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A I R  QUALITY AS A LIMITING FACTOR ON DEVELOPMENT 

OF THE GEYSERS GEOTHERMAL RESOURCES 

Executive Summary 

An a i r  q u a l i t y  problem e x i s t s  a t  t h e  Geysers C a l i f o r n i a  a s  a r e s u l t  of hydrogen 

s u l f i d e  (H2S) emissions from geothermal power generat ion.  In t h i s  r e p o r t  the  

p o l i c y  and l e g a l  i s s u e s  engulf ing t h e  a i r  q u a l i t y  problem and e f f o r t s  t o  m i t i -  

g a t e  t h e  problem a r e  examined. Estimates a r e  made of t he  a i r  q u a l i t y  impacts of  

f u t u r e  genera t ion  capac i ty  based on u t i l i t y  e l e c t r i c i t y  supply p lans  a s  submit- 

t e d  t o  C a l i f o r n i a  Energy Commission (CEC). The s t a t u s  of c u r r e n t  and developing 

H S abatement technologies  is examined €or a v a i l a b i l i t y  and t echn ica l  charac- 2 

t e r i s t i c s .  Analysis is provided on the  prospect  and consequences o f  inadequate  

c o n t r o l  of  H S emissions H S c o n t r o l  e f f i c i e n c i e s  of less than 95  percent  2 2 

may u l t i m a t e l y  be i n e f f e c t i v e  i f  f u l l  f i e l d  development is t o  be achieved 

a t  the  Geysers. 

In t roduc t ion  

Geothermal energy, although not  benign, is a d e s i r a b l e  a l t e r n a t i v e  t o  dependency 

upon o t h e r  f i n i t e  and r e l a t i v e l y  more environmental ly  harmful power genera t ion  

cyc les .  It is the  "preferred" source of the  CEC f o r  t h e  genera t ion  of e l e c t r i c  

power bu t  H S emissions have caused a i r  q u a l i t y  problems. 2 

The Geysers Known Geothermal Resource Area (KGRA) has been es t imated  by the  

Je t  Propuls ion Labora tor ies  t o  have a f u l l  f i e l d  p o t e n t i a l  e l e c t r i c  genera t ion  

capac i ty  of approximately 6200 MW.' To d a t e  502 MW (11 Units)  of genera t ion  

c a p a c i t y  has  been i n s t a l l e d  by . P a c i f i c  Gas and E l e c t r i c  Company (PG&E) and 

planned expansion has  been slowed by H S problems. 2 
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Hydrogen s u l f i d e  i s  a noncondensible g a s ,  u s u a l l y  a s s o c i a t e d  wi th  geothermal 

steam, which  h a s  a d i s t i n c t ,  p o w e r f u l  o d o r  a f f e c t i n g  humans a t  l e v e l s  of  

approximately .02 o r  ‘03 ppm ( t h e  l a t t e r  f i g u r e  being t h e  C a l i f o r n i a  Ambient A i r  

Qua l i ty  S tandard) .  t o s s  o f  the  sense of smell can  occur  a t  about .06 ppm wi th  

2 eye i r r i t a t i o n  and f a t i g u e  r e s u l t i n g  a t  H2S l e v e l s  of  .06-.07 ppm. Respi- 

r a t o r y  i r r i t a t i o n  from H2S begins  a f t e r  one hour  of exposure t o  Levels of 

100-200 ppm and dea th  occurs  a t  600-900 ppm. 

Emissions and A i r  Q u a l i t y  Impacts 

Measurements o f  t h e  n e t  H2S emission from the  11 u n i t s  a t  the  Geysers have 

been made by t h e  North Sonoma County A i r  P o l l u t i o n  Control  D i s t r i c t  (APCD) .  In 
3 September 1977, a t o t a l  of 1174 l b / h r  of H S was emi t ted  by t h e  power p l a n t s .  

The use of  B S abatement equipment, which had only been r e t r o f i t  on t h r e e  

u n i t s  a t  t h e  t h e  t h e  measurements were taken ,  has proven uadependable. These 

2 

2 

i r o n  c a t a l y s t  H S c o n t r o l  systems have been only  40 t o  70 pe rcen t  e f f e c t i v e  a t  

reducing H S emissions a t  f u l l  scale opera t ion .  

2 

2 

Calcu la t ions  and e s t i m a t e s  of H S emmissions from o t h e r  geothermal developmental  2 
a c t i v i t i e s  were a l s o  made and nonpower p l a n t  sou rces  of H S ( i n c l u d i n g  well 

d r i l l i n g ,  t e s t i n g ,  w e l l  b l e e d s ,  a c u r r e n t l y  uncon t ro l l ed  w e l l ,  p i p e l i n e  vents  

2 

and n a t u r a l  fumerals)  were es t imated  t o  emit  63 l b s / h r .  Cur ren t ly ,  about  1237 

l b / h r  H S is emi t ted  to  the  atmosphere from geothermal development a t  t h e  

Geysers. 

2 

The me te ro log ica l  and topographica l  c o n d i t i o n s  of  t h e  Geysers reg ion  a r e  such 

t h a t  it is extremely d i f f i c u l t  t o  d i r e c t l y  c o r r e l a t e  H S emissions from the  

power p l a n t  and a i r  q u a l i t y  impacts.  The gene ra l  p a t t e r n  has been for H2S 

2 

2 
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emissions r e l eased  a t  the  Geysers i n  Sonoma County t o  be t ranspor ted  t o  and 

4 a f f e c t  t he  populated a reas  of Lake County a few mi les  downwind t o  the e a s t .  

P reva i l i ng  meteorological  condi t ions  combined with the  complexity of the l o c a l  

mountainous t e r r a i n  r e s u l t  i n  v i o l a t i o n s  of the  Ca l i fo rn ia  ambient a i r  q u a l i t y  

s tandard  f o r  H2S (.03 ppm) i n  Lake County. During the  one-year per iod from 

October 1976 t o  September 1977 hourly average hydrogen s u l f i d e  l e v e l s  equal  

t o  o r  i n  excess  of .03 ppm, were measured 1092 times by t h e  e i g h t  s t a t i o n  a i r  

q u a l i t y  m o n i t o r i n g  ne twork  m a i n t a i n e d  i n  t h e  a r e a  by S t a n f o r d  Resea rch  

I n s t i t u t e .  The Ca l i fo rn ia  Air Resources Board (ARB) e s t ima tes  t h a t  i t  is 

necessary  t o  reduce H S emissions by a f a c t o r  of t h ree  ( t o  about 391 l b / h r )  2 

f o r  a t ta inment  of  t he  a i r  q u a l i t y  s tandard.  

The Leeal  Framework 

The Warren-Alquist A c t  o f  1974 (AB 1575) placed the  u l t ima te  permi t t ing  respon- 

s i b i l i t y  f o r  thermal power p l an t s  i n  C a l i f o r n i a  with the  CEC. This means t h a t  

f u t u r e  geothermal power p l an t s  (beginning with Unit #17) w i l l  go through the  CEC 

Notice of In ten t IAppl ica t ion  f o r  C e r t i f i c a t i o n  (NOI/AFC) screening  process .  

The s t a t e d  Commission po l i cy  is  t o  cons ider  geothermal a s  a "preferred" source 

f o r  meeting e l e c t r i c i t y  supply.6 Pol icy  and guidance , intended t o  maximize 

t h e  use of geothermal resources ,  and t o  support  the  r ap id  expansion of geo- 

thermal power product ion was adopted by t h e  Commission on March 2 2 ,  1978 i n  i t s  

Geothermal  Po l i cy  Report ,  Recommendations f o r  a Geothermal Resource Development 

and Power P l a n t  S i t i n g  Program. The po l i cy  and procedures c a l l e d  f o r  i n  t h i s  

r e p o r t  a r e  now being implemented i n  cu r ren t  r egu la to ry  cases .  Through i n t e r -  

agency a c t i o n  (CEC, ARB, North Sonoma County APCD and Lake County APCD) i t  is 

a n t i c i p a t e d  t h a t  e x i s t i n g  and f u t u r e  H2S a i r  q u a l i t y  problems, as  w e l l  as  t he  

3 
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l e g a l  r e q u i r e m e n t s  and  n e e d s  o f  e a c h  a g e n c y ,  c a n  be  s a t i s f i e d  i n  t h e  

Commission's common r e g u l a t o r y  forum. 

The ARB i n  response t o  t h e  Federa l  Clean A i r  Act has  d r a f t e d  "model" New Source 

Review (NSR) r e g u l a t i o n s  and r e q u i r e s  t h a t  a l l  A P C D ' s  i n  C a l i f o r n i a  adopt  

similar r egu la t ions .  These r e g u l a t i o n s  ensure t h a t  a new s t a t i o n a r y  source  

f o r  which an a i r  q u a l i t y  permit  is i s sued  s h a l l  n o t  prevent  or i n t e r f e r e  wi th  

t h e  a t t a inmen t  o r  maintenance of  any a p p l i a b l e  a i r  q u a l i t y  s tandard .  Both , 

n a t i o n a l  and s t a t e  a i r  q u a l i t y  s t anda rds  a r e  r equ i r ed  t o  be  considered by t h e  

ARB g u i d e l i n e s .  Lake and  Nor th  Sonoma County APCD's h a v e  a d o p t e d  an NSR 

r e g u l a t i o n  i n  response t o  t h e  g u i d e l i n e s  e s t a b l i s h e d  by ARB. 

Both the  ARB and the North Sonoma County APCD are  presently proposing regu- 

l a t i o n s  t o  f u r t h e r  r e s t r i c t  H S emissions from e x i s t i n g  and f u t u r e  geothermal 

development. In proposed amendments t h e  North Sonoma County APCD r e g u l a t i o n s  

2 

would r e q u i r e  t h a t  e x i s t i n g  geothermal power p l a n t  u n i t s  emit no more than 350 

l b / h r  o r  290 l b l h r  of hydrogen s u l f i d e  ( t o  be  determined by the d i s t r i c t ) .  a 

Also, any u n i t  cons t ruc t ed  a f t e r  January 1, 1978, s h a l l  ernit no more than:  ( a )  

t h r e e  pe rcen t  o f  t h e  H S produced by t h a t  u n i t s  steam; o r  (b) 0.1 lb. H2S/hr/MW 

t o  t h e  atmosphere;  o r  ( c )  LO l b s / h r  t o  t h e  atmosphere;  or ( d )  a l e v e l  which is 

f e a s i b l e  by t h e  u s e  of  b e s t  a v a i l a b l e  c o n t r o l  technology (BACT) .  The proposed 

2 

North Sonoma County APCD r e g u l a t i o n s  w i l l  a l so  p lace  r e s t r i c t i o n s  on non-power 

p l a n t  sources  of H S. 2 

ARB has he ld  p u b l i c  workshops and has c o l l e c t e d  background informat ion  i n  order  

9 t o  d r a f t  model a i r  p o l l u t i o n  r e g u l a t i o n s  f o r  H S from geothermal ope ra t ions .  2 

The ARB s t a f f  r e p o r t  and recommendations a r e  expected t o  be presented  t o  the  

f u l l  board i n  A p r i l  1978. A summary of  t he  ARB proposed model r u l e s  t o  c o n t r o l  

H S i s  presented  i n  Table 1. 2 

4 
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Table 1 ARB PROPOSED MODEL RULE ON H2S* 
CONTROL STRATEGY 

CONDITIONS APPROXIMATE DEGREE 
YEAR TO BE MET OF CONTROL 

1979 1. 

2. 

1980 1. 

2. 

3 .  

4. 

1982 1. 

1984 1. 

1986 1. 

2. 

1990 1.  

2000 1. 

Power p l an t  u n i t s  number 3 ,  4 ,  5 ,  6 ,  1 1 ,  and 90 
12 t o  e m i t  no more than 200 gm H S/MWH 
( . 4 4  lb/MWH). 2 

Power p l an t  u n i t s  equipped with su r face  condens- 85 
ers t o  e m i t  no more than 175 gm H2S/MWLf ( . 3 9  l b /  
MWH) . - 
Power p l a n t  u n i t s  equipped with su r face  condens- 90 
ers t o  emit no more than 100 gm H S/MWH ( . 2 2  lb.  
MWH) . 2 

A l l  power p l an t  u n i t s  cons t ruc ted  o r  commencing 90 
cons t ruc t ion  during 1980 s h a l l  emit no more than 
100 gm H2S/MWH ( . 2 2  IbIMWH) when completed. 

H S emissions r e s u l t i n g  from "stacking" opera- 65 
t i o n s  s h a l l  be reduced by 65 I (from l e v e l s  assoc i -  
a t e d  with unabated steamflow) wi th in  30 minutes. 

2 

B S emissions from d r i l l i n g  opera t ions  s h a l l  60-90 
not exceed 5 kg/hr (11/lb h r )  for every  1000 MW of 
e l e c t r i c a l  power generated.  

2 

The uncont ro l led  geothermal,  w e l l  known as 90 
Thermal 4 ( o r  t he  "Wild Well") w i l l  have i t s '  
H2S emissions reduced by 9OZ over i t s  abated 
condi t ions .  

A l l  power p lan t  u n i t s  u t i l i z i n g  d i r e c t  contac t  90 
condensers w i l l  emit no more than 200 gm H2S/MWH 
(.44 lb/MWH). 

H S emisions r e s u l t i n g '  from "stacking" opera t ions  90 
sgall  be reduced by 9 O X  (from l e v e l s  a s soc ia t ed  with 
unabated steam flow) wi th in  .30 minutes.  

A l l  power p l an t  u n i t s  completed a f t e r  1985 s h a l l  95 
emit no more than 50 gm H2S/MWH ( .11 lb/MWH). 

A l l  power p l an t  u n i t s  equipped with su r face  conden- 
sers s h a l l  e m i t  no more than 50 gm H S/MWH (.11 lb/ 
MWH) . 

95 

2 

A l l  power p lan t  u n i t s  equipped with d i r e c t  contac t  
condensers s h a l l  e m i t  no more than 100 gm H S/MWH 
( . 2 2  lb/MWH). 

95 
2 

*Adopted by ARB Apr i l  26 ,  1978. 
5 



1668:09 
Y 

Pro jec t ed  Growth 

I n  an  e f f o r t  t o  develop an i n t e g r a t e d ,  s t a t ewide  e l e c t r i c i t y  supply s t r a t e g y  t h e  

Energy Commission has r equ i r ed  t h a t  a l l  C a l i f o r n i a  u t i l i t i e s '  provide planning 

documents p r e s c r i b i n g  the  manner i n  which each u t i l i t y  would meet f u t u r e  fore- 

c a s t e d  e l e c t r i c i t y  demand for i t s  s e r v i c e  a rea .  Table 11 l i s t s  a l l  of  t h e  

development c u r r e n t l y  be ing  planned by e l ec t r i c  u t i l i t i e s  f o r  t h e  Geysers 

KGRA." Three u t i l i t i e s ,  Pacific Gas and' Electr ic  Company (PGbE) , Sacramento 

Municipal Ut i l i t ies  D i s t r i c t  (SMUD) and Northern C a l i f o r n i a  Power Associa- 

c a t i o n  (NCPA) i n d i c a t e  t h a t  2708 MW of e l e c t r i c i t y  could  be  produced a t  t h e  

Geysers by 1990. The only  o t h e r  gene ra t ion  c a p a c i t y  now planned f o r  t h e  Geysers 

is 1 6 5  MW by t h e  C a l i f o r n i a  Department of Water Resources. 

It should be  noted t h a t  H2S c o n t r o l  e f f i c i e n c i e s  were not  i nd ica t ed  for i r o n  

c a t a l y s t  c o n t r o l  systems on u n i t s  1-11. These systems are n o t  p r e s e n t l y  on a l l  

of PGbE's e x i s t i n g  u n i t s ,  a l though i t  does appear  as though PG&E expec t s  t o  

r e t r o f i t  wi th iron c a t a l y s t  and a t t a i n  90 percent  abatement e f f i c i e n c y  on t h e s e  

u n i t s .  

The expected Geysers, cumulat ive H S emiss ions  u t i l i z i n g  va r ious  l e v e l s  of 

c o n t r o l  e f f i c i e n c y  and assuming development proceeds a s  planned, a r e  presented  

2 

by year  in t h e  columns on t h e  r i g h t  i n  Table 11. Expected cumulat ive emissions 

and the  n e t  r e l a t i o n s h i p  t o  c u r r e n t  emissions levels a t  t he  Geysers is  presented  

i n  Figure .I. Although t h e  u t i l i t i e s  have i n d i c a t e d  t h a t  up to  90 pe rcen t  

c o n t r o l  of H S is expec ted ,  t h e  u l t i m a t e  degree t o  which H S must be con- 

t r o l l e d  a t  t h e  Geysers has not  y e t  been e s t a b l i s h e d .  Since ambient a i r  q u a l i t y  

2 2 

s t anda rds  a r e  c u r r e n t l y  being v i o l a t e d ,  l o g i c  would i n d i c a t e  t h a t  n e t  f u t u r e  

emiss ions  over  1174 l b / h r  would cause  cont inuing  v i o l a t i o n s .  Even 9 5 2  c o n t r o l  

o f  H S may n o t  be  s u f f i c i e n t  i f  a r e d u c t i o n  down t o  one t h i r d  of  c u r r e n t  2 

6 



TABLE I1 
PROJECTED GEOfllETMAL POWER PRODUCTION A:;D 1!,S E.L!ISS 10;:s IK THE GEYSERS K G U  

UNIT DATA 

PGCE 1 1960 11 
PG&E 2 1963 13 
PG6E 3 1967 27 
PC6E 4 1968 27 
PGLE 5 1971 53 
PGLE 6 1971 53 
PGbE 7 1972 53 
PGLE 8 1972 53 
PGdE 9 1973 53 
PGdE 10 1973 53 
PCSE 11 1975 106 
PGLE 12 1978 106 
PCLE 15 1973 55 
PGLE 14 1979 110 - PGSE 13 1979 135 
PGLE 16 ' 1981 110 
PG&E 17 1981 110 
NCPA 1 1981 32 
NCPA 1 1961 53 
PGCE 16 1982 110 
PGCE 19 1962 110 
NCPA 1.4 1982 32 
KCPA 2A 1082 53 
PGSE 20 1983 110 
PGLE 2 1  1983 110 
PCLE 22 1964 110 
PCSE 23 1985 110 
SMUD 1 1985 100 
PCLE 24 1936 110 
SMUD 2 1966 100 
PGSE 25 1987 110 
PGLE 2G 19nS 110 
PGLE 275 1989 110 
PG6E 28 1990 110 

22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
22,000 
21,376 
22,881 
22,000 
22,000 
22,000 
22,000 
23, OOC 
23,000 
22,000 
22,000 
23,000 
23,000 
2?,000 
22, coo 
22,000 
22,000 
24,000 
22,000 
24,000 
2 2 ,  OCO 
22 ,000  
22,000 

1 

.076 

.07G 

.076 

.076 

.027 

.033 

.016 

.011 

.DO5 
,005 
.028 
.0138 
.03 73 
.0142 

. .00885 
.00684 
.0333 

.22  

.0225 

. 2z3 

.02ij4 

.2z3 

.22 

.0224 

.0224 

.0224 

.0224 

.167 

.0224 
,167 
.0224 
.0224 
.0224 
.0224 

1. Infornation n o t  p r o v i d e d  by utilities. 

I C  
IC 
I C  
I C  
IC 
IC 
I C  
I C  
IC 
I C  
I C  
IC 

STRET 
STRET 
STRET 
STRET' 
STRET 

1 
1 

STRET 
STRET 

1 
1 

STRET 
STRET 
STRET 
STRET 

4 
STRET 

4 
STRET 
STRET 
STRET 
STRET 

c 

CUXULATIVE TOTAL 
CONTROLLED H2S ( l b / h r )  

90% 95% 99% 
cos- 
TROL 

H,S 
CC::T.XOL EXISSIC:! TOTAL A s  Re- CON- COY- 
EF?ICItKCY (LBS/%K) (NV) p o r t e d  TROL TRGL 

1 18.3 
1 21.7 
1 15.1 
1 45.1 
1 31.5 
1 3t; .  5 
1 IS. 7 
1 '  12.8 
1 5.8 
1 5.8 
1 65.3 
90 z 31.3 
90 Z 46.9 
90': 34.6 
90 .Z 26.3 
90 5 16.6 
90 X 85.4 
902 161.9 
90:: 266.2 
90:; 5 4 . 2  
90:: 54.2 
90 2 161.9 
902 268.2 
9s: 54.2 
9091 . 54.2 
90 Z 54.2 
90 x 54.2 

4 400.8 
35 z 54.: 

4 400.8 
907: 54.2 
90% 54.2 
90 :: 54.2 
90f: 54.2 

502 

663 386.8 386.8 193.4 38.7 

908 U 7 . 7  447.7 233.9 44.8 

1213 979.8 592.7 296.4 59.3 

1518 1518.3 744.2 372.1 74.4 

1738 1626.7 852.6 426.5 55.3 
1848 1680.9 906.8 453.4 90.7 

2058 2135.9 1001.1 500.6 100.1 

2268 2590.9 1095.4 5L7.G 109.5 
2378 2645.1. 1149;5 574.6 115.0 
2 4 6 8  2699.3 ~ 0 3 . 8  601.5 120.4 
2598 2753.5 1258.0 629.0 125.8 
2708 2807.7 1312.2 656.1 131.2 

2.  C a n c r o l  D e v i c e s :  I C =  I r o n  C a t a l y s t ,  STRET = S t r c t f o r d  Process .  
3.' The 1:CPA E m i s s i o n  Factor a p p e a r s  t o  be r e p r e s e n t a t i v e  of an u n c o n c r o l l e d  s t a t e .  
4. SNJD d i d  not ind icz te  any control. 
5. The location o f  U n i t  828 w a s  not given, it may o r  may not b e  in the G e y s e r s  KCRA. 
_-_-_-___---_-__-_--------------------------------------------_------------I-------- 
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FIGURE I: PROJECTZD INCREASES IN H7S EMISSIONS 

F'ROM P'LANNED POWER PLANT UNITS AT THE GZXSERS 

9% control 

9% control 

1 1977 Ehission level. 
2 ARB estimated r o l l  back requirement 
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emission l e v e l s  is required.  Control e f f i c i e n c i e s  of 96-99 percent  appea r  t o  be 

r equ i r ed  i f  u l t ima te  compliance with s tandards  and f u l l  f i e l d  development i s  

des  i r ed .  

The proposed ARB r egu la t ions  (Table 1) c a l l  f o r  95 percent  of a l l  u n i t s  comp- 

l e t e d  a f t e r  1985. It is  unc lea r  a t  t h i s  t ime whether t h i s  degree of con t ro l  can  

be t e c h n i c a l l y  achieved o r  i s  u l t i m a t e l y  s u f f i c i e n t  t o  prevent  v i o l a t i o n s  of 

t h e  ambient a i r  q u a l i t y  s tandard f o r  HZS. 

H S Abatement Technologies -2 

A s u b s t a n t i a l  amount of money and t i m e  has  been expended ( p r i m a r i l y  by PG6E) i n  

e f f o r t s  t o  c o n t r o l  the r e l e a s e s  of H S t o  the atmosphere by geothermal 

opera t ions .  Several  d i f f e r e n t  approaches t o  H S c o n t r o l  have been inves t i -  

gated and t h e  t h r e e  most promising a r e :  (1) I r o n  C a t a l y s t ;  ( 2 )  S t r e t f o r d ;  and 

( 3 )  E I C  Upstream. Information i s  provided i n  Table 111 regard ing  the H S 

abatement technologies  c u r r e n t l y  being t e s t e d  by PG&E. By mid-1979 more p r e c i s e  

ope ra t iona l  c h a r a c t e r i s t i c s  w i l l  be a v a i l a b l e  on a l l  these'systems. 

2 

2 

2 

Of t h e  systems under cons ide ra t ion ,  only the  I ron  Cata lys t  system has been i n  

f u l l - s c a l e  ope ra t ion ,  with r a t h e r  u n s a t i s f a c t o r y  r e s u l t s  (40 t o  70 percent  

e f f i c i e n c y ) .  The S t r e t f o r d  system is expected t o  provide h igh  c o n t r o l  e f f i -  

c i e n c i e s  on new u n i t s  us ing  su r face  condensers ( a s  opposed t o  d i r e c t  con tac t  

condensers on u n i t s  1-12). The S t r e t f o r d  system i s  p r e s e n t l y  unproven, however, 

because t h e r e  is no ope ra t ing  experience t o  i n d i c a t e  the  degree of H S p a r t i -  

t i o n i n g  which w i l l  occur i n  t h e  su r face  condenser. The E I C  Upstream system is 

i n  t h e  v e r y  e a r l y  s t a g e s  of development  b u t  a p p e a r s  t o  be promis ing .  I f  

success fu l  i t  would enable  removal o f  H S from the  geothermal steam resource  

before  it e n t e r s  t he  power p l an t .  

2 

2 
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TABLE 111 

Hydrogen S u l f i d e  Abatement Technologies 

Iron C a t a l y s t  

Ab a t  emen t 
Ef f i c  iency 

Expected 
Downtime 

Es timat ed 
C a p i t a l  
cos t  

Est imated 
Annual c o s t  

Expected 
Av a i  1 ab i 1 i t  y 

Actual  40-70% 
P o t e n t i a l  90% 

10% 

$3 m i l l i o n  

$995,000 

90% Abatement 
F u l l  s c a l e  
end of 1978 

S t r e t  f o rd  

80-98% 
90+% from 
Condens a t  e 

5% 

$5.84-6 7 
mil 1 i on  

$1,350,000 
$2,275,000 
wi th  Condensate 
Treatment.  

E I C  
Upstream 

90-97% 

5% 

Simi la r  
t o  STRET 

$1 , 245,OO 

F u l l s c a l e  on P i l o t  
Unit  15 E a r l y  J u l y  L979 
1979- 

Mid-1982 

Conclusion 

The l i m i t  t o  which geothermal development can occur  a t  t he  Geysers p r e s e n t l y  

seems t o  be r e s t r i c t e d  by t w o  f a c t o r s :  (1) the  u l t i m a t e  s i z e  o f  the  r e so&ce ,  
1 ,  

(which has  y e t  t o  be d e f i n i t i v e l y  e s t a b l i s h e d ) ;  and ( 2 )  more inrmediately, b y  t h e  

f a i l u r e  t o  main ta in  t h e  s t a t e  ambient a i r  q u a l i t y  s t anda rd  f o r  H 2 S. 

I f  i t  cannot  be demonstrated t h a t  geothermal power p l a n t s  can o p e r a t e  without  

caus ing  v i o l a t i o n s  of t h e  .03 ppm hydrogen s u l f i d e  s tandard  and comply with 

proposed hydrogen s u l f i d e  r e g u l a t i o n s  o f  t h e  ARB and l o c a l  APCD's, i t  would be 

impudent t o  expect  u n r e s t r i c t e d  development a t  t h e  Geysers. No agency has  y e t  

e s t a b l i s h e d  p r e c i s e l y  what l e v e l  of  'ti S c o n t r o l  ( o r  emiss ions)  w i l l  b e  re- 2 

qu i red  t o  a l low f u l l  f i e l d  development. Although most proposed r e g u l a t i o n  is 

p r e s e n t l y  i n  t h e  range of 90-95 percent  c o n t r o l ,  more s t r i n g e n t  c o n t r o l s  may b e  

10 
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n e c e s s a r y  i f  t h o u s a n d s  of  megawat t s  o f  e l e c t r i c i t y  a r e  t o  be produced  a t  

t he  Geysers. 

Achieving the  goal  of f u l l  f i e l d  development remains hypothe t ica l .  Uncertain- 

t i es  p resen t ly  a s soc ia t ed  with development of geothermal H S c o n t r o l  techno- 2 

l o g i e s  a r e  numerous. It is  p o s s i b l e  t h a t  a l e v e l  o f  H S c o n t r o l  

e l i m i n a t e  H,S as an environmental  problem may no t  be a v a i l a b l e  

2 

L 

adequate  H2S c o n t r o l  prove unavai lab le  planned 

Geysers may be s e r i o u s l y  hindered and even tua l ly  

be made t o  ensure a g a i n s t  such an even tua l i t y .  

communicate t h e  s t a t u s  of an eminent r egu la to ry  

r e sea rch  and planning t o  r e so lve  t h e  i s sue .  

s u f f i c i e n t  t o  

soon. Should 

geothermal development a t  t he  

c u r t a i l e d .  Every e f f o r t  should 

This a n a l y s i s  is  intended t o  

problem and encourage expanded 

The views and conclus ions  contained i n  t h i s  r epor t  a r e  those of the  au tho r s  and 

should not be i n t e r p r e t e d  as n e c e s s a r i l y  r ep resen t ing  the  o f f i c i a l  p o l i c i e s  of 

e i t h e r  t he  C a l i f o r n i a  Energy Commission or the  S ta te  of Ca l i fo rn ia .  

11 
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