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p r e v i o u s l y  es tab l i shed  i n  Dockets No. RM79-54 and 55 under Sec t ion  201 and 210 
o f  t h e  P u b l i c  U t i l i t y  Regulatory  P o l i c i e s  Ac t  o f  1978 (PURPA). The a n a l y s i s  
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near  te rm development and analyzes environmental  e f f e c t s  a n t i c i p a t e d  t o  occur  
due t o  development o f  geothermal resources i n  the  Western Un i ted  Sta tes  as a 
r e s u l t  o f  t h i s  a d d i t i o n a l  rulemaking. 

LEAD AGENCY: The Federal Energy Regulatory  Commission i s  t h e  s o l e  agency 
respons ib le  f o r  t h i s  F i n a l  S E I S .  

CONTACT POINTS: A d d i t i o n a l  in fo rmat ion  on t h i s  F i n a l  S E I S  can be ob ta ined 
from t h e  f o l l o w i n g  i n d i v i d u a l s :  

Envi  ronmen t a  1 /Techn i ca 1 Aspects Reg u l  a t o r y /  Lega 1 Aspects 

Dr .  Jack M. Heinemann Glen Berger 
Adv isor  on Environmental  Q u a l i t y  O f f i c e  o f  t h e  General Counsel 
825 N o r t h  C a p i t o l  S t . ,  N.E. 
Washington, D.C. 20426 Washington, D.C. 20426 

825 Nor th  Cap i to l  S t . ,  M.E. 

(202) 357-8228 (202) 357-81 71 

Nan Nalder 
O f f i c e  o f  t h e  Advisor  on Envi ron-  

825 N o r t h  Cap i to l  S t . ,  N.E. 
Washington, D. C. 20426 

mental Qual  i ty 

(202) 357-5583 

COMMENT PERIOD: A p e r i o d  o f  30-days w i l l  be a v a i l a b l e  f o r  commenting on t h i s  
F i n a l  SEIS .  Comments should be sent  t o  the  Secretary ,  Federal  Energy 
Regulatory  Comnission, 825 Nor th  C a p i t o l  S t . ,  N.E., Washington, D.C. 20426, 
no l a t e r  than March 23, 1981. 



I SUMMARY 

This  is  a Supplemental F i n a l  Environmental Impact Statement (SFEIS) 
on PURPA-Induced Geothermal Energy Developnent t o  t h e  Draf t  EIS on 
"Rulemaking f o r :  
FACILITIES--QUALIFYING STATUS/RATES AND EXEMPTIONS DOCKET NOS. RH79-54 
and RM79-55," June 1980. 

SMALL POWER PRODUCTION AND COGENERATION 

T h a t  DEIS ( h e r e a f t e r  r e f e r r e d  t o  as the  PURPA DEIS) ana lyzed  the  
environmental  e f f e c t s  t h a t  are p r o j e c t e d  t o  r e s u l t  from enactment of 
p rov i s ions  of the P u b l i c  U t i l i t i e s  Regula tory  Po l i cy  Act (PURPA) of 
1978. 
energy s o u r c e s ,  i n c l u d i n g  geothermal r e sources ,  as a means of meeting 
n a t i o n a l  energy requi rements .  
Commission's (FERC o r  the  Cammission) r u l e s  implementing Sec t ion  210 of 
PURPA, geothermal energy development was p r o j e c t e d  t o  show l i t t l e  
p rogres s .  

A purpose of  PURPA is t o  s t i m u l a t e  t h e  developnent of a l t e r n a t i v e  

Under t h e  Fede ra l  Energy Regula tory  

This  supplemental  F i n a l  EIS ana lyzes  the environmental  e f f e c t s  of 
geothermal development i n  t h e  wes te rn  Uni ted  S t a t e s  p r o j e c t e d  as t h e  
r e s u l t  of a d d i t i o n a l  rulemaking i n  Docket No. -1-2 changes t o  t h e  PURPA 
by FERC. 

Geothermal Develounent 

The r e v i s e d  r u l e s  under PURPA are expected t o  s t i m u l a t e  t h e  
developnent of more than  1200 MW of c a p a c i t y  f o r  e l e c t r i c a l  g e n e r a t i o n  
from geothermal f a c i l i t i e s  by 1995--1100 MW more than  p r e d i c t e d  i n  t h e  
o r i g i n a l  PURPA DEIS. PURPA-induced developnent i s  a n t i c i p a t e d  i n  t h e  
near term f o r  C a l i f o r n i a ,  Nevada, and Idaho (see F igure  V - 1 1 ,  and may 
occur  i n  o t h e r  s ta tes  i n  t h e  West. A breakdown by l o c a t i o n  is presented  
i n  Table  V - 1  and shown i n  F igu re  V-1. A map i n d i c a t i n g  t h e  e x t e n t  of 
geothermal r e source  areas i n  t h e  w e s t e r n  U n i t e d  S t a t e s  is shown i n  
F igu re  VI -3 .  

P r i n c i p a l  P r o v i s i o n s  of the  Proposed -Rulemaking 

S e c t i o n  643 of t h e  Energy S e c u r i t y  A c t  of 1980 a u t h o r i z e d  t h e  
Commission t o  deve lop  rules t o  f u r t h e r  encourage geothermal development 
by Small Power P roduc t ion  F a c i l i t i e s  (SPPFs) by: 

o I n c r e a s i n g  the maximwn s i z e  f o r  exemption from r e g u l a t i o n  from 
30 to 90 MW f o r  geothermal SPPFs. 

o Exempting u t i l i ty -owned geothermal SPPFs of not more than 80 HW 
c a p a c i t y  from t h e  Fede ra l  Power A c t ,  t h e  Pub l i c  U t i l i t y  Holding 
Company Act (PUHCA), and from s t a t e  laws r e g a r d i n g  rates of 
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e l e c t r i c  u t i l i t i e s  and t h e i r  f i n a n c i a l  o rgan iza t iona l  
r e g u l a t i o n s .  

o Provid ing  avoided cos t  p r i c i n g  b e n e f i t s  of PURPA Sec t ion  210 t o  
ut i l i ty-owned f a c i l i t i e s .  

Est imated Savings of F o s s i l  Fuel Due t o  t h i s  Rulemaking 

The fo l lowing  f o s s i l  f u e l  displacement  i s  a n t i c i p a t e d  due t o  t h i s  
a c t i o n  by 1995:" 

Mountain Region 857,000 b b l / y  of o i l  
1.19 x 1010 s c f / y  of gas 

P a c i f i c  Region 1,214,000 bb l /y  of o i l  
0.29 x 1010 s c f / y  of gas 

P r i n c i p a l  Adverse Environmental  Impacts 

Although geothermal resources  r ep resen t  a r e l a t i v e l y  c l ean  energy 
source ,  environmental  changes have occurred  i n  var ious  p a r t s  of t h e  world 
due t o  developuent of t hese  r e sources .  

\ 

During t h e  e x t r a c t i o n  process ,  a v a r i e t y  of gases  may be r e l e a s e d  t o  
the atmosphere,  t h e  most envi ronmenta l ly  o b j e c t i o n a b l e  being hydrogen 
s u l f i d e  wi th  i t s  accompanying d i sag reeab le  odor.  Boron, i n  t h e  form of 
b o r i c  a c i d ,  when emi t ted  i n  coo l ing  tower d r i f t s  can harm l e a f  growth of 
l o c a l  v e g e t a t i o n ,  p a r t i c u l a r l y  c i t r u s  crops.  Other  subs tances  emi t ted  i n  
gaseous form, i n c l u d i n g  carbon d iox ide ,  methane, ammonia, a r s e n i c ,  
mercury and radon,  a r e  u s u a l l y  i n  very  l a w  concen t r a t ions .  
vary  g r e a t l y  from s i t e  t o  s i t e  because of the composition of the 
geothermal r e source  i t s e l f .  

Emissions 

Surface and ground water p o l l u t i o n  may r e s u l t  from d i sposa l  of 
excess  steam condensate  and water. Sane of t h e  f l u i d  products  have a 
high s a l t  content  and t h e r e f o r e  may not  be s a f e l y  d ischarged  t o  s u r f a c e  
waters  without  degrading t h e i r  q u a l i t y .  Local geologic  cond i t ions  and 
hydrology may preclude i n j e c t i o n  of spent  geothermal f l u i d s  i n t o  the  
ground where they  could contaminate potable  groundwater. 

Withdrawal of geothermal f l u i d s  from the e a r t h  may cause  subsidence 
( i . e . ,  t h e  s i n k i n g  of  land  ove r l ay ing  t h e  r e s e r v o i r ) .  R e i n j e c t i o n  of t h e  

* Less developnent may occur  as a r e s u l t  of the d e c i s i o n  t o  d i sa l low 
u t i l i t i e s  t o  form s u b s i d i a r i e s  t h a t  are exempt from c e r t a i n  s e c t i o n s  
of the Federa l  Power Act and sane  s t a t e  r e g u l a t i o n s ,  and t o  s e l l  a t  
t h e  avoided c o s t .  See IV-3. 

1-2 



f l u i d s  may induce s e i s m i c  a c t i v i t y .  However, such occurrences  a r e  r a r e ,  
and e v a l u a t i o n  of their p o t e n t i a l  w i l l  vary  g r e a t l y  from s i t e  t o  s i te .  

Noise from the  ven t ing  of geothermal w e l l s ,  has caused problems i n  
c e r t a i n  areas. The long-term e f f e c t s  of no i se  i n  remote s i tes  on 
w i l d l i f e  i s  not  w e l l  understood. 

Expanded geothermal development w i l l  i n e v i t a b l y  change the  c h a r a c t e r  
of t h e  land  on which i t  occurs .  R e h a b i l i t a t i o n  and recovery  of t h e  s i t e  
a f t e r  the use fu l  l i f e  of a geothermal f a c i l i t y  should  be much e a s i e r  and 
more success fu l  t han  r e h a b i l i t a t i o n  a s s o c i a t e d  w i t h  f o s s i l  f u e l  power 
p l a n t s  o r  nuc lear  r e a c t o r s .  

P r i n c i p a l  B e n e f i c i a l  E n v i r o w e n t a l  Impacts 

Increased development of geothermal f a c i l i t i e s  w i l l  reduce impacts 
a s soc ia t ed  wi th  f o s s i l  and n u c l e a r  f u e l  c y c l e s  and a s s o c i a t e d  f a c i l i t i e s ,  
i n c l u d i n g  t h e i r  e x t r a c t i o n ,  r e f i n i n g ,  t r a n s p o r t a t i o n ,  and burning. Land 
d i s r u p t i o n  is  a n t i c i p a t e d  t o  be fa r  less e x t e n s i v e  than  t h a t  caused by 
s u r f a c e  mining of coa l  o r  uranimn. I n  a d d i t i o n ,  t h e  h e a l t h  and s a f e t y  
issues are minor compared with coa l  o r  nuc lea r  power product ion.  

P o s s i b l e  Measures to  H i t  i n a t e  Adverse Environment a1 E f f e c t s  

Fede ra l ,  s t a t e ,  and l o c a l  c o n t r o l  of s i t i n g  and enforcement of 
e x i s t i n g  environmental  laws w i l l  m i t i g a t e  many adve r se  e f f e c t s  of the 
geothermal f a c i l i t i e s .  A s  t h e  nmnber of geothermal development p r o j e c t s  
i n c r e a s e ,  t echno log ica l  improvements are a l s o  a n t i c i p a t e d  a s  a r e s u l t  of 
exper ience  and economies of s c a l e .  For example, both t h e  Department of 
Energy (DOE) and the  Environmental P r o t e c t i o n  Agency (EPA) have funded 
development of new hydrogen s u l f i d e  (H2S) removal systems t h a t  could 
reduce emissions of t h i s  subs t ance  s i g n i f i c a n t l y  and make geothermal 
f a c i l i t i e s  more accep tab le  near populated areas. A t  p re sen t ,  t h e  EIC 
copper s u l f a t e  process  is t h e  most s i g n i f i c a n t  goverwent - funded  measure 
f o r  near-term developnent .  These H2S removal systems a r e  d iscussed  i n  
more detail i n  Section V I 1  of t h i s  report. 
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I I AGENCIES, ORGANIZATIONS, AND PERSONS R E C E I V I N G  COPIES OF 
THIS FINAL SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT 

T h i s  Western Regional F i n a l  Supplemental Environmental Impact Statement i s  
b e i n g  c i r c u l a t e d  t o  t h e  o the r  Federal  agencies f o r  comnent i n  accordance w i t h  
Sec t i on  102((2)(c) o f  t h e  Na t iona l  Environmental P o l i c y  Ac t  o f  1969 (NEPA). 
i s  a l s o  a v a i l a b l e  t o  S t a t e  and l o c a l  governments, i n t e r e s t e d  p a r t i e s ,  and the  
p u b l i c .  

It 

Rec ip ien ts  o f  t h e  statement i nc lude :  

Federal  Departments, P,gencies, Comnissions, and O f f i c e s  

Adv isory  Counc i l  on H i s t o r i c  P rese rva t i on  
A g r i c u l t u r e ,  Department o f  
Commerce, Department o f  
Consumer Product Sa fe ty  Commission 
Counc i l  on Environmental Q u a l i t y  
Defense, Department o f  
Energy, Department of 
Environmental P r o t e c t i o n  Agency 
Farm C r e d i t  A d m i n i s t r a t i o n  
Federal  Communications Conmission 
Federal  Emergency Management Agency 
Federal Home Loan Bank Board 
Federal Trade Commission 
General Serv ices  A d m i n i s t r a t i o n  
Health,  Educat ion and Welfare, Department o f  
Housinq and Urban Development, Department o f  
I n t e r i o r ,  Department o f  ' 

I n t e r n a t i o n a l  Boundary and Water Comm 
I n t e r s t a t e  Commerce Commission 
Jus t i ce ,  Department o f  
Labor, Department o f  
M issour i  R i v e r  B a s i n  Commission 
Na t iona l  Aeronaut ics  and Space Admini 
Na t iona l  C r e d i t  Union A d m i n i s t r a t i o n  
N a t i o n a l  Science Foundation 
Nuc lear  Regu la to ry  Commission 
O f f i c e  o f  Science and Technology 

s s i o n  

t r a t i o n  

P a c i f i c  Northwest R i v e r  Basi'ns Commission 
Small Business Admi n i  s t r a t i  on 
Souris-Red-Rainy R ive r  Basins C o m i s s i o n  
State, Department o f  
T ra  nspor t a t i on, De pa r  tmen t o f  
Treasury, Department o f  
U n i t e d  S ta tes  Water Resources Counci l  



State  Ut i l i ty  Regulatory Agencies 

Alaska Publ i c  Util i t i e s  Commission 
Arizona Corporation Commission 
California Public U t i l i t y  Commission 
Colorado Publ i c  Util i t i e s  Commission 
Hawaii Public U t i l i t i e s  Commission 
Idaho Public U t i l i t i e s  Commission 
blontana Public Service Commission 
Nevada Public Service Commission 
New i4exico Publ i c  Service Commission 
Oregon Public U t i l i t y  Commission 
Utah Public Service Commission 
Washington Util .  & Trans. Commission 
Wyoming Public Service Commission 

State  and Areawide Clearinghouses 

Clearinghouses in the following States:  Alaska, Arizona, California, Colorado, 
Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah,  Washington, and 
Wyoming, l i s t ed  in the Directory of Clearinghouses, Office of Management and  
Budget, Circular A-95, June 1979. 

. 

Part ies  Listed in the Service Lists fo r  
RM79-54/RM79-55 & RF181-2 

All par t ies  l i s t e d  in these Service Lists which a re  maintained by the Secretary, F E R C .  

Organizations and Individuals 

Sent t o  these par t ies  as well as those w h o  have requested copies of the PURPA DEIS. 

American Gas Association 
American Conservation Association 
American Petroleum Ins t i t u t e  
American Public Power Association 
Center for  Law 8 Social Policy 
Chamber of Commerce o f  USA 
Council o f  Energy Resource Tribes 
Edi son Electr ic  Ins t i t u t e  
Elec t r ic  Power Research Ins t i t u t e  
Environmental Action, Inc. 
Environmental Defense F u n d  
Environmental Law Ins t i t u t e  
Environmental Policy Center 

Friends of the Earth 
In s t i t u t e  for  Gas Technology 
In te rs ta te  Natural Gas Absociation ' 

Izaak Wal.ton League of America, Inc. 
Energy Conservation Committee 
National Association o f  Counties 
National Association of Regulatory 

Ut i l i ty  Commissioners 
National Audubon Society 
National League o f  Cities 
Ylational Fesource Defense Counci 1 
National Rural Electric Cooperative Assoc. 
National Wild1 i f e  Federation 
U .  S .  Conference of Yayors 

Bob Blaustein John Nassikas 
Gordon B1 u m q u i s t  Bob Oliver 
Bi 11 East1 ake David Phi 1 brick 
Robert Goble Roald Vendixen 
John Karl Steve Vi ckers 
William Loveless Bill  Williamson 
Ron Menke Syd Willard 
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IV ACTION 

Rulemaking t o  Implement S e c t i o n  643 of  the Energy S e c u r i t y  Act of 1980 

The a c t i o n  e v a l u a t e d  i n  t h i s  Western Regional Supplemental F i n a l  
EIS ( S E I S )  i s  a rulemaking, FERC Docket No. 81-2, Small Power 
Product ion  and Cogenera t ion  F a c i l i t i e s ,  November 6, 1980, t h a t  
implements p rov i s ions  of S e c t i o n  643 of the  Energy S e c u r i t y  Act of 1980 
(ESA) by amending t h e  F e d e r a l  Power Act and t h e  P u b l i c  U t i l i t y  
Regula tory  P o l i c i e s  Act of 1978 (PURPA). 

S e c t i o n  643(a)  of t h e  ESA i s  in tended  t o  c l a r i f y  t h e  a u t h o r i t y  of 
the  Fede ra l  Energy Regula tory  Canmission (FERC or Commission) t o  
c l a s s i f y  geothermal r e sources  a s  a "primary energy source" f o r  t h e  
purpose of e l i g i b i l i t y  f o r  use by a small power product ion  f a c i l i t y  
(SPPF) under S e c t i o n  3(17)(A) of t h e  Fede ra l  Power Ac t ,  as amended by 
Sec t ion  201 of  PURPA. The conference report i n d i c a t e s  t h a t  the  
l e g i s l a t i o n  does no t  i n t e n d  " t o  c a s t  t h e  F E R C ' s  p r e sen t  r e g u l a t i o n s  
under S e c t i o n  3(17) i n t o  doubt by r eason  of t h i s  amendment." 

S e c t i o n  643(b) of  ESA con ta ins  t h r e e  amendments t o  S e c t i o n  210 of 
PURPA. Subsec t ion  643(b) (1)  amends S e c t i o n  210(a)  of PURPA. S e c t i o n  
210(a) r e q u i r e s  t h e  Commission t o  p r e s c r i b e  r u l e s  "as i t  de termines  
necessa ry  t o  encourage cogenera t ion  and smal l  power production..  .which 
r u l e s  ( s h a l l )  r e q u i r e  e l e c t r i c  u t i l i t i e s  t o  o f f e r  t o  s e l l  e l e c t r i c  
energy t o  and purchase e l e c t r i c  energy from q u a l i f y i n g  cogene ra t ion  and 
small power product ion  f a c i l i t i e s . "  The amendment t o  t h i s  s e c t i o n  adds 
"geothermal small  power product ion  f a c i l i t i e s  of not  more than 80 
megawatts capac i ty"  t o  t h e  list of t echno log ie s  f o r  which t h e  Commission 
must issue r u l e s  t o  encourage, bu t  not t o  t h e  c l a s s  of energy-production 
f a c i l i t i e s  t o  and from which e l e c t r i c  u t i l i t i e s  are s t a t u t o r i l y  r e q u i r e d  
t o  s e l l  and purchase.  

The l e g i s l a t i v e  h i s t o r y  of ESA i n d i c a t e s  t h a t  i t  w a s  the  i n t e n t  of 
Congress t h a t  t h e  Commission, under t h e  "broad a u t h o r i t y  of S e c t i o n  210 
t o  encourage geothermal small  power production," have t h e  a u t h o r i t y  t o  
make "sane or a l l  of t h e  S e c t i o n  210 r a t e  b e n e f i t s  a p p l i c a b l e  t o  such  
f a c i l i t i e s  i n  the  same manner as such b e n e f i t s  a r e  a v a i l a b l e  t o  
n o n - u t i l i t y  owned f a c i l i t i e s  . I 1  There fo re ,  t h e  Commission b e l i e v e s  t h a t  
i t  has the a u t h o r i t y  t o  r e q u i r e  e l e c t r i c  u t i l i t i e s  t o  purchase from and 
s e l l  t o  u t i l i ty -owned geothermal SPPFs, and t o  p r i c e  t h e s e  purchases on 
an avoided-cost b a s i s .  

S e c t i o n  643(b) (2)  of ESA amends S e c t i o n  2 1 0 ( e ) ( l )  o f  PURPA t o  
a u t h o r i z e  t h e  Commission t o  exempt "geothermal canall power product ion  
f a c i l i t i e s  of not more than 80 megawatts capac i ty"  from the  Fede ra l  
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Power Ac t ,  t h e  Pub l i c  U t i l i t y  Holding Canpany Act (PUHCA), and s t a t e  
laws and r e g u l a t i o n s  r e s p e c t i n g  the  rates o r  t h e  f i n a n c i a l  o r  
o r g a n i z a t i o n a l  r e g u l a t i o n  of e l e c t r i c  u t i l i t i e s ,  i f  t h e  Commission 
determines t h a t  such exemption i s  necessa ry  t o  encourage cogenera t ion  
and small power production. Because t h e  Commission's exemptive 
a u t h o r i t y  under t h i s  amendment is not l i m i t e d  t o  "qual i fy ing"  geothermal 
SPPFs , t h e  Commission may a l s o  exempt u t i l i ty -owned geothermal SPPFs 
from these  laws and r e g u l a t i o n s .  

F i n a l l y ,  Sec t ion  210(e ) (2 )  of PURPA l i m i t e d  t h e  Commission's 
a u t h o r i t y  t o  exempt q u a l i f y i n g  SPPFs t o  t h o s e  wi th  a c a p a c i t y  of 30 MW 
o r  less.  Sec t ion  643(b) (3 )  of ESA inc reases  the l i m i t  t o  "80 megawatts 
f o r  a q u a l i f y i n g  small power product ion  f a c i l i t y  us ing  geothermal e n e r g y  
as the primary energy source..." Thus, t h e  Camnission may exempt any 
"qual i f  ying" SPPF us ing  geot h e m a l  energy a s  t h e  primary energy source  
from the laws and r e g u l a t i o n s  s p e c i f i e d  i n  S e c t i o n  2 1 0 ( e ) ( l )  of PURPA. 

The Commission's proposed rules e x e r c i s e  t h e  a u t h o r i t y  provided by 
the  ESA t o  the m a x i m u n  ex ten t  permi t ted .  F i r s t ,  n o n u t i l i t y  owned 
geothermal a n a l l  power product ion  f a c i l i t i e s  between 30 and 80 MW a r e  
exempted from the Fede ra l  Power Ac t ,  PUHCA, and s t a t e  u t i l i t y  
r e g u l a t i o n s .  Second, u t i l i ty -owned geothermal small power product ion  
f a c i l i t i e s  (up  to 80 MU c a p a c i t y )  are exempt fran t h e s e  laws and 
r e g u l a t i o n s  and can sel l  power t o  t h e i r  paren t  company, o r  t o  
n o n - a f f i l i a t e d  u t i l i t i e s  a t  t he  purchas ing  u t i l i t y ' s  avoided c o s t s ,  as 
is  provided f o r  n o n u t i l i t y  awned q u a l i f y i n g  cogenera t ion  and SPPFs 
pursuant t o  Canmission o rde r  No. 69. 

For  f u r t h e r  d i s c u s s i o n  o f  PURPA S e c t i o n  201 and 210, r e f e r  t o  
S e c t i o n s  I V  and V of the PURPA DEIS "Small Power P roduc t ion  and 
Cogenera t ion  F a c i l i t i e s - Q u a l i f y i n g  S t a t u s / R a t e s  and Exemptions Docket 
Nos. RM79-54 and RM79-55," which t h i s  document supplements.  I n  
a d d i t i o n ,  p l e a s e  r e f e r  t o  t h e  proposed rulemaking i n  Docket No. RM81-2 
(see Appendix A). 

Rulemaking A 1  t e r n a t i v e s  

No Act ion  

S e c t i o n  644 of  ESA r e q u i r e s  the FERC t o  promulgate r e g u l a t i o n s  t o  
implement amendments t o  S e c t i o n  210 of PURPA w i t h i n  6 months of t h e  d a t e  
of enactment of ESA. The Canmission must i s s u e  t h e s e  r u l e s ,  i f  i t  
determines t h a t  t h e y  are necessa ry  t o  encourage geothermal SPPFs. 

L i m i t a t i o n s  on Rate and Exemption Bene f i t s  

I n  t h e  d r a f t  EIS, t h e  Commission s t a t e d  t h a t  S e c t i o n  210 of PURPA 
r e q u i r e d  t h e  Canmission t o  issue r u l e s  i t  determined necessa ry  t o  

'encourage cogenera t ion  and SPPFs. The Commission had d i s c r e t i o n  t o  
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l i m i t  t h e  e x t e n t  t o  which t h e  PURPA S e c t i o n  210 ra te  and exemption 
b e n e f i t s  are made a v a i l a b l e .  A s  s t a t e d  i n  t h e  DSEIS, a l i m i t a t i o n  on 
t h e s e  b e n e f i t s  would probably d iscourage  same increments  of t h e  
p o t e n t i a l  geothermal development t h a t  would occur under t h e  proposed 
r u l e s ,  w i th  a p r o p o r t i o n a l  r e d u c t i o n  i n  t h e  r e g i o n a l  e n v i r o m e n t a l  
e f f e c t s  a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of geothermal 
f a c i l i t i e s .  

’ 

The rulemaking a1 t e r n a t i v e s  t h a t  were cons idered  inc luded:  

o P r i c i n g  sa les  from ut i l i ty -owned f a c i l i t i e s  a t  less t h a n  f u l l  
avoided c o s t s  

o Denying exemption from PUHCA t o  u t i l i ty -owned f a c i l i t i e s  

o Only exempting u t i l i ty -owned f a c i l i t i e s  f r a n  t h e  Fede ra l  Power 
Act on a case-by-case b a s i s .  

The Commission b e l i e v e s  t h a t  adop t ion  of any of t h e s e  a l t e r n a t i v e s  
would reduce t h e  nunber of geothermal f a c i l i t i e s  cons t ruc t ed  and r e s u l t  
i n  a d iminut ion  of a s s o c i a t e d  e n v i r o m e n t a l  impact. 

Se l ec t ed  A l t e r n a t i v e  

The Camnission has  e l e c t e d  t o  adopt t he  r u l e  as proposed wi th  t h e  
e x c e p t i o n  t h a t  i t  has no t  made a f i n a l  de t e rmina t ion  r e g a r d i n g  exemption 
from the Fede ra l  Power Act and from s ta te  r e g u l a t i o n  f o r  u t i l i ty -owned 
f a c i l i t i e s .  
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V GEOTHERMAL DEVELOPMENT RESULTING FROM THE PROPOSED A C T I O N  

Ou t l ine  of Ana lvs i s  

This  a n a l y s i s  amends Appendix G of the PURPA EIS. The o b j e c t i v e  i s  
t o  determine t h e  l o c a t i o n  and e x t e n t  of geothermal developnent  t h a t  w i l l  
r e s u l t  from the proposed a c t i o n .  

The a n a l y s i s  cons i s t ed  of the  fo l lowing  s t e p s :  F i r s t ,  in format ion  
conta ined  i n  t h e  P U P A  EIS was reexamined and t e s t e d  f o r  cur rency  by 
s o l i c i t i n g  the  opin ions  of u t i l i t y ,  i n d u s t r y ,  and government sou rces .  
Based on i n t e r v i e w s ,  i t  was determined whether  t h e  new economic 
incen t ives  were e f f e c t i v e .  I n  p a r t i c u l a r ,  t h e  fo l lowing  ques t ions  were 
addressed:  

o Does the i n c r e a s e  i n  maximum s i z e  f o r  exemption t o  80 MW 
a f f e c t  t h e  economic v i a b i l i t y  of geothermal  SPPFs? 

o D o e s  al lowance of u t i l i t y  ownership of  q u a l i f y i n g  geothermal 
SPPF s i n c r e a s e  p ro jec t ed  developnen t ?  

o Are avoided c o s t s  h igher  than o r i g i n a l l y  es t imated?  

o Have new des igns  or  s t a n d a r d i z a t i o n  of equipnent  lowered 
bus bar  c o s t s  ? 

o Have breakthroughs i n  technology changed t h e  l o c a t i o n  o r  type 
of geothermal r e s e r v o i r  t h a t  we expected t o  be developed? 

Af te r  de te rmining  t h a t  new economic i n c e n t i v e s  d i d  e x i s t ,  t h e  most 
promising l o c a t i o n s  f o r  geothermal development were d i scussed  wi th  
u t i l i t y ,  i n d u s t r y ,  and government r e p r e s e n t a t i v e s .  I n  a d d i t i o n ,  t h e y  
w e r e  q u e r i e d  about  t h e  r a m i f i c a t i o n s  of r a i s i n g  the l i m i t  for an  exempt 
f a c i l i t y  from 30 t o  80 MW. As a r e s u l t  of t h e s e  d i s c u s s i o n s  and our  
examinat ion of published d a t a ,  p r o j e c t i o n s  were made r ega rd ing  t h e  
s p e c i f i c  l o c a t i o n s  and e x t e n t  of geothermal d e v e l o p e n t  t h a t  may r e s u l t  
f r a n  t h e  proposed a c t i o n .  

\ 

R e s u l t s  

The r ev i sed  r u l e  could s t i m u l a t e  t h e  developnent  of more than 
1200 MW of c a p a c i t y  f o r  e l e c t r i c a l  gene ra t ion  f r a n  geothermal f a c i l i t i e s  
by 1995 -- 1100 MW more than p red ic t ed  i n  the  PURPA DEIS. Addi t iona l  
development is  a n t i c i p a t e d  i n  C a l i f o r n i a ,  Nevada, and Idaho (see F i g u r e  
V-1). A d e t a i l e d  breakdown by l o c a t i o n  i s  presented  i n  Table  V-1. 
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FIGURE V-1. LOCATIONS OF PURPA-INDUCED GEOTHERMAL DEVELOPMENT 



Tab le  V-1 

PROJECTED LEVEL OF GEOTHERMAL DEVELOPMENT 
INDUCED BY THE ACTION, BY LOCATION 

P r o j  e c  t e d  
Deve 1 o pn en t Aver age a 

Nmber (MW of e l e c t r i c a l  Resource 
S t a t e / F i e l d  Name of P l a n t s  c a p a c i t y )  Temperature OC 

C a l i f o r n i a  

Clear Lake 2 1 50 190 
Cos0 Hot Spr ings  1 80 220 
The Geysersb 1 80 237 
Imperi  a1 Val ley  5 400 1 75 -323 
Long Val ley  - 1 10 227 

S t a t e  T o t a l  10 720 

Nevada 

Be ow awe 1 80 
Brady Hot Spr ings  1 80 
Desert Peak 1 80 
Hunboldt House 1 40  
Soda Lakes 1 80 

1 80 Stecnnboat Spr ings  

S t a t e  T o t a l  6 440 
- 

I dah0 

Big Creek Hot Spr ings  1 15 
Crane Creek-Cove Creek 1 15 
Raf-t River 1 25 
Weiser 1 5 
Wayland ( B a t t l e  Creek) 

Hot Spr i ngs 1 15 
5 

80 S t a t e  T o t a l  
- 1 

6 
Roystone Hot Spr ings  - 

- - 
T o t a l  Developuent 22 1,240 

a U.S. Geologica l  Survey, 1978. 

Dry-eteam resource ;  a l l  o t h e r s  are hot-water r e sources .  
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200 
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Avoided-cost p r i c i n g  of e l e c t r i c i t y  from small  geothermal p l a n t s ,  
as provided by PURPA, has  become a more s i g n i f i c a n t  economic i n c e n t i v e  
as avoided c o s t s  have r i s e n  and t h i s  f a c t o r  w i l l  s t i m u l a t e  t h e  
e x p l o i t a t i o n  of geothermal r e sources .  By r a i s i n g  t h e  exemption l i m i t  
from 30 t o  80 MW, geothermal developnent i s  f u r t h e r  s t imu la t ed  by 
a l lowing  developnent of a s i z e  u n i t  t h a t  i s  more economical t o  produce. 
By g r a n t i n g  q u a l i f i e r s  exemptions from r e g u l a t i o n  as u t i l i t i e s ;  and, as 
an  i n d i r e c t  e f f e c t ,  by h e l p i n g  t o  a t t r a c t  c a p i t a l  from i n v e s t o r s  even 
more developnent i s  encouraged 

De ta i l ed  Approach 

E f f ec  t of Avo i de d - Cos t P r i c i np: 

Avoided-cost p r i c i n g  means a u t i l i t y  has t o  pay a deve loper  t h e  
same moun t  of money i t  would cos t  the u t i l i t y  t o  b r i n g  t h a t  added 
c a p a c i t y  on l i n e  ( i . e . ,  i f  i t  c o s t s  a u t i l i t y  50 mills/kWh t o  add o r  
r e p l a c e  g e n e r a t i n g  c a p a c i t y ,  t he  u t i l i t y  i s  r equ i r ed  t o  pay t h a t  same 
amount t o  a PURPA developer )  

The avoided-cost p r i c i n g  p rov i s ions  of PURPA w i l l  s t i m u l a t e  the  
g e n e r a t i o n  of e l e c t r i c i t y  from small geothermal power p l a n t s  f o r  two 
r easons  : 

(1)  Avoided c o s t s  are r i s i n g  t o  t h e  po in t  where geothermal 
e l e c t r i c i t y  i s  more competi t i v e .  

( 2 )  Developers,  knowing t h a t  e l e c t r i c i t y  can be s o l d  a t  avoided 
c o s t ,  may choose t o  b u i l d  a power gene ra t ion  p l an t  r a t h e r  t h a n  
s e l l i n g  steam. 

Avoided c o s t s  are r i s i n g  t o  the  poin t  where geothermal e l e c t r i c i t y  
i s  more compe t i t i ve .  
were es t imated  t o  be 50 mills/kWh i n  t h e  P a c i f i c  Region. Actual avoided 
c o s t s  c a l c u l a t e d  by t h e  n o r t h e r n  C a l i f o r n i a  u t i l i t y ,  P a c i f i c  Gas & 
E l e c t r i c  (PGCE), f o r  t h e  May 1, 1980 t o  J u l y  31, 1980 q u a r t e r ,  averaged 
51 mills/kWh (energy-only). For t h e  November 1, 1980 t o  January 31, 
1981 q u a r t e r ,  energy-only c o s t s  are p ro jec t ed  t o  r ise  by 11.8% t o  57 
mills/kWh ( S t e a r n s ,  1980). I f  an annual ra te  of i n c r e a s e  i n  avo idab le  
c o s t  of 15% (about two-thirds of the  c u r r e n t  r a t e )  i s  assumed, avoided 
c o s t s  w i l l  exceed 67 mills/kWh by 1982 f o r  PG&E. 

When t h e  PURPA LEIS w a s  p repared ,  avoided c o s t s  

A t  t h e s e  avoided c o s t s ,  a hot water (150OC o r  h o t t e r )  geothermal 
r e source  can compete w i t h  t r a d i t i o n a l  energy sources .  Magpra Power has  
con t r ac t ed  wi th  San Diego Gas and E l e c t r i c  t o  provide e l e c t r i c i t y  from a 
50-MW p l a n t  i n  Imper i a l  V a l l e y  sat 65 mills/kWh i n  1982 ( A i d l i n ,  1980). 
Another i n d u s t r y  source  a s s e r t e d  t h a t  he could make a p r o f i t  from a 
10-MW p l a n t  i f  power could be s o l d  a t  60 t o  62 mills/kWh (Asher, 1980). 
Most i n d u s t r y  sou rces  agreed t h a t  geothermal energy from hot water 
r e s e r v o i r s  is compe t i t i ve  wi th  avoided c o s t s  i n  C a l i f o r n i a  (Harben, . 
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1980; Ho l t e ,  1980; Lindwall ,  1980; Smith, 1980). S i e r r a  P a c i f i c  Power 
Canpany heads a f i v e - u t i l i t y  combine, i n c l u d i n g  f i n u s  from Oregon and 
Idaho,  and p l ans  t o  cane on- l ine  i n  1982 wi th  a: 10-MW p l a n t  t h a t  i s  
expected t o  produce e l e c t r i c i t y  a t  compet i t ive  r a t e s  (Haul in ,  1980; 
J u s t i c e ,  1980; Richards ,  1980). 

Hybrid f a c i l i t i e s  u s ing  warm water (150OC or c o o l e r )  geothermal 
r e sources  and wood-waste t o  gene ra t e  e l e c t r i c i t y  might a l s o  becane 
economically f e a s i b l e  a t  t h e s e  l e v e l s  of avoided c o s t .  
S u s a n v i l l e ,  Lassen County, C a l i f o r n i a ,  is being s t u d i e d  f o r  a 
demonstration f a c i l i t y  by t h e  U.S. Fo res t  S e r v i e e ,  U.S. Department of 
Energy, C a l i f o r n i a  Department of Water Resources,  and Geoproducts 
Corpora t ion  (Boren, 1980; Van Dixen, 1980; Wi l l a rd ,  1980). The proposed 
p l an t  would produce 55 MW of e l e c t r i c i t y ,  u s i n g  wood-waste and 1210C 
geothermal water (Boren, 1980). The econanic  f e a s i b i l i t y  of t h i s  
f a c i l i t y  has not ye t  been e s t a b l i s h e d ,  bu t  t o t a l  gene ra t ion  c o s t s  w i l l  
be more s e n s i t i v e  t o  t h e  c o s t  of wood t h a n  warm water ( 7 5 %  on t h e  c o s t  
of m o d ,  and 25% on the  cos t  of warm water, Boren, 1980).  

A s i t e  near 

A s  avoided c o s t s  r ise ,  t echno log ica l  deve lopnents  may a l s o  lower 
busbar c o s t s ,  making geothermal power less expens ive .  The p l an t  t h a t  
w i l l  be t e s t e d  by S i e r r a  P a c i f i c  Power Company is  a 10-MW b ina ry  
f a c i l i t y  designed around a p o r t a b l e  module (Asher, 1980; Bordley ,  
1980). I f  t h i s  u n i t  i s  s u c c e s s f u l ,  equipnent p r e f a b r i c a t i o n  could 
r e su l t  i n  cos t  sav ings  of about 50% compared t o  o n - s i t e  c o n s t r u c t i o n  
(Bor dley , 1980) . 

The avoided-cost p r i c i n g  p rov i s ions  of PURPA a r e  a f f e c t i n g  
developnent d e c i s i o n s .  Undeveloped geothermal r e s o u r c e s  i n  Nevada a r e  
a l r e a d y  perceived by t h e i r  owners t o  have inc reased  i n  va lue  because of 
t h e  passage of PURPA. Sane producers s p e c u l a t e  t h a t  PURPA could e n t i c e  
them t o  e n t e r  the  power gene ra t ion  bus iness  -- a s t e p  t h e y  would not 
have o therwise  considered ( A i d l i n ,  1980; Lindwall ,  1980; HcQueen, 
1980). As a r e s u l t  of PURPA, Occidenta l  P e t r o l e u n  is c o n s i d e r i n g  
b u i l d i n g  a 75-MW gene ra t ion  p l an t  on i t s  two l e a s e s  i n  The Geysers 
r e g i o n  of C a l i f o r n i a ,  r a t h e r  than merely s e l l i n g  steam as do most 
producers in t h a t  reg ion  ( S i m o n s ,  1980). 

Under PURPA, producers can r e a l i z e  r e t u r n s  f r w  t h e i r  e x p l o r a t i o n  

I n  t h e  p a s t ,  
To 

a c t i v i t i e s  more r a p i d l y  than  o therwise  because t h e y  are i n  a more 
f a v o r a b l e  p o s i t i o n  i n  t h e i r  n e g o t i a t i o n s  wi th  a u t i l i t y .  
t h e  development s c e n a r i o  g e n e r a l l y  worked i n  t h e  fo l lowing  manner: 
prove t h a t  the f i e l d  was commercial, t h e  producer would n e g o t i a t e  t o  
s e l l  steam t o  a small p l a n t  ope ra t ed  by a u t i l i t y .  Once coimnercial 
f e a s i b i l i t y  was demonstrated,  t h e  producer would n e g o t i a t e  w i t h  t h e  
u t i l i t y  t o  s e l l  steam for f u l l - s c a l e  e x p l o i t a t i o n  of t h e  r e source  
(Harben, 1980). This  process  was o f t e n  arduous and t ime-consming 
(Asher,  1980; HcQueen, 1980). For example, Union O i l  Company r e s o r t e d  
t o  b u i l d i n g  a demonstration p l an t  i n  the  Imperial Va l l ey  wh i l e  t r y i n g  t o  
f i n d  a u t i l i t y  t o  o p e r a t e  i t  (Smith,  1980). PUPA o f f e r s  producers t h e  
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oppor tun i ty  t o  market a more s a l a b l e  product  -- e l e c t r i c i t y  -- by 
a f f o r d i n g  an economic i n c e n t i v e  f o r  b u i l d i n g  t h e i r  own p l a n t s  ( A i d l i n ,  
1980).  I n  t h e s e  times of high i n t e r e s t  r a t e s ,  reducing  t h e  de l ay  
between the  investment i n  e x p l o r a t i o n  and the  eventua l  r e t u r n s  w i l l  
provide an  important  economic i n c e n t i v e  f o r  development of small 
geothermal f a c i l i t i e s .  

c. 

E f f e c t  of Exemption from PUHCA 

Rather than d i r e c t l y  owning a geothermal f a c i l i t y ,  a company 
sometimes f i n d  i t  advantageous t o  organize  a s e p a r a t e  co rpora t ion  o r  
p a r t n e r s h i p  t o  own a geothermal f a c i l i t y .  The p r i n c i p a l  advantage of 
t h i s  form of ownership is  t h e  a b i l i t y  t o  r e l y  on " p r o j e c t  f inancing" by 
the e n t i t y  organized t o  b u i l d  or acqu i re  the  g e n e r a t i n g  f a c i l i t y .  The 
advantages of t h i s  form of o r g a n i z a t i o n  were desc r ibed  by t h e  S e c u r i t i e s  
and Exchange Canmission: 

Th i s  permits the sponsor ing  u t i l i t i e s  t o  f inance  t h e  f a c i l i t y  
through i s suance  of long-term s e c u r i t i e s  (by t h e  e n t i t y  organized  
t o  acqu i r e  or b u i l d  the  f a c i l i t y )  t h a t  are not s u b j e c t  t o  the  
mortgage bond inden tu res  of t h e  sponsor ing  companies. I t  a l s o  
provides  f l e x i b i l i t y  w i th  r e spec t  to  t h e  kind of s e c u r i t y  i s s u e d  
and t h e  m o u n t  of deb t  used  t o  f inance  t h e  p r o j e c t .  I n  a d d i t i o n ,  
( f o r  jointly-owned p r o j e c t s )  t h e  p ropor t iona te  i n t e r e s t s  of the  
p a r t i c i p a n t s  i n  t h e  new f a c i l i t y  can be a l t e r e d  as load  f o r e c a s t s  
change and new p a r t i c i p a n t s  i n  the  p r o j e c t  can be admit ted by a 
t r a n s f e r  of t h e  v o t i n g  s e c u r i t i e s ,  which avo ids  t h e  de l ay  and 
expense of o b t a i n i n g  a r e l e a s e  under a sponsor ing  u t i l i t y ' s  
i n d e n t u r e ,  a s t e p  t h a t  is always necessary  i n  c a s e s  invo lv ing  t h e  
t r a n s f e r  of an undivided ownership i n t e r e s t .  (Holding Company Act 
Release ,  No. 21661, J u l y  22, 1980) 

An added advantage which i s  e s p e c i a l l y  important  i n  the  developnent 
of an experiment a1 and r e l a t i v e l y  h igh- r i sk  technology such as 
geothermal gene ra t ion ,  i s  the a b i l i t y  of a sponsor ing  company t o  
i n s u l a t e  i t s e l f  from t h e  consequences of a d e f a u l t  on t h e  f i n a n c i a l  
o b l i g a t i o n s  f o r  the  geothermal f a c i l i t y  under c ros s -de fau l t  p rov i s ions  
i n  t h e i r  own mortgage. 

The companies contac ted  expressed a d e s i r e  t o  avoid  be ing  r egu la t ed  
as a ho ld ing  company i f  t hey  cons t ruc t ed  e l e c t r i c  gene ra t ing  p l a n t s  
(Aid l in ,  1980; Fernandes,  1980; Harben, 1980; HcQueen, 1980; Hol te ,  
1980; Weinberg, 1980) . 

Another p o s i t i v e  e f f e c t  of the r u l e  change i s  r e l a t e d  t o  f i n a n c i n g  
of geothermal p ro jec t s .  The geothermal investment  t a x  c r e d i t  and t h e  
f e d e r a l  loan guarantee  program have reduced t h e  r i s k  of investment i n  
geothermal developnent (R icha rds ,  1980).  However, t h e  investment  t a x  
c r e d i t  may not be a v a i l a b l e  to  uti l i ty-owned f a c i l i t i e s .  Provid ing  
c a p i t a l  f o r  geothermal power gene ra t ion  f a c i l i t i e s  could appea l  t o  
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i n v e s t o r s  s eek ing  t a x  s h e l t e r s  (e.g., insurance  companies or banks ) ,  bu t  
on ly  i f  t h e s e  i n v e s t o r s  could remain immune from r e g u l a t i o n  a s  u t i l i t i e s  
(Fa lcone ,  1980; Rowdzianko, 1980). Large o i l  companies might be w i l l i n g  
t o  spend money t o  deve lop  t h e i r  geothermal hold ings  by e s t a b l i s h i n g  
s u b s i d i a r y  f i rms  t o  i s o l a t e  t h e i r  investment i n  r i s k y  geothermal 
d e v e l o p e n t  from the bulk of the parent company's c a p i t a l ;  however, t h i s  
approach would only be a t t r a c t i v e  i f  they  can remain f r e e  from 
r e g u l a t i o n  (Harben, 1980). One u t i l i t y  i n d i c a t e d  t h a t  i t  would have an 
easier time e n t e r i n g  i n t o  developnent p a r t n e r s h i p s  i f  an i n v e s t o r  could 
a s s m e  an e q u i t y  p o s i t i o n  i n  a f a c i l i t y  and not be sub jec t ed  t o  
r e g u l a t i o n  as a u t i l i t y  (Ho l t e ,  1980).  

E f f e c t  of Ra i s ing  t h e  Maximum S ize  f o r  Exemptions 

I n c r e a s i n g  t h e  f a c i l i t y  t h a t  can q u a l i f y  f o r  an  
exemption from the and o t h e r  laws and r e g u l a t i o n s  
governing u t i l i t i e s  d e v e l o p e n t  f o r  two 
reasons  : 

(1 )  The h igher  exemption l i m i t  allows producers t o  deve lop  an 
economically s i zed  p l a n t ,  y e t  s t i l l  q u a l i f y  f o r  exemption. 

( 2 )  The r a i s e d  mption l i m i t  w i l l  a t t r a c t  more i n v e s t o r s  t h a t  
of t h e  Geothermal Act investment t a x  c r e d i t  

guarantee  program. 

d e t a i l  below. 

I n c r e a s i n g  f a c i l i t y  s i z e  from 30 t o  80 MW could make t h e  d i f f e r e n c e  
between mere ly  demonst ra t ing  f e a s i b i l i t y  and a c t u a l l y  e x p l o i t i n g  a 
geothermal resource  economically (Asher, 1980; Rex, 1980).  The c o s t  per 
u n i t  of e l e c t r i c i t y  genera ted  is 20% t o  30% l e s s  i n  an 80-MW f a c i l i t y  
than  i n  a 30-MW f a c i l i t y  (Rex, 1980). Although one f i rm  i s  working on a 
technology t h a t  would allow developnent i n  10-MW modules (Anderson, 
1980; A s h e r ,  1980; Bordley, 19801, most producers c i t e  50 t o  55 MW as 
t h e  t h r e s h o l d  s i z e  for an economically f e a s i b l e  p l a n t  ( A i d l i n ,  1980; 
Lindwal l ,  1980; Smith, 1980). P l ac ing  two 55-MW u n i t s  i n  one f a c i l i t y  
seems t o  be t h e  p r e f e r r e d  mode of d e v e l o p e n t  (Smith, 19801, bu t  most 
producers be l i eve  t h a t  r a i s i n g  t h e  exemption l i m i t  t o  80 MW is  a 
p o s i t i v e  s t e p  ( A i d l i n ,  1980; Fernandes,  1980; Lindwal l ,  1980; McQueen, 
1980; Rex, 1980). 

Smaller companies t h a t  s p e c i a l i z e  i n  geothermal developnent 
i n d i c a t e d  t h a t  r a i s i n g  t h e  q u a l i f y i n g  l i m i t  would h e l p  them a t t r a c t  
i n v e s t o r s  ( A i d l i n ,  1980; Asher, 1980; Yamagata, 1980).  The re fo re ,  t h e  
PURPA r u l e  change should h e l p  c a p i t a l  format ion  f o r  geothermal 
d e v e l o p e n t  and encourage the  c o n s t r u c t i o n  of g e n e r a t i n g  f a c i l i t i e s .  
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E f f e c t s  of Allowinr? U t i l i t y  OwnershiD* 

I n  the r ev i sed  r u l e ,  t h e  advantages of the exemption a p p l y  t o  
u t i l i t i e s  as  w e l l  a s  n o n u t i l i t i e s .  The u t i l i t i e s  can form s u b s i d i a r i e s  
that  a r e  exempt from PUHCA, a s  well  as from c e r t a i n  s e c t i o n s  of the FPA 
and sane  s t a t e  r e g u l a t i o n s .  I n  a d d i t i o n ,  t hey  can s e l l  e l e c t r i c i t y  
generated from f a c i l i t i e s  of 80 MW or l e s s  at avoi’ded c o s t .  

As a r e s u l t ,  t h e  o p t i o n  of u t i l i t y  development of a geothermal 
resource  becomes more a t t r a c t i v e .  U t i l i t y  sou rces  f e l t  t h a t  exemption 
from PUHCA was important (Ho l t e ,  1980; Weinburg, 1980; Malinowski, 1980; 
B a r n e t t e ,  1980).  The s u b s i d i a r y  could l e a s e  and develop  the  resource  
i t s e l f  or i t  could e n t e r  i n t o  a p a r t n e r s h i p  wi th  o the r  companies t o  
deve lop  the  resource .  One u t i l i t y  f e l t  t h a t  pa r tne r sh ips  between 
u t i l i  t ies  and equipment manufacturers  could h e l p  encourage development 
(Myers, 1980).  Sane f e l t  t h a t  a t t r a c t i n g  c a p i t a l  would be easier 
because i n v e s t o r s  could be compensated f o r  r i s k  (Myers, 1980; 
Malinowski, 1980; B a r n e t t e ,  1980).  Gene ra l ly ,  t he  u t i l i t i e s  s t a t e d  t h a t  
developnent would be encouraged; however, t hey  were u n c e r t a i n  whether 
the  exemption would d i r e c t l y  induce development. Moreover, t hey  were 
u n c e r t a i n  of t h e  e f f e c t  i t  may have on t h e i r  own plans t o  develop 
geothermal resources  ( B a r n e t t e ,  1980; Malinowski, 1980; Myers, 1980; 
Adams, 1980).  Because of t h e s e  u n c e r t a i n t i e s ,  an a t tempt  t o  i s o l a t e  t h e  
u t i l i t y  component of the p ro jec t ed  developnent i s  unwarranted. 

P ro jec t ed  Locat ion and Extent of Developnent 

Near- t erm PURPA-induced de ve l  o p e n t  i s  f o r e c a s t  i n  C a l  i f  o r n i  a ,  
Nevada, and Idaho. Avoided c o s t s  i n  C a l i f o r n i a  are becoming high enough 
t o  induce development w i t h i n  t h a t  s t a t e .  I n  Nevada, S i e r r a  P a c i f i c  
r e p o r t s  avoided c o s t s  ( f o r  energy on ly )  of 38.5 mills/kWh, based on o i l  
(Richards ,  1980).  As o i l  r ises i n  p r i c e ,  avoided c o s t s  i n  Nevada are 
expected t o  reach  l e v e l s  a t  which geothermal e l e c t r i c i t y  can compete; i f  
n o t ,  the  high-demand C a l i f o r n i a  market i s  nearby. Avoided c o s t s  i n  
Idaho are expected t o  be over  50 mills/kWh i n  1981 ( E a s t l a k e ,  1981) .  

No p r o j e c t - s p e c i f i c  near-term PURPA-induced developnent was 
p ro jec t ed  i n  Alaska,  Hawaii, Oregon, Washington, Utah, or New Mexico, 
even though t h e s e  a reas  a r e  c u r r e n t l y  being explored .  Over the  next 15 
years, demand f o r  e l e c t r i c i t y  i n  Alaska should remain law, and less 
expensive sources  of power are a v a i l a b l e .  I n  Hawaii, t h e  good 
geothermal r e source  is on t h e  s p a r s e l y  populated I s l a n d  of Hawaii ,  bu t  
the demand f o r  power is on Oahu. The technology t o  t r a n s m i t  e l e c t r i c i t y  
long  d i s t a n c e s  by undersea cable  economical ly  does not ye t  e x i s t ,  and 
t h e r e f o r e  no PURPA-induced d e v e l o p e n t  i s  f o r e c a s t .  Nor does technology 
t o  economically develop t h e  geopressured r e source  i n  t h e  Gulf S t a t e s  ye t  
ex i s t .  

* The element was not adopted i n  t h e  r u l e .  - See IV-3. 
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I n  Utah, New Mexico, and C a l i f o r n i a ,  geothermal developnent has  
occurred and w i l l  occur that i s  not d i r e c t l y  a t t r i b u t e d  t o  PURPA. I n  
Utah, a power p l a n t  is  be ing  b u i l t  a t  Roosevelt  Hot Springs (Harben, 
1980).  I n  New Mexico, developnent w i l l  occur a t  V a l l e s  Caldera 
(Lindwal l ,  1980). However, avoided c o s t s  should remain low i n  each 
s t a t e  because of the proximity of coal d e p o s i t s .  One observer  p r e d i c t s  
t h a t  when new coa l - f i r ed  p l a n t s  have t o  be b u i l t ,  p o l l u t i o n  c o n t r o l  
devices  c o s t i n g  10 t o  20 mills/kWh w i l l  need t o  be inco rpora t ed  i n t o  t h e  
c o s t  of t h e  p l a n t .  I f  so, PURPA could induce  sane geothermal 
development i n  those  two s ta tes  (Rowdzianko, 1980).  For t he  purpose of 
t h i s  a n a l y s i s  i t  is  assumed t h a t  t h i s  developnent w i l l  not occur  b e f o r e  
1995. I n  C a l i f o r n i a ,  developnent of a hybr id  woodwaste-geothermal 
f a c i l i t y  may occur  i n  Lassen County (Boren, 1980; Van Dixen, 1980; 
Wi l l a rd ,  1980). 
p r o j e c t  (Johnson, 1980) . However, PURPA played no p a r t  i n  i nduc ing  t h i s  proposed 

I n  the  P a c i f i c  Northwest,  geothermal development may occur.  I n  
Idaho ,  a 5 MW b inary  p l a n t  suppor ted  by DOE i s  c u r r e n t l y  o p e r a t i n g  a t  
R a f t  R ive r .  
l o c a t i o n s ,  i n c l u d i n g  Roystone Hot Spr ings ,  Big  Creek Hot Spr ings ,  R a f t  
R ive r ,  Weiser and Wayland ( B a t t l e  Creek) Hot Spr ings .  A t o t a l  of 80 M W s  
induced by P U P A  i s  f o r e c a s t  f o r  Idaho. I n  Oregon and Washington, known 
geothermal r e sources  exist .  Exp lo ra t ion  i s  o c c u r r i n g  and developnent i s  
be ing  encouraged (Bloomquist, 1981; P h i l b r i c k ,  1981). Although 
development w i l l  probably occur ,  none i s  d i r e c t l y  a t t r i b u t e d  t o  PURPA 
inducement a t  t h i s  t h e  ( P h i l b r i c k ,  1981).  

Addi t iona l  small b i n a r y  p l a n t s  may be developed a t  s e v e r a l  

The s i t u a t i o n  i n  the a r e a  of the P a c i f i c  Northwest se rved  by t h e  
Bonnevi l le  Power Adminis t ra t ion  (BPA) may change. 
E l e c t r i c  Power P lanning  and Conserva t ion  Act of 1980 g r a n t s  enhanced 

Thus, f u t u r e  a c t i o n s  by BPA coupled w i t h  PURPA may encourage f u t u r e  
geothermal developnent i n  Washington, Oregon and Idaho. 

The P a c i f i c  Northwest 

0 a u t h o r i t y  t o  BPA enab l ing  t h e  agency t o  purchase power a t  avoided c o s t .  

Hybrid f a c i l i t i e s  have not ye t  been proven t e c h n i c a l l y  o r  
economically f e a s i b l e .  I f  t h e  demonstration p l a n t  i n  Lassen County i s  
s u c c e s s f u l  , h y b r i d  f a c i l i t i e s  could p o t e n t i a l l y  be b u i l t  anywhere t h a t  
wood resources  and w a r n  w a t e r  r e sources  a r e  found t o g e t h e r  i n  connnercial 
q u a n t i t i e s .  Northern C a l i f o r n i a ,  Oregon, Washington, and Idaho a r e  t h e  
most l i k e l y  l o c a t i o n s  (Van Dixen, 19801, bu t  i n  t h e s e  a r e a s ,  compet i t ion  
among processors  t o  o b t a i n  wood f i b e r  s u p p l i e s  is  a l r e a d y  keen, and the  
economics of hybr id  developnent depend much more on t h e  c o s t s  of 
o b t a i n i n g  wood than on water c o s t s  (Boren, 1980). The va lue  of wood for 
f i b e r ,  r a t h e r  t han  energy, t h e  environmental  c o n s t r a i n t s  on t imber 
h a r v e s t i n g ,  p a r t i c u l a r l y  i n  f e d e r a l  f o r e s t s ,  and the  c o s t s  of 
t r a n s p o r t i n g  low va lue  m a t e r i a l  t o  a c e n t r a l  p o i n t  for g e n e r a t i n g  
e l e c t r i c i t y ,  provide s u b s t a n t i a l  b a r r i e r s  t o  hybr id  developnent . 
There fo re ,  no s i g n i f i c a n t  PURPA-induced hybr id  developnent i s  f o r e c a s t  
b e f o r e  1995. 
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P r o j e c t i o n s  f o r  geothermal d e v e l o p e n t  t o  1995 a re  based on 
u t i l i t y ,  i n d u s t r y ,  and government c o n t a c t s  and published documents 
(USGS, 1978; Gars ide  and S c h i l l i n g ,  1979). Inc luded  i n  t h e s e  e s t i m a t e s  
a r e  a l l  small power gene ra t ion  f a c i l i t i e s  f o r  which t h e  d e c i s i o n  t o  
c o n s t r u c t  t h e  f a c i l i t y  could be a t t r i b u t e d  t o  PURPA. Because of t h e  
l i m i t a t i o n s  c i t e d  above, o n l y  vapor-dominated, dry-steam systems (The 
Geysers and high-temperature (more than 15OOC)  hydrothermal 
convec t ion  systems (SRI, 1980; USGS, 1978) seem l i k e l y  t o  be developed. 
El imina ted  from c o n s i d e r a t i o n  were areas i n  s ta tes  where geothermal 
energy is u n l i k e l y  t o  compete on t h e  b a s i s  of avoided c o s t s  or where 
sou rces  s t a t e d  that o the r  b a r r i e r s  t o  developnent e x i s t e d .  I n  the  
s t a t e s  t h a t  remain ( C a l i f o r n i a ,  Nevada, and I d a h o ) ,  r e s e r v o i r s  inc luded  
i n  the a n a l y s i s  were ttcme mentioned by p a r t i e s  contac ted  as l i k e l y  
s i tes  for developnent.  Estimated c a p a c i t y  f o r  each s i t e  i s  assumed t o  
be the maximum s i z e  f a c i l i t y  t h a t  would q u a l i f y  under PURPA -- 80 MU -- 
u n l e s s  more s p e c i f i c  in format ion  about  t h e  p o t e n t i a l  r e s o u r c e  was 
a va i 1 a bl e. 
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VI GEOTHERMAL RESOURCE 

Resource C h a r a c t e r i s t i c s  

Ba c kg r oun d 

Geothermal energy i s  hea t  energy conta ined  i n  the  e a r t h .  The 
tempera ture  d i f f e r e n c e  between t h e  e a r t h ' s  mantle-composed of molten 
rock c a l l e d  magma--and t h e  e a r t h ' s  su r f ace  causes the  hea t  t o  f l aw  
toward t h e  s u r f a c e .  Where t h e  e a r t h ' s  c r u s t  permi ts  s u r f a c e  or 
near-surface water t o  come i n  con tac t  w i t h  t he  hot magma, o r  w i th  rock  
t h a t  has been heated by t h e  magma, steam or heated  water  r e s u l t s .  Th i s  
steam or heated water sane t imes  appears a t  the s u r f a c e ,  man i fe s t ed  as 
g e y s e r s ,  f u n a r o l e s ,  or ho t  s p r i n g s  (see F igure  VI-1) .  

Genera t ion  of e l e c t r i c i t y  f rm n a t u r a l l y  o c c u r r i n g  steam was f i r s t  
undertaken a t  L a r d e r e l l o ,  I t a l y ,  i n  1904. Geothermal e l e c t r i c i t y  
g e n e r a t i n g  s t a t i o n s  a l s o  have been e s t a b l i s h e d  i n  New Zealand ,  Japan, 
I c e l a n d ,  t h e  USSR, and Mexico. The w o r l d ' s  l a r g e s t  i n s t a l l a t i o n ,  and 
c u r r e n t l y  t h e  on ly  major one i n  the  United S t a t e s ,  i s  found a t  t he  steam 
f i e l d  known as The Geysers i n  Sonana County, C a l i f o r n i a .  

Geothermal Hydrothermal Convection Resources 

Geothermal r e sources  are normally d iv ided  i n t o  fou r  broad 
c a t  egor i es : vapor- domi na t ed hydr o t  herm a1 convect i o n  B ys  t ems; 
li quid-dominated hydrot h e m a l  convect i o n  systems; hot-igneous systems 
( i n c l u d i n g  both hot-dry-rock d e p o s i t s  and magma systems 1; and 
geopressured  d e p o s i t s .  This  r e p o r t  covers on ly  vapor-dominated and 
l iquid-dominated convection systems because t h e s e  two sys t em are 
be l i eved  t o  be t h e  on ly  ones t h a t  PURPA w i l l  induce by 1990. 

I n  hydrothermal convec t ion  systems,  h e a t  i s  t r a n s f e r r e d  by the  
convect ive  c i r c u l a t i o n  of steam (vapor-dominated) o r  of water  
( l iqu id-dominated) .  
d e l i v e r  a mixture  of ho t  water  and steam a t  t h e  wellhead. I n  
vapor-dominated hydrothermal convec t ion  systems, steam wi th  minor 
m o u n t s  of o t h e r  g a s e s  is produced. Most liquid-dominated hydrothermal 
convec t ion  systems a r e  c h a r a c t e r i z e d  by ho t  s p r i n g s  t h a t  d i scha rge  a t  
t h e  s u r f a c e ,  o c c a s i o n a l l y  t o g e t h e r  w i th  sane steam. 
liquid-dominated hydrothermal convec t ion  sys tems,  however, a r e  capped by 
impermeable rocks  o r  ex i s t  where t h e  l o c a l  wa te r  t a b l e  i s  f a r  below 
ground l e v e l  and thus  do not d i scha rge  a t  the  s u r f a c e .  

However, most hydrothermal convec t ion  sys t ems  

Sane 

The tempera tures  of  liquid-dominated systems can vary 
d r a m a t i c a l l y .  Normally, systems wi th  tempera tures  above 15OOC a r e  
considered good p o s s i b i l i t 2 e s  f o r  t h e  gene ra t ion  of e l e c t r i c i t y  (USGS, 
1 9 7 9 ) .  
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FIGURE VI-1. CROSS SECTION OF A GEOTHERMAL REGION 
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Chemistry of Geothermal Sources  

Geothermal f l u i d s  d i f f e r  g r e a t l y  i n  t h e i r  chemical and phys ica l  
c h a r a c t e r i s t i c s  f r m  re source  a r e a  t o  r e source  area and even between 
wells w i t h i n  the  same area. Such v a r i a t i o n s  make i t  d i f f i c u l t  t o  
estimate emiss ions  f r a n  geothermal power p l a n t s  a c c u r a t e l y .  

The common contaminants from vapor-dominated sources  are carbon 
d iox ide  ( C O z ) ,  methane (CH41, ammonia (NH3), hydrogen s u l f i d e ,  
(H2S), n i t r o g e n  (Np), and b o r i c  a c i d  vapor. Radon gas and mercury 
vapor i n  low c o n c e n t r a t i o n s  are a l s o  camon  ( G r i f f i n  e t  a l . ,  1974; 
Kruger et  el., 1977). Low concen t r a t ions  of a r s e n i c  have a l s o  been 
found i n  t h e  steam f r a n  wells a t  The Geysers ( G r i f f i n  et a l . ,  1974) .  
Hydrocarbons , p r i m a r i l y  CH4 w i t h  much sma l l e r  q u a n t i t i e s  of e thane  and 
y e t  smaller c o n c e n t r a t i o n s  of benzene, have a l s o  been r e p o r t e d  (Nehring 
and T r u e s d e l l ,  1978; Nehring, 1979). 

Liquid-dominated sources  may c o n t a i n  nunerous d i s s o l v e d  chemical 
compounds (Shannon et e l . ,  1978). Sodiun, potassium, and c h l o r i d e  i o n s  
canmonly are t h e  l a r g e s t  c o n s t i t u e n t s ,  and c a l c i u n  i s  f r e q u e n t l y  a l s o  a 
major c o n s t i t u t e n t  . S i l i c a  a l s o  appears .  Gases inc lude  C02, HzS, 
and "3. 
e thane  and h ighe r  hydrocarbons) may be p r e s e n t ,  as w e l l  a s  minor m o u n t s  
of  N2 and radon gas.  
a c i d ,  which is  v o l a t i l e  i n  steam (Zerwas, 1979).  

H2 and hydrocarbon gases  (CH4 and smaller q u a n t i t i e s  of 

Boron i s  commonly p resen t  i n  the  form of b o r i c  

I n  a d d i t i o n  to\\ t he  major c o n s t i t u e n t s ,  geothermal l i q u i d s  (or 
b r i n e s )  may a l s o  c o n t a i n  smaller quan t i  t i e s  of f l u o r i d e ,  bromide, 
i o d i d e ,  and s u l f a t e  i ons .  A wide v a r i e t y  of metal ions  may a l s o  be 
p resen t ;  r ang ing  from l i t h i u n ,  aluminun, bariwn, a r s e n i c ,  and s t r o n t i u m  
t o  heavy metals such as copper,  z i n c ,  l e a d ,  cadmium, mercury,  and 
a r s e n i c  ( Z e w a s ,  1979). 

Energy P o t e n t i a l  From Geothermal Resources 

The n a t i o n ' s  energy p o t e n t i a l  f ran vapor-dominated and l i q u i d  
dominated hydrothermal r e sources  is es t ima ted  t o  be t h e  e q u i v a l e n t  of 
22,600 MU genera ted  f o r  30 yea r s  (USGS, 1979). T h i s  e s t i m a t e  is on ly  
f o r  i d e n t i f i e d  r e sources ;  the  energy p o t e n t i a l  f o r  undiscovered 
r e sources  could be cons 'de rab ly  h igher .  F i g u r e  VI-2 d e p i c t s  t h e  
geothermal energy p o t e n q i a l e  i n  s e v e r a l  wes te rn  states and Hawaii. 
Geothermal developnent may e v e n t u a l l y  t a k e  p l a c e  i n  areas o t h e r  t h a n  
those  descr ibed  i n  t h i s  DSEIS. F igure  VI-3 shows the  areas i n  t h e  
wes te rn  U.S. c l a s s i f i e d  by t h e  U.S. Geolog ica l  Survey a s  having known 
geothermal r e sources  as ok December 1970. 

Geothermal Development and\ Product ion  

c a r r i e d  o u t  i n  f i v e  phases:\ e x p l o r a t i o n ,  test  d r i l l i n g ,  p roduct ion  
t e s t i n g ,  f i e l d  deve lopnent ,  \and power p l an t  energy product ion .  

\ 

\ 

\ 

\ Development and product ion  of geothermal r e sources  are normally 
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Source: Adapted from LLL, no date 

Bloomquist, 1981 

FIGURE VI-2. ENERGY POTENTIALS FOR GEOTHERMAL RESOURCES 
IN EIGHT WESTERN STATES 
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California Nevada 
1 - Bsowaw 1 - The Geysers 

2 - Salton Sea 2 - Fly Ranch 
3 - M o n b L o n g  Valley 3 - Leach H o t  Springs 
4 - Celistoga 4 - Steamboet Springs 

5 - Brady H o t  Springs 5 - Lake City 
6 - Wendel-Amedee 6 - Stillwater-Soda Lekes 
7 - Cos0 H o t  Springs 7 - Darrough Hot Springs 
8 - Lessen 8 - Gerlach 
9 - Glass Mounta in 9 - Moana Springs 

10 - Sespe H o t  Springs 
11 - Heber 11 - Wabuska 
12 - Brawley 
13 - Dunes 
14 - Glamis 

10 - Double H o t  Springs 

12 - Monte Neva 
13 - Elko H o t  Springs 

Omgon 
1 - Breitenbush H o t  Springs 
2 - Crump Geyser 
3 - Vale H o t  Springs 
4 - Moun t  Hood  
5 - Lakeview 
6 - Carey H o t  Springs 
7 - Klamath Falls 

Washington 
1 - Moun t  St. Helens 

KNOWN G E O T H E R M A L  
RESOURCES A R E A S  

0 AREAS V A L U A B L E  
PROSPECTIVELY 

NUMBERS CORRESPOND TO 
A R E A S  L I S T E D  B Y  S T A T E  

SOURCE: Adapted f r o m  L. H. Goodwin  et al., "Classification of Public Lands Valuable fo r  
Geothermal Steam and Associated Geothermal Resources," U.S. Geological Survey 
Circular 647 (Washington, 1971 I 

FIGURE VI-3. LANDS CLASSIFIED'FOR GEOTHERMAL RESOURCES 
(Effective December 24, 1971) 
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FIGURE VI-3. (Concluded) 
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Expl o r a t i o n  a c  t i  v i  t i e s  t y pi  c a l l  y are s u r f  ace-or i  en t  e d  
i n v e s t i g a t i o n s ,  and may involve  c o n s t r u c t i o n  of temporary access  roads 
or t r a i l s ,  c l e a r i n g  of v e g e t a t i v e  cover  f o r  an e x p l o r a t i o n  s i t e ,  and 
movement of heavy equipnent  and v e h i c l e s  cross-country.  Tes t  d r i l l i n g  
g e n e r a l l y  e n t a i l s  us ing  o i l  and n a t u r a l  gas r o t a r y - d r i l l i n g  equipnent  
from 15 t o  60 days ,  depending p r i m a r i l y  on t h e  depth  of the  ho le .  The 
d r i l l i n g  p rocess  i n  geothermal a r e a s  is  comparable t o  o t h e r  w e l l  
d r i l l i n g ,  except  that  i t  is modif ied f o r  e n t e r i n g  hot  ground s t r a t a  and 
€o r  encounter ing  ho t  f l u i d s  or steam t h a t  may be c o r r o s i v e .  

I n  product ion t e s t i n g ,  a w e l l  t h a t  has pene t r a t ed  a p o t e n t i a l l y  
product ive  geothermal zone i s  f i r s t  c leaned ou t .  The flow r a t e ,  
composi t ion ,  and tempera ture  of  f l u i d s  and g a s e s ,  as  w e l l  as o the r  
phys ica l  p r o p e r t i e s  of t h e  r e s e r v o i r  f l u i d s  are then  determined. F i e l d  
d e v e l o p e n t  t akes  place a f t e r  an i n i t i a l  well  has been t e s t e d .  Access 
roads  must f i r s t  be cons t ruc ted .  
excavated and l i n e d  w i t h  p l a s t i c  f i l m  o r  g u n i t e  a t  each p o t e n t i a l  d r i l l  
s i te.  

A l i q u i d  waste hold ing  pond or swnp i s  

A p o r t a b l e  d r i l l  r i g  is  used t o  d r i l l  t h e  wel l s  s e q u e n t i a l l y .  

Seve ra l  p roduct ion  wells are r equ i r ed  t o  supply  a power gene ra t ing  
u n i t .  
equipnent  above ground whi l e  a d d i t i o n a l  w e l l s  a r e  being d r i l l e d .  
I n s u l a t e d  s teel  p i p e l i n e s  are then' cons t ruc t ed  t o  car ry  t h e  steam from 
the shu t - in  we l l s  t o  the  power gene ra t ion  u n i t .  

Successfu l  wel l s  are "shut  i n , "  u s u a l l y  wi th  on ly  t h e  wellhead 

Conversion Technologies  

The method s e l e c t e d  t o  convert  geothermal energy t o  e l e c t r i c i t y  
depends on whether  t he  geothermal r e s e r v o i r  i s  vapor-dominated or  
1 iquid-dominated. 
used almost d i r e c t l y  i n  t h e  gene ra t ing  t u r b i n e s .  However, i n  a 
l iquid-dominated r e s e r v o i r ,  t h e  product ion  of e l e c t r i c i t y  r e q u i r e s  the 
use  of a s ing le -  or mul t ip l e - f l a sh  system, a b ina ry  system, or a 
combinat ion of f l a s h  and b ina ry  (Zerwas, 1979). 

The resource  i n  a vapor-dominated r e s e r v o i r  may be 

I n  . the vapor-dominated system, steam t r a v e l s  t o  t h e  power p l a n t  
through a series of p i p e l i n e s .  A t  the p l a n t ,  the  steam d i r e c t l y  d r i v e s  
t h e  t u r b i n e  and t h e  gas e j e c t o r s .  Noncondensable gases  t r a v e l  th rough 
the t u r b i n e ,  and most are ejected to t h e  atmosphere. Sane of the gases 
remain i n  t h e  condensed water  and are pumped t o  t h e  coo l ing  tower where 
they are released t o  the atmosphere. Small q u a n t i t i e s  of t hese  gases  
may remain in t h e  water, and may appea r  i n  t h e  condensate  d i scha rge  i n  
the cold w e l l  (Zerwas, 1979). F igure  V I 4  d e p i c t s  a t y p i c a l  
vapor-dominated power genera t ion  u n i t  a t  t h e  The Geysers  i n  C a l i f o r n i a .  

F igure  VI-5 shows the t y p i c a l  s y s t e m  f o r  a l iquid-dominated 
r e s e r v o i r .  
w a t e r  and t o  separate i t  f o r  t r ansmiss ion  t o  the  power p l a n t .  The 
noncondensable gases are c a r r i e d  wi th  t h e  steam t o  the  power p lan t .  A t  
Cer ro  P r i e t o  (Mexico), Wairakei (New Zealand) ,  and i n  Japan a 

I t  uses  a cyc lone  s e p a r a t o r  t o  f l a s h  steam fran t h e  l i q u i d  
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convent ional  hot water approach us ing  s i n g l e ,  double ,  or even  t r i p l e  
f l a s h i n g  of the l i q u i d  i s  employed (Zerwas, 1979).  

A second approach f o r  hot  water r e s e r v o i r s  is  t h e  b i n a r y  f l u i d  
c y c l e  ( see  F igu re  V I + ) ,  i n  which the  hot l i q u i d  from the  geothermal 
r e source  is used t o  hea t  a second f l u i d  t h a t  t hen  o p e r a t e s  t h e  t u r b i n e .  
A hybr id  process  f o r  hot water, which involves  f l a shed  geothermal 
l i q u i d s  t o  hea t  a secondary working f l u i d  i n  a b ina ry  c y c l e ,  is  a l s o  
p o s s i b l e .  

A hybr id  f o s s i l  geothermal power p l an t  combines a fos s i l - ene rgy  
f u e l  t o g e t h e r  w i t h  a geothermal resource  at  a s i n g l e  l o c a t i o n  i n  a 
geothermal f ie ld* ,  e n a b l i n g  optimum u t i l i z a t i o n  e f f i c i e n c i e s  of each of 
t h e  resources .  Hybrid p l a n t s  f a l l  g e n e r a l l y  i n t o  two c a t e g o r i e s :  1) 
geothermal prehea t  system or 2) f o s s i l  fue l  superhea t  system. I n  the  
geothermal prehea t  system, geothermal f l u i d s  are r u n  through a hea t  
exchanger t o  prehea t  the water which i s  then pumped t o  t h e  b o i l e r .  I n  
doing  so, steam t h a t  would have t o  be b led  from t h e  t u r b i n e  i n  a 
s t a n d a r d  f o s s i l - f u e l e d  energy convers ion  system f o r  feedwater  h e a t i n g  
can now be u t i l i z e d  i n  t h e  t u r b i n e .  
e n a b l e s  an i n c r e a s e  i n  the t u r b i n e  ou tpu t  without  us ing  more f o s s i l  
f u e l s .  I n  t h e  f o s s i l  f u e l  supe rhea te r  systems,  a f o s s i l - f u e l e d  
supe rhea te r  i s  placed i n  f r o n t  of the t u r b i n e  i n  a s t a n d a r d  geothermal 
steam power p l an t .  T h i s  l o c a t i o n  of t h e  supe rhea te r  reduces t h e  rrmount 
of mois ture  going t o  the  t u r b i n e  and thus  i n c r e a s e s  the  o v e r a l l  t u r b i n e  
e f f i c i e n c y .  

Thus,  t h e  geothermal prehea t  system 

GI 

* This  l o c a t i o n  is chosen because of  the phys ica l  and economic 
i m p r a c t i c a l i t i e s  of t r a n s p o r t i n g  geothermal steam or h o t  f l u i d  over  
d i s t a n c e s  exceeding about  2km.  
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V I 1  ENVIRONMENTAL EFFECTS OF GEOTHERMAL DEVELOPMENT 

This  s e c t i o n  addresses  the environmental  e f f e c t s  normally a s s o c i a t e d  
with geothermal developnent ,  as well  a s  sane  methods f o r  d e a l i n g  w i t h  
t hose  e f f e c t s .  Table VII-1 sunmarizes these  e f f e c t s  f o r  t he  major 
developmental s t e p s .  E n v i r o w e n t a l  imp l i ca t ions  by r e source  area 
a s s o c i a t e d  wi th  geothermal resource developnent t h a t  PURPA may induce are 
h i g h l i g h t e d ,  followed by b r i e f  geographic  d e s c r i p t i o n s  of a r e a s  where 
PURPA-induced geothermal is a n t i c i p a t e d .  

General  Environmental  Impl i ca t ions  of Geothermal Developnent 

A i r  Q u a l i t y  

Although a i r  q u a l i t y  impacts a n t i c i p a t e d  t o  r e s u l t  from a s i n g l e  
80 MW geothermal f a c i l i t y  would u s u a l l y  be minor on a n a t i o n a l  or 
r e g i o n a l  b a s i s ,  l o c a l  e f f e c t s  may be s i g n i f i c a n t  because of h igh ly  
s i t e - s p e c i f i c  f a c t o r s .  I n  a d d i t i o n ,  t h e  cumulat ive e f f e c t  of emissions 
from seve ra l  f a c i l i t i e s  i n  the Bame geographic  area may c r e a t e  
s i g n i f i c a n t  a i r  p o l l u t i o n  concerns.  The complex geochemistry of t h e  
geothermal resource  i t s e l f  i s  exemplif ied by t h e  v a r i a t i o n  i n  
concen t r a t ion  of noncondensable gases  from w e l l s  w i t h i n  each r e source  
a r e a  and a l s o  by t he  changes t h a t  take place over t ime (U.S.  DOE, 1980).  
Such v a r i a t i o n s  make i t  d i f f i c u l t  t o  e s t ima te  emissions of gases  from 
geothermal f a c i l i t i e s  a c c u r a t e l y  ( see  Tables  VII-2 and VII-5, VII-6). 
Noncondensable gases  a re  p r i n c i p a l l y  emi t ted  by condenser gas e j e c t i o n ,  
c o o l i n g  tower exhaus t ,  power p l an t  by-passing d u r i n g  shutdown, and w e l l  
vent ing  (U.S. EPA, 1978). 

Hydrogen s u l f i d e  (H2S) appears  t o  be the  most t roub le sane  of the 
gases  because of i t s  o b j e c t i o n a b l e  odor ,  even a t  very  l o w  concen t r a t ions  
(Bowen, 1973). H2S re l eased  a t  the well head du r ing  d r i l l i n g  o r  w i t h i n  
the  power-generating f a c i l i t y  i t s e l f  may be i n  high enough concen t r a t ions  
t o  cause discomfort  (see the  Heal th  and S a f e t y  s e c t i o n  of t h i s  c h a p t e r ) .  
However, no evidence e x i s t s  t h a t  H2S occurs  i n  ambient concen t r a t ions  
a t  l e v e l s  t h a t  could cause or c o n t r i b u t e  t o  t h e  endangerment of pub l i c  
h e a l t h  and we l fa re .  To d a t e ,  no Nat iona l  Ambient A i r  Q u a l i t y  Standard 
(NAAQS) has been e s t a b l i s h e d  f o r  H2S, a l though i t  i s  a p o l l u t a n t  
s u b j e c t  t o  r egu la t ion .  
Performance Standard  (NSPS) f o r  geothermal e l e c t r i c  g e n e r a t i n g  f a c i l i t i e s  
(Hedeman, 1981).  

The EPA i s  c u r r e n t l y  cons ide r ing  a New Source 

NAAQS f o r  o ther  noncondensable gases ,  such as ammonia, radon and 
mercury,  may be developed. Although t h e  o p t i o n  is  a v a i l a b l e ,  i t  does not  
p r e s e n t l y  appear l i k e l y  t h a t  any of the  gases  emi t ted  from geothermal 
f a c i l i t i e s  w i l l  be r egu la t ed  by t h e  e f fec ts -based  ambient a i r  q u a l i t y  
c r i t e r i a  and ambient s t anda rds ,  nor  by'.'the hazardous a i r  p o l l u t a n t  
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ASPECTS OF THE 
ENVIRONMENT 

EXPLORATION 

Mappinglfield studies 
Drilling pad construction 
Test drilling (shallow 
and small diameter) 
Temporary roadsltraffic 
Equipment operation 

Table VII-1 
ENVIRONMENTALMATRIX FOR GEOTHERMAL DEVELOPMENT 

PRODUCTION 
DRILLING AN0 

TESTING 

PARALLEL FIELO 
DEVELOPMENT PLANT 
OPERATIONS CONSTRUCTION 

Well drilling and construction Land clearing and roads1 
(production and reinjection) vehicular traffic 
Well stimulation 0 Gathering systems 
Accidental blowouts Equipment activities 
Well testinglventing. 0 Service living quarters 

electricity. and other 
supporting services 

pondinglreinjection Water, sewage, temporary 

. Structures and improvements 
0 Vehicular trafficlequipment 
0 Activities 

Special construction activities 
le.0.. blasting) 
Electric transmission systems 

0 Supporting services 
(8.8.. water. electricity) 

FULL-SCALE 
OPERATIONS 

Cooling toners 
Venting (during short term 
outages ) 
Well head bleeding 
Reinjection 
Recharge, stimulation, 
and redrilling 
Corrosion and scale control 
Gaseous, liquid, and solid 
wstes 
Work force movement 
Abandonment 

Air lludity H LIH L L LIH 

Water Resources L LIH LIM L LIH 

Wildlife and Vegetation L LIM LIM LIH LIM 

Geology and Soils L LIM LIM LIM L 

Noise H MIH M M LIM 

Social, Economic and Cultural L LIM LIH LIH 

Health and Ssfety L M L L 

Land Use 1 L LIH LIH 

H = High potential impacts; long-term M = Moderate potential impacts; major L = Lowlnegligible potential impacts; 
short-term andlor overshadowed 
elfects 

minor andlor short term andlor great intensity 

LIH 

LIH 

L 

SOURCE: Adapted from "A Technology Assessment of Geothermal Energy Resource Development" NSFIRANN. April 15. 1975. 
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prov i s ions  of t h e  Clean  A i r  Act (EPA,  1978). The s t a t e s ,  however, 
through t h e i r  S t a t e  Implementation P lans  s t i l l  r e t a i n  the op t ion  of 
imposing more r e s t r i c t i v e  l i m i t a t i o n s .  

Where geothermal e l e c t r i c  g e n e r a t i n g  f a c i l i t i e s  are proposed i n  A i r  
Qua l i ty  A t t a i m e n t  Areas and i t  i s  determined t h a t  a f a c i l i t y  w i l l  e m i t  
more than 250 t on /y  of any p o l l u t a n t  s u b j e c t  t o  r e g u l a t i o n ,  a review 
under t h e  Prevent ion  of S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) prov i s ions  of t h e  
Clean A i r  Act w i l l  a l s o  t ake  place.  The e f f e c t  of PSD and v i s i b i l i t y  
r e g u l a t i o n s  on geothermal development i s  unce r t a in .  Aside from t h e  l o c a l  
vapor plume, no primary p o l l u t a n t s  are emi t ted  t h a t  a f f e c t  v i s i b i l i t y .  
The re fo re ,  i t  may be assumed t h a t  v i s i b i l i t y  r e g u l a t i o n s  p r o t e c t i n g  Class 
I areas w i l l  have l i t t l e  e f f e c t  on geothermal f a c i l i t i e s .  

The Clean  A i r  Act provides  f o r  r e g u l a t i o n  of emissions of 
r a d i o a c t i v e  subs t ances ,  cadmiun, and a r sen ic - - a l l  of which may be found 
i n  geothermal f l u i d s .  Emissions of t h e s e  subs t ances  f r a u  geothermal 
f a c i l i t i e s  are l i k e l y  t o  be r egu la t ed  i f  they are found t o  be i n  
environment a l l y  s i g n i f i c a n t  quan t i  t ies  (EPA,  1978).  

Treatment technologies  have been developed s p e c i f i c a l l y  f o r  
c o n t r o l l i n g  H2S emi t ted  from geothermal f a c i l i t i e s .  H2S, as  
mentioned p rev ious ly ,  i s  unique anong geothermal a i r  p o l l u t a n t s  i n  t h a t  
i t s  c o n t r o l  has  been p r i n c i p a l l y  forced  by i t s  odor ,  r a t h e r  than by 
h e a l t h  e f f e c t s  (EPA, 1978).  F ive  candida te  processes  e x i s t  f o r  removal 
of  H2S from power p l an t  e f f l u e n t :  

o The E I C  Corporat ion copper s u l f a t e  (CuSO4) process  
o The S t r e t f o r d  process  
o The D o w  Oxygenation. procedure 
o The i r o n  c a t a l y s t  method 
o Scrubbing w i t h  spent  geothermal f l u i d s  (U.S .  DOE, 1980; EPA, 

1978) .  

Removal procedures  vary  from s i t e  t o  s i t e  and are based on t h e  
c a n p o s i t i o n  of t h e  geothermal resource .  

The E I C  process  i n  which steam or noncondensable gases are r eac t ed  
w i t h  a s o l u t i o n  of CuSO4 t o  form i n s o l u b l e  copper s u l f i d e s  has been 
t e s t e d  by P a c i f i c  Gas and E l e c t r i c  Company a t  The Geysers .  
I n v e s t i g a t i o n s  are now under way t o  d e v i s e  techniques  f o r  commercial 
sepa ra t ion , and  recovery  of the r e s i d u a l  ammoniun s u l f a t e  (“4)2SO4 
and b o r i c  ac id .  Research i s  now being c a r r i e d  o u t  a t  SRI I n t e r n a t i o n a l  
under EPA and DOE funding on the  e l e c t r o l y t i c  r e d u c t i o n  of H2S i n  b r i n e  
s o l u t i o n s ,  t h i s  may prove t o  be ano the r  technique  f o r  d i r e c t  abatement i n  
the l i q u i d  resource  (U.S. DOE, 1980; EPA, 1978). 

Because n e a r l y  a l l  of the H2S abatement methods w i l l  produce a 
waste s ludge by-product,  a c ross -media  environment a1 impact of concern 
r e s u l t s  . I f  the b r i n e  scrubbing  techniques  produce economical ly  
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r ecove rab le  heavy metal compounds, a b e n e f i t  r a t h e r  t h a n  a n e g a t i v e  
impact would r e s u l t .  U n t i l  economical recovery  becomes f e a s i b l e ,  
however, s u i t a b l e  s a n i t a r y  l a n d f i l l  d i s p o s a l  s i t e s  w i l l  be r e q u i r e d  t o  
d i s p o s e  of the s ludges .  

Various emission l i m i t s  for H2S r e l e a s e d  from geothermal w e l l s  
have been proposed or a re  being cons idered .  These l i m i t s  would app ly  t o  
a l l  w e l l s  and range from 50 g/MWh proposed by t h e  S t a t e  of C a l i f o r n i a  i n  
Sonana County, C a l i f o r n i a ,  t o  400 g/MWh being cons idered  by t h e  EPA. 
Uncontrolled emiss ions  from e x i s t i n g  geothermal wells i n  t h e  wes tern  
Uni ted  S t a t e s  range f r a n  160 g/MWh t o  1200 g/MWh (White, 1978; Ermak e t  
a l . ,  1979). Depending on the H2S con ten t  of the  w e l l ,  c o n t r o l  of as 
much a s  96% of the H2S could  be r equ i r ed  i f  the most s t r i n g e n t  c o n t r o l  
measures were adopted. 

Even the  most s t r i n g e n t  emission c o n t r o l  technique ,  however, i s  
inadequate  f o r  p reven t ing  t h e  v i o l a t i o n  of sane s t a t e  aubien t  H2S 
s t a n d a r d s ,  a r t i c u l a r l y  t h a t  o f  New Mexico, which i s  0.010 p p  (0.014 

a t  t h i s  time. 
microgram/m s 1 ,  nea r  the  odor th re sho ld .  Nevada has no H2S s t anda rd  

Enforcement of a s t a t e ' s  ambient s t anda rd  w i l l  be a t  the  d i s c r e t i o n  
of t h e  s t a t e  or l o c a l  air q u a l i t y  c o n t r o l  agency. The degree  of 
enforcement w i l l  probably depend on complaints of odor from l o c a l  
r e s i d e n t s .  The l a r g e r  t h e  geothermal f i e l d ,  t h e  more c o n t r o l  may be 
r equ i r ed  t o  reduce odor.  

Water Resources 

Geothermal developnent raises t h r e e  primary concerns r e l a t e d  t o  
water  r e sources :  
f l u i d s  withdrawn from subsur face  geo log ic  r e s e r v o i r s  fo l lowing  t h e i r  use  
f o r  t e s t i n g  wells or gene ra t ing  power. ( 2 )  Large-sca le  withdrawal and 
d i s p o s a l  of geothermal f l u i d s  may a l t e r  the  s u r f a c e  and subsu r face  
hydrology of a developnent a rea .  ( 3 )  Geothermal development may d e p l e t e  
l o c a l  water s u p p l i e s  i n  the l a r g e l y  a r i d  American West. 

( 1 )  Water p o l l u t i o n  may result  from t h e  d i s p o s a l  of 

Water P o l l u t i o n  

The p o l l u t i o n  problems a s s o c i a t e d  wi th  vapor-dominated geothermal 
systems are g e n e r a l l y  more manageable t h a n  those  a s s o c i a t e d  wi th  
hot-water systems because the  condensa te  from the  geothermal steam is 
o f t e n  r e l a t i v e l y  low i n  p o l l u t a n t s .  However, water  p o l l u t i o n  can occur  
d u r i n g  any s t a g e  i n  geothermal developnent , whether f i e l d  e x p l o r a t i o n  and 
t e s t i n g ,  p roduct ion  w e l l  d r i l l i n g ,  c o n s t r u c t i o n ,  o r  power- p l a n t  o p e r a t i o n .  

Sources of P o l l u t i o n .  Muds used d u r i n g  t h e  e a r l y  s t a g e s  of w e l l  
d r i l l i n g  may c o n t a i n  subs t ances  harmful t o  water q u a l i t y .  To prevent  t h e  
contamination of su r face  waters, t h e s e  subs t ances ,  t o g e t h e r  wi th  rock  
d u s t  and t h e  wastewater used i n  t h e  d r i l l i n g  o p e r a t i o n ,  must be 
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i s o l a t e d .  
l i n i n g  or s t e e l  tanks have been used t o  s t o r e  d r i l l  c u t t i n g s  and waste 
f l u i d  d u r i n g  d r i l l i n g  o p e r a t i o n s .  Nontoxic wastes may be permanently 
disposed of i n  a s m p  i f  i t  i s  p ro tec t ed  from e ros ion ;  however, t o x i c  
was te s  must be t r a n s p o r t e d  t o  8x1 approved waste d i s p o s a l  s i te .  

A t  many e x i s t i n g  developaents ,  sunps w i t h  an impermeable 

Well blowouts could a l s o  c r e a t e  water p o l l u t i o n .  The C a l i f o r n i a  
Div i s ion  of  O i l  and Gas r e q u i r e s  t h a t  blowout prevent ion  equipment be _L 

used du r ing  t h e  d r i l l i n g  of a l l  geothermal we l l s .  

Eros ion  and sed imen ta t ion  a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n  of 
d r i l l i n g  pads,  r o a d s ,  t r ansmiss ion  l i n e s ,  and power p l a n t s  can degrade 
t h e  q u a l i t y  of nearby s u r f a c e  waters  un le s s  c a r e f u l  mon i to r ing  and runof f  
prevent ion  c o n t r o l  measures are implemented. 

The most s e r i o u s  water p o l l u t i o n  problems are l i k e l y  t o  develop 
du r ing  power p l an t  o p e r a t i o n .  I n  d r y  steam geothermal p l a n t s ,  r e l a t i v e l y  
pure steam passes  through t u r b i n e s ,  is  then  condensed by con tac t  wi th  
c o o l i n g  w a t e r ,  and i s  f i n a l l y  evapora ted  i n  a coo l ing  tower. Because t h e  
coo l ing  tower e v a p o r a t i o n  r a t e  i s  slower t h a n  t h e  r a t e  a t  which t h e  steam 
i s  fed  i n t o  the t u r b i n e s ,  s a n e  of the steam condensate must be removed i n  
ano the r  f a sh ion .  On t h e  average ,  80% of t h e  steam i s  evapora ted  through 
the  c o o l i n g  towers ,  l e a v i n g  20% a s  blowdown wa te r .  

Of t h e  va r ious  d i s p o s a l  methods f o r  blowdown water, r e i n j e c t i o n  t o  
the geothermal r e s e r v o i r  i s  cons idered  t o  be t h e  most advantageous 
because t h e  p o l l u t a n t s  i n  t h e  water do not caue i n t o  con tac t  w i t h  
r e l a t i v e l y  plre s u r f a c e  waters and groundwaters. To ensu re  t h a t  no 
connec t ion  is e s t a b l i s h e d  between sha l low groundwater and deepwater 
r e s e r v o i r s ,  r e i n j e c t i o n  wel ls  m u s t  be c a r e f u l l y  encased t o  prevent t he  
leakage  of geothermal condensate t o  sha l low a q u i f e r s .  

Hot-water systems pose f a r  more d i f f i c u l t  water p o l l u t i o n  problems 
t h a n  steam-dominated ones because was tewaters  from t e s t i n g  and product ion  
are more abundant,  m o r e  water p o l l u t a n t s  a r e  conta ined  i n  t h e  geothermal 
f l u i d ,  and l a r g e  m o u n t s  of coo l ing  water are used. A t  a t y p i c a l  
hot-water p l a n t ,  more than 75 m i l l i o n  l i ters  (20 m i l l i o n  g a l l o n s )  of 
wastewater pe r  100 MW of g e n e r a t i n g  c a p a c i t y  are d isposed  of each day 
from the condensed e f f l u e n t  and from the excess  water t h a t  i s  not f l a s h e d  
t o  steam. T h i s  may be canpared wi th  t h e  much smal le r  q u a n t i t y  of 28  
m i l l i o n  l i t e r s  ( 1  m i l l i o n  g a l l o n s )  per  day t h a t  i s  disposed of a t  The 
Geysers i n  C a l i f o r n i a  (a vapor dominated r e source )  f o r  each 100 MW of 
e l e c t r i c i t y  genera ted  (Berman, 1975). 

EPA is p r e s e n t l y  developing E f f l u e n t  Gu ide l ines  and Nat iona l  
S tandards  of Performance under S e c t i o n  304 and 306 of the Clean Water Act 
f o r  s u r f a c e  water  d i s c h a r g e s  f r a n  geothermal f a c i l i t i e s .  These 
g u i d e l i n e s  and s t a n d a r d s  W i l l  e v e n t u a l l y  provide f i r m l y  based e f f l u e n t  
l i m i t a t i o n s  and t h u s  e s t a b l i s h  NPDES permit requi rements  (EPA, 1978). I n  
the i n t e r i m  the p r i n c i p a l  base f o r  c o n t r o l  is  the  r e c e i v i n g  water 
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s t anda rds  (40 CFR 120) p r e s e n t l y  i n  p l ace ,  which are p e r i o d i c a l l y  updated 
and r e v i s e d .  
i n  concer t  w i t h  EPA. 

The water q u a l i t y  s t anda rds  are e s t a b l i s h e d  by t h e  s t a t e s  
I .  

Waste Disposa l  

Given the  v a r i a b i l i t y  i n  the  amount and type of d i s so lved  s o l i d s  i n  
get-hermal f l u i d s ,  s e v e r a l  methods f o r  d i spos ing  of wastewater  from 
d r i l l i n g  and power p l an t  ope ra t ions  have been t e s t e d  and used. They 
inc lude  d i r e c t  release t o  s u r f a c e  water bodies ,  e v a p o r a t i o n ,  s u r f a c e  
spreading  t o  sha l low a q u i f e r s ,  d e s a l i n a t i o n  w i t h  subsequent water r e u s e ,  
and r e i n j e c t i o n  t o  t h e  producing r e s e r v o i r  by use of deep wel l s .  The 
s e l e c t i o n  of a d i sposa l  method depends on l o c a l  hydro logica l  c o n d i t i o n s ,  
t he  q u a l i t y  of t h e  wastewater, and environmental  r e g u l a t i o n s .  

Hydro 1 ogy 

No evidence exis ts  t h a t  geothermal developuent a t  any o p e r a t i n g  
f a c i l i t i e s  has  a l t e r e d  t h e  a rea ' s  s u r f a c e  hydrology s i g n i f i c a n t l y .  
However, cont inued  withdrawal of geothermal f l u i d  could reduce t h e  amount 
of water i n  t h e  deep steam r e s e r v o i r ,  thereby  poss ib ly  changing t h e  
tempera ture ,  chemical c h a r a c t e r i s t i c s ,  and r a t e  of flow of nearby thermal 
sp r ings .  D r i l l i n g  of sha l low tempera ture  measuring and obse rva t ion  h o l e s  
du r ing  the  e x p l o r a t o r y  phase of developuent may c r e a t e  a p o t e n t i a l  r o u t e  
f o r  mixing sha l low and deepwater a q u i f e r s .  I n  a d d i t i o n ,  t h e  dewater ing  
process  employed a t  deep excava t ions  and large-scale e x t r a c t i o n  and 
r e i n j e c t i o n  of hot-water geothermal f l u i d s  may change t h e  subsu r face  
hydro logic  system. E f f e c t s  such as a1 t e r a t i o n s  i n  groundwater recharge 
r a t e s ,  reduced flow t o  small  streams and s p r i n g s ,  and d ry ing  up  of 
domest ic  and commercial wells may r e s u l t .  

To prevent  a l t e r a t i o n  of t h e  hydro logic  ba lance  of t h e  a rea ,  most of 
the withdrawn f l u i d  m u s t  be r e s t o r e d  through r e i n j e c t i o n .  Re in jec t ion  
wel ls  must be c a r e f u l l y  enclosed t o  prevent  leakage  of geothermal b r i n e s  
t o  shallow a q u i f e r s .  

Subsurface d i sposa l  of geothermal waters  i s  r egu la t ed  by t h e  E P A ' s  
Underground I n j e c t i o n  Control  ( U I C )  r e g u l a t i o n s  and by s t a t e  d r i n k i n g  
water programs developed pursuant t o  the  S a f e  Dr inking  Water Ac t ,  as  w e l l  
as by t h e  U. S. Geologica l  Survey ' s  Geothermal Resources  Opera t iona l  
Orders  which provide f o r  s t r i c t  r e g u l a t i o n s  f o r  d r i l l i n g  on pub l i c  l ands  
to  p r o t e c t  groundwater. The r e g u l a t i o n s  p r e s c r i b e  d e t a i l e d  s t anda rds  t o  
be met du r ing  a l l  phases of geothermal developnent a c t i v i t i e s  (40 CFR 
146). EPA w i t h  t h e  s t a t e s  is  p r e s e n t l y  involved  i n  de te rmining  
p e r m i s s i b l e  uses  f o r  areas des igna ted  'as primary sources  of d r i n k i n g  
water. L i m i t a t i o n s  t o  deve lopers  of geothermal f a c i l i t i e s  may occur  i n  
e s p e c i a l l y  c r i t i c a l  areas where open systems are employed (b ina ry  systems 
would probably not be so l i m i t e d ) .  The d r a f t  o rde r  t o  develop s t a t e  
groundwater des igna t ions  appeared i n  the  Federa l  R e g i s t e r ,  November 24, 
1980,  however, i t  i s  not ye t  a p a r t  of t h e  U I C  r e g u l a t o r y  framework. 
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Rein jec t ion  can a l s o  h e l p  t o  m a i n t a i n  the  long-term p r o d u c t i v i t y  of 
t h e  geothermal resource .  Computer s imula t ion  of resource  behavior  i s  
needed t o  i d e n t i f y  t h e  most e f f e c t i v e  long-term product ion  s t r a t e g y  
( i n c l u d i n g  t h e  r a t e  and method of withdrawal and r e i n j e c t i o n )  f o r  both 
hot-water and geopressured r e s e r v o i r s .  

Water Supply 

Geothermal power product ion  may a l s o  r e q u i r e  t h e  use  of water f o r  
coo l ing  purposes.  A t  The Geysers and o the r  vapor-dominated systems,  
water i n  the  form of condensed steam e l i m i n a t e s  the need f o r  an e x t e r n a l  
sou rce  of water. A s imi la r  coo l ing  system can be used i n  a f l a s h  t u r b i n e  
hot-water p l a n t .  However, i n  a b ina ry  f l u i d  system, t h e  geothermal hot  
wa te r  is  r e i n j e c t e d  d i r e c t l y  t o  t h e  geothermal r e s e r v o i r  once i t  has  
passed through a heat exchange device.  Thus, i t  i s  unava i l ab le  f o r  
coo l ing  t h e  ch lorof luorocarbon o r  i sobutane  used t o  d r i v e  t h e  t u r b i n e ,  
and an e x t e r n a l  source of water i s  needed. I f  100 percent  i n j e c t i o n  i s  
r equ i r ed  ( a s  i t  i s  i n  Imper i a l  County, C a l i f o r n i a ) ,  t hen  even  f l a shed  
steam p l a n t s  w i l l  r e q u i r e  a source of water t o  make up t h e  r e q u i r e d  
volune of i n j e c t e d  f l u i d .  

Cool ing A l t e r n a t i v e s  

The coo l ing  water can be provided t o  a geothermal s i t e  by (1)  a 
once-through c o o l i n g  system, i n  which e x t e r n a l  w a t e r ,  f r e q u e n t l y  f r m  a 
r i v e r  or  l a k e ,  i s  used once f o r  coo l ing  and then  d ischarged  to  i t s  
s o u r c e ;  ( 2 )  an e v a p o r a t i v e  o r  w e t  c o o l i n g  tower, i n  which t h e  e x t e r n a l  
water is evaporate’d t o  t he  atmosphere; o r  (3)  a dry c o o l i n g  tower,  i n  
which t h e  f l u i d  is  cooled by a i r  and c o n t i n u a l l y  c i r c u l a t e d  i n  a c losed  
system. The water requirements  of t h e s e  systems may v a r y  wide ly .  
Once-through systems and w e t  c o o l i n g  towers r e q u i r e  s u b s t a n t i a l  amounts 
of water;  d r y  c o o l i n g  towers r e q u i r e  ve ry  l i t t l e .  The environmental  
impacts of t h e s e  systems a l s o  vary  s u b s t a n t i a l l y .  

A once-through coo l ing  s y s t e m  is  used a t  Wairake i ,  New Zealand; 
however, t h e  p o t e n t i a l  f o r  thermal  p o l l u t i o n  of s u r f a c e  water l i m i t s  t h e  
a p p l i c a b i l i t y  of t h i s  approach i n  the United S t a t e s .  Pre l iminary  des igns  
f o r  a 10-MW denons t r a t ion  b inary  power p l an t  w i th  an evapora t ive  c o o l i n g  
tower i n d i c a t e  t h a t  about 1310 l /min  (346 ga l /min )  of makeup water i s  
r e q u i r e d ,  of which about  20% is blown darn and r e i n j e c t e d  t o  t h e  
r e s e r v o i r .  A t  t h i s  r a t e ,  f o r  an 80-MWe p l a n t ,  25,000 l /min  (6,640 
ga l /min )  o r  13.1 x 106 m3/y i s  r e q u i r e d .  
s u b s t a n t i a l l y  g r e a t e r  t h a n  t h a t  needed by a l t e r n a t i v e  power g e n e r a t i o n  
systems because t h e  thermal e f f i c i e n c y  of  a geothermal p l an t  i s  low. 
Such l a r g e  q u a n t i t i e s  of water may not be a v a i l a b l e  i n  many l o c a t i o n s  i n  
the predominantly a r i d  wes tern  s t a t e s ,  o r  may preempt s c a r c e  water 
r e sources  needed f o r  o t h e r  purposes.  

This  amount i s  
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S o l i d  Waste 

Safe  d i s p o s a l  of s o l i d  was tes  r e s u l t i n g  f r a n  geothermal ope ra t ions  
i s  important f r a n  an e n v i r o w e n t a l  s t andpo in t  due t o  p o t e n t i a l  t o x i c i t y  
and the l a r g e  volumes which may be produced as developnent proceeds.  
Composition of t h e  waste products w i l l  vary  acco rd ing  t o  phys ica l  and 
chemical c h a r a c t e r i s t i c s  of the geothermal r e source ,  type  of energy 
convers ion  p rocess ,  type of coo l ing  water consuned and method of H2S 
abatement. Disposa l  of s o l i d  was te s  from geothermal f a c i l i t i e s  t o  
s a n i t a r y  l a n d f i l l  s i tes i s  p r e s e n t l y  r e g u l a t e d  by s ta tes  and may come 
under f e d e r a l  requi rements  pursuant t o  t h e  Resource Conserva t ion  and 
Recovery Ac t ,  as amended. 

The p r i n c i p a l  s o l i d  wastes accumulated are d r i l l i n g  muds and 
format ion  c u t t i n g s .  Debr i s  from t h e  w e l l  d r i l l i n g  a c t i v i t i e s  i s  cap tu red  
and accumulated i n  r e s e r v e  p i t s  and t anks .  When d r i l l i n g  i s  completed 
t h e  was tes  a r e  dewatered by evapora t ion  and removed t o  an approved 
d i  spos a1 a r e a .  

Sepa ra t ion  of p r e c i p i t a t e d  s o l i d s  from spent geothermal f l u i d s  i s  
g e n e r a l l y  cons idered  necessary  t o  prepare  f o r  r e i n j e c t i o n .  S o l i d s  
c o n s i s t  p r i m a r i l y  of s i l i c a  and' heavy metal  s u l f i d e s .  Methods f o r  
s e p a r a t i o n  and p r e c i p i t a t i o n  a r e  s t i l l  be ing  r e f i n e d .  S o l i d s  w i l l  a l s o  
r e s u l t  from scale bui ldup  and i t  can be expected t h a t  phys ica l  methods 
w i l l  be employed t o  p e r i o d i c a l l y  ranove s c a l e  f r a n  c r i t i c a l  l o c a t i o n s  i n  
t h e  f a c i l i t y .  S o l i d  was tes  due t o  removal of HzS are d iscussed  i n  the  
prev ious  s e c t i o n  on A i r  Q u a l i t y .  I t  is expec ted  t h a t  most was tes  w i l l  be 
d i sposed  of on s i t e  (U .S .  Doe, 1980). 

Suggested m e t  hods f o r  hand1 i n g  geothermal s o l  i d  was tes  which cont a i n  
hazardous subs t ances  a r e  contairmrent and i s o l a t i o n  from p o s s i b l e  l e a c h i n g  
t o  ground or s u r f a c e  water, or t rea tment  of l e a c h a t e  t o  remove hazardous 
elements and any m a t e r i a l s  t h a t ,  i f  d i scharged  would v i o l a t e  wa te r  
q u a l i t y  s t a n d a r d s  (EPA, 1978). 

Vegetation and Wildlife 

The gene ra l  e f f e c t s  of geothermal energy developnent on b i o l o g i c a l  

D i r e c t  l o s s  of h a b i t a t  as a r e s u l t  of the  
r e s o u r c e s ,  which are d i scussed  i n  L e i t n e r  (1978a, 1978b) and Su te r  
(19781, are suuiniarized he re .  
c o n s t r u c t i o n  of f a c i l i t i e s  such as w e l l s ,  roads ,  p i p e l i n e s ,  and power 
p l a n t s  has been well-documented a t  The Geysers i n  C a l i f o r n i a .  As a r u l e ,  
less than  10% of a t y p i c a l  160- t o  400-hectares (400  t o  1000-acre) 
l ea seho ld  i s  a c t u a l l y  c l e a r e d  of v e g e t a t i o n .  This  l o s s  of h a b i t a t  could 
be s i g n i f i c a n t  i f  t h e  h a b i t a t  of a rare ,  t h r e a t e n e d ,  or endangered 
organism were involved o r  i f  such c r i t i c a l  a r e a s  as r i p a r i a n  c o r r i d o r s  o r  
b ig-gme mig ra t ion  r o u t e s  were a f f e c t e d .  

). 

Removal of v e g e t a t i o n  and d i s tu rbance  of the s o i l  mantle du r ing  
c o n s t r u c t i o n  a c t i v i t i e s  can r e s u l t  i n  a c c e l e r a t e d  e ros ion .  The 

VII-9 



depos i t i on  of eroded sed iments  i n  streambeds can i n  t u r n  l ead  t o  adve r se  
e f f e c t s  on f i s h  spawning and n u r s e r y  h a b i t a t .  

Discharge or s p i l l s  of geothermal f l u i d s ,  steam condensate  or 
d r i l l i n g  wastes i n t o  s u r f a c e  waters can s e r i o u s l y  a f f e c t  a q u a t i c  l i f e .  
These mater ia l s  o f t e n  c o n t a i n  small  q u a n t i t i e s  of p o t e n t i a l l y  hazardous 
subs tances  such as "3, H2S, heavy metals,  or f l u o r i d e .  

C e r t a i n  spec ie s  of n a t i v e  trees and shrubs  n e a r  t h e  geothermal power 
p l a n t s  at The Geysers have shown symptoms of stress and s e r i o u s  damage. 
S t u d i e s  i n d i c a t e  t h a t  small amounts of boron, i n  t h e  form of b o r i c  a c i d ,  
p re sen t  i n  the  geothermal steam are involved.  Power p l an t  coo l ing  water 
a t  The Geysers  i s  der ived  f r m  condensed steam, and sane of t h e  b o r i c  
a c i d  that carries over i n t o  t h i s  condensate  escapes from coo l ing  towers 
i n  d r i f t  d r o p l e t s .  I t  i s  not c l e a r  whether  t h i s  w i l l  occur  a t  o t h e r  
geothermal s i t e s .  I t  should be pointed o u t  t h a t  i f  b o r i c  a c i d  i s  emi t ted  
a t  o t h e r  geothermal s i tes ,  r e s u l t i n g  i n  vege ta t ion  damage, t h i s  should be 
cons idered  a p o t e n t i a l l y  s i g n i f i c a n t  environmental  impact (Hedeman, 1981). 

F i n a l l y ,  i t  i s  l i k e l y  t h a t  t h e  n o i s e ,  d i s t u r b a n c e ,  and hunan 
i n t r u s i o n  t h a t  accompany geothermal developuent adve r se ly  a f f e c t  w i l d l i f e  
use of ad jacen t  h a b i t a t .  Spec ies  such as n e s t i n g  r a p t o r s  and sane 
p reda to r s  may be p a r t i c u l a r l y  s e n s i t i v e  t o  these f ac to r s .  Most species, 
however, seem to  adapt  t o  t h e  no i se  and d i s tu rbance .  

Geothermal f a c i l i t i e s  should be s i t e d  t o  avoid l o s s  or d i s tu rbance  
of important  w i l d l i f e  h a b i t a t s  such as t h e  s t a t e  and f e d e r a l  r e f u g e s ,  
we t l ands ,  or d e s e r t  areas wi th  rare or endangered species. Proper 
b a s e l i n e  in fo rma t ion  should be genera ted  t o  avo id  s i t i n g  i n  s e n s i t i v e  
areas such as those  p rev ious ly  mentioned. I f  t h i s  i s  done, no 
s i g n i f i c a n t  impacts on t e r r e s t r i a l  b i o t a  should  occur .  However, 
a c c i d e n t a l  s p i l l s  of geothermal f l u i d s  t h a t  reach s u r f a c e  waters could 
have s e r i o u s  e f f e c t s  on a q u a t i c  l i f e .  I f  such a c c i d e n t s  o c c u r ,  o p e r a t o r s  
could compensate f o r  any h a b i t a t  loss by making w i l d l i f e  h a b i t a t  
improvements on a d j a c e n t  l ands  f o r  t h e  d u r a t i o n  of t h e  developnent  
p r o j e c t .  

Geology and S o i l s  

Geothermal energy d e v e l o p e n t  can r e s u l t  i n  changes t h a t  may be of 
concern i n  t h e  g e o l o g i c  e n v i r o m e n t .  Most changes are l i k e l y  t o  be 
a s s o c i a t e d  w i t h  t h e  product ion  and use  of geothermal f l u i d s ,  r a t h e r  than 
wi th  t h e  i n i t i a l  e x p l o r a t o r y  phase of developnent .  

I n  most cases, geothermal f l u i d s  e x t r a c t e d  from a r e s e r v o i r  w i l l  
e v e n t u a l l y  be r e i n j e c t e d .  Re in jec t ion  could cause l o c a l  changes i n  
p re s su re  w i t h i n  the  r e s e r v o i r  t h a t  might induce s e i s m i c  a c t i v i t y  because 
many geothermal areas are l o c a t e d  on or n e a r  f a u l t  zones. However, i t  i s  
extremely u n l i k e l y  t h a t  major s e i smic  even t s  could be t r i g g e r e d  i n  t h i s  
way. Experience wi th  f l u i d  r e i n j e c t i o n  i n  a nunber of nongeothermal 
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s i t u a t i o n s  has s h a m  t h a t  induced s e i s m i c i t y  can be minimized or 
prevented by r e g u l a t i n g  inj+ec,t i on  p res su res .  I A \  

Land s u r f a c e  subsidence has occurred  du r ing  f l u i d  product ion a t  
geothermal f i e l d s  i n  seve ra l  l o c a t i o n s .  Permanent and non-recoverable  
subs idence  r e s u l t s  from slow and long-term removal of f l u i d s  and from t h e  
compression of aqui tards--such a s  c l a y ,  s i l t y  mater ia ls  or shale--above 
or below a r e s e r v o i r .  
be p e r t i n e n t  t o  the  schedu l ing  of r e i n j e c t i o n  o p e r a t i o n s .  R e i n j e c t i o n  of 
f l u i d s  se rves  t o  ma in ta in  the  p re s su res  w i t h i n  t h e  r e s e r v o i r .  However, 
i f  v e r t i c a l  displacement does occur a t  a s u b s t a n t i a l  r a t e ,  manmade 
s t r u c t u r e s  i n  t h e  a r e a  of subsidence could be damaged. 

Recogni t ion of t h i s  f a c t o r  i n  sane  s i t u a t i o n s  may 

Cons t ruc t ion  of w e l l s i t e s  and roads  a t  The Geysers steam f i e l d  l e d  

These occurrences were due i n  l a r g e  part t o  the  s t e e p  s l o p e s ,  
t o  s e r i o u s  l a n d s l i d e s  and a c c e l e r a t e d  e ros ion  du r ing  t h e  1960s and e a r l y  
1970s. 
heavy r a i n f a l l ,  and p a r t i c u l a r  geologic  and s o i l  p r o p e r t i e s  of t h i s  
r eg ion .  Subsequent c a r e f u l  s i t e  s e l e c t i o n  and eng inee r ing  des ign  have 
minimized these  problems. S i m i l a r l y ,  problems may occur  a t  o t h e r  s i tes  
whose condi t ions  a r e  similar t o  those  at The Geysers ,  but  they  would not  
be expected as a genera l  f e a t u r e  of geothermal develojment.  

Noise 

A nunber of s i g n i f i c a n t  n o i s e  sources  are a s s o c i a t e d  wi th  developing 
and us ing  geothermal resources .  They  inc lude  t h e  sound generated by 
heavy earthmoving and c o n s t r u c t i o n  machinery,  s t a t i o n a r y  diesel-powered 
engines and compressors used i n  w e l l - d r i l l i n g ;  t h e  t u r b i n e s  , gas 
e j e c t o r s ,  and coo l ing  towers a t  the power p l a n t ;  and t h e  unmuffled 
ven t ing  of geothermal f l u i d s  t o  t h e  atmosphere. 

I f  s e n s i t i v e  r e c e p t o r s  such as r e s idences ,  s c h o o l s ,  h o s p i t a l s ,  or 
outdoor  r e c r e a t i o n  areas a r e  l o c a t e d  wi th in  1 t o  5 Ian ( 1  t o  3 m i l e s )  of a 
geothermal developnent ,  s i t e  n o i s e  may l e a d  t o  p l b l i c  annoyance and 
complaints .  
e s t a b l i s h e d  no i se  s t anda rds ,  community p re s su re  can r e s u l t  i n  adopt ion of 
s t r i n g e n t  c o n t r o l s  . 

Although many l o c a l  j u r i s d i c t i o n s  nea r  KGRAs have no 

S i t i n g  geothermal f a c i l i t i e s  t o  u t i l i z e  n a t u r a l  topographic  b a r r i e r s  
and vege ta t ion  can reduce no i ses  t o  accep tab le  l e v e l s .  Noise c o n t r o l  
technology t o  muf f l e  o r  reduce n o i s e  emissions a t  the  source  i s  a l s o  
a v a i l a b l e  f o r  most geothermal i n d u s t r y  o p e r a t i o n s .  

Economic, S o c i a l ,  and C u l t u r a l  Fac to r s  * 

- ,  Economic E f f e c t s  

The economic impacts d i scussed  h e r e ,  c o n s i s t i n g  of e f f e c t s  on 
employment and incane ,  are d iv ided  i n t o  permanent e f f e c t s  due t o  
permanent new employees i’n a geothermal developnent reg ion  and temporary 
e f f e c t s  due t o  t h o s e  temporary workers who p r imar i ly  cons t ruc t  and d r i l l  
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t he  geothermal f a c i l i t i e s .  T h i s  s tudy  assumed an upper-bound case :  Jobs 
and income crea ted  are ne t  (no j o b  swi t ch ing ) ,  and a l l  workers r e s i d e  
w i t h i n  the  county where t h e  d e v e l o p e n t  t akes  place.  Also assumed i s  an 
average annual wage of $20,000 and income and employment m u l t i p l i e r s  of 
2, which we hve used i n  computing t o t a l  incane and employment changes due 
t o  respending of d i r e c t  income throughout the r eg ions  i n  ques t ion .  

The fo l lowing  t a b u l a t i o n  shows t h e  n e t  j obs  and incane c rea t ed  as a 
r e s u l t  of the 1200 MW of p ro jec t ed  geothermal energy developnent :  

D i r e c t  Tot a1 
Permanent employment and incane  
genera ted  by geothermal d e v e l o p e n t  

Employment 200 400 
Income ( m i l l i o n s  of d o l l a r s )  $4 $8 

Temporary employment and income 
genera ted  by geothermal devel o p e n t  

Employment 2,033 4,066 
Income (mil l i o n s  of d o l l a r s  1 $41 $82 

The permanent income and employment changes w i l l  cont inue  f o r  t h e  
s e r v i c e  l i f e  of a geothermal p r o j e c t ,  whereas the temporary changes w i l l  
occur  only  du r ing  t h e  i n i t i . a l  cons t ruc t ion  phases of t he  p ro jec t .  On 
p r o j e c t  complet ion,  temporary workers W i l l  e i t h e r  l eave  the  r eg ion  or 
canpete  for e x i s t i n g  j o b s .  

I S o c i a l  E f f e c t s  

Soc ia l  e f f e c t s  may be caused e i t h e r  by t h e  i n f l u x  of new r e s i d e n t s  
i n t o  a developing area or by secondary e f f e c t s  of t h e  phys ica l  
developnent on present  r e s i d e n t s  of the communities. I t  i s  assumed t h a t  
new workers do not cane from wi th in  a r e g i o n ,  i n  which case ,  popula t ion  
impacts would be minimal. Rather ,  t hey  are assumed t o  come from 
ou t s ide .  This  assumption allows an e s t i m a t i o n  of t he  p o t e n t i a l  maximum 
impacts .  

Popula t ion  Impacts. Given a f ami ly  s i z e  of 3.5 f o r  each new worker,  
t h e  permanent popula t ion  i n c r e a s e  w i t h i n  t h e  developing r eg ions  w i l l  be 
1,400, o r  about 80-90 per  p l an t  l o c a t i o n .  The temporary popula t ion  
i n c r e a s e  w i l l  be around 14,000, or about  800-900 pe r  s i t e .  Sane small 
communities and r u r a l  a r eas  w i l l  experience sane  d i s r u p t i o n  by t h e  added 
popu la t ion ,  e s p e c i a l l y  du r ing  t h e  c o n s t r u c t i o n  phase due t o  t h e  l a r g e  
temporary work f o r c e .  I n  g e n e r a l ,  t h e  changes are r e l a t i v e l y  small and 
can be absorbed wi thout  major problems o c c u r r i n g  i n  most a r e a s .  

Housing and Pub l i c  Se rv ices .  The long  term,  permanent popula t ion  
i n c r e a s e s  w i l l  r e s u l t  i n  f e w  impacts on housing and pub l i c  s e r v i c e s  
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d u r i n g  t h e  l i v e s  of t he  p r o j e c t s .  However, i n  i n d i v i d u a l  a r e a s  t h a t  
depend on market cond i t ions ,  temporary i n s u f f i c i e n c y  o f  housing and 
pub l i c  s e r v i c e s  w i l l  most l i k e l y  be exper ienced  d u r i n g  p r o j e c t  
c o n s t r u c t i o n .  Impacts on community i n f r a s t r u c t u r e s  could be m i t i g a t e d  by 
c o n t r i b u t i c k s  f r m  geothermal deve lopers  on a cos t - incur red  b a s i s  f o r  
i nc reased  p u b l i c  s e r v i c e  requi rements ,  i n c l u d i n g  s c h o o l s ,  t o  t he  e x t e n t  
funds are not a v a i l a b l e  through t axes  or o the r  pub l i c  funds produced as a 
r e s u l t  of t hese  communities, the c o n s t r u c t i o n  popu la t ion ,  or t he  p l an t  
i t s e l f  . 

Transpor t a t ion .  In sme areas of geothermal deve lopnent ,  
t r a n s p o r t a t i o n  e f f e c t s  are l i k e l y  t o  t a k e  p lace  because of heavy 
equipment and commuting t r a f f i c .  These impacts w i l l  be most i n t e n s e  
d u r i n g  t h e  c o n s t r u c t i o n  phases of t h e  f a c i l i t i e s  when l a r g e  p ieces  of 
e q u i p e n t  are be ing  moved i n  by heavy-duty v e h i c l e s .  Roads not designed 
or  cons t ruc t ed  t o  handle  such heavy-duty t r a f f i c  may became congested and 
s u f f e r  a c c e l e r a t e d  d e t e r i o r a t i o n .  Noise,  d u s t ,  and smoke, as  w e l l  as 
hazards  f o r  persons  l i v i n g  n e a r  t h e  t r a n s p o r t  r o u t e s ,  w i l l  be inc reased .  

Once the  c o n s t r u c t i o n  phase i s  completed,  t r a f f i c  f lows w i l l  
markedly decrease  and becane more r egu la r .  Sane a d d i t i o n a l  permanent 
t r a f f i c  may a l so  be induced as support  bus inesses  e s t a b l i s h  local o f f i c e s  
or o u t l e t s  t o  s e r v e  t h e  developnent .  

The adve r se  e f f e c t  of increased  usage of heavy equipment can 
normally be mi t iga t ed  by r e q u i r i n g  equipnent  t o  have p rope r ly  working 

* m u f f l e r s  t o  a b a t e  excess  n o i s e  and t o  be main ta ined  i n  good o p e r a t i n g  
c o n d i t i o n  t o  reduce a i r  emiss ions .  Geothermal deve lopers  could be 
r equ i r ed  t o  upgrade roads  and m a i n t a i n  them. Dust can be c o n t r o l l e d  by 
r e g u l a r l y  w a t e r i n g  down t h e  roads r e c e i v i n g  heavy t r a f f i c .  
a scarce commodity i n  a r e g i o n ,  o t h e r  accepted but more c o s t l y  o p t i o n s  
are a v a i l a b l e .  Hazard areas can be marked. 

When water  is 

C u l t u r a l  Impacts 

Aesthetics. Aesthet ic  e f f e c t s  a t  a geothermal developnent s i t e  
inc lude  v i s u a l ,  odor ,  and n o i s e  impacts. The major  sou rces  of v i s u a l  
impacts are the wells, p i p e l i n e s ,  g e n e r a t i n g  f a c i l i t i e s ,  c o o l i n g  towers ,  
and t r ansmiss ion  l i n e s  t h a t  w i l l  be cons t ruc t ed  a t  and around a 
geothermal s i  te. 

The ex ten t  to  which a geothermal f a c i l i t y  measurably a f f e c t s  a 
l o c a l e  w i l l  vary  markedly. I n  sane i n s t a n c e s ,  c a r e f u l  s i t i n g  wi th in  an 
area may be a l l  t h a t  i s  necessary .  I n  o t h e r  i n s t a n c e s ,  t h e  en t i r e  area 
may prove u n s u i t a b l e  f o r  geothermal p l a n t  s i t i n g .  

V i s u a l  impacts are normally ha rd  t o  e v a l u a t e  because t h e  n a t u r a l  
s c e n i c  v a l u e  of t h e  area must be judged,  a s  must t h e  d e s i r a b i l i t y  of 
a l t e r i n g  t h a t  va lue ;  the s i z e  of the area a f f e c t e d  must be e s t ima ted ,  as  
must t h e  e f f e c t  on t h e  e x i s t i n g  landscape;  and t h e  degree of s c e n i c  
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d i s r u p t i o n  m u s t  be analyzed. If geothermal deve lopers  are r equ i r ed  t o  
t a k e  v i s u a l  impacts i n t o  account du r ing  p lanning  and design,.  t o  the  
e x t e n t  p r a c t i c a b l e ,  s t r u c t u r e s  can be designed t o  meet e x i s t i n g  
a p p l i c a b l e  a r c h i t e c t u r a l  s t anda rds .  Thus the p l an t  f a c i l i t i e s  could be 
made t o  blend harmoniously wi th  t h e  sur rounding  environment and have a 
reasonably  p l easan t  appearance (U .S. Department of I n t e r i o r ,  1973). A s  
an example, i n  t h e  Cos0 r eg ion ,  a l a y e r  of e a r t h  w i l l  cover each power 
p l an t  , both  provid ing  a p r o t e c t i v e  hardening  and s e r v i n g  t o  m i t i g a t e  the  
v i s u a l  impact of t h e  p l a n t .  

The major source of o f f e n s i v e  odors a s s o c i a t e d  wi th  geothermal 
d e v e l o p e n t  i s  H2S, which may have a s m e l l  c h a r a c t e r i s t i c  of r o t t e n  
eggs.  Depending on l o c a l  me teo ro log ica l  c o n d i t i o n s  and t e r r a i n ,  t h i s  
odor may be p e r c e p t i b l e  a cons ide rab le  d i s t a n c e  from the  f a c i l i t y  and i f  
s t r o n g  enough a c t s  as a d e t e r r e n t  t o  r e c r e a t i o n a l  or normal a c t i v i t i e s .  
Experience around paper p l a n t s  t h a t  a l s o  produce H2S has shown t h a t  
l o c a l  popula t ions  g e n e r a l l y  adapt  t o  t h e  odor ,  whereas v i s i t o r s  f i n d  i t  
unp leasan t .  Five cand ida te  processes  a r e  a v a i l a b l e  t o  remove H2S and 
thus  reduce odor problems. Work i n  H2S r e d u c t i o n  technology i s  
con t inu ing  (U.S .  DOE, 1980).  

The major n o i s e  sou rces  are those  a s s o c i a t e d  w i t h  c o n s t r u c t i o n  which 
is of r e l a t i v e l y  s h o r t  d u r a t i o n ;  and those associated with &.&era t ion- -  
p r i m a r i l y  the  c o o l i n g  tower,  steam je t  gas e j e c t o r ,  and t u r b i n e  
gene ra to r .  Except f o r  v e n t i n g  w e l l s ,  which produce loud n o i s e ,  of s h o r t  
d u r a t i o n ,  t h e s e  f a c i l i t i e s  o p e r a t e  f a i r l y  c o n s t a n t l y  d u r i n g  t h e  l i f e  of 
t h e  p l a n t  and t h e r e f o r e  became a background sound t h a t  becanes a "normal" 
part of the environment. The m u f f l e r  systems employed on new w e l l s  
reduce no i se .  Because n o i s e  f a l l s  o f f  r a p i d l y  as a f u n c t i o n  of d i s t a n c e  
from the source and because most proposed s i tes  are i n  i s o l a t e d  or r u r a l  
l o c a t i o n s ,  n o i s e  is not expec ted  t o  be a major problem. 

Archaeology/His tor ic  S i t e s .  Archaeological s i tes  a r e  found e i t h e r  
on or i n  t h e  v i c i n i t y  of many of t h e  proposed geothermal f a c i l i t i e s .  
However, because of geothermal and o t h e r  d e v e l o p e n t  a c t i v i t i e s  i n  
l o c a l e s  such as The Geysers and t h e  Imper i a l  Va l l ey  i n  C a l i f o r n i a ,  and 
Steamboat Spr ings  and Soda Lake i n  Nevada, t h e  s i tes  have a l r e a d y  been 
h e a v i l y  d i s t u r b e d .  Where si tes have not been adequate ly  surveyed and 
where a S t a t e  H i s t o r i c  P r e s e r v a t i o n  O f f i c e r  ( S H P O )  determines  a high 
p r o b a b i l i t y  of a r c h a e o l o g i c a l  s i tes  ex i s t s ,  i t  i s  a d v i s a b l e  t h a t  an 
a r c h a e o l o g i c a l  resource  inven to ry  be conducted be fo re  s i t e  e x p l o r a t i o n  
begins .  

I f  a p o t e n t i a l  a r chaeo log ica l  s i t e  is found, work should  s t o p  and 
t e s t  p i t s  should be dug by a r c h a e o l o g i s t s  t o  determine t h e  s i g n i f i c a n c e  
of the s i te .  I f  i t  is not s i g n i f i c a n t ,  work can proceed. I f  i t  i s  
s igni f icant ! ,  t h e  s i t e  should be avoided. I f  avoidance i s  imposs ib le ,  t h e  
s i t e  may have t o  be f u l l y  exp lo red ,  documented, and p o s s i b l y  excavated 
and c u r a t e d ,  which can be a ve ry  c o s t l y  and time-consuming process.  
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Bui ld ings  o r  o t h e r  s t r u c t u r e s  a t  an h i s t o r i c  s i t e  should  be examined 
by an h i s t o r i c a l  a r c h i t e c t  before  any a c t i o n s  are taken  t h a t  might 
adve r se ly  a f f e c t  them. Proper  m i t i g a t i o n  measures f o r  a s t r u c t u r e  
v a r i e s .  
photographic record  and measured drawings have been made. 
s t r u c t u r e  i s  t o r n  down, i t s ' . f o u n d a t i o n  and t h e  'im%ediate v i c i n i t y  should  
be excavated ;  t h e  procedure o u t l i n e d  above should be followed i f  
a r t i f a c t s  a r e  p r e s e n t .  

I t  may be moved, r e i n f o r c e d ,  o r  i n  same cases, t o r n  down a f t e r  a 
I f  t h e  

For the  most part, h i s t o r i c  s i tes  a r e  loca t ed  o u t s i d e  the  geothermal 
a reas  of concern here  and as such are n o t  l i k e l y  t o  be d i r e c t l y  
a f f e c t e d .  The on ly  excep t ion  t o  t h i s  i s  Steamboat Spr ings .  

Hea l th  and S a f e t y  

Heal th  and s a f e t y  i s s u e s  f a l l  w i t h i n  t h e  purview of f e d e r a l ,  s t a t e ,  
and l o c a l  occupa t iona l  s a f e t y  and h e a l t h  r e g u l a t i o n s  and are not 
b a s i c a l l y  environmental  issues. Severa l  types  of hazards  are of same 
environmental  i n t e r e s t  and are b r i e f l y  d i scussed .  

Hydrogen S u l f i d e .  H2S is the most s i g n i f i c a n t  p o t e n t i a l  
occupa t iona l  h e a l t h  problem i n  t h e  geothermal i n d u s t r y  (Zewas, 1979) .  
The gases  accompanying geothermal f l u i d s  almost i n v a r i a b l y  c o n t a i n  
H2S. A t  low c o n c e n t r a t i o n s ,  H2S c o n s t i t u t e s  an odor nuisance .  I n  
l o w  c o n c e n t r a t i o n s ,  H2S may a l s o  cause  headaches,  f a t i g u e ,  
i r r i t a b i l i t y ,  insomnia,  and g a s t r o i n t e s t i n a l  d i s tu rbances .  I n  a samewhat 
h igher  c o n c e n t r a t i o n ,  t h e  gas a c t s  as a nervous system s t i m u l a n t ,  c a u s i n g  
excitement and d i z z i n e s s  (Milby, 1962). Systemic H2S po i son ing  can 
r e s u l t  i n  r e s p i r a t o r y  f a i l u r e  and asphyxia (Zerwas, 1979).  

The g r e a t e s t  danger t o  personnel  from H2S occurs  d u r i n g  well 
d r i l l i n g  o p e r a t i o n s .  
encountered ,  and t h e  p r e s s u r e  of t h e  d r i l l i n g  "muds" may be i n s u f f i c i e n t  
t o  c o n t a i n  t h e  gas frbm escaping .  Ava i l ab le  m i t i g a t i o n  measures inc lude  
equipping  the  d r i l l i n g  r i g s  wi th  alarms t h a t  i n d i c a t e  when H2S levels 
reach a potenti  a l l y  hazardous l e v e l .  Addit ional ly ,  cyclone muff lers  can 
s c r u b  same of H2S out  of the  steam. I n j e c t i n g  s o l u t i o n s  of sodium 
hydroxide and hydrogen peroxide  i n  t h e  l i n e  i n  f r o n t  of t h e  m u f f l e r  has  
removed H2S s u c c e s s f u l l y  (Zerwas, 1979). 

During d r i l l i n g  pockets of H2S may be 

Radon. The emission' of radon a t  The Geysers power p l a n t  has been 
s t u d i e d  i n  de ta i l  by Anspaugh (19781, who concluded no e f f e c t  from radon 
emiss ion  is d i s c e r n i b l e  on t h e  gene ra l  environment of t h e  power p l a n t  o r  
on downwind communities. 

Arsenic.  Arsenic  is  a f r equen t  component of geothermal f l u i d s  
Although t h e  a r s e n i c  (Weres e t  a l . ,  1977; C r e c e l i u s  e t  a l . ,  1976). 

r e l e a s e s  are q u i t e  smal l  compared t o  H2S, a r s e n i c  i s  an e lementa l  
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poison. Because a r s e n i c  i s  a l s o  a ca rc inogen ic  a g e n t ,  any p o t e n t i a l  
c o n t a c t  should be minimized i n  areas where a r s e n i c  l e v e l s  are f a i r l y  h igh .  

Mercury. Mercury i s  almost a lways ' found as a t r a c e  element i n  
geothermal f l u i d s .  Klusman e t  a l .  (1978) s t a t e d  t h a t  mercury d e p o s i t s  
are c h a r a c t e r i s t i c  of geothermal f l u i d s .  However, mercury appea r s  t o  be 
a marginal  contaminant;  on a per megawatt b a s i s ,  emiss ions  of mercury 
from geothermal power p l a n t s  are comparable t o  releases from c o a l - f i r e d  
power p l a n t s  (Robertson et  a l . ,  1977).  

P a r t i c u l a t e s .  The most obvious p a r t i c u l a t e s  encountered i n  
geothermal f l u i d s  inc lude  b o r i c  a c i d ,  s i l i c a ,  and rock  d u s t .  Whereas 
rock d u s t  i s  r e l a t i v e l y  innocuous t o  human h e a l t h  and s a f e t y ,  b o r i c  a c i d  
can cause r e v e r s i b l e  or i r r e v e r s i b l e  changes not s e r i o u s  enough t o  cause  
death (EPA, 1978).  S i l i c a  can cause s i l i c o s i s  i n  workers exposed ove r  
l ong  pe r iods .  

Noise. The n o i s e  from c o n s t r u c t i o n ,  d r i l l i n g ,  and machine 
o p e r a t i o n s  a s s o c i a t e d  wi th  geothermal power d e v e l o p e n t  i s  g e n e r a l l y  a t  
l e v e l s  t h a t  can adve r se ly  a f f e c t  the  h e a r i n g  of  the  workers involved.  

Land Use 

Land ownership w h e r e  PURPA-induced geothermal a c t i v i t i e s  may take 
p l ace  i s  shared  among f e d e r a l ,  s t a t e ,  and p r i v a t e  s e c t o r s .  S i t e - s p e c i f i c  
environmental  assessments  and r e l a t e d  Environmental  Impact S ta tements  
w i l l  be undertaken by agenc ie s  as determinsd by t h e  CEQ t o  have l e a d  
r e s p o n s i b i l i t y  under NEPA. On federally-owned l a n d s ,  t h e  agency charged 
wi th  management would be presumed t o  be t h e  one to conduct an 
environmental  review. EISs on s i t e - s p e c i f i c  p r o j e c t s  on p r i v a t e  and 
s t a t e  l ands  w i l l  be prepared by t h e  FERC and o t h e r  f e d e r a l  a g e n c i e s ,  such 
as those  p rov id ing  f i n a n c i a l  a s s i s t a n c e  o r  w i th  c e r t a i n  r e g u l a t o r y  
r e s p o n s i b i l i t i e s .  D i s t r i b u t i o n  of t h e  l ands  desc r ibed  i n  t h i s  DSEIS i s  
presented  i n  Tab le  VII-3. 

Land use  i n  the  v i c i n i t y  of geothermal developnents  w i l l  most l i k e l y  
be changed by t h e  c o n s t r u c t i o n  of roads ,  ponds, d r i l l  s i t es ,  we l l s ,  
aboveground p i p e l i n e s ,  power l i n e s ,  power p l a n t s ,  and by-product 
f a c i l i t i e s  a s s o c i a t e d  wi th  i n d u s t r i a l  developnent  , because most of t h e  
e x i s t i n g  land  uses  are a g r i c u l t u r a l ,  r e c r e a t i o n a l ,  or d e s e r t .  M i t i g a t i n g  
measures t o  reduce adverse  impacts on land  use from geothermal 
developnents  i nc lude  a c t i o n s  such as land-use p lanning ,  environmental  
e v a l u a t i o n s ,  and sound eng inee r ing  and c o n s t r u c t i o n  processes .  

Some geothermal resource  areas are beneath Department of Defense 
(DOD) l ands  and a d j a c e n t  t o  DOD i n s t a l l a t i o n s  and o p e r a t i o n s ,  
p a r t i c u l a r l y  i n  C a l i f o r n i a ,  Nevada and Idaho.  To a s s u r e  t h a t  f u t u r e  
geothermal developnent  a c t i v i t i e s  do not  encroach on o r  adve r se ly  a f f e c t  
DOD o p e r a t i o n s ,  FERC w i l l  work c l o s e l y  w i t h  DOD s t a f f .  
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Table  VII-3 

LAND OWNERSHIP OF ANTICIPATED GEOTHERMAL DEVELOPMENT 
(PURPA-Induced 

Fede ra l  S t a t e  and Tot a1 
S i t e  

( C a l i f o r n i a )  

I m p e r  i a1 Val 1 ey 
Cos0 Hot Spr ings  
Mono-Long Val l e y  
The Geysers /  

C 1  ear 1 ake 

(Nevada) 

Steamboat Spr ings  
Brady Hot Spr ings  
Beowawe 
Desert Peak 
H u m b o l  d t House 
Soda Lakes 

( Idaho 

R a f t  River 
Crane Cree k-Cove 

Creek 

Acres P r i v a t e  Acres KGRA Acres 

89,641 171,263 260,904 
43,330 8,430 51,760 

392,096 63,160 455,256 

85,107 290,923 376,030 

4,450 
59,358 
16,530 
52,176 

80 1 
11 6,872 

25,110 

3,240 

4,450 
39,150 
16,600 
46,332 

0 
108,388 

5,099 

1,102 

8,914 
98,508 
33,225 
98,508 

80 1 
225,260 

30,209 

4,342 

(1) C a l i f o r n i a  I n s t i t u t e  of Technology,  "Geothermal Energy Resources i n  
C a l i f o r n i a , "  C a l i f o r n i a  Energy Resources Conserva t ion  and Development 
Canmission Research and Developnent D iv i s ion  (June 30, 1976). 

( 2 )  USGS, "Federal and Non-Federal Acreages i n  KGRAs i n  t h e  P a c i f i c  
Region," area g e o l o g i s t ,  O f f i c e  Memo (August 13, 1979). 

( 3 )  Williams, F. , "S i t e -Spec i f i c  Analys is  of Geothermal Develoment--Data 
F i l e s  of P rospec t ive  S i t e s ,  Vol. 111," SRI I n t e r n a t i o n a l  (February 
1978).  
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The g e n e r a l l y  accepted  e s t ima ted  economic l i f e  of a geothermal 
e l e c t r i c  g e n e r a t i n g  f a c i l i t y ,  i n c l u d i n g  f i e l d ,  power p l a n t ,  and 
t r ansmiss ion  system is  30 years .  However, t h e  93rd Congress '  Energy 
Report states that c a r e f u l l y  managed wells should o p e r a t e  f o r  100 y e a r s  
or more, and i f  t h e  wells'  waste water  is recyc led  back i n t o  t h e  ground, 
i t  might be a b l e  t o  o p e r a t e  i n d e f i n i t e l y .  

Should a geothermal e l e c t r i c  g e n e r a t i n g  f a c i l i t y  be deemed no longe r  
f u n c t i o n a l ,  a l l  lands  c l ea red  f o r  t he  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  
f a c i l i t y  could be r e s t o r e d  t o  t h e  o r i g i n a l  s t a t e  i n  accordance wi th  
f e d e r a l ,  s t a t e ,  and l o c a l  requi rements .  The w e l l s  are capped i n  
accordance w i t h  s t a t e  r e g u l a t i o n s  and a l l  foundat ions  and equipnent would 
be removed and either recyc led  o r  disposed of accord ing  t o  s o l i d  waste 
r e g u l a t i o n s .  

Although geothermal developnent may have a nega t ive  e f f e c t  on 
c e r t a i n  land  u s e s ,  s ane  may view it  as having  a p o s i t i v e  va lue  because i t  
may a f f o r d  g r e a t e r  p u b l i c  access  t o  remote o r  i s o l a t e d  a r e a s .  C r e a t i o n  
of new r o u t e s  or improvement of e x i s t i n g  roads  can open new a r e a s  t o  
mul t ip l e -use  developnent.  Such r o u t e s  ' a l s o  can s e r v e  as f i r e  breaks o r  
f a c i l i t a t e  f i r e  p r o t e c t i o n  i n  areas s u b j e c t  t o  g r a s s ,  b rush ,  or f o r e s t  
f i r e s  (U.S. Department of I n t e r i o r ,  1973). Close  a t t e n t i o n  must be pa id  
on f e d e r a l  l and  r e g a r d i n g  land  use when developnent takes  p l ace  nea r  
Roadless Area Review and Eva lua t ion  (RARE 11) and des igna ted  wi lde rness  
s t u d y  a r e a s .  Once roads' are nea r  t h e s e  a r e a s ,  s p i l l o v e r  i n t o  t h e  s e t  
a r e a s  t h a t  have been set a s i d e  t o  p r o t e c t  t h e i r  p r i s t i n e  n a t u r e  becomes 
much easier .  

Fuel Displacement 

Fuel u s e  w i l l  be d i r e c t l y  a f f e c t e d  by t h e  PURPA-induced geothermal 
developnent o c c u r r i n g  i n  C a l i f o r n i a ,  Nevada, and Idaho. Geothermal p w e r  
product ion  f a c i l i t i e s  w i l l  o b v i a t e  t h e  use  of f o s s i l  o r  o t h e r  f u e l s  and 
w i l l  al low e l e c t r i c  u t i l i t i e s  t o  d e f e r  new capac i ty .  

The fo l lowing  displacement i n  f o s s i l  f u e l s  were p r o j e c t e d  by 1995 by 
runn ing  t h e  EEPAM3 model developed f o r  PURPA-DEIS:* 

Region Fuel Type BTU's  x l o g &  Unit  Saving  per year 

Mount a i  n O i l  
Gas 

P a c i f i c  O i l  
Gas 

48 
12.3 

6.8 
3.0 

857,000 b b l  
1.19 x 1010 s c f  

1,214,000 bbl  
0.29 x 1010 s c f  

* These f i g u r e s  r e f l e c t  uti l i ty-owned f a c i l i t i e s  which a r e  not inc luded  
i n  t h e  adopted r u l e .  The re fo re ,  t h e s e  p r o j e c t i o n s  may be h igh .  
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For t h e  purpose of t h i s  a n a l y s i s  t h e  new geothermal c a p a c i t y  i s  
a n t i c i p a t e d  t o  d i s p l a c e  e x i s t i n g  o i l  and gas c a p a c i t y .  New baseload 
c a p a c i t y  is  assuned t o  deve lop  una f fec t ed  by t h e  geothermal r u l e  changes. 

Environment a1 C h a r a c t e r i s t i c s  of P r o j e c t e d  Geothermal D e v e l o p e n t  Areas 

D e v e l o p e n t  of geothermal r e sources  has been p ro jec t ed  i n  a r e a s  
i d e n t i f i e d  i n  Chapter V as the r e s u l t  of PURPA and the  Commission's 
proposed r u l e s .  
t he  ex ten t  a v a i l a b l e  on t h e s e  l o c a t i o n s .  The t a b l e s  provided on t h e  
vapor dominated system and f l a s h  i n j e c t i o n  sys t em were developed f r a n  
d a t a  on two s p e c i f i c  a r e a s ,  The Geysers and t h e  Imperial V a l l e y ,  
r e s p e c t i v e l y .  
a r e a s ,  t h e y  a r e  a l s o  r e l e v a n t  t o  t h e  gene ra l  environmental i s s u e ,  impacts 
and concerns found i n  o t h e r  areas of similar geothermal r e sources .  S i n c e  
The Geysers i s  the  on ly  vapor dominated a r e a ,  t h e  o t h e r  16 development 
a r e a s  i n  C a l i f o r n i a ,  Nevada, and Idaho s h a r e  e n v i r o m e n t a l  
c h a r a c t e r i s t i c s  wi th  t h o s e  shown f o r  t he  Imperial Va l l ey .  

Area - spec i f i c  environmental  i n fo rma t ion  is  provided t o  

While t h e  f ind ings  d i sp layed  a r e  s p e c i f i c  f o r  t h e s e  two. 

Table  VII-4 d e p i c t s  t h e  environmental e f f e c t s  i d e n t i f i e d  f o r  t h e  
developnent a r e a s  i n  C a l i f o r n i a  and Nevada. The t a b l e  was der ived  from 
c o n s u l t a t i o n  w i t h  e x p e r t s  and review and a n a l y s i s  of t h e  a v a i l a b l e  
l i t e r a t u r e  and Appendix B; it s u c c i n t l y  i n d i c a t e s  p o t e n t i a l  environmental  
e f f e c t s  f o r  each area and provides  a canpar i son  between a r e a s .  Re la t ed  
t o  the long-term environmental  e f f e c t s  from geothermal development i s  the  
s t a t u s  of geothermal environmental  c o n t r o l  technology and m i t i g a t i o n  
measures.  The Department of Energy p e r i o d i c a l l y  e v a l u a t e s  t h e s e  f a c t o r s  
and p r o j e c t s  t h e  risks and impacts a s s o c i a t e d  wi th  developnent and 
commerc ia l iza t ion  of geothermal r e sources  i n  i t s  Environmental Readiness 
Docment  series. 
l i k e l i h o o d  of a f i n d i n g  adve r se  t o  deve lopnent ,  t h e  degree of program 
de lay  r e s u l t i n g  f ran t h a t  adve r se  f i n d i n g ,  and a s s o c i a t e d  m i  t i g a t i o n  
c o s t s  (DOE, 1978). By comparing t h e  r e a d i n e s s  s t a t u s  of va r ious  
canponents of t h e  geothermal energy sys t em wi th  t h e  expec ted  l e v e l  of 
concern a t  p ro jec t ed  l o c a t i o n s  i t  i s  p o s s i b l e  t o  de te rmine  i f  s e r i o u s  
environmental  problems can be e l imina ted  or s a t i s f a c t o r i l y  m i t i g a t e d .  

Appendix 2 p r e s e n t s  t h e s e  d a t a  i n  terms of t h e  

The o v e r a l l  p r o b a b i l i t y  of environmental  concerns and c o n s t r a i n t s  
p l ay ing  an adve r se  or s i g n i f i c a n t  r o l e  i n  geothermal d e v e l o p e n t  i s  low 
t o  medium. The p r o b a b i l i t y  of developnent de lays  due t o  adve r se  f i n d i n g s  
i s  a l s o  i n  t h e  medium range (0.4 - 0.6 p r o b a b i l i t y  of occur rence ) .  

The problem of H2S emiss ion  has a l r e a d y  been d i scussed .  It  is  
u n l i k e l y  that H2S emission w i l l  cause s i g n i f i c a n t  e c o l o g i c a l  or h e a l t h  
e f f e c t s ,  bu t  i t s  odor does p re sen t  a major nu i sance  t h a t  is  o f t e n  
unacceptab le  t o  the  pub l i c .  Noise a s s o c i a t e d  w i t h  many geothermal 
o p e r a t i o n s ,  p a r t i c u l a r l y  t h e  v e n t i n g  of wells t app ing  vapordomina ted  
r e s e r v o i r s ,  appears  to,be a s i g n i f i c a n t  problem a t  one l o c a t i o n .  
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For  l iquid-dominated r e s e r v o i r s ,  t h e r e  are r e l a t e d  problems of s p e n t  
f l u i d  d i s p o s a l ,  land subs idence ,  and enhanced s e i s m i c i t y .  I t  is  expected 
t h a t  t h e  d i s p o s a l  of spent  geothermal f l u i d s  can be achieved by i n j e c t i o n  
i n t o  the r e s e r v o i r ,  and t h a t  t h i s  w i l l  a l s o  e l i m i n a t e  t h e  p o t e n t i a l  
problem of  land  subs idence  t h a t  has been observed a t  many s i t e s  a f t e r  
f 1 u i  d w i  thdrawal . * .  

Mineral s c a l i n g  and p r e c i p i t a t i o n  problems a s s o c i a t e d  w i t h  i n j e c t i o n  
may prove t o  r e q u i r e  chemical t rea tment  and/or  s e t t l i n g  ponds. Even i f  
i n j e c t i o n  i s  s u c c e s s f u l ,  t h e  process  i t s e l f  might produce an enhanced 
l e v e l  of s e i s m i c  a c t i v i t y ,  o r  t h e  thermal s t r a i n  f r a n  use of t h e  
r e s e r v o i r  might cause se i smic  e v e n t s .  I f  the i n j e c t i o n  process  i s  
s u c c e s s f u l  only because of t h e  removal of canpounds such as s i l i c a ,  a 
l a r g e - s c a l e  s o l i d  waste d i sposa l  problem may r e s u l t .  

Socioeconomic problems, p a r t i c u l a r l y  i s s u e s  of compat ib le  land use 
and gene ra l  problems of r e s i s t a n c e  t o  l a r g e - s c a l e  d e v e l o p e n t s ,  w i l l  be 
h igh ly  s i t e - s p e c i f i c  and w i l l  range f r a n  n e g l i g i b l e  t o  s e v e r e  depending 
upon the s i z e ,  d i v e r s i t y ,  and a t t i t u d e s  of the a f f e c t e d  l o c a l  communities. 

Well blowouts have occurred  a t  s e v e r a l  l o c a t i o n s ;  t h e  r e s u l t s  have 
not caused major damage because of the  i s o l a t e d  l o c a t i o n s ,  bu t  such 
e v e n t s  could be much more s e r i o u s  i n  o t h e r  l o c a t i o n s .  Many proposed 
power p l an t  des igns  a r e  of the b ina ry  type w i t h  working f l u i d s  such as 
i sobutane  and propane. Technology t o  ensure  c o n t a i w e n t  of such 
exp los ive  f l u i d s  under geothermal working c o n d i t i o n s  i s  e s s e n t i a l .  

One b a r r i e r  t o  l a rge - sca l e  expansion of t h e  use of geothermal energy 
is  compet i t ion  f o r  a v a i l a b l e  r e s o u r c e s ,  such as water f o r  coo l ing  and f o r  
f l u i d  i n j e c t i o n .  I f  i n j e c t i o n  of most of t h e  withdrawn wa te r  i s  
r e q u i r e d ,  then  a supplementary source  of coo l ing  water w i l l  be r e q u i r e d .  
As many hydrothermal r e s e r v o i r s  are i n  r eg ions  of l i m i t e d  water 
a v a i l a b i l i t y ,  t h i s  l a c k  of water r e sources  could r e s u l t  i n  a de l ay  o r  
could h a l t  f u r t h e r  developnent.  The l i k e l i h o o d  of water use c o n f l i c t s  i s  
ve ry  s i t e - s p e c i f i c  and ranges  from high t o  l o w .  

The r e s e a r c h  necessa ry  to resolve e n v i r o w e n t a l  concerns is being  
conducted concurrent w i th  t h e  d e v e l o p e n t  and demonst ra t ion  of the 
technology i t s e l f  . 

The Geysers , Cal i f  o r n i  a 

The Geysers is  loca ted  i n  n o r t h e a s t e r n  Sonoma County i n  the  remote 
and r e l a t i v e l y  i s o l a t e d  Mayacmas Range. 
g e n e r a l l y  rough, mountainous, and sparsely s e t t l e d .  
caamerc ia l  and i n d u s t r i a l  e n t e r p r i s e s  a r e  hun t ing  and r e c r e a t i o n ,  mining, 
and geothermal power (PGLE, 19731, w i t h  no major a g r i c u l t u r a l  e n t e r p r i s e s .  

The land  i n  t h e  r e g i o n  is  
The p r i n c i p a l  

E n v i r o m e n t  and systems c h a r a c t e r i s t i c s  of  The Geysers are shown 
i n  Table  VII-5. The f i r s t  colunn provides b a s i c  i n fo rma t ion  on t h e  
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Table Vll-5 
GEOTHERMAL-VAPOR DOMINATED SYSTEM 

U E S I D U ~  AND PRODUCTS: 
(Par  10 8tu Produced) 

A I R  
carbon d i o i i d a  
m o n b  
methane 
hydrogen u l f  ida 
arsenic 
boron 
mercury 
hydrogen 
n t e r  vapor 
nitrogm. argon 

uum S 1 S r n I  

SIZE 110 me 
151 convaraion f a c t o r  
751 capac i ty  f a c t o r  
produces 2.47 x l& 8tu per  year  
u n i t  12 of P a c i f i c  Cam and K h c t r i c  

- 

Geyeara gmmrat ing cyst- 

DESCRIPTION 
St- ia p u r c h m d  from t h e  
Ceyaera f i e l d  and is wed to  
d r l v e  a turbine generator with 
condensate  water used f o r  cool ing.  
No a h t a e n t  proceduraa are u a d  
a t  the gnerat ing  p lan t ;  however. 
t h e  steam d imt r ibu t ion  a y a t m  
include. a c e n t r l f u g a l  a r b 1  
acpra tor .  hrtbrmr .  H S 
abat-ent mumure. ara p l f n n d  
f o r  i m p l m m t a t i o n  beginning 
w i t h  u n i t  13. 

QwpowWTs 
e product ion w e l l .  

gather ing myat- 
.team d i s t r i b u t i o n  a y m t r  . t u rb ina -gmara to r  

e c o n d a a a r a  
h u t  r e j e c t i o n  myat- . a l a c t r i c a l  ' a y m t s  and controls 

c a gam a j e c t o r  8ySf(l w 
n 0 mats p r r i f i u t i m  I 
N DIVIRONMENTAL CONCERNS N hydrogm mulf ida (H2S) 1. t ox ic .  

has odor - but c o n t r o l  t a h -  
nologlea ar. a v a i l r b l e  
hlgh nolaa l e v e l s  
d l s p o u l  of rxcesa a t a n  . m l a a l o n a  h igh ly  @ita,  ra8.rvolr. 

conf l i c t .  wi th  u i a t i n g  c-ity 
and tima d e p d m t  

l i fu ty l . .  

2 50-TWO Tone 

16- 1.800 
13- 1.500 

5- 1.500 

6.7 I 10" Btu'i 

31.2 - 62.4 acre8 
149.6 - 280.8 acram L d i a t u r b d  HA. 

HA 
HA 

6-120 
N A  

4-410 

WATER 
vater vapor input  
- Acre-Feet 

1.960 
1.640 

320 

n t e r  vapor d i a c h r g e d  

u t e r  r a i o j a t d  to  
to  air  

-11. WATER POLLVIANTS~)  
carbonates 

Tonm 
8 1 - 5  
62-100 

(249) 
(86) 
(1.2) 
(76.2) 
(4.9) 
(0.06) 

- 
conat euct  ion (1 978) 
ope ra t ion  end main- 

tenenca (1976) 

miiara 
11,180,000 

175.000 

3.807.000-5,272,000 

a m o n l a  
so 

s u l f u r  
n i t r a t e  
c h l o r i d e  
calcium 
u g n c a l w  
a l l i c o n  
boron 
L o r d  r o l i d a  from 

o rgan ic s  and v o l a t l l a  

n t e r  

.uff.t. 

avaporat lon 

aolld. 

NA 

NA 
87-260 

'0.M 
'2 

NA 
NA 
NA 

44-09 

NA 

HA 
HA 

annual  coat of at- 

a h t m e n t  ~ o a t a ( ~ ) ( 1 9 7 6 )  
(1978) 

paroxide myat- 

opera t ion  and 
u i n t s r u n c a  

c a p i t a 1  
ope ra t ion  and 

u i n t s r u n c a  
a m t h e r u l  f i d d  

construct ion 
8wtheyp.l I i a l d  

ope ra t ion  and 1 

u p i t a l  

ozona aymtm 

Y I D C Q Y I I C .  

(2.0) 
(3.1) 
( 0 . 6 )  
(2.2) 
(10.0) 

401,000-490.000 

1 2  6 , O O M U .  000 

7 1 0 , O ~ l .  560,OOO 

129,W0-211,000 

NA 

(107.7) 

(120.0) 
(-320- acre.-feet) 

Olriea 

41 

BCU'. - 
5.4 x 1012 

D e c l b c l s ( A ~  
75-80 a t  50 f e a t  
85-120 at  25 f e e t  

NA ln-222 

H U T  - waste h u t  PERSONNEL 
cons t ruc t ion  ( u n - y u r a )  

Uortcr. 
57.43 

HA 
NA 

HA 
NA 

4.97 

gene ra t ing  p l an t  
well-f iald 
t o t a l  

gene ra t ing  p l an t  
well-f i a l d  
t o t a l  

ope re t ion  and M ~ ~ . I Y W C .  

NOISE 
w e l l  d r i l l i n g  
- 

mud d r i l l i n n  (60 d a r a l u c l l )  
a i r  d r i l l i n g  ( 3 0  d a y d w e l l )  
w e l l  c l u n i n g ;  OPM w e l l  

(3-6 day.) 
w e l l  t e s t i n g :  open wall 

(14 day.) 
rock muff ler  
well bleedlnp ( v a r i r b l a )  
w e l l  blowout. ( i n f r a q u a t t )  

C O n 8 C ~ c t  ion operation. 
cona tauc t ion  of p l an t  

(1-2 yurm)  
p l an t  ope ra t ion  (20-30 i u r a )  

u f f l d  .team lin. V . I I t  

j e t  gam ejector (continuous) 
a t m u  l i n e  sepa ra to r  

at- l i n e  b r M b  ( b r i a f .  

coo l ing  tower (continuoua) 
t u r b i n e  gene ra to r  bu l ld ing  

( i n t a r m i t t e n t )  

(con t h u o u  a) 

i n f r aquen t )  

(cont inuoud 

118 a t  50 f M t  

118 at 50 f e e t  
89 at 50 femt 
6S-86 a t  5 f e e t  
118 at 50 f a e t  

(1) b r a  valuaa r ep resen t  l i f c c y c l e  va luaa  d i v i d d  by annual  enmgy output ,  m u N r d  in lo1' Btu. 
(2 )  b n a t r u c t i o n  and ope ra t ion  mnd u i n t e r u n c a  coats ara f o r  t h e  p l an t  only.  
(3) b e t a  pro jec t ed  t o  a c h i w a  991 H S . b a t e a n t  a t  t h e  Ceyaera. To ba 

installed on a11 u n i t s  beginn& wi th  u n i t  14. 
o f  r e t r o f l t t i n g .  

(4 )  Site a p e c i f i c  f o r  t h a  Geyiera f i e l d .  
(5) No treatment i n v o l v d ,  r e i n j e c t e d  throuph w e l l a .  
(6) Va1u.a in p a r m t h e a u  indlcat .  ut-1 r i a a h a  I r a  tb Gayaara f i e l d  o m r a t k n a  am 

Doas Mt inClud8 Coat 

Anmumea M aht-t musure.. 

pramentad i n  Cararea.  1977. 

SOURCESr P a r w n r l  c o u n i c a t i o n  with 0. J. be..tte of P a c i f i c  h a  and Electric. 
C o m ) t a  Of Dr. Lvnn AnaDauRh. h w e n c e  Livermore h b a .  1978. 

70-90 at  50 f a a t  

90 at  100 f a a t  
84-117 a t  5-10 f u r  

eo a t  2 5  f H t  

100 a t  50 f a a t  
80-90 a t  s-10 f a a t  

7 0  ou ta lda  

. - .  
W N l d  DiPLppo. Ceo th rma l  Power P l a n t #  of t h e  United Sta tes -A  Technical  

Survey of E x l e ~ ~  and Plann-ed~nstallat ions. Brown Unlve ra i ty ,  1918. 
The WITRP. Corporat ion,  Envlronmmtal Research Needs f o r  Ccothaxnal Reaourcaa 

Developmar,  Vullue I ,  nTR-7419, 0 .  Q r e t o . ,  1971. . 

Envirommt: 
U.S. Envlrormmtal  P ro tec t ion  Agency, w r n  Energy Rewurcem and t h e  

Cmtha-1 Enargy, EPA-b00/9-77-010. May 1977. 

MERCY 
.1actr i c i t  y 2.93 x 10' k* 



Table Vll-6 
GEOTHERMAL-FLASH INJECTION SYSTEM 
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e 
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11 production welL  
6 r e i n j e c t i o n  well. 
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( fue l )  t o  PlMC at  338'11115 p a h  

220.Fl315 p.1. 
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e 
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e 
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i t a  vapor Pms.Ur'.. Thim procsme. 
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w.11.. The noncond.mabla pa. 
por t ion  of t h e  S C ~ M  i. treat.d 
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cool inp  r i c h  UCI.. C O I ~ ~ M . ~ .  
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UCU. brloe. 

production mlle .od bids 
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.tu. eyere. 
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c w l l n p  myatam 
Y28 .crubb.r 

wmmAL cOYCEpI(S 
e rdeuem of noocmdeMable p e e e  
a high ooi.. b v d .  

e l d  Nheldence 
e l n c r e u e d  ealrmic a c t l v l t y  
e d t i r a t i o n  of runoff p a t t e r n  
e h a b i t a t  d i s rupt loo  

"m p o c m ~ t i a l  pr0uduat.r c o o t d o a t i o n  

.11 f a c t o r e  are hlphly eita epocl f lc  
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(P.r 1012 I t u  Producd)  
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-(e) - 
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 field") 
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hydr0p.n 
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water vepor 

UATER POUVTAN?S(~)(~) 
c a r b o r u t u  
m n l a  
so 

eulfur 
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calcium 
u p n e m l m  
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eulfet. 
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98.8 
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w 
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w 

0.1  

4.3 I 1 0 6  

Tone 
w 
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80VLCIBr (1) Bcht.1 Corporetlon. 

A I ~ C W M C ~  for co l l t iqency  le not included lo  comt.. 

Dele v e l u n  repree&C l l f c c y c l e  v a l u u  d i v l d d  by   MU.^ mncrpy output. r u u r e d  i n  10'' Btu. 
Capi ta l  cO*tm lncluda loatallation. pereOMal.  e tc .  

Construction ra latd.  r u u l t  o f  e l t a r a d  r w f f  p a t t e r n .  

De*i8n and Economic Conaideratlona f o r  Cormurclal P w e r  Plant. at Hcber end Wlland C a l i f o r n i a ,  1977. 
(2) 
(1) 

L m m t ,  D. L.. 1911. 
K m ~ .  J. 0.. and R .  C. Orphan. ad . ,  P r o g r u  Rmport - PI 1911, Atwsphere and Caophymlcal Scimnc.. Dlvialon Phymlcm tmpartmmt. 

"Potent ie l  Crwth o f  E l c c t r l c  P w a r  Production from 1mperl.l Valley Csothc-1 Rceourcee." UCUL-52252. 

UCKL-51444-11, Lawrenc. Llvorrore Lab.. 1911. 
( 4 )  environmental P r o t ~ c t l o n  Agmcy. Yeatern Encrpy Reaourc.# end 7hr Environunt :  C s o t h e N l  Enarpy. 1911. 



geothermal systems and resources .  The second colunn p resen t s  in format ion  
on  the  r e sources  r equ i r ed  f o r  t he  o p e r a t i o n  of the  system, wh i l e  c o l m n  
t h r e e  d e s c r i b e s  t h e  environmental  impacts , r e s i d u a l s ,  and energy products .  

A i r  q u a l i t y  i s  the most prominent i s s u e  a t  t h i s  l o c a t i o n ,  but  as 
shown i n  Appendix B y  is amenable t o  c o n t r o l .  

Clear Lake , C a l i f o r n i a  

Clear  Lake is a l s o  loca ted  i n  no r the rn  Sonoma County i n  the  Mayacmas 
Range. 
s u b s t a n t i a l  r e s i d e n t  and t o u r i s t  popula t ion  i n  a n m b e r  of small  r e s o r t  
comnunities.  A i r  q u a l i t y  and c u l t u r a l  i s s u e s  appear  t o  be of g r e a t e s t  
concern,  however, t h e  l i k e l i h o o d  of adverse  e f f e c t s  on developnent are 
mediun and l o w ,  r e s p e c t i v e l y .  (See Tab le  VII-6 for genera l  geothermal 
char  ac t  er i st  i cs  . ) 

The land  i n  t h e  r eg ion  i s  g e n e r a l l y  rough and mountainous wi th  a 

Cos0 Hot Spr ings ,  C a l i f o r n i a  

Of the 51,760 KGRA acres at the Cos0 geothermal s i t e ,  t h e  m a j o r i t y  
a re  owned by e i t h e r  t h e  U.S. Bureau o f  Land Management (BLM) or t h e  U.S. 
Navy. The rest  i s  either s tate  or private property. The area i s  i n  the 
Mojave Desert, w i t h  t h e  h ighes t  e l e v a t i o n s  i n  t h e  no r th  and a gradual  
s o u t h w e s t  slope. The land is used for r e c r e a t i o n a l ,  m i l i t a r y ,  and 
a g r i c u l t u r a l  purposes;  however , a g r i c u l t u r e  i s  d e c l i n i n g  because of a 
l a c k  of i r r i g a t i o n  water (Williams et a l . ,  1978).  Coso ' s  popula t ion  i s  
main ly  r u r a l ,  w i t h  t h e  la rges t  town i n  Inyo  County having a popula t ion  of 
fewer than 10,000. (See Tab le  V I 1 4  f o r  gene ra l  geothermal 
c h a r a c t e r i s t i c s .  

C u l t u r a l  and land use  concerns rank as the  most important  i s s u e s  
f a c i n g  geothermal developnent  i n  t h e  Cos0 area,  but bo th  i s s u e s  a re  
amenable t o  r e s o l u t i o n  w i t h  l o w  p r o b a b i l i t i e s  of adverse  e f f e c t s  on 
de v e l  o pn e n t . 

Imperial  Va l l ey ,  C a l i f o r n i a  (Heber, Sal ton See, Brawley, East.Mesa) 

The I m p e r i a l  Va l l ey  i n  Imper i a l  County i s  a f l a t ,  i r r i g a t e d ,  
a g r i c u l t u r a l  r eg ion  t h a t  extends i n t o  d e s e r t  shrubland i n  the  East  Mesa 
area of s o u t h e a s t e r n  C a l i f o r n i a .  I t  is  b a s i c a l l y  a r u r a l  area wi th  m a l l  
popula t ion  c e n t e r s  (Williams et  a1 ., 1978). Environmental and geothermal 
c h a r a c t e r i s t i c s  are d e t a i l e d  i n  Tab le  VII-6. 

E x i s t i n g  county  land  use  plans and the  l o c a t i o n s  of s t a t e  and 
f e d e r a l  w i l d l i f e  re fuges  could  s i g n i f i c a n t l y  r e s t r i c t  t h e  s p a t i a l  
d e v e l o p e n t  of geothermal energy.  The t h r e e  sou rces  of land use  
r e s t r i c t i o n s  are (1 )  county zoning ord inances  , ( 2 )  t h e  coun ty ' s  U 1  t imate  
Land Use P l a n ,  and ( 3 )  proposed county r e g u l a t i o n s  governing geothermal 
o p e r a t i o n s ,  p l an t  p e r m i t t i n g ,  and p l a n t  s i t i n g  w i t h i n  t h e  county.  
R e s t r i c t e d  areas comprise c i t y  boundaries  and r e c r e a t i o n a l  zones.  The 
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U l t i m a t e  Land Use Plan  exc ludes  geothermal d e v e l o p e n t  i n  urban ,  r u r a l ,  
r e s i d e n t i a l ,  r e c r e a t i o n a l ,  p r e s e r v a t i o n ,  and s 'pecial  p u b l i c  a r e a s .  
F i n a l l y ,  r e s t r i c t i o n s  r e q u i r e  minimun d i s t a n c e  between p l an t  and 
community boundar ies ,  s c h o o l s ,  h o s p i t a l s ,  and feed  l o t s  (Layton and 
Ermak, 1976).  

(7 . 

Long Va l l ey ,  C a l i f o r n i a  

Long Val ley ,  l o c a t e d  east of the S i e r r a  Nevada Mountains i n  Mono 
County, is a r u r a l  area t h a t  i s  supported p r imar i ly  by r e c r e a t i o n  and 
tour i sm,  as well as by mining and a g r i c u l t u r e  (Williams et  a l . ,  1978). 
A i r  q u a l i t y ,  v e g e t a t i o n  and w i l d l i f e ,  c u l t u r a l ,  and land  use concerns are 
ve ry  important i n  t h i s  area and could a c t  as s e r i o u s  de t r imen t s  t o  
developnent.  The p r o b a b i l i t y  of t h e s e  concerns a c t u a l l y  a d v e r s e l y  
d e l a y i n g  developnent are i n  the medium t o  low range. 

Steamboat Spr ings ,  Nevada 

Steamboat Spr ings  is  i n  the  sh rub lg ras s l and  a r e a  of mountainous 
northwest Nevada. Nearby, e x t e n s i v e  meadows have been used f o r  
a g r i c u l t u r e  and a r e  'now r a p i d l y  being conver ted  i n t o  l a r g e  housing t r a c t s  
a t  t h e  sou the rn  edge of t h e  Reno m e t r o p o l i t a n  a rea .  
and a r c h a e o l o g i c a l  s i tes,  i n c l u d i n g  pe t roglyphs  and open a b o r i g i n a l  
camps, make t h e  a r e a  a des igna ted  h i s t o r i c a l  s i t e  (Williams et a l . ,  
1978) .I See Tab le  VII-6 for gene ra l  geothermal c h a r a c t e r i s t i c s .  A i r  
q u a l i t y ,  n o i s e ,  c u l t u r a l  and land  use concerns f o r  t h e  major c o n s t r a i n t s  
t o  developnent i n  Steamboat Spr ings .  

Nunerous h i s t o r i c a l  

I 

Nevada (Beowawe, Brady Hot sp r ings ,  Desert Peak, Humboldt House, Soda 
Lakes 
&sites are found i n  a s p a r s e l y  populated r u r a l  d e s e r t  reg ion  i n  

n o r t h e r n  Nevada. Mining, r anch ing ,  i r r i g a t e d  a g r i c u l t u r e ,  and r e c r e a t i o n  
are the major i n d u s t r i e s .  (See Table  VII-6 f o r  gene ra l  geothermal 
c h a r a c t e r i s t i c s  .) E n v i r o m e n t a l  concerns are e i t h e r  moderate or l ow a t  
a l l  of these l o c a t i o n s ,  and would not appear t o  be s i g n i f i c a n t  deterrents 
t o  developnent.  

R a f t  R i v e r ,  Idaho 

The R a f t  River  s i t e  i s ' l o c a t e d  i n  Cassia C o u n t y - i n  t h e  s o u t h e a s t  
p o r t i o n  of t h e  s ta te  c l o s e  t o  t h e  Utah border. 
t he  30,000 a c r e s  w i t h i n  the  KGRA are federally-owned. The n a t u r a l  
l andscape  which is  g e n e r a l l y . f l a t  w i t h  small g u l l i e s  and r i d g e s  has been 
a l t e r e d  cons ide rab ly  f o r  farming. Although t h e  area is almost 
e x c l u s i v e l y  a g r i c u l t u r a l  and has  a popula t ion  d e n s i t y  of  less t h a n  one 
person per square  m i l e  (Williams et al.,  19781, t h e r e  does not appear t o  
be s i g n i f i c a n t  o p p o s i t i o n  t o  developnent . 
however, may cause  l o c a l  boom and bus t  problems. 

,Approximately 25,000 of 

Geothermal r e l a t e d  a c t i v i t i e s ,  
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Weiser and Crane Creek-Cove Creek, Idaho  

These two p o t e n t i a l  developnent s i t e s ,  l o c a t e d  i n  Washington County 
i n  wes t - c e n t r a l  Idaho among low mountains w i t h  sagebrush  s t eppe  
v e g e t a t i o n ,  a r e  surrounded by g r a s s l a n d ,  g r a z i n g  l a n d s ,  and i r r i g a t e d  
c roplands .  Because of e n v i r o w e n t a l  concerns ,  t h e  Bureau of Land 
Management has r e j e c t e d  two noncompetit ive lease a p p l i c a t i o n s  f o r  f e d e r a l  
l a n d s  i n  t h e  area. 

Wayland (Battle Creek)  Hot S p r i n g s ,  Idaho 

This  p o t e n t i a l  developnent a r e a  i s  l o c a t e d  i n  t h e  s o u t h e a s t  c o r n e r  
of Idaho w i t h i n  F r a n k l i n  County. 
are i r r i g a t e d  a g r i c u l t u r e ,  s t o c k  yard  o p e r a t i o n s ,  r e c r e a t i o n ,  and 
phosphate mining. The county c o n t a i n s  important w i l d l i f e  h a b i t a t  and 
n a t u r a l  a r e a s .  Second hane s u b d i v i s i o n s  have a f f e c t e d  l o c a l  water 
qua 1 i t y . 

The primary i n d u s t r i e s  i n  t h e  county 

Big Creek Hot S p r i n g s ,  Idaho 

Big Creek Hot Spr ings  is l o c a t e d  west of the town' of Salmon i n  Lemhi 
, County. 

ha bi t a t ,  w i lde rness  areas, and many f o r e s t s  . Local i n d u s t r i e s  inc lude  
f o r e s t r y ,  l i v e s t o c k ,  dry-farming, i r r i g a t e d  a g r i c u l t u r e ,  and recreation. 
Sane mining a c t i v i t y  a l s o  occurs  i n  the  area. 

The a r e a  is  c h a r a c t e r i z e d  by s e n s i t i v e  s o i l s ,  abundant a q u a t i c  

Roystone Hot Spr ings ,  Idaho 

Roystone Hot Spr ings  i s  on the  border of Gem and Boise Count ies  i n  
wes t - cen t r a l  Idaho. Th i s  r e g i o n  o f  Idaho ,  c h a r a c t e r i z e d  by lands  t h a t  
range from high d e s e r t s  and a r i d  canyons t o  rugged mountains,  is 
e x p e r i e n c i n g  a r a p i d  ra te  of popula t ion  growth and changes i n  land  use. 
S e n s i t i v e  s o i l  c o n d i t i o n s  and waterfowl h a b i t a t  eurround t h e s e  p o t e n t i a l  
geot h e m a l  r e sources  . 
The Geysers ,  C a l i f o r n i a  

C r o w ,  N. B., "An Environment a1 Overview of Geothermal Development: 
Geysers -Cal i s toga  KGRA, Volune 4, Environmental Geology , I 1  Lawrence 
Livermore Labora tory  (November 20, 1978). 

The 

Freeman, R . ,  " E n v i r o w e n t a l  A n a l y s i s  f o r  Geothermal Energy Developnent i n  
The Geysers Region, Vol. I and 11," F i n a l  Repor t ,  SRI I n t e r n a t i o n a l  (May 
1977).  

Le i tne r  , P. , "An E n v i r o w e n t a l  Overview of Geothermal Developnent: The 
Geysers -Cal i s toga  KGRA, Volutie 3, Noise ," Lawrence Livermore Labora tory  
(August 16, 1978).  
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, "An Envi rormenta l  Overview of Geothermal Developnent: The 
Geysers-Cal i s t o g a  KGRA, Volune 5 ,  Ecosystem Qual i ty ,"  Lawrence Livermore 
Laboratory (September 13, 1978).  

P a c i f i c  Gas end E l e c t r i c  C a n p i h y  (PG&E), "Environmental Data Statement 
Geysers Unit 14--The Geysers Power P l a n t "  ( J u l y  1973) .  

Williams, F., " S i t e - S p e c i f i c  Ana lys i s  of Geothermal Developaent--Data 
F i l e s  of P r o s p e c t i v e  S i t e s ,  Vol. 111," SRI I n t e r n a t i o n a l  (February 1978) .  

Clear Lake, C a l i f o r n i a  

See the  same r e f e r e n c e s  given above f o r  The Geysers .  

Cos0 Hot Spr ings ,  C a l i f o r n i a  

BLW ( B a k e r s f i e l d  District  ), "F ie ld  Ecology Technica l  Report on t h e  Cos0 
Geothermal Study area, i n  Support of Cos0 Geothermal Development 
Environmental Statement" (Apr i l  1980). 

, " F i n a l  Environmental Impact S ta tement ,  Proposed Leas ing  Within 
the Cos0 Known Geothermal ,Resource Area ,  Inyo County, C a l i f o r n i a "  
(September 1980).  

, "Geology and Hydrology Technica l  Report on t h e  Cos0 Geothermal 
Study  Area, i n  Support o f  Cos0 Geothermal Developnent E n v i r o w e n t  a1 
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Appendix A. SIGNIFICANCE OF CONCERN OF HYDROTHERMAL ELECTRIC AND DIRECT HEAT 
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(State o f  Knaledge) ----- --- 
Column Content 
concern statement as provided In  
Appendix A 

Present Knowledge o f :  

- sever i ty  o f  hazard - adequacy of  con t ro l  

I 1. R v l p d y  nf- A j - r ~ o r n c - t l ~ l u r n  ts 

HydrothernHI f l u i d s  t y p i c a l l y  con- 
t a i n  a nunber of canyounds such as 

MI As. I1 5 .  Cl1 , Rn. llg. an 
ts(lZ'The& and other cflemicals such 
as s a l t s  i n  cnol ing tower d r i f t  
m y  be rr leased to the dtnmphere; 
impacts m y  occur on local ecosys- 
tems and on hummn heal th. 

r 

a )  H 5 I s  o f  p a r t i c u l a r  concer 
bgcause o f  unatceptrble odc 
(above Sppb) and toxlc 
e f f e c t s  (above 20 p w ) .  
Abatement systems now used 
a t  lhe  Geysers cannot camp1 
w i t h  Ca l i fo rn ia  H2S stand- 
ards; new systems w i t h  
improved capdb i l i  t y  and 
r r l f d b i i i t y  dre j u s t  
approachinq demnctra t i on  
phase. Long-term accumu- 
l a t i o n  and e f fec ts  o f  ~ 4 ,  1 - AS. and H S on ecosystems 
are unknobn. Rthodology 
does not e x l s t  f o r  predict .  
in9  atmospheric t ransport  ( 

H S i n  rough te r ra in .  Thi! i 8  needed f o r  s i t i n g  power 
plant,. 

b) Data concerninq long-term 
accumulation and e f f e c t s  
from H9. R .  As, and II S on 
ecosystems are l i m i t e d .  
Currently. t k r e  are no 
cont ro ls  being deployed for 
these po l lu tan ts .  

low = 0.1-0.3 prohabi 11 t y  o f  occurrence 
= 0.4-0.6 p r o b a b l l i t y  o f  occurrence 
= 0.7-0.9 probabl l  I t y  o f  occurrence 

MlDlVn 
HlW 

lhese are order o f  magnitude cost estimates 

Rel:re?ces 
I .  MRI ReDOrt . ~0014255-07. 

(as  i n  
Appendix A) 

-- 

L ikel ihood of a Finding 
Adverse to 

Technology Oevelopmrn t* 

Estimate o f  p robab i l i t y  
of adverse f indlng (high 
medium.or l a )  and char- 
acter o f  l i k e l y  adverse 
f Inding 

--- 

Wlu - Optimm u t i l i -  
za t ion  o f  g e o t h e m l  re. 
glons i s  l im l tcd  hy H S 
abatement constratnts? 
Systems i n  cormnerclal 
operat ion MW are not 
sat isfactory.  Future 
w e l l  head abatecnent sys. 
tems. use o f  dry coolinc 
towers, and i n j e c t i o n  
w i th  a binary system 
w i l l  require unproven 
technologv w1 th a s i g n i  
f i c a n t  cost penalty. 
Also, i t  i s  u n l i k e l y  In  
the future to have adc- 
quate abatement dur ing 
w e l l  d r i l l i n g .  wel l  
bleeding. or bypdssing 
f o r  vapor dminated re -  
sources o r  during f lash  
i n g  o f  hot water re- 
sourcrs. Ovvc lomnt  n 
predlc t 1 ve atmospheric 
modeling capab i l i t y  f o r  
rough t e r r a i n  *I11 m a x i  
mlze dispersion o f  H 5 
by select ive pmfer p?an 
s i  t ing . 

b) & d l u  - Current charac 
t e r l z a t i o n  of e f f luen ts  
ind ica te  a bulld-up o f  
Hg. B. and As. While 
these pnl lutants an no 
regulated and have no t  I hindered slttng to date 
I nnova t 1 r e  t ec hn 1 q u o  
m y  be needed f o r  clean 
up if they are regulate 

-mmiiSir 
M i l l g a t i o n  
Cost ( % I * *  

The t o t a l  cos 
( d i r e c t  and 
i n d i r e c t )  o f  
con t ro l  s tha t 
may be requir  
In the event 
adverse f i n d i  

- 

a) For H2f 
cleanup, the 
fol lowing in  
creases in 
leve l l zed  bu 
bar energy CI 

w i l l  be ln- 
curred above 
those f o r  su 
face conden- 
sers and S t r  
f o r d  process 

Yell-head 
~ abatement. 

1-51. ( I )  
Ory Cwlin 
10-151 (2) 

a I n j e c t i o n  
w i t h  b inar  ' system. 
20-251 (3 )  

b) For Hg. B 
and As clean 
5-lOX lncrea 
In leve l l zed  
busbar cost. 

-- 
Program Delay 

Period o f  program 
delay tha t  mdy r e s u l t  
from adverse f ind ing  

Delay In the Geysers 
i rea  w i l l  be s l g n i f i -  
cant. 

Delay In hot water 
resources ' w i l l  depend 
If f lash  steam design 
I s  used. 

-Eiv fiiiGiG1-3 1 3 7  

Proceeding w i th  
Technology ___ O e v r l o m n t  1 

Assessment of r l s k  o f  pro- 
ceeding w i th  technical 
developnent schedule i n  
l i g h t  of state-of-environ- 
lrpntal knowledoe. research 
schedule, and uncertainty 
o f  research o u t c m  

Medim If H2S r b a t m c n t  
systems are proven in  
f l c ld  dpp l l ra t ions .  l-ct 
of Ilg. 8 ,  and As cleanup 
w i l l  depend upon regula- 
t ions and proven technolo- 
gies. 

__- _ _  - - - - - 

-. 
2. PNL R r p n r t ;  BNUL-2I?O. 
3. 
4. Inyutrd usinq subject ive evaluation. 

Pr iva te  cnmnuncation. 0. B o e b .  oof. w i t h  Ron Walter. PNL, 7/5/78. 



Appendix A, (Continued) 
_I_ ----- __ __ 

Env i romilen t a 1 L Concern 

Column Content 

Concern statement as provided i n  
Appendix A 

___-- -- 
2. Release o f  Uaterhornemuzn(s 

l a r g e  volumes o f  spent genthend l  
f l u i d s  and cool ing .tvder hlowdown 
w i l l  he generated. They may con- 
t a i n  disrolved v o l a t l l e  compounds 
and large quant i t ies  o f  dissolved 
sol ids.  The concern i s  f o r  
long-term disposal o f  such f l u i d s  
so tha t  henef ic ia l  sources of  water 
are protected. 

_.______ 

Status 

(State o f  Knowledge) 

Present Knowledge o f !  

- sever i ty  o f  hazard 
- adequacy o f  control 

Most hlgh temperature resource 
f l u i d s  contain moderate t o  
high levels o f  s a l t s  and t r a r e  
heavy m e t i l s  (Hg. 0. Ar) Exprr- 
Irnce i n  Imperial Valley d ic ta tes  
tha t  salts w i l l  have to be f i l -  
tered out before reinJect ion t o  
avoid plugging o f  reservoir 
matr ix.  Pre-treatment before 
i n j e c t i o n  w i l l  leave rQSidudlS 
requ i r ing  surface disposal. 
Safe disposal o f  h igh sal ine 
f l u i d s  under pressure has not 
been demonstrated. Hoderate to 
low temperature f l u i d s  (non- 
e l e c t r i c  appl i c a t i o n i )  prohably 
w i l l  present ,mlnlmal hazard. 

Adverse t o  
Technology Development' 

.- 

Time 

Years o f  Ertlmate of  p r o b a b l l l t y  
r q o i r e d  I of  adverse f i n d i n g  (high 
research mdium.or low)  and char- 
( a s  i n  ac t e r  o f  11 ke ly  adverse 
Appendix A) ' f ind ing  

f 
- 

I 
lecause o f  the 
arge volume o f  
taste and un- 
e r t a i n t i e s  sur- 
.ound ing plugginc 
tLD will be sub- 
, t a n t i a l  ( 5  
wars).  

k d i m  - Safe disposal o 
br lne In Imperlal Valley 
w i l l  be required t o  pro- 
t e c t  a g r l c u l t u r a l  devel- 
opments. In most cases 
grothernal f l u i d s  cannot 
be dispensed i n t o  surfac 
o r  groundwater systems 
i f  t o t a l  dissolved s o l i d  
( I D S )  exceed 1000 ppm. 
P luqg in j  from 
i n j e c t i o n  may be re -  
solved by pretreatment. 
usual ly f o r  s i l i c a t e s .  
Another opt ion i s  evapor 
a t i v e  ponding o f  the 
waste. Innovative t r e a t  
ment. such a s  reverse 
orrnoris. could r e s u l t  I n  
a reconddry use of  the 
water. A l l  o f  these 
advanced SyStmS w i l l  
have an accompanying 
s o l i d  waste disposal 
vroblen. 

- -_ __ __ 
Addi tionaT- 
M i  t loa t ion 
cost ($)e* - 

he t o t d l  Cost 
d i r e c t  and 
nd i rec t )  o f  
on t ro ls  t h a t  
ey be requirer 
n the event OI 
dverse findinc 

he l e v e l i r e d  
usbar cnsts w i  11 
ncrease n jec t ion  above by: 

t I n j e c t i o n  
w i t h  t r e a t -  
ment about 
9 1 ( 1 )  

0 Ponding 
about 1 % ( 1 )  

0 Reverse osm 
s i s  about 22 

( 1  
Note: Ahove 
costs do not 
include s o l i d  
Waste disposal 

Program Oelay 

Period o f  program 
delay tha t  may r e s u l t  
frm adverse f ind ing  

Delay I n  Geysers would 
be minor because low 
I D S  f l u i d s  present 
l i t t l e ,  i f  any. prob- 
lems f o r  disposal. 

Delay I n  Imperial 
VallPy could be s i g n i -  

content f l u i d s  cannot 
he in jected. 

f i c a n t  I f  h lgh S d l t  

Tnvironnic%t,il k<<k of 
Procrrding w i th  

echnol oqy nevclopwnt 1 
ispsment o f  r i s k  o f  pro- 
erding w i t h  technical 
cvelopment schedule i n  
iqh t  o f  state-of-environ- 
ental knmlpdqe, r r r c a r c h  
chrdule. and uncr r ta in ty  
f . rerearch - _ _  - .- o u t c a e  - _- 

toderate f o r  most non- 
l r c t r i c  and low sa l ine  
ppl  i c a  t ions . S i q n i  f i - 
ant f o r  h igh  saline app l i -  
at ions brcair\e there i s  d 
ieed to  e s t a h l i r h  that  f l u i d  
an be i n j e c t r d  a t  h iqh  
'ate5 ovr r  lpnq periods o f  
Ime. Also,  LPA sl.aridards 

.or sa f r  d r i n k i n q  watrr  mdy 
ireclude i n j r c t i o n  i n t o  
lo ten t id l  water aqui fer<,  and 
Iciotircr Corirrrva t i o r i  and 
lccovcry A c t  may l i m i t  
iondinq. 



Appendix A. (Continued) 

T i m e  ' 
_ _  . . . . . . . __ 

E l l V l  I'orlllcnta 1 
Concern 

.. 

Co?urnn_Cpnten!. 
Concern s tate iwnt  ds provided i n  
Appendix A 

Technology Drveiopmentb 

3 .  Nui,! 

Uncontrol led noise level, associa- 
ted w i t h  explorat ion and d r i l l i n g .  
we1 1 vent ing. hiid olierat ional  pro- 
cesses cdn reach leve ls  as h igh as 
l2OdEA w a r  the p lan t  and may have 
deleterious effect, 011 human hedl t l  
rnimdl hu5baiidry and perhaps ra re  
and endangered sliecies' breeding 
h r b i  ts.  

LOU * 0.1-0.3 probabi 
MEDIUM = 0.4-0.6 probabi 
HIGH = 0.7-0.9 probabi 

S t d t U S  

(State o f  Knowledge) -- 
Present Knowledge o f :  

- sever i ty  o f  hazard 
- adequacy o f  con t ro l  

los t  noise p o l l u t i o n  w i l l  be 
issociated w i th  vapor daninated 
-esources and we l l  venting and 
,leeding operdtions dur ing a i r  
I r i l l i n g  phases. Adequate noise 
ibateinent techniques f o r  d r i l l i n c  
Ind we l l  flow tes t i ng  need t o  be 
leveloped. Moderate impact on 
M i l d l i f e  hab i ta t  can be expected 
4ux i l i d ry  d r i l l i n g  cquipnwnt w i l  
ieed t o  be acoust ica l ly  shielded 
Present mu f f l i ng  systcins are 
moderately successful bu t  are 
costly. 

l t y  o f  Occurrence 
i t y  o f  occurrence 
i t y  o f  occurrence 

L a e l  i hood-6 fTF ind - iG-  ~- 
Resedrch r Adverse tn 

Years o f  
required 
research 
(as I n  
Appendix A) 

1-2 

*' There r r e  order o f  magnitude cost  estimates 

Re ference 

1. Yr ivdte cusisunication. 0. tloelim, DOE. with P. Le i tner .  S t .  Mdry's College. 7/5/78. 
__ ... - . . - 

Estimate of p robah i l i t y  
o f  adverse f ind ing  (high, 
medium.or low) and char- 
acter  o f  l i k e l y  adverse 
f ind ing 

Lou - Adequate contro ls  
can be developed fo r  we l l  
d r i l l i n g  dnd wel l  venting 
tes ts  i n  vapor dominated 
resources. Need fu r the r  
R60 on long-term e f fec ts  
on w i l d l i f e  habi tats and 
d r i l l i n g  operations withii 
nearby cainiunl t y  boun- 
daries. Noise from de- 
velopiient of  hot-water 
resources w i l l  be less 
and control lable.  

- .. . -. - .- 
Add i t i o n a r  
M i t i ga t i on  
cost  (I)" 

he t o t a l  cost  
d i rec t  and 
nd i rec t )  o f  
ont ro ls  tha t  
ay be require,  
n the event o 
dverse findin1 - -. 

lo ise abate- 
wnt  systems 
r i l l  have an 
i dd i t i ona l  
leve l ized bus. 
mr cost o f  
less than 1%. 

( 1  

Program Delay 

Period o f  prograni 
delay tha t  may resu l t  
from adverse f i nd ing  

l a j o r  delays could be 
associated With expan- 
s ion o f  the Geysers t o  
2000 Hue. 

Delay i s  moderate f o r  
lmper ial  Val ley.  

Proceeding w i  t h  

issesrment o f  r i s k  o f  pro- 
eeding with technical  
levelopment schedule i n  
l i g h t  o f  state-of-envircn- 
E n t a l  knowledge, research 
,chedule. and uncertainty 
If research outcome 

Low r i s k s  i f  economical and 
r e l i a b l e  systems, using 
present day technology, can 
be demonstrated fo r  a i r  
d r i l l i n g  and p lan t  ventiny/ 
bleeding. 



Appendix A. (Continued) 

Envi rnnmental 

Concern I- __ .-- 

Cojumn C p n t m t  

Concern statenent as provided i n  
Appendia A 

4 .  Suhs idence 

l h e  removal o f  large quan t i t i es  of 
hydrothermal f l u i d  may r e s u l t  i n  
suhsidrnce. Ttie importance of  
subsidence w i l l  be s i t e - \ p r c i f i c ;  
a t  locations such as I h r  Imprr ia l  
Va l i r y  where the qeothrrmal res r r -  
vo i r s  are over la i r i  w i t h  agr icu l tura 
land. ruhcidence impact could be 
r i q n i  f icant .  

.- 

status 

(State o f  Knowledqe) 

Present Knowledge of: 
- s w e r i t y  o f  hazard 
- adeqiracy o f  control 

ur rent  m i t i g a t i o n  s t r a t r g i r s  a r e  
ased upon o i l  , f i e l d  and ground 
a t e r  ex t r a c t i o n  exprr i rncrs  . 
i t t l e  actual expericncp r x i s t s  
n rnanaqrment o f  suhsidence i n  
eothennal f l u i d  withdrawal- 
r i ject ion. Most plnns c a l l  for  
n jec t i nq  i n t o  s t ra ta d i f f e r e n t  
rm where f l u i d  i s  i n i t i a l l y  
x t ractcd.  l h r  prcvrnt ion of  sub 
idrnce Under these condit ions i s  
0'1 c l e a r l y  understood, nor are 
he factors  tha t  control w b i -  
lence i n  general. Once subsidenc' 
,ccurc. the e f fec ts  M y  he 
'evrrsed. hut  a t  s ign l f icant  C O S t  

LOU = 0.1-0.3 p robab i l i t y  o f  occurrence 
= 0.4-0.6 prohah l l i t y  o f  occurrence 
= 0.7-0.9 p r o b a b i l i t y  o f  occurrence 

MLDlUH 
HIGH 

lhese are order o f  magnitude cost  ert lmates 4. 

Refeyence 

I .  Pr i va te  comnunlcation. 0. Boehn. DOL. w i t h  Ron Yal t r r .  PNL. 7/5/78.  

Technology Oeveiopnrent+ 

Years o f  
requ i r rd  
research 
( a s  i n  
Appendix A) f i nd ing  

I acter  o f  l i k e l y  adverse 

i 
- 

3 Medium - The e f f i cacy  c f  

f l u ids  has not  been 
demonctra led. 

---r , by subsiderice i n j e r t l o n  prevention o f  spent 

I 

- m d x  T o r  
M i t i g a t i o n  

Ihe t o t a l  cost 
(d i rec t  and 
i n d i r r c t )  o f  
ron t ro l r  that  
nay he req i i i r r  
i n  the evrnt  o 
Idvr rse f i nd in  

Cost ($)*' --- 

I f  in,ject i on  
i s  used f o r  
l i q u i d  waste, 
no incrementa! 
costs. 

If ponding i s  
used and somr 
form o f  i n j c r -  
l i o n  i s  needrr 
t o  contro l  
subsidence. 
then an addi- 
Ilona1 l eve l -  
ized huslpar 
cnst o f  up t o  
ZWX could he 
Incurred. ( I )  

-. - 
Program Delay 

--__- 
Period o f  proqram 
delay tha t  may r e s u l t  
from adverse f i nd inq  

Delays i n  Imperial 
Val ley could he s i g n i -  
f i can t  if process i s  
proven in feas ih le  o r  
unsuccessful. Delays 
are not  foreseen for  
Grysrrs a r m .  

- 
Env i rnn&cnlai Riik-01 

Pro rwd in i i  w i t h  
Technology Development ..~ . -. 

A\se\sient of r i s k  of prn- 
cceding drvr lnpsrnt  h i L h  schrdule technical i n  

1 i q l i t  o f  * ,ca t r -o f  - rnv i i nn -  
s rn ta l  k n w l r d q r .  r e t r a r r h  
rrhedir lr  . ,ind unc r r t a  i n t  y 
nf r r 5 v 1 1 r i  h ni i1row 

- . .  . 

5 i qn i f i can  t f n r  Iniiier i a I 
Vd l l r y  due to s r n s i t i v r  
ag r i cu l  I iirr arid uriccrta in-  
o f  t i e r  i n j r c t e d  surroundinq f l u ids .  pluqqiny 

The Gry%rrs would b r  
undf fect rd.  



I 

__ - __ . - ___ . - _- - - 
E IIV i i-oruiwn t a 1 

Coiirerri 1. -___-__-- 
C~I!!iC JrJntenJ 
Concern statetilent as provided i n  
Appendix A 

__-- __ 
5. Enhanced 5elsniici t y  

The withdrawal and/or i n j e c t i o n  o f  
hydrothernial f l u i d s  may enhance thc 
frequeiicy o r  mdgni tuJe o f  Selsmlc 
event\. 

Status 

( 5  t a  t e  o f  Know1 edge) 

Present Knowledge of :  

- sever i ty  o f  hazard 
- adequacy o f .  cont ro l  

Evidence f o r  inducing seismic 
events ex i s t s  from high 
pressure i n j e c t i o n  a t  Rocky 
Mountain Arsenal, Colorado. I t  
i s  un l i ke l y  tha t  low pressure i n -  
j e c t i o n  associated w i t h  geothernla 
f l u i d  disposal  w i l l  induce 
seismic events. Observations i n  
Impcr ia l  Val ley where l i m i t e d  , 
in jec t i on  has takcn place, i n d i -  
cate no observdble co r re la t i on  
between seismic phenomenon and 
in jec t i on .  Need more data f o r  
var ious geological  formations and 
long-term h igh f low rates O f  
i n jec t ion .  I t  i s  postulated that 
reservo i r  cool-down resu l t i ng  
f run  f l u i d  withdt.awd1 may induce 
microseismic events. (This. however 
could be bene f i c ia l  hy precluding 
a large acute event.) 

LOU = 0.1-0.3 probab i l i t y  o f  occurrence 
= 0.4-0.6 p robab i l i t y  o f  occurrence 
= 0.7-0.9 p robab i l i t y  o f  occurrence 

MfDIUM 
H l G l l  

Appendix A. (Continued) 

L i  e T h o o d o f a F i n d i n g  
Adverse t o  F Techno1 oyy Deve 1 opmen to 

Research 

Tiine 

Estiina t e  of p robab l l i  t y  
o f  adverse f i nd ing  (high, t------ medium,or acter  o f  l i k e l y  low) and adverse char- 

Years o f  
required 
research 
(as i n  
Appendix A) 1 finding 

-- i 

Low - Minor impact expec- 
I ted, however. s u f f i c i e n t  

basel ine observations 
should be made i n  ea r l y  
phases o f  developnent t o  
estdbl ish data base 
necessary f o r  d i s t i ngu i -  
shing between natural  
seismic evvnts and 
possible induced d c t i v i t r  

3 

I 

_- 
Addit ional  I 
M i t i ga t i on  1 
cost  ( I )"  

ne t o t a l  cost  
d i rec t  and 
ndi rect )  o f  
Dntrols tha t  
ay be required 
n the event of  
dverse f ind ing  

I t  i s  expected 
:hat inorii toring 
woyram w i l l  
indicdte no 
ieed f o r  
Ion t ro ls  o r  
that procedun' 
:oritrol w i  1 1  
iiiipose minor 
 COS^ penal t ies 

Proyram Delay 

'eriod o f  program 
lelay tha t  may r e s u l t  
iron1 adverse f ind ing 

one expected. bu t  
a r l y  basel ine 
'ata on seismic ac- 
i v i t y  should be 
leveloped and nioni- 
.or ing proyrdni estab- 
ished f o r  ear ly  (1-2 

t r )  f l u i d  wittidrawdl 
wid i n jec t i on .  

?nv i romenta l  Risk o 
Proceeding w i t h  

Technology Developlnent -1 
lssessment of r i s k  of pro- 
:eeding w i t h  technical 
levelopiirnt schedule in  
l i g h t  of  state-of-environ- 
?ental knowledge, research 
ichedule. and uncertainty 
I f  research outconle 
- -- 

Low - However, essent ia l  
to  establ ish pre-startup 
background ddtd dnd moni- 
t o r i ng  program dur ing ear ly  
resource u t i l i z a t i o n  - -  
both e l e c t r i c a l  and non- 
e l e c t r i c a l  appl icat ions.  

** These are order o f  magnitude cost estimates 



Appendix A. (Continued) 

Concern 

k u m n  Content 

Concern statement as provided i n  
Appendix A 

6. Uater Use 

Many proposed methods of  u t i l i z i n g  
geolherna1 energy w i l l  requ i re  out 
side sources o f  water f o r  cool ing 
systems. As many genthrmal 
resource areas are i n  semi-arid 
regions, c o n f l i c t s  concernlng 
the most benef ic ia l  uses o f  water 
nay ar ise.  

~ - -  
Status 

(State o f  Knowledqe) 
- 

Present Knowledge of: 
- sever i ty  o f  hazard - ddeqUdCy O f  Control 

I n  most cases. powerplant con- 
j rnsate w i l l  not be avai lable for 
:ooling purposes since i t  may be 
iceded fo r  r e i n j e r t i o n  i n t o  the 
qround fo r  con t ro l  of possible 
subsidence. Alternate sources oi 
dater should be recognized 
and developed. It may be possibl  
to use a q r i c u l t u r a l  waste water 
i n  the Imperial Valley. A l t e r -  
nativ'cs f o r  cool ing water resour- 
ces in  most KGRAs have ye t  to bc 
ident i f ied .  I 

4 Low = 0.1-0.3 p r o b a b i l i t y  o f  occurrence 
= 0.4-0.6 p r o h a b i l i t y  o f  occurrence 
= 0.7-0.9 p r o b a b i l i t y  of occurrence 

MEDlUfl 
H itH 

These dre order o f  maqnitude c o s t  estimates ** 

; m i h o o d  o f  a F m  
Adverse t o  

-~ 
Research 

Time , Technology Development* 

Years o f  Estimate o f  p r o b a b i l i t y  
required of  adverse f ind ing  (high 
rerearch medium.or lo*) and char- 
(as i n  ac te r  o f  l i k e l y  adverse 
Append{& A)  finding 

_- 

1 k d l u m  - Dependinq 
upon the development o f  
sources f o r  cool ing 
water and extent o f  
r e i n j e c t i o n .  Local requ 
1dtiOnS i n  Imperial Valle 
mandate i n j e c t i o n  o f  vol 
unes of r a t e r  equivalent 
to quant i t ies  extracted. 
Other KGRAs (both elec- 
t r i c  and non-e lec t r i c )  
face s i m i l a r  problems, 
except vapor dominated 
resource dreas o f  the 
Geysers. Hot water re- 
sources ir the Geysers 
w i l l  prrscnt r r i r i J r c t i o n  
and water resource protr- 
lcnn . 

m G d F  
M i t i g a t l o n  
Cas t  ( S ) * *  

he t o t a l  cos1 
d i r e c t  and 
nd i rec t )  o f  
on t ro l  s that  
ay be requ i r f  
n the event c 
dverqe f i nd i r  

I ndetenni nd t e  

Program Delay 

Period o f  program 
delay tha t  may r e s u l t  
from adverse f ind inq  

Delay could be sub- 
s t a n t i a l  i f  a l t e r n a t i v e  
dater resources use 
becanes an issue. 

TiGi Fri in i i iXi i  ~i 5 C o f  
Procredinq w i t h  

lechnol oqy Devel opment _11 
ssessmpnt o f  r i s k  of  pro- 
eedinq w i t h  technical 
evr lo imrnt schedulr i n  
i g h t  of  state-of-environ- 
en ta l  knowlrdqr, r r t r a r c h  
clicciulc. dnd uncertainty 
f resrar rh  outrmr 

. _- _. - 

---_ - 

, ign i f ican t envi ronmenta 1 
Sffectr from u t i l i z i n g  
rater rrsnurce5. i .e., 
bgr1cii ltural waste water. 
,allon Sra ,  etc.  could stop 
lu r ther  d e v e l o m n t .  



. . -  __. ._-. _- 
Lnv I roiuivnta I 

Curucern 
. -... --- 
Column Conte!s 

Concern statmlerit as provided i n  
Appendia A 

I 

1 .  Ld_nd--u_sc. 

Sane yeothcnilal develoylirnts may 
cmse ldiid use c o n f l i c t c .  They 
may thredten p r i s t i n e  wilderness 

dangered. threatened. o r  recreat ior  
a l l y  iniportdiit 5Iiecles; o r  c o n f l i c t  
w i t h  other b e n r f i c i d l  uses such as 
agr icu l  l u r e  o r  recreat ion. 

drt .dS; lullrdct up011 hab i ta t  O f  en- 

'resent Knowledge of: 

- sever i ty o f  hazard 
- adequacy o f  con t ro l  

u l l  scale development i n  
mperial Valley i s  predicted not 
o r e s u l t  i n  major c o n f l i c t  w l t h  
g r i c u l t u r e  o r  gdme refuge areas. 
,aseline data i n s u f f i c i e n t  i n  
wst KGSA's and impact on en- 
laryered species i s  hard t o  We- 
l i c t  a t  t h i s  tin*. Disturbance 
If rap tor  nest in i j  areas may be 
.hreatened i n  l l i e  Geysers and 
l a f t  River, Idaho. KGRA's. In- 
, u f f i c i e n t  data e x i s t s  between 
*elat ionship o f  ho t  springs and 
iearby d r i l l  i ng  o f  geothermal 
e l l s  when cannon reservo i r  is 
lnvol  ved. 

Low = 0.1-0.3 p r o b a b i l i t y  of occurrence 
= 0.4-0.6 p r o b a b i l i t y  o f  Occurrence 
= 0.7-0.9 p r o b a b t l i t y  of occurrence 

MEOlUM 
HIGH 

There are order of magnitude cost estimates ** 

-- 
Research 

Tilne 

Years o f  
requ i red 
research 
(as i n  
Appendix A) 

2 

Llkel T h T a o  f T F T n d T n i  - 
Adverse to 

Techno1 ogy Oevel opnm t 

E s t i m a t e  o f  p r o b a b i l i t y  ' 
o f  adverse f inding (high, 
mdium.or low) and char- 
ac t e r  o f  1 i kely adverse 
f ind ing  

Low - Relationship be- 
tween wel l  d r l l l i n g  aiid 
impact on hot sprinys may 
prove t o  he benign. W i l l  
a f f e c t  development o f  
wells w i t h i n  1-2 ni i les 01 
protected hot sprinys. 
E f fec ts  on raptor nesting 
areas and w i l d  tiopulatioi 
and nearby huindn popu- 
l a t i o n  nccd t o  he coli- 
firmed. 

- - . -_ _- 
Addi t ional  
M i t i g a t i o n  
cos t  (I) . .  
____- 
he t o t a l  cost  
d i r e c t  and 
n d i r e c t )  o f  
o n t r o l  s tha t  
u y  be require1 
n the event o 
idverse f ind in i  

lnde termi na t e  

Program Delay 

Period o f  program 
delay tha t  my r e s u l t  
from adverse f ind ing  

Permanent - I f  d r i l l i n y  
near protected hot 
springs (especial ly 
Ca l i fo rn ia )  cannot he 
shown t o  have iiiininial 
e f fec ts  on hot spr ing 
produc t iv i t y .  iiearby 
areas could be with- 
drdwn frail gcothennal 
developnunt. 

-_ 
Environiipnta\ Risk o 

Proceeding w i t h  
lechnoloyy Oevelopment 

ssessnient o f  r i s k  o f  pro- 
eeding w i th  technical 
evelopmnt schedule i n  
i g h t  o f  s t d  te-of-envi  ron- 
en ta l  knowledqe. research 
chedule. and uncertainty 
f research outcome 

- J 

.and w i  11 be reciioved from 
b l te rna t ive  uses. Well 
s i tes and associated 
re5ource technologies w i l l  
include agr icu l tu re .  w i l d  
gdine huntiiiq. recreat ion,  
placaiwiir o f  lodges and other 
humn recreat ion resources 
i n  the area. 



Appendix c,. (Continued) 

Envtronmental 

Concern 

Colym- Cst enr  

Concern statement as provided i n  
Appendix A 

I 

i t .  Sgc I a 1  Sr~v~c$ic@pu~i~y 

A l l  hydrothermal ?evelopments w i l l  
have an impdct throuqh the demand 
f o r  workers and. the i n f l u x  o f  
money. l h i s  impact may be con- 
s idered pos i t i ve  o r  negative de- 
pending upon thr existing. 
cmmunity s t ructure and l i f e - s t y l e  
and may range frim nrq1 i g i b l e  t o  
major depending upon the  s ize o f  
thr development and the  s ize  and 
d i v e r s i t y  o f  the loca1,economy. 

Structure 

__--__ 
S t d t U S  

(State o f  Knowledqe) 

Frese'nt Knowledge of :  

- sever i ty  o f  hazard - adequacy o f  control  

Presrnt knowledge indicates 
economic impacts w i  11 he pos i t i ve  
especial ly i n  Imperial Va l l ry .  
lmpdCtS on l i f e - s t y l e s  I n  the 
Seysers KGRA cannot be assessed 
f u l l y  due t o  lack o f  data. 
Social and l i f e - s t y l e  modif ica- 
t ions r e l a t i v e  t o  re l ig ious  and 
other cu l tu ra l  he l i e f s  need 
fur ther  analysis and assessments. 

Lou = 0.1-0.3 probabi 1 i t y  o f  occurrence 
= 0.4-0.6 p robab i l l t y  o f  Occurrence 
= 0.7-0.9 p robah i l l t y  o f  occurrence 

MEDIUM 
HIGH 

These are order o f  magnltude cost  estimates ** 

Research 

Time 

Years o f  
required 
research 
(as i n  
Appendix A) 

3 

Estimate o f  p robab i l i t y  
o f  adverse f ind ing (h igh  
nedium,or low) and char- 
acter of l i k e l y  adverse 
f i nd ing  

Lou - I n  Imperial Val ley 
Possible s ign i f i can t  
prohlems i n  Hawaii. the 
Geysers. Cos0 Hot Spring 
Long Valley due t o  
establ ished re l i g ious -  
soc ia l  mores associated 
w i th  ho t  springs and 
energy ek t rac t ion. 
Enui ronmenta 1 organ 1 - 
zdtions may object  t o  
developnent i n  sane 
KGRAs I n  Oregon and Long 
Valley. Cal i forn ia .  

f 

Add innKaT--- 
M i l l ga t i on  
cost  ($)'* --___ 

'he t o t a l  cost  
d i r e c t  and 
Ind i rec t )  o f  
on t ro l s  tha t  
wy be require1 
In the event o 
idverse f indini  

Indeterminate 

Program Delay 

Period o f  proqram 
delay tha t  may r e s u l t  
from adverse f i nd ing  

Could be s ign i f i can t  
w i t h i n  spec i f i c  areas 
of several KCRAs (e.g. .  
Lake Country and Long 
Valley. Coso). 

fnvironmrntal- u i s i -  0.i- 
Proreodinq w i th  

Tec hnnl oqy D w c l  iipiicwt 

Issessment o f  r i s k  o f  pro- 
:eQding levelopment w i t h  schedule technical  i n  

I iqht  of s ta l r -o f - rnv i ron -  
w n t a l  knnwlrdqe. research 
xhrdule.  and i rncrr ta i n t y  
i f  . . . r r s ra rch  . . -. . . nutcmw . . . 

1 ._ . ~. 

f a i l u r e  t o  resolve issues 
uhrre there i s  loca l  oppo- 
s i t i o n  r e s u l t  to i n  s i t i n g  genrral ized could publ ic  

react ion to hydrothermal 
drve lnpl i rnt .  



Appendix A. (Concluded) 

Cnvi riiiriicnta 1 

Collccrn 
- -. __ - - - -- -- - 

9 ~ U ~ l ~ ~ _ C _ o l ~ t ~ ~  

Concern stdteiitent as provided i n  
Appendix A 

L 

__ - 

status 

( 5  t a te  o f  Know1 edge) 

Present Knowledge of :  

- sever i ty  o f  hazard 
- adequacy o f  cont ro l  

I 9. Syltein SdfeQ- atid Occupational 
t+Lljl-- 

The safety o f  hydrothermal energy 
ext ract ion and u t i l i z a t i o n  systcriis 
could becalie a nldjor issue i f  ear ly  
s iqn i f i car i t  f a i l u res  occur. Prob- 
IWII, m y  ar ise re la ted t o  proper 
hard1 irig o f  h igh pressure. corrorivt 
hydrothcriilaI f l u i d s  and explosive 
f lu ids .  such as isobutdne and pro- 
p a w  which may be used i n  secondary 

Data frmi f i e l d  experience i n  
hydrothermal binary sys tems 
using isobutane and/or propane 
does not ex i s t .  Although much 
data i s  avai lab le f o r  handling 
v o l a t i l e  gases in other indus- 
t r i e s ,  hazards could be con- 
siderable with heat exchangers 
u t i l i z i n g  corros ive h igh temper- 
a ture geothermal f l u i d s .  Possibl 
e t fec ts  t o  workers exposed to  low 
leve ls  of  H2S have riot been f u l l y  
evaluated. 

IOU = 0.1-0.3 p r o b a b i l l t y  o f  occurrence 
= 0.4-0.6 p robdb l l i t y  o f  occurrence - 0.7-0.9 p robab i l i t y  o f  occurrence 

HLOIUH 
Hlbti 

* *  These are order o f  magnltude cost  estlmter 

H%f.grmcy 
I. Iluputt-4 u>rng 5iibJectlvr evaluat ion.  

Years o f  
required 
research 
(as i n  
Appendix A) 

____ 
l i ke l i hood  of a Finding 

Adverse to  
lechnology &eveloprent* 

Estimate o f  p robab i l i t y  
o f  adverse f ind ing  (h igh  
medium.or low) and char- 
acter  o f  l i k e l y  ddVerSe 
f i nding 

3 I Low - Since m a s t  systems 
w i l l  f l dsh  hot water to. 
steam. I i zS w i l l  be coi;- 
t r o l l e d  by dbatement 
s t ra teg ies.  

Addi t ional  
H i t l g a t i o n  
Cost ($)"  

rhe t o t a l  cost  
( d l r e c t  and 
ind i rec t )  o f  
controls tha t  
nay be requirec 
in the event o 
lverse f i n d i n i  

ncrwlien t a  1 
ust .  above 
I 5 and noise 
i2dtment. fo r  
,a fe ty  contro l  
r i l l  be 0-1% 
)f leve l ized 
JUSbar C O S t . ( l  

Program Delay 

Period o f  program 
delay tha t  may r e s u l t  
from adverse f i nd ing  

.ow - Unless major em- 
)hasls i s  placed upon 
levelopwnt  o f  b inary 
iystems. especial ly i n  
Yiland. Ca l i f .  where 
geothermal f l u i d s  are 
the most corrosive and 
const i tu te  a worst 
tdse s i tuat ion.  

-fnvlrsta 1-Rxk-o f 
Proceedinq w i th  

lechnoloqy Oevelopwnt 

issessment o f  r i s k  o f  pro- 
levelopwnt eeding with schedule technical  i n  

i g h t  o f  s ta te-of  -environ- 
iental  knowledge. research 
~ h e d u l e .  and uncertainty 
)f research outcome 

1 -_____ 

~ _ _ _ _ . _ _ _  

LOW 



APPENDIX R 

COMMENTS ON THE DSEIS AND STAFF COMMENTS 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

. " WASHINGTON.  0 C 20460 # .  

.I , . 

Mr. Kenneth F. Plumb, Secretary 
Federal Energy Regulatory Commission 
E25 North Capitol Street., N.E. 
Washington, D.C. 20426 

Dear Secretary Plumb: 

The U.S. Environmental Protection Agency (EPA), in accordance 
with Section 309 of the Clean Air Act (42 U.S.C. 7609), has 
reviewed the Western Regional Draft Supplemental Environmental 
Impact Statement (EIS) for the Federal Energy Regulatory 
Commission's (FERC) Proposed Rulemaking for Small Power 
Production and Cogeneration Facillties - Exemptions for 
Geothermal Facilities (FERC Docket No. RME1-2). 

Our procedure for reviewing Draft EIS's is to categorize our 
comments on both the environmental conaequences of the 
proposed action and the adequacy of tbe impact analysis. 
EPA has categorized this EIS as "M-2 . EPA has no objections 
to the proposed action, but we want the final EIS to provide 
w o w  additional information. Although we found this EIS to 
be a well written and thorough document, we have prepared 
the enclored detailed comments to assiat you in preparing 
the final EIS. 

If you have any questions concerning EPA'e comments, filease 
contact John Heagher of my staff (755-0790). 

Sincerely yours, 

Director 
Office Of Environmental Review 

Enclosure 



DETAILED COMMENTS 
OF THE 

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) 

DRAPT SUPPLEMENTAL EIS 
FOR 

PERC'S PROPOSED RULEMAKING 
ON 

EXEMPTIONS FOR G E O T H E W  FACILITIES 

1. Although the EIS suffices as a programmatic analysis of 

ON THE 

the geothermal exemption program, many of EPA's environmental 
concerns are site specific. 
commit PERC to conducting REPA reviewa of the indLVidua1 
geothermal exemptions. EPA's comments are predicated 
on the assumption that necessary environmental reviews 
at the local, state'and federal level will occur on 
qualifying facilities, as vas,stated in the background 
section of the proposed rulemaking. 

of principal adverse environmental ippacts in the 
Summary Chapter. 
to the problems of boric acid that are discussed in 
Chapter VI1 of the DSEIS. Boric acid is the only pollutant 
with a noticeable visible effect - the destruction of 
vegetation - and it warrants mention in the Summary. 
(The reference to "boron" on page.VI1-10 should, of 
course, be changed to "boric acid:) The discussion 
of boric acid in Chapter VI1 does not adequately reflect 
its potentially significant environmental effects. 
believe that the statement "boric acid' ... (is) relatively 
innocuous" (page VI1 - 15) understates the problem. 
A more,detailed discussion of the effects of boric acid 
should be included in the PSEIS. EPA's Pollution 
Control Guidance for Geothermal Ener Development,, EPA 
~00/7-78-101, should help you (see pz:e 38) in makihg 
these 'mqdif ications. 

The discussion of'the air quality impacts from hydrogen 
sulfide on page VII-1 needs to be clarified. 
could infer incorrectly that EPA is developing a 
National Ambient Air Quality Standard (NAAQS) for 
hydrogen sulfide: 'whereas, EPA ie considering a New 
Source Performance Standard (NSPS) for hydrogen sulfide 
plants. 

Page 1-3 of the Sumnary cites the "hydrogen sulfide 
scrubber" system as an example of emission control for 
geothermal facilities. We believe that the EIC copper 
sulfate process (discussed on page VII-4) is the most 
significant government funded measure for near term 
development. This and other near term development 
technologies should be mentioned on page 1-3. 

The Final SEIS ahould 

2. EPA reconmends the additio f boric acid to the list 

This will give additional prominence 

We 

3. 
A reader 

Except where n o t e d ,  t h e  s u g g e s t e d  
changes have been incorporated  i n t o  
t h e  EIS. 



4. The permit requirements of EPA's Underground Injection 
Control (UIC) regulations should be referenced on page 
VII-7. In addition, there ehould be some mention of the 
USGS Geothermal Resources Operational Orders which 
provide for strict regulation of drilling procedures 
on public lands to protect groundwater and environmental 
quality. The reference on page VII-7 to an EPA draft 
order to develop state groundwater designations (Federal 
Re ister November 24, 1980) should be clarified. The a+---- ra t order'did discuss the proposed National Groundwater 
Strategy encouraging aquifer study and classification, 
but it i,s not as yet part of the UIC regulatory fr-work. 

The EIS on page V-E listed Washington among the states 
in which no project-specific near-term PURPA-induced 
development is expected. With one active and several 
dormant volcanoes, the State of Washington would seem 
to have a high potential for geothermal energy development. 
Congress recently enacted the Pacific Northwest Electric 
Power Planning and Conservation Act (PL 96-Sol), which 
in combination with your rulemaking will promote 
development of renewable energy resources, including 
geothermal reaources. EPA recommends that a discussion 
of the combined effects of these developments be 
included in the SFEIS. 

5. 



unumwcn 
ntstnvc nrrmns 

AND t O ( i l S l l C S  

OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE 

WACMIUGION D C  a0301 

M r .  XeMeth F. Plumb 
Secretary 
Federal Energy Regulatory CamiSS&On 
Washington, D.C. 20462 

Dear M r .  Plumb: 

This is in response to your December 12, 1980, letter which 
requested Department of Defense (DoD) canments on the western 
regional draft mpplemental environmental impact statement (DSEIS) 
for the Federal Energy Regulatory Cararission (FERC) proposed 
rulemaking on small power production end cogeneration facilities 
(SPPFs). docket number RM 81-2. 

The DoD has no objection to the principal provisions of the 
proposed rulemaking. These provisions include: 

a A n  Increase in the maximum size of SPPFs from 30 mega- 
watts ( M W )  to 90 MU for oxemption from regulation. 

Exemption of utility-owned geothermal SPPFs. of not more 
than 80 MU capacity, from certain federal and state laws 
regarding utility rates end financial regulations. and 

a Provision of avoided-cost pricing benefits of section 2 
of the Public Utilities Regulatory Policy Act (PURPA) 
of 1978 for utility-owned facilities. 

The DoD supports fully the development of United States geothermal 
resources, as evidenced in our active participation in the Inter- 
agency Geothermal Coordinating Council (IGCC) over the past five 
years. We have indicated, however, on numerous occasions at ICCC 
meetings. in the presence of FERC representatives,,that the pos- 
sible impact on defense operations of geothermal development on 
land adjacent to DoD property must be assessed thoroughly. 

We are concerned. therefore, that the DSEIS does not address the 
Potential impact that the increase in the maximum exemption size 
for SPPFs may have on DoD. For example, the DSEIS indicates 
that PURPA-induced geothermal development in the near term is 
anticipated for California, Nevada, and Idaho. There are 111. 
major DoD installations. activities, and properties in those 
states, end, of thaso. et lo~st 13 arm locatod over potential 

T h i s  concern h a s  been addressed i n  t h e  
d i s c u s s i o n  of land u s e  i n  S e c t i o n  VI1 
of t h e  EIS and c e r t a i n  DOD i n s t a l l a t i o n s  
have been i d e n t i f i e d  on F igure  V-1. 
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geothermal resources. Increased development will more than 
likely increase encroachment pressures on the military activities 
proximate to the geothermal resources. 

In conclusion, while DoD has no philosophical objection to the 
principal provisions of the proposed rulemaking, I request that 
the impact on DoD of the increased development of geotheraal 
resources in the western United States be assessed in thl DSEIS. 
If you have any questions concerning this request, please call 
Thomas Ladd, Head, Energy Programs Branch, Naval Facilities 
Engineering Command, at 325-0102. 

Sincerely. 

George Uarienthal 
Deputy Assistant Secretary of Defense 

IEncrov. Environment t Safetv) 
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NTAL IMPACT STATEMENT - 
En10 ay-m &nw 

~ I ~ ~ ~ m ~ m I ~ ~ ~  

Y 



To: 
I 
I 
I M r .  Les O r m a b y .  A d m i n .  

A r i z o n a  P i w e r  A u t h o r i t y  
1810 W e s t  Adam6 S t r e e t  
Phoenix. A r i z o n a  85005-  

FROM: Arizona State Clearinghouse 
1700 West Washington Street, Room 505 
Phoenix, Arizona 05007 

Transpor ta t i on  b Rcpions 
Game G F ish  
A:. Nnturiil l l c r i t a p c  I’rogram 
I’oucr 
l l e a l t h  
Water 
Parks -. - 
Land 
I n d i a n  Affairs 
Center for Public Affairs 
Bu. of Geology 6 Minera l  Tech. 
OEPAD: N. Nrona 

P. Be rg tho ld  

This project is referred t o  you for review ond comment. Please evaluate as 
to the following questions. After completion, rnurn THIS FORM AND ONE 
XEROX COPY to the Clearinghouse no later than 17 WORKING DAYS from 
the data noted above. Please contact the Clearinghouse at 255-5004 if you 
need further information or additional time for faview. 



Iu: 

'I I .in5liort .I t i o n  
Mr* bhrt Jmtzen, pi=br C:inr c rlsh 
G.%m and Flsh b p t .  A:. K ~ t u r . 1 1  I Ic r i t3 f i c  I'ropr3m 

I'owc r 
I1C.l  I t I1 2222 W. Greenway 

~~P k L Z U l a  05023 Watcr 
I'.i rk=. 
Land 
l i id inn Affairs  
Ccntcr f o r  Publ ic  Af fa ir s  
1111. o f  Gcolopy G Hincr. i l  lecli.  
OLl'Al): N. WronJ 

6 Hcpions 

FROM. Arizona State Clearinghouse 
1700 West Washington Streer. Room 505 
Phoenix, Arizona 85007 

1'. Ucrgtliold 

Th,s prolect i s  referred to you,for ravtcw m d  comment. Please evaluate as 
to  the following question% After completion, return THIS FORM AND ONE 
XEROX COP\Y to the Clearinghouse M later than 17 WORKING DAYS from 
the date noted above Pleak contact the Clearinghouse at  255 5004 i f  you 
need funher information or additional time for review. 

0.0 mmrnnl on this prorccl 0 Proposal is suppond IS wrrilm as indicated bzlow 

1 Is propa consistent wilh your agency -1s and c b j e c l i v n a  Vas 0 No 0 Not Retatwe 10 this awncv 

2 DW p r o p t  wntritam to statcrrdo d / o r  uwd -1s md *tactiva o ~ r ~ h i ~ h  you u o  f u n i ~ u r ? O ~ m   NO 
>.> ' 

3. Is t h e  OvWlaD p dvplhlion wlth olher SlJle .ganCy Of loUl fe$parsibilllln and/or P I S  Jnd o b ~ c C I W O 1 7 ~ Y C I  @ NO 

A *  



TO: 
DfC 19. 1380 s r w n z N o .  80-80-0078 

Dr. James Decker ‘I r;itisport;it i o n  6 ncgions 
Center for P u b l i c  Affairs 
Arizona State University 
Tempe, Arizona 85281 

C:imc L Fish 
A:. Sntu ra l  I l c r i t a p c  Program 
I‘w,cr 
11cn111i 
li;.itcr 
I’.i r l s  
L:llld 
I i i J i a n  A f f a i r s  
Ccntcr  f o r  Pub l i c  A f f a i r s  
Bu. of Geology & Minera l  Tech. 
OEPAD: N. Hrona 

FROM: Arizona State Clearinghouse 
1700 West Washington Street. Room 505 
Phocnir. Arizona 85007 

P. Bergthold 

This project is referred t o  you for review and comment. Please evaluate as 
t o  the following questions. After completion, return THIS FORM AND ONE 
XEROX COPY to the Clearinghoum no later than 17 WORKING DAYS from 
the date noted above. Please Contact the Clearinghouse at 2555004 i f  you 
need further information or additional time for review. 

No comment W this propct K DComments as indicated b e l w  

I s  project Consistent with your goair a d  obpcr~m;(j Yes 0 No 0 Not Relative 10 this agency 

Don p r o m  mntribute 10 sutswde andlor n r w i d r  pol ls and o b p l i v n  of which you are IamilUr7OYn 0 No 

1s there overlap or duplocatton wlth other fute agency or loot mponubdities andlor goals and ~pctwes’OYes 0 NO 

I s  ~ r o ~ e c t  in accord wlth mxor:mg apolcable laws. rules or regulalloni vnlh wlitch YOU arc famdrl’ 0 Yes 0 No 



. -. 
DEC 19, 1980 SuirAZNo. 80-80-0078 

A r t  Auerbach, Sup.rvisor Transportat ion G Regions S O C ~  Econmic h a l y r i a  s e c t i o n  
Dew. of T r a n c p o r t a t i m  
206 SO. 17 th  h e . ,  Rm. 310 I) 
~ o e n i x ,  Arizona 850n7 Health 

Game G Fish 
A:. Natural  Heri tage Procram 
Power 

Water 
Perks 
Land 
Indian A f f a i r s  
Center f o r  Publ ic  Af fa i r s  
Bu. o f  Geology 6 Mineral Tech. 
OEPAD: N. Wrons 

P. k r g t h o l d  

FROM: Arizona State Clearinghour 
1700 WCR Washington Street, Room 505 
Phoenix. A r i r w  85007 

This project ir nferred to you for mvkw a d  comment. Pkme Walune m 1 BE; : J  j3tj  
to the following g u a i o n r  A l m  completion, mum THIS FORM AND ONE 
XEROX COPY to the Clearinghour M later than 17 WORKING DAYS from 
the date noted above. Please a n t n e t  tha ckwinghousn at 255.5004 if you 
nod further infomution or a d d + u l  time for miow. 

' ~ ~ ~ ~ n r r ? " ~ ' " ' ~  4@!8 Vci .. 1. -.s 

prapoot is suworw a written 

1. 

2. 

3 

4. 

5 

6 

1 



TO: 

Ton, Suanron. Exec. D l r .  
Pima Asso r la t i on  Of COv'tS. 
4 0 t  Tra!.ramerlca But l d l w  
Tucson, AL 85701 

FROM. Arizona State Clearinghour- 
1700 West Washington Street, Room 505 
Phocnix, Arizona 85007 

Transpor tnt  i o n  6 Rcpions 
Gamc G F ish  
A:. Na tu ra l  I l c r i t q c  Program 
I'owcr 
I l c a l t h  
h'atcr 
Parks 
Lalid 
I i t J i o n  
Ccntcr  
Bu. of 
OEPAD: 

This project is rderred t o  you for review and comment. Pleasa evaluate DS 
to the following questions. After complcfion, return THIS FORM AND ONE 
XEROX COPY to the Clearinghouse no later than 17 WORKING DAYS from 
the date noted above. Please contact the Clearinghouse at 255-5004 i f  you 
need funher information or additional time for review. 

0 No comment on this propct 

1 

0 ProDosal is woported as written Ocomments as indnzatcb below 

Is p r o m  wnostont with your rpmcy polls and obpctivesa Ym 0 No 0 Not Relative to this a#mCy 

2. Dar  p r o w  contribute to mcmrdr and/or r r m l d c  gals a-4 o b F l r n r  of which YOU u a  familur,OYn 0 No 

6 Docs oropct ad*luatalv address the iniendud affecis on target powtailon) 0 Yes 0 No 

AddlIlOnal Comments (Use back of meet. 11 necessary1 



I 

TO. 

FROM: Arizona Stare Clearinghouse 
1700 Wen Washington Street. Room 505 
Phoenix, Arizona 85007 

Transportat ion 6 Regions 
Cmc & Fish 
A t .  Natural  Hcri tagc Program 

Hcalth 
h'arcr 
Porhs 

I'oticr 

~. . 
Land 
Indian A f f a i r s  
Center f o r  Publ ic  Af fa i r s  
Bu. o f  Geology 6 Mineral Tech. 
OEPAD: H.  k'rona 

P. Bergthold. 

This project is referred to you for revirw a d  comment. Please evaluate as 
to the following questions. After completion, return THIS FORM AND ONE 
XEROX COPY to the Clanringhouse no later than 17 WORKING DAYS from 
the date noted above. Plan%? contact the Clearinghouse at 255-5004 i f  you 
need funher informtion or additional time for review. 

)F3Co comment on this propct 0 Proposal is lupoon~d as written 

1 

2. 

3 

4 

5 

6 

7 

r .  

Does Prorcl meauatelv address the !nlmded ellectr on target w ~ ~ l a l ~ o n ~  0 Yes 0 No 

COc'tl~Gnal Conrr.en:s IUw baik of rhtei. 11  necessary1 



I 
~ 

i 
i .- 

g3z< M0N.T-ANA HISTOI\ICAL SOCIETY 
Y$4:~3 3 HISTORIC PRESERVATION OFFICE 

W. Kenneth F. Plumb, Secretary i 
Federal Energy Regulatory Conmission 
825 North Capitol Street E 
Y..Nngton, D.C. 20426 

Dur nr. PlKdJI 

ne: Wcstcrn Regional waft 
Supplemental E. 1 .  5 .  Rulensking 
for small Power production and 
Coqeneration Facilities 
-Exemptions for Ceotherrml Facilitiecl 

Thank you for the opportunity to revlew the above-mentioned 
documant. 
reference to responsibilities as outlined in Section 106 of the 
National Historic Preservation Act, Executive Order 11593, and 36CFRB00 
m n g  others. 
more clearly presented if uscd as found in tlic nbovc-niuncd fcdcral 
legislation, regulations, E. 

The rules for protecting cultural pro?Vtias should include 

The term and procedures uscd in the document could be 

Sinccrcly, 

Marcella Sherfy ' 
DcpuLy SllMl 

TAF/MS/dot 



n 

Department of Energy P 3-1 

.CroaA"n* LABOR 6 INDUSTRIES BUILDING. ROOM 102, SMEM. OREGON 97310 RHONE 3784010 1-1 
Decrmber 30, 1980 

Jack M. H e l m a n  
Federal Energy Regulatory  Cannlssion 
Advlsor on Envlronmental Q u a l l t y  
825 N C a p l t a l  S t r e e t  NE 
Yashlngton D.C. 20426 

Dear M. Heineman: 

I am responding t o  mls leadlng ln fonnat lon contalned I n  Docket No. RPI-81-2 
e n t l t l e d  R u l m a k l n g  f o r  Small Power Production and Co-generation 
F a c l l i t l e s  - Exenptlons f o r  Geothermal F a c l l i t i e s .  S p e c l f l c a l l y ,  I r e f e r  
you t o  page V-9. paragraph 2. 

False conclus lons have been drawn from phone conv t r sa t l ons  we have had 
with you r  s t a f f .  Oregon has s l g n l f l c a n t  geo thema l  resources, s m  of 
whlch we a re  count lng on being developed I n  the  1990-1995 t lme frame. 
Our research and work w I t h  Oregon u t i d l t l e s  has l e d  us t o  concluded t h a t  
a t  l e a s t  20 average W o f  geothermal e l e c t r l c a l  p o t e n t i a l  w i l l  be 
developed by  1990 and 60 average W by 1995. 
d lscover ies.  I b e l l e v e  t h a t  t h i s  may be ve ry  conservative, p a r t i c u l a r l y  
I n  t h e  1995 tlmeframe. 

Sumnarlzlng the  geothermal development c l lma te  I n  Oregon as belng 
t y p l f i e d  by envlronmental chal lenges I n  t h e  A lvo rd  and Newberry Caldera 
i s  mlsleadlng. 
A l vo rd  and t h e  Oregon Cascades t h i s  comlng year. 

Your conclus ion t h a t  no PURPA-induced hot water development I s  
an t i c fpa ted  b e f o r e  1995. may be correct ,  b u t  no t  f o r  the reasons 
Impl led.  Geothermal development w i l l  occur. bu t  It i s  expected t h a t  the 
resource developnent w l l l  t y p l c a l l y  be completed by a resource company 
whlch then s e l l s  t he  energy t o  a u t i l l t y  t h a t  Owns and operates the 
generat ion f ac l  1 i ty .  

Depending on resource 

I n  fac t ,  we a re  expectlng deep d r l l l l n g  In  bo th  t h e  



Jack U. Helneman 
D e c e d e r  30. 1980 
Page 2 

Ye have been working w i t h  a p o s s i b l e  40 bU hybr id ,  geothermal-woodwaste, 
cogeneration f a c i l i t y  i n  Hines. Oregon. 
p r i v a t e  i n d u s t r y  and would l i k e l y  be i n f l uenced  by proposed PURPA 
regu la t i ons .  

I f e e l  t h a t  t h e  m is rep resen ta t i on  o f  geothermal development p o t e n t i a l  i n  
Oregon i s  very serious. I request  t h a t  a c o r r e c t i o n  be sent t o  a l l  t h a t  
rece ived  copies o f  t h e  Docket. 

Please con tac t  me a t  503-378-6063 i f  I can be o f  any ass is tance o r  i f  you 
mould l i k e  more In fo rma t ion  on development p o t e n t i a l  I n  Oregon. 

This  would be developed by a 

S i  ncere ly, 

UfW 
Davld Ph i  1 b r i c k ,  Admin l s t r s to r  
Renewable Resources 

OP/BJS:cs 
09998 



I. -. I 

...biryloo, D.C. 

p.U lirt 
- 

tho Weotezn Beglonrl Orrit S u p p l e m n t d  h v i m n n n t d  
Impmet S t . t o m n t  .od f.81 tho m t e n c .  011 'page V-9* '"ho oOCVCe. pred1ct.d 
tht # e o t k m  developmnt mould n o t  occur 'in Oregon  before 1995 b e c a u r  
of inmtikrtioad b.rriero...*, bae overly condenacd my convermtion on 
Imemkr 7* 1980, too orch. TU. o t a t e w n t  m a t  be c la r i f i ed  t o  e x p n e s  tht 
hoed on cur ren t  CDndltlOnr i t  10 not  an t ic ipa ted  that nrbotan t ia l  u o u n t a  
of geotherul p o w r  rill be on-line by'1995. 
f o r  Drrgm, but for dl atate.  within IIPA'a o c m i c c  area, rh fch  include. 
Or~gon~ W d b g t o n ,  Idaho, .rd m o t e r a  Yontura. Thio 
development of p i l o t ,  demnmtmtion,  or a 11.it.d n m k r  of carreid 
plmat. rill n o t  occur beforr 1995. - , A  . 

btltut1o.l f o c t o r r  are only one of owem1 con 
do~olopment  in'thto region. 
d e v e l o e n t  UY tho l imi ted  Wbcr of horn r e n r * o i r e  d t h  temperature. 
p o t e n t i a l l y  Nitable for -reid developsent with e x h t i n g  teepnologieo, 
aod the lack of c o l r e r c i d l y  proven technolol(l capable of genera t ine  

t h i s  opinion bolde not only 

no t  n.nt t o  imply 

liatw geothe-1 
Bar r i e r0  of evm .DN oilplifica~ce t o  geothc- 

e l e c t r i c i t r  9fmm t? t o  hot -tor re~m-oi ro ,  

coaditltiau k t  only limited geothorrrl development 
1. . I r t i C l p . t . d  l0 tb. h C l f i C  l0rtbwm.t by 19%. However, if MY Of t h e w  
C o r d i t l a u  chmge, much b a  t @ c h n o & o g  be- proven c o o w r c i a l l y  f eoe ib l e  
f o r  rememoir tqporrturem war 150 C,aor if new n w r * o i r o  d t h  tempera tuna  
g r o a t e r  th.n 200 C .F. dimcorered, development of g e o t b a m  rewurceo i n  
the P a c i f i c  I o r t h e o t  could k acce ler r ted .  

? ,<  Slncere ly ,  

Iltepben D. Vlckerm 
W v l r o n m n t a l  Spec ia l lo t  

:,. , 

The reques ted  changes have been 
made. 



Department of Energy 
Washington, D.C. 20461 

. . ,  - , :: :._. .. 
' f !: ", Januar$ 1 2 ,  1981 

J :.:I: I n  :'; 11: ,:: 
. I  

. . . , I .  :. . ' . I . . .  
, I  nr. Kenneth F .  P l d ,  Secretary 

825 North Cap i to l  S t r e e t ,  N.B. 
Yuh ing ton ,  D.C. 20426 

Diar nr. Plrab: 

me Departmut  of Zwrm Didrim of h o t h e r u l  Enern (ffit) ha8 n v i r v e d  t h e  
Draf t  S u p p l e m a t r l  Lnv i romen ta l  Impact Statement (DSEIS) e n t i t l e d  % a l e r t i n g  
f o r  -11 Paer Production and Cogeneration F a c i l i t i e r  - Exemprima f o r  Ceo- 
t h e m 1  F e c i l i t i e a , "  Docket No. 'PJI 81-2. FF.RC/EIS-0019 DS. Decelber 1980. 
Thir  r ev ieu  r eeu l t ed  i n  no rub r t an t ive  commnta on t h e  DSEIS, harever,  t he  
fol lowing errorr were noted and re-wordings are offered for your conriderat ion:  

Federal  Znerm P e p l a t o r y  C d r r i o n  ' ' . .' * >;;!!;, 

Locat ion 

p.-X-Z, l i n e  15 

p. 1-2, lime 23 

p. 1-2, l ine  35 

\ 

p. 1-3, l i n e  2 

p. 1-3, l i n e  14 

p. V-I, l i n e  I2 

p. v-7. l ine  39 

p. V-8, lar t  l i n e  

p. VI-9. l ine  10 

p. VI-I, l i n e  5 

Should Read 

--- t h e  mrt environnental ly  object ionable  
bein8 hydrogen nu l f ide  ---. 
- and t he re fo re  m y  not ba dimcharged t o  
aurface waters  without degradiaR t h e i r  qua l i t y .  
Local geologic  condi t ionr  and hydrolow u y  
preclude i n j e c t i o n  of rpent g e o t h e m l  fluid. 
i n t o  t h e  Rroiind where they could contaminate 
potable  Rroundvater. 

--- of  a p e o t h e r r l  f a c i l i t y  rhould be m c h  
e a r i e r  and more aucceanful than r e h a b i l i t a t i o n  
araociated v i r h  f o a n i l  f u e l  p w e r  p l a n t r  --. 
Increared development of t e o t h e r u l  f a c i l i t i e a  
w i l l  reduce impactn ---. 
For exemplc, t h e  n e p a r t r n t  af  CnerCy (ME) ha# 
fandcd devclopwnt  of a MY hydrogen s u l f i d e  
acrubber system t o  reduce m i r a i o n  ---. 
--- 80 ---. 
--- c a p i t a l  fornut inn ---. 
--- geopreasured r ewurco  ---. 
ehould t h i n  be "Vewberry Crater"? 

-- ear t l i 'n  w n t l r  ---. 

Except where n o t e d ,  t h e  sugges ted  
changes have been inco rpora t ed  I n t o  
t h e  t e x t .  



-2- 

b c a t  ion Should Read 

p. V I - 1 ,  l i n e  8 -- with the  hot m a p ,  or with rock that  has 
been heated by the Me". atean or heated 
water ---. 
--- hydrogen su l f ide  (HZS) ---. p. V I - 3 ,  l i n e  7 

p. VI-3, l i n e  27 d e l e t e  "araenic" ( I t  appears i n  l i n e  25). 

p. VI-?, l i n e  9 --- ateam t h a t  m y  bc corrosive.  

p. VI-7, l ine 15 

p. VI-7, 1 iM 17 

- a f t e r  an i n i t i a l  wel l  ha# been teated.  

-- Runite a t  each production d r i l l  r i t e .  
portable  d r i l l  r i g  i n  ured t o  d r i l l  t h e  w e l l .  

A 

< 7 -  aequent ia l l j? '  

p. VI-?, l i n e  19 Scvaral production wells a re  required ---. 
p. VI-7, l ine 23 

p. V I 1 - 1 .  l i n e  11 

p. VU-5, l i n e  IS 

p. VII-5, l i n e  19 

p. VII-7. linm 42 

p. VII-8, after l i n e  IS 

p. VII-8. l i n e  31 

p. VII-8. l i n e  34 

p. VII-8, l i n e  1 

p. VII-8, l i n e  13  

p. VII-8, l i n e  22 

--- above Rround, while addi t ional  v e l l a  ---. 
80 IIW Reotherma1 f a c i l i t y  would u rua l ly  be 
minor on --. 

exico, which i a  0.010 ppa (0.014 micro- 
e atandard wen changed i n  1979). 

0.01 p p  ---. -- 
--- where open ryrtema ore employed. 

Add: I f  100 percent inject ion i s  required (as 
it i a  i n  Imperial  County, Cal i fornia) ,  then 
avan flarhed- ateam plente  w i l l  r equ i r e  a 
aource of water t o  l u t e  up the required volume 
of i r r  jected f h i d .  

--- about I310 l / d n  (346 g a l h i n )  --. 
6 1  --- or 13.2 XI0 

--- according ---. 
Separat ion of p rec ip i t a t ed  sol ids  from spent 
8eotherp.l  f l u i d 8  may be necessary --. 
--- r o l i d  wastea vhich contain ---. 

/yr ---. 

C o n s t i t u e n t s  i n c l u d e  a r s e n i c  as  an  
i o n  and a r s e n i c  as a metal; t h e r e f o r e ,  
t h e  suggested r e v i s i o n  was n o t  made. 

p. VII-13. l i n e  37 -- r tcuccurea can be ---. 
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Secretary  
Federal Energy Regulatory  

825 Nor th Capi to1  Street,  NE 
Uashington, DC 20426 

Dear S i r :  

Th is  i s  i n  response t o  your  request fo r  camnents on the Uestern Regional 
D r a f t  Supplemental E n v i r o m n t a l  Impact Statement f o r  a proposed rulemaking 
on Small Power Production.and Cogeneration F a c i l i t i e s  - Exmpt lons  f o r  
Gcothennal F a c i l i t i e s .  

Ue have reviewed the  statement .and determined t h a t  the  proposed a c t i o n  has 
no s i g n i f i c a n t  r a d i o l o g i c a l  h e a l t h  and s a f e t y  impact nor  w i l l  i t  adversely 
impact any a c t i v i t i e s  sub jec t  t o  r e g u l a t i o n  by  the Nuclear Regulatory  
Conmi ssion. 

Since we made no subs tan t ive  comments, you need not send us the F i n a l  
Envi romtenta l  Statement, when issued. 3 .  

Thank you f o r  p r o v i d i n g  us w i t h  the  o p p o r t u n i t y  to rev iew t h i s  D r a f t  
E n v i r o m t a l  Statement. 

Comnission 

Sincerely. 

Daniel  R. Muller, Ass is tan t  D i r e c t o r  

D i v i s i o n  o f  Engineering 
f o r  Environmental Technology 

CC: K. Cornel1 



STATE OF UTAH 
Ol/l', ,#I ti , ,  

STATE PLANNING COOADlNATOtj 

UOlI 633 S?4b 

Secretary  
Federal Energy Regulatory Camiss ion  
825 Nor th  C a p i t o l  S t . ,  N.E. 
Yashington, D.C. 20426 

Pbdan(/Slrs: 

SUBJECT: FERC Western Regional D r a f t  Supplement - Rulemaking f o r  
Small Power Product ion h Cogeneration F a c i l i t i e s  - Exemptions 

. f o r  G e o t h e m l  F a c i l i t i e s ,  S ta te  I D  1801215050 

Ye have received the above-referenced document f o r  review a t  the Utah 
S t a t e  Clearinghouse. The comaent deadl ine date i s  January 5, 1981. 

Ye a r e  n o t  sure why we d i d  no t  rece ive  a copy o f  t h i s  document u n t i l  
Decmber 15th. but now f e e l  ue cannot make an accurate rev iew o f  I t  by 
January 5 t h  and would l i k e  t o  request  an extens ion o f  t h e  comnent 
p e r l o d  to January 19th. 

Please l e t  ae know as soon as poss ib le  i f  t h i s  extens ion can be granted. 

Please r e f e r  t o  the S t a t e  I D #  801215050 when corresponding w f h  us on 
t h i s  mat te r .  

Thank you f o r  your  cooperat ion.  

Carolyn' M. Jonei  
Ass is tan t  A-95 Coordinator 

I 



These comments were rece ived  a f t e r  t h e  f i n a l  da te  f o r  commenting and 
t h e r e f o r e  t o o  l a t e  t o  be responded t o  and a r e  i nc luded  f o r  i n f o r m a t i o n  
only .  



. 

MONTANA HISTORICAL SOCIETY 
HISTORIC PRESERVATION OFFICE 

225 NORTH ROBERTS STREET (406) 449-4584 HELENA, MONTANA 59601 

January 29, 1981 

Federal Energy Regulatory Commission 
Advi ro  on Environmental Q u a l i t y  
825 Nor th  Cap i to l  S t r e e t  N.E. 
Washington, D.C. 20426 

Dear S i r s :  

Re: Rulemaking f o r  Categor ica l  
Exemption from L icensing 
Under Par t  I o f  the Federal 
Power Act f o r  Small Hyd roe lec t r i c  
Power P ro jec ts  w i t h  an i n s t a l l e d  
Capacity of 5 megawatts o r  less.  

Thank you f o r  the o p p o r t u n i t y  t o  comment on the above-named 
environmental assessment. I concur t h a t  i n  most cases . the proposed 
r u l e  would have l i t t l e  e f f e c t  on c u l t u r a l  resources. However, I 
do b e l i e v e  t h a t  r e l a t e d  r ight -of -way c l e a r i n g  w i l l  most probably 
a f f e c t  archaeologica l  p roper t i es .  I suggest t h a t  the r u l e s  and procedures 
f o r  i d e n t i f y i n g  archaeologica l  s i t e s  e l i g i b l e  f o r  l i s t i n g  i n  the  
Nat ional  Register be added and presented i n  a c l e a r  fashion. I n  
a d d i t i o n  t h i s  d iscuss ion should expound on the a p p l i c a n t ' s  and agency's 
r e s p o n s i b i l i t i e s  under a p p l i a b l e  Federal L e g i s l a t i o n .  

S i ncere l  y , 

r ,  '*k&LLi 9 .t 
Marcel l a  Sherfy 
Deputy SHPO 

TAF/MS/de t 



OREGON PRQJECT NOTIFICATION AND REVIEW SYSTEM 

-. - . .C -".* I 

STATE CLEARINGHOUSE ~ ~ ~ f G k h , * , . , *  I ~ 

* *t Uij&/M 

JANl 9 1301 Jn teryovornmenta l  R e l a t i o n s  D i v i s i o n  
155  Cottaae ST NE 

Salem, Oregon 97310 ,  Phone: 3 7 8 - 3 7 3 2  

P N R S STATE REVIEW 
P (--I L/' \ b Due Date: c. Projec t  # :  c> <> I 2- 

T o  Agency Addressed: 
r e t u r n  d a t e ,  p l e a s e  n o t i f y  us  immediately.  
by t h e  due d a t e ,  it w i l l  be assumed t h a t  you have no comment and t h e  f i l e  
Will b e  c l o s e d  

I f  you i n t e n d  t o  comment b u t  cannot  respond by t h e  
I f  no response  i s  r e c e i v e d  

PROGRAM REVIEW A N D  COMMENT 

W e  have reviewed t h e  subject Notice and have T o  S t a t e  Clear inghouse :  
reached  t h e  fo l lowing  conc lus ions  on i t s  r e l a t i o n s h i p  t o  o u r  p l a n s  and 
programs : 

( ) I t  h a s  no - adve r se  e f f e c t .  

( ) W e  have no comment. 

( X )  

( ) I t  has adverse  e f f e c t s .  (Expla in  i n  Remarks S e c t i o n )  

( ) 

E f f e c t s ,  a l t hough  measurable ,  would be a c c e p t a b l e .  

W e  are i n t e r e s t e d  b u t  r e q u i r e  more in fo rma t ion  t o  e v a l u a t e  the 
p r o p o s a l .  (Expla in  i n  Remarks S e c t i o n )  

Please c o o r d i n a t e  t h e  implementat ion of t h e  p roposa l  w i t h  us. 

A d d i t i o n a l  comments f o r  p r o j e c t  improvement. 

( ) 

( X )  (At tach  if necessa ry )  

____________________-__-_-_--_ 
REMARKS ( P l e a s e  type  o r  p r i n t  l e g i b l y )  



PNRS 8012-4-410. 

The Oregon Department of Fish a n d  Wildlife has reviewed the 
Western Regional Draft Suppl emental Environmental Impact  
Statement for  Small Power Production a n d  Cogeneration Fac i l i t i e s -  
Exemptions fo r  Geothermal Fac i l i t i e s .  However, i t  was d i f f i c u l t  t o  
develop s ignif icant  comments since the Department did not have the 
opportunity t o  review the DEIS referred t o  in the cover l e t t e r  a n d  
abstract  of the supplemental d r a f t .  

The proposed exemptions for geothermal faci 1 i t i  es could , according 
t o  the supplemental d r a f t ,  stimulate the development of geothermal 
development i n  California,  Nevada a n d  Idaho. However, since 
Oregon does have s ignif icant  geothermal resources iden t i f i ed ,  these 
rules could r e l a t e  t o  development i n  Oregon. 

In the t e x t  of Notice of Proposed Rulemaking (Docket No. RM 81-2, 
page 2 9 )  there i s  the statement t h a t  "PURPA - induced development 
of geothermal smal 1 power production faci 1 i t i e s  would not create  
s ign i f icant  environmental e f f ec t s " .  I n  Oregon several of the k n o w n  
geothermal resource areas a re  located i n  environmentally f r ag i l e  
areas.  These areas include Eastern Oregon Desert , with shall ow 
erosive s o i l s  a n d  limited water resources. Several KGRA a r e  
associated w i t h  unique, threatened or endangered f i sh  habitats 
as well as s ens i t i ve  b i g  game habitats ( e . g . ,  winter ranges). Geo- 
thermal development i n  these areas could create  s ign i f icant  environ- 
mental e f f ec t s .  

The Department agrees t h a t  federal ,  s t a t e  a n d  local c o n t r o l  o f  
geothermal s i t i n g  a n d  enforcement of exis t ing environmental laws 
will mitigate many adverse e f f ec t  of development. However, there i s  
a lso the potential for other mitigation, including o f f - s i t e  f i sh  and/or 
w i  1 dl i fe  habi ta t  improvement t h a t  shoul d be considered as an integral  
part  of any development proposal. 

JN:te 



OREGON PROJECT NOTIFICATION AND REVIEW S Y S T M  

STATE CLEARINGHOUSE c m -  
I n t e r  overnmental  R e l a t i o n s  D iv i s ion  %,Veo 

1 d  &&) DG”C OF 
P N R ?  S T A T E  R E I F \ J  %Qr 

155 ZOttage S t  NE I Salem, Oregon, 97316/t‘c 
Phone Number: 378-3732 

fu) 4 10 Rettlrn Date: \ -  9 1 
L__ 

P r o j e c t  11: 

ENVIRONMENTAL IMPACT REVIEW PROCEDURES 
/ 

I f  you canno t  respond by t h e  above r e t u r h , d a t e ,  p l e a s e  
c a l l  t o  a r r a n g e  an e x t e n s i o n  a t  l e a s t  one week p r i o r  t o  t h e  
rev iew date .  ,>, . , -. . ’I . 

“9 <’ ’ - e  .* 
ENVIRONMENTAL IMPACT REVIEW ? 

42s. 
-2. DRAFT STATEMENT ’Q 

( ) This  p r o j e c t  h a s  no s i g n i f i c a n t  env i ronmen ta l  impact .  

( ) The env i ronmen ta l  impact  i s  a d e q u a t e l y  described. 

( $ )  W e  s u g g e s t  t h a t  t h e  f o l l o w i n g  p o i n t s  be c o n s i d e r e d  i n  t h e  
p r e p a r a t i o n  of a F i n a l  Environmental  Impact S t a t emen t .  

( ) N o  comment. 

We s t r o n g l y  u r g e  t h a t  t h i s  document b e  r e v i s e d  t o  i n c l u d e  a more 
r e a l i s t i c  r e p r e s e n t a t i o n  o f  O r e g o n ’ s  g e o t h e r m a l  deve lopmen t  
p l a n n i n g .  S p e c i f i c a l l y ,  PV-9 s t a t e s  i n c o r r e c t l y  Oregon’s  p o t e n t i a l  
f o r  g e o t h e r m a l  deve lopmen t  

A d d i t i o n a l l y ,  we have  2 - 3  s i t e s  t h a t  would i n i t i a l l y  be amendable  
t o  PURPA induced  a c t i v e l y .  These  would be  i n  t h e  Cruyr-Warner  
and  Alvord  v a l l e y .  

r e f e r  t o  a t t a c h e d  l e t t e r .  

\ i  I .  

B i l l  S i d l e  
(503)  378-5981 

*U S GOVERNMENT PFUNTING OFFICE: 1981 340-948/13 

. . . . - . - 



FEDERAL ENERGY REGULATORY COMMISSION 
WASHINGTON 20426 

IN REPLY REFER TO: 

Smal l  Power P r o d u c t i o n  a n d  
Cogenera t i o n  F a c i l i t i e s  
Docket N o .  RM81-2 

Februa ry  13 ,  1981 

TO THE PARTY ADDRESSED: 

The e n c l o s e d  Western  Reg iona l  F i n a l  Supplementa l  Envi ronmenta l  
Impact S t a t e m e n t  (FSEIS) f o r  the Cammission 's  f i n a l  r u l e s  on S m a l l  
Power P r o d u c t i o n  and  Cogene ra t ion  Fac i l i t i e s  -- Exemption f o r  G e o -  
thermal F a c i l i t i e s  -- i s  b e i n g  s e n t  t o  you p u r s u a n t  t o  the r e q u i r e -  
men t s  of the N a t i o n a l  Envi ronmenta l  Pol icy A c t  o f  1969 (NEPA) and  
Commission Orde r  N o .  415-C. 

The F e d e r a l  Energy Regu la to ry  Commission (FERC) i n t e n d s  t o  
i s s u e  f i n a l . r u l e s  (Docket  N o .  RM81-2) t o  implement p r o v i s i o n s  o f  
S e c t i o n  643 of the Energy S e c u r i t y  A c t  of 1980 (ESA)  conce rn ing  
geothermal ene rgy .  The  FERC i s s u e d  a proposed ru lemaking  on 
November 6 ,  1980 i n  Docket N o .  RM81-2 r e g a r d i n g  E l i g i b i l i t y ,  
Rates a n d  Exemptions for Q u a l i t y i n g  and  Uti l i ty-Owned Geothermal  
Smal l  Power P r o d u c t i o n  F a c i l i t i e s ,  which amended p a r t s  of the 
Federal Power A c t  a n d  the P u b l i c  U t i l i t y  Regu la to ry  Pol ic ies  A c t  
(PURPA). A D r a f t  SEIS was c i r c u l a t e d  for comment on  t h a t  ru lemaking  
on D e c e m b e r  12 ,  1980. P r e v i o u s  r u l e s  i s s u e d  b y  FERC (Docket  N o s .  
RM79-54 and  RM79-55) w h i c h  implemented s e c t i o n s  201 a n d  210 o f  
PURPA d e a l t  w i t h  the r e q u i r e m e n t s  for q u a l i f i c a t i o n  of and  i n c e n t i v e s  
avai lable  t o  cogeneration and small power production f a c i l i t i e s ,  
i n c l u d i n g  geo the rma l  small p o w e r  p r o d u c t i o n  f ac i l i t i e s .  These 
r u l e s  w e r e  e v a l u a t e d  i n  a D r a f t  EIS on  "Rulemakings for: SMALL 

STATUS/RATES AND EXEMPTIONS, I' Docket N o s .  RM79-54 and  RM79-55, 
J u n e  1980. S e c t i o n  643 of ESA p r o v i d e s  for f u r t h e r  i n c e n t i v e s  
t o  encourage  geothermal development .  

POWER PRODUCTION AND COGENERATION FACILITIES -- QUALIFYING 

T h i s  FSEIS i s  b e i n g  c i r c u l a t e d  p r ior  t o  the c a n p l e t i o n  
of the F i n a l  E I S  on  the o v e r a l l  s m a l l  p o k r  p r o d u c t i o n  a n d  co- 
g e n e r a t i o n  f a c i l i t i e s  q u a l i f y i n g  program i n  order fo r  the C a n -  
m i s s i o n  t o  e x p e d i t i o u s l y  complete i t s  r e g u l a t o r y  r e s p o n s i b i l i t i e s  
unde r  S e c t i o n  643 of ESA. S i n c e  geothermal f a c i l i t i e s  are 
t e c h n o l o g i c a l l y  d i s t i n c t  from a n d  e n v i r o n m e n t a l l y  u n r e l a t e d  t o  
other f a c i l i t i e s  which w e r e  c o n s i d e r e d  i n  the p r e v i o u s l y  d e s c r i b e d  
D r a f t  E I S ,  the Commission s t a f f ,  i n  c o n s u l t a t i o n  w i t h  the  Counc i l  
on Envi ronmenta l  Q u a l i t y ,  has de te rmined  t h a t  it i s  c o n s i s t e n t  



. - 2 -  

w i t h  the  i n t e n t  of NEPA t o  i s s u e  t h i s  FSEIS and  p roceed  w i t h  
the ru lemaking  i n  Docket N o .  RM81-2 b e f o r e  comple t ion  of 
the  F i n a l  E I S  i n  Docket N o .  RM79-54 a n d  FW79-55. T h i s  
geothermal FSEIS w i l l  became p a r t  o f  tha t  F i n a l  E I S  when it 
i s  completed a n d  c i r c u l a t e d  t o  the p u b l i c .  

I n  acco rdance  w i t h  s e c t i o n  1 0 2 ( 2 ) ( C )  of NEPA, the Ccm- 
m i s s i o n  s ta f f  has c o n s i d e r e d  comments r e c e i v e d  on the D r a f t  
S E I S  i n  p r e p a r i n g  the f i n a l  r u l e s  a n d  the F i n a l  SEIS. A 
copy of each l e t t e r  r e c e i v e d  d u r i n g  the comment p e r i o d  i s  
i n c l u d e d  i n  t h i s  document. 

Copies of t h i s  FSEIS have  b e e n  s e n t  t o  the  addressees l i s t e d  
i n  S e c t i o n  11. T h e  FSEIS i s  a v a i l a b l e  for  p u b l i c  i n s p e c t i o n  i n  
the Commission 's  D i v i s i o n  of P u b l i c  I n f o r m a t i o n ,  Room 1000, a n d  
i n  i t s  r e g i o n a l  o f f i c e s  i n  N e w  Y o r k  C i t y ,  Chicago, A t l a n t a ,  F o r t  
Worth a n d  San  F r a n c i s c o .  L imi t ed  copies are  a v a i l a b l e  upon re- 
q u e s t  frcm the Commission 's  D i v i s i o n  of P u b l i c  I n f o r m a t i o n  i n  
Washington,  D.C. Anyone wi sh ing  t o  comment on the FSEIS s h o u l d  
submi t  t h e m  t o  the Secretary, F e d e r a l  Energy Regu la to ry  Cammission, 
825 N o r t h  Capitol S t . 8  N.E., Washington,  D.C. 20426, no l a t e r  t h a n  
March 23,  1981. 

Secreta ry  

Enc losu re  
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11. Steamboat Springs 
12. Big Creek Hot  Springs 
13. Crane Creek-Cove Creek 
14. Raft River 
15. Weiser 
16. Wayland (Battle Creek) Hot Springs 
17. Roystone Hot Springs 

Location of Department of Defense (DOD) - 
Installations* in the Vicinity of Geothermal 
Resources 

Development ~ \ 
\ A Site of Vapor-Dominated Geothermal 

e Site of Hot Water Geothermal Development 

When geothermal development occurs in the vicinity of DOD installations. FERC and DOD will 
coordinate all activities t o  assure that military operations are not adversely affected: 

FIGURE V-1. LOCATIONS OF PURPA-INDUCED GEOTHERMAL DEVELOPMENT 

v -2 



THE RESOURCES AGENCY OF CALIFORNIA 
SACRAMENTO, CALIFORNIA 

Department of Parks and Recreatnon 
Dspanmnt of Water Resources 

1981 JAN 9 
M r .  Kenneth F. Plumb, Secre ta ry  
Federa l  Energy Regulatory Commission 
825 North C a p i t o l  S t r e e t ,  N.E. 
Washington, D . C .  20426 

Dear M r .  Plumb: 

The S t a t e  of C a l i f o r n i a  has  reviewed t h e  Western Regional Draf t  
Supplemental EIS on Rulemaking f o r  Small Power Production and 
Cogenera t i o n  Fac i l i t i es - -Exeapt ions  f 31‘ Geothermal F a c i l i t i e s ,  
submit ted through t h e  Off ice  of Planning and Research i n  t h e  
Governor s Off i c e .  

Page 2 
K. Plumb 

1. Environmental r e p o r t s  f o r  a p r o j e c t  should inc lude  an a s s e s s -  
ment of t h e  f i s h ,  w i l d l i f e ,  and t h e i r  h a b i t a t  i n  t h e  p r o j e c t  
a rea ;  a d e s c r i p t i o n  of t h e  f a c i l i t i e s  and t h e i r  loca t ions ;  
a l t e r n a t i v e s  f o r  the  s e l e c t e d  developments; and t h e  impacts of 
and m i t i g a t i o n  necessary f o r  each a l t e r n a t i v e .  Regarding wild- 
l i f e  resources ,  vege ta t ion  types  and va lues  should be d iscussed  
and mapped on t h e  leasehold a s  wel l  a s  f o r  a d j o i n i n g  a r e a s  t h a t  
may be a f f e c t e d .  P a r t i c u l a r  a t t e n t i o n  shsuld be g iven  t o  iden-  
t i f y i n g  and p r s t e c t i n g  important h a b i t a t  types  Inc luding  n e s t i n (  
and breeding a r e a s ,  migrat ion r o u t e s ,  d e e r  fawning meadows, den 
and n e s t  t r e e s ,  snags, oak s tands ,  r i p a r i a n  growth, waterholes ,  
spr ings ,  seeps,  and unique a s s o c i a t i o n s  of mixed p l a n t  s p e c i e s .  

opera t ion  of t h e  f a c i l i t i e s ,  such a s  c u t  o r  f i l l  s lopes ,  should 
be r e s t o r e d  t o  t h e i r  former w i l d l i f e  h a b i t a t  value.  This would 
r e q u i r e  s o i l  p repara t ion ,  a p p l i c a t i o n  of f e r t i l i z e r ,  Immediate 
seeding with appropr ia te  q u a n t i t y  and mixture o f  g r a s s  and herb 
s p e c i e s ,  and p l a n t i n g  of t r e e s  and shrubs of t h e  kind which a r e  
found i n  t h e  a r e a .  Such p l a n t i n g s  should bewatered and tended 
dur ing  t h e i r  es tabl ishment  per iod t o  ensure s u r v i v a l .  A n y  of 
t h e  t r e e s  o r  shrubs which do not surv ive  t o  matur i ty  should be 
rep laced .  

2.  Those a r e a s  a l t e r e d  by c o n s t r u c t i o n  a c t i v i t y ,  bu t  not needed foi 

The S t a t e ’ s  review, i n  accordance wi th  t h e  provis ions of Off ice  
of Management and Budget C i r c u l a r  A-95 and the National Environ- 
mental Pol icy  Act of 1969, was coordinated with the Departments 
of Boating and Waterways, Conservat isn,  F i s h  and Game, Parks and 
Recreat ion,  Water Resources, Food and Agr icu l ture ,  and Transpor- 
t a t i o n ;  t h e  A i r  Resources, Sol id  Waste Management, and s t a t e  
Water Resources C s n t r o l  Boards; and t h ?  Coastal ,  Energy, Publ ic  
U t i l i t i e s ,  and S t a t e  Lands Commissions. 

3. The c a r r p i n g  capac i ty  of w i l d l i f e  h a b i t a t  not i n  t h e  Immediate 
v i c i n i t y  of t h e  development should be increased  t o  rep lace  habi-  
t a t  l o s t  with p r o j e c t  cons t ruc t ion .  This  a r e a  should be s e l e c t e d  
SO t h a t  i t  w i l l  not be s u b j e c t  t o  impacts of f u t u r e  deoelopment. 
Management t o  i n c r e a s e  w i l d l i f e  c a r r y i n g  capac i ty  would cont inue 
f o r  t h e  l i f e  of t h e  p r o j e c t ,  and would iticlude: 

a .  Develotxnent of water ing s i t e s  o r  s m a l l  Donds i n  a r e a s  of low 

The r e p o r t  i s  q u i t e  g e n e r a l  i n  na ture ,  and may be of lirnited 
va lue  i n  analyzing of environmental impacts of s p e c i f i c  pr3-  
J e c t s .  The s e c t i o n  on w i l d l i f e  and v e g e t r t i o n  (page V I I - 9 )  is 
only a b r i e f  summary of e f f e c t s  repor ted  i n  The Geysers Geo- 
thermal  F i e l d .  It does not inc lude  impacts which m y  occur i n  
o t h e r  geothermal a r e a s .  The s e c t i o n  concludes t h a t  Geothermal 
f a c i l i t i e s  should be s i t e d  t3 avoid l o s s  or dis turbance of i m -  
p o r t a n t  w i l d l i f e  h a b i t a t s . .  .‘I. I n  t h e  Geysers a rea ,  f a c i l i t i e s  
have commonly been s i t e d  where they meet geologica l ,  a i r  q u a l i t y ,  
and v i s u a l  needs r a t h e r  t h a n  f i s h  and w i l d l i f e  needs. 

We b e l i e v e  t h a t  t h e  r e p o r t  should be rev ised ,  therefore ,  t o  pro- 
v i d e  g r e a t e r  emphasis on s p e c i f i c  impacts and required m i t i g a t i o n  
measures t o  reduce environmental degradat ion.  The S t a t e  recom- 
mends t h a t  t h e  f i n a l  E I S  inc lude  the  fol lowing mi t iga t ion  measures, 
developed by t h e  Department of F i s h  and Game f o r  geothermal devel-  
opment i n  t h e  Geysers a rea ,  s o  t h a t  they w i l l  be considered i n  the  
p r e p a r a t i o n  of environmental documents f o r  s p e c i f i c  p r o j e c t s :  

water  a v a i l a b i l i t y .  
t h e n  a water  wel l  should be d r i l l e d ,  a pump i n s t a l l e d  and 
maintained, and a pond t o  r e t a i n  water  should be cons t ruc ted .  
A t  l e a s t  one such s i t e  should be a v a i l a b l e  on a 100-acre p a r c e l .  

b. The h a b i t a t  and forage  value of brush  a r e a s  should be increased 
by c o n t r o l l e d  burning o r  mechanical c rush ing  and removal. The 
s e l e c t e d  method would depend on t h e  s o i l  type and p h y s i c a l  
c h a r a c t e r i s t i c s  of t h e  a r e a .  General ly ,  a s t r i p  about 100 f e e t  
wide and s e v e r a l  hundred yards  long on approximately each 25 
a c r e s  of dense brush would, provide increased  forage  and t r a i l  
access .  

c .  Placement of nes t  boxes f o r  s q u i r r e l s  and songbirds  i n  appro- 
p r i a t e  h a b i t a t s  where i t  has  been determined t h a t  populat ions 
may b e n e f i t  from such development. 

IT seeps or  s p r i n g s  a r e  not a v a i l a b l e ,  
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d .  Slash,  trimmings, and brush from c l e a r i n g  f o r  f a c i l t i e s  and 
roads should be s tacked i n  loose  p i l e s .  Largest  limbs and 
t runks  should be loose ly  s tacked on t h e  bottom of t h e  p i les ,  
and o ther  m a t e r i a l  then  be s tacked on top.  These brush piles 
may be c i r c u l a r  or l i n e a r ,  and should be about 2 meters high 
and 4 meters wide a t  t h e  base,  

e .  Mature t r e e s  g r e a t e r  than 35 cm DBH removed a s  a consequence 
of c l e a r i n g  for f a c i l i t i e s  s i tes  and access  road should be 
used t o  c r e a t e  snags a s  h a b i t a t .  

4. To reduce t h e  e f f e c t s  of e ros ion  end a c c i d e n t a l  d i scharges ,  
p r o j e c t  f a c i l i t i e s  should be designed s o  t h a t  t h e  p o t e n t i a l  
for these  problems i s  minimized. Areas where t h e  problems may 
occur should be i d e n t i f i e d ,  and such devices  a s  automatic  valves 
or containment b a s i n s  should be i n s t a l l e d  and contingency plans 
developed t o  cope wi th  s p i l l s .  

5. Clear ing  and grading  operakions should not be conducted during 
t h e  win ter  r a i n  season, November 1 t o  May 1. A l l  e ros ion  con- 
t r o l  measures (drainage s t r u c t u r e s ,  g r a s s  seeding,  mulch a p p l i -  
c a t i o n )  should be completed before  November 1. 

6. Roads intended f o r  a l l -weather  t r a v e l  s h m l d  be compacted, paved, 
and drainage systems i n s t a l l e d  t o  prevent  e ros ion .  Road drainage 
systems should be designed t o  e l i m i n a t e  d ischarges  of runoff i n t o  
e r o d i b l e  a r e a s .  

7. Sedimentation b a s i n s  should be placed i n  si tes d i r e c t l y  below 
extens ive  c u t  o r  f i l l  s lopes .  Col lec ted  sediment should be 
removed p e r i o d i c a l l y .  The b a s i n s  should have impermeable c l a y  
l i n i n g s  s o  a s  t o  r e t a i n  water f o r  w i l d l i f e  dur ing  summer. 

f e e t  on eahher s i d e  of s t reams.  No c o n s t r u c t i o n  should occur i n  
t h i s  b u f f e r  zone. Roads c r o s s i n g  r i p a r i a n  a r e a s  should be l i m i -  
ted t o  t h e  minimum s a f e  width. 

8. Buffer  zones of undis turbed v e g e t a t i o n  should be maintained 500 

We g r e a t l y  apprec ia te  having been given an opportuni ty  t o  review 
t h i s  r e p o r t ,  

S incere ly  , 

MES W. BURNS 
e s i s t a n t  Secre ta ry  for Ressurces 

cc:  Office of Planning and Research 
( SCH 80062703) 

The s u b j e c t  of t h i s  EIS i s  a rulemaking f o r  a n a t i o n a l  program 
of regula tory  exemptions designed t o  encourage development of  geo- 
thermal energy resources .  The document i s  t h e r e f o r e  programmatic i n  
na ture  and n o t  intended t o  ana lyze ,  i n  depth,  s p e c i f i c  p r o j e c t s ,  b u t  
r a t h e r  a s s e s s e s  a n t i c i p a t e d  a c t i v i t y  a t  a n a t i o n a l  l e v e l  which might 
be expected to  occur over  a 15 year  per iod.  
mission t o  c e r t i f y  f a c i l i t i e s  as “Qual i fying F a c i l i t i e s ”  does n o t  
g r a n t  a cons t ruc t ion  o r  s i t i n g  permit  or a l i c e n s e  to  an a p p l i c a n t  
seeking q u a l i f i c a t i o n .  

The a c t i o n  by t h e  Com- 

I n  l i n e  w i t h  t h e  Comnission#s proposed NEPA r e g u l a t i o n s  i n  
Docket No .  RM79-69, which encourage t h e  reduct ion  i n  l e n g t h  of EISS, 
only p r i n c i p a l  ( s i g n i f i c a n t )  g e n e r i c  environmental i s s u e s  which could 
be common to  most si tes are i d e n t i f i e d .  Addit ional  environmental  
review and coord ina t ion  a c t i v i t i e s  would be undertaken by a p p r o p r i a t e  
lead  agencies  f o r  each s p e c i f i c  development s i te  (see VII-16). 
Appropriate cons idera t ion  of t h e  m i t i g a t i o n  measures necessary  a t  
s p e c i f i c  s i tes  would be taken a t  t h e  time o f  a s p e c i f i c  proposal  
t o  develop a geothermal f i e l d .  

p r o t e c t i o n  concerns, w e  r e f e r  you to  Table  V I I - 1 ,  VIX-9-10, . 
and Appendix A f o r  g e n e r i c  d e s c r i p t i o n s  and assessment  of a n t i c i -  
pated n a t i o n a l  l e v e l s  of  impact. Table  V I I - 4  shows the expected 8 

l e v e l s  of impact on vegeta t ion  and w i l d l i d e  from PURPA-induced 
development i n  i d e n t i f i e d  a r e a s  having geothermal p r o t e c t i o n .  

Regarding d iscuss ion  i n  t h i s  document of  f i s h  and w i l d l i f e  
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