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EXECUTIVE SUMMARY 

for  -baseload e lectr ic  power and process heat in the resi  
t i a l ,  commercial, and industrial sectors. 
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- Geothermal has been assi n 
California's aggressive Alternative Energy 
Transportation Program. The state Department 
Water Resources (DWR) is using its position as a 
major producer and consumer of. energy to pursue 
geothermal prod at five sites around the 
state. Invento are underway to identify 
potent i il 
ties. (se 

projects at statek 

- The federal goverk 
research to identi 

development of the resource. (Section 5.1) 

- There is substint 
'ing geothermal areas. C 

o State agencies have organized to foster geothermal 
development by s.treamlining the regulatory process and 
providing assistance to local commuaities. 

o A two-fol transfer of technica r- 
ity from the state to loca1,coarmunities is taking place 
through collection of environmental baseline data, sup- 
port for local planning, and delegation of siting or 
environmental review authority to counties with 
approved geot nts. Consolidated federal- 
stat e-loc a1 studies are . 

resources are located in areas' away from -lo 
and populated areas, 
Development of thes 
alleviate th 
communi ties 
ment. -Gave 
feasibility studies for space conditioning, food 

Lassen and Mono- 
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processing, and i n d u s t r i a l  processing have a t t r a c t e d  
the i n t e r e s  t_of both .resource developer 
ties. '(Sections 2 .2 ,  4.3, 5 . 2 4 )  

, .  Lj 

KEY ,ISSUES 

ment are: 

transmission l i n e s ;  t 
cumulative e f f e c t  of . ommuni ties 

I, 

ment and leas ing  a c t i v i t i e s  
delayed by t h e  need t o  complete environmental base l ine  
assessments and r ec rea t iona l  use plans. A proposed 
s o l u t i o n  would permit surf  ace exp l o r a  t ioh  a c t i v i t i e s  

ng 'a,ct i v i  ties concurrent 
Sections 2 ,  5 . 2 4 )  

o H S con t ro l  technolo 2 
. "  

A number of H S a 
The Geysers ( I ron  l y s t  , ' S t r e t fo rd  process') have had . 

the adverse e f f e c  . lowering the capacity factor or 
causing problems with . cooling towers, o r  both. SinCe 

at 

completed, the c o s t s  
r e l i a b i l i t y  have fet t 

... 
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. b a r r i e r s  to  development and are grouped by resource areas so 
t h a t  individual  programs can be examined i n  t h  
the mult iple  f a c t o r s  which influence the  success of develop- 
ment. In te res ted  managers can use re1 issue c l u s t e r s  - 
t o  design, evaluate ,  or- monitor c o h e r c  t i o n  a c t i v i t i e s  

Li 

Energy Act, s tate l e g i s l a t i o n  relevant  

grams. 

GUIDE TO THE REPORT 

Sect ion 1. Resources P ro f i l e .  

of USGS resources as 

$J most a t t e n t i  

resources.  

Sect ion 2. C i n  Cal i fornia .  

Geo t hemal oceed through three phases : 
an t  and f a c i l i t i e s  construc- 

approximately 9-1 1 years. ' For 
d i r e c t  appl ica t ions ,  it can be as shor t  as 2-4 years.  

F i r s t  generat ion development of a geothermal f i e l d  
begins with appl ica t ions  designed t o  e s t a b l i s h  *te 

resource area.  . 

t 

Ld 
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Signi f i,cant geothermal e-lopmknt ac t iv i t i e s  are iiisctissed 
in Section 2;2 and the a1 e lectr ic  power 
and direct-uie-: project Most- geotliermal 
electric development: a o date has centered on steam 
reservoirs around The the engineering and economic 

-vi i i -  



f e a s i b i l i t y  of e l e c t r i c  power production from these 
resources  ere es tab l i shed .  The development of l iquid-  
dominated resources has begun i n  the  Imperial V Pi  1 o t  
p l an t s  coming on l i n e  i n  t i b i l -  
i t y  of  power generat ion f r  hot water r 

Direct app l i ca t ions  t o  date are l i m i t e d  t o  small 
greenhouses, f i s h  farming, and ~ t o u r  i s  t operat  ions. Sect ion ~ 

2.22 presents  a t abu la t ion  of commercial spas  and 20 

Li 

jects sponsored by DOE. 

1 - - _ r  ~ 

ency by consumers and regula tors ,  

, 

can also reduce ec 

i 
I 

demand vary  v i  
absolu te  con t r  

bi 

Sect ion  3.3 reviews i n d u s t r i a l  energy use i n  Cal i forn ia .  

ib, 
are described 
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W e  4,000 

3,000 

1,000 

Source: ~ a l i f o r n k  Energy 
Uarch 5. 1980. 

Site-specific issues ctioa 4 .2 .  *Fi 
*shows the cluster o cal, economic, and 
institutional issues . Information on 
resource areas outside The Geysers and the Imperial 
is limited because developmen hese sites are st 
an early stage. Operating rice at The &yse 
steam reservoir can be applied only selectively to the pros- 
pective development- t water resources elsewhere in the 
state because resou echological, and economic attri- 
butes of each geothermal reservoir vary substantially. How- 
ever, institutional i d state agencies 
to promote planning inaticjn : in The 
Geysers region might be t 

Section 4 . 3  discusses 
the directvse market n-based opera- 
tions (e.g., spas, 
tions that match an application to a sui 
government-aided operations (supporting 
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of successful  d 

research, development 
dissemination are summa 
n i f i c a n t  i s s u e  in the  of state geothermal policy 
is the  need for l o c a l  t o  take an  ac t ive  r o l e  in 

Government-s 

cted l e v e l  of 

ious  sites - in Cal i for  

Geothermal Resources Council and the Electric Power Research 
I n s t i t u t e  f o s t e r  i n f r a s t r u c t  t h i n  the  
industry . i ves  and 
programs are h 

Sect ion 7. Signif  

.. 

Acceleration of geotherma development th ro  
removal of barriers o f f e r s  -both opportuni t ies  f 

opportuni t ies  f o r  conf l i c t .  Government program planners 
t be informed of changes which w i l l s  a f f e c t  the  outcome of 
e-specif i c  developments. The National Progress Monitor 

System (NPMS) was created in FY 79-80 t o  meet the  continuing 
information needs of the  I f ede ra l  geothermal -program. I 
addi t ion,  a number of documents published by state and 
pr iva t e  organizations provide per iodic  updates of ins  t i t u -  
t i o n a l  developments a t  the  regional and l o c a l  l eve l .  Signi- 
f i c a n t  events 'Progress Monitor 
(Department -of 
nia Energy Commission), 
forn ia  Departm 
7 .1 (Exploration and Leasing Ac t iv i t i e s ) ,  7 .2 (Electric 

-xi 



Power Plants and Direct Heat Applications), 7.3 
(Federal/State/Local Programs), and 7.4 (Industry Activi- 
ties). 

LiiJ 
, 2  " e  

Appendix I. Financial Incentives Provided. Under the 
National Energy Act. 

Appendix 11. 
Geothermal Development. 

Summary of California Legislation Relevant to 
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W 
INTRODUCTION 

Geothermal energy- i s  assuming an  important r o l e  i n  
California 's  energy ma Changes i n  the -  technica l ,  
economic, and i n s t  vironment f o r  energy resources 
development have f o r t s  by both. the  p r iva t e  and 
publ ic  s e c t o r s  t o  expand the  number of  geothermal. applica- 3 

t i o a s .  As t he  number of commercial sites and a c t o r s  
ues and proposed so lu t ions  have 

become more implicat ions o f  t h i s  f o r  implemen- 
rams is t h a t  program planners and 

t o  respond t o  a m u l t i p l i c i t y  of 
i s s u e s ,  a c t o r s ,  and inl t i tUtiOn6.  

The Program - P l a  --- hermal - i n  Ca l i fo rn ia  i s  prepared as a re ference  document about 
geothermal developmen Cal i forn ia .  It is a l s o  designed 
t o  serve as a p la  
Resource and Commercialization Teams the  developme 
implementation, and evaluat  

A bas ic  assumption of t h e , r e p o r t  i s  t h a t  commercializa- 
t i o n  of geothermal energy is a s i t e - spec i f i c  process. 
Unique resource,  market, and environmental considerat ions at  
each loca t ion  inf luenc  evelopment'and - i ts  
r e l a t i o n s h i p  t o  the  l o  

k/ 

an t  issue c l u s t e r s  t o  design, -evalu- 

.ul 
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Figure A. Concep&l Des* of the Progrsm Planner's Guide 

ed in Planners 

subsection, i t  may be bypassed. If spe 
from any section i s  desired, that sect  
without recourse to  other- sections. The 
feature of each section i s  designed t 

authors hav-e -. endeavored t o  keep such :repetitions 

formation on th 
gar* substaxitiall 

Additional information w i l l  



‘61 
Guide is designed t o  i n t e r f a c e  with t h i s  evolving informa- 
t i o n  system which includes weekly and monthly r epor t s  from 
,DOE r eg iona l  o f f i c e s  and S t a t e  Resource and Comrnercializa- 
t i o n  Teams. Since i t s  f i r s t  publ ica t ion  i n  1979, s i g n i f i -  
cant events  and developments have been reported i n  t h e  
Geothermal Progress Monitor (GPM). Sect ion 7 of the  
Planner’s Guide conta ins  re levant  excerpts  from recent  
i s s u e s  of t h e  GPM as w e l l  as from other  re levant  r e p o r t s  
published i n  1980. It a l s o  d i r e c t s  readers t o  add i t iona l  
information ava i l ab le  from state, l o c a l ,  and indus t ry  
sources  . 

A major change during N 1980 i s  the  reorganizat ion of 
the  Divis ion of Geothermal Resources Management (Assis tant  
Secre ta ry  f o r  Resource Applications) and t h e  Division of 
Geothermal Energy (Ass is tan t  Secretary f o r  Energy Technol- 
ogy) i n t o  one uni t .  The new Division of Geothennal Energy 
under Resource Applications combines resources assessment, 
technology research  and development, and publ ic  outreach 
programs . 

Fina l ly ,  as t he  preparat ion of t he  Planner’s Guide i s  
part of a continuing geothermal pol icy  p ro jec t  a t  Lawrence 
Berkeley Laboratory, readers  ,with ques t ions ,  suggestions,  
and comments are inv i t ed  t o  contact  

Winifred W.S. Yen 
Geothermal Energy Pol icy Pro jec t  
B-90-8-12 
Lawrence Berkeley Laboratory 
University of Cal i forn ia  
Berkeley, Cal i forn ia  94720 

u 

(41s) 486-4294 
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SECTION 1. CALIFOREIIA GEOTHERMAL RESOURCE PROFILE 

Cal i fo rn ia  's divers  'geologic  " se t t i ng  '1 
correspondingly r i c h  array 6f p o s s i b i l i t i e s  f o r  ' resource 
development i n  the  state. The fnformation presented,  i n  t h i s  
sec t ion  ind ica t e s  t h a t  t he re  % h a s  been a subs t an t i a l  e f f o r t  
t o  i d e n t i f y  the  hydrothermal resource po ten t i a l  f o r  e l e c t r i c  
appl icat ions.  The e f f o r t s  t o  asse  the  resource po ten t i a l  
f o r  hot  dry rock and geopressured geothermal resources have 
not been assigned as high a p r i o r i t y .  The po ten t i a l  f o r  hot  
dry rock u t i l i z a t i o n  in Cal i forn ia  i s - s i g n i f i c a n t ,  as  i t  i s  
i n  most of the  western states, and t h e  technology needed t o  
assess, confirm, and u s e  t h i s  resource i s  being developed. 
The technology required €or geopressured u t i l i z a t i o n  i s  less 
sophis t ica ted  than t h a t  f o r  hot  dry rock, but t he  po ten t i a l  
geopressured geo the rml  resources i n  Cal i forn ia  are. believed 
t o  be r e l a t i v e l y  small. 

I n  t h i s  sec t ion ,  the  estimated po ten t i a l  and locat ions 
f o r  hydrothermal, hot  dry rock, geopressured, and magmatic 
systems i n  Ca l i fo rn ia  are described: The sec t ion  
mary of the .information t h a t  i s  readi ly  ava i lab le  t o -  the  
general  public.  - Subsequent 'kections w i l l  ou t l i ne  t h e  
development' a c t i v i t i e s  present ly  i n  process i n  Cal i forn ia ' s  
geothermal areas  f o r  both electrical and d i r e c t v s e  applica- 
t ions  and w i l l  provide discussions of energy iupply and 
demand, geothermal's market po ten t i a l ,  and t h e  s ign i f i can t  
areas of development a c t i v i t y  i n  the public and p r iva t e  sec- 
tors. 
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COUNTICS 
1. Del Norte 30. Alpine 
2. Siskiyou 31. Calaveras 
3. Uodoc 32. loulmne 
4. Lassen 33. Stanislaus 
5. Shasta 34. Almeda 
6. Trinity 35. San Franciscc. 
7. Humboldt 36. San Mateo 
6. Tehama 
9. Plumas 38. Santa Crut 
10. Butte 39. Uonterey 
11. Glenn 40. San Benito 
12. nendocino 41. Hercd 
13. Lake 42. Xariposa 
14. Colusa 63. Fresno 
15. Stutter 44. Uadera 
16. Yuba 45. Uono 
17. Sierra 46. Inyo 
18. Nevada 47. Tulare 
19. Placer 48. Kings 
20. El brado 49. San Luis Obispo 
21. Sacramento 50. Kern 
22. Y O 1 0  51. San Bernardinc 
23. Napa 
24. Sonoma 53. Ventura 
25. llarin 54. Santa Barbara 

37. Santa Clara 

52. Los Angeles 

L 

i*-' 
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The focus of geothermal development work t o  da te  has 
been on hydrothermal resources. These systems are found i n  
the Coast Range, i n  the  volcanic mountains of northeastern 
Cal i fornia ,  along the  eas te rn  periphery of the  S ie r r a  
Nevada, and throughout the deser t s  i n  the southern par t  of 
the  s t a t e .  

LJ 

The greatest poten t ia l  fo r  hot dry rock development 
l ies  with the r e l a t i v e l y  recent volcanic systems scat tered 
throughout northern and south cen t r a l  California.  

Geopressured resources, by def in i t ion ,  are associated 
with deeply buried water-bearing rock. The best  poss ib i l i -  
t ies fo r  discovery of t h i s  type of geothermal resource l i e  
i n  the sediments of the Great Valley and Los Angeles and 
Ventura Basins, and i n  similar sediments of f  the northwest 
coast . 

Magmatic geothermal resources are associated with 
ac t ive  volcanic systems, l i k e  those on the  is land of Kawaii 
and i n  the  Aleutian Islands i n  Alaska. Research i n t o  methods 
of tapping these resources i s  current ly  being conducted i n  
Hawaii and Iceland. There are no ac t ive  volcanoes i n  Cali- 
forn ia  today, but the  Cascclde Range i n  the  northern par t  of 
the s t a t e  includes a few poten t ia l ly  act ive systems, l i k e  
M t .  Lassen. 

-5- 
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1 Z CALIFORNIA'S - GEOTHEXMAL RESOURCES 

In descr ib ing  the  geothermal resource base, t he  authors  
of Ci rcu lar  790* have separated t h e ,  aggregate .geothermal 
resource a v a i l a b l e  i n  the  earth's c r u s t  i n t o  i d e n t i f i e d  and 
undiscovered resources.  Iden t i f i ed  resources are f u r t h e r  
c l a s s i f i e d  as usefu l  and res idua l .  Iden t i f i ed  resources are 
those po r t ions  that are access ib le ;  i d e n t i f i e d  r e s idua l  
resources are those por t ions  t h a t  cannot phys i ca l ly  be 
recovered, p r i n c i p a l l y  because of depth or '  d r i l l i n g  limita- 
t ions .  I d e n t i f i e d  use fu l  resources  are fu r the r  divided i n t o  
economic and sub-economic ca tegor ies ,  'Ilhe ca lcu la ted  . g e e  . 
thermal "resenre" i s  t h a t  por t ion  of t h e  usefu l  i d e n t i f i e d  
resource base t h a t  is of economic interest .** The deriva- 
t i o n s  of the  terms resource and reserve a r e  shown i n  Figure 
1.2-1. 

I n  the  following discussion,  a t abular  summary of t he  
i d e n t i f i e d  hydro thermal resources i n  Cal i forn ia  w i l l  be 
given. Succeeding sec t ions  present  t h e  probable loca t ions  
f o r  ho t  dry  rock geothermal and geopressured geothermal 
resources. However, s ince  the  majori ty  of e f f o r t  i n  explora- 
t i o n  and development has focused on hydrothermal resources,  
t he  c l a s s i f i c a t i o n s  of d ry  rock and geopressured resources 
are not  as ex tens ive ly  developed. 

. .  

HYDROTHERMAL RESOURCES 

Data f o r  hydrothermal resources are presented i n  three  
categories.*** Figure 1.2-2 shows ~ t he  loca t ion  of 
California's hydrothermal resources. 

Vapordominated (steam) systems have the  highest  p o t e n t i a l  
f o r  rapid development. The c h a r a c t e r i s t i c s  of i d e n t i f i e d  
systems are descr ibed i n  Table 1.2-1. 

Hot water hydrothermal systems (Table 1.2-2) with tempera- . . 
t u r e s  g r e a t e r  than 150°C (300OF) have g r e a t  promise f o r  
electrical development, but the  c o s t s  of development and the  
unsolved engineering problems are somewhat l a r g e r  than those 

*The following resource information i s  taken l a r g e l y  
from the  d a t a  assembled f o r  Assessment of Geothermal 
Resources -- i n  t h e  United S t a t e s  - 1978, USGS Cfrcular  790.' 
This c i r c u l a r  conta ins  the  most recent  information ava i l ab le  

i d  

r .  - 

. 

from both f e d e r a l  and state sources,  
have been made t o  update t h i s  source. 

** For a more i l e d  d iscuss1  
4-5 . 

*** Indiv idua l  systems are described as they occur 
proceeding from the  n o r t h e r n , p a r t  of the  state, % *  



Lid 
Figure 1.2-1. McKelvey Diagram f o r  Geothermal Energy. 

Vertical axis is degree of economic f e a s i b i l i t y ;  ho r i zon ta l  
axis is degree of geologic assurance 

Reserve 

k x  Resource 

Source: USGS Circu lar  790. Assessment of Geothermal 
United S t a t e s  -- 1978. 

f o r  vapor-dominated systems. 

The t h i r d  category, hot-water systems with temperatures 
between 90°C (ZOOOF) and 150°C (300°F), w i l l  be developed 
pr imar i ly  f o r  d i r e c t  hea t  uses  i n  t h e  near  fu ture .  The 
c h a r a c t e r i s t i c s  of these  low and moderate temperature 
resources  are described i n  Table 1.2-3. 

A g r e a t  dea l  of information is now being co l l ec t ed  on 
hydrothermal systems with r e se rvo i r  temperatures less than 
90°C (200°F). Technological l i m i t a t i o n s  preclude t h e i r  
economical use f o r  electrical production a t  the  present  
time. A l i s t i n g  of these resources  appears i n  Table 1.2-4. 

Data co l l ec t ed  on these  low temperature resources  is l imi t ed  Li 
i n  comparison t o  the  da ta  co l l ec t ed  f o r  the  higher 

-a- 



Figure 1.2-2. Location of Califohia's Hydrothermal Kesources. 



Table 1.2-1. Locations, Temperatures, Volumes, and Energies of Iden t i f i ed  Vapor-Dominated Systems 
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Source: L.J.P Muffler. _Assessraent of Ccath e m 1  Resources of the United States-1978, Geological Survey Circular 790, 
prepared in cooperation with the Department of Energy, 1979. 

*For reservoir temperature estimates, first number is most likely value, subscript is maximum value, and superscript is minimum va 
Mean values of temperature, volume, and reservoir thermal energy are followed by standard deviations. Temperatures given to three significant 
figures; in moat cases wlumnes and energies are given to two significant figures. 
are given in order to approximate more closely uniform percentage accuracy. 

**A unit.of 10" joules (j) is approximately equivalent to 

~, if the first digit is 1, thr 

British thermal units (Btu) which in turn equals one quad (a quadrillion Btu). 
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Table 1.2-2 Continued 
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Source: L.J.P. Muffler. Assessment of Geothermal Resources of the United State$-1978, Geological Survey Circular 790, 
prepared in cooperation with the Department of Energy, 1979. 

* For reservoir temperature estimates, first number is emst likely value, subscript is maximum value, and superscript is m i n h  value. 
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**A unit of 10'' joules(j) is approximately equivalent to lo1' British thermal units(Btu) which in turn equals one quad (a quadrillion Btu). 
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T3bla 1.2-3. 
90-150 C in California* 

LOcatione, Temperatures, Qolmee, and Thermal Energies of Identified Hot-Uater Hydrothermal ConvectIan Systrma 
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Table 1.2-3 Continued 
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Table 1.2-4. 
Geothermal Water in California. 

Areas Favorable for Discovery and Development of Local Sources of Low-Temperature (less 90 0 C) 



Table I .  2-4 continued 
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temperature hydrothermal resources. However, the  l a r g e  
number and d i s t r i b u t i o n  of these  low temperature resources 
imply g r e a t  p o t e n t i a l  f o r  d i r e c t  applications.* 

HOT DRY ROCK / .  

The assessment of ho t  dry  rock (HDR) geothermal 
resources  i n  Cal i forn ia ,  as i n  most of t he  United S t a t e s ,  is 
s t i l l  i n  its preliminary s tages .  

I n  Figure 1.2-3, areas with high temperature grad ien ts  
( O C / b )  i n  Ca l i fo rn ia  are out l ined.  Areas with ,high tempera- 
t u r e  grad ien ts  would exh ib i t  more p o t e n t i a l  f o r  hot dry  rock 
development because of the  inference of higherarock tempera- 
t u r e s  a t  shallower depths. 

The method employed t o  o u t l i n e  areas i n  Figure 1.2-3 is not  
re f ined  enough t o  lend t h e  same s igni f icance  as a KGRA, but 
the  physical  ex ten t  of t he  areas mapped so f a r ,  and specula- 
t i o n  that f u r t h e r  p o t e n t i a l  e x i s t s  i n  the  volcanic regions 
of t he  nor theas t  p a r t  of t he  state, are encouraging from 
the  s tandpoint  of resource poten t ia l .  I d e n t i f i c a t i o n  of HDR 
systems involves  the  loca t ion  of a mass of r e l a t i v e l y  
impermeable rock, w i th  adequate temperature, a t  a reasonable 
depth. HDR may be extremely a t t r a c t i v e  as a p o t e n t i a l  
energy source. A t  present ,  t h e  technica l  problems of HDR 
r e se rvo i r  production are -unsolved. The u l t imate  question is 
whether energy can be produced at  competit ive prices.** 

I n  Cal i forn ia ,  a number of volcanic  systems with HDR 
p o t e n t i a l  have- been i d e n t i f i e d  and estimates given f o r  the  
thermal energy remaining i n  these Table 1.2-5) 

These thermal ca l cu la t ions  are b f ac to r s :  an 
es t imate  of  t h e  size of t h e  system, the  geologic age of the  
system, and the  assumption tha t  the  .magma cooled from an 

e of 85OOc.2 only  systems that are of sig- 
t h a t  have in fe r r ed  magma .chambers a t  rela- 
t h s  are l i s t e d .  lopment of t he  neces- 

s a r y  explora t ion  techniques, the  ology peeded t o  pro- 
duce s u f f i c i e n t  f r a c t u r i n g  i n  the  rock t o  enable r e se rvo i r  

e n t ,  and supporting economic f e a s i b i l i t y  s t u d i e s  are 

An update of the  low and moderate temperature 
ources is a v a i l a b l e  from the  Divis ion of Mines and 

Geology, Cal i forn ia  Department of Conservation. 

** The magnitude of the  resource may be enormous. I f  
one were t g  assume t h a t  less one percent  of t h i s  
nation’s HDR resource base wer e rab le ,  t h e  amount of 
thermal energy a v a i l a b l e  would be comparable t o  the  es imat- 
ed resource base of a l l  the  coa l  remaining in the U.S. 5 

i 
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Figure 1.2-3. Preliminary Geothermal Gradient Map 

erature Gradient AT ( O C / k m )  ' 
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Table 1.2-5. Thermal 
Systems i n  Ca l i fo rn ia  

Name of area 

Lqssen Peak 
Clear Lake 
Long Valley 
Sal ton Sea 
Cos0 Mountains 
Mono Domes 
Medicine Lake 
Shas ta 
S u t t e r  But tes  
Big Pine 
Templeton Domes 

Thermal energy 
remain'ing 
i n  system 

(10 jou les )*  

960 
3610 
5780 
480 

1570 
1570 

724 
724 

less than 42 
less than 85 

603 

18 

Source: USGS Circu lar  790, Assessment of Geothermal 
Resources of t h e  United States-1978, 

*A u n i t  of jou le s  (J) is &proximately equivalent t o  
1015 B r i t i s h  thermal u n i t s  (Btu) which i n . t u r n  equals one 
quad ( a  quadr i l l i on  Btu). 

r .  

being managed by t h e  Los Alamos S c i e n t i f i e  Laboratory i n  New 
Mexico. Future e f f o r t s  t o  develop these  resources w i l l  
depend l a r g e l y  on the success of t h e  present  research and 
demonstration p ro jec t s  i n  proving 
techniques and economic v i a b i l i t y .  

GEOPRESSURED GEOTHERMAL RESOURCES 

The e f f o r t  t o  i d e n t i f y  geopressured resources in' C a l i -  
f o r n i a  i s  i n  i t s  formulative s tages .  Assessment of geopres- 
sured resources  is being c a r r i e d  out  pr imari ly  i n  the  Gulf 
Coast area, where the  i d e n t i f i e d  p o t e n t i a l  is t he  greatest6 
A number of tests, using unsuccessful o i l  kxplorat ion 
that have penetrated the  
have been evaluated. 

Several  f a c t o r s  a f f e c  
I geopressured systems. -.The c o s t ' o f  d r i l l i n g  the wel ls  and 

e s t ab l i sh ing  s u f f i c i e n t  f l u i d  flows may be prohib i t ive  a t  

-19- 



the  depths involved. The temperature of t he  water deter-  
mines the  range of app l i ca t ions  f o r  i c h  i t  can be used 
( e l e c t r i c i t y  o r  d i r e c t  use,  o r  both The most important 
economic f a c t o r  i s  the  volume of methane dissolved i n  the  
water. This gas can be ex t rac ted  and sold separately.  

Several  areas i n  Cal i forn ia  have been i d e n t i f i e d  as 
prospects f o r  geopressured development. (See Fig&e 1.2-4 
and Table 1.2-6) 

Table 1.2-6. Geopressured Basins i n  Ca l i fo rn ia  

Geologic B a s i n s :  
Great Valley miogeosyncline t ions :  Cenozoic and Mesozoic 
Franciscan eugeosyncline, formations (Plfocene t o  
Santa Barbara Channel, Los 
Angeles, Ventura and Tanner 
Banks basins: Cal i forn ia  Approximate depth range: 400 
onshore-of fshore.  f t .  (122 m) t o  17,700 f t .  

Geologic Ages and/or forma- 

J u r a s s i c  age). 

(5395 rn). 

Approximate f lu id-pressure  
range: 0.44 t o  1.00 p s i / f t .  
(9.9 t o  22.6 kPa/m). 

Approximate temperature range: 
<lOO°F t o  390°F 
(<38OC t o  199OC) 

Probable Geopressuring 
mechanism: Horizontal  com- 
press ion  (dynamic loading);  
internal forces ;  u p l i f t ;  
resistance t o  f l u i d  expulsion. 

Source: Circular 790, Assessment of Geothermal 
Resources of t h e  U.S. - 1978. 
Descr ipt ion of t h e  geopressured bas ins  of t h e  U.S. (pp. 98- 
99) 

USGS, Table 19 - General 

The San Joaquin-Sacramento Valley and the  LOS Angeles and 
Ventura basins  are areas with deeply buried sediments with 
some known geopressured poten t ia l .  Some work i s  now underway 
t o  eva lua te  f u r t h e r  t he  p o t e n t i a l  of these areas. The pos- 
s i b i l i t y  e x i s t s  f o r  discovery of geopressured resources with 
s i g n i f i c a n t  methane content  i n  t h e  deep sediments of t he  
Central  Valley and Cal i forn ia  coas t ,  but the  temperature of 
these  waters might no t  be high enough f o r  economical appl i -  
ca t ions  . 

-20- 
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Figure 1.2-4. Geopressured Basins of California 
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SECTION 2. CURRENT GEOTHERMAL DEVELOPMENT ACTIVITIES IN - 
CALIFORNIA 

Geothermal development begins w i t h  the  ' discovery and 
d e f i n i t i o n  of resources  s u f f i c i e n t  t o .  support an economic 
appl ica t ion .  I d e n t i f i e d  resources  may be used f o r  electri- 
c i t y  generat ion o r  d i r e c t  hea t  app l i ca t ions  i n  apace heat- 
ing ,  a g r i c u l t u r e  o r  indus t ry ,  o r  both. Figure 2.1 is a 
schematic diagram of the development of a geothermal f i e l d .  

FIGURE 2-1. Development of a Hydrothermal Reservoir 

Drill Rig Fumarole or 

* Exploration Methodology 

Surface manifest  a t  5 , such -as  fumar 
spr ings ,  are te l l ta le  ind ica t ions  of heat  
encourage geothermal explorat ion.  Magnetic an 
veys are used t o  f ind  regional .geothermal  anomalies. Geo- 
physical surveys measuring electrical r e s i s t i v i t y  a r e  com- 
monly used t o  estimate t h e  physical  ex ten t  of the  geothermal 
reservoi r .  Geochemical analyses of water samples from wells 
and sp r ings  provide clues t o  r e se rvo i r  temperature. 
F ina l ly ,  shallow wells a r e  d r i l l e d  t o  allow measurement of 
the  temperature grad ien ts  and t o  l o c a t e  sites f o r  deep 
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exploratory wells. - 
These explorat ion techniques, which requi re  a s ign i f i -  

can t  c a p i t a l  investment, are commonly used f o r  t he  develop- 
ment of electric-power geothermal resources. A t  present ,  the  
resources assessment process f o r  d i r e c t  appl ica t ions  i s  more 
abbreviated because the  appl ica t ions  contemplated do not  
j u s t i f y  the  expense. 

Measurement of t he  Resource 

When explorat ion ind ica t e s  a p o t e n t i a l  economic 
resource (and acceptable  land holdings, geothermal r i g h t s ,  
o r  geothermal leases are obtained by t h e  developer),  deep 
exploratory w e l l s  are d r i l l e d  to est imate  the  s i z e ,  qua l i t y ,  
and product iv i ty  of the  reservoi r .  Results of these w e l l  
tests are compared with reservoi r  engineering models t o  
estimate the amount of recoverable energy i n  the  reservoir .  

Production Dr i l l i ng  

Once adequate resources are proven and a commercial use 
i d e n t i f i e d ,  w e l l s  are d r i l l e d  f o r  production of the geother- 
mal r e se rvo i r  and, i f  necessary, f o r  i n j e c t i o n  of spent  
f lu ids .  The f l u i d  (vapor o r  water) may be used t o  produce 
e l e c t r i c i t y  through d i r e c t  appl ica t ion  t o  a turbine- 
generator,  o r  i t  may be passed through a hea t  exchanger 
(binary cycle)  system which t r a n s f e r s  hea t  t o  a working 
f l u i d  which then dr ives  a turbine-generator. The f l u i d  may 
a l s o  be used f o r  i n d u s t r i a l  processes,  food processing, 
space heating and cooling, o r  o ther  non-electric purposes. 

* Power Plant  Development 

Power p lan t  development usua l ly  follows t h e  confirma- 
t i o n  of a resource s u f f i c i e n t  t o  e n l i s t  u t i l i t y  investment. 
Preliminary design s tud ie s  by the  u t i l i t y  may begin during 
the  l as t  s tages  of reservoi r  charac te r iza t ion .  Detailed 
p l an t  designs are completed a f t e r  necessary permits f o r  pro- 
duction w e l l s  and construct ion of facil i t ies are granted. A 
new p lan t  usua l ly  goes through a star t -up period when the  
f i n a l  operat ing procedures are t e s t ed  and refined. Figures . 
2-2 and 2-3 show typ ica l  flow c h a r t s  f o r  a geothermal elec- 
t r ic  generat ion development on pr iva t e  and f ede ra l  lands. 
These c h a r t s  show the  approximate time needed t o  br ing t h e  
f i r s t  e l e c t r i c i t y  generating p l an t  (50 Ne) on-line f o r  a 
hypothet ical  geothermal resource,  as w e l l  as l i s t i n g  t h e  
re levant  regulatory agencies iwolved .  The agencies with 
r e s p o n s i b i l i t i e s  f o r  management of t h e  publ ic  lands are 
described i n  Section 2.2. The a c t i v i t i e s  of agencies 
involved i n  power p lan t  s i t i n g ,  environmental regulat ion,  
and f a c i l i t i e s  operat ion are discussed i n  Section 5.22. 

L 

. 

L 
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Finure 2-2. Geothermal Development of Private Lands (1st 50 W e  Plant) - 
WARS PRIOR 10 fUNT WERATION 

- 
IGWATOR 
HARACTER. 
IZATION 
PERMITS 

_I_ 

f 

c . 

2 I 

M l T l A R  f L I  

ON; CONSTRKTION 
V 

* LEGEND: 

r 
N€ 

DRILLING OIERATIONS 

CONSTRUCTION 
a PLANT 

.. ?edmal 'wnclem: 
BlJl - Bureau of M nanawmmt 
osts - U.S. Porest Serrlca 
WSCS - 0.1. Gaolosleal Sotvey 

USWS - U.S. Clsh and U l l d l i f a  Servlce 

S U t m  maencies: 
CEC - California Energy C o l t m s l o n  
mC - h b l l c  Otllltlem Cnnolsaion 
DIC - Department of Flsh and Caae 
OIL - Offlc. of ?lanninR and Research 

k t 7  .Rn\chS: 
I 1 LEAD AGENCY I 

~FKONSlBlE AGENCY RUJCCI - Rcliotul llatar Ouallty Control bard  * *  9 REVIEWING AGENCY A?CD - Alr ?olluclon Control District 

Source: C.D. Fredrickson, Analysis of Requirements for Accelerating the Development of 
Geothermal Energy in California, JPL Publication 77-63, November 15, 1977. 

* Geothermal plants are exempt from NO1 process if located on proven resources. 



Figure 2-3. Geothermal Development of Federal Lands (1st  SOMWe Plant) 
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I I n  Cal i forn ia ,  gegthermal energy has  been used f o r  a 
small number of d i r e c t /  appl ica t ions  - e.g., space heating, 
ag r i cu l tu re ,  and aquaculture. The v a r i e t y  of po ten t i a l  
d i r e c t  uses  is g r e a t  dnd t h e  list of new appl ica t ions  i s  
cont inua l ly  growing . Because , d i r e c t  heat  appl ica t ions  are 
s t i l l  a t  a very e a r l y  s tage  o i  evolution, l i t t l e  information 
is present ly  ava i l ab le  on the  development process. Thus, t he  
development of direct appl ica t ion  pro Sects cannot be 
analyzed i n  t h e  same way as f o r  electrical appl icat ions.  

The discussion in t h i s  sec t ion  is divided i n t o  Pre- 
Exploration and Fie ld  Development Ac t iv i t i e s  (Section 2.1) 
and Description of S igni f icant  Development A c t i v i t i e s  (Sec- 
t i o n  2.2). Section 2.1 ou t l ines  the  use of designat ions f o r  
Known Geothermal Resource Areas (KGRAs). The funct ions of 
t he  land management agencies with r e s p o n s i b i l i t i e s  f o r  regu- 
l a t i o n  of explorat ion,  leas ing ,  and d r i l l i n g  a c t i v i t i e s  are 
described. The status of ex i s t ing  and planned p ro jec t s  f o r  
e l e c t r i c i t y  generation and d i r e c t  hea t  use i s  summarized i n  
Section 2.2. 
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2.1 PRE-EXPLORATION AND FIELD DEVELOPMENT ACTIVITIES - -- 
KNOWN GEOTHERMAL RESOURCE AREAS (KGRAs) IN CALIFORNIA 

Federal Lands - 
A l m o s t  1.5 mil l ion  acres  i n  the  state of Cal i forn ia  

have been c l a s s i f i e d  by the  USGS i n t o  23 separate  Known 
Geothermal Resource Areas (KGRAs). The Cal i forn ia  KGRAs 
c o n s t i t u t e  almost one-third of t he  lands  t h a t  have been 
designated as KGRAs i n  t h e  nat ion,  and cover'more than twice 
the  acreage of KGRAs i n  Nevada, t he  state with the  second 
l a r g e s t  t o t a l .  The loca t ion  and s i z e  of KGRAs and geother- 
mal resource regions are shown i n  Figure 2.1-l.* 

The federa l  government designates a KGRA based on one 
of two considerat ions.  F i r s t ,  i f  geologic evidence suggests 
there  i s  good geothermal po ten t i a l  for an area, the  a rea  
geologis t  may designate  t h i s  area as a KGRA,** Second, i f  
t he  lease appl ica t ions  received by the  surface agency over- 
lap  by SO percent or more, t he  area i s  automatically desig- 
nated a KGRA. 

Lands designated as - a  KGFU must be leased through a 
competitive bidding procedure supervised by the surface 
management agency, Geothermal . leasing on lands not desig- 
n a t e d ' a s  a KGRA i s  termed non-competitive, and t ransac t ions  
are usual ly  carried out under less formalized procedures. 
The f ede ra l  government may withdraw a KGRA designation. This 
would normally be done a f t e r  two unsuccessful bidding 
o f fe r s .  

State Lands -- 
His to r i ca l ly ,  t he  Cal i forn ia  State Lands Commission 

(SLC) used the  designat ion of Geothermal Resource Area f o r  
state lands based so le ly  on good geologic p o t e n t i a l  f o r  
geothermal development. A recent l e g i s l a t i v e  rev is ion  t o  
the  Geothermal Resources Act of 1957 provides t h a t  competi- 
t i v e  bidding can be applied t o  any Btate land whether i t  i s  
contained . i n  a Geothermal Resource Akea or not. For t h i s  
reason, t h e  designat ion is no longer used o f f i c i a l l y  by 
state agencies. , 

* Geothermal urce regions i s  a term sometimes used 
by Cal i forn ia  state agencies and r e f e r s  t o  geographical 
groupings of KGRAs. The eothermal resource regions 
are shown on Figure 2.1-1. 

** There is some movement t o  l i m i t  K G U s  t o  those areas  
with e l e c t r i c a l  po ten t i a l  only. However, t h i s  i s sue  may be 
moot because those areas with the  bes t  po ten t i a l  have a l -  
ready . *  been designated as KGRAs. 

I .  
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Figure 2.1-1. b a t i o n  and Acreage of Known Geothermal Resource Areas 
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Geothermal resources i n  California occur i n  lands that 
are administered by a number of federal, state ,  and private 
ent i t i e s .  Sections 2.11, 2.12, and 2.13 describe the dif-  
ferent land use regimes relevant to present ,exploration, 
leasing, and dri l l ing  ac t iv i t i e s .  Each discussion i s  fol-  
lowed by a brief description of act iv i t ies  at specific 
sites.  

,.. 

b d  - *  

,. 
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2.1 1 EXPLORATION 

The permitt ing process f o r  these a c t i v i t i e s  i s  d i f -  
fe ren t  f o r  federa l ,  s t a t e ,  and p r iva t e  lands. Exploration 
a c t i v i t i e s  include geology, geophysics, geochemistry, tem-  
perature  gradient  d r i l l i n g ,  and o the r  a c t i v i t i e s .  

FEDERAL LANDS 

Exploration on f ede ra l  lands i n  Cal i forn ia  i s  con- 
t r o l l e d  by the  appropriate  land management agency (LMA). The 
two l a r g e s t  are the  U.S. Forest  Service (USFS), which has  
j u r i s d i c t i o n  over designated na t iona l  f o r e s t s ,  and the  
Bureau of Land Management (BLM), ac t ing  a s  care taker  of most 
federal lands not designated as na t iona l  fo re s t s .  A number 
of o the r  federa l  agencies ac t  as land managers, but of less 
acreage. Nowever, some of these  agencies do cont ro l  lands 
with s ign i f i can t  geothermal po ten t i a l .  Among them are the  
Water and Power Resources Service (WPRS), a t  East Mesa; t he  
National Park Service,  a t  M t .  Lassen National Park; and t h e  
Department of Defense, a t  Cos0 Hot Springs.* Before explora- 
t i o n  can begin, the  explorat ion firm must f i l e  a Notice of  
In ten t  (NOI)  with the  appropriate  LMA. Exploration ac t iv i -  
t ies are authorized under a Plan of Operation (PO01 approved 
by t h e  W.** The LMA has t h i r t y  days t o  approve o r  disap- 
prove t h e  permit t o  explore.  Upon completion of explorat ion,  
t he  developer must f i l e  a Notice of Completion with the  LMA. 

Under separa te  Memoranda of Understanding; BLM has 
agreeQ t o  handle a l l  requests  f o r  N O I s  on both WPRS and USFS 
land. I f ,  i n  inves t iga t ing  the  proposed explorat ion 
a c t i v i t y ,  t he  a c t i v i t y  comes under the  category of "casual 
use" of the land, the  BLM may choose t o  allow explorat ion 
without t he  issuance of a formal NOI. This is  of ten  t h e  case 
with geological and geochemical a c t i v i t i e s ,  and most geophy- 
sical surveys, where there  i s  no noticeable  disturbance t o  
the  land. However, most d r i l l i n g  a c t i v i t i e s ,  temperature 
gradient  (TG) surveys, e tc .  , requi re  the  NOI.  

For lands under USFS ju r i sd i c t ion ,  an Environmental 
Assessment Review is  required p r i o r  t o  issuance of permits 

* See reference 9 for a more de ta i l ed  o u t l i n e  of per- 
mi t t ing  on federa l  lands. The Water and Power Resources Ser- 
v i ce  was formerly called the  Bureau of Reclamation. 

** Many t r a c t s  of land are leased before any explora- 
t i o n  work i s  i n i t i a t e d  t o  pro tec t  p ropr ie ta ry  r igh t s .  It is  
also i n t e r e s t i n g  t o  note t h a t  acquiring a lease t o  a piece 
of federa l  land does not prohib i t  t he  LMA from issu ing  per- 
mission t o  o thers  t o  explore t h a t  property,  even i f  t he re  
are producing geothermal wells located there .  

e: 

L 
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f o r  any explorat ion o r  leas ing  a c t i v i t i e s .  A t  present t he re  
are no N O I s  i n  e f f e c t  on USFS lands i n  Cal i fornia ,  but the 
USFS is i n  t he  process of evaluat ing lands i n  Toiyabe, Inyo, 

use . b' and Lassen National Forest  eas f o r  poss ib le  geothem 
* A  

The BLM monitors explorat ion a c t i v i t i e s  through i ts  s i x  
regional  o f f i c e s  i n  Cal i fornia .  Current explorat ion 
a c t i v i t y ,  evidenced by N O I s  p resent ly  i n  effect, is heaviest  
in t he  areas with proven geothermal po ten t i a l ,  such as The 
Geysers and Imperial Valley. The following is a summary of 
explorat ion a c t i v i t i e s  by region as of December 1979.* This  
summary is not  meant t o  be comprehensive, but only t o  iden- 
t i f y  the type of a c t i v i t y  that is undertaken i n  these areas. 
For cur ren t  information t h e  sources referenced i n  t h i s  sgc- 
t i o n  should be consulted. 

The Geysers Region 

ki 

P h i l l i p s  Petroleum is d r i l l i n g  temperature gradient  
holes in Mendocino, Sonoma, and Lake counties.  Occidental 
Gkothermal is completing a seismic 
d r i l l i n g  i n  Lake and Sonorna counties.  Am 
completed a program i n  the  Knoxville KGRA 
has also been a c t i v e  i n  the Mount St. Helena area, mainly on 
p r iva t e  lands .2 

0 Imperial  Valley 

I n  Imperial County, the USGS has been conducting t e m -  
perature  gradient  d r i l l i n g  i n  an effort t o  s tudy the  l a r g e  
scale c r u s t a l  f ea tu re s  in t h i s  area. P h i l l i p s  Petroleum has 
made extensive s t u d i e s  i n  San $ernadin0 County, i n  Imperial 
County near West Mesa, and in t h e  Chocolate Mountain area.  
Occidental Geothermal has d r i l l e d  temperature gradient  holes  
i n  the G l a m i s  KGRA and a t  East Mesa. Exploration i n t e r e s t  i n  
the fu tu re  i s  expected to  cen te r  i n  the Glami 
KGRAs along the wes t -s ide  of t 
Randsburg KGRA.3 I 

Northern Cal i forn ia  
" -  

Geotronix, Inc., 
ing a magnetotelluric 
been some i n t e r e s t  i n  t h  F a l l  River area but no formal per- 
mi t t ing  has taken place. 5 

* Sect ion 7.1 provides an update of recent  explorat ion 
a c t i v i t i e s .  
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* Central  Cal i forn ia  

I n  the c e n t r a l  port ion of t he  state,  the  USGS i s  d r i l -  
l i n g  a l imi ted  number of temperature gradient  ho les  i n  
se lec ted  loca t ions  s t r e t ch ing  from northwest of Bakersfield 
t o  the  Death Valley-Mojave areas. The WPRS has r ecen t ly  
d r i l l e d  TG holes  i n  t h e  Bridgeport areas, and P h i l l i p s  
Petroleum has TG holes  proposed for an area near Mono Lake.6 

STATE LANDS 

The S t a t e  Lands Commission (SLC may issue prospecting 
permits giving t h e  permittee exclusivy r i g h t  f o r  two years  
t o  prospect f o r  geothermal resources.  Under t h e  terms of 
t h i s  type of permit, i f  a discovery of commercial q u a n t i t i e s  
of geothermal resources i s  made, t he  permittee is e n t i t l e d  
t o  a lease from the  commission provided the  terms f o r  such a 
lease are s t a t ed  i n  the permit. 

The SLC may a l s o  gran t  nonexclusive geological  or  geo- 
physical  explorat ion permits f o r  explorat ion of geothermal 
resources. This type of permit does not  give the  permittee 
any p re fe ren t i a l  r i g h t  t o  a geothermal lease. 

S t a t e  law a l s o  places  a minimum parcel s ize ,  for both 
prospecting and leas ing ,  of 640 acres and a maximum s i z e  of 
5760 acres. No more than 25,600 acres may be permitted o r  L leased by a s i n g l e  e n t i t y  a t  one t i m e .  7 

A t  the  present  time, the  SLC has only a l imi ted  number 
of explorat ion permits,in e f f e c t ,  mostly i n  The Geysers and 
Imperial County areas. A l i s t i n g  of geothermal explorat ion 
permits i s  presented i n  Table 2.11-1. 

PRIVATE LANDS 

Geothermal geophysical explorat ion on pr iva te  lands is 
regulated by l o c a l  government agencies,  usua l ly  a t  t h e  
county l e v e l  .** Records of such a c t i v i t i e s ,  i f  required a t  
a l l ,  are kept a t  the  l o c a l  l eve l .  The Cal i forn ia  Division 
of O i l  and Gas does monitor geothermal d r i l l i n g  a c t i v i t i e s  
on p r iva t e  and state lands. Other than t h i s ,  t h e r e  i s  no 
state e n t i t y  which monitors geothermal geophysical explora- 
t i o n  a c t i v i t i e s  on p r iva t e  lands. 

* Because t h e  ex ten t  of state land ownership i n  Cali- 
fo rn ia  has not  yet  been resolved, an estimate of geothermal 
po ten t i a l  underlying state lands is not  yet  possible.1° 

Ll 
** See reference 8, Workshop #1, County Planning f o r  

Geothermal Development, December 1978. 
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Table 2.11-1. Permits t o  Prospect f o r  Geothermal Resources 

2W8.1 T R. W. Cypher lqerf.1 40 

2706.1 T R. W. Cypher(conv.into k a s e  PRC 314a.1) Imperial 160 
2707.1 ? R. W. Cypher(com.into h r c  mU: 3145.1) Iqe-1 160 
3708.1 t R. U. Cyphcr(canv.mto Lusc PRC 3146.1) Imperial . 160 
2862.1 T R. K. Crpher Imperial " 160 

2865.1 T R. W. Cypher Imperial 160 
160 
160 
40 

2866.1 T R. K. Cyphcr 
2867.1 T R. W. Cyphcr 

a0 
.160 

O'Nei l l ,  et  .I. 
SOS8.1 T Inrperial Tt.mnal Prcduat 
1395.2 T tlnion(cW.into Lrase ORC 45-96.23 SOnoaraIkke 
3396.2 T llnion(conv.into &ase 9RL: 4596.2) sonama .111,86 
f472.t T Union(conso1idate-d w/5596.2) sonoan 418.57 
973.2 t Union(cons0olidated u/3335.2) somta t kb 1463 
S80.2 T Union - lakc6HcdocW 1mO . 
$496.2 T Signal Lake 440 . $520.3 T Codem, Ceoth. Elcc. Corp. simlxe 40 
SS21.2 T Cordem, Gecth. Elcc. Corp. . Hadach 27.79 
2522.2 T Cordem, Ceoth. E l s e  Gorp. SXmn 40 
3525.2 T Union &noma a0 
s 7 0 a . z ~  signa Hedocin0 160 
5828.2 T Signal donoma 868.24 
5829.2 t Signal bonoma 40 
1830.2 T Si-1 &mma 4S8.16 
$831.2 T S i p 1  I sDILcllg6ikndocfRD UO 
3832.2 T Signal ~- Hcndocinn 160 
4236.2 T UOn(cunv.into tease PPS 4597.2) lZSb.65 

2705.1 T 1. W. Qptrer(com.,$nto lease PRC 5143.1) Imperial . . 5s 

2865.1 T R. W. Cypher fPlperia1 160 
2868.1 T R. W. Cyphcr fPlperia1 * 160 

zz: 
- . $056.1 T 

. d 6 . 2  T . 
4337.2 t 

4S59.2 T 
4540.2 t 
4541.2 T 
4364.2 T 
4S65.2 T 
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4 92 
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,.I Q Ceoth. Resources Int. lbno 1 
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1.1 Q Ceoth. Resources Int. lbno 1 
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l.1 Q So. California Ediron ccmF;uy k b M  4 
1.1 Q So. California Edison Ccmp3ny HDno 1 
.1 Q So. California Mison Caqmy bbno 4 
Q So. California Edison bnptny UDnO 4 

1.1 Q So. California &!iron Company kmo 7 
.2 Q So. California rdism canpjny ' cbno' 
1.1 f AC1.mtic O i l  co. Xqcrial 1 
.l f Atlantic O i l  Co. bpcrt.1 7 
1.1 Q llmcrim r)rml Rctourccs lbrlbc 
1.1 Q kncrican Therm1 Resourccs CbJOc 

I 
5 

.1 f Cetty - bbno i'cn?r Ca. krvo 
S 

1.1 T Cctty - bbno Powr Co. Jnyo 
.1 t k t t y  - &no b*Cr b. rnro 
.I Q Gulf . tassen 
t Amcricon Thcrrml Resources . b w o c  4 

.l t h r i c a n  Thcrn.1 Rcsourccs u?rhr 3 

.I t e t t y  O i l  Cazpny lkloc 5 
1.1 C c t t y  Oil COmpJny tW= 4 
0 1  Q Gulf O i l  Corporation tkloc I 
.I Q Gulf O i l  corpor.lCi0lr HSJOC 5 .- kninoil .sonaN 
).2 Q. b. Rcsourcrr Intcmtfonal k y i a l  I 

-2 Ceorbcrorl Klaeticr he. I r e  1 

1.4.9 Gulf O i l  Corporation Wa 3 

p * t e d w t e d  
Q Q u i t c k i M d  

Source: Cal i forn ia  S t a t e  Lands Commission 
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. i .  

i j  2.12 LEASING ACTIVITIES. 

This sec t ion  descr ibes  the  leas ing  procedure 
environmental review requirements imposed ,by t h e  var ious 
governmental agencies with au tho r i ty  over geothermal lands 
i n  Cal i fornia .  It a l s o  summarizes the  leas ing  and d r i l l i n g  
a c t i v i t i e s  undertaken t o  date under each of these fegimes. 
Table 2.12-1 shows t h e  loca t ion  of major a c t i v i t i e s ,  t h e  
da t e  of lease sa les , . and  the  number of acres leased. 

c/' 

~. 

Table 2.12-1. .Federal Geothermal Lease S a l e s ' i h  Cal i forn ia ,  1974-1979 

Date of 
KGRA Sa le  e Lessee Acres 

Lake CityISurprise  Valley 6/23/75 5913.8 
Dow Chemical 2083.4 
Southern Union 
Production Co " 2586.5 

Wendel-Amadee Robert E l l i o t  1205.2 
3474 . 0 
175.0 

3337.0 
Signal  O i l  987.0 
Occidental Petroleum 382.0 

625.0 
160.0 

9/14/77 Shell O i l  2857.0 
11/22/78 State of Cal i forn ia  470.7 

cc iden ta l  548.9 
Mono-Long Valley 22/74 Chevron O i l  1815.1 

G e t  t y  h o n o  1895.2 
Republic Geothermal 1772.7 

East Mesa 22174 Magma Power 5064.7 
Republic Geothermal 4145.3 

4/74 Republic Geothermal 2560. G 
5/10/79 Republic Geot 5039 . 0 

1929.0 

50,811.4 

U.S. Geological Survey, Conservation Division, Off ice  of 

6/ The Geysers 

nion/Magma/THL 2171 0 

Source: \ 

t h e  Deputy Conservation Manager f o r  Geothermal, Bidding History of Com- 
p e t i t i v e  Geothermal Lease Sales  on Federal  Land'. 

tJ 
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Other t ab le s  within t h i s  sec t ion  provide more de t a i l ed  
information t o  support s i t e - spec i f i c  descr ip t ions  of recent  
a c t i v i t i e s .  Because there  i s  v i r t u a l l y  no de lay  f o r  l ea s ing  
on p r iva t e ly  held lands,  these lands have received t h e  
g rea t e s t  i n t e r e s t  t o  date .  A c t i v i t i e s  are a l s o  expanding on 
state and f ede ra l  lands,  as environmental reviews are com- 
pleted and p r i o r i t i e s  are establ ished.  

i o  
L) 

As with explorat ion a c t i v i t i e s ,  each of t he  e n t i t i e s  
con t ro l l i ng  t h e  development of geothermal lands i n  Califor- 
n i a  - t h e  f ede ra l  and state governments, and pr iva te  land- 
holders - follows s l i g h t l y  d i f f e r e n t  procedures i n  leas ing  
proper t ies  f o r  geothermal exploi ta t ion.  

FEDERAL LANDS 

After an area has been evaluated by the  land management 
agency (LMA)* and t h e  decis ion made t o  lease the  land f o r  
geothermal development , . e i t he r  competitive o r  non- 
competitive bidding may be authorized.** Applications f o r  - non-competitive leases (on f ede ra l  lands .outside KGRAs) are 
submitted and accumulated over a one-month period. A t  t he  
c lose  of t h i s  period t h e  requested lease area i s  again 
reviewed f o r  KGRA o r  ex i s t ing  lease infringement. (Overlap- 
ping bids  automatical ly  designate  an area as a KGRA.) A lead  
agency i s  then designated f o r  t he  Environmental Assessment 
Report (EAR). Based on t h e  f indings of t h e  EAR, an Environ- 
mental Impact Statement (EIS) may be required. If a f a v o r  
ab le  decis ion i s  rendered following the  environmental review 
by the  LMA, a bid f o r  t he  lease is then submitted by t h e  
developer t o  the  LMA. The LMA, a f t e r  determining whether 
t he  bid is  acceptable,  may award a lease t o  the  developer. 
Leases are general ly  awarded f o r  a period of 10 years  and 
may be renegot ia ted with t h e  LMA a t  the  end of t h a t  
period.*** 

c; 

The area is then reviewed once more by t h e  LMA f o r  
infringement on a KGRA. After t h e  f i n a l  c e r t i f i c a t i o n  as  a 
non-KGRA, the  lease is  issued. 

* The Bureau of Land Management and the  U.S. Forest  
Service are t h e  p r inc ipa l  LMAs i n  Cal i fornia .  The Water and 
Power Resources Service and Department of Defense a l s o  have 
some holdings. (See Section 2.11, supra.) 

**A minimum parce l  s i z e  of 640 acres is  usua l ly  re- 
quired,  un less  t h e  LMA determines t h a t  spec ia l  considera- 
t i o n s  warrant a smaller 6 i Z e .  

*** New f ede ra l  l e g i s l a t i o n  may extend the lease period 

L t o  twenty years. (See Section 7.3) . 

-38- 



I n  t h e  competit ive scheme, t h e  bidding procedure has 
more formalized cons t r a in t s  f o r  both the bidder and the  LMA. : 

Competitive bidding, by d e f i n i t i o n  i s  always required on 
f ede ra l  lands t h a t  have .bee esignated KGRAs. P a r t .  of t h e  
l ea s ing  program developed by e land agency inc  
e t i n g  and scheduling of an EAR (usua l ly  one t o  th ree  years ) ,  
and prepara t ion  of a leas ing  schedule. The lead agency usu- 
a l l y  prepares t h e  EAR ( 7  t o  12 months), and normally con- 
duc ts  t h i s  i nves t iga t ion  following the  format of an EIS t o  
save t i m e  i n  case t h e  latter document is required.  Once com- 
p le t ed ,  t he  EAR i s  d i s t r i b u t e d  t o  var ious state, f ede ra l ,  
and l o c a l  agencies a n d ’ t o  t h e  general  publ ic  f o r  formal com- 
ment (comment and r ev i s ion  can take  8 t o  12 months). Follow- 
ing approval of t he  EAR, t h e  leases are announced and b ids  
a r e  submitted. An E A R  is  prepared f o r  lands designated’ as 
KGRA. An EIS is prepared i f  t he re  i s  concern t h a t  t h e  leas- 
ing  ac t ion  w i l l  lead t o  a s ign i f i can t  impact on t h e  human 
environment. A t  t h i s  po in t  t he  LMA decides whether .or  not t o  
continue with the  leas ing  procedure, I f  t h e  dec is ion  i s  t o  
continue, a l ea se  sale i s  scheduled. The LMA i s  charged with 
conducting t h e  lease sale, but  the r e spons ib i l i t y  f o r  deter-’  
mining a f a i r  market value f o r  t h e  land i s  delegated t o  t h e  
USGS, which, beginning with t h e  EAR, becomes responsible  as 
t he  t echn ica l  representa t ive  f o r  ’ t h e  LMA. 

Lj 

The LMA i s  responsib .for i s su ing  mineral  l ea ses -  and 
l icenses  and i s  t h e  o f f i  of record f o r  l ea s ing  matters. 
The USGS is  responsible  r a l l  geologic,  engineering, ‘ 
economic value determinations,  and supervis ion of lessee 
opera t ions .  These r e s p o n s i b i l i t i e s  include pa rce l l i ng  of 
. l eas ing  t r a c t s ,  determining land values,  e s t a b l i s h i n g  roy- 
a l t y  and r e n t a l  rates,  evaluat ing resource&, and c a l c u l a t i n g  
reserves .  Also included are reviewing investment c o s t s  f o r  

genera l ly  supe rv i s i  e area of operati t h i n  a lease 
(See reference 7 fo ther deta i l .  1 I 

d i l i g e n t  developrnent and minimum production requirements and ~ 

I 
I 

The LMA then u l e s  and conduct lease sale. 
Thi r ty  days a f t e r  t he  s a l e ,  t h e  LMA must make a dec i s ion  t o  
award a lease t o  t h e  h ighes t  bidder ,  or,  i f  t h e  bidding does - 

not meet t he  minimum c r i t e r i a  ea tab l i shed  by the  USGS, deny 
the  bidders a leas ing  agreement and r e t u r n -  t h e  land‘  t o  a 
pre-lease s t a t u s .  I f  a l ea se  i s  awarded, t h e  l e s see  is  ~ 

n o t i f i e d  and i s  expected t o  exe the  l ea se  wi th in  t h e  
next month ( t h i s  usua l ly  include ing t h e  bonus bid 
and a plan of opera t ion  f o r  d r i l  he lessee usua l ly  
has a spec i f i ed  amount of t i m e  
a f t e r  which t i m e  t he  lease comes up f o r  renewal. ’ 
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Table 2.12-1 l i s t s  by region the  f ede ra l  lease sales 
which have been he ld  i n  Ca l i fo rn ia  during 1974-1979.* Two 
fac to r s  have inh ib i t ed  l ea s ing  of federa  lands.  F i r s t  , 
because of t h e  fo rma l i t i e s  involved, compet ve bidding i s  
much more time consuming than t h e  non-competitive process ,  
and o f t e n  more c o s t l y  t o  t h e  developer, As a resu l t ,  a s ig-  
n i f i c a n t  number of lands which have been designated as KGRAs 
i n  Ca l i fo rn ia  have not been se r ious ly  explored f o r  t h e i r  
geothermal po ten t i a l .  Second , because of t h e  l imi ted  
resources of t he  LMAs, it has been necessary t o  e s t a b l i s h  
p r i o r i t i e s  f o r  eva lua t ing  these  agencies ' lands. This  means 
some lands w i l l  not be ava i l ab le  f o r  l ea s ing  u n t i l  t h e  LMA 
has been ava i l ab le  f o r  l ea s ing  u n t i l  t he  LMA involved has 
apportioned the  resources t o  ga ther  and eva lua te  t h e  
required pre-leasing data.** 

STATE LANDS 

I n  Ca l i fo rn ia ,  t h e  S t a t e  Lands Commission (SLC) i s  
authorized t o  grant  permits and' l ea ses  f o r  explora t ion  and 
development of geothermal resources on lands owned by t h e  
s tate ,  and on l ands  for which the geothermal r e s o u r c e s  have  
been reserved pr t h e  state (i.e.,  Homestead Act mineral 
reserve lands) .  The SLC a l s o  has  d i s c r e t i o n  t o  des igna te  a 
piece of land f o r  competit ive o r  non-competitive bidding.*** 
The minimum pa rce l  s i z e  is genera l ly  640 acres i f  t he  pa rce l  
i s  intended f o r  e l e c t r i c i t y  development. I f  a pa rce l  is less 
than 640 acres i n  size, or i f  t he  parce l  i s  intended f o r  
non-electr ical  appl ica t ions ,  a lease may be issued f o r  less 
than 640 acres .  Leases can be granted f o r  as long as 99 
years ,  but t he  recent  p rac t i ce  of t he  SLC has been t o  i s sue  
them f o r  20 years.  Table 2.12-2 l ists  the  number of a c t i v e  
leases on s ta te  lands. 

Lands designated f o r  competit ive leas ing  are b id  upon 
on the  b a s i s  of cash bonus, net  p r o f i t ,  or some o the r  s ing le  
biddable f ac to r .  This procedure d i f f e r s  somewhat from the  
federa l  one i n  t h a t  i t  allows the  SLC t o  accept b ids  on t h e  
b a s i s  of a percentage of the  net  p r o f i t s  of t h e  developer. 
This  arrangement seems t o  give t h e  bidder  more f l e x i b i l i t y  
by minimizing front-end c o s t s  and permits smal le r  

* For a complete l i s t i n g  of f ede ra l  lease sales see Cu- 
mulative S t a t i s t i c a l  Bid Recap, Federal  Geothermal Sa les ,  
1974-1978, ava i l ab le  from the  USGS. S t a t e  lease sales 
records are presented i n  Table 2.12-2. 

- -- 
** See reference 6 f o r  a d iscuss ion  of base l ine  d a t e  

acqu i s i t i on  and land ownership pa t t e rns  and t h e i r  e f f e c t s .  

*** See Cal i forn ia  Publ ic  Resources Code , sec t  ions 
6904, 6910, 6912 1, f o r  f u r t h e r  d e t a i l .  
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Table 2.12-2. Active Leases on S t a t e  Lands i n  Cal i forn ia  

County Expirat  Lessee Acres 

Imperial  5/27/84 New Albion Resourc - Thermal 535.0 

Lake 61 Sonoma 3,988.3 
12/13/96 Natomas 130.0 
2/24/97 Wildhouse Ranch 434.0 

Magma 

5,087.3 

Source: S t a t e  Lands Commission, Geothermal Resources Program - 
A DYnamic Approach t o  Alternative Energy Development, Ju ly  1977. 

-.  

independent developers t o  pa r t i c ipa t e .  The procedure has 
allowed the  s ta te  t o  r e a l i z e  p r o f i t s  t h a t , w i l l  be s i g n i f i -  
can t ly  l a r g e r  on a per  c r e  bas i s  than those received by the  
federa l  g o v e r y e n t  . However, the  pay-back t i m e  is s ign i f  i- 
cant l y  longer.  

The Ca l i fo rn ia  Division of O i l '  and Gas (DOG) has the  
s t a t u t o r y  r e s p o n s i b i l i t y  f o r  preparing environmental docu- 
ments f o r  geothermal exploratory p ro jec t s  on s ta te  'and 
p r i v a t e  lands.* DOG ma> delega te  t h i s  r e s p o n s i b i l i t y  t o  a 
county t h a t  has  adopted a geothermal element t o  i t s  general  
plan.** Imperial County is present ly  &he oyly county t o  
which DOG has delegated t h i s  r e spons ib i l i t y .  DOG, or i t s  
represent  at  i ve ,  must comple 
days of n o t i f i c a t i o n .  The 
borne by the  developer. 

PRIVATE LANDS 

bd 

The var ious 
planning commiss 
types of uses  permitted 
explora t ion  and 
ind iv idua l  bas is 
mineral r i g h t s .  Because of the  r e l a t i v e l y  simple l ea s ing  . 
procedures involved, much of t he  

* See the  Cal i forn ia  Environmental Quality Act of 1970 
and Sect ion 3715.5 of the  Publ ic  Resources Code. 

** Authorized through AB 2644. See Sect ion 5.24, i n f r a ,  
f o r  a discussion.  



Figure 2-3 (p.22) Geothermal Development on Publ ic  Lands, 
i l l u s t r a t e s  t he  r e l a t ionsh ip  among t h e  environmental assess- 
ment e f f o r t s .  . 

The Geysers KGRA - - .  

I n  The Geysers area, t h e  state con t ro l s  approximately 
21,000 acres  of reserved mineral lands with 4,522 acres 
under lease, and 1,900 acres  under prospect ing permits. The 
f ede ra l  government owns 14,000 acres of mineral reserve  and 
11,150 acres  of fee land. A 3,000-acre l ease  sale was held 
i n  February 1979 i n  which, nine parce ls  of federa l  land were 
leased f o r  $16 million.** Pre-lease resource inventor ies  are 
being s tudied on a 4,000-acre block of mineral reserve  land 
i n  The Geyser Peak Study area, south and w e s t  of the  Geysers 
Resort. 

i d e n t i f ' e d  geothermal po ten t i a l  i n  Ca l i fo rn ia  has been 
leased. 

RECENT ACTIVITIES I N  KGRAs 

\ .  2 
hid 

The following i s  a summary of information from Geother- 
m a l  Leasing i n  Cal i forn ia ,  State-Federal-Local Agency Task 
Group Workiw- Paper, September 1978, with updates from 
Geothermal Program Cal i forn ia ,  BLM Apr i l  1979. It i s  a 
synopsis of recent  a c t i v i t i e s  a t  The Geysers, Imperial  Val- 
l e y  and the o the r  geothermal areas i n  Ca l i fo rn ia  which have 
been given t h e  h ighes t  p r i o r i t y  f o r  development by Bureau of 
Land Management (BLM), t he  U.S. Geological Survey (USGS), 
the  Ca l i fo rn ia  Energy Commission, and t h e  S t a t e  Lands Com- 
miss ion. * 

- 

LJ 

Imperial  Valley KGRAs - t 

The Imperial  Valley region includes s i x  KGRAs: Sal ton  
Sea, Brawley, Heber, G l a m i s ,  Dunes, and East Mesa. A t  East 
Mesa, e igh t  parce ls  (18,600 ac res )  were of fered  f o r  sale i n  
mid-1979. Five of these  parce ls  had been of fered  a t  previ-  
ous lease sales, and an add i t iona l  t h ree  had been withdrawn 
previously f o r  use by t h e  Water and Power Resources Service 
geothermal test f a c i l i t y .  Inventory s tud ie s  of some 90,000 
acres of non-competitive land a t  East Mesa are being under- 
taken. Lease sales f o r  those  areas between the  Coachella and 
East Highline Canals were made i n  late 1979. 

* See Figure 2.1-1 f o r  t he  loca t ion  and acreage of 
var ious KGRAs. 

** A l l  parce ls  were on p r i v a t e  land with mineral r i g h t s  
reseved t o  the  federa l  government through the  Stock Raising 

*hi . Homestead Act. 
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Some indus t ry  i n t e r e s t  has been shown i n  the  G l a m i s  and 
Dunes KGRAs, bu t  both areas c t a i n  s ign i f i can t  environmen- c' t a l  c o n s t r a i n t s  and p ro tec t ive  

I n  t h e  Yuha area, 13 non-competitive appl ica t ions  cov- 
e r i n g  27,000 acres  were considered i n  la te  1979. A t  t he  
North Sa l ton  Sea, f i v e  non-competitive leases, with no sur- 
face occupancy s t i p u l a t i o n s  , have been awarded. Environmen- 
t a l  review continues on these  lease areas. A t  San Fe l ipe  
Wash, a t  t h e  southwest corner  of  t h e  Sa l ton  Sea, '  four non- 
competit ive appl ica t ions  f o r -  8,800 acres  have been f i l e d .  
There may be p o t e n t i a l  environmental conf Lic t s  'within t h e  
San Fe l ipe  Marsh, and t h e  CSO F eries Biologis t  is review- 
ing the  area. 

Knoxville KGRA 
, r  - 

Resource invent o s and t h e  EAR are i n  process on BLM& 
lands.  Leasing is  scheduled f o r  t he  summer of 1981. The 
present  s tudy area includes 147,000 acres  i n  the  KGRA. Non- 
competit ive areas covering 23,000 acres w i l l  be s tud 
l a t e r .  

Cos0 KGRA 
7- 

The U.S. Navy is the  LMA i n  t h i s  ar s ince  it con t ro l s  
a la rge  par t  of the,KGRA'fot naval ordinance t e s t i n g  and 
development. The Navy has  contracted with t h e  Ca l i fo rn ia  
Energy Company t o  develop the  Navy's geothermal resources 
and eventua l ly  t o  cons t ruc t  a power: plant  h w i l l  gen- 
erate e l e c t r i c i t y  f o r  m i l i t a r y  requi  

The BLM is  preparing an environmental -impact statement 
f o r  l ea s ing  i n  t h i s  area, A cont rac t  has been awarded t o  
Rockwell In t e rna t iona l  f o r  t he  resource inventory and pre- 
leasing EIS for 67,000 acres of the Cos0 KGRA and 5,120 
acres  of adjacent non-competitive lands. The d r a f t  EIS is 
scheduled t o  be re leased  f o r  public '  comment i n  February 
1980, with a f i n a l  dec is ion  d a t e  of December 1980 a n t i c i -  
pated.* The outcome of t h e  EIS wi l l ' p robab ly  be influenced 
by t he  recent design L 

His to r i c  Regis te r  s i t e .  

In  Rose Valley,  s i n t e r e s  ed I i n  developing a hybrid geoth 

Randsburg KGRA 

coal-f i red power p l an t .  

7 

The Randsburg KGRA encompasses 12,880 acres ,  of which 
approximately 9OX are federa l  lands, with the  remaining 10% 
held  by the  state.  Surrounding the  KGRA are some 73,000 

_ .  
* See Sect ion 7.1 f o r  a s ta tus  upd-',e. 
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c 
L.' acres  of land t o  be considered f o r  non-competitive leas ing .  

The pre-lease environmental assessment has been completed, 
and four non-competitive leases were issued under "no sur- 
face  occupancy" s t i p u l a t i o n s  i n  September 1978. 

A major por t ion  of t h e  KGRA and surrounding area have 
been withdrawn from leas ing  cons idera t ion  and designated as 
Wilderness Study Areas.* A por t ion  of t he  KGRA and some of 
t h e  non-competitive areas have been, opened but  the  general  
opinion of indus t ry  i s  t h a t  t h e  amount of l ang  t h a t  i s  
present ly  ava i l ab le  is inadequate f o r  development. 

The s ta te  of Ca l i fo rn ia  has  issued prospect ing permits 
f o r  i t s  land. In  one case,  however, the  property is com- 
p l e t e l y  surrounded by federa l  lands. 6 I n  t h i s  ins tance ,  
explora t ion  and development w i l l  probably be minimal u n t i l  
t he  l ea s ing  s t a t u s  of t h e  f ede ra l  lands i s  s e t t l e d .  

Mono-Long Valley KGRA - - 
The land i n  the  Mono-Long Valley KGRA is divided among 

the U.S. Forest Service (approximately 290,000 ac res ) ,  t h e  
Bureau of Land Management (approximately 205,000 ac res  1, and 
s ta te  and p r i v a t e  lands (65,000 acres) .  The USFS has 
r ecen t ly  completed a f o r e s t  management EIS which addresses 
geothermal development and is  now working on t h e  Mammoth 
Geothermal EAR. 

Republic Geothermal completed an  unsuccessful test w e l l  
i n  t he  area and, as a resul t ,  indus t ry  i n t e r e s t  f o r  l ea s ing  
the  BLM lands east of t h i s  s i t e  has  diminished s i g n i f i -  
cant ly .  However, t he  wel ls i te  was not i n  the  prime area of 
t he  prospect and t h i s  unsuccessful tes t  does not preclude 
renewed explora t ion  a c t i v i t i e s  i n  the  future .  Mono County 
has approved the d r i l l i n g  of t h ree  exploratory wells on ~ 

pr iva t e  lands, but  it i s  not l i k e l y  t h a t  they w i l l  be  
d r i l l e d  before  leases are of fered  on t he  adjacent USFS 
lands,  s ince  a discovery on t he  p r i v a t e  p rope r t i e s  would 
s i g n i f i c a n t l y  increase  the  l ea s ing  c o s t s  on USFS lands. 

Evaluation and development of t he  geothermal resource 
i s  expected t o  proceed slowly because of the  c l o s e  a t t e n t i o n  
t h a t  must be  given t o  wilderness i s sues ,  the present  unavai- 
l a b i l i t y  of t h e  prime prospect areas f o r  l ea s ing  (Wilderness 
Study Areas), and t h e  fu r the r  cons idera t ion  t o  be given t o  
w i l d l i f e  issues and archeological  areas. 

* Sect ion  603 of the  Federal  Land Policy and Manage- 
ment Act of 1976 states t h a t  no management ac t ion  be taken 
t o  degrade the  wilderness po ten t i a l  of roadless  areas of 500 
acres or mare. 
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Wendel-Amedee KGRA f : - 
One lease was issued i n  t h e  competitive lease area i n  

January 1979. One lease ha en awarded on neighboring 
non-competitive lands,  and fu r the r  appl ica t ions  are 
being considered f o r  lands n t l y  included i n  a Wilder- 
ness  Study Area. . .  

Surpr i se  Valley - KGRA 

Three f e d e r a l  leases are present ly  i n  e f f e c t ,  and th ree  
o thers  have been abandoned i n  the  area.  To d a t e  (December 
1979) no commercial production ventures have been under- 
taken. 

Beckwourth Peak KGRA -- 
An EAR is  being undertaken by t h e  BLM/USFS. 

sale is  t e n t a t i v e l y  scheduled f o r  February 1980. 
The l e a s e  

Bridgeport (non-competitive area - i n  Mono county, north of 
Mono-Long V a l  ley KGRA) 

The resource p o t e n t i a l  of t h e  area is  under study by 
t h e  Water and Power Resources Service and t h e  Ca l i fo rn ia  
Divis ion of Mines and Geology. The WPRS is undertaking a I 

shallow d r i l l i n g  program t o  eva lua te  water qua l i t y  and quan- 
t i t y .  The BLM i s  studying t h e  a rea  f o r  a grazing EIS. No 
l eas ing  i s  scheduled, although 19 appl ica t ions  f o r  30,500 
acres  are on f i l e .  

NON-COMPETITIVE AREAS 

I n t e r e s t  i n  l ea s ing  i s  
areas .  An i nd ica t ion  is  t 
received pe r  area 

BLM Non-Competitive - Areas ( -- 
P i t  River - n 

Bristol-Amboy - San Bernard 
106,000 ac .) 

Timbered Cra 
app. / 5,145 

Owens Valley 

Tecopa - Inyo County, east of Death Valley National 
Monument (7  app. / 11,760 ac.1- 
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Sa l ine  Val ley  - Inyo County, east of Owens Valley (3 
app. / 5,760 ac.)  

Anza - Imperial  County, southwest of El Centro ( 3  app. 
/ 2,500 ac.)  

-- U.S. Forest  Service - Non-Competitive Areas (Applications / 
Acres) - 

Glass Mountain - Siskiyou County (99 app. / 201,841 
ac.)  

' Bend - Shasta  County, south of M t .  Shasta  (15 app. / 
28,889 ac.)  

Lassen - Lassen County, ou ts ide  Lassen National Park 
(23 app. / 41,612 ac.)  

Haden H i l l  - northwest Lassen County (4 app. / 6,879. 
ac. 1 

Eagle Lake - Lassen County, nor theas t  of Susanvi l le  (10 
app. / 23,769 ac.) 

Crowley Lake - Mono County, south of Mono-Long Valley 
KGRA (10 app. / 22,868 ac.)  
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2.13 GEOTHERMAL DRILLING 

For s ta t is t ical  purposes, geothermal d r i l l i n g  i n  C a l i -  
f o rn ia  has been subdivided i n t o  four  general  
temperature grad ien t ,  exploratory,  production, and in j ec t ion  
w e l l s .  The Cal i forn ia  Division of O i l  and Gas (DOG) uses  
somewhat d i f f e r e n t  terminology i n  i t s '  c l a s s i f i c a t i o n s  of 
geothermal w e l l s ,  but the  four kinds of wells are equivalent 
(see the da t a  a t  the  end of t h i s  sect ion) .  

A temperature gradient  hole  i s  a shallow hole ,  gen- 
e r a l l y  two t o  th ree  hundred feet i n  depth, used t o  measure 
the  flow of heat  near  t h e  surface a t  a pa r t i cu la r  site. An 
exploratory w e l l  i s  e s s e n t i a l l y  a "wildcat w e l l , "  an attempt 
t o  prove a producing zone by a c t u a l l y  d r i l l i n g  i n t o  the  
reservoi r .  I f  successful ,  i t  can be used as a production o r  
i n j e c t i o n  w e l l .  A production well, as the  name implies,  i s  a 
v i ab le  w e l l  producing f o r  e i t h e r  e l e c t r i c i t y  generation o r  
d i r e c t  uses. An i n j e c t i o n  w e l l  is used f o r  re turning the  
spent geothermal f l u i d  t o  the  subsurface reservoi r  e i t h e r  
f o r  d i sposa l  o r  t o  recharge the system. 

The Cal i fornia  Division of O i l  and Gas (DOG) has the  
r e spons ib i l i t y  f o r  regulat ing '  and boni tor ing a l l  geothermal 
w e l l s  d r i l l e d  i n  Cal i forn ia ,  with the  s ing le  exception of 
those w e l l s  d r i l l e d  on f e d e r a l ' l a n d s  by U.S. government 
d r i l l i n g  crews.* However, developers d r i l l i n g  on leased 
f ede ra l  land s t i l l  must f i l e  d r i l l i n g  records,  etc.**, with 
the  DOG. The DOG a l s o  coordinates with the  f ede ra l  govern- 
ment t o  obta in  da t a  on f ede ra l  wells so hat  the DOG statis- 
t ics are complete. 

DOG has es tab l i shed  th ree  geothermal d i s t r i c t s  (Figure 
2.13-1) through which a l l  d r i l l i n g  a c t i v i t i e s  are monitored. 

The "Index of Geothermal Well Records" i s  a listing of 
each w e l l  d r i l l e d  i n  the  state. Some of t h i s  information is  
propr ie ta ry  (e.%., w e l l s  d r i l l e d  by p r iva t e  industry) ,  and 
i s  ava i l ab le  f o r  publ ic  s c ru t iny  only a f t e r  t h e  confiden- 
t i a l i t y  period has expired. The conf iden t i a l i t y  period i s  
normally 5 years  and may be xtended f o r  an addi t iona l  2 
years o r  longer a t  the  request of t he  operator  by the  Direc- 
t o r  of the  Department of  Conservation a f t e r  a public 

* See Division of O i l  and Gas, Cal i forn ia  Laws f o r  Con- 
serva t ion  of Geothermal Resources, PRC 02 (6-79-DWRR-3C), 
1979. The USGS a l s o  has  r e spons ib i l i t y  f o r  ac t ions  r e l a t i n g  
t o  supervis ion of t he  area of operat ions -within a federa l ' ,  
lease. 

** See Figure 2.13-1 f o r  a map of DOG'S d i s t r i c t  boun- 
d a r i e s  and d i s t r i c t  o f f i ces .  
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Source: California Division of Oil an4 ca=- 
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hearing .* DOG a l s o  produces ' a set of loca l ized  , de ta i l ed  , 
maps of each area ' i n  which geothermal d r i l l i n g  is proceed- 
ing. These maps are updated weekly through DOG "Weekly Map 
Revision Bul le t in ,  PR-55." DOG a l s o  publishes a l i s t  of 
"Notices Received t o  D r i l l ,  Rework, and Abandon (wells) Bul- 
l e t i n ,  PR-45." 

A cumulative summary of geothermal wells d r i l l e d  i n  
Cal i forn ia  during t h e  years  1971 *t  1978 1s presented i n  
Figure 2.13-2. 

c' 

Figure 2.13-2. Cumulative New Geothermal Wells Drilled in California 
1971-1978 
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Report of the State Oil and Gas Superv 

* See Sec. 3752 of Public Resources Code. 'Id 
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The da ta  presented i n  Table 2.13-1 een condensed and 
retabulated from d a t a  published i n  DOG Annual Report t t  
series. u 

Dri l l i ng  information i n  t h e  t a b l e s  includes da t a  on 
geothermal production wells, i n j e c t i o n  wells, and explora- 
t i o n  w e l l s .  Information on observation (temperature- 
grad ien t )  holes  i s  not  included because t h i s  type of  d r i l -  
l i n g  i s  used f o r  explorat ion purposes, and because oberva- 
t i o n  holes  cannot be used as "producing" w e l l s  even i f  
geothermal f l u i d s  are encountered. A d i s t i n c t i o n  i s  made i n  
t h e  t a b l e  between "Fields" and "Counties." A f i e l d  contains  
a t  least one w e l l  capable of producing geothermal resources 
i n  commercial quan t i t i e s .  The boundaries are es tab l i shed  by 
graphica l ly  construct ing one-mile squares around each of t h e  
w e l l s .  A f i e l d ,  e.g., The Geysers, usua l ly  involves com- 
p e t i t i v e  leasing.  (See Sect ion 2.12) KGRA and " f ie ld"  
boundaries genera l ly  overlap but t h e  KGRA i s  a f ede ra l ,  
r a t h e r  than state,  designation. The da ta  presented f o r  t h e  
"counties" i s  t h a t  information from non-competitive areas 
not included i n  the  " f ie ld"  boundaries. Data from geothermal 
f i e l d s  is t ab lu l a t ed  separa te ly ,  even though most f i e l d s  l i e  
within count ies  t h a t  are a l s o  l i s t e d  i n  the  tables (e.g., 
The Geysers f i e l d  l i es  i n  Lake, Sonma, and Mendocino Coun- 
t ies .) 

Reading the  d a t a  from the  t a b l e s  i s  r e l a t i v e l y  
straightforward. For example, i n  looking a t  The Geysers da t a  
from 1971, one can see t h a t  13 no t i ces  were f i l e d  f o r  new 
w e l l s ,  and two add i t iona l  appl ica t ions  were made t o  rework 
o lde r  wells. Eleven new w e l l s  were d r i l l e d ,  o f .  which t e n  
were completed t o  production. One new w e l l  w a s  abandoned. 
Additionally,  one no t i ce  w a s  f i l e d  t o  abandon a w e l l  previ- 
ously l i s t e d  as a producer, and the re  w a s  one no t i ce  f i l e d  
t o  abandon a dry  hole. 

The category "new wells ( d r i l l e d ) "  includes geothermal 
producing w e l l s ,  i n j e c t i o n  wells, and explorat ion w e l l s ,  so 
t h a t  a l l  the  new wells d r i l l e d  would not  be expected t o  be 
completed t o  production. For example, only 13 of t h e  new 
w e l l s  d r i l l e d  i n  1972 were completed t o  production, and 4 
abandoned. It i s  assumed t h a t  d r i l l i n g  on the  remaining 13 
w e l l s  was s t i l l  i n  progress,  o r  t h a t  t h e  wells were a t  least 
not  formally abandoned. 

F ina l ly ,  most of t h e  names of California's " f i e ld"  
designat ions correspond t o  the  names of t he  f ede ra l  KGRAs. 
An exception, however, i s  t h e  Casa Diablo f i e l d ,  which 
r e f e r s  t o  the  Mono-Long Valley area. 
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Table 2.13-1. Geothermal Operations, 1971-78 

L 

. 
I lev  Uellr I Yoticer 

0 0 0 '1 . 0 Cam Diablo 0 0 

The Ceyaerr ll 10 1 u 2 1 1 
Salton Sea 0 0 0 1 0 0 0 

State totala ll 10 1 16 2 2 1 

Within Geothermal= 
&sa Dlablo 0 0 0 0 0 0 0 
The Ceyaerr u u 0 22 7 0 0 
Salton Sea < s  0 0 1 0 0 0 

Outride Geothermal Fields CoUlltT 
bper ia l  Co. 7 0 2 7 0 0 2 
Lake Co. 1 0 1 1 2 0 2 
krren Co. 0 0 0 1 0 0 0 
XendOCLW Co. 1 0 1 1 0 0 1 
w o c  co. 1 0 0 1 0 0 0 

State so u 1 37 9 0 S 

_ _  

- Within Geothermal Fields .197) 

Cas. Dhblo 0 0 . o  0 0 0 0 
The Gcyacra 19 u 0 22 6 1 1 
Salton Saa 0 0 0 0 2 0 0 

Imperbl Co. 5 1 0 6 2 0 0 
Lake co. 1 0 0 0 0 1 
L8asen b. 2 0 1' 2 0 1 
&doc Co. 2 0 1 2 0 0 1 
Dubs Co. 1 * o  1 1 0 0 0 

b u n t i  7 Outside kothennal Yields 

State t o u l r  30 16 3 I1 , 13 -1 4 

* 

- Field 
Casa Dlablo 

--- Within kothermal Field8 

0 0 0 0 0 2 0 
t h e  Ceyrerr 21 $8 2 , 21 ' 7  2 3 
Salton Sea 1 1 0 '  1 0 0 0 

Imperial Co. 6 6 0 < 7  0 0 0 
0 0 0 2 0 0 0 
0 0 0 s 0 0 0 
2 0 1 2 1 0 .  1 
0 0 . o  0 0 0 1 
0 0 0 1' 0 0 1 

30 ' 2 s  3 37 12 2 5 

- Outride iothcrmal 

Lake Co. 
Hendocin0 Co. 
h d o c  Co. 

Plumar Co. 
sonma 

stat. totals 
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Field or County 

Imperial b. 9 
Lake b. 6 
k s s e n  b. 0 
Mendocino b. 0 
Nnpa Co. 0 
S.n Bernardino Co. 0 

 at wells ~ Notices Filed 
Completed New Abandonment 

Drilled to hbandoned Reworks ’ D r y  
Produc tioq Wells Producers 

Sonoma b. 2 

- Outside Geothermal- 
8 0 2 6 0 
0 0 5 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 3 0 0 0 
0 0 0 0 0 
1 1 2 0 0 

38 26 3 33 10 3 1 State t o t a l s  

1970 
Field 
Bravley 
C.sa Diablo 
hst Uesa 
The Geyser. 
Beber 
hke City 
salton sea 

- - 
- Within Geothermal Picld. 

4 0 0 6 2 0 
0 0 0 1 0 0 
6 6 0 0 0 0 

17 12 2 9 3 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

Outside Geothermal Fields - Counties - 
Imperial Co. 2 2 0 6 0 0 
h k e  b. 3 0 0 12 1 0 
k8Sen CO. - 0 0 0 
Mendocino b. 0 0 0 0 0 0 

- - 
1 Lbno 6. 

Xapa b. 

Plums Co. 

Riverside Co. 

S.n Be-dino Co. 

sacma b. 

Sta t e  t o t a l s  

- - - 1 0 
1 0 0 1 0 
0 0 0 0 1 
0 0 0 0 0 
0 0 0 0 0 
2 0 0 1 0 

35 20 2 37 7 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

I 

Sources: Division of Oil and Gas, California Department of 
Conservation, Summary of Operations - Oil, Cas, and Geothermal Product- 
tion Statistics, Vol. 57, 59; 1971-1973. Division of O i l  and Gas, 
Annual Report of the State Oil and Gas Supervisor, 1974-1977. 
Communications with Doug Stockton, Division of Oil and Gas, 1979. 
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2.2 DESCRIPTION OF SIGNIFICANT DEVELOPMENT ACTIVITIES 

HISTORY OF GEOTHERMAL DEVELOPMENT 

- 
I 

’* . . . t he  g r e a t  economic success of geothermal power has 
been c l e a r l y  demonstrated by the  th ree  ’geothermal giants’ - 
I t a l y  New Zealand and Cal i fo  ...” --Christopher .€i. Ann- 
stead i 

It is i n t e r e s t i n g  t o  examine t h e  h i s to ry  of modern 
geothermal development t o  ga in  an understanding of 
California’s cont r ibu t ions  to  t h i s  industry.  
electrical power had i t s  b i r t h  i n  the e a r l y  1900’s i n  Lar- 
de re l lo ,  I t a l y ,  where, a f t e r  19 years  of experimentation and 
process design, t h e  f i r s t  geothermal power p l an t  began pro- 
ducing e l e c t r i c i t y  i n  1913. Larderello remained t h e  l a r g e s t  
geothermal f i e l d  i n  the  world f o r  50 years  u n t i l  The Geysers 
steam f i e l d  surpassed i t  i n  t o t a l  power output i n  t h e  
1960‘s. New Zealand i n i t i a t e d  development of the Wairakei 
f i e l d  on the  North Is land i n  the e a r l y  1950’s, with the  
f i r s t  power production coming on-line’ i n  1958. The need-for  
a submarine transmission cable  f o r  the  transmission of elec- 
t r ic  power from the  South Island t o  the  North Is land slowed 
f u r t h e r  geothermal development i n  New Zealand, but the  + 1973 
o i l  crisis renewed i n t e r e s t  and spurred development of a-new 
area a t  Broadlands, on the  North Island. 

b; The po ten t i a l  for geothermal power production i n  The 
Geysers area of Cal i forn ia  was’ recognized ea r ly  i n  the cen- 
tu ry ,  but a ser ious  e f f o r t  t o  assess and harness t h i s  poten- 
t i a l  was slow t o  materialize. The f i r s t  production wells a t  
The Geysers f i e l d  were d r i l l e d  and a small amount of elec- 
t r i c i t y  generated i n  the mid ,1920’s. Present day develop- 
ment is t raced  t o  the mid’1950’s when Magma Power Co. began 
d r i l l i n g  i n  the  area. Electric power production began i n  
1960 with the  commission of Geysers 1, a 12 MWe generating ’ 

plant .  I n t e r e s t  i n  geothermal ene 
of o the r  areas i n  California,‘  e 
Mono-Long Valley, Lassen 
v i l l e  . * 
Direct Use - 

Low t emperat ur  pp l ica t ions  f o r  geothermal water, 
p r inc ipa l ly  f o r  spas and small-scale domestic heat 
been employed s ince  anc ien t  times in many p a r t  
world. Today France, ’Hungary, Iceland, I t a l y  
Zealand, and the  eastern USSR have large-scale d i r e c t  geoth- 

* See Sect ion 1 f o r  a l i s t  of areas with i d e n t i f i e d  
geothermal power poten t ia l .  
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i n d u s t r i a l  sectors.* 

Several areas i n  t h e  United S ta t e s  have u t i l i z e d  low 
temperature geothermal energy on a s i g n i f i c a n t  scale. 
Before the  turn  of t he  century,  r e s i d e n t i a l  areas i n  Klamath 
F a l l s ,  Oregon, and i n  Boise, Idaho, were using geothermal 
waters f o r  space heating. But t h e  scale of these  develop- 
ments, even i n  r e l a t i o n  t o  t h e i r  parent  communities,'was no t  
as s i g n i f i c a n t  as t h a t  i n  Iceland and a number of o the r  
count r ies  . 

I n  the e a r l y  1800°s, Spanish explorers  noted the  pres- 
ence of hot  spr ings during t h e i r .  forays i n t o  Cal i fornia  i n  
search of possible  mission locat ions.  The earliest recorded 
inhabi tan ts  of The Geyser6 area, t h e  Pomos and Mayacamas 
Indians,  a l s o  noted t h e  presence of geothermal waters by 
naming the  area around the  spr ings " the oven place."** 

CALIFORNIA DEVELOPMENT PERSPECTIVE 

Table 2 . 2-1 summarizes worldwide power production from 
steam- and liquid-dominated resources. 

While the  United S t a t e s  is a leader  i n  power production from 
steam-dominated resources,  i t  l ags  behind many count r ies  
with respec t  t o  liquid-dominated hydrothermal resources., 

Direct use of geothermal energy i n  Cal i forn ia  has been 
r e s t r i c t e d  l a r g e l y  t o  small commercial operations.  Typical 
of these  a c t i v i t i e s  are spas, small-scale greenhouse 

*Large-scale development of low temperature applica- 
t i ons  had i t s  beginning i n  Iceland i n  t h e  e a r l y  1900's. 
After a p i l o t  d i s t r i c t  heat ing pro jec t  had been designed and 
t e s t ed  i n  the e a r l y  1930's i n  Reykjavik, a fu l l - sca le  pro- 
ject was launched i n  1933, and by 1975 v i r t u a l l y  a l l  t h e  
bui ldings i n  Reykjavik were supplied with geothermal dis-  
t r i c t  hea t ,  v i a  t he  municipally operated and government sub- 
s id ized  d i s t r i c t  heat ing system. More than 50% of t h e  popu- 
l a t i o n  of Iceland now enjoys t h e  bene f i t s  of geothermal 
heat ing f o r  home and hot  water uses. 

**It was i n  The Geysers area t h a t  t he  f i r s t  s i g n i f i c a n t  
commercial development of geothermal waters took place i n  
the  U.S. I n  1852, Sam Brannan s e t t l e d  i n  the  area t h a t  he 

. named "Calistoga" (a combination of t h e  words - Cal i forn ia  and - Saratoga Hot Springs, New York), and t h e r e  purchased 2000 
acres of land and invested an estimated $500,000 t o  bu i ld  
the  Hot Springs Hotel, which opened i n  1862. For more than a 
decade i t  hosted San Francisco's e l i t e  and reportedly was 
considered as a si te by Leland Stanford f o r  h i s  new univer- 
s i t y .  
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Vapor-Dominated 
-, 

Liquid-Dominated 

U.S* 668 MWe 
I t a l y  490 Mwe 

Japan 200 >Ne 
Phi l lppines  200 MWe 

Mexico 
E l  Salvador 100 MWe 
Kenya 35I4lWe , 

Iceland 30 MWe 
U.S. 30 MWe 

. , New Zealand 

Source: James Kuwada, October 26, 1979. 

" I  

operat ions,  and 6 quaculture. Although 6 ral large- . 

scale d i s t r i c t  heat ing p ro jec t s  have been proposed, nothing 
on the  scale of  t h e  developments i n  Iceland or Hungary ye t  
e x i s t s .  The fede ra l  government has  been a c t i v e  i n  financing 
p i l o t  direct-use p ro jec t s  through i t s  Program Opportunity 
Notice (PON) and o the r  r e l a t ed  programs. The state goverf i  
ment has been involved on a lesser scale, both i n  coopera- 
t i o n  with the  f ede ra l  government and with i t s  own direct-use 
pro jec ts .  However, t he  l e v e l  of support f o r  direct-use 
app l i ca t ions  through research and development programs, 
ana lys i s  of economic and i n s t i t u t i o n a l  b a r r i e r s  t o  develop- 
ment, and long-range planning f o r  u t i l i z a t i o n  of d i r e c t  
appl ica t ions  has not  been as s i g n i f i c a n t  as t h a t  devoted t o  
electric power development. 

The r e l a t i v e l y  high rate of geothermal development i n  
Cal i forn ia  may be a t t r i b u t e d  t o  severa l  f ac to r s .  F i r s t ,  t he  
f ede ra l  and state governments have supported p r iva t e  indus- 
t r y  through research and development e f f o r t s  i n  the  techni- 
cal f i e l d s ,  cost-sharing of demonstration pro jec ts ,  and 
guaranteed financing of pr iva t e  projects .  This has  provided 
an  investment climate conducive t o  the  growth of the  geoth- 
ermal industry.  Second, technological innovations and 
increasing prof ic iency i n  technological appl ica t ions  have 
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placed Cal i forn ia  developers i n  the  fo re f ron t  of t h e i r  
f i e l d s  internat ional ly .*  And t h i r d ,  t he  p o l i t i c a l  climate i n  
Cal i forn ia  has favored development of geothermal energy over 
conventional sources. This i s  both an economic as w e l l  as an 
environmental preference stemming from t h e  o i l  crisis and 
the  perceived r i s k s  of f u t u r e  f o s s i l  and nuclear  power 
plants .  

i s  w 

Present geothermal development a c t i v i t i e s  i n  Cal i forn ia  
are summarized i n  t h e  following sect ions.  Section 2.21 
descr ibes  the  present status of each power p lan t  I on-line o r  
planned, the  assumed po ten t i a l  capacity,  and projected da te  
on-line. A t abula t ion  of ex i s t ing  and planned d i r e c t  use 
pro jec t s  i s  included i n  Section 2.2-2. 

REFERENCES 

1. Christopher H. Armstead, Geothermal Energy: Its Past  - -' 
Present ,  and Future Contributions t o  the  Energy Needs 
of Man, Ealstead Press, 1978. - -- -- 

2. James Kuwada, October 26, 1979. 

* For example, i n  t h e  areas of explorat ion,  resource 
evaluat ion,  and r e se rvo i r  engineering, U.S. developers are 
genera l ly  considered t o  have some advantage over t h e i r  coun- 
t e r p a r t s  elsewhere i n  the  world. I n  o ther  areas (e.g., steam 
turb ine  development, d i r e c t  use appl ica t ions ,  etc.) the  U.S. 
i s  deemed t o  be behind. 

b 

L' 
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2.21 ELECTRIC POWER PRODUCTION - 
The f i r s t  generation of  f i e l d  development proceeds from 

f i r s t -on-s i te  appl ica t ions ,  which test technica l  and 
economic f e a s i b i l i t y  for power production, t o  expansion of 
production t o  the  e n t i r e  reservoi r .  The second generation 
of development begins with addi t iona l  explorat ion t o  def ine  
new re se rvo i r s  i n  the  resource area. Very of ten ,  t h e  in i -  
t i a t i o n  of second generation a c t i v i t i e s  overlaps with the  
completion of development f o r  the o r i g i n a l  f i e l d .  Resource 
areas i n  Cal i forn ia  now are a t  a l l  s tages  of development. 

The Geysers region i s  already t h e  l a r g e s t  producer of 
geothermal electric power i n  the  world, with a t o t a l  of 663 
MWe on-line. P lan t  completions i n  1980 w i l l  add an  addi- 
t i o n a l  250 MWe t o  t h i s  t o t a l .  A l l  the  p lan ts  now i n  opera- 
t i on ,  and a l l  those planned through 1988, u t i l i z e  the 
vapor-dominated f i e l d  . Planned expansion beyond 1988 w i l l  
u t i l i z e  t h e  liquid-dominated reservoi r  present ly  being 
explored i n  The Geysers region.* 

The o ther  area of in tens ive  geothermal development i n  
Cal i forn ia  i s  the  Imperial Valley. Here, development i s  
s t i l l ' a t  a preliminary s tage.  Magma Power/San Diego Gas & 

.Electric have j u s t  completed a 10 MWe test p lan t  a t  Brawley, 
and are considering expansion of t h i s  f a c i l i t y  t o  48 We. 

The geothermal resources being developed i n  t h e  
Imperial  Valley are liquid-dominated. The ul t imate  capaci ty  
f o r  e l e c t r i c i t y  generation i n  the  Imperial Valley region i s  
estimated t o  be approximately three times t h a t  of The 
Geysers area.** A problem with t h e  development of these 
resources has been the  high concentration of dissolved 
s o l i d s  (i.e., minerals and salts) i n  some of t he  geothermal 
reservoi rs .  A so lu t ion  t o  t h e  technlogical  problems 
involved i n  handling geothermal f l u i d s  with up t o  30% dis-  
solved s o l i d s  is necessary t o  development i n  this region. 

On t he  following pages, a schedule of the  power p lan t  
development a c t i v i t i e s  i s  given f o r  The Geysers (Table 
2.21-1), t h e  Imperial Valley (Table 2.21-21, and f o r  t h e  
o ther  remaining major areas (Table 2.21-3). 

The footnotes  accompanying each t a b l e  d iscuss  t h e  spec ia l  
c h a r a c t e r i s t i c s  of t h e  p l an t ,  including problems which may 
hamper scheduled development e f f o r t s .  These i s sues  are 

1 

*See Table 2.21-1 f o r  The Geysers u t i l i z a t i o n  schedule. 

**U.S. Geological Survey, Assessment of Geothermal 
Resources -- i n  t he  United S ta t e s  - 1978, USGSCircular 790, 
Arlington, Va., Tables 4 & 5 .  
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further characterized according to technical, economic, 
environmental, and institutional issues i n  Section 4.22. 
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Table 2.21-1 Footnotes. 

1 PGtiE/13: Construction continuing.* Unit 13 will have the largeat genera: 
ting capacity of any geothermal electric plant in the world - 135 me. 
ft is the second dry ateam plant anywhere designed to use a surface con- 
denser (Unit IS is the firat SO deafwed); end it will utilize the Stret- 
ford proceaa for controlling H S emiaaions. This la the first geotheml 
power plant to be located i n  dke County and will supply pwsr to the 
hlton Substation along a new 230 kV t r a ~ i a a i o n  line.** 

2 PGhE/lb: hStNCtion continuing.* 

3 PGhE/lS: Unplanned 2-wek outage caused by electrical malfunction 11/19/ 

Mean- 
79. 
forming sludge and is designing a ay'atw to implement the proceas. 
vhile, H2S emissions may exceed the Northern Sonoma County APCD limit#.* 

of air quelity and abatement procedures.* 

=it ting. * 

PGCB haa succeeded in abating H S in the ateam condenrate without 

b PGLE/l6: APC reeubmittal eccepted 2/21/80 with additional enalyris 

S PGhE/l?: APC approved 9/20/79. Conetruction atarts b/l/eO, weather per- 

6 PGhE/lEr AFC deciaioh expected b/16/80.* 

7 PGhE/19: PGhE not oatiafied with proof of resource. Soam "dry holes". 
No new wells to ba drilled until suIIer 1980.e Schedules for projects 
subsequent to Unit 19 may change deponding on completion of data on ateam 
eupply. Theme unite are in the long range planning atage.** 

8 PGLE/20: eobb Hountsin resourcs not proven; relocated between unite 18 
and lb. APC expected 3/80. 

9 PGhEj21: Cobb Ibuntsin resource not proven; may relocate.* 

10 F'G6El 22-24: Contingent on ateam .upply.* 

11 NCPA 1: NOk accepted; deciaion expected about 3/80. "Cobb Valley 1" well 
wen completed.* 

12 NCPA 2: AFC deciaion 3/12/80. NCPA Unit 2 will be built jointly by NCPA 
end tho Pluus-Sierra Rural Electric Diatrict to serve M i .  Roseville, 
Sante Clare, Alomede. Ukiah, Healdnburg and topdoc. The project is pro- 
cedurally complicated becauae it will involve the preparatioa of a Joint 
Environmental Statrent by three federal agencies (ELM, USGS. end WE) 
with CEC acting aa the lead agency and Son- County participating as the 
reaponaible agency under the California Environmei~tal Quality Act. Alao, 
eince, the plant will be located on federal land, the Federal Plena of . 
Operation will be needed. Theae plans, the JES. and the ueusl State 
NOI/AFC proceaa will a11 be prepared concurrently.** 

13 m/Dottle Rock: APC extenaton grnnted. Status of project conference 
acheduled for 3/6/80.* The power plant i a  to be entirely funded by 
MSR. The land is privetely owned by the Rsncioco family and is cur- 
rently leased by McCulloch/GKI/Entrex am the field developers for the 
project. bchtel has been relected to prepare the engineering desiga 
for the ewer plant.** 

lb WR/Newfieldc NO1 plena delayed - MSR hen abandoned project dued to 
inability of developer to get neceasery permit. froa Lake County.*M 
The Lake County bard of Supervisors have upheld the Planning -10- 
sion'a decision to deny HcCulloch's epplication to drill on exploratory 
well near an exiating subdiviaion. McCulloch ia ming Lake County over 
the decision. 

or "South Geyaera" is in the planning stage. 
to be a probla 40 CXI/WR will use whatever equipment is found to be 
setinfactory by PGLE.** 

16 21 month APC aubai 

17 sMID/2: SMII) is in the procars of negotiating ateem *upply.* 

18 As of March, 1979, none of the utilities contacted by Systwa Develop- 
ment Corporation had any preaent plana to une hot water resourcae which 
might be dimcovered st the Geysers. 
the ateam reawrcea have been exploited to tho M X h m ,  no hot-water 
resources will be developed.** 

19 It is well knop that many hot springs exist around the Clem Lake area 
and thet e 186, C hot water reservoir wan discovered at Sulphur Bank. 
Further geolOgiC41 atudiee are required to confirm then 
pects . ** 

IS -/South Geysera: NO1 submitted 10/22/79; accepted 11/19/79.qtorabaugh 
4 8  is not conaidered 

The general concenaur is that until 



Table 2.21-2. Status of Electric Power Development in the Imperial Valley 
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**Syst.clsa Development Cotparittion, Regional Syrtcne Development for Geothermal Ener~y Reswrcea, Pacific Region (CalifOrnSa m. Task 1 - Iaaplanentatlon Plan Development, Topical Report. Uarch 27, 1979. 
Warburg, mrch 31, 1980. 
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Table 2.21-2. Footnotes. 

1 scE/chevron (50FFP)t Preliaary engineering0 tudiea have been completed; 
production permit granted by Imperial County Board of Superviaora 1/80.* 
A8re-t with Chevron fo r  ea le  of ateam uaa signed pr ior  t o  12/15/78. 
SCE conaidera the  flashed ateam plant t o  be a lower risk than the  binary 
(am i t  makes uee of technology already aucceaafully demonstrated a t  Cerm 
Prieto). 
technical and econcaic f eas ib i l i t y  of electric power production at  
thin reservoir.** 

2 SDG6tlChevron (SO): PUC paeaed resolution allowing SDGCC t o  apmd $m 
i n  1980 RLD funds; production permit pan ted  by Imperial County Board 
of Supetviaota.*. Thle is the SDGCC binary plant tha t  uao or ig ina l ly  
planned ae a SDG6K/DOC deanat ra t ion  project. SDGM is now meeking sddi- 
t iona l  funds f m  several  u t i l i t i e a  and developere. I f  the plant is 
delayed much beyond 1983, certain pet.tt6 and contract. may have to  be 
renewed or renegotiated. 
t i cu l a r  concern.w 

Thin p i l o t  plant dll u t i l i s e  the  ?hgmamax dual binary cycle convetoion 
ayatca. 
turbine. 
propane which drives another turbine.** 

4 SPcIF./RGl (IbhI)!  Conetruetion of 10 We p i l o t  p lan t  i a  expected to 
begin 3/80.* A lat ter of understanding m a  eigned 7/24/78 fo r  RGI to 
arrange financing end construct the power plant, S O C I I  t o  operate it. 
The i n i t i a l  10 We p i lo t  plant is funded by RGI with a DOC loan guarantee 
of 8% covering about half of the  t o t a l  of 30 u e l l m  required f o r  the  
plant. Imperial County has granted pemieaion f o r  17% reinjection a t  
thin a i t a  on an experimental baeia to aseeee potential aubeidencc. Thin 
project, often referred t o  am a "48 We" power plant, is i n  f ac t  composed 
of a 10 tlWe and a 54 )rwe generating unit  whose net output im 48 We.  
Another loan y a r a n t e e  hab been a u b a i t t d  for  pwer plant contmction.M 

The mein objective of the  p i lo t  plant i. t o  demonstrate the 

Cofilittllcnta fo r  M k w p  water w i l l  be of par- 

3 s b c I C / ? I a g ~  (loll): Startup delayed by problems with hydrocarbon .enla.* 

Geothermal fluid# wi l l  t laeh iaobutane which drives the  primary 
Reaidual heat in  the ieopropane turbine exhauat w i l l  f lash  

h) 
I 

5 Ham (409): Hagme w i l l  probably aeek both a geothennd loan guarantee 
and u t i l i t y  comitment before proceeding with the sxpanaion of the p i lo t  . plant.** 

6 SCE/hno eta1 (10): Principals applied f o r  conditional use p r m i t  
(I/80).* Per exploration agrement migned 4/24/78 betwan Union O i l ,  
Mono Power (SCE aubaidiary) and Southern Pacific Land Co., Union w i l l  
d r i l l  and t ea t  4 new ue l l a  near niland beginning September, 1978 t o  
determine the best technique. t o  extract. handle and re in jec t  geothermal 
f lu ids  . ** 

7 SDG&C/?h$mn-tWtCO (50F)r Production pernit Wanted by Imperial Cwnty 
Board of Supervisor8 (1 /80) ;  h r r i e o n  Knudaon i e  doing engineering and 
denim atudiea.* ?la@ w i l l  probably finance t h i s  e f fo r t  with a. 
guarantee and w i l l  undertake the acutual conatruction.. SDOCC w i l l  
operate the plant a f t e r  leaning or purchasing it. 

8 WRlkkCulloch (SSF): Thin m a  the  Frinko Spring. Project. An explan- 
tory w e l l  d r i l l ed  by ZlcCulloch m a  unauccasaful and the project ie no 

-. 

' longer considered by WR.*** 

9 SCa/Union (1OF): Plant coastruetion l o  approximately 40% complete.* 
Succea.fu1 operation of thm i n i t i a l  10 We plant w i l l  lead to a SO W e  
plant in  1984, followed by a 100 We plant i n  1985. 

ment with MI on Weaber 3, 1978 t o  develop the  Drmlay reeervoir under 
a Dol! loan guarant r .  CUI (California-Utah) Venture, which i e  a jo in t  
venture between HccCulloch and Geothermal I[matico Inc. ia carrying out 
f i e ld  development ac t iv i  
$2.94). ** 

10 nwR/Cm Venture (SSP): Meculloch &othermu1 Reoourcecl 6iped an agree- 

a under a loan (parantee of g1.m (75% of 

If ~ I C / R C I - ~  (481) : Ueataarland Geothermal Aasociatea a r e  d r i l l i ng  
exploratory wells under a g e o t h e n d  loan guarantee (2/80).* 
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Table 2.21-3. Status of Electric Power Development Activities at Coso, Mono-Long Valley, 
Wendell-Amedee, Surprise Valley, Lassen, and Glabs Xountaln . 

References: *Califomla her  
**Systems Development Corporation 
and Hawaii). Task 1 - Implementat 
***Coaramlcation with Judy Warburg, Ma 

1 WS-RUclCen (12); A d r a t t  clrrimnmont lmpoct atat-t 10 l n  praporatlon. 4 k p r l a a  Valloy K C M t  No powr on-line through 1990 1. envlo 
WE fundod tho d r l l l l n s  of a tnt w e l l  i n  1977. but rooulto worm die- 
appolntlos and furtber tats a m  bolng carried out. 

wo f ~ o l b l l l t y  atudy a t  W t R  bkaa Village. k l u d l n g  tho poselbl l l ty  
of a c q . n c r a t l w  a loc t r l c  powr plant. Ilwmr. rwldonta in tha arm 
ha*. voiced oppooltlon to a pcuer plant duo t o  pooalbla vapor plumoo thot  
d d  -nota from coollng toworm.** 

erat loa pmmr pleat  d r l m  for Weudel-hodw. vood weate Vi11 bo pro- 
currod tram lumbor m i l 1 0  i n  the reston and #ootbrml  .tear w i l l  ba ueod 
t o  dry the uaeto t o  fwreeao i t a  heating valw. The ateam dll then bo . 
peaad t h r o q h  a heot aehonsar  tho boller feeduetar to tbo vood-uaata 
tirod boller. Both tho roaanolr and tho I S  purr plant  u l l l  bo 
oporatad by Gwproducta; W Vi11 purchau tho power. Tho warnto a t o m  
from tho powr plant v t l l b o  uaod to w11 awera l  huodred greeahwsaa. 
the plant l a  ehedula t o  bo oporotlonol l n  1983 or 1984. 
gent upoa p r w f  of  m adquoto  INOQICO and f iaucln) ,  bobs milablo .**  

for th io  araa. A l l  four toma l n  the Valley aro near rooourcu 

.ppl1cotlon..~ 

planned a t  l a a m  through 1990 ond beyond. ?opulattoa mad i n d w t r i o l  
deualty la tMa e r a  mra vory low.** 

2 t?W?hgma (32 Co-gaa.); ScLt and othoro are evalaottng reoulto of a d i rec t  

6 Clrao nouRtaln; Ilo pant plaato aro planaad i thia K G M  locorod la 
Sl .k lpa  C w a t t  a t  th. pramant tiM. 
drilled a~ prlvate  lands or 011 fedora1 land0 ln t he  Klamath lht lonol  
h r o o t .  
=heduld for h t o  198B and l a  prodlcatod up# cb. c ~ ~ p l a t h  of a 
U8 l o rea t  Sarrlco r u r o o t l o m l  p1on.W 

3 Mbp. (55 Cm-gaa.); lkll and tkoprodueta. Iw. are preporiag cogon- IlO g-thorrrl -11. ~ V O  boefi 

Tha decl~lon to lea,. additional l o rea t  Some. land. 10 

It 10 eootln- 



2.22 DIRECT HEAT UTILIZATION - 
Low and moderate temperature geothermal resources are 

located i n  many areas of  Cal i forn ia  and could po ten t i a l ly  be 
used f o r  ag r i cu l tu re ,  tourism, i n d u s t r i a l  processing, space 
heat ing,  cooling, and r e f r ige ra t ion .  The USGS has ident i -  
f i e d  24 hot-water convection systems i n  Cal i forn ia  with sub- 
sur face  temperatures ranging from 9ooc t o  1 5 O O c ;  a n d ' l 4  sys- 
tens of less than  9o°C geothermal water (see Tables 1.2-3, 
1.2-4). The loca t ions  of these  low and moderate temperature 
areas are shown i n  Figure 2.1-1. 

With the  exception of commercial spas,  which were 
developed i n  Cal i forn ia  i n  t h e  e a r l y  p a r t  of t he  century,  
only a f e w  direct-heat  appl ica t ions  are i n  operation. Exist-  
ing pro jec ts  include greenhouses, c a t f i s h  and prawn farming, 
and space and water heating. Both the  Department of Energy ~ 

and t h e  Cal i forn ia  Energy Commission are encouraging t h e  
d i r e c t  use of low-to-moderate temperature resources through 
sponsorship of demonstration p ro jec t s ,  and engineering and 
economic s t u d i e s  a t  specific sites. 

c 
c.' 

A t abula t ion  of commercial spas i s  presented i n  Table 
2.22-1, and t h e i r  l oca t ions  are indica ted  on Figure 2.22-1. 

. by t h e  Department of Energy and/or t h e  S t a t e  of Cal i forn ia  
are summarized i n  Table 2.22-2. Po ten t i a l  p ro j ec t s  refer t o  

I those t h a t  have been a p a r t  of a DOE engineering and 
economic s tudy (PRDA) o r  have been approved as f i e l d  demons- 
t r a t i o n  (PON). 

~ Fi f t een  e x i s t i n g  and p o t e n t i a l  direct-use p ro jec t s  sponsored . 

LJ 

i 

I 

i 
I 
I 
i 

1 
, I 
I 

I 

I 

i 
I 

L 
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Table 2.22-1. Commercial Spas in California 

hSoci.trd r o c k  * h r k  Umber lamc or l o u t i o n  Tempera- ?lw 
on PIE. tu re  of (sallons 
2.22-1 water (OF) mer 

5 .  
minke) 

36 Drake Hot Springs, 6 piles 8outhLaSt of 123-148 20 ---do 4 springs. Xesort. 
kSS- ?e& aid 70 piles aOZthU8t of 
Red Bluff. 

43 Campbell (Upper Soda. Ireys) Bot 65-Ul 80 ?adted andesite 11 springs. Resort. 
Springs. 2 d e 8  south of Sierraville. 297. , 

44 nrochy (Came1im)Hoc springs. l20-140 150 Andesite overlying 6 springs. Resort. 
north shore of Lake Tahoe and 13 milea 
southeast of Truckee. rite.. 

faulted granodio- 

45 -8 Hot Springs. 16 rllu northwest 
of mdrh. 

46 Vichy Springs. 3 miles northeast of 
Uk1.h. 

52 B i t h h d  Springs. 6 pilea eouthuest of 
mclrepille. 

55 Soda Bay Springs. m t  b u e  of Ibmt KO- 
nocti. 

63-104 

50-90 

52-82 

80-87 

25 ?rancilcan?oW- 
ation (Jursssic 
and Cretaceous). 

30 Sandstone (Francis- 
can Formration) 
w r l a v e .  ' 

20 Serpentine (?ran- 
Cilcan lorma- 
tion) 

400 kva (Quat-ry) 

7 Iprlngs. Resort. 

7 springs. l u o r t .  

U springs. l u o r t .  

5 springs. Resort. 

- 58 Eoward Springs, 28 piles wrth-north- 48-UO 135 Sandstkc and ser- 26 springs. Xesort. 
west of Calistoga. pentinc (?rancis- 

w Formation). 
59 Seiglcr Springs. ;30 d e s  wrth-north- 58426  35 Serpentine (Frau- l3 wrings. l u o r t .  
. vest of m I t O g 8 .  circau ?ormation). 

62 Castle N1.) Hot Sprhgs.  25 miles 
Mrth-northucst of Calistoga. 

65-164 - Schist (?ranciscan 2 springs. h s o r t .  
* l0Wtion). 

63 Anderson Springs, 22 miles wrth-north- 63-145 7 Lava aid 8Chi.t 9 springs. Icsort. 
west of U s t o g a .  (Franciscan lor- 204, 2S6. 

mtion). 

64 karbin Springs. 20 mile8 Mrth-north- 
W e l t  Of CalI8tOp. 

l lbur  (Simons) Bot Springs, 26 miles 
southweat of W i l l i . M .  

71 *gg'I Bot springs, 9 .ilU Wlt- 
8O~thWe8t of Geyserrille. 

90-120 . 10 Schist (Prmcisun 3 springs. Xesort. 

65-140 35 Serpentine and l2 springs. luort. 

tormation). 253, 284. 

maadstone (?ran- 2S4. 
e i s c ~ ~  POW- ._ 
tion). 

72 Tbe Geysers.. 18 m f l u  east-aootheaat 140 to  30-50 Trmxured sadimen- About 30 .PringS. 
of Cloverdale. tary s t r a t a  (Frau- bcludins  Iron. 

e i ~ c m  iomtaon). Witches' Cauldron. 
Devi l ' .  T e a k 8 t t k  
end Acid. Uater is 

- bottled for  drinking. 
Resort. Also wells 
produce steam for  
electricity.  

75 

76 lor Cuilicor Warm Sp 

79 ?etters Hot Springs, 2.75 mllea wrth- 

80 Aetn8 Springs, 17 miles Mrzh O f  St. . 

82 

86 

%* West warm Springs. 7 pilea wrth- 
east of Pulron. 

Ye8t Of h l O r m .  

B 

It. Helena mite Sulphur Springs, 2 

Byron ltot Springs. 2 pile8 south of 

dh8 8Wthvu t  Of St. Eelena. 

a m .  

60-82 * 30 kva and tuff (PU- 9 springs. Resort. 

78-62 

100 - 4 pumped uells. h s o r t  

63-92 6 springs. water wed 20 r r m e i r ~  ? o m -  
tion. 

69-90 6 e d s t o n e  (?ran- 5 8ptfngS. Xesort, 

72-120 U Sediwntary a t ra ta  7 springs. Besort. 

cisun POWtion) , . 

(upper Uoceae) . 253. 



Table 2.22-1 continued 

Number h e  or location Tempera- FlOV Associated rocks &zmartu 
011 .Pi& ture of (gallons 
2.22-1 wter (OF) Per 

minute) 

93 Slate'. Bot Springs. in sec. 9, 100-121 50 Sedimentarg Strata 10 springs. Resort. 
T. 21 S., R. 3 E. (Upper Creta- 

ceous) . 
96 Pa80 de Robles Bot Springs. in sorrth- 105 1.700 --do----- 1 main apring and ~ 

98A 
vest part of Paso Robles. flowing w e l l .  Resort 

miles south-southwest of San Luis 
Obi spo . 

107 50 - Well. Resort. San Luia (Sycamore) Bot Springs. 8 

100 Bewsom's Arroyo Grade Warm Springs, 98 15 Ractured sili- Resort. 
ceous shale (Mo- 
cene) . 2.5 mI1CS east of b o y 0  Crande. 

103 Montecito (Santa Barbara) Bot 111-118 
Springs. 6 miles northeast of 
Santa Barbara. 

108 Matilijs Bot Springs. 6 miles north- 65-116 
vest of Nordhoff. 

109 Wheeler's Bot Springs, 7.5 miles 62-102 . 
north-northwest of Bordhoff. 

114 Pales' Hot Springs, in sac. 24. 
T. 6 N..R. 23 E., 13 miles 
northvest of Bridgeport. 

126 Whitmore Uam Springs, sec. 18.  
'I. 4 S., R. 29 E. 

50 Sandstone (upper 11 springs. Resort. 
Eocene) Part of Plontecito 

water supply. 

65 Sandstone and 4 springs. Resort. 
ehale (upper 
Eocene). 

40 40 4 springs. Reaort. 

97-161 300 Lava near granite Saveral springs. Depait 
of tufa. Resort. 

90 306 Faulted lava (Qua- 2 pain springs. Resort 
ternary). 

20 Faulted sandstone 5 Springs. Resort. 133 Fresno Bot Springs, on branch of 88-97 
and shale (Hio- 
cme?) . Waltham Creek, 18 miles west of Coalinga. 

137 c€difornia (Deer Creek) Hot Springs. 105-126 50 Faulted granite 7 springs. Resort. 

142 COS0 Ilot Springs, 20 miles northeast 140 to Small koa (kceat) over- 3 -in springs. Steam 
of Little Lake. boiling lying granite. baths. Resort. 

25 Ractured granite 3 aprings. Resort. 151 Ddonegha Springs, 45 mille northeoat 106-112 
of Bakersfield. 

152 Democrat Springs, 40 -ea northeast of 106.ll5 25 Faulted granite 5 Springs. Resort- 
Bakersf leld. 

15 Faulted granite 1 main and several 167 Glen Ivy (TLmcscal) Bot Spring, 11 milas 102 
aouth-southeast of Corona. minor springs. Besort 

169 Elsinore Bot Spring., 50 yd. north of r25 - Quaternary depos- 3 .?rings which 
Elsinore depot. it. rear faultad but are now Pumped. 

Mesozoic rocks. 

170 Mrrieta Bot Springs. 4 miles ust- 134-136 75 Faulted granite 3 springs. Resort. 

172 Eden Bot Springs. 9 milco southwest of 90-110 30 Faulted graalte 8 springe. Resort. 

20 Alluvium overly- 6 aprings. Resort. 

northeast of Murietta. 

Beaumont. 

Springs, 6 miles northwest of spn 
Jacinto. 

173 Cilman (San Jacinto, Relief) Bot 83-116 
ing gneiss 

6 springs. Water 174 Sobob. (Ritchey) Bot Springs, 2.5 70-111 25 Faulted gneiso miles northeast of Saa Jacinto. bottled m d  used for 
irrigation. Resort. 

175 Palm Springs, 6 piles south of Palm 
Springs station. 

100 5 Faulted granite 2 springs. Resc-t. 

Source: Adapted from Bill Kaysing, Great Hot Springs of the West, 
Capra-Press, Box 2068, Santa Barbara, California ! a3120, 1974. 
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TABLE 2.22-2. EXXfSTIlJC Iwb POTENTIAL DIRECT USE PROJECRl I N  CALIFORNIA. 
COST-SHARED 

RESWACE PXISTING WFENPINI Fl!ASIBILITY FIELD EXPERIMENT 
DEVELOPER APPLICATION STUDY (PRDA) TEC DOE s l u m  c d t b ( t ~ c ~ ~ ~  LOCATION STATUS APPLICATION 

1. Aellcy Hot 2 ex i s t ing  ve las t  

va t e r  is expected 
Springs 32s gpm of 230 

2. Wendel -Amedee Hot spr ings used 6 Ctemhovees 
through gravi ty  
flow 

3. Wendel -Aracdee CPI has obtained SO Crccnhouscs 
r i g h t s  t o  3 exist 
-fng springs; 
y ie ld  is agproxi- 
a a t e l y  206 P and 
317 gpm 

&, 4. Wendel -Araedee 
or, 
I 3. Uendel -AmeUec 

6. Wendel -hade8  Geophysical s tudy 
has been conducted 

. by CPI 

7. Susanvi l le  Pookconstructed Heating municipal 
i n  1934 unde UPA swimming pool 

8. Susanvi l le  Hinor problems nes t ing  tbS 
with sca l ing  Church 

9. Susanvi l le  US WP~. ;  assessment 
including tempera* 
t u r e  gradient holes; 
tesis tivity..bnd 
seiSmic,survaya 

10. Lake County 

Ceothennal Power Agricul tural  cen te r  6,OOOk 30% 
Corporation -integrated f a c i l i t y  

fo r  l ivestock foed 
production system 
and hog feed l o t  
pperation 

Hobowells 
Hyd r opon ics 

Ceoproducts, Inc. - Honey Lake 
Farms 

CeoProUucts, Inc. Drying wod M a t e  

. .  

Xn negot ia t ion . 

IntcgratcU l ives tock  CllR Consortium, 
production s Y B t e m  Univ. of Nevada 

U s s m  College Alfa l fa  pe l l e t ix ing  
Foundation: 
CeoProducts, Inc. 
Skaklees Founda- 
t i o n  

Susanvi l le  School 
District and the  
City of Susanvi l le  

LDS Church 

City of Susanvi l le  D i s t r i c t  Heating 
t o  17 ex is t ing  
publ ic  buildings8 
development of 
a park of commerce 

Aerojet EnerW 
Conversion Co.8 
Fred Longyear 
co . 

$4,30Ok 

Alternate  agribusi- Ceonornics, Inc. 
ness nnd indus t r i a l  
uses f o r  exhaust 
heat from geothermal 

45% 

tlre of S1A 
Loan. 

P r iva t e  
inves tor. 

hrnded by 
. church aembcs 



TABU 2.22-2. 

11. Lake County 3 d t e a  are under 
consideration 

12. C a m  Dlable R ahol lov ue l la ;  Denmatration m l i f a t n i a  m e w  
Rot Springs "14 head tv project: g c o t h c r  CoaaPisaim 
- b m t h  330 P to 340 P i  ma1 heating iyr tco  
Lakes . flow rate. 3aa.oM) and snow smelting - SOO.660 l b d h r .  

If. Paso Roble. 

14. ?kCCa, 
Coachelin 
Valley 

1% Desert R o t  
Sprinua I 

o\ 
m 
I 

1 -11 - 117"P Fiah farming; 
y i e l d i n i  1.409 gpm af f luent  i a  uaed 
potable vater with to i r r i g a t e  a 170 
overabundance of acre a l f a l f a  crop 
A#. 

3 cxia t lng  rha l lov  
q 1 a  w i t s  temp. 
04 r - a7 c 

Relatively m S p a  and h o t e l  

reservoir 
and undefined . pool. 

16. Blahop 

17. trar Hema 

18. Enat n8k.a . 

1% El Centra S i t e  owrller Weber 
KCIU; 3 exis t ing  
wells 

Source: Department of Energy. 
San Rancisco Oper8tions O f f  ice. 1980. 

20. El Centra S i t e  located on 
bordor of Heber 
KCIU 

m1aqg. Inc. 

Aquafatan Inter- 
n n t i m a l ,  Inc. 

Ci ty  of -mort 
Hot Springa 

Union Carbid. 
WpanY 

Holly Sugar 
Refinery 

Valley Nitrogen 
Product. 

Ci ty  of E1 cmtro 

Total  Energy Recovery Internat ienol  
S y a t a  for AEribuai- Engineering Co. 
nema 

District apace and 
watar heating e y a t n  Southern Cal i fornia  

The Bee Hol t  Co; 

Cdiron; Ayera 
Ammoeiatea; Magma 
dlbOr(ly* InC. 

$l .Orn hpanalon  of exlatiry) 
g-the~raally .appl ied 
eymtw to rain. a t a n t  
Walayaian prawns 

Craenhoumes and Jo in t  Cal i fwnla  
rac-t cul tur ing  berw m i a s i a n  
of f reahvater  prawns and Dou Project: 

Jet Propuliion 
U O f b t o t Y  

Tungrten mota1 Unatec Services, Inc. 
proceaaing . 
Deaign. i n r t a l l a -  WR, Inc. 
t i o n  and operation 
of a geothomal 
a y a t m  to  be urn. 
f o r  procars heat  

Corn mill ing plant  

Production of Ueatac SeI*Lcor, Inc. 
f e r t i l i z e r  uring 
a geotHerma1 myntea 
for  procerr heat  

C a o t h e r u l  rpace Aerojrt Enern 
cooling, heatlng rnd Converdon Co. 
water hca t ins  f o r  
the c i t y l a  c m n i t y  
center. It l a  intend- 
ed to merve aa the  
core of a futura  
d i s t r i c t  haatin8 and 
cool ins  myater 

$lO,OOOk 

Burn. S Roa Indam- 
t r i a l  Service Corp 

$2@6SOk 

rtc: $3@m 
Calequa Im.. 
S Bri t lah  

332 

702 
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SECTION 3: CALIFORNIA ENERGY DEMAND SUPPLY PROFILE 

The purpose of Section 3 i s  t o  provide a general  over- 
view of present  and projected energy demand and supply pat- 
t e r n s  i n  Cal i forn ia  and t o  iden t i fy  the  energy s e c t o r s  which 
may b e  a f f ec t ed  by f u t u r e  geothermal development. Selected 
end-use demands by s e c t o r  ( r e s i d e n t i a l ,  commercial, and 
i n d u s t r i a l )  are described, and t h e i r  re la t ionship '  t o  t he  
development of geothermal resources f o r  e l e c t r i c i t y  genera- 
t i o n  and d i r e c t  use appl ica t ions  are discussed. Various pro- 
j e c t i o n s  of demand and supply pa t t e rns  are summarized t o  
show t h e  d i v e r s i t y  of a l t e r n a t i v e  energy scenar ios  i n  t h e  
state. Forecasts of energy demand vary widely i n  the 
scenar ios  developed by t h e  Cal i forn ia  Energy Commission, t h e  
absolu te  cont r ibu t ion  t o  the  energy supply m i x  from geother- 
m a l  resources during the period 1985-1990 i s  i n  the  range of 
1,700 MWe t o  3,600 MWe f o r  a l l  scenarios.  The s igni f icance  
of t h e  geothermal energy sha re  increases  from 1% (1980) t o  
5% by 1998, with t h e  exception of one energy scenario (high 

cu/ 

emphasis on  renewable energy 
sha re  w i l l  increase t o  15%. 

resources) h e r e  the  projected 
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d 
3. 1 ENERGY SUPPLY AM, DEMAND OVERVIEW 

Energy i s  suppl ied i n  Cal i forn ia  from a v a r i e t y  of 
sources  t o  many end-users. Data f o r  1977 i nd ica t e  t h a t  92% 
of Cal i fornia 's  energy comes from e i t h e r  na tu ra l  gas  (28%) 
o r  petroleum product6 (64%). The remaining 8% i s  supplied by 
hydropower and nuclear (5%) and coa l  (1%). Geothermal sup- 
p l i e s  less than 1% of the  t o t a l  demand. 

Cal i forn ia ,  l i k e  the  United S ta t e s  as  a whole, depends 
on imports t o  meet a s u b s t a n t i a l  por t ion  of t h e  energy 
demand. The state now imports near ly  60% of i t s  o i l ,  80% of 
i t s  n a t u r a l  gas, and approximately 17% of i t s  e l e c t r i c i t y .  
Figure 3.1-1 summarizes the  'energy demand and supply mix f o r  
1977. 

Figure 3.1-1. 1977 Cal i forn ia  Energy Flow (Total 
Consumption 6298 T r i l l i o n  Btu) 

. .  

. .. . _ .  
March 1979. 
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Overall demand f o r  energy i n  t h e  state i s  now growing 
a t  a slower rate than t h e  h i s t o r i c a l  t rend es tab l i shed  than 
a t  any time s i n c e  1950.* Table 3.1-1 presents  da t a  f o r  
energy consumption by economic sector .  

c 
L; 

Table 3.1-1. Cal i forn ia  Energy Consumption by Sector  
( T r i l l i o n  Btu) 

%Dr. 
1975- 

Economic Sector  1975 1977 1977 . 

Resident ia l  827 771 -3.4 
Non-residential 2,395 2,380 - 
Transportat ion 1,893 .2,154 6.7 
E l e c t r i c i t y  Conversion Loss 675 993 2.4 

To t a l  5,790 6,298 4.4 

Source: California Energy Commission, Energy Choices 
f o r  Cal i forn ia ,  Looking Ahead, 
p. 17, March 1979. 

Sacramento, Cal i forn ia ,  

It i s  i n t e r e s t i n g  t o  observe t h e  low growth rates i n  t h e  
r e s i d e n t i a l  and non-residential  s e c t o r s  from 1975 t o  1977. 
Resident ia l  energy consumption a c t u a l l y  decl ined a t  a rate 
of 3.2% per  year while non-residential  energy consumption 
remained v i r t u a l l y  static.** 

Low growth rates in energy consumption r e f l e c t  increas- 
i ng  conservation ac t iv i t ies  by energy consumers. Several 
state-adopted programs and p ro jec t s  have served t o  slow t h e  
energy consumption rates. S t r i c t  bui lding s tandards have 
been nacted f o r  both r e s i d e n t i a l  and non-residential  build- 

The Cal i forn ia  Energy Commission (CEC) has  ings  . 
*Energy demand was growing a t  5.13 i n  t h e  mid-l960's, 

bu t  a f t e r  1974 t h e  o v e r a l l  growth rate .has slowed t o  only 
1.1% per  year. In  the  1960s, e l e c t r i c i t y  sales grew a t  about 
9% per  year ,  and peak demands a t  nea r ly  8%, while  
corresponding f i g u r e s  f o r  1974 - 1978 show growth rates of 
3.2X and 4.5% per year ,  respect ively.  

4 

**It i s  perhaps equal ly  i n t e r e s t i n g  t o  observe t h e  
enormous increase i n  e l e c t r i c i t y  conversion lo s ses ,  a s  
high-ef f ic iency  hydroe lec t r ic  capaci ty  i s  supplanted by fos- 
sil  f u e l  and nuclear plants.  

-. 
L+ 
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es t ab l i shed  energy ef  f ic iency  l e v e l s  f o r  r e f r i g e r a t o r s ,  
f r e e z e r s ,  room a i r  condi t ioners ,  water y d  space hea te r s ,  
and plumbing f i x t u r e s  so ld  i n  the  s t a t e .  In  addi t ion ,  t h e  
Public Utilities Commission and t h e  CEC have es tab l i shed  
seve ra l  programs with u t i l i t i e s  and major i n d u s t r i a l  f u e l  
users  designed t o  conserve energy. These Include conserva- 
t i o n  adver t i s ing  with u t i l i t y  b i l l s ,  promoting cogeneration 
opt ions  with Industry,  and e s t ab l i sh ing  vol tage  l i m i t a t i o n s  
on u t i l i t y  electrical d i s t r i b u t i o n  l i nes .  

However, i n  the  s h o r t  term (1980-1990) it is  reasonable 
t o  assume t h a t  new supply sources w i l l  b e  required even i f  
t h e r e  i s  vigorous conservation. This i s  because ex i s t ing  
e l e c t r i c a l  generat ion f a c i l i t i e s  w i l l  b e  r e t i r e d  and because 
f o s s i l  and nuclear sources are becoming more expensive. 

Geothermal energy can reduce dependence on f o s s i l  and 
nuclear energy i n  Cal i forn ia  by meeting requirements f o r  
baseload electric power and process hea t  f o r  c e r t a i n  end 
uses. 

Development of geothermal energy can only occur when a 
s u i t a b l e  resource can b e  matched t o  a s p e c i f i c  appl icat ign.  
Rela t ive ly  high temperature resources (g rea t e r  than 150 C)  
are required f o r  e l e c t r i c i t y  generation. Moderate-low tem- 
pe ra tu re  resources  (90°C t o  15OoC) are s u i t a b l e  f o r  a range 
of d i r e c t  app l i ca t ions  (e.g., I n d u s t r i a l  process hea t ,  agr i -  
c u l t u r a l  app l i ca t ions ,  space conditioning, and hot  water 
heat ing)  . 

The following sec t ions  w i l l  focus on the  energy supply 
and demand pa t t e rns  f o r  electric power production and t h e  
s e c t o r s  of t he  economy where geothermal energy can make a 
s ign i f  i c a n  t con tr i b  u t  ion. 

REE’ERENC ES 

1. Cal i fo rn ia  Energy Commission, Sacramento, Cal i forn ia ,  
March 1979. 

2. Ca l i fo rn ia  S t a t e  Senate .Bi l1  144 (1979) and Senate B i l l  
277 (1979). 

3. Cal i fo rn ia  Energy Commission, T i t l e  20, Article 4. 
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3.2 ELECTRIC POWER PRODUCTION 

i) CURRENT SUPPLY AND DEMAND PATTERNS . 

Cal i forn ia  is heavi ly  dependent upon three energy 
sources (petroleum, natural gas,  and hydro) which are e i t h e r  
r e l a t i v e l y  scarce or af fec ted  by climatic conditions.  Table - 
3.21-1 summarizes the var ious f u e l s  used f o r  the production 
of e l e c t r i c i t y  i n  both Cal i fornia  and the United- States .  

Table 3.2-11. 'Cal i fornia  and United -States E l e c t r i c i t y  
Production by Fuel Typ 

Cal i forn ia  United S ta t e s  
Source 1977 19 75 

MV x .  Mw 

Petroleum/Natural Gas' 22,700 60 
Coal 2,500 7 213,592 38 
Hydro 7,400 19 -63,458 12 
Nuclear 1,400 4 4,367 .9 
Geothermal 500 1 500 0 1  

Cogeneration 200 - -- - 
Other 3,500 . 9 11,250 2 671 
Total  38,200. 100 62,300 100 

Sources: Cal i forn ia  Energy Commission, Energy Choices 
f o r  Cal i forn ia ,  Lookinn Ahead, Sacramento, ,California,  
March 1979. Lawrence Berkeley Laboratory, An Energy-. 
Environment Data Base f o r  t h e  States of Cal i forn ia ,  H a w a i i  
and Nevada, LBL-7821, Berkeley, Cal i fornia ,  1979. 

duced from coal  and none of t h e  2,500 MW of coa l  generating 
capaci ty  I s  located i n  California.  Rather, s eve ra l  Califor- 
n i a  u t i l i t i e s  own parts of coa l  f i r e d  p l a n t s  i n  surrounding 
states. By comparison, coal  accounts f o r  38% of e l e c t r i c i t y  ' 
production i n  the e n t i r e  U.S. Two other  no tab le  differences-  
are t h a t  Cal i forn ia  has near ly  11%- of the nation's 
hydroe lec t r ic  capaci ty  and almost 100% of the  instal le 'd  geo- 
thermal capacity. 



Cal i fo rn ia  Ut i l i t i es  
t 

There are f i v e  major electric u t i l i t i e s  i n  Cal i fornia:  u 
Pac i f i c  Gas & Electric Company (PG&E), Sacramento Municipal 
U t i l i t y  District (SMUD), San Diego Gas & Electric (SDG&E), 
Southern Cal i forn ia  Edison (SCE), Los Angeles Department of 
Water and Power (LAUPD). (See Figure 3.21-1) 

These f i v e  u t i l i t i e s  supply near ly  95% of the  electri- 
c i t y  consumed i n  the  state. In Table 3.21-2, t h e  generating 
capacities of major u t i l i t i e s  according t o  f u e l  type are 
summarized . 

. It i s  important t o  recognize t h e  wide v a r i a t i o n  among the  
generat ion mix of Cal i forn ia  u t i l i t i e s .  For instance,  PG&E 
and SMUD are heavi ly  dependent upon hydro, while SDG&E, SCE, 
and LADWP are dependent upon o i l  and na tu ra l  gas. The 
d i f f e rence  r e f l e c t s  t he  geographic condi t ions of t h e  respec- 
t ive  se rv ice  areas. PG&E and SMUD se rve  Northern Cal i forn ia ,  
where the  climate and physical  t e r r a i n  are s u i t a b l e  t o  
hydro, while  t he re  i s  no similar hydro capaci ty  i n  Southern 
Cal i forn ia  . 

Electrical energy demand i n  Cal i forn ia  is  compared with 
demand i n  the  U. S. i n  Table 3.21-3. 

The wide v a r i a t i o n  i n  electrical energy use i n  t h e  indus- 
t r ia l  s e c t o r  can b e  p a r t i a l l y  explained by t h e  f a c t  t h a t  
Cal i forn ia  does no t  have as much energy-intensive process 
indus t ry  (i-e., steel m i l l s ,  aluminum m i l l s ,  etc.) as  t h e  
rest of t he  nation. Rather, Cal i forn ia  indus t ry  i s  charac- 
t e r i z e d  by manufactur ng and assembly, e.g., e l e c t r o n i c s  and 
aerospace indus t r ies .  It is d i f f i c u l t  t o  explain the  varia- 
t i o n  between Cal i forn ia  and na t iona l  commercial energy use 
because of var ious  accounting p r a c t i c e s  which def ine  
commercial sec to r  d i f f e r e n t l y  f o r  Cal i forn ia  and the  U. S. 

f 

5he 

Li 

The h i s t o r i c a l  pa t t e rn  of decl ining growth f o r  electri- 
c i t y  between 1963-1978 is  shown i n  Table 3.21-4. 

It i s  i m p o r t a n t  t o  no te  t h e  d i f f e rence  i n  growth rate 
between sales (KWH) and peak (MW). Because peak demand i s  
growing f a s t e r  than sales, u t i l i t i e s  w i l l  experience lower 
load f a c t o r s  which u l t imate ly  w i l l  raise t h e  rates which 
consumers pay. These t rends can b e  mit igated by conservation 
e f f o r t s  and t h e  a b i l i t y  of a l l  consumers t o  s h i f t  demand t o  
d i f f e r e n t  periods of t h e  day. 

In addi t ion  t o  meeting e l e c t r i c  power production 
requirements, geothermal may a f f e c t  e l e c t r i c i t y  demand i n  
t h e  r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  s e c t o r s  i f  
d i r e c t  thermal appl ica t ions  can b e  subs t i t u t ed  f o r  c e r t a i n  
end-uses t h a t  now use e l e c t r i c i t y .  Th i s  s u b s t i t u t i o n  would 
result i n  some o v e r a l l  energy savings . b y  avoiding L t  
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Fggure 3.2-1. Electric tilities Service Areas in California 

Other Utilities I I *  

Pacific Gas and Electric 
private ownership 
'2,679,797 residential customers 
kl6,503 other customers 

'Sacramento Municipal U t i l i t y  District 
municipal ownership 
281,910 residential customers 
32,999 other customers 

cii 

151,493 other customers 

Private ownership 
579,698 residential customers 
65,449 other .customers a 

XBL 806-1289 
Source: California Energy Comission, Energy Watch, Vol. 1, No. 4, 

July 1978. 
March 1978. 

CEG Common Forecasting Methodology 11, Docket Ns, 77-EA-10, 
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Table 3.21-2. Generatfag Capacity of Major Electric Util i t ies in California  
in 1977. 

Fuel Type 

Hydro-conventional 
Hydro-pumped storage 
Oil/Gas 
coal 
Turbines 
Combined Cycle 
Nuclear 
Geothermal 
Other 
out of State 

5,647 
0 

7;3m 
0 

751 
0 

933 
SO2 
199 

0 

Total 14,841 

38 0 

49 2,608 
0 0 
2 368 
0 0 
6 87 
3 0 
1 0 
0' 0 

2,063 

0 

0 739 

78 8,858 - 1,631 
18 s50 
0 490 
4 349 - 0 - 0 - 1,631 

14,248 

S . 704 

62 2,915 
11 866 
4 80 
3 0 
3 0 
0 0 - 0 

11 1,377 
6,572 

11 643 42 

44 0 -  
13 0 -  
1 0 -  
0 0 -  
0 875 58 
0 0 -  - 0 -  

2 1  0 -  

1,518 

Source: Adapted from utility filings with the  California Energy Commission 
Gammon Forecasting Methodology If, docket No, 77-EA-10, March, 1978. 

Table 3.21-3. Current Elecrrical Energy C o k p t i o n  by 
Sector, 1975 ( B i l l i o n s  o f  fdlovatt-hours) 

Sector califorrria x U d t e d S t a t e s  x 
Residential  . 43.38 30.3 368e15 33.8 
Commercial S6.96 39.7 481.04 27.8 
Industrial 42.74 29.8 661.56 38.2 . 
Transportation .28 .2 4.27 - 
Total 143.65 1,733 . 01 

Federal Energy Data System, (DOE/EIA-0031/2 UC-13) 1978. 
Source: U.S. Energy Information Administration, 

i n e f f i c i e n c i e s  i n  the production and t ransmission of elecrr- 
ical energy, p a r t i c u l a r l y  i n  s e c t o r s  t h a t  r e q u i r e  low q u a -  
i t y  energy sources ,  eeg., space and water heating.* 

* Approximately two-thirds of t h e  energy used t o  power 
an electrical tu rb ine  genera tor  i s  l o s t  i n  product ion and 
t ransmission i n e f f i c i e n c i e s .  



Table 3.21-4. California* E l e c t r i c i t y  Sa les  and Peak I$.' Load, 1963-1978 

S a l e s  Growth Peak Growth 

Year lo9 Kwh Rate (m Rate 

1963 67.5 13,419 
1964 75.0 14,230 

1966 88.0 17,150 
1967 94.9 17,915 
1968 102.9 19,971 

1969 104.0 21,084 . 

1970 116.4 22,428 
1971 123.2 7.0% 24,873 6. 
1972 131.4 26.475 
1973 136.5 27,480 

1974 130.3 27,555 
1975 134.6 28,389 
1976 141.6 3.2% 30,351 4.5% 
1977 145.4 30,487 
1978 147.5 32,865 

1965 80.5 8.8% 15,380 8.3% 

Source: Cal i forn ia  Energy Commission, ' 
u 

f o r  Cal i forn ia ,  Lookina Ahead, 'Sacramento, Cal i fornia ,  
March 1979. 

*Includes only service areas of PG&E, SMUD, LADWP,and SDG&E. 
1978 sales f igu res  based on first t en  month data and 
estimates f o r  last two months, except es t imate  f o r  LADWP. 

/ 

Subst i tut ion m i g h t  also be 

water heating . 
Table 3.21-5 i s  designed t o  

the  r e s i d e n t i a l  and commercial sec to r s  in which there  i s  a 
technical  po ten t i a l  for end-use of geothermal energy. 

The miscellaneous category, which includes l i gh t ing  , appli-  
ance use, etc., is the largest user  of electrical power i n  
both the  sec tors .  Geothermal could conceivably furn ish  the 
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'Table  3.a-5, Electrical End-Use i n  C a l i f o r n i a ' s  
I Res iden t i a l  and Commercial Sec tors  ( T r i l l i o n  Btu) 

Res iden t i a l  Commercial 
(1978) (1977) 

Space Heating 15.4 7.8 
Water Heating 21.9 3.3 
Cooking 8.9 0.4 
Air Conditioning 13.7 45.0 
Refr igera t ion  49.9 14.7 
Miscellaneous* 74.1 97.3 

Sources: Commercial - Bob Lann, Ca l i fo rn ia  Energy 
Commission, telephone conversat ion,  March 5 ,  1980. 
Res iden t i a l  - Tom Gorm, Cal i fo rn ia  Energy Commission, 
telephone conversat ion,  March 7, 1980. 

*Miscellaneous inc ludes  pool  hea t ing ,  c l o t h e s  d rye r s ,  
l i g h t i n g ,  appl iances ,  etc. 

c 
L J  

h e a t  f o r  c lo thes  drying,  r e f r i g e r a t i o n  and air  condi t ioning,  
and pool heating. It is noteworthy that the commercial sec- 
t o r  uses  approximately four times t h e  amount of electri 
energy f o r  air condi t ioning t h a t  it does for space and wa 
heat ing.  Energy sav ings  i n  these three areas of commercial 
use could  b e  s i g n i f i c a n t  i n  those  communities where a suit- 
a b l e  geothermal resource is ava i l ab le .  

I n d u s t r i a l  End-Use Consumption 

The p o t e n t i a l  f o r  the  s u b s t i t u t i o n  of geothermal energy 
u t i l i z i n g  low/moderate temperature resources  w i l l  be  , 
g r e a t e s t  f o r  a p p l i c a t i o n s  r equ i r ing  less than 350°F (e.g., 
food processing,  pulp and paper products,  and some processes  
i n  primary m e t a l  processing).  Table 3.21-6 o u t l i n e s  the 
electrical energy consumption i n  t h e  i n d u s t r i a l  s e c t o r  f o r  
1976. 

The p o t e n t i a l  geothermal energy con t r ibu t ion  t o  meeting 
thermal energy requirements i n  Ca l i fo rn ia  i s  discussed 
f u r t h e r  in Sect ion 3.3, Direct Use Applications.  

I 

L* 
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TABLE 3.21-6 Cal i forn ia  ELectr ic i ty  Consumption i n  t h e  In- 
d u s t r i a l  Sector,  1976’  

X of Total  m6 KWH 
s I C  

Code - 
38621.0 10 

1 
1 
4 

20 Food and Kindred Products 

23 Apparel, Other Text i le  Produ 
24 Lumber and Wood Products 

22 Textile H i l l  Product8 231.0 

1,440.5 
25 Furni ture  and Fix tures  337 1 1 
26 Paper and All ied Products 1,724 5 5 
27 Pr in t ing  and Publishing 889.9 3 
28 Chemicals and All ied Products 3,272.8 9 

30 Rubber and P l a s t i c  Products 1,521 7 4 

I 

320.0 

29 Petroleum and Coal Products 5,097.7 15 

8 
3 1  Leather and Leather Products 
32 Stone, Clay, and Glass Products ‘2,7 5 1.9 
33 Primary Metals Indus t r i e s  2,661 . 5 8 
34 Fabrd Metal Products 2,074.9 6 
35 Machinery, Except Electric 1,961.5 6 <  
36 Electrical Equiopment and Supplies . 2,621.6 8 
37 Transpor ta t io  Equipment ’ 3,459.0 10 
38 Instruments and Related Products . 584.4 2 
39 Miscellaneous 265.7 1 

59.0 ... 

- 
. ,  W To t a l  34,887.5 100 

Source: U.S. Bureau of t h e  Census, Annual Survey of 
Manufacturers, 1976. 

m 

PROJECTED DEMAND AND SUPPLY 

Electricity Demand Forecasting 

A l l  f o recas t s  of energy deman 
necessar i ly  specula t ive ,  and energy forecas t ing  i s  
t i o n a l l y  d i f f i c u l t  b 
which a f  f e e t  demand r i c l t y  demand p ro jec t  
increasing l y  tenuous of unknown cons 
t o  r i s i n g  p r i c e s ,  
responses t o  conserva t i  
opt ions are uncerta  
and cons t ra in ts .  Fo 
cernlng regulatory 
technologies,  h e a l  
f u e l  a v a i l a b i l i t y .  

b‘ E l e c t r i c i t y  demand forecas t ing  i n  Cal i forn ia  represents  
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t h e  cu r ren t  s ta te  of the  ar t .  The sophis t ica ted  models 
developed by the  CEC are unique i n  t h e i r  l e v e l  of d e t a i l .  
The Warren-Alquist A c t  of 1974 r equ i r e s  a l l  Cal i forn ia  
electrical u t i l i t i e s  t o  submit a 20-year load fo recas t  and 
resource p lan  t o  t h e  CEC every two years. Concurrently, t he  
CEC p r o j e c t s  electrical demand with t h e  Common Forecasting 
Methodology (CFM) The energy demand fo recas t  u l t imate ly  
adopted by the  CEC i s  a c r u c i a l  element i n  determin'ing t h e  
need f o r  and s i t i n g  of f u t u r e  power plants .  By l a w ,  an  
appl icant  who wants t o  b u i l d  a new power p l an t  i n  Cal i forn ia  
must show t h a t  t h e  p ro jec t  conforms with the  12-year fore- 
cast of s ta tewide and service area electrical power 
demands .* 

His to r i ca l ly ,  u t i l i t y  company f o r e c a s t s  have used 
macroeconomic forecas t ing  techniques- Gross S t a t e  Product 
(GSP), personal income, energy sales i n  t h e  previous year ,  
t he  p r i c e  of e l e c t r i c i t y  and n a t u r a l  gas ,  re ta i l  sales, and 
population growth over  time are used as the  key determinants 
of f u t u r e  demand. 

The CFM i s  a microeconomic end-use model. Demand i s  
estimated for each s e c t o r  a t  an  end-use l e v e l  and then 
aggregated f o r  a t o t a l  system demand forecast .  It fo recas t s  
sales of e l e c t r i c i t y  (KWB), peak loads  (MW)., and r e se rve  
margins. Peak loads are of considerable  concern t o  u t i l i t y  
planners  because of t h e  economic consequences of e l e c t r i c i t y  
shortages and because peak power c o s t s  more than base-load 
power . * * 

The CEC demand pro jec t ions  and u t i l i t y  demand projec- 
t i o n s  have no t  been i n  agreement. Further ,  both u t i l i t y  and 
CEC fo recas t s  are being cont inua l ly  rev ised  as forecas t ing  

* U t i l i t y  demand fo recas t s  and f a c i l i t y  p lans  are re- 
viewed by t h e  CEC and i n  publ ic  meetings every two years.  
Subsequently, t he  CEC submits a Biennial  Report t o  t h e  
Governor and the Legis la ture  that conta ins  a formally adopt- 
ed e l e c t r i c i t y  demand fo recas t  f o r  t h e  next  5 ,  12, and 20 
years  t o  b e  used f o r  power p lan t  s i t i n g  and planning. 

** The da ta  required f o r  t h i s  approach include: ap- 
p l i ance  sa tu ra t ion  levels, energy use pe r  appliance,  appl i -  
ance l i f e t imes ,  population estimates, commercial and indus- 
t r i a l  floorspace,  bu i ld ing  energy consumption, bui lding f u e l  
choice,  employment levels, and s p e c i f i c  d e t a i l s  f o r  indus- 
tries i n  p a r t i c u l a r  s e rv i ce  areas. Many assumptions are a l s o  
made concerning consumer preference and l i f e s t y l e s .  The CFM 
a l s o  uses hour-by-hour weather da t a  f o r  each of 14 d i f f e r e n t  
weather zones i n  t h e  state. Because of t h e  end-use da t a  
base,  weather-sensit ive e l e c t r i c i t y  demands are estimated 
f o r  d i f f e r e n t  sectors .  
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techniques are improved and as s h i f t i n g  pa t t e rns  of demand 
are iden t i f i ed .  One example of t h i s  rev is ion  process is 
graphica l ly  portrayed i n  Figure 3.22-1 u’ 

Figure 3.22-1. Cal i forn ia  Utilities E l e c t r i c i t y  Sa les  

E 
Y 
IL 
E! 
E 
d r )  

Source: Cal i forn ia  Energy Commission. Energy Choices 
f o r  Cal i forn ia ,  Looking Ahead, March 1979. 

In 1974, t h e  u t i l i t i e s  projected a rap id  growth ’ ra te  - f o r  
e l e c t r i c i t y  sales. Subsequently, these u t i l i t y  fo recas t s  
were revised t o  r e f l e c t  t h e  lower demand a c t u a l l y  experi- 
enced. A similar pa t t e rn  Sippears i n  CEC forecas ts .  

Recent fo recas t s  by t h e  CEC suggest that the  growth i n  
demand f o r  &xfrical energy will be subs t an t i a l ly  lower i n  
the  future .  ’ ’ While Cal i forn ia  u t i l i t i e s  together pro jec t  
e l e c t r i c i t y  sales growth of  3.4% annually from 1978 t o  2000, 
t he  CEC fo recas t s  average annual growth of 2.0% over the  b’ 
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sys  terns 
I 

The projected demand growth ra te  and p o t e n t i a l  cont r i -  id 
but ion  of geothermal energy f o r  these  scenarios  are summar- 
ized  below. Tables 3.22-1, 3.22-2, 3.22-3 show the  electri-' 
c i t y  supply plans,  by f u e l  type, f o r  a l l  scenarios  f o r  1985, 
1990, and 2000. 

Table 3.22-1. California Electricity Supply Plans by Fuel Type and 
Scenario, 1985 W e )  

Fuel Source 
* 

Coal 
OilfGas 
Nuclear 
Conentrat 

2.500 
22,700 
1,400 

.ion 200 

Wind. Fuel Cell - 
Bi&ss, Solar 
Transfers 3,500 . Repowering - 
Other - 
Total 38,200 

2.500 
26,200 
6,400 
400 

9,000 
l,?# - 
3,400 - - 
49,600 

2,500 2,500 2,500 2,500 2,500 
26,100 26,100 25,500 24,900 23,000 
6,400 6,400 6,400 6,400 6,400 
400 000 400 400 400 

00 
DO - - - - - 

3,200 3,200 3,200 3,200 2,900 - - 1,000 - 500 

49,300 49,300 50,000 48,700 46,400 

Source: California Energy Commission, Enerm Choices for California. Looking - Ahead, Sacramento, California, March, 1979. 

In the  s h o r t  run ( t o  1985), t h e  projected genera t io  
f u e l  m i x  and t o t a l  capaci ty  do .no t  vary  by a wide margin. 
For instance,  projected geothekmal varies from 1,700 MWe t o  
2,100 MWe, o r  about 23%, and t o t a l  system capaci ty  varies by 
8% (46,400 MWe - 50,000 MWe). However, i n  t he  year 2000 
(Table 3.22-3), projected thermal capac i ty  sha re  v a r i e s  by 
240% (3,500 MWe - 12,000 MWe) and t o t a l  capac i ty  varies by 
nea r ly  65% (50,000 MWe - 82,600 MWe) among the  s i x  
sc enar i o  s . 
1. U t i l i t y  Supply Plans 

1.i According t o  u t i l i t y  company plans,  between 1979 and 
1991, t he  combined generat ion system capac i ty  i s  projected 
t o  increase ar  3.9% per  year ,  and a t  2.9% per  year between 
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same time period. In  addi t ion ,  t h e  CEC estimates t h a t  peak 
demand w i l l  grow a t  1.84; per  year ,  although u t i l i t i e s  pro- 
j e c t  peak demand growth a t  3.2% per year. Figures 3.22-2 and 
3.22-3 represent  recent  CEC s t a f f  demand est imates .  Compar- 
ing  Figures 3.22-3 and 3.22-2 with Figure 3.22d1, it  is 

I 

apparent t h a t  estimates have changed dramatically between 
1974 and 1979. - 

Table 3.22-2. California Electricity Supply Plans by Fuel Type 8nd 
Scenario, 1990 (We) 

Fuel Source 

Coal 2,500 7,300 11,800 7,900 6,000 6,000 4,600 
Oil/Gas 22,700 26,900 26,200 26,200 25,000 25,800 21,800 
Nuclear 1,400 7,800 ' 7,800 11,806 7,800 7,800 6,600 
Cogeneration 

Wind, Fuel Cell 
500 500 ' 500 500 ' 600 400 Biomass, Solar - 

Transfers 3,500 3,000 2,700 2,700 2,700 2,700 2,700 
Repowering - - 
Other - 4,800 - - - 1,000 - 

ci$ 
- - 5,200 1,800 600 

Total 38,200 62,60 ,100 62,200 61,700 60,400 49,900 I 
Source: California Energy Commission, Energy Choices for California, Looking 

-' Ahead Sacramento, California, March, 1979. ,- 

Prolected Electrical Power 

In t h i s  s e c t i o  s of electrical. energy-  
generat ion f u e l  mix t o  t he  year 2000 are described6 Three 
add i t iona l  scenarios  which consider d i f f e r e n t  time horizons 
and u t i l i t y  service,are summarized i n  subsequent text. The 
f i r s t  s i x  scenar ios  were constructed by t h e  CEC t o  address 
supply gpt ions t h a t  are 
debates. 

The f i r s t  s t r a t e g  
supply p lan  of t he  u t i l i t y  companies. ,The next four  stra- 
t e g i e s  are based on u t i l i t y  demand growth pro jec t ion  of 3.6% 



t 
Table 3.22-3. California Electricity Supply Plans by Fuel Type and 

Scenario, 2000 m e )  

Coal 
Oil/Gas 

- - 3.000 3,000 - Other - 14.800 

Total 38,200 76,700 81,900 82,600 81,600 82,500 60,200 

Source: California Energy Commission, Energy Choices for California, Looking 
Ahead, Sacramento, California, March, 1979. 

p e r  y e a r  and f o u r  d i f f e r e n t  supply  mixes. They are: 

* h i g h  c o a l  u se ,  emphasizing new b a s e l o a d  c o a l  p l a n t s ;  

e h i g h  n u c l e a r  u s e ,  emphasizing new b a s e l o a d  n u c l e a r  
u n i t s  ; 

maximum use  o f  e x i s t i n g  f a c i l i t i e s  and si tes wi th  
heavy dependence on  cogene ra t ion  and repowering; 

e m a x i m u m  use of  nonconvent iona l  r e s o u r c e s ,  o t h e r  than  
t h o s e  which are demand-reducing . 
The s i x t h  s t r a t e g y  assumes a s lower  demand growth o f  2% 

p e r  y e a r ,  due t o  demand-reducing p o l i c i e s  and maximum use  of 
nonconvent iona l  r e s o u r c e s  The seven th  s t r a t e g y  i d e n t i f i e s  
a nuclear-based e l e c t r i f i c a t i o n  program. The e i g h t h  stra- 
t e g y ,  developed f o r  o n l y  one u t i l i t y  company (PG&E) by t h e  
Environmental  Defense Fund (EDF) , c o n s i d e r s  o n l y  nonconven- 
t i o n a l  r e s o u r c e s  F i n a l l y ,  t h e  l a s t  s t r a t e g y  ( D i s t r i b u t e d  
Energy Systems) a d d r e s s e s  t h e  s u p p l y  i s s u e  on a f i f t y - y e a r  
scale wi th  an  emphasis o n  d i s t r i b u t e d ,  renewable energy  

. 

L, 
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Figure 3.22-2. Sa les  Forecast  Comparison Statewide 

. .. . 
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Source: Cal i forn ia  Energy Commission. Cal i forn ia  
Energy Demand, 1978-2000, August 1979. , 

1991 and 1998. Geothermal is expected t o  rise from t h e  
cu r ren t  1% of capaci ty  t o  5% by 1998. 1 .  

2. High Coal Use 

In the  high coa l  ,use  scenar io ,  t o t a l  *energy suppl ies  
increase  by approximately”2X per year between 1979 and 1991 
Since baseload coa l  f a c i l i t i e s  do not  come on-line u n t i l  the 
la te  1980‘s, i t  is no t  u n t i l  1992-2000 t h  
increase  a t  over 4% per  year. During t h  
geothermal energy rOm 
t o t a l  e l e c t r i c i t y  s 

3. H i R h  Nuclear 

Total  energy gowth rises slowly, about 2% 
between 1979 and 1991 .and,’then shoo 
1992-2000 when a nuclear power p l a n t  
Geothermal, as i n  the o ther  two scenar 
f i v e  percent  of e l e c t r i c i t y  generat ion 

4. RiRh Use of E f f i c i e n t  Combustion Technologies 
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Figure 3.22-3. Statewide Peak Demand 
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Source: Cal i forn ia  Energy Commission. Cal i forn ia  
Energy Demand, 1978-2000, August 1979. 

The fourth scenario "uses an ef f iciency-oriented supply 
s t ra tegy-  attempting t o  reduce o r  avoid the  regional  equi ty  
concerns r e l a t e d  t o  rural s i t i n g  by increasing the  usefu l  
output from ex i s t ing  generation and transmission f a c i l i t i e s ,  
and more extgnsive use of areas a l ready  dedicated t o  indus- 
t r i a l  uses." In  t h i s  case, the  supply of energy grows by 
approximately 2% per  year between 1979 and 1991 and by 
approximately 4% i n  1992-2000, due t o  new dam operat ion and 
upgrading of o l d  sites, p lus  a switch t o  coa l  o r  petroleum 
coke-derived f u e l s  as an energy source. Geothermal develop- 
ment is no t  acce lera ted  because it would requi re  development 
of new sites, usua l ly  i n  rural areas. 

5. High Use of Renewable Resources 

The nonconventional resource case "examines t h e  f easi- 
b i l i t y  of using renewable resources (including s o l a r ,  wind 
and hydro) and geothermal energy t o  meet Cal i fornia 's  elec- 
t r i c i t y   requirement^...."^ In t h i s  scenar io ,  i t  i s  assumed 
t h a t  geothermal energy development i s  acce lera ted  t o  supply 
12,000 MW of capaci ty ,  o r  15% of e l e c t r i c i t y  supply, by 
2000. Total  energy growth averages less than 2% p e r  year  
between 1979 and 1991 and rises t o  over 4% during the  1992- 

b 
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2000 year  period. 
J 

6. Slow Demand Growth, Hinh Use of Non-Conventional A l t e r -  
na t ives  . <  

'u' 

This s t r a t egy  explores  t h e  e l e c t r i c i t y  supply' planning 
implicat ions of  a s u b s t a n t i a l l y ' l e s s  demand growth than t h a t  
pro jec ted  by t h e  u t i l i t i e s  (i.e., 2% per  year ) ,  due perhaps 
t o  demand-reducing pol ic ies .  Most of t he  new capaci ty  i n  
t h i s  case is  supplied by geothermal resources.  8,000 MWe of 
geothermal energy, or 13% 'of t o t a l  capaci ty ,  are assume 
b e  developed by 2000. During t h e  1979-2000 period, 
f a c i l i t i e s  are r e t i r e d . a t  a rate dependent on the ava i lab i l -  
i t y  of technologies using renewable fue l s .  Between 1979 and 
1985, t o t a l  growth i n  energy averages j u s t  over 3% per year;  
between 1985-1991 i t  f a l l s  t o  under 2% per  year ,  
i n  1992-2000 t o  4% per year. 

7. Nuclear-Based E l e c t r i f  i c a t i o n  

The s t r a t e g y  of nuclear-based e l e c t r i f i c a t i o n  i s  
intended t o  d isp lace  b i l  and gas  use i n  t h e  s ta te  very 
quickly by s h i f t i n g  t o  e l e c t r i c i t y  and el iminat ing most of 
t h e  l a r g e  oil and gas-fired p l a  

8. 

now i n  service. 
7 E Alterna te  PG&E Supply Plan 

W Relying on the  u t i l i t y  demand fo recas t ,  the  Enviropmen- 
t a l  Defense Fund developed a supply s t r a t e g y  f o r  o n e - u t i l -  
i t y ,  PG&E, t h a t  could p o t e n t i a l l y  be  appl ied statewide. A 
methodology, c a l l e d  "ef f ic lency  maximizing ,'I was used t o  
maximize cost-ef fec t iveness  and minimize f inanc ia l  r i s k  'sub- 
j ec t  t o  PG&E's f i nanc ia l  and revenue requirements. The 
se l ec t ed  opt ions  were: (1) end-use app l i ca t ion  of s o l a r  
energy f o r  space and water-heat ing;  (2) measures t o  increase 
end-use eff ic iencies;  and (3)  'development of e lectrical  gen- 
e r a t i o n  technologies t h a t  are energy e f f i c i e n t  or are 
powered by ren 
increases  t o  produc 

9. Dis t r ibu ted  Enerm 

ce Berkeley Labora- 
end-use o f  energy, 

spective i s  that c e n t r a l l y  produced e l e c t r i c i t y  should b e  
used only as necessary t o  s a t i s f y  dem 
such as s o l a r  heat  o r  d i r e c t  f u e l  use 
where the  qua l i t y  energy represented by e l e c t r i c i t y  is no t  
necessary. The i n t e n t  of t h i s  s t r a t egy  is t o  move Cal i fornia  
f ram using hard technologies (def ined as conventional tech- 
nologies ,  such as coa l ,  oil, gas,  and nuclear f i s s i o n )  t o  
s o f t  technologies (defined as those t h a t  are f l e x i b l e ,  
r e s i s t e n t ,  sus ta inable ,  and benign') through t r a n s i t i o n a l  . 
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technologies which include cogeneration, biomass, and 
soph i s t i ca t ed  use of coal.  4' w 

The major conclusion of t h e  LBL r e p o r t  i s  t h a t  under 
the  s ta ted assumptions, it i s  near ly  poss ib le  t o  supply 
California.  s energy demand with indigenous, renewable 
resources. (The authors  no te  t h a t  indigenous supply of 
l i q u i d  f u e l s  may n o t  b e  s u f f i c i e n t  f o r  t he  t ranspor ta t ion  
demand.) Based on t h e i r  comparison of t h e  present  marginal 
cost of a l l  f u e l  sources and the  projected c o s t  of new con- - 
vent iona l  supply sources,  t he  r epor t  concluded t h a t  i t  would 
b e  cheaper f o r  the consumers and the u t i l i t i e s  t o  use renew- 
able resources than t o  use conventional technologies. 
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3.3 DIRECT USE OF GEOTHERMAL RESOURCES -- 
Heat from geothermal energy can be u t i l i z e d  d i r e c t l y  

f 0 r . a  p a r t i c u l a r  appl ica t ion ,  r a t h e r  than being converted t o  
some o t h e r  form of energy (mechanical or e l e c t r i c a l )  before  
use. Common examples of such appl ica t ions  include residen- 
t i a l  space condi t ioning,  d i s t r i c t  heat ing,  and i h d u s t r i a l  
processing. There are now approximately t e n  geothermal 
d i r e c t v s e  p ro jec t s  (not including spas  and resorts) i n  Cal- 
i fo rn ia .  These p ro jec t s  include hea t ing  greenhouses, warm- 
ing water for c a t f i s h  and prawn farming, and space and water 
heat ing.  Several  l a r g e r  p ro jec t s ,  such as d i s t r i c t  hea t ing  
systems and process hea t ing  f o r  i n d u s t r i a l  parks, are under 
considerat ion.  A l i s t  of cur ren t  and po ten t i a l  appl ica t ions  
can be found i n  Sect ion 2.22. 

Data for thermal energy requirements by s e c t o r  ' are 
presented i n  Table 3.1-1. Note t h e  la rge  demand f o r  thermal 
energy i n  t h e  r e s i d e n t i a l  and i n d u s t r i a l  sectors*. Geother- 
mal  development t o  meet r e s i d e n t i a l  thermal demand may be 
inh ib i t ed  because of t h e  low load f ac to r s  f o r  space hea t ing  
and the  low populations i n  geothermal areas. However, as 
conventional f u e l  p r i ces  escalate, industry may t u r n  t o  geo- 
thermal t o  f i l l  a l a r g e r  por t ion  of i t s  thermal require- 
ments. 

INDUSTRIAL ENERGY DEMAND 

Required temperatures f o r  var ious  i n d u s t r i a l  applica- 
t i o n s  are given i n  Figure 3.3-1. The f igu re  a l s o  ind ica t e s  
whether t he  energy i s  suppl ied as steam or  hot  water. 

Ca l i fo rn ia  indus t ry  thermal requirements are l i s t e d  by 
3-digi t Standard I n d u s t r i a l  C l a s s i f i c a t i o n  (SIC) code i n  
Table 3.3-1. 

According t o  Jet  Propulsion Laboratory estimates, the  
33 h ighes t  energy consuming indus t r i e s  i n  Cal i forn ia  
accounted f o r  approximately two-thirds of the  t o t a l  thermal 
energy use i n  1975 and t h e  top t e n  accounted go' nearly 
one-hglf.  Required temperatures may range from 40 F t o  over 
2,000 F depending up08 t h e  e n d u s e .  Where t h e  reguired t e m -  
pera ture  i s  above 350 F, it is  usua l ly  above IO00 F.** 

*The t echn ica l  p o t e n t i a l  for s u b s t i t u t i n g  geothermal 
hea t  f o r  r e s i d e n t i a l  and commercial users  now supplied by 
e l e c t r i c i t y  is examined i n  Sect ion 3.21. 

*%ese indus t r i e s  include pe t ro leu  e f in ing ,  organic 
chemicals, cement, and b l a s t  furnaces. Lower temperature 
needs i n  these  i n d u s t r i e s  are ei ther .  very small o r  are met 
with waste hea t  from higher  temperature operat ions.  
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Figure 3.3-1. Required Temperature of Geothermal Fluids for 
Various Direct Heat Applications. 
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L Source: Geothermal Resources .Council, Direct Utilization of 
Geothermal Energy: A Technical Handbook, edited by D. H. Andersz, 
Geothermal Resource; Council, and J. W. Lund, Oregon Institute of 
Technology, 1979. 
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Table 3.3-1. Thermal Energy End-Use Requirements of Top Thermal Energy 
Consumers by 3-Digit SIC Code, Cal i forn ia ,  1975 

r 1 '  I 

6.' 

Qd 

Source: A.D. L i t t l e ,  c. ,  Energy Shor ta re  Contingency Plan: Technical 
&p.gtndix, A Report , f o r  
Development Coprmis sion 

Notes: 
Intertechnology Corporation (ITC), 

11, Washington, D.C., Government P r in t ing  Off ice ,  February 1977, with modifi  
t i o n s  based on t h i s  Cal i forn  a survey e f f o r  . ~ (b) Indus t r i e s  with processes 
where excess low-tempera th.ermal energy st o r  wastheat 
appears t o  be ava i lab le .  Indus t r i e s  i n  isits were made. 

s e rva t ion  and- 

(a) Thermal end-use temperature breakdown is adapted from da ta  in 
Analysis of t h e  Economic P o t e n t i a l  of Solar  

F i n a l  Report, Volume 1, t o  Provide I n d u s t r i a l  Process Heat, 
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Table 3.3-2. Proceaa Beat Requirements f o r  Selected Indus t r ia l  
Applications by Standard Indus t r ia l  Classification Code, 1974. 

SIC 
Code 

20. 
2011 

2013 

2026 

2033 

2037 

2M8 

2051 

2079 

2082 

rood and Kindred Products 
nea t  Packing 
Scnlding, Carcass Wash, 
and Cleanup 

Singeing F lam 
Edible Rendering 
neat Processing 
SwkingfCooking 
Cleanup 
Fluid Uilk/fce Cream 
Puteur iza t ion  
PNckfTank Wesh 
Cleanup 
Canned Fru i t s  and Vegetables 
Blanching/ Peeling 
Pasteurization 
Brine Syrup R u t i n g  
Comercia1 S te r i l i s a t ion  
Sauce Concentration 
Can Washing 
Frosen R u i t s  m d  Vegetables 
Blanching 
Warehouse Floor Beat 
Prepared Feeds 
Pe l l e t  Conditioning 
Alfa l fa  Drying 
Bread and Baked Goods 
Sponge ?fixing 
Proof i n s  
Baking 
Cleanupnasket Washing 
Shortening and Cooking O i l  
Seed Condition 
Stack Cooker 

Vacuum Bleaching 
Hydrogenation 
Deodorization 
?felt Beverages 
Cooker 
Water Beater 
Uaah Tub 
Grain Dryer 
Brew Kettle 
C a n f h t t l e  Washi 
Can Paateurisati  

140 
500 
200 

155 
160 

162-185 
110-170 
160-180 

186212 
200 
200 
212-250 
212 
186190 

180.212 
90 

186190 
400 

75 
105-115 
4-425 
165 , 

180 
280 I 

100-120 
180 
220 
380 
HH) 

212 
180 
170 
400 
212 
140-160 
145 

Application 
Temperature 

clam. i f i ca t ion  Requirment (OF) n e d i u  

Rot Water - - 
not Nr 
Hot Water 

S tem 
Bot Water 
Bot Water 

not watn/st-  
Bot Water 
Steam 
StemufRot Water 
S t e m  
Hat Water 

Steamltlot Water 
Bot Wsterltlot Mr 

Stasa 
Hat Air 

%a N r  
Steam Heated N r  
not Nr 
Bot Water 

S t e m  
steam 
Steam 
S W  

Stem 
- 
- 
Steam 
Steam 
Steam 
Steam 
Steam 
Bot Water 
Hot Water 

" , . , . . .  
. '  

Table 3.3-2 continued. 

Appl iu  t ion 
SIC Temperature 
Code Cleasification Requirement (OF) &dim 

20. Food md Kindred Products 
2086 Soft Drinks 

Fructose Storage 90 

Can Warming 136140 
Returnable Bottle Washing 170-190 

Cleanup 140-170 

24. Lmber and Wood Products 
2421 Sawmill. 

26. Paper and Allied Products 
2621 Paper Ui l l s  

Kiln Dcying of h b e r  

Pulping 
Paper Drying 

28. 
2841 

Chemicals and Allied Products 
Soaps and betergenta 
Soaps (hzroni Process) 
Fatty Acid Preheat 
nixing Tank 
Dryer 

Crutcher (Mixer) 
Spray Dryer 

Detsrgenta 

110-180 

120-180 
290-600 

130 
180 

180 
Mo 

34. Fabricated netal Products 
3479 Galvanizing 

ne ta l  130-180 
hlVMiZing Plating h t h a  850 

Elec t r ic  Gar and Sanitary 

Sewage Treatment 
Services 

Sludge Digesters 
Uesophyllic 95 
Thelrophyllic . 120 

Steam 
Hat  Water 
Hat Water . 
irot water 

Bot Mr 

Bot Water 
S t e m  

Steam Jacket 
Steam Jacket 
Steam 

Steam 
Bot A t r  

Elec t r ic  Coil. - 

steam 
Steam 

Source: A.D. Little, Inc., perm Shortme ContinReno Plan: Technical 
&pendix, A Report f o r  the California Energy Resources Conrervntion and 

-Developlent collmisaid, October 1975. 
Corporation (ITC), 
go Provide Industrial  Procena Heat, 
D.C., Govelmaent Printing Office, February 1977. 

As adapted from Intertechnology 
Analysis of the  Econmic Potential  of Solar Thema1 Epzqy 

Final Report, Volume I, 11, Washington, 
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The top energy consuming indus t r ies  with temperature 
requirements under 212 F a re  primarily i n  the  food process- 
ing industry.  The energy is used t o  heat products, t o  heat  
water f o r  cleaning, and to, heat  air f o r  dehydration of pro- 
ducts.  The paper products,' metal p la t ing ,  and soap indus- 
t r i p  also have most of t h e i r  process temperatures below 
212 F. Eve8 when the  process temperature i s  r e l a t i v e l y  low 
(below 150 F), it i s  common t o  f in$ $he heat  supplied 
through a b o i l e r  producing steam of 350 F. 

Process heat  requirements at the 4 - d i g i t  SIC code l e v e l  
f o r  Ca l i fo rn ia  indus t r i e s  are shown i n  Table 3.3-2. Note the  
large energy requirements f o r  food processing. 

0 

Even when no major technica l  problems impede the  t ran-  
s i t i o n  t o  new i n d u s t r i a l  f u e l  sources, t he  ex i s t ing  f u e l  
choice requires  a s ign i f i can t  and unique c a p i t a l  investment 
which tends t o  slow the  f u e l  switching process. Thus, 
conversion t o  an a l t e r n a t i v e  energy source i n  any i n d u s t r i a l  
plant  o r  company w i l l  normally occ r when only one o r  more 
of the. following condi t ions ex i s t :  

* Use of new energy source provides a r e tu rn  on 
investment s u f f i c i e n t l y  a t t r a c t i v e  to compete f o r  the  
c a p i t a l  required fo r  new f a c i l i t i e s .  

@ Production expansion occurs so t h a t  a new energy 
source may be incorporated on the  bas i s  of long-term 
expectations.  

Y 

Li 

Q Fuel a v a i l a b i l i t y  o r  regulatory r e s t r i c t i o n s  force a 
change i n  fue l  use. 

These market issues are fu r the r  explored i n  Section 
4.3. 
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S E C T I O N  A: GEOTHERMAL SHARE OF THE CALIFORNIA ENERGY MARKET 

This s e c t i o n  examines some general  considerat ions 
a f f e c t i n g  the  commercialization of geothermal energy i n  C a l -  
i f o rn i a .  

Section 4.21 summarizes present  development p lans  f o r  
geothermal electric and CEC p ro j  ections.  The economic r i s k s  
of f i e l d  development and power p lan t  construct ion f o r  
developers and u t i l i t i e s  are reviewed; a b r i e f  descr ip t ion  
of cu r ren t  technologies f o r  electric power generation and 
H S abatement i s  included f o r  t he  reader's reference.  Fol- 
l&ng t h i s  discussion,  t h e  most s a l i e n t  technica l ,  
economic, environmental, and i n s t i t u t i o n a l  i s sues  a t  lndivi-  
dual sites are examined i n  Section 4.22 t o  suggest poss ib le  
pol icy i n i t i a t i v e s  rn 

Data on t h e  p o t e n t i a l  market share  f o r  d i r e c t  hea t  
app l i ca t ions  is very l i m i t e d  a t  present.  Section 4.3 w i l l  
review t h e  h i s t o r i c a l  development of d i r e c t  use p ro jec t s  and 
investment issues. Poten t i a l  loca t ions  f o r  var ious  d i r e c t  
app l i ca t ions  are highl ighted by county. 
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4.1 GENERAL CONSIDERATIONS AFFECTING GEOTHERMAL DEVELOPMENT 
_ - I  

The present  p o l i t i c a l  and economic climate f o r  geother- 
m a l  development I n  Cal i for  s very favorable.  

Geothermal energy i s  considered a t t r a c t i v e  as a source 
of baseload* electric power because a l a r g e  resource poten- 
t i a l  has  been iden t i f i ed .  At*'The Geysers, vapor-dominated 
resources  a l ready  generate s u f f i c i e n t  e l e c t r i c i t y  t o  meet 
the  requirements of. t h e  City of San Francisco. In  t h e  
Imperial  Valley, a number of u t i l i t i e s  are pa r t i c ipa t ing  i n  
t h e  development, of hot-water resources. Over the long term, 
it  may b e  poss ib l e  t o  use geothermal power p l a n t s  t o  meet 
haseload requirements, re lega t ing  high c o s t  f o s s i l  p l a n t s  t o  
peakload uses. 

Second, because of t h e  r e l a t i v e l y  small scale of a geo- 
thermal power generating p l an t ,  smaller u t i l i t i e s  a n d .  
developers can a f fo rd  t o  undertake e l e c t r i c i t y  production. 
This i s  a n  important en t ry  condi t ion as organizat ions l i k e  
t h e  Cal i forn ia  Department o f  .Water Resources and the  -North- 
ern Ca l i fo rn ia  Power Association are encouraged t o  e s t a b l i s h  
t h e i r  own generat ion capaci ty  r a the r  than continue t o  r e l y  
on suppl ies  from the l a r g e r  u t i l i t i e s .  

Third, t h e  p r i c i n g  structure f o r ,  geothermal steam i s  
r e l a t i v e l y  more s t a b l e  than t h a t  f o r  conventional fue ls .  
qrices a t  The Geysers are p resen t ly -  an "average" pr ice ,  
determined by a m i x  of o ther  f u e l  sources,  f o r  a u n i t  of 
geothermal steam. This is advantageous t o  the  developer 
because t h e  c o s t  of producing geothermal steam is  less than 
t h e  c o s t  of producing steam from conventional fue ls .  The 
bene f i t  t o  t h e  u t i l i t y  (PGCE) i s  t h a t  geothermal steam a t  
The Geysers d i sp laces  more cos t ly  f u e l  o i l .  Whether l iquid-  
dominated resources  w i l l  share t h i s  p r i c ing  advantage 
depends upon technology c o s t s  and regulatory act ions.  

Fourth, geothermal is considered a " f erred a1 terna- 
tive" energy source -by  S t a t e  Legis la ture  and t h e  - C a l i -  
f o r n i a  Energy Co C ) ,  p a r t l y  because it is gen- 
e r a l l y  seen as more e e n t a l l y  acceptable  than conven- 
t i o n a l  a1 ternat ives .  p l a n t  ' s i t i n g  requirements and - 
procedures are t ed for geothermal f a c i l i t i e s .  

expand t h e  geothermal sha re  of t h e  Cal i forn ia  energy market ' -  

by meeting h e a t  requirements now being suppl ied by o ther  
energy sources. ' Direct use of geothermal energy general ly  
implies  t h e  use of much less complicated technologies,  less 

* To u t i l i z e  the  producing wells most e f f l c l e n t l y ,  geo- 
thermal power p l an t s  need t o  run almost continuously. 
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capi ta l - in tens ive  development e f f o r t s ,  and a number of 
d iverse  appl icat ions.  However, p resent  development of 
d i r e c t  u t i l i z a t i o n  i n  Cal i forn ia ,  and i n  t h e  U.S. i n  gen- 
eral, l a g s  behind similar e f f o r t s  elsewhere i n  t h e  world, 
notably Iceland. This may b e  due t o  t h e  h i s t o r i c a l  availa- 
b i l i t y  of cheap energy and t h e  l a c k  of publ ic  awareness of 
d i r e c t  use of geothermal energy as an economical a1 t e rna t ive  
t o  conventional energy systems. This s i t u a t i o n  should change 
as more resources are proven and thermal energy u s e t s  become 
more fami la r  with geothermal energy. 

t u 

Development of geothermal resources may involve s igni -  
f i c a n t  s o c i a l ,  economic, or environmental impacts f o r  l o c a l  
communities. The l o c a l  community i s  o f t en  where t h e  trade- 
o f f s  among na t iona l  energy pol icy,  s ta te  regula tory  con- 
cerns, and loca l  land use i s sues  are made. The acceptance 
of energy resources development by l o c a l  communities i s  an 
important f a c t o r  i n  the  s i t i n g  of geothermal f a c i l i t i e s .  In 
electric power production, t h e  end-use b e n e f i c i a r i e s  of geo- 
thermal development may r e s i d e  ou t s ide  t h e  producing area, 
while  t h e  environmental and s o c i a l  impacts of .power produc- 
t i o n  are borne by t h e  community. In  -the case of d i r e c t  hea t  
appl ica t ions ,  t h e  community r e t a i n s  more of t h e  b e n e f i t s  ixi 
t h e  form of taxes, added employment oppor tuni t ies ,  and 
economic a v a i l a b i l i t y  of a source of fue l .  Thus, depending 
on the  balance of c o s t s  and bene f i t s ,  ind iv idua l  l o c a l i t i e s  
may p r e f e r  d i r e c t  appl ica t ions  as an  inducement t o  economic 
development . However, development of geothermal resources 

environment f o r  d i r e c t  use in c e r t a i n  remote areas by assum- 
ing  t h e  c o s t s  of resources confirmation and add i t iona l  ser- 
vice i n f r a s t r u c t u r e  in t he  community. 

I . 

f o r  e l e c t r i c i t y  generation can a l s o  improve t h e  economic e 

While the  ana lys i s  of b e n e f i t s  and c o s t s  must be  made 
a t  each s i te ,  state and f e d e r a l  agencies can f a c i l i t a t e  the  
balancing process  by t r ans fe r r ing  planning and eva lua t ion  
c a p a b i l i t i e s  t o  l o c a l  bodies. S t a t e  and f ede ra l  agencies may 
a l s o  provide incent ives  t o  change t h e  a c t u a l  balance a t  a 
p a r t i c u l a r  l oca t ion  by mi t iga t ing  problems, compensating 
cos t s ,  or amplifying benef i t s .  Government i n i t i a t i v e s  can 
a l s o  b e  appl ied t o  change t h e  ca l cu la t ions  by u t i l i t i e s  and 
p o t e n t i a l  developers . Programs may reduce unce r t a in t i e s  or 
insure risks, or increase  t h e  p o t e n t i a l  p r o f i t s  of success- 
f u l  developments. The most s a l i e n t  i s s u e s  a t  ind iv idua l  
sites are discussed i n  Sections 4.2 and 4.3; general  govern- 
mental programs are discussed i n  Section 5 .  

L d  
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4.2 ELECTRIC APPLICATIONS 

4.21 GEOTHERMAL OF THE ELECTRIC MARKET 

The h i s t o r i c a l  focus o he geothermal-electric indus- 
t r y  i n  Cal i forn ia  has been the dry steam development of 
The Geysers EXRA. As of June 1980, t h e r e  are 798 MWe on-line 
a t  The Geysers.* This cons t i t u t e s  approximately 1% of the  
present  i n s t a l l e d  e l e c t r i c i t y  generation capaci ty  i n  C a l i -  
fornia .  Figure 4.21-1 i l l u s t r a t e s  t h a t  geothermal 'capacity 
has grown a t  near ly  a 40% yearly rate s 1960 (be. ,  a 
doubling time of about two years).  

u' 

Figure 4.21-1. Geothermal Electric Capacity at  The Geysers 

W e  1,200 

800 
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1960 61 62 63 64' 65 66 67 68 69 70 71 72 I3  74 75 ' 76 77 78 79 80 
Year 

Source: California Energy Commissiy, March 3, 1980. 

Development ac  
region and a t  o ther  .KGRAs around tbe state. It is reasonable 
t o  expect t h a t  t he re  w i l l  be s ign i f i can t ly  expanded develop- 
ment of geothermal reserves  i n  the  future .  S i t i ng  and con- 

lematic in California ,  and u t i l i t i e s  are ac t ive ly  pursuing 
s t r u c t i o n  of f o s s i l  fuel and nuclear power p l an t s  are prob- 

the  development of non-conventional resources,  including I -  

~. 

ec t ions  of t h e  
a t ion  have . been 

*On May 15, PG&E U n i t  13 beg 
The Geysers. 
b e  on l i ne  by August 1980. 

A 110 MWe power p lan t ,  Unit 14, 
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However, i n  t h i s  s ec t ion  only t h e  u t i l i t y  company f o r e c a s t s  
and Cal i forn ia  Energy Commission estimates are used.* 

r, 
b Through 1982, i t  is  expected t h a t  617 MWe o f ' a d d i t i o n a l  

electric capaci ty  w i l l  b e  provided by geothermal energy. The 
Geysers should provide about 60% of t h e  increase ,  with t h e  I 

Imperial  Valley KGRAs cont r ibu t ing  the  balance. Besides PG&E 
a t  The Geysers, t h e  Northern Cal i forn ia  Power Agency (NCPA) 
with She l l  expects  t o  have two 55 MWe u n i t s  'on-line by t h e  
end of 1982. In Imperial Valley, SDG&E and SCE each w i l l  
have t h r e e  p l a n t s  on-line by 1982. SCE's l a r g e s t  p l a n t  w i l l  
b e  a 50 MWe double f l a s h  u n i t ,  whi le  SDG&E w i l l  have a 50 
MWe f l a s h  turbine.  

After 1982, development w i l l  continue i n  both The 
Geysers and Imperial Valley.** By 1985, The Geysers w i l l  
have 506 more MWe and t h e r e  w i l l  b e  an  add i t iona l  433 MWe 
added i n  t h e  Imperial Valley. Although PG&E w i l l  continue 
t o  b u i l d  the  l a r g e s t  (110 MWe) p l a n t s  i n  The Geysers, 
several o ther  u t i l i t i e s  w i l l  cons t ruc t  t h e i r  own plants .  
NCPA plans  t o  b u i l d  another two 33 MWe u n i t s  and both DWR 
and SMUD p lan  t o  b u i l d  50 MWe units.  In  t h e  Imperial  Valley, 
SDGCE and.SCE w i l l  each cons t ruc t  t h ree  new plan ts .  Addi- 
t i o n a l l y ,  DWR intends t o  construct  a 55 MWe f l a s h  p l an t  with 
McCulloch Geothermal and Geothermal Kinetics. Beyond 1985, 
PGCE and SMUD is planning cons t ruc t ion  of add i t iona l  u n i t s  
( f ive 110 MWe u n i t s  and one 55 MWe unit ,  respec t ive ly)  pend- 
ing  a v a i l a b i l i t y  of steam supply a t  The Geysers. Another 
350 MWe i s  planned f o r  Heber and Salton Sea KGRAs by SDG&E 
and SCE i n  the  Imperial Valley. 

In Figure 4.21-2, cumulative projected geothermal- 
electric development i s  p l o t t e d  over time f o r  both The 
Geysers and Imperial  Valley. By 1990, geothermal energy 
w i l l  provide approximately 2,566 MWe of add i t iona l  electric 
capacity.  This  corresponds t o  a year ly  growth rate of 14% or  
about a five-year doubling time. 

It i s  d i f f i c u l t  t o  specula te  as t o  what l e v e l  
geothermal-electric capaci ty  eventual ly  w i l l  reach. In Table 
4.21-1, a n  estimate of t h e  p o t e n t i a l  resource electric capa- 
c i t y  i s  shown. The t o t a l  estimated capaci ty  is 13,816 MWe. 

While i t  i s  n o t  reasonable t o  expect t h a t  a l l  of t h e  
resource w i l l  b e  developed, i t  i s  i n t e r e s t i n g  t o  observe 

* CEC pro jec t ions  of geothermal 'market share are 
presented along with u t i l i t y  commitments f o r  newer power 
p lan ts .  Data sources  are u t i l i t y  submissions t o  t h e  CFM I1 
and var ious  CEC publ icat ions.  

** CEC, 1979 project ions.  
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i, 
Figure 4.21-2. Projected Geothermal Electric Capacity 

1 .  
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Table 4.21-1. Identified 
Resource Areas 

Area Electrical 
I 

The Geysers 
Surprise Valley Area 
#organ Sptings 
Growler Springs 
Sulphur Bank Mine 
Clear fake Volcanic Field &ea 
Long Valley Caldera 
cos0 Area 
Bandsberg Area 
Salton Sea Area 
Westmotland 
Brawley 
East Hesa 
Border 
Heber 

Total 

Source: USGS, hessment of Geothermal Resources of 
the United States, C i r c u l a r  790, 1978. 
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t h a t  market pro jec t ions  f o r  geothermal-electric t o  1987 . 
estimate an i n s t a l l e d  capaci ty  of 3,300 MWe, o r  about 24% of 
t h e  p o t e n t i a l  contr ibut ion .* 

When evaluat ing the  market share  f o r  geothermal energy 
sources  i n  Cal i forn ia ,  w e  must i n t e r p r e t  supply/demand 
information i n  l i g h t  of t h e  b a r r i e r s  and incent ives  t o  
development perceived by t h e  a c t o r s  involved. A b r i e f  sum- 
mary of t h e  f i e l d  development process' i s  provided below. 
Various risks encountered by developers and u t i l i t i e s  are 
charac te r ized  according t o  technica l ,  economic, environmen- 
tal ,  and i n s t i t u t i o n a l  issues .  The remainder of t h i s  sec- 
t i o n  descr ibes  the  present  technologies used i n  t h e  produc- 
t i o n  of both steam and h o t  water resources.  A s h o r t  
descr ip t ion  of H2S abatement technology i s  a l s o  included. 

FIELD DEVELOPMENT FOR ELECTRIC POWER 

The lead  time and f i n a n c i a l  resources needed t o  br ing  a 
geothermal electric development on l i n e  are subs t an t i a l .  
The typ ica l  f i r s t  on-site geothermal development moves 
sequent ia l ly ,  r a t h e r  than concurrently,  from re se rvo i r  
explora t ion  and development t o  power p l a n t  design and con- 
s t ruc t ion .  This i s  due pr imari ly  t o  geothermal developers' 
concern with r e se rvo i r  r e l i a b i l i t y  and the  caut ion  they show 
i n  r i sk ing  c a p i t a l  development 'in a ne 

The p a t t e r n  of geothermal electric development a t  The 
Geysers has been to  start  with s m a l l  u n i t s  (12  MWe) and gra- 
dual ly  increase  u n i t  s i z e  and i n s t a l l e d  capac i ty  as reser- 
v o i r  performance i s  b e t t e r  defined. Development a t  o the r  
geothermal resource areas can b e  expected t o  fo l low a s i m i -  
l a r  pa t te rn .  Table 4.21-2 provides an estimate of the  
implementation t i m e  frame for Cal i forn ia  power p l a n t s  as of 
March 1979. 

Developer Risks 

The developer must e s t a b l i s h  t h e  s i z e  and product iv i ty  
of t he  reservoir .  I f  the  developer cannot provide assurances 
t o  t h e  u t i l i t y  t h a t  t h e  reservoi r  can sup t power p l a n t s  
of a s t a t e d  s ize  and capacity,  then he i s  i n  a poor bargain- 
i ng  posi t ion.  

Technolonical/economic issue:  Present ly ,  t h e r e  are no 
low c o s t ,  h igh  confidence techniques f o r  ident i fy ing ,  
charac te r iz ing ,  and proving t h e  ex ten t  and capac i ty  of a 

* It is important t o  keep i n  mind t h a t  estimates of po- 
t e n t i a l  geothermal-electric capaci ty  are cont inua l ly  being 
rev ised  as new f i e l d s  are discovered and r e se rvo i r  estima- 
t i o n  is ref ined.  

,- 

kj 

-1C6- 



Table 4.21-2. Approximate fmplementation Time for Geothermal Power Plants* 

Are. 

Ceyacrs Steam 
PCCt 17 C 18 

( 110 We Plantn ) 
DVR Bottlarock 
DWR South Ceyaers 

Imperial Vallev 
Weber 

frat Mess 
Salton See 
Brevley 

Westmorland 

- Mono-Lonn Valley 
Ccso Jfot SprinRt 

Wendell-Amadne 
- -- 

Reservoir 
Exploration: 

*planning/learing 
-tIR/permita . , 
-drilling/ t es ring 

24 yr 

Devclopmentr 
-permits 
-drilling/eesting of 
production vcllr 

Power Plant 
Design and Development 
-planning/concep t 
desinn 

-de!ahed design aud 
permi tcing 

- 2  yr 

2 t  yr 

2% )rr 

Construceion: 
-site/facilitirs/equip 
mcnr installstion and 
te8ting 

-rrensmission tie-in 

Source: Systarm DcnrrloplMnt Corporatian. ReUiOMl Systems Development for Geothermal %ern Reaources - 
I - Implementation P h  Development. Saata Konica. C... 26 Karch 1979. Pigures 5-4, 5-14, 

Utimttrm are for a nomine1 50 We plant d e s a  othervtre noted. 
**Ansume~~ a cogeneratfon dcaign. b, 

geothermal anomaly. The technique most o r e l i e d  upon i s  
cons t ruc t ion  and opera t ion  of a p i l o t  p l a n t  f o r  a s h o r t  
period of time. Suggestions have been. made t h a t  the 
development of a portable, '  modular generat ing u n i t  
would aid in quickly demonstrating t i a l  capaci ty  of 
liquid-dominated geo therm@. resource 4 

Economic I ssue  : Exploration f i e l d  d e f i n i t i o n  . 
a c t i v i t i e s  r epu i  u b s t a n t i a l  f i  backing f o r  t h e  
developer, and r r e v y e s  commensurate with the  612e 
of its resource investment. The inves tor  must be  capable of 

any r e t u r n ,  because there can be  no r e t u r n  on laves tbent  
u n t l l  a u t i l i t y  con t r ac t s  f o r  steam o r  ho t -  water. For these  
reasons a number of geothermal developers are capital inten- 
s i v e  o i l  companies (Shell ,  Union, Chevron, P h i l l i p s ,  etc-) 
major concern for '  independent companies i s  a v a i l a b i l i t y  o 
venture  c a p i t a l  f o r  explora t ion  a c t i v i t l e s .  

U t i l i t y  Risks 

sus t a in ing  the  i n i t i a l  development period wlthout receiving . .  

I .  
7 

bJ 
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The key f a c t o r s  considered by u t i l i t i e s  i n  t h e  selec- 
t i o n  of an energy source -a re  f u e l  cos t  and r e l i a b i l i t y .  The 
risks assoc ia ted  with the  development of a geothermal power 
p l a n t  are those concerned with (1) t he  resource,  (2 )  produc- 
t i o n  t p e r a t i o n s ,  (3)  regula t ion ,  and (4) pub l i c  interven- 
t i on .  Technical and economic unce r t a in t i e s  are predominant 
i n  the  f i r s t  two risks, while exposure t o  environmental and 
i n s t i t u t i o n a l  i s sues  charac te r ize  the  lat ter.  

t 
W 

o Resource Risk 

Technolonical/economic i ssues :  To f u l l y  develop a geo- 
thermal r e se rvo i r  f o r  t h e  production of e l e c t r i c i t y ,  t h e  
u t i l i t y  may have t o  inves t  $60 million.* P r io r  t o  making a 
dec is ion  t o  cons t ruc t  a geothermal power p l a n t ,  u t i l i t i e s  
must evaluate  whether the energy sup ied  by t h e  geothermal 
resource i s  r e l i a b l e ,  and how w e 1  t he  f u e l  c o s t  can b e  
estimated. The resource r i s k  perc  ed by u t i l i t i e s  i s  a 
func t ion  of t he  confidence they have i n  e x i s t i n g  resource 
assessment and reservoi r  engineering c a p a b i l i t i e s .  However, 
t o  t he  ex ten t  t h a t  r e se rvo i r  f a i l u r e  is an " insurable  r isk,"  
t h e  a v a i l a b i l i t y  of r e se rvo i r  insurance may provide a method 
of f ac to r ing  t h e  r i s k  i n t o  t h e  c o s t  of- geothermal electri- 
c i t y  production.** 

o Risk from Production Operations 

TechnoloEical/economic issues:  Given the  na tu re  of t h e  
resource,  geothermal resources are most s u i t e d  t o  baseload 
o r  intermediate  baseload operation. Util i t ies must consider  
whether geothermal p l a n t s  w i l l  complement ex i s t ing  generat- 
ing  sources  t o  provide high r e l i a b i l i t y  f o r  t h e  g r i d  with 
adequate reserve. Some p l a n t s  a t  The Geysers have had load 
f a c t o r s  as high as 90%. I f ,  as  a result of operat ion d i f f i -  
culties, t h e  p l a n t  were t o  b e  ava i l ab le  f o r  a much lower 
percentage of time, o r  had lower output ,  o r  s h o r t e r  usefu l  
l i f e ,  t h e  u t i l i t y  would face  a load planning problem. For a 
small u t i l i t y ,  obtaining l a r g e  blocks of replacement 
baseload power supp l i e s  a t  s h o r t  no t i ce  and high c o s t  would 
b e  extremely d is rupt ive .  A suggested measure i s  t o  match 
i n i t i a l  u n i t  output t o  a v a i l a b l e  excess capac i ty  on nearby 
transmission l i nes .  

- 

*A general  estimate of t h e  c o s t s  of br inging a geother- 
m a l  electric development on-line can b e  made from Table 
6.1-2, which p resen t s  PGCE'S c a p i t a l  investments i n  * The 
Geysers steam f i e l d .  (Hydrothermal power p l a n t  developments 
i n  the  Imperial  Valley w i l l  b e  somewhat more expensive.) 

**See Section 6.4 f o r  a descr ip t ion  of r e se rvo i r  in- 

L: surance proposals i n  the  p r iva t e  sec tor .  
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Another economic i ssue  e a v a i l a b i l i t y  of transmis- 
s i o n  f a c i l i t i e s .  Delays i acqu i s i t i on  of necessary 
rights-of-way and uncertai6 n construct ion c o s t s  can 
a f f e c t  t he  economic v i a b i l i t y  of a project .  

iJ 
- I  

o Regulatory Risk 2,9,10 1 

The time required f o r  developers 
form with regulatory requirements de pon t h e  ex ten t  
and ownership of  t h e  leasehold area, t ze of t he  pro- 
j ec t ,  and the  magnitude of t he  environmental problems 
encountered. Given t h e  many regulatory reviews required,  a 
rpajor considerat ion f o r  both developers and u t i l i t i e s  i s  t h e  
impact of  unant ic ipated delsys  r e su l t i ng  i n  highe 
ment and construct ion costs-. 

Environmental issues:  Generally, these  include problems 
with l i q u i d  o r  gaseous e f f l u e n t s  (H2S, etc.), with water use 
and contamination, and with impacts on ecological  o r  s o c i a l  
systems i n  t h e  resource area. Relevant considerat ions are 
l e v e l  of p r o j e c t  impacts from geothermal development i n  t h e  
area and t h e  a v a i l a b i l i t y  of abatement technologies f o r  key 
emissions 

I n s t i t u t i o n a l  issue: W i l l  i i cens ing  procedures b e  
streamlined t o  allow f o r  f a s t e r  s i t i n g  of new plan ts?  

bj o Risk of Public Intervent ion 

Environmental/ipstitutional issues:  Of p a r t i c u l a r  con- 
cern  t o  developers and u t i l i t i e s  are the ' t ime  and resources 
required t o  reso lve  environmental and land use issues.  
Governmental p o l i c i e s  and programs are s t i l l  being developed 
a t  the  f ede ra l ,  s tate,  and l o c a l  levels, so t h a t  developers 
and u t i l i t i e s  bear  a r i s k  t h a t  nascent p o l i c i e s  may change, 
a f f ec t ing  pr ivate investment s o  

Federal,  s t a t  responded t 
these  concerns by oppor tuni t ies  consul t  a t  i o  
and publ ic  comment. Their e f f o r t s  t o  s t reamline the  leas ing  
and regulatory processes are discussed i n  Section 5. A b r i e f  
desc r ip t ion  of t he  regulatory func ns  of t h e  PUC and t h e  
CEC i s  included 

CURRENT TECHNOLOGIES r .  

As new p l a n t s  ar 
nologies  w i l l  b e  i n t  -~ 

production process. , -  

present  and w i l l  b e  b r i  
and demonstration e f f o r t s  currently sponsored by DOE'S 
Hydrothermal Technology Program are- summarized i n -  Section 
5.13 below. 
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Electricity Production TechnoloRies 

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 h e  geothermal r e s e r v o i r  i s  
dominated by d ry  steam or by h o t  water. In a dry  steam 
r e s e r v o i r ,  such as The Geysers, t h e  resource  may b e  used 
almost d i r e c t l y  i n  t h e  generat ing turb ines .  This s imple 
conversion technology involves  tak ing  d ry  steam d i r e c t l y  
from t h e  ground and expanding i t  through a steam :turbine-  
genera tor  u n i t  t o  genera te  electric power. A graphic  
r e p r e s e n t a t i o n  of a steam genera tor  i s  shown i n  Figure 

oi 
LJ 

4. 21-3. 
- .  - \ 

Figure 4.21-3. Hydrothermal Dry Steam Power P l a n t  

- 
Source: Ear th  Science Laboratory, Univers i ty  of Utah 

Research I n s t i t u t e .  

A hydrothermal d ry  steam p l a n t  ope ra t e s  a t  s i g n i f i -  
c a n t l y  lower wellhead pressures  and temperatures than does a 
convent ional  p lan t .  As a result, hydrothermal p l a n t s  opera te  
a t  lower thermal e f f i c i e n c i e s  (roughly 1S%, compared with 
3 6 4 0 % )  and so r e q u i r e  steam-production rates two t o  three 
times h ighe r  than conventional p l a n t s  of equiva len t  output.  
This means t h a t  t h e  steam t u r b i n e s  and a u x i l i a r y  equipment 
m u s t  b e  s i z e d  l a r g e r  than a conventional design. 

Flash systems , binary  systems, and combinations of 
f l a s h  and b ina ry  are being adapted t o  produce e l e c t r i c i t y  

d o -  

l 

L 
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from liquid-dominated r e se rvo i r s  i n  the Imper i a l  Valley. In  
a f l a s h  system, the  turb ines  run on vapor c rea ted  when geo- 
thermal f l u i d s  u\der high pressure  and a t .  temperatures 
g rea t e r  than 150 C are withdrawn from a r e se rvo i r  and 
f lashed  t o  steam. The number of f lash ing  s t ages  depends on 
t h e  temperature and pressure  of the  resource. In a binary 
system, t h e  turb ines  operate  on vapor c rea ted  when t h e  geo- 
thermal f l u i d  i s  used t o  vaporize a second f luid, .  such as 
f reon  o r  isobutane,  which has  a s i g n i f i c a n t l y  lower bo i l ing  
po in t  than t h e  geothermal f lu id .  Figures 4.21-4 and 4.21-5 
are schematic representa t ions  of these two cycles. 

. < -  i 

Figure 4.21-4.. Hydrothermal, Water Dominated Power P lan t  
Using a Flashed Steam Process. 

Research I n s t i t u t e .  

am power p l an t s  are 
between $450-$!300/KW,' $600-$950/K f l a s h  systems, and 

about 50-60 dlls/KWh and 65 mills/KWh, respect ively,  f o r  
f l a sh  and b inary  systems ". 



Figure 4.21-5. Binary-Cycle Ilydrothennal Power P lan t  

Air L water ~ 

Source: Earth Science Laboratory, Universi ty  of Utah 
Research I n s t i t u t e .  

Hydrogen Su l f ide  Abatement 

Because geothermal f l u i d s  contain seve ra l  noncondens- 
a b l e  gases  which can cause a i r  pol lu t ion ,  It is  des i r ab le  to  
cont ro l  t h e i r  emissions. One of t h e  most annoying emissions 
i n  The Geysers region i s  hydrogen s u l f i d e  (H S).* H S i s  
re leased  a t  a l l  s t ages  of t he  production proJess ,  b& 9OX 
occurs a t  the  power p l an t  site (which may resul t  i n  detect-  
a b l e  odors s imil iar  t o  r o t t i n g  eggs). Various methods have 
been used t o  cont ro l  the  level of emissions bu t  no technol- 
ogy has  y e t  been es tab l i shed  as t h e  most e f f i c i e n t .  Two pro- 
cedures; chemical treatment,  and the  S t r e t fo rd  process,  have 
received the  most a t t en t ion .  

Chemical treatment uses an i r o n  compound as a c a t a l y s t  
t o  convert  t h e  hydrogen s u l f i d e  i n  the c i r c u l a t i n g  water t o  
elemental  su l fur .  The system is intended t o  remove about 9OX 

- .  

*In the  I m p e r i a l  Valley, where t h e  geothermal f i e l d s  
are liquid-dominated, H S emissions are confined t o  t h e  
power p l a n t  because t h e  ieothermal f l u i d  i s  n o t  discharged 
t o  the  atmosphere. 

t 
LJ 
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of t h e  H2S.* 

The S t r e t fo rd  process uses sur face  condensers ' t o  
prevent hydrogen s u l f i d e  f r  coming I n  contac t  with t h e  
cooling water and dissolving it. Almost a l l  t h e  H2S is 
expected t o  remain in gaseou rm t o  b e  conducted t o  a sul- 
f u r  recovery u n i t  similar t o  those used i n  t h e  
industry.** Units equipped with t h i s  kind of abatement are 
expected t o  remove approximately 90% of t h e  hydrogen s u l f i d e  
without t h e  operat ing problems associated with the  i r o n  
c a t a l y s t  system. 

Another source of H S I s  steam vented during a power 
p l a n t  shut-down.*** This is  a p a r t i c u l a r l y  se r ious  problem 
because i t  is discharged a t  a s i n g l e  poin t ,  completely 
bypassing any i n s t a l l e d  hydrogen s u l f i d e  controls .  There are 
two general  remedies f o r  t h i s  s i t ua t ion :  no t  venting t h e  
unused steam, or cleaning the  H2S from t h e  steam before 
venting. A cur ren t  . p rac t i ce  t h a t  allows f o r  some reduction 
of H2S is  t o  p a r t i a l l y  t h r o t t l e  the flow from some wells and 
r e rou te  some steam t o  neighboring generating uni t s .  Studies 
are underway on methods t o  remove t h e  hydrogen s u l f i d e  from 
t h e  steam before  It is del ivered t o  t h e  power p l a n t  un i t .  
Pre-cleaning the  steam would n o t  only on t ro l  hydrogen sul- 
f i d e  emissions when p lan t s  are both operat ing and shut down, 
but  would e l imina te  t h e  neeQlto use pensive su r face  con- 
densers and S t r e t fo rd  uni ts .  

2 

1 .  

64 

. .  

se t h e  chemical 
treatment approach. However, i t s  full evaluat ion has  n o t  y e t  
been completed, and t h e  atmospheric rneasur 
frequency of odor c 
e f fec t ive .  

* * A l l  u n i t s  a f t e r  No. 13 
St re t fo rd  process. 

***Although t h e  majori ty  of t h e  emissions occur a t  the  
power p l a n t ,  l a r g e  q u a n t i t i e s  of H2S are emit ted from t h e  
bleed p ipes ,  preventing condensation i n  i d l e  wells. Wells 
are i d l e  e i t h e r  before  the  construct ion of a power p l an t  or 
during per iods when the  power p l an t  i s  shut  down f o r  
r epa i r s .  Su f f i c i en t  H S escapes from these bleeds t o  produce 
de tec t ab le  odors i n  tze immediate v i c in i ty .  

6) 

-113- 



REF ERENC ES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

80 

9. 

10. 

11. 

t Cal i forn ia  Energy Commission, Energy Choices f o r  Cali- 
fo rn ia ,  Looking Ahead, Sacramento, Cal i forn ia ,  March 
1979. 

Cal i forn ia  Energy Commission, Geothermal Development 
Updates, March 5, 1980. 

Robert Rex, "U.S. Geothermal Industry i n  1978," i n  Geo- 
thermal Energy Magazine, Vole 6, No.7, Ju ly  1978. 

C.D. Frederickson, Analysis of Requirements for 
Accelerat ing the Development of Geothermal Energy 
Resources & Cal i forn ia ,  Jet Propulsion Laboratory, JPL 
77-63, Pasadena, November 1977. 

Judi th  Warburg, B i l l  Kirkham, and Theodore Hannon, 
Report of t h e  S t a t e  Geothermal Resources Task Force, 
Off ice  of Planning and Research, Sacramento, Califor- 
n i a ,  June 1978. 

Paul Rodzianko, "The Private Sector i n  Geothermal and 
Hydrothermal Resource Development ," i n  Geothermal 
Energy Magazine, Vol. 6, No. 4, April 1978. 

R. Lee Roberts, "Risk of Geothermal Development from a 
U t  i l l t y  Viewpoint and Associated Contractual Considera- 
t i o n s  ," i n  Proceedinns of t h e  Second Geothermal Confer- -- ence and Workshop, EPRI WS-78-97, October 1978. 

LI 

Sys tems Development Corporation, Regional Systems 
Development for Geothermal Energy Resources, P a c i f i c  
Region (Cal i forn ia  H a w a i i )  , Task I, Implementation 
- Plan Development, Topical Report, March 1979. 

Department of Water Resources, F ina l  Environmental 
Impact Report on t h e  Long-Range Energy Program f o r  C a l -  
i f o r n i a  S t a t e  Water P ro jec t ,  April 1977. 

Lloyd H. Harvey, ".A Ut i l i t y '  s Comprehensive Commitment 
t o  Geothermal Development ,It i n  Geothermal Resources 
Council, Transactions,  Vole 3, September 1979. 

Woody Ennis, Cal i forn ia  Energy Commission, Geothermal 
Off ice ,  August 27, 1979: communication. 

-114- 



4.22 SITE-SPECIFIC DEVELOPMENT ISSUES 

The pace of development a given si te,  and f o r  geoth- 
ermal energy as 'a whole, i nfluenced by the  wil l ingness  
and a c t i v i t i e s  of deve rs, u t i l i t i e s  regula tors ,  
planners,  and consumers. I f  t h e i r  i n i t i a t i v e s  are blocked by 
unce r t a in t i e s ,  o r  real o r  perceived b a r r i e r s ,  dev-elopment 
w i l l  b e  delayed. These condi t ions vary a t  d i f f e r e n t  s i tes 
and a t  d i f f e r e n t  s t ages  i n  development, so t h a t  informa- 
t i o n a l ,  economic, and regulatory p r i o r i t i e s  must be  t a i l o r e d  
t o  remove cr i t ica l  unce r t a in t i e s  o r  b a r r i  s and t o  maximize 
benef i c i a l  char ac ter is t ics  . 

, 
Individual  geothermal areas e x h i b i t  unique character is-  

t ics  which prevent easy comparision. Poten t ia l  generating 
capaci ty  and l o c a l  development i s s u e s  are d i f f e r e n t  
throughout Cal i fornia .  Experience a t  The Geysers dry steam 
rese rvo i r  can only b e  appl ied s e l e c t i v e l y  t o  prospect ive 
commercialization of ho t  water r e se rvo i r s  , because the 
resource,  technological,  and economic a t t r i b u t e s  of h o t  
water resources vary subs tan t ia l ly .  Regional i n s t i t u t i o n a l  
arrangements among count ies  and government rg  an i  za t i o n s  
might b e  comparable, however. 

In  t h i s  sec t ion ,  The Geysers, Valley, and 
se l ec t ed  geothermal areas w i l l  b e  examine d e t a i l .  , Key 
i s s u e s  a t  these 'are s 'ark character ized ac ng t o  techno- 
l o g i c a l ,  economic, environmental, and i n s t i t u t i o n a l  con- 
cerns. Table 4.22-1 shows the  c l u s t e r s  of i s sues  by s i te  and 
when they may. become s i g n i f i c a n t  b a r r i e r s  t o  development. . 

THE GEYSERS 

A t  p resent ,  The Geysers .is t h e  l a r g e s t  
electric i n s t a l l a t i o n  i n  t h e  world. The 663 H 
produces approximately 3% of PG&E's (Pac i f i c  G a s  and Elec- 
t r ic )  t o t a l  electric capacity.  submitted by , PG&E; 
Sacramento U t i l i t y  District (S o r  thern  Cal i forn ia  
Power Association (NCPA), and De  of Water Resources 
(DWR) c a l l  f o r  rap id  development of t h e  resource-area.  
Table 2.2101, above, f o r  a sched 
year ,  developer, and -capacity.) ' 

Considerations a t  The Geysers d i f f  
and hot water por t ions  of t h e  resource. The U.S. Geological 
Survey has  estimated t h a t  t h e r e  is 1,600-3,000 MWe of dry 
steam p o t e n t i a l  and app oximately 2,000 MWe of ho t  water. 
p o t e n t i a l  i n  t h i s  area. The former provides - a l l  present  
power on-line and a l l  projected capac i ty  addi t ions  through 
1987. Developers and u t i l i t i e s  treat  t h e  dry steam resource 
and the  technologies f o r  i t s  exp lo i t a t ion  as e s s e n t i a l l y  - 
proven.* Second generat ion i s s u e s  involving environmental . 

€ 

* See Sections 2.11, 2.12, 2.13, and 6.1 f o r  a discus- 
s i o n  of developer a c t i v i t i e s  a t  The Geyers. 
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Table 4.22-1. 

Short-term: Affects curreat development 

Mid-term: Mfacts full-field development 

--term: Affects development of ow reservoirs ln area 
Source: See Icfumcu. Section 4.22. 

and socio-economic impacts are now the  most s a l i en t .  In  con- 
trast ,  t he  hot  k t e r  resource i s  in t h e  e a r l y  s t ages  of 
development, having been neglected i n  t h e  p a s t  in favor  of 
easier and less expensive dry steam operations.  Future 
development of these resources may be or ien ted  more t o  
d i r e c t  i n d u s t r i a l  or a g r i c u l t u r a l  appl ica t ions  r a the r  than 
t o  e l e c t r i c  power generation. 
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Two deve lope r /u t i l i t y  teams are pa r t i c ipa t ing  i n  geoth- 
ermal development i n  The Geysers "area.* ~ Both the  DWR and 
the  NCPA plan  t o  cons t ruc t  geothermal-electric power p l an t s  
i n  the  near future .  DWR and NCPA can be dis t inguished from 
other  u t i l i t i e s  by t h e  manner i n  which they are i n i t i a t i n g  
development and by t h e i r  spec ia l  f i n a n c i a l  standing. Both 
u t i l i t i e s  represent  publ ic  (NCPA) o r  quasi-public (DWR) 
interests and hence t h e i r  economic and r i s k  criteri-a d i f f e r  
from those of p r i v a t e  companies. 

The Cal i forn ia  Department of Wkter Resources i s  
s i b l e  f o r  construct ing and operat ing t h e  S t a t e  Wa , I  

ject. DWR consumes near ly  2% of the  state's e l e c t r i c i t y  f o r  
p'umping water throughout the  Cal i forn ia  i r r i g a t i o n  and water 
supply canals.  Present ly ,  the  e l e c t r i c i t y  t h a t  DWR uses  i s  
obtained e i t h e r  by con t r ac t s  with u t i l i t i e s  o r  by. generating 
power of i t s  own (about '25% I s  generated by 6 DWR power 
p l an t s ) .  A l l  DWR con t rac t s  f o r  e l e c t r i c i t y  supply exp i r e  on 
March 31, 1983, and thus DWR is  under considerable pressure 
t o  i ure  t h a t  i t  has  a r e l i a b l e  energy supply a f t e r  t h a t  ' 

da te  ?f > = I  

t i o n s  t h a t  DWR i s  pur ng is  the  develop- 
ment of geothermal-electric power. A t  The Geysers, DWR i s  i n  
the  i n i t i a l  s tages  (NOI/AFC) of obtaining permits f o r  two 55 
MWe power plants .  DWR Bot t l e  Rock should be  on-line in  1983 
and DWR South Geysers should produce power by 1984. 

~ DWR Bot t le  Rock w i l l  be  developed by McCulloch/ENTREX 
ded e n t i r e l y  through DWR t o  obtain c a p i t a l  a t  
tes (perhaps as  low as 6%), which i s  very 

6.I 

a t t r a c t i v e  f o r  a high c a p i t a l  cos t  development project .  
_. - .  

The Northern Cal i forn ia  Power Agency represents  a 
group of 12 municipal u t i l i t i e s  t h a t  have jo ined  together 
under the  J o i n t  Powers Act to  form a Municipal Power Agency. 
Present ly ,  the group purchases e l e c t r i c i t y  wholesale from ' I 
PG&E and from the  Western Area Power Adm t r a t lon .  NCPA'.s 
present  load (peak p lus  reserve)  i s  ap  a t e l y  800 MWe. 
The group is  t o t a l l y  dependent upon i t s  supp l i e r s  f o r  elec- 
t r i c i t y  because it has  no generating u n i t s  of its own. How- 
ever, by 1985 NCPA p 

- generating'  capacity.  
electric u n i t s  11 supply ab 
i n  1985. 

The NCPA plans 
t s  ( r e fe r r ed  to  a 

* See Section 3.2 and Section 4.21 f o r  a .  descr ip t ion  
of t he  c h a r a c t e r i s t i c s  of  PG&E and SfUD. 

hii 
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and Unit No. 2 should produce p r i n  mid-1982. Development 
w i l l  b e  financed under the  Geothermal Loan Guaranty Program. 

1 

Technical I ssues  

L 

ciency and r e l i a b i l i t y  of B S abatement ;echnoloRies There 
has  been l imi ted  success w i t %  new technologies i n  reducing 

The primary technica l  i s sue  a t  The Geysers is  t h e ' e f f i -  

conversion r a t e s  t o  levels which w i l l  allow-new power p l an t s  
t o  meet regulatory l imi ta t ions .  The status of severa l  H2S 
p r o j e c t s  are summarized i n  Table 4.22-2. 

Table 4.22-2.  Development Division/Geothermal Off ice  Hydrogen Su l f ide  
Abatement Update - The Geysers 

Source: Cal i forn ia  Energy Commission, Geothermal Development Updates, 
March 5 ,  1980. 

Hydrogen Sul f ide  Abatement Update -- The Geysers 

Note t h a t  t h e  i r o n  c a t a l y s t  abatement approach has  had t h e  L; 
adverse e f f e c t  of lowering p l a n t  capac i ty  f a c t o r s  f o r  Units 
No. 5 and No. 6. The lower capaci ty  f a c t o r  g r e a t l y  
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increases  c o s t s  and has  a detr imental  e f f e c t  on systemwide 
baseload capacity. Also, note  t h a t  i n  Unit KO. 15 the  sur- 
f a c e  condenser has  problems because of t he  S t re t ford  pro- L” cess. Continued government R&D support  t o  test and r e f i n e  
technologies may be  o avoid delay proposed I 

i l  

development .. 

Although scale suopression is no t  as se r ious  8’ problem 
a t  The Geysers as i t  i s  i n  t h e  liquid-dominated r e se rvo i r s  
i n  Imperial Valley, t he  prevention of sca l ing  is important 
t o  maintainance of operat ing eff ic iency.  

Other technical  considerat ions are w e l l  understood. To 
p’roduce 110 MWe, PG&E normally r equ i r e s  approximately an 
800-acre t ract  on which 12 t o  18 production wells are ~ 

d r i l l e d  a t  an i n i t i a l  densi ty  of one w e l l  per  40 acres.* 
Since the  steam supplier’s p lans  genera l ly  provide f o r  an 
equal number of i n i t i a l  production and (subsequent) replace- 
ment w e l l s ,  t he  f i n a l  f i e l d  development dens1 y i s  approxi- 5 ne w e l l  f o r  every roduct ive acres. 

Technical i s sues  spec t o  t h e  liquid-dominated por- 
t i o n s  of t h e  reservoi r  are not  y e t  c l e a r l y  defined. They may 
be  similar t o  those described-below i n  the  hot  water reser- 
v o i r s  of t h e  Imperial Valley. 

Economic/Financial Issues 

The economics of e l e c t r i c a l  power production from dry 
steam are w e l l  developed i n  The Geysers area. For i l lustra- 
t i v e  purposes, ’ Table 4.22-3 presents  comparative generation 
c o s t s  f o r  var ious  f u e l  types i n  the  PG&E s e r v i c e  area. 

Note t h a t  t he  generat  geothermal are the lowest 
of a l l  the  technologi le. The high capaci ty  fac- 
t o r  f o r  geothermal (79080%) and low generation c o s t s  make 
dry steam geothermal ideal for baseload power production. It 

t water geothermal 

A near t e r m  r n  t o  u t i l i  
developers i s  t h  
regula t ions ,  BIM h se terms on 
f e d e r a l  lands a f t e r  

o f f e r  a t  least  800 ac 

descr ip t ion  of Energy Securi ty  A c t  i n  Section 7.2 below. 
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Table 4.22-3. 1985 Comparative Busbar Cost Estimates f o r  Conventional 
E l e c t r i c i t y  Generation (c/Kwh)* 

Geysers Combined 
Geothermal Nu ar  Coal Repowering Cycle 

Capacity Factor 70 
** 

Fixed Charge 1.99 

60 65 

4.73 4.02 

70 

1.34 

70 

1.53 

Levelized Operating 

Fixed Costs 

Levelized Operating 

Variable Costs 

and Maintenance - .13 .09 .17 .20 .12 

and Maintenance - .03 - b 09 .06 - 

Levelized Fuel Costs 

Total  - 1985 Dollars  

3.12 2.74  3.83 

5.27 7.56 8.11 

7.67 

9.21 

7.67 

9.38 

Source: 
1 and 2 NOI,  1978. 

Cal i forn ia  Energy Commission, Docket No. 77-NOI-4 PG&E F o s s i l  

*Includes generation-related transmission costs; assumes an 11% year ly  
e sca l a t ion  rate f o r  c a p i t a l  costs .  
**What i t  cos t  t o  bui ld  t h e  plant .  

of t h i s  period new f u e l  con t r ac t s  would have t o  be  nego- 
t i a t e d ,  a d there  are no griarantees of t h e  ex i s t ing  lessee's 

p lan  a power p l an t  on f ede ra l  land o r  even 'rp purchase steam 
from any opera tors  loca ted  on f e d e r a l  land; and some l a r g e  
companies are apprehensive t h a t  they w i l l  b e  unable t o  
recoup their  investment i f  r o y a l t i e s  are ?,yea se d s ub s t an- 
t i a l l y  a t  t h e  end of t he  lease period. Environmental 
I s sues  

posi t ion.  x P a r t i a l l y  because of t h i s ,  PGdE has refused t o  

The major environmental concern i n  Th Geysers region 
i s  H S abatement. Many 
of tze w e l l  sites are loca ted  on t h e  s i d e s  of the  steep 
r idges  common t o  the  area. This unstable  t e r r a i n  is prone t o  
lands l id ing  and must be ca re fu l ly  inves t iga ted  before  f i n a l  
site locat ion.  

Another i s s u e  i s  w e l l  pad s i t i n q .  

L 
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Adequate f i n a l  disposal  capaci ty  i s  bel ieved t o  e x i s t  
f o r  geothermal wastes from t h a t  port ion of The Geysers f i e l d  
i n  cu r ren t  use. There are two regional  disposal  f a c i l i t i e s  
f o r  s o l i d  wastes i n  Lake County. It i s  not  known i f  these 
f a c i l i t i e s  w i l l  b e  adequate f o r  f u l l  development of t h e  
KGRA. County s o l i d  waste panagement p lans  have not  
addressed the  i s sue  completely. 

I n s t i t u t i o n a l  I s sues  

The Geysers KGRA covers p a r t s  of four  counties:  Sonoma, 
Lake, Mendocino, and Napa. Each county has  a -general  plan 
(as  required by state l a w )  9 ,  but  none has  a geothermal d e -  
ment I n  its general  plan. The lack of.4 clear .consensus 
about county growth p o l i c i e s  has  l e d  t o  considerable  confu- 
s ion  and delay i n  the  development o f .  geothermal resources.  1 

These problems are p a r t i c u l a r l y  evident  i n  Lake County, 
which i s  present ly  dealing with rap id  growth of r e s o r t  com- 
munities as w e l l  as  u t i l i t y  p lans  f o r  t he  construct ion of 
s i x  power plants .  Ci t izens  i n  the county. are concerned about 
t he  p o t e n t i a l  impact from hydrogen s u l f i d e  emissions, 
increased t r a f f i c  flow i n  rural areas, and construct ion of 
new transmission l i n e s  on the qua l i t y  of l i f e  in the  county. 
Recently, t h e  DWR-Newfield p ro jec t  f o r  a SO MWe power p lan t  
has  been abandoned because of t h e  unwillingness of t he  
county t o  i s sue  necessary permits  o the developer on a site 
adjacent  t o  a housing development. Continued a s s i s t ance  f o r  
l o c a l  and regional  planning i s  needed t o  f a c i l i t a t e  timely 
r e so lu t ion  of these  land use issues .  

k 
h, 

9:3 ,WS er A near-term problem a t  
of transmission power l i nes .  Currently,  t he  only l i n e s  
are owned by PG&E. PG&E has  agreed t o  wheel power from t h e  
DRW B o t t l e  Rock No. ,1 Projec t ,  and it appears t h a t  PG&E may 
a l s o  wheel power f o r  t he  NCPA Projec t  No. 2, although the  
negot ia t ions  are no t  complete. However, new transmission 
f a c i l i t i e s  w i l l  b e  necessary t o  accomodate PG&E Units No. 16 
and No. 17 and the  NCPA Projec t  No. 2, U n i t  1. The shortage 
of  power l i n e  capab i l i t y  is' cr i t ical  because o f  considerable  
publ ic  opposi t ion t o  the  cons t ruc t ion  of new power l i n e s  i n  
The Geysers area. . - 

The myriad of pre- 
r eg ar d ing environmental do cumen t a t ion  have inhib I t ed  act iv i -  
t i es  on both  t h e  f ede ra l  and state lands  a t  The Geysers. A 
recent  e f f o r t  t o  coordinate da t a  gather ing e f f o r t s  a t  d i f -  
f e r e n t  f ede ra l  and stare agencies I s  the  J o i n t  Environmental 
Study (JES) f o r  t h e  NCPA Projec t  No. 2. Under a Memorandum 
of Understanding, t h e  Cal i fo  Energy Commission. w i l l  act 
as lead  agency f o r  the prepa n of t h e  JES. Three fede ra l  
agencies involved (B&, USFS, and DOE) w i l l  prepare and pro- 

I ^  

' cess a s i n g l e  environmental 

ti 
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document t h a t  meets t h e  env n t a l  documentation require-  
ments of each agency.* Sonma County w i l l  be t h e  respons ib le  
agency under the  CEQA. Since t h e  p lan t  w i l l  be located on 
f ede ra l  land, t h e  necessary Federal  Plans of Operation w i l l  
be needed. (See discussion i n  Sect ion 2.21) The necessary 
Plan of Operations,  t h e  JES, and t h e  u y a l  s ta te  NOI/AFC 
process w i l l  a l l  t ake  place concurrent ly .  

IMPERIAL VALLEY 

Four KGRA's wi th in  Imperial  County are i d e n t i f i e d  by 
t h e  USGS as having electric power generat ion p o t e n t i a l ;  Sal- 
ton  Sea, Heber, Brawley, and East Mesa.** I n  addi t ion ,  t h e  
Westmorland area,. although not a KGRA, i s  thought t o  have 
considerable promise. According t o  CEC pro jec t ions ,  near ly  
1,000 MWe may be on-line by 1990. This l e v e l  of e l e c t r i c a l  
output would represent  about 25% of the  ' t o t a l  es t imated 
p o t e n t i a l  of Imperial Valley. San Diego "Gas and E l e c t r i c  
(SDG&E) and t h e  Imperial I r r i g a t i o n  D i s t r i c t  ( I I D )  are 
a c t i v e l y  developing and cons t ruc t ing  goethermal power p l a n t s  
i n  t h i s  region. A pro jec t  schedule f o r  t h e  Imperial  Valley 
i s  included i n  Sect ion 2.21. 

Imperial  County is  the  only county i n  Ca l i fo rn ia  with a 
geothermal element i n  i t s  general  plan.  Development of pub- 
l i c  awareness and managerial i n s t i t u t i o n s  as a r e s u l t  of 
t h i s  planning process have reduced the  8mount of controversy 
associated with geothermal development. The regulatory pro- 
cess attempts t o  encourage development by separa t ing  t h e  
var ious  phases of geothermal a c t i v i t y  i n t o  t h r e e  sepa ra t e  
s tages : 

L! 

9 

1. Exploratory Stage: Developers must ob ta in  a county 
use  permit f o r  a l l  exploratory wells d r i l l e d .  

2. Test ing Stage: Additional use permits are required 
before  developers may d r i l l  or use wells i n  determining 
t h e  ex ten t  and na tu re  of  t he  resources.  

3. Production Stage: Separate  county approval is  a l s o  
required bef o a developer may cons t ruc t  a geothermal 
power p lan t .  

* This is i n  support of an Environmental Impact 
Assessment/Environmental Impact Statement t o  s a t i s f y  NEF'A ' 

requirements and an Environmental Impact Report t o  meet CEQA 
needs. 

-Glads and Dunes KGRAs are not regarded as t a r g e t s  
f o r  commercial e l e c t r i c  development i n  t h e  near fu ture .  
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Technical I ssues  

A number of technica l  elements d i s t ingu i sh  geothermal- 
electric development i n  the  Imperial Valley from t h a t  of The 
Geysers. The technologies used f o r  producing power ( f l a s h .  
and b inary  p l an t s )  have no t  y e t  been demonstrated on a com- 
mercial scale in the  U.S.* For example, Sal ton Sea has both 
higher  temperatures and ,higher  l e v e l s  of dissolved . so l ids  
than t h e  o the r  KGRAs. Differen t  temperature and s a l i n i t y  
l e v e l s  determine the  thermodynamic and economic e f f i c i ency  
of t h e  technology played t Q  produce e l e c t r i c i t y .  Table 
4.22-4 descr ibes  condi t ions a t  t h e  Imperial, Valley 
sites. 

- ~~ 

Table 4 . 2 2 4 .  
S a l i n i t y  of t h e  KGRA's 

Area - Temperature 

Geothermal Tanperatures and Brine 
erial Valley 

ource Tota l  Dissolved 

("C) - k 

Sal ton  Sea 
Brawley 
Heber . 
East Mesa 
I)unes/Glamis 135 

Source: Science Applications Inc., .Total Use - 

is under water 

* See Section 4.21 f o r  a descr ip t ion  of these  technolo- 
gies .  
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Economic Issues  \ w 
The economics of geothermal-electric power production 

are not w e l l  developed i n  Imperial  Valley because no f u l l -  
scale p l a n t s  have been constructed.* A binary demonstration 
p lan t  a t  East Mesa w i l l  cost approximately $1,20O/kW. SDG&E 
estimates t h a t  i t s  'next p l an t  a t  East Mesa (a 48 MWe u n i t )  
w i l l  c o s t  about $1,4OO/kW. i n  1984 d o l l a r s  or about 20% 
cheaper than the  1979 u n i t  a f t e r  i n f l a t i o n .  The lOMWe u n i t  
being constructed by SCE t Brawley w i l l  cost about 
$1,7OO/kW, while t h e  c o s t  f o r  the  10 MWe u n i t  at Sa l ton  Sea 
w i l l  be i n  the  range of $1,80O/kW. However, SCE p r o j e c t s  
t h a t  t he  cos t  f o r  t he  Heber 45 MWe p lan t  w i l l  come down t o  

I near ly  $1,4OO/kW. 

Environmental Issues  

Destruct ion of geothermal wells during an earthquake i s  
a concern f o r  both developers and u t i l i t i e s .  Many geother- 
m a l  f i e l d s  i n  t h e  Valley are located close t o  or on active 
f a u l t s .  The San Andreas Faul t  could produce a quake of 7 t o  
7.5 on t h e  R i c h t e r  s c a l e  i n  t h i s  area, while the  f a u l t  near  
Brawley is  believed capable of 6 t o  7. Earthquakes can 
ext inguish geothermal production i n  some areas and enhance 
i t  i n  others .  This  unpred ic t ab i l i t y  adds t o  t h e  investment 
r i s k  assoc ia ted  with geothermal resources .  Further  e f f o r t s  
a t  r e se rvo i r  modeling may increase  knowledge of seismic 
behavior and improve s i t i n g  p rac t i ces .  

e! 
Hydrogen s u l f i d e  abatement i n  t h e  Imperial  Valley i s  

not thought t o  pose as se r ious  a problem as i n  The Geysers 
area, even though H S concentrat ions may be equivalent  i n  
some areas. The primary reason f o r  t h i s  i s  t h a t  t h e  binary 
cycle  does not discharge geothermal f l u i d s  t o  t h e  atmo- 
sphere. The gas is  en t ra ined  i n  t h e  geothermal f l u i d ,  which 
i s  in j ec t ed  back i n t o  the  ground a f t e r  t he  bene f i c i a l  hea t  
has  been removed. Some of t he  gases may come out  of solu- 
t ion,  bu t  t h e i r  release may be mit igated by t h e  use of t a l l  
s t acks  or mixing with a i r  from t h e  cool ing tower. However, 
a t  sites where a f l a s h  cyc le  is employed and ia  areas with 
high concentrat ions of hydrogen s u l f i d e ,  abatement pro- 
cedures similar t o  those i n  The Geysers may be used. 

2 

No reg iona l  Beotherma1 waste - f a c i l i t y  exists i n  t h e  
Imperial  Val ley a t  present  , although Imperial  County and 
p r iva t e  indus t ry  have proposed a number of sites. Geother- 
m a l  wastes are cu r ren t ly  hauled t o  t h e  Los Angeles area ( t h e  
neares t  s u i t a b l e  s i te ) ,  or s tored  temporarily i n  d r i l l i n g  
f i e l d  sumps, or occasional ly  disposed of i n  l o c a l  

- 

*Developer and u t i l i t y  i n t e r e s t s  i n  the  Imperial  Valley L 
are fu r the r  discussed i n  Sect ion 6.1 below. 



I 

(inadequate) f a c i l i t i e s .  Some l iqu id  wastes are programmed 
f o r  i n j e c t  ion. The Imperial County Solid Waste Management 
Plan does not adequately ddress t h e .  issue an 
updated t o  allow the  f a c i l  

I n s t i t u t i o n a l  Is sues 

m i t s  ' t o  be appr 

- 
Geothermal development w i l l  a f f  the  a l loca t ion  of 

water i n  the Valley i n  two ways. F i r s t ,  the  power p lan ts  
w i l l  r equi re  considerable make-up'wate 
through evaporation i n  t h e  cooling cyc-le. there  i s  { ~ . 
a p o s s i b i l i t y  t h a t  subsidence w i l l  accompany the  removal of 
geothermal f lu ids .  Should it  prove t o  be a fac tor ,  injec-  
t i o n  of f l u i d  back i n t o  the  reservoi r  rock would be required 
t o  prevent subsidence. 

The p o s s i b i l i t i e s  f o r  obtaining ex terna l  water include: 
Colorado River water from the  AllyAmerican Canal, 'groundwa- 
ter ,  Sal ton Sea water, the  l ~ ~ ~ f i v e ' r ,  geothermal br ines ,  -and 
a g r i c u l t u r a l  d ra in  water. of these sources are 
des i rab le .  Colorado ' River w ed almost exclusively 
f o r  ag r i cu l tu re ;  groundwater i s  scarce.  Salton Sea water is  
highly sa tura ted  with br ines  which would cause .corrosion and 
sca l ing  problems. F ina l ly  ag r i cu l tu ra l  d ra in  water , is 
needed t o  he lp  keep the  s a l i n i t y  a l ton  Sea' below 
leve ls  which would both destroy t h  ishing industry 
and threa ten  the  Sa l  Sea National Wi ld l i fe  Refuge. 
Although SDGdE bel ieve g r i c u l t u r a l  d ra in  water t o  be the  
most a t t r a c t i v e  source, it i s  a l s o  ac t ive ly  considering t h e  
New River as a po ten t i a l  

A s  i n  The Geysers, t he  ava 
l i n e  capaci ty  i s  a severe proble - 
merit. The Arizona, Public Service Company (APSC) and San - -  

Palo Verdes nuclear plant  
Diego, running through the  , However, APSC 
has suspended i 

*It is gstimated 
f l u i d  a t  150 C w i l l  u 
system, As the  geothetma 
d i f fe rence  betwe 

*See Sect ion 7.2 below for an update on the ava i l ab i l -  - 
i t y  of cooling water. 

***See update of development a c t i v i t i e s  i n  Section 7.2. 



cos0 i, 
W 

Cos0 i s  the  o ther  a rea  i n  which e l e c t r i c i t y  production 
is  planned f o r  t he  near future .  The geothermal 
underl ies  approximately 100,000 acres  of federa l  land i n  
Inyo County. Most of t he  land i s  managed by t h e  Naval 
Weapons Test ing Center C) at China Lake; the '  rest i s  
land administered by t h  reau of L,and Management (BLM) . 
Both agencies are now planning f o r  development and a r e  work- 
ing with s t a t e  and loca l  agencies to'coordinatelsnvironmen- 
t a1 review, leas ing  , and development ac t  i v i  t ies . 

The type of geothermal energy a t  the Cos0 area is  not 
known at  t h i s  t i m e .  Ind i rec t  s tud ies  show t h a t  it may be a 
vapor-dominated system similar t o  The Geysers, but d r i l l i n g  
t o  date by the  Department of Energy has been unsuccessful. 

The Navy plans elopment f o r  on-site use 
NWTC.* Design work and permitt ing are now underway. U l t i -  
mate production p Navy lands has been estimated t o  be a s ,  
high as 300 MWe. 

The BLM is  now developing a leasing program f o r  t he  
land i t  administers.  Leasing of some Navy land f o r  comer-  
c i a1  development is a l s o  under consideration. 

WENDEL-AMEDEE , SURPRISE VALLEY , LASSEN VALLEY , G U S  S 6; 
MOUNTAIN KGRAs 

Large-scale development at these KGRAs i n  northern and 
northeastern Cal i forn ia  is  inh ib i ted  by small loca l  energy 
demand and long dis tances  from load centers .  The estimated 
e l e c t r i c a l  po ten t i a l  from Mono-Long Valley, Wendel-Amadee, 
Surprise  Valley, L y s e n  Valley, and Glass Mountain i s  3990 
MWe f o r  30 years.  Instead,  small pro jec ts  meeting loca l  
e l e c t r i c i t y  and d i r e c t  hea t  requirements are being pursued. 
Development a t  these i so l a t ed  areas  may follow t h a t  occur- , 

r ing  a t  Wendel l -hdee  KGRA (Lassen County) where a geother- 
mal green house pro jec t  is expanding, and a 50 MWe co- 
generation (geothetmal/wood-chip) plant  is under considera- 
t ion .  

I n  t h e  Surprise  Valley KGRA (Modoc County), d i r e c t  heat  
appl icat ions are considered f eas ib l e  , but have not been 
invest igated beyond a preliminary market survey of Modoc and 
Lassen Counties funded by CEC.* 

No development a c t i v i t i e s  are underway a t  Glass 

*See Section 2.2. 

**See update of a c t i v i t i e s  i n  Section 7.2 
ti 
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Mountain KGRA (Siskiyou County). Applications t o  lease 
federa l  lands have been received by the  Klamath Falls Forest  
Service,  but no leas ing  of Forest  Service lands' w i l l  occur 
u n t i l  t he  completion of a RARE I f  study. 

MONO-LONG VALLEY 

I n  the  Mono-Long Valley KGRA, come 
a c t i v i t i e s  are present ly  concentrated around Mammoth Lakes 
Village.  The CEC and DOE have co-funded a space heat ing and 
snowmelting study and demqnstration, and are now.financing a 
resource and market survey. Southern Cal i forn ia  Edison and 
o thers  a r e  considering construct ion of a 32 We co- 
generation p lan t  
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4. 3 DIRECT GEOTHERMAL APPL'TCATIONS 

4.31 GEOTHERMAL SHARE OF THE THERMAL ENERGY MARKET - 
The cur ren t  use of geothermal resources  in 'Cal i fornia  

comprises a very small por t ion  of t h e  market f o r  thermal 
app l i ca t ionso  Existing (1979) d i r e c t  pp l i ca t ions  f o r  spas ,  
hydroponic greenhouses, aquaculture,  and ' space heat ing i s  
equal t o  less than .02X of 1975 thermal energy consumption 
i n  t h e  state.* Table 4.3-1 presents  t he  Department of 
Energy's es t imate '  of ex i s t ing  and planned thermal. applica- 
t i o n s  i n  Cal i forn ia  and the  'Western U.S. . .  

-1 

Table 4.3-1. Exis t ing and Planned Geothermal Energy 
Use as a Them1 Energy Source (lo9 Btu/Yr.) 

1979 1982 1985 

H a w a i i  1.5 4.0 50 
Washington 11.95 15 I 50 
Oregon 

Klamath F a l l s  852.15 1495 
Ontario (ORIDA) 
(possibly s ta r t  d i s t r i c t  

Timber l i n e  
Others 

system by 1985) 
bi 

Cal i forn ia  

Wendell Amadee 
Desert Hot Springs ) 
Mammoth 

Office, August 1979. 

*A desc r ip t ion  of 
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s a l i n i t y ,  and p o t e n t i a l  emissions and e f f l u e n t s  are t h e  
p r i n c i p l e  f a c t o r s  which determine a resource's economic use- 
f ulness. While improved p ipe l ine  t r anspor t a t ion  i s  under 
inves t iga t ion ,  t h e  high c o s t s  assoc ia ted  with resource 
transmission and hea t  l o s s  reduct ion severely diminish 
f e a s i b i l i t y  as d is tances  increase.* 

The i n t e r e s t  in d i r  t geothermal applica.t ions i s  
increasing i n  Cal i fornia .  DOE has  co-sponsored with the  Cal-  
i f o r n i a  Energy Commission a preliminary eva lua t ion  of ther- 
m a l  appl ica t ions  s u i t a b l e  f o r  i d e n t i f i e d  
resources ,  including; hosp i t a l s ,  co l leges ,  h o t e l s ,  food pro- 
cessing,  pulp and paper, chemicals, p troleum ref in ing ,  and 
rubber and p l a s t i c s  manufacturing. Results from more 
s p e c i f i c  market p o t e n t i  s t u d i e s  by Science Applic 
Inc. , and Research Planning Associates are cu r ren t ly  being 
evaluated. These r epor t s  should b e t t e r  de l inea te  the  poten- 
t i a l  market by count ies  and he lp  formulate appropriate  com- 
merc ia l iza t ion  i n i t i a t i v e s .  

rf 

PATTERNS OF DIRECT APPLICATIONS DEVELOPMENT 

Pa t te rns  of en t ry  i n t o  t h e  direct-use market have 
s h i f t e d  over time. Three overlapping kinds of development 
have occurred; they may b e  charac te r ized  a s  l oca t ion  deter- 
mined , economically v i a b l e  , and government-aided ventures. * 

Location-based operat ions are those t h a t  emerged from 
the  e a r l y  co-location of an e a s i l y  access ib l e  resource and a 
conventional app l i ca t ion  . Vir tua l ly  a l l  commercial r esor  t s 
were i n i t i a t e d  i n  t h i s  fashion,  as were a l l  space hea t ing  
and process heat ing appl ica t ions  i n  t h e  state.  The heat ing 
systems a t  Susanvi l le  were s t a r t e d  i n  t h i s  manner, as  the  
town sits a top  an e a s i l y  access ib le ,  low-temperature (36OC - 
39OC) reservoi r  Similar ly ,  geothermal heated greenhouses i n  
Wendel-Amedee use an open ho t  spr ing  a s  t h e i r  hea t  source. 
A t  t h e  present  s t age  of geothermal development, t hese  appli-  
ca t ions  can cont r ibu te  s i g n i f i c a n t l y  t o  resource assessment 
e f f o r t s  and indus t ry  know-how, while  increas ing  publ ic  con- 
f idence i n  t h e  environmental accep tab i l i t y  of geothermal 
development. However, t h e  p o t e n t i a l  cont r ibu t ion  of t h i s  

* I n  any d i r e c t  app l i ca t ion  of geothermal resources ,  
t h e  required proximity of t h e  resource t o  t h e  user  w i l l  
depend on t h e  s p e c i f i c  c h a r a c t e r i s t i c s  and t h e  p a r t i c u l a r  
end use involved. The Geocity model developed by C. Bloom- 
ster a t  Pac i f i c  Northwest Laboratories has  shown cer 
low-temperature d i s t r i c t .  heat ing appl ica t ions  t o  b e  te hno- 
l o g i c a l l y  f e a s i b l e  with transmission of up t o  50  miles. See 
also r ecen t  DOE s tudy by John Beebee which concluded t h a t  a 
mi l l i on  Btus can usua l ly  b e  t ransported economictlly f o r  
less than $1.00 i f  the  load f a c t o r  exceeds 500 X 10 B t  

'i 
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type of development t o  thermal power on-line i s  l imi ted ,  
compared t o  most i n d u s t r i a l  process heat  appl icat ions.  

Increasingly,  t he  nd economic f e a s i b i l i t y  
of p o t e n t i a l  geothermal formally analyzed p r i o r  
t o  making an  investmen Such an  tipjrroach was, , 
employed by Calaqua and Geoproducts i n  t h e i r  i n i t i a l  
hydrothermal ventures.  Both these  companies ' invest igated 
var ious  opportun'lties before  e l ec t ing  t o  proceed with t h e i r  
investments i n  f i s h  farming and hydroponic greenhouses. l n  
each case the  decis ion t o  u t i l i z e  geothermal resources 
r e s t e d  upon the  p r i c e  competitiveness of t h e  f u e l  'source f o r  
t he  appl ica t ion ,  and t h e  a v a i l a b i l i t y  of a s 
This  a n a l y t i c a l  approach i s  v i t a l  t o  considera 
energy resources  and w i l l  prob-ably b e  t h e  s tandard f o r  
f u t u r e  d i r e c t  geothermal appl icat ions.  For"example, i n  bo 
f i rms  r e f e r r e d  t o  above, t h e  s u i t a b i l i t y  of t h e i r  p a r t i c u l  
processes t o  c e r t a i n  geothermal a t t r i b u t e s  (such as a ' tem- 

6, 

pera ture ,  c o s t ,  cons t in t  supply) was a s i g n i f i c a n t  decis ion 
f ac to r .  (See Section 4.32 f o r  a more de t a i l ed  discussion of 
considerat ions a f f ec t ing  investment i n  d i r e c t   use applica- 
tions.) 

The t h i r d  mode of en t ry  covers those appl ica t ions  aided 
by government programs Government involvement, which has  
increased a t  a l l  ' levels  as'a result of The Geothermal Steam 
Act and subsequent l e g i s l a t i o n ,  can help t o  r e l i e v e  economic 
and i n s t i t u t i o n a l  unce r t a in t i e s  associated with f irst-of-a- 
kind hydrothermal appl icat ions.  Thes ac t ions  w i l l  assist - _  
t he  po-tential  user  - i n  dealing with the  complexity and 
v a r i e t y  of geothermal 'applications.  

Direct appl ica t ions  a t  Mammoth, Desert Hot Springs, and 
Mecca have received f i n a n c i a l  a s s i s t anc  rom e i t h e r  DOE, 
CEC, or both. In  p a r t i c u l a r ,  t h e  Mammoth Susanvi l le  pro- 
j ects h ighl igh  growing r o l e  of state and municipal 
governments i n  clopment -of geothe 

A t  Mammoth, CEC sponsored a p i l o t  geothermal h6-a t i ng  
system and a snow melting demonstration .following a feasi-  
b i l i t y  s tudy sponsored by DOE. Susanvi l le  i s  a small commun- 
i t y  i n  northern Cal i forn ia  which hopes t o  broaden i t s  
economic base by developing hydrothermal resources f o r  a . 
d i s t r i c t  heat ing system and a commercial park. The pa r t i c i -  
pa t ion  of l o c a l  governments becomes increasingly Important 
i n  the  p re sen t  generat ion of p r o j e c t s  with mo 
appl ica t ions ,  such a6 d i s t r i c t  heat ing o 
j ects. For f i rs t -on-si te  appl ica t ions  
i n s t i t u t i o n a l  and regulatory i s s u e s  en 
most ef f e c t l v e l y  managed by munic ipa l i t i es  i n t e r e s t e d  i n  
economic development and securing a r e l a t i v e l y  inexpensive 
source of energy f o r  d i s t r i c t  home 

< .  
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4.32 MARKET CONSIDERATIONS 

While the  cos t  rom geothermal energy i s  com- 
p e t i t i v e  with a l t e r n a t i v e  sources f o r  mqny thermal applica- 
t i ons ,  t he  co-loca n requirement of d i r e c t  use necessi- 
tates the consid ion of a number of unique fac tors  
besides energy cost .  Consideration of the o ther  cos ts  asso- 
c ia t ed  with co-location, and whether they are o f f s e t  by the 
savings i n  energy cos t ,  may be t h e  key t o  the  expansion of 
the  d i r ec t -use  market i n  Cal i fornia .  

The po ten t i a l  market f o r  d i r e c t  use may be divided i n t o  
'four categories:  (1) r e t r o f i t s ,  (2) new p lan t s  ( f o r  ex i s t ing  
businesses needing addi t iona l  capaci ty) ,  (3) new geothermal 
appl icat ions generated by growing markets fo r  p a r t i c u l a r  end 
products, and (4) re loca t ions  of ex i s t ing  f a c i l i t i e s .  

Before se l ec t ion  of a geo rmal appl icat ion,  a busi-  
ness must consider t he  economic impact from t h a t  choice of 
energy supply. That is, w i l l  t h e  added revenues and increase 
i n  savings outweigh the addi t iona l  cos ts  and r i s k s  of the  
project .  Because energy is  an input t o  production, the bene- 
f i t  of a decrease i n  energy cos t  must be weighed aga ins t  the  
increase i n  o ther  cos t s  necessary t o  achieve those 
decreases,  such as t ranspor ta t ion  of raw materials t o  remote 
sites. The more energy-intensive a product is ,  the  l a rge r  
t he  po ten t i a l  savings ava i lab le  , and the  g rea t e r  incent ive 
f o r  considerat ion of energy a l t e rna t ives .  Table 4.3-2 sum- 
marizes input cos t  estimates f o r  a number of direct-use 
appl icat ions.  

Transportation and marketing are two var iab les  t h a t  
w i l l  have an import ant inf luence on these cos t s  . Present ly  , 
i d e n t i f i e d  geothermal resources e x i s t  predominantly i n  
remote regions of the  s t a t e ,  which makes t r anspor t a t ion  a 
s ign i f i can t  cos t .  The importance of t h i s  f ac to r  w i l l  depend 
on the  product involved, t he  amount of raw materials used, 
and the  dis tances  t o  both supply and end markets which 
determine the cos t s  of appropriate  t ranspor ta t ion .  

The t o t a l  f ixed c o s t s  of t he  system must be spread 
across  the  u n i t s  of usage t o  provide a un i t  cos t ,  or energy 
cos t  . 

TOTAL FIXED COST 
= UNIT COST 

ACTIVITY LEVEL 

As the  load f ac to r  goes up, t he  u n i t  cos t  w i l l  be reduced. 
The DOE funded s tudy  by Gruy Federal concluded t h a t  t he  
l e v e l  of u t i l i z a t i o n  was the  most important s ing le  f a c t o r  i n  
ac tua l  end-use cos t .  I n  8% of t h e  cases,  ac tua l  cos t  

Lf 
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Table 4. 3-2. Equipment and Material Cost Estimates f o r  
Typical Direct Use Applications (1978 P r i ce  Level - $/Million 
Btu/Yr . ) b' 

Geothermal Resource Temperature Capacity 
Application <80°C 80-11SoC >llS°C Factor 

. .  
11.70 8.30 60% 

60.00 40 . 00 31.00 25% '' 
, 1.70 0.86 90% 

ivers i ty/College 17.30 11.70 8.90 35% 
- - 2.86 1.70 90% 

0.70 .go% ?ulp and Paper - - - 
2.30 1.20 90% 

1.00 90% 
2.00 0% 

'Gnemicais. - 
Petroleum Refining - - 

and P l a s t i c s  0 - 
Source: Rigby, Larson, Racine, Gratt, and 

Overview of Prospects and Po ten t i a l  f o r  Development of 
Geothermal Energy f o r  Direct  Use i n  Cal i fornia ,  
Applications,  Inc., August 1978. 

*Estimates include cos t s  of .we 
ho te l s  t h i s  has a major Impact on u n i t  cos t s  .(which would be 
mitigated i f  s eve ra l  ho te l s  o r  o ther  bui ldings were t o  be 

Science 

w 

exceeds t h a t  a t  optimal u t i l i z a t i o n  by a f a c t o r  of two or 
more* SimSlarly, many o ther  f ac to r s ,  varying' in type and 
Importance with each appl ica t ion  and resource area, must b e  
considered. A sample of relevant factors 
greenhousing, k i l n  drying lumber, feed l o t s ,  oni 
t i o n ,  geothermal, and -culture appl ica t ions  i n  Lassen and 
Modoc Counties is p r e  ted in' Table 4.393. 

cos tm*  As opposed 

he study b y  Gruy Federal f o r  
ibu tab le  t o  well 
i l l a r y  equipment ex- 
nd economic s t u d i e s  

evaluated. The, c a p i t a l  i n t e n s i t y  of direct appl ica t ion  i s  
f u r t h e r  underscored i n  that these estimates do not  include 
transmission systems and hea t  ex t r ac t ion  u n i t s  which a l s o  
r equ i r e  i n i t i a l  investment c 
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Table 4.3-3. Summary of Influence Factor Effects on Geothermal Energy 
Applications 

TUI8ill Qn k inrmttrd on h i l w i  
b r o k c k o t f U M i n r r .  

t 
L*' 

Source: Econmic study of Low Temperature Geothermal Enerm i n  Lassen 
and &doc Counties, California, VTN - CSL, Apr i l  1977. 
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conventional fue l s  ( o i l ;  gas, coa l ,  1 e l e c t r i c i t y ) ,  l a rge r  
c a p i t a l  cos t s  must be incurred a t  t h e  outset .  .A very la rge  
port ion of total  cos ts .  involved is  f o r  e i ther  resource 
development (i.e., f e a s i b i l i t y  s tud ies ,  d r i l l i n g  cos t s ,  
i n t e r e s t  associated with regulatory delays,  etc. o r  f o r  t he  
construct ion of t h e  i n i t i a l  u t i l i z a t i o n  system. 
these c o s t s  cannot be calculated with prec is ion  before 
incurrence,  nor can system u t i l i z a t i o n  o r  the , load  f a c t o r  be 
estimated accurately.  The economic burden of acquiring the  
addi t iona l  c a p i t a l  necessary before production begins can be 
an onerous one, p a r t i c u l a r l y  f o r  smaller businesses. It 
e n t a i l s  addi t iona l  r i s k  i n  t h a t  any delays i n  reaching an t i -  
c ipa ted  operat ing l eve l s  w i l l  r ap id ly  increase i n t e r e s t  
cos t s  as  w e l l  a s -de lay  revenues from operation. 

To summarize, the primary considerations which an 

I .  

r 

" .  

. .  . .  

en te rp r i se  must resolve before choosing a geothermal appli-  
ca t ion  (as compared with more conventional fue l  sources) 
are: resources r e l i a b i l i t y ,  f inancing, and technical  exper- 
t i se  i n  geothermal engineer i  e ana ly t i ca l  approach of . 
designing a venture and i ts  c workings around a known 
technology, and then loca t ing  a s u i t a b l e  geothermal resource 
w i l l  f a c i l i t a t e  these.kinds of de l ibera t ions .  

POTENTIAL MARKET FOR D I  LICATIONS I N  COUNTIES WITH 
IDENTIFIED RESOURCES 

The following i s  a short  summary of t he  outlook f o r  
d i r e c t  geothermal appl icat ions i n  counties with i d e n t i f i e d  
resources.  Near-term po ten t i a l  markets are located i n  areas  
near population centers  and t ranspor ta t ion  f a c i l i t i e s  and 
where development f o r  e l e c t r i c  power production i s  underway. 
A major issue f o r  fu tu re  devehpment i s  u t i l i z a t i o n  of t h e  
la rge  resource base located i n  remote, mountainous, and 
deser t  areas. Ongoing DOE and CEC market s t u d i e s  should 
better iden t i fy  resource and user matches i n  California.* 

o The Geysers 

W 

I 

I 

home space hea t ing :  
but t he  major towns 

e not located near a 

present ly  l i m i t e d  by the  h i l l y  terrain, but t he  pres- 
ence of geothermal wells d r i l l e d  f o r  e l e c t r i c  power.  
deve lopment cou Id encourage t uses. Along the  .. - f  

* Also see recent map of l o w  a 
resouces compiled by t h e  Divison of 
t l e d  "Geothermal Resources of California",  1980. 

' .  
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shores of Clear Lake, development restrict ions have 
been posed by numerous resort owners and res idents .  A t  
Middletown, a pr iva t e  school i s  planning t o  use steam 
from a nearby exploratory w e l l  f o r  i t s  hea t ing  and 
cooling needs. On t h e  w e s t  side 6f Clear Lake, a 
resort has a swimming pool heated by a low-temperature 
geothermal w e l l .  Mendocino County has b e t t e r  transpor- 
t a t i o n  access because of highway 101. Another geother- 
ma l  area west of Boonville and Ukiah has shown some 
prospect f o r  low-temperature development. 

Napa County - Geothermal resources are located i n  the  
northern Napa Valley, a premium wine region. Space 
heat ing and o the r  uses are f eas ib l e  there  (pop. 
50,000) ,  but are not l i k e l y  i n  t h e  populous southern 
end of the county (Napa c i t y ) .  Geothermal space heat-  
ing i s  being considered f o r  a c i t y  f i rehouse i n  Calis- 
toga. The s t rong  slow/no growth a t t i t u d e  of the  county 
res idents  present ly  d i c t a t e s  slow geothermal develop- 
ment. Agricul ture  preservat ion i the  Napa Valley 
(Cal is toga)  i s  a prime concern. 

Sonoma County - Development of direct-use po ten t i a l  i n  
The Geysers region of Sonoma County faces major 
development problems due t o  t ranspor ta t ion  and t e r r a i n  
d i f f i c u l t i e s .  The Sonoma S t a t e  Hospital  i s  considering 
use of the geothermal hea t  f o r  space conditioning and 
hot-water hea t ing  and o the r  space conditioning applica- 
t ions  may be f eas ib l e  i n  t h e  Valley of the Moon. Even- 
t u a l  development i n  the  Skaggs Hot Springs a rea  f o r  
r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  development may 
be l i m i t e d .  

o Imperial Valley 

Li 

Imperial County - Probably has t he  best d i r ec t -use  
po ten t i a l  of any county i n  t h e  U.S., due t o  t h e  exten- 
s ive  na ture  of t he  high temperature geothermal 
resource; la rge  number of energy in tens ive  agri-  
businesses;  widespread i n d u s t r i a l  f a c i l i t i e s ;  numerous 
sites f o r  new industry; excel lent  t ranspor ta t ion  net- 
work; and proximity t o  major i n d u s t r i a l  and agricul-  
t u r a l  markets. S a l i n i t y  of geothermal f l u i d s  and water 
a v a i l a b i l i t y  a re  the  major cons t ra in ts .  DOE is par- 
t i a l l y  funding aprotect  t o  cool,  hea t ,  and provide 
domestic hot water to the  cormnunity center   at^ E l  Cen- 
t ro .  The pro jec t  is  the  f i r s t  phase of a proposed d i s -  
t r i n c t  cooling and hea t ing  program f o r  the  City. 

San Bernadine and Riverside Counties - The population 
i s  heavi ly  concentrated i n  the  western a reas .  Most of 
t he  geothermal resources are located i n  the  eas te rn  
areas. Increasing energy cos t s ,  population expansion, 
and possible  improvements i n  geothermal technology 

L! 
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(e.g., t r anspor t a t ion  of* the  hea t  from the  source t o  

use of geothermal waters are f o r  spas and some space 
hea t ing  and ool ing,  The resource at 
Springs has been evaluated f o r  poss ib le  us  
space cool ing,  acquaculture,  and greenhousing. A t  
Mecca, a geothermal aquacul ture  busines 

e r a t i o n  t o  raise g ian t  M a l  

. *  t he  user )  should encourage development. The primary I 1  

o Other Geothe.ka1 Areas * 
r 

Lassen and Plumas Counties - Sus i l l e  i s  cu r ren t ly  
cons t ruc t ing  a d i s t r i c t  hea t ing  system and plans t o  
e s t a b l i s h  a geothermal i n d u s t r i a l  park. Several  geoth- 
ermal greenhouses and a r e f r i g e r a t i o n  system are i n  
operat ion a t  Wendel%medee. The Cal i forn ia  Department 
of Water Resources and a p r iva t e  corporat ion are study- 
i n g  t h e  f e a s i b i l i t y  of a power plant  t h a t  -would u s  
geothermal waters and wood waste t o  generate  55 MW o 
e l e c t r i c i t y  f o r  use i n  t h e  S t a t e  Water Pro jec t .  

Shasta  and Siskiyou Counties - The loca t ion  of Big Bend 
Hot Springs is not conducive t o  i n d u e t r i a l  development. 
It might, however, be an acceptable  loca t ion  f o r  a wood 
products industry.  

u Modoc County - Due t o  he  areas i s o l a t i o n  and small 
population, d i r e c t  hea t  appl ica t ions  w i l l  probably be 
f i r s t  use i n  ag r i cu l tu re .  The Fort  Bidwell Indian 
Reservation i n  Surp i i se  Valley is contemplating use of 
geothermal f l u i d s  f o r  space hea t ing ,  ag r i cu l tu re ,  
greenhouse operat ions.  DOE i s  p a r t i a l l y  funding a 
ject a t  Kelly Hot r i n g  t h a t  w i l l  use geoth 
f l u i d s  to suppl o a ,feedlot operat ion 

Mono County - Distr ic t  hea t ing  is poss ib le  at the town 
of Bridgeport (pop. 500) which is located about a mile 
from Traver t ine  Eot Springs. The Ca l i fo rn ia  Depoart- 
ment of Transportat ion has inves t iga ted  the  p o s s i b i l  
of using gebtsermal a proposed -highway main 
nance s t a t i o n  e near  ammercial /e lectr ic  " devel  
ment p o s s i b i l i t i e s  t h e  Long Valley Caldera. 
Recently, t h e  use of geothermal hea t  for  space hea t ing  

t r o u t  ha tcher  

S i e r r a  County - Cattle ranching i s  t h e  major business  
i n  S i e r r a  Valley (Beckwourth Peak area). Poss ib le  
geothermal app l i ca t ions  include a g r i c u l t u r a l  processing 
and d i s t r i c t  hea t ing  of  small communities. The City of 
Santa  Clara has purchased land i n  the  va l l ey  with the  

W 
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i n t en t ion  of using the  land§s geothermal resources f o r  
(1) conversion of wood chips t o  methanol, (2) space 
heat ing , and (3)  generation of e l e c t r i c i t y  using 
geothermal waters aand combustion of f o r e s t  product 
wastes . 
Inyo County - S reas have good geothermal 
po ten t i a l  (Cos nd Trona Hot Springs).  The 
la rge  chemical industry at Trona has shown i n t e r e s t  i n  
using geothermal heat i n  some of i t s  industry 
processes. Development Cos0 Hot Springs, on 

, U.S.Navy lands, may prov a model f o r  surrounding 
areas. 

Kern County - Geothehal  resources are located i n  the  
desert areas near Inyo County. 

Santa Barbara, Ventura, San Lu i s  Obispo, and Monterey 
Counties - The geothermal resources are general ly  of 
low temperature and a re  d i s t a n t  from the  population 
centers .  Near the  town of Paso Robles, geothermal 
waters are being used a t  a c a t f i s h  farm and f o r  i r r i g a -  
t i on .  The p r i s t i n e  condition of the  area and abundant 
w i l d l i f e  around Sespe Hot Springs makes environmental 
i s sues  a major concern i n  geothermal development. 

- - 
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Section 5. GOVERNMENT-SUPPORTED ACTIVITIES AM) INITIATIVES 

The r o l e s  and pol icy instruments ava i lab le  t o  each 
l e v e l  of government are unique and are In te r re la ted  aspects  
of the  environment f o r  geothermal energy commercializa tion. 
His tor ica l ly ,  t h e  federa l  e f f o r t  has  focused on the i n i t i a l  
phases of geothermal development: resources assessment, 
technology development, economic incent ives ,  and streamlin- 
ing of federa l  l eas ing  and permitt ing procedures. More 
recent ly ,  a grea te r  emphasis has been given to  accelerating 
the  pace of p r iva t e  sec tor  investments i n  hydrothermal 
resources 

State energy programs have been involved primarily with 
the  regulatory aspects  of geothermal development. In Cali- 
forn ia ,  as geothermal energy emerges a s  an "environmentally 
preferred energy source," s ign i f i can t  e f f o r t s  are made by 
regulatory agencies t o  ra t iona l ize  the  regulatory framework 
as a means t o  expedite development. Another Important state 
i n i t i a t i v e  is the enhancement of l o c a l  administrative capa- 
b i l i t i e s  t o  manage resource development. A two-fold 
t r ans fe r  of exper t i se  and authori ty  i s  taking place from the 
state t o  county governments. S t a t e  agencies are providing 
information and expert ise  t o  l o c a l  administrators t o  enable 
them t o  understand and plan f o r  t he  impact of geothermal 
development . Recent l e g i s l a t i o n  has a l so  provided f o r  
t r ans fe r  of au thor i ty  over s i t i n g  and operation of geother- 
m a l  f a c i l i t i e s .  w 

County and municipal governments a t  key resource areas 
are reviewing the  cos t s  and bene f i t s  associated with geo- 
thermal p ro jec t s  and the d i s t r ibu t ion  of po ten t ia l  impacts 
on the  community's residents.  They are analyzing the actual 
trade-offs (land use, socio-economic impacts) between the  
community's qua l i ty  of l i fe  and geothermal development. 

This section describes the federal, s ta te ,  and local  
a c t i v i t i e s  r e l a t ed  t o  geothermal development i n  California.  
The goals  and obj ec t ives ,  s t ra tegy ,  and management approach 
of federa l  hydrothermal commercializat 
presented in Section 5-10 Individual DOE are sun- 
marized i n  Sections 5.11-5.14. Section 
development of ex is t ing  state and loca l  pr 
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5.1TEfE FEDERAL HYDROTHERMAL COMMERCIALIZATION PROGRAM 

INTRODUCTION 

"Commercialization" i s  the  process by which d i f  f e ren t  
organiza t i ons  seek t o  expand the pr ivate sector  appl icat ions 
of a pa r t i cu la r  technology. Tradi t ional  instruments avai l -  
ab l e  t o  public agencies have included support of bas ic  
research and development, demonstration of pro nd 
p i l o t  p ro jec ts ,  economic t i ves ,  and disse  of 
information t o  the priblic. choices of pa r t i cu la r  tech- 
nologies f o r  government support are- of ten  i n  response t o  
perceived public need, supported by preliminary assessments 
t h a t  evaluate re levant  technical,  economic, environmental, 
and i n s t i t u t i o n a l  issues. 

In t h i s  context, the  r o l e  of the  Department of Energy 
(DOE) In geothermal development has changed during the past  
few years. As par t i cu la r  R&D programs mature, supported by 
an in tens ive  resources assessment e f f o r t ,  DOE has evolved 

. from a sponsor of pure research i n t o  the a r b i t e r  or remover 
of pa r t i cu la r  market bar r ie rs .  The goal of the  
gram is  t o  maximize u t i l i z a t i o n  of t he  nation' 
resources i n  an environmentally and soc ia l1  
manner, and to  e s t ab l i sh  the resource as a s ign i f i can t  con- 
t r i b u t o r  t o  na t iona l  energy needs (as a replacement ' for 
imported fue ls )  .* 

k; The following sec t ion  nnation about t h  
hydrothermal commercializ ontained i n  th  
Third Annual Report of t he  
ing Council, YE'S FY 80 
thermal Energy and the  
Geothermal Hydrothermal 
have occurred a t  DOE s ince  t h i s  text 
December 1979. As p a r t  of OE reorganiza t ion,  a 
new Division of Geothermal combines the  R/D/D 
fuuct ions of t he  Division '0 
mercial izat ion r e spons ib i l i  
Manager was c 
t a r y  f o r  Reso 

Geothermal Coordinat- 
ary Document for Geo- 

* The geotherm opment and 
commercialization prog or ized through several  
s t a t u t e s  involving m u l t  spons ib i l i ty  and 
dispersed authority.  The Geothermal Steam Act  of 1970 (PL 
91-581) authorized the  Secretary of the  In t e r io r  t o  lease 
and regulate the use of geothermal steam an 
thermal resources on f lands. Subseq 
t i o n  acts (PL 93-438, -577, P& 95-91 tablished an 
Interagency Geothermal nating Council 
the  DOE as lead agency f o r  coordinating the federal  geother- 
m a l  energy program. W 



Geothermal Energy Division i esponsible f o r  
management of the f ede ra l  program as successor to  the func- 

recent  program a c t i v i t i e s  are contained i n  Section 7 .3 .  

c 
t i o n s  of t he  former Geothermal Resource Manager. Updates of Lf 

Goals and Objectives -- Geothermal Commercialization: 

The overa l l  DOE program goal s t o  increase coinmercial 
use of geothermal energy from the present 0.04 quads/year up 
t o  the  Intergovernmental Geothermal Coordinating Council 
(IGCC) goals  f o r  hydrothermal-electric and direct-heat 
applidations.  (See Table 5.1-1) 

Table 5.1-1. IGCC Goals f o r  Hydrothermal Ut i l i za t ion  
(quads /year) 

1985 2000 
- 

Electric 0.2-0.3 1.5-3.0 
Direct U s e  0.1-0.2 0.5-2.0 

Total  0.3-0.5 2.0-5.0 

k.i Source: Department of Energy, Division of Hydro- 
thermal Resources Management, F i sca l  Year 1980 Multi- 
Year Program Plan f o r  Geothermal Hydrothermal Resources, 
October 1979. 

A fu r the r  object ive i s  t o  make a s ign i f i can t  contribu- 

Achievement of the 1985 goals  would replace the 36.5 - 55 
mil l ion b a r r e l s  of oil per year that would otherwise be 
required t o  produce 3,000-4,000 MWe, and the equivalent of 
18 - 36 mil l ion  b a r r e l s  of o i l  per  year i n  d i r e c t  heat  
applications.  The program goal f o r  1990 i s  t o  provide from 
0.2 - 0.6 quads of d i r e c t  heat  from low-to-moderate tempera- 
t u r e  geothermal resources, replacing 36 - 100 mi l l ion  bar- 
rels of o i l  per  year 9-9X of projected o i l  use f o r  space 
and hot water heating) . 
PROmAM STRATEGY 

t i o n  to  the President's plan to  reduce o i l  imports. 2 

Electric Power Devefooment 

The DOE s t ra tegy  f o r  hydrothermal electric power gen- 
e ra t ion  is t o  expand ex is t ing  dry steam resource development 
t o  the  much more extensive liquid-dominated systems. The 
speSif ic  s t ra tegy  i s  t o  accelerate the  pace of development 
by: 

0, 
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Q Stimulating industry t o  explore f o r  and e s t ab l i sh  
r esemes . 
* Reducing t 

Q Providing onomic and f 
t o  o f f s e t  de te r ren t  e f f e c t s  of new technology risks’ and 
reservoi r  MC 

Q Increasing public a deration ~ 

of geothermal potent ia l .  

and environmental r i sks  

~- 
f 

D Sr ec t T h e m a l  

Although electric development a c t i v i t i e s  w i l l  continue 
during FY 80, increasing emphasis w i l l  be  placed on develop- 
ing the  very l a rge ,  bu t  e s s e n t i a l l y  unexploited low-to- 
moderate temperature’ hydrothermal resource f o r  d i r e c t  hea t  
applications.  Present d i r e c t  me of geothermal heat  i n  the 
United S ta t e s  corresponds t o  only about 0.01 quads (c 
t o  1985 goals Of 0.1-0.2 quads) ** 

The commercialization s t ra tegy  followed by DOE combines 
resources assessment e f f o r t s  (under the leadership of the  
USGS) with information dissemination and f inancial  and 
technical  ass i s tance  t o  t e n t i a l  users. A three phase 
cost-shared 
technical/economic analy 
sites; reservoi r  confirmation d r i l l i n  
pro jec t  construction through the  Geothermal Loan Guaranty 
Program 

This program wi l l  focus on the  l a rge r  users,  such as 
municipal d i s t r i c t  hea t  systems, i ndus t r i a l  space and pro- 
cess hea t  users, and l a rge  ag r i cu l tu ra l  drying operations 

MANAGEMENT APPROACH 

agencies res 
i t h  the  oversight of hydrothermal dev 

the  Division of 

and DOE Fie ld  Offices. 

Energy Use as a Them 

&) gram f o r  Direct-Use Applications. 
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@Federal 

Leadership and coordination of t h e  federal  hydrothermal 
development program is  provided by the  Interagency Geother- 
m a l  Coordinating Council (IGCC) and its sub-units. The 
respons ib i l i ty  of t he  Council, in accordance with the provi- 
sions and Intent of PL 93-410, is t o  

. .coordinate those Federal plans, a c t i v i t i e s  and pol- 
icies which are r e l a t ed  t o  o r  impact on geothermal 
energy.... [and to] make recommendations t o  the  
appropriate agencies and the  President with regard t o  
a l t e r n a t i v e  po l i c i e s  o r  ac t ions  considered necessary or 
des i rab le  t o  expedite the  development u t i l i z a t i o n  of 
geothermal energy resources. 

Figure 5.1-1 shows the  organizational structure and 
membership of the IGCC.* The s p o n s i b i l i t i e s  of var ious 
federa l  agencies i n  geothermal elopment are depicted i n  
Figure 5.1-2. Federal funding - f o r  geothermal energy pro- 
grams is presented i n  Table 5.1-2. 

The Chairman of the  IGCC, who has  s t a tu to ry  respons ib i l i ty  
f o r  the  t o t a l  federa l  program, i s  the  DOE Assistant Secre- 
t a r y  f o r  Resources Applications; the  Chairman of the  Staff  
Committee i s  the  Director,  Division of Geothermal Energy. 
The Staff  Committee i s  responsible f o r  f ormulating federa l  
geothermal program plans and f o r  d i rec t ing  the a c t i v i t i e s  of 
the  Budget and Planning Work Group, t he  Resources Panel, t he  
Research and Technology Panel, and the I n s t i t u t i o n a l  Bar- 
riers Panel. The six agency members of the  Staff  Committee 
are appointed by t h e  Council and represent sub-organizations 
of those federa l  agencies on the  Council i t s e l f .  

*DOE Program Organization 

Within DOE, geothermal commercialization act ivi t ies  are 
supported by a number of divisions.  Lead respons ib i l i ty  f o r  
planning and outreach a c t i v i t i e s  is ca r r i ed  out by the  Divi- 
s ion  of Hydrothermal Resource Management (now Division of 
Geothermal Energy) under the Office of the  Assis tant  Secre- 
t a r y  f o r  Resources Applications. The Geothermal Loan 
Guaranty Program, coupled with ex is t ing  tax incentives under 
the  National Energy A&t,** i s  the  main source of f inanc ia l  
incentives.  Hydrothermal technology developments conducted 

*See update on IGCC membership, Section 7.3. 

**See Appendix 1 f o r  a discussion of incent ives  a v a i l  
ab l e  under the NEA. See Section 7.3 f o r  a descr ipt ion of 
new incent ives  ava i lab le  under the  Energy Security Act of 

b. 1980. 
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FIGURE 5.1-1. IGCC Organizational Structure. 
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-Figure 5.1-2. Respons ib i l i t i e s  of  Federal  Agencies - -  

~.uurca AuOu- 
.Qf ............ T u  ........... lu .............. v u  ............ bt-.h+.d &t CDVtcirlL mm 

..... ................................. v a  Il.rirm. 

--. .-a=lsib.Il tamxmjacu. 
w=-u wear= 
(-1. 

............................................ 
rdrr l  lbyw LC 
Juor). - .................................................................................. panr-cioo - - ................................... v u  ............................................................. 

-=uiam .................................................... T U  ........... T U  .............................. 
m) ................................................ 1.. ............ T U  ............................................. 
am ................................................................ T U  ........... lu .............................. 

I w i . i a o l , a g o -  
cbrryl mjuu. 

kpr-c .t eolrre. 
(ooc) 

kmnndc O n r b p r c  

D.p.ro..C U W r u  

0.P.rrpt d .Auw 
a u r b  Drmopmnt a 

................ Tw .............................. T u  ........... T U  ............. w m t -  

baMParutaa CmR .................................................................. v u  ............................... - oug ................... T u  ............. T u  ............................................ LD.1zo...DIpI ea- 

--Y ma) ...... lu ............ T u  v a  .mirop - -1 ...................................................................................... u. .............. 
mw ............ T u  .............................................................................................. 

&.on .......................................... lu ............................................................. 

L U n  &au mil- 
-8 - 
m. 

D.putmr of 

- C d C b .  
hc- [mr) 

llurvv ar ~ u d  

. iuMfmsLu a. 
0.8. ca- ............. ............................................ 

-rsvcu 
dta lanin& 

n a h M d u L d u I .  

lurMdranr 
L.oMw c .rv ia  

ea-ullrouc~ 

t 

L' 

by t h e  Division of  Geothermal Energy, Off ice  of t h e  Assis- 
t a n t  Secretary f o r  Energy Technology (now incorporated i n t o  
t h e  Division of Geothemal Energy, Resources Applications) , 
w i l l  develop improved technologies with reduced c o s t s  f o r  
f i e l d  development and energy conversion. Supporting regional  
emironmental  assessments and R&D a c t i v i t i e s  are provided by 
t he  Division of Environment and Safety,  Off ice  of t h e  Assis- 
tant Secretary f o r  t h e  Environment. In addi t ion ,  designated 
r ep resen ta t ives  of o t h e r  DOE o f f i c e s  p a r t i c i p a t e  in t h e  
activities of t h e  IGCC Budget and Planning Work Group and 
panels  of  t h e  S taf f  Committee. 
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- 
T a b l e  5.1-2. Federal Funding f o r  Geothermal Gnergy, 

FY 1973 - 1980 (thousands of dollars) 
ACTUAL ACTUAL t S W A T t D  

OUCAILZATXON 0- t f  1976 TY 1979 t f  1960 

Oepatamt of beferue 

Ak tore8 
DOD TOW 

am 342 120 , I  17*100 
0 13 21 

Y2 937 17?121 

Dbputment of f a q y  
, Ln-technology 1059962 142*637 138,428 

8erource Applicadapr 1,737 9 026 
0-8 of Lncrgy Pes. 2,800 3,200 le400 
Lnrlmnrent 3.896 3,167 t*U)1 

txpercr) 410 . 1.180 

Ceothermal Loan Cwranty 
laud (Adrinirmdve 

DOL ToUr 

200 
W O O  

s50 
1*600 

IO * 181 

1,854 
16*688 

200 74 
1.58s 2,600 
1,050 600 
sss 110 

I2*043 lO?O92 

2,194 1,994 
18.627 16e470 

total Tedmf Geothermal 
& ~ p . m  Budget 

Source: Interagency Geothetmal Coordinating Council, 
Fourth Annual -port on-the Geothermal Energy Research* -- 
f i e l d  level is assigned t o  matrix management teams t y p i c a l l y  
containing s t a f f  from Operatio 
the  Regional Repre 
responsib il i t y  f o r  
commercialization program in 011. me f i e i d  
teams are d i r e c t l y  respons ib le  f o r  the  coordinat ion of state 
commercialization p l a m i n  
d i r e c t  h e a t  app l i ca t ions  
aspec ts  of t h e  program r e l a t i n g  t 
ini t ia t ives  

state, o r  reg iona l  

Tab le 50 1-3 descr ibes  DOE's Hydrothermal hb 
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Commercialization Programs i n  the  period 1975-1980. 
activit ies and p ro jec t s  i n  Cal i forn ia  are highlighted. 

Program 
t 
L d  

A b r i e f  descr ip t ion  of t h e  hydrothermal commercializa- 
t i o n  program under t h e  former Divis ion of Geothermal 
Resource Management (DGRM) i s  presented i n  Sect ion 5.11, 
followed by summaries of t h e  Geothermal Loan Guaranty Pro- 
gram** (Sect ion 5.121, Energy Technology (Sect ion 5.131, and 
Environment Programs (Section 5.14) . These summaries w i l l  
b e  organized according t o  t h e i r  (1) Commercialization 
Issues, (2) Program Description, (3)  Recent Activities, and 
(4) Future Developments. Current activit ies i n  Cal i forn ia  
all be highlighted. 

REF ERENC ES 

1. Department of Energy, Solar  Geothermal Electric and 
Storage Systems, ProRram Summary Document, 19% 
Ju ly  1979. 

2. Department of Energy, Divis ion of Hydrothermal 
Reeources Management, F i s c a l  Year 1980 Multi-Year Pro- 
gram Plan f o r  Geothermal Hvdrothermal Resources, 
October 1379. 

3. Department of Energy, Geothermal Energy Research, 
Development and Demonstration Program, Third Rnnual 
Report of t h e  Interagency Geothermal Coordinating Coun- - c i l ,  March 1979. 

Lf/ 

**The Geothermal Loan Guaranty Program i s  an i n t e g r a l  
p a r t  of t he  DGRM Program. It i s  described separa te ly  a t  
Section 5.12 pr imar i ly  for reasons of c l a r i t y .  
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5 . 1 1 E  GEOTIfEREiAL RESOURCES MANAGEMENT PROGRAM 

L' COMMERCIALIZATION ISSUES 

A number of technica l ,  economic, and i n s t i t u t i o n a l  
unce r t a in t i e s  are becoming increasingly cr i t ical  as geother- 
m a l  app l i ca t io f s  m o v e  beyond the: demonstration s t ages  a t  
var ious sites: 

4 How can r e se rvo i r  perform e b e  sustained 
economic l i f e  of f a c i l i t i e s  constructed t o  explo i t  the  . 
resource? 

0 Can the  d i f f i c u l t i e s  of l oca t ing  p o t e n t i a l  users  a t  
i d e n t i f i e d  resources f o r  d i r e c t  hea t  appl ica t ions  b e  
mit igated or overcome? 

What f ede ra l  and state environmental standards should 
be appl ied t o  geothermal a c t i v i t i e s ?  

Can explorat ion and development of geothermal 
resources be  conducted i n  present ly  undeveloped areas 
i n  a manner cons i s t en t  with the  preservat ion of recrea- 
t i o n a l  and v i lderness  values? 

@ Can the  burdens on developers of overlapping, 
f l i c t i n g ,  and dupZicative regula t ions  f o r  leas ing  and 
permitt ing geothermal development be  reduced? 

To address these i s sues  and . t o  c rea t e  the  program 
i n f r a s t r u c t u r e  f o r  acce lera t ing  i v a t e  sec to r  par t ic ipa-  
t i on ,  t he  Division of Geothermal source Manag emen t (D GRM) 
(now Incorporated i n t o  the  Divi n of Geothermal Energy) 
was es tab l i shed  i n  1978 t o  take primary r e spons ib i l i t y  f o r  
coordinating, planning, and implementing DOE'S geothermal 
commercialization program. Its function was to provide  a 
s i n g l e  focus v i t h i n  DOE f o r  a l l  matters concerning the com- 

resources  and t o  a c t  as the  p r inc ip l e  source of information 
t o  upper management i n  DOE, and t o  o the r  f ede ra l ,  state, and 

ci14 

~ 

, mercial development and u t i l i z a t i o n  of hydrothermal 

I l o c a l  agencies. 

I 

t 

I ~" 

PROGRAM DESCRIPTION 

I I The approach formulated b 

I 
I 
I 

Implementation, and monitoring phased, i n t e r r e l a t e d  
a c t i v i t i e s .  The program contains  two major elements. Plan- 
ning and ana lys i s  a c t i v i t i e s  within DGEW are carried out by 
an Off ice  of Planning, Policy and Intergovernmental Coordi- 

s i t e ,  state, and regional  l e v e l s  i s  assigned t 
and Regional Coordination Off ice  through a network of 

, Regional Coordinators. Figure 5.11-1 conta ins  a summary of 
i t he  organizat ion of DGRM. 

I nation. Management of p r i v a t e  sec to r  dwelopm n t  a t  t h e  - 
I 

l 
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Field b Region, 
Coordination 

Loan Guaranty Program Planning, Policy 6 
Intergovernmental 
Coordinstiw 
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(IX c X) Usein b Range (I - IV) Pacific Region Roch Mountain UIatern Region 

(V - VIII) 

I 

Source: Division of Geothermal Raources Management, FY 1980 Multi-Year ProRram Plan for . 
Geothermal Hydrothermal Resources, Draft, October 1979. 



The four  subelements of t h e  Planning and Analysis Pro- . 
gram. element were: (1) S t a t e  and Local Planning, (2)  
National Progress Monitoring, (3) Interagency Coordination 
and Federal  Pol icy Analysis, and (4) Economic Evaluation 
and Barrier Analysis. The subprograms o f  t h e  Private Sector 
Development Program included: (1) Market Assessment, (2 )  
Hydrothermal Applications,  (3) Outreach Ac t iv i t i e s ,  .and (4)  
The Geothermal Loan Guaranty Program. A b r i e f  review of FY ~ 

78-79 act ivi t ies  f o r  DC;RM i s  presented i n  the  following sec- 
t ion .  Recent developments i n  Cal i forn ia  p r o j e c t s  are 
h ighl ighted  br ief ly .*  The h i s t o r y  and development of t he  
Geothermal Loan Guaranty Program is  summarized separa te ly  i n  
Section 5.12. 

RECENT ACTIVITIES - PLANNING AND ANALYSIS 

The Off ice of Planning, Policy and Intergovernmental 
Coordination was responsible  f o r  formulating and guiding the 
implementation of t h e  f ede ra l  program under the  d i r ec t ion  of 
t h e  IGCC. In  addi t ion ,  t h i s  o f f i c e  developed a na t iona l  I 

plan  and s t r a t e g y  f o r  hydrothermal commercialization. The 
ob jec t ive  of t h i s  subprogram was t o  formulate coordinated 
geothermal commercializa t i o n  p l ans  a t  the  l o c a l ,  state , 
reg iona l ,  and na t iona l  levels t o  guide development of each 
major geothermal pro-spect having an access ib le  market. 

--- S t a t e  and Local Planning 

During F)-i-78=79, cost-shared geothermal development 
planning p r o j e c t s  were i n i t i a t e d  i n  15 western states. In  
Cal i forn ia ,  Phase I funded s t a f f  support  t o  t he  Technical 
Advisory Committee of t h e  Geothermal Resources Board, and 
sponsored a series of workshops dealing with financing of  
geothermal development. Phase 11 is  now underway, and 
should include more s p e c i f i c  ~ lanning and information 
dissemination ac t iv i t ies  directed t o  t h e  n s of s p e c i f i c  
l o c a l  governments and indus 

Nat ional  Proaress  Monitor 

The ultimate test of t h e  f ral  commercialization pro- 
gram w i l l  b e  t h e  ex ten t  t o  which t h e  var ious  program. ele- 
ments accelerate geothermal development. EIowever, a b a s i s  
f o r  earlier evaluat ion of progress  i s  needed f o r  t imely 
r ev i s ion  of program e f f o r t s ,  p r i o r i t i e s ,  and object ives .  
Design of a computerized na t iona l  progress monitoring system 
was i n i t i a t e d  i n  FY 79 t o  monitor t h e  rate of geothermal . 

development and the  impact of  f e d e r a l  programs, and t o  iden- 

developed t o  evaluate f a c t o r s  t h a t  express  commercialization 
t i f y  emerging problem areas. Program criteria were . .  

* For a more de t a i l ed  descr ip t ion  of Cal i forn ia  pro- w grams, see Sect ion 5.24. 
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progress o r  have an i d e n t i f i a b l e  impact  on near-term goals.  
Under a Pro jec t  Management System, add i t iona l  a c t i v i t y  meas- 
u res  were set up t o  evaluate t h e  progress of f e d e r a l l y  sup- 
ported p r o j e c t s  on s p e c i f i c  sites. Completion of system 
design and reg iona l  implementation were scheduled f o r  t h e  
end of t h e  f i r s t  quarter  FY 80. 

Interagency Coordination Federal  Pol icy Analysis' 

During FY 79-80, t h i s  subprogram supported the IGCC and 
i t s  panels  and working groups through review of new regula- 
t i o n s  and coordinat ion of f e d e r a l  geothermal budgeting and 
l eas ing  activit ies.  It a l s o  i d e n t i f i e d  new pol icy  measures 
and regula tory  and l e g i s l a t i v e  changes needed t o  support  
achievement o f  commercialization goals. The Geothermal 
Streamlining Task Force Report contained 19 recommendations 
f o r  adminis t ra t ive ,  regulatory,  and l e g i s l a t i v e  changes t o  
streamline geothermal l ea s ing  of f e d e r a l  l ands  and siibse- 
quent development activit ies.  A geothermal Omnibus B i l l  w a s  
prepared by t h e  I n s t i t u t i o n a l  Barriers Panel of t h e  IGCC f o r  
submit ta l  t o  the Off ice  of Management and Budget.* 

Economic Studies  and Barrier Analysis 

The ob jec t ives  of t h e  Economic Studies and Barrier 
Analysis Program were t o  e s t a b l i s h  o v e r a l l  market penetra- 
t i o n  p o t e n t i a l  f o r  hydrothermal resources ,  t o  optimize*- mark- 
e t i n g  s t r a t egy ,  and t o  determine t h e  impacts of f ede ra l ,  
state, and l o c a l  laws (or  the  l a c k  of them) on commerciali- 
za t ion.  

During FY 79, t h e  c o s t s  and b e n e f i t s  of current DOE R6D 
on geothermal electric power development were evaluated. 
Geothermal supply curves were developed f o r  37 s p e c i f i c  
sites f o r  electric power generat ion,  analyzing the  impact of 
current R&D e f f o r t s .  The decis ion processes  of both l a r g e r  
and s m a l l  developers were analyzed. In  support  of the 
increas ing  emphasis on d i r e c t  use,  a number of d i s t r i c t  
heat ing c o s t  models were developed and successfu l ly  t e s t e d  
f o r  a p p l i c a b i l i t y  yainst e x i s t i n g  systems i n  Iceland and 
two sites i n  Utah. In  addi t ion ,  r e l evan t  f ede ra l ,  s ta te ,  
and local laws and regula t ions  were reviewed and recommenda- 
t i o n s  developed f o r  i d e n t i f i e d  i n s t i t u t i o n a l  ba r r i e r s .  

R E E N T  ACTIVITIES - PRIVATE SECTOR DEVELOPMENT 

The Office  of F ie ld  and Regional Coordination (FRCO) 
had t h e  l ead  f o r  p r i v a t e  s e c t o r  development act ivi t ies  and 

c 
Ld 

* Some of these  reccomendations were included i n  t h e  
Energy Securi ty  Act of 1980; see descr ip t ion  in Section 7.3 
below. 
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ac ted  as  t h e  clearinghouse f o r  actual implementation of 
hydrothermal commercialization p ro jec t s ,  e i t h e r  d i r e c t l y  o r  
through appropriate  f i e l d  o f f i ces .  

Market Assessment 

To e s t a b l i s h  t h e  foundation f o r  a marketing s t r a t egy ,  
market s t u d i e s  were c a r r i e d  o u t  during FY 7 9  i n  15 western 
and 4 northern states t o  (1) define the  p o t e n t i a l  d i r e c t  use 
market, (2) pred ic t  t h e  degree of market pene t ra t ion  as a 
func t ion  of l oca t iona l  energy supply and demand, (3) iden- 
t i f y  environmental cons t r a in t s ,  l e g a l  barriers, i n s t  tu-  
tdonal  f ac to r s ,  and technical  and financing l imi ta t ions .  In 
addi t ion ,  cooperat ive s t u d i e s  were i n i t i a t e d  with a number 
of groups from the  pulp paper and food processing indus t r i e s  
t o  determine the f e a s i b i l i t y  of geothermal energy uses. 

5 

. r  

. .  

Hydrothermal Applications 

The primary t a s k  of t h e  Hydrothermal Applications Pro- 
gram w a s  t o  s t imu la t e  *developer and user  p a r t i c i p a t i o n  and 
cost-sharing I n  f e a s i b i l i t y  analyses  and d i r e c t  hea t  u t i l i -  
za t ion  demonstration projects .  

appl ica t ions  a t  s p e c i f i c  s i tcs  were funded I n  FY 79 t o  be  
completed i n  FY 80. Of t h e  eleven awarded, f i v e  concern 
i n s t i t u t i o n a l  uses and d i s t r i c t  heat ing and the  remaining 
six are f o r  i n d u s t r i a l  appl icat ions.  Indus t r i a l  ' applica- 
t i o n s  include a f e e d l o t  operat ion,  nylon stockings manufac- 
ture, a frozen food fac tory ,  a sewage treatment.  p l an t ,  pro- 
duct ion of e thanol  from farm products f o r  use as a gasol ine 
supplement, and tungsten metal processing. Each engineering 
and economic s tudy  m u s t  consider technica l ,  environmental, 
l e g a l ,  and cost-benefi t  a spec t s  of tapping geothermal 
resources  known o r  thought t o  e x i s t  near i n d u s t r i a l  sites. 

Eleven technical/economic s t u d i e s  ~ f o r  d i  

6d 

3 Two p r o j e c t s  loca ted  i n  Cal i forn ia  were selected: 

Westec Services ,  Inc. of San Diego, i n  cooperation 
with Union Carbide Company, Bishop, Cal i forn ia ,  f o r  a 
s tudy of tungsten metal processing i n  Bishop. 

Burns and Roe I n d u s t r i a l  Service Corporation of 
Paramis, New Jersey, f o r  a s tudy  of a corn mi l l ing  
p l a n t  i n  East Mesa, Cal i fornia .  

Outreach Activit ies 

A p i lo t - l eve l  outreach program t o  provide technica l  
consul ta t ion  t o  prospect ive geothermal resource users ,  pub- 
l i c  information on hydrothermal resources and t h e i r  applica- 
t i o n s ,  and community a s s i s t ance  i n  development planning w a s  
i n i t i a t e d  i n  FY 79 with the  a s s i s t ance  of t h e  Idaho National hi 
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Engineering Laboratory and the  Oregon I n s t i t u t e  of Technol- 
ogy. The National Conference of State Legis la tures  he ld  
workshops i n  ten states* t o  assist i n  development of l eg i s -  
l a t i o n  needed t o  encourage geothermal commercialization.** 

Geothermal Loan Guaranty ProRram 

The Geothermal'Loan Guarantee Program i s  a major source 
of f i n a n c i a l  incent ive  f o r  geothermal development. As of 
August 1979, it  has approved four p r o j e c t s  with guarant ies  
t o t a l i n g  $43.4 mill ion.  Four appl ica t ions  were i n  process 
f o r  another $88 mi l l ion  i n  loan guarant ies ,  with addi t iona l  
requests  expected. A more de ta i l ed  descr ip t ion  of t he  Loan 
Guaranty Program is provided i n  Section 5.12. 

FUTURE DEVELOPMENTS 

The Division of Geothermal Resources Management w a s  
es tab l i shed  i n  FY 79 t o  implement the  f ede ra l  hydrothermal 
commercialization program. The s t r a t e g y  chosen f o r  f ede ra l  
commercialization e f f o r t s  tax and economic incen- 
t ives ,  expansion of the Loan Guaranty. Program, 
reservoi r  i d e n t i f i c a t i o n  and confirmation programs , hydroth- 
ermal technology development , and aggressive market def i n i -  
t i o n ,  coupled with technica l  a s s i s t ance  and outreach pro- 
grams t o  reach p o t e n t i a l  users.  The proposed FY 80 budget 
l e v e l  w a s  designed t o  maintain the  momentum generated by 
pas t  a c t i v i t i e s  so t h a t  adjustments i n  subsequent years  can 

. b e  made when FY 79 and FY 80 t rends  become apparent. (See 
Table 5.11-1) 

More de ta i l ed  descr ip t ions  of t he  supporting programs i n  
Energy Technology (Division of Geothermal Energy) and 
Environment (Division of Environment and Safety) a r e  
presented i n  Sections 5.13 and 5.14. 

. 

LJ 

* Arizona, Connecticut, Delaware, Maryland, Nevada, New 
Mexico, Oregon, Vermont , Virginia,  and Washington. 

** Workshops i n  Cal i forn ia  were conducted by a number 
of state agencies. See Summary of Cal i forn ia  Workshops i n  - 

Ld  Section 5.23. 
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Table 5.11-1 0 
Plan f o r  Hydrothermal 

Ma j o r  Ac t iv i t i e s  

Planning & Analysis 
S i t e  s p e c i f i c  

State and l o c a l  
' planning support 

Interagency 
coordlnation 

National progress 
monitoring 

National and Federa: 
program analys is  

Federal policy 
ana lys i s  

development plans 

Marketing 
User commitment 

i n i  t i a  t l v e s  
Support in f ras t ruc-  

t u r e  development 
Outreach a c t i v i t i e s  
Incentives out lays  
In te rna t iona l  

marketing 

ts 

Total 

Source: Departmc 
Resources Management, 
Plan for Geothermal HJ 

I 

lice of Emerging Energy Sources-Resource 
:$ i n  Thousands). 

FY 1979 FY 1980 
OBs 

2163 

1335 

125 

350 

2185 

275 

1550 

400 

740 
385 
180 

costs OBs Costs 

2100 1500 1125 

1335 . 1250 940 

125 200 200 

350 350 260 

2085 2200 1650 

275 480 360 

850 790 590 

325 500 375 

660 900 675 
340 500 375 
180 330 250 

9686 8625 9000 6800 

t of Energy, Division of Hydrothermal 
iscal Year 1980 Multi-Year Program 
rothermal Resources, October 1979. 
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2. 

3. 

REFEPdNC ES 

Department o f .  Energy, Division of Hydrothermal 
Resources Management, Fiscal Year 1980 Multi-Year Pro- 
gram Plan for Geothermal Hydrothermal Resources, 
October 197 9. 

Department of Energy, Solar, Geothermal Electe c and 

mal Energy), FY 1980, July 1979. 
Storage Systems, Program Summary Document (for GeDther- i 
- 
Geothermal Resources Council Bulletin. 
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5.12 THE GEOTHERMAL LOAN GUARANTY PROGRAM 

b' COMMERCIALIZATION ISSUE 

The a v a i l a b i l i t y  of venture  c a p i t a l  i s  c r i t i ca l  t o  t h e  
commercialization of new energy technologies. A t  p resent ,  
geothermal p ro jec t s  m u s t  compete with a l imi ted  track record 
on t h e  rate of r e t u r n  on investment i n  the  c a p i t a l  market. 

. PROGRAM DESCRIPTION 

The Geothermal Loan Guaran Program (GLGP) is a 
f e d e r a l  e f f o r t  t o  promote new herma1 investments by 
assuming the  ul t imate  f i n a n c i a l  ' r i s k  f o r  qua l i f ied  pro jec ts ,  
thus making them more attractive compared with o ther  invest-  
ment opportuni t ies .  The program i s  a l s o  designed t o  
expedi te  development of normal borrower-lender re la t ionships  
b e  tween the industry and the f inanc ial community Financ i a l  
i n s t i t u t i o n s  are enco'uraged t o  f ami l i a r i ze  themselves with 
geothermal energy, thereby diminishing t h e  level  o f .  per- 
ceived r i s k  associated '  with a f ledgl ing  industry.  ~ 

The GLGP was e s t a b l i s h  under t h e  Geothermal Energy 
Research, Development and n s t r a t i o n  Ac t  of 1974 (PL 93- 
410), and i s  administered by the  Department of Energy 
(DOE).' The San Francisco Operations Off ice  ( S A N )  of DOE has  
na t iona l  r e spons ib i l i t y  f o r  processing a l l  loan guaranty 
appl ica t ions  f o r  the program, which has  been in e f f e c t  s ince  
June 1976. DOE headquarters r e t a i n s  f i n a l  approval respon- 
s i b i l i t y ,  and the  payment of guaranty obl iga t ions  under the 
GLGP is2backed by t h e  f u l l  f a i t h  and c r e d i t  of t he  United 
S t a t e s  

The GLGP i s  n o t  a g cing arrange- 
ments are made w i t h . a  commercial lending I n s t i t u t i o n  that i s  
wi l l i ng  t o  make the. loah s u b j e c t  t o  guaranty approval. The 
lender  w i l l  evaluate  t h e  soundness of  t h e  loan,  using cri- 
t er ia  similar t o  non-guar fmum tern of t he  
loan w i l l  be determined rage useful l i f e  
of any major physical  asse b e  financed, t he  borrower's 
a b i l i t y  t o  repay based o sh  flow pro jec t ions ,  o r  30 . 

years ,  whichever is  less.* A user  f e e  vi11 be charged of no t  
more than 1% annually on the  average outstanding loan bal-' 
ance, The p ro jec t  must b e  both  t echn ica l ly  f e a s i b l e  and 
environmentally acceptab F ina l ly ,  t h e r e  must b e  reason- 

Under t h e  terms of t h e  act  n t s  i n  PL 
95-238), guarant ies  -may b e  granted f o r  ,up t o  75% of the  
t o t a l  p ro j ec t  cost .  The appl icant  must on t r ibu te  a t  least  
25% of t h e  equi ty ,  and t h e  total+ r an t i ed  amount is 

surance of repaym 

w * See Code of Federal Regulations, Section 790, G-Ha 
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l imi ted  t o  $100 mi l l i on  per  p r o j e c t ,  and $200 mi l l i on  p e r  
borrower. The funds may b e  used f o r  any o r  a l l  of t h e  fol-  

\A 

lowing purposes : li 

1. 

2. 

The determination and evaluat ion of t h e  resource base; 

Research and development on ex t r ac t ion  and u t i l i z a t i o n  
technologies ; 

3. Acquiring r i g h t s  t o  geothermal resources;  

4. Planning, construct ion,  and operat ion of f a c i l i t i e s  f o r  
, t he  demonstration o r  commercial production of energy 

from geothermal resources. 

In addi t ion  t o  guarant ies ,  t h e  l a w  cu r ren t ly  allows d i r e c t  
i n t e r e s t  d i f f e r e n t i a l *  payments t o  munic ipa l i t i es  and o ther  
publ ic  e n t i t i e s  using t h e  Loan Guaranty Program t h a t  must 
raise debt through taxable  obl iga t ions .  The program w i l l  
expi re  on September 3, 1984, with a l l  loans  guarant ied p r i o r  
t o  that da t e  honored according t o  the  loan agreement. 

P r i o r i t i e s  have been establis ed for t he  eva lua t ion  of 
p r o j e c t s  i n  the  following order:** 9 . 

1. Pro jec t s  with apparent p o t e n t i a l  f o r  e a r l y  development 
of geothermal energy; 

Pro jec ts  designed t o  u t i l i z e  new technological advances 
o r  produce advanced technology components; 

Pro jec ts  which w i l l  demonstrate o r  e x p l o i t  the  commer- 
c ia l  po ten t i a l  of new geothermal resource areas; 

Pro jec ts  i n i t i a l l y  proposing geological  and geophysical 
explorat ion,  o r  the acqu i s i t i on  of land o r  leases. 

Furthermore, p r e f e r e n t i a l  considerat ion w i l l  b e  given t o  
p r o j e c t s  f o r  which a lender  provides  a por t ion  of t h e  loan  
without government guaranty. P ro jec t s  which provide royal i -  
t i es  t o  t h e  f e d e r a l  government, o r  which are c a r r i e d  out  by 
s m a l l  publ ic  and p r i v a t e  u t i l i t i e s  o r  s m a l l  independently 

iJ 
2. 

3. 

4. 

* I n t e r e s t  d i f f e r e n t i a l  is t h e  add i t iona l  cos t  incurred 
by a public  agency when i ssu ing  taxable  debt  ob l iga t ions ,  as 
opposed t o  the non-taxable ob l iga t ions  t h a t  they usua l ly  is- 
sue. The amount w i l l  b e  the  d i f f e rence  i n  market y i e lds  of 
t h e  two i s sues ,  and i n  t h e  event they are s o l d  a t  f a c e  
value,  t h i s  w i l l  equal the d i f f e rence  i n  i n t e r e s t  rates they 
bear . -. 

L t  ** Proposed regula t ions  may modify these  p r i o r i t i e s .  
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owned and operated businesses,  a l s o  rece ive  preference. 

GLGP PROJECTS 

As of February 1980, the  GLGP has  approved four pro- 
jects with guarant ies  t o t a l i n g  $43.4 million. Four applica- 
t i o n s  are in process f o r  another $88 mil l ion  In loan guaran- 
ties, with add i t iona l  reques ts  an t ic ipa ted .  Table 5.12-1 
summarizes the  GLGP a c t i v i t y  t o  date. 

Three of the  appr ed p r o j e c t s  t o  da te  have been i n  
Imperial -Valley, California.  A combined generating capacity 
o f  174 MWe is an t i c ipa t ed  from explorat ion and f i e l d  
development a t  South Brawley by CU1, i n  t he  East Mesa by 
RGI, and a t  Westmorland by MAPCO. 

Two electric appl ica t ions  and two greenhouse direct-use 
p r o j e c t s  are cu r ren t ly  being 'processed;  two are In  Califor- 

e Northern Cal i forn ia  Power Agency i s  requesting a 
of $47 mil l ion  f o r  Its 110 MWe, Number 2 p lan t  a t  

The Geysers. The second appl ica t ion  i s  the  C U I  f i e l d  
development follow-on a t  South Brawley i n  the Imperial Val- 
ley. An overview of cur ren t  appl ica t ions  i s  presented i n  
Table 5.12-2. 

' 

HMEmS AND kECWENDATI0NS 

' Current and in-process guarant ies  present ly  t o t a l  
$104.2 mil l ion ,  with follow-on commitments of $153 mil l ion  
f o r  t he  East Mesa pro jec t .  This w i l l  support  339 IiWe of 
geothermal electric po ten t i a l ;  no estimates of energy use 
are ava i l ab le  f o r  t h e  th ree  direct-use pro jec ts .  DOE has 
had preliminary discussions with p o t e n t i a l  appl icants  from 
Cal i forn ia ,  Colorado, H a w a i i ,  Idaho, New Mexico, Utah, and 
Wyoming. This growing l e v e l  of GLGP a c t i v i t y  suggests 
increased acceptance of  t h e  program by both lenders  and bor- 
rowers. ~ 

In response t o  the growing i n t e r e s t  publ ic  agencies 
and s m a l l  businesses i n  geothermal development f o r  both 
e l e c t r i c i t y  generation and d i r e c t  hea t  uses ,  GLGP i s  now 
examining a number of ac t ions  t o  streamline the loan 
guaranty process. In  addi t ion ,  geothermal l e g i s l a t i o n  
introduced i n  the t h e  Senate included severa l  measures 
intended t o  maximize the usefulness of the  program.* The 

d Church of Idaho have 
two d i f f e r e n t  b i l l s ,  S. 1330 and S. 1388, respect ively.  In 
the  House of Representatives,  Rep. San t in i  has  introduced 
H.R. 6080. These b i l l s  were consolidated within the Energy 
Secur i t i e s  A c t ,  described i n  Section 7.3. 
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Table 5.12-1 Summary of Projects Approved to nate under the Geothermal Loan 
Guaranty Program 

IbCATIOM BORRIOWQ 

Dril led 4 re ia jec t iaa  and 

perature 160-1680 C a t  
mllhead when pumped. USGB 
agreem t h a t  project  can 
produce 64 )tw for 2S parr. 

Republic G e o t h e r m a l ,  bank of brariea $ 9,017~000 Iteraorco explaratibn h a t  Heaa, 
IN.  and te8 th tg  Cali forni. 7 production uallr. 7em- 

$29,1OWOO Beraorco explorat ion, War tmorland, Guaranty recently awarded; Ueaharlaad (lee bank of America 
thermal Aarociatea taet ina,  md f u l l  Imperial Caaaty, exploration beginning. 

f i e l d  developmeat , California 

Geothermal rood deorgh S t a t e  $ 3,500,000 Praeear heat  to  brady Rot Spring., Plant operational and run- 
hacearora, Iac. Btmte Teachera dry agricul tural  Nevada nin8 a t  88-100% of capacity. 

8et i rewnt  Bya tem product a - bryia8 eontractr  ruf f ic ien t  to repay debt. back-up well 
flow affect ing ptoduction 
wall .  

-1 bank of Iloatreal b 1 , t M o , ~  Ueraurce a p l a r a t i o a  . Bravley, b p e r i a l  One production vat1 d r i l l e d  
(Ca l i  fornia) and t e a t i n t  County, California to 14,060' feet ,  wellhead 

temperature of 232OC. e a l i r  
ity of wer 269,000 ppm. 

*?iguroa aro t o n e a t  aa at Iebruary 1980. 

Source: Interagency Geothermal Coordinating Council; Fourth Annual Report on 
the Geothermal Energy Research, Development and Demonstration Program, June 1980. 
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Table 5.12-2 Current GLGP Applications* ‘. 
Projec t  Type cosr Guaranty 

1. cu-I Electric - Fie ld  $ 78.8. $ 49.4 
($ mill ions)  

South Brawley, CA. Development 

2. NCPA, The Geysers Power P lan t  56.2 47.1 
I *  

3. Oregon T r a i l  Mush- Mushroom Plant  ~ 6.2 4.7 

4. R&R Energies, Inc, Ethanol P lan t  “4.0 3,O 

, rooms, Vale, OR. - ’  

Y 
Cove Fort ,  Utah 

Source: Interagency Geothermal Coordinating Council, Fourth 
Annual Report on the  Geothermal Energy Research, Development, 
and Demonstration Program, June 1980, 

*Figures are cur ren t  as of February 1980 ’ 

individual  proposals w i l l  be discussed below. 

Reduced equi ty  requirement si 
Since public agencies f ace  d i f f i c u l t i e s  i n  r a i s ing  t h e  

required 25% GLGP equi ty  and cannot receive investment tax 
c r e d i t  incent ives  under the  National Energy Act, It i s  pro- 
posed t h a t  guarantees of 90% b e  authorized t o  put them on 
p a r i t y  with pr iva te  investors .  S m a l l  businesses would a l s o  
be  allowed the  increased coverage, pr imari ly  as a device to  . 
s t i m u l a  te  their geothermal development a c t i v i t i e s  . 
Elimination of requirement for borrower defaul t  

Utilities have been r e l u c t a n t  to  p a r t i c i p a t e  i n  the  
GLGP because i t s  cu r ren t  regula t ions  r equ i r e  them t o  de fau l t  
before  a loan would b e  repaid. The importance of t h e i r  
c r e d i t  r a t i n g s  and t h e  e f f e c t  of defau l t  on these r a t i n g s  
are s i g n i f i c a n t  de t e r r en t s  t o  GLGP par t ic ipa t ion .  It has 
been proposed t h a t  DOE b e  allowed t o  assume loans upon 
request ,  thereby a l l e v i a t i n g  u t i l i t y  l i es i ta t ion .  

I 
~ In  addi t ion ,  an ongoing e f f o r t  i s  made by DOE manage- 

ment t o  s t reamline the  GLGP appl ica t ions  process f o r  
direct-use p ro jec t s  and t o  in t eg ra t e  t h e  program with o ther  
commercialization programs. The GLGP is the  l as t  phase of 
cost-shared government support ,  which includes both funding 

I bj f o r  f e a s i b i l i t y  s t u d i e s  and f i e l d  demonstration pro jec ts .  
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The l inkage of t h e  GLGP with o the r  commercialization meas- 
u res  should f a c i l i a t e  t h e  t r a n s i t i o n  from one l e v e l  of r i s k  

t o  a lower 
one. 

h 
L i  (and the  assoc ia ted  need f o r  government support)  
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5. 13 GEOTHERMAL /HYDROTHERMAL TECHNOLOGY DEVELOPMENT - 
DIVISION GEOTHERMAL RESOURCES 

COMMERCIALIZATION ISSUE 
CJ 

Technology development i s  expected t o  af  f e c t  commer- 
c i a l i z a t i o n  of geothermal iesources  f o r  about seven t o  t e n  
years  a f t e r  i ts inception. Research and Development con- 
ducted by  DOE during the  1970s i s  providing t h e  technology 
base f o r  present  growth through the  mid-1980s. To encourage 
geothermal development, DOE has  sponsored act ivi t ies  t o  
def ine  resources  p o t e n t i a l ,  reduce technica l  unce r t a in t i e s  , 
aud improve t h e  c o s t  competitiveness of hydrothermal 
resources.  The major impact of t h e  cu r ren t  R&D program w i l l  
b e  on longer  term development. 

TECHNOLOGY TRANSFER 

An i n t e g r a l  p a r t  of t h e  DGE program s t r a t e g y  i s  t o  
ensure the  t r a n s f e r  of knowledge and technology by Involving 
end-users i n  t h e  development of t h e  tnformation. Cowen- 
t i o n a l  information dissemination techniques,  such as r epor t  
d i s t r i b u t i o n ,  workshops and conferences, news releases, 
etc., are used i n  the  program. In addi t ion,  t h e r e  is  a c t i v e  
involvement i n  most p ro jec t s  and procurement ac t ions  of com- 
mercial e n t i t i e s  t h a t  are l i k e l y  t o  ensure the  f u t u r e  com- 
mercial a v a i l a b i l i t y  of t he  technology. 

PROGRAM DESCRIPTION - DIVISION OF GEOTHEFNAL ENERGY , 

Three programs are cu r ren t ly  being c a r r i e d  out  by the  
Division of Geothermal Energy (DGE) (now a p a r t  of t h e  Divi- 
s i o n  of Geothermal Energy, under the s i s t a n t  Secretary f o r  
Resources Applications) *: ( 1) Hydr rmal Resources, ( 2 )  
Geopressured Resources, and (3) Geothermal Technology 
Development.** Table 5.13-1 provides the funding l e v e l s  by 
programs f o r  FY 1978 through FY 1980. 

The emphasis of t h e  Geopressure Resources Program i s  
present ly  on explora t ion  and resources  confirmation and i s  

1 
*See update on DOE reorganizat ion in Section 7.3. 

** The descr ip t ion  of t he  Hydrothermal Program i s  ex- 

I 
cerpted i n  p a r t  he Solar ,  Geothermal, Electric & 
Storage Promam Document for FY 1980, prepared by , 

t h e  Ass is tan t  Secretary f o r  Energy Technology and the  Third 
Annual Report of t h e  teragency Geothermal Coordinating , 

Council. For a more cent  descr ip t ion ,  see Interagency 
Geothermal Coordinatin unc i l ,  Fourth Annual Report, &g- 
thermal EnerRy, Research, Development a d  Demonstration pr0- 
gram, June 1980. W 
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Table 5.13-1. Geothermal Program Funding Levels, FY 1978 Li 
through FY 1980 (thousands of d o l l a r s )  

Actual E s t i m a t e  Estimate 
Programs FY 1978 FY 1979 F’Y- 1980 

Hydrothermal Resources 55,000 70,900* 59,100 
Geopressured Resources 16,400 27,700 36,000 
Geothermal Technology 

Development 34,400 57,600** 43,900 

Tota l  105,800 156,200 139,000 

Source: 
Energy Technology. 
Systems Program Summary Document - FY 1980, Ju ly  1979. 
*Funding f o r  t h e  Regional Planning element of t h i s  program 
w a s  t r ans fe r r ed  t o  t h e  Division of Hydrothemil  Resources 
Management, (RA) . 
**Funding f o r  t h e  Interagency Coordination and Planning 
element of this program w a s  t r ans fe r r ed  t o  t h e  Divison of 
Hydrothermal Resources Mangement, (RA) . 

Department of Energy, Ass is tan t  Secre ta ry  f o r  
Solar ,  Geothermal, Electric and Storage 

‘icp. 
not  included i n  the  following desc r ip t ion  because i t  i s  
beyond the  scope of t h i s  repor t .  A b r i e f  summary of t h e  
Geothermal Technology Development Program is included below, 
under a separa te  s e c t i o n  on Future A c t i v i t i e s ,  t o  highl ight  
longer  term impacts on commercialization of hydrotheruial 
resources  . 
Hydrothermal Resources Program 

The s t r a t e g y  f o r  the DGE Hydrothermal Program has been 
t o  pursue a mix of s h o r t  and medium term goals  which w i l l  
expand the  use of high-temperature resources  while simul- 
taneously e s t ab l i sh ing  the  technology which w i l l  al low 
development of t h e  more prevalent  moderate temperature 
resources.  This involves:  

Q Resources Defini t ion:  confirm and assess geothermal 
prospects  i n  cooperation with industry.  

* Engineering Applications ( t h e  Program Opportunity 
Notice Program) : assist cost-shared direct-use f i e l d  
experiments which demonstrate the  p r a c t i c a l  and 
economic app l i ca t ions  of moderate temperature 
resources  e LJ 

-166- 



Q Environmental Control ( i n  cooperation with the  Off ice  
of t he  Assis tant  Secretary ' f o r  Environment): examine 
i s sues  associated with geothermal development ; estab- 
l i s h  environmental cont ro l  research and monitoring pro- 
grams; and support  preparat ion of Environmental Impact 
Assessments and Environmental Impact Reports. 

Facilities: Maintain 
f e c t  equipment, materials, and techniques use t o  
exp lo i t  hydrothermal resources,  p a r t i c u l a r l y  f o r  gen- 
e ra t ing  electric power. 

' * 50 MWe demonstration power p l an t  (Valles Caldera, 
NM): e s t a b l i s h  t h  commercial f e a s i b i l i t y  
power production from high- t empe r a t ur e, 
s a l i n e  geothermal f lu ids .  This p l an t  w i  
t he  technical  and economic v i a b i l i t y  of the  technology 
a t  f u l l  commercial scale; t h i s  cost-shared pro jec t  was 
awarded a f t e r  a competit ive s o l i c i t a t i o n .  

Table 5.13-2 presents  t he  funding l e v e l  f o r  the' Hydrothermal 
Resource Program. A b r i e f  discussion of recent  a c t i v i t i e s  
i n  each of t h e  subprograms appears below. 

Table 5.13-2. Hydrothermal Resources 
Subprograms, FY 1978 through FY 1980 (thousands of d o l l a r s )  

Actual Estimate Estimate 

68' 

Activities 1 FY 1978 FY 1979 FY 1980 

Resources Def in i t ion  
Engineering Applications** 
Environmental Control 
F a c i l i t i e s  
Capi ta l  Equipment 

Source: Department of Energy, e s l s t a n t  Secretary 

I 
I Systems Program Summary Document - FY 1980, Ju ly  1979. 

f o r  Energy Technology, Solar ,  Geothermal, Electric and Storage 

RECENT ACTIVITIES 

Resource Def in i t ion  I 

1 

The Geothermal Steam A c t  of 1970 assigned the U.S. Geo- 
l o g i c a l  Survey (USGS) primary r e spons ib i l i t y  fo r  long-term 
assessment of t h e  nature ,  d i s t r i b u t i o n ,  and energy po ten t i a l  
of na t iona l  geothermal resources DOE'S Resources Defini t ion 

6, 
I 
I 
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Subprogram includes t h r e e  bas i c  elements.* The f i r s t  is 
reg iona l  and na t iona l  assessment of t h e  hydrothermal 
resource i n  cooperation with the  USGS. With DOE support ,  t h e  
USGS has  updated i t s  o r i g i n a l  assessment of U.S. geothermal 
resources. 

The second element i s  confirmation of geothermal reser- 
v o i r s  with apparent commercial p o t e n t i a l  f o r  p r o d u c i k  elec- 
t r i c i t y .  Under t h e  Industry-Coupled Program, exploratory 
d r i l l i n g  cos t s  are shared with indus t ry  i n  exchange f o r  pub- 
l i c a t i o n  of r e se rvo i r  data. 

I 

, Third, under t h e  State-Coupled Program, low and 
moderate temperature resources ( f o r  d i r e c t  hea t  appl ica t ion)  
are being defined i n  cooperation with 28 of he 37 s t a t e s  
t h a t  have been i d e n t i f i e d  as having resource poten t ia l .  
This includes ana lys i s  of e x i s t i n g  geological  and geophysi- 
cal  da ta  t o  e s t a b l i s h  the  ex is tence  and loca t ion  of hydroth- 
ermal resources under Phase I. 

Phase I1 provides more de t a i l ed  assessments of identi--  
f i e d  areas. This phase may include the  d r i l l i n g  of deep 
holes  t o  confirm the  ex is tence  and na ture  of t h e  resources. 

In  Cal i forn ia ,  t h e  Divis ion of Mines and Geology has  
prepared a map showing low and moderate resources i n  t h e  
state based on accumulated information under Phase I. Phase 
11 may involve d r i l l i n g  of shallow w e l l s  a t  both Cal is toga 
and Paso Robles t o  confirm the  charac te r  of hydrothermal 
resources i n  these areas.** 

, Engineering Applications 

There has  been l i t t l e  use of geothermal energy f o r  
nonelec t r ic  purposes i n  t h e  United S ta t e s ,  except f o r  a few 
cases of space and water heating f o r  commercial and residen- 
t i a l  bui ldings,  c e r t a i n  i n d u s t r i a l  uses ,  such as food- 
processing, and ag r i cu l tu ra l .  

Through t h e  Program Opportunity Notice (PON), DOE is 
sponsoring f i e l d  experiments, on a cost-sharing bas i s ,  t h a t  

*Under i t s  pre-commercial program, DOE has  a l s o  
cooperated with t h e  USGS i n  an e f f o r t  t o  confirm t h e  ex- 

' i s t e n c e  of suspected hydrothermal reservoi rs .  To da te ,  ac- 
t i v i t i e s  have included d r i l l i n g  a t  M t .  Hood, Oregon, and the  
Snake River Plain,  Idaho. The program w i l l  b e  discontinued 
i n  FP 1980 because new incent ives  i n  the  NEA are expected t o  
encourage industry t o  pursue the  confirmation of hydrother- 
m a l  resources. 

**See a l so  discussion i n  Sect ion 5.24. 
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demonstrate t he  d i r e c t  u t i l i z a t i o n  or combined electric and 
d i r e c t  use of geothermal energy. These demonstrations are 
intended t o  provide (1) examples of p r o f i t a b i l i t y  of var ious  
nonelec t r ic  appl ica t ions  i n  a number of geographic regions,  ' 

and (2 )  add i t iona l  technica l ,  economic, i n s t i t u t i o n a l ,  and 
environmental da ta  -under actual operating conditibns. 

L) 
$ 

DOE has  spent  'or 'obligated approximately $25.55' mil l ion  
t o  ca r ry  out  22 PON pro jec t s  i n  FY 19'78-1981, with t h e  
government sha re  varying from 22% t 80% of t o t a l  p ro j ec t  
c o s t s  . 

The f i v e  f i e l d  experiments contracted i n  Cal i forn ia  are 
b r i e f l y  described below. 

Q Direct Applications a t  Kelly Hot- Springs 

Using two w e l l s  a t  Kelly Hot Springs, t he  Geothermal 
Power Corporation w i l l  demonstrate a geothermal d i r e c t  
energy app l i ca t ion  t o  a l i ves tock  feed production sys- 
tem and hog feed l o t  operation. The government w i l l  
provide 30% of the $6,000,000 t o t a l  cost .  

e District  Eeating, Susanvi l le  

The c i t y  w i l l  use the  Susanvi l le  geothermal resource t o  
provide space heat ing t o  17 ex i s t ing  public buildings.  
A p a r a l l e l  e f f o r t  w i l l  involve expansion of t he  c i t y  
system and development of a commercial park. The 
government w i l l  provide 45% of t h e  $4,300,000 t o t a l  
cos t .  

Aquafarms In t e rn  onal ,  Mecca - ,  " 

A commercial f i s h  farmer w i l l  expand an ex i s t ing  geo- 
thermally suppl ied system tp raise g i a n t  Malaysian 
prawns. The government will provide 
$1,090,000 t o t a l  cost .  

a Holly Sugar 

This p ro jec t  involves the  des  , i n s t a l l a t i o n ,  and 
operat ion of a geothermal energy system t o  b e  used 
d i r e c t l y  f o r  process hea t  a t  t h e  Holly Sugar Refinery. 
The government wil de 22% of t h e  $18,000,000 
t o t a l  cost .  

e Geothermal District Heating, E l  Centro 

Geothermal resources from t h e  Heber KGRA w i l l  provide 
space cooling and heat ing and domestic hot water to the . * I 

community cen te r  a t  El Centro. This p ro jec t  w i l l  serve 
as t h e  core  f o r  a f u t u r e  dis t r ic t  heat ing and cooling Li system f o r  t he  c i ty .  The government w i l l  provide 27% 
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I 
of the  $2,650,000 t o t a l  cost .  

Environmental Control  

The Environmental Development Plan (EDP) f o r  Geothermal 
Energy Systems has  ’ i d e n t i f i e d  a number of environmental, 
hea l th ,  and s a f e t y  problems assoc ia ted  with geothermal 
development. Release of hydrogen s u l f i d e  (H2S) i s  a major 
a i r  qua l i t y  nuisance. Hydrogen s u l f i d e  has an of fens ive  odor 
and may cause corrosion of exposed metal. Withdrawal of 
f l u i d s  from r e s e r v o i r s  may cause land sur face  subsidence. 
Seismic dis turbances may r e s u l t  from f l u i d  ex t r ac t ion  and 
i n j  ec t ion  processes Fluid d isposa l  o r  s p i l l s  may contam- 
i n a t e  surrounding su r face  areas o r  groundwater. In addi- 
t i o n ,  geothermal ac t iv i t ies  may produce noise  levels unac- 
ceptab le  t o  nearby communities. 

DGE has  es tab l i shed  seve ra l  research programs t o  
address these environmental problems.* Issue d e f i n i t i o n  s tu-  
d i e s  were conducted f o r  l i q u i d  waste d isposa l ,  noise ,  and 
w e l l  blowout. The f i r s t  two s t u d i e s  began i n  cooperation 
with the  Division of Environmental Control Engineering. 
Environmental cont ro l  research programs cu r ren t ly  deal  with 
H2S emissions. One such system, a scrubber using copper 
s u l f a t e ,  w a s  successfu l ly  t e s t e d  a t  The Geysers geothermal 
f i e l d  i n  FY 77. Removal e f f i c i e n c i e s  f o r  H2S exceeded 992 
with t h i s  scrubber;  it a l s o  ex t r ac t ed  ammonia and bo r i c  
ac id  i n  l a r g e  quant i t ies .  A commercial-scale scrubber w a s  
t e s t e d  i n  FY 79 a t  the Geysers. 

In addi t ion t o  environmental con t ro l  s tud ie s ,  DGE spon- 
s o r s  environmental monitoring f o r  each of i t s  major f i e l d  
pro jec ts .  The monitoring p a r t  i s  t o  support  preparat ion of 
Environmental Impact ksessments/Statements (EIA/EIS), as  
required by NEPA regulat ions.  To assist with EIA/EIS 
preparat ion,  DGE has  developed guide l ines  f o r  environmental 
r e p o r t s  by contractors .  F ina l ly ,  DGE a l s o  encouraged t h e  
adoption of consensus s tandards and environmental perfor- 
mance criteria. Def in i t ion  of work s tandards i s  c a r r i e d  out  
i n  cooperation with t h e  Divis ion of Operational and Environ- 
mental Compliance, and with state and loca l  agencies. 

L 

FACILITIES 

DOE supported a number of f a c i l i t i e s  t o  demonstrate 
t h a t  electric power generat ion from hydrothermal resources  
i s  technica l ly  f e a s i b l e ,  economically sound, and environmen- 
t a l l y  acceptable.  

I*) 
* See a l s o  descr ip t ion  of he Environment and Safety . 

Program, Section 5.14 below. 
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Raft  River P i l o t  P lan t ,  Idaho ----- 
This p ro jec t  is a 5aWe binary  cyc le  p l an t  t h a t  uses a 

Rankine cyc le  t o  convert  energy from a moderate-temperature 
hydrothermal resource (3OOOF) t o  e l e c t r i c i t y .  

* . _  
Construction began i n  FY 78. Major equipment . w i l l  b e  

del ivered by February 1980, The supply and in j ec t ion  wells 
and su r face  piping have been completed; w e l l .  t e s t i n g  has  
begun. P lan t  operat ion i s  scheduled t o - b e g i n  e a r l y  i n  FY 

H a w a i i  Geothermal Wellhead Generator 

1981. I .  

The ob jec t ive  of t h i s  p r o j e c t  i s  t o  e s t a b l i s h  t h e  
f e a s i b i l i t y  of using wellhead genera tors  t o  produce base- 
load electrical power. The technology would b e  e spec ia l ly  
usefu l  i n  remote areas. The p r o j e c t  i s  j o i n t l y  funded by 
DOE and the  H a w a i i  Geothermal Pro jec t  Development Group, 
which includes t h e  S t a t e  of H a w a i i ,  the*county  of H a w a i i ,  
t h e  University of H a w a i i  and t h e  Hawaiian Electric Company. 
Conceptual and preliminary designs of a 5 MWe wellhead gen- 
e r a t o r  were completed i n  FY 79. Geothermal f l u i d  for  a 3 
MWe test generator w i l l  b e  suppl ied from an ex i s t ing  geo- 
thermal w e l l  in t h e  Puna d i s t r i c t  on Hawaii. The u n i t  w i l l  
b e  started i n  FY 81 and w i l l  operate  f o r  about two 

Geothermal LOOP Experimental F a c i l i t y  CGLEF) , Niland, fi 
The f i r s t  GLEF w a s  constructed i n  1975. It was 

designed t o  e s t a b l i s h  t h e  f e a s i b i l l t y  of f l a s h  steam/binary 
systems i n  t h e  production of electric power from high- 
temperature/high-salinity resources.  Pro jec t  c o s t  w a s  
shared equal ly  between DOE and t h e  San Diego Gas and Elec- 
t r ic  Company. The f a c i l i t y  operated 1,000 hours before  i t  
was shut down for removal of accumulated scale. New plant 
designs t o  reduce downtime f o r  incorporat ing redundant f l a s h  
t r a i n s  are expected t o  increase the  plant ' s  production capa- 
c i t y  from below 75% t o  Over 85% and >reduce energy production 
c o s t s  t o  below 38 mills/kWh i n  t h e  50 MWe site. 

Recent s t u d i e s  
pre-inj ec t ion  t reatments  t o  e l imina te  
problems. F a c i l i t y  

Geothermal Component 

This f a c i l i t y  provides high-temper 
low s a l i n i t y  geothermal f l u i d  and supporting se rv ices  t o  
experimenters f o r  W D  t e s t i n g  of equipment and components t o  
b e  used i n  advanced geothermal systems. The GCTF i s  
cu r ren t ly  used t o  test  both f e d e r a l l y  and commercially 
developed components. Operation w i l l  continue as long a s  
t h e r e  is  s u f f i c i e n t  demand by industry.  

t 
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Demonstration P lan t ,  Baca Ranch, Valles Caldera, Mexico 

In  FY 77, Congress authorized a DOE geothermal demons- 
t r a t i o n  p ro jec t  using a hot  water hydrothermal resource. 
The pro jec t  e n t a i l s  construct ion and operation of a 
commercial-scale (nominal 50 MWe) electric power plant .  A 
cooperative cost-shared agreement was signed i n  August 1979 
with the  Union O i l  Company of Cal i fornia  and the Public Ser- 
vice Company of New Mexico f o r  t he  construct ion and opera- 
t i o n  of t he  demonstration p l an t  a t  Valles Caldera, New Mex- 
ico. The demonstration p lan t  i s  scheduled f o r  operation i n  
t h e  second quarter of FY 82. It w i l l  provide technical data 
and f inanc ia l  operating experience f o r  a commercial-scale 
en terpr i se  

FlPTURE DEVELOPMENTS GEOTHERMAL TECHNOLOGY DEVELOPMENT PRO- 
GRAM 

DOE'S technology development e f f o r t s  focus on reducing 
the  c o s t s  of geothermal exploration, development, and u t i l i -  
zation. Table 5.13-3 presents  the  funding levels by subpro- 
grams f o r  FY 78 through FY 80. 

L . 1  
Table 5.13-3 Geothermal Technology Development Funding 

Levels by Subprograms, FY 1978- FY 1980 (thousands of do l l a r s )  

Activities 

Dr i l l i ng  and Completion 

Energy Conversion Systems 

Geochemical Engineering 

Geosciences 
Hot Dry Rock 
Capi ta l  Equipment 

Technology 

and Stimulation 

and Materials 

Actual E s t i m a t e  Estimate 
FY 1978 FY 1979 FY 1980 

2,300 

11,100 

3,600 
7,100 
5,900 
1,300 

6,000 

13,100 

6,000 
11,700 
15,000 

1,500 

7,000 

10,000 

3,700 
4,200 

14,000 
2,100 

Source: Department of Energy, Assis tant  Secretary 
f o r  Energy Technology, Solar,  Geothermal, Electric and 
Storage Systems Program Summary Document - FY 1980, Ju ly  1979. 

The program cons i s t s  of elements t h a t  complement the  
development of a geothermal resource. D r i l l i n g  & comple- - t i on  technology improvements could reduce the  cos t  of 
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geothermal wells 25% by 1983 and 50% by 1986. Current 
research t o  improved d r i l l  b i t s ,  downhole motors, and d r i l -  
l i n g  . f l u ids  w i l l  a f f e c t  t h e  d r i l l i n g  cos t s  of t h e  projected 
8,000 wells t h a t  must b e  d r i l l e d  t o  br ing  20,000 MWe of geo- 
thermal power on-line. 

The Enerzy Extract ion,  Conversion & Stimulation Tech- 
nolozy Subprogram is  developing pumps, hea t  exchangers, and 
power systems t o  use moderate-temperature geothermal f l u i d  
f o r  economical product ion  of elec tr i c i t y  * 

Several ongoing grams w i l l  improve the  performance 
and reduce c o s t s  of b inary  h e a t  exchangers. Heat exchangers 
account f o r  50 t o  70% of b inary  p lan  O s t S  and a l s o  
s t rongly  inf luence  t h e  e f f i c i ency  and c of binary sys- 
tems. Also included i n  t h i s  subprogram are t e s t i n g  and 
evaluat ion of a 1.2 MWe h e l i c a l  screw expander wellhead gen- 
e r a t o r  system. The h e l i c a l  screw expander w i l l . b e  t e s t e d  
both domestically and i n  Mexico, I t a l y ,  New Zealand, and 
Turkey under the  a ices , of t h e  In te rna t iona l  Energy 
Agency 

Stimulation i s  a way t o  increase  production from an 
ind iv idua l  w e l l ,  reducing t h e  number of wells required t o  
e x p l o i t  a reservoi r .  lcwo major e f f o r t s  i n  s t imula t ion  were 
i n i t i a t e d  i n  FY 79: 

e A $4.5 m i l  manage, , and imple- 
ment s timul a t i o n  research d t e s t i n g  which w i l l  
support  l abora tory  and s of formatgon aci- 
dizing and f rac tur ing;  

e Explosives are being u ate a Union O i l  
geothermal w e l l  a t  The Geysers t o  increase the  steam 
flow rate from 80,000 t o  ‘150,000 lb /h  

t 

bb 

ogram areas- ( -  

t i o n  sensors  f o r  high-temperature cor ros ive  environments, 
and development of improved materials, such as w e l l  cement. 

Electric materials and sampling and ana lys i s  handbooks 
were completed during FY 78. I n d u s t r i a l  oversight  of 

I 

I 

* Technology f o r  moderate-temperature resources is be- 
ing  emphasized because they c o n s t i t u t e  a much l a r g e r  
resource base than high-temperature resources ,  bu t  w i l l  b e  
more d i f f i c u l t  t o  u t i l i z e  economically. &J 
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pro jec t s  t o  improve materials i n  high-temperature cements 
and seals were i n i t i a t e d  i n  FY 79 .with the  cooperation of 
the  American Petroleum I n s t i t u t e  and the  American Society 
f o r  Testing and Materials. Corrosion-resistant polymer con- 
crete and 26OoC elastomer seal materials were a l s o  success- 
f u l l y  tes ted .  Future p lans  include developing f l u i d  moni- 
t o r ing  and con t ro l  instrumentat ion f o r  f l u i d  and gas  han- 
d l ing  and disposal ,  and developing technology necessary t o  
e s t a b l i s h  f l u i d  handling and stem materials standards. 

The Geoscience Subpropram aims t o  improve the  technolo- 
g i e s  f o r  explorat ion,  r e se rvo i r  engineering, logging ins t ru-  
mentation, and log  in t e rp re t a t ion .  The p r inc ipa l  area of 
e f f o r t  i n  FY 78-79 was logging technology, which focused on 
development of :  (1) high-temperature (up t o  35OOC) i n s t r u -  
mentation, and (2)  advanced i n t e r p r e t a t i o n  techniques f o r  
logging. High-temperature c i r c u i t r y  and upgraded t o o l s  t o  
measure temperature, pressure,  and f l u i d  f low were success- 
f u l l y  demonstrated i n  a 275OC w e l l  a t  Valles Caldera, New 
l4exlco. The program f o r  l og  i n t e r p r e t a t i o n  w i l l  provide 
c a l i b r a t i o n  of test w e l l s  f o r  i n d u s t r i a l  use, comparative 
commercial logging of test wells, and depos i tor ies  f o r  cores  
and log records. 

The Hot Dry Rock (HDR) SubproRram assesses the  poten- 
t i a l  of t h e  EIIlR resource and supports  development of new 
technica l  approaches f o r  making commercial use of HDR 
energy. Present ly ,  t h i s  subprogram cons i s t s  of a successful  
experimental loop a t  Fenton H i l l ,  New Mexico, and a na t iona l  
assessment of HDR po ten t i a l .  

L g  

The ef fec t iveness  of t h e  f e d e r a l  R&D program has  been 
estimated i n  terms of i t s  impact on t h e  c o s t  of electric 
power f o r  known and in fe r r ed  hydrothermal resources. 
Federally-sponsored R&D i s  expected t o  s i g n i f i c a n t l y  expand 
t h e  number of resources  which can b e  developed a t  c o s t s  com- 
p e t i t i v e  with o ther  energy sources. The upper curve of Fig- 
u r e  5.13-1 shows t h e  estimated busbar c o s t  i n  mills/kWh 
(1978 d o l l a r s ) ,  with t h e  use of cu r ren t  technology and 
economic incent ives  a v a i l a b l e  under the  National Energy A c t .  
The lower curve presents  t h e  estimated c o s t  reduct ion from 
improved technology based on goals set f o r  ex i s t ing  f e d e r a l  
R&D programs. 
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Figure 5.13-1. Market/Economic Readiness of Geothermal 
Hydrothermal: Impact of NEA Plus Improved Technology on 
Projected Costs 

1,000 W e  For 30 Years of Reservoir Capacity (Cumulative) - Knoyn L Inferred Resources* 

' 5 10 15 20 25 30 35 40 45 SO 55 60 65 70 75 80 85 90 95 100 105 110 s < 1 1 " " " ~ ' ~ ~ ' " ~  

NEA Incentives 
and Current 
Technology 

clear (Facif ic) 

(ed 

Y 1 1,000 HWe For 30 Yeare of Reservoir Capacity (Cumulative) - Unown Resources 
Does not include The Geysers. 
come in at cost of end in proportion to discovered rites. 
mates,) 

Upper horizontal exis assumes inferred sites to 
(Based on USGS esti- 

Assumptions for thin table are discussed in Appendix D- 

REFERENCES 

10 RO Black, Geothermal Research and Development, Proceed- 
ings of the Third Geothermal Conference, 1979. 

Energy Technology, Solar Geothermal, Electric 
Storage Systems Program Summary Document, Fy 1980. 

( 2. UOSO Department of Energy, Assistant Secretary for 

July 1979, DOE/ET-O102. ' 
' W  

/ -175- 



Interagency Geothermal Coordinating Council, Thi rd  
Annual Report : Geothermal Energy Research, Development 
& Demonstration Program, March 1979. 

og ica l  Survey 
Assessment of Geothermal Resources the' United 
S t a t e s ,  USGS Circular 726, 1975- 

U. S. Geological Survey, Assessment of Geothermal 
Resources of the United S t a t e s  -- 1978, USGS Circular 
790, prepared i n  cooperation with the  Department of 
Energy. 

Roger Martin, Divis ion of Mines and Geology: communica- 
tion.. 

U.S. Department of Energy, Geothermal Energy, Direct - Heat Applicat ion Program Summary, September 1979. 

U.S. Department of Energy, Environmental Development - Plan ( X I  Geothermal Energy Systems 1977, DOE/EDP- 
0014, March 1978. 

-176- 



5.14 - THE FNVIRONMENT - AND SAFETY PROGRAM* 

COMMERCIALIZATION ISSUE ~ 

Accelerated development of energy sources w i l l  require  
some coordination mechanism t o  address environmental, 
hea l th ,  and s a f e t y  concerns. Pas t  f a i l u r e s  t o  provide f o r  

’ adequate r e s o l u t i o n -  o f ,  environmental -impacts h a s .  led t o  
c o s t l y  court  b a t t l e s  and .other .p ro tes t s .  Contributing fac- 
t o r s  t o  such impasses t h a t  have been i d e n t i f i e d  include: 

e Lack of an adequate da t a  base. .. many cases, ade- 
quate  information has  not been developed. o r  i s  not 

, ava i l ab le  i n  a form s u i t a b l e  t o  assure  decision-making 
groups t h a t  development impacts are understood. 

* Inadequate mechanism for information dissemination. 
Even when adequate e x i s t s ,  t h e r e  may be no means t o  
d i s t r i b u t e  t h a t -  information information t o  groups 
involved i n  t h e  decision-making process. 

* Lack of systematic,  e a r l y  involvement of decision- . 
making groups i n  t h e  i d e n t i f i c a t i o n  of environmental 
concerns. 

PROGRA!! DESCRIPTION 

. -  

The Environment an t y  Program was es 
reduce environmental b a r r i e r s  t o  development of geothermal 
energy. The bas ic  assumption of t he  program i s  t h a t  e a r l y  
involvement of a l l  decision-making groups i n  t h e  planning 

. process f o r  environmental e f f e c t s  w i l l  reduce o r  e l iminate  
uncer ta in ty  associated with development. Informed pa r t i c i -  
pat ion of  i n t e r e s t e d  p a r t i e s  i s  expected t o  yield (1) e a r l y  
i d e n t i f i c a t i o n  of environmental r i s k s  associated with 
development as s p e c i f i c  sites; (2)  clearer guidel ines  and 
regula t ions  f o r  development; (3) a s s i g y e n t  of development 
p r i o r i t i e s ,  including go/no-go judgments. 

es tab l i shed  i n  1975 I n  an t i c ipa t ion  of 
m a l  development i n  t h i s  r i c h  a g r i c u l t u r a l  area.** The 

* The authors  would l i k e  t o  acknowledge t h e  a s s i s t ance  
of Messrs Calvin Jackson and Lowell Miller of DOE San-Fran- 
c i s c o  Operations Off ice  i n  the preparation of t h i s  sect ion.  

**The occasion f o  e pro jec t  was . arrangement 
between ERDA (now DOE) t h e  San Diego Gas and Electric 
Company t o  j o i n t l y  fund a geothermal test f a c i l i t y  i n  t h e  . 

Imperial Valley. LJ 



pro jec t  ca l l ed  f o r  (1) the compilation of a comprehensive 
basel ine of environmental condi t ions p r i o r  t o  the  fu l l - sca le  
development of geothermal power; and (2)  the  development of 
a regional  assessment of environmental impacts, assuming the  
development of 500 We of power a t  each of the four  geother- 
mal anomalies. 

The goal  of t he  pro jec t  was t o  involve a l l  Valley 
stake-holders ( loca l ,  state, and f ede ra l  agencies -and the  
publ ic)  i n  the  development of a comprehensive environmental 
da t a  base as a planning t o o l  i n  geothermal decision-making. 
Contractor management f o r  t he  p ro jec t  was provided by 
Lawrence Livermore Laboratory, with o v e r a l l  management and 
coordination provided by ERDA-SAN (now DOE-SAN) and t h e  
Ass is tan t  Secretary f o r  the  Environment (EV) . 

The IVEP was i n  -many ways a p i l o t  p ro jec t  f o r  t he  
assessment of environmental impacts from geothermal develop- 
ment. What was learned from the  IVEP was subsequently 
applied t o  other  geothermal areas under the  Geothermal 
Environmental Overview Project.  

Geothermal Environmental Overview Pro jec t  

The basic purpose of the Geothermal Environmental Proj- 
ect is t o  iden t i fy ,  summarize, and assess the  environmental 
i s sues  i n  areas cu r ren t ly  i d e n t i f i e d  by the  Division of 
Geothermal Energy, DOE, as having high p o s s i b i l i t i e s  f o r  
commercial development. The Geothermal Overview Pro jec t  
addresses i s sues  per ta ining t o  air  qua l i t y ,  ecosystems qual- 
i t y ,  noise  e f f e c t s ,  geological  e f f e c t s ,  water qua l i t y ,  
socioeconomic and hea l th  e f f e c t s .  For each region s tudied,  
t he  following t a sks  were accomplished: (1) i d e n t i f i c a t i o n  
of key i ssues ,  (2) inventory of a l l  ava i l ab le  da ta ,  (3) 
ana lys i s  and assessment of ava i l ab le  da ta ,  and (4) i d e n t i f i -  
ca t ion  of add i t iona l  information required f o r  adequate 
assessments. 

Li 

Free and open flow of information was fundamental t o  
t h e  overview pro jec t .  By involving a l l  par t ies*  from the  
beginning, t h e  overview repor t  provided a representa t ive  
survey of these  groups. Another ob jec t ive  was t o  avoid 
redundancy by c l e a r l y  e s t ab l i sh ing  the  s t a t u s  of cur ren t  and 
planned research,  including environmental base l ine  measure- 
ments and e f f e c t s  s tud ies .  

Implementation of the  overview pro jec t  has been accom- 
pl ished through cont rac ts  t o  a number of groups, with 

* This included local, s t a t e ,  and f ede ra l  agencies,  
electrical  u t i l i t i e s ,  resource developers, u n i v e r s i t i e s ,  
p r iva t e  and public groups. - 

L i d  
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o v e r a l l  management r e s p o n s i b i l i t i e s  assigned t o  the Lawrence 
Livermore Laboratory,. Contractors are required t o  be 
located reasonably c lose  t o  the  reg ion  under s tudy so t h a t  
working r e l a t ionsh ips  can be es tab l i shed  with the  indus t ry  
pa r t i c ipan t s<  and the  government agencies ,responsible f o r  
planning and regulat ion.  The cont rac tors  f o r  i- geothermal 
resource a reas  in Cal i forn ia  are: 

The Geysers-Calistoga area; Lawrence Live 
t o r y  ( i n  cooperation with Sonoma, Lake, Mendocino, Napa 
Counties through the  Geothermal Resou es Impact Pro j- 
ect) ,  

, Mono-Long Valley area; University of Cal i fornia ,  Los 
Angeles, 

Cos0 Hot Springs; U.S. Navy. 

Advisory committees have been es tab l i shed  f o r  each 
study. Membership has included exper t s  associated with the  
development o r  management of t h e  var ious geothermal 
resources. The advisory committees were charged with iden- 
t i f y i n g  a l l  appropriate  pa r t i c ipan t s ,  planning workshops, 
and reviewing reports .  Par t ic ipants  t yp ica l ly  have included 
representa t ives  from the: 

f 

Federal Government; Geological Survey, Bureau o f  
Management, Enviro t a l  Pro tec t ion  Agency; Fish 
Wildl i fe  Service, Forest  Service,  Department of Agriculture,  
Department of Energy. 

S t a t e  Government; A i r  Resources Board, Energy Commission, 
Division of O i l  and Gas, Land Commission, Railroad - Commis- 
s i on ,  Department of Health, Public Util i t ies Commission. 

Local Government; Planning Department, Public Works Depart- 
ment, Air Pol lu t ion  Control D i s t r i c t ,  Multi-county regional  
groups, Agricul ture  Commissioner. . .  

Developers; Electric u t i l i t i e s ,  r 
hot  water, suppl ie rs ,  etc.). ~ 

Others; Univers i t ies ,  p r i v a t e  environmental l abo ra to r i e s ,  
na t iona l  l abora to r i e s ,  environmental groups. 

A workshop approach has been-used t o  involve pa r t i c i -  - 
pants  i n  iden t i fy ing  key i s sues  and p r i o r i t i e s .  Par t ic i -  
pants have o f t en  represent  
pro jec t  area. 

The workshops were designed t o  review cur ren t  knowledge 
and on-going o r  proposed environmental programs. Usually 
one day was required f o r  such a review, with a second day 
spent  i n  small groups t o  i d e n t i f y  s p e c i f i c  i s sues  and 



L 

requirements. This approach has  been very successfu l  i n  
surfacing information t h a t  could not  b e  conveniently t 
obtained by o ther  methods. The s p e c i f i c  subcontractor i s  u 
respons ib le  f o r  evaluat ing a l l  d a t  and developing a 
comprehensive report .  These r e p o r t s  h been made avai l -  
a b l e  t o  l o c a l ,  s tate and f ede ra l  agencies,  u t i l i t i e s ,  
developers and publ ic  groups . 
STATUS OF ENVIRONMENTAL ASSESSMENT ACTIVI I N  CALIFORNIA ~ 

Imperial Valley Environmental P ro lec t  ( I V  

, The base l ine  s tudy w a s  completed during FY 78. The 
reg iona l  assessment was completed by the  end of FY 79. 
Approximately $6 mi l l i on  has  been spent  t o  date.  IVEP has  
helped determine t h a t  geothermal energy can b e  developed i n  
harmony with ex i s t ing  a g r i c u l t u r a l  and r ec rea t iona l  
resources i n  the  Imperial Valley. Pro jec t  progress r e p o r t s  
have uncovered no "stoppers" i n  the way of development. 

- The Geysers Overview 

Next to the Imperial Valley, the highest p r i o r i t y  IEGRA 
i n  t h e  na t ion  i s  t h e  Geysers-Calistoga area, 90 m i l e s  nor th  
of San Francisco. While over 700 MWe are cu r ren t ly  being 
produced from t h e  geothermal steam rese rvo i r ,  environmental 
controversy has  r a i sed  concern t h a t  t h e  f u l l  p o t e n t i a l  of 
more than 2,000 MWe may never be  rea l ized .  The Geothermal 
Environmental Overview Pro jec t  i n  The Geysers w a s  a f i r s t  
s t e p  toward i d e n t i f i c a t i o n  of cri t ical  environmental i s sues  . 
A f i n a l  Preliminary Assessment Report has  een issued which 
i d e n t i f i e s  t h e  key environmental concerns. t 
Mono-Long Valley and Cos0 Hot Sorinns Overv iew - 

A Preliminary Assessment p p o r t  has  a l s o  been completed 
f o r  the  Mono-Long Valley area. 

Workshgps have been held and a f i n a l  r epor t  i s  nearing 
of environment impacts r e s u l t i n g  from continued completion* 

development i n  Cos0 Hot Springs. 

Program Impacts 

The pr inc ipa l  bene f i t s  of t h e  Geothermal Overview Pro- 
cess i n  Cal i forn ia  have been environmental charac te r iza t ion  
of four  geothermal regions. In  t h e  Imperial Valley, t h e  
ex tens ive  environmental da ta  base i s  playing a s i g n i f i c a n t  
p a r t  i n  t h e  regula tory  process  by serving as a master 

* See a l s o  update on s t a t u s  of development a t  Coso, 
L Section 7.2 below. 
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env ironmental as se ssmen The data is 
being used by developers t o  obta in  permits i n  a t imely 
manner, and by l o c a l ,  s tate,  and f e d e r a l  agencies t o  make 
land-use decisions.  The list of ' p ro j ec t s  underway or 
planned i n  the  Imperial  Valley attests t o  the  e f fec t iveness  
of t h e  IVEP i n  reducing regulatory and permitt ing uncertain- 
ties. A t  The Geysers, the s t age  has  been set f o r  the lmple- 
mentation of a major p ro jec t  t o  draw together  the fragmented 
environmental R&D p r o j e c t s  i n t  one in tegra ted  program 
e f f o r t .  In  t h e  Mono-Long Valley area, a "go-slow" s ign  has  
been r a i s e d  as a result of t h e  many s e n s i t i v e  i s sues  
revealed. A t  Coso, t h e  Navy-is proceeding with development 
p,lanning 

of t h e  Valley region. 

These preliminary assessments have provided decision- 
makers f o r  t h e  f i r s t  t ime wfth a comprehehsive view of t h e  
emironmental  s i t u a t i o n  i n  the  areas studied. : More impor- 
t a n t l y ,  t h e  assessments a l s o  have provided a sound base from, 
which to  dea l  with environmental problems on a reg iona l  
b a s i s  according t o  the  an t i c ipa t ed  scale of development and 
t h e  av a i l  ab l e  dec ision-making process  . A srnnmary of the 
recommendations f o r  fu r the r  research and monitoring a t  
Imperial Valley, The Geysers, &no-Long Valley and Cos0 i s  
presented i n  Table 5.14-1. 

FUTURE DEVELOFHENTS 

Imperial Valley Environmental P ro jec t  

W 

DOE has  been involved i n  t h e  development of an IVEP 
t r a n s f e r  p l an  whicli would provide f o r  a cont inuat ion of t h e  
monitoring of s e l ec t ed  environmental parameters u n t i l  geo- 
thermal power comes on-line i n  t h e  Imperial Valley. This 
e f f o r t  w a s  designed t o  permit t he  primary da ta  base t o  b e  
appl ied t o  spot  p o t e n t i a l  problems. The t r ans fe r  plan calls 
f o r  d i r e c t  management and coordination of a l l  on-going meas- 
urement a c t i v i t y  t o  be t r ans fe r r ed  from DOE t o  Imperial 
County. tibile t h e  framework f o  s t r a n s f e r  i s  no 
p lace ,  c e r t a i n  monitoring act  spec i f i ed  i n  
t r a n s f e r .  plan hav Other i s sues  to b e  
resolved include a d e f i n i t i o n  r o l e  i n  providing 
con t inuing env ironmental support  t o  geothermal commer cia1 i- 
za t ion  e f f o r t s  ana t h e  t r a n s f e r  of t h e  extensive da t a  base 
developed by t h e  Lawrence Livermore Laboratory. 

Geothermal Overview Pro iec t  

y e t  t o  b e  f i n  

Despite t h e  f a c t  t h a t  t h e  geothermal 
Overview Projec t  has  been i n  p lace  for.  t h ree  
n o t  clear a t  t h i s  t ime where the  program f i t s  within t h e  
e x i s t i n g  DOE s t r u c t u r e  o r  the  commercialization program. The 
program does provide information usefu l  i n  making NEPA 
determinations,  and serves  t o  iden t i fy  environmental, hea l th  
and s a f e t y  b a r r i e r s  t o  commercialization e f f o r t s .  However, 



Table 5.14-1. Recommendations for Further Research and Monitoring for Evaluation of Environmental Impacts Resulting from 
Development of Geothermal Resources in California. 

HIGH PRIOR- 
ITY ISSUES 

MEDIUM PHIOR- 
ITY ISSUES 

Induced seismi- 
city 

Effects on 
Salton Sea 

LOW PRIOR- 
ITY ISSUES 

o Continued monitoring Noise 

AREA RECOHMENDATIONS RECOMMENDATIONS RECOMMENDATIONS 

o Mitigate with appro- 
priate abatement 
technology 

Imperial Valley* Cooling tower 
drift 

o Studies to determine 
area of impact (emis- 

o Studies of ecological 
ef f ec ts 

o Continued monitoring 
to validate current air 
quality assessment 

o Continued monitoring 

o Development of abate- 
ment technology 

o Continue to monitor to 
validate current 
assessment 

o Establishment of cen- 
tralized data base 

Effects of I&S 
on heal 

o Chronic effects of low 
levels of H2S on wine 
grapes and orchard crops 

. 

Air quality 

Water quality 

The Geysers- 
Calistoga KGRA o Studies of the effects 

of chronic exposure on 
behavior 

o Epidemiologic studies 

o Monitoring 

o Study of water and 
waste disposal required 

Control of H2S 
emissions 

Data and infor- 
mation storage 

o Studies to predict 
pollution: 
Emission measuring 
Meteorological mea- 

Hodel development 
Model validation and 

Air quality monitors 

surements 

prediction 

o Development of abate- 
ment technology 

Venting 
Drilling 

o Studies to predict noise 

o Forecasts of geothermal 

o Characterization of 
current land-uae 

development 

o Analysis of conflicts 

I 
c1 
03 
h, 
I Accidental 

spills o Literature search: 
effects of H2S on wine 
quality Water resources 

data Particulate 

management 
o Collection of baseline Long-term ef- 

fects on the 
ecosystem 

o Analysis of particle 
composition Noise control emissions 

o Ecosystem monitoring 
Subsidence and '0 Subsidence studies 
seismicity 

public service sensitivitv 
Analysis of regional o Analysis of demand on Fiscal impacts 

o Study of regional revenue 

Honitoring ~- 'studies 

Land-use 
conflicts o Seismic monitoring 

o Eninsion and transport Effects on cool- 
ing tower drift Weather o Research survey 

modification 
studies 

o Studies of ecological 
effects 

C '  c 



Table 5.14-1 (Continued) 

Landslides and o Study of slope Eoonomic impacts o Analysis of economic 
t rends fie Geysers- 

Calistoga KGRA erosion 
tcont.) Demographic o Analysis of demographic 

s t a b i l i t y  and geologic 
hazards 

o'kiapping of f a u l t s  impacts t rends 

o Studies of accelerated o Analysia of the  qua l i ty  
of l i f e  

k mechanics Degradation of o Study of potable ground- 
groundwater and water resources 

a1 hot springs 
o Study of hot  spr ings 

gered species  i n  t h e  region 

o Study of peregrine 
falcon habi ta t8  

I 

I mmt of resource information on t he  re- BeiSlaiCity s tud ies  

w 
Mono-Long Valley t C & " d c '  develop- o i c e  to  obtain mare . o S e i m i c  monitoring 

rce and proposed use . 
ecaats  of geothermal s tud ies  

o Emission and t ransport  

conf l i c t s  dwelomant  

protect  ion 

.Water qua l i ty  
and supply 

Coaling tower o Studies of ecological 
e f f ec t s  

Demographic o Analysis of demographic 
p a l l u t  ion : changes t rends and qual i ty  of l i f e  

Source terns  
kkteorological 

measuremen t s 
Air quality monitors 

o Study of m a t e  disposal  
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Archaeological 
and cu l tu ra l  
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Air qua l i ty  

Archaeology and 

o Collection df basel ine 
data  and ident i f ica t ion  
of rare and endangered 
epeciee 

o Hydrology etudiee 

o Appropriate eurveye and 
mit igat ing maasurea 

o Studies t o  predict  air  
qua l i t y  degradation: 

Emleaion maaeuremente 
Meteorology 
Air qua l i t y  monitore 

o Appropriate eurveye and 
cu l tu ra l  concern &t i e s t ing  meaeuree 
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i den t i f i ca t ion  etudiee 
Protect ion of 
hot  epringe hot epringe 

o Study hydrology of the  

ECO8ye t 
qual i ty  data 

o Collection of basel ine 

o Ecoeyetem monitoring 
o Study of waete diepoeal 

and water requirements 
o heeeement of regional 

Water qua l i ty  

Land surface 
movement geology 

In jec t ion  of 
geothermal f lu id  geology 

o Aeeesament of regional  

Sourcee : 
Imperial Valley Environmental Project  Report t o  Advisory Committee, 

by Paul Phelpa, Apri l  1977. 
D.L. Ermak and P.L. Phelpe, "An Environmental Overview of Geothermal 

Development: The Geyeers-Caliatoga KGRA," Volume 1 , feeuee and Recomen- 
datione, UCRL-52496, October 4, 1978. 

K.L. Strojan and E.M. Romney, An Environmental Overview of Ceotheraral 
Development, Mono-Long Valley KGRA, UCRL-15062, January 1979 

Lowcu Miller, DOE Sen Prancieco Operetione Office, Divieion of 
Fnvironment and Safety, August 1979. 

* The Imperial Valley Environmental Project  addressed a l l  of the  following 
ieeues (and more) with one exception-cooling tower d r i f t .  

Induced 
eeiemicity 

o Selenic monitoring 
etudiee 
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t h e  need f o r  continuing DOE involvement i n  t h e  region, and 
the  form which t h a t  involvement w i l l  take,  have not  been 
assessed. A mechanism t h a t  would provide coordination and 
follow-up a f t e r  the preliminary assessment phase needs t o  b e  
developed i f  t h e  overview approach is t o  b e  f u l l y  u t i l i z e d .  
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5.2 OVERVIEW OF STATE AND LOCAL GOVERNMENT INITIATIVES 

Over a dozen state agencies now exerc ise  au thor i ty  over 
var ious aspec ts  of geothermal regulat ion.  As geothermal 
energy has  emerged a s  an environmentally prefer red  energy 
source f o r  electric power generation, s i g n i f i c a n t  e f f o r t s  
have been made t o  r a t i o n a l i z e  t h i s  regulatory framework as a - 
means t o  expedite development. The state.8 a c t i v i t i e s  have 
expanded t o  include Information dissemination, environmental 
research,  development, and demonstration of d i r e c t  applica- 
t ions 

An important geothermal pol icy i s sue  i n  Cal i fornia  i s  
the  impact of geothermal development on communities. Local 
communities must manage both the  d i r e c t  and ind i r ec t  e f f e c t s  
of p a r t i c u l a r  pro jec ts .  The state (and the federa l  govern- 
ment) has therefore  attempted t o  enhance l o c a l  r o l e s  i n  the  
pro jec ts .  There has  been a two-fold t r ans fe r  of exper t i se  
and au tho r i ty  from the  s t a t e  t o  county governments. State 
agencies are de l iver ing  information and exper t i se  t o  l o c a l  
bodies t o  enable them t o  understand and plan f o r  the e f f e c t s  
of geothermal development. Once the  c a p a b i l i t i e s  a r e  i n  
place,  provis ion has  been made f o r  comparable t r a n s f e r  of 
au tho r i ty  over t he  development and operat ion of both d i r e c t  
and electrical appl ica t ions  of geothermal resources. 

This sec t ion  summarizes the  a c t i v i t i e s  of s t a t e  and 
l o c a l  organizations:  

Section 5.21 lists t h e  twelve s t a t e  agencies most 
d i r e c t l y  involved i n  geothermal energy a c t i v i t i e s ,  and 
descr ibes  t h e i r  ro les .  Ef for t s  among state agencies t o  
coordinate ,  consol idate ,  and s t reamline permitt ing and regu- 
l a t o r y  a c t i v i t i e s  are described. A c t i v i t i e s  t o  increase 
coordinat ion and the  flow of information t o  federa l  and 
l o c a l  bodies are a l s o  reviewed. 

Section 5.22 presents  the  p r i n c i p a l  s ta te - leve l  regula- 
t o ry  programs of t he  Public Uti l i t ies  Commission (PUC) and 
the  Energy Commission (CEC) . Recent l e g i s l a t i o n  providing 
f o r  t h e  delegat ion of some of these  powers t o  qua l i f ied  
county governments i s  a l s o  discussed. 

Section 5.23 descr ibes  state-sponsored commercializa- 
t i o n  a c t i v i t i e s .  A l i s t  of source documents i s  f i r s t  
presented, which can b e  used t o  trace the  development and 
s t a t u s  of geothermal a c t i v i t i e s  i n  t h e  state. Five generic 
i s sues  which could po ten t i a l ly  block geothermal development 
a t  a given s i te  are discussed, along with examples of state 
e f f o r t s  t o  reduce t h e i r  impact. The remainder of the  sec- 
t i o n  descr ibes  the present  s t a t u s  of commercialization 
a c t i v i t i e s  a t  The Geysers-Calistoga, t he  Imperial Valley, 
and i n  o ther  geothermal resource areas. 
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Section 5.24 describes l o c a l  a c t i v i t i e s  i n  the Imperial 
Valley and The Geysers-Calistoga regions.  These include 
da ta  co l l ec t ion ,  e f f o r t s  t o  coordinate  t h e  a c t i v i t i e s  of 
l o c a l  government bodies within t h e  region (ranging from 
informal contac ts  t o  J o i n t  Powers Agencies), and regulatory 
programs. The d i f f e rence  between the  two regions are 
highl ighted,  along with t h e  accompanying d l f  ferences i n  
l o c a l  p r i o r i t i e s .  

-188- 



5.21 INSTITUTIONAL ASPECTS GEOTHERMAL DEVELOPMENT 

The expansion of i n t e r e s t  n geothermal energy has  
brought about t h e  involvement of a number of government 
agencies . Overlapping l e g a l  r e s p o n s i b i l i t i e s  have been 
created, producing dupl ica t ive  and of ten  conf l i c t ing  
requirements f o r  would-be developers. During the  2 pas t  
several years ,  state and f ede ra l  o f f i c i a l s  have attempted t o  
fo rge  an e f f i c i e n t  . and coherent  governmental framework t o  
encourage and oversee geothermal ac t iv i t ies  i n  California.  
This  s e c t i o n  sketches . t h e  present  a c t i v i t i e s  and responsi- 
b i l i t i e s  of l o c a l  and state agencies. It a l s o  summarizes 
some cu r ren t  proposals f o r  f u r t h e r  i n s t i t u t i o n a l  develop- ' 

ment 

STATE LEVEL COORDINATION 
I 

Pr io r  t o  1976, attemp o coordinate st e involvement' 
i n  geothermal energy were l imi ted  t o  exchanges of informa- I 

t i o n  among agencies. -In 1976, t h e  Cal i forn ia  Legis la ture  
c rea t ed  a state Geothermal Task Force t o  i d e n t i f y  informa- 
t i o n a l ,  economic, and regulatory ac t ions  which could 
expedi te  geothermal development i n  the  state.* The Task 
Force i d e n t i f i e d  a .number of information 'gaps f o r  which 
government-supported research was deemed necessary. It a l s o  
recommended a number of regula  and economic i n i t i a t i v e s  
t o  support  geothermal developme 

The Geotherm was es tab l i shed  i n  
1971 as an  independent body within - t h e  state Resources 
Agency, with membership including t h e  heads of the state 
regula tory  agencies involved wtth geothermal energy. The 
primary func t ion  of t h e  GRB i s  regulatory. '  It i s  chartered 
t o  oversee s ta te .  agency a c t i v i t i e s  which a f f e c t  geothermal 
energy (cog., by t h e  Division of O i l  and Gas o r  the-Divis ion 
of Mines and Geology) However, t h e  GRB has  a l s o  provided a 
forum f o r  exchange of  Information, e spec ia l ly  through i t s  
Technical Advisory Committe 

. -  
The GRB conducted i n  the  winter 

of 1978-79, under a g ran t  from DOE. The workshops brought 
together  representa t ives  from government, industry,  and t h e  
public.  The workshop r epor t ,  S inn i f i can t  Problems i n  Geoth- 
ermal Development & California, up a t ed  the i s sues  raised 
by t h e  S t a t e  Geothermal Task Force. This  and other  activi- 
ties have yielded a series of formal and informal agreements 
among l o c a l ,  s tate,  and f e d e r a l  agencies s t reamlining and 
expediting geothermal regulation. 

4 - 
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The membership of the Technical Advisory Committee con- 
s i s t e d  of s t a f f  personnel from state agencies,  plus  l o c a l  
government o f f i c i a l s  and representa t ives  of indus t ry  and 
public i n t e r e s t  groups. TAC evolved i n t o  t h e  p r inc ipa l  forum 
f o r  exchange among state agencies. A number of subcommit- 
tees worked independently t o  analyze ac t ions  by government 
and p r iva t e  groups, and t o  develop pol icy recommendations 
f o r  represented agencies. In p a r t i c u l a r ,  t he  Pol icy Subcom- 
mittee reviewed proposed program ac t ions  submitted by the  
var ious state agencies f o r  e f fec t iveness  and consistency; 
and t h e  Land Use Subcommittee monitored state and f ede ra l  
l eas ing  a c t i v i t i e s  i 

High p r i o r i t y  has been given t o  the  consol idat ion of 
environmental review and permit t ing,  in which a lead agency 
i s  designated t o  coordinate adminis t ra t ive functions.* This 
consolidation reduces the  t i m e  and c o s t s  t o  both developers 
and government by el iminat ing overlaps and inconsis tencies .  
Consolidation has taken place f o r  a t  least one geothermal 
project :  CEC is the  lead agency f o r  preparat ion of t h e  
environmental documents for a proposed plant  a t  The 
Geysers.** A t  t h i s  s tage ,  each consol idat ion w i l l  r equi re  a 
Memorandum of Understanding (MOU) among the  agencies 
involved, de l inea t ing  t h e i r  respect ive dut ies .  

A state Geothermal Coordinating Committee (GCC) was 
created in t he  f a l l  of 1979 t o  formalize the  coordinating 
and information exchange r o l e s  of TAC. A MOU was c i r cu la t ed  
in August t o  twelve state agegcies involved in geothermal 
energy regula t ion  (see below); as of January - 1980, nine 
have signed the  MOU.*** The committee cons i s t s  of one member 
from each s ignatory agency, p lus  t h r e e  publ ic  members to be 
se lec ted  by the governmental representat ives .  TAC has now 
rever ted t o  i t s  nominal r o l e  as technica l  advisory body t o  
the GRB. 

- 

The twelve agencies a l l  have e i t h e r  an i n t e r e s t  i n  or 
some re spons ib i l i t y  f o r  geothermal energy in California:  

A i r  Resources Board (ARB) - - 
The ARB has general  r e spons ib i l i t y  f o r  a i r  q u a l i t y  

within the state. Regulatory decis ions by the  ARB and 

* This was one of the  workshop recommendations. See 
reference 2. 

** This is t he  NCPAIShell p ro j ec t .  See reference 2. 

*** The o ther  th ree  (CEC, DOC, and DFG) are pa r t i c ipa t -  
ing in GCC a c t i v i t i e s ,  while negot ia t ing amendments t o  t he  
terms of the  MOU. 

,- 

LJ 
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county-level A i r  Po l lu t ion  Control Districts w i l l  determine - 
t he  abatement measures required at  geothermal facil i t ies.  

Cal i forn ia  Energx Commission (CEC) 

m a l  energy development. S i t i ng  approval f o r  a l l  f a c i l i t i e s  
over 50 MWe must be obtained from the  CEC.* The CEC'also has 
been the most ac t ive  s ta te  proponent of geothermal develop- 
ment through grants ,  t echnica l  support f o r  county planning, 
channeling and coordination of information flows t o  develop- 
ers and local governments, and lobbying before f ede ra l  agen- 
cies and l e g i s l a t o r s  f o r  more f ede ra l  support.** 

Department - of Conservation C DOC)^ 

The DOC is responsible f o r  much of the resource 
explorat ion and assessment a c t i v i t i e s  and some regula t ion  
through i t s  Division of O i l  and Gas (DOG) and Division of 
Mines and Geology (DMG). 

The CEC has 'by far  the l a r g e s t  d i r e c t  r o l e  i n  geother- . 

DOG has been designated by AB 2644 as the ' l ead  agency 
f o r  assur ing  t h a t  geothermal energy p ro jec t s  comply with the  
Cal i forn ia  Environmental Quality A c t  (CEQA).*** It has pub- 
l i shed  a set of regulat ions describing the procedurgs 
developers must follow f o r  an  Environmental Impact Report. 

DOG a lso  c o l l e c t s  bonds posted by d r i l l e r s  ells- t o  
ensure adequate funds f o r  cleanup or closing of wells. 
Under AB 3707, t he  bonds required p f  low temp 
thermal d r i l l e r s  have been reduced. 

LI 

I .  

DMG i s  working with both t h e  Department of Energy and 
the U.S. Geological Survey t o  assess low and moderate tem-  
pera ture  resources under the  State-Coupled Program. Phase I 
activit ies during 1979 centered on gather ing hydrologic da t a  
for compila$ion to  produce a map of geothermal resources for 
public use. 

County were a l s o  completed. I n  addi t ion ,  bottom hole t e m -  

Cursory s t u d i e s  of the  Central  Coast Range, t h e  . 
Mono Basin, and the  Chula Vista area of southern San Diego _ '  

peratuge da ta  were co l l ec t ed  a t  t h e  Huntington Beach O i l  
Field.  

" 

* See Sect ion 5 .  ula tory  . 
powers and programs. 

** See Sect ion 5.23. 

*** See Sections 5.22 (b)  and 5.23 f o r  more discussion 
of AB 2644,  and Appendix 4 f o r  a f u l l  c i t a t i o n .  

+ Reported a t  TAC meeting September 11, 1979. 
L 2  
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Department of F ish  and G a m e  (DFG) 

L DFG has general  au tho r i ty  over f i s h  and w i l d l i f e  pro- 
t ec t ion ,  and h a b i t a t  and stream flow preservation. DFG has 
d i r e c t  au tho r i ty  over a geothermal p ro jec t  i f  i t  alters 
streambeds o r  c rosses  the  high water mark of a stream. 7 

Department of Health Services: Environmental Health Ser- - vices Branch (DHS) 

DHS i s s u e s  permits f o r  f a c i l i t i e s  which handle o r  pro- 
A number of geothermal wastes cess hazardous substances. 

may b e  included under these programs. 

Department of Parks and Recreation: Off ice  of H i s t o r i c  
Preservat ion (OHP) 

This o f f i c e  is concerned with geothermal developments 
only as they may a f f e c t  h i s t o r i c  sites. 

Department of Water Resources (DWR) 

DWR suppl ies  power t o  t h e  S t a t e  Water Project.  The 
agency p lans  t o  operate  geothermal power p l a n t s  a t  The 
Geysers and i n  the  Imperial  Valley.* 

Off ice  of Planning and Research ( O P R )  

OPR has developed a set of gu ide l ines  f o r  preparat ion 
of Geothermal Elements t o  County General Plans with assis- 
tance  from the Off ice  of Permit Assis tancem8 Adoption of an 
acceptable  Geothermal Element e n t i t l e s  a county t o  apply f o r  
delegat ion of CEQA powers and power p l a n t  s i t i n g  author- 
ity.** 

OPR a l s o  operates  a clearinghouse of geothermal p ro jec t  
Environmental Pro jec t  Reports, and provides a forum f o r  
r e so lu t ion  of any d isputes  over l ead  agency status under the  
Cal i forn ia  Environmental Quality A c t  . 
Publ ic  Uti l i t ies  Commission (PUC) 

The PUC r e t a i n s  r e spons ib i l i t y  f o r  permit t ing geother- 
m a l  power p l an t s ,  and f o r  e s t ab l i sh ing  rate s t r u c t u r e s  f o r  
geothermal e l e c t r i c i t y ,  and perhaps over d i r e c t  use as w e l l .  
(See Sect ion 5.22 f o r  more d e t a i l s )  

L? 

* See Sections 2.2 and 4.22. 

** This  opt ion was crea ted  by AB 2644. See Section 5.24 

L d  
f o r  more d e t a i l s .  
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-- S o l i d  Waste Management Board (SWMB) 

The SWMB i s s u e s  permits  f o r  sur face  discharges and 
d r i l l i n g  dumps, and monitors compliance with county Solid 

has  delegated t h i s  func t ion  t o  t h e  Water Resources Control 
Board . , ,  

-- S t a t e  Lands Commission (SLC) 

Waste Management Plans. For geothermal operat ions,  t h e  SWMB . I  

I .  

The SLC has j u r i s d i c t i o n  over a l l  s e-owned lands . 1 
%ere geothermal resources mderly: such lands,  SLC i s  
d i r e c t l y  Involved i n  planning f o r  development, making 
trade-offs with o ther  poss ib l e  uses. SLC also adminis ters  
l ea s ing  of state l a  

- Water Resources Con 

s f o r  geothermal dev 

01 Board (WRCB) 

The state WRCB and nine reg iona l  boards administer 
state and f ede ra l  programs f o r  preventing hazardous 
discharge i n t o  sur face  and subsurface waters. The WRCB has  
cooperated with the  DOG i n  administering geothermally 
related discharges 

Relat ions with t h e  Federal  Government 

A major theme of state a c t i v i t i e s  has  been coordination 
w i t h .  f e d e r a l  act ivi t ies  and the  design of complementary 
s ta te  programs. A conscious e f f o r t  has  been made t o  s t ruc-  
t u r e  t h e  state program t o  f i l l  gaps i n  f ede ra l  a c t i v i t i e s ,  
and t o  promote f e d e r a l  support  of prDgrams t o  .which the  
s ta te  has assigned high p r io r i ty .  
d o l l a r s  t o  co-fund p ro jec t s  .wi th  f e d e r a l  agencies. (See 
discussion below i n  Section 5.23.) In  addi t ion ,  f ede ra l  
representa t ives  were invi ted  t o  p a r t i c i p a t e  a t  TAC mee 
some of which were devoted e n t i r e l y  t o  federa l - s ta te  
t ions.  TAC members have also cooperated i n  efforts  to alert  
t h e i r  agencies t o  proposed f e d e r a l  ac t ions  and t o  organize 
lobbying e f f o r t s .  These func t io  
Geothermal Coordinating Council. 

State-Local Relat ions 

(I' 

This includes using s ta te '  

-- 
In Cal i forn ia ,  l o c a l  government e n t i t i e s  have g r e a t  

in f luence  over geothermal energy development. The t r a d i t i o n  
of home rule includes l o c a l  con t ro l  over most plannfng ana 
land use functions.  The state has  chosen t o  r e t a i n  t h i s  
t r a d i t i o n a l  pa t t e rn  f o r  geothermal a c t i v i t i e s .  In  addi t ion,  
t he  s i t e - spec i f i c  na ture  of geothermal energy has  encouraged 
r e l i a n c e  on t h e  s p e c i a l  knowledge of l o c a l  county govern- 
ments and regional  a i r  and water boards. AB 2644 makes 
a u t h o r i t y  over CEQA compliance and power p l an t  s i t i n g  poten- 
t i a l l y  ava i l ab le  t o  county government.* u 

* See Section 5.24 and 2.2 f o r  s i te -spec i f ic  de t a i l s  of  
a c t i v i t i e s .  
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An important i s s u e  confronting l o c a l  communities is 
whether they have the  eva lua t ive  and technica l  resources 
necessary t o  e f f e c t i v e l y  d i r e c t  geothermal development. The 
state and f ede ra l  governments have provided f i n a n c i a l  assis- 
tance and s t a f f  t o  counties f o r  planning purposes. For 
example, t h e  CEC provided technica l  a s s i s t ance  t o  the  
development of a Geothermal Element t o  t h e  Imperial .  County 
General Plan. CEC and the  f e d e r a l  BLM have helped finance 
monitoring of meteorological conditions i n  The Geysers 
region by .the Lake County Air Pol lu t ion  Control District, 
which uses  the  da ta  i n  permit t ing decisions.* 

I I n  some cases, several count ies  are d i r e c t l y  a f fec ted  
by a s ing le  geothermal development. Under these  cir- 
cumstances t h e  creation of organizat ions t o  coordinate 
county involvement has been encouraged. The most active t o  
da t e  has been the GRIPS Commission (Geothermal Resources 
Impact Study), composed of Napa, Sonoma, Mendocino, and Lake 
Counties , which 'covers t he  Geysers region.** GRIPS has 
worked with the CEC t o  gather  regional  environmental data  
and iden t i fy  cr i t ical  information gaps. . 

Several s tate agencies have continuing programs to 
improve information flow and skills t r a n s f e r  t o  counties.  
One of the  GRB workshops d e a l t  s p e c i f i c a l l y  with "County 
Planning f o r  Geothermal Development," and was at tended by 
county planners and supervisors from throughout the state. 
The Off ice  of Planning and Research has d ra f t ed  a set of 
guidel ines  f o r  count ies  t o  use ff preparing a geothermal 
element f o r  t h e i r  general  plans. The 1979 CEC geothermal 
research and development budget includes an "Intergovernmen- 
t a l  Coordination and I n s t i t u t i o n a l  Barrier Analysis" element 
which is designed continue a s s i s t ance  t o  count ies  and o the r  
l o c a l  agencies a t  present cen ters  of a c t i v i t y ,  and i n  areas 
of po ten t i a l  development.*** 

Lj 

The recent  increase  i n  i n t e r e s t  f o r  d i r e c t  use of low 
and moderate temperature resources  w i l l  s t rengthen l o c a l  
involvement . A number of communities are becoming involved 
i n  planning and development of d i r e c t  appropriat ions t o  pro- 
vide community economic development. The c i t y  of Susanvi l le  

* See provisions of the  Geothermal Resources Develop- 
ment Account under the update on S t a t e  A c t i v i t i e s  i n  Sect ion 
7 . 3 below. 

** See reference 10 a t  4 - 8, f o r  a discussion of t h e  
GRIPS Commission and i t s  a c t i v i t i e s .  

*** Beginning i n  1980, CEC w i l l  administer 30% of .  pay- 
backs from BLM leas ing  revenues as grants  t o  localities with 
geothermal resources.  See update on the  Geothermal Resource 
Development Account, Sect ion 7.3 below. 

LJ 
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i s  working on a geothermal d i s t r i c t  heat ing pro jec t ,  wi th  
state and f e d e r a l  assistance. Following a somewhat d i f -  
f e r e n t  approach, t h e  c i t y  of Desert Hot Springs is consider- 
i ng  the  establishment of a geothennal-heated i n d u s t r i a l  
park, after a resource assessmknt w a s  made with state assis- 
tance. The c i t y  -of E l  Centro Is preparing t o  i n s t a l l  a 
geothermally-powered space conditioning system i n  i t s  Com- 
munity Center, w i th  a s s i s t ance  from DOE. A l l  t h e s e ' e f f o r t s  
are considered prototypes f o r  o the r  local governments within 
t h e  state. Their  success should provide f u r t h e r  Impetus t o  
such development . 
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5.22 REGULATORY ASPECTS 

Regulation and permit t ing of geothermal development i s  
e s s e n t i a l l y  a three-phase process. The f i r s t  phase involves 
leas ing  and explorat ion activities . The second phase 

. includes s i t i n g  and construct ion of power p l an t s  and r e l a t ed  
transmission f a c i l i t i e s .  Operation of t h e  completed f a c i l i -  
t ies i n  a manner cons i s t en t  with pub l i c  hea l th  , with reason- 
a b l e  c o s t  and r e l i a b i l i t y ,  adds a t h i r d  phase. 

Government ac t ions  required during t h e  f i r s t  phase 
include: (1) an environmental r epor t ;  (2)  a c i t y  o r  county 
use permit; (3)  a Regional Water Quality Control Board waste 
discharge permit f o r  a d r i l l i n g  sump; (4) a s o l i d  waste 
management permit f o r  a d r i l l i n g  sump; ( 5 )  a Department of 
Health permit f o r  a d r i l l i n g  sump; ( 6 )  a Division of O i l  and 
Gas permit t o  d r i l l  a w e l l ;  (7) a permit from t h e  Air Pollu- 
t i o n  Control District au tho r i ty  t o  cons t ruc t  and a permit t o  
operate.  I f  t h e  proposed p ro jec t  i s  on Federal  lands,  t he  
operator  must also obta in  permits  from t h e  U.S. Geological 
Survey o r  t h e  Bureau of Land Management. The permit t ing 
processes f o r  explorat ion and development on publ ic  lands i s  
reviewed i n  Section 2.21 above. 

Milestones f o r  the power p l a n t  s i t i n g  and cons t ruc t ion  
and opera t ion  phases include (1) an environmental r epor t  
( f o r  both the  Cal i forn ia  Environmental Quality A c t  and t h e  
National Environmental Policy A c t ) ;  (2) Approval of a Notice 
of I n t e n t  and an Application f o r  C e r t i f i c a t i o n  from the  C a l -  
i f o r n i a  Energy Commission;* (3) a c e r t i f i c a t e  of Public Con- 
venience and Necessity from t h e  Public Util i t ies Commission 
( i f  inves tor  owned); (4) a water discharge requirement per-  
m i t  from the  Regional Water Quality Control Board, and (5 )  
au thor i za t ion  t o  cons t ruc t  and a permit t o  operate  from t h e  
l o c a l  Air Pol lu t ion  Control District. 

t- 

t 

The regula tory  concerns and a c t i v i t i e s  of t h e  Public 
Utilities Commission and the  Cal i forn ia  Energy Commission 
re levant  t o  geothermal development are discussed below. 

* The N O 1  s t e p  i s  eliminated f o r  power p l an t s  loca ted  ,-. 

\li on a proven resource ( see  Section 5.22.2). 
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5.22.1 PUBLIC UTILITIES COMMISSION 

The Cal i forn ia  Public Util i t ies Commission (PUC) was 
crea ted  by t h e  state t o  p ro tec t  i ts re s iden t s  from abuses of 
monopoly power and. destruchive competition. Because the  
c o s t s  t o  consumers qould b e  reduced by merging competitors 
within a geographical area, . t h e  state has permitted the  
ex is tence  of service monopolies, such as electric and gas  
d i s t r i b u t i o n ,  under t h e  sc ru t iny  of t he  Puce* The PUC has  
been given broad powers t o  inves t iga t e  and analyze t h e  
in te rna l lopera t ions  of companies f a l l i n g  under their j uris- 
d i c  t ion 

The major Impact of PUC a c t i v i t i e s  on geothermal 
development comes from i ts  treatment of investments i n  rate 
determination, allowance of expenses, and the  establishment 
of r e t u r n  on investment. The commission‘s au tho r i ty  t o  
p o t e n t i a l l y  restrict en t ry  i n t o  c e r t a i n  business  activit ies 
and the  t h r e a t  of public  s c ru t iny  a l s o  create uncertainty 
f o r  t he  developer, These considerat ions a f f e c t  direct-use 
app l i ca t ions  and electrical generation somewhat d i f f e ren t ly ,  
and so are discussed separa te ly  below. 

ELECTRICITY GENERATION 

The major involvement o f  the  PUC i n  geot  
cal generat ion is rate j ezu la t ion .  The commission is  
expected t o  hold rates a t  the lowest l e v e l  which aliows the  
u t i l i t y  a j u s t  and ,reasonable r e t u r n  on i t s  investmentO2 In  
determining appropriate  rates f o r  a company the  commission - 
must approve t h e i r  rate base** and operating expenses,+ and 
then determine an allowable r e tu rn  on t h e i r  investment. 

Several  i s s u e s  arise cause e l e c t r i c i t y  generation 
from geothermal energy i s  a new technology. The risks are 
complex* and treatment f o r  those r i s k s  are uncertain under 

* Regulation of electricit na tu ra l  gas  has  been 
pat terned a f t e r  t h a t  of r a i l roads  because these i n d u s t r i e s  
lend themselves t o  n a t u r a l  monopolies. Inherent f a c t o r s ,  
such as acqu i s i t i on  of r i g h t s  of ways, requirement of large I 

c a p i t a l  investments, favored l a r g e r  firms. 

** The rate base i s  e s s e n t i a l l y  a va lua t ion  of t he  cap- 
i t a l  investment f o r  the  time i t  is i n  publ ic  ~ s e , ~ ’ a n d  i s  
Important because it is  the  b a s i s  f o r  determining rates. 

+ Operating expenses are c o s t s  incurred by 
which are no t  cap i t a l i zed ,  such as salaries, ma 
fuel costs. 

i+ See Section 4.21. 
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u t i l i t i e s  must consider i s  how t h e i r  investment w i l l  be 
t r e a t e d  i n  the  event of t o t a l  p lan t  o r  r e se rvo i r  f a i l u r e .  
The Commission w i l l  al low only the  c o s t s  they deem reason- 
able .  Another i s sue  i s  f u e l  c o s t ,  i.e. t h e  p r i ce  of steam 
and hot water. If steam or e l e c t r i c i t y  is bought d i r e c t l y  
from a producer, t h e  u t i l i t y  must j u s t i f y  t o  the  Commission 
that the  p r i c e  paid is reasonable. - A t  The Geysers, t h e  
p r i c e  allowed i s  an average of the  o ther  f u e l  cos t s - incu r red  
by the u t i l i t y .  The c o s t  s t r u c t u r e  f o r  hot  water hydrother- 
mal purchases w i l l  have a s i g n i f i c a n t  impact on f u t u r e  
development i n  t h e  Imperial  Valley. 

L 

I n  general ,  t he  PUC at tempts  t o  allow a r e t u r n  on 
equi ty  commensurate with o the r  p r i v a t e  companies i n  simil= 
r i s k  groups, but t h i s  may be d i f f i c u l t  t o  determine f o r  new 
hydrothermal electric power p lan ts .  "The f a i r  rate of 
re turn"  is normally set by t h e  regulatory commission on t he  
bas i s  of a weighted average of t h e  actual i n t e r e s t  c o s t  of 
debt instruments,  and prevai l ing market r a t e g o r  equi ty  f o r  . 
companies with similar r i s k  cha rac t e r i s t i c s .  This  is by no 
means a prec ise  process. The commission i s  not bound t o  any 
s p e c i f i c  formula fol; rate determination and must r e l y  
heavi ly  on judgement. Utilities have typ ica l ly  been allowed 
r a t h e r  low re turns ,  and thus  are discouraged from r i s k  tak- 
ing.  The commission is curren t ly  empowered t o  gran t  geo- 
thermal investments a rate of r urn one and one-half per- 
cent  above that normally allowed. I n  addi t ion ,  t he  PUC has 
expressed an in t en t ion  t o  provide rate-of-re&urn incent ives  
f o r  the use of a l t e r n a t i v e  energy sources. However, t h e  
effect on u t i l i t y  choice of f u e l  sources may be l i m i t e d  
without s p e c i f i c  l e g i s l a t i o n ,  

The Cal i forn ia  Publ ic  Utilities Code requi res  t h a t  any 
u t i l i t y  must have a C e r t i f i c a t e  of Publ ic  Necessity anJ Con- 
venience before i t  can o p e r a t e w i t h i n  t h e  state. This 
requirement may create a number of unce r t a in t i e s  f o r  new 
e n t i t i e s  i n t e r e s t e d  i n  producing geothermal e l e c t r i c i t y .  
They may be denied a permit, thus  preventing them from 
enter ing  the  market, or i f  t h e i r  operat ions f a l l  under those 
out l ined  i n  t h e  code as t h e  funct ions of a u t i l i t y  they may 
be required t o  go through t h e  time-consuming process of 
obtaining a certificate. Since t h e  d e f i n i t i o n  of a u t i l i t y  
may be c r u c i a l ,  t h e  appl icable  criteria are discussed 
b r i e f l y  below. 

3 

The first requirement for u t i l i t y  designat ion i s  that 
the  type of business be among those so defined by the  state. 
The Cal i forn ia  Const i tut ion specifically includes as publ ic  
u t i l i t i e s  any p r iva t e  corporation, ind iv idua l ,  or associa- 
t i o n  involved in t h e  production, generation, t rans%ssion,  
de l ivery  o r  furnishing of heat ,  l i g h t  or water power. Elec- 
t r i c i t y  generated from geothermal resources,  i f  intended f o r  
publ ic  use,  would be covered by s t a t u t e s .  
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The "public use" requirement* is applied t o  d i f fe ren-  
t ia te  those businesses t h a t  o f f e r  s e rv i ces  not ava i lab le  t o  , 

the publ ic  from those which are intended f o r  publ ic  user  , 

Such services need not be d i r e c t l y  delivered t o  t h e  public. '  
P r iva t e  corporations or individuals  providing services t g  
e x i s t i n g  publ ic  u t i l i t i e s  d g h t  a l s o  be declared u t i l i t i e s  . 
E n t i t i e s  s e l l i n g  e l e c t r i c i t y  t o  a u t i l i t y  f o r  resale t o  the  
publ ic  might a l s o  be considered a u t i l i t y  f o r  regulatory 
purposes. 

Meeting the s t a t u t o r y  requirements f o r  a c e r t i f i c a t e  of 
publ ic  convenience and necess i ty  may prove onerous. t o  I 

developers or new e n t i t i e s  i n t e r e s t e d  in producing geother- 
m a l  e l e c t r i c i t y .  . 

If an organizat ion des i r e s  u t i l i t y  s t a t u s ,  they must'  

la/ 

apply t o  the PUC. 
then can deny the  request  o r  gran t  It f u l l y  or i n  par t .  
Because one purpose of c e r t i f i c a t i o n  i s ' t o  li ervices of I 

a similar and competing nature ,  t h e  app l i  must show ~ 

cause f o r  approval. :Successful challenge of the  necess i ty  of 
the new service by an ex i s t ing  u t i l i t y  could mean t h a t  cer- 
t i f i c a t i o n  would be denied. Any challenge * can e n t a i l  a 
lengthy l e g a l  process and such uncertainty has discouraged 
developers from d i r e c t  sales o f .  e l e c t r i c i t y  t o  t h e  consumer. 

Al te rna t ive ly ,  an e n t i t y  which did no seek u t i l i t y  
status may f ind i tself  brought under PUC regula t ion  aga ins t  
i t s  wishes . For present ly  unregulated organizat ions,  t h e  
disadvantages of being regulated as a public  u t i l i t y  is two- 
fo ld .  F i r s t ,  t h e  rate of r e t u r n  allowed t o  a regulated com- 
pany is t y p i c a l l y  f a r  below t h a t  earned by an unregulated 
one. For many companies the  r i s k  of being subjected t o  a 
lower r e t u r n  is unaccceptable and discourages them from 
being involved with t h e  industry.  

Second, u t i l i t y  regula t lon  brings a g r e a t  deal of pub- 
l i c  scrut iny.  The PUC is empowered t o  inspect  the  accounts, 
books, documents and papers of any publ ic  u t i l i t y ,  and t o  
question under oa th  any u t i l i t y  o f f i c e r  , agent ~5 employee 
regarding t h e i r  business a c t i v i t i e s  and affairs. Much of 
t h i s  information w i l l  subsequently become publ ic  knowledge . 
While this w i l l  not pose an add i t iona l  burden t o  ex i s t ing  
u t i l i t i e s ,  .the burden of having i n t e r n a l  operat ions overseen 
by a u t i l i t y  cammission may dampen t h e  i n t e r e s t  of organiza- 
tions not cur ren t ly  under publ ic  regulat ion.  

The commission w i l l  review the  case a?$ 

, 

1 *There are exemptions f o r  public-oriented organizations 
t h a t  t yp ica l ly  would come under u t i l i t y  de f in i t i ons  but are 

In Cali- I not thought t o  need the cont ro l  of PUG regulat ion.  
I fo rn ia ,  these include municipal u t i l i t i e s  and i r r i g a t i o n  
I d i s t r i c t s .  See Reference 8 .  
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A t  this time i t  i s  unclear how the  PUC w i l l  look upon 
deve lope r-pr oduc ed elect rici t nd i t s  subsequent sale t o  a 
u t i l i t y .  Both the  f ede ra l  and state governments have funded 
s tud ie s  of re levant  pol icy considerat ions f o r  t he  purpose of 
d r a f t i n g  appropriate  regulat ions.  

DIRECT USE APPLICATIONS 

L 

Market en t ry  and the  problems associated with ning 

depend on the c l a s s i f i c a t i o n  of the  geothermal app l i ca t ion  
involved. Some companies expecting t o  provide very l imited 
serv ices  may not be aware t h a t  they could be subject  t o  - 
regulat ion.  However, t h e  acqu i s i t i on  of proper governmental 
approval should precede any s i g n i f i c a n t  investment i n  equip- 
ment or construct ion.  

t he  necessary c e r t i f i c a t i o n  for direct-use p ro j  w i l l  

Ca l i fo rn ia  publ ic  u t i l i t y  s t a t u t e s  s p e c i f i c a l l y  include 
p ipe l ine ,  water, and hea t  corporations as e n t i t i e s  ject 
to  regula t ion  when supplying services t o  the public.* The 
transmission and d i s t r i b u t i o n  of geothermal heat t o  mul t ip le  
users  f o r  d i r e c t  uses  i s  expected t o  be subjected t o  publ ic  
u t i l i t y  regula t ion  if t h e  service i s  dedicated t o  publ ic  
use. Cal i fornia  cour t s  have s t a t ed  t h a t .  "dedication" i s  
normally evidenced by some act which ind ica t e s  a w i l  
t o  provide se rv ice  on equal terms t o  a l l  who apply. 
Although regula t ion  i n  a specific case w i l l  depend on t h e  
circumstances involved, e x i s t i n g  cases suggest t h a t  a geo- 
thermal suppl ie r  could s t r u c t u r e  arrangements with indus- 
trial, commercial, OY even r e s i d e n t i a l  users  based upon 
negotiated supply cont rac ts  without becoming subjected t o  
publ ic  u t i l i t i e s  regulat ion.  

Rate regula t ion  of d i r e c t v s e  appl ica t ions  w i l l  gen- 
e r a l l y  follow the  p a t t e r n  o u t l i n e  i n  the  preceding discus- 
s i o n  on geothermal e l e c t r k i t y  generation. It is  d i f f i c u l t  
t o  eva lua te  a t  present because of t he  lack  of h i s t o r i c a l  
c o s t  and performance information. 

Y3s:et 

*Water sys  tems requi re  c e r t i f  icates of convenience and 
necessi ty;  hea t  or pipe l ine  corporations may not.  
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5.22.2 CALIFORNIA ENERGY COMMISSION REGULATIONS AM> 
POWER PLANT SITING 

The Cal i forn ia  Energy Commisssion (CEC) was crea ted  by 
t h e  l e g i s l a t u r e  i n  lq74, through passage of AB 1575 ("the 
Warren-Alquist Act") It has lead  r e spons ib i l i t y  f o r  energy 
planning and t h e  s i t i n g  of e l e c t r i c i t y  generat ion p l a n t s  of 
50 MWe o r  grea te r .  The s i t i n g  of geothermal electric'  p l an t s  
has  been included under t h i s  mandate i n  t h e  pas t ;  r ecen t  
l e g i s l a t i v e  changes have modified the  j u r i s d i c t i o n  of t h e  
CEC somewhat (see below). This s ec t ion  summarizes t h e  CEC 
regula tory  and s i t i n g  process as  i t  app l i e s  t o  geothermal 
f a c i l i t i e s .  

ENERGY PLANNING 

-- 

The CEC i s  responsible  f o r  developing supply and demand 
p lans  f o r  t e state,  working from u t i l i t y  submissions and 
s t a f f  work. The cu r ren t  p lan  p r e d i c t s  r e l a t i v e l y  slow 
growth i n  energy demand, and a r ap id  increase  in t h e  propor- 
t i o n  supplied from geothermal sources.* This  p lan  i s  t h e  
b a s i s  aga ins t  which u t i l i t i e s  must j u s t i f y  proposed power 
p lan ts .  The planning process  has  helped t o  c l a r i f y  t h e  . 
expectat ions f o r  geothermal energy, by iden t i fy ing  i t  as a 
r e l a t i v e l y  important element i n  t h e  state's f u t u r e  electri- 
c i t y  supply mix. 

P O W E R  PLANT SITING: THE N O I / A F C  PROCESS 

P 

Under the  Warren-Alquist A c t ,  the CEC has  ex l u s i v e  
au tho r i ty  over c e r t i f i c a t i o n  of  power p l a n t  s i t i n g ;  s i n c e  
t h e  Goggin b i l l  of 19583 (AB 2644)  p l a n t s  producing less 
than 5 0  MWe are exempt. Tlie s i t i n g  process  has  two phases 
designed t o  i l lumina te  a l l  important generic  and site- 
s p e c i f i c  considerations.  

- The Geothermal Sit inp; Process 

€ 

2 

Geothermal power p l a n t s  have always received preferen- 
t i a l  treatment i n  CEC s i t i n g  a$tions, motivated by t h e  spe- 
c i a l  na tu re  of t h e  resource. Even under the  original.  

* See Section 3. 

** See Appendix 2. 

+ T h e  normal power p lan t  s i t i n g  process i s  more complex 
and lengthy. Utilities must submit t h r e e  a l t e r n a t i v e  sites 
with t he  N O L  The CEC i s  given 12 months t o  rule on the  NOI, 
following conceptual ana lys i s  of generic  issues .  The AFC 
process  may take  up t o  18 months during which t h e  p ro jec t  i s  
analyzed i n  d e t a i l .  CEC has  been mandated by CEQA t o  m i t i -  
g a t e  adverse environmental impacts. 
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Warren-Alqulst Act, no  a l t e r n a t i v e  sites were required when 
submitt ing a N O 1  f o r  a geothermal fac i l i ty .*  

AB 2644 
el iminated the N O 1  s t e p  f o r  geothermal power p l an t s  loca ted  
on a proven resource. It a l s o  reduced t h e  maximum time f o r  
t h e  AFC process  t o  12 months.* The f u l l  CEC s i te  approval 
process i s  the re fo re  reduced t o  no more than .one year ,  from 
two and one ha l f  years  f o r  conventional power plants .  

AB 2644 g r e a t l y  expanded these  preferences.  

The most sweeping changes contained i n  AB 2644 have y e t  
t o  b e  rea l ized .  The b i l l  provides t h a t  a county may ga in  
complete con t ro l  over t h e  s i t i n g  of geothermal f a c l l i t i e s .  
The key t o  t h i s  new regime is the development of a Geother- 
m a l  Element i n  county General Plans. The element must con- 
t a i n  a plan f o r  geothermal development i n  the  county, 
including provis ions f o r  environmental and s o c i a l  impacts. 

I f  a county's Geothermal Element i s  "acceptable," CEC 
i s  empowered t o  approve a county-level cer tJgicat ion program 
t o  supercede the  present  NOI/AFC process. To b e  accept- 
ab le ,  t h e  program w i l l  have t o  include a 12-month processing 
maximum and publ ic  hearings. The CEC vi11 r e t a i n  appe l l a t e  
powers over  subs tan t ive  i s sues ,  and w i l l  be required t o  
review the  county's operat ion of i t s  program. AB 2644 has  
been the  b igges t  e f f o r t  y e t  t o  s t reamline and expedite t h e  
regula tory  process  f o r  geothermal power. Other provis ions 
of t h e  b i l l  reduced the numbers of permits required from 
other  state agencies. It a l s o  provided t h a t  a county with 
an  approved geothermal element can b e  delegated t h e  lead  
agency r o l e  f o r  assur ing compliance with CEQA requirements 
by DOG. 

As of September 1979, no count ies  have appl ied fo r  t h e  
s i t i n g  or CEQA powers. Imperial County i s  t h e  only county 
with a geothermal element, and has  made no move t o  request  
c e r t i f i c a t i o n  f o r  delegat ion because i t  deems the publ ic  
hearing and appl ica t ion  processing requirements too substan- 
t i a l  and c o s t l y  f o r  t he  canimunity t o  bear.  Lake County is 
preparing a geothermal element, bu t  i t  i s  no t  y e t  complete. 
No o the r  count ies  'have  embarked on t h e  prepara t ion  of a 
geothermal element, so t h e  CEC w i l l  remain t h e  con t ro l l i ng  
agency for s i t i n g  

* See Appendix 2; t h e  exemption i s  s t a t e d  i n  Public 
Resources Code Section 25540. 

t t  
See Appendix 2; Public Resources Code, Section 

25540.5. 
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5.23 STATE-SPONSORED COMMERCIALIZATION ACTIVITIES - 
INTRODUCTION 

I 

Geothermal energy has been assigned an 4mportant r o l e  
i n  Ca$ifornia’s Al te rna t ive  Energy and Transportation Pro- 
gram. S t a t e  e f f o r t s  t o  maximize geothermal electric and 
d i r e c t  heat appl ica t ions  are t a i l o r e d  t o  complement f ede ra l  
and l o c a l  government e f f o r t s  and p r i v a t e  i n i t i a t i v e s .  The 
h ighes t  p r i o r i t i e s  are assigned t o  a c t i v i t i e s  which can be 
e f f e c t i v e l y  pursued wi th in  the  state’s budgetary and person- 
nel l i m i t s .  This s t r a t egy  involves s p e c i f i c  ac t ions  a t  
ind iv idua l  sites, and statewide e f f o r t s  t o  improve the  
economic and regula tory  climate. 

This sec t ion  descr ibes  state p r i o r i t i e s  f o r  t h e  commer- 
c i a l i z a t i o n  of geothermal energy resources. Five generic 
b a r r i e r s  t o  commercialization are described, along with 
examples of state e f f o r t s  t o  overcome them. A more de t a i l ed  
descr ip t ion  of s i t e - spec i f i c  a c t i v i t i e s  follows, divided 
i n t o  th ree  sec t ions ;  The Geysers-Calistoga; Imperial  Valley; 
and o the r  geothermal areas. 

A major theme of s ta te  commercialization i n i t i a t i v e s  
has been the  removal of i n s t i t u t i o n a l  ba r r i e r s .  Consider- 
ab le  e f f o r t  has been expended t o  s t reamline the  regulatory 
requirements faced by geothermal developers, and t o  de lega te  
t h i s  consolidated au tho r i ty  t o  county governments. Many 
activit ies have therefore  involved t h e  i d e n t i f i c a t i o n  and 
el iminat ion of dupl ica t ive  o r  conf l i c t ing  regulatory 
requirements. Others have generated basel ine da t a  (geolo- 
g i c ,  t echnica l ,  and environmental) t o  assist planning and 
regulatory bodies. A t h i r d  type of a c t i o n  has been t o  
t r a n s f e r  t o  county and‘regional-  bodies t h e  s k i l l s  and s t a f f  
resources necessary t o  use the  information t o  plail and regu- 
late. 

mix of state commercialization a c t i v i t i e s  d i f f e r s  
somewhat between electrical and d i r e c t  use (non-electrical)  . 
appl ica t ions .  (See Table 5.23-1, S t a t e  Programs f o r  Commer- 
c i a l i z a t i o n  of Hydrothermal Resources, 1976-1980.) Electri- 
cal appl ica t ions  have long -been the  primary focus of p r iva t e  
sec to r  a c t i v i t y .  S t a t e  commercialization activities there- 
f o r e  centered around the  e l imina t ion  of second generat ion 
problems which would impede development. The assessment and 
mi t i g a t i o n  of environmeata impacts assoc ia ted  with develop- 
ment had a high p r i o r i t y .  he state has been active i n  co r  
funding of research, development, and demonstration a c t i v i -  
ties because of t h e  urgent need t o  resolve the  complex tech- 
nological  problems associated wi th  e l e c t r i c f t y  generation 

. from liquid-dominated resources. S t a t e  agencies have a l s o  
supported the  e f f o r t s  of these programs t o  seek add i t iona l  
f ede ra l  funding. F ina l ly ,  regulatory processes were stream- 
l ined  t o  expedi te  development. 
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Table 5.23-1. Sta t e  ?mgr- for Caametcialiration of Rydrotherral Rerources i n  California 1976-1980. 

F R m  A=/ START PRooluil APPLICATIOn - A I W  PMSG PROGRAM DATE PROGRAM DESCRIPTIOn 
D i r e c t  Elect. Co-ten. State- The Imperial Other 

wide Geysers Valley 

Rl!SouIIcr; 
ASSESS%?'NT 

CEC 1977 

Caltt@ft8 - 1978 

m 1979 

m 1979 

Do0 1980 

m 1950 

~ i m  1980 

DOG 1980 

Happing of Geothermal Reeource Area, 
8uranvillc, a. 
Feas ib i l i ty  Study using teo themal  ener8y 
for propored ht8hvay mintenance station, 
Dridgeport, CA. 

Happing Gwthetnul Resources, Calisto(lil, 
CA. 

Study of Lmr Temperature Geothemsl 
Resewoir, Pa80 Roblea, CA. 

Study of La, Temperature Geothemsl 
Re8ourcer, Dig Valley, CA area. 

Geothermal Fluid Reoewoir Asreentent, 
The Geyrern. 

Study of groutidwoter regime t o  protect 
fraah water acquifera frm improper geo- 
thermal f lu id  di8poaa1, Calistoga, CA. 

Gravity suwey of geothetarl  resoureen, 
Desert Rot Spring., CA. 

0 .  

a 
a m  
0 

e 
e a  
0 0  

m .  

0 

0 

0 

. a  a .  

a 0 

Tern- CECiDoG 1976 Collection of bascline data about possible 
ASSESsnewf rubsidence Crom withdrawal of hot water. 

CEC/flp.ciml 1977 Cwaluate studiea of cooline water 
county ava i lab i l i ty .  

CEC 1977 Adminlster WE-funded atudy of the  economics 
0 of d i r ec t  heat application8 i n  Lassen end 

Woc Counttea. 

e 0 - e  
e 6  e 

' cec 1979 The Geysers hot ua te r  applicationar 
eo-generation and d i r ec t  mea. 

Cecimei 1979 Preparation of a re&mal environmental and 
GRIPS sociological data bare. 

c 
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Tablo 5.23-1. Steta Prqrmm for Caracrclol imtla of  lIyd?ethewml Rewwmeo In  California 19761980. 

mAAT PRocMn AFTLICAROII C~~ AREA 
PRtmAn DescRIrTLOn 

Dlrect Elect. S t e t c  The Imporlo1 Other 

rwmw 
M E  

wide  Ceyacra Valley - 

0 m-, CeC/Iake 1978 fI25 aonitorhg: maintmence of Air Quality 
Dllmmmm 4%. ArcD h i t o r i n a  Stations. 

8 o Space-heatinn and a-lting demmstrotiaa 

o Dc*alopment of dlcltrict heating plan 

study on deeim of 8 5S-Mh emmer- 
plmt using geothermal heat L- --, 

t wood waste. 

?rmote intermgetmy coordination for tranmie- 
01091 l i n e  ~ O U ~ ~ I I F ; ,  Yster use planning, mviron- 
mental iapaetr management, and ptoccsalng of 

assiotatwe to I 
armtian of Ocat 

s S u u a i l l .  
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Direct-use a c t i v i t i e s  are less advanced, so more state 
emphasis has been placed on resource and market i den t i f i ca -  
t ion.  The s ta te  i s  a c t i v e l y  involved i n  geothermal resource 
assessments - such as the Division of Mines and Geology's 
p ro j ec t  with DOE t o  i d e n t i f y  w a r m  water loca t ions  throughout 
Cal i fornia .  E f f o r t s  are a l s o  underway t o  increase knowledge 
of p o t e n t i a l  markets by analyses  of po ten t i a l  uses .and pro- 
j ec t ions  of market penet ra t ion  of geothermal d i r e c t v s e  
appl ica t ions .  Elimination of dupl ica t ive  and conf l i c t ing  
regulat ions a l s o  received a t t en t ion .  The State Lands Com- 
mission (SLC) has  recent ly  surveyed a l l  regulat ions a f f ec t -  
ing  direct use; and a study of regula t ions  appl icable  t o  
d r i l l i n g  of low temperature geothermal w e l l s  is underway.* 

The documents l i s t e d  below chronicle  t h e  development 
and s t a t u s  of state p r i o r i t i e s .  The earliest contain sum- 
maries of geothermal knowledge and a c t i v i t i e s  a t  t h e  begin- 
ning of the present period of heightened I n t e r e s t  i n  geo- 
thermal appl ica t ions ,  and i d e n t i f y  t h e  f i r s t  sets of infor-  
mational and i n s t i t u t i o n a l  needs. Subsequent volumes d e t a i l  
the  expansion of a c t i v i t y ,  and the  r e so lu t ion  of successive 
l aye r s  of constraints. These documents provide a convenient 
h i s to ry  of Cal i forn ia  state ac t ions ,  and have been relied 
upon heavi ly  in t h e  discussion that follows. 

t 

19 76 : 

Geothermal Energy Resources i n  Cal i fornia:  S t a tus  
Report 3 Summarizes knowledge of and a c t i v i t i e s  a t  
California's geothermal resources ,  plans then e x i s t i n g  f o r  
t h e i r  development, t h e  regulatory framework, and R&D a c t i v i -  
ties planned or underway. 

- 

1977 : 

Biennial  Report of t h e  S t a t e  Energy Commission, - C a l i -  
f o rn i a  Energy Trends and Choices, Volume 5 :  Sta tus  of 
Alterna t ive  Energy Technolog- Outl ines  s t a t e  act iv'iz: 
ties t h r o u g h m  i n  geothermal and o ther  non-conventional 
energy technologies,  and proposes fu tu re  programs . 

Jet Propulsion Laboratory, Cal i forn ia  I n s t i t u t e  of 
Technology , Analysis of Requirements of Accelerating t h e  
Development of Geotherml Energy ResouKes i n  Cal i forn ia ,  
J a  77063,1977 . Summarizes generic  and regional  i s s u e s  
capable of i n h i b i t i n g  geothermal development, and proposes 
a c t i v i t i e s  t o  overcome t h e i r  impacts. 

- 

b 

Stanford Research I n s t i t u t e ,  Environmental Analysis f o r  
Geothermal Development i n  The Geysers Region. Executive 

* Conversation with Don Hoagland, S t a t e  Lands Commis- 

- -- 
L r  

s ion ,  September 27, 1979. 
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Summary, volume 1-3, May 1977. 
mental problems . I d e n t i f i e s  possible  environ- 

1 

Stanford Research I n s t i t u t e ,  Economic Analysis of Geo- -- ad 
thermal Development in Cal i forn ia ,  volumes 1-2, May 1977. - -- 

VTN-CSL, Economic Study of Low Temperature Geothermal 
Energy in Lassen and Modoc Counties, Cal i forn ia ,  Apr i l  1977. 
Pre l imiGry  s tudy of resource and market po ten t i a l  e 

-- -- 
1978: 

4 
Presents  recommendations f o r  resolving questions about 
resource and technology a v a i l a b i l i t y ,  environmental con- 
s ide ra t ions ,  regulatory i s sues ,  and t h e  economics of geo- 
thermal development . 

Cal i forn ia  E Report: 
Recommendations fot 5 Geothermal.Resource Develo ment and -- Power Plant  S i t i n g  Pol i iy ,  adopted March 22, +- 1 8. Recom- 
mends s p e c i f i c  changes i n  CEC, -procedures,  and enabling 
l e g i s l a t i o n  t o  s t reamline and expedi te  t he  geothermal power 
plant  s i t i n g  process. 

R e  o r t  of the  S t a t e  Geothermal Resources Task Force. . P--- -- 

'Geothermal Resource Impact Pro jec t ion  Study.Commission, 
GRIPS Plan J u l y  31, 1978, Nap,  Ca. Presents  t h e  GRIPS - -' 
Commission's f indipgs: da t a  on The Geysers area envjxonment, 
a c t i v i t i e s  and programs to  make more information ava i lab le ;  
and ways t o  increase  publ ic  pa r t i c ipa t ion  in planning and 
dec is ion  making. 

bi 

City of Desert- 
Geothermal Resources a t  Desert Hot Springs, Cal i forn ia ,  
June, 1978. Ident i f ie?  possible  use, o f  local geothemal  , 

reservoi r .  

1979 : 

- 

- 
C a l i -  - Sign$ficant Problems i n  Geothermal 

forn ia .  Summarizes pro 
lEiii-5~ the state 
ac t ions  t o  reduce 

Biennial  Report 
Energy Choices . . a  Looking 
and projected activit ies by CEC, including plans for "inno- 

~, 

. .  ., 

va t ive  technologies." 

Energy Commissioq, Exploring - New Energy Choices - f o r  
Cal i forn ia ,  Draft. - Outl ines  t h e \  present research and 
development program-of t h e  CEC. 
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COMMERCIALIZATION BARRIERS 

Five general  types of b a r r i e r s  have received some state LJ 
a t t en t ion .  The first p o t e n t i a l  b a r r i e r  a t  a given si te i s  
the  need f o r  basic  r e se rvo i r  data:  volume and temperature of 
the geothermal f l u i d ,  depth, geologic condi t ions,  presence 
of dissolved gases o r  so l ids .  The Division of O i l  .and Gas 
(DOG) and the  Division of Mines and Geology of t he  state 
Department of Conservation maintain general  information 
about the  sur face  and subsurface geology of the  state. The 
state Energy Commission (CEC) has been a c t i v e  a t  some sites: 
CEC sponsored geologic mapping i n  the  Susanvi l le  area of 
Lassen County, which provided usefu l  information about t he  
subsurface s t ruc tu re .  

- - 

The second b a r r i e r  is a l ack  of da t a  about t he  l o c a l  
environment: p l an t s  and animals, air  q u a l i t y  , watersheds, 
land use,  etc. This information is needed by planners and 
regula tors  t o  determine the  extent  and i n t e n s i t y  of permis- 
s i b l e  development, and t o  design mi t iga t ive  and pro tec t ive  
measures . The state has supported research and monitoring 
a c t i v i t i e s  a t  The Geysers and the  Imperial  Valley f o r  
severa l  years ,  and i s  moving t o  provide similar as s i s t ance  
i n  o the r  areas. 

---- 

The t h i r d  b a r r i e r  i s  an uncertain market f o r  geothermal 
energy. For e l e c t r i c i t y  generation, t he  state has focused on 
the  c o s t  and a v a i l a b i l i t y  of transmission l i n e s  t o  l i n k  wi th  
the  Cal i fornia  gr id .  The p r i o r i t y  a c t i v i t y  has been 
assurance t h a t  geothermal producers can “wheel” t h e i r  elec- 
t r i c i t y  through the  l i n e s  of major u t i l i t i e s  even i f  these 
u t i l i t i e s  are not customers. AB 3707 authorized t h e  Public 
Utilities Commission (PUC) t o  requi re  wheeling.* 

C! 

For d i r e c t  use of geothermal hea t ,  s i t e - spec i f i c  anal- 
yses of po ten t i a l  markets are necessary. The state,  ac t ing  
alone o r  i n  coopera&fon with DOE, has funded market surveys 
f o r  severa l  areas. The purpose of these s t u d i e s  was t o  
match resources and po ten t i a l  appl ica t ions .  

The f o u r t h  b a r r i e r  is a technology upon which develop- 
ers and customers can r e l y  t o  convert geothermal energy i n t o  
a use fu l  form. The broad range of temperature, pu r i ty ,  and 
flow rates requi res  the  development of novel technologies o r  
configurat ions a t  some sites. The state and f ede ra l  

* Section 7, codi f ied  a t  Pub. U t i l .  Code S 782. See 
Appendix 2. 

** During FY 1979, C funded Science Applications,  

t i ons  i n  Cal i fornia .  This study was scheduled t o  be com- 
pleted during the f i r s t  quar te r  of FY 1980. 

Inc. t o  survey the market po ten t i a l  f o r  d i r e c t  use applica- - 
Li 
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conf igura t ions  a t  some sites The state and f ede ra l  govern- 
ments have provided technological and f inanc ia l  a s s i s t ance  
t o  research, development, and demonstation pro jec ts .  The 
discussion below highl ights  a c t i v i t i e s  of t he  d i f f e r e n t  
locat ions.  

The f i f t h  p o t e n t i a l  b a r r i e r  t o  development i s ; i n s t i t u -  
t i ona l .  Since in t ense  i n t e r e s t  in geothermal energy i s  a 
r e l a t i v e l y  new phenomenon, government and p r iva t e  ins t i t u -  
t i ons  are sometimes not s t ruc tured .  t o  provide e f f e c t i v e  
a s s i s t ance  or clear, well-reasoned .d i r ec t ives .  State-  
supported s tud ie s  have i d e n t i f i e d  overlapping a u t h o r i t i e s  
and dupl ica t ive  requirements, as w e l l  as gaps in 'needed 
information or expe r t i s e  among d i f f e r e n t  government bodies . 
The state has made s i g n i f i c a n t  e f f o r t s  t o  resolve these 
problems through l e g i s l a t i o n  providing f o r  expedited review 
and permit procedures f o r  geothermal pro jec ts ,  designat ion 
of a s ing le  lead agency f o r  each pro jec t  t o  consol idate  
regulatory act ivi t ies ,  and delegat ion of many planning and 
evaluat ion a c t i v i t i e s  t o  county agencies with demonstrated 
exper t i se .  Development of county expe r t i s e  has  been sup- 
ported by f i n a n c i a l  and - technica l  assista 
fede ra l  agencies.** 

RECENT ACTIVITIES - - 

Commercializa t i o n  a c t i v i t i e s  are now underway in many 
resource areas in California .  The emphasis of e a r l y  pro- 
grams has been on e l e c t r i f i c a t i o n  following p r iva t e  s e c t o r  
interest, so t h a t  e f f o r t s  have concentrated on t he  l a rge  
high-temperature reservoi rs  a t  The Geysers and i n  Imperial  
County. Act iv i t ies  are now expanding t o  o the r  loca t ions ,  
supported by ' several  trends.  Budget a l loca t ions  have 
expanded s ign i f i can t ly , ' a l l owing  government p a r t i c i p a t i o n  a t  
more sites. Increased interest in uses has led to at 
least preliminary s tud ie s  a t  locati i t h  small,' low t e m -  
pera ture  r e se rvo i r s  . The increas ow of information 
about geothermal energy has prompted more activities-. 
F ina l ly ,  e sca l a t ion  in t h e  p r i c e  of conventional energy' 
sources has increased the  a t t r ac t iveness  of geothermal 
appl icat ions.  

* See, f o r  Instance,  reference 5. During FY 1979, CEC .- 
sponsored a review of laws and regula t ions  a f f ec t ing  d r i l l -  
ing of low/moderate temperature the -  S t a t e  Lands 
Commission. 

i 

** See Sect ion 5.21 f o r  a more de ta i l ed  discussion of 
i n s t i t u t i o n a l  arrangements, and Sect ion 5.22 f o r  a synopsis 
of the  state regulatory program. 
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I n  the  following subsections,  developments in The 
Geysers and Imperial  Val ley areas are discussed separa te ly  
because of the  broader range of a c t i v i t i e s .  A l l  o the r  geo- 
thermal areas are grouped together.  

The Geysers-Calistoga - 
The Geysers reservoi r  is by far the  most u t i i i z e  

s tudied of California 's  geothenna esource areas.* The pr i -  
mary b a r r i e r s  t o  f u r t h e r  develop t i n  the  dry steam por- 
t i o n  of the  reservoi r  are environmental , with hydrogen su l -  
f i d e  (H S) emissiohs being the  most cri t ical .  The CEC has 
funded $he Lake County A i r  Po l lu t ion  Confrol District t o  
maintain a i r  q u a l i t y  monitoring s t a t ions .  This both pro- 
v ides  an expanded da ta  base and permits t h e  l o c a l  APCD t o  
develop technica l  knowledge. Data from these air monitoring 
s t a t i o n s  are used t o  eva lua te  t h e  e f fec t iveness  of H S 
abatement technologies I being tes ted . 2 

Another innovation in The Geysers region has  been t h e  
Geothermal Resource Impact Pro Section Study Commission 
(GRIPS).** GRIPS is a j o i n t  powers agency formed by Napa, 
Sonoma, Mendocino, and Lake counties in 1978, primarily to 
develop a regional  da t a  base. Grants from t h e  CEC and the  
DOE have been used t o  c o l l e c t  a va r i e ty  of environ'mental and 
soc io logica l  data.  GRIPS a l s o  serves as a mediator among 
public and p r i v a t e  organizat ions involved in geothermal 
development in the  area. 

The Geysers a l s o  has a very l a rge  projected p o t e n t i a l  
f o r  liquid-dominated hydrothermal resources.  The resource 
is hot  enough f o r  both e l e c t r i c i t y  and d i r e c t  uses,  but has 
been neglected t o  da t e  i n  favor  of t he  steam resource. 
Present CEC u t i l i t y  pro jec t ions  i n d i c a t e  t h a t  t h s  hot water 
resources w i l l  not  be exploi ted u n t i l  1988. However, 
e f f o r t s  are now underway t o  encourage e a r l y  d i r e c t  thermal 
uses of hot water resources.  The 1980/81 research and 
development p lan  submitted t o  t h e  l e g i s l a t u r e  by t h e  CEC 
included f unding fo r  a benef i t-cos t ana lys i s  of "cascading" 
use of hot  water.*** The pro jec t  w i l l  s tudy d i r e c t  hea t  uses  
of t h e  geothermal hot  water after use in e l e c t r i c i t y  genera- 
t i o n  has reduced i t s  temperature. 

L' 

* See discussion supra Sect ion 2.1 and 4.2. 

**See reference 7, a t  4-8 f o r  a discussion of GRIPS ac- 
t i v i t i e s .  

*** See Sect ion 2.2. 
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Imperial  Valley . 

Large-scale geothermal development a c t i v i t i e s  In the  
Imperial  Valley -are recent  :phenomena, and many basic  
research and development a c t i v i t i e s  are ‘still underway. 
Present state e l e c t r i c i t y  plans include pgoposals t o  genl  
erate 516 MWe by 1985 and 966 MWe by 1990.* ’ To reach t h i s  
goal,  the state has.  assigned a high p r i o r i t y  t o  development 
a c t i v i t i e s  in t he  val ley.  Present p ro jec t s  address a 
v a r i e t y  of t h e  technica l ,  economic and environmental ques- 
t i ons  now delaying development. 

’ 

An important focus state e f f o r t s  has been support of 
t he  demonstration of a binary conversion system a t  East 
Mesa, and of t h e  p i l o t  p lan t  a t  Brawley. Both of these  
p ro jec t s  are a l s o  supported by the  U.S. Department of 
Energy.** The state has a l s o  been a c t i v e  with research 
grants  f o r  equipment t e s t i n g  and evaluat ion and i n  a t tempts  
t o  renew f inanc ia l - suppor t  f o r  a 50 MWe binary demonstration 
power p l an t  at  Better.*** 

The state has a l s o  i n i t i a t e d  a number of -act 
support of geothermal commercialization In FY 1976/77, CEC 
organized the  Imperial  Valley Planning Pro jec t  Committee, 
including members .from fede ra l ,  s tate,  and l o c a l  agencies,  
and from SDGdrE, C4evroh, and t he  Electric Power Research 
I n s t i t u t e  (EPRI). he committee i d e n t i f i e d  p r i o r i t y  plan- 
ning needs as transmission cor r idor  planning , provision of 
cooling water, and understanding of possible  subsidence 
problems . 

6, 

In 1976-77, t he  CEC and the  DOG eo-spon 
t i o n  of base l ine  data about possible  subsidence from with- ’ 

dtawals of hot water. I n  1977-78, t he  CEC helped the  
Imperial  County plsnnin s t a f f  eva lua te  s tud ie s  of cooling 
water ava i l a  b i l i  e preparat ion of  a Geo- 
thermal Element era1 Plan. The p lan  
included provis io  water use,  preventing 
subsidence, and p ion facil i t ies.  Many. 
of t he  procedures presented in t h i s  Element can be used by 
o ther  counties in t h e i r  own geothermal planning processes 

Direct use of geothe 
a t t en t ion .  One ob jec t iv  

* See Sec t io  

** See Sect ion 2.2 f 
Imperial  Valley . 

*** See f u r t h e r  discussion on t h e  demofistration pro jec t  
below, Sect ion 6.2. and Sect ion 7.2. W 
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development plan is t o  attract add i t iona l  f e d e r a l  gunding 
f o r  d i r e c t  use demonstrations i n  t h e  Imperial  Valley. 

F ina l ly ,  t h e  s ta te  has  attempted t o  - organize 
interagency cooperation t o  assist development i n  t h e  . 
Imperial  Valley. It has supported e f f o r t s  
t ransmission l i n e s ,  plan water use, and develop s t r a t e g i e s  
t o  handle environmental impacts on a reg iona l  bas i s .  A 
multi-county agreement t o  form a planning agency similar t o  
t h e  GRIPS Commission (The Geysers region) has been proposed. 
In  addi t ion ,  state and l o c a l  agencies have agreed t o  com- 
p l e t e  Memoranda of Understanding g s t a b l i s h i n g  simultaneous 
processing of permit appl icat ions.  

- Other Geothermal Resource Areas 

As progressively higher  p r i o r i t i e s  are assigned t o  low 
temperature and small scale app l i ca t ions  of  geothermal 
energy, act ivi t ies  are expanding a t  o ther  geothermal 
resource areas i n  Cal i fornia .  Because l i t t l e  has been done 
i n  these areas i n  the pas t ,  t h e  first p r i o r i t y  a t  most loca- 
t i o n s  is still the  c o l l e c t i o n  of bas i c  r e se rvo i r -  and 
environmental data. Direct uses  of geothermal water for 
agr i cu l tu re ,  aquaculture,  i n d u s t r i a l  processes,  and space 
heat ing are underway a t  several sites, and under invest iga-  
t i o n  a t  severa l  others.  These p ro jec t s  are designed t o  pro- 
v ide  b a s i c  information which can b e  general ized t o  o the r  
areas L W !  

* Susanvi l le  (Lassen County) 

S i t e  s t u d i e s  are r e l a t i v e l y  advanced. The CEC sup- 
ported a mapping of t h e  resourcef rea  i n  1977/78, which pro- 
duced estimates of t h e  resource. The CEC a l s o  administered 
a f e d e r a l  g ran t  analyzing the  economics 4f d i r e c t  hea t  
app l i ca t ions  i n  Lassen and Modoc count ies .  The c i t y  of 
Susanvi l le  i s  now @valved i n  a d i s t r i c t  hea t ing  p r o j e c t  
with DOG ass i s tance .  

Wendel-Amedee (Lassen County) 

The 1977-78 market ana lys i s  by CEC prompted a p r i v a t e  
developer t o  start a geothermally heated greenhouse develop- 
ment. The state has  provided no d i r e c t  a s s i s t ance  t o  t h i s  
p ro jec t ,  bu t  i s  publ ic iz ing it. Several o the r  direct-use 
p r o j e c t s  are i n  t h e  planning s t ages ,  with resource t e s t i n g  
underway and poss ib le  customers being organized. 

* See Sect ion 2.2 f o r  a l i s t i n g  of t h e  Susanvi l le  and 

li Wendel-Amedee p ro jec t s ,  and those i n  o t h e r  counties.  
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The Cal i forn ia  Department of Water Resources (DWR) is 
working with t h e  same developer t o  design a 55 MWe cogenera- 
t i o n  p lan t  f o r  Wendel-Amedee. The p lan t  would use geother- 
mal hea t  t o  dry and pre-heat wood waste -before burning. 
This pre-heating use may be a prototype f o r  economical use 
of many low-temperature resources. 

QI Mammoth Lake V i l l a  (Mono county) 

4 The CEC and DOE co-funded (80:20) a space heat ing an 
snow melting demonstration a t  a r e s o r t  development here. 
Studies of resource and market matches are now underway, 
aimed a t  developing a d i s t r i c t  heat ing plan & the  Immediate 
area 

QI Cos0 (Inyo County) 

Cos0 is considered by some t o  be the  t h i r d  most promis- 
i n g  high-temperature geothermal area i n  C l i f o r n i a .  However, 
there  has been l i t t l e  opportunity f o r  d i r e c t  state ac t ion ,  
s ince  v i r t u a l l y  a l l  t h e  nd is with in  the  United S ta t e s  
Naval Weapons T e s t  Center. Since 1977, .state agencies have 
been a c t i v e  through the  S t a t e  Cos0 Advisory Comittee in t he  
planning process,  however, a s s i s t i n g  the  Navy and the  Bureau 
of Land Management (BLM) develop comprehensive plans f o r  
t h e i r  lands. The Naval Weapons Center . a t  China Lake has 
plans underway t o  gefgrate e l e c t r i c i t y  from geothermal 
energy f o r  i t s  own use. A. reques t  f o r  geothermal develop- 
ment proposals was issued by the  Navy in Ju ly  1979, from 
which a development program w i l l  be se lec ted  by the end of 
1979.* The Bureau of Land Management (BLM) is preparing a 
l eas ing  program t h a t  could open t h e  reakinder of the  area t o  
geothermal development. The present  BLM timetable calls f o r  
leas ing  i n  1981.** 

- -  

* Personal communication 
Testing Center, September 21, 1979. 

h Tom Dodsen, Naval Weapons 

** i b i d .  
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5.24 MATOR LOCAL ACTIVITIES -- 
Local governments p lay  a s i g n i f i c a n t . r o l e  

development as managers of the  immediate bene f i t s  and cos t s  
t o  the  community. In count ies  with r e l a t i v e l y  l a r g e  geo- 
thermal resources  o r  r e l a t i v e l y  small e x i s t i n g  ' populations,  
geothermal development could d i s r u p t  e x i s t i n g  economic, 
environmental, and s o c i a l  systems. There is a general  pol icy 
wi th in  t h e  state t o  support l o c a l  assessmen f t h e  trade- 
o f f s  required by geothermal development. ven adequate 
information and skills, 'each county can a n t i c i p a t e  and 
d i r e c t  t h e  effects of geothermal development. 

County governments i n  Cal i forn ia  now have the  opportun- 
i t y  t o  exe rc i se  j u r i s d i c t i o n  over most aspec ts  of geothermal 
energy development. H i s to r i ca l ly ,  l o c a l  governments have 
exercised their  zoning power t o  con t ro l  d r i l l i n g  a c t i v i t i e s  
i n c i d e n t a l  t o  explora t ion  and development of geothermal 
reservoirs .*  I n ' a d d i t i o n ,  i f  a county adopts  an adequate 
Geothermal Element t o  i t s  General Plan (as defined i n  guide- 
l i n e s  s e t  f o r t h  the  S t a t e  Off ice  f Planning and 
Research), AB 264 (1978) makes more nif icar i t  powers 
ava i lab le .  A county can then apply t o  the  state Division of 
O i l  and Gas (DOG) ' for  1 gency s t a t u s  i n  assur ing  compli- 
ance with t h e  Ca l i fo r  nviromnental Quality A c t  w i t h  
respect t o  exploratory geothermal wells., It can a l so  apply 
t o  the  Cal i forn ia  Energy Commissio (CEC) f o r  j u r i s d i c t i o n  
f o r  s i t i n g  geo ther6a l  r plants .  

Technical a s s i s t a n c e  from both t h e  fede and state 
governments has been ta rge ted  t o  count ies  with high p r i o r i t y  
development po ten t i a l .  I n  Cal i forn ia ,  erial  County and 
The Geysers area count ies  have ' received most a t t e n t i o n ,  
and are now b e t t e r  equipped t o ' d i r e c t  geothermal a c t i v i t i e s  
than are o ther  a 
proceeds t o  o t  
agencies is ex  

and f e d e r a l  activities. 

*** See provis ions of t he  Geothermal Resource8 Develop- 
ment Account under update on S t a t e  A c t i v i t i e s  i n  Section 7.3 
below. u 



\ 

The rest of t h i s  s ec t ion  conta ins  sketches of l o c a l  
government a c t i v i t i e s  i n  The Geysers-Calistoga and Imperial 
Valley, two areas t h a t  have t aken  major s t eps  towards 
preparing f o r  geothermal development . A s  o the r  geothermal 
resource areas approach commercialization, o t h e r  count ies  
w i l l  become more a c t i v e l y  involved. 

IMPERIAL COUNTY: - COMMERCIALIZATION ISSUES 

Imperial  County, the  fourth- largest  a g r i c u l t u r a l  pro- 
duct ion county i n  the  nation,* a l s o  conta ins  one of t h e  
l a r g e s t  known geothermal resources  i n  the  world. The criti- 
cal i s s u e  i n  geothermal development i n  t h e  county is t h e  
,search f o r  an accomodation between these  two resources. As  
most of t he  a c t i v i t y  i n  the  county is keyed t o  agr ibusiness ,  
geothermal developers must opera te  with 
minimal d is rupt ion  t o  t h i s  d 

I m p e r i a l  County has mad f o r t  t o  deter-  
mine and balance the  a c t u a l  c o s t s  and bene f i t s  of geothermal 
development. I n  the  e a r l y  1970’s, growing i n t e r e s t  i n  geo- 
thermal energy prompted t h e  county t o  f a c e  t h e  p o t e n t i a l  
c o n f l i c t s  with a g r i c u l t u r a l  production. Research funding 
f o r  comprehensive land use planning w a s  f i r s t  sought with 
the  state Off ice  of Planning and Research and then  wi th  t h e  
National Science Foundation RANN (Research Applied t o  
National Needs) Program. Eventually,  research  conducted by 
t h e  Universi ty  of Cal i forn ia  at Riverside,  Cal i forn ia  I n s t i -  
t u t e  of Technology, and t h e  Lawrence Livermore Laboratory 
cont r ibu tef  t o  the  geothermal element of t he  county’s Gen- 
eral Plan. 

An extensive publ ic  opinion p o l l  and a separa te  s tudy  
of leadersh ip  a t t i t u d e s  ili Imper ia l  County revealed 
overwhelming support  f o r  development, i f  it included strict 
environmental con t ro l s  . The dominant l a r g e  landowners 
tended t o  f e e l  t h a t  t h e  economic bene f i t s  outweighed 
environmental c o s t s  of geothermal development. Thus, local 
p o l i t i c a l  fo rces  have not  been a b a r r i e r  t o  development. 

L’ 

Environmental con t ro l s  are cri t ical  because the  economy 
of t h e  county depends upon a c a r e f u l l y  balanced man-made 
environment. Water from the  Colorado River is routed 
through an  e labora te  system of cana ls  and d i s t r i b u t i o n  and 
runoff c o l l e c t i o n  channels . Flows are c a r e f u l l y  routed t o  
minimize salt  build-up. The s e n s i  v i t y  of t h i s  cap i t a l -  
i n t ens ive  network t o  water and land e pa t t e rns  d i c t a t e  t he  
c r i t  cal  concerns i n  geothermal development i n  I m p e r i a l  Yal- 
ley. 3 

* I n  1978, t h e  t o t a l  a g r i c u l t u r a l  revenue from Imperial 
County products w a s  $584 mill ion.  

L 
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Competition f o r  Water Supply -- 
There i s  c u r r e n t l y  no long-term' pol icy t h a t  success- ' 

f u l l y  a d d r e y e s  t h i s  problem. A recent  ana lys i s  of water 
a v a i l a b i l i t y  shows t h a t  r e s t r u c t u r e  (i.e., no f r e s h  i r r i g a -  
t i o n  water f o r  geothermal koolant uses)  w i l l  h'ave l i t t l e  
e f f e c t  on o v e r a l l  geothermal development f o r  low and middle 
growth scenarios.  This s tudy  f o r e c a s t s  water d e f i c i t s  i n  two 
of the  four  KGRAs under t h e  most r e s t r i c t i v e  water p o l i c i e s  
f o r  t h e  high growth scenarios .  Current county pol icy  l i m i t s  
f r e s h  i r r i g a t i o n  water t o  the  f i r s t  75 MWe i n  each KGRA f o r  
a period of 5 years  f o r  experimental demonstration plants.*' 
A water pol icy  planning s tudy is  proposed i n  the  Geothermal 
Element . 
Seismici ty  

.c' 

The a c t u a l  e f f e c t  o f  f l u i d  withdrawal'and 
the se i smica l ly  a c t i v e  Imperial Valley i s  unknown. County 
pol icy  calls f o r  developers t o  p a r t i c i p a t e  with county and 
state agencies i n  a monitoring program. 

Subsidence 
1 .  

County pol icy  requi res  b j e c t i o n  of geothermal f l u i d s  
t o  reduce subsidence, which could severely a f f e c t  the  sensi-  
t i v e  s lopes of  i r r i g a t i o n  and drainage systems. Developers 
are asked t o  p g r t i c i p a t e  with the  county i n  a monitoring .L?J program. i 

The county has been heavi ly  s tudied i n  recent  years ,  
and a f a i r l y  complete d a t a  base has  been assembled.**-With 
t h i s  da t a ,  county planners  can p r e d i c t  t h e  s e v e r i t y  of prob- 
lems and design mi t iga t ing  programs. 

Current County A c t i v i t i e s  

Imperial  County has  engaged i n  extensive planning f o r  
geothermal development throughout t he  county. The county is 
aware t h a t  i t  has  cr i t ical  a u t h o r i t y  over wel ls  on non- 
f e d e r a l  land. Supported by an extensive environment 
base,  it has made a se r ious  e f f o r t  t o  develop a scie 
c a l l y  c r e d i b l e  General Plan element and t o  maintain re 
and monitoring programsr where required.  The c o b t y  a 
confident  t h a t  i t s  pol icy  and i n t e r e s t s  w i l l  be respec 
state and f ede ra l  agencies even in decis ions  over whi 

* See update on recent  dec is ion  of  the-Cal i forn i  
Resources Control Boa 

** See reference d 2, and Sect ions 2.2 and 5.12 'and 
5.23 of t h i s  r epor t ,  
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county has  no a c t u a l  j u r i sd i c t ion .  

Lf The Geothermal Element presents  a number of p o l i c i e s  
concerning land use and geothermal development: 2 

* The bas ic  planning t o o l  w i l l  be a geothermal ove 
zone within which geothermal development wi l l  be 
allowed, sub jec t  t o  a condi t iona l  use permit. , 

The c o r o l l a r y  t o o l  is t h e  condi t iona l  use permit 
incorporat ing performance s tandards with which t h e  
county can c o n t r o l  s p e c i f i c  p ro jec t  design f ea tu res .  

6 Regulatory c o s t s  ass ignable  t o  geothermal develop- 
ment w i l l  be passed on t o  developers. 

6 The county genera l ly  w i l l  seek compensation f o r  

* The county w i l l  r equi re  a generic  EIR f o r  each KGRA 
that can be included by reference i n  pro jec t - spec i f ic  
environmental documentation. 

environmental degradation r a t h e r  than in junc t ions .  

The county w i l l  au thor ize  cons t ruc t ion  of 
experimental/demonstration geothermal facil i t ies on 
state or f ede ra l  land without zoning ac t ions .  

* The county w i l l  ensure t h a t  i t s  concerns are ra i sed  
i n  p r o j e c t s  on state and f ede ra l  lands by holding 
appropr ia te  hearings. 

* The county w i l l  cooperate with the  CEC and w i l l  pur- 
sue an a c t i v e  r o l e  i n  CEC regula tory  a c t i v i t i e s  i n  the  
county. 

6 The county w i l l  e s t a b l i s h  an o f f i c e  of geothermal 

* The county w i l l  e s t a b l i s h  an o f f i c e  of monetary pol- 
i c y  t o  match new publ ic  service demands with tax reve- 
nues from geothermal development. 

6 The county w i l l  participate with the  DOG i n  assur ing  
optimum development of t he  resource by applying land 
use con t ro l  measures. 

development t o  f a c i l i t a t e  development. 

Future County A c t i v i t i e s  

Since Imperial County has an "approved" Geothermal Ele-  
ment, i t  is e l i g i b l e  t o  apply t o .  the  CEC and DOG f o r  delega- 
t i o n  of s i t i n g  and CEQA compliance a u t h o r i t y  f o r  s i t i n g  of 
w e l l s .  However,. t he  county has  not  chosen t o  do so, 
apparent ly  because it is concerned over l a c k  of resources  t o  
e f f e c t i v e l y  and cons i s t en t ly  c a r r y  out  a regula tory  funct ion 

,- . 

I 
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without ou ts ide  assistance.* The county is apparent ly  adopt- 
ing the  s t r a t egy  that i t s  p o l i t i c a l  .6trength,  experience i n  
geothermal resource management, t h e  j u r i s d i c t i o n  i t  does 
have over wells, and t h e  cooperative po l i c i e s  of state and 
federal agencies w i l l  a ssure  t h a t  county .policy and 
i n t e r e s t s  are respected even i n  decis ions over which t h e  
county has no a c t u a l  j u r i sd i c t ion .  

THE GEYSERS-CALISTOGA REGION. . 

The Geysers-Calistoga r on has -been t h e  o t r a d i  
t i o n a l  focus of geothermal a c t i v i t y  in California .  The geo- 
thermal, environmental, s o c i a l ,  and- p o l i t i c a l  systems are 
t o t a l l y  d i f f e r e n t  from thos in Imperial* County. The 
a c t i v i t i e s ,  a t t i t u d e s ,  and p r i o r i t i e s  a l s o  d i f f e r  markedly. 

Commercialization I ssues  

The Geysers resource u rlies four  counties (Napa, 
Sonoma, Mendocino, and Lake), but commercial a c t i v i t y  i n  the  ’ _  

pas t  has been confined t o  t h e  dry steam por t ion  of t h e  
r e se rvo i r  i n  Sonoma County. Development was t r a d i t i o n a l l y  
paced by the  a b i l i t y  of developers rove suppl ies  f o r  
P a c i f i c  Gas and Elec c (PG6rE). Son 
c a l l y  favored geot elopment as a 
a c t i v i t y  i n  a remote pa the  county. As the  s i te  of t he  
development has grown ,’ environmental problems have commanded 
more a t t en t ion .  . The highest’  p r i o r i t y  is monitoring an$ 
abatement of hydrogen s u l f i d e  (E12S) emissions i n t o  the air. 
Secondary a t t e n t i o n  has been paid t o  disposal  of l i qu id  
waste, and t 6  y o s i o n  and ecological  d i s rupt ion  caused by 
t h e  facil i t ies.  

A more general  concern is p o t e n t i a l  d i s rupt ion  of t h e  
present economic and s o c i a l  system by *accelerated or con- 
t inued geothermal. deve pment. Napa County is  most con- 
cerned with p r e s e r h g  he wine industry.  Lake and Mendo- ,. 

c i a o  Counties have r e l a t i v e l y ’  small populat l  
economies are l a rge ly  dependent upon recreati 
Unlike Imperial  County, t he re  is no bas ic  i d e  
t a t i o n  toward growth and development 
development (espec ia l ly  in Lake 
publ ic  anxiety over s o c i a l  and c disrupt ion.  When I 

coupled with general  eavironmen rns,  these fears of 
the  primary and sec 

Current County Activities 

A s  described -ab 

* Personal communication % with Chuck H d 1 ,  Lawrence 

* ,  
I >  

. .  

Livermore Laboratory, September 15, 1979. 
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County have become rout ine.  The county handle's requests  f o r  
geothermal wells and f a c i l i t i e s  as normal land use a c t i v i -  
ties. The county receives  s i g n i f i c a n t  revenues from these  
a c t i v i t i e s ,  and considers geothermal development as an 
important pa r t  of i t s  economic base. 

L, 

A c t i v i t i e s  i n  Lake County have been minimal u n t i l  
recently.  There are six geothermal power p l an t  p ro jec t s  i n  
process a t  the  present  time.* Unlike Sonoma County, t he re  
has been considerable controversy over t he  bene f i t s  of geo- 
thermal development i n  Lake County, focusing on i s s u e s  of 
p o t e n t i a l  d i r e c t  c o n f l i c t  with t h e  r ec rea t iona l  and retire- 
ment a c t Q v i t i e s  t h a t  are the  mainstays of t he  present county 
economy. This has slowed development a c t i v i t i e s  consider- 
ably,  r e s u l t i n g  i n  a lawsuit by a would-be developer who 
complained t h a t  t he  present delays and incons is tenc ies  i n  
county permitt ing are il legal.** It should be noted t h a t  
timing i s  an important f a c t o r  i n  permit approvals f o r  t h i s  
general  area, s ince  wel l -dr i l l ing,  road, and some power 
plant  construct ion activities are precluded from mid-0ctober 
through Apri l  by heavy seasonal  rains. 

Nei ther  N a p a  nor Mendocino count ies  hav 
t h e i r  involvement with geothermal energy. Napa has an 
approved comprehensive plan f o r  t h e  county but i s  not  
encouraging geothermal a c t i v i t y ,  f o r  f e a r  of c o n f l i c t  with 
the  dominant wine-growing a c t i v i t i e s .  The main concern is 
over rout ing of fransmkssion l i n e s  from The Geysers t o  the  
San Francisco Bay Area. Mendocino County has l i t t l e  experi- 
ence with geothermal energy, but  one deep w e l l  is being 
d r i l l e d .  The county's general  plan was recent ly  declared 
inva l id  by the  state, and t h e  county is under a complete 
development moratorium . 

LI 

The fact t h a t  The Geysers-Calistoga geothermal resource 
includes p a r t s  of these four  count ies  has  resu l ted  in coor- 
d ina t ion  and information problems. To address these prob- 
l e m s ,  the count ies  formed the  Geothermal Resource Impact 
Pro jec t ion  Study (GRIPS) Commission.*** GRIPS has been 
involved i n  information c o l l e c t i o n  f o r  resource,  environmen- 
tal, and economic d a t a  bases, and has provided a forum f o r  
discussion and cooperation among t h e  counties and s ta te  and 
f ede ra l  bodies. 

* See d iscuss ion  i n  Sect ion 4.2 above and update on 
s t a t u s  of development i n  Sect ion 7.2 below. 

** Rol l in  Russell ,  Vice President ,  McCulloch Geother- 
mal, speaking before the  Bay Area Geothermal Resources Coun- - 
c i l ,  August 28, 197 See Sect ion 7.3 f o r  update. . 

*** See Sec t io  b 
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Future County A c t i v i t i e s  

The postures and a c t i v i t y  l eve l s  of t he  four  count ies  
w i l l  probably remain the  same i n  the  near fu ture .  Un t i l  t h e  
environmental and s o c i a l  quest ions now confronting geother- 
mal developments are addressed, development can proceed only 
slowly. This process w i l l  be a s s i s t e d  by t h e  preparat ion of 
area-wide environmental d a t a  bases now being developed by 
LLL under funding from DOE. (See discussion supra,  5.12b). 
If t h e  count ies  can be convinced that geothermal development 
can be made compatible with o ther  l o c a l  needs, the f u l l  
p o t e n t i a l  of t h e i r  resources may then be developed. 
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SECTION 6: PRIVATE SECTOR ACTIVITIES - AND INITIATIVES 

This sec t ion  discusses  various aspec ts  of the  pr iva te  
sec to r  geothermal development process. Section 6.1 summar- 
i z e s  the  ex i s t ing  and projected l eve l s  of investments i n  
leas ing ,  d r i l l i n g ,  and development a c t i v i t i e s  a t  d i f f e r e n t  
sites. An important aspect  of the  development procesg i s  the  
a v a i l a b i l i t y  of c a p i t a l  t o  support various geothermal pro- 
jects. Sect ion 6.2 examines emerging pro jec t  f inancing 
mechanisms, such as re se rvo i r  insurance, leverage leasing,  
and interim-risk-assuming companies. As the  industry 
matures, a number of i n s t i t u t i o n s  have emerged t o  meet the  
par t ic ipants '  needs f o r  information dissemination and 
representation. Section 6.3 descr ibes  the  programs of the  
Geothermal Resources Council and the Electric Power Research 
I n s t i t u t e .  DOE e f f o r t s  t o  assess industry perceptions of 
government i n i t i a t i v e s  and programs are highlighted i n  Sec- 
t i o n  6.4.  

\ 





6.1 PRIVATE SECTOR INITIATIVES 

In response t o  - rapidly r i s i n g  pr ices  f o r  conventional 
fuels, and lengthening delays i n  conventional power p lan t  
s i t i n g ,  p r i v a t e  indus t ry  has increased i t s  c a p i t a l  . invest-  
ment and a c t i v i t y  i n  a l l  phases of geothermal energy produc- 
t ion .  Three ind ica to r s  of p r i v a t e  sec to r  commitment are; 
bidding f o r  f ede ra l  lease sales, u t i l i t y  investment i n  power 
p lan t  construct ion,  and industry-funded p i l o t  'p ro jec ts .  
These a c t i v i t i e s  .-are described below t o  i l l u s t r a t e  the 
heightened involvement of t he  p r iva t e  sector .  

Federal  geothermal lease sales i n  Cal i forn ia  f o r  1974- 
1979 are presented in Table 6.1-1. _ .  

Table 6.1-1. . Federal Geothermal Lease Sales i n  . 
California 1974-1978* 

b) 

KGRA 

E a s t  Mesa 
Geysers-Calisto 

' 10,583.62 Lake City/  
Surpr i se  Valley- I , A 

Mono-Long Valley 1 5,482.99 a 

Wendel-Amadee 1 

50,802.40 $26,344,661.50 

Source: USGS. era1 .Geothermal Lease Sales in 

While the ind iv idua l  bids cannot be compared Federal  Geo- " 

thermal Lease S a l e s  in Cal i forn ia  1974-78 because of d i f f e r -  
ing site characteristics, t h e  t o t a l  1 n t  of over $26 
mi l l i on  i s  a s i g n i f i c a n t  amount whic provide a co 
t inu ing  impetus t o  development. Current state leases cover 



roughly 6,700 acres, much less acreage than f e d e r a l  leases 
wi th in  California.* Annual r e n t s  on t h e  competitive lease- 
holds i s  one d o l l a r  per  acre, with provis ion f o r  add i t iona l  
bonus o r  roya l ty  payments.** 

Ll 

The four  l a r g e s t  e l e c t r i c i t y  u t i l i t i e s  i n  Cal i forn ia  
are a c t i v e l y  pursuing geothermal options.  P a c i f i c  Gas and 
Electric (PG&E) hfs been involved a t  The Geysers dry steam' 
f i e l d  s ince  1958, and has cont inua l ly  increased i t s  gen- 
e r a t i n g  capaci ty  and c a p i t a l  investment t he re  . The 
Sacramento Municipal U t i l i t y  District (SMUD) i s  now proceed- 
ing  with development plans a t  The Geysers, while bo th  South- 
e r n  Cal i forn ia  Edison (SCE) and San Diego Gas and Electric 
(SDG&E) have announced plans for power p l an t  cons t ruc t ion  i n  
t h e  Imperial  Valley. Tables 6.1-2 and 6.1-3 present  invest-  
ment summaries f o r  PG&E and Southern Ca l i fo rn ia  Edison, ' 

respect ively.  

The PG&E investments, which now approach $100 mil l ion ,  
underscore the  economic advantages now enjoyed by geothermal 
steam a t  The Geysers-Calistoga area.*** With increased 
r e se rvo i r  operat ing experience, t h e  number of developers and 
users  there has also increased. Northern Cal i forn ia  Power 
Agency (NCPA), SMUD, and DWR are now proceeding with power 
p lan t  plans and a t  least s i x  y w  developers are involved i n  
d r i l l i n g  and steam production. 

The investments of SCE and SDG&E, on the  o the r  hand, 
denoteC an  important indus t ry  commitment toward e l e c t r i c i t y  
production from liquid-dominated resources.  As the  c o s t s  of 
f o s s i l  and nuclear  f u e l  sources continue t o  rise, hot  water 
generating faci l i t ies  have become more competitive. These 
two u t i l i t i e s  provide important leadership f o r  geothermal 
development i n  t h e  Imperial  Valley. 

Lid 

Another i nd ica to r  of t h e  i n t e r e s t  i n  geothermal 
development i s  the  ex ten t  of exploratory d r i l l i n g  a c t i v i t y  . 
Table 6.1-4 summarizes d r i l l i n g  a c t i v i t y  f o r  1977 and 1978 
i n  Cal i forn ia .  

* See update of state leas ing  a c t i v i t i e s  i n  Sect ion 7.3 
below . 

** Pr iva te  leaseholders  are not included as a measure 
of a c t i v i t y  because most p r iva t e ly  he ld  land with geothermal 
p o t e n t i a l  has a l ready  been leased,  and cur ren t  a c t i v i t i e s  
are d i f f i c u l t  t o  t rack.  See Sect ion 2.12, Pr iva te  Lands. 

*** For the  1976 operat ing year,  PG&E geothermal p l an t s  
produced e l e c t r i c i t y  f o r  25% to250% less per  KWH than nu- 
clear, coal ,  o r  o i l - f i r ed  p lan ts .  

r- 

u 
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Table 6.1-2. P a c i f i c  Gas & E l e c t r i c  Company - Geysers ' 
Geothermal Investments 1960-1984 

bd 

Date of PG&E 
Commercial Steam Capi ta l  
Operation Location MW Producer Investment 

pM-T* $ 4,010,000 1960 Geysers Z 11 

7,610,000 

12,756,235 

U-M-T ' *  11,520,287 

1963 2 13 'U-H-T 
, 1967 3 27 U-M-T 

19 68 4 27 U-M-T 
19 71 5 53 U-M-T 
1971 6 53 U-M-T 
1972 7 53 
1972 8 53 ' U-M-T 
1973 9 ' 53 U-M-T 
1973 10 53 U-M-T 

1979 12 106 U-M-T 27,580,000 
1979 15 55 Thermogenics 25,530,000 
19 80 13 135 Aminoil 28,934,000 
1980 14 110 U-M-T 27,966,000 
1982 17 110 U-M-T 41,592,000 
1982 16 110 Aminoil 42,700,000 
1982 18 110 U-M-T 48,882,000 
19 83 19 110 Aminoil 48,800,000 
19 84 20 110 U-M-T 52,284,000 
1984 U-M-T 52,221,000 

13,520 , 00 
1975 11 106 U-M-T 19,666,242 

Source: PG&E, California ,  February 1979. 

Notes: Capital  investment exciudes land, transmission and 

i .  

*U-M-T = Union Oil, Magma Power 

Imperial County KGRAs with t h e  d r i l l i n g  a t  The Geysers. I n  
1978, d r i l l i n g  footage increased 115% (from 50,058 t o  
107,567 f e e t )  in the  Imper 1977, while in.The 
Geysers, d r i l l i n g  footage eased by 9R, (from 
260,465 t o  237,481) . al thou 
accounted f o r  about 70% of t h  

The p i l o t  p ro j ec t s  in the  Imperial Valley provide a 
more e x p l i c i t  i l l u s t r a t i o n  of pr iva te  aec tor  i n i t i a t i v e s  t o  
expand geothermal development. Technological and economic 
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L! 
Geothermal Investments, 1980-1986 

SCE Date of 
Comer cia1 Cap i t a l  
Operation Location Mw Producer Inves tmht 

1980 Brawley 10 Union $18,000,000 
19 82 Sal ton S e a /  10 Union/ 18,000,000 

Niland S.P. Land 
' 1982 Heber 50 Chevron 63,000,000 

1984 Brawley 100 Union N/A 
N/A 1985 Brawley 100 Union 
N/A 1985 Sa l ton  Sea/ 

N/A . 1986 Brawley 100 Union 

Third Annual EPRI Conference, Monterey, 

Niland S.P. Land 

Source: 
Cal i forn ia ,  June 26-29, 1979. 

L' uncer ta in t ies*  assoc ia ted  with e l e c t r i c i t y  production from 
hot water resources arise because b r ine  production facil i-  
ties and generat ion p l an t s  have not  ye t  been b u i l t  3and 
demonstrated on a commercial scale i n  the United S ta t e s .  To 
reduce these unce r t a in t i e s ,  actual operat ing information i s  
needed. It is general ly  held that the most e c o n o q a l  means 
t o  acquire  such data-is through p i l o t  power p l an t s  so that 
the  r i s k  t o  p5oducers, inves tors ,  lenders ,  and u t i l i t i e s  can 
be minimized. 

There is one operat ing p i l o t  p l an t  i n  the  Imperial  Val- 
ley and t h r e e  o the r s  are in t h e  design or cons t ruc t ion  
stages.* They are the  first hot-water p l an t s  i n  Cal i forn ia  
and are add i t iona l ly  s i g n i f i c a n t  because they employ d i f -  
f e r e n t  conversion systems. The three systems t o  be used 
(s ingle  phase f l a s h ,  double phase f l a s h ,  and binary) have 
d i f f e r e n t  s t r eng ths  and weaknesses depending on t h e  charac- 
teristics of the resource used.** The p i l o t  p l an t s  w i l l  

* The production risks hinge on the i n a b i l i t y  t o  clear- 
l y  def ine  r e se rvo i r  c h a r a c t e r i s t i c s ,  and the  costs and per- 
formance of a production system. The conversion risks center 
on i l l d e f i n e d  e f f i c i e n c i e s  and economics of the three  p l an t  
conversion modes: s ing le  f l a s h ,  double flash, and binary. 

* See update on s i t e - spec i f i c  developments i n  the  Im- 
p e r i a l  Valley, Sect ion 7.2 below. 

c 
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Table 6.1-4. Geothermal Dril l ing Activities in California, 1977 6- 1978. . 

Wells Footage D r i l l e d  
Area operator 1977 1978 1977 1978 

The Geysers Union 15 13 123 , 404 114 , 932 
McCullough 2 2 13,023 15,962 

0 4 0 
6 2 ' 50,849 24,304 
8 4 65 , 843 31 , 823 

0 1 0 9,514 
0 1- 0 ~ 6,000 

Occidental 
Phi l l ips  
bMAx 0 1 0 8,760 

Imperial Valley Republic Geothermal 5 2 29,424 10,945 
UP 1 5 3,095 28,342 
Union 9,609 . 44,880 
Chevron 0 10,019 - 

Republic Geothermal 1 0 7 i 376 0 :  

Cos0 Hot Springs CER Corporation 1 0 4,846 0 

0 13,38 

. i l l ing," Gcothernal 
Energy Magazine, Vol. 7, No. 5, May 1979. 

provide informa ee systems 
o the r  opera tors  involved in plant  iiesib decis ions  . Optimi- 
z a t i o n  of the conversion system i s  c r u c i a l  i f  operat ing 
c o s t s  are t o  be minimized, and the .information from the ' 

p i l o t  p l a n t s  w i l l  be extremely use fu l  . 
binary u n i t  developed 
i t y ,  loca ted  in t he  Ea 
tern in t h e  United S ta t e s .  

~ 

The f i r s t  p i l o t  p lan t  t o  come 

SCE is presen t ly  involed in t h r e e  hydrotherma 
ectsa Union O i l  and ~ SCE are nearing 
s i n g l e  f l a s h  p i l o t  p l an t  a t  Brawley 
generat ion with high-temperature, h 
t h e  p l an t  proves successfu l ,  SCE expects  t o  bui ld  a 100 MWe 
commercial p l an t  as t h e  f i r s t  s t e p  t o  f u r t h e r  expansion. 
Under the  cooperative agreement between Union O i l  and SCE, 
Union O i l  w i l l  act as t h e  f i e l d  developer and steam pro- 
ducer, while SCE w i l l  f inance,  own, and operate  the  p lan t .  A 
50 MWe SCE u n i t  a t  Heber is now in f i n a l  design s t ages  and 
is scheduled f o r  completion in la te  1982. Chevron w i l l  pro- 
vide low s a l i n e  b r i n e  f o r  the "double f l a sh"  p l an t  which 
w i l l  be the f i r s t  of i t s  type in t h e  U.S. A t h i r d  SCE 

-231- 



project  focuses on the Sal ton Sea area, probabv the  h o t t e s t  
and l a r g e s t  anomaly i n  the  Imperial Valley. Union O i l ,  
Southern Pacific Land, and Mono Power Company are leasehold- 
ers there ,  and Union w i l l  act as operator f o r  f i e l d  develop- 

. ment and production activities. A 10 MWe power plant  is 
planned t o  be on-line i n  mid-1982. SCE i s  espec ia l ly  
in t e re s t ed  in Brawley and Salton Sea f o r  f u t u r e  develop- 
ment, i f  the p i l o t  plants  can be operated successful ly  a t  
competitive cos ts .  

L 

An important commercialization i s sue  is how u t i l i t i e s  
and developers w i l l  continue t o  finance development ac t iv i -  
ties and work together with l o c a l  governments t o  preserve 
the communities' qua l i ty  of l i fe  in t he  future.  How these 
d i f f e ren t  e n t i t i e s  share  r i s k s  and rewards w i l l  a f f e c t  t he  
rate of development i n  California. 
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6.2 FINANCIAL INSTITUTIONS ACTIVELY SUPPORTING GEOTHERMAL 
DEVELOPMENT 

INTRODUCTION 

The c a p i t a l  in tens iven  
development a c t i v i t i e s ,  t h  
f i e l d  development) p r i o r  t o  r ece ip t  of production 
revenues, and unce v e t  r e se rvo i r  r e l i a b i l i t y ,  have 
contr ibuted t o  the  y of financing geothermal proj- 
ects f o r  developers, u t i l i t i e s ,  and lenders  a l ike .  The gen- 
eral dilemma is that t h e  f i n a n c i a l  community needs more 
demonstrations of successful ,  . operating p ro jec t s  before i t  
can extend f inancing a d  t h e  industry needs venture c a p i t a l  
t o  fund those demonstrations. However, each of these par t i -  
c ipan t s  has a d i f f e r e n t  acceptable l e v e l  of r i sk .  The l e v e l  
of acceptable risk t o  inves tors  a t  t h e  explorat ion and 
development s t age  is genera l ly '  considered t o  be the  highest;  
and in order  for development t o  proceed, t he  t r a n s i t i o n  from 
one l e v e l  of r i s k  t o  another must be made. 

A geothermal develo r needs t o  overcome two f inanc ia l  
obstacles .  He must first be ab le  t o  support t he  r 
assessment necessary t o  e s t a b l i s h  a viable  ' resour  
acquire  a d d i t i o n a l  funding t o  bring the  f i e l d  t o  production.'- ' 

Each of these  e f f o r t s  requi res  
mechanism. 

d i f f e r e n t  t y  " .  

.Exploratory d r i l l i n g ,  o r  ."wildcatt ing," is t r ad i t i on -  . ,  
a l l y  considered t h e  place f o r  r i s k  c a p i t a l .  A firm w i l l  
need to  f inance these ventures pr imari ly  with i t s  own 
equi ty ,  o r  by f9rming l imi ted  par tnerships  that include out- 
s i d e  inves tors .  Financing or l eas ing  arrangements may be 
ava i l ab le  f o r  certain t involved in 
explorat ion,  but i t -wou ld  

Trad i t iona l  lending i 
become involved during t 
the resource t o  product i  
independent observer6 t h a t  there  is an adequate and economic 
resource,  and that a market for  f u t u r e  'steam o r  hot  water 
production ex i s t s ,*  commercial lenders  w i l l  consider pro jec t  , 

market m y  be in the form of 
a steam cont rac t  or a power p lan t  

** The timing and t h r u s t  of p ncing can vary. 
Loans usua l ly  would be e i t h e r  f o r  f i e l d  development (a 2-4 
year process p r i o r  t o  production), or f o r  a c t u a l  production 
(at  t h e  t i m e  i t  'begins).  -The latter is inherent ly  less 
r i sky ,  as p y d u c t i o n  is proven and markets are l i k e l y  t o  be 
more secure. 

. 1  
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However, l ack  of e s t ab l i shed  r e se rvo i r  evalua 
and d i f f i c u l t y  of acquir ing f i rm  commitmen 
( p a r t i a l l y  because of r e se rvo i r  r e l i a b i l i t y  i s s u e s )  s t i l l  
make this type of loan  very risky.* Commercial banks are 
r e l u c t a n t  t o  undertake such p ro jec t s  without some form of 
add i t iona l  assurance,  such as a loan  guaranty. 

The primary investment made by u t i l i t i e s  and o the r  pro- 
ducers of e l e c t r i c i t y  is f o r  cons t ruc t ion  of the  power 
p l an t ,  and f inancing is t y p i c a l l y  spread over a longer  term 
than f o r  exploratory and development a c t i v i t i e s  . Although 
t h e  f i n a n c i a l  needs d i f f e r  from those of developers,  they 
a l s o  have t o  d e a l  with the problem of r e se rvo i r  r e l i a b i l i t y .  
Long-term debt instruments which would normally cover rela- 
t i v e l y  secure investments and ca r ry  a lower interest charge 
may not be r e a d i l y  ava i l ab le  because of t he  r i s k s  assoc ia ted  
with geothermal r e se rvo i r s  and new conversion techniques .** 
Prospective borrowers are aga in  confronted wi th  the  nee 
secondary backing . 

L I  

I n  summary, the  problem of f i n d i  adequate sources of 
venture  c a p i t a l  is a continuing i s s u e  f o r  geothermal 
developers. The "bottom l i n e "  f o r  prospect ive inves tors  i s  
whether t h e  expected r e t u r n  i s  commensurate with the  r i s k .  
Both. the f e d e r a l  and state government and the  p r i v a t e  s e c t o r  
are seeking new arrangements t o  decrease t h e  front-end capi- 
tal  needed o r  t o  increase  the  a v a i l a b i l i t y  of venture  capi- 
t a l ,  or both.*** Their  relati 'onship t o  major f i n a n c i a l  vehi- 
cles cu r ren t ly  a v a i l a b l e  and some p o s s i b i l i t i e s  f o r  t h e  
f u t u r e  are discussed below. 

GEOTHERMAL PROJECT FINANCING 

The National Energy A c t  of 1978 included a number of 
tax measures designed t o  s t imu la t e  geothermal explora t ion  
and development by increas ing  i t s  a t t r a c t i v e n e s s  as an  
investment. The t a x  provis ions are i n  t h r e e  pa r t s :  (1) 
Depletion Allowances, (2) In tangib le  D r i l l i n g  Cost Expenses, 
and (3) Investment Tax Credi t s  f o r  business and r e s i d e n t i a l  
appl ica t ions .  Each of these ,  i n  8 d i f f e r e n t  manner, a f f e c t s  
the expected a f t e r - t ax  r e t u r n  on investment (ROI) from a 

--- 

* Reservoir Insurance has  been proposed t o  help m i t i -  
ga t e  t h i s  problem and w i l l  be discussed later in t h i s  sec- 
t i on .  

** See a l s o  the d iscuss ion  i n  Sec t ion  6.1 on p i l o t  

*** A summary of National Energy A c t  provis ions i s  
presented i n  Appendix 1. See a l s o  t h e  desc r ip t ion  of t h e  
Energy Secur i ty  A c t  of 1980 i n  Sect ion 7.3 below. 

p ro jec t s  . 
--_ 

L; 
I 
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geothermal venture.  As t h e  expected r e t u r n .  increases, i t  
w i l l  compensate f o r  a po r t ion  of t he  r i s k  assoc ia ted  wi th  
geothermal development, and theref  o re  increase  the l i ke l i -  
hood of p a r t i c i p a t i o n  by t h e  investment community. 61 ’ 

The Geothermal Loan Guaranty Pro ram (GLGP), admin- 
i s t e r e d  by the Department of Energy, p ays an  important r o l e  +-- - 
in geothermal f inancing (see Sect ion 5.12). By providing 
loan  secu r i ty ,  t he  GLGP encourages the  f i n a n c i a l  community 
t o  p a r t i c i p a t e  in capi ta l - in tens ive  geothermal p ro jec t s  that’  
would otherwise be deemed too  r isky.  Three banks are now 
involved in the program and many more are in t e re s t ed .  Bank 
of America ’and Bank of Montreal (Cal i forn ia)  are p a r t i c i p a t -  
i& as primary lenders ,  and Bankers T rus t  is ac t ing  as a 
t r u s t e e  in a long-term p r i v a t e  placement. The two actxvi-  
ties are very d i f f e r e n t  and h ighl ight  t h e  var ied r o l e s  com- 
mercial banks can play. 

As primary lenders ,  the  banks can provide short-term 
f inancing f o r  f i e l d  development o r  construct ion.  The max- 
imum term is t e n  years  and repayment- comes from f u t u r e  
operat ing revenues. The p r o j e c t  must be economically f eas i -  
b le ,  and have a reasonable assurance of repayment before a 
guaranty w i l l  be granted The guaranty does not  decrease 
the  risk, but  i n s t ead  pro without des add i t iona l  secur  
which t h e  bank would not  undertake the loan. 

3 -  ” 

Pr iva te  p lace  pr imari ly  . t o  secure long-te’rm 
loans (10-30 years)  . a t  f ixed  rates from lenders  such as 
insurance companies, pension funds , and b a d -  holders t h a t  
d e s i r e  s teady r e tu rns  f o r  income purposes. In these  
ins tances ,  the bank sefves as a t r u s t e e  and provides t h e  
necessary loan  serv ic ing .  Loans such as these  need a 
g r e a t e r  assurance of repayment t o  compensate f o r  t h e i r  
g r e a t e r  l eng th  and lower i n t e r e s t  charges . 
S t a t e  Retirement System- through Bankers Trus t  in New Pork. 
It is f o r  a food processing p l an t  where the  technology i s  
proven and resource v e r i f  ied .  Hydrothermal ’electrical gen- 
e r a t i n g  f a c i l i t i e s  w i l l  need t o  demonstrate t h e i r  r e l i a b i l -  
i t y  before t h i s  money market can b 
ing needs. 

c-i 

The e x i s t i n g  GLGP p r i v a t e  placement is with the  Georgia- 

I 

The GLGP has spurred t n t e r e s t  of . lendtng Xnstitu- 
tions in f inancing of geothe electrical p r o j e c t s  . Banks 
are gradual ly  increas ing  t h e i r  f a m i l i a r  t h  geothermal 
development , and successf  pro jec t  6 w i l l  
raise t h e i r  confidence. Wh romising, t he  
t r a d i t i o n a l l y  conservat ive na f i n a n c i a l  community 
suggests  t h a t  geothermal inve  

There is cont inuing ne cing methods not  b requi r ing  governmental supp P r i v a t e  developers and 



f inanc ie r s  are attempting both t o  adapt  present f inancing 
opt ions and t o  develop new a l t e r n a t i v e s  t h a t  address t h e  
spec ia l  needs of t h e  industry.  T a x  leverage l eas ing  is a 
present ly  ava i l ab le  opt ion,  while in te r im risk-assuming com- 
panies and reservoi r  insurance are much discussed alterna- 
t i v e s  that may come about i n . t h e  fu ture .  

Tax Leverage Leasing 

L) 

- 
Tax leverage l eas ing  is a form of f inancing t h a t  could 

be adopted from o the r  capi ta l - in tens ive  projects.* The 
advantages of t h i s  type of lease arrangement f o r  geothermal 
power p l an t s  are fourfold: (1) t h e  .developer and the  
u t i l i t y /p roduce r  are re l ieved  of t he  need f o r  a l a r g e  capi- 
t a l  investment, (2) t he  u t i l i t y  is re l ieved  of t he  r i s k s  
associated with p l an t  construct ion,  (3) t h e  developer can 
avoid the  r i s k  of being regulated,** and (4) tax bene f i t s  
may be r e a l i f e d  which may be unavai lable  t o  the  u t i l i t y  as a 
p lan t  owner . 

A tax leverage lease t r ansac t ion  for a power p l an t  
, would requi re  th ree  pa r t i c ipan t s  (a l e s s o r ,  a lessee, and a 

lender)g The key t o  a t a x  leverage lease t r ansac t ion  is the  
l e s s o r ,  o r  equi ty  inves tor ,  because the i n i t i a l  investment 
c a p i t a l  carries the  g r e a t e s t  risk.*** The primary a t t r a c t i o n  
here  is the  tax bene f i t s  t h a t  can accrue t o  t h e  inves tor .  
By borrowing a major port ion of t h e  investment and keeping 
t i t le t o  the equipment, t h e  equi ty  holder  can receive 100% 
of the  tax bene f i t s ,  while contr ibut ing only 20-25% of t h e  
total  funds. Thus, t h e  l e s s o r  can leverage h i s  investment 
t o  acquire  g rea t e r  rewards through successive reduct ion of 
h i s  o r i g i n a l  invested c a p i t a l  through lease payments. 

The l e s s o r  would arrange to  lease t h e  equipment t o  the  
lessee ( t y p i c a l l y  a u t i l i t y )  f o r  a commitment of regular  
payments over its u s e f u l  l i f e .  The l e s s o r  would provide t h e  
equi ty  investment f o r  t h e  equipment (usual ly  20% t o  25% of 
the t o t a l )  and borrow the rest from a lender.+ The lease 
payments and the first l i e n  on t h e  equipment would be 
assigned t o  the  lender  to  acqui re  t h e  loan.++ 

. 

b: 

* Notably a i r p l a n e  and computer purchases. 

** The r i s k s  of u t i l i t y  regula t ion  are discussed supra 

*** The l e s s o r  t r a n s f e r s  h i s  r i g h t  t o  f i r s t  payment t o  
In addi t ion ,  i f  t h e  GLGP is used, i t  w i l l  only 

+ Lenders here can include banks, insurance companies, 

Sect ion 5.12. 

t he  lender .  
cover t h e  lender’s 75% investment. 

- 

b’ pension funds, etc. 

i+ The lease payments would normally be unconditional,  
i.e., payable under any circumstances. It is possible  that 
the  GLGP could be used as addi t iona l  s ecu r i ty  f o r  t he  loan. 

-236- 



Tax  bene f i t s  received by t h e  l e s s o r  may a l s o  be shared 
with the lessee through lower lease payments. It is here 
that t a x  leverage l eas ing  is espec ia l ly  appl icable  t o  geo- 
thermal development because, under cur ren t  f ede ra l  tax pro- 
v i s ions ,  u t i l i t i e s  are not e l i g i b l e  f o r  the  
investment tax c r e d i t  allowe 
Through the mechanism of tax leverage leas ing ,  the u t i l i t y  
can receive I n d i r e c t l y  through t h e  l e s s o r  a po r t ion 'o f  t a x  
bene f i t s  it may not be allowed d i r e c t l y .  This may improve 
the economic a t t r a c t i v e n e s s  of a geothermal venture. 

developers from 
possible  regula t ion  and ' re l ieves  them of any add i t iona l  cap- 
i t a l  requirements. The u t i l i t i e s  are- l ikewise re l ieved  of 
pressing c a p i t a l  needs and can bene f i t  i n d i r e c t l y  from tax 
incent ives  not otherwise ava i lab le  t o  them. Lenders rece ive  
a r e t u r n  on t h e  loan and commitments f o r  steady cash 
inflows. Most importantly,  equi ty  Inves tors  acquire  the tax 
benef i t s  necessary t o  attract t h e i r  t a l ,  along with a 
reasonable r e t u r n  and any res idua l  v a r i s i n g  from t h e  
ownership of t he  equipment. 

Inter im - Risk-Assuming Companies 

Two add i t iona l  f inancing opt  tha t  have been sug- 
gested t o  a i d  geothermal development are "Interim Risk- 
Assuming Companies " ( IRAC's) and surance . While 
very d i f f e r e n t  in scope, both tremely usefu l  
f i n a n c i a l  vehic les  for  t h  

b' 

f o r  geothermal i n v  

The tax-leveraged lease a l s o  s h e l t e r  

Inter im Risk-Assuming C n proposed as 
possible  l i n k s  between t h e -  u t i l i t y .  I n  
the f inancing of p i l o t  p ro j ec t s  and ea r ly  demonstration 
p l an t s ,  t h e  IRAC would e n t e r  i n t o  a n  agreement t o  purchase 
steam d i r e c t l y  from ' t h e  developer, and t o  f inance,  con- 
struct, and operate t h e  power p lan t  necessary €or elqectric 
generation, and s e l l  i t y  t o  a u t i l i t y .  This ' 

would provide for  an  at and a l l ev l -  
ate the  r i sk  t o  the l a t i o n ,  while 
r e l i ev ing  the u t i l i t y  of capital investment u n t i l  adequate . 
opera t iona l  performance has been shown. 

Reservoir Insurance 

- 

Reservoir r e l i a b i l i t y  is a major concern t o  both 
lenders  and inves tors  in geothermal ventures. To mit iga te  . 
t h i s ,  var ious forms of r e se rvo i r  insurance have been dis- 
cussed by both the  publ ic  and p r iva t e  sectors.* Reservoir 

** See Appendix 1 fo r  a further descr ip t ion  of invest-  

* See desc r ip t ion  of Energy Securi ty  A c t  provisions In 

ment t a x  c r e d i t s  . 
Sect ion 7.3 below . w 
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insurance i s  a means f o r  a u t i l i t y  or plant  operator  t o  pro- 
tect h i s  investment aga ins t  t h e  p o s s i b i l i t y  of r e s e r v o i r  
deplet ion . L 

Corron br Black of Pennsyl 
has announced plans t o  provide reservoi r  
geothermal developers with major 
program they propose would break the  coverage period i n t o  
development and operat ions phases. The first phase would 
follow an evaluat ion of reservoi r  r e l i a b i l i t y  by independent 
exper t s ,  and would cover t h e  f i e l d  development and p l an t  
construct ion u n t i l  t he  p lan t  is completed and operating. The 
p a r t i e s  involved in f i e l d  development and p l an t  construct ion 
could be u n d e w r i t t e n ~ s e p a r a t e l y  t o  address- t h e i r  p a r t i c u l a r  
needs. In the case of "reservoir  inadequacy" c e r t a i n  
o ther  named p e r i l s ,  such as fires or eart es, t h e  
insured p a r t i e s  would be indemnified fo umulative p ro jec t  
cos t s  incurred f o r  p lan t  and equipmen pleted.  In t he  
opera t iona l  phase t h e  ex ten t  of coverage would depend on the  
s p e c i f i c  needs of t he  insured, and would be payable under 
the same circumstances. 

This i s  t h e  f i r s t  p r iva t e  venture o f f e r ing  r e se rvo i r  
insurance,  and t h e  parameters of t he  program are not ye t  
w e l l  defined. The specific c h a r a c t e r i s t i c s  and r i s k s  asso- 
c i a t ed  wi th  each r e se rvo i r  and prospective pa r ty  may r equ i r e  
very d i f f e r e n t  insurance coverage, and t h e  c o s t  and avai la-  
b i l i t y  of such coverage w i l l  vary accordingly. 

Domenic Falcone (of Geothermal Resources In t e rna t iona l )  
has proposed a r e se rvo i r  insurance plan whereby t h e  t i m e  
frame f o r  f i e l d  development and ower p l an t  cons t ruc t ion  can 
be dovetai led,  and thus  reduced. H e  proposed t h a t  insurance 
companies underwrite p o l i c i e s  which would in su re  purchasers 
of steam from rese rvo i r  f a i l u r e  f o r  a period of 3-5 years. 
This would be subjec t  t o  a developer's showing s u f f i c i e n t  
data t o  ind ica t e  an economic resource t o  support  e l e c t r i c i t y  
generation. Utilities could then begin power plant  con- 
s t r u c t i o n  before  f u l l  f i e l d  development is complete. In 
case of reservoi r  f a i l u r e ,  the  u t i l i t y  would be indemnified 
f o r  a l l  c a p i t a l  investments i n  place.  

L; 

g 
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A l l  p a r t i e s  would benefi t .  The developer would benef i t  
from e a r l y  steam and p lan t  operation. The savings the  
developer recognized in the  form of decreased financing 
charges ( i n t e r e s t ) ,  would then be used t o  pay the insurance 
premiums, with any savings exceeding the  premiums being an 
added benefi t .  I n  addi t ion,  u t i l i t i e s  benef i t  by earlier 
addi t ions t o  capacity.  

6' 

To date, a number of insurance companies have expressed 
a n  i n t e r e s t  in t h i s  proposal. It is hoped that reservoi r  
insurance w i l l  come about as knowledge of resource charac- 
teristlcs increases ,  providing an addi t iona l  mechanism f o r  
t r a n s i t i o n  from one l e v e l  of r i s k  t o  another.* 
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6.3 PRIVATE SECTOR INFMSTRUCTURE DEVELOPMENT 

INTRODUCTION 

Effec t ive  exchange of information between government - 
and indus t ry  is e s s e n t i a l  "to the commercialization of geo- 
thermal energy. An example of cooperative technology 
development is the  industry pa r t i c ipa t ion  in DOE'S materials 
and technological research programs, engineering and 
economic f e a s i b i l i t y  s es, and f i e l d  demonstrations. 
Within the p r iva t e  sec to  nformation dissemination is sup- 
ported by severa l  organizations.  The Geothermal Resources 
Corrncil (GRC) supports a program covering a l l  phases o f , t h e  
geothermal industry,  while t he  Electric Power Research 
I n s t i t u t e  (EPRI) concentrates primarily on t he  u t i l i t y  
aspects of geothermal development.< I n  .addi t ion,  t he  Geo- 
thermal Energy Committee of the'American Society f o r  Testing 
and Materials (ASTM) was es tab l i shed  t o  oversee t h e  develop- 
ment of technica l  standards f o r  the  geothermal industry.  
T h e i r  programs are described below. 

~ 

THE GEOTHERMAL RESOURCES COUNCIL 

The Geothermal Resources Council (GR was formed i n  
1972 as a non-profit organization. Members include represen- 
t a t i v e s  from a l l  sec to r s  of t he  industry,  and the  emphasis 
is on the  interchange of infotmation 'and ideas  t o  promote 
geothermal development. To accomplish t h i s ,  t he  council  
serves both as a n  educational forum and a coordinating body 
f o r  information regard$ng geothermal energy and i t s  advance- 
ment. 

The primary focus of the  GRC's a c t i v i t i e s  i s  t he  
t i o n a l  program. 
workshops, and conferences on both technica 
considerat ions . I n  addi t ion ,  t he   annual^ 
tured around i s sues  cnrcial o the indust  
sho r t  courses,  workshops and meeti 
included : 

The GRC sFpnsors a,number of shor t  courses, 

"Direct U t i l i z a t i o n  o f  Geothermal Energy: A Symposium," 
fan.-Feb. 1978, San Diego, CA (DOE Contract), publica- 
t ion.  

Special  Short Course #7, " 
Opportunity (The Federal  Impact)," Washington, DOC.,- 
May 1978. 

Annual Meeting, 
Resource," Hilo, EI, July 

"LLL/GRIPS Work ronmental Technology f 
Geysers-Calistoga KGRA," Oakland, CA, Oct. 1978 (LLL 
Contract). 



“A Conference on t he  Commercialization of Geothermal 
Resources,” San Diego, CAS Nov. 1978 (Partial support  
from Ca l i fo rn ia  Energy Commission) . L d  

A Symposium on Geothermal Energy and i t s  Direct Uses i 
the Eastern United S t a t e s ,  Hot Springs,  VAS Apr i l  1979 
(DOE Contract) .  

Spec ia l  Short  Course 88, “An In t roduct ion  t o  t h e  
Exploration and Development of Geothermal Resources,” 
South San Francisco, CAS May 1979. 

Annual Meeting, ”Expandi t h e  Geothermal F ron t i e r , ”  
Reno, NV, Sept.  1979. 

The GRC a l s o  d i s t r i b u t e s  a newsle t te r ,  conference 
r epor t s  and publ icat ions.  A l i s t  of publ ica t ions  i s  included 
a t  t h e  end of Sec t ion  6.3. 

In add i t ion  t o  t h e  na t iona l  organizat ion,  t h e  GRC i s  
divided i n t o  reg iona l  s ec t ions  with t h e i r  own o f f i c e r s  and 
programs . There are cu r ren t ly  f i v e  regional  s ec t ions  : Rocky 
Mountain Section; Bay A r e a  Section; San Diego Sect ion;  New 
York Sect ion;  Basin and Range Sect ion (Utah and Eas te rn  
Idaho). New sec t ions  are a l s o  being formed i n  Reno, Nevada, 
Sacramento, Ca l i fo rn ia ,  Washington, D.C., and Dallas, Texas. 
Each region supports regular  meetings, f i e l d  t r i p s ,  and 
o the r  funct ions which al low f o r  information i n t e r a c t i o n  of 
t he  p a r t i c i p a n t s  involved i n  geothe-1 development. 

The Bay Area Sect ion (San Francisco, Ca l i fo rn ia )  of t he  
GRC has approximately 60 members. Among o the r  a c t i v i t i e s  , 
the  group r egu la r ly  sponsors a guest  speaker o r  d i scuss ion  
a t  t h e i r  monthly meetings. The top ic s  cover a l l  phases of 
geothermal development, and i n  t h e  pas t  year  have included 
pro jec t  f inancing,  none lec t r i ca l  app l i ca t ions ,  p r i c ing  prob- 
lems, the  U.S. resource assessment, and t h e  i n s t i t u t i o n a l  
environment . 
THE ELECTRIC POWER RESEARCH INSTITUTE 

EPRI was founded i n  1972 by u t i l i t i e s  t o  develop and 
manage a n a t i o n a l  technology program f o r  electric power pro- 
duct ion,  d i s t r i b u t i o n ,  and u t i l i za t ion .*  More than 500 

* EPRI’s range of a c t i v i t i e s  include: engineering 
eva lua t ions  of f o s s i l  and nuclear  power p l a n t s ,  environmen- 
ta l  assessments of power generat ion opt ions , energy supply 
and demand ana lys i s ,  energy s torage  research,  t ransmission 

u t i l i t y  rate designs,  h e a l t h  e f f e c t s  of power p l a n t s ,  and 
ana lys i s  of new energy resources.  

l i ne  equipment design,  nuclear  power p lan t  s a f e t y  s tud ie s ,  - 
LJ 
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hd 

investor-owned, cooperative,  federa l ,  and municipal u t i l i -  
t ies support EPRI’s research program.- 

The New Energy Resources D rtment, which oversees 
research f o r  fusion,  solar, nd geothermal energy, - i s  p a r t  
of t he  Foss i l  Fuel  and Ad ced Systems Division. Since 
1977, EPRI has reported o t i l i t y  industry’s 
fo recas t  of geothermal ge . The geothermal 
program has th ree  subprograms: (1) Hydrothermal Resources, 
(2) Advanced Technology, and (3) Geopressured Resources. 
Each of these  subprograms w i 1 l . k  discussed separately.  

Geothermal Program, Commercialization A c t i v i t i e s  

The geothermal program a t  EPRI is designed t o  . 

accelerate commercial adoption of cur ren t  technologies f o r  
geothermal development. This is supported by t h e  accumula- 
t i o n  of re levant  d a t a  bases,  and engineering and economic 
analyses . Additionally,  EPRI -is committed t o  promoting t h e  
development of hydrothermal (hot water) resources and 
geopressured resources.  Both of these  types of resources are 
more prevalent than vapor-dominated resources,  and are cOn- 
sidered economically and technologically f e a s i b l e  t o  
develop. EPRI’s near-term e f f o r t s  are concentrated on low- 
s a l i n i t y  hydrothermal resources because: (1) low-sa l in i ty  
resources are more economical t o  develop (fewer sca l ing  and . 
water d isposa l  problems) than high-sal ini ty  ,resources,  and, 
(2)  low-salinity conversion technology is expected t o  be 
similar t o  the  technology required f o r  geopre 
igneous systems. 

+ 

, *  * Hydrothermal Resources Subprogram 

. A  major proposal is f o r  cons t ruc t ion  of a SO MWe low- 
s a l i n i t y  binary cycle  hydrothermal power p lan t  by SDG&E a t  
the Heber KGRA.* EPRI bel ieves  t ha t  a demonstration p l an t  
w i l l  provide important e r a t i o n a l ,  performance, 

* and ,environmental characteristics. F i e l d  d a t a  
the assessment of the technologies and  economics , of power 
generat ion from hydrothermal resources . Furth 
t a l  impacts can be quan t i t a t ive ly  
demonstration p lan t  should a l s o  provi 
reservoir development‘ technique 
f o r  energy conservation, +(3)  res 
t ion ,  (4) binary cycle  power come  
t r o l ,  and (6) efficient cooling wa 

The o r i g i n a l  1977 proposal ca l l ed  f o  
f i n a n c i a l  (about 10%) and 

* See update on t h e  Hebkr 
Q t i o n  7.2 below. 



t, 
the binary p l an t ,  w i th  t h e  expectat ion t h a t  t h e  Department 
of Energy would provide the  addi  t i o n a l  f inancing necessary 
t o  br ing  the  p lan t  on-line by the  end of 1980. This proposal 
was rejected by DOE i n  favor  of a f l a s h  system proposed by 
Union O i l  Company and Publ ic  Service Company of New Mexico. 

EPRI has continued t o  be supportive of a binary. demon- 
s t r a t i o n  pro jec t .  It has worked with o the r  u t i l i t i e s  t o  
develop a consortium in an t i c ipa t ion  of Congressional 
au thor iza t ion  of a second demonstration pro jec t .  The con- 
cept  i s  that  u t i l i t i e s  could share the  r i s k s  assoc ia ted  with 
a demonstration p lan t  because a l l  electrical producers would 
gadn from the information t o  be learned. 

Advanced Technology Subprogram 

EPRI is committed t o  development of advanced hardware 
and software systems f o r  geothermal resources.  The present  
p ro jec t s  included i n  t h i s  subprogram are geothermal f l u i d  
proper t ies ,  f l u i d  t e s t i n g  techniques and test standardiza- 
t i o n ,  s i te - to-s i te  v a r i a b i l i t y ,  b r i n e  system chemical kinet-  
ics, and scale control .  

@ Geopressured Resources 

Geopressured zones occur throughout t h e  world i n  deep 
sedimentary basins.  The basins  are o f t en  found a t  depths 
below 1-2 miles a t  pressures  s u b s t a n t i a l l y  higher  than those 
normally found a t  those depths. EPRI’s program is  designed 
to  evaluate  and support the  development of geopressured 
resources as a power generat ion option. The program 
includes a d e f i n i t i o n  of requirements and impacts, assess- 
ment of the power p o t e n t i a l  and adequacy of t h e  ava i l ab le  
technology, and eva lua t ion  of critical components, leading 
t o  t h e  determination of a preferred system configurat ion and 
design of a p i l o t  power plant .  Commitments t o  s t r u c t  a 
p i l o t  p lan t  are expected in 1981 or e a r l y  1982. 

L’ 

1979 U t i l i t y  E s t i m a t e s  of Geothermal E l e c t r i c i t y  - - 
Since 1977, EPRI has reported on t h e  electric u t i l i t y  

industry’s fo recas t  of geothermal generating capaci ty .  Data 
f o r  these r epor t s  were taken from two sources,  formal fore- 
casts of f u t u r e  generating capaci ty  compiled by t h e ‘  National 
Electric R e l i a b i l i t y  Council (NERC) and t h e  Western Systems 
Coordinating Council (WSCC), and an  annual survey of 
s e l ec t ed  u t i l i t i e s .  

Based on NERC data ,  the na t iona l  outlook i n  1979 indi- 
cated a moderate increase  from the  1979 l e v e l  of 502 MW t o  
about 1760 MW i n  1987. This represents  an annual rate of 
about 14X. By comparison, the expected growth rate for 
t o t a l  electric capac i ty  over t h e  same period was S.3Xlannum. 
(See Table 6.3-1.) 
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Table 6.3-1. Forecasted WSCC 10-Year Generation Additions 
h$ 

- Total - Coal ' - Nuclear 

.(a) ( X )  JGIJ) (Xl 
1976-1985 68.5 23.5 (34) 19.1 (28) 1.57 (2.3) 

1977-1986 59.7 18.7 (31) . 18.6 1.71 (2.9) 

1978- 1987 59.7 19.5 (33) 19.6 (33) 1.76 (2.9) 

1979- 1988 60.4 22.8 (38) 18.7 (31) 1.82 (3.0) 

*Based on Western Systems Coordinating Council 10-Year Plan Sumnaries 

Source: EPRI, 1979. 
F -  

The EPRI survey was designed t o  sample t h e  mood of t he  
indus t ry  concerning f u t u r e  cons t ruc t ioq  of geothermal power 
p l an t s  between now and the  year 2000. Capacity - fo recas t s  
f o r  each of th ree  l e v e l s  of expectat ion were requested: (1) 
announced - e i t h e r  publ ic ly  o r  through PUC-type b iennia l  
repor t s ;  (2) probable - based on successfu l  demonstration of 
technology f o r  using liquid-dominated geothermal resources; 
(3) possible  - based add i t iona l ly  on the  removal of i n s t i t u -  
t i o n a l  b a r r i e r s ,  governmental incent ives ,  and R&D support. 
The r e s u l t s  of the 1979 EPRI survey are shown in Table 6.2-2 
and a summary of results of the survey s ince  1977 is shown 
in Table 6.3-3. 

L' 

AMERICAN SOCIETY FOR &STING AND MATERIALS (ASTM) GEOTHERMAL 
COMMITTEE 

The ASTM Committee E-45: "Geothermal Resources and 
Energy" w a s  es tab l i shed  on October 17, 1979 t o  support 
developfeegt of s tandards f o r  geothermal materials and tech- 
nology. ' Par t i c ipan t s  included representa t ives  from 
explorat ion and development companies, geothermal indus t ry  ~ 

assoc ia t ions ,  equipment manufacturers, government agencies,  
and na t iona l  l abora to r i e s  Three technica l  subcommittees 
were crea ted  t o  cover t h e  
operat ions : 

E-45.10 Fie ld  Development. The focus of  this^ cam-' 
mittee is on the subsurface aspects of a geothermal 
f ie ld .  It consists of four  task groups - Fluid and Gas 
Sampling and Analysis, Materials, Dr i l l i ng ,  and Logging 

L J  
I 
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Table 6.3-2. 1979 EPRI Ut i l i ty  Geothermal Survey 

ARIZONVNEW MEXICO 

Announced 
Probable 
Po ss i b 1 e 

CALIFORNIA 

Announced 
Probable 
Possible 

I DAHO/OREGOWWASH 

Announced 
Probable 
Poss i bl e 

NEVADA/UTAH/MOM 

Announced 
Probable 
Possible 

GULF STATES 

Announced 
Probable 
Possible 

TOTALS 

Announced 

Probable 

Possible 

Capaclty (We) By Year 

. 1977 1985 1990 1995 2000 

Actual - t E s t  - E s t  Est 

0 

50 50 50 50 
100 250 350 450 
150 450 800 1000 

502 

2007 2192 2462 2782 
2354 3957 5158 6108 
2739 5517 7608 8858 

0 

0 0 0 0 
0 50 150 250 
0 100 250 400 

0 

0 
110 
110 

0 

0 
0 
0 

502 

2057 

0 0 0 
320 430 430 
375 430 430 

0 0 0 
0 20 50 
1 100 200 

2242 2512 2832 

Source: EPRI, 1979. 

and Surface Geophysics. 

e E-45.20. Utilization. The scope of th i s  subcow- 
&ttee includes a l l  surface aspects of the ut i l izat ion 
of geothermal energy. The three task groups in th is  
subcommittee are: Materials, Product Recovery,. and 
Energy Utilization Systems. 
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Table 6.3-3: kompari 

- .  
Announced 

1977 
1978 
1979 

Pbbable 

1977 
1978 
1979 

Posslble 

1977 
1978 
1979 

1178 1378 1678 1828 
20 19 36 19 39 19 
2057 2512 ' 2332 

2528 3258 4358 5358 
2664 54 14 7473 9023 
2564 4577 6 108 7288 

2858 4268 6268 8868 
3374 7664 11323 14723 
2999 6443 9 188 10888 

Source: EPRI, 1979. 

Geothermal Residuals. This committee is 
responsible for the characterization, abatement, and 
disposal of geothermal residuals . Task groups include : 
Characterization, Disposal, Abatement, and Reclama- 
tion. 

Those interested i n  the Geothermal Resources and Energy 
Committee should contact: 
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iJ 
6.4 PRIVATE SECTOR PERCEPTIONS OF GEOTHERXAL DEVELOPMENT - 

The emerging geothermal indus t ry  includes pa r t i c ipan t s  
from a number of sectors and is continuously expanding . 
through the  e n t r y  of new par t ic ipants .  They include o i l  
companies, u t i l i t i e s ,  explora t ion  cbmpknies, banks, 
engineer ing f i rms,  and a g r i c u l t u r a l  and manufacturi'ng enter-  
p r i ses .  An apprec ia t ion  of the  developing charac te r  of the  
indus t ry  may be gained from a review of t h e  Geothermal 
Resources Council's Annual Roster. Table 6..4-1 compares 1977 
and 1978 r e g i s t r a n t s  under var ious categories .  It should he 
noted t h a t  t h e  ra te  of  increase  i n  pa r t i c ipa t ion  d i f f e r s  
among the  c a t e g o r i  

Geothermal Indus tr r t i c i p a n t s  1977 and 
1978 

Rate 
1977 1978 Increase 

W 

Operators 67 122 182% 
U t i l i  t ies 17 34 200 , 

Support Services  260 413 159 
Hardwar e/ Supp l y  35 80 229 
Financ ia l  11 38 345 
Direct Applicat ions 21 N/A 

To t a l  708 . 

Sources: 1977; 
Resources Council, 19 
Geothermal Indus t ry  ' 
V o l .  6 ,  No, 7, July 

*Includes consul  
finns, service companies 
**Direct app l i ca t ions  w e  
i n  1977. 

Geo t he ma 1 Industry 
Resources Council Roster 

Design of government commercialization i 
should be predicated on an understanding of  t s t r u c t u r e  of  
t he  geothermal indus t ry  anti his industry's e rcept ion  of 
t h e  e f f ec t iveness  of government a c t i v i t i e s .  The preceding . ,  

s e c t i o n s  show t h a t  t he re  is a . .s ianif icant  amount of develap- 
ment a c t i v i t y ,  r e f l e c t i n g  increasing interest i n  geothermal . i  

sy, development. The. Department. o f  ,Energy has  funded two 
separa te  p r o j e c t s  i n  an  e f f o r t  t o  eva lua te  p r iva t e  s e c t o r  

I 
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Ld perception of governmental i n i t i a t i v e s .  A survey of geother- 
m a l  developers was conducted by Booz-Allen and Hamilton. 
Concurrently, t h e  Earl E r r e n  Legal I n s t i t i u t e ’ c a r r i e d  out  a 
study of t h e  l e g a l ,  i n s t i t u t i o n a l ,  nd economic b a r r i e r s  
facing geothermal direct use appl icat ions.  The preliminary 
f ind ings  of these  s tud ie s  are presented below. 

THE BOOZ-ALLEN HAMILTON STUDY’ ’ 

The Booz-Allen s tudy had four  primary tasks :  (1) t o  
c l e a r l y  def ine  the  ex i s t ing  and po ten t i a l  geothermal market; 
(2) t o  assess t h e  s t r u c t u r e ,  operat ions and i n t e r a c t i o n s  
the  p r i v a t e  and publ ic  s e c t o r s  of t he  cu r ren t  geothe 
industry;  (3) t o  analyze the  percept ions and objec t ives  of 
indus t ry  members with respec t  t o  geothermal development, 
including reac t ions  t o  cur ren t  and proposed f e d e r a l  commer- 
c i a l i z a t i o n  i n i t i a t i v e s ;  (4) t o  design a system t o  monitor 
indus t ry  percept ions of government a c t i v i t i e s  and arrange a 
means of b e t t e r  in tegra t ing  state and f ede ra l  plans. 

An i n t e re s t ing  f indlng was t h a t  the geothermal Industry 
is very s m a l l ,  cons is t ing  of approximately 30 pr inc ip l e  
firms, and t h a t  o the r s  do not  intend t o  m o v e  rap id ly  i n t o  
the field.* There is a clear i n t e r e s t  in geothermal develop- 
ment, bu t  t h e r e  present ly  exist s i g n i f i c a n t  b a r r i e r s  t o  i t s  
expansion. In addi t ion,  development for electrical uses  is 
cur ren t ly  perceived t o  be  more p r o f i t a b l e  than direct appli-  
ca t ions  . Lj 

While geothermal ventures  of f e r  a t t r a c t i v e  opportuni- 
ties, t h e r e  i s  a reluctance a t  a l l  levels t o  proceed with 
development. I n s t i t u t i o n a l  unce r t a in t i e s  and r e se rvo i r  
r e l i a b i l i t y  pose the  major obs tac les  t o  increased ac t iv i ty .  
The f e d e r a l  government s t i l l  does no-t have a w e l l  defined 
geothermal energy pol icy,  and t h i s  precludes the  investment 
of l a r g e  amounts of r i s k  cap i t a l .  Regulatory p o l i c i e s  have 
no t  been c l e a r l y  set for th .  The r e su l t i ng  environmental and 
o the r  regulatory delays can result i n  d e b i l i t a t i n g  i n t e r e s t  
c o s t s  i f  invested c a p i t a l  sits id l e .  These unce r t a in t i e s  
and t h e  risks of general  r k u l a t i o n  and poss ib l e  pena l t i e s  
pose a major de t e r r en t  t o  developers. For u t i l i t i e s  and the  
f i n a n c i a l  community, t h e  r i s k  assoc ia ted  with r e se rvo i r  
c h a r a c t e r i s t i c s  continues t o  be  a major problem. Many u t i l -  
i ties l a c k  t h e  resources t o  undertake geothermal ventures  by 
themselves, and lending i n s t i t u t i o n s  are st i l l  r e luc t an t  t o  

The l a r g e  companies involved are i n t e r e s t e d  pr imar i ly  
in electrical generation. This was prec ip i t a t ed  by t h e  
problems and a t tendant  c o s t s  of power production from more 
conventional f u e l  sources. Limitations have been imposed on 
t he  use of o i l  and gas,  nuclear p l a n t s  have long lead times 
and regulatory risks, while coa l  i s  r i s i n g  i n  p r i c e  and i s  
a f f ec t ed  by s t i f f  air  qua l i ty  s tandards . 
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c o m m i t  c a p i t a l  t o  what they regard as unproven technology. 

The a t t i t u d e s  of state and l o c a l  governmental bodies 
towards geothermal a c t i v i t i e s  can a l s o  have a d e f i n i t e  
impact on t h e i r  l i k e l y  success. In general ,  Utah and New ' 

Mexico have n o t  f u l l y  accepted development of geothermal . . 
resources  , whereas Hawaii and Cal i forn ia  have incorporated 
geothermal resource development i n t o  t h e i r  energy supply 
planning. In states that  do encourage u t i l i z a t o n ,  t h e  ques- 
t i o n s  are "How can the process be  accelerated" and "What are 
the major stumbling blocks?" In par t i cu la r ,  two major po in ts  
were highl ighted f o r  Cal i forn iar  The f i r s t  I s  that count ies  . 
hold a s u b s t a n t i a l  amount of power through regulatory con- 
t r o l  and are thus a key t o  geothermal development. The 
second i s  that compared with development i n  northern C a l i -  
f o rn i a ,  t h e r e  are fewer obs tac les  t o  development in southern 
Cal i forn ia  and it is easier t o  g e t  

THE EARL WARREN LEGAL INSTITVTE ST 

cts  underway. 

The Earl Warren Legal Zns t i tu te  has completed a study 
f o r  the Department of Energy t o  assess the b a r r i e r s  facing . 
nonelezt5ig,  fnd small-scale electric geothermal applica- 
t ions .  ' ' The p r o j e c t  was designed t o  i d e n t i f y  the pr i -  
mary ac to r s ,  t h e  i n s t i t u t i o n a l  s t ruc tu res ,  and the major 
decision-making f a c t o r s  asso i a t e d  with hydrothermal 
development An ana lys i s  of t he  decision-making processes 
and environments w i l l  enable gwernment e n t i t i e s  a 
els t o  b e t t e r  s t r u c t u r e  incent ives  and programs 
commercialization. 

The p r o j e c t  has developed a conceptual model t o  iden- 
t i f y  the p o t e n t i a l  users  and i n s t i t u t i o n a l  s t r u c t u r e s  most 
appiicable- to hydrothermal use. Using t h e  model as a base,  
60 f i rms were interviewed i n  key i n d u s t r i e s  such as 
greenhousing, food processing, lumber mi l l ing ,  and chemical 
production. Responses by interviewees provided a sample of 
users'  perceptions of t€ie l e g a l  and i n s t i t u t i o n a l  obstacles  
t o  commercializaton and c l a r i f t e g  t h e i r  a t t i t u d e s  toward 
var ious government i n i t i a t i v e s .  ' The I n s t i t u t e  i s  a l s o  
examining a number of l e g a l  i s s u e s  associated with d i r e c t  
h e a t  appl ica t ions  including a l t e r n a t i v e  financing opt ions 
gn9 p b l i c  u t i l i t y  regula t ion  of d i r e c t  hea t  suppl iers .  
' ' Critical l e g a l  problems associated with geothermal 

development are a l s o  being evaluated, including publ ic  sec- 
t o r  l e g a l  and f inanc ia l  options,  and var ious aspec ts  of pub- 
l i c  u t i l i t y  regulat ion.  
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SECTION 7 SIGNIFICANT EVENTS 

This s e c t i o n  presents  materials which supplement ' and update 
previous s e c t i o n s  o f ,  t he  Planner's Guide. Included are 
excerp ts  from recen t  publ ica t ions  re levant  t o  geothermal 
energy and development in California .  Se lec t ions  are organ- 
ized  t o  parallel roughly t h e  organizat ion of t h e  Planner's 
Guide. Recent activit ies a t  p a r t i c u l a r  geothermal sites are 
presented f i r s t  (Sections 7.1, 7.2); then, state and f ede ra l  
programs for  geothermal energy commercialization are updated 
(Sect ion 7.3). Each update i s  followed b y  a no ta t ion  indi-  
ca t ing  t h e  p a r t i c u l a r  p u b l i c a t i o n ,  from which i t  i s  
excerpted. The no ta t ion  is  contained i n  the square bracke ts  
a t  the  end of each publ ica t ion  described below. 

FEDEW GOVERMENT PUBLICATIONS 

0 

0 
L, 

0 

0 

Geothermal ProRress 
pub l i ca t ion  of t he  
Report was crea ted  

Monitor 'Report (DOE) 1 
Divis ion of Geothermal Energy. The 
i n  la te  1979 f o r  DOE headquarters 

and f i e l d  s t a f f  r e p o r t s  of commercialization a c t i v i t i e s  
throughout t h e  United S ta tes .  It provides nono 
t echn ica l  summaries o'f development a c t i v i t i e s ,  such as 
d r i l l i n g  and explorat ion,  and descr ibes  ega l ,  i n s t i t u -  
t i o n a l ,  arh regula tory  activities. Recent r e p o r t s  and 
publ ica t ions  are also abstracted.  [GPM -number] 

Geothermal Commercialization Data Base (DOE) i s  admin- 
i s t e r e d  by Lawrence Berkeley Laboratory f o r  DOE. The 
da ta  base  summarizes resource c h a r a c t e r i s t i c s  and 
a c t i v i t i e s  a t  over seventy geothermal sites i n  fourteen 
states. S ta tus  r e p o r t s  are issued quarter ly .  GRAD is  
a l s o  p a r t  of t h e  NPMS. [GRAD] 

Geothermal Enerm Pronram Summary Document (DOE) is  the  
annual r e p o r t  t o  Congress by the  Ass is tan t  Secretary 
f o r  Resource Applications,  supporting budget reques ts  
by t h e  Divis ion of Geothermal Resources Management. It 
descr ibes  DOE organizat ions and programs, and summar- 
izes r ecen t  and proposed activities. 

Annual Report (Federal  Interagency Geothermal Coordi- 
na t ing  Council) descr ibes  r ecen t  and proposed geother- 
m a l  a c t i v i t i e s  of t h e  n ine  member agencies. Individual  
programs and p r o j e c t s  are discussed i n  the  context  of 
meeting IGCC energy production goals.  

[PSD] 

[IGCC] 

CALIFORNIA STATE GOVERNMENT PUBLICATIONS 

o Ca l i fo rn ia  Geothermal Coordinating Council minutes. 
Representat ives  of t h e  member agencies,  as w e l l  as 
o the r  governmental and p r i v a t e  organiza t i ons  meet 
monthly. A l l  a spec t s  of geothermal energy commerciali- 
za t ion  are discussed with an emphasis on developing 

4 d  
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L cooperat ive p o l i c i e s  and a c t i v i t i e s  t o  f u r the r  
encourage development. [CGCCI 

o Geothermal Hotl ine (Divis ion of O i l  & Gas, Department 
of Conservation) This bianntial magazine summarizes 
development activities, cooperat ive agreements, confer- 
ences, and publ ica t ions  deal ing with worldwide geother- 
m a l  energy activities. [GHL] 

o Geothermal Enernv Updates (Cal i forn ia  Energy Commis- 
s ion )  pe r iod ica l ly  summarizes t h e  most r ecen t  a c t i v i -  
ties within the  state i n  all aspects of geothermal cam- 

’ mercial izat ion.  [GEUI 

INDUSTRY PUBLICATIONS 

o Geothermal Resources Council B u l l e t i n  i s  a monthly 
newsle t te r  descr ibing Council a c t i v i t i e s ,  and repor t ing  
development, regula tory ,  and technica l  a c t i v i t i e s .  The 
GRC a l s o  publ ishes  the  proceedings of i ts annual 
conference, and o ther  meetings. 

o Electric Power Research I n s t i t u t e  (EPRI) publishes  
r e p o r t s  of s t u d i e s  i t  sponsors i n  t he  U.S. A broad 
range of t o p i c s  are covered, mostly technica l .  

[GRC, date] 

[EPRI] 

-254- 



7.1 EXPLORATION LEASING ACTIVITIES 

EXPLORATION ACTIVITES 

Clear Lake Basin, 
L --I 

Occidental Geothermal and Republic Geothermal ' jo in t ly  
discovered a hot  water reservoi r  north of The Geysers i n  the 
Clear Lake Basin, a f t e r  unsuccessful d r i l l i n g  i n  the area a t  
M t .  Konocti and Thurston Lake. IGPM-31 

- The Geysers 
,, 

During the period January 1 - June 30, 1980, the  C a l i -  
f o rn i a  Division of Oil 'and Gas approved d r i l l i n g  permits f o r  
nine geothermal wells i n  The . Geys 
receiving permits include Unioir Oil 
wells), Aminoil USA, fit. (1 w e l l )  , an 
w e l l ) .  [GHL, 10-21. 

arm f i l e d  an N O 1  
t o  d r i l l  two geothermal test wells . e  Clear Lake e 

P h i l l i p s  a n t i c i p a t e s  tapping a hot  water ir  f o r  elec- 
t r i c  i t y  product ion 

Imperial Count; 

[GPM-3 I 

Occidental Geothermal i s  d r i l l i n g  a t  G l a m i s  and East 
Mesa. [IGCCI 

- San Bernardino County 

P h i l l i p s  Petroleum i s  carrying out explorat ion s tud ie s  
near West Mesa and Chocolate Mountain. [IGCCJ 

Mono County 
I 

- 
P h i l l i p s  Petro no 

Lake. [IGCCI 

LEASING 

BLM Lease Sa le  Schedul 
> --- 

Lease sale da te s  te d i r ec to r s  of 
t he  U.S. Bureau of Land Management (BLM). (See Table 7.1-1) 
Lease sale da tes  a r e , t e n t  ; i n i t f a l  publ ic  no t i ce  is 
issued 30 days p r io r  t o  sa 

I 6d I 
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Table 7.1-1 BLM Lease Sa le  Schedule Update L 

4-17-80 

5-12-80 

5-=* 

526-80 

5-28-80 

5-28-80 

5-28-80 

Thermogenics, Inc. 09790445 14l.l.N 9w 

Union oil CO. of cellf. 097-9044? 7 I,UI Bw 
W &ate 4596" 48 

"Dx state 4596" 49 
Union Oil CO. of celif. 033-9327? 4 U 8~ 
"NE Geysers Unitn 7 

Union Oil CO. of Wif. 033-90278 5 1IN 8V 
"?E &ylriero Unit" 3 

Union Oil CO. of Wif. Q33-90280 4 1 1 N  8W 
WE Geysers Onit" 10 

WE Gefser6 Dnitn il 

''80rabarrgh" A-14 

union Oil C O O  of Calif. 097.90448 7 iuJ 8w 

union ai CO. of &--if. 033-90281 5 mi 8w 

Source: Division of O i l  and Gas, Geothermal Hotline, J u l y  1980, 

Sonoma County 

The S t a t e  Lands Commission (SLC) received I R  bids f o r  
t h r e e  pa rce l s  of fe red  f o r  bidding i n  !farch 1980. [GEU, 3/80) 
On Apri l  2 4 ,  1980, approximately 839 acres were leased f o r  
percentages of n e t  p r o f i t  p lus  f ixed r o y a l t i e s  of 12.5% of 
gross  revenue and an annual r e n t a l  of $1 per  acre. The 
Sacramento Municipal U t i l i t y  District (SWUD) was the highest  
q u a l i f i e d  bidder  f o r  Lease 1 (approximately 599 acres) f o r  
71% of n e t  p rof i t s .  Geothermal Power Corporation of Novata 
was the  high bidder for  Lease 2 (40 acres) and Lease 3 (200 
acres), with a hid of 72.52 and 76.1% of net  p r o f i t s ,  
respec t ive ly .  [GHL, 7/80] 

On May 16, 1980, another t h ree  leases fo r  approximately 
360 acres of reserved mineral i n t e r e s t s  lands i n  'Sonoma 
County were awarded. Geothermal Power Corporation, with a 
bid of 70.6% of n e t  p r o f i t s ,  was the  high bidder f o r  approx- 
imately 200 acres. WSR Public Power Agency ( a  consortium of 
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Modesto I r r i g a t i o n  District and the  Cities of Santa Clara 
and Redding) was t h e  high bidder €or approximately 40 acres, 

SMUD, with a bid of 55 
percent of n e t  p r o f i t s ,  was the  high bidder for approxi- 
rnately 120 acres. [GHL, 7/80] 

* w i t h  a bid  of 26.1% of n e t  p r o f i t s .  

Mono-Long ValleZ - 
BLM Lease Sale. The U.S. Bureau of Land Management 

(BLM) has announced the  sale of leases on 18 parce ls ,  t o t a l -  
ing about 26,563 acres in t he  Mono-Long Valley KGRA. [GHL, 
7/90] 





7.2 SITE-SPECIFIC ACTIVITIES 

ELECTRIC POWER PRODUCTION 

The Geysers 

- 

- 
PG&E 

PG&E Unit 13. 

-- 
i t  13 began generating f u  

The Geysers Geothermal f i e l d  on May 15, 1980. The 135 MWe 
plant  receives steam from seven wells d r i l l e d  by Aminoil 
USA. [GHL, 7/80] 

PG&E Unit 15. A new i ron  catalyst-peroxide scrubber has 
been added t o  Unit 15 as of April 1980, t o  reduce 99% of H S 
emissions. Cost i s  $1 mil l ion (less than 3 mills/kwhf. 
(GPM-31 The variance granted by the  A i r  Pol lut ion Control 
District, which has allowwed PG&E t o  exceed the  l i m i t  of 100 
gms H 2 S / G ~  from Unit  15, expired May 1, 1980. [GEU, 3/50] 

PG&E Unit 16. PG&E f i l e d ' a n  p l ica t ion  t o  construct 
Unit 16 and a 38-mile transmission l i n e  with Lake County i n  
December 1979. The plant  is scheduled t o  go on l i n e  i n  
1983. [GPM-2) PG&E i s  appealing a decision by the  A i r  Pol-. 
l u t i o n  Control District which determined t h a t  Unit ,16 w i l l  
comply with c lean  a i r  r u l e s  only i f  PG&E meets Unit 20 con- 
d i t  ions. 

I 

PG&E Unit 17. CEC approved the  10 MWe un i t  i n  
December 1979, fourteen months a f t e r  t he  PGLE f i l i n g ,  Con- 
p l e t ion  of t he  power plant  f cted i n  e a r l y  1983. 
[GP11-2] Construction w a s  t o  be soon as weather per- 
m i t s .  [GEU, 3/50] r 

. PG&E Unit 18 
t i o n  (AFC) with the  Cal i fornia  Energy Commission (CEC) i n  
December 1979. The un i t  w i l l  cos t  about $50 mill ion,  and 
generate 100 MWe. CEC expected to complete processing of 
the  appl icat ion within twelve months. [GPM-2) 

PG&E Unit 20. A s  of March 1980, .PG&E was preparing .a 
The plant  i s  now t o  be s i t e d  twelve-month AFC f o r  Unit 20, 

i n  Sonoma County between Units 1 

NCPA 

NCPA Unit 1. In  Marc 

7 

approval t o  66 MWe NCPA 
appl icat ion,  the un i t  now o operate  i n  1985, 
then entered the  environmental 

NCPA Unit 2. CEC approved 
NCPA Unit 2 i n  Sonoma County i n  March 1980. The plant  could 

, Qi be operat ional  by 1982, [GPM-31 
I c 
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DWR - . _  

DWR NewfieldlCobb Valley. A cour t  upheld t h e  Lake 
County Board of Supervisors' den ia l  of McCulloch 
Geothermal's d r i l l i n g  permit on environmental and planning 
grounds i n  December 1979. [GPM-21 

DWR Bottle Rock. The Lake County Board of Supervisors 
granted development permits t o  McCulloch Geothermal a f t e r  i t  
agreed t o  meet emissions requirements. [GEU, 3/50] McCul- 
loch w i l l  use  the S t r e t fo rd  hydrogen peroxide and E I C  
Processes t o  con t ro l  H S emissions. (GPM-31 2 

DWR South Geysers. An NO1 (Notice of In ten t ion)  was 
submitted i n  October 1979. [GEU, 11/79] 

SMUD Unit 1. Aminoil USA submitted a plan of operat ion 
I , t o  the USGS i n  September 1979 for cons t ruc t ion  of w e l l  pads, 
I d r i l l i n g ,  and steam p ipe l ines  t o  the  proposed power plant .  

USCS w i l l  prepare an EAR. [GPM-21 

SMUD submitted a 12 month AFC t o  t h e  CEC i n  February 
The p lan t  i s  i n  Sonoma County near  PGdE Units 9 and 1980. 

10. [GEU, 3/80] 

Modesto I r r i g a t i o n  D i s t r i c t l S h e l l  O i l .  -- 
S i t e  and u n i t  unspecified.  A s  of February 1980, MID 

had contracted f o r  geothermal cha rac t e r i za t ion  of  p rope r t i e s  
i n  Lake and Sonoma Counties, with an  eye toward construct ing 
a 55 MWe power plant .  Estimated c o s t s  are $39.2 mi l l ion  t o  
prove the  f i e l d  and $66 mi l l i on  t o  cons t ruc t  t he  plant .  
[ GPM-3 ] 

Imperial  Val ley 

Heber - 
Southern Cal i forn ia  Edison (SCE). SCE informed DOE i n  

December 1989 t h a t  i t  intended t o  apply for a loan guaranty 
for its proposed plant .  [GPM-2]. Imperial County has  
granted production permits. [GEU, 3/80] 

On May 15, 1980, Chevron U.S.A. Inc. and San Diego Gas 
and Electric Company (SDGbE) received approval from the  C a l -  
i f o r n i a  Water Resources Control Board f o r  r i g h t s  t o  u s e  
50,000 acre f e e t  and 20,000 acre f e e t  pe r  year ,  respec- 
t i v e l y ,  of water from the  New River i n  Imperial County. 
After  two years  of considerat ion,  t he  board found t h a t  use 
of water f o r  underground in j ec t ion  t o  prevent subsidence and 
f o r  e l e c t r i c  power p lan t  cooling i s  b e n e f i c i a l  and i n  the  
publ ic  i n t e r e s t .  The pol lu tan ts  and high amount of t o t a l  

L J  

r--. 

b 
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dissolved s o l i d s  i n  t h e  New River water preclude use f o r  
i r r i g a t i o n ,  domestic, municipal, and most i n d u s t r f a l  pur- 
poses. The Board found t h a t  t he  divers ion of t h e  pro jec t  
water w i l l  reduce the  rate of inundation by the  Sal ton Sea 
of l i t t o r a l  lands and d e l t a  w i l d l i f e  habi ta t .  It w i l l  a l s o  
improve the  o v e r a l l  q u a l i t y  of water i n  the  New River below 
Clark Road. , 1  

SDGdE Demonstration Plant.  In  February 1980, t he  Pub- 
l i c  Utilities Commission (PUC) authorized SDG&E t o - p a r t i c i -  
pa te  i n  cons t ruc t ion  of a 50 We binary demonstration plant.  
Imperial County has  granted production permits. [CEU, 3/80] 
,Negotiations are underway with the  U.S. Department ofc- 
Energy. The proposed si te a t  Reber is w e s t  of the  East Mesa 
Geothermal f i e l d ,  i n  a ?,320-acre geothermal overlay zone 
estimated t o  be capable of supporting up t o  500 MWe f o r  30 
years. Pro jec t  completion is scheduled f o r  1984. [GHL, 
7/80] The p l an t  shou be on l i n e  by 1985. [GPM-31 

I -  

East Mesa 

SDG&E/Magma . The e p lan t  is on w i t h  power 

-- 
being so ld  through the  I I D  g r i d ,  as of March 1980. [GPM-3] 

c .  

SGD&E/RGI. Republ Geothermal and Jacobs Engineering 
agreed in February 1980 t o  spend a t o t a l  of $220 mi l l ion  t o  
develop a 48 MWe geothermal plant.  They are negot ia t ing  with ed SDG&E f o r  e l e c t r i c i t y  s 

Geothermal Compon GCTF). The GCTF 
continues t o  be used t o  test and improve d r i l l i n g  equipment 
f o r  geothermal operations.  ' [PSD] 

DOE/Lawrence Be o t  Plant.  
BarberNichols  Engineering of Antart@, Colorado, i s  t e s t i n g  a 
0.5 We p i l o t  p lan t  under the d i rec t ion  of t he  Lawrence 
Berkeley Laboratory. The objec t ive  of t h e  p lan t  is t o  
determine whether the  d i r e c t  contac t  hea t  exchange process, 
which eliminates t h e  heat- t ransfer  sur face  areas on which 
scale can form i n  conventional geothermal hea t  exchangers, 
i s  economical. [GHL, 7/80 

- *  

Niland/Salton Sea 

SCE/Union O i l .  The Imperial 

-- 
granted use permits t o  t o  cons t ruc t  a 10 MWe plant  t o  test 
br ine  handling f e a s i b i l i t y .  a n t  is e completed i n  

In  May 1980, SDG&E .and Magma Power Co. 
agreed t o  construct  a 28 MWe and a 49 Wile geothermal power 
plant  a t  t he  s i te  of t h e  SDG&E Miland Geothermal Loop Exper- - 
imental F a c i l i t y  (GLEF). The le t te r  of i n t e n t  ca l led  f o r  
SDGdE t o  purchase power i n i t i a l l y  a t  6.5 cents-kwh from 

1982. rGPM-31 9 ' 
> .  

I SDC&E/Xagma. 

)d 
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Magma’s p lan t .  [GRC, 5/80] Production permits have been - 
granted by Imperial  County. [GEU, 3/30] c u 

Rrawley 

SCE/Union. The first steam p lan t  t o  opera te  i n  the  
Imperial  Valley s t a r t e d  up on 6/21/80. [GHL 7/80] . 

Brawley Municipal U t i l i t y  Consortium. A consortium of 
LADWP, Burbank, Pasadena, Anaheim, and I I D  i s  consider ing 
cons t ruc t ion  of a 45-50 MGIe p lan t  near Brawley. [GEU, 3/50] 

Westmorland I 

SDG&E/MAPCO. MAPCO began d r i l l i n g  a production w e l l  i n  
January 1980; 75% of the  funding f o r  t h i s  operat ion i s  
covered by a loan guarantee. 

In te rna t iona l .  SDG&E agreed i n  February 1980 t o  buy 
power generated from geothermal energy f a c i l i t i e s  i n  Cerro 
P r i e t o ,  Mexico, 30 miles south of Mexicali. [GPM-3; GRC, 
3/80 1 

SDG&E and Mexico’s Conision Federal de  Elec t r ic idad  
(CFE) have taken p a r t  i n  cooperative opera t ions  s ince  1927. 
The t w o  systems have connected a power l i n e  ac ross  t h e  
border east of San Ysidro. The u t i l i t i e s  w i l l  opera te  
b r i e f l y  i n  p a r a l l e l ,  but once t h e  power l i n k  is s t a b l e ,  t h e  
Imperial Beach and San Ysidro subs t a t ions  w i l l  be discon- 
nected from SDCdE’s system and supplied by CFE power only, 
A 230 k i l o v o l t  power i n t e r t i e ,  proposed f o r  1982, w i l l  
prevent electric i n s t a b i l i t i e s  in the  ?fexican grit? i f  a sud- 
den power loss occurs i n  the  SDG&E system. 

Other Areas 

Li 

[GRC 3/80] 

-- 
cos0 

Naval Weapons Center (NWC)/CER. 

- 
Cal i forn ia  Energy Com- 

pany, Inc., of Santa Rosa, Cal i forn ia ,  have signed a 25-year 
con t r ac t  with the  U.S. Navy t o  develop t h e  geothermal energy 
resources  a t  Coso, The agreement cal ls  f o r  production of 75 
We of continuous power, providing electrical power not  only 
t o  the  NWC, but a l s o  t o  o ther  naval i n s t a l l a t i o n s  i n  South- 
e r n  Cal i fornia .  The Navy w i l l  purchase e l e c t r i c i t y  from 
Cal i forn ia  Energy Company a t  a c o s t  below the  commercial 
rate when t h e  power p lan t  comes on l i n e  i n  t h e  mid-1980s. 
The f i r s t  w e l l  €or  t he  pro jec t  was t o  be d r i l l e d  by June 
19130. [S.G. Payne, Public Af fa i r s  Off icer ,  NWC, China Lake] 
[GHL, 1/80] BLM has released a d r a f t  EIS pro jec t ing  heavy 
demands on l o c a l  water resources ,  and impacts on noise ,  
water, and a i r  q u a l i t y  from an t i c ipa t ed  geothermal develop- / 

ment. [GPM-3; GRC, 4/80] +4 
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DIRECT USE 

~ o h c  County - 
* -  Surprise  Valley 

CEC approved a p lan  by t h e  For t  Bidwell Indian Reserva- 
t i o n  f o r  d i r e c t  use of geothermal energy f o r  space heating, 
greenhouses, and aquaculture. [GPM-31 

Lassen County 

Wendel-Amedee Cogeneration Power Plant.  Geoproduct 
Corp., of O a k l a n d  is  conducting f e a s i b i l i t y  s tud ies  f o r  a 55 
MWe geothermal/wood chip plant: The pro jec t  i s  funded by 
the  U.S. Department of Energy, t he  U.S. Forest  Service,  and 
the Cal i fornia  Department of Water Resources. I f  success- 
f u l ,  t he  power p lan t  w i l l ’  be operat ional  by 1984. (Ron 
Nicols, DWR project  manager) [GPM-3] 

ki 

DOE/Susanville Geothermal Project .  The geothermal dis-  
trict heat ing plan f o r  Susanville embraces 17 public  build- 
ings;  waste heat  w i l l  be used a t  nearby i n d u s t r i a l  ‘parks. 
The c i t y  expects t o  6ave 275,000 barre l s  of o i l  per  year. 
[IGCC] The pro jec t  has now entered the  construct ion phase. 
Plans cal l  f o r  d r i l l i n g  of two production wells and one 
i n j e c t i o n  w e l l .  The pro jec t  i s  targeted f o r  completion i n  
the  summer of 1981. [GRC 9/80] . 

’ .  

. .  

I 

. .  

. I  

Litchfield/Park of Commerce (Agribusiness). ‘The Water 
and Power Resources Service (WPRS-formerly the  Bureau of , 

Reclamation) i s  d r i l l i n g  temperature observation holes ’10 
miles east of Susanvi l le ,  near Li tchf ie ld .  (Lyle Tomlin, 
WPRS) [GHL 1/80] Present plans include cascading p a r t i a l l y  
cooled water from t h e  Cal i forn ia  Correctional Center t o  t h e  
Park of Commerce f o r  use i n  agr ibusiness  ‘projects .  Susan- 

developers is negot ia t ing a 400-acre sur face  occupancy 
lease. The Carson Development Company of Sacramento w i l l  
begin d r i l l i n g  the production wells about November 1, 1980, 
under a pending agreement with t h e  City. (Phi l  Edwardes, 
Susanville Geothermal 

I v i l l e  holds geothermal leases on 350 acres and through i ts  

, 

Susanville/HUD Block Gran 
applied t o  the  U.S. Department 6f Hous ia  and Urban Develop- 
ment (HUD) t o  develop a heating system f o r  126 homes and a 
park of commerce. The Ci ty  plans t o  r e t r o f i t  the  houses and 
set up the hot water d i s t r i b u t i o n  system, which w i l l  eventu- 
a l l y  t i e  i n t o  the DOE Susanvi l le  Geothermal Pro jec t  system. 
Geothermal e f f l u e n t  w i l l  cascade from the  home-heating proj- 
ect and t h e  remaining usable heat  w i l l  be used in t he  adja- 
cen t  park of commerce. Businesses showing an  i n t e r e s t  i n  
purchasing heat include a r abb i t  breeder and a greenhouse 
operator.  [GRC 9/80] 

I 

I 
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Honey Lake Hydroponic Farms. The Honey Lake Hydroponic 
Farms . Corporation operates  31 geothermally heated 
greenhouses about 208 mileg east of Susanvi l le .  The complex 
is heated with 102 C (216 F) water pump from a nearby 630- 
foo t  (192-meter) geothermal w e l l .  [GHL, 1/80] 

The Geysers - 
Middletown, Sonoma County. The town is considering 

water, swimming pool, and greenhouse heat ing a t  Verdant 
Vales School using bleed steam from The Geysers. [IGCC] 

Imperial  Valley 

E l  Centro. The E l  Centro Community Center w i l l  be 
heated and cooled by geothermal energy, with f i n a n c i a l  
a s s i s t ance  from DOE. The pro jec t  may form t h e  bas i s  f o r  
expansion t o  other government and commerial bui ldings in t h e  
t o m .  [GPM-3] 

This pro jec t  w i l l  involve dg i l l i ngoan  8,500-foot w e l l  
capable of flowing 100 gpm of 121 C (250 F) f l u i d .  The pro- 
posed production w e l l  w i l l  be located on land owned by t he  
Imperial  I r r i g a t i o n  District, about 4 miles nor th  of t h e  
Ileber KGRA and about 1/2 mile nor th  of the  community center .  
A 4,000-ft. i n j e c t i o n  w e l l  w i l l  be d r i l l e d  in t he  same area. 
A t  t h e  w e l l  s i t e ,  a plant  operat ing on a l i th ium 
bromide/water cycle  w i l l  be constructed t o  produce c h i l l e d  
water 'from the  geothermal f l u i d .  [GHL, 7 

Holly Sugar has received DOE a s s i s t ance  f o r  a 

tr! 

Brawley. 
geothermal process hea t  system. [IGCC] 

Coachella Valley. 

Mecca. DOE is supporting expansion of a commercial 
prawn-raising operat ion,  expected t o  be complete in l a te  
1980. A t h i r d  shallow w e l l  is  being d r i l l e d  by Aquafanns 
In t e rna t iona l ,  Mecca, Cal i fornia .  The projected w e l l  depth 
is 200 feet. [IGCC] 

Kelly Hot Springs. DOE is supporting a demonstration 
of d i r e c t  use of geothermal energy f o r  l i ves tock  feed pro- 
duct ion and a hog feed l o t .  The system is t o  be operat ing by 
the sp r ing  of 1982. 
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7.3 GOVERNMENTAL ACTIVITIES 

b' FEDERAL ACTIVITIES - '  

Energy Securi ty  A c t  of 1980 (ESA). The Energy Securi ty  
A c t  of 1980 includes a synthesis  of earlier "geothermal 

--- - 
omnibus b i l l s "  as Ti t le  VI . .  'ESA provides several  new incen- 
t i v e  programs f o r  geothermal development: $750 mil l ion  f o r  
forgiveable  loans f o r  explorat ion and reservoi r  confirmation 
d r i l l i n g ;  l i b e r a l i z a t i o n  of coverage in t he  Geothermal Loan 
Guaranty Program; and loans f o r  f e a s i b l i t y  s tud ies .  ESA 
a l s o  mandates a program f o r  using geothermal energy in 
f ede ra l  buildipgs.  A DOE study of t he  need f o r  and feas i -  
b i l i t y  of f ede ra l  reservoi r  . insurance was .commissioned . 
Fina l ly ,  t he  c e i l i n g  f o r  exemption of geothermal power 
p l a n t s  from the  Public U t i l  e8 Regulatory Po l i c i e s  A c t  
(PURPA) is ra i sed  from 30 MWe 

Interagency Geothermal Council . During 
1979, the  National Science Foundation withdrew from the  IGCC 
and th ree  new members were added representing the Depart- 
ments of Defense, Commerce, a Housing and Urban Develop- 
ment. The Resource Panel a he Research and Technology 
Panel were abolished because their missions had been accom- 
plished. A new Leasing and Permitt ing Panel was formed t o  
evaluate  l e g i s l a t i o n  and regula t ion  and make recommendations 
in matters involving f ede ra l  land management and geothermal 
development. The Environmental Controls Panel W i l l  assist 
the  Council in i den t i fy ing .  means t o  ease environmental 
impediments t o  geothermal commercializaton. [IGCC] 

Department of Energy (DOE) - - 
- DOE Reorganization. In FY 1979, DOE sh i f t ed  the 

r e spons ib i l i t y  f o r  commercialization of hydrothermal 
resources from the  Ass is tan t  Secretary f o r  Energy Technology 
(ASET) t o  the Assis tant  Secretary f o r  Resources Applications 
(ASRA). Early in FY 1980, as p a r t  of a major DOE reorganiza- 
t i o n ,  the o f f i c e  of ASET was abolished, and a l l  ASET geo- 
thermal research and development programs were assigned t o  
ASRA. DOE geothermal programs are now conducted under the  
d i r ec t ion  of ASRA, with the  exception of some bas ic  research 
conducted by the DOE Off ice  of Energy Research, and environ- 
mental research conducted by the  Assistant Secretary f o r .  
Environment. [PSD] 

. -  
Geothermal Environmenta 

funded by DOE, is prepar i  
Geysers, basel ine da t a  in t 
f ace  environmental s tud ies  in bo .~ 

Geothermal Loan Guaranty - 
guarant ies  were approved f o r  a t o t a l  of $43.4 .mill ion.  
Three of these apply t o  development in Imperial County. . 
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FIGURE 7.3-1 Division of Geothermal Energy, Office of 
Renewable Resources, Assis tant  Secretary of Resources Appli- 
cat ions 

Figure 7.3-1. Divizion of Ccotheraal Energy. Office of Renewable Resources, 
Assistant Secretary of Rerources Applications 

Prog.Hgr: Don Clmentr 
Prog.Xgr: Robert Oliver 

g.&r: llelcn RNpovich 

Mvmced Energy Systems 
Branch 

Prog.Hgr: Robert Xolliday 
Pro6.Xgr: Allm Je l rc ic  
Prog.&r: Xocris Sluliu 
Pmg.Xgr: (Vaunt) 

Geothermal Industrial- 
ization Brmch 

Prog.l(gr: Richard Ccrson 
Prog.Xgr: Dave Lombard 
Prog.ngr: Eric Peterson 
Prog.ngr: (Vacaut) 

Geosciences Hydrothem1 Technology 

Prog.Ugrr (Vacant) Prog.Mgr: Robert Reeber 
Prog.Xgr: (Vacant) 

Source: Department of Bpergy. October S* 1980 

k t i h p  
**Dual capacity 

Republic Geothermal, Inc., obtained a guaranty of $9 mil l ion  
from the  Bank of America f o r  more explorat ion and t e s t i n g  in 
East Mesa. Westmorland Geothermal Associates was awarded 

. $29.1 mil l ion  by Bank of America t o  explore ,  tes t ,  and 
develop the resource in Westmorland. California-Utah (CU1) 
borrowed $1.8 milion from t h e  Bank of Montreal (Cal i forn ia)  
f o r  resource explora t ion  and t e s t i n g  in Brawley. 

User-Coupled Confirmation D r i l l i n g  Program. DOE has 
announced a $10 mil l ion  program t o  provide f e d e r a l  c o s t  
shar ing incent ives  (between 20 and 90%) for explorat ion,  
d r i l l i n g ,  and t e s t i n g  a c t i v i t i e s  undertaken t o  confirm 
hydrothermal r e se rvo i r s  that can be developed f o r  d i r e c t  

. 

[IGCC] 

- 

t 
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heat  appl ica t ions .  Figure 7.3-2 dep ic t s  t h e  r e l a t ionsh ip  
between resources assessment a c t i v i t i e s  of t he  State-Coupled 
Program and t h e  User-Coupled Dr i l l i ng  Program. 

Figure 7.3-2. Relationship Between the  State- 
Coupled Program and t he  User-Coupled P 

Source: D. Foley, G. Brophy, L. Mink, R. Blacket, 
The S t a t e  Coupled Program - A New Emphasis. Geothermal 
Resources Council Transactions, Vol. 4, tember 1980. 

cui 

f 

Reservoir Assessment f o r  DOE’S Division of Geothermal 
Resources. [DOE Announcement, 4/80]  

thermal a c t i v i t i e s  contained minor increases 
funding t o  $152 million. Within t 
emphasis was sh i f t ed . f rom hydr 
ogy development. [ 

US Geological Survey 

I FY 81 Budget. The ln i t la l  DOE FY 81 budget for geo- -- I 

- 
USGS FY 80 Budget. The 
--L- 

research budget was $9.9 
than FY 80. E f f o r t s  w i l l  emphasize resource inventory,  
explora t ion  and assessment 
za t ion ,  geologic cont ro ls  of 
vironmental e f f e c t s .  [ 

General Accounting Office 

GAO has been requested by Rep. Clausen t o  evaluate  geo- 
thermal roya l ty  and compensation po l i c i e s ,  and t o  recommend 

jhd 
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improvements t h a t  b e t t e r  pro tec t  landowners. [GPM-31 

STATE GOVERNMENT L 
"Maximum Reasonable" Forecasts.  A CEC s t a f f  survey for 

the Biennial  Report states t h a t  the  "maximum reasonable" 
p o t e n t i a l  f o r  geothermal energy use,  assuming implementation 
of R/D and economic incent ives ,  i s  2,108 We and 20 'million 
therms of d i r e c t  use by 1985, 3,650 MWe and 110 mil l ion  
therms by 1990, and 5,100 MWe and 220 mi l l i on  therms by 
2000. [CEC, Nontradit ional Energy Technologies, 3/80] 

1981 Demand Forecasts.  A committee of he CEC recom- 
mehded t h a t  the  Commission adopt new dema fo recas t s  f o r  
t he  1981 Biennial  Report, based on recent  u t i l i t y  submis- 
sions and changed energy market conditions.  Noting recent  
p lan t  de fe r r a l s ,  t h e  repor t  p red ic t s  t h a t  no new conven- 
t i o n a l  powerplants need be b u i l t  before 1992. [ E l e c t r i c i t y  
Tomorrow: 1980 Preliminary Report] 

BLM Revenue Disbursement 

AB 1905 w a s  signed into l a w  by Governor Brown on'Map 
30, 1980, as Chapter 139 of the  Public Resources Code. The 
new l a w  channels BLM geothermal mineral lease revenues t o  a 
newly crea ted  Geothermal Resources Development Account as 
follows: (1) 404: t o  t he  count ies  of o r i g i n  ( i n  which t h e  
revenue was generated);  (2) 30% t o  t h e  Cal i forn ia  Energy 
Commission (CEC) f o r  g ran t s  t o  l o c a l  j u r i s d i c t i o n s  having 
geothermal resources; (3) 30% t o  t h e  Renewable Resources 
Investment Fund administered by the  Cal i forn ia  Resources 
Agency. (Ms. Syd Willard, CEC) (GRC, 7/80] 

LOCAL GOVERNMENT 

Lake County 

- 

- 

CI 

- 
Federal Lands. Lake County voted i n  November 1979 t o  

assert au tho r i ty  in l a n d v s e  decis ions concerning geothermal 
development on pr iva t e  land with f ede ra l  mineral r i g h t s ;  
USGS intended t o  d ispute  t h i s  before the  County Board of 
Supervisors. [GPM-21 In December 1979, t h e  County claimed 
lead agency s t a t u s  under CEQA f o r  p r iva t e ly  owned lands wi th  
f e d e r a l  mineral r i gh t s .  BLM and USGS contested t h i s .  [GPM-31 

Geothermal Department. Lake County ill e s t a b l i s h  a 
new department t o  regula te  geothermal energy development 
using funds from BLM revenues. [GHL 7/80] 

DWR/Newfield. The Board of Supervisors den ia l  of 
McCulloch Geothermal's d r i l l i n g  plans a t  Cobb Valley, on 
environmental and planning grounds, was upheld i n  court  i n  
December 1979. [GPM-21 b. 
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DWR/Bottle Rock Plant.  The Planning Commission 
received over 700 letters of p r o t e s t  aga ins t  t h e i r  dec is ion  
t o  deny f u l l - f i e l d  development f o r  t he  Francisco-McCulloch 
DWR Bo t t l e  Rock Pro jec t .  The campaign of support was backed 
by the Geothermal Association f o r  Lake County. (Muriel Jor- 
dan, Geothermal Association f o r  Lake County). [GkC 3/80] A 
use permit f o r  f u l l  f i e l d  development was issued a f t e r  
McCulloch agreed t o  meet environmental requirements. [GEU 
3/80 ) 

b’ 

NCPA Unit 1. The Board of Supervisors decided t o  
intervene in hearings f o r  the  NCPA Unit 1 t o  press  f o r  
environmental cont ro ls .  [GPM-21 

GKI/Boggs Mountain. The Board of Supervisors upheld an 
appeal by Geothermal Kinet ics ,  Inc. t o  d r i l l  two w e l l s  on 
Boggs Mountain in the  Boggs Mountain S t a t e  Forest .  [GRC 
7/80] 

GRIPS - 
Direct Use Project .  . GRIPS i s  inves t iga t ing  t h e  possi- 

b i l i t y  of d i r e c t  use of geothermal energy in t h e  rebui lding 
of a timber m i l l  destroyed by f i re .  Applicatons combining 
d i s t r i c t  heat ing and f r u i t  dehydration operations are being 
considered. [GPM-21 

Lake County Supervisor Raymond Morton was named C h a i r -  
LJ man of GRIPS in March 1980. [GPM-31 

Lompoc 

The City Council, as of March 1980, was expected t o  
approve financial cooperation with NCPA, through one of two 
non-profit coporations created t o  circumvent s t a t u t o r y  limi- 
t a t ions .  [GPM-3) 

Los Angeles County - 
The County has appl ied t o  t h e  state f o r  $45,550 t o  

eva lua te  p o t e n t i a l  geothermal sites in the  county. [GPM-3) / 

Inyo-Mono count ies  

In December 1979, t h e  Inyo-Mono Association of Govern- 
mental E n t i t i e s  (IMAGE) requested CEC Funding of $63,000 f o r  
preparat ion of geothermal .elements t o  t h e  county general  
plan. [GPM-3) 
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7.4 INDUSTRY ACTIVITIES 

6' RESERVOIR INSURANCE 

Insurance Company of North America. Insurance Company 
of North America expects  t o  i s s u e  i t s  first r e se rvo i r  
insurance po l i c i e s  i n  e a r l y  1980. INA had obtained p a r t i a l  
reinsurance,  as w e l l  as two appl icants .  [GMF-2; GRC, 1/80] 

ELECTRIC POWER RESEARCH INSTITUTE (EPRI) ANNUAL SURVEY 

The 1980 EPRI survey of u t i l i t y  indus t ry  estimates of geo- 
thermal e l e c t r i c i t y  shows small reductions from 1979 esti- 
mates of announced, planned, and probable geothermal gen- 
e r a t i n g  p l a n t s  in California  and t h e  U.S. as a whole, 
through 2000. However, growth i s  s t i l l  projected t o  be 
rapid; Cal i forn ia  capac i ty  i s  estimated t o  reach roughly 

. 2,000 MWe by 2000, i n  a na t iona l  capaci ty  of roughly 10,000 
W e .  [GRC) 
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APPENDIX I: FINANCIAL INCENTIVES PROVIDED UNDER THE NATIONAL ENERGY 

The &tional-.Energy Act of 1978 included a number of t a x  measures 
designed t o  stimulate geothermal explora t ion  development. In addi t ion ,  
t h e r e  are incent ives  which encourage the conversion from oil and gas  t o  
geothermal resource u t i l i z a t i o n .  

The t a x  provis ions are in t h r e e  p a r t s ;  (1). Depletion Allowances, 
(2) In t ang ib le  DrFllixig Cost, (3) Investment Tax Credi t s  f o r  business  
and r e s i d e n t i a l  app l i ca t ions ,  b d  (4) Deregulation of Methane. Each of 
t hese ,  in a d i f f e r e n t  manner, a f f e c t s  t h e  expected a f t e r - t ax  r e t u r n  on 
investment (ROI) from a geothermal venture. As t h e  expected r e t u r n  
increases ,  i t  wi l l  o f f s e t  a por t ion  of t h e  risk* inherent  t o  geothermal 
development,** ind  the re fo re  increase the l ike l ihood  of p a r t i c i p a t i o n  by 
the investment commtlhity. 

(1) Percentage Deplet ion Allowances 

b' 

. 

~. 

0 

Percentage deple t ion  allowances provide f o r  a s t r a i g h t  percentage 
reduct ion  of g ross  income from t h e  resource,  based on its actual sales 
value. This e s s e n t i a l l y  s h e l t e r s  a percentage of revenue from being 
taxed, thus reducing the n e t  income base on which t a x  must b e  paid f o r  
t h e  given period. Geothermal. resources  are sub jec t  t o  the f e d e r a l  
deple t ion  allowance l i m i t a t i o n s  genera l ly  app l i cab le  t o  minerals. The 
amount started a t  22X in 1978, decl ining t o  15% in 1984 and t h e  years  
following. There is no l i m i t  on t h e  quant i ty  of geothermal resource 
production on which percentage deple t ion  can b e  taken, and a f u l l  
allowance w i l l  b e  permitted without demonstrating actual resource deple- 
t a b i l i t y .  These allowances w i l l  increase  -tax income, and subse- 
quently ROI, because of t he  reduced t ax  bas 

(2) I n t a n z i b l e  D r i l l i n g  Costs 

In t ang ib le  d r i l l i n g  c o s t s  are those expenses ' t h a t  are no t  cap i t a l -  
i zed ,  normally comprised of l abor ,  adminis t ra t ion ,  and some explorat ion 
c o s t s ,  and usua l ly  amount t o  SO-70% of t o t a l  d r i l l i n g  costs .  (Ref .  - 
SRI ) 

The l a w  allows a l l  I D C s  t o  b e  t r e a t e d  as expenses of the cu r ren t  
per iod f o r  f e d e r a l  income tax  purposes, as is presen t ly  allowed f o r  oil, 
natural gas, coal, and uranium. This i nc reases  t h e  t a x  l i a b i l i t y  in ' 

later years  when the  c o s t  would otherwise b e  ded as cap i t a l '  depre- 
c i a t ion .  It is a tax d e f e r r a l ,  n o t  a tax r e d u c t i  

Geothermal depos i t s  are now granted t h e  same b e n e f i t s  a v a i l a b l e  in 
the case of  o i l  and gas  wells. They are a l s o  sub jec t  t o  the same Inter- 
n a l  Revenue Co ns, s p e c i f i c d l y  as 

* Bisks of  devel 

** The r i s k  will n o t  a c t u a l l y  diminish; i n s t ead ,  t h e  a t t r a c t i v e n e s s  
of taking t h e  r i sk  wi l l  increase  with a v a i l a b i l i t y  of g rea t e r  re- 
wards b 
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they relate t o  15% minimum tax, recapture ,  and a t - r i sk  rules. 

The e f f e c t  of a t a x  d e f e r r a l  such as t h i s  i s  a n  increase  i n  t h e  
developers " re turn  on investment" ( R O I ) ,  because t h e  present  value of 
t h e  a f te r - tax  income stream is ra i sed .  

(3) Investment Tax Cred i t s  

Investment t a x  c r e d i t s  (ITC) are a d i r e c t  reduct ion of f e d e r a l  
income tax l i a b i l i t y  by a percentage of t h e  t o t a l  amount of geothermal 
investment. Under the  National ergy A c t ,  a 10% c r e d i t  is extended f o r  
geothermal c a p i t a l  investment, add i t ion  t o  the.normal ITC permitted. 
The c r e d i t  is allowed on a l t e r n a t i v e  energy property (expressly includ- 
ing geothermal) acquired or erec ted  a f t e r  September 30, 1978.* As 
c u r r e n t l y  wr i t t en ,  i t  w i l l  exp i r e  on December 31, 1982. Used alone, o r  
with o t h e r  ITC's t h a t  may b e  ava i l ab le ,  t h e  t o t a l  may o f f s e t  up t o  100% 
of the  l i a b i l i t y  i n  the  taxable  per iod,  b u t  it is  n o t  refundable. The 
e f f e c t  of ITC's i s  t o  increase  a f t e r - t ax  income and ROI f o r  t he  
developer. They w i l l  a l s o  reduce t h e  f r o n t  end investment necessary by 
reducing c a p i t a l  exposure and so a t t r a c t i n g  addi tona l  investment. How- 

hould b e  noted tha t ,  under the  Natio ergy A c t ,  t h e  busi-  
tment c r e d i t  is n o t  extended t o  u t l l i t y  property,  

def ined i n  p a r t  as "property used i n  t h e  furn ish ing  or s a l e  
of. . .electric energy...water...or steam...." Furthermore, t h e  c r e d i t  
w i l l  b e  only 5% i f  t h e  proper ty  I s  financed by tax-exempt i n d u s t r i a l  
development bonds . 

In add i t ion ,  tax c r e d i t s  are included f o r  r e s i d e n t i a l  geothermal 
use by homeowners or members of housing cooperatives.  The allowable 
amount is  30% of the  f i r s t  $2,000 invested,  and 20% of t h e  next  $8,000 
f o r  a maximum of $2,200. The c r e d i t  is a v a i l a b l e  through 1985, and may 
b e  c a r r i e d  forward t o  1987 as it may n o t  exceed the  tax l i a b i l i t y  in any 
given year. The taxpayer may only claim a c r e d i t  on h i s  p r i n c i p a l  
res idence,  and t h e r e  is no requirement t h a t  he own t he  equipment.** 

L' 

(4) Deregulation of Methane 

The NEA provides f o r  p r i c e  deregulat ion of geopressured methane. 
The A c t  provided that add i t iona l  energy c o s t s  w i l l  b e  borne by h igh  
volume i n d u s t r i a l  u se r s  r a t h e r  than averaged among a l l  consumers. In 
addi t ion ,  n a t u r a l  gas  from geopressure b r i n e  w i l l  b e  allowed a 10% 
deple t ion  on wells begun between September 30, 1978, and January 1, 
1984. Before and a f t e r  that da te ,  i t  w i l l  b e  t r e a t e d  as any o the r  
n a t u r a l  gas  .*** 

* This c r e d i t  i s  a v a i l a b l e  f o r  depreciable  equipment whose con- 
s t r u c t i o n  i s  completed between October 1, 1978 and December 31, 1982, 
and has at  least a 3-year l i f e t ime .  The equipment m u s t  conform t o  stan- 
dards promulgated by t h e  Department of  Energy. 

e- 

L; 
** All equipment must meet DOE q u a l i t y  and performance standards.  

*** A w e l l  producing both geopressured methane and h o t  water would 
be  allowed a 10% deple t ion  allowance f o r  income from t he  methane ( u n t i l  
1984) and a 1 5 4 2 %  deple t ion  allowance f o r  income from the  ho t  water. 
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Conversion Incent ives  

Included in t h e  National Energy Act  are provis ions t o  encourage 
conversion from oil and natural gas  usage t o  o t h e r  forms of energy, 
geothermal among theme Equipment using o i l  and gas  w i l l  no longer  b e  
allowed the  base investment tax c r e d i t ,  and acce lera ted  depreciat ion can 
now b e  taken on t h a t  equipment scheduled f o r  e a r l y  re'tirement. 

hd 

Sign i f i can t  l i m i t a t i o n s  have a l s o  been imposed on the  use and 
i n s t a l l a t i o n  of oil or n a t u r a l  gas  b o i l e r s  a t  power p l a n t s  and major 
i n d u s t r i a l  f a c i l i t i e s . *  While exemptions f o r  f u e l  cos t ,  environment, and 
site l i m i t a t i o n s  w i l l  b e  allowed, t h e  burden is on the  exemption appli-  
c a n t  t o  prove the  unava i l ab i l i t y  of a l t e r n a t i v e  sources of energye** 
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Peter Maxfield, Income Taxation of Geothermal Resources, University 
of Wyoming, College of Law, 1977. 

Q 

* Those b o i l e r s  with a designed hea t  rate capac i ty  g rea t e r  than 100 
million Btu/hr e 

** For ins tance ,  t o  obta in  a c o s t  exemption, one m u s t  show that L, o t h e r  energy sources  exceed the  c o s t  of imported oil, no t  domestic Oil. 
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APPENDIX 11: CUXFORNIA LEGISLATION jUX.EVm TO CEOTHERHAL PEVELOPtENT 
v' 

Session/ Descrlptlon 
B i l l  Number Relevant Code Sectlous 

1973-74 Session 

AB 1575 Creates California Energy 
Commlssfon; cpecif ics  dut ies  
8nd authorit ies.  

SCC. 25000-25960 Public 
8esources Code. 

197576 Session 

AB 3560 Creates geothermal resources 
task f orce, defines membership, 
mandates invest igat ion of specified 
questions concerdng geo themd 
development and regulation. Bequires 
report  by July 1, 1977. 

Enacted, Chapter 276, 
Statutes  of 1974 

Qapter 958, Statutes  of 1976 Enacted, Chapter 958 

1977-78 Sessfon 

AB 566 Revlees the amount of individual 
fndcmnity bonds which must be 
f i l e d  vith the  O i l  and Gas 
Supervisor by any pereon 
involved i n  geothermal well 
operatioas. 

Sec. 3204-3208.5, 1250-51,. 3410, 
3412, 3723.5, 3725.5, 3726, and 
3728.5 of the Publfc Resources Code 

Specifies tha t  prospecting. pe 
and leases f o r  geothe 
on s t a t e  lands may be issued 
United States  g o v e r n  

. thereof, and t o  etate 
agencies. 

Sec. 6905 of the  Public 
Resources Code 

AB 791 

AB 985 Revises the membershi 
task force designated f o r  the  study 
of the development of geothermal 
resources. Extends the due date 
the report  of the task force. 



AB 2046 

AB 2644 

AB 3009 

AB 3476 

See. 1 and 5 of Chapter 958 of 
the Statutes Of 1976. 

Revises exceptions from the 
requirement f o r  a l t e rna t ive  
8ites f o r  proposed geothermal 
power plants and 
t e h t e d  f acllitles. 

See. 25004.1 and 25130, 25540 of 
the Public Resources Code. 

Revises the  procedure Lor 
pennit approval, f i l i n g  
of environmental impact reports, 
and procedure and time schedule 
i n  the processing and approval 
o f  notice of i n t e a t  and 
8pplitation f o r  ce r t i f i ca t ion  
with regards t o  geothermal 
development and exploratory 
projects. Assigns lead agency 
status f o r  CEQA compliance. 

See. 65982.5.and 65960 e t  seq. of 
the Government Code. See. 3715.5 
2106505, 21090. 1, 25101, 25102, 
25115, 25120, 25133, 25540-25440.5 
of the Public Resources Code. 
See. 782 and 2802 of the 
Public U t i l i t i e s  Code. 

Designates Wilbur, Sicgler, 
and Cos0 Hot Springs f o r  
protection from adverse e f f ec t s  
of geothermal development. 
Requires the Secretary of 
the Resources Agency t o  recommend 
t o  the Legislature any additional 
hot springs needing protection. 

See. 3700.5-3700.7 t o  the 
Public Resources Code. 

Exempts electric power projects that 
u t i l i z e  geothermal resources o r  so la r  
energy from provisions of the California 
Environmental Quality Ac t .  Establishes 
epecifl treatment f o r  coal-fired and 
auclear power plants. 

See. 21084, 25512.5, 25524.26, and 
25524.28 of the Public Resources Code. 
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Enacted, Chapter 249, 
1977 Sta tu tes  

LJ 
Enacted, Chapter 1271, 
1978 Sta tu tes  

Did mot pass. 



* I .  
See. 39620 et aeq. of the Health and 
8ad Safety Code. See. 742 and 2802 
of the Public Utilities Code. Md hot pass 

dB 3707 Ravides t h a t  exploratory, development, 
8nd production vells used in connection 
vith geothermal resources development 
are not appurtenant f ac i l i t i e s .  Revises 
the amount of indemnity bonds t h a t  m u s t  
be  f l l e d  by persons engaged in geothermal 
d rUl lng  operations. Exempts geothermal 
dr i r l lng  from requirements concerning 
hazardous vaates. &powers PUC t o  
curtail transmission of electricity 
from geothermal pover p l a n t s .  

See. 66732 of the  Goverument Code. 
See. 25143 of the Health and Safety Code. 
See. 3725, 3725.5, 3728.5, and 25120 , 
of the Public Resources Code. 
See. 782 and 2802 of the 
Public Utility Code. 1978 Sta tu tes  

Bevises rec(uirements f o r  ce r t i f i ca t ion  
of siting of.power plants  in connection 
pith the l i s t i n g  of alternative sites 
8nd report  deadlines. 

See. 25503, 25509-14, 25516, 25519, 
25520.5, 25521.2 of the Public Besources 
Code. Did not  pass. 

Revises procedures and terms fo r  bsuancc 
of exploration p e m i t s  fo-r geothermal 
resources. Revises procedures and terms 
f o r  leasing of lands containing 
geothermal resources. 

Sec. 6902, 6904-5, 6908- 
6921022, 6924, 6925-1.2 of the 
Public Resource Code. 1978 Sta tu tes  

Provides f o r  creation, organization, and 
operation of a non-profit organization t o  
provide f inancial  assistance to  a l te rna t ive  
energy business firms and t o  smallbusinesse 
viehiag t o  convert to  

See. 32000 et eeq. of t 
Code .. ,Md not pass. 

Removes requirement fo r  f i l i n g  of not ice  
of intent ion f o r  proposed construction 
of a thermal power plant less than 100HIJe 

Enacted, Chapter 1270, 

< 

SB 1005 

b 

SB 1027 

Enacted, Chapter 1139, 

SB 1600 

W 1805 

I 

I I 
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of a cogeneration plant lesc than 300 Ef5k 
of demonstration plants v i th  8ite-specific 
energy eources. .Requires S ta te  Energy 
Commission t o  rule on applications 
f o r  ce r t i f i ca t ion  of thermal power plants  
withla tvelve months a f t e r  the f i l i n g  
of ouch applications. 

See. 25134, 25503, 25524, 
.nd 25560.6 1978 Statutes.  

Requires the S ta te  Energy Resources 
Consenration and Development 
Commission t o  make grants t o  
persons and e n t i t i e s  t o  develop 
inventions and demonstrate alternative 
energy systems. 

Sec. 25600 et seq. and 2S620 et deq. of 
the public Resources Code. 

Enacted, Chapter 1010, 

SB issi 

3B 1832 Provides that no notlee of intent ion 
rhall be required regarding proposed 
construction of geothermal power plants  
and tha t  the S ta te  Energy Commission 
rhall issue withio. twelve months Its firral 
decision on the application f o r  
cer t i f icat ion.  

See. 25133 and 25540 of the  Public Resources 
Code. 
Sec. 6353 of the Bevenue and Taxation Code. 

Sec. 216 of the Public U t i l i t i e s  Code. 
Did not pass 

Senate 
Cons tit ut ional 
Amendment 115 Permits Legislature to  exempt from taxation 

all o r  any portion of property used 8s part 
of an alternative energy system. 

Article XI1 of the  c t a t e  constitution. Rejected by voters,  
June 1978. 

Senate Joint  
Besolution f12  Legislature memorialized the Congress 

and President of the  United States  t o  
provide immediate federal  funding and 
assis tance fo r  the implementation of 8 
hydrqthermal binary cycle demonstration 
power plant  in California. 
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1979-80 Session 3 ,  

l ~ l l  zi lo  

AB 1333 

AB 1405 

AB 1905 

. *  

SB 16 

Requites the  Oil and Car Supervir . grant permits f o r  geothemal development 
only vhen it ean be  demonstrated that  the 
dtvdopment w i l l  aot  adversely e f f e c f  nearby 
thtmal springs. -Requires the Department 
of Conservation to  identify important 
themd springs fn Califotni.. 

Stc. 3800 et rep. o 

t o  commit .11 means necessary .to enable 
prampt and e f f i c i en t  developmtrrt o f  - 
a l t e rna t ive  energy resources. Authorizes 
creation of energy resources promotion 

See. 26000 et 8eq. of the P&Xc 
Btsources Code. 

the California Alternate 

boud.  

&ergy Source .Financing Authority, 
rpccifying its org.oization, powers, 
and duties. 

See. 26000 et rep. of t h e  Public 
Resources Code. 

Provides f o r  the allocation o 
funds received by the  state frum 
geothermal leases and f o r  the 
expansion of geothexmal energy 
by providing funds t o  loca l  
governments f o r  research, planning, 
and development. 

See. 3790 and 258 
. Besources Code. 

Provides f o r  the creation, 
organization, and operation of 
a non-profit corporatiop which 
vi11 provide financial  ass i s tan  
t o  qualified a l te rna t ive  energy 
business firms and t o  small businesses 
f o r  purpoees of  implementation of 
a l te rna t ive  energy systems. . Create 
a Sta te  Energy Loan Fund in ord 
provfde the necessary monetary aid. 
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In cammittee. 

In ccadttee. 

Passed Assmbly; amended 
and postponed u n t i l  1980 
by Senate. 

_ -  



SB 674 

1205 

Assembly 
Constitutional 
Amendment #16 

Sec. 32000 e t  meq. of 
the Financial Code. fn eammitcte. 

*ends the geothermal power plant 
ce r t i f i ca t ion  procedure. Reqdres 
the S ta te  Energy Resources I 

Conservation and Development 
Commirsion to keep confidential  
any proprietary information submitted 
to it except t ha t  concerning the chemical 
constraints and concentrations of geothemal 
fluids. Alter8 the procedure and time 
ochedule f o r  obtaining ce r t i f i ca t ion  f o r  8 
geothermal power plant. 
See. 25223, 25540-25440.2 of the 
Public Resources Code. In camtttee. 

Creates the Califomah Energy 
Development Authority end prescribes 
the  membership, powers, and duties 
of the board governing it. ReFres 
the authority t o  administer designated 
programs t o  provide financial  assistance 
f o r  producers and copsumers of rltcrnative 
energy  system^, and t o  encourage the 
i n s t a l l a t ion  of energy consentation 
measures. Creates 8 trust fund vhich 
vould be appropriated t o  the authority 
t o  carry ou t  its functions and purposes. 

See. 6117 and 27000 e t  req. of the 
Public Resources Code. 

Authorizes the issuance of 
$500,000,000 in bonds to provide 
f o r  long-tern loans and loan 
guarantees t o  energy users t o  
i n s t a l l  a l t e rna t ive  energy devices 
and eonternation measures. 

Sec. 27000 e t  seq. of the Public July 19, 1979 
Resources Code. passage in committee 

Ld 
July 19, 1979 f a i l ed  
passage in committee. 

Authorizes the Legislature t o  
provide f o r  issuance of revenue 
bonds f o r  financing t h e  acquisition, 
constpct ion,  and in s t a l l a t ion  of 
a l te rna t ive  enetgy source f a c i l i t i e s .  

Article X V I  of the state 
eons t i t u t  ion . Io committee. 
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’ ” APPENDIX Iff: - IN CALIFOIWIA ERMAL CONMER- 
CIALX WTION 

STATE ENERGY AND ENVIRONKENTAL AG~NCIES IN CALIFORNIA 

AGENCY . DESCRIPTION OF. DUTIES CORTACTS 

Califotnia Energy Commissi Susan Brown 
1111 Hove Avenue Summary f o r  Descriptioe Woody Ennis 

, Sacramento, CA 95825 . -  of CEC Duties I Dave Bill 
91 6-920-7361 % &tin  Tiernan 

Office of Planning 6 
1400 Tenth Street 
Sacramento, CA 95814 and policies; evaluation of 
91 6-322-7797 

Gelopment  of ermgromnental 
and re la ted  land use goals 

state p l a s  and programs; 
and administration 
of federal grants-in-aid 
to ensure consistency 
with statewide envtromnental 
goals and policies. 

Secretary f o r  Rerourcer 
1416 Ninth Street 
Sacramento , CA 95814 
916-445-5656 

Sta te  Lands Commission ’ . erall responsibil i ty f o r  a i r  pollution 
1807 13th Street  
Sacramento, CA 95814 ponsibll i ty f o r  controlling pollution 
916-322-7804 rom motot vehicles. h e a l  air pollution 

control di8triCtS are concerned primarily - 

nt ro l  in  California and specific 

J pollution soraces 

ation, organization, and Jan Denton 
1416 Hinth St., Rm. 1320 operation of resource conservation 
Sacramento, CA 95814 dis t r ic t s .  hdvises d i s t r i c t s  as  t o  
916-323-1789 plana and proposal 

conservation activ 

Geothermal Resources Boa Coordinates geothe Jan Denton 
1416 Ninth St., Bm* 1335 . state. Act ivi t ies  include maintaining 
Sacramento, CA 95814 an inventory of geothermal resources , 
916-322-1080 appeal of geothermal permits from the 

division of oil and gas, and 
tmplementation of the recommendations 
of the e ta t e  task force on geothermal 
r : c ~ o u r c e s ~  



. - .  

Divirion of Mines and Geology Collects, develops, and dissemfnates 
1416 Ninth S t . ,  Ran. 1335 information about the geology of 
Sacramento, CA 95814 California. CEQA lead agency. f o r  
916-4454 716 u p l o t i n g  geothermal processing. 

Division of oil & Gar Ekgulates a l l  in-state o i l ,  gas, 
1416 Ninth S to ,  Ran. 1316 and geothermal vells. Also 
Sacramento, CA 95814 publishes monthly and annual 
91 6-645-1 383 reports  on these w e l l s .  

Department of Fish m d  Game AdmlaIster8 and enforces the state f i s h  
1416 Hinth St., 12th Floor and game code- Activities include 
Sacramento, CA 95814 munaganent of inland and marine 
91 6-645-3 S3 1 f isher ies ,  rildlife protection, 8nd 

environmental data collection. 

Oesponeible f o r  the protection and 
conservation of privately- and sate- 

reforestafion, timber management, 
and a variety of other resource 
re la ted  actions. 

Department of Forestry 
1416 Hinth Streef 
Sacramento ,CA 95.814 owned forest ,  brush, and grasslands. 
916-445-9920 Activities include f i r e  protection, 

State  Lands cammission 
1807 13th Streef 
Sacramento, CA 95814 
916-322-7804 

Energy & Mineral Resource 
Development 
100 Oceangate, Suite 300 
Long Beach, California 90802 
213-590-5205 

Jurisdict ion over and management 
responsibi l i ty  f o r  rtate-owned sovereign 
and congressional grant lands. Handles 
r e l a t ed  land leases, exchanges, a d  
transactions8 conducts oil, gas, geothermal, 
and other material leasing programs. 
Related a c t i v i t i e s  involve boundaries 
and o ~ c r s h i p  d e t e h t i o n ,  granted 
lands admfPistration, and maintaining 
land infomation systems. 

Besponssfble f o r  the development of 
energy and mineral resources on state 
lands. Issues leases f o r  the develop- 
ment of there resources. 

Department of Parks & Reserves choice pieces uf landscipe, 
Recreation preserves and restores  representative 
P. OeBOx 2390 examples of Cal&fornia's n a t u r d  
Sacramento ,CA 9581 1 history,  and provides recreational 
916-322-6087 land f o r  public use. 

Hative American Heritage 
Commission 
1400 Tenth Street  
Sacramento , Ch 95814 
916-322-7791 

-284- 

Roger Martin 

Doug Stockton 

Don Everi t ts  
Eileen Burnctt 

James Doyle 

Stephen H. Bios 



Office of Historic 
Preseroatfon 
1220 K Stree t  H a l l  
Sacramento ,CA 9581 1 
916-322-8703 

Sta te  Vater Resources 
Control Board 
1416 Ninth Street  
Sacramento, CA 95814 
91 6-4tS-2 774 

Department of Water Resources 
1416 Ninth Street, 4th Flr. 
Sacramento, CA 95814 
916-323-4032 

State  Reclamation Board 
1416 Ninth Street  
Sacramento, CA 95814 
916-445-9454 

Solid Waste Hanagement 
Board 
1020 Ninth Street 
Suite 300 
Sacramento,CA 95814 
916-322-0744 

Hfcholas D e l  Cioppo 

Coac-med with s t a t e  water 
r ights ,  water quality, and 
vater planning h rtsearch. 
Administers state responsibi l i t ies  
uuder the 1972 Federal Water 
Pollution Control Ac t .  

Fomulates plans f o r  water resource 
control, consemation protection, Judy Warburg 
enhancement, and uti l izat ion.  The . 
department is authorized to  construct 
and operate pover generating f a c i l i t i e s  
as par t  of the e t a t e  water resources 
development system. This includes 
hydroelectrlc and other types of 
generating f a c i l i t i e s ,  such as steam 
electric t o  provide power f o r  pumping. 

Implements federal flood control 
in the central  valley. 
of central  val ley streams and local  
reclamation wrks 

Al Fr& 

Lloyd Haroego 

Tom Green 

Oversees control 

Sets minimum standards for  
so l id  waste handling and 
disposal. Assists and monitors 
couaty implementation of 
so l id  waste management 
plans 

Uchael  Seaman 
Herbert Ywahiro 
John Boss 
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APPENDIX IV:  GEOTHERMAL RESEARCH PROGRAMS - IN CALIFORNIA 

I n s  t f t u t  i on  
U.C. Berkeley Legal and I n s t i t u t i o n a l  Considerations i n  

A c t  i v  1 t y  r. 
I . t h e  Corbmercialitation of Geothermal Resources f o r  

Direct Uses. 
be  t o  review and’co l l ec t ’da t a  on t h e  market 
* p o t e n t i a l  f o r  s m a l l  scale “and d i r e c t v s e  
appl ica t ions  f o r  geothermal energy. 
and c l a s s i f  i c a t i o n  of t h e  obs tac les  t o  commercial- 

d i r e c t v s e  c o m ~ e r c i a l i t 8 t i o n  w l l l  be s tudied.  
The p ro jec t  d i r e c t o r s  are W. Michael Hanman, 
Agr icu l tura l  Econmics Dept., and John Nimons, 
Earl Warren Legal I n s t i t u t e .  

I Micro-earthquake and o t h e r  seismic s tud ie s  i n  
geothermal explorat ion - Thomas McEvllly, 
Geology a d  Geophysics Dept. 

Electromagnetic, magnetotel IC, and doc .  
r e s i s i t i v i t y ,  and o the r  geophysical methods 
f o r  geothemal  explora t ion  a t  Dixie Valley, 
Nevada, M t .  Hood, Washington, Cerro P r i e t o ,  
Mexico, etc. -- H.F.Morrison, Engineering 
Geoscience Dept. I_ . 

Reservoir assessment de l ing  studies 

and Engineering,Dept. . 

A l a r g e  e f f o r t  i n  both t h e  t echn ica l  and now 
t echnica l  aspects  of geothermal development. 
LBL and UC Berkeley work in c l o s e  liaison on 

The objec t  of t h i s  program w i l l  

An analys is  

and an evaluat ion of pol icy i ssues  f o r  

. -  

., L . -  

. - Paul  Witherspoon, Materials Science 
bJ 

Lawrence Berkeley 
Laboratory a 

chnical  p ro j ec t s  

, espec ia l ly  in 
e rvo i r  technology, 
imari ly  f o r  o the r  

0 UL’S effort6 

whi le  t h e  Mechanical Engineering and Energy 
Conversion Group manages t h e  geothermal test 
. f a c i l i t y  a t  E a s t  Mesa, and is involved 

anger research. 

i ona l  a c t i v i t i e s  
a d  commercialization of geothermal resources 
in Region IX is being provided by Winlfred Yen, 

id Energy and Envirorment DlVi61On. 
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Lewrence Livermore Like LBL, Lawrenc Livermore Laboratory 
Laboratory has subs t an t i a l  r earch e f fo r t s  i n  a L number of geothermal areas . 

The Imperial Valley Emrirowental  Pro jec t  w a s  
s t a r t e d  in 1975, and is now i n  its f i n a l  
stages.  .Field measurements were completed 
in 1978 f o r  air and water qua l i ty ,  ground 
subsidence, seismici ty ,  ecosystew, a d  some 
socio-economic data.  This d a t a  w i l l  probably 
be  used t o  es tab l i sh  basel ine information 
f o r  t h i s  area. 

The Geothermal Overvlw Pro Sect involves 
researching i n  severa l  areas of geothermal 
development (e.g., emirormental  issues).  
Workshops, etc., have been u t i l i z e d  t o  discuss  
Issues a d  t o  raise possible  so lu t ions  
t o  problems encountered i n  each area 
investigated.  P a s t  p ro jec ts  have been undertaken 
at Roosevelt Hot Springs, &no-Long Valley, 
a d  Cos0 Hot Springs. .Present a c t i v i t i e s  
are centered in Hawaii, Oregon, New Mexico, 
and Nevada. 

The Ecological Studies Program at  The 
Geysers is studying the  e f f ec t s  of po l lu tan ts  
on t he  vegetation, of sedimentation i n  t he  
streams, of s lope  s t a b i l i t y ,  and o the r  
geologic problew . 

4' 

The ASCOT Progran is develophg a complex 
t e r r a i n  model f o r  meteorological a d  air 
qua l i t y  problems i n  rough t e r r a in .  . 

A socio-economic program is a l so  underway 
a t  The Geysers, and is a j o i n t  p ro jec t  
with Lawrence Berkeley Laboratory. 

In t h e  area of environmental cont ro l  
technology, a state of t h e  ar t  repor t  
on an abatement s y s t m  f o r  H S a d  
other  airborne contaninants $8 being 
undertaken f o r  t he  Imperial Valley area. 

Technlcal s tud ie s  have been performed i n  
scale cont ro l  and t h e  removal of 
waterborne contaminants i n  geothermal 
f l u i d s  p r i o r  t o  r e in j ec t ion  and/or re-use. 

An e f f o r t  t o  develop a t o t a l  flaw machine 
w a s  abadoned last year. 
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Jet Propulsion ~ JPL has been working on a hel ica l  e x p a d e r ,  
a t o t a l  flow devlce t o  be tested InMexico. 

- *  

-planning f o r  d i  se corllrllercialitation 
b;c, 

is also being done. 

UCR is present ly  imolved  wi th  a geothermal log 
i n t e r p r e t a t i o n  pro jec t  at East Mesa t o  study 
t h e  l i tho logy ,  petrology, a d  isotope 

eochemistry of the  test w e l l  there.  

t t h e  Se l ton  

U .C .Rivers i de  

CR is studying o r e  
1 formation i n  t h e  geothermal f i e l d .  I n  

conjunction wi th  LLL, they are doing some 
shallow temperature grad ien t  measurements 
in t h e  l a k e  i t s e l f .  
ac t ive  seismic r e f r a c t i o n  in t h e  lake. 

A t  Cerro P r i e to  -(Mexico), under a subcontract 
from LBL, UCR i s  looking a t  t h e  petrology 
and geochemistry of t he  geothermal wells 
They are also looking a t  wa ted rock  in te rac t ions  
t o  attempt t o  de r ive  reservoi r  parameters. 

'A guidebook to  t h e  geology and geothermics 
in t h e  Imper i a l  Valley is being published by 

The Drylands Research. I n s t i t u t e  at t h e  University 
has in t h e  pas t  done extensive WOLIC with  economic, 
emirormenta l ,  a d  p o l i t i c a l  i s sues  in geothermal 
development f o r  Imperial County, a d  played a n  
important p a r t  i n  developing Imperial 
County's Land Use Plan. 

San D i e g o  S t a t e  -part of GS extramural program, Bob HcEwen 
(professor  ener i tus)  has been involved wi th  some 

They are a lso  studying 

. 

B.i 

I 

springs i n  Baja 

Lassen College s Learning Resource Center 
has been instrumental in organi t lug severa l  

n conjunction wi th  developaent 

support from t h e  University of Nevada at Rem for 
a g r i c u l t u r a l  a d  economic s tudies ,  a d  f r m  Chico 
S t a t e  1n.computer sirllulation (e.g., geothermal use  

forts in Wetadel-Amadee KGRA. Lassen has received 
I 
I 

I 
I 
~ 

I 

I turd appl icat lons of geothermal. 
1 

ry i d u s t r y )  . Lassen 
I t i a t i n g  wi th  t h e  S h k l e e  Corporation f o r  

research s i te  which w i l l  be used t o  study 

I Sonoma S t a t e  has a number of its facu l ty  involved 
In geothermal research a c t i v i t i e s .  Richard K a r a s  

L; 
i 
I 
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(physics) has been doing some neutron 
a c t i v a t i o n  s tud ie s  f o r  air po l lu t ion  in The Geysers 
region. 
i x s t i t u t e  on geothermal energy f o r  high school 
and jun ior  co l l ege  teachers . 

L r  H e  is a l so  coordinating a DOE-furded summer 

W i l l i i r m  Wright (geology) has been conducting 
emirormental  s tud ie s  f o r  PG&E power p l an t  
sites, again in The Geysers. 

David Fredickson (anthropology) has been 
imrest igat ing archaeological sites i n  S o m a  
ard Lake Counties, mainly f o r  P&E, Union 
O i l ,  a d  other geothermal suppl ie rs ,  i n  
The Geysers. 

Chris Kjeldsen (geology) has a n  NSF-sponsored 
g ran t  t o  study l i c h e n  as an ind ica tor  f o r  
po l lu t an t s  from cooling towers. H e  is a l s o  
analyzing soil and leaf samples t o  test f o r  
po l lu tan ts  from cooling tower d r i f t .  

Ldng Beach S t a t e  Rosewitha Grannel has been working wi th  
grav i ty  surveys i n  geothemal  exploration. 

Stanford has had a l a rge ,  d ive r s i f i ed  e f f o r t  
i n  geothermal research. The Stanford Geothermal 
Program (SGP) is a j o i n t  p ro j ec t  between several 
engineering departments. It sponsors an annual 
meeting on geothermal reservoi r  engineering and 

Stanford 

t echmlogy . 
Some of the indiv id iua l  research e f f o r t s  t h a t  are 
being undertaken are wi th  reservoi r . s imula t ion  and 

(Paul Kruger), seismic wave a t tenuat ion  in 
a c t i v e  g e o t h e d  f i e l d s  (Robert Kovocks), rock 
propert ies  (Amos Nun), and a study of I t a l f a n  
geothermal f i e l d s  (Fraak H i l l e r )  . 
I ra j  Ershaghi has been involved wi th  work supported 
by Los Almos Laboratory at Cerro P r i e t o  co r re l a t ing  
geothermal w e l l  logs wi th  similar d a t a  from oil 
f i e l d  logs t o  look f o r  similar evaluat ion techniques. 
H e  has also been looking at  b r i n e  r e s i s t i v i t y  and 
rock r e s i s t i v i t y  at high temperatures, and doing some 
w e l l  logging f o r  geologic formation evaluation. 

Ken Chen has recent ly  completed a s e d y  on low salixr 
i t y  f l u i d s  f o r  poss ib le  contaainants,  and cnethods f o r  

they leave  t h e  geothermal f l u i d .  

I well-testing analyses (He- Rarney), radar tracers 

USC 

removing these contminants  from t h e  emirorrment as L J  
H e  has a l so  done 
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1 
some f l u i d  t e s t l n g  on w e l l s  f ro= t h e  E a s t  Mesa KGRA. 

Chris  Stone has been working with t h e  NSF/ERDA/DOE 
since 1975 on a c o n t l w i n g  ana lys i s  of t h e  l e g a l  
and’ institutional envlro as it a f f e c t s  
geothermal energy development through c a p i t a l  
formation. H e  most recently. has  been workiqg 
with DOE on rev is ions  f o r  t h e  Geothemal Steam A c t .  

P e t e r  Cowhey is d i r e c t i n g  a p ro jec t ,  
Explorat ion of N ~ J  Approaches t o  LDC Geothermal 
Development: Proposed Indonesian and Phi l ipp ine  
Case Studies, whlch w i l l  undertake an assessment 
of geothermal energy development in these  two 
LDCs, and w l l l  t hen  determine t h e  poss ib l e  
U.S. government r o l e  in t hese  countries’ geothermal 
planning and development. Thls  p ro jec t  I s  being 
administered through t h e  Earl Warren Legal I n s t i t u t e  
a t  UC Berkeley. 

* In fomat ion  cu r ren t  as of 12/79. 

U.C. San Diego 
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