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ABSTRACT 

Generation o f  e l e c t r i c i t y  by geothermal power r e s u l t s  i n  lower 
emissions o f  c r i t e r i a  a i r  p o l l u t a n t s  than power generat ion f rom f o s s i l  
f u e l  combustion. This  s i t u a t i o n  suggests t h a t  a i r  q u a l i t y  regu la t i ons  
would no t  impede the  development o f  geothermal energy resources. 
However, an in-depth s tudy o f  t h e  Clean A i r  Ac t  and s t a t e  a i r  q u a l i t y  
regu la t i ons  has determined t h a t  such regu la t i ons  have cons t ra ined 
geothermal development i n  t h e  past, based on hydrogen s u l f i d e  (H S) 

p rov i s ion  o f  PSD regu la t i ons  has caused some geothermal p l a n t s  w i t h  
c o n t r o l l e d  emissions a t  low l e v e l s  t o  undergo PSD review, thus  
extending t h e  t ime needed f o r  permi t  approval. 
p o t e n t i a l  e f f e c t s  o f  a i r  q u a l i t y  r e g u l a t i o n s  upon f u t u r e  geothermal 
energy development, Federal  PSD and non-attainment r e g u l a t i o n s  are 
examined. The p r o x i m i t y  o f  known geothermal resource areas t o  Class I 
PSD areas and non-attainment areas are determined. Atmospheric 
modeling o f  H S emissions from a hypo the t i ca l  geothermal p l a n t  f i n d s  

emissions do no t  cons t ra in  geothermal development. 

emissions from geothermal power p lan ts .  The " federa l  enforceabi  f i t y "  

To determine t h e  

t h a t  i f  recen P l y  a v a i l a b l e  c o n t r o l  equipment i s  i n s t a l l e d ,  H2S 
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In t roduct ion  

The r ap id  d e p l e t i o n  o f  e x i s t i n g  s u p p l i e s  of f o s s i l  f u e l s  coupled 
with increased  demand f o r  energy has  s t imu la t ed  inc reas ing  n a t i o n a l  
i n t e r e s t  i n  a l t e r n a t i v e  forms of energy,  inc luding  geothermal 
(hydrothermal) r e sources .  
hydrothermal resources  i s  a prime o b j e c t i v e  of  the  Department of  
Energy's geothermal program. 

The r ap id  commercial development of  

Before development can proceed, t e c h n i c a l ,  economic, and 
i n s t i t u t i o n a l  c o n s t r a i n t s  must be i d e n t i f i e d  and, i f  p o s s i b l e ,  
mi t iga t ed .  Federa l ,  s ta te ,  and l o c a l  environmental  r e g u l a t i o n s  must be 
m e t  by new geothermal energy f a c i l i t i e s .  The r e l a t i v e  environmental  
b e n e f i t s  of  geothermal r e source  u t i l i z a t i o n ,  i n  comparison t o  o t h e r  
forms of  energy,  could be an important  s t imu lus  t o  more r ap id  
development o f  geothermal energy. 

The Clean A i r  Act, the  Federa l  l e g i s l a t i o n  t h a t  governs a i r  
p o l l u t i o n  c o n t r o l  i n  the  United S t a t e s ,  w a s  n o t  d r a f t e d  i n  a uniform 
p a t t e r n ,  bu t  r a t h e r  a t  d i f f e r e n t  t i m e s ,  by d i f f e r e n t  people ,  i n  
response t o  d i f f e r e n t  p re s su res .  Passage o f  the l e g i s l a t i o n  was done 
without c a r e f u l  cons ide ra t ion  of  p o t e n t i a l  impacts on the  development 
o f  domestic energy resources .  
geothermal energy development i n  p a r t i c u l a r  has  rece ived  l i t t l e  
a t t e n t i o n .  A i r  q u a l i t y  r e g u l a t o r y  c o n s t r a i n t s  t o  geothermal 
development must be i d e n t i f i e d ,  and poss ib l e  m i t i g a t i o n  measures 
proposed, i n  o r d e r  t o  provide adequate background information t o  
dec i s ion  makers. 

The impact of  a i r  q u a l i t y  l e g i s l a t i o n  on 

This paper i d e n t i f i e s  t he  manner i n  which a i r  q u a l i t y  r e g u l a t i o n s  
could cons t r a i n  o r  s t i m u l a t e  the  development o f  geothermal power p l a n t s  
i n  known geothermal resource  areas (KGRA's) i n  the  United S t a t e s .  
Geothermal technologies  and atmospheric emiss ions  a r e  d iscussed  i n  the  
second s e c t i o n .  The c o n s t r a i n t s  of  Federal  emission r e g u l a t i o n s  on 
geothermal development are d iscussed  i n  the  t h i r d  s e c t i o n .  Also i n  the 
t h i r d  s e c t i o n ,  a i r  q u a l i t y  modeling i s  used t o  determine the impact of 
s e l e c t e d  s t a t e  ambient H2S s tandards  on geothermal development. 
fou r th  s e c t i o n  p resen t s  a summary of major f ind ings .  

The 

Atmospheric Emissions from Geothermal Power P l a n t s  

Geothermal power p l a n t s  p r i m a r i l y  use the  b i n a r y  cyc le  ( a  c losed  
cyc le )  or the  f l a s h  cyc le  (an open c y c l e ) .  Atmospheric emissions 
are n e g l i g i b l e  f o r  t he  b i n a r y  cyc le  because the  geothermal f l u i d  i s  
r e i n j e c t e d  i n t o  the  ground; the only  s i g n i f i c a n t  waste product ion of  
any kind is  h e a t  l o s s  t o  the  atmosphere. Because the  c losed  loop o r  
b inary  c y c l e  f o r  geothermal power product ion is  c h a r a c t e r i z e d  by minor 
a i r  emissions,  i t  i s  u n l i k e l y  t h a t  i t s  development would be 
s i g n i f i c a n t l y  cons t r a ined  by a i r  q u a l i t y  r e g u l a t i o n s .  Therefore ,  t h i s  
r e p o r t  focuses  on development using the  f l a s h  cyc le .  

3 
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I n  the  f l a s h  cyc le  the  geothermal f l u i d  i s  separa ted  i n t o  l i q u i d  
and gaseous (s team) components. The l i q u i d  is  then f lashed  a second 
t i m e  t o  produce more steam a t  a lower pressure  i n  a second-stage 
s e p a r a t o r  . The steam from both f l a sh ings  i s  used t o  d r i v e  a t u rb ine  
t o  gene ra t e  e l e c t r i c i t y .  ,Exhaus t  steam i s  condensed and used as makeup 
water f o r  the cool ing  tower. 

2 

A i r  p o l l u t a n t  emissions from geothermal power p l a n t s  are 
dependent on the  concen t r a t ions  o f  s p e c i f i c  a i r  p o l l u t a n t s  i n  
geothermal f l u i d s .  A range of  p o t e n t i a l  a i r  p o l l u t a n t s  i n  " typica l"  
geothermal f l u i d s  i s  presented i n  F ig .  1. Gaseous a i r  p o l l u t a n t  
emissions r e s u l t  from ope ra t ion  o f  the  " f lash"  component of the power 
p l a n t ,  and p a r t i c u l a t e  emissions resul t  from cool ing  tower ope ra t ion .  
Noncondensable gases  (mainly H2S and CO,) r e p r e s e n t  about  1% of the  
t o t a l  vapor fed t o  the t u r b i n e s  i n  a geothermal p l a n t  . 
usua l ly  n o t  considered t o  be a p o l l u t a n t ,  and the re fo re  H2S is  o f  
primary concern.  
i n  F ig .  1. 

3 C 0 2  i s  

A range o f  t y p i c a l  H2S concen t r a t ions  i s  presented 

Of the volume of  gaseous emissions from a geothermal power p l a n t ,  
C 0 2  r e p r e s e n t s  99%, H2S r e p r e s e n t s  about  1%, NH3 i s  emi t ted  i n  
t r a c e  amounts of l e s s  than 2 ppm ( w e l l  below the threshold  o f  odor) ,  
and Hg has  been measured i n  amounts f a r  below the Occupational S a f e t y  
and Heal th  Adminis t ra t ion ' s  (OSHA) s t anda rds .  Trace element emissions 
inc lude  a r s e n i c ,  mercury, boron, and s t ron t ium;  ammonia has  a l s o  been 

4 de tec t ed  i n  geothermal emissions . Based on d a t a  c o l l e c t e d  a t  the 
Geysers KGRA i n  Northern C a l i f o r n i a ,  a 55 MW geothermal p l a n t  without  
emission c o n t r o l s  can e m i t  H2S a t  rates ranging from 1 t o  35 grams 
p e r  second ( g / s ) .  5 

P a r t i c u l a t e  emissions from a geothermal power p l a n t  t h a t  a f f e c t  
ambient a i r  q u a l i t y  inc lude  f u g i t i v e  d u s t ,  which i s  u s u a l l y  genera ted  
during c o n s t r u c t i o n  of  the p l a n t  and dur ing  w e l l  d r i l l i n g ;  and cool ing-  
tower d r i f t  emiss ions ,  which are genera ted  during ope ra t ion .  

P a r t i c u l a t e  emissions from coo l ing  tower ope ra t ion  c o n s i s t  
p r imar i ly  o f  s a l t s ,  which remain a f t e r  evapora t ion .  The concen t r a t ion  
of s a l t s  i n  ambient a i r  is  dependent on the  concen t r a t ion  of d i s so lved  
s o l i d s  t h a t  a r e  p r e s e n t  i n  the  makeup water used f o r  the  cool ing  
towers. S a l t  l e v e l s  i n  water ( u s u a l l y  expressed a s  t o t a l  d i s so lved  
s o l i d s  o r  TDS) a r e  s i t e - s p e c i f i c  f o r  each KGRA. Some KGRA's are i n  
a r i d  reg ions  with poor water q u a l i t y  where high TDS concen t r a t ions  are 
common, inc reas ing  the  p o t e n t i a l  f o r  a s i g n i f i c a n t  q u a n t i t y  of  
p a r t i c u l a t e  emissions.  
a l s o  high i n  s a l t s  may be  used f o r  cooling-tower makeup water ,  which 
aga in  could r e s u l t  i n  s i g n i f i c a n t  p a r t i c u l a t e  emissions.  

I n  some a r i d  a r e a s ,  a g r i c u l t u r a l  runoff  t h a t  i s  

Although the  t o t a l  d i s so lved  s o l i d s  (TDS) con ten t  o f  geothermal 
f l u i d  may vary cons ide rab ly  among geothermal r e sources ,  where 
c o n t r o l l e d  i t s  e f f e c t  on TSP emissions from the  cool ing  tower i s  
minimal. Known TDS concen t r a t ions  range from an extreme of  200,000 ppm 
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and h igher  i n  the  Sa l ton  Sea KGRA t o  as low a s  2,000 ppm i n  the  East  
Mesa KGRA i n  C a l i f o r n i a .  

When a f l a s h  system i s  used, the geothermal f l u i d  becomes exposed 
t o  the atmosphere, and i t s  steam component i s  condensed and used as a 
cooling-tower makeup. I n  these  ways, the oppor tun i ty  f o r  
emission of  suspended p a r t i c u l a t e s  occurs .  However, when the 
geothermal f l u i d  has  been f l a shed ,  the  steam leav ing  the  f l u i d  l eaves  
behind much of t h e  TDS i n  the  l i q u i d  component of  the  geothermal 
f l u i d .  This f l u i d  i s  now more h i g h l y  concent ra ted  i n  TDS and i s  
r e i n j e c t e d  i n t o  the ground. 
l i t t l e  p a r t i c u l a t e  matter and i s  f u r t h e r  c leansed  by cyc lonic  a c t i o n  a s  
i t  i s  ga thered  f o r  the tu rb ine .  Af t e r  t he  tu rb ine ,  the  steam is  
condensed i n t o  water, and i s  then used i n  the  cool ing  tower. 
Therefore ,  due t o  the low TDS con ten t  o f  t he  condensed steam, the  
v a r i a b i l i t y  of  the  TDS con ten t  i n  the  geothermal f l u i d  has  l i t t l e  
e f f e c t  on the emiss ions  o f  TSP from the  cool ing  tower. 

The f l a shed  steam por t ion  c o n t a i n s  ve ry  

For extremely high l e v e l s  of  TDS (200,000 ppm), p re sen t  technology 
of  the  f l a s h  cyc le  does n o t  provide s u f f i c i e n t l y  c l e a n  steam t o  avoid 
heavy co r ros ion  on the  tu rb ine  b lades .  When TDS is  extremely high ( a s  
i n  t h e  Su l t an  Sea KGRA), t h e  f l a s h  process  i s  no t  p r a c t i c a l ,  and a 
b ina ry  system w i l l  most l i k e l y  be used t o  avoid these  c o r r o s i v e  
e f f e c t s .  TSP emiss ions  from cool ing  towers i n  a b i n a r y  system are most 
s t r o n g l y  a f f e c t e d  by the  TDS of  the  cooling-tower makeup water.  
water comes from l o c a l  streams o r  l o c a l  groundwater systems,  and the 
TDS con ten t  may range up t o  4300 ppm, as i n  the  Imper ia l  Val ley i n  
C a l i f o r n i a .  These TDS p a r t i c l e s  are s u b j e c t  t o  d i s p e r s i o n  from the 
cool ing  tower. D r i f t  e l i m i n a t o r s  are necessary  on these  towers t o  
reduce the tower 's  p a r t i c u l a t e  emissions t o  a minimum. High-eff ic iency 
d r i f t  e l i m i n t o r s  are designed t o  reduce d r i f t  l o s s e s  t o  extremely low 
l e v e l s ,  about  0.005% of  the  water c i r c u l a t i o n  r a t e .  A s  a r e s u l t ,  a 
r e c e n t l y  cons t ruc t ed  geothermal power p l a n t  of  the 55-MW(e) s i z e  used 
as a s tandard  i n  t h i s  r e p o r t  ( i n  the  Geysers-Calistoga KGRA i n  
C a l i f o r n i a )  h a s  p a r t i c u l a t e  emissions from i t s  cool ing  tower of  less 
than 5 ton/year  . Because cool ing  towers are  now designed with d r i f t  
e l i m i n a t o r s  as a s t anda rd  p r a c t i c e ,  t he  e f f e c t  of geothermal p l a n t s  on 
ambient TSP concen t r a t ions  should be minimal. 

This 

6 

Impacts of  Federal  and S t a t e  A i r  Q u a l i t y  Regulat ions on Geothermal 
Deve loprnen t 

Geothermal power p l a n t s ,  which are o f  sma l l e r  gene ra t ing  c a p a c i t y  
and e m i t  fewer a i r  p o l l u t a n t s  than modern coa l - f i r ed  power p l a n t s ,  have 
o f t e n  been s u b j e c t  t o  the  same a i r  p o l l u t i o n  c o n t r o l  r e g u l a t o r y  
processes ,  and corresponding t i m e  de l ays  f o r  p e r m i t  approval ,  as 
coa l - f i r ed  p l a n t s .  While the  de l ays  caused by the  r e g u l a t o r y  process  
can be burdensome t o  most i n d u s t r i e s ,  they  can be e s p e c i a l l y  
troublesome f c r  a small  and growing i n d u s t r y  such as geothermal power 
product ion.  
l e g a l ,  and t e c h n i c a l  resources  t h a t  are a t  t imes needed t o  o b t a i n  

Many geothermal deve lopers  have i n s u f f i c i e n t  f i n a n c i a l ,  

5 
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o b t a i n  p e r m i t s  i n  a minimum amount of  t i m e .  
p a r t i c u l a r  may be cons t r a ined  by the  r egu la to ry  process .  

Small developers  i n  

Federal  Regulat ions 

Major Source D e f i n i t i o n .  The c u r r e n t  Federa l  approach t o  a i r  
p o l l u t i o n  c o n t r o l  i n  the  United S t a t e s  i s  t o  s u b j e c t  on ly  major 
p o l l u t i o n  sources  and major mod i f i ca t ions  t o  the  f u l l  r egu la to ry  
process .  Thus, p r i n c i p a l  causes  of  r egu la to ry  problems with 
geothermal p l a n t s  a r e  the scena r ios  under which geothermal p l a n t s  can 
be c l a s s i f i e d  a s  major sources ;  th ree  such scena r ios  w i l l  now be 
d i scussed .  

The f i r s t  s c e n a r i o  under which a geothermal p l a n t  could be 
c l a s s i f i e d  as a major source o f  a i r  p o l l u t i o n  is  i f  i t  e m i t s  r egula ted  
p o l l u t a n t s  a t  rates exceeding the  major source  thresholds  e s t a b l i s h e d  
by Federa l  r e g u l a t i o n s  ( f o r  geothermal p l a n t s ,  t hese  a r e  100 tons p e r  
year  (TPY) i n  nonat ta inment  areas and 250 TPY i n  a t t a inmen t  a r e a s ) .  
Hydrogen s u l f i d e  emiss ions  from power p l a n t  ope ra t ion ,  and p a r t i c u l a t e  
emissions from coo l ing  tower ope ra t ion ,  are each r egu la t ed  a i r  
p o l l u t a n t s  (40  CFR P a r t  51). 
abatement would emit  H2S a t  rates ranging from 4 t o  120 TPY and i s  
thus l i k e l y  t o  avoid c l a s s i f i c a t i o n  as a major source i n  most 
i n s t ances .  I f ,  however, a 55MW(e) geothermal p l a n t  had i n s t a l l e d  H2S 
c o n t r o l  equipment t o  meet r e g u l a t i o n s  t h a t  a r e  n o t  Fede ra l ly  
en fo rceab le ,  the Environmental P r o t e c t i o n  Agency would view the  p l a n t  
as being uncont ro l led  and would thus c l a s s i f y  i t  as a major source 
(uncont ro l led  emissions would range from 40 t o  1200 TPY). A s  an 
example, a 55MW(e) geothermal power p l a n t  proposed by the  Sacramento 
Municipal U t i l i t y  D i s t r i c t  i n  Sacramento, C a l i f o r n i a  was c l a s s i f i e d  as 
a source because o f  t h e  Federa l  e n f o r c e a b i l i t y  provis ions  and w a s  
requi red  t o  apply  f o r  a PSD permit.  
tower ope ra t ion ,  i f  n o t  c o n t r o l l e d  with d r a f t  e l i m i n a t o r s  o r  s i m i l a r  
devices ,  could a l s o  exceed major source  thresholds .  I f  p a r t i c u l a t e  
emissions exceed the  250 TPY threshold  under the a t ta inment  a r e a  
r egu la t ions ,  the  f u l l  r e g u l a t o r y  review would a l s o  be r equ i r ed  f o r  
H2S emissions i f  they are i n  excess  of 10 TPY (40 CFR P a r t  51).  

A 55MW(e) p l a n t  with 90 percent  H2S 

P a r t i c u l a t e  emissions from coo l ing  

A second s c e n a r i o  under which a geothermal p l a n t  could be 
c l a s s i f i e d  as a major source  is as a mod i f i ca t ion  t o  an e x i s t i n g  
source.  I f  the geothermal development is  i n  the form of a modi f ica t ion  
o r  r e t r o f i t t i n g  t o  an e x i s t i n g  i n d u s t r y ,  and is  on the l i s t  of  28 
i n d u s t r i e s  t h a t  are s u b j e c t  t o  the  100 TPY major source c u t o f f ,  then 
the geothermal development, as p a r t  of  t h a t  i ndus t ry ,  could be s u b j e c t  
t o  the  more s t r i n g e n t  c u t o f f ,  and the l i k e l i h o o d  of  being c l a s s i f i e d  a s  
a major source would be g r e a t e r .  

A t h i r d  s c e n a r i o  t h a t  would r e s u l t  i n  t he  c l a s s i f i c a t i o n  of  a 
geothermal p l a n t  as a major source  is  the  c l a s s i f i c a t i o n  of  a KGRA as 
one source.  
4 5  FR 52676, a KGRA could be c l a s s i f i e d  as a s i n g l e  source i f  i t  i s  
developed by the  same person, because a l l  geothermal p l a n t s  a r e  i n  the 
same SIC code and they would be loca ted  on cont iguous o r  ad jacen t  

According t o  c r i t e r i a  for source  d e f i n i t i o n  found i n  
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proper ty .  The KGRA would n o t  be considered a major source  u n t i l  one 
p l a n t  r e s u l t s  i n  a cumulat ive H2S emission inventory  f o r  the KGRA of 
250 TPY o r  g r e a t e r .  Then, on ly  the  p l a n t  t r i g g e r i n g  the  major source 
threshold  would be s u b j e c t  t o  the r egu la t ions .  The bubble concept may 
be u s e f u l  i n  m i t i g a t i n g  r e g u l a t o r y  problems a r i s i n g  under t h i s  
s cena r io .  

Nonattainment Area Regulat ions.  Geothermal p l a n t s  could be 
loca ted  i n  a t t a inmen t  and nonattainment a r e a s .  Although one u s u a l l y  
p i c  t u r e s  geothermal development i n  p r i s t i n e  r eg ions ,  t he re  a r e  
i n s t a n c e s  where geothermal development can occur  i n  nonattainment 
a r e a s .  Attainment s t a t u s  des igna t ion  i s  pol lu tan t -spec ' f ic ,  i . e . ,  an 
AQCR can be "attainment" f o r  one p o l l u t a n t ,  and "nonattainment" f o r  
another .  Thus, a new source  could be faced with d i f f e r e n t  r e g u l a t o r y  
procedures  f o r  d i f f e r e n t  p o l l u t a n t s .  This  s i t u a t i o n  i s  f u r t h e r  
complicated f o r  geothermal development because a KGRA may ove r l ap  two 
o r  more a i r  q u a l i t y  planning reg ions ,  and development i n  d i f f e r e n t  
p a r t s  of  the  same KGRA may be s u b j e c t  t o  d i f f e r e n t  r e g u l a t i o n s .  

A comparison of  maps of KGRA l o c a t i o n s ,  as shown i n  F i g .  2 ,  with 
maps of  nonat ta inment  areas found t h a t  some KGRA's a r e  l oca t ed  in 
non-attainment a r e a s  f o r  both p a r t i c u l a t e s  and s u l f u r  ox ides .  This i s  
n o t  s u r p r i s i n g ,  cons ide r ing  t h a t  many western areas conducive t o  
geothermal development are o f t e n  c h a r a c t e r i z e d  by a r i d  c l ima tes  i n  
which a g r i c u l t u r a l  a c t i v i t i e s  d i s t u r b  the  d r y  s o i l ,  thus  c o n t r i b u t i n g  
t o  ambient p a r t i c u l a t e  l e v e l s .  In a d d i t i o n ,  high ambient SO2 
concen t r a t ions  occur  i n  l o c a l i z e d  areas due t o  smel t ing  a c t i v i t i e s  i n  
the  Southwest. 

I f  s u b j e c t  t o  nonat ta inment  area emissions r e g u l a t i o n s ,  geothermal 
development could be  cons t r a ined  by the  d i f f i c u l t y  of  d e f i n i n g  Lowest 
Achievable Emission Rate (LAER) and o f  ob ta in ing  p o l l u t a n t  o f f s e t s  i n  
r e m 0  te,  r u r a l  areas. Typica l ly ,  New Source Performance Standards (NSPS) 

9 are used as guidance to  d e f i n e  LAER . The l a c k  o f  a NSPS f o r  
geothermal p l a n t s  could t h e r e f o r e  make LAER de termina t ion  a d i f f i c u l t  
and time consuming t a sk .  Obtaining p o l l u t a n t  o f f s e t s  i n  remote a r e a s  
may be  d i f f i c u l t ,  e s p e c i a l l y  i f  H2S emissions must be o f f s e t .  
Another complicat ing f a c t o r  wi th  geothermal development under 
nonat ta inment  a r e a  r e g u l a t i o n s  could be the demonstrat ion o f  a i r  
q u a l i t y  improvements ( a s  r equ i r ed  i n  40CFR 51, App. S) i n  complex 
te r ra in  using atmospheric  d i s p e r s i o n  models. 

It  should be noted t h a t  geothermal emissions with r e s p e c t  t o  the 
Federal  c u t o f f  f o r  major source  d e f i n i t i o n  may have l i t t l e  p r a c t i c a l  
a p p l i c a b i l i t y  because most ,  i f  n o t  a l l ,  nonat ta inment  area permi t t ing  
i s  done on the s t a t e  o r  l o c a l  l e v e l ,  and these  agencies  may have lower 
c u t o f f  va lues  than t h e  Federa l  100 TPY va lue .  For example, the  Oregon 
Department of Environmental Q u a l i t y  d e f i n e s  a major a i r  p o l l u t i o n  

7 



82-22.3 

source i n  terms of  p o l l u t a n t  s p e c i f i c  t h re sho lds  t h a t  a r e  a s  low as 10 
T P Y  f o r  H2S and 25 TPY f o r  p a r t i c u l a t e  ma t t e r lo .  

PSD Regulat ions.  PSD r e g u l a t i o n s  can c o n s t r a i n  geothermal 
development, p r imar i ly  due t o  the  c loseness  of  Class I PSD a r e a s  to  
K G R A ' s .  The p o t e n t i a l  o f  Class I areas t o  c o n s t r a i n  geothermal 
development h inges  on whether o r  n o t  KGRA's  a r e  l oca t ed  i n  o r  near  
Class  I PSD a r e a s .  Because Class I areas a r e  n a t i o n a l  parks  and 
r e l a t e d  a r e a s ,  development o f  geothermal energy i s  precluded wi th in  
these  a r e a s .  
and soon w i l l  be precluded i n  wi lderness  a r e a s l l .  Furthermore,  the  
Geothermal Steam Act (P.L. 91-581) e x p r e s s l y  fo rb ids  the  development o f  
geothermal resources  i n  areas with land uses  s i m i l a r  t o  Class  I areas 
(e .g . ,  n a t i o n a l  r e c r e a t i o n  areas, w i l d l i f e  and game ranges,  lands 
reserved f o r  the  p r o t e c t i o n  and conserva t ion  of f i s h  and w i l d l i f e  t h a t  
a r e  threa tened  with e x t i n c t i o n ,  f i s h  h a t c h e r i e s ,  e t c . ) .  PSD 
regu la t ions  can s t i l l  apply  t o  sources  loca t ed  o u t s i d e  Class  I areas 
i f  t h e i r  emissions w i l l  impact the "air q u a l i t y  related values"  
( v i s i b i l i t y ,  odor,  e tc . )  o f  these  areas (42  U.S.C. 7475) .  Thus, a 
geothermal p l a n t  t h a t  i s  cons idered  a major source i n  a KGRA t h a t  i s  
next  t o  a Class I area, must prove t h a t  i t s  emissions do no t  degrade 
the  "air q u l i t y  r e l a t e d  values"  o f  t he  Class I a r e a .  
t h a t  a s o u r c e ' s  impact w i l l  n o t  degrade the  a i r  q u a l i t y  r e l a t e d  va lues  
must be done f o r  any p o l l u t a n t  r egu la t ed  under the  CAA. 
w i l l  n o t  be i s sued  i f  a degrada t ion  o f  a i r  q u a l i t y  r e l a t e d  va lues  i s  
demonstrated by the  Federa l  Land Manager t o  the s t a t e ,  even i f  the 
emissions from the  source  w i l l  n o t  cause a PSD increment to  be exceeded 
( 4 2  U.S.C. 7475) .  The e x t e n t  of  t h e  c o n s t r a i n t  t o  geothermal 
development from t h i s  p rov i s ion  o f  the  r e g u l a t i o n s  w i l l  depend on the  
procedure used t o  demonstrate  degrada t ion  and on the  l e v e l  of  proof 
requi red  i n  the  demonstrat ion.  

I n d u s t r i a l  development i s  p roh ib i t ed  i n  n a t i o n a l  parks , 

Demonstrating 

A PSD permit  

Knowledge of  the proximity o f  a p a r t i c u l a r  KGRA t o  a Class  I PSD 
area i s  e s s e n t i a l  t o  a s s e s s i n g  the  p o t e n t i a l  c o n s t r a i n t s  of  t he  PSD 
r e g u l a t i o n s  t o  the  KGRA i n  ques t ion .  Comparing a map of Class I PSD 
areas (F ig .  3) with the  base map o f  KGRA's (P ig .  2) a l lows one t o  
eva lua te  the  proximity of KGRA's t o  Class I areas. 
problem areas are i n  c e n t r a l  e a s t e r n  C a l i f o r n i a ,  c e n t r a l  Oregon, 
nor thern  Washington, Utah, and Colorado. I n  these  areas geothermal 
p l a n t s  could become s u b j e c t  t o  t he  Class I PSD r e g u l a t i o n s .  

Some p o t e n t i a l  

The PSD r e g u l a t i o n s  could c o n s t r a i n  geothermal development through 
BACT the  s p e c i f i c a t i o n  o f  B e s t  Avai lab le  Control  Technology (BACT). 

could add cons iderably  t o  the  c o s t  o f  geothermal p l a n t s  and could be a 
p r o h i b i t i v e  f a c t o r  i n  some proposed geothermal p l a n t s  t h a t  are 
margina l ly  economical. I f  a geothermal p l a n t  is  c l a s s i f i e d  a s  a major 
source  because o f  TSP emiss ions  from coo l ing  towers,  then PSD review 
(which inc ludes  BACT s p e c i f i c a t i o n )  would be r equ i r ed  f o r  H2S 
emissions a l s o ,  i f  the  emissions excecd 10 TPY. 

Some s ta tes  have rece ived  a u t h o r i t y  from the EPA t o  implement the 
EPA PSD program, o r  t o  implement t h e i r  own, more s t r i n g e n t ,  program. 
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S p e c i f i c  provis ions  of these  s t a t e  r e g u l a t i o n s  may be d i f f e r e n t  and may 
o f f e r  more of  a c o n s t r a i n t  t o  geothermal developmet than the Federa l  
r e g u l a t i o n s .  

New Source Performance Standards.  The U.S. Environmental 
P r o t e c t i o n  Agency has  n o t  y e t  developed a new source  performance 
s tandard  (NSPS) f o r  geothermal power p l a n t s  because geothermal p l a n t s  
e m i t  few a i r  contaminants and because the  i n d u s t r y  is new and the re fo re  
small .  H2S, the  primary emission problem from geothermal p l a n t s ,  
f r e q u e n t l y  i s  more o f  a nuisance  than a h e a l t h  hazard.  To d a t e ,  NSPS 
have been developed f o r  less than 30 t y p e s  of  i n d u s t r i e s ,  and a v a r i e t y  
o f  i n d u s t r i e s  a r e  on a wai t ing  l i s t  f o r  f u t u r e  NSPS development. 
L i t t l e  i ncen t ive  e x i s t s  f o r  t he  EPA t o  develop a NSPS f o r  geothermal 
power p l a n t s  because t h e r e  are numerous " d i r t i e r "  i n d u s t r i e s  f o r  which 
NSPS need t o  be developed. Considerable  growth i n  the  geothermal 
i n d u s t r y  o r  i d e n t i f i c a t i o n  o f  s i g n i f i c a n t  hazardous a i r  p o l l u t a n t  
emissions from geothermal power p l a n t  o p e r a t i o n  would be needed t o  
prompt the  EPA t o  develop a NSPS f o r  t hese  f a c i l i t i e s .  Lack o f  a NSPS 
f o r  geothermal power p l a n t s  can in t roduce  u n c e r t a i n t y  i n t o  the a i r  
q u a l i t y  pe rmi t t i ng  p r o c e s s l l .  

S t a t e  Regulat ions 

Assessing the  impact of s ta te  a i r  q u a l i t y  r e g u l a t i o n s  on 
geothermal development i s  d i f f i c u l t  t o  do on a gene r i c  l e v e l  because 
o f  the  wide v a r i e t y  o f  s t a t e  r e g u l a t i o n s .  
assessment,  i t  was decided to focus on only  s t a t e  ambient H2S 
s t anda rds ,  and t o  select  some of the  most s t r i n g e n t  s ta te  H2S 
s t anda rds  i n  the count ry .  
from s t a t e  to state .  For these  reasons ,  a range of emiss ions  w a s  
modeled f o r  a s tandard  55-MW(e) geothermal e l e c t r i c a l  gene ra t ing  p l a n t .  
The resu l t s  were then compared with r e g u l a t o r y  l i m i t a t i o n s  i n  the  
va r ious  s t a t e s  con ta in ing  known KGRAs. This  procedure ignored 
d i f f e r e n c e s  i n  ambient a i r  q u a l i t y  and meteoro logica l  d a t a  among KGRAs 
and changes i n  l o c a l  t e r r a i n  a t  each i n d i v i d u a l  KGRA; however, i n  
eva lua t ing  which emission l e v e l s  might be a f f e c t e d  by p resen t  
r e g u l a t i o n s ,  a s t anda rd ized  modeling a n a l y s i s  was considered 
s u f f i c i e n t .  

Thus, t o  s i m p l i f y  the  

Regulat ion of  geothermal emissions varies 

On the  s t a t e  l e v e l ,  H2S is  a r egu la t ed  p o l l u t a n t ,  because i t  can 
c r e a t e  an odor nuisance .  A t  l eas t  th ree  s ta tes  have set  1-hour (1-h) 
s tandards  based on the  odor th re sho ld  zone of  HZS: 
b i l l i o n  (ppb) i n  New Mexico, 30 ppb i n  C a l i f o r n i a ,  and 5 ppb i n  
Montana13. 

10 p a r t s  per  

The 55-MW(e) power p l a n t  (72  MW(e) g ross  power and 55 MW(e) n e t  
power) w a s  used as a model i n  t h i s  s t u d y  because i t  is a s tandard  s i z e  
of those a l r e a d y  i n  ope ra t ion .  
s t r i n g e n t  H2S s tandard ,  the  s t anda rd ized  55-MW(e) geothermal p l a n t  
was modeled wi th  meteoro logica l  d a t a  from Albuquerque, New Mexico. 

Because New Mexico has  the  most 
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Also, the climate o f  t h i s  s t a t i o n  i s  r e p r e s e n t a t i v e  of  the  semi-arid 
c l ima tes  of  many of the  KGRAs which a r e  loca t ed  i n  s imilar  t e r r a i n s .  
The meteoro logica l  i n p u t  f o r  the  model used Albuquerque f o r  both the 
hour ly  su r face  d a t a  and the upper a i r  observa t ions .  

The CRSTER14 model w a s  used t o  p r e d i c t  H2S concen t r a t ions  a t  
r ecep to r  s i tes  eve ry  10" on ten  c i r c l e s  ranging from 0 . 2 5  t o  5.0 
k i lometers  surrounding the  hypo the t i ca l  geothermal p l a n t  s i t e .  
Emission rates were modeled i n  a range of  va lues  designed t o  cover the  
range of c o n t r o l l e d  and uncont ro l led  H2S emissions measured a t  
ope ra t ing  geothermal power p l a n t s .  

Resul t s  i n d i c a t e  t h a t  t o  m e e t  New Mexico's s t r i n g e n t  (10 ppb) 
s t anda rds ,  the  emission ra te  o f  H S from a 55-MW(e) geothermal power 
p l a n t  m u s t  be 0.8 grams per  secon3 (g / s )  o r  lower. I n  o rde r  t o  m e e t  
t h i s  l e v e l ,  m i t i g a t i o n  measures must be employed; the e x t e n t  of the 
m i t i g a t i o n  depends on the  c h a r a c t e r i s t i c s  o f  t he  geothermal f l u i d  a t  
t h a t  s i t e .  

C a l i f o r n i a  and Montana have 1-hour average s t anda rds  f o r  H2S a t  
30 ppb and 50 ppb, r e s p e c t i v e l y ,  designed t o  keep H2S concen t r a t ions  
nea r  the gene ra l  t h re sho ld  o f  odor.  I n  these  s t a t e s ,  a few power 
p l a n t s ,  such as those i n  the  E a s t  Mesa KGRA i n  C a l i f o r n i a ,  which have 
known low H2S concen t r a t ions  i n  the  geothermal f l u i d s ,  might no t  need 
c o n t r o l s .  
g / s  t o  1.5 g / s  would be expected f o r  55-MW(e) p l a n t s .  
p r e d i c t s  emissions o f  2.3 g/s and lower are needed t o  keep the ambient 
concen t r a t ion  from v i o l a t i n g  t h e  1-hour s tandard  i n  C a l i f o r n i a ,  so t h a t  
some 55-MW(e) p l a n t s  i n  the  East Mesa KGRA might n o t  need HzS 
emission c o n t r o l s .  Emissions o f  3 . 9  g / s  and lower a r e  p red ic t ed  no t  t o  
v i o l a t e  the  s tandard i n  Montana . 

For example, i n  the East  Mesa KGRA, H2S emissions of  0 .25  
Modeling 

The H2S upper emission l i m i t  modeled i n  t h i s  s tudy  t h a t  w i l l  
avoid v i o l a t i o n s  of  r e g u l a t i o n s  i s  3 . 9  g / s  i n  Montana, 2 . 3  g / s  i n  
C a l i f o r n i a ,  and 0.8 g / s  i n  New Mexico. This l i m i t  a p p l i e s  t o  any 
s i n g l e  p l a n t ,  whether l a r g e  o r  sma l l ,  a s  a s i n g l e  source  with t h a t  
l e v e l  of emission would r e s u l t  i n  t he  maximum ambient concen t r a t ion  
near  the s tandard  downwind from the  p l a n t .  I f  a 110-MW(e) p l a n t  were 
opera ted ,  H2S emissions would be  double;  t he re fo re ,  the  p l a n t  would 
be more l i k e l y  t o  need c o n t r o l s .  Large geothermal power p l a n t s  [500 
MW(e)] are n o t  b u i l t  because o f  the  d i f f i c u l t y  i n  ob ta in ing  s u f f i c i e n t  
amounts o f  h e a t  and f l u i d s  wi th in  e f f e c t i v e  d i s t a n c e  of  t he  p l a n t  s i t e  
t o  power such l a r g e  p l n t s .  The r e s u l t  is  t h a t  s e v e r a l  smaller p l a n t s  
are b u i l t  w i th in  a geothermal f i e l d .  Severa l  p l a n t s  i n  a KGRA f i e l d  
have a cumulat ive e f f e c t  upon a i r  q u a l i t y .  I n  o r d e r  t o  meet emission 
s t anda rds ,  t h i s  cumulat ive e f f e c t  demands a s l i g h t l y  lower l e v e l  of 
emissions than has  been p r o j e c t e d ;  how much lower the  emissions must be 
depends p r imar i ly  on the  d i s t a n c e  between the  i n d i v i d u a l  p l a n t  s i tes .  
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Summary 

An a n a l y s i s  of Federal  a i r  q u a l i t y  permi t t ing  procedures has 
determined t h a t  geothermal power p l a n t s ,  under c e r t a i n  cond i t ions ,  can 
be c l a s s i f i e d  as major a i r  p o l l u t a n t  sources  and can thus be sub jec t  
t o  a i r  p o l l u t i o n  r e g u l a t i o n s .  A geothermal p l a n t  i s  most l i k e l y  t o  be 
c l a s s i f i e d  a s  a major source o f  p a r t i c u l a t e s  i f  cool ing  towers a r e  used 
without  d r i f t  e l i m i n a t o r s ,  and i f  the coo l ing  water has  high 
concent ra t ions  o f  d i s so lved  s o l i d s .  Once c l a s s i f i e d  as a major source 
i n  PSD a r e a s ,  a geothermal p l a n t  would need t o  undergo PSD review f o r  
H2S emissions i n  excess  of  10  TPY/yr, which can occur with a 55MW(e) 
p l a n t  using H2S abatement device .  
hardware changes (e .g .  BACT) t h a t  can be requi red  under f u l l  PSD review 
may put  many small geothermal developers  a t  an economic disadvantage.  
S imi l a r ly ,  r equ i r ed  a i r  q u a l i t y  ana lyses  and c o n t r o l  equipment 
i n s t a l l a t i o n  r equ i r ed  under nonat ta inment  a r e a  permi t t ing  procedures 
may d iscourage  margina l ly  economical geothermal p r o j e c t s  from being 
completed. 
r e g u l a t i o n s  have been r e spons ib l e  f o r  geothermal power p l a n t s  being 
s u b j e c t  t o  the  a i r  q u a l i t y  r e g u l a t o r y  process .  P o t e n t i a l  r egu la to ry  
c o n s t r a i n t s  caused  by t h i s  provis ion  may be s u b s t a n t i a l l y  reduced i n  
the f u t u r e  because the Federa l  e n f o r c e a b i l i t y  provis ions  may be 
changed. The EPA may cons ide r  r e g u l a t i o n s  t o  be Fede ra l ly  enforceable  
i f  they can be enforced by Federa l ,  s tate,  o r  l o c a l  governments and 
they are d i scove rab le  by the  EPA and i n t e r e s t e d  persons .I5 
Nonattainment areas pose s p e c i a l  problems with de f in ing  LAER without 
NSPS guidance. Also, emission o f f s e t s  are d i f f i c u l t  i n  remote a r e a s  
with l i t t l e  i n d u s t r i a l  development. 

The a i r  q u a l i t y  ana lyses  and 

The Federa l  e n f o r c e a b i l i t y  p rov i s ions  of  emission 

A i r  q u a l i t y  modeling determined t h a t  i n  o rde r  t o  avoid v i o l a t i n g  
the  more s t r i n g e n t  s t a t e  H2S s tandards  i n  New Mexico, C a l i f o r n i a  and 
Montana o f  loppb, 30ppb and 50ppb r e s p e c t i v e l y ,  m i t i g a t i o n  methods are 
necessary f o r  the  average geothermal p l a n t .  Emissions need t o  be under 
0.8 g / s  i n  New Mexico, 2.3 g / s  i n  C a l i f o r n i a ,  and 3.9 g/s i n  Montana 
f o r  a 55MW(e) power p l a n t .  I n  states without  H2S s t anda rds ,  Federal  
r e g u l a t i o n s  apply.  Typ ica l ly ,  s ta te  s t anda rds  are enforced a s  p a r t  o f  
a s t a t e  pe rmi t t i ng  program, so compliance with the s t anda rds  may 
determine whether o r  n o t  a p a r t i c u l a r  development may proceed. Ear ly  
i d e n t i f i c a t i o n  o f  a i r  q u a l i t y  r e g u l a t o r y  c o n s t r a i n t s  t o  geothermal 
development can lead  t o  b e t t e r  planning o f  geothermal p r o j e c t s  and t o  
an e f f e c t i v e  u t i l i z a t i o n  of t h i s  a l t e r n a t i v e  form of  energy. 
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Figure Capt ions 

Figure 1. A range of p o t e n t i a l  a i r  p o l l u t a n t s  i n  " typ ica l "  
geothermal f l u i d s .  Wide b a r s  d e p i c t  ranges wi th in  which 
most o f  the  measurements w i l l  probably f a l l  and narrow 
b a r s  show measured ranges .  Source: Ref. 1. 

Figure 2 .  Map o f  known geothermal resource  a r e a s  i n  the  western 
c o n t i n e n t a l  United S t a t e s .  Source: Ref. 8 .  

Figure 3. Map of mandatory Class I PSD areas i n  t1.e western 
c o n t i n e n t a l  United S t a t e s .  Source: Ref. 1 2 .  
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