f i r ed  p l a n t s .  For example, hydrothermal power p l a n t s  wi th  gene ra t ing  

c a p a c i t i e s  of on ly  50 megawatts can t y p i c a l l y  be  ope ra t ing  i n  one-half t o  

two-thirds  t h e  amount of t i m e  i t  t a k e s  a much l a r g e r  economically v i a b l e  

nuc lea r  o r  c o a l - f i r e d  power p l a n t  t o  be constructed.** These smaller 

"Assumes a rea l  d iscount  r a t e  of 10 pe rcen t  i n  accordance wi th  DOE's 

*;kEl-Sawy, A . H . ,  Leigh, J . G .  and Trehan, R . K . ,  A Comparative Analysis  
planning,  programming and budgeting g u i d e l i n e s  f o r  FY 1983-FY 1987. 

of Energy Cost ing Methodologies,  prepared by The MITRE Corporat ion f o r  t h e  
Div i s ion  of Geothermal Energy, DOE, February 1979,  pp. 75-76. 
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Exhibit 5.12: Value of Crude Oil Barrel Equivalent Savings 
Attributable to DOE'S "Current Federal Program," 
By Year, Over Lifetime of Facilities 

Year 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Millions of 
Constant 1982 

Do 1 lar s Year 

Millions of 
Constant 1-98 2 

Dollars 

0.00 
26.20 
47.97 
84.88 
109.66 
143.43 
188.34 
201.15 
222.35 
235.54 
258.47 
294.30 
321.98 
373.90 
404.94 
449.30 
621.26 
827.04 

1,022.09 
1,256.15 . 

1 , 476.39 
1 , 559.59 
1 , 644.90 
1 , 717.76 
1,806.99 
1,898.34 

2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
20 14 
2015 
2016 
2017 
2018 
201 9 
2020 
202 1 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
Total 

(1981-2030) 

1 , 962.75 
2,042.14 
2,108.04 
2,190.28 
2 , 259.43 
2,308.03 
2,371.06 
2 , 403.82 
2,467.71 
2 , 518.26 
2,439.24 
2,408.94 
2,378.26 
2,344.08 
2,307.45 
2,166.92 
2,000.98 
1 , 845.66 
1 , 665.44 
1 , 495.37 
1,217.81 
930.74 
630.43 
320.60 

0.00 
63,976.36 

Source: Exhibit 5.10 and DOE, Energy Information Administration, 1980 
Annual Report to Congress, Volume Three: Forecasts, March 1981, 
DOE/EIA-0173(80)/3, pp. ix, 126 and 137 (mid oil price case). 
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i 
plant sizes and shorter construction times increase the ability of utility 

planners to respond to unanticipated changes in demand. In addition, they 

reduce the length and mitigate the consequences of periods of excessive or 

insufficient generating capacity. Smaller plant sizes also tend to increase 

the reliability of a utility's overall generating system by reducing the 

impacts resulting from the temporary or permanent l o s s  of a single plant. 

5.3 Socioeconomic Impacts 

The construction and operation of the additional hydrothermal power 

plants and direct heat use facilities, resulting from DOE'S "Current 

Federal Program", can provide many positive impacts in the social and 

economic areas including: increased employment/reduced unemployment; 

an-increased and more diversified tax base; increased tax revenues; and 

accelerated econ0mi.c development. Moreover, hydrothermal projects will 

probably occur as a phased development with exploration and w e l l  drilling 

leading to the construction of power plants or non-electric uses, in 

modest size increments. Such an approach should not overburden existing 

community services and facilities (for example, police, health, fire, and 

eduction) or create an unmanageable housing situation. While recreational 

cultural and religious conflicts may arise, early planning with the affected 

communities can be effective in resolving most issues." 

Most of the additional hydrothermal power plants constructed over the 

next 20 years will likely be located in rural portions of western states, 

while most of the additional direct heat use facilities will likely be 

*DOE, Assistant Secretary for Energy Technology and Environment, 
Environmental Development Plan for Geothermal Energy Systems, op .  cit., 
p. 31. 
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located near urban centers in the West and and in northern half of the 

U.S.  Socioeconomic conditions will vary from site to site, suggesting 

that the type and magnitude of the socioeconomic impacts described above 

will be highly site-specific. 'Nevertheless, useful insights can be 

obtained from information collected about existing hydrothermal power 

plant developments.* 

5.3.1 Manpower Requirements 

The construction and operation of a "typical" 50 MSJe hydrothermal 

power plant will require a labor force with a variety of skills, as indi- 

cated in Exhibit 5.13. Over the two year construction period for the 50 

MWe Baca flash steam power plant, maximum employment will consist of 

about 225-235 workers over a.six month period. Approximately 70 workers 

will be required annually to operate and maintain the power plant. 
. .. . 

Assuming that the approximately 22 additional hydrothermal power 

plants expected to come on-line by 2000, as a result of DOE'S "Current 

Federal Program", will be flash steam systems as at Baca,** the followThg 

manpower requirements are projected to result:*** 

0 An average of about 150 construction workers for two 
years (300 person-years) at any one 50 MWe locatiofi, 
with maximum employment of 260-270 workers for a 
six month period;**** 

*Little socioeconomic data exist for direct heat use projects; however, 
because these projects are generally small relative to hydrothermal power 
plant development, their negative (and positive) socioeconomic impacts will 
be much smaller than those expected for hydrothermal electric power appli- 
cat ions. 

**See Section 5.1.2.1 for a discussion of this assumption. 
***Based on manpower requirements contained in DOE, Assistant Secretary 

for Environmental Protection, Safety and Emergency Preparedness, Technology 
Characterizations: Environmental Information Handbook, op. cit., p .  180. 
****These numbers are slightly higher than at Baca since the assumed 

capacity factor at this plant (0.87) is higher than at Baca (0.75) and, 
therefore, requires more construction personnel. 
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Exhibit 5.13: Employment Schedule f o r  50 MWe Baca Flash Steam Power Plant 

cn 

Quar te r ly  Requirements 

1932 and 

1 2 3 4 1 2 3 4 1 2 

601-305, I ron  k'orkcr:, ( P N i )  0 1 2 12 7 18 6 4 1 1 

810 Welilero 2nd welders' helpers (Union) , 7 7 7 
628-829 E l e c t r i c i a n s  (PN'FI) 1 1 17 30 22 7 
1.59 Opcrir t icg engicecrs  (Pm) 2 2 2 4 5 4  2 
E59 Ope-nt ine engineers  (Gnion) 4 4 
860 c3 t'p*:ii;crs (I'SFl) 1 8 15 16 40 15 9 3 3 
:, i. 11 P i  pc I i 1' I '  ::rs ( i'S!.!) 1 1 1 14 32 26 8 s 
r j  5 .? ~ ; ;~ , . cr s  ( E n i o n )  4 4 

-909 'it..-,i,'s tcrs (Lln7ic.n) 5 5 5 5 5 8 6 5  5 3 
' 1  ,:. ' D:. i l l  crdm..-.n (Union) 20 20 20 20 20 23 20- 20 20 20 

Dcrr Li:!: iwi;  2nd roughnecks (Union) 5 5 5 5 a 5 5 5 5 5 
Lahrcr::: !;.XI:) 2 6 17 9 b - 2 17 6 

?3:J 1d.oro;'s (Iln:ton) 6 6 

Other c r a f  t e  (Union) 1 1 

0 C KO.* C r a f t  Employment Category 1980 1981 Future 

- 

809 

p"r.c. - .. C 

z 
7 

Cchcr c r a f t s  (rk?f) 1 3 1 3  16 24 16 4 6 

-- - 
Total. c r a f t  50 35 52 79 69 181 173 115 57 55 
Supervisory (Union Geothermal o f f i c e s  

lcxa tcd  a t  Ric .  Rmcho) 12 12 12 12 12 12 i2 12 12 12 
T r a .I s ~ i  j. B f. on - I. ine  c I' il t r R c t o  r * * 

L\pc.rc;tii:g enginccrs 5 5 
Lilxmcc 5 5 

25 25 in5orer.s 
?1::cxrA1 5 5 

Tota l  B3ca enploynen: 42 47 64 41 81 233 225 127 69 67 

"Departzcnt of h b o r  occupation ca tegory  number. 
**Prelicj.nary es t lmates .  

Source: DOE, A s s i s t a n t  Secre ta ry  for  Environment, F i n a l  Environmental Impact Statement - Geothcrinal Demonstration 
Proqrani, 50 Nd Power P l a n t ,  Baca Locat ion,  Sandoval and Rio Arriba Counties, New Mexico, 1980, COE/EIS- 

-% 

0049, p .  4-17. 
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0 Total employment of 3,300 construction workers 
for two years (6,600 person-years), with about 
85 percent of this employment occurring between 
1994 and 2000 when 19 of the 22 additional power 
plants will be constructed; 

0 An average of about 78 operating and maintenance 
personnel for 30 years ( 2 , 3 4 0  person-years) at 
any one 50 IIWe location;* and 

Total employment of about 1,740 operating and 
maintenance personnel for 30 years (52,285 
person-years), with maximum employment of  1,740 
workers between 2000 and 2010 when all 22 addi- 
tional plants are in operation. 

At all the other power plants on-line by 2000,  the improved opera- 

ting performance resulting from DOE'S "Current Federal Program'' will also 

require additional operation and maintenance personnel than, otherwise, 

necessary. Specifically, the following additional requirements can be 

expected at all the other power plants on-line by 2000:** 
- .  

0 An average of almost 2 additional operating 
and maintenance personnel for 30 years ( 5 4  
person-years) at any one 50 MWe location; and 

0 Total employment of about 278 additional 
operating and maintenance personnel for 30 
years (8 ,335 person-years), with maximum 
employment of 278 additional workers be- 
tween 2000 and 2015 when all power plants 
are operating and reflecting the fact that 
improved operating performance is not ex- 
pected until 1986.  

*These numbers are slightly higher than at Baca since the assumed 
capacity at this plant ( 0 . 8 7 )  is higher than at Baca ( 0 . 7 5 )  and, there- 
fore, requires more operating and maintecance personnel. 

**While some of these power plants (perhaps 30 percent) will be 
vapor dominated systems, the manpower requirements are calculated as- 
suming all are flash steam in design. Because vapor dominated systems 
require less personnel than flash steam systems per megawatt of generat- 
ing capacity or megawatt-hour of electricity produced, these personnel 
estimates can be viewed as upper bound estimates. 
Secretary f o r  Environmental Protection, Safety and Emergency.Preparedness, 
Technology Characterizations: Environmental Information Handbook, op.  cit., 
pp. 1 7 8 ,  180.  

See DOE, Assistant 
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Therefore, DOE'S "Current Federal Program," in total, is expected 

to require 6,600 person-years of construction labor between 1980 and 

2000,  and 60 ,620  person-years of operating and maintenance labor be- 

tween 1980 and 2030.  However, because hydrothermal power plants will 

likely be constructed in small incremental units (for example, 50 We), 

these manpower requirements will not likely cause difficulties at any 

single location. In fact, this has been the case for both the 50 MWe 

Baca flash-steam power plant* and the 50 MWe Heber binary-cycle power 

p1ant;where much of the manpower requirements have been ( o r  will be) 

found locally.** The use of local labor, however, may not always be 

possible. For example, in the Imperial Valley, if large scale geothermal 

power development occurs (i.e., 4,500 MWe of electric power by 2 0 2 0 ) ,  

in-migration is likely to increase to meet manpower demands for skilled 

labor. *** 

- . .  

5.3.2 Housing Needs 

While finding temporary local housing (for example, rental units or 

facilities for a worker's own mobile home) for non-local construction 

personnel may prove to be somewhat of a problem, such occurrances can be 

*DOE, Assistant Secretary for Environment, Final Environmental Impact 
Statement - Geothermal Demonstration Program, 50 MW Power Plant, op. cit., 
p. 4-16. 

**DOE, Assistant Secretary for Resource Applications, Environmental 
Assessment, Geothermal Energy, Heber Geothermal Binary-Cycle Demonstration 
Project, op. cit., p .  143.  

***Layton, David (editor), An Assessment of Geothermal Development in 
the Imperial Valley, Volume 1, op.  cit., p. 12-10. 
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m i t i g a t e d  by p lanning  i n  advance f o r  t h e  a d d i t i o n a l  housing needs dur ing  

t h e  two y e a r  c o n s t r u c t i o n  per iod .  Moreover, t h e  r e l a t i v e l y  smal l  number 

of permanent ope ra t ing  and maintenance personnel  w i l l ,  g e n e r a l l y ,  n o t  have 

d i f f i c u l t y  f i n d i n g  l o c a l  housing. I n  t h e  I m p e r i a l  Val ley,  f o r  example, 

i t  i s  p r o j e c t e d  t h a t  housing s u p p l i e s  w i l l  grow f a s t e r  than  t h e  a n t i c i -  

pa t ed  i n c r e a s e  i n  popula t ion  assuming l a r g e  s c a l e  hydrothermal r e source  

development occurs .*  

5.3.3 Economic Development 

One of t h e  most s i g n i f i c a n t  b e n e f i t s  expected t o  r e s u l t  from DOE's 

"Current Fede ra l  Program" w i l l  be  t h e  improvement i n  t h e  l o c a l  economies 

where hydrothermal  power p l a n t s  are loca ted .  With increased  employment 

o p p o r t u n i t i e s ,  t h e  l e v e l  of unemployment can be reduced, p a r t i c u l a r l y  i f  

a p p r o p r i a t e  s t e p s  are taken t o  t r a i n  t h e  l o c a l l y  u n s k i l l e d  o r  semi-sk i l led  
-. . 

unemployed i n d i v i d u a l s .  I f  such s t e p s  are n o t  taken ,  however, hydrothermal 

r e source  development may have l i t t l e  e f f e c t  i n  reducing unemployment rates 

u n l e s s  t h e  u n s k i l l e d  workers f i n d  employment o p p o r t u n i t i e s  i n  secondary 

i n d u s t r i e s  and s e r v i c e  e s t ab l i shmen t s  induced by t h e  hydrothermal resource 

development.** 

The a d d i t i o n a l  hydrothermal power p l a n t  development r e s u l t i n g  from 

DOE's "Current Fede ra l  Program" w i l l  a l s o  c o n t r i b u t e  t o  t h e  c r e a t i o n  of  

-. 

more d i v e r s i f i e d  l o c a l  economies. For example, t h e  development of 4,500 

We of hydrothermal e lec t r ic  power by 2020 i n  t h e  Imper i a l  Val ley would 

"Layton, David ( e d i t o r )  , An Assessment of Geothermal Development i n  
t h e  Imper i a l  Val ley,  Volume 1, op. c i t . ,  p .  12-10. 

**Ib id . ,  p. 12-12. 
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make hydrothermal  and r e l a t e d  i n d u s t r i e s  a g r e a t e r  c o n t r i b u t o r  t o  t h e  

economy of Imper i a l  County than  a g r i c u l t u r e ;  i n  c o n t r a s t ,  t h e  a g r i c u l -  

t u r a l  s e c t o r  and r e l a t e d  i n d u s t r i e s  comprised 70 perc 'ent of t h e  g ross  

county product  i n  1975.* The economy of Imper i a l  Valley i s  a l s o  expected 

t o  grow f a s t e r  w i t h  hydrothermal r e source  development, adding $1.5-2.0 

b i l l i o n  t o  t h e  annual  g ross  co,unty output  by 2000, f a r  su rpass ing  t h e  

e s t ima ted  l o s s e s  of one m i l l i o n  d o l l a r s  i n  a g r i c u l t u r e  due t o  t h e  with-  

drawal  of a g r i c u l t u r a l  l ands  by hydrothermal  f a c i l i t i e s . * *  

5.3.4 Tax Revenues and Expendi tures  and Impact 
on Community Services and F a c i l i t i e s  

The i n c r e a s e d ,  more d i v e r s i f i e d  t a x  base ,  and the  inc reased  employ- 

ment c r e a t e d  by a d d i t i o n a l  hydrothermal  power p l a n t  development, w i l l  a l s o  

i n c r e a s e  t h e  t a x  revenues rece ived  by l o c a l  governments. The Baca f l a s h  - .  . .  

steam power p l a n t ,  f o r  example, i s  expected t o  i n c r e a s e  Sandoval County's 

t a x  base  by 24 percen t  (and, t h e r e f o r e ,  t a x  revenues i n  a corresponding 

f a sh ion )  t o  more than  compensate f o r  any a d d i t i o n a l  c o s t s  i ncu r red  wi th  

t h e  small  i n c r e a s e s  i n  popula t ion  o r  i nc reased  demand f o r  services .*** 

Likewise,  i n  t h e  Imper ia l  Val ley ,  i t  is  p r o j e c t e d  t h a t  i nc reased  t a x  reve- 

nues r ece ived  by l o c a l  governments w i l l  exceed any inc reased  expendi tures  

a s s o c i a t e d  w i t h  a d d i t i o n a l  s e r v i c e s  a s s o c i a t e d  w i t h  hydrothermal power 

*Layton, David ( e d i t o r ) ,  An Assessment of Geothermal Development i n  
t h e  Imper i a l  Val ley ,  Volume 1, op. c i t . ,  p. 12-14. 

**Ibid * >  P -  12-18. 
***DOE, A s s i s t a n t  Sec re t a ry  f o r  Environment, F i n a l  Environmental Impact 

Statement  - Geothermal Demonstration Program, 50 MW Power P l a n t ,  op. c i t . ,  
p .  4-50. 
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plant development. The distribution of these additional tax revenues 

and expenditures may be problematic in that the increased tax base (and 

revenues) accompanying hydrothermal resource development is excluded 

from any city boundaries in the Imperial Valley where much of the asso- 

ciated residential, commercial and industrial growth will occur. Thus, 

while Imperial County's increased tax revenues will exceed increased 

expenditures, such may not be the case in the surrounding cities; some 

form of income redistribution may, therefore, be necessary.* 

In general, then, hydrothermal resource development is expected to 

have a-beneficial effect on local public agencies. Indeed, hydrothermal 

power plant development, in the incremental fashion expected under DOE'S 

Current Federal Program", has not been found in the past to exert any 

excessive strain or increased demand on local community facilities and 

11 

_ .  .. 

services, including health, fire and police services, and educational 

facilities.$<* In prior situations, where communities have received 

Large tax base increases without similar increases in population or 

demand for government services (as has been found to be the case with 

hydrothermal resource devdopment), local governments have been able to 

reduce or stabilize tax rates and also improve and increase the services 

available to their residents.*** 

"Layton, David (editor), An Assessment of Geothermal Development in 
the Imperial Valley, Vollme 1 ,  op. cit., pp. 12-14, 12-15, 12-19, 

**DOE, Assistant Secretary for Resource Applications, Environmental 
Assessment, Geothermal Energy, Heber Geothermal Binary-Cycle Demonstration 
Project, op. cit., p. 1 4 5 ;  and DOE, Assistant Secretary for Environment, 
Final Environmental Impact Statement - Geothermal Demonstration Program, 
50 MW Power Plant, op. cit., pp. 4-15, 4-16. 

$cik"Ibid. , p .  4-50, 
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5.3 .5  Comparison of Hydrothermal Development 
With Competing Energy Sources 

The social and economic benefits of the additional hydrothermal 

power development, resulting from DOE'S "Current Federal Program", can 

be further seen by briefly examining the socioeconomic impacts associated 

with the competing alternative sources for producing electricity. Exhi- 

bit 5.14 compares the construction and operating and maintenance personnel 

requirements for hydrothermal, western coal and nuclear power generation 

systems. * 
While a hydrothermal flash steam system is expected to require about 

230 person-years of construction labor (per trillion Btu's of energy 

produced annually), nuclear power plants are expected to require from 

205 to 990 person-years of construction labor. An additional 34-46 

peyson-years of construction labor is also expected to be required for 

the uranium mining and conversion processes necessary to support each 

trillion Btu's of energy produced by nuclear power plants. 

tant is the fact that economical nuclear power plants must usually be about 

20 times larger than a typical 50 W e  hydrothermal power plant. Thus, at a 

given location, from 480 to 2,300 construction workers for pine years would 

be required to construct a 1,000 MWe nuclear power plant, compared to an 

average of 150 construction workers for two years to construct a 50 MWe 

hydrothermal power plant. 

Equally impor- 

The permanent (i.e., operating and maintenance) personnel require- 

ments for hydrothermal flash steam systems (expressed per trillion Btu's 

*See Section 5.1.2.1 for a brief description of each of these systems. 
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Exhibit 5.14: Comparison of Personnel Requirements f o r  Hydrothermal, 
Western Coal and Nuclear Power Generation Systems 

hcrgy Sys ten 

i y d r o t h e m a l  F la sh  Steam System 

Jestern Cos1 Fue l  Cycle 
Surface Mining 
Unit  T ra ln  
coal Reneficlation/Preparation 
Coal-Fired Power P l a n t  
T o t a l  

l uc l ea r  Fuel Cycle 
Uranium blining 

Undcrgound 
Open P i t  

Uranium Mi l l ing  
Uranium Hcxal luoride Conversion 
U r a n i  urn Enrichment 

Caseous Di f fus ion  
Gas Cen t r i f u C e  

Fue l  Fabr i ca t ion  P l a n t  
Nuclear Power P l a n t  

P res su r i zed  Water Reactor 
Boil ing Water Reactor 

T o t a l  
-- 

Construct ion 
Time (years )  

2 

a 
7 
2-3 

9 
9 
9 

Personnel  Per  
T r i l l i o n  Btu's of 

Energy Produ 

Cons t ruc t io i l  

208 (maximum) 
114 (average) 

11.6 - 
28.0 - - 

1.1 
1 .o 
1.76 
0.3 

2.8 
2 . 8  

D. 7-3.4 

110 
22.8 
29.36-119.36 
- 

XI Annuelly* 
Operation and 
Maintenance*** 

60 

11.6 
23.9 
5.2 
13.0 , 
53.7 

12.3 
3.5 
2.34 
0.4 

1.0 
1.0 

15-71 

11 - 
19.84-30.44 

Personnel Per  Yenr To 
Support A Tvpical lv  

Construct ion 

6 *This is equ iva len t  t o  293 x 10 kilowatt-hours of  e l e c t r i c i t y  p e r  year .  
**50 kIWe f o r  hydrothermal producing 1.3 x 1012 Btu 's  of energy p e r  yea r ;  500 We f o r  c o a l  producing 12 x 10l2 Ctu 's  of rncrg)' p e r  :;ear; 1,000 :.::;e 

f o r  uuc lea r  producing 21 x 1012 B tu ' s  of ent?rgy,per year .  
****OperaLLon and maintenance personnel  w i l l  b e  required f o r  30 years. 

- - Data KoL b v a l l a b l e .  

Source: DOE, A s s i s t a n t  Sec re t a ry  f o r  Environmental P ro tec t ion ,  Sa fe ty  and Emergency Preparedness,  Tcchnolcgy CI!,~rnctcr:'-:itio:is: TI:.:: ' c - ' T ~ : c ~  
Handbook, 1981, DOE/EP-0028, Chapters on nuclear  technologies ,  c o a l  technologies  and geothenirol technologies .  

270 (maximum) 
150 (average) 

139 

336 
- 
- 
- 

23 
21 
37 
6 

59 
59 
15-71 

2,310 
479 

617-2,506 

139 
2G7 
62 
155 
643 

258 
7 b  
L9 

8 

21 
21 
34-71 

230 - 
4iG-637 

1 ,El0 
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of energy produced annua l ly )  are approximately t h e  same when compared 

t o  t h e  \%Testern c o a l  f u e l  c y c l e ,  and about two t o  t h r e e  t i m e s  h ighe r  

when compared t o  t h e  nuc lea r  f u e l  cyc le .  However, t h e  permanent man- 

porcer i m p a c t s  a t  a g iven  l o c a t i o n  w i l l  a c t u a l l y  be  more seve re  f o r  bo th  

coa l - f i r ed  and n u c l e a r  power p l a n t s  due t o  t h e  l a r g e r  p l a n t  s i z e s  re- 

qu i r ed .  A s  an  example, wh i l e  a 50 Mkre hydrothermal power p l a n t  would 

r e q u i r e  about 78  o p e r a t i n g  and maintenance pe r sonne l  f o r  30 y e a r s ,  a 

500 >lWe c o a l - f i r e d  power p l a n t  ( i nc lud ing  t h e  c o a l  b e n e f i c i a t i o n  p l a n t )  

would r e q u i r e  about  220 o p e r a t i n g  and maintenance personnel  f o r  30 y e a r s  

and a 1,000 ?Ne n u c l e a r  power p l a n t  would r e q u i r e  about 230 o p e r a t i n g  

and maintenance personnel  f o r  30 y e a r s .  I n  a d d i t i o n ,  t h e  mining, con- 

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

f u e l  c y c l e s  would a l s o  produce s u b s t a n t i a l  o p e r a t i n g  and personnel  r equ i r e -  
x .  . 

ments, b u t ,  g e n e r a l l y ,  a t  l o c a t i o n s  separate from t h e  s i t e  of t h e  coal-  

f i r e d  o r  n u c l e a r  power p l a n t .  

Therefore ,  w h i l e  t h e  a d d i t i o n a l  hydrothermal e lectr ic  power produc- 

t i o n  ( r e s u l t i n g  from DOE'S "Current F e d e r a l  Program") i s  l i k e l y  t o  pro- 

duce relatively s m a l l  c o n s t r u c t i o n  o p p o r t u n i t i e s  f o r  two y e a r s  a t  22 

l o c a t i o n s ,  t h e  a l t e r n a t i v e  use of c o a l  o r  n u c l e a r  energy t d  supply t h e  

same amount of e l e c t r i c i t y  would produce s u b s t a n t i a l l y  l a r g e r  cons t ruc-  

t i o n  requi rements  f o r  up t o  n i n e  y e a r s  a t  f a r  fewer l o c a t i o n s  ( f o r  exam- 

p l e ,  a t  2-3 c o a l - f i r e d  power p l a n t s  o r  a t  1-2 n u c l e a r  power p l a n t s ) . *  

*The a c t u a l  c o n s t r u c t i o n  of new s u r f a c e  c o a l  mines o r  new uranium 
mining and convers ion  f a c i l i t i e s  is  probably u n l i k e l y .  The c o a l  o r  
nuc lea r  power p l a n t  requi rements  f o r  c o a l  o r  uranium would b e  very  s m a l l  
r e l a t i v e  t o  t h e  a l r e a d y  e x i s t i n g  p roduc t ion  c a p a b i l i t i e s  (see Sec t ion  
5 .2 .1 ) ,  and can ,  t h e r e f o r e ,  be  handled by e x i s t i n g  f a c i l i t i e s .  
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Overall, more operating and maintenance personnel are expected to be 

required with hydrothermal power generation, than with the alternative 

coal or nuclear power generation, but at any one location, the number 

will be far less. These findings suggest that the manpower impacts of 

using hydrothermal resources (rather than coal or nuclear) will be 

smaller in magnitude and more widespread, but sufficient enough to pro- 

vide the opportunity for economic development in many rural localities 

without overburdening the existing social and government systems. Con- 

versely, the large scale nuclear or coal development at a relatively 

few locations, can overwhelm the existing community services and faci- 

lities, and create undesirable "boomtown" effects. 

5 . 4  Materials Requirements 

" .. . 

The additional use of hydrothermal resources for the production of 

electricity and direct heat energy use, expected to be realized as a 

result of DOE'S "Current Federal Program", will in all likelihood utilize 

moderate to high temperature liquid dominated resources. The chemical 

composition of these resources is h igh ly  variable,  with salinity ranging 

from under 300 ppm to over 300,000 ppm, pH ranging from 2 to 10, and tem- 

peratures ranging from 8OoC to 3409C.* The common feature of using any 

of these hydrothermal resources is that they a l l  present a unique and 

challenging experience for the developers of hydrothermal energy. Corro- 

sive constituents are present in varying amounts in the hydrothermal fluid 

*Committee on Materials Needs for the Utilization of Geothermal 
Energy, Materials Needs for the Utilization of Geothermal Energy, pre- 
pared by the National Academy of Sciences for the Brookhaven National 
Laboratory, March 1981, pp. 8-9. 
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and abrasion and wear often result from the high fluid flow rates and the 

presence of large quantities of insoluble matter. 

Hydrothermal technology development has produced existing materials 

capable of withstanding the environments of dry steam systems as well as 

liquid dominated systems with temperatures under 225OC and salinities 

under 1,800 ppm. 

nology, materials can be developed to withstand hydrothermal reservoirs 

containing fluids below 25OoC and salinities below 10,000 ppm, which 

represents about half of the U.S. geothermal resources.* 

Moreover, with only modest extensions to existing tech- 

For direct heat use applications, the materials requirements would 

appear - not to be a significant problem since the resources utilized are 

usually of high quality with- temperatures under 15OoC. Conversely, there 

- .  

particularly for some areas in the Imperial Valley with high temperature 

Sea brines contain 300,000 ppm of total dissolved solids at temperatures 

of 34OOC and other areas (for example, East Mesa, Brawley, and Heber) 

contain high amounts of total dissolved solids while temperatures are 

below 25OoC. Fortunately, hydrothermal resources with such severe char- 

acteristics represent less than 10 percent of the potential U.S.  resources.** 

In the most hostile liquid dominated systems, expensive materials 

(or  the frequent replacement of less expensive and less durable materials) 

"Committee on Materials Needs for the Utilization of Geothermal 
Energy, Materials Needs for the Utilization of Geothermal Energy, 
op. cit., pp. 8-9. 

**Ibid., pp.  7-10. 
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will be required. While much progress has been made towards the deve- 

lopment of suitable materials for such resources, additional research 

and development is still needed as illustrated in Exhibit 5.15. Equip- 

ment and materials must be developed that are resistant to corrosion and 

scaling, and effective under a wide range of temperatures and salinity. 

To a large extent, the geothermal industry has borrowed the drilling 

hardware and technology developed by the oil and gas industry. 

the difficulties present in drilling and extracting hydrothermal resources 

are a l s o  found.in oil and gas drilling and extraction. 

of the unique characteristics of hydrothermal resources, much of the 

Many of 

However, because 

equipment 

e 

0 

e 

and materials are not fully adequate; for example:* 

The wide variability of geothermal fluid compositions 
and formation characteristics often requires highly 
site-specific materials requirements. 

Geothermal fluids may be corrosive to materials nor- 
mally used for oil and gas drilling and completion. 
Many of the basic parts of the equipment used in 
drilling (bits, casing, piping) are subject to break- 
down, corrosion and scaling caused by the high temp- 
eratures, high pressures, and varying salinities 
found in geothermal resources. The high rate of 
precipitation of solids in drill pipes interferes - 
with drilling and requires that the pipes be cleaned 
and replaced frequently. 

Oil field rock bits and drilling tools have been 
modified for geothermal drilling, but the short 
life of bits, tools and drill pipe are major con- 
tributors to the high cost per foot of drilling 
geothermal wells. Some of the materials used to 
resist the very severe abrasive/erosive/corrosive 
wear are tungsten, cobalt, and chromium, strategic 

“Committee on Materials Needs for the Utilization of Geothermal 
Energy, Materials Needs for the Utilization of Geothermal Energy, 
op.  cit., Chapter V; and Resource Planning Associates, Western -- Energy 
Resources and the Environment: Geothermal Energy, op. cit., pp. 31-32. 
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Exhibit 5.15: Geothermal Energy Systems and Components: Significant 
Materials Problems/Keeds Limiting Progress 

Gc~: !~e r~ t ; , l .  Ene r sy  S-;>tern C,>ii:i:orit7iit 
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S o u r c e :  Committee on  Materials h’eeds f o r  t h e  U t i l i z a t i o n  of Geo the rma l  Ene rnv .  Materials -r 

Needs f o r  t h e  U t i l i z a t i o n  of G e o t h e r m a l  Energy,  p r e p a r e d  by t h e  N a t i o n a l  Academy 
of S c i e n c e s  f o r  t h e  Brookhaven N a t i o n a l  L a b o r a t o r y ,  March 1981, p .  20. 
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materials for which major resources lie outside 
the United States. Any interruption of supply of 
these materials would greatly reduce drilling 
productivity. This problem, however, is equally 
acute for oil and gas drilling. 

0 Vital to the drilling process, drilling mud lubricates 
and cools the drill string and bits, and is also used 
to remove cuttings as the well is drilled. However, 
drilling mud deteriorates rapidly at temperatures 
above 1 7 7 O C ,  slowing the circulation rate of the cut- 
tings being removed. The useful lives of the bearings 
and seals now being used -- and largely adapted from 
oilfield hardware and technology -- are also reduced 
by the high temperatures and other adverse downhole 
operating conditions. 

0 The environment of the geothermal well also causes a 
number of serious problems when using normal portland 
cement systems. If the cement comes in contact with 
brine, chemical attack will occur, particularly with 
acidic (<pH 7) fluids. High temperature causes diffi- 
culties in controlling setting time and deteriorates 
.~trength and pressure differential. Pressure may 
c&:se deterioration of the bond strength and compres- 

~. sive strength. Such deterioration will reduce the 
cement's ability to provide the required support, pre- 
vent fluid migration, and prevent corrosion. Also 
important in controlling fluid migration is the sta- 
bility of cement properties such as porosity and perme- 
ability. The cementing method must also be compatible 
with the cement used, well conditions, well depth, tem- 
perature, pressure, and mud system. In general, cement 
failures usually result from occurrences such as con- 
struction deficiencies, frozen casings, corrosion, col- 
lapse and loss of cement into fractures. 

0 While metallic materials are available for casing, drill 
pipe, and other tubulars required f o r  geothermal systems, 
the service life is not always satisfactory. In parti- 
cular, the serious problem involving well-aging of high 
alloy tubulars for oil and gas applications will be of 
major concern when these materials are used in hotter 
geothermal environments. 

0 Logging instruments are used to record the temperature, 
flow rate, pressure, and physical characteristics of 
the geothermal resource during drilling. 
able devices and instruments, however, are accurate only 
to temperatures near 1 8 C O C .  Logging and sampling in 
higher temperatures can cause great problems. 

Currently avail- 
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0 Downhole pumps for producing brine wells represent the 
largest single pump problem associated with geothermal 
energy development. The standard designs of such pumps 
are limited to liquid temperatures of 121°C and thus 
are not suitable with the more severe geothermal brine 
fluids. Likewise, the use of hot brine feed pumps (or 
brine transport pumps) require additional field testing 
to identify the materials of construction that will pro- 
vide the lowest cost of service for each brine chemistry. 
Brine reinjection pumps used in demonstration plants 
have also experienced trouble from the release of en- 
trained gases (mostly carbon dioxide), which, at reduced 
temperatures, results in precipitation of solids (car- 
bonates and silicates). However, because of the reduced 
temperatures, the material requirements will be less 
severe than for the downhole pump. For hydrocarbon (iso- 
butane, freon) feed pumps used in binary systems, pumps 
of standard construction, design and material are accept- 
able,for the working fluid used in a binary cycle. Radi- 
ally split pumps, required for the low gravity fluid with 
materials suitable for the hydrocarbons used, have been 
fully tested by the petroleum refining industry. 

0 While turbines for use with geothermal steam use the same 
raterials that would be used in turbines for steam from 

when steam leaks into a machine that is not in service) 
is a more acute problem with turbines in geothermal 
service because of contaminants that make the conden- 
sate more aggressive. Either materials resistent to 
hydrogen sulfide or hydrogen sulfide/oxygen are needed, 
or these gases should be removed or excluded from the 
stream. Sand and particles can also erode the turbine 
blades. 

. ,  fossil-fired boilers, stand-by corrosion (which occurs 

Highly durable materials and equipment, therefore, must be utilized 

in geothermal wells and facilities to prevent breakdowns created by 

material/equipment failures. Such failures cannot be tolerated because 

the costs related to such occurrences (for example, loss of electricity 

or heat, and adverse environmental effects such as blowouts) can be 

extremely high.* DOE has recognized that private industry, by itself, 

*Committee on Materials Needs for the Utilization of Geothermal 
Energy, Materials Needs for the Utilization of Geothermal Energy, 
op. cit., p. 4 .  
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cannot adequately meet this challenge due to the large, and often very 

risky, expenditures that are involved. DOE'S "Current Federal Program" 

is designed to assist industry in solving these difficulties by focus- 

ing on hydrothermal technology development which specifically includes 

research and development activities to develop improved materials for 

hydrothermal resource development (see Sections 2.1.2 and 3.2). 

For example, the rapid advance of polymer technology should prove 

very useful in perfecting the use of nonmetallic materials. 

ials are needed when higher geothermal well temperatures are utilized, 

and would be used for all hydrothermal system components, as well as 

linings. The major advantages include: light weight; abrasion resis- 

tance; chemical resistance; .high strength-to-weight ratio; resistance 

to contamination by corrosion products in process streams; and lower 

Such mater- 

_ .  . 

cost. There are, however, some disadvantages, including: low thermal 

conductivity; low impact strength; decreased stiffness and structural 

strength at high temperatures; and high coefficients of thermal expan- 

sion. * 
Polymer concrete seems to show the most promise, both technically 

and economically, for high temperature applications. Other materials 

being investigated include asbestos cement, polyvinyl chloride ( P V C ) ,  

acrylonitrile-butadiene-styrene ( A B S ) ,  reinforced plastic mortar, and 

glass-fiber reinforced epcxy.** In addition, much as been accomplished 

in developing and testing materials to satisfy well cement needs, and 

"Committee on Materials Needs for the Utilization of Geothermal 
Energy, Materials Needs for the Utilization of Geothermal Energy, 
op. cit., pp. 41-42. 

""Ibid., p. 4 2 .  
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work is continuing on developing ways to evaluate and predict material 

and cementing method compatibility.* 

Research and development activities are also being undertaken to 

improve the performance of elastomeric materials for seals at tempera- 

tures above 225OC.** Improved dounhole pumping systems, consisting of 

hydraulic turbine-driven multistage pumps and steam turbine-driven 

multistage pumps, have also been or are being tested in geothermal 

testing simulators, as well as at operating geothermal facilities.*** 

With continued research on developing longer lasting, lower cost 

materials for use in hydrothermal resource development as illustrated 

above, the successful use of the higher temperature and more corrosive 

hydrothermal resources can be achieved. Moreover, such gains in dril- 

ling and extraction technology can provide additional benefits if properly 

transferred to the oil and gas industry. 

"Committee on Materials Needs for the  Utilization of Geothermal 
Energy, Materials Needs f o r  the Utilization of Geothermal Energy, 
op. cit., p. 3 7 .  

**Ibid. , p. 40 .  
$c**Ibid. , p. 37. - 
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6 .0  SUMNARY AND CONCLUSIONS 

With a r e l a t i v e l y  modest expendi ture  by t h e  Department of Energy 

du r ing  t h e  1 9 8 0 ' ~ ~  n o t i c e a b l e  improvements i n  t h e  u s e  of hydrothermal 

resources  f o r  e l ec t r i c  power and d i r e c t  hea t  u s e  a p p l i c a t i o n s  are  

expected t o  be  achieved by 2000. 

Po l i cy  P l a n ' s  e x p e c t a t i o n s  f o r  hydrothermal based energy (towards con- 

t r i b u t i n g  t o  t h e  n a t i o n ' s  energy needs) can l i k e l y  be achieved w i t h  

I n  f a c t ,  t h e  Third Na t iona l  Energy 

DOE'S c u r r e n t l y  planned a c t i v i t i e s .  

Implementat ion  of DOE' s "Current Fede ra l  Program" w i l l  r e q u i r e  

funding of about  $25 m i l l i o n  i n  N 1982 and $16 m i l l i o n  each  yea r  from 

FY 1983 through FY 1990 ( i n  cons t an t  1982 d o l l a r s ) .  This  amounts t o  

$128 m i l l i o n  ( i n  cons t an t  1982 d o l l a r s )  above and beyond what would be  

spent  under D O E ' s  ''No Fede ra l  Program." The d iscounted  o r  p r e s e n t  va lue  

of t h i s  f u t u r e  stream of a d d i t i o n a l  program c o s t s  ( i n  1982) i s  es t imated  

t o  be  about  $85 m i l l i o n  ( i n  1982 d o l l a r s ) . *  The m a j o r i t y  of t h e s e  ex- 

p e n d i t u r e s  w i l l  f ocus  on improving t h e  v a r i o u s  components of hydrothermal 

technology ( i . e . ,  d r i l l i n g  and completion, energy c o n v e r s i w ,  r e s e r v o i r  

s t i m u l a t i o n ,  geochemical eng inee r ing  and materials, geosc iences ,  and en- 

v i ronmenta l  c o n t r o l s ) ,  and w i l l  p rovide  t h e  necessa ry  R and D a c t i v i t i e s  

t o o  expensive o r  r i s k y  f o r  t h e  p r i v a t e  s e c t o r  t o  under take  a lone .  

*Assumes a real  d i scoun t  rate of 10 pe rcen t  i n  accordance wi th  D O E ' s  
p lanning ,  programming and budget ing  g u i d e l i n e s  f o r  FY 1983-FY 1987. 
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The d i r e c t  b e n e f i t s  a s s o c i a t e d  wi th  D O E ' s  "Current Federa l  Program" 

w i l l  i nc lude  a d d i t i o n a l  e lectr ic  power a p p l i c a t i o n s ,  most l i k e l y  r e s u l t i n g  

i n  8,862 megawatts ( r a t h e r  t han  7,745 megawatts) of hydrothermal gene ra t ing  

c a p a c i t y  by 2000 and improved o p e r a t i n g  performance i n  a l l  hydrothermal 

power p l a n t s .  

pec ted  t o  induce, by 2000, t h e  c o n s t r u c t i o n  of about  22 a d d i t i o n a l  50 MWe 

More s p e c i f i c a l l y ,  D O E ' s  "Current Fede ra l  Program'' is ex- 

hydr'othermal power p l a n t s  ( i . e . ,  power p l a n t s  beyond those  t h a t  are pro- 

j e c t e d  t o  be  b u i l t  anyway), each producing about  381 thousand megawatt- 

hours  of e l e c t r i c i t y  p e r  y e a r  f o r  30 yea r s .  It is  a l s o  expected t h a t  

improved o p e r a t i n g  performance i n  a l l  o t h e r  hydrothermal power p l a n t s  w i l l  

r e s u l t  from D O E ' s  "Current Fede ra l  Program," producing almost 41 m i l l i o n  

more megawatt-hours of e l e c t r i c i t y  over  t h e  l i f e t i m e  of t h e s e  f a c i l i t i e s .  

I n - t o t a l ,  then,  D O E ' s  "Current Federa l  Program" i s  expected t o  produce a n  

a d d i t i o n a l  296 m i l l i o n  megawatt-hours of e l e c t r i c i t y  (o r  approximately 

one quad of energy)  over  a 50 y e a r  per iod  (1980-2030) spanning t h e  l i f e -  

time of a l l  f a c i l i t i e s  impacted by t h e  program. T h i s  a d d i t i o n a l  energy 

is  assumed to  d i s p l a c e  e l e c t r i c i t y  o therwise  genera ted  by wes tern  coa l -  

f i r e d  and n u c l e a r  power p l a n t s .  

Direct b e n e f i t s  from D O E ' s  "Current Fede ra l  Program" w i l l  a l s o  in -  

c lude  a d d i t i o n a l  d i r e c t  h e a t  a p p l i c a t i o n s ,  most l i k e l y  r e s u l t i n g  i n  

0.174 quads ( r a t h e r  t han  0.159 quads) of hydrothermal  d i r e c t  h e a t  use  by 

2000. The f u l l  impact of t h e  program, however, i s  expected t o  t a k e  two 

forms: d i r e c t  h e a t  u s e  a p p l i c a t i o n s  t h a t ,  o the rwise ,  are n o t  expected t o  

b e  r e a l i z e d  i f  DOE'S "Current Fede ra l  Program" is n o t  undertaken ( i . e . ,  

t h e  a d d i t i o n a l  0,015 quads by 2000 a s  desc r ibed ) ;  and added d i r e c t  h e a t  
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use  a p p l i c a t i o n s  a s s o c i a t e d  w i t h  a longer  f a c i l i t y  l i f e  (25 y e a r s  r a t h e r  

than  20 y e a r s )  f o r  a l l  p r o j e c t s  t h a t  are expected t o  become o p e r a t i o n a l  

anyway between 1980 and 2000. 

a p p l i c a t i o n s  are most l i k e l y  t o  appear  i n  t h e  form of 480-560 r e s i d e n t i a l  

S p e c i f i c a l l y ,  t h e  a d d i t i o n a l  d i r e c t  hea t  u s e  

and commercial p r o j e c t s  (each consuming 25 b i l l i o n  B tu ' s  p e r  yea r  f o r  25 

y e a r s )  and 10-20 i n d u s t r i a l  p r o j e c t s  (each consuming 150 b i l l i o n  Btu ' s  p e r  

yea r  f o r  25 y e a r s ) ,  by 2000, t h a t ,  o the rwise ,  are  n o t  l i k e l y  t o  be-con-  

s t r u c t e d .  Moreover, f o r  t hose  p r o j e c t s  t h a t  are  p ro jec t ed  t o  b e  b u i l t  any- 

way, a n  a d d i t i o n a l  0.675 quads a s s o c i a t e d  w i t h  r e s i d e n t i a l  and commercial 

uses ,  and a n  a d d i t i o n a l  0.105 quads a s s o c i a t e d  w i t h  i n d u s t r i a l  u s e s ,  w i l l  

l i k e l y  b e  provided by ex tending  each p r o j e c t ' s  u s e f u l  l i f e  by f i v e  yea r s .  

I n  t o t a l ,  then ,  DOE's Y u r r e n t  Federa l  Program" i s  expected t o  r e s u l t  i n  
- I  

t h e  consumption of a n  a d d i t i o n a l  1.155 quads of hydrothermal energy -- 

0.975 quads r e s i d e n t i a l  and commercial and 0.180 quads i n d u s t r i a l  -- over  

a 45 y e a r  pe r iod  (1980-2025) spanning t h e  l i f e t i m e  of a l l  f a c i l i t i e s  im- 

pac ted  by t h e  program. Th i s  a d d i t i o n a l  energy is assumed t o  d i s p l a c e  t h e  

u s e  of convent iona l  f u e l s  ( e l e c t r i c i t y ,  o i l  and n a t u r a l  gas)  o therwise  pro- 

v i d i n g  t h e s e  energy requirements .  

Combined, t h e  a d d i t i o n a l  e lectr ic  power and d i r e c t  h e a t  u se  app l i ca -  

t i o n s  are expected t o  p rov ide  d i r e c t  b e n e f i t s  t o f a l l i n g  almost  2 .2  quads 

of energy between 1980 and 2030 f o r  an  expend i tu re  by DOE of $85 m i l l i o n  

(discounted p r e s e n t  va lue  i n  1982) du r ing  t h e  1980's .  These DOE program 

c o s t s  and d i r e c t  b e n e f i t s  a s s o c i a t e d  wi th  DOE's "Current Fede ra l  Program" 
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are  s m i a r i z e d  i n  Exh ib i t  6 .1 ;  a l s o  included i n  Exh ib i t  6 .1  i s  a summary 

of t h e  e x t e r n a l  impacts  a s s o c i a t e d  wi th  DOE'S "Current Fede ra l  Program." 

The development of hydrothermal r e source  si tes -- e i t h e r  f o r  e l e c t r i c  

power o r  d i r e c t  hea t  a p p l i c a t i o n s  -- will consume re sources  (geothermal 

f l u i d s ,  water and l a n d ) ,  and release environmental  r e s i d u a l s ,  no tab ly  hydro- 

gen s u l f i d e ,  t h a t  can c r e a t e  o b j e c t i o n s  p r i m a r i l y  because of a e s t h e t i c -  

odor c o n s i d e r a t i o n s .  However, t h e  s i z e  of any i n d i v i d u a l  s i t e  i s  expected 

t o  be  r e l a t i v e l y  small (compared t o  competing energy technologies )  and s e l f  

conta ined ,  producing environmental  impacts t h a t  can l i k e l y  be adequate ly  

addressed,  thereby  avo id ing  any s e r i o u s  environmental  t h r e a t .  

Hydrothermal f l a s h  steam power p l a n t s ,  f o r  example, can b e  econom- 

i c a l l y  cons t ruc t ed  and opera ted  on a much smaller scale (50 W e )  than  

e i t h e r  a t y p i c a l  coal-f  i r e d  (500 W e )  o r  nuc lea r  (I ,000 MWe) power p l a n t .  

Therefore ,  t h e  amount of r e sources  used o r  environmental  r e s i d u a l s  re- 

l eased  -- a t  any one of t h e  a d d i t i o n a l  22 hydrothermal power p l a n t  loca- 

t i o n s  -- w i l l  be r e l a t i v e l y  s m a l l  compared t o  t h e  g e n e r a l l y  l a r g e r  amounts 

o f  resources consumed and r e s i d u a l s  released a t  the 2-3 coal-fired p o w e r  

p l a n t s  o r  1-2 n u c l e a r  power p l a n t s  (and accompanying suppor t  f a c i l i t i e s  

a t  o t h e r  l o c a t i o n s )  necessa ry  t o  supply t h e  same amount of e l e c t r i c i t y  

( see  Exh ib i t  6 .1) .  I n  p a r t i c u l a r ,  coa l - f i r ed  power p l a n t s  release much 

l a r g e r  q u a n t i t i e s  of a i r  p o l l u t a n t s  t h a t  are be l i eved  t o  be  t h e  p recu r so r s  

t o  a c i d  r a i n  and a warming of t h e  e a r t h ' s  atmosphere.  

f a c i l i t i e s  are expected t o  produce a series of r a d i o a c t i v e  a i r ,  water and 

s o l i d  waste r e s i d u a l s  which pose long-term environmental  and pub l i c  h e a l t h  

concerns no t  found w i t h  hydrothermal  f l a s h  steam systems. 

Moreover, nuc lea r  
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Exhibit 6.1: Summary of Costs and Benefits Associated with DOE'S 
"Current Feder a1 Program" 

C o s t j k n s f i t  Category Siiiimary of Expected Impacts 

DOE Prugrzin Costs 

Direct Z e u c f i t s  

"No Fcdcral Pro1:raiii" 
o $145 mil l ion  ( cons t an t  1982 d o l l a r s )  f o r  FY 1981 and FY 1982 and ze ro  f o r  FY 1983 throueh N 1990. . . ~ . _  

o Present  value i n  1982 is  approximately $157 m i l l i o n  ( i n  1982 d o l l a r s ) .  

"Cu 1- r tin t Fcde ra 1 P r  q g M  
a $273 m i l l i o n  (coilstant 1982 d o l l a r s )  f o r  EY 1981 throufili FY 1990. 
--.---- 

o Prcscn t  v d u c  I n  1982 i s  approximately $242 m i l l i o n  (ii 1982 dol3.ars); o r  $85 m i l l i o n  above t h e  
program cos t s  l o r  DOE'S "No Federa l  Program". 

E l e c t r i c  r'.o'oc;er App 1 ica ti- 
0 

e 

o 

0 Tocal a d d i t i o n a l  e lcc t r ic  power a p p l i c a t i o n s  q u a i  t o  296.1 niilli.on megawatt-hours (or  about  1.01 

8,862 ?ii\'c of generatint:  capac i ty  on-line by 2000, i n s t e a d  of only 7,745 Pnk. 
ConsLruction uf Eboiit 22 a d d i t i o n a l  50 FfKe hydrothermal power p l a n t s  t h a t ,  o the rwise ,  would no t  be 
brougkt on-line by 2000, producing 255.4 m i l l i o n  megawatt-hours of e l e c t r i c i t y  between 1980 and 2030. 
Improved operat ing performance a t  a11 o t h e r  hydrothermal power p l a n t s ,  producing an  a d d i t i o n a l  40.7 
m i l l i o n  mcr:awatt-hours of e l e c t r i c i t y  between 1983 and 2030. 

quads of cncrgy).  

Direct Hcat ApElicaLions 
e 0.174 qiiads o f  d i r e c t  hcnt  use by 2000, i n s t c a d  of on ly  0.153 qu:ids.  
o Construction of about 480-560 a d d i t i o n a l  r e s i d e n t i a l  and commercial p r o j e c t s ,  providing 0.300 quaus 

of 'nydro:l~errnal energy between 1980 and 2025. 
o CnnnLruction of about 10-20 addi.tiona1. i i i d u s t r i a l  p r o j e c t s ,  providing  0.075 quads o f  hydrotlwrniol 

c:iicrgy bcLvccn 1YSO and 3025. 
o Estcnsion of t he  u s e f u l  l i f e  of r e s i d e n t i a l  and commercial p r o j e c t s  t h a t  would Le b u i l t  anyway, from 

20 to  25 years ,  providing an  a d d i t i o n a l  0.675 quads of hydrotliermnl energy betwecn 2000 and 2025. 
L) Execision of tiir useful 1.ife of  i n d u s t r i a l  p r o j e c t s  t h a t  would be b u i l t  anyway, from 20 t o  25 yea r s ,  

providing a i  a d d i t i o n a l  0.105 quads of hydrothermal energy between 2000 and 2025. 
Tot21 a d d i t i o n a l  d i r e c t  h e a t  use a p p l i c a t i o n s  equa l  t o  1. l55 quads of energy. 

----- 



E x h i b i t  6.1: Summary of Cos ts  and Benefi.ts Assoc ia ted  wi th  DOE'S 
"Current Fede ra l  Program" (cont inued)  

Summary of Expected Impacts 

I : , :~ i runmen~al  E f f e c t s  E l e c t r i c  Powcr ApplicaLionb 
0 Cmltac':s a t  , h u t  22 l o c a t i o n s  Cor 30 y c a r s  jncluding:  

- use of geotliermal f l u i d s  (29 m i l l i o n  t o n s / s i t e / y e a r ) ;  - consumption of water  (4,900 a c r e - f e e t / s i t e / y e a r ) ;  
- use of land (110-128 a c r e s / s i t c / y e a r ) ;  
- r e l e a s e  of a i r  p o l l u t a n t s  (8,740-105,000 t o n s / s i t e / y e a r ;  mostly carbon d i o x i d e ) ;  
- no r e l e a s e  of  water  p o l l u t a n t s  under normal opera t ing  condi t ions ;  and 
- c r e a t i o n  of  s o l i d  wastes  (2.100-4,600 cubic  f e e t  of  d r i l l i n g  mud/si te /year  and 11,400-114,000 tons 

0 Compared t o  the western c o a l  and nuc lear  f u e l  c y c l e s ,  water and land use requirements and environmental 
re leacjes  of c c r t a i n  a i r  p o l l u t a n t s  -- e .g . ,  hydrocarbons -- a r c  g r e a t e r  (per  kilowatt-hoirr of e l e c t c i -  
c i t y  produced); but  because wcstern coa l - f i red  and nuc lear  p o m r  p l a n t s  a r e  usua l ly  b u i l t  i n  m i n i m u m  
s i z e s  10 t o  20 times l a r g e r  than l i ~ d r o t h e r m a l  power p i a n t s ,  p a r t i c u l a r  resource  requirements and environ- 
Renta l  releases can a c t u a l l y  be from sevefal. times as l a r g e  t o  s e v e r a l  hundred times a s  l a r g e  f a r  a coal-  
f i r e d  or  nuclcar : m w r  p lan t  (and accospn!iying support  f a c i l i t i e s ) ,  compared t o  a hydrothermal power p l a n t .  

o Relc.ascs of p a l l u t n n t s  t h a t  a r e  hcl ieved t o  be precursors  t o  a c i d  r a i n  ( i . e , ,  s u l f u r  and n i t rogen  com- 
pounds and p a r t i c u l a t e s )  and a warming of e a r t h ' s  atmosphere ( i . e . ,  carbon dioxide)  can be a t  l e a s t  5-10 
times LIS Large f c r  coal.-fired power p l a n t s  than f o r  hydrothermal power p l a n t s  (per  ki lowatt-hour  of 
c I'a c t r ici ' i  y I? ro  duccd ) . 

0 Sot8:c erlvi ronoiental r e s i d u a l s  front tlic wcstcrn coal and nuc lear  f u e l  c y c l e s  a r c  notably d i f f e r e n t  than 
t h w c  rclcascd from 1iydrothei:mdl f l a s h  steam systems, f o r  example: l i q u i d  waste e i r l u e n t s ;  and radio- 
; l C t i V C  a i t ,  wntcr nnd s o l i d  wastc p o l i u t a n t s  from the nuc lear  fue l  cycle .  

a l~nv~rL~i i~ ic i i t : t l  ir.:p:icts from hydrotlicrmnl i l a s h  steam systems are self-contained i n  one l o c a t i o n ,  whereas 
cn;il and iiuclcar fue l  cycles  r e q u i r e  s e v e r a l  l o c a t i o n s  t o  acconunodate the  mining, f u e l  conversion, f u e l  
tcan:;:mrt and power genera t ion  C a c i l i t i e s .  

of s o l . i d s / s i t c / y e a r ) .  

T)iri.l:t ilca: h p l i c n t i o i 1 s  
a I1ydrot:hcrmnl space ;~ id  process  h e a t  systems a r e  c losed so a i r  emissions r e s u l t  p r imar i ly  from d r i l l i n g ,  

E Y i j r  those r e s i d u a l s  analyzed ( p a r t i c u l a t e s ,  s u l f u r  compounds, n i t r o g e n  compounds, carbon d ioxide ,  and 

--I_ -- 
tiasting and cleaning opera t ions ,  whi le  waterborne r e s i d u a l s  r e s u l t  when spills occur .  

~ . ~ l t : ; ) ,  hydr,ithern:al sFace h e a t  (process  h e a t )  systems r e l e a s e  -- f o r  25 years  -- about 21.5 tons (40.6 
tons)  of p o l l u t a n t s / s i t e / y e a r ;  i n  both cases .  mostly carbon dioxide.  

sevcrn!. p rders  oE magnitude lcss than e i t h e r  western coa l  o r  o i l  systems; r e l e a s e s  a r e  also  s e v e r a l  
o r d e r s  of magnitude less than those from na tura l  gas  systems, except  f o r  s u l f u r  compounds re leased  by 
process  heot  a p p l i c a t i o n s  (which are 128 percent  g r e a t e r ) ,  and sal ts  re leased  by both  space and process 
h e a t  a p p l i c a t i o n s  (which are zero  wi th  n a t u r a l  gas  systems) .  

0 Per  quad oE hc.3t delivered t o  end-users, hydrothermal space and process  h e a t  systems r e l e a s e  r e s i d u a l s  



E x h i b i t  6.1: Summary of Costs  and B e n e f i t s  Assoc ia ted  wi th  DOE's 
"Current Fede ra l  Program" (cont inued)  

Summary of Expected Inpac ts  - -- Csnt/Ecnefi t  Category - 
b.:*:rnal I n ~ . n c t s  (cont . )  

h;: I l o n a l  Sec'uri t y /  Suhct i tut ior i  of hydrotherm;il P~SOUI-CCS €or c o a l ,  o i l  o r  n a t u r a l  gas. 
Bslancc-o F-Payeents o CrcatSon.ol an energy opt ion  i n c r e a s i n g  t h e  s e c u r i t y  of the  U.S. and i ts  energy s u p p l i e s .  
Ixp rovcments e Savi;igs nF over 7C0 mi.llion b a r r e l s  of crucle oil equiva len t  bctween 1980 and 2030 from the  

a d d i t i o n a l  e l e c t r i c i t y  and d i r e c t  h e a t  energy use;  avcrage d a i l y  sav ings  of 38.5 thousand 
b a r r e l s  f o r  50 years .  
While use of competi t ive a l t e r n a t i v e  energy sources  may a l s o  be a b l e  t o  reduce oil Imports, 
reduct ions  would l i k e l y  be l e s s ,  and domestic energy s u p p l i e s  would a l s o  be consumed (al though 
i n  small  amounts compared t o  c u r r e n t  l e v e l s  of consuniption). 
h p r o v e n e n t  i n  balance-of-payments e q u a l  t o  $64 b i l l i o n  ( i n  col is tant  1982 d o l l a r s )  i f  a l l  crude 
o i l  sav'ings do,  indeed, reduce imports ;  p resent  va lue  i n  1982 i s  approximately $6 b i l l i o n  ( i n  
1092 d o l l a r s ) .  
Incrcased p l a i i n i n ~  f l e x i b i l i t y  for u t i l i t i e s  s i n c e  minimum s ized  hydrothermal power p l a n t s  can 
ba 10 t o  20 times smal le r  than niiniinum s ized  coa l - f j red  o r  nuc lear  power p l a n t s ,  aiid can be con- 
s t r u c t e d  ir. one-half t o  two-thirds the  amount of time. 
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5 c. i J r. con mi :: Imp LIC t s a Tn genera l  ternis, increased  employincnt/reduced uncmploymcnt, an increased  and more d i v e r s i f i e d  
e . _ . _  L L~~ base,  increased 
economic development, without  overburdening e x i s t i n g  coniuni ty  s e r v i c e s  and f a c i l i t i e s  o r  housing. 

0 For a d d i t i o n a l  e l e c t r i c  power a p p l i c a t i o n s ,  t o t a l  employment of 3,300 c o n s t r u c t i o n  workers f o r  
t w o  y e a r s  (6,600 person-years) between 1980 and 2000, and 60,620 person-years of opera t ing  and 
cai.ritanance labor  bctween 1F80 and 2030; any s i n g l e  50 ElWe power p l a n t  would have no more than 
1513 cons t ruc t ion  workers f o r  two y e a r s  o r  78 opera t ing  and maintenance personnel f o r  30 years .  
Compared t o  western coal-f ired and nuclear  power p lanrs ,  hydrother;nal power plnnt  cons t ruc t ion  
reqi::rcnients a r c  l e s s ,  bu t  opera t ing  and naintenance requirements a r e  g r e a t e r  (per  k i lowat t -  
hour O F  e l e c t r i c i t y  produced) ; however, l a r g e r  minimum s i z e d  coal-Fired and nuc lear  power p l a n t s  
w i l l  produce s j g n i f i c a n t l y  l a r g e r  manpower requirements a t  any s i n g l e  l o c a t i o n ,  poss ib ly  over- 
whelming e x i s t i n g  community s e r v i c e s  and f a c i l i t i e s  and c r e a t i n g  undes i rab le  ''boomtown" e f f e c t s .  

t a x  resources  exceeding increased government exlientlittircs, and acce lcra tcd  

4 

)I 

a Xuch proAress has  been side i n  developing s u i t a b l e  m a t e r i a l s  and equipment, and DOE's  "Current 

0 Development of longer  l a s t i n g ,  lower c o s t  m a t e r i a l s  f o r  e x t r a c t i n g  hydrothermal resources  w i l l  

L'i.ghly durable materials and equipment must be u t i l i z e d  i n  hydrothermal resource  development 
is order  t o  withstand t h e  c o r r o s i v e  and abras ive  n a t u r e  of l i q u i d  dominated resources .  
!;?iilc the  o i l  and gas indus t ry  face  s i m i l a r  problems, t h e  wide v a r i a t i o n  of geothermal f l u i d  
tc::.pcratures ar.d s a l i n i t y  c r e a t e  a unique set of problems. 

Fcderal Program" is  designed t o  assist indus t ry  i n  so lv ing  these  d i f i i c u l t i e s .  

provide a d d i t i o n a l  b e n e f i t s  i f  properly t r a n s f e r r e d  t o  t h e  oil and gas  indus t ry .  



For the  a d d i t i o n a l  d i r e c t  h e a t  use  a p p l i c a t i o n s ,  environmental  re- 

leases w i l l  r e s u l t  from d r i l l i n g ,  t e s t i n g  and c l ean ing  o p e r a t i o n s  and from 

a c c i d e n t i a l  s p i l l s  ( s ee  Exh ib i t  6 . 1 ) .  However, compared t o  t h e  competing 

a l t e r n a t i v e  energy sources  ( i . e . ,  wes te rn  c o a l ,  o i l  and n a t u r a l  g a s ) ,  en- 

v i ronmenta l  r e s i d u a l s ,  several o r d e r s  of magnitude less, are  expected t o  

be  r e l eased ;  t h i s  r educ t ion  i n  p o l l u t a n t  releases w i l l  produce a s u b s t a n t i a l  

n e t  environmental  b e n e f i t .  

I n  sum, t h e  a d d i t i o n a l  hydrothermal e l ec t r i c  power and d i r e c t  h e a t  

r e source  development, when compared t o  t h e  competing a l t e r n a t i v e  energy 

sources ,  i s  r e l a t i v e l y  benign environmental ly ,  and may w e l l  o f f s e t  more 

environmental ly  adve r se  e f f e c t s  which could o therwise  accompany f o s s i l  

f u e l  o r  n u c l e a r  powered f a c i l i t i e s .  

I n d i r e c t  b e n e f i t s  from t h i s  a d d i t i o n a l  hydrothermal r e source  develop- 

ment w i l l  a l s o  r e s u l t  by i n c r e a s i n g  t h e  s e c u r i t y  of t h e  U.S.  and i t s  energy 

s u p p l i e s  w i t h  t h e  c r e a t i o n  of t h i s  energy o p t i o n  (see E x h i b i t  6 .1) .  Hydro- 

thermal  f a c i l i t i e s  can  g e n e r a l l y  be  brought on- l ine  much more qu ick ly  than  

f a c i l i t i e s  u t i l i z i n g  e i t h e r  c o a l  o r  n u c l e a r  r e sources .  Moreover, hydro- 

thermal  resources  can d i r e c t l y  and i n d i r e c t l y  s u b s t i t u t e  f o r  o i l ,  thereby:  

reducing  t h e  n a t i o n ' s  consumption and dependence on imported o i l ;  l e s s e n i n g  

d i s r u p t i o n s  i n  t h e  U.S. economy caused by a c t i o n s  of o t h e r  governments 

( i . e . ,  o i l  embargoes); and improving t h e  balance-of-payments s i t u a t i o n .  

Over 700 m i l l i o n  b a r r e l s  of c rude  o i l  equ iva len t  -- w i t h  a discounted 

p r e s e n t  va lue  ( i n  1982) of $6 b i l l i o n  ( i n  1982 d o l l a r s )  -- are expected t o  

be  saved between 1980 and 2030 from t h e  a d d i t i o n a l  e l e c t r i c i t y  and d i r e c t  
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h e a t  energy use  made a v a i l a b l e  by hydrothermal r e sources .  Compared t o  

t h e  $85 m i l l i o n  d o l l a r s  (discounted p resen t  va lue  i n  1982)  i n  expendi tures  

f o r  DOE'S  "Current Fede ra l  Program," t h e s e  equ iva len t  c rude  o i l  sav ings  

r ep resen t  a s u b s t a n t i a l  b e n e f i t .  

Turning t o  t h e  socioeconomic impacts a s s o c i a t e d  w i t h  t h e  a d d i t i o n a l  

hydrothermal r e source  development, most of t h e  a d d i t i o n a l  hydrothermal 

power p l a n t s  are  l i k e l y  t o  b e  developed i n  r u r a l  p o r t i o n s  of western 

states, wh i l e  most of t h e  a d d i t i o n a l  d i r e c t  h e a t  u s e  f a c i l i t i e s  are  l i k e l y  

t o  b e  developed nea r  urban c e n t e r s  i n  t h e  West and i n  t h e  n o r t h e r n  ha l f  

of t h e  U.S. Beceuse t h e  s c a l e ' o f  bo th  t h e  c o n s t r u c t i o n  a c t i v i t i e s  and 

f a c i l i t y  o p e r a t i o n s  is  expected t o  be  r e l a t i v e l y  small  a t  any s i n g l e  lo- 

c a t i o n  ( see  Exh ib i t  6.1), t h e  o v e r a l l  socioeconomic impacts  a re  expected 

t o  b e  b e n e f i c i a l  i n  n a t u r e ,  u n l i k e  t h e  seve re  impacts o f t e n  a s s o c i a t e d  

wi th  l a r g e r ,  more i n t e n s i v e ,  and d i s r u p t i v e  energy developments based on 

a l t e r n a t i v e s  t h a t  u t i l i z e  c o a l ,  o i l  o r  uranium. I n  e s s e n s e ,  t hen ,  t h e  

r e l a t i v e l y  s m a l l  i n c r e a s e s  i n  p u b l i c  s e r v i c e  requi rements ,  and t h e  modest,  

b u t  h e l p f u l ,  employment o p p o r t u n i t i e s  a s s o c i a t e d  w i t h  w e l l  planned and 

' phased hydrothermal r e source  development, are  expected t o  provide  a posi-  

t i ve  s t imu lus  f o r  t h e  expansion and d i v e r s i f i c a t i o n  of many l o c a l  econo- 

m i e s .  

I n  concluding t h i s  chap te r ,  t h e  need f o r  du rab le  materials and equip- 

ment, capable  of w i ths t and ing  t h e  h o s t i l e  l i q u i d  dominated hydrothermal 

r e source  environments , cannot  b e  overlooked i f  t h e  a d d i t i o n a l  hydrothermal 

e l ec t r i c  power and,  t o  a smaller e x t e n t ,  d i r e c t  h e a t  u se  a p p l i c a t i o n s  are ,  
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indeed,  t o  become a r e a l i t y  ( see  Exh ib i t  6 .1 ) .  DOE'S "Current Federa l  

Program" i s  s t r u c t u r e d  t o  s t i m u l a t e  p u b l i c  and p r i v a t e  R and D a c t i v i t i e s  

necessary  t o  develop economical m a t e r i a l s  and equipment f o r  hydrothermal 

r e source  environments.  Much p rogres s  has  a l r e a d y  been made and cont inued 

r e s e a r c h  w i l l  n o t  on ly  b e n e f i t  hydrothermal r e source  development, b u t  w i l l  

a l s o  a i d  technology development i n  t h e  o i l  and gas  i n d u s t r y .  
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